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Transportation and Safety Test of Type BM Packages

for Radioisctopes

Shogo OKANE, Hisashi KATO, Takami SORITA, Minoru OSUGI
. . +
Kyohel SUZUKI, Yasuhiro ITO and Toru SUKEGAWA+

Division of Radioisotope Production, Radioisotope Center,

JAERT
(Received February 1, 1980)

In the period of May 1977 to October 1979, the Division
of Radioisotope Production, JAERI, made containers for transpor-
tation of radiocisotopes as type BM package, which satisfied
the requirements in the amended regulations for transportation
of radioisotopes. Two types of packages were prepared, accomo-
dating a drawer type container {lead shielding 15 cm thick)
and a cylinder type container {lead shielding 15 or 8 cm thick)

respectively ; these are for transportation of lgzlr (6540 C1i)

and 32P {188 Ci) as type BM package. The package accomodating
a drawer type container weighs about 1800 kg. The package
accomodating a cylinder type container of 15 c¢cm and 8 cm thick
lead shielding weighs 1500 kg or 840 kg respectively. The
packages were subjected to series of safety tests prescribed

in the regulations, both theoretically and experimentally.
Results of the tests showed constructual soundness and safety
of the packages. Safety of the type A package prepared 1s also

described in the appendix.

Keywords ; BM Package, Transportation, Radioisoctope,
Drawer Type Container, Cylinder Type Container,
Iridium 192, Phosphorus 32, Safety Test,

New Reguiation.

+ Radioisotope Administration Section, Radioisotope Center,
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@)



L T U OO OO OO PP PRSP
BMAEETEOERM T TDORME i i e
AL ZED B M B 2 ZE 3 oo oot e e e oo eeeee et et e e e ae et oee e e e
1 PR BMEBES OE MR e
D1 B BB IR ER et eeeeaaeae e e e et e e e st
2 ks EE ..
23 LZ2mETHE ...
L1031 ETEBERR.
3. 1o A FE A EUER oeveeeeessosseessenneeme et e eeeee et e e bt e eeean e et b e e
3105 I ERER ceoeeoeeet et seent e e
3

3

4

- ek

3
3.
3

e e

201 BB ELBR oot eee e R

B 3 O U TSP U P UP TP PR PP PPRTRP

BF A EE 55 BB o e e et ae et s e et e
HIFST 200 13 M B 0 75 25 o eeieeeiiermneee e e e seebe e nrar e es s eem e ee s e et e e
1 EEADBMBEN BEL1S5m) OFEEHRE
R T Rt S UUUU oSV OPRPRP VPO
A 1.2 B HUEE IR BB oot eeus e mrs e st A et et et eb et
4

L B TE BT et e e et e e s s e

JAERI-M 8752

H x

414 HARESRTR

L2 MEABME#@Es (BE

B #H X

e 1 A@%%ﬁ%@%ﬁ(%®lymmmwmwmmewmmewmm
ek 2 ABBEBFEOEIE (F D 2) i s

Qen) OFEEBETER e
R R Nk Y U PPV VPPR TR RRP PR
1 B B I T B H B ot e e e
S R ¥ N L R RPN OUIP S OVOVTU TPV IORPIS PRSPPI P PR
D ST U OO R PP OO ORI CT P OP PSP SPR PP
== O UV Sy SV PO UDP PV PPPT SRR

[ B T O T o A A N A B A B AL

T T S e 2t 2t T T (o I R I A BN < - S PR

(52 B A I S S

o o= W~



JAERI-M 8752

Contents
Introduction ...ceiviriinirrsrssnar i heenan s
History of development of type BM package .......... chresr e
Drawer type BM package ........ i et iria e
3.1 Safety tests of drawer type BM package ................. .-
3.1.1 Normal testS8 cveevecenrssossssnans P hes ey .
3.1.2 Water spray test .......... et res s e
3.1.3 1.2 m—drop LeSt cuveitaanrarane ettt
3.1.4 Compression test ..... . e e e s
3.1.5 Penetration test ...ceivererrrcassasns e erera e
3.2 Accidental tests ........ Peeanean cen e P
3.2.1 Water immersion test ........ ereeans Crr e eens
3.3 Analysis of shielding ..... i ea s ss et cher e .
3.4 Heat test ........ @i earaseeraer e
Cylinder type BM package .........o0evinen. e e Ceara e eaeae
4.1 Safety tests of cylinder type BM package (Pb 15 cm) ......
4,1.1 Normal tests ..... et eairter e st
4.1.2 Accidental tests ........ . et rae e

4.,1.3 Analysis of shielding ......

4.1.4 Thermal test (in air at 38 °C) tvievirrinennneesnnn

4.2 Safety tests of Cylinder type BM package (Pb 8 CM) wvseass

Application for transportation of packages .............. .

5.1 Application for transport packages
5.2 Application for tranmsportation ....
Conelusion ...eceeoss Creene s
Acknowledgement ........cc0000 s

Reference ....vievencaese Shesr e e eesas

-----------------------

-----------------------

Appendix 1. Manufacture of type A package .........o..uevnvunen

Appendix 2. Manufacture of type A package .......... beer e

(4)

L I 52 B N A

—E R R s W W W W e N N N s oy »

[a—



JAERIT-M 8752

L A B &

EREPE S UREETOLESOH X, EHOREL I LOBKLOAFD S &2
FhhTtid, BM30E1 A0 THEMHEOH A M T 2RMOEELO>T] D)FEF
HERAOEELE BMESECECTENORBEED ST L Lok, MRS 3L
4B THEHEHMESEGHERSN  Hamash, IF11E1HFTEEAEENFL SN
fo. BMETI2H28AE THEMRANTCESEMERSN ) EBASE 335 (K, E#R
HAIERDE LTREKEESXA, ERMS545F 1 A4 H BTSN o, TOEQILIZED,
BE REEIC X AMBESE L TREMNEENTFA, KAREM RSO EEE S
MM E R L S EREC O OCTEERESEET LI &IN5,

WaEmTHEMSs 1EUE chooEsiognlLT, 792747 F~7 (RI1) OH
ERLUHEEBCYBAR L INL Y)EBQEOHmOERBEED T L, HAMS 258
EICHBMAHETS ORI EEABEORERLORARBS 2 Lo, REBTEER
RIOBREGEMELZT T A AZSEIERBENTES AM@EH L LTHAL, —H
OFE (PRI o) @HAEABMAMELELTHELTO D,

A S SEETIHOAT TORAERA S LI, HFRAKREELL [ Fr2 207 %77
N T ATEE LTHEEAORMERBEAIER L, BENE TR EST LEHIDO
TS DEWMEZEEY, RIGXECHDODTHEANTHHTTHY, FAHERE -2
DREHELURE L TR R TITIE o7, _

BMBHERLZOHBICAKSE A0, IhETORBFUMESREL S S CEREHKTE
tiifaiiﬁﬁhkbtoHHM534F11ﬁSQE%EwM:;5 e (5 900Ci) OMH
HAMNEBHMBMAKEARSSF > T TEBOT > EMTET,

AWE EHHNCEATIRNEEROEN, HELAROBELLUBEHFET RS
B TE LA ADT, ARTER IO BRI o TEE LN EBSNBNEENT
H 5,



JAERI -M 8752

2. BMEEGEASOE/HNLE TORE

MAS 2FES Arned ABRBENMES (BBE 1 5m, éi(tltgﬁii@%%&ﬂ%@“) WX T ABM
HMEGERLO FLOETRBRAME Lic, FHC O DOTHMBOSBRE LTS, D5l H
AMERL, BARAEFINAmOSERTFFABESLICR I HERBERIKGTLIHADLOTH
D, BEBR TR ORFEHSF + 72V B EOERICHER LTV S,

BMAEBARIL & LTEHIMTRTCHRHELTAEEKTZ Ir (6540C1) & P (1
§8Ci) OEHHMNEZ, CO_REBEORIAEBCHAETL Y, sINEESL BRI
FHFERRAEHFRS (KEP) ARG T HMEREER AR (REM) OMTERB LT
WEBL R, BELE "l BEBA»SARTAV F -7 B2 (K ~HEHEERRI
WA (ME 1 Sambl8amd " HE, HEHEANEREBT) 2FoTHELTHS, P
RS L THERTA8EDHE(ABERRI £15)

D, HEEHIALGRIOBELERL TV ZBEHONORBIMES L BMEH
EREECEF AL OERAEET A LW Lz, Table 125 34111 A0E
BEAOEBA Ko/, BEORGLORBITOHBAER L EIET LT,

ﬁ@%¢®£ﬁ®ﬁf,ﬂm@@%ﬁ@%@ﬁ(ﬁﬁﬂﬁ%@%&%?)u,%ﬁszﬁ
6 Hp o BEMpImE R AELHT, MM 3E2HETI, FHHABDOI>LEIMAR
T Imbe v FET2TEENREBREMNAERERNLSET, $2, MBARKIORE
B F R EF TRBEA T o2, CO—MOEBIL, HBEHORMR PRS2 ok
CERL, BohBEBSLUOERBRABRIBRAS IF6ALIFRBIK - KKEEORFLL
BIERELL, £LTC, BMS53F1 1 BEmEAHERTe Y Y v 22, BMAK
EEE LTHEBI NI, CACEOBEMS 4E2 FICKER»SBERIIC 1 & PEE
E%#:%ﬁﬁ%@"%(%&ﬁf’éé e .

HHS 2EBE L L OBEMNS 3B, BEATA VP —7THESEEMNETHS [ B 1 #HE
BEOENOESCETIEABAE of T, BAEFIMEFRSGEHREHO *Co @ik H
DBUNBEAERORBRAT T3, CORRUABHETRERN26 b THL, B
HIAEAE%K@mbTﬁbn,QmQE%T,1mEVL%TH$Um%ﬁﬁKéﬁ?
LT EPERIN TS,

LidioT, MEHEBMAHEFSIC>OTE, COFFLAME FHESIUELUES
OREEERAZSATAE, BEBRLIUELAHRRRCTHOMAL I ENTE S LHUH LTES
ABET A LI LT, ZLT, CORBAETLHFRBIKKKRELIL Bot@BERE
FUBRESRBICOOTE, A MMeERE EEBHCT o, MM 3FELLATHI
(5900Ci) #BATA4 V- 7HE~HEHmLI, ChidbHPETRUOBMAREY
DEEL &L o,
CEEOBMEBETEOERE NORAMNE, “CoRBEZRAOTHETRE & o FI#HA
BOBBIIHABRERRABRICL o THER L7
WIS 46 B Al U BMBEEERALSEREMFL, FOHARXELRIC-D-1501 -
1~5 &g L. ABICHEABMBXAES (E15m) FRIC-C-1501—-1~2
FISRIE 8 adBERIERIC-C—-801-1~2 ¢ LEhFN2EBELERCELTL S,

-7 —



JAERI-M 8752

~ F
w E — v & WS E A semiez|¥
S0} 9/t glzi'ewel m& mm £
~ | UE
[
(BRER GEIVEXY 3 Lb Fr 1 _ ~ Mz
wE o we v vaE 1k
- ] ¥ 2 ,,.\_uw...\ H 3
CBE FORE AN ' 8wl 8101 1/6 — B #
L By A  BE EQW‘VM L iiE
o1 . L : ¥ 1 552 w v
Y zen | (16 ) B b B X
ALELN «ﬁwﬂmﬂwm
i AL s e e e
‘ i ) N i) = =il [ : _ :
b BEOrgdi, TLHER ._Nw.n“ f SH_ER Un..r. & We _ﬂym&‘z EHHEJS@H FH TR { B % (N8
[ I i 1 f 1 = F T Teawa f AR
WEZSH.L-NNVAYE
L (R W R H I RE R GBS F W I WY SH I WEISSOHE E .
I [
B
ALl - °
BHAET. A +2
g h @ kR FRT , 12 GFAFEH W - Jralgus Hrigue TLxFgE BEHUEE B e
r ] T T _‘W_WMﬁﬂl—.blml_ I — r 1 I T T 1
F1TEFSHENTEOITEGITEBI H2ZTHOI HGI HEeT HET HEZI H i |Hell EINIHOI E61 HEel ELI EQ] HG | BP| HEl B 21 H | -4
LTEGO28 H2CDiEE K&
an1ioead
pue s8eyord uociielI0dsuEBd] wg @d4&1 ay) 10] s1sa3a1 2yl jo weidouid [eludwi radxs Jo uosiaiedwop I 919



JAERI -M 8752

3. BlHEIB M#E R

BB BMBEABSORBELFigl LRYT, il FNOAREIFMOHNEREST HE
BECLABZEFROABOTINE X1 ImDKX AR IMAEEATHREB LA LD R
LN ERERE L, 1, KEOAEIR S TEHFMICEESE S OmDLIEMDOT 1 ¥
MEBM - LT24RBESHTOE, EONAIC AR EBRICKREGRE 8HERB L1,
EBICEMONAZCERENM E LTREABTEHO 17 (HE 8 m) MAEEEINTO
5o
TwiiﬁA“LﬁAd,iﬁ%“;ﬁb&Wﬁ“:ﬁbfﬁﬂT%oiﬁﬂ”;ﬁA&
M= h o, BIREFSOHEABS L ETREBINTOT, B TRICET S5
RASENZTTImELWNNT 5,
A E S (NEMEREgT) &, 7ri=vsa=ohs@REZET R, AN~
R s LY, ABRTEE LA MAEESENE TR 2L B pNICHEREL T
AL 2B A& D,
PR, BIRMBEREZANS SELIORICESATOLS, TELTREMOBLH &M
HABECLOMHEROERBECRHE L, CORBRELFIig2ilLbT, btk XUHE
WHETEHSOWEWI S LTREMENZ T TE S,
AlRHEED HEISaTAT Y v AMTHELLEBEEBETTE TS, LA T 77
Ol EIL LD LEALOBHHLEAZANTOROBE LTSS (P 270 -F Y I7EE)
TEMORE AL, BENHESIETATOIE LEFARCH LT LIS DEA7Y
EOHRULANNSTE 2, BMOMEIZ Y ) avyT as vd v 7220 TEBEERR KSR
AbmwxﬁtbtoTTE%%bggMﬂm%E%K%?é&ﬂﬁUﬁ®ﬁOfﬁéo
(1) ABROFTTz2 CRENSO <47 (¥ 8m) 2HE o THENORRARELED S
L DT L7c,

2 BHOLHIHETOEROHEENTE ALK, PiglitlLhd 24871480 1 &
Aiti, CHEARAMSERSKIROALESE I I LT,

8 EWBATEDAIHAFRICOLTHE, BLFHFTEL P OHD2 LSBT NES
EEBOEL DI EMTERLOL DXL,

%ﬁbt%ﬂﬁ%@%ﬁ%%,@ﬁ%@ﬁnu,—&%@Wébf%moﬁﬁﬁﬁ8m®
REMBO A S EGHERERR U ALLEREMEOC Y « Y EFA L, 1 5alFOR
MARCEBERG, FER»OBEEERELTLIL, AMELTOLERECHRESHLI L
Mbmotfcl bd, TAUZERNOERAEROSZ VL EOBHPOEN LI,

BMEXREDO LTI I 7T HOMART, 7x—7 )7 FMILOWMETHEOREAESL LA
ERT LA, FELUCFSETOEEGEM L LTH AL LKL

BEEROABRRLIMTERE, 1.24mTH0, BEMORERIZL 84 0kg (8l
HEHB810k) THB,



JAERI~-M 8752

3.1 BlHEETBMEZEHMOReHAR

BMESEHOEMCE IR EoEED, ERBHIE6RCIHVROLICEDLSNT
WA,
1) AETLIEAKROCERNNL 0allLTHsd I &,
@ BB, o, BECBRBEIIENTESL I &,
@ ERbCPRINARERLCREOSENL, BHZTCL0ER, BEFOET LEL
NI &g
@ LEOCHEHINLNLEIC, o, BESAREACEASHEONIKNLEL I
HEBILEALT Y — OO ST EOEBEAELoN TS D L,
G ZEORFHRULEORSEAFENFERMEET V7 JBEHAELMAZL10000
gaCi ) A2 2T &,
(6) EHOBRABRHBEEM2 0 0mrem hr 2227, o, KEro 1l mnE
BT ABRARMSEEN] 0mrem /hr 22 271V &,
M EHEENLESOFESICAELSEYE, Tofons (RANREMOLARE R
AEFNOENHOICES) sl sh, XEEEINL TR L,
é%ﬁ,%ﬁ%@@@ﬁ@%&&bf%ﬁ%ﬁ%mam;ﬁaﬁwgnfwéo
(2 5 0mm /hr ORGICMELT 2 KE LEHHIKE D 5,
b BEHMS000REFTOHMICE-THR, L2nOESLoRACHEBESLEFT &
SICETERE S,
© EEOSHICMETINE T AHNEREHBEIC01 3k, of &3 TR 72EICH
MFTEZHEOS L, VTNMLAETOLDE24RKRHMA S,
@ BE6ky, HFEI2nOEMNERLOEL, I1mOEEIHOWMER DR LH Y
AICET IS,
@ BAOHEN3SCTHLEEC - HEKET S, FLT, CALOREFIZEL
FOLOHENE LTOBSEERIRIZLLTHEAITS S,
D EEOEAKFBEEN20 0mrem hr 22 20T &,
i HEHEAECEMEHNLO 2mCi he Z AT &,
i) m%%ﬁ@®ﬁﬁﬁ6@uﬁw150b(@ﬁ%ﬁ&bfﬁﬂ?ém%ﬁﬁ%%
CHoTIH82T0) 2T AN &,
v) EFHOKRMEEMNTLZOCFAEEER (T4 7 THREENAL1710000 4017
a) 2T ALV &,
Dl b i 7558, RIOBEOMEREICEIS 3 LEHAHRHET SR
ARBOLHOLOT, BRTIERFERR LKL,

L1 AERER

312 K®E-DOUAR
FigBEJUPMtQIKLbﬁiﬁﬁ,ﬁ%%ﬂ&i%®lhﬁﬁ(90§%%)K

-5



JAERI-M 8752

v DB AROMT, WEDUTAEAS5ETI OO0 0mn hr DFE (RATIES 0 mm
Jhr THAMGEEFIOECOKAERES DU ) ICHE T 2 KR IRAIIODILORE D7,
KB oEAMTEN ECKFEICE S, SoRKEKOKEBTIE L LI,

FORE BERBOARKLELZ DO THELANPOFTDLSAKMD LERBHEIZLAE A
LA E KD A o L BB T8 o f,

3L3 L2mETRERR
X OBERIT1 84 0keDcw, HERLIGETERHILZn THS, 4 HEESH
EREBH /LY TIAY o FEEALTRO LY, #FI 0 - FREB LR
g FICE FE g, |
REYOE TSR, ATHOWRIIL S TEARELZT S L2 0KF, #lo, #x
O3 HRANSIEREB ST o, CHOCHERAFigd il LT, AREHEFEARLL
MEOTERE, BEECABRESLOIEAEROLE S 77, ROMHREST
£, T ERoABREACI HEESORGICH O omEES (AS—-1 000
TA, ENEEKKICED, ETRESTI2MEEELME LBFER & L, 2O
D KMEEMES Table 28 LT,
31.31 #ETFHBRER
Ly ksE b el
Jkﬁ%‘ﬁﬁ@ﬁﬁéLT:EE&TJ‘?C&%?‘%#)L/KBZJ%, Photo,2 L FPig il
T, BEIMOLII, BT Lo THARTEARO LB LIZHIC2T TH LT
oA 7 (W FTEET) BEAEI 1lail b, 3 3mDEIICOI2RNI,
T AR 7 A Y NI AmmOBEST 2N, TORIC, BTHDK
sty O C 2 o MEET I L A2 BBNESEMEIL, EAWN1L353TH 57,
BAEEESATHAROTE LI ADS M Photo.3 K Lod X 3D LEsio
o, ERCOBOMERSOBEEICRI DG AMEZEHOEEMERL T FRT2293
GTHo',
(03 MoHETHAS
R L TSP LMWL SOOI IINIEIROER L OE FSH 1,
EFpoLE LIEAETESFEDLIENAE, Photod BLUFig6ilLd, B
HEMOL AW, BHEBMDEHBU S THEABEL 6milbicy, 4mDEIIC
Dmt, T, WEBRTHWI A4 TR ROEEEICLY, BAEZ2 O, B
1o sht, OB, BMESN ORI OREAEICE O 2 foMERFT I X
ZERMAEB I I TOTHo/, BHAKTIE, Fig6 D2 DL ICHBCREIR
WREBICLIBEYSED NN THot, BERHOEREB > CMAERF
LIAmENEELIZEA422GTH o,
(il HFEHETER
WaETRBEOREAFigTi2Lvd, IO L DD, TEHRE A b d il
ERELIZIZTTHo I,
BRALTE, FRTAI =T A =2 aSBIRETHEA3 om OMEEE L, AR

—6—



JAERI-M 8752

OEEHFigTO2DE2ChHTNCERELL, BEREOETIZ 2T A MEEST
HEEMEEMN2100THY BHEEMESFEORETIIROMFILEODEIZ4 25 G
THh o1,

314 HmRA®

SEOCTEFER TRHE EZHDOSHIIHENTITELNITA XS L, Photo 5L
T LN, BESBE 27 - PREDEXS Q@I EICFEIKBE, 35IIBXS5
mDFEEDOE, T LICHERT 2 7 (W4 5k 1) 22BEIFELTHELD
MmABLHICEA LY, 8879 v/ OHMEBITT 949k s, WHOCEET 80 Okg
ZMAZAH5E97 49kt b, CHEBMEMERDCLIFINASTIERETHoTLOH
EfeioCnd, CORET2ZARBREBL, 20RABBLTTERELZT o0 LT
Al G RREFAL N oI,

3.1.5 EHEAR

HEtsFEs LT, EH6ke, BRI 2aDBRMmELEH L, 2REFig8DLD
I EAMN L CEEILESE, MEROEORR LTS FRSNA T HEHRBIITT, £
CIHRBEARA LKL, (S0MMREET, FL rORANERE2TRDBEVINDTHL,)
EORMMOCEBRBEOTHITOSI NI mDEUENI S, BEE LI, BO®E L /A
02 mm DN & AR D72 T, IS S DR IE I o 7,

Lt omsEmXsicdL, MEREaEOoiEsTariRESATOLES I EEER LI,

32 EBEHHER

(1)
BB EED HOEHBRBRETTUEELIORREIRSE S ATV S, HOED O
B, ZEARLERERCLIHENARBRBR THL, THNHELIAMLEERCERE T
DT HEIE L7,

.21 RER®

BEABMONED, BEX15mDKPEBERR T RHERESEE2 LI EDTH S,
CITEHEES 2 THRALIEmDOMEMDZ v I RICKE—FIZhRD, Togils B lE
BAEMHT1IS5mOFEIICHEST I L[4 C8HHKRE L, BBRICEA L4
M BEREBIETONILHIEC, YV avIT s vd v 2D TKOEALZCL D
WLTH®B, 31, BEEAICEKEESF + 72008 -2 UHTERET o2 (DX
BRIC A BB, Bl AEBRICERAN R EEALTESN Lk af & L, ABKDOREEARIC
LOSEORALToT 3 , SiIHAEHROAELFEFH LAEHE, BRAHF + 71D
ASTOAEBATRI OREETL2NHIET 20 IBHBRLEDILLHTH 5,

3

o t,



JAERI-M 8752

3.3 ERRW

iz " & PTHEoT, rBRESBRERLT S, SLKREELT VI =0 LF
v TNV, TERESRGETEE PCoBIU "Nag8iEh s, P ABEBETE O,
FORBBRPERACIDEL2CRE A S, P CHEXBLENT oA, Loy HRiZ
H~NTrind BELNIOLHIELE~OEBIBHRTSE S,

ey, FAI 2T LFALEL (ALO0OS50) IKHALLA Y YT ALY ¥ 383
¢EJMTRT2 0 BMEMMEFRTE2 x 1 0'n /odew THE LTHET 3,

RN TR REOBERNUMBERSLCENOCERGECLELSEBHMEL Table3
i Ld,
BEMOERFELTOMNOEANBEALF LT, REUMESODE (1 5m) Db
WERICES T AL, MESEBLURBEMESORFMAERA LA#HDPAT v A
MOFERBTOERODELE|MAL /2,

BRHAEICIKRDOAR T HE -7,

D=K§
I =Bl,e” #4X
D IHESICBITA27BICLBEE (Rhr)
K:1CiDEE» 1onOE#ROEEE (Rhr'Civ'at 1 m)
C:mEOREE (Ci)
d HEE»rLWNESITTCOESE (m)
I iEREOREE (R hr)
Lo: BERAOHER (R he)
B:ea KT »7HE
fo ORI EE (o)
x [ EEEDOES ()

COHBRAAOCHBEOBEHROHEETVOFEERD I LKRKESFMOLEDEFig, 92
MEEOLDE Fig, 10KLDT,

HEREBA Tabled M LOT RBASRBEREC T LELTHEHEST 20 Il THD, ¥ r7 E
LD "Co b MNalldFHEEOR LI EAbhofl, THRAIAMTOREENS (Lo
TORERIE, NEAITORENLBEFRICE~NTE», ETRBFRNKTHORMD X
FULARMOSEOE INEZICA TR HTEL, L LEaXHs» o 1l mBin i
BETOSBHRIT055 Tmrem,/ hr THH , ERFALEHLEH L I mBENILUBCE
FABRAMHBEENSL Omrem /e CARKGEVIFRENSE B ETHELUBTHE
T EMbd o i,



JAERI -M 8752

3.4 HHAMEHEE

HEWBEAC L RABFETH, BABREMN38CTHARE I AMBETIELHRTL
Tind, SNORBTECORRBEA I ENRBETH-OT, 196 8FK
LLawrence Radiation Laboratory BHE LIZEZAEICEI(RESAFE T - FT
HAETRUMPE2RWTEHFEZT -7,

BT AT Y 20&BELT, BT 7 VOBABEEIFHIIE»P T2 ED E LT,
FROBRENIABAALOCABRENCLAMALEZ TR HRIEEAED,LSR
ﬁWQE%ﬁﬁ&%%K;é%®t?50E%ﬂ@®i%%@%ﬂ;%MﬂHJAE%%%
OEECINEFAKEBHTIEIB8 00 cal /A, M TEO cal/al, T LT ik &mTHE400
cal /ed DE#EN 1 H L 2RMAKNT 2 EER TS, BaoEMmiz L&, Wi, T
HoOWTEhb—RICIREZZHL20Ed 2, BARNR LT IBRERCETIEAMTET
i, MEEOAELTHELSLAL, CAOORROEE LB LI UBREAEERE Tabled iZ
L¥Hd.

TEOEE S FaoilLbd,

a) BMIXMEALORMIAZAQLE, REEHA - LTESATORLN BT 215

Qs FIMBMBERQD OEBRBILL KB OMTEDINS, CORKHESNIREQ!L
B ERERL DBEAEAOEAS LOREHCE o THF SN CHBEREE & X
[EDOREE (J0) BSBETEY, JHROIDIEELZOND,

Qt =Qp +Qs
o = a w2 AR
A0 :Q_t

AQ

ARBENAZTONFZIAE 6.6 7 o
A BEEE=00056 cal ol sec C
Qp - M OEATS 0Kecal/ hr
Qs  HEABLE»SOBRB+EBABMEH»SOBRBA 4 9 0Kecal hr
Qt ! ABHEEELSE I LA
b) Wk LHRHME (Qp) DFH
W45 s P OLREBABQp A CORIOMNET A F - ( PPl =145
Mev P = 1.7 1Mev) ma~THEERSNS ERELTHET B &
Qp = [ 654 0Cix1.45Mev+188Cix1L71Mev Ix37x10"x
3829x10"=50Kcal hr &85,
COEBHEECETIRESTITRUMPICEODHE Lo, Z0BEHOH.L K
MBI AEHSORESTEFig 11 LT, /2, COROEXEHOHESR
EaTableb it Lovt, Fig. 11 0L CmEDOEFHTEORE ML, BORE
<, WEHmERE (653°C) , NEERE (8077C) , BEMMESHOAMm (87.9
G) UM (8 9.97C) ok, WMBoHELS—FSL, sh@EpETREL
AR AZBRBENGCNLIERNTHL, CHALOEE THED O L CHET

—g—



JAERI-M 8752

IR TN S AR LI,
AR IEELAALES, AKBEFCLAAFKEUL OIS,
H, HARCEBENSE, LidoT, ABRLBBOEEZJUVIROLICRKDEND,

WMEBNORRED

5 0Kcal /h
40 =22 8 ' —~ 04T
Ad 6.6 7 =2 0Kecal “uf. hr, T

LichioT, BERIBATCOLRFICEETVMERNCHEIACEIRBERICL O ER
T ARMEUREDOBRICEAREEES ZCLUT EV2ELATHCHEELTVS I L%

R LI,
DFro@aEswss FBERERBICE T, EMRANCEA LI BEBME XM TH S C

LR LT,
FREELSELLT, ARHSARBESNEOREDCLHIFoimERSE (OPU-T77

Y-50KE) oMEHCE T L2 REEL2EECLI,



JAERI-M 8752

Seal
Upper stee| pipe shock absorber

Jacket lid

Ve
/" _Aluminum honeycomb

Inner frame work

Drawer type contginer
e
=
=
=
=
4 ‘é Ply wood
1 gﬁi
Uk
' ‘é Lower steel pipe shock absorber
Lead shield
Radioactive materiai

Inner steel cylinder

T

Through bolt
Fig. 1 Construction of drawer type package
2
e S &
TN )
‘ =+ R :
A8 0w
/ ==
14 2 Steel pipe shock absorber
B 230 75 £
205 Section A-A
770
Bolt joint  Lid Body
[ B/ Steel pipe shock absorber
;o
A L7500 o S S
o E;’" ¥, _ts ﬁig\ .
- - :h:‘:h] !
I T 9 |
A [H il
= 45
Section B-B
B

Fig.2 TInpner frame work



JAERI-M 8752
i
B e | .
; = )
+ ¥
| & ||
—S [ o
9
% ‘
|
| Packaoge
:
= 8\
| &
i A Steel plate
S e Li_l 1 ’_’_') . ,L jl
[ | ' |__&
RN NN
Fig.3 Illustration of water spray

Photo. 1

VV

ater

spray

test

test




JAERT-M 8752

Wire rope !. Horizontal drop test

2. Corner drop test

Wire rope

Package

3. Vertical drop test

Wire rope

/qug

1.2m

l' E : G meter
G.L

IFig.4 1Illustration of free 12m-drop test

Table 2 Maximum G value obsorved at several location on

the transport package in lZm-drop test

Drawer type package [Cylinder type package Cylinder type package
{Pb 15cm thick) {Pb 15¢cm thick) {Pb 8cm thick)
Test Gof jocket |G of cask |G of jacket |G of cask |G of jocket ‘G of cask
I 135 229 497 266 201 230
I 97 422 115 t15 165 94
ji1g 210 425 80 115 126 152
¥ 1 : Holizontal drop, I @ Corner drop, II : Reverse drop
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Photo, 2 Deformation of the upper and lTower

steel pipe shock absorber by corner

12Zm-drop test

I Iy 8
1 |
0] —_—. {3
& < i 310

Fig.5 Deformation of the outer side of package

by horizontal 12m-drop test
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Phote.3 Deformation of the frame work by corner

1.2m-drop test,

Photo. 4 Deformation of the upper steel pipe shock

absorber by corner l1Zm-drop test,
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460

),

1. Steel pipe of the package

——

Crack by coliision with the cask

E"’—e\rc z 1

! Q Ny
_ Y

S
150

0

& 1 3

2. Support of the inner frame work

Fig. 6 Deformation of the outer side of package and the

inner frame work by corner 1Zm-drop test
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. 1. Upper steel pipe of the package

, ) Aﬂ I @
i
~L = %] ~

-

2. Support of the inner frame work

Fig. 7 Deformation of the outer side of package and inner

{rame work by reverse lZm-drop test

i

Photo. 5 Compression test
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ig. 8 Illustration of penetration

test

Table 3 Characteristics of r-ray radiation from isotopes in question

1.37(100%)

. Activity Rhm T-ray energy |Linear obsorp-|Thickness of |_
Radionuclide| ™ )" (e ot im) (MeV)  |tion coefficient | lead (cm) DUldupfoctor
0.6124 (5.84%) |
R 1% 6540 | 0.48 [0oa68(677%) 1.34 15.0 3 3
0.3165(100 %)
60 -2 1.33(100% ) .
Co 5.046xI10 1.32 0.669 15.0 4.3
1.A7{100%)
= -3 2.75{100%)
Na 555x10 1.84 0.476 15.0 3.7
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Table 4 Radiation does rate of the several locaticens

in the drawer type package

{Unit : mR/h)
Radiation dose rate Radiation dose rate Radiation dose rate
of upper side of horizontal side of lower side
Container |Package [The position| Container |Package [The position; Contalner | Package e position
surface surfaca |Imopart surface | surface |Im apart surface | surface |Im apart
from from pack
92, | 0.238 |0.0392 56 x10°| 12.6 | 1.66 [0.236 |17.1 399 |0488
60 -3 -3 -4
Co 0.155 |0.0255 [3.65xi0™ |1.27x10 " |L.67 x10 —_ 0.824 | 0.192 |0.0235
24 =3 -3 -4
Na 0.370 |0.0610|8.72x10 [1.96x10 [2.58x10 — 1.62 0.378 |0.0463
Total
radiation | 0. 763 |0.216 | 0.018 t2.6 .66 10.236 [19.5 456 |0.557
dose
Tahle 5 Therma! characteristic of materials uscd in
drawer type package ( Pb 15em thick )
Specific heat [Thermal conductivity
; ; 3
No Material Density{(g/em®) (cqi/g.°C) |(cal/em.sec®C)
-2 -2
1 Lead 11.3 3.15 x10 8.333x10
-1 -2
2 SUs -3049 7.89 1.26 x10 3.805x10
. -4 =1 ~5
3 Air 2.16x 10 2.46 x10 7.555x10
- =1
4q Carbon steel 7.85 1.1 x10 1,222 x10
. -4 =1 -
5 | Atuminum honeycomp 9. 16 x 10 2.42 x10 . 1114x10°
6 | Ply wood 0.377 0.6 2 .52 x16°
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Steel pipe shock absorber

Cylinder type container

Radioactive materigl
Lead shield

Adiabatic material
{(Vermiculite }

Jackct body (A)
Base (B)

Steel fin—|

Fig.12 Construction of cylinder type package(Pb 15em thick)

Photo, 6 The hanging state of corner lZm-drop test,
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Photo.7 Deformation of the upper protective cover (A
by cocrner and reverse 1l2m-drop test,.

180
L)

1

®  TT—T 1

1. By corner 1Zm-drvop test

|
et .
o v e e Y-~ Diarneter befor drop test

7

g844 : |~ Diameter after droptest
FB62 |

5
ol . e
T 1

895

—1 1

2 By vertical lZm-drop test
Fig. 13 Deformations of package by free 12Zm-drop test
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Fig. 14 Mode!l used in the calculation of radiation dose
rate in radial direction from the cylinder type
container ( Pb 1lhem thick )
Table 7 Thermal characteristic of materials used in
cylinder type package
. . Specific heat [Thermal conducti-
/cm?® .
No | Material Density (g/cm?>) (cal/g °C) _|vity (cal/em-secC)
1 L.ead 1 1.3 0.0313 008333
2 SuUS 7.89 0.126 0 03803
-4 =5
3 Air 9.16 x 10 0.242 7.555 x 10
4 Carbon steel 7.85 0. 11 0.1222
1l
5 | Vermiculite 0.57 0.19 1.944x 10"

1) @RT7AINZF (K.K) Mi1-5206-02-295-S

28—
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Fig. 15 Result of analysis of temperature distribution in
cytinder type package ( Pb 15em thick ) by TRUMP code
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Adiabatic materigl {Vermiculite)
Lead shield

Steel fin
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Fig. 16 Construction of cylinder type package ( Pb 8em )
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fig.17 Deformations of package by free l2m-drop test
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Table 8 (Cosignors certificate of BM package
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O-ring
Security seal

Quter case
0\ 0 Q [=]
o ';:—_—_::T.____:ﬁ
° = '
o %;{ /
Aluminum plgte
e Vial \-.; Z
§f a
Rivet Absorbent i
}ir_%J:Ja__hj -5~ ,,,D,y,_;
Cylindrical cask (Pb Scm)
Fig 18 Construction of A type package
Table 10 Specifications of absorbent
\ : . . Weight of absorber|Capacity of absorp
No |Absorbing materiais Size (m/m) (g) Ztion (m4)
ﬁoc 84 Cylinder fitter| 1° h
. 1 1
1 Daper 28% x 75 4.4 8
%b
2 |Hard cushion 35 # 1.1 3
% C
2 |Soft cushion 35 # {.3 i1

¥ a)maode in TOYD KK
% b.c ) made in HOSOKAWA K. K
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(1}

Cask 1s covered

in a steel pipe

Cask is covered

in a steel pipe

j
!
i

and play woced

(8)
Cask is covered
in a play wood

case

Photo, 8 The appearance of the trial A type packages before 1.2m-drop test
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