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The spent control rod assemblies are to be processed as a waste for an underground disposal (depth>70 m). The spent control rod
assemblies (4 m in length) need to be cut into 4 sections in order to be stored in the storage containers (1.6 m x 1.6 m x 1.6 m).
When the control rod is cut, the B,C powder contained inside the rod is leaked into the water. Contaminating the surrounding water
would increase the secondary treatment cost, and consequently the overall processing cost.

In this study, we examined a cutting technology that combines press working and underwater plasma cutting, in order to seal the
cut control rods and prevent the B,C from being scattered into the water. We cut the control rods underwater in a vertical upright
position, and confirmed the effects of B4C scattering.

After cutting, the water ingress of the neutron absorbers was 52.8 mg per control rod. The B,C leaked during cutting was 3.6
g. The ratio diffuse of B,C from per control rod was 0.05 %. In conclusion, the results showed that the cutting technology used in
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this study is effective, and the B4C can be reduced considerably during processing.
Keywords: volume reduction, spent control rod, B,C powders, underwater plasma cutting
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Fig.1 Decommissioning process of spent control rods
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Fig.2 Control rod structure and cutting process
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Fig.3 Cutting and sealing process of control rod blades
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Table 1 Test piece of after underwater plasma cutting
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Table 2 Underwater plasma cutting parameters
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IV 50 mm 24 7= » OYIWFRT DK 13014 mg THH Z &
D5, il LIRS 72 0 O iR R D R S5 288 m
LT D & WU RRITIN D 72 BEFE(AR 80 {R D Hh i - IR IR
BHDHILR DK BRI 6459 Th 5. ARFiETHEMYIE
U HsE A RIS L 7oK S B IR 1 24 7- 0 52.8
mg T, UUHAZRICIND - BEFER 80 (RICHUE T2 L 42 ¢
THDHI Enb, BEIEMR 80 (ROFRF/KEIT LA DK R L
BALIASEEAFH L2699 Thb. ZORIF/KREE9g
(0.069 L) L, HLIIUERMLDIRIEKEDERSE 2L LLTFIC
AR 130 /NS, LR o T, BB~ DEEITAE L
TWnEEZHND.

ARFEBRIT X0 PPETF IR DK Ay BEASEWRTIZ e, 1R
Wit 1 IR 4 7= 011 mg (n=6) EH-LTKY, o
ARZABIDONTHE L THIZ. KRyEOFEREIL 1 E
BEOARZYXHAOCKMBETEELTEY, KIBRARE
0.11 mg iXAFEICT S L 130 05 mm LA FONH KR THD.
BRI D E LR, & D WVITEIER B AR K TRy EF-
L7z B zic v, —7F, KE7 T X<iEmsiidis sy —2
FEAEEITIC Y — )V R AW ST — 7 2R84 SE720
LEWT 5. RIS ITAERTR OERIE S I — L R
A2 TEB SN TWA0, ARBEALZRW. RIZEFEDAK
D3 2 TERE L7235 B 13ARER THE b7z 011 mg B2
KRABETIHNEST, L THEFIV I AL EDK
DPRATDEZZBND.

LLEOREDN S, K EJ Uiz A 1 = X BFkic ik~
LBETIIRVNEHEE LIZ. K75 X< a3 @
DKEY =N RAATHSH, — KR BIREKE B
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LTWS. =L RH AZEFDKD ARG E G2 NE,
T— VWA AT, = NHAD—EITERmE - [E
B OWBEPIZEIBENAICRAT S, AL — RT
ANIIIRIBEENTEY, ZOREREERTIZ A~k 3
FRFBICEST2. PEE D = RHRIZEEN DK
BENHHTER LTI L, RERTHEIKS
FRE0II mgEDOKRE ST, WANEATZ LD EE 272,
KGBEANBEEZE L DD L, RFETIET 7 A~HR Lz
BB OKIYIRN RIS TR TR B H % oKy (2
L) (T~ 1380 &/hE<, KOGBAIIE D G ~DR
BUzAETIZ W, —F, SImEOF IEAEE Th o 7255
T, V=N RHRCEEND KDL - TS b
F (011mg) 1X, EAMICELDEEZLND.
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Fig.10 Moisture after underwater plasma cutting in a tube

4.3.2 B,C ¥MEDKPHEE

KHHEEL U 72 B,C AR DIEB &L LL T O FIE CE &Rl
L7z, ByC MiEDILE R DRNEIL T T X~ W TR
FeKERTFORay (B) &L, MUK 77 XA<ERT
KRR & L Ciii L= RnfighoRa > (B)
FREL, ThENOEF LizRar (B) &5 B,LC#H
ROB~LHH T2 LC, KPICIE#H L B,C HiRE%
Koz, GIEBROBRBRIKITEF 46T, RBRE LKL
WARHICHER L7 BIC Bk & a5t Z Lz Lz, L7
KAEAIIARE R 2 VY, B o BRItk R CREEREY)
Eie) ZEULL, [EUL L7245~ OKE N LT-. Bl 1
[[12472 0 OARREAKIZES6 L THD. [HUL L= AMKIZA T
T VT 4 VB B L CKERIR & NI 5y T

LB ORERY) (5 LIz AT v L A L UB,C ¥
) 12U 1% 720 s 289 ThoTz. ZOfEIFAF S
F X=X Yl L7z & & olkiE 2.0 mm /3 2fEY 95
BTHD.

WAy Bl LT KR & R o2 nEnoRe v
(B) &% ICP-MS E&4#r CTHIE L7z, HIEITHWE
ICP-MS Zy#r3E1% 7500ce (7L M) TH 5. Fig.dl
(ZHIWE 1 [B1Y 72 0 OKPICIER L2 EHE 2R T, KBRS
WEENDRu > (B) 1143 mg/lal, RiEfyHIcEEhn
ARvr (B) BEIX88 my/EICThH-7=. TDOEFILIzARm
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v (B) ®I13230mg T, B,CMiAOEEIZHTET 5 & Bl
1A 72 0K ~PEE L7z B,CHyiRIZ 294 mg TH B = &
NiroT-.

I 1 (8124 7= 0 OfHcE: 294 mg L v, HliE4E 1 K% 16
ROEMA I Lz & ZICAE D818 1 K470 0
B,C RO ILE &1L 3.6 g (EMUIWrOERL 12 ) Th-
7o 20 B,C HMAOYEECER 3.6 g i, iR AHIEEEC G
EH ENTEL TS BCIRDRER 7,500 g oL, &
0.05 WL LN ETHD Z L ¥bh oz,
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Fig.11 Emissions amount of B,C powder underwater

43.3 #I2FHRE
KT T A B E LA 7 WA B AET A7

O, Table 2 (IR THERBICTHAZERE L LD E AW,

HAZ v~ hZZ 7 (Hitachi 8 : GC3200) TH A4y D
ST EAT o7 REHI 3HE (B A, B, C) T, #EA
DEMIZ, KFTFZXA<EWIITOTIL, 77X TR
(Ar+H,) BEL O —/L FH A (Ny) OB %KL,
K THE LT AZ BB L2 b0, Rk B, #onTh
LLTAT ULV AR BE8mm) AV, 4.2 T~z
B COIN L7 e JICRELETAZRILZb0. &
BEC X, 4.1 & 4.2 THlRAT-HIEERZ 15 L7z B,C FfAA
FetE LT D RBRIR & BG4 FO TRl Lo & 1038
ELETAZTRR LD THD. 5T 50 AT E
WA T HAL LTKET A (Hy), —E{bERFE T A (CO)
L TEMBIREHS A (CO,) O 3FEEHE L.
IOHFLTRER, KFEH A (Hy 13 3FEOHFE (AB,C)
EHK30%THo7=. BHIL, KPT T X<EMT5700
DT TR HAZKFZT A (H) BHWLRTEY, 7

FTARHADENZHEDBENENZNZ ENFNEEZ BN,

3 RO L 723808 2> B 13K OS5 RIS K 9 % b7k 3%
BEOBEREVIMER TE ot

—mRfkiRFE (CO) & Zm{biR#E (COp) DI3HT L7zfliR
% Fig12 1R 9. KX VEELA, BT, &k Clzid—
fefbiks (CO) 1,820 ppm, —f{kiRk3E (CO,) 660 ppm A3
HERSH, H—RHARRELZZ ERboroTz.
e C B —biRFE (CO) BLUELxsE (COy
DA—R U HANFE LB, BRI ORI
»5BCHMENREEEZ bND. AFETEOW LI L&
DED AT =X LIDOWTLATITRARS.

FEIFKP T T XEWIIAKHN TEIRD T T XA~ H A%

WHT 5. EEOH AL > TKMANO—EoKIL, BhHE
(0y) &KFE (Hy) IofRsivd. 7L ATIHENME LI-BIET
EPTIZIXEIWT R 2~3 mm D555 0.3~0.4 g O B,C By KD
H Y, CIWErERT 2SR L < L OITERTIC 5 5 B,C Mk
bEEkROE TR (B) LikFE (C) IZnfiEd 2. Aryv
(B) IXEERARTVE: (HsBOs) ~EZ b L, & L TKEIK
I Zde. —J, B,C A B LT2FE (C) 1T,
7K (H0) 7 B 53 L7 iR (0,) & it L—E{kik 3 (CO)
~EEL, IBIC—Eo—ibxrFE (CO) X mMbmE
(COpY ~EZELT D%, YIMEANC® D B,C AN~
T R VEWTCIREET D 2 Ll X v —FR{kiREE (CO) & g
(LIRS (COp) DA — R HANFE L= L& 2 5N 5]9].

PAEDRA T = X5 EARERFER NS, KSR PIZEE T 72
Ay (B) & (Fig.ll, 143 mg/la]) % > B,C HiADMA
BE L7 Ra4s (183 mg/El) L, 4R L7k (C) =40
mg/lEl &8 <. R LT-fRSFE (C) 40 mg 39~ TKHDEE
F (0) LD T—BILKFEN A (CO) ~EZEfhLiz
B, MY 1 B4 72 0 23843 2 —B{bRFE S A (CO)
I3 008 L/EITH A, HilfHE—KE 16 i ot ricy)
Wrd 2 & (GFF 12 BloWEEE), AT AHREIE 09 L
ThHDHIENDIoT-.

HIBED LB IE AT v L AL B,CH IR TR S,
FNEFNDOREMIITI—R L (C) BDEENTWD. dik
TRRE =R (C) DIIST, k%14 M*C) N5 &
DOEIGTERSIND. FNEEDOMR CIIBEDICE F
N5RE 14 (MC) OUIMHYBER OBIFR & 2 OB v (8]
) AZHOWTRET 2 MERH 5.

AREBROA 7 T AFER (RFE 12) &b L1, fHHFEAG
R B 5 5 14 (MC) OERIC OV THEER LT
B.C AN G TN D5k C TIL, B A TEE SRR -
=—WfbiRFE (CO) NFEAELTWAS. ZOHAIE, BCH
RABEBEL, Ao (B) & h—Rr (C) I2HBkEE, To
S—Ry (C) WAEAMDEEFR (0) EIEL, I—RrHA
(CO, COyY ~tAEmINT-bDOTHS. —F, AT
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Fig.12 Off gas concentration
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BT Iy 72 RIS

OFREITENTHD. INOOFER, 77 A~EWCRAE
L7zh—RHA (CO, COy) 1E, FIT B, A RDD
—Ry (C) MO EN, AT L ABRD I —HR
©) IEMTHY, RkFE 14 MC) LFEKTHDH. ZDZ
Lixh—R o HA (CO,COyY IZEENDKFE 14 MC) D
AR LT <, B Ao TRETTE 20 TIEARW
MEEZD.

Bl 2%, 1—mR o HA (CO, CO,) (2R L Tik B,C Bk
WZEREY T, BC MIEEREI LIz EDRAERA D =X L
EEDOH =R T ARERFTTH2 LT, =R TR
(CO, COy) F&A:=% i3 5 Sefth & [AIN AT OO BRI 58 12 S ke
T 5.

—, 432XV ARFILETUN L & & ORIBEMIICE
ENAHAT LA 2.7 g, B.LCEERIZH 01 g & 25
Y URBHDTT N 2T 5% L, RS oRFE 14 (MC) 1
AT LV ABHENSZ . D), 7T ARk CAED

72— HAUNORE DB L O =2 — A2 LT,

AT U ABIZERE YT, YIERRALO AT > L A,
RERD B L 2 — AR END A D = XL E
T5ZET, Ea—2BEZMHT &M, HrVIEEN
5 DR O BRFE I SRk

Ht%1L, RFETT T A<iEmk Lz & 2 OREMRY, b
2—LBIOA T H R LRHE 14 (MC) ORERIZHOVTH
RERSE

5 F&H
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i AEAHEEONEY (B,CIMER) %, K~ fiH s
PO L, 2R U C & 2 HEBHR (U
Ao L2720 50~80 {KDWHHN) & BIIZ, 7 LR LKH
7T A< R A A DY U A AR L, FEBROH)
M L [F U REIREA TR TEIN L7z & & 0 B,C I RYLHBS
IEDHFAZ DN TLLT Dt & 1572

(1) 7V AIEHE 0.66 ZBEC, ZDOBOKT T T X<
WriZ & 2 EHEAIG R0 5 2 & DR S, TR
IR EDHD T T X< EE OFEIERICHE B E 5
ZTCWAZENRHLNE ST

(2) b —FBEHE & AR Y720 O ABVE 2/~ & <
(2110) 52 & T, 77 X~Ek O Uk 2%
MTESZLNTEDZ ENbh oz,

B) AFETEMA TR L7z & & oEMA KRS NE
ALz L EOKSBRART, #HIEE 1 K470 52.8
mg & RALERIC B S 5 2 RV KRE S Tho 12,

@) AFECEMAICOIR L & 2 oKPIZHE L
B,C FyREIE, HlfEEE 1 /K247-0 3.6 g T, il 1
KD B,C ¥y 1A# 5 7500 g (2% L, 0.05 %A FTHS
ZERbhots. LEXY, KFIET B,C MEDIL
BRI RN H D 2 L DR TE .

G) AFETEMA YW Lz L SITRET LA TH A
(Z1E, B,C R DBREEIZ & 0 I — R W ANRFEAET S
Ntz TORARITHEE LAY - 09 L
THolz.
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o ZENLOUINE, TN S 4 8D 7 L— FIRIZ 0 H
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Bt oMeEFERR &, kE 14 M*C) ORERIC OV TRk Z
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