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A Study for Engineered Barrier System Optimization

H.Kawamura®*, T.Tanaka*
Abstract

The more reliable and reasonable “Concepts and Designs of Engineered Barrier System
(Hereafter EBS)” has been required in the PNC Second Progress Report for HLW

Geological disposal. '
Based on literature survey for “EBS Concepts and Designs” and understanding of the
background information of EBS design, the system evaluation including cost estimation
was performed. The approach for optimization of EBS Concepts and Designs were studied

and future actions were proposed.
The items of this study were :

(1) Literature survey of EBS concepts and designs and understanding of background
information

(2) Evaluation of characteristics for EBS concepts

(3) Cost estimation of EBS concepts

(4) Rough estimation and comparison of disposal costs depended on the depth of
repository

(5) System evaluation for possible optimization of EBS

(2) Evaluation of characteristics for EBS concepts : set up the case for comparison based on
EBS emplacement concepts and characterize these cases from long term safety,
construction, operation, quality assurance points of view.

(3) Cost analysis : compare the unit cost of EBS design between PNC First Progress Report (So
called H-3) and developed for the Second Progress Report.

(4) Rough estimation and comparison of disposal costs : parametric study of disposal depth by
cost estimation of the construction, operation and closure cost based on the proposed EBS
design for the Second Progress Report.

(5) System evaluation : propose the approach and future actions for optimization of BEBS

Concepts and Designs

This work was performed by Obayashi Corporation under contract with Power Reactor and
Nuclear Fuel Development Corporation.

PNC Liaison : Isolation System Research Program Radioactive Waste Management Project :
Hiroyuki Umelki

*Obayashi Corporation Civil Engineering Technical Division
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£-2.4.2.4 (2) HTHROTEROEESE (EEE)

HEy—A HEER IiE “BEE(TFH) 8 ==Rivd B i k=

EEe |77 CALE |IBEE 991,609 16738] m3 50,043 |51.56 % 325=16738 (RIBYEEET)

(300m) |(3Lin 64) ayomILhE 1,236 15 m 82,368 |L-12m, 12/m(B O 15mE )
BT HRTE 9,926 325] m 30,541
BFkTE 19,812 8255 m2 2,400 |25.4 x 325=8255
BITE 153,231 5963 m3 25,697 |18.35¢325=5063
FOMEETIES 0 1l = 0
BERLIHESH 1,175,814 - — —
BRETHER 540,874 1 = 540,874,389 |E# TR R*46%
TR 1,716,688 - — —
—REEE 161,197 1 3 161,197,029 | TH /R H*0.39%
NEE 1,877,885 — — — HRBEEES

. SEH(63) 11,267,312
- [E=-EEE AR 9,021,694 816369 m3 11,051 |25.15+32460=816369 (RIBYERET)
avoRILEE 1,843,274 32460 m 56,786 |L-3m, 192/1.5m
wefst (18 1,893,067 584280 m2 3,240 |t=10cm, 18.00+32460
ST 125,620 32460 m 3,870
MEETRTE 1,612,191 32460 m 49,667
BIE 4,440,658 149316 m3 29,740 |4.60%32460=149316
4 DI{—FE 1,265,167 67841 m3 18,649 (2.09+32460=67841
TOMEETIRE 0 1 = 0
ERLTHESS 20,201,670 - - -
FRTHEE 9,292,768 1 = 9,292,768,314 |EiE TR +46%
THEEE 29,494,439 — - -
—EEE 2,769,528 1 = 2,769,527,781 | THRE{H*9.39%
&5t 32,263,966 — — — ERBERES
N5 E EEE 1,439,047 26514] m3 54,275 14.91%900+30%8/40=26514 (§Y2HHEFHET)

AR T Ak 1,387,800 54000 m 257,000
TOMEFTEE 588,880 1 2 588,880,000 [hus—%HT
ERETHRLS 3,415,727 — = —
HRRTHEE 1,571,235 1 3 1,571,234,581 |HE#E T BB *46%
THEE 4,986,962 — '
—EHE 468,276 il = 468,275,725 | T HE IR {f*9.39%
IVEH(TBM1 & 257-1)) 5,455,238 — — — HBBIEEET
&5 218,209,506 40| = 5,455,237,656 [s&/NFL XN ERBIEEET
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HES—X U EFE R TiE “EGEFA) = B B {ify o
-t=0 FOvAGE |BEIR 1,682,620 28402 m3 59,243 [54.1 x 525=28402( K IEY EE L)

(500m) (3L 63%) AvOmRIL+B 1,236 15] m 82,368 |L-12m, 12&/m($A O &H15mEH)
MBMTIRTE 16,034 525 m 30,541
BRK T & 32,887 13703] m2 2,400 |26.1 x525=13703
B 633,200 246411 m3 25,697 |46.94%525=24641
TOhMBEELIES 0 1 = 0
BERTEESS 2,365,976 — — —
FETHE 1,088,349 1 = 1,088,349,056 |HEizTH& * 46%
THFT 3,454,325 — - —
—iEEE 324,361 1| 3 324,361,142 | TE R {i*0.30%
IS 3,778,686 — — —~ HBRESES
SEH6R) 22,672,118 — — - UBBIEEES

FEEHEE (RS 14,288,468 1282957 m3 11,051 [37.00%34860 (HIBYERET)
AvoRILEE 1,979,560 34860 m 56,786 [L-3m, 1924/1.5m
Mefti+E 4,924,463 759948{ m2 6,480 [t=20cm, 21.80+34860
SIBT 134,908 34860 m 3,870
MR RTE 5,194,140 34860] m 149,000
BETE 13,322,063 447951 m3 29,740 |12.85+34860
A\ —+ & 3,764,096 201839 m3 18,649 |5.79%34860
TOMEEIEE 0 1l = 0
ERTHESE 43,607,697 - — —
AT HEE 20,059,541 1| = 20,059,540,739 |E##THIE * 46%
THERME 63,667,238 — - —
— RSN 5,978,354 1] = 5,978,353,648 | THE{i*9.39%
=at 69,645,592 — — — HRBEEE
M4 HLE RHIE 1,678,889 30933] m3 54,275 [4.91%1050+30%8/40 (FU-I+EEEEF)

AN )=k A 1,064,700 6300f m 169,000
TOMEETER 588,880 1 = 588,880,000 |hvs—T
EETEESH 3,332,469 — — —
BETHR 1,532,936 11 =® 1,532,935,545 |MiETHE * 46%
9777 4,865,404 - '
— B 456,861 1| 456,861,447 | T B {H+9.39%
IH(TEBM1& 81Y) 5,322,266 — — — HEBITESES
ST 212,890,623 40] = | 5322265566 |sa/ninxenillRBEEET
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BES—X| EIER I #BE(TH) #E | HAT H {fi e
ERe FORADLE |BH® 1,682,620 28402| m3 59,243 [54.1 X 525=28402( RIZUERET)
(500m) |(3Lix 64) Ay IRV S 1,236 15| m 82,368 |L-12m, 12F/m{HI D41 5mE )
BREYETE 16,034 525 m 30,541
WKL E 32,887 13703 m2 2,400 [26.1 x 525=13703
BAITE 633,200 24641 m3 25,697 (46.944525-24641
THOMEEIEE 0 i ® 0
BETEESH 2,365,976 — — —
HRETHER 1,088,349 1| = 1,088,349,056 |BHIETHER * 46%
THRM 3,454,325 — — -
—REIEE 324,361 1] = 324,361,142 | T8 /5 {f+9.39%
INEE 3,778,686 — — — EBRIERET
SCED) 22,672,118 — — — HBERESET
TE-ERhE | HEE 14,288,468 | 1292957 m3 11,051 |37.00%34860 (HIFYEBET)
AvoRIL -8 1,979,560 34860 m 56,786 |L-3m, 19:&/1.5m
effi+E 4,924,463 759948 m2 6,480 |+=20cm, 21.80%34860
ST 134,908 34860] m 3,870
M EIR 5,194,140 34860 m 149,000
BEIH 13,322,063 447951] m3 29,740 |12.85+34860
FZACES 3,764,096 201839] m3 18,649 |5.79+34860
TOMEEIRE 0 1] % 0
ERETEESF 43,607,697 - — ~
BETER 20,059,541 1| X | 20,059,540,739 |EiZ TR * 46%
TEEM 63,667,238 — ~ -
—REER 5,978,354 1| = 5,978,353,648 | T Fifi*0.39%
=X 69,645,592 - — — HEBEEEY
mortnE R 1,678,889 30933] m3 54,275 |4.91%1050%3048/40 (FY-DIFERHEET)
SRS A 1,619,100 6300] m 257,000
TOMBEETHEE 588,880 1 =% 588,880,000 |[Hva—3EiT
EHETHESF 3,886,869 - - - '
HETHEE 1,787,960 1| = 1,787,959,545 |BiiE THR * 46%
THEMH 5,674,828 — '
— e 532,866 1] o 532,866,360 | TR {H+9.39%
EH(TBMT & %fcY) 6,207,694 — — — HBBEESES
S5t 248,307,779 40] 3 | 6,207,694,480 [sB/NELxan L EBRRBIZEET
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BESr—R

(700m)

R ELE B I5E wWE(TH) 2 B Biff {igE
FORABLE | REE 2,323,688 39223 m3 59,243 [54.1 x 725=30223( IR B BEF)
(3LhT 64%) AvoRIL 1,236 15 m 82,368 |L-12m, 12&/m{ L0 &5 15mE 8}
MNTRIE 22,142 725 m 30,541
BiKTE 45415 18923 m2 2 400 {26.1 x 725=18923
BEIH 874,520 34032] m3 25,697 |46.94%725=34032
Rk 39,600 2000 m 198,000 [iRHE500~700mE RS, T4 FHE—1) & 60442
TOMEETIER 0 1| = 0 :
EBEETHESH 3,306,601 - - —
FETHE 1,521,037 1 1,521,036,661 |EiETHER+6%
TERMHE 4,827,638 — — -
—RERE 453,315 - 453,315,218 | THE{H+9.39%
INET 5,280,953 — — — MBBIEEET

_ B GEDS) 31,685,720 —_ — — HBRBIEESET

HOERbTE [TREE 15,272,184 1381973 m3 11,051 [37.09437260 (SRBYBFEHT)

ORIV hE 2,115,846 37260 m 56,786 |L-3m, 194/1.5m
Wit 5,263,497 812268 m2 6,480 [t=20cm, 21.80+37260
i 144,196 37260] m 3,870
R RETE 5,551,740 37260 m 149,000
mITH# 14,239,244 478791 m3 29,740 |12.85%37260
A —pE 4,023,242 215735 m3 18,649 |5.79%37260
wWEI & 1,475,496 37260 m 39,600 |47t~ (12452)
TOMEEIEZE 0 1 2 0
ERETRHRES 48,085,445 — — —
FETHES 22,119,305 1 ® [22,119,304,782 |miE TER«46%
THEFEE 70,204,750 - — —
— R EIRE 6,692,226 1 =® 6,5692,226,021 | T BRE{H+9.30%
&t 76,796,976 — — — HRBEIEES

o InE HEZE 1,918,730 35352] m3 54,275 |4.91%1200%30%8/40 (FYDFEEEES)
BT AR 2,775,600 7200 m 385,500 |REE50001 55D HEAHER
FOMEETHES 588,880 1l = 588,880,000 |hvs—3iT
BRETHESH 5,283,210 — - — :
[HETHE 2,430,277 1| = 2,430,276,508 |Ei T M PE+46%
THR 7,713,486 -
— g E IR 724,296 i # 724,296,364 | T8 [E/H*9.39%
DM (TBM1S M 1-Y) 8,437,783 ~— — — HBRBEEES
=118 337,511,307 40] X 18,437,782,672 |5A/NiLxsnALBARBIEEET
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BUETER

WET—R Ti& BE(TMH) | #E Bifsf B {iti 55
EmEs |7ORALE |RE® 974,686 | 13975] m3 69,745 [4300%325-13975( FIRYERET)
(300m) |[(iLig 1K) OvoRILE 1,236 15 m 82,368 [L-12m, 12%/m(POER15mE )
mefti+E 14,568 7556 m2 1,928 [t=10cm, 23.25%325=7556
BITE 53,527 20831 m3 25,697 |6.41%325=2083
KT E 18,134 7556{ m2 2,400
TOMEREIES 0 1 % 0
ERETHESH 1,062,151 — - -
| T HEE 488,590 1 5 488,589,512 |iE T & +46%
THRE 1,550,741 — - —
— A IHE 145,615 1 T 145,614,545 | T #5/E{H*9.39%
et 1,696,355 - — - HRBIEEES
| BEH(6F) 10,178,131 e — — EEREEFES
B-ERGTE (R 8727925 [ 789786 m3 11,051 [26.70#20580=789786 (RIBUEFET)
W4t & 1,344,623 | 415007 m2 3,240 [t=10cm, 14.03%29580=415007
BIE 2,313,623 77795 m3 29,740 |2.63%29580=77795
A IN— B 606,801 32538] m3 18,649 [1.1%29580=32538
TOMEETIEE 0 1 ® 0
E#ETHESEH 12,992,972 — - -
FHETHE 5,976,767 1 b= 5,976,767,225 |piis THE R+46%
TITHERE 18,969,739 — — -
—REEE 1,781,259 1 = 1,781,258,535 | T3 [ {E+9.39%
| =511 20,750,998 — — — BB ESHEY
MorinE R ETE=A 678,966 16416 m3 41,360 [3.80%720%30%8/40=16416 (FYD+EEEET)
TOhMERETEE 588,880 1 = 588,880,000 |hva—HmT
ERETHEES 1,267,846 — — —
[HETHE 583,200 1 3 583,209,050 |HiETHER*46%
THEERME 1,851,055 -
—RERE 173,814 1 3 173,814,047 | T 3R {fi*9.39%
AEHTBM1 & %7-1) 2,024,869 - — - HEREEET
5 80,994,754 40] 2,024,868,856 [s&/milxentLHBEISET
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BES—A| HERER I 58 (FH) WE By H4i s
ERdE |7JEANE |REHIR 1574493 | 22575 m3 69,745 [13004625=225T5( RV ERET)
(500m) |(3rHn 1) Ay oRINE 1,236 15 m 82,368 [L-12m, 12&/m(F# DO &R 15mE M)
W+ 23533 12206 m2 1,928 |t=100m, 23.254525=12206
BIE 86,470 3365 m3 25,697 |6.41+525=3365
M5k T& 29,294 12206 m2 2,400
TOMEKRISBE 0 1] =% 0
ERETHESH 1,715,027 — - —
[RETHEE 788,912 1| = 788,912,350 |mixTH i +40%
THRG 2,503,939 - - —
~ i EEE 235,120 1] # 235,119,893 | TR {H*0.30%
INEE 2,739,059 — — — ERBEaES
EEGES 16,434,355 — — — EBRBITEES
TE - ERNE|REE 9,577,703 | 866682 m3 11,051 {26.70%32460=866682 (RIEYEBET)
e+ & 1,475538 | 455413 m2 3,240 |t=10cm, 14.03%32460=455413
BIE 2,638,904 85370] m3 29,740 |2.63%32460=85370
VOITACE S : 665,881 35706] m3 18,649 |1.1%32460=35706
TOMEEIER 0 1] = 0
ERTHES 14,258,026 — — —
FRETHE 6,558,692 11 = 6,558,601,912 |z Ta®~6%
THE 20,816,718 — — —
—RERg 1,854,690 1] = 1,954,689,802 | T 55 {H*9.39%
&5t ' 22,771,408 — — — ERBIEEES
Moy HEIE 848,707 20520 m3 41,360 {3.80%900+30%8/40=20520 (FYDHEIEEET)
TOMEEIER 588,880 1] = 588,880,000 {Hyvy—THT
ERETHELH 1,437,587 - — —
ERETHY 661,290 1| = 661,290,112 |ERTHE R *46%
THRME 2,098,877 -
—RERE 197,085 1] & 197,084,580 | T35 {%i%0.39%
MR TBM1 & 247-1) 2,295 962 — — — HRBITEES
8% 91,838,476 IE 2,295,961,892 [s&/nWiLxsnFLERBIIEES
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fEEr—A LLIEER Ti& BEFR = :=Aiv Hi{ff 55
TEEE [FOAGLE  BEE 2174300 | 31175 m3 69,745 [43.004725=311 75 (RIFUBEES)
(700m) |(3Lix 14&) OvoRILEE 1,236 15 m 82,368 |L-12m, 122/m( i OB 15m M)
[y SR - 32,498 16856 m2 1,928 [t=10cm, 23.25%725=16856
BITE 119,414 4647 m3 25,697 |6.41%725=4647
Rk TE 40,454 16856 m2 2,400
TOMEETIER 0 1 = 0
EBRETHESF 2,367,903 — — -
HRETER 1,089,235 1 3 1,089,235,206 |E#ETERE*46%
TERE 3,457,138 - - —
—BEEE 324,625 1 b 324,625,242 | TEEE*9.39%
/M 3,781,763 — — - EBRBEEES
R GED) 22,690,578 — — — HEBEEES
FEGERGE [REHE 10,285,851 930762f m3 11,051 (26.70%34860=930762 (HIBUERET)
o |eRqFIHE 1,584,635 | 489085 m2 3,240 [t=10cm, 14.03%34860=489085
BIE 2,726,623 91682] m3 29,740 |2.63%34860=91682
FOPIAC - 715,115 38346 m3 18,649 [1.1%34860=38346
TOMEELISE 0 1| st 0
EBEIEESE | 15312223 — — —
HRETEE 7,043,623 1l = 7,043,622,808 | iz TR0
ot v-7 22,355,846 — - -
— R EIEE 2,099,214 1] 5 2,099,213,968 | T {i*0.39%
a5t 24,455 060 — — — HREaES
M4 inIE e 990,158 23940 m3 41,360 [3.80%1050+30%8/40=23940 (T UDI+E3BRMET)
TOMEETESE 588,880 1 = 588,880,000 [Hvs—3FRT
EETERSH 1,579,038 | — — —
EETEY 726,358 1| o 726,357,664 |HiETHE®+46%
ITHEM 2,305,396 —
—REEE 216477 1] = 216,476,690 | T HIR {fi%9.39%
IMEHTBMTAREY) [ 2521,873 — — — HBRBEEES
& 100,874,910 40 = 2,521,872,754 [s&/milxen il ERBIEEES
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BES—A|  LiEfER Ti& (A e B EE{f fiE %
TmEE |F77tAE |BHR 3,074,639 44084 m3 69,745 |43.00%1025-44084 (RN B BHET)
(1000m) |(3Lin 14) ovom & 1,236 15\ m 82,368 |L-12m, 12&/m($i T &515mEX )
et 45,942 23829 m?2 1,928 [t=10cm, 23.25%1025=23829
BT 168,804 6569 m3 25,697 |6.41+1025=6569
MK L& 57,190 23829 m2 2,400
THOHEETESE 0 1] = 0
ERTHERES 3,347,810 — — —
PIETHE 1,539,992 1| = 1,539,992,418 |EiE THE*46%
oty 3 4,887,802 —_ — —
—RERe 458,965 1| o 458,964,610 | THI/E [f*9.30%
INEE 5,346,767 — — — EEBEEES
&it(6F) 32,080,600 — -— - EERTEES
FEEEGE (FRAIE 10,993,999 994842  m3 11,051 {26.70%37260=994842 (RIFUEEET)
wefti+E 1,693,736 522758] m2 3,240 |t=10cm, 14.03%37260=522758
BTE 2,881,092 96876/ m3 29,740 |2.63%37260=86876
A —r & 764,348 40986 m3 18,649 [1.1%37260=40986
TOMEEIEE 0 1 =X 0
EREITEESS 16,333,175 — — —
BRRETHE 7,513,261 1| = 7,513,260,507 |H#ETHER+46%
ITERIE 23,846,436 — — -
—REEE 2,239,180 1] = 2,239,180,296 | T H[F{fi*9.39%
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ENTHESH 1,720,490 — — —
FRETHE 791,425 1l = 791,425,216 | T 3+46%
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— i EER 235,869 1 o 235,868,801 | T Hi*9.30%
INEH(TBM 14 8 -1)) 2,747,784 — — — HBBEEES
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TOMBEETEE 0 1l = 0
ERETHRESH 4,326,530 —_ - —
TS 1,990,204 1 3 1,990,203,747 |EiETH B +46%
THREEG 6,316,734 — — — '
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THET - 37,234,093 — - -
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F-2.425 (a) BREOHERERROZ LY (HRSE)

BTHRTERSHOLE
BESF—R |[FUERANEELAAE) |TE-ERAEEFAASE(EFMN) |&8H(EEFM)
300m 11,267 050 32,264 | 0.46 218,209 | 0.88 261,740 | 0.77
500m 20672 |  1.00 69,645 | 1.00 248,308 | 1.00 340,625 | 1.00
700m 31,686 | 140 76,797 | 1.10 337,511 | 1.36 445994 | 1.31
EREATLTORE
| BES -2 |1V TS5HE b EHBER TR TER HTHEEENSEE  [&EH(EFEM)
300m 20,000 |  1.00 10,000 | 1.00 261,740 | 0.77 30,000 | 1.00 | 321,740 0.80
500m 20000 | 1.00 10,000 | 1.00 340,625 | 1.00 30,000 | 1.00 | 400,625 1.00
700m 20,000  1.00 10,000 | 1.00 445994 | 131 30,000 | 1.00 | 505,994 1.26
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MES—Z |7 oA E (A R SR ESE S YE(EER) | S5 (EEM)
300m 10178 | 0.32 * 20,751 ] 0.80 80,995 0.74 111,924 | 0.67
500m 16,434 | 0.51 227771 | 087 91,938 0.34 131,143 ] 0.78
700m 22,691 0.1 24455 | 094 100,875 0.92 148,021 | 0.88
1000m 32,081 1.00 26,086 | 1.00 109,911 1.00 168,078 | 1.00
1300m 41459 | 1.29 40,730 | 1.56 188,227 1.71 270,416 | 1.61
BRESHELTORR
mES—R (LTS - mrss BTHRTEE  TERNRE |SHESMA)
300m 20,0001 1.00 10,0600 | 1.00 111,924 0.67 30,0001 1.00| 171,924 0.7
500m 20,000| 1.00 10,000 | 1.00 131,143 0.78 30000 1.00] 191,143 0.84
700m 20,000 | 1.00 10,000 | 1.00 148,021 0.88 30,0001 1.00| 208,021 0.91
1000m 20,000 | t.00 10,000 | 1.00 168,078 1.00 30,000{ 100} 228,078 1.00
1300m 20,000 | 1.00 10,000 | 1.00 270,416 1.61 30,0001 1.00} 330,416 1.45
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ERRTHE 1,023,186 — — —
BELTHE 470,666 — — — BIE T @8 +46%
T HE M 1,493,851 — — —
—EEH 140,273 — — — T EE [ +9.30%
/e 1,634,124 — — —

_ SEH(64) 9,804,745 — — — HERIISES
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