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Analysis of Reactivity Worths of Burnable Poison Rods in SHE-14
— Accuracy Investigation of VHTR Nuclear Design Methods (b) -
*
Makoto TAKANO, Takeshi DOI , Nitsumasa HIRANO
and Ryuichi SHIKNDO
Division of Power Reactor Projects. JAERI

(Received January 25, 1982)

In the report, the reactivity worths of Dburnable
pbison(BP) rods, which were measured at Semi-Homogeneous
Experimental Assembly(SHE)-14, are analyzed for the purpose
of verifying the computer codes and calculational methods
employed in the nuclear design of VHTR. The codes, DELIGHT-5
and TWOTRAN-II calculate the neutron spectrum and BPF rod
worths respectively. Adopting R-0 geometry, SHE-14 with one
and two BP rod(s) of three different boron c¢ontents are
analyzed,

Calculated values of BP rod worhts show the
disagreements of less than 10% for the boron contents of

A .27% and 8.35%, but more than 20% for that of 2.11%.

Keywords: Critical Assembly, SHE, Burnable Poiscn,
Reactivity Worth, Caleculation, DELIGHT, TWOTRAN,

VHTR, Nuclear Design, Accuracy

*on leave from Ishikawajima-Harima Heavy Ind. Co.
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Table 2.1 Data for neutron absorbing pelletslo)

Content of Boron | Height of pellet | OQuter diameter Measured content | Gross demsity
(w/o) (mm) of pellet (mm) of Boron {(w/o) (g/em?)
2.25 10.0£0.3 8.0£0.3 2.11+0.06 1.58
4.50 10.0+0.3 8.0+0.3 4.27%0,12 1.61
9.0 10.0+0.3 8.0£0.3 8.35+0.30 1.63
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Table 2.1 Data for neutron absorbing pelletsl0)
Content of Boron | Height of pellet | Outer diameter Measured content | Gross density
(w/o) (mm) of pellet (mm) of Boron {(w/o) (g/cm®)
2,25 10.0+0.3 8.0£0.3 2.11+0.06 1.58
4,50 10.0+0D.3 8.0+0.3 4,27+£0.12 ' 1.61
9.0 10.0+0.3 8.0£0.3 8.35+0.30 1.63




JAERI—M 9956

Table 2.2 Measured values of burnable poison (BP)
reactivity worth10)
No. of Content of boren in BP Reactivity worth
BP rod(s) (w/o) (#)
2.11 118.5+4.,2
1 4,27 193.1+4.8
8.35 254.3x5.4
2,11 236.6x5.4
2 4.27 391.2+6.8
8.35 519.2+8.0
o
o
¥
“ S
- .
1407 & _ L ~
e —f /A 39
. T E;L ) e
| k10£0.3 /A PR
2020.5 0+0.3\ _20%0.5 70
=\ 1180x0.3 A
Neutron absorbing pellets Graphite sleeve
/s
[
JILESNESERENARRRERANE/INNENANNN RN RN BRI A DR
— 1180 <504
1230
Burnable poison rod
Fig. 2.1 Cross section of experimental burnable poison rod

10)
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Fig. 2.2
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——— Replaceable reflector
——— Permanent reflector

@ ——— BP rod

e

o ——— Fuel rod

SHE-14 configuration with one BP rod.

Fig. 2.3
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(:) ——— Fuel fod

(B) - BP rod
——— Replaceable reflector

—-—— Permanent reflector

SHE-14 configuration with two BP rods.

Fig. 2.4
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Table 3.2 Atomic number densities and potential

scattering cross sections of fuel disk

eLge | A Y e etton (herny | @ ® (o)
235 8.4461 -5 14.3 1.2778 -3
U238 3.3671 =4 8.3 2.7947 -3
016 8.9479 -4 3.7 3.3107 -3
cl2 9.4777 -2 4.7 4, 4545 =2
Si 2.0248 -7 1.7 3.4422 -7
BloO 2.9494 -9 4.0 1.1798 -8
H 7.9655 -5 22.0 1.7524 =3

Total 4.5459 -1
Noeff = 3,3671x107" 28T - 4 5459x1071 (em™1)

( XlOZL’/Cm3) P

Table 3.3 Energy structure of 18 groups

Fnergy range of each fast group Energy range of each thermal group
ﬁiigﬁr Upper limit Lower limit ii;gzr Upper limit Lower limit

1 1.0 x107 1.83x10° 10 2.38 1.85

2 1.83x10° 1.17%10% 11 1.85 1.45

3 1.17x10% E 9.61x102 12 1.45 1.10

4 9.61x102 |  1.30x102 13 1.10 1.045

5 1.30x107  ©  4.79x10° 14 1.045 0.65

6 4,79x10! 1.76x10! 15 0.65 0.255

7 1.76x10! 6.48 16 0.255 0.085

8 6.48 3.93 17 0.085 0.035

9 3.93 2.38 18 0.035 0.0

# TUnit eV
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Fig. 3.1 SHE-14 Unit cell Rg 14.
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BP BN CHEM & EBREDHEES, Table 4.1 I 1000FETRL TS, BIRLD,
BP ~Ly IO Vi@l lw/o DIBESERS, T 0ELROERICNE-THD,
HETFABEMTH L EAEETAE, MBNEEORVERTHLESAL D,

FovEEANSRLI DN, ERIEEOHENAE CUE 0N, BP BRIGETEL K
ABLUBABOESBEFEOEL LRA TV B I, Fo vBEA/NS (EBICohn, FIhE
R oEOEEE /DS DN, Bohb ST NEBEDIEGHREINLIEK
LBEEILND, &5i0, AWTHR, BP HBHAOIIEMICT 7L ARTL, BEHETC DL
TREELL TS, L~ T, BP L, EREEELONEERICLESRARELER
1Y, CONEN EDEEROEQNIVBACHMNIKAE(EE LT L0LFA0N0
.

Lt dS -7, B8 &SI EHMIST AT S il SEETER L0 MO E VIREEEE
LAk L, EFMETIRPELESBP BARKEET 2B EIEAESICIRm S Cod
g L, £77, BP <Ly FBLUBP BENROA » v 2 HAMMIET, JoicitREEE
ANELFRLEGBETHAD, £, EBr—2025, BP BERBEARFLO LI,
[ & FAALABBIC T2 605 BERT A CELERETHLS LMD S,

AHETHWABP Bl 2@ TEE, SEHNSR TR ERF ORI EREN TS T
CRRETEH D, ARFEFEIERFMEHFHEOMEME Y 5, BP HHERE(L LR
EBSBRLELESD,

Table 4.1 Values of [(C/E)}-1.0]1 (%)

Content of No. of [(Cc/E)-1.0]
Boron {(w/o) PB rod(s) (7)
1 22.3
2.11
2 21.7
1 9,27
4,27
2 7.11
1 6.57
8.35
2 3.24
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