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A Parametric Study on Characteristics for Nuclear Design of
High-performance Research Reactor
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Abstract

A conceptual design of advanced research reactor with high neutron performance has been
performed at KAERI based on design and operation experience obtained from HANARO. In
this study, nuclear characteristics of design parameters such as various types of fuel
assemblies, structural materials of core and fuel assembly, and the number of absorber rods
were analyzed. Among rod, plate and tube type fuel assemblies considered, tube type
assembly seems to be preferable as a high performance research reactor fuel because of high
thermal margin and neutron flux in reflector. Aluminium block as a structural material of core
was shown to be superior to flow tube due to higher reactivity and thermal flux in reflector.
The stiffener to fix plates in th fuel assembly had the no impact on fast flux in central trap.
The reduction of thermal flux in reflector caused by the stiffener was about 7%. If the
control absorber rods of 4mm thickness were chosen, it would be possible to operate the

reactor with fresh fuel assemblies from the initial core.



€ Az YA sdELs A S i
32 AE, S =, A% 29 A, AH A9, us 3 ¥4
BRI SHA ol &= vk @A A A A A
30 o] o AR FHES 409 AERE RS, 20109 A 20200 Aboleo] ARl 4
= dA 138 FolE FoE oqiEn oo w H =
]

2
BN

Abglel 234 Frbshe FAe

P, Seluehs 199596 0MWy 289 sbzE 14, 293 ex glov], el
AAE ol F ol g4 B AAR o g0 FAI Frhstel 2010dNE ATE olF 8TV} BLIZ
o $85Y% 20¥ JoR FHAT EY, SR U AYS Bl a7z 44 -4
A Aol Bol TR WL M e nRsta ok olel uhe BT A
Aol A sfLbze A - M - $A - ol g FAF JHu @ FF wd A4 A&
Huste] A, &0 Aol i A9 A2 AT AL AHI]

WoAFAE U-Mo 22 ARE ALgste] 20MW 229 2e uAS AR A 9
@ AAME 54 2L SURAT $AH0R QYA FUo mE 4FY B P w o
wAbAle FHAL W Be] A4 54 24 Fasgon, w4 2 ddE A AHgHE
FaA o WIE L FHAE Wa 52 FARAT B, AR Fol BE wyA] 54
2 w2Asa

ATE  dA= A4 AARZE WIMS/VENTURE, HELIOS/VENTURE, SRAC,
WIMS-ANL/REBUS-PC 2 MCNP &= 5& u88 4 u} 2 dAFos Adda A2
A& MCNP ZEE o]gstglon, diaxid Ao = MCNP ZE=9} SRAC I T A~

&

o =

jubad
Mo
1%

88 Blasle] AE3LT = SRAC ZE=E o)83le] P o F7]%(Beginning of Cycle,
BOC) ¥ F7]%(End of Cycle, EOC) x4 A AxrZo|A] dF FUEE 2t&E3al o5 MCNP
FEo] 7} #Am FAo HEste] wAALS STt 1], P4 oA FuE
N EAA 3 F(fissile nuclide) EXE KW 4] TIL =& d3AAAEE A ALrl Zol
Ayso] U FUEst Hu - sE Zow ALE dAavt HA AgH o] U mEFol
@}, ol e EFAIAS MCNPo| HAEA i HiFghets o] &dte] &waon vy
e A&t oF 10~20mk 8% FEFMAT ol A Hr7rET ol& EAs7] 913 BOC
2 EOCelA *PUe #w& dF Bt sjXstus st =4 Fitdase sidsls stz 9
ASFHTAY Aheld BEE AHErh dEdd AHES AANAY FHNsUdddS 133s
o] 20719 :MFERES a1 5L TH2I.

3. =4 2AMSs 54 4

3.1 JASZAHIA £ =4 e
AT AFE HEAAE &M E 4 dASHEA FuaFE AAstof st} mepA, 4
Aoz dal AFE dAZEe dAgz dy ALEEE FH(tube)d, F(plate)d 2 H-(rod)d

3]
el



3
i TR E
C T o R FH < O
T T T
bl auﬂ.nx_uumM]mrt iy T ._ﬂ = L 5
B zjlﬂnnmwo_ w m T Eocgmaumiufaoﬁ
f — - BS ~ 0\/ —
m %Wmﬂ%7urw% XLW% %EE%MWWL%%%A? ﬂo
— —_— __ J|<‘|. J— 8 — ~ T
@M Auiq‘mﬂcT% A&oo‘ulmllﬂoﬁ}a7xoiwme K :._na_chﬂ.oﬂ
N ijluT ,;xn,mo o= o Lﬂﬁ:ﬁ7/m\ﬂ_ol 3 CIoe s I
To }ﬂ‘_mﬂ o ¥ Ay M o< a = = = NoJ
T o Bl i) —_— H; g { oo ) N .Au_ <R o} 1o X~ C
o » i K o5 U - W KT o S w w B oo
THNDL.O;&HO .Aﬂ.Hﬂ ﬂﬁo_,nmﬁﬂm_/luovl..iaﬁlll Z,.#‘O|M|LJ|
& UJLMJHEO H X o _ B 4111euL
% = iz iy 5%@75_&02?@ B ooy % ® : 1orx7__0ﬁ
B | .o %1%Eﬂn ﬂﬁﬁlis ) o = o
e W T ® H T ﬁ_,qoa_cnnm«}guyegﬂﬂ% 223 gl
Wzgoﬂﬂ, G Wy 3 of T gy ® %xﬂ%_ﬂ
lo o do A ° - PR T on * B oo
w f ﬂMio El o Nrnnmﬂnu 5 ™ N B T o ~ @ X
A ﬁ@ﬂﬂ.g@ 7gigﬂw§%5y o R 75&iuf
- Eﬂdn,mai Egﬂu.memuaoﬁﬂﬁﬂE %71% w X | N
< T < T ¥R y R d6>§lo§ ﬂlﬂﬁ@
3 MWWE% - B o M io?oztmammﬂwgm nxnwo_ﬂﬂ.
= 7¢m1ﬁ$u_ar. ﬂgﬂ@%ﬂ,%ﬂir =3 S % B
= ﬂuaoJﬂ]Ev ﬂv&%.g%l @QBE%HU 615:,*7:_
R]o B . = 1 o Eé%)151d]g o o -
- o 1 o B [ _.o_.]ALmlidloE 5 W5 X RSCRTC Y
K<) q ﬂrwioﬂﬁbm ﬂnﬂ w ~ }‘W@liarmzlﬁ,muﬂﬂ \w\m—lﬂvdlll
= i et 70 go ap W TN A % o] 7% B ON
<R 0 L= iy v roe 2% iy n B BR
A waowﬂmﬂ?ﬂﬁﬂrﬁﬁmzﬂ%ﬂﬂmz%% L
- cmumMUJﬂnid.%.waamLL11r,aﬁ_l S ofp _uﬁ__o%moi
N %Ei 8;w§_ciéﬂzmﬁo#%gmoguov%ﬁ P = N M
- — ~ o X 5 ~ —
ol .W,Au,_tﬁruhma @L7xﬂlﬂﬁmﬂﬁo.ox]uu]HLWijL7Emeﬂ.no_.utﬂrc]AEEEEXO
) ~ i&r%ﬂé%u@%ﬂﬂrﬂ%%om;ﬂaﬁJanE Howawr%onwlmo
e mx%go&%a‘wamo2%#ﬂ%:&%%Wﬂ%%ﬁfﬂwgmDm
= Xo| T X ﬂmna;v%au __&E%1J.ﬁomu 1ML4Q,%WEL,
Wy T L ™ mﬂlﬂ meﬂEOdel mqv,ﬂ_{oﬂa ﬂﬁmﬂ%
ol %o#uxo_eﬂ_o) ﬂuuﬂ ATLH%QEQ%QGQJ%J1r%
= ,mﬁwmliﬂ11hoLJ‘_eor_ & i Egndc Amﬁx 5 X
< 2 T on F C Mo o= B OW S = H 1 =) o
h ;omaﬂLuWi wxni i::@%oma@ mgzﬁlw o- ILHJ
b % B A%Emﬂtigwgu% m oS = m o%o,%
a7 T PR Ht_x]_r#%% S o EsithM}zé
jariy ~H \Iﬂ,l o p%]‘.r <R o X — OM _.ﬁo o N s
o B RN o7§odﬂ11ﬂmP7Xo HALM_E o} ,_J.,nmﬁEUﬂ o
do 75 wp o i X XN B8 2 Ho A ol | © =D I = 5 B3 B
= = ﬁﬂmuEeeaﬂ%ﬂmgea?ﬂ@mmuﬂUﬂtﬂgo%ouzwgﬂzn%
< a%z%lﬂg@é G ¥TE ad@%o% o of N
W ~| ® ﬁwuﬂiﬂhi@%dr 1ﬁwﬁﬂuuuﬁ§r§ ﬂuﬂogm@%
m o mﬁ%@lﬂ%%@ﬂﬂﬂg%gw%4ﬂww%6%g%maﬁ,mq,
B owr bk | \xﬂﬁﬂlaiwﬂ ﬂ]]% %@. ﬂﬂ@@A]]@ﬂno
Lﬂagxz o 0171_I4_| oW o EQO Oﬁ#
™ o5 %@ BN o ] e o)) o B W N o 0 < wsz i = ~H R < B B
B NF B o iy = ol = ,MVH op E oY A K Sm - WLL W of- IU o
=4 wﬂmg%%W%k%m%%agw
z7$}ld§w ME@ﬂiy
Aqa_xggﬂﬂ ]mmoi
ElﬂOQu
= &

A - 2 o] A
I50) gt

=
g
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Parameter 8UT18 | 8UP24 53H16C6 8UH10C6
General Data
Reactor power(MW) 20 20 20 20
Coolant/moderator H,0 H:0 H:0 H-0
Reflector DO DO DO D-O
Control rod drive location Above core Below Core Above Core Above Core
Core Data
Equivalent diameter(cm) 19.2 17.3 20.2 16.8
Number of fuel assemblies 18 24 22 16
Number of control plates or rods 6 N/A 6 6
Core Fuel load(kg U) 59.8 59.8 60.1 62.0
Fuel Data
Fuel type Tube Plate Rod with fin Rod with fin
Fuel material U-7%Mo U-7%Mo U-7%Mo U-7%Mo
Fuel enrichment(%-°U) 19.75 19.75 19.75 19.75
Uranium density(gU/cm”) 8.0 8.0 53 8.0
Number of fuel elements 4/5 15 36/18 36/18
Fuel meat thickness(mm) 0.75 0.57 5.49(dia.) 5.49(dia.)
Fuel plate thickness(mm) 1.35 1.37 [ randia) ) T8Tdia)
Coolant channel width(mm) 2.2 2.5 2.5 2.5
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(assembly pitch)= Model B7} 7.08cme] 12, Model C

T 767cmolth. F 20= 72 A 9 =4 Aol
A

dAel 71 e} et 1% 8 Model C =A¢] 23
%2 7 AT A AY 2 =4 Ad
Parameter MARIAE A=A BR2& A g3 g
Fuel Meat Thickness(cm) 0.068 0.067
Cladding Thickness(cm) 0.03 0.04
Coolant Width(cm) 0.2 0.2
Fuel Length(cm) 70 70
Al Filer Radius(cm) 1.50 1.02
Flow Tube Thickness(cm) No 0.125
Water Gap for Hf Rod(cm) 0.1 0.1
Hf Thickness(cm) 0.4 0.4
Water Gap for for Hf Rod(cm) 0.05 0.07
Hole Radius(cm) 3.34 3.649
Fuel Assembly Pitch(cm) 7.08 7.698
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7E]

ol

JFU
o L
P
o
191‘_',

m
(active fuel)«] %o]"% %ﬁgi B Ewekow -63cm~

= A 3X67H/] curved platei TG o, AR
M2l curved plate® —_r“éé]-iir/}. dAg Zdolx 70cmE Abgslgon, ¢
of A W i Ed Holv SHUZ A5t 2ol 3emE AL W f2Y
L= Z

25mm, A5 H A5 FAE 42 0.6mm H 04mmE 7HEstA T £ lddE 24 2o

D,O Reflector

Fuel Assembly
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Parameter

Value

Reactor Core

Reactor power

Lattice pitch
Fuel channel inner radius(standard/reduced)

Number of absorber rods(CAR/SOR)
Radius of Hf absorber rods(inner/outer)

Number of fuel sites(standard/reduced/flux trap)

Radius of flow tube for absorber rods(inner/outer)

20 MW,
12/6/1
8.8 cm

4.04/4.16

3.26/3.385
4/2
3.61/4.01 cm

Fuel Assembly

Radius of central support(material/outer radius)
Radius of Al filler(inner/outer)

Number of fuel plates

Fuel thickness

Coolant gap size

Cladding thickness

Thickness of stiffener

Standard Reduced

Zircaloy-4 / 0.4 cm
0.5/1.45 cm
3x6
0.06 cm
0.25 cm
0.04 cm
0.6 cm

Zircaloy—-4 / 0.4 cm
0.5/1.45 c¢cm
3x4
0.06 cm
0.25 cm
0.04 cm
0.6 cm

2.2 A Z/BA & Tl
Aole/A A& TNl
2 (o]sk C452

=]

>

b

i

Jut

(e rlo w2 b

Inner Shell

g 15, Ao /A o] B-0]
3/3701 =4

CAR4

Inner Shell

2% 14, AolE/8A &l
42701 =4

CAR4/SOR4

Inner Shell

a7 16, Ao B (G A% )o]
4HMA =4
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% 4ol= 7 =4 dis] MCNPE &3l H7be whE% gho]l 71Als o] vk 2749 Ao
7teAd WA AR E AHETHE, C4S2, C3S3 F C4(S4) =A4dol tis] 2z ddam T4
ZHE -10cm, -16cm 2 -1llcmolA LAE o]Fo] 7] =ARH EE dAgE 91 A3}

O
=
)
y
N
L
o
©
©
o}
0
&
fru
ol
2 I
2
Ho
k1
Ll
fot
s
i
N
S
olf
oX,
o
32,
o

C4S2 4] €383 4] CA(S4) w4
Spec.
Keff 6p(mk) Keff 6p(mk) Keff §p(mk)
1.16646 : AT : 1.17328 :

All Rod Out (0.00079) (C452t5 Q) (0.00088)
0.89785 0.98032 0.90150

All CAR In (0.00075) | 26861 (0.00085) 186.14 | (o'oo0g6) | 27178
1.10928 1.10928 1.11407

CAR] In (0.00068) 5718 (0.00068) 57.18 (0.00079) 59.21
1.04568 5 1.04568 1.06555

CAR2 In (0.00085) | 120-78 (0.00085) 120.78 (0.00085) 107.73
0.98032 B 0.98032 0.99586

CAR3 In 0.00085) | 18614 (0.00085) 186.14 (0.00091) 17742
039785 : 3 B 0.90150

CAR4 In 0.00075) | 26861 (0.00086) 271.78
1.03604 0.98032 0.90150

all Sl e (0.00077) | 13042 (0.00085) 186.14 | (o'oooge) | 27178
- 1.11034 1.10923 1.11407

SORL In (0.00070) 56.12 (0.00068) 51.18 (0.00079) 59.21
1.03604 1.04568 1.06555

SORZ In (0.00077) 130.42 (0.00085) 120.78 (0.00085) 107.73
) ) 0.98032 0.99586

SOR3 In (0.00085) 186.14 (0.00091) 177.42
- - - 3 3 0.90150
Critical Position -10cm -16cm -1lcm

(K_effective) (1.00420+ - (1.00499:+ - (1.00062:+ -

0.00077) 0.00092) 0.00077)
TShutdown 0.94971 0.89110 0.92468

Wi (0.00090) | ©°%49 (0.00083) 113.89 | (0:00080) 75.94

Octe] e FFEAAY

V:gpe) ghe A E gkl

2 : Shutdown Margin& Aoj%o] AA A A A BZE wSwst 718 2 o] AdeA ek 2A Yo 4
A B0l AHH AL Ao & WSEIl 9

4. A&
s ArE AAE fe FA=HTA G, =4 2 AA8AA] F2A, A/ EA e
ol ME Ao 7hed To AANTdd W H5EY E24E AT 3F A5 AoE



TEAAE Al AAEor shrR stz dATVIes AR 4 flen, §9 ddue
AL wE R 2SS TS A5 S Guey] ofEe 1de AT
o Aue: 2P AR yeyn FHY s 44 oAfErt Ba, WA E vl
A e dTAAES 48 F lens a4 A7 8 dARe] HAsE AR Ao ey
o =AW FEA SHdAE EFuE E5S 48T =40 fEHs A8 mAd v =
A WEES 30mk Jk F7RR SR S S 9la, ol w4l AV] Ak AAEERE WAL A
of Aol A oR wobd fElF AR debduh H3AW AAs AH F2Ad o
CTellM el S4dA4 i FAIR v stglom, whAbAlel o] A5 2H4(<0.625eV)2 °F 7%
AL fradhs AR vebdth webd, FRAVE EAde = fAGE el g 3 BR2
Fd IARE AHgete o] BREE Zlow dddnh AR el s Al g/ EAEe] A
Foll i =4l Aol Jheds BUre A, Al e/AAE MsE 4270, A FAS oF
4mmE ARgEHH 27 =ARE AFAdRE BF e 2dske glo] 7hed Ao vt
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