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HANARO is a multi-pur pose Ko rean re search re ac tor with a high neu tron flux and unique
fuel types. Re cently, a new con cep tual dis posal sys tem for HANARO spent fuel has been sug -
gested as a so lu tion to the cur rent spent fuel ac cu mu la tion prob lem in the near fu ture. This
pa per in ves ti gates HANARO spent fuel char ac ter is tics, eval u ates ra di a tion in ten sity by gen -
er at ing its own cross-sec tion li brary and, fi nally, es ti mates the ra di a tion safety of its dis posal
sys tem. By com par ing the ab sorbed dose of the en gi neer ing bar rier with the rec om mended
value, it was con cluded that the pro posed dis posal sys tem has a large enough safety mar gin.
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IN TRO DUC TION

The multi-pur pose Ko rean re search re ac tor
HANARO has been in op er a tion since the mid 1990’s.
All HANARO spent fuel has been stored in a stor age
pool and the pool’s sat u ra tion time is es ti mated as be -
ing around 2025 for the two types of HANARO spent
fuel, un der cer tain op er a tional con di tions. If the op er a -
tion time of HANARO is to be pro longed, an en large -
ment of spent fuel stor age is in ev i ta ble and, in that
sense, two pos si ble meth ods ap plied si mul ta neously
are likely: that of chang ing the de sign of the stor age
mod ule and that of us ing the empty space of TRIGA
spent fuel stor age. These meth ods could ex pand the
pool’s ca pac ity up to 1.6 times and ex tend its sat u ra -
tion time to around 2040 [1]. Ta ble 1 shows the en -
hance ment plan for the man age ment of HANARO
spent fuel.

Upon the ex pi ra tion of the ex ten sion pe riod, the 
prob lem of HANARO spent fuel could be con sid ered
in the light of three al ter na tive op tions: re turn ing the
spent fuel to the coun try of or i gin (USA, Rus sia) in
the form of the ‘take-back’ TRIGA pro gram for spent
fuel [3], re cy cling the spent fu els by pyroprocessing,
as was the case with PWR spent fuel (Ko rean na tional 
strat egy), or dis pos ing of it in a fi nal, un der ground re -
pos i tory. The pos si bil ity for the first op tion is ex -
tremely low be cause of the re cent in ter na tional trend
that the gen er a tor of ra dio ac tive waste has to solve its
own high-level waste prob lems. The sec ond op tion is

as im prob a ble be cause of the un cer tainty of the
pyroprocess method, as far as prof it abil ity and low
fea si bil ity of spent fuel en rich ment go. The last of the
three op tions could, there fore, prove to be the most
likely one, as was the case in some other coun tries
[4-7]. HANARO spent fu els are ex pected to be dis -
posed of at a fi nal com plex re pos i tory, re cently sug -
gested as a re pos i tory for com mer cial PHWR spent
fu els, high-level wastes pro duced by pyroprocessing
of PWR spent fuel and re search re ac tor spent fu els,
com bined [8]. The pur pose of this ar ti cle is to char ac -
ter ize HANARO spent fuel prop er ties, eval u ate ra di -
a tion source in ten sity by gen er at ing its own
cross-sec tion li brary and to es ti mate the ra di a tion
safety of the pro posed dis posal sys tem by com par ing
dose as sess ment re sults with the rec om mended val -
ues.
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Ta ble 1. HANARO spent fuel man age ment plan

Before enlargement

Type of
fuel

Storage capacity 
[rods]

Current amount
[rods]

Expected limit 
[year]

 18-element 432 217* 2027

 36-element 600 120* 2024

 TRIGA 315 – –

After enlargement

 Type of fuel Storage capacity 
[rods]

Enlarged ratio
[%]

Expected limit 
[year]

 18-element 720 166 2042

 36-element 984 164 2038

*HANARO spent fuel stor age amount as of July 2009 [2]



HANARO SPENT FUEL
CHAR AC TER IS TICS

The core of the HANARO re ac tor is of an open
pool-type, con sist ing of an in side and out side core with
an ef fec tive di am e ter of 0.5 m and a height of 0.7 m.
Both cores are cooled by light wa ter, but the lat ter has a
heavy wa ter re flec tor, so as to in crease neu tron pop u la -
tion. The two types of HANARO fuel in ques tion are:
that of the 20 as sem blies of hex ag o nal 36-el e ment (fuel
rod) type with 2.2 kg of ura nium and that of 12 as sem -
blies of cir cu lar 18-el e ment type with 1.2 kg of ura nium
at the core (fig. 1). The to tal ura nium load in the cores
amounts to 58 kg and 12 kg for 235U, re spec tively.
HANARO fuel ma te rial is made up of U3Si and these
high den sity U3Si par ti cles are dis persed in a high pu rity 
alu mina ma trix. High en riched (95 wt.%) fuel has been
used in the past to raise the neu tron flux by op er at ing the 
re ac tor with a high spe cific power but, re cently, low en -
riched (19.75 wt.%) fuel which has the max i mum limit
for low en rich ment, is be ing loaded for non-pro lif er a -
tion rea son. This high spe cific power op er a tion leads to
a high de cay heat per unit of ura nium mass and a high
dis charge burn-up of around 100,000 MWd/MtU.

RA DI A TION SOURCE EVAL U A TION

To eval u ate the HANARO spent fuel ra di a tion
source, this re search used the ORIGEN-ARP 5.0 code
[9]. A cross-sec tion li brary is of ut most im por tance for
this pur pose, but ORIGEN-ARP did not serve the
HANARO li brary, so that this re search pro duced its own
cross-sec tion li brary with SAS2 in the SCALE code sys -
tem. As the first step, a sim pli fi ca tion of the fuel rod
shape was per formed based on data from tab. 2 [10].

This mod i fi ca tion pro duced a hex ag o nal flow
tube with two main out put data: in side flat-to-flat di -
am e ter as 0.00744 m and outer di am e ter as 0.0076 m.
A real fuel rod con fig u ra tion and a sim pli fied model to
pro duce the cross-sec tion li brary of the 36-el e ment
fuel as sem bly are shown in fig. 2.

Con trary to the com mer cial power re ac tor li brary
which usu ally needs 5 ini tial en rich ment cases (1.5, 2, 3,
4, and 5 wt.%) with var i ous burn-up lev els, the
HANARO li brary only needs one ini tial en rich ment case 
(19.75 wt.%) with var i ous burn-up lev els of up to
100,000 MWd/MtU. By us ing the ARPLIB mod ule, a
to tal of 12 li brary sets with 0, 4637.5, 13912.4, 23187.4,
32462.4, 41737.3, 51012.3, 60287.3, 69562.2, 78837.2,
88112.2, and 97387.1 MWd/MtU burn-ups were pro -
duced for the 36-el e ment fuel as sem bly [11]. For sim -
plic ity and con ser va tism, only the 36-el e ment type was
con sid ered in the cre ation of the li brary  and  ra di a tion 
cal cu la tions. The ir ra di a tion his tory of the fuel as sem bly 
con sisted of  7 cy cles  which  in clude  an  ir ra di a tion time
of 28 days with 510200 W/kgU spe cific power and a
down time of 7 days. This ir ra di a tion his tory could reach
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Fig ure 1. HANARO fuel types

Ta ble 2. Ma jor in for ma tion on 36-el e ment type fuel
bun dle and fuel rod

Fuel bundle data

Bundle type Hexagonal array

Bundle length [m] 0.96

Number of fuel rods 36

Mass of bundle [kg] 6.784

Mass of uranium [kg] 2.193

Mass of 235U [kg] 0.433

Fuel rod (element) data

Fuel composition [wt.%] U: 58.3, Si: 2.2, Al: 39.5

Fuel enrichment [wt.% 235U] 19.75

Fuel density [kgUm–3] 3150

Fuel out-diameter [m] 0.00635

Rod length [m] 0.7

Rod pitch [m] 0.012

Clad material Al-type AA1060

Clad out-diameter without fins [m] 0.00787

Clad thickness [m] 0.00076

Fig ure 2. Fuel rod con fig u ra tion and its ho mog e nized
shape



up to 100,000 MWd/MtU for each fuel as sem bly. Ta ble 3 
lists the ba sic in for ma tion used in the cre ation of the li -
brar ies.

By ap ply ing our cross-sec tion li brary to
ORIGEN-ARP, ra di a tion time changes were ob tained
for a pe riod of a mil lion years (fig. 3), as of re cently,
con sid ered to be an im por tant time bound ary for fi nal
dis posal [12]. As is com monly the case with ra dio ac -
tive nuclides’ de cay, high heat gen er at ing nuclides like 
ce sium and stron tium dis ap pear in a thou sand years,
but tech ne tium and actinides keep gen er at ing ra di a -
tions even be yond a pe riod of ten thou sand years.

Ta ble 4 shows pho ton and neu tron in ten sity of the
44 en ergy groups. The neu tron source is not ac tive be -
cause there will be a cool ing time gap of more than 30
years be tween the dis charge from the core and fi nal dis -
posal.

DOSE EVAL U A TION

Dis posal sys tem

The HANARO dis posal sys tem con sists of spent
fuel, bas ket, can is ter, and an en gi neer ing bar rier sys tem
(EBS). The bas ket could hold 60 as sem blies of 36-el e -

ment fuel type and is made of stain less steel. A can is ter
with a cast iron in side wall and cop per out side wall
could hold the bas ket and serve as a ra di a tion shield.
Cast iron of a thick ness of 0.18 m and 0.095 m was used
for struc tural ma te rial at the top and bot tom and at the
lat eral sides, re spec tively. This dif fer ence in thick ness
is meant to pre vent struc tural dis tor tion by ver ti cal com -
pres sion and to al low for the fit ting of the di a met ric lim -
i ta tion of the size of the dis posal hole. A cop per coat ing
with a thick ness of 0.03 m at the top and bot tom and
0.01 m in the lat eral re gion was added in or der to pre -
vent cor ro sion within the dis posal en vi ron ment. The
en gi neer ing bar rier sys tem is sim i lar to the KRS-V1
dis posal bar rier sys tem [13]. It con sists of ben ton ite
blocks as a buffer around the dis posal can is ter, a ver ti cal 
dis posal hole, dis posal tun nel, and bed rock in the outer
re gion. The en gi neer ing bar rier, that is, the buffer,
serves as a bar rier pre vent ing ground wa ter in tru sion
and radionuclide re lease in case of ac ci dents. The
height  of the  tun nel  was  set to 4.1 m and its width to
3.9 m, tak ing into ac count the work space needed for the 
equip ment. Fig ure 4 shows the com pre hen sive con cep -
tual de sign of the HANARO spent fuel dis posal sys tem.

MCNP mod el ing

For ra di a tion dose as sess ment of the dis posal
sys tem, all dis posal sys tem com po nents (fuel, bas ket,
can is ter, and en gi neer ing bar rier) were mod eled and
an a lyzed by the MCNP code [14].

In fuel com po nent mod el ing, den sity and the
com po si tion frac tion of the ra di a tion source ma te rial is
im por tant for MCNP mod el ing and, there fore, a ho -
mog e nized model of a fuel bun dle (36 fuel rods and air)
was gen er ated in a cyl in der shape, in fol low ing steps:
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Ta ble 3. Ba sic in for ma tion for cross-sec tion li brary
generation

Item Value Irradiation
history Value

Fuel type HANARO
36-element

Power/basis
[W(kgU)–1] 510 200

Initial
enrichment 19.75 wt.% 1 cycle time

[d] 28

Final burn-up 100 000 MWd/MtU Cycle burn-up
[MWd(MtU)–1]

14285.7

Cooling time 30 years

Fig ure 3. Radiaoctivity
changes along time, up to 1
milion years

*1 Ci = 3.7×1010 Bq



– an a lyz ing nuclides and its com po si tion frac tion in
fuel with a 3150 kg/m3 den sity; ura nium 58.3, sil i -
con 2.2, and alu mi num 39.5 wt.%,

– an a lyz ing nuclides and its com po si tion frac tion in
clad ding (Al AA1060) with a 2700 kg/m3 den sity;
iron 0.35, man ga nese 0.03, sil i con 0.25, cop per
0.05, zinc 0.05, alu mi num 99.27 wt.%,

– vol u met ric cal cu la tion for fuel and clad ding re sult
in 65% oc cu pa tion of fuel ma te rial. This has up -

dated the ho mog e nized com po si tion frac tion of
each nu clide, and

– volumetric cal cu la tion for bun dle (fuel and clad -
ding) and open space (air) re sults in 42% of fuel
bun dle.

The fi nal source ma te rial den sity and com po si -
tion frac tions for each nu clide are shown in tab. 5.

In bas ket mod el ing, the CANDU spent fuel bas -
ket was ap plied for HANARO spent fuel fix ing in the
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Ta ble 4. Ra di a tion source in ten sity for 1 MtU

Energy group

Photon Neutron

Energy range Radiation
intensity [s–1]

Energy range Radiation
intensity [s–1]Low [MeV] High [MeV] Low [MeV] High [MeV]

1  1.00E-02* 2.00E-02 1.8221E+15 1.00E-11 3.00E-09 1.09E-06

2 2.00E-02 3.00E-02 8.7269E+14 3.00E-09 7.50E-09 2.22E-06

3 3.00E-02 4.50E-02 1.0563E+15 7.50E-09 1.00E-08 1.53E-06

4 4.50E-02 6.00E-02 5.3373E+14 1.00E-08 2.53E-08 1.27E-05

5 6.00E-02 7.00E-02 2.3529E+14 2.53E-08 3.00E-08 4.87E-06

6 7.00E-02 7.50E-02 1.0055E+14 3.00E-08 4.00E-08 1.16E-05

7 7.50E-02 1.00E-01 3.9318E+14 4.00E-08 5.00E-08 1.31E-05

8 1.00E-01 1.50E-01 4.0781E+14 5.00E-08 7.00E-08 3.01E-05

9 1.50E-01 2.00E-01 2.6061E+14 7.00E-08 1.00E-07 5.36E-05

10 2.00E-01 3.00E-01 2.0341E+14 1.00E-07 1.50E-07 1.08E-04

11 3.00E-01 4.00E-01 1.4396E+14 1.50E-07 2.00E-07 1.54E-04

12 4.00E-01 4.50E-01 4.2813E+13 2.00E-07 2.25E-07 8.42E-05

13 4.50E-01 5.10E-01 4.1371E+13 2.25E-07 2.50E-07 8.82E-05

14 5.10E-01 5.12E-01 4.9663E+11 2.50E-07 2.75E-07 9.20E-05

15 5.12E-01 6.00E-01 2.0715E+13 2.75E-07 3.25E-07 1.95E-04

16 6.00E-01 7.00E-01 5.3683E+15 3.25E-07 3.50E-07 1.02E-04

17 7.00E-01 8.00E-01 2.5454E+13 3.50E-07 3.75E-07 1.06E-04

18 8.00E-01 1.00E+00 2.8226E+13 3.75E-07 4.00E-07 1.09E-04

19 1.00E+00 1.20E+00 1.2681E+13 4.00E-07 6.25E-07 1.10E-03

20 1.20E+00 1.33E+00 1.5212E+13 6.25E-07 1.00E-06 2.26E-03

21 1.33E+00 1.44E+00 1.1133E+12 1.00E-06 1.77E-06 5.93E-03

22 1.44E+00 1.50E+00 5.5259E+11 1.77E-06 3.00E-06 1.22E-02

23 1.50E+00 1.57E+00 3.3796E+11 3.00E-06 4.75E-06 2.19E-02

24 1.57E+00 1.66E+00 1.3150E+12 4.75E-06 6.00E-06 1.83E-02

25 1.66E+00 1.80E+00 2.6020E+11 6.00E-06 8.10E-06 3.51E-02

26 1.80E+00 2.00E+00 1.1851E+11 8.10E-06 1.00E-05 3.58E-02

27 2.00E+00 2.15E+00 2.0282E+10 1.00E-05 3.00E-05 5.51E-01

28 2.15E+00 2.35E+00 7.8137E+07 3.00E-05 1.00E-04 3.92E+00

29 2.35E+00 2.50E+00 7.6975E+07 1.00E-04 5.50E-04 5.48E+01

30 2.50E+00 3.00E+00 1.2999E+08 5.50E-04 3.00E-03 6.19E+02

31 3.00E+00 3.50E+00 7.6808E+05 3.00E-03 1.70E-02 9.48E+03

32 3.50E+00 4.00E+00 4.4302E+05 1.70E-02 2.50E-02 8.06E+03

33 4.00E+00 4.50E+00 2.5603E+05 2.50E-02 1.00E-01 1.24E+05

34 4.50E+00 5.00E+00 1.4803E+05 1.00E-01 4.00E-01 8.78E+05

35 5.00E+00 5.50E+00 8.5619E+04 4.00E-01 9.00E-01 1.90E+06

36 5.50E+00 6.00E+00 4.9539E+04 9.00E-01 1.40E+00 1.95E+06

37 6.00E+00 6.50E+00 2.8671E+04 1.40E+00 1.85E+00 1.75E+06

38 6.50E+00 7.00E+00 1.6597E+04 1.85E+00 2.35E+00 1.98E+06

39 7.00E+00 7.50E+00 9.6104E+03 2.35E+00 2.48E+00 4.81E+05

40 7.50E+00 8.00E+00 5.5658E+03 2.48E+00 3.00E+00 1.80E+06

41 8.00E+00 1.00E+01 6.5623E+03 3.00E+00 4.80E+00 2.61E+06

42 1.00E+01 1.20E+01 3.3858E+02 4.80E+00 6.43E+00 4.93E+05

43 1.20E+01 1.40E+01 0.0000E+00 6.43E+00 8.19E+00 1.51E+05

44 1.40E+01 2.00E+01 0.0000E+00 8.19E+00 2.00E+01 5.07E+04

Totals 1.16E+16 Totals 1.42E+07

* Read as 1.00×10–2



ver ti cal di rec tion [15]. The top view of the bas ket and
the po si tion of the hole are shown in fig. 5. 

In can is ter mod el ing, one bas ket con tain ing 60
spent fuel bun dles was loaded into a can is ter as in fig.
6. The shoul der of the can is ter was in ten tion ally omit -
ted be cause this part could not sig nif i cantly af fect the
whole tally re sults. Cast iron and cop per shields were
prop erly mod eled. In or der to mon i tor ra di a tion par ti -
cle track ing in de tail, a 0.01 m thick ness mesh ap -
proach was ap plied to the cast iron shield be cause of its 
thick ness.

In en gi neer ing bar rier mod el ing, 3 can is ters
were in stalled into a dis posal hole sur rounded by a wet
ben ton ite buffer (en gi neer ing bar rier). Fig ure 7 shows
ver ti cally in stalled can is ters in a dis posal hole and tun -
nel, con cep tu ally. Ma jor prop er ties of the dis posal
com po nents are listed in tab. 6. 

Dose as sess ment

The to tal pho ton and neu tron rates for one can is -
ter have been cal cu lated for the 44 en ergy groups by us -
ing ORIGEN-ARP 5.0: for pho tons as 1.508.×1015 s–1

D. Kook, et al.: Ra di a tion Safety Eval u a tion of the HANARO Re search Re ac tor ...
54 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2011, Vol. 26, No. 1, pp. 50-57

Ta ble 5. Ho mog e nized ma te rial com po si tion of
HANARO fuel

Homogenized fuel 2.2229 kg/m3 Total = 1

Fuel area Fuel 3 150 kg/m3

42%

65%

Nuclide Value unit 

U 58.3% 0.04517769

Si 2.2% 0.01120309

Al 39.5% 0.21661922

Clad 2 700 kg/m3

35%

Nuclid Value unit

Fe 0.35% 0.00025789

Mg 0.03% 0.00004789

Si 0.25% 0.00034209

Cu 0.05% 0.00003303

Zn 0.05% 0.00003193

Al 99.27% 0.14628717

Empty space Air 1.293 kg/m3

58% 100%

Nuclide Value

N 78 0.45240000

O 22 0.12760000

Fig ure 4. Con cep tual di a gram of HANARO spent fuel dis posal sys tem

Fig ure 5. Bas ket con fig u ra tion of 60 HANARO 36-el e -
ment fuel bun dles



and for neu trons as 1.85.×106 s–1. The flux-to-dose con -
ver sion fac tor of ICRP-74 rec om men da tion was used in 
the con ver sion [16]. Tal lies were set at the top, bot tom,
and lat eral side of the can is ter at a 0.1 m dis tance. Dose
cal cu la tion re sults for each of the said di rec tions are

shown in tab. 7. For gamma ra di a tion, the tally rel a tive
er ror was 2.54% for 106 num ber of par ti cles. For neu -
tron radiatin, the tally rel a tive er ror was 0.15% for 106

num ber of par ti cles.
The dose re sult for the bot tom of the can is ter was

higher than the one for the top and this is prob a bly due
to the 0.1 m thick ness of the cop per in the bot tom area,
com pared to that of 0.3 m in the top area. Con trary to
can is ter dose cal cu la tion, the ab sorbed dose is usu ally
used for en gi neer ing bar ri ers such as ben ton ite or bed -
rock, so as to es ti mate how the bar rier could, in stead of
en hanc ing, ab sorb the ra di a tion en ergy from the waste.
Usu ally, 1 Gy/h value is the rec om mended limit for the
ben ton ite en gi neer ing bar rier, be cause the higher the ra -
di a tion en ergy, the higher the pos si bil ity for the
radiolysis of ben ton ite [17]. The ab sorbed dose of the
en gi neer ing bar rier sys tem from the 3 can is ters has
been con ser va tively cal cu lated for most of the in ner
(0.01 m) ben ton ite layer. The ab sorbed dose re sult in
tab. 7 shows that the en gi neer ing bar rier sys tem of the
HANARO spent fuel dis posal sys tem has a wide
enough mar gin to ac com mo date the radiolysis thresh -
old limit. This re sult is ex pected to be very use ful in as -
sess ing the per for mances of en gi neer ing bar rier sys -
tems in gen eral.

CON CLU SIONS

This ar ti cle has re viewed the ma jor char ac ter is -
tics of the HANARO re search re ac tor spent fuel, sug -
gested its dis posal sys tem con cep tu ally, made a
MCNP-based model of it, and pre sented ra di a tion
safety eval u a tions of the dis posal sys tem, quan ti ta -
tively. For this pur pose, a unique cross-sec tion li brary
of HANARO was cre ated and suc cess fully ap plied to
ORIGEN-ARP and MCNP cal cu la tion tech niques. It
was con cluded that the re cently pro posed HANARO
dis posal sys tem has a wide enough mar gin for ra di a -
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Ta ble 7. Dose re sult for the HANARO dis posal system

Item Location
Dose

Unit
Gamma Neutron Total

Canister
  Top
  Side
  Bottom

1.06E+00*

3.58E+02
1.13E+04

4.54E-03
1.40E-02
2.98E-02

1.06E+00
3.58E+02
1.13E+04

mSvh–1

EBS 0.59E+00 5.56E-07 0.60E+00 Gyh–1

* Read as 1.06×100

Ta ble 6. Di men sions and ma te rial properties of dis posal components

Components Material Density [kgm–3] Diameter [m] Height [m]
Thickness [m]

Top Side Bottom

Basket SA240 Type 304 L 8 000 1.0670 1.0220 0.0085 0.0085 0.0191

Canister
Cast iron 7 200 1.2600 1.4050 0.1800 0.0950 0.1800

Copper 8 900 1.2800 1.4450 0.0300 0.0100 0.0300

Buffer Bentonite 2 150 2.0200 7.0900 – 0.3600 –

Fig ure 6. Can is ter con fig u ra tion with a basket

Fig ure 7. Con cep tual de sign of a dis posal hole



tion safety, based on the ab sorbed dose as sess ment of
the dis posal sys tem en gi neer ing bar rier.
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Dong-Hak KUK, Dong-Kejun ^ou, Hejui|u ^OJI, Jon-su KIM

OCENA  RADIJACIONE  SIGURNOSTI   NA^INA  ODLAGAWA
ISLU@ENOG  GORIVA  HANARO  ISTRA@IVA^KOG  REAKTORA

HANARO je korejski vi{enamenski istra`iva~ki reaktor, sa visokim fluksom
neutrona i jedinstvenim vrstama nuklearnog goriva. Nedavno, kao re{ewe aktuelnog problema
nagomilavawa iskori{}enih gorivnih elemenata u bliskoj budu}nosti, predlo`en je novi koncept
odlagawa. U radu su prikazani rezultati istra`ivawa karakteristika iskori{}enih gorivnih
elemenata reaktora HANARO, izra~unavawa intenziteta zra~ewa pomo}u generisanih
sopstvenih biblioteka preseka i, najzad, ocene radijacione sigurnosti predlo`enog sistema
odlagawa. Upore|ivawem apsorbovane doze kroz predvi|ewe barijere predlo`enog sistema
odlagawa zakqu~eno je da su znatno ispod preporu~enih vrednosti.

Kqu~ne re~i: HANARO, istra`iva~ki reaktor, islu`eno gorivo, sistem odlagawa, doza


