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Air Sparge Mixing Testg of an Annular Tank in NUCEF

*
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+
and Masayuki NOMURA

Department of NUCEF Project
Tokai Reseéarch Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

{Received February 17, 1994)

The nuclear fuel chemical treatment system prepares the fuel solu-
tions for STACY(Static Critical Experiment Facility) and TRACY(Transient
Critical Experiment Facility) in the NUCEF. The system has twenty-seven
annular tanks for storage of plutonium, uranium and waste gsolution and
they are used for nuclear material accountancy for safeguard. Therefore,
a high accuracy measurement of the nuclear material quantity in each tank
is required. The quantity of the nuclear material is determined by
volume measurement of solution and concentration measurement of nuclear
material. Consequently, solution homogenization In the tanks is very
important, The mixing procedure with air sparge is used in the NUCEF by
its simplicity, but the mixing performance is influenced by the arrange-
ment of the air sparge nozzles.

In order to find optimum air sparging condition of the annular tanks
in the NUCEF, the tests were carried out by uéing a mock-up slab tank and
a mock-up annular tank. The obtained results are following. (1) The con-
centrations of mist in the vent air are from 6.5 to 17 mg/mg. (2) The
evaporation rate during mixing is approximately 10-2 vol%/hr to all
amount of water in the annular tank. (3) Mixing time to attain the

liquid homogeneity are from 6 to 15 minutes. By the experimental data,

+ Office of Planning

* Mitsubishi Heavy Industries, Ltd.



JAERI-M 94—053

the optimum flow rate of air sparging for liquid mixing in the annular

tank is 12 m3/mZ-hr.
Keywords: Plutonium Soclution, Inhomogeneity, Acecountancy, Safeguard,

Critiecality, Liquid Mixing, Air Sparge, Annular Tank,

Fntrainment of Mist, STACY, TRACY, NUCEF, Reprocessing
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5. AROBE

SEORBRCEVWTHE,. NUCEFOBRBRHANRKHEORRECEREG YRS L ERTH
ot HREOBROEBE O, X5 =1V T v TEORINETHILDOT -+ TH. S,
TrZUABOARMAEEL., BEERITET S, BR. 2 7y—10BL, REBTOEEBICET ZE
BRRTF— 7 EFRBL. FRo60F— 552 b 7 AEE2T0. BEREBEZFOHBEROIEFITIE L
FEATZA3HOLELTEHLTLEL N,

=i &

ARBABI b THES*FE-TWEEVWAEER-2- 2V TH-—EXADOHIEAELR, EBE
BORERUCABABL SV THEHA T KA RS20 AEOWANUCEFRREON THRARTE
BHEE. ARESRBIBEVWTH Y 7Y v/ FHRE- T hEWAT o AEK S/ AV — 7 O UIR
BE., DFHE/I V- 7OFPHABE, 4y AR LT ERVLEZHER V- T7ORBREK.
EHELTOWARE VAo AL TYHRBROBRFEMEEHAR. LA P EERT 2ITLL-T
HELaA Y 2 0EELWANUCEFHEHEEZSOLHHER, FRF o2k /v -7 Y -5
BV LET,

2 £ X W

1) Hoscma T., Maruishi Y., Aritomi M. and Kawa T.: J.Nucl. Sci. Technol., 30, 425 (1993)

2) b2 IT$L& ¥ THEE HETHKR".AE, HAT,890(1988)

3) Arnold E.D., Gresky A.T., and Nichels J.P. "The Evaluétion of Radioactive Releases from
Chemical Plants, Proceedings of the Seventh AEC Air Cleaning Conference”, TID-7627,
222(1962)

4) Furrer J., Linek A., Leibrechi H., Herrmann F.J. and Stojanik B.: "Aeroscl Source Term
and Aerosol Removal in the Vessel Offgases, RECOD 87”7, Bellamy, Paris, 565(1987)

5) Kenneth M. Sprouse, Carson L. Nealy,:"Mixing and Sampling Liquid Storage Tanks for Con-
centration Determination”,134TR0O00011(1987)
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BRI LET,

% % X W
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2) ¥ T$e "EELEEE ®FIT SR, AE, H,890(1988)

3) Arncld E.D., Gresky A.T., and Nichols J.P. "The Evaluation of Radiocactive Releases from
Chemical Plants, Proceedings of the Seventh AEC Air Cleaning Conference”, TID-7627,
222(1962)
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5) Kenneth M. Sprouse, Carson L. Nealy,:"Mixing and Sampling Liquid Storage Tanks for Ccn-
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Table 2 EMFEOELIEHFBROHR T —A
H B w" OF #®
r—2A S XN
No. HEK S 3] FE 4k i #
DR (g/en®) | @S (g/cn®)
| /Volg™ | /Volg*’
1 1.6 / 50 1.0/ 50 A ; EEAERUCTHELARY EE
2 1.5 / 50 1.0/ 50 E THHRIEEBRD AERE
3 1.6 / 25 1.0/ 75 A
4 1.6 / 75 1.0/ 25 A
i
5 1.6 / B0 1.0/ 50 C ‘
6 1.6 / 50 1.0/ 50 B |
7 1.6 7/ 50 1.0/ 50 D
VDLEWRICHT EAYS
Table 3 HIBEHOREESHRORE Y —R
HER B & #
r— 2 BREAHRE
No. HE B {1/min) {id %
#E (g/cn®) | & (g/cn®) (m*/m*-h)*?
/Volg*! /Volg*t’
A 1.28 / 50 1.0 / 50 6.0{2.71)
B 1.28 / 50 1.0 / 50 15.0(6.75)
C 1.28 / 50 1.0 / 50 27.0(12.2)
D 1.28 / 50 1.0 / 50 40.0(18.0)
E 1.28 / 25 1.0/ 75 15.0(6.75)
F 1.28 / 25 1.0 / 75 27.0(12.2)
G 1.60 / 50 1.0 / 50 15.0(6.75)
H 1.60 / B0 1.0 / 50 27.0(12.2)

1) 2WRIIHTLHE

x2) WE B AE L) ORBESER
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Ty 27y 7TAREEERLARERICB I A2ET—4 RUFEBOR—R L2 -> RFRBOEN -
RERTHERHRM L, BALARRE. UTOEH TH %,

ﬁ :

Table A-1 ZELREREBROI X MBITREAEER

Table A-2-1 MMERB BN EEE (BIEEKHEL71/0in(7.650 /0 -h))
Table A-2-2 YAWARENEER (B2 KHA27]1/nin(12.20°/0°-h) )
Table A-2-3 BRKRZ RN ESE (Bi2ELMA32]/pin(14.40' /0 +h) )
Table A-3 MRECESHRERABREH

Table A-4-1 FIIRBOERERFERT -5 (HBRYy—Z 1 A)

Table A-4-2 FIREOESERERT -4 (HBRF—X 1 B)

Table A-4-3 FIREOLEK[ERHRT -7 (MRY—2: C)

Table A-4-4 MRHOERESLERT—7 (AR — 2 : D)

Table A-4-5 MIREOZELERART—% (MRY—-X 1 E)

Table A-4-6 MERBOZERBERART—% (HB7y— R 1 F)

Table A-4-7 MEEOZERERART -4 (HBRYy -2 :G)

Table A-4-8 MIREOELHBEEHART -4 (BB —2 ' H)
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TableA — 1 ZEXUEEREFD I R MEITEAERER

s HNEE REEEARE BIEN O BARMIVE  EERE BTIMEHE DHRE  EARMSHOBTR

m (U/min}/(n’/@*~h)  (min) (mg) (mgFe/g-sol)  (mg) {mg/m’) (mg/h)
A 120 6/2.70 117 0.0869(0. 0579y  7.12 12.23( 8.13) 1;7. 39(11.88)  6.26(4.1T)
B 120 10/4. 50 120 0.1263¢0.0873) T.12 17.74(12.26)  14.78(10.22) 8. 86(6. 13
c 120 17/7. 65 120 0. 1443(0. 0603  T.12 20.27( 8.47) 9.94C 4.15) 10, 14(4. 240
D 120 22/8.90 120 0.1740¢0. 0780 7,12 24. 44(10. 98) 9.25( 4.15)  12.22(5.48
E 120 21/12.2 120 0.1326(0. 1086y  T.12 18. 62(15. 39) 5.75( 4.75)  8.31(7.70)
F 120 32/14.4 120 0.2337¢0. 0687)  T.12 32.82( 9.65) 8.55( 2.51) 16.41(4.83)
G 120 50/22.5 120 0.2850(0.0480)  7.12 40.03( 6.74) B.67C 1.12)  20.02(3.3T)

¥ Ay INOHER. RBEFOLOREET
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TableA — 2 — 1 BHERBREERE BRZEIFRELT/nin (7.650°/n° « h) )

BABHEERME RUMNEFRE  BRAEARE T R I8 B
(min)} {mmH=0) (mmH20) (vol¥%) (c) (’c) (%)
0 808.15 0.00 0.00 18.5 19.3 75
300 808.15 0.45 0.063 17.9 16.1 79
1153 806.43 1.72 0.240 16.8 16.2 285
1598 805.65 2.50 0.333 20.9 18.7 76

2873 803.20 4.95 0.599 24.6 18.0 48

TableA— 2 — 2 ISWAFEEAEHER (EPERJKE/nin (12.20°/n® « h) )

ELREERMN B HERE BREARR {[R i H &8 E
(min) (mnH20) {mmHz0) (vol¥) (C) ('c) (%)
0] 318.84 0.00 0.00 19.9 16.9 76
430 818.65 0.19 0.177 18.9 17.2 77
1380 815.76 3.08 0.569 7.7 16.1 84
1820 814.40 4.44 0.750 17.3 16.2 81
2886 811.51 7.33 1.19 19.6 15.1 75

TableA — 2 — 3  AERFRAEEE (EEXAE2 /nin (4.40°/n® « h) )

EABERRE WUHERE BHRERRR &0 W i PRy S
(min) (mmHz0) (umHz0) (vol%¥)  (C) (’c) {%)
0 819.98 0.0C 0.00 18.3 16.5 83
420 318.62 1.36 0.15%4 19.9 17.0 283
1354 815.31 3.67 0.627 19.0 16.9 84
1794 813.71 5.27 0.830 19.5 17.1 &0
2739 810.36 8.62 1.27 16.5 16.8 76
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TableA— 3 FERMEOETEIPEREN

ERT -2 WHRESRE  AERE RE BEE B
‘ % Vol R Volk
(1/min)/{m®/n*<h)*’ (D °C) (g/cn®) /% (g/cn®)./ %
A 6.0/2.70 120 13.0  1.28/50 1. 00/50
B 15.0/6. 75 120 9.0  1.28/50 1.00/50
C 21.0/12.2 120 13.2  1.28/50 1.00/50
D 40.0/18.0 120 8.0  1.28/50 1. 00/50
E 15.0/6. 75 120 7.5 1.28/25 1.00/75
I 27.0/12.2 120 4.0 1. 28/25 1.00/75
G 15.0/6. 75 120 6.1 1. 56/50 1.00/50
H 27.0/12. 2 120 5.1 1. 56/50 1.00/50

)W AL IR M7 O OB ESHRE

— 32 i
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TableA—4 — 1 HMEBEOESFEBREBR7 -7 GERr—2 A)
: Ay AR IR/ O G
PR (nind A-1 A-2 A-3 B-1 E-2 B-3 (g/cm®)
0 1.0179 1.0881 1.2702 1.0186 [.0659 1.2702
1 1.0218 1.0610 1.2625 1.0333 1.1836 "1.2690
2 1.0251 1.0994 1.2441 1.0467 1.168%3 1.2507
3 1.0300 1.1207 1.2258 1.0562 1.1777 1.2333
4 1. 0407 1.1312 1.2083 1.0599 1.1854 1.2163
6 1.0637 1.1439 1.1807 1.0875 1.16688 1.1871
3 1.0856 1.1404 1.1575 1.1181 1.1513 1.1625
10 1. 1077 1.1380 1.1431_ 1.1421 - 1.1424 1.1452
15 1. 1381 1.1380 1.1380 1.1383 1.1381 1.1382
20 1.1382 1.1383 1.1379 1.1383 1.1382 1.1380
25 1.1379 1.1382 1.1380 1.1385 1.1384 1.1381
39 1.1381 1.138% 1.1382 1.1383 1.1386 1.1383
45 1.1383 1.1383 1.1384 1.1386 1.1386 1.1384
60 1.1385 1.1%83 1.1383 1.1384 1.1387 1.1386
90 1.1384 1.1387 1.1383 1.1384 1.1386 1.1384
120 1.1383 1.1384 1.1386 1.1384 1.1386 1.1385
150 1. 1381 1.1384 1.138% 1.1387 1.1385 1.1383
e - 1.1388 1.1387 1.1387 1.1385 1.1385
FyyQ 1. 1427
(180434%)
TableA—4 — 2 HEBOESTEERBRT -7 @EBryr—X: B)
LY TRA b
BB (nin A-1 A-2 A-3 B-1 B-2 B-3 (g/cm®)
0 1. 0292 1.08348 1.2748 1.0294 1.0436 1.2749%
| 1.0294 1.1368 1.2167 1.0680 1.2134 1.2288
2 1.0317 1.1427 1.0991 1.1089 1.1507 1.1690
3 1.0932 1.1408 1.1431 1.1441 1.1440 1.1437
4 1.1376 1.1428 1.1432 1.1423% 1.1424 1.1425
B 1.1422 1.1429 1.1429 1.1426 1.1428 1.1422
8 1. 1427 1.1429 1.1429 1.1428 1.1430 1.1428
10 1.1427 1.1431 1.1429 1.1428 1.1429 1.1430
15 1.142¢ 1.1426 1.1425 1.1429 1.1430 1.1423
20 mm=--- 1.1427 1.1425 1.1429 1.1432 1.1429
25 =mm-—- 1.1427 1.1428 1.1431 1.1430 1.142%
3 == 1.1373 1.1429 1.1430 1.1430 1.1428
45 meee- 1.1428 1.1426 1.1430 1.1433 1.1425
g0 - 1.1433 1.1428 1.1433 1.1433 1.1429
. e 1.1427 1.1432 1.1419 1.1432 1.1428
120 00000000 mmmmmm mmmmmm mmemmm —mmmmm moooee oo
150 0 mmemmm mmmmmm mmmmmm m—mo—m mmmmm— —mmmee
8 === 1.1428 1.1405 1.1426 1.1428 1.1427
| T 1
(180434
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TableA — 4 — 3 E#EOZESESRESR T -7 GE&Br—X: C)
LY TEA D
PR (oin) A-1 A-2 A-3 B-1 B-2 B-3 (g/cm®)
0 1.0259 1.0313 1.2631 1.0263 1.0494 1.2565
1 1.0338 1.1384 1.1432 1.1583 1.1443 1.1449
2 1.1292 1.1356 1.1355 1.1353 1.1340 1.1352
3 1.1348 1.1351 1.1351 1.1350 1.1349 1.1353
4 1.1350 1.1850 1.1353 1.1350 1.1348 1.1353
6 1.1348 1.1350 1.1348 1.1351 1.1349 1.1352
8 1.1348 1.1350 1.1350 1.1348 1.1350 1.1354
10 1.1350 1.1348 1.1350 1.1350 1.1351 1.13563
15 1.1350 1.1350 1.1350 1.1351 1.1352 1.1353
20 1.1849 1.1348 1.1350 1.1352 1.1351 1.1353
25 1.1348 1.1352 1.1349 1.1351 1.1353 1.1852
30 1.1349 1.1352 1.1852 1.1350 1.1353 1.1353
45 1.1353 1.1352 1.1350 1.1349 1.1353 1.1352
60 1. 1350 1.1349 1.1350 1.1350 1.1352 1.1352
a0 1.1349 1.1347 1.1354 1.1350 1.1351 1.1353
120 1.1350 1.1350 1.1351 1.1352 1.1353 1.1353
150 1.1350 1.1350 1.1354 1.1349 1.1353 ------
180 1.1349 1.1348 [. 1350 1.1352 1.1354 1.1354
FyyO 1. 1359
(1804+%)
TableA— 4 — 4 HEEOZEREHF®RT -5 E87yr—X:D)

HoFY s TRA R

EZEFFE (nin)  A-] A-2 A-3 B-1 B-2 B-3 (g/cm*>
0 1.0023 [.0315 1.2737 1.0024 1.2612 1.2736
1 1.0046 1.1436 1.1543 1.1581 1.1486 1.1532
2 1.1422 1.1437 1.1439 1.1421 1.1423 1.1435
3 1.1432 1.1436 1.1438 1.1434 1.1432 1.1436
4 1. 1431 1.1435 1.1439 1.1429 1.1435 1.1437
b 1.1435 1.1441 1.1435 1.1434 1.1433 1.1433
8 1.1435 1.1432 1.1432 1.1436 1.1435 1.1436
10 1.1435 1.1432 1.1433 1.1433 1.1438 1.1432
15 1.1437 1.1432 1.1436 1.1434 1.1434 1.1435
20 1.1432 1.1439 1.1437 1.1433 1.1435 1.1438
25 1.1435 1.1436 1.1456 1.1434 1.1435 1.1434
30 ].1437 1.1435 1.1435 1.1434 1.1435 1.1438
45 1. 1434 1.1437 1.1436 1.1433 1.1434 1.1434
60 1.1435 1.1432 1.1437 1.1436 1.1436 1.1437
g0 1.1438 1.1432 1.1438 1.1432 1.1434 1.1433
120 1.1430 1.1434 1.1437 1.1435 1.1449 1.1436
150 —mmeem mmmmmm Soomms mommms oo memoos
180 —memmm mmmroo mommm- mmmmom ooomem ooooos
Fvsn 1. 1450
(180440
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TableA — 4 — 5 HEEOZESZHEFHR7 -7 G#E7r—X: E)

oYy TRA b
R (nin)  A-1 A-2 A-3 B-1 B-2 B-3 (g/cn’®)

0 1.0379 1.0432 1.2425 1.0385 1.0437 1.2810
1 1.0468 1.0659 1.0826 1.0802 1.0766 1.0858
2 1.0698 1.0708 1.0706 1.0701 1.0702 1.0695
3 1.0699 1.0704 1.0704 1.0701 1.0699 1.0704
4 1.0899 1.0703 1.0703 1.0703 1.0703 1.4704
6 1. 0700 1.0703 1.0703 1.0704 1.0703 1.0704
8 1.0700 1.0706 1.0703 1.0704 1.0704 1.0704
10 10701 1.0703 1.0703 1.0705 1.0703 1.0704
15 1.0701 1.0703° 1.0703 1.0703 1.0704 1.0704
20 1.0702 1.0703 1.0703 1.0704 1.0704 1.0705
25 1.0700 1.0703 1.0703 1.0704 1.0704 1.0704
30 1. 0762 1.0702 1.0704 1.070¢4 1.0704 1.0704
45 1.0702 1.0703 1.0701 1.0703 1.0704 1.0703
60 1.0702 1.0702 1.0703 1.0703 1.0704 1.0704
90 1.0703 1.0701 1.0703 1.0704 1.0704 1.0704
120 1.0703 1.0703 1.0701 1.0702 1.0704 1.0703
150 1.0701 1.0702 1.0705 1.0704 1.0704 1.0703
130 1.0703 1.0702 1.0703 1.0704 1.0704 1.0703
[ e
(18043#)

TableA 4 — 6 MEHOESHERRBRT -7 @RBy—2: F)

HpoFY L TRA D

FEEE (nin) A A-2 A-3 B-1 B-2 B-3 (g/cm®)
0 1.0020 1.0072 1.2801 1.0022 1.0208 1.2806
1 1.0375 1.0679 1.0704 1.0781 1.0743 1.0810
2 1.0695 1.0702 1.0695 1.0683 1.0688 1.0692
3 1.0698 1.0701 1.0694 1.0696 1.0638 1.0693
4 1.0698 1.0700 1.0892 1.0694 1.0703 1.0654
b 1.0694 1.0699 1.0890 1.0694 1.0897 1.0694
8 1.0698 1.0699 1.0696 1.0692 1.0695 1.0696
10 1.0B96 1.0698 1.0697 1.0695 1.0697 1.0636
15 1.0697 1.0693 1.0696 1.0696 1.0635 1.0633
20 1.0698 1.0654 1.0695 1.0697 1.0695 1.0695
25 1.0698 1.0687 1.0700 1.0694 1.0696 1.0693
30 1.0699 1.0694 1.0698 1.0887 1.0698 1.0634
45 1.0697 1.0694 1.0895 1.0696 1.0692 1.0895
60 1.08%8 1.0693 1.0693 1.0693 1.0694 1.0690
90 1.0698 1.0697 1.0690 1.0695 1.0696 1.0695
129 1.0699 1.0697 1.069C 1.0894 1.06%4 1.0694
150 1.0698 1.0685 1.0664 1.0695 1.0696 1.0694
180 1.0698 1.0694 1.0695 1.0696 1.0635 1.0659
Mo 1. 0772
(180542
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TableA— 4 — 7 MEEOEQESRRT -7 GBr—2:06)

oY v rRA b
BRI (nind A1 A-2 A-3 B-1 B-2 B-3 (g/cm®)
0 1.1174 1.1211 1.5542 1.1175 1.1232 .1.5543
1 1.1293 1.2580 1.4401 1.1642 1.3287 1.4643
2 ].1569 1.2914 1.2577 1.2164 1.3488 1.3732
3 1.2238 1.2854 1.3008 1.3046 1.2974 1.3118
4 1.2772 1.2783 1.2800 1.2817 1.2817 1.2834
6 1.2806 1.2807 1.2806 1.2803 1.2807 1.2806
8 1.2808 1.2808 1.2808 1.2808 1.2808 1.2808
10 1.2809 1.2809 1.2807 1.2809 1.2808 1.2808
15 1.2809 1.2808 1.2808 1.2810 1.2808 1.2808
20 1.2810 1.2808 1.2808 1.2810 1.2810 1.2810
25 12810 1.2809 1.2809 1.2809 1.2809 !.2812
30 1.2810 1.2809 1.2808 1.2809 1.2808 1.2812
45 1.2810 1.2808 1.2809 1.2810 1.2809 1.2813
60 1.2808 1.2809 1.2809 1.2810 1.2809 1.2814
50 1.2810 1.2808 1.2809 1.2810 1.2810 1.2813
135 1.2809 1.2808 1.2807 1.2810 1.2810 1.2813
180 1.2810 1.2809 1.2809 1.2811 1.2810 1.2813
Fryn 1. 2566

(18043 %)

TableA— 4 — 8§ FHBEOERERERT -7 GE7—X  H)

A TRAL b
BB (nin)  A-1 A-2 A-3 B-1 B-2 B-3 (g/cm®)

0 1. 0047 1.0083 1.5551 1.0048 1.5537 1.5544
| 1.0386 1.3162 1.3964 1.1436 1.3884 1.4200
2 1.2310 1.2899 1.2845 1.3053 1.2845 1.3001
3 1.2850 1.2851 1.2845 1.2842 1.2836 1.2846
4 1.2844 1.2844 1.2844 1.2843 1.2843 1.2845
6 1.2843 1.2843 1.2844 1.2845 1.2845 1.2845
8 1.2844 1.2843 1.2844 1.2845 1.2845 1.2845
10 1.9844 1.2845 1.2844 1.2846 1.2845 1.2845
15 1.2844 1.2844 1.2843 1.2844 1.2844 1.2843
20 1.2844 1.2843 1.2843 1.2845 1.2850 1.2846
25 1.2844 1.2845 1.2844 1.2846 1.2844 1.2846
30 1.2844 1.2844 1.2844 1.2845 1.2846 ].2845
45 1.2844 1.2845 1.2844 1.2845 1.2847 1.2847
80 1.2845 1.2845 1.2845 1.2846 1.2843 1.2845
60 1.2844 1.2845 1.2845 1.2845 1.2844 1.2842
135 1.2844 1.2845 1.2845 1.2846 1.2844 1.2845
180 1.2842 1.2845 1.2845 1.2845 1.2845 1.2845
My 1. 2562

(18043 %)
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