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An accident of evaporation to dryness by boiling of high-level radioactive liquid waste (HLLW) is
postulated as one of the severe accidents caused by the loss of cooling function at a fuel reprocessing plant.
In this case, volatile radioactive materials, such as ruthenium (Ru) are released from the tanks with water
and nitric-acid mixed vapor into the atmosphere. Accurate quantitative estimation of released Ru is one of
the important issues for risk assessment of those facilities. To resolve this issue, an analytical approach has
been developed using computer simulation programs to assess the radioactive source term from those
facilities. The proposed approach consists analyses with three computer programs. At first, the simulation of
boiling behavior in the HLLW tank is conducted with SHAWED code. Next step, the thermal-hydraulic
behavior in the facility building is simulated with MELCOR code based on the results at the first step
simulation such as flowed out mixed steam flow rate, temperature and volatized Ru from the tank. The final
analysis step is carried out for estimating amount of released radioactive materials with SCHERN computer
code which simulates chemical behaviors of nitric acid, nitrogen oxide and Ru based on the condition also
simulated MELCOR. Series of sample simulations of the accident at a hypothetical typical facility are

presented with the data transfer between those codes in this report.

Keywords: Reprocessing Plant, High-Level Radioactive Liquid Waste, Accident of Evaporation to Dryness
by Boiling, Ruthenium, Nitrogen Oxide, Chemical Reaction, Thermo-Hydraulic Behavior, SHAWED Code,
MELCOR Code, SCHERN Code
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FRNZH2d 2 BE M CIIARSKUEEME IZ & 0 IR TR S D,

LR N C D BNRENRNT C O EER T E O — DI 7 — A AKER B D, BITENFRATRE R
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SR HE R CARE SN DR N OBRIRSL & MELCOR DT &5 V% leled 2% & | BE CTOHR
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25 5.69m° E72 0 [ 0.7%IIMT HfERE R oTo, THUCEVIERET VL THRERREITITR O
W EDBBHLNI 75Tz, 612 5.1 Hi TR LTEEIE— KRG AKOEEWIEZ 0T 2 & 4%
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(2) WHHER TOAL A
WA DAL ROGE % (6.6)~(6.11)UZ /R T, SCHER 11) TIL(6.9) 2 UN6.10) D S 1 -l it &
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LCTWDOIzxt LTk 12) Tk, ARG E LTW5, SCHERN CIL P G 2 R E LTV
B, Flz, (6.6) X ON6.7)FUTICHR 11D AT, (6.8) L TN6.11) UL ILHR 12)D AR STV 5D,

2N02(aq)<—) N204(aq) (6.6)
NO(ag)+NO, (ag) <> N,0;(ag) 6.7)
2N02(aq)+ H20(aq)—>HNOz(aq)+ HNO3(aq) (6.8)
N 03(aq)+ HzO(aq) < 2HNO, (aq) (6.9)
N204(aq)+ HQO(aq)<—> HNO3(aq)+ HNOz(aq) (6.10)
3HNO ,(ag) - HNO ;(ag)+H,0(aq)+ 2NO(g) 6.11)

REBART BT AL RTABEITA D ORFERE PR 29 FIIRT RS IO 57
FER (FULEHGRN T OMSHE T OBITRBICE 5 30%) $0) RO (PR 31 EERTH
RIS R TR (PR C ORI OB TR 5 RIS ) O
R D19 O LG,

6.2 FRNTHER
(1) BALFEDORE ORREAL

X 6.1 (& —f & L CHEN AMEE L OKFE CORALFFEDIEE I 29, §LE O KR
TiE, HNO;s OFE A BEDOEINNZ LN SALFREN AT 5, BVMARIC X DB SUG T NOy L TN 0 23
A LG 559 4 B LA TIE N2Os HNO, 72 E DR EE S HININ T 5, BER AR F 2% & KA CIE.
I — IR A 7R LN RAR TR S TRAT D NO, LY 02 13H8I1 L HNO; 2 O HoO 133
BN, ENDSOALFERRIF E A B LR, BLEZITERO NO, 72 EM A LilFE 2> 5 1% H.0
NRAL BB AR DNMEDNTAD T 5, Z OB ALY VN TIIEE S b AKRRITE 2232
5720, HNOs b NO, B AR SN E 22X 72 5720,
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X 6.2 (Z/RT K D IZEEN ALEE L DA TIL, HNOs ORENIAZE TH Y HNO, 34T 5,
WREEHEIAD 4.0 H ~4.6 HIZH T T Ru DML, EHEENSEANCEE -0 612X, [URFOBAT
IZET L L TR T8, BAL TR O P B I XESEIR OJ A NENZEE N 5,
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%, HNO; B IXRERTCTIXIZIEXFR UE CHR T 523, #2[E% CIEBE 2L T il o X
EIEEIRTT 5, ZAUTxr LT, HNO IBEE X Rl X & E5-3 238 5, HNOs 12k
WT HNO, DIREED <, #IF 1 BETIXEREOI O mv, Zauid, ENTARK L 72 HNO, &K
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(3) Ru DRBATER)
(a) Ru DIREZEAL

X 6.4 (245 DX 1H] D KUK FH T D Ru L DRI A 779, Ru DEERE K ~DBEATERITXAHD Ru
PR TENEEA S T RRE KR O mEFE & Y Ru WEBIMREOB CRIE IS, BERT Cco
HNO, 21X 0.01 mol/L LA F D72 9, KRS TOWRM~D Ru D Z D A J1 = XA X HBE)T
B L TR, 4 HERETTIE Ru OFAEEDN DR, WBIEKHC Ru OFAENH KT 5 & SR
ENRMET IR EAEOE— 7 ZiaE 5 L FODICHET 5, Xl B, C XUHIT 1 B CXHEF O
Ru JEEITHEAICRAT Lo 20 FilZ ED el e bBmnd 5, ) 5~52 BT TIhb
O X TEAH O Ru N —FECHIINCHER U TV D O, BRI X B A RS TRAE L
NO, RO 12 & 0 B S UHE SN RulC L 28N TH D, A TIX, R~ I12 Ru 23850
L. OhESHE OB O%IT, TSt L CHizE% O Ru AT RS IBIC L 5B8fTbEn %
RELTWD (CCHk 4) 3.4 fizIR) 72 O8N AK DN LE S IEEDOWI O L 725, BERERS 720
W TIE., HFILBIC X 288, I T Ru & HNO, & DILFZE I L 28RS BE SN D
MW, SthDOFEEREIZ X DLFR IR BB ORI N 5,
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B 6.7 (21, MELCOR TR 74 XH DK AH F K ZK R E=IT K3 % SCHERN f#HT TR 7 HiAZ
FREE X4 72 0 O HNO; DRAE~DRBATEDEIS % 777, HNOs D HLa T, 42 3.0 X 10°~1.0 X 103 1%
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7.FED
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