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A Study of Isolation Concept for Transuranic Radicactive
Waste Isclation System
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Abstract

The amount of TRU waste is more than that of high level
radioactive waste. It is a rational way that TRU waste is
isolatedinlarge—scaleopeningsexcavateddeeplyunderground
because the value caused by an exothermic reaction of TRU
waste is relatively low.

This study aims tocreate the concept of TRUwaste isolation
systems according to property of waste. In addition,it is
carried out to examine fundamental dynamic constants of
engineered barrier. The following are results at this vear;
1) To consider the property of TRU waste, the volume of TRU
waste, the property of engineered barrier and the rroperty
of rock,and to create the basic concept of TRUwaste isolation
system.The results shows that,we can create four types of
isolation systems. These names are extra large-scale
opening,large-scale opening,tunnel and silo.

2) To examine the long-range dynamic phenomena of isolation
systems, and to analyze about consclidation and change of
volume.Ithasbeendefinitelyshownbytheresultsofanalysis
that change of volume about materials have a great influence
on the materialization of isolation systems.And it is made
known that necessity of more study about change of volume.
3) Comprehensive data of bentonite exchanged of initially
absorbed Na to Ca are collected to evaluate basic chara-
cteristics such as swelling pressure,a modulus of water
permeability and unconfined compressive strength.With some
relevant knowledge, these characteristics of Ca bentonite
are discussed.The results shows that, there is no difference
about characteristics between Na bentonite and Ca bentonite,
if dry density is about 1.8g/cm’(100%bentonite}.

4} To estimate the cost of TRU waste isolation systems.The
results shows that,the cost of TRU waste have a tendency to
costly in the order of extra large-scale opening,large-scale
opening,silo and tunnel.

Work performed by KAJIMA Corporation under contract with
Power Reactor and Nuclear Fuel Development Corporation.
Contract No.070D0326
PNC Liaison:Geological Isolation Technology
Section,Waste Technology Development Division, Tokai
Works,Hirohisa Isikawa
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(FA# L C afbry M A FOREHE)
B1—259 ZABRELBEBIZOBR (FABECafby bia FOESHE)
K—2.5.10 BRFEE LRV M A VEEAEOBE

(AL Cafbry b g FOBSHED
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1.1.1 w4t -
FRHACTETRUBRENOLG FEE LT, BLNVIRSHEEEY & AR THRE A
=PIV BECEBRFICASTE (MBS OBsL2ERT S,
BTFesnTid, RIRFEERTLICH 70 EAMNREHEESL LTREL 2L, BE
ERE, T4 MEE, BREIMHRERSCOWTERET S,

1.1.1.1 EEFEYE

BREEFEL LCid, RER, RASE. FEER. RS, BURE, FARES
PEXOND, TOW, FRHFIBWTE, BICASY A7 AOBRICEEERIZTEE
oMb, RAER, BRFE, FEER. ARRSCEET 5,

FERBE. AHRLE. BEEFARESTERETS,
BERDORESEDRBELICOVTIL, B - BBBERELE (PNC) BozsE. ‘
ERfFLERZR (JNFL) ORitEsriic, Biie2E0 [EFHERFABEDNE] &
CETSCRESTHEERL. 2010 ERIOREEYH 0 FREFHL 2,
RBERIVAROARIE. PNCROBLETE,SHSHAR, | NFLOFLETE
L# 12 FE, RN ELBERR > TRET L-EBBELGN 10 BFEATH L, 777
LARE I BT, BEEAOERPAHE TS 2 E8FELEIC OV TR SN E T 5,
LAd o T, FREFOHRETHREEROBERIT, F—1LIIRTH0FEKERS,
I, BOF - BAREREEARIEROLM® LY, LTS L LT, PNCERU
IJNFLOBLEE*RT,
® PNCEBRESE
- 1981~1997 ; 1,530ton(=17 £ X 90ton/4E)
- 1998~2010 ; 520ton(=13 4E X 40ton/4E)
@ JNFLELEES
- 1998~2010 ; 8,200to0n
(J£; I NF LOEHEHLEER T 800ton/ETdH 5 A5, A% 2003ELFEL.
BEH L)

112



111 EEEAEN
HE -
EEyoBEE |55 | BlpE (B =p | GHRY REGRER

itk | vol% | vol% | PNC | INFL | gH&) | %)

PRI P [ E0 lm30%? —— | 4,762| 32,800| 37,562| 18.8
b VEEE b osdE [T [EL| B | #30%¢ (22,815 0| 22,815) 114
U ETRE [®L| R |10~20%3| 156 8,200 8,356 4.2
B VR (M oafr [Taork L[ RB | #30%™ 30,420 of 89,4201 152
e eiEs |mL| A% |10—20%<| 208| 32.800| 33,008| 16.5
7" GAF9 -+ Ll A8 [10~20%7| 3,803 07 3,803] 1.9

BRI FIME (pav )T
ik EE[EL] FH |10~20%7 26| 8,200 8,226 4.1

ATy Y b IE [tAviadEE (EL | A | 10~20%% 10,205 0| 10,205; 5.1
ﬁzaﬁﬁgﬁs b IAE i‘ﬁ;ﬁg EL| B [10~20%" 31 | 410 4411 0.2
ﬁaﬁfﬁ MR fﬁ;tg 1| T |10~20%%| 1,021} 9,840 10,861 5.4
@&(;Jﬁ;@ﬁ: [ 5 fjf;—ﬁi;i EL| A9 |10~20%" 153| 10,660| 10,813] 5.4
ﬁ{&(;ﬁ\;ﬁgﬁﬁ b It fﬁ;ﬁ #L| A8 |10~20%%| 3,572 19,680 23,252 116

22H77,172{122,590{ 199,762(100.0
% 17 %1225- ; 100L( ¢ 43cm X 104cm). } 74#F ;200L($ 58cm X 85cm)
%2 ¢ BEEAESIINT A vol%
%3 BEEICETREEX Y RHEICHT S vol%
—F.FE-1.11. BEEOEAP LR LIS KCRTSEIIENTLIILNTE S,
F—-1.1210, BALFEEIC L AEEROSHEHEFR T,

' F—-1.1.2 BEEREICLABEEROTHE
BREFDER T (BB FEER | AR REAREE
| vol% vol.% PNC | JNFL | @& | o

M v -AEMEALE [Frori- [B 0 | 8 30%7 4,762 32,800] 37,562] 18.8

T A7 7 EbE VI [#EL | NEH #30%" 53,235 0| 53,235 26.7
+ 2 v FEkf Ving [EL] ABE | 10~20%7}10,595| 49,200| 59,795 29.9
7" 3aF s EL R FEED)| e (L | B | 10~20%7] 3,803 0| 3,803 1.9

EEMECEE TR [odE EL| FE [10~20%| 4,777 40,590| 45,367 22.7
&=H77,172] 122,590{199,762] 100.0
* 1 1$v229- 5 100L( ¢ 48cm X 104cm), b 7445 ;200L{ ¢ 58cm X 85cm)
*92 . BEAERICHT D vol%
%3 BERICIETALZEA Y FPREHFEICHT S vol%
DTz, E-L12 R L SREAEEEORER, RSN, AEER. BRI
DWTFIR T 5,
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(1) NNV -y F¥—ZE#HBEE
O ®BE=E

100L ¥ v+ = A ¥ —[TE U T.PNC D 5 4,762 K, JNFL 5 5 32,800 4. 451 37,562

FHUFEET B,
@ ZFHSFE

TRUBEZEUCHIMERENO RS IFERAMTH 2, "V - 22 FE—RE
ZEDCBVTREEEREFS . BMERDIC L 2RAELZF LT3,

FREE BT BN - Y FE-REBELEORHIE ML LTI, 8HF - B8e
RESFEARFER L EREL2EH TS, NV - F¥— AEHEEO R4,
F— 113 IIRTEHEET, BBETE 2 — F ORIGEN2(Croff, 1980)% W TEE L7:,
FOR/REE-1LLAIRT, $/2, H—1121, E-1L14ICREhr2—OF—4 %

TS5 7L b DTHB,

#1138 NV FY—AEHEILEORBRIEELHET L 00L&

BREEEE(BURNUP)  : 28,000MWD/MTU
BREESS  |REIPOWER) 35MW/MTU
77w 7 AFLUX)  2.49X10“N/cm?- sec
FISSION PRODUCTS H(MF7h) (FE) 60.%
(B EERY © FP) (i5#%) 40.0% XAve0.05%
Kr (&R 0.1%
* (5 A) 99.9%
Ru (W) 1.1%
(R 98.9% XAve0.05%
TFRDEBEER Cs,Ce,Eu (K& 0.2%
() 99.8% XAve0.05%
Xe *(FN 2)100.0%
L EZIELSL | (B 100.0% X Ave0.05%
ACTINIDES + DAUGHTERS {Pu (%R 0.06%
(772} + IREETE : AC) (7)) 99.94%X1.0%
U (E#E) 100.0% X1.0%
LEEERLS | (B 100.0% X Ave0.05%
ACTIVATION PRODUCTS 2%E & =
(st AR @ AP)

*FHARAEHITITEEB L2,

11- 4




F—1.14 BEERIEHE
(NVIEHRORRE F v A5 —1EKH72DH)

y=hiNoY) Watts Kcal/h

WY HLE
5.0E-01 4.10E+02 3.53E+02
1.0E+00 1.76E+02 1.52E+02
5.0E+00 5.60E+01 4.89E+01
1.0E+01 2.94E+01 2.53E+01
1.5E+01 1.15E+01 9.89E-+00
2.0E+01 7.80E+00 6.71E+00
3.0E+01 4.20E+00 3.61E+00
5.0E+01 2.57E+00 2.22E+00
1.0E+02 1.47E+00 1.27E+00
5.0E+02 5.95E-01 5.12E-01
1.0E-FO3 5.51E-01 4.74E-01
5.0E+03 4.21E-01 3.62E-01
1.0E+04 3.10E-01 2.67E-01

400

350 %

300

250

200

kcal/h

150

100

50

0 ! t L i 2, B\ ». 4. %,

05 1 5 10 15 20 30 50 100 500 1000 5000 10000
b QR Y H LE

M—1.12 NV ¥ FY—REMERMES v =X 5 —1KREZ ) ORKEOFREL

11- 5



@ FHELHE

Nl - T FY—RAEMEMLES I, B-11.3 1R &9 ICBREREE L, R
ERrFLTVD, FOLEENEIT, BRHILICHBE L TH 30% (1 30L) LEbhTw
5o

REOL I A, TOREERICHTL2TEEMOFTEREIZEZ N TRV, LeL, &

BdH B VIERELSOBEP O, SROBHMITIIL o THEDL ) LERISFET 5
WREMED D 5o

B—113 V- ¥ FE— 2 EREE AR
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@ Em

NV - Y FE— AESEEIC L TR, BT 5 L9 e x ¥ MR SREERE
OBERIC L 2BEROEFRIEEC 2, LAL, LR LIZFEEREZWMIEL T
Wh7H, BEBOBEAT BT IEMERPEL LTIV S 5,

(2) 7AR77NVIEE
O EE&EE

200L FJ LAEICHRE LT, PNCEPS D& 53,235 AFFEETH, TORFRIL. KL
~OVEEAT 22,815 A, BE L IVEERA 30,420 K TH %o
@ REHEHE

FEHL BV,
Q@ FE=R

BRICBWT, BEANOFEZEZREIFRHATSH 2,
@ @HERL '

FART 7N FELRICIE., TEEOREE (25COKITH T b IEMRE 92¢/100g" ) AT
EINTVD, TAT 7NV FELEOBTRE~NOLAFICBCTHEESNSFRLLT

[7 A7 7N EIERD OWBEOH T AANDOFE] PELbNS,

FAT 7N FEERICIIHEBREFRATERD 50%BEEINL TS 2720, HER
EARETAI I YT A7 7V NEMEOBREFEL 75, OO, TAT77 N

CFELEFICE T AR AR U TOREICETEEEL

OnEset

< FAT? NV IEMEEOLEY 14 L7359,
- WEEOEFE % EED 50wt % & § 5 2,
- WEEtEE, &T NaNQ;D{b¥REL T 5,
+ NaNO; DHEE 2355,
OrtE#R
BE{LRD AT % Vs(em?)., NaNO;DEFE%E Vnlemd) &5 &, KR D L2,
2.3XVn’

=0.b
1.4XVs

Vn = 0.3Vs

PlEXy, 7A7 7 bELED 30vol% (#60L) 2*NaNOs& 2, HEHIZL B4
BRPTEC LRI D 5,

HhB, TAZ77 NV IOLEZ, 101 Lhb, ZOfEF, 70— Y727 7))V FEED
HELIZIZALTH 5,
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8y XA FELE
O HBE=E
200L F AHICIE LT, PNCE® 5 10,695 &, JNFL 25 49,200 A&, &5 59,795
KPRET B, TORRIL. ELXVEERED 8,356 & (PNC ; 156 &, JNFL ; 8,200 %) .
B L~V BB A% 83,008 & (PNC ;208 4, JNFL ;32,800 &) | BE L7 8,226 4 (PNC ;
264, JNFL; 8,200&K) , AJ v Y 10,206 (PNCDH) Tdh 5,
@ ZEiFEk
FBHRLEV,
® FHEEHW
BHRICBWT, BEAADEEZEZREEIFTHTH 5,
@ FREED
T A Y MKAYFOKBEA N T L (Ca(OH)2) i3, SO A F VR Cl ERIELT
AEWD CaS04-2H:0 (FE) # CaCly (BEANT T L) FEE L. BTABICHEH
Th, OO, REWNICIE XY FAKAYORRESITEL S, LPLEYES, 20
HREBIEREENICHESI L TRV,
FITEBIHICBVTIE, TBRNV IS Y FEAY Ve ERAL-—BM2ELay 2
- 2BRTLEEROEBEILL D, EREKBEILV VT ABEBEBLICESET
EEZ, EAY PR 10~20vol% L BRE LTz, ZORME, UTOLBYTHL,
R—1.14% 12, —BHRELI 27U~ rOBRERT. B—~L14ICTTEBY, B
fEa> 7Y — b2fko 25~30vol %id. ZERE S A v MELEEETH B, ZRIT,
BRTLIEECIVBEL, Bk v 2 ) — F 2RO~ 10 vol % THEET D, 7=,
KEEL AN T LOEREL, (CS+CS)DENERXY VEED T5%DEES (BEDE
MEF V7 REXVE) | 40wt %? THAEZLEEBL., LAY FAHMYWOHES (&
R 10vol.%85) LRELK. TOWMEDAEFFL LT, BiBDEEREL Y
OEROBELEER
X DB O AT E L AEEILRB L SV 2R
- BEIRFDOBTETBEC & B 2=
- TR EOARBIC X 5 25/
- REEES (ARHSE) 2HWL 2 EICE A8/
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I (w7

rt— (25~30vol %) —»= FH(70~75%)
7e| &2 ¥ bk _
e e HMEH

Ca(OH),

EARFE XY Y
[ (C58,C,.8,C3A,C4AF)
Y ILIYUHLF, T/FNT2— b
EEILIE \ C4[AF1H;3
Fid
AN DUEIR

E-1.14 #Earry-—+ DRERD

—H. RS hi CaS0s- 2H:0 i, £ 2 > ME{bfRF D 3Ca0- Al:03%° 3Ca0- Al 05
6H0 LG L, ZhU ¥ H A b (3Ca0-AL03-3CaS04-32H0) LTI AMERE
Bt b, COBRIKEROBE 2, BILEOVUENCHIELFIERI TR D
o fAFICBWTRIOBEEEZERME LTHBAL, 77 7 M2y 2) -V &#H D
R ORME., SOIEEAV 7 LAPLADEAICEHSRA TS, L LEXEL,
FRENCBITBNG Y AT LA EEANDFELWIBREAI - ERYBEELEALDL L, TO
BiILTHDL, Lo T, WHVRATFLAIERN R A—VEHE2E1E3F212L
Wi, RIRETTCIExRA L Lz,

&) TIAFvrEbE
O REE=E
200L F5 LEICREL T, PNCEBRIPLDA 3 803EPRET S, FOETH., BEE
THhb,
@ ZRENEFHE
BEL LV,
® FEZR
BRICBWT, BEARNOFEEREERAETSH 5,
©® FHEEL
Ay FEEE AR FEME LTHwShTWA X ¥ b RO 10~20v0l%
EERELT

(5) ErbELE
O E&E=E
200L FJ AHITIRE L T, PNCED» S 4,7774K, JNFL25 40,6904, &35t 45,367
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ENRET L, TOAFRI., EKUNVHEGS (THRE) 474414 (PNC ; 314, JNFL;
410K) | BV VHERE (B 9710,8614K (PNC; 1,021 4, JNFL ; 9,8404) .
BELVOVEBE (FTHME) 2710,8134& (PNC; 1534, JNFL; 10,660 &) | L
~NOVIEEE (kL) A723,2524K (PNC; 38,5724, JNFL ; 19,680%&) THh 5,
@ RHHFE

FEEL LV,
@ FHEZH

BRICBWT, BEANOEEZEERARHTH S,
@ HFERL

A FEEE FRRICFTENE LTAWLNRTWA 2 Y M ZHEO 10~20vol.%
LBELR, |
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1.1.1.2 ¥4 M

F4 MERE LTI, BRODESERCAEEE, ABEFCERT A HSMARSE
FELZONE, ZON, FRFIIBWE, EREERICKREEETLIERONFEFE
EELTEET L, BHROKEEHEICHL TR, BIELZL IR MIEEE RITT
BAREBICEET 5, 7. FRFTRBBLSZHRELTNEI L, EHLITRVAT A
DX HTRY 7 VA OBEI»OFMET 52 & 2HHRIC. ABEFBCERTAHEH
HRiowTikagse 5,

(1) BRI
FEEHCHV ARG EONEERL, SRESRERLERERERLTH, BBOT
FHRESTE., EREEFREBCEHRCEL A TAEES L. HEESRSBIIEELR
DEFEZ FNFRRENLEE LTS, T4, EREERERII VT 2EBE W
E%, HREREBICOVWTEIEHEOYHELRIFBICKET 5, B— 115 ICHBFICH
Wb EBRHELZ T T,
F—115 TEUHE

itk |EAARES | R KT v ik | HEE (FREREEA | —SERRE
&1 (kgf/m®) | (MPa) (MPa) | _(deg) (MPa)
HREEGIA 2,700 30,000 0.2 7.5 35 118
Fai B 2,700 10,000 0.2 6.0 35 88
HRERIA 2,300 4,000 0.3 4.0 30 67
=g B 2,300 2,000 0.3 2.0 30 44
C 2,300 1,000 0.4 1.0 25 20

2B LEOSEYEEZ. BOF  BREREFEFARD (8 VN VEEHEREDHE L
SHMERBOHKMHEE —FRIEE-] (FRLFIR) 9DEESEIRELT o1

(2) B kEEHE

FBFICBVWTIE, BEOKESEE LT, BIEECICIX P CREEZ RIZTEKE
WEET 5,

BRI DWTIRBEBEOESKBHLEARPORDLFERSH L, LAL. JITIERLE
DEBRIGEVEZEX O NAERREICEIL F—2IlL o THET b, EEFEDOTFT— ¥
#M—1.1.51Z7R 7,
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10,00 -

]
o
5000 - L
. ° ° ¢
L ]
l.. L. o L
. . $ 3
[ ! ! :
14%0 L) o - o CoO0—ue o .
. ° f ac o . 600V min
i : E’ o yo o 0
560 » 'y b . o .g‘. N .
. o . o a :
i $ ° l :
o o g S LR
i/ min/km : . o& 1
[ ]
100 LS P e A
L)
& ot
e b ' &
50 . ™
.
e .
»
20 Py
Toan - T T 2. T 2 -
e L e P L A Y T A
E R OB K # P U PEXG B=LF

8 B AAENGEORR ST L
O : Frkima

H—1.15 #HELEKE

K—1.15 X0, BTHEOEENICMED B lkm 720 DEAEZ. RO L) ICEET
BHo “OEIZ, FANVEEHIZT) LENEAEOREIL—HHICHVWLNAETH S,

-EREAREE  0.6m¥min/km '

R EREE 0.4m3/min/km
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1.1.1.3 IR HR MR
2T, TRUBREWLSRRICET A LR, TR, TEARBEORITS
R oW TOHBES X URH LAMITOWTHRRS,
(1) EEmRE
(a) # bHERR
TRUBEYMSHRIIBII A B ERREHERT 5200 L LT, RITRFTHEZFET S
ns,
QO BEHR
BEAETE OREICTEHEINTE/-T RUBEDZIFSTL. BEEREAZE L
T AR, RUBEDELERAOEE LTOEER, N—-ABLUTERSEORKE.

@ mERER
TRUBEDEHE,OADHRI TWMETILONEHNERD 5 idskBERES L
B A iR,

® #EZTARRR
BEEDOFITAN, —BRE, v ir—T V7, REZ2ERROFEZ R TR,

@ MR
Sy =P Y 7SN R R AR BAT BRTO RARE 1T ) FiR,

® BEHE
W EMEEE e U CoARMmRICIT. B 7HRANR, B - A THRIUERLR L
BH b,

® Hekhax ,
H bR UCodokRiciz, BRT Y THKIERR. 5% - ST THAER R £
PHB

@ BLAaHEsR

B, KOWEHEAT ) -0 0REE. % - LEXME. FEARERME. BRkFY 7, Ik
BzEhroib,
EHEMR

EEMRICIE. BERREE, AOBARBER. —REFER. JvEa -y R
T EWH B, BAMREEOERELTIRE T, ¥ bo—il— AZzHLICEERR D
RESND,
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©® % DMhofER

FOMORER & LT, BETEWE IR -0 BHEeHE,. =) 7TEROT72 VR
i EOEERE. HhRRE c AU R PR EXKEBOL-DDEEMHE, HERDLDORE
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