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Ra di a tion hard ness tests were con ducted on a sil i con de tec tor and preamplifier to de velop a
re ac tor cool ant leak age mon i tor ing sys tem, which de tects high-en ergy beta par ti cles from 16N 
in the pri mary re ac tor cool ant of nu clear power plants. Monte Carlo sim u la tions were used to
cal cu late the doses that would be ab sorbed on com po nents over a 60-year de sign life time. The
com po nents were ex posed to a 60Co gamma source with an ac tiv ity of 2.4 kCi for 54 hours.
The ab sorbed doses ac cu mu lated dur ing the test were de ter mined to be 0.99 kGy for the de -
tec tor and 1.37 kGy for the preamplifier. Dur ing the test, the al pha count from a check source
in the high-chan nel range dis ap peared in a high-dose-rate en vi ron ment, and the gross gamma
count de creased as the ac cu mu lated dose in creased. The per for mance deg ra da tion of the de -
tec tor and preamplifier was eval u ated by com par ing the al pha sig nals and back ground noise
be fore and af ter ir ra di a tion. The en ergy res o lu tion of the al pha sig nals in the high-chan nel
range ex hib ited slight changes, whereas the elec tronic noise in the low-chan nel range in -
creased by ap prox i mately 773 % for the ir ra di ated de tec tor and 17 % for the ir ra di ated
pre-amp. A method em ploy ing var i ous low-level discriminator chan nels is pro posed to mit i -
gate noise ef fects in the mon i tor ing sys tem.

Key words: ra di a tion hard ness test, ac cu mu la tive ab sorbed dose, sil i con de tec tor, re ac tor cool ant,
leak age mon i tor ing

IN TRO DUC TION

Un iden ti fied leak age of re ac tor cool ant from the
re ac tor cool ant sys tem (RCS) in nu clear power plants
(NPP) can lead to com po nent deg ra da tion or cor ro -
sion, ac cu mu la tion of chem i cal com pounds such as
bo ric acid, con tam i na tion of work sur faces, and even
loss-of-cool ant ac ci dents. Ac cord ing to Reg u la tory
Guide 1.45 (RG 1.45) [1] re leased by the U.S. Nu clear
Reg u la tory Com mis sion (USNRC), var i ous in stru -
ments are used for mon i tor ing RCS leak age, in clud ing
tanks, sumps, air borne par ti cle/gas eous ra di a tion
mon i tors, and in stru ments for mon i tor ing con tain ment 
at mo sphere hu mid ity, pres sure, and tem per a ture. Al -
though RG 1.45 re ported that these mon i tor ing meth -
ods are ca pa ble of de tect ing a leak age rate of 1 gal lon
per min ute (1 gpm = 3.785 li ters per minute) within an
hour, re cent cases have re vealed vul ner a bil i ties in ex -

ist ing mon i tor ing sys tems, par tic u larly in de tect ing
small leak ages, and sig nif i cant de lays in de tec tion
times have been ob served. The pri mary causes of the
de lay in de tec tion time in clude: the large area of the
sump, lead ing to very small changes in the wa ter level,
the in abil ity to de tect leak ages when there is no change 
in the ra dio ac tive lev els within the con tain ment at mo -
sphere, and the con den sa tion of steam be fore reach ing
the hu mid ity sensors.

To ad dress these is sues, a beta par ti cle de tec tion 
sys tem in clud ing a sil i con (Si) semi con duc tor de tec -
tor has been de vel oped for mon i tor ing cool ant leak -
age of less than 0.5 gpm within 1 h (0.5 gpm per hour)
in a pre vi ous study [2, 3]. This sys tem em ploys a cap -
ture pipe po si tioned be tween the cool ant pipe and in -
su la tion. The cap ture pipe col lects the steam re leased
from cool ant leak age into the de tec tion cav ity, which
is lo cated in the an nu lus zone of an NPP con tain ment
build ing. It then de tects beta par ti cles emit ted from
16N  that oc cupy  over  90 %  [4] of  the ra dio ac tive
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iso topes in the cool ant with a max i mum en ergy of
10.4 MeV, thereby fa cil i tat ing the mon i tor ing of
cool ant leak age oc cur rence. The Si de tec tors are less
sen si tive to gamma-rays, which have a rel a tively
high pen e trat ing power, ow ing to their thin de ple tion
lay ers. There fore, this fea ture is suit able for charged
par ti cle de tec tion, avoid ing in ter rup tion of the sig nal
by back ground gamma-rays and neu trons. Ra di a tion
hard ness is an im por tant con sid er ation when in stall -
ing a Si de tec tor and preamplifier (pre-amp) in the an -
nu lus zone. Be cause gamma-rays and neu trons pro -
duced from the re ac tor ex ist as back ground ra di a tion
dur ing re ac tor op er a tion, the Si de tec tor and pre-amp
must main tain their func tional states against back -
ground ra di a tion. There fore, a ra di a tion-shield ing
struc ture must be con structed for the de tec tion sys -
tem. Fig ure 1 shows a sche matic of the de vel oped re -
ac tor cool ant leak age mon i tor ing sys tem and its mon -
i tor ing pro ce dures.

It is gen er ally known that an ab sorbed
gamma-ray dose of ap prox i mately 8.6 kGy leads to
sig nif i cant per for mance deg ra da tion in Si de tec tors
[5]. Sev eral stud ies in ves ti gated the ra di a tion hard ness 
and func tional deg ra da tion of Si de tec tors af ter ir ra di -
a tion. Sueva et al. [6] stud ied the ap pli ca bil ity of a Si
de tec tor in an en vi ron ment with high-dose gamma-
-rays. To eval u ate the prop er ties of the Si de tec tor in a
high-dose field, it was ir ra di ated with gamma-rays of
up to 599 kGy us ing a 60Co source. A shift in the al pha
sig nal was ob served and the self-an neal ing ef fect was
con firmed 24 hours af ter ir ra di a tion. In the case of
pre-amps, al though there are vari a tions in ra di a tion
hard ness based on the com po si tion of the com po nents, 
func tional dam age is also caused by high-dose ra di a -
tion [7-9]. How ever, to eval u ate the ap pli ca bil ity of a
Si de tec tor in spe cific ra di a tion en vi ron ments, such as
in side the con tain ment build ings of NPP, ra di a tion
hard ness tests should be per formed based on the

knowl edge of the de tec tor prop er ties. In this study, ra -
di a tion hard ness tests were con ducted by ir ra di at ing a
Si de tec tor and preamplifier with gamma-rays to iden -
tify their func tional states. The ab sorbed doses in the
com po nents over the de sign life time were cal cu lated
us ing Monte Carlo sim u la tions, con sid er ing the back -
ground ra di a tion in the an nu lus zone. The per for -
mance deg ra da tion in the ir ra di ated com po nents af ter
the test was com pared and a method to re duce the ef -
fects of ra di a tion dam age on de tec tion per for mance
was pro posed.

AB SORBED DOSE CAL CU LA TION
FOR COM PO NENTS

The fi nal Safety Anal y sis Re port (FSAR) for
APR1400 [10]  re ported  gamma and neu tron flux at
0.5 ft (0.153 m) out side the midplane of a re ac tor ves -
sel as shown in fig. 2. Us ing these data, the gamma and
neu tron fluxes in the an nu lus zone of the pri mary NPP
sys tem were cal cu lated us ing Monte Carlo N-Par ti cle
(MCNP) [11] sim u la tions, and the fluxes are listed in
tab. 1.

The ab sorbed doses of the Si de tec tor and
pre-amp were cal cu lated us ing MCNP. In the sim u la -
tion, a lead shield ing cyl in der with a thick ness of 5 cm,
the 300 m de ple tion layer of the Si de tec tor, and the
pre-amp shaped in a sil i con board were im ple mented.
The source term was lo cated out side the lead cyl in der.
The neu tron and gamma-ray fluxes were con verted
into in ten si ties by con sid er ing the de sign cri te ria for
the dose rate in the an nu lus zone, which was 10
mSvh–1. The F6 tally was used to cal cu late the ab -
sorbed dose to the com po nents over a pe riod of 60
years, which is the de sign life time of NPP. For the en -
tire du ra tion, an 18-month re fu el ing cy cle and an over -
haul pe riod were con sid ered. The dose ab sorbed in the
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Fig ure 1. Sche matic of the de vel oped re ac tor cool ant leak age de tec tion sys tem



re ac tion area (de ple tion layer) was con sid ered for the
Si de tec tor, and the dose ab sorbed in the en tire panel
that housed sev eral tran sis tors was con sid ered as the
pre-amp for con ser va tive eval u a tion. Fig ure 3 shows
the ge om e try of the sim u la tion used for the cal cu la -
tions. The ab sorbed doses ac cu mu lated in the com po -
nents over 60 years of age are listed in tab. 2.

RA DI A TION HARD NESS TESTS

To ob serve the func tional changes in the de tec tor
and pre-amp ow ing to the amount of ab sorbed dose ac cu -
mu lated over the de sign life time, the ef fect of ra di a tion
qual ity was not con sid ered. The ra di a tion dam age in -
duced by the dis place ment per atom (DPA) mech a nism
dif fers be tween neu trons and gamma-rays. There fore, a
com par i son of the re sults from neu tron and gamma-ray
ex po sures is cur rently be ing planned. The gamma-ray ir -
ra di a tion tests were con ducted at the Ad vanced Ra di a -
tion Tech nol ogy In sti tute fa cil ity of the Ko rea Atomic
En ergy Re search In sti tute us ing a 60Co source with an
ac tiv ity of 2.4 kCi (1 Ci = 3.71010 Bq). The Si de tec tor
(ORTEC UL TRA BU-037-1200-300) with a 300 m de -
ple tion layer and pre-amp (ORTEC 142A) was shielded
us ing 5 cm thick lead bricks to mimic the shield ing struc -
ture. Fur ther more, an am pli fier (ORTEC 460), power
sup ply (ORTEC 428), and mul ti chan nel an a lyzer
(ORTEC 928) were con nected to ob tain the spec tra dur -
ing ir ra di a tion. The ex per i men tal pa ram e ters in cluded
am pli fier gain of 50, shap ing time of 0.1 s, bias volt age
of 90 V, lower-level discriminators (LLD) of 250 chan -
nels, con ver sion gain of 1024 chan nels, and spec tra re -
cord ing time of 10 minutes. The MAE STRO (ORTEC)
soft ware was used to an a lyze the spec tra. Fig ures 4 and 5
show the block di a grams of the de vices and the ex per i -
men tal set-up, re spec tively. As shown in fig. 5, alanine
pel lets were at tached to the top of the vac uum cham ber
and the side of the pre-amp to mea sure the ab sorbed
doses in the Si de tec tor and pre-amp.

Ow ing to the thin de ple tion layer of the de tec tor,
the spec tra for elec trons (beta par ti cles), gamma-rays,
or elec tronic noise are formed in the low-chan nel
range (ap prox i mately 0-400 chan nels). There fore, a
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Fig ure 2. The flux of gamma-rays and neu trons at 0.5 ft
out side the midplane of a re ac tor ves sel

Ta ble 1. Data of neu tron and gamma flux in the an nu lus
zone of an NPP pri mary sys tem

Neu tron Gamma
En ergy [MeV] Flux [cm–2s–1] En ergy [MeV] Flux [cm–2s–1]

1.1110–2 7.01105 1 3.10105

8.9210–2 1.44104 2 4.62104

1.18 1.12104 3 3.71104

5.52 2.87102 4 1.47104

11.1 2.09 5 1.81104

6 8.74103

7 1.50104

8 5.04103

9 4.07102

10 1.78102

11 4.59102

To tal 7.27105 To tal 4.56105

Fig ure 3. The ge om e try of MCNP
sim u la tion to cal cu late the ab sorbed
doses of each com po nent over a
60-year de sign life time

Ta ble 2. Ab sorbed doses ac cu mu lated for 60 years on a Si
de tec tor and pre-amp

Com po nents
Ab sorbed dose for 60 years [Gy]

By gamma-rays By neu trons To tal
Si de tec tor 434.43 595.41 1029.84
Pre-amp 385.68 107.59 493.27



210Po al pha source was used to eval u ate the func tional
state of the de tec tor dur ing high-dose gamma ir ra di a -
tion, in clud ing its in flu ence on the rel a tively high
chan nel range (ap prox i mately 400-600 chan nels). The 
com po nents were ir ra di ated with gamma-rays for 57
hours to reach 1.03 kGy, which was the ac cu mu lated
dose of the Si de tec tor ob tained from the sim u la tion.

The ac tual ab sorbed doses of each com po nent
were de rived from those of the alanine pel lets us ing
the mass ab sorp tion co ef fi cient [12]. The mea sured
doses of alanine pel lets were based on the dose ab -
sorbed in wa ter at a den sity of 1 gcm–3. The ap pro pri -
ate con ver sion equa tion is as fol lows

D DSi
Si

water water
water 

m
m r/

(1)

where D is the ab sorbed dose, and m/r – the mass ab -
sorp tion co ef fi cient. Ta ble 3 lists the mea sured doses
of each alanine pel let and the cor re spond ing ac tual
doses of each com po nent. The de tec tor re ceived ap -
prox i mately 12 % less ir ra di a tion than the cal cu lated
dose, whereas the pre-amp was ex posed to ap prox i -
mately 150 % more ir ra di a tion than the es ti mated
dose. De spite these vari a tions, it was con cluded that
in ves ti gat ing the ef fect of ac cu mu lated doses should
not be prob lem atic.

RE SULTS AND DIS CUS SION

Sig nal loss of al pha par ti cles un der a
high-dose-rate en vi ron ment

In the ex per i ment, the spec tra of gamma-rays
and al pha par ti cles were formed in the low-(250-350
chan nel) and high-chan nel range (500-600 chan nel),
re spec tively. Spec tra were re corded at 10 min ute in ter -
vals over a to tal du ra tion of 57 hours. In the
high-dose-rate en vi ron ment, the al pha spec trum was
not de tected (left panel in fig. 6). How ever, each time

the gamma source was shut down for a few min utes
dur ing the ex per i ment, al pha counts were re corded
again (right panel in fig. 6). Af ter the ex per i ment was
con cluded, al pha counts  were  mea sured  nor mally, 
with  ap prox i mately 1 kGy of dose ac cu mu lated in the
com po nents.

Ra di a tion in ci dent on Si de tec tors ion izes the
ma te rial in the semi con duc tor, cre at ing elec tron-hole
pairs. Sub se quently, these elec tron-hole pairs move to
each elec trode and gen er ate charge sig nals in elec -
tronic de vices such as pre-amps and am pli fi ers. Ow ing 
to this pro cess, the count rate of the de tec tors in ev i ta -
bly de creases in a high-count-rate en vi ron ment. Con -
se quently, there is a limit to the pro cess ing time of the
gen er ated sig nal, known as dead time. Patil [13] re -
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Fig ure 4. Sche matic of the ex per i men tal set-up

Fig ure 5. Ex per i men tal set-up for the ra di a tion hard ness
test; the Si de tec tor was in serted in an alu mi num
vac uum cham ber with out vac uum pumps



ported that the dead time as so ci ated with var i ous units
can be di vided into three ma jor cat e go ries, as shown in
fig. 7. There is no dead time ow ing to the rapid charge
tran sit time (in her ent de tec tor dead time) of a semi con -
duc tor de tec tor. There fore, only the pulse pro cess ing
dead time and the MCA dead time must be con sid ered.

The LLD was set to 250 chan nels to min i mize
MCA dead time dur ing the ex per i ment. Un der these
con di tions, the MCA dead time value was only a few
per cent. There fore, the al pha spec trum was not de -
tected in the high-count-rate en vi ron ment ow ing to the 
dead time of the pulse pro cess ing.

De crease in gross counts by a
de fect in charge col lec tion ef fi ciency

Fig ure 8 shows the de creas ing gross count of 60Co
gamma-rays as the ab sorbed dose in creased. The counts
de creased rel a tively rap idly at the be gin ning of dose ac -
cu mu la tion. No ta bly, the counts slightly in creased ow ing 
to the self-an neal ing of the de tec tor when the dose was
ac cu mu lated again af ter a 6 min utes re moval of the
source to check the al pha sig nal.

Ra di a tion dam age in Si de tec tors can be clas si fied
into two cat e go ries: sur face dam age, which oc curs from
ion iza tion in SiO2 and at the Si-SiO2 in ter face, and lat tice
de fects in the sil i con bulk cre ated by ra di a tion ex ceed ing
cer tain thresh olds en er gies [14]. Aldosari [15] re ported
that gamma-rays can cause bulk dam age to Si de tec tors.
For ir ra di a tion tests us ing 60Co, the Frenkel pair is the

only type of de fect that de creases the charge-col lec tion
ef fi ciency and can re duce gross counts. This is a rep re -
sen ta tive de fect caused by the bulk dam age to a Si de tec -
tor.

How ever, de fects in this ex per i ment, such as sig -
nal loss or gross count de crease, orig i nated from the
high-dose field con di tions. This con di tion sim u lated
the quan tity of ra di a tion that would be ab sorbed over
60 years, but it was ap plied all at once dur ing a 57
hours test. A pre vi ous study [16] showed that the de -
tec tor ex hib ited no de fects when tested at an ac tual
dose rate of ap prox i mately 4 mGyh–1, which is typ i cal
for the an nu lus zone.

Vari abil ity of al pha counts be fore
and af ter gamma ir ra di a tion

Fig ure 9 shows the gross count of the al pha sig nals
formed by 210Po be fore and af ter ir ra di a tion. The to tal
count for al pha par ti cles was 16138 127 on av er age be -
fore ir ra di a tion and it de creased to 15758 126 af ter ir ra -
di a tion. There fore, the gross count in the high-chan nel
range de creased by ap prox i mately 2.3 %. The full width
at half max i mum (FWHM) of the al pha spec trum peak,
shown in fig. 10, changed from 52.95 to 46.75 af ter ir ra -
di a tion. The func tional in teg rity in the high chan nels was

K. Pak, et al., Ra di a tion Hard ness Test of a Sil i con De tec tor and Preamplifier ...
Nuclear Tech nol ogy & Ra di a tion Pro tec tion: Year 2024, Vol. 39, No. 2, pp. 89-97 93

Ta ble 3. Ex per i men tally ac cu mu lated doses in the Si
de tec tor and pre-amp

Com po nents
Ac cu mu lated ab sorbed dose for 57 h [kGy]

Dwater DSi

Si de tec tor 1.13 0.99
Preamplifier 1.56 1.37

Fig ure 6. Mea sured spec tra with lost al pha counts un der high-dose rate con di tions (a) and spec tra with al pha counts
re corded again when the source was shut down (b); each ex per i ment has a 10 min ute in ter val

Fig ure 7. Sources of dead time in a typ i cal
de tec tion system



main tained within a dose ac cu mu la tion of ap prox i mately 
1-1.4 kGy in the com po nents.

Per for mance deg ra da tion of the
com po nents af ter ir ra di a tion

Deg ra da tion of the de tec tor

Af ter ir ra di a tion of 0.99 kGy to the de tec tor, the
count rate in creased by 773 % from 3338 to 29152. Fig -
ure 11 shows the elec tronic noise spec tra be fore and af ter
ra di a tion ex po sure of the de tec tor. Gen er ally, gamma-ray 
doses of ap prox i mately 8.6 kGy can lead to sig nif i cant
per for mance deg ra da tion in Si sen sors [5], and the leak -
age cur rent in creases lin early with ra di a tion fluence [17]. 
In ad di tion, ran dom fluc tu a tions in the leak age cur rent
gen er ate small cur rent sig nals. There fore, de spite the rel -
a tively small gamma-ray dose, which did not ex ceed 1

kGy, the leak age cur rent that could af fect the low chan -
nels of the spec trum may in crease.

Deg ra da tion of the pre-amp

Fig ure 12 shows the change in the count rates of
the  noise  spec trum be fore  and  af ter  ir ra di a tion of
1.37 kGy to the pre-amp. The noise count rate in -
creased by 17 % from 2785 to 3259. No ta bly, the
height of the peak de creased, whereas the spec tral tail
wid ened. Even if vari a tions in ra di a tion hard ness are
ob served based on the com po si tion of the com po nents
of the pre-amp, func tional dam age is usu ally caused
by high-dose ra di a tion. The test re vealed that an ab -
sorbed dose of 1.37 kGy on the pre-amp could lead to
in creased noise, in di cat ing dam age.

De ter mi na tion of the level of valid
pulse height discriminator

An in crease in the leak age cur rent and elec tronic
noise in the lower chan nels caused by ra di a tion ex po -
sure can re duce the per for mance of the de tec tor sys -
tem. There fore, it is im por tant to set an ap pro pri ate
LLD chan nel to avoid mis in ter pret ing noise as sig nals
from charged par ti cles, par tic u larly when a cool ant
leak age de tec tion sys tem is in stalled in an an nu lus
zone with back ground ra di a tion.

Fig ure 13 shows the changes in the count rates of
the noise and charged par ti cles ac cord ing to the LLD
chan nel set ting. In this case, the tar get ra di a tion was beta
par ti cles from 16N in the leaked cool ant, with an as sumed 
ac tiv ity of 2.13107 Bq based on the es ti mated amount of
16N reach ing the de tec tor af ter 30 seconds when the cool -
ant leaked in a spe cific ge om e try [3]. This shows that the
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Fig ure 8. De crease in count as the ac cu mu lated dose
in creases; the sen sor was self-an nealed while it was not
ex posed to gamma-rays

Fig ure 9. Nor mal ized al pha count by
a 210Po al pha source: be fore (dash
line) and af ter ir ra di a tion (black
dots)



count rates of 16N and the noise var ied with dif fer ent
LLD chan nel set tings. This al lows the se lec tion of an
LLD chan nel that re duces the noise ef fect in low chan -
nels and max i mizes the sig nal-to-noise ra tio, thereby
pro vid ing a valid de tec tion thresh old.

CON CLU SIONS

In this study, a Si de tec tor and pre-amp were ir ra -
di ated with gamma-rays at a high dose rate to eval u ate
the func tional sta bil ity of a cool ant leak age de tec tion
sys tem in stalled in the an nu lus zone of an NPP. The ab -
sorbed doses for the de tec tor and pre-amp were de -
rived us ing MCNP sim u la tions. Based on these cal cu -
la tions, the de tec tor and pre-amp were ex posed to 60Co 
at an ac tiv ity of 2.4 kCi for 57 hours. Doses of 0.99
kGy and 1.37 kGy ac cu mu lated in the de tec tor and
pre-amp, re spec tively, from the con ver sion of the ab -
sorbed doses in the alanine pel lets to those in sil i con. A 
210Po al pha source was used as a check source to iden -
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Fig ure 10. Spec tra formed by a 210Po al pha source;
be fore (a) and af ter ir ra di a tion (b)

Fig ure 11. Change of elec tronic noise spec trum in the low
chan nel range be fore and af ter ir ra di a tion on the
de tec tor

Fig ure 12. Change of elec tronic noise spec trum in the low 
chan nel range be fore and af ter ir ra di a tion on
the pre-amp

Fig ure 13. Change in count rates of noise and sim u lated
source (16N), ac cord ing to the LLD chan nel set ting



tify func tional states dur ing gamma ex po sure. Af ter
the ir ra di a tion, the func tional states in the high-chan -
nel range re mained sta ble. How ever, the elec tronic
noise in creased in the low chan nels ow ing to the in -
creased leak age cur rent caused by the gamma ir ra di a -
tion of the de tec tor. Ad di tion ally, de fects, such as sig -
nal loss of al pha count and a de crease in charge
col lec tion ef fi ciency, were ob served.

The ab sorbed doses that ac cu mu lated over 57
hours in the ex per i ment cor re sponded to the doses that
would ac cu mu late on the de tec tor and pre-amp over a
pe riod of 60 years. The de fects were caused by ir ra di a -
tion at a high dose over a rel a tively short pe riod, rep re -
sent ing se vere test con di tions. Ad di tion ally, pre vi ous
stud ies have con firmed that sim i lar de fects were not ob -
served un der the ac tual dose rate, sug gest ing that the
mon i tor ing sys tem could op er ate in an ac tual en vi ron -
ment by uti liz ing var i ous LLD set tings to re duce the ef -
fect of noise in the low-chan nel range. The re sults of
this study can be used to pro vide in for ma tion for de ter -
min ing the main te nance and re pair sched ules dur ing the 
op er a tion of cool ant leak age mon i tor ing sys tems.

Since it is known that the ra di a tion dam age in a
Si de tec tor causes dif fer ent as pects de pend ing on the
ra di a tion qual ity, ad di tional tests us ing neu trons will
be per formed to eval u ate the spe cific deg ra da tion of
the com po nents in the fu ture.
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Kihong PAK, \ongheon KIM,
Jong Hjun KIM, Seung Beom GOH, Jung-Sik ^O, Jong Kjun KIM

ISPITIVAWE  ^VRSTO]E  NA  RADIJACIJU  SILIKONSKOG  DETEKTORA  I
PRETPOJA^AVA^A  TOKOM  PROJEKTOVANOG  VEKA  SISTEMA  NADZORA

CUREWA  RASHLADNE  TE^NOSTI  REAKTORA

Testovi ~vrsto}e na radijaciju sprovedeni su na silicijumskom detektoru i
pretpoja~ava~u kako bi se razvio sistem za pra}ewe curewa rashladne te~nosti reaktora, koji
detektuje visokoenergetske beta ~estice iz 16  u primarnom hladiocu reaktora nuklearnih
elektrana. Monte Karlo simulacije kori{}ene su za izra~unavawe doza koje bi se apsorbovale na
komponentama tokom 60-godi{weg projektovanog veka trajawa. Komponente su bile izlo`ene 60

gama izvoru aktivnosti od 2.4  tokom 54 ~asa. Utvr|eno je da su apsorbovane doze akumulirane
tokom testa bile 0.99  za detektor i 1.37  za pretpoja~ava~. Tokom testa, alfa odbroj iz test
izvora u opsegu visokih kanala nestajao je u okru`ewu sa velikom ja~inom doze, a bruto gama broj
smawivao se kako se akumulirana doza pove}avala. Degradacija performansi detektora i
pretpoja~ava~a procewena je pore|ewem alfa signala i pozadinskog {uma pre i posle zra~ewa.
Energetska rezolucija alfa signala u visoko-kanalnom opsegu pokazala je male promene, dok je
elektronski {um u niskokanalnom opsegu pove}an za pribli`no 773 % za ozra~eni detektor i 17 %
za ozra~eni pretpoja~ava~. Predlo`ena je metoda koja koristi razli~ite diskriminatorske
kanale niskog nivoa za ubla`avawe efekata }uma u sistemu za pra~ewe.

Kqu~ne re~i: test  ~vrsto}e na radijaciju, akumulirana apsorbovana doza, silicijumski
detektor, mon i tor ing curewa hladioca reaktora


