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The first In dian re search re ac tor, APSARA, was uti lized for var i ous R&D programmes from
1956 un til its shut down in 2009. The bi o log i cal shield of the re ac tor de vel oped re sid ual ac tiv -
ity due to neu tron ir ra di a tion dur ing the op er a tion of the re ac tor. Dose rate map ping and
in-situ gamma spec trom e try of the con crete struc tures of the re ac tor pool were car ried out.
Rep re sen ta tive con crete sam ples col lected from var i ous lo ca tions were sub jected to high-res -
o lu tion gamma spec trom e try anal y sis. 60Co and 152Eu were found to be the dom i nant
gamma-emit ting radionuclides in most of the lo ca tions. 133Ba was also found in some of the
con crete struc tures. The sep a ra tion of 3H from con crete was achieved us ing an acid di ges tion
method and beta ac tiv ity mea sured us ing liq uid scin til la tion count ing. The depth pro file of
radionuclide spe cific ac tiv ity in the con crete wall of the shield ing cor ner was also stud ied. Spe -
cific ac tiv i ties of the radionuclides were found to de crease ex po nen tially with depth in side the
con crete walls.  This study would be help ful in bulk waste man age ment dur ing the de com mis -
sion ing of the re ac tor.
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IN TRO DUC TION

APSARA, the first In dian nu clear re ac tor, a
swim ming-pool type re search re ac tor em ploy ing
highly en riched ura nium fuel, was uti lized for var i ous
R&D programmes from 1956 till 2009. Graph ite and
be ryl lium ox ide en cased in alu mi num boxes were
used as an in-core re flec tor. The in ter nal di men sions of 
the re ac tor pool are: length 8.9 me ters, width 2.9 me -
ters, depth 8 me ters. Re ac tor pool wa ter was used as
cool ant, mod er a tor, re flec tor, and ra dio log i cal shield -
ing. The pool walls are made of 2.6 me ters thick con -
crete up to a height of 3 me ters from the bot tom, ta per -
ing to 0.6 me ter thick con crete at the top. The re ac tor
was mostly used for ra dio iso tope pro duc tion, neu tron
ac ti va tion anal y sis, fis sion stud ies, neu tron ra di og ra -
phy, de tec tor test ing, seed ir ra di a tion, radiobiological
re search and re ac tor shield ing ex per i ments [1]. The re -
ac tor had a max i mum power level of 1 MW with a
max i mum neu tron flux of 1×1012/cm2s and was mostly
op er ated up to 400 kW till its shut down in 2009. In
case of the de com mis sion ing of the re ac tor struc ture, it 
is es sen tial to have a de tailed radionuclide char ac ter -

iza tion of con crete in or der to as sess the type and quan -
tity of spe cific ra dio ac tiv ity in bulk wastes so as to
de cide upon the suit able dis posal op tion [2].  Neu tron
ac ti va tion of trace el e ment im pu ri ties pres ent in the
con crete leads to the build-up of ac ti va tion prod ucts,
viz. 60Co, 152Eu, 154Eu, 133Ba, 3H, 63Ni, 55Fe, etc., in the 
bi o log i cal shield.  Gamma emit ters con trib ute to a sig -
nif i cant ex ter nal ra di a tion dose in the struc tural com -
po nents. 3H (Ebmax = 18.6 keV) is one of the im por tant
hard-to-de tect (HTD) radionuclides in con crete
which, from the waste man age ment per spec tive, re -
quires strin gent mon i tor ing [3, 4]. The eval u a tion of
scal ing fac tors for dif fi cult-to-mea sure radionuclides
in the struc tural com po nents of the In dian re search re -
ac tor CIRUS was car ried out pre vi ously [3, 5]. Prob a -
ble modes of pro duc tion of ac ti va tion prod ucts of con -
cern in con crete are given in tab. 1.

The ex pe ri ences gained in the de com mis sion ing
of the Aus trian re search re ac tor, ASTRA, are pre -
sented in refs. [6, 7]. Eval u a tion of re sid ual ra dio ac tiv -
ity is re quired for com par i son with radionuclide clear -
ance lev els [2, 6, 7] for bulk waste dis posal. A
dis cus sion of reg u la tory li a bil i ties and en vi ron men tal
remediation in the de com mis sion ing of nu clear re ac -
tors in the Czech Re pub lic [8] and pub li ca tions on the
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de com mis sion ing plan for the Hun gar ian re search re -
ac tor [9] and Ro ma nian re search re ac tor [10] de scribe
the im por tance of ap pli ca ble reg u la tory norms, pub lic
ac cep tance and the pos si ble strat e gies to be adopted
dur ing the ac tual de com mis sion ing. De tailed ra dio -
log i cal dose rate map ping of the APSARA re ac tor was
car ried out ear lier, dur ing the op er a tion of the re ac tor
[11] and also af ter shut down and the dis man tling of
ma jor re ac tor com po nents [12]. This work pres ents the 
de tails re gard ing the meth od ol ogy and re sults of the
ra dio log i cal dose map ping and char ac ter iza tion of
con crete struc tures of the pool walls. Depth dis tri bu -
tion stud ies of the re sid ual ac tiv ity in the walls of the
shield ing cor ner side are also pre sented.

IN STRU MENTS

The in stru ments em ployed for char ac ter iza tion
stud ies are de scribed in this sec tion.

Tar get iso tope identifinder GmbH, Ger many,
(Fieldspec): This is a por ta ble in stru ment em ploy ing a
NaI(Tl) de tec tor used for gamma dose rate mea sure -
ments and radionuclide iden ti fi ca tion from in-built
iso tope li brar ies.

Automess teletector (Model 6150 AD5): This is a
com monly used ra di a tion sur vey in stru ment em ploy ing 
two GM tubes to span the dose rate mea sure ment range
from 0.1 µSv/h to 10 Sv/h. It has a lin ear re sponse to
pho tons in the en ergy range of 65 keV to 3 MeV.

Brillance 380 Gamma Spec trom e try De tec tor:
Con sists of a 38S38 model LaBr3:Ce de tec tor from
Saint Gobain Crys tals, France, op er at ing at a HV of
551 V, with a res o lu tion of 2.8% at 662 keV. It was
cou pled to GSpec (Para Elec tron ics, Ltd., In dia), a
por ta ble 14 pin USB-based 1K Wilkinson type MCA.

HPGe gamma spec trom e ter: This sys tem con -
sists of a co ax ial ger ma nium de tec tor, GCD-35 180,
from Bal tic Sci en tific. In stru ments cou pled to an 8K
MCA and hav ing a res o lu tion of 1.8 keV at 1332 keV
gamma ray of 60Co.  PHAST soft ware [13] was used
for spec trum anal y sis.

Liq uid Scin til la tion Coun ter: The quan ti fi ca tion
of 3H was done us ing the Tricarb 2910TR Liq uid Scin -
til la tion Coun ter (Perkinelmer Inc. USA) with
Optiphase Hisafe-III (Perkinelmer Inc. USA) as the
scin til la tion cock tail.

EX PER I MEN TAL

Gamma dose rate map ping and
in-situ gamma spec trom e try anal y sis

Gamma dose rate maps of shield cu bi cles,
shield ing racks and beam holes were gen er ated us ing a 
handheld iso tope identiFINDER and automess
teletector. Surface dose rates of each square foot of the
walls were mea sured so as to draw the dose rate map of 
the ac ti vated ar eas. Af ter iden ti fy ing the hotspots,
in-situ gamma spec trom e try was car ried out by the
por ta ble LaBr3:Ce de tec tor at dif fer ent lo ca tions. The
por ta ble de tec tor as sem bly was also used to an a lyze
prom i nent struc tural ma te ri als like alu mi num sheets,
MS plates and con crete and lead blocks in the vi cin ity
of the shield ing col umns.

Sam pling and mea sure ment

Rep re sen ta tive sam ples were col lected from var i -
ous lo ca tions by drill ing the struc tural com po nents like
SS lin ers, con crete walls of the pool, alu mi num lin ers
etc. The sam ples were sub jected to gamma spec trom e -
try stud ies and liq uid scin til la tion anal y sis to quan tify
the ac tiv ity con tent of long-term ac ti va tion prod ucts of
var i ous el e ments in the struc tural com po nents.

To es ti mate the ac ti va tion prod ucts formed in the 
con crete bi o log i cal shield, sam ples of con crete (r =
=.2.5 g/cm3) were col lected from the shield ing cor ner
cav ity no: 3 of the APSARA re ac tor. The sam pling lo -
ca tion was cho sen based on the de tailed dose rate map -
ping and in-situ gamma spec trom e try stud ies. A drill -
ing ma chine was used to col lect rep re sen ta tive
sam ples in the form of fine pow der.  For the ra dio log i -
cal char ac ter iza tion of the con crete, sam pling was car -
ried out from the sur face, at depths of 3", 6", 9", 12",
and 18" in side the con crete wall. 

Gamma spec trom e try mea sure ments

The ra dio ac tiv ity of gamma-emit ting radionuclides
in the sam ples was de ter mined us ing high-res o lu tion
gamma spec trom e try em ploy ing a HPGe gamma-ray de -
tec tor.  Finely pow dered con crete sam ples weigh ing 25 g
were taken in cy lin dri cal vi als and gamma ra dio ac tiv ity
mea sured for 10000 sec onds.  The source-to-de tec tor dis -
tance was main tained as 50 mm in all of the mea sure -
ments. The de tec tor was cal i brated us ing the NPL con -
crete stan dard with known ac tiv ity in the iden ti cal
count ing ge om e try. 

Tri tium mea sure ments

3H be ing a pure beta emit ter re quires a com plete
sep a ra tion from the other in ter fer ing b, g radionuclides
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Ta ble 1. Im por tant neu tron ac ti va tion re ac tions
 con sid ered for concrete

Nuclear reaction Cross-section
[b*]

Daughter

Emission T1/2 [year]
59Co(n, g)60Co 36 b–, g 5.3

151Eu(n, g)152Eu 9000 EC, X, b–, g 13.5
153Eu(n, g)154Eu 370 b–, g, X 8.6

3He(n, p)3H 5330

b– 12.36Li(n, a)3H 940
2H(n, g)3H 0.00052

*1 b = 10–28 m2



like 60Co, 152Eu, etc., that are pres ent in con crete. Tri -
tium ac tiv ity was mea sured us ing a Tricarb 2910TR liq -
uid scin til la tion coun ter. Ef fi ciency cal i bra tion of the
sys tem was done us ing the 3H stan dard. The quench
cor rec tion curve was con structed in the 0-18.6 keV re -
gion us ing the 3H stan dard. The quench stan dard was
pre pared by add ing the re quired amount of stan dard to
an 8 ml aque ous so lu tion taken up with a 12 ml
scintillator in a poly eth yl ene vial. Nitromethane (20 µl
to 100 µl) was added as a chem i cal quencher. Fig ure 1
shows the count ing ef fi ciency of 3H.

The sep a ra tion of tri tium was car ried out by an
acid di ges tion method re ported ear lier [14, 15]. Tri -
tium in the form of condensable HTO col lected in the
con denser of the di ges tion sys tem and the gas eous tri -
tium evolved dur ing di ges tion trapped through
bubblers con tain ing acid i fied wa ter were treated and
dis tilled to fa cil i tate count ing with a scin til la tion cock -
tail. 12 ml Optiphase hi-safe III scintillator and 8 ml
sam ple was taken for all mea sure ments and counted in
LSC for a count ing time of 300 minutes.

RE SULTS AND DIS CUS SION

A typ i cal gamma dose rate map of the APSARA
shield ing cor ner side wall af ter re mov ing the shield ing 
trol ley- 3 is shown in fig. 2. The grids with the high est

dose rates have been marked in red and those with low -
est fields in green.  The gamma spec trum ob tained
dur ing in-situ mea sure ment of the shield ing cor ner
wall us ing the LaBr3:Ce de tec tor as sem bly is shown in
fig.  3. In-situ gamma spec trom e try mea sure ments at
hotspots of the shield ing cor ner side showed 60Co and
152Eu as the ma jor gamma-emit ting radionuclides. It
may be seen that the peaks in the in-situ gamma spec -
trum are not well re solved and hence yielded only
semi-quan ti ta tive es ti mates in terms of spe cific ac tiv -
ity ra tios. The ra tios of spe cific ac tiv i ties of 60Co with
re spect to 152Eu pres ent in the struc tural ma te ri als were 
found to range from 1.1-8.6.  It was also no ticed that
the ac tiv ity of 60Co was, in gen eral, found to be the
high est on MS frames, fol lowed by con crete struc tures 
and alu mi num and least in lead blocks. High-res o lu -
tion spec tra ob tained by HpGe spec trom e try were
used for ac cu rate quan ti fi ca tion and depth pro file
stud ies.

Depth pro file stud ies 

The con crete sam ples an a lyzed for the depth pro -
file study of 3H and other gamma emit ters were col -
lected from the shield ing cor ner cav ity walls where the
dose rate was found to be 40-50 µSv/h.  Fig ure 4 shows
the high-res o lu tion gamma spec trum of the neu tron-ac -
ti vated con crete sam ple col lected from a 3" depth show -
ing prom i nent gamma ray peaks of 60Co and  152Eu. The
spec trum also shows 873 keV and 1274 keV gamma
lines of 154Eu. Though the spe cific ac tiv ity of 154Eu was
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Fig ure 1. Count ing ef fi ciency of 3H for dif fer ent quench
lev els (tSIE)

Fig ure 2. Gamma dose
rate map of the wall on the 
shield ing trol ley # 3 side
[mSvh–1]

Fig ure 3. In-situ gamma spec trum ac quired us ing the
por ta ble LaBr3: Ce sys tem in the shield ing cor ner wall



neg li gi ble, it was ob served in the sam ples up to a depth
of 6" in side the wall, af ter which the lev els were too low
for de tec tion. Fig ure 5 shows the LSC spec trum of 3H
sep a rated from the con crete sam ple, along with a back -
ground spec trum. Based on the HPGe and LSC anal y sis 
of these sam ples, the depth dis tri bu tion of the spe cific
ac tiv ity of the three ma jor radionuclides, 3H, 60Co, and
152Eu, in the shield ing cor ner cav ity 3 of the pool is
shown in fig. 6. It is seen that the max i mum spe cific ac -
tiv ity of 60Co and 152Eu at the sur face was found to be
40.8 Bq/g and 33 Bq/g, re spec tively. Ap pre cia ble lev els 
of 60Co and 152Eu were ob served up to a depth of 18" in -
side the con crete blocks near the shield ing cor ner cav -
ity. The spe cific ac tiv ity of these radionuclides was ob -
served to fol low an ex po nen tial func tion of the depth
in side the wall. The ex po nen tial dis tri bu tion of the spe -
cific ac tiv ity with depth in the side con crete wall has
also been re ported ear lier [6]. 133Ba was ob served only
in sur face sam ples and, hence, not in cluded in the depth
dis tri bu tion graph. The max i mum spe cific ac tiv ity of
133Ba mea sured among the sur face con crete sam ples
was 20 Bq/g.

Tri tium mea sure ment and

cor re la tion with  g emit ters

A com par i son with the back ground spec trum
(fig. 5) shows a com plete sep a ra tion of 3H from other
in ter fer ing ac ti va tion prod ucts, viz. 152Eu, 60Co etc.,
pres ent in con crete. The depth pro file of the spe cific
ac tiv ity of b, g emit ters with in creas ing depth in side
the con crete wall was also found to fol low an ex po -
nen tial func tion (fig. 6).  This trend is ex pected, based
on the ex po nen tial de crease of the neu tron flux with
depth in side the con crete.

 Cor re la tion ra tios of 3H ac tiv ity with re spect to
60Co and 152Eu ac tiv i ties ob served at the ex per i men tal
lo ca tions are shown in fig. 7. It is seen that the ra tio of
3H: 60Co ac tiv i ties ranges from 1.5-3.2 among the
sam ples an a lyzed. The ra tio of 3H with re spect to 152Eu 
spe cific ac tiv i ties var ied from 1.6-4.1. Cor re la tion ra -
tios of DTM radionuclides would help in eval u at ing

the to tal ac tiv ity in struc tural com po nents [2, 16] and
in en sur ing com pli ance with bulk waste dis posal reg u -
la tions.

CON CLU SIONS

Based on gamma dose rate map ping and in-situ
gamma spec trom e try stud ies, rep re sen ta tive con crete
sam ples were col lected from dif fer ent lo ca tions of the
APSARA pool wall. The sam ples were an a lyzed for
the quan ti fi ca tion of gamma-emit ting radionuclides
us ing a high-res o lu tion gamma spec trom e try sys tem.
Tri tium ac tiv ity in the sam ples was es ti mated us ing
liq uid scin til la tion spec trom e try. The study of re sid ual
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Fig ure 4. HPGe gamma spec trum of ac ti vated con crete
bio-shield

Fig ure 5. LSC spec trum of 3H sep a rated from con crete

Fig ure 6. Depth pro file of ac tiv ity in side con crete
(*1 inch = 0.0254 m)



ac tiv ity of the bi o log i cal shield of the APSARA re ac -
tor showed 60Co and 152Eu as the ma jor gamma emit -
ters that con trib ute to re sid ual ac tiv ity. The method
adopted for the sep a ra tion of 3H from other
radionuclides pres ent in con crete was sat is fac tory.
Depth dis tri bu tion of ra dio ac tiv ity in con crete has
been car ried out as it is use ful in ac tive waste vol ume
re duc tion dur ing the de com mis sion ing phase. This
study serves to pro vide data for de vel op ing scal ing
fac tors for 3H with re spect to the eas ily mea sur able
cor re la tion part ner 60Co and is sig nif i cant from the
stand point of the clear ance of bulk ac tive wastes gen -
er ated dur ing the de com mis sion ing of the re ac tor
struc ture.
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RADIOLO[KA  KARAKTERIZACIJA  BETONSKE  BIOLO[KE
ZA[TITE  REAKTORA  APSARA

APSARA, prvi istra`iva~ki reaktor u Indiji, kori{}en je  u  raznim  istra`iva~ko-
-razvojnim programima od 1956. godine do svog ga{ewa 2009. godine. Tokom rada reaktora u
biolo{koj za{titi reaktora stvorila se rezidualna aktivnost usled neutronskog ozra~ivawa.
Zato je sprovedeno mapirawe ja~ine doze, kao i in situ gama spektrometrija betonskih struktura
reaktorskog bazena. Prikupqeni su reprezentativni uzorci betona sa razli~itih mesta koji su
potom analizirani gama spektrometrijom visoke rezolucije. Na ve}ini lokacija prona|eno je da su 
nuklidi 60Co i 152Eu glavni izvori gama zra~ewa. U nekim od betonskih struktura prona|en je i
133Ba. Separacija 3H iz betona obavqena je metodom digestije kiseline, a beta aktivnost  merena je
te~nim scintilatorom. Razmatrana je i raspodela po dubini specifi~ne aktivnosti radionuklida
u uglovima betonske za{tite. Utvr|eno je da specifi~na aktivnost  radionuklida opada
eksponencijalno sa dubinom unutar betonskih zidova. Ovo prou~avawe mo`e pomo}i za
skladi{tewe otpada velikih zapremina tokom dekomisije reaktora.
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