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Design Studies of Backup Cores for the Experimental
Multi-Purpose VHTR (2); Overall characteristics of

Backup Core with Semi-pin Type Fuel Elements

Takehiko YASUNC, Yoshiaki MIYAMOTO, Susumu MITAKE
Ryuiti SHINDO, Taketoshi ARAI, Mitsumasa HIRANO
Masahiro EZAKI*, Sadao SATO, Katsuo SUZUKI
and Kunihiko SUZUKT

Division of Power Reactor Projects, JAERT
(Received July 20, 1982)

For the Experimental Multi-Purpose Very High Temperature Reactor,
design studies have been made for the core of the fuel elements with
internally cooled fuel rods (semi-pin type rods).

Studies are as follows;

i} Study of core constituticn.
- Loading scheme of fuel and burnable poison
~ Scheme of control rod withdrawal sequence
ii) Analyses of overall core performances
- Nuclear characteristics
~ Thermal-hydraulic characteristics

— Safety characteristics

1t is concluded that this core meets almost all design require-
ments of the experimental VHIR and the semi-pin type fuel element can

be adopted for the experimental VHTR as the substitution of the stan-

dard Mark-I11 fuel element.

Keyword; VHIR Reactor, Core Design, Nuclear Design, Thermo~hydraulic
Design, Safety Analysis, Fuel Loading, Burnable Poison Loading, Con-

trol Rod Withdrawal Sequence.
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F221F ~UTAOYEBETREN

0.2bar=P=. 200 bar
0°C=T = 3000°C

Py {E

T itoo® R B | W #
P _ R RAERK
p=— —pt +B(T)—g*+C (T) (fo.ozoms ,
RT bar + m’/kgK
5.42 % : %g (b%%r))
B(T)=45x10%+ ———— kg m*® C(.T)y:ho&_[, >
w K| 1890+ T = DINE (%)
P =40, T> 400 °C
4.2x10° 25.3 0.004>%L‘ﬂ<
: : P =100, T > 400°C
C(T)=17x10"+ + : .
(T 1890 + T (1890 +T)° 0.03 ZLIT
5
EHELE(C, | C, = rY R = 1.240 cal /g+C
P =< 1bar P &7/ (bar)
k =ko T (HE (°K)
} e ke /m®)
BLZEE| k| P>1bar W emC
k =ko+ 2.33x10™* o+ 2.39 X107° » o?
ko —2.97x10° T % 223 X10°x (T—273.16)
' (T—273.16)+ 4.29 x10**
P=1bar P It/ (bar)
7= 70 T :iRE (K)
o EE (kg /m®)
Kty 9| Dol bar N+S/m?
p=1g + 2.67 X107 p?
7. 0,68 5x107
7= 378107 T~ + -
0.52 + ——-
569.6
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T2k BEIvs MHME

Particle packing fraction 0.30
Particle weight 1.72 mg
Particle number density 736 n/cm?
Matrix carbon density 1.65 g/cm3
Mean density 2.42 gfem3

Heavy metal density

0.764 g/cm3

Boron content 1.0 ppm

Property

Design value

Thermal conductivity

Specific heat

Mean coefficient of
thermal expansion

Young's ratio

Poisson's ratio

Irradiation~induced
dimensional change

Irradiation-induced
steady-state creep
strain rate

Poisson's ratio
in creep

Allowable stress
limits

0.03 cal/cm sec®C

Cp = 0.2521 + 5.707 x 107t
- 1.0378 x 10%/(t + 273)%
Cp[cal/g°C] » t[°C]

Packing fraction

0.20 0.30

Axial direction 3.5 x107%°¢™1 3.0 x10"6°¢!
Radial direction 2.1x10-%°c~1 2.3x10-6°¢c"1

Axial direction 1.5 x 10° 1.0 x 103
2 2
Radial direction} kg/cm kg/cm
0.10
. . . _ oA
Axial direction nA = iél aj v
Radial directi I
adia irection na = gy 8% Y

K(t) = 3.679 x107€ - 6,987 x 10”3
+ 9,911 x 10712¢2,

K{(cm/em) / (kg/cm?) / (102%n/em? ,E>0. 18MeV) ]
t{°cl

0.10
Uniaxial tensile stress 45 kg/em?
Thermal and irradiation- 45 kg/cm?

induced tensile stress
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Apparent density

Boron content

JAERI-M 82—103

#223&% B O W # (&

1.80 g/t:l'n-3

1.0 ppm

Property

Design value

Thermal conductivity

Specific heat

Mean coefficient of
thermal expansion

Young's modulus

Poisson's ratio

Irradiation-induced
dimensional change

0.06 cal/cm sec®C

Cp = 0.54212 - 2.4267 X 10'6 T - 90.273/1T

~ 4.3449 x 104/T? + 1.5931 x 107/T3
- 1.4369 x 109/ T% |
¢ fcal/g K], TI*K]

Axial direction « - k.b7x1076f.(t)f(,) ¢!
Radial direction & _ = 3.69x10 %¢, (t)£(r) "¢t
Fo(t) = 0.8335 + 4.56X10 Yt - 9.95x 10 5¢2,
t[*C]
£(r) = 1.0 + 2.243x20 27 - 1.25x 10;3 22
3 _

+1.72% 10° 12 -6.60 x.107° /¢,

r[lO20 n/cm DNE]

E, = 0.9 x10°[1.0+£(r)] kg/cn’
E, = 1.0 X107 [1.0+£(;)] kg/cm?

£(r) = 0.1068 7 - 0.011967% + 6.210 x 10 ;3

- 1.588 X 10> A

Axial direction

Radial direction

7'+ 2,018 x10 ' r

- 1.0165 X 1077 r6.

7 11062° n/cn® DNE]

0.17
e 6
Axial direction s i
1, = a 7
1=1
. 6
Radial direction ng = I agz i
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LOWER UPPER
7 6 5 4 3 2 1
INNER M5753 7 1.30 | 1.65 | 2.04 ] 0.61] 0.31 | 0.15 1c
1.98 | 2.79 | 3.55 | 4.52 | 2.62 | 1.48 | 0.74 1s
1.86 | 2.62 | 3.35 | 4.42 | 2.85 | 1.53 | 0.77 251
0.78 | 1.11 | 1.42 | 1.93 | 1.04 | 0.34 | 0.18 26
1.59 | 2.27 | 2.91 | 3.97 | 2.80 | 1.73 | 0.92 282
ouren | L3¢ | 194 | 2.50 | 3.51| 2.89 | 2.21 | 1.20 38
(NOTE) 1C ; 1ST ORIFFICE REGION CONTROL FUEL (1 COLUMNS)
1S . 1ST ORTFFICE REGION STANDARD FUEL (6 COLUMNS)
281 ; 2ND ORIFFICE REGION STANDARD FUEL (INNER 12 COLUMNS)
2¢ : 2ND ORIFFICE REGION CONTROL FUEL (6 COLUMNS)
252 + 2ND ORIFFIGE REGION STANDARD FUEL (OULER 24 COLUMNS)
35S+ 3RD AND 4TH ORIFFICE REGTON STANDARD FUEL (24 COLUMNS)
41601 FHEHEE (Wem') (EEEH=0D
LOWER UPPER
7 6 5 4 3 2 1
INNER [T07 5T 593 | 1.32 | 2.10 | 1.89 | 0.62 | 0.23 1c
1.31 | 1.98 | 2.83 | 4.47 | 4.14 | 2,57 | 1.07 is
123 | 1.86 | 2.66 | 4.22 | 4.03 | 2.77 | 1.10 251
0.51 | 0,77 1 1.10 | 1.78 | 1.73 | 1.01 | 0.24 2¢
106 | 1.61 | 2.31 | 3.68 | 3.61 | 2.72 | 1.20 282
ourpa| 0-90 | 1.40 | 2,00 | 3.22 | 3.24 | 2.83 | 1.49 38

%4062 TFEHHAEE (Wem') (EEO%=10H)
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LOWER

INNER

QUTER

LOWER

INNER

OUTER

LOWER

INNER

OUTER

JAERI-M 82-103

UPPER
7 6 5 4 3 2 1
0.73 | 1.04 | 1.37 | 1.95 | 1.42 | 0.42 | 0.17 1
1.61 | 2.35 | 3.17 | 4.45 | 3.65 | 2.01 | 0.85 18
1.51 | 2.21] 2.98 | 4.23 | 3.70 | 2.16 | 0.87 281
0.61 | 0.88 | 1.18 | 1.72 | 1.54 | 0.66 | 0.19 2¢
1.29 | 1.91| 2.60 | 3.74 | 3.40 | 2.22 | 0.99 252
1.11 | 1.67 | 2.29 | 3.36 | 3.16 | 2.52 | 1.29 38
BAL6KE) THHAEE (Wem') BT = 120 H)
UPPER
7 6 5 4 3 2 1
0.62 | 0.83| 1.04  1.53| 1.60| 0.84 | 0.26 1C
1.46 | 2.01| 2.63 | 3,78 | 3.88 | 2.88 | 1.26 1s
S 1.37 | 1.91] 2.50 | 3.61 | 3.77| 3.10 | 1.29 281
0.53 | 0.73] 0.93] 1.39 | 1.48| 1.23 | 0.28 2¢
1.19 | 1.69| 2.23| 3.26 | 3.44| 2.99 | 1.36 282
1.04 1 1.52| 2.04 | 3.03| 3.22| 3.04 | 1.68 38’
4. 1.6B0 ) EEMAEE (Wem) URBECIE= 300 [
UPPER
7 6 5 4 3 2 1
0.29 | 0.40| 0.53| 0.90 | 1.29| 2.08 | 1.71 1c
0.72 | 1.02| 1.44 | 2.40 | 3.36| 4.83 | 4.52 18
0.68 | 0.97| 1.38| 2.30 | 3.20| 4.61 | 4.67 251
0.26 | 0.36] 0.49 | 0.84 | 1.16| 1.82 | 1.98 2C
0.60 | 0.88! 1.27 | 2.13| 2.92| 4.14 | 4.24 252
0.54 | 0.82: 1.21| 2.07 |, 2.80| 3.89 | 3.87 38

B4 1.6 G FHRHEEZ (Wem') (B0 =510 H)
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