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Development of Once-through Type Densitometer
Atsushi ONOZAWA, Teruo KUSHIDA and Hiroyuki KANAZAWA
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The swelling (volume change) observed on irradiated fuels is caused by the accumulation of
fission products (FP) and irradiation defects. The swelling ratio could be changed along with radius
region in the pellet due to burn up difference and irradiation temperature. Hence the density of the
pellet is different between the center and outer regions of the pellet cross section. To investigate the
swelling behavior at the small area of the pellet, it is needed to measure the density of fuel fragments
picked from an irradiated pellet. However, the conventional densitometer for irradiated specimens in
Reactor Fuel Examination Facility is designed for measuring the whole fuel .pellet and is not
available for precise density measurement of the small size specihmen. In this circumstance, once-
through type densitometer was developed to measure the density of the small irradiated specimen
precisely and to handle the samples easily with remote control Vsystems. Aimed accuracy is within
1.0%TD and precision is within 1.0% on a $3x1t mm specimen.

Several kinds of metallic and ceramic standard specimens are prepared to investigate the
dependence of the sample weight, density and porosity on the accuracy. The results of characteristic
examination using these specimens indicate that this densitometer has enough accuracy. In addition,
some parts of this apparatus are controlled by motor drive units, which made it possible to measure
the density full-automatically. In near future, this apparatus will be installed in a hot cell to

investigate the swelling behavior at the small area of irradiated fuels and materials.

Keywords: Immersion Density Measurement, Swelling, UO, Fuel, Post-irradiation Examination
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Mo ¢33 X1t 4N 10.19 74
Pt 4N 21.37 154
N
Ti 3N5 4.50 88
Mo ¢S5 X1t 4N 10.19 205
Pt 4N 21.37 422
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st T %D RIERZE -
(g/ cm?) (g/cm?)
Ti 4.50 100.0 0.01 02%
¢3 Mo 10.12 99.3 0.02 0.2%
Pt 21.37 100.0 0.02 0.1%
Ti 4.51 100.2 0.01 0.2%
¢5 Mo 10.14 99.5 0.03 0.3%
Pt 21.43 100.2 0.05 0.2%
F4 w73 v/ EEREHERR
- SRR o TD IRUE R -
(g/cm?) (g/cm?)
0% 3.98 100.0 0.02 0.5%
11% 3.51 99.2 0.02 0.6%
27 % 2.93 100.7 0.02 0.7%
45% 2.22 99.4 0.02 0.9%
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£1 SIEABABLUMEMEL %2 SIEHHENBHA %5 SIHEHHEE
® & ¥ i 8 & ¥ i 5 fB% | BB | R 5
£ xlx - r w m 4, B, B | min, h, d 10 = 7 % E
g B0 35 kg B, 8,08 . 10~ 7 P
B 5] N s Jy o k a|L L 102 7 7 T
B wl7 v T A § vt 00 ¥ A G
BAFERE |7 v © ¥ K EF LA L | oV 10° | x4 A M
moH &= w | mol BPEREL | u Lo D
* BElHh v F 3 cd 10° ~ 7 bk h
_____________ L o
T E B|5 VT v| rad 1eV=1.60218x 107*J 10 A da
B B|RTIVTY | st 1 u=1.66054x 107 kg 0 | ¥ v d
" 1072 € vV F c
1073 N Y m
%3 @ﬁ@@%% & D STHHIT BifT 1078 <420 u
P %4 SILRICHENIC w |+ .
& & B |®5 | rrren SN BB ol e o3| p
A" P B~ v v| Hz| s % W 2 = 107 724 f
il =Z=a2—-FY| N m-kg/s’ VIR PO—L A 070 7 b a
E AH, & Hiv R A v Pa N/m?* N — v b )
IHINFE—HE BB | Y 2 — | J N-m 5 - W bar ()
T®E, K&EHE|T v N W] Js # v Gal 1L B1—513 (BREUR] B5K8 BE
BSE, BEW|7 — v ¥ C A-s + a2 Y = Ci ER&R 1985 FRITIK&L 5, 1751, 1eV
B, BE, EBH (K v | V| WA [P N R BLU 1 uDiEF CODATA O 1986 HExE
B ® B &®B|7 7 7 F| F C/V 5 K rad BT L - 7o
E K E Wz - 4 Q V/A % I rem 5
v s s s vR|V—2VYR| S | AV 2 RAREEE, /ob, Tom ATy
B Hlw = — ~| Wb| Vs 1 A=0.10m=10""m —LVHETNTVEHBEDOEMLOTT
B Ok ®m E|F 2 5| T | Wo/m | b=100 fm?= 10-7% m? CTIREB LI,
Ay go s~y ) - H | WA  bar=0. 1 MPa=10¢Pa 3. bariz, JISTHAEOENEEDTS
2 YU REBE |tV RE|] C | Gal=1cm/s?=10*m/s? BIBROFR2DAFI) —KHFEEsATH
* ®lwv — 2 Y| Im | cd-sr S 3
2 1Ci=3.7x10'"Bq °
R’ Eijv 7 2k m/m ' - 4. ECHHEBELIES T bar, barnbk
H &t s~ 2 L ol B = 1 R=2.58x10"*C/kg R
; B q . U TMEDHEN ] mmHg #F2DH0 737
® W % B|/7 v 4| Gy| Jke lrad=1cGy=10"Gy —IKANTV
w B %4 B|v-~wb| Sy J/'kg lrem=1cSy=10"%Sv °
# ) *
711 N(=10°dyn) kgf Ibf £ | MPa{=10 bar) kgf/cm® atm mmHg(Torr)| 1bf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 il 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ B 1Pas(Ns/m?)=10P(#£7 X)(g/(cm-s)) 133322 x 107* | 1.35951 x 107 | 1.31579 x 10~ 1 1.93368 x 1072
IS 1m¥s=10'St(R b — 2 Z) (em?/s) 6.89476 x 107 | 7.03070 x 1072 | 6.80460 x 10~ 51.7149 1
x| J(=10"erg) kgfem kW« h cal (Gt&) Btu ft « 1bf eV 1 cal = 4.18605 J (3tHE:)
Fd
;l; 1 0.101972 2.77718 x 1077 0.238889 9.47813 x 107* 0.737562 6.24150 x 10'® =4.184J (BMLE)
! 9.80665 1 2.72407 x 107°¢ 2.34270 9.29487x 10°* 7.23301 6.12082x 10*° =4.1855J (15°C)
% 3.6 x10° 3.67098 x 10° 1 8.59999 x 105 3412.13 2.65522 x 10° 2.24694 x 10*® =4.1868 J (EBESE)
o] 418605 0.426858 | 1.16279 x 10 1 396759x 10 | 3.08747 | 261272x10"  HEE | PS (ILEH)
8 1055.06 107.586 | 2.93072x10°* | 252.042 1 778.172 6.58515 x 107! =75 kgf-m/s
1.35582 0.138255 3.76616 x 1077 0.323890 1.28506 x 1073 1 8.46233 x 108 = 735.499 W
1.60218 x 107'* | 1.63377 x 107%°| 4.45050 x 10~%°| 3.82743 x 1072°| 1.51857 x 10°2?| 1.18171 x 107** 1
® Bq Ci % Gy rad 7 C/kg R o Sv rem
po i 5 &8
1 2.70270 x 107"} & 1 100 2 1 3876 ] 1 100
3 & & b
3.7 x 10" 1 0.01 1 2.58 x 1074 1 0.01 1

(86 £ 12 A 26 HBE)






