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(1) EEFIH
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=& BERLSFICETSH) R OFIMEE

Y27 Dl VAZD
s P FKIEF A g FI A JEEREF
et Hek S
& HI T KB LTE
H pH 6.5 L E
S CO2 15 mg/L BA k-
J& FI) FH BF - NH¢* 15 mg/L AT
® Mg2* 100 mg/L LA F
S04 200 mg/L LAF
(DIN4030)
CH: 15%LTF
% 02 18% LA (AL BB T E 2 4R
k| R CO:  15%LTF B THARTA)
H HsS 10 ppm LAF
= RS IEE
F A EF EEEF LRI A BRE R EURWERE
BEEY) ER JEE 5.5 m/sec (& =—7 +—haE S PE#%)
TR (Bt Ly S I R AR DT HARFAY)
W72 AR RITE F 24 UV FREE
Hh (FBXHE TR <40 cm, HKRIE| HKXIETFT <10em
B e T <20cm) H*HEF <2cem hBF LRI, fvikiEs
it REILTRE <10cm AETETRETLTNAZE
T GEER+ T #K55 A 01 5 T 48| (R S I M e AR 3 2L 1 - R AR
& ((#t) B AERHE)) (B AREEL))
N f& 4~8 N f& 8~15 N f& 15~30
WA 5~50kNm[WARES o0 L0 WEXES 0
§ e |CEITMZE AR A
pht 1994 (A AREFEY 2L [RZ Rl
SFENERS))
FREE 15%
SHERAL L EE 4y A 25 (HRVE D 3% D FiT b D 2L - [RIfigaR)
EREE > 20 mmol/kg
, S04 < 2000 mg/kg-dry soil
fég F R — (DIN4030)
T oiEs > 6000 Q cm
CKEEER)
(2) g - EEFIH

FREFIA - KRR TIE. MR HRFICBWTARBET A HARBES NS 2D, £V
27 BRIZXT M EERRBRAOEARICH_RTH LI BRETILERDH D, BHK
B L Tk, WHREERIREFHOSE L RRRICHEKEENBRZ L 25, S HIT, EEH#
FOBEMBIZBNTIX, — RO L RERICHKEEL Y 1 A—F—@L\, HTKER
BREEL DR L HBHBERICBWTUIHZTLE DS LEZOND, i T, BHAKIC
LHEBOPRERD IV A7 B3H 578, 21X DIN4030 I REhd a7 Y — D5
Licxtd 2RI ERE (FHRAEMN) 2T ENEET LY, BET R, BEDORIUEL
Tix, REFIALFEKRTH S,

MR DL T ISR Ui, NREEEERMERGT Y - RS (A AREER)) D, KK
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ETFTE10em LT, MHXHETE 2 em UL P2 HWiEHEL 95, 10 em & 2 em (FELZE4L,
A FEREC T (B2 v 7 U — b)) I2BW T, RELE FIZ X 2 K& R 0OEIN oA
DOBERTH DBEORARIE T & & FAIL T RISHYS 95, EREFIH T, ikl ERA L Sh
DM AREBE LI SN EEBEZOND Z LD, TBFIM & REEOH B EHE 2 E 45
TENEYTH D, IR LT, HEFE & IEBRIH & CIEaEE S 2SO ks
NI DZENEL ROBNDHENITES TL 5, S22 E(LTHE B& s £ 1994
(ARBEEY = YL 2 o MRRBEINEER)] OF RS TWS, TG Y ¥
— L LTHAT 256 0HBEETH 5, NiE 8~15, #FA 3R/ 50~100 kN/m2 % H1 g
FHOXF DAL E LD 5, KEFHOSEICIE, FsEEICR T 5, L UTH
MT 256 0HWEEME, NE 156~30, FFA3F /) 100~200 kN/m2 2 ZFJo HZE L D
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The existing SFR is shown
in grey on the right. The
new section on the left is
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GEOLOGIC SETTING FOR THE DEEP GEOLOGIC REPOSITORY

-

1
Managamant
Facility (WWMF}
2 DGR Project Site

Intermadiate kel waste
Low lovel wasts amplacement room umplacemant room.

5-4-2-8 DGR(I 4, AV 4) w0

HERE GEAENR, BHA, AKH)

He R VRO PEBE R AL Al TREERD 680m EEAIND T AU T
Z vy

138



5-4-2-9 /{1/\/,{}1/7‘(2/( ;() 16)
Hekta (hAERD BA)
HUE LU e BE B L D — D, TR LU C R, T3, HEKNE S

5-4-2-10 =T v F‘( KA “/) 19 5-4-2-11 tﬁiﬁo)m%%:m 19)
HE Wi ]

139



5-4-2-13 FENAL—_U(RA YY) BB OF]H 22

5-4-2-14 WIPP(7 AV 1) Yl OB 260

140



FE LD

B EREIWLSy . 3 KON HEPEBEIEW ALy T ORI B U CRESNE O S61 2 48 L
7= BRI BETEN) C IR T FER BWE O H K L~ L BRI BEZE) D WL4S Tl B & OHhE=e
MfER O A a2 A 7ORWmOZENZ A5 AP SnTWa, #EIX, 2o
[E O HVEDIR IS & 0 i 70 HUEL AR ST 5, AERRHIIE CIaf s s 28, VR 7o HERS A
INGIAT 2 MU Tl TRE S DO HIE D 53 A3 D EREE 240 - CRLSy 423 % G T 2 S 3R
DTz, RA Y7 EEHEREN AT D kTl AR OBIEBR SR ST, i
FERALAY ZEIR DR, TERUT DN TR, HWE DRy SN D BRIV OMEE 2 BB L)
ERBREINLTWD,

A RO TR I, # NI  Fi s D FGIET ORI ThH > 223, 5%, —REFEWFED
A5y ~DNEH Z it 3 D BRI, BEEM OME DE (—XBEIEWIT AR O T A 54
WAELDZENDD), M Efieg & OFEVy (MR T FKOIFERES . MR E0E 2
DT WY Aoy aR ORFAREARK] (R MEBETE ORI & & b2 225, Ha
B 72 EOAFEYEITREE L2Vy) . BhEEAR] PR 2R ORI LR B2 S =2 2

[N TR Rl AT T ORAN e WA AT e AN

(5 — 44« KiLPEsL)
51 FISTHR

(1] FEAFFIHMFIEE o 7 —, T 22 RFI) H 45,
https://www.enaa.or.jp/GEC/nec/index1.htm,(2017/05/30) .

[2]Kaliampakos, D. Mavropoulos, A and Menegaki, M. (2006) Need and potential for
underground disposal - survey of underground mines in Europe, in Popov,V. and Pusch,
R. Edit. Disposal of hazardous waste in underground mines,WIT press. 33-60.
[3]Schade, H.W.J., 2008, Reverse mining—The development of deep geologic isolation
of hazardous (chemotoxic) waste in Germany and its international prospects, in Rempe,
N.T., ed., Deep Geologic Repositories: Geological Society of America Reviews in
Engineering Geology, v. XIX, p. 23-30.

[4]& L —T/3 7 L v M2008)TALK. &2 L5, HAHEREFERDOZ L, ~FT T
TRAX—DORKOT-OIZ, HIELS~, R RLF—T.

[6] H AR 7 5%, 7% A b [BBREH A 7 v, http!//www.aesj.or.jp/~recycle/top.html,
(2017/05/30).

[6] B ARJFHA(2013) K L~V U PR BEHEN) D SR EE AL I B9 D Matiki, B )%
BNy 7T BRI ARG .

(716 AR, SPACHIE, e 2 ARZR(2006): SR TREE AL Sy D R AT HERERS AT ) 1 7o VB BR B3R A2
\ZDOWT, )iy 7 = R, Vol.13, P.37-48.

141



(814K 2 e 3 25 B IR =7 /b F — /T (201 6) i A ENZ F5 17 S AT TELETER BIE D ik V1 P IZ >
T,
http//www.enecho.meti1.go.jp/category/electricity_and_gas/nuclear/rw/library/2015/27fy
_kyoutuu_kaigai bettenn2 low.pdf, (2017/05/30)

i o A

[9]SKB, SFR - Final Repository for Short-lived Radioactive Waste,
http://skb.se/upload/publications/pdf/SFR_folder_engelsk.pdf , (2017/05/30)

[10]SKB (2016) Extending the SFR,
http://www.skb.se/upload/publications/pdf/Fact-sheet_Extending_the_ SFR.pdf s
(2017/05/30)

[11E T R IR G S BT v & —, RIRTREE ALy KGR L~V BUR I BEFEY) D )L 55
A X VA NS,

http://www.rwmec.or.jp/disposal/low-level/4-1.html , (201 7/05/30).

[12]Posiva, Final disposal,
http://www.posiva.fi/en/final_disposal/nuclear_waste_management/what_is_nuclear_wa
ste#t. WI2QLNKLRtQ, (201 7/05/30).

[13]Ryhénen ,V (2011) Management of Spent Fuel and Other Nuclear Waste in Finland
- Progress of the Programme since the 1970s,
https!//www.iaea.org/OurWork/ST/NE/NEFW/WTS-
Networks/DISPONET/disponetfiles/MalaysiaTC2011/TCMalaysia2012-
MngtSpentFuel_Ryhanen.pdf , (2017/05/30).

kot

[14]Ontario Power Generation (2011) OPG's Deep Geologic Repository project,
http://www.opg.com/generating-power/nuclear/nuclear-waste-
management/DGR%20pdfs/NWM0%20216%20-%20E1S%20Summary.pdf, (201 7/05/30).
[15] Ontario Power Generation (2013) OPG's Deep Geologic Repository project
http://opgdgr.com/assets/pdf/DGR_Overview_Brochure_Updated_Aug 2013.pdf ,
(2017/05/30).

NL YL T (Z A R)

[16] Kappeler, S. (1996) The Wellenberg Site — Geology and Hydrogeology and Long-
term Safety. Swiss National Cooperative for the Disposal of Radioactive Waste, Nagra
Bulletin No. 24

[17]Nagra (1999) Synthesis of the Geological Investigations at Wellenberg, Nagra
Bulletin No. 32, Nagra, Wettingen

(kA7)

142



(18] Y == - 57/ (2016) KA V1Z351F % DBE O i MEFEIEM AL 5y 32 B0 5 1R BR,
DBE,

https://www.numo.or.jp/pr-info/pr/event/pdf/kokusai_DBE.pdf ,(2017.05.30).

arZy R(RAY)

[19]BfS (2016) Konrad repository,
http://www.endlager-konrad.de/Konrad/DE/themen/einlagerung/geplantes-
endlager/geplantes-endlager.html,(2017.05.30).

=g

7 v I(RA )

[20]BfS (2016) Assell repository,
http://www.asse.bund.de/Asse/EN/home/home_node.html,(2017.05.30).
TNAL—_U(RA )

[21]BfS (2016) Morsleben repository,
http://www.bfs.de/Morsleben/EN/topics/repository/repository_node.html,(2017.05.30).
[22] Morsleben repository,
http://www.endlager-morsleben.de/Morsleben/EN/topics/decommissioning-
concept/decommissioning-concept-overview/decommissioning-concept-
overview_node.html,(2017.05.30).

[23]Preuss, J., Eilers, G. and Mauke, R. (2002) POST CLOSURE SAFETY OF THE
MORSLEBEN REPOSITORY, WM’02 Conference, February 24-28, 2002, Tucson, AZ
WIPP(T 2 U 77)

[24]Hansen F.(2009) Assessing Engineered Systems in Geologic Repositories: WIPP,
http://www.cresp.org/PACOP/Presentations/Day%201%20July%2013%202009/08_Hans
en_Franks%20Presentation_60909.pdf,(2017.05.30).

[25] Thakur, P., Lemons, B.G. and White, C.R.(2016)The magnitude and relevance of the
February 2014 radiation release from the Waste Isolation Pilot Plant repository in New
Mexico, USA, Science of The Total Environment, Volume 565, 15 September 2016, Pages
1124-1137

[26]Recharda, R. P. and Tierney, M. S. (2005) Assignment of probability distributions for
parameters in the 1996 performance assessment for the Waste Isolation Pilot Plant. Part

1: description of process, Reliability Engineering and System Safety, 88, 1-32

143



5—5. CAthEFNLEE

MR 2RI AT BEOA5%OMEEIREL LT, BLFOZERET LD,
O RFHIAITE - T ZER A FT-IC/ED F 2 I RZR D E W 2T LA %EY FiF k5 3%
E AR NEIZRDATREMEDFEVY, T AR « XX T 4y NOGHBNEL D,
@ ARG : RS L TCOMTZEMAAIZ I E TIThliZad, AMEELZD
TEORDFR-E & 72 5
Q@ ZRFHE  ADNEEH TFEMICIAVAERNE I RV AT AT I2LERSH D, 1ol
Al o T BT, ER RO ARy MERASBROBEE 0D, ZH Ll L aFHR L, B
FEMOMSENOHEFFERE T2, —H L TEEAMDBBEAAEZ RN AT HITDH I LN
TEHX, Zamsm kT 5,
@ TEREME  MEREE Eoe=2Y 7 (IF@EUS) 12 ol HifzFIAT 2, £/2, 2
NHIHFRAZBEUICARL TN Z & HEHE,
® BRETEHLIA - SRR & LT, HUROKERE, KR OENAE L D, FE
BT ADHEL B L0, AR (HPEFI A # A EOEJRT 3 L¥— & L TOFH)
HTEDVATLIZTIUL, Z 2B DOIRABELIV, BREFRINCASA T2 K 91725 TREME
HLd D,

(5 — 5 : KEpHZ)

144



6. REVBEEITFDEE

6— 1. BITORBRLSGORIM EOEE

BEFEY OALERIT THEIEMENE | RN ERE (8F0 29 46IE) OBEIcik-S
& THHIC T 2 EW OB L U CER S v, FEROJEEREE O Lo JiH 5 15RIC
RO LI L s TARBEDR EEZXH Z 2 FE 5 HE LTW=, LaL, HF0 30 4
R 5 40 FAROFPEIL, BHFTEBOILRIZ & b Aev, KESTHTE & H IR e BEFEY Y
PHEND L1272 ZNETOEETIEIIENHE L ooz, ZO7=, WFFI45 40
%64 BIERES (Wb d TAFES]) [ZBWT, BURIZAD U 7= BEEEW AR IR % 2 i
L. bo CUAERREORE L AR/ EON E2X D 2 & & B BERE) 2 2mkiE L,
[BEFEMALIRYE ) SHIE STz,

BEFEMALPRYE | W4T S AL, BEFEM O BRI — SR ST b DD | FrIZPEZEBETEY
(2B U CII A IE RS ORI OIS ] O MEER DSRIT T 2 SR b £ <, EoFE
FALEREAT ORI bR S R0y o 7o, & HICEDE Tl B 7 R WL b IR E 158l
PR U, WIS TENRES N ER L2, KEAE, KENE., OB ToANE
MBI T2V | BEEEY ORI E O S bR — ik & & bz, REEEOASRE L,
TR 70 R AL BRI A O B Ly i DR R %, S F S ERRBEEMICBE T AN L, 2
S ORBEIZRHG U CTHRARN 2R 25 U5 720, Rl 3 ISR IE EXThi, LIk
B, BOUWIES 23 OHBICSIENMTHbILTWD,

145



#6-1-1 BEFEMILBEIEDLE

| 19704 (S454F) 19764 (S514F) 19914E(H34F) 19924 (H44E) 19974F(H9%E) 20004E(H124F) 20034 (H154F) 20045 (H164F) 20055 (H174F) 20064 (H184F) 20104 (H224F)
|§£ [XORHEFTE] BRAN45 4 £ 5 1375(546.9.24) BRH051 A1 55685(552.3.15) FRIEEEHIST(HLTA) T R4S AR 1055(H5.12.15) TR EFEHE5S(HI.12.17) FRRI2EERE 1055 FRRISEERFEIZS(HIS.12.1) FRL16GF AR H405(H16.10.27) TR TEEREF425(H17.10.1) FRLIBEEEH5S(H18.8.9) FR22FEREHI45(H234.1)
mﬁ‘% FBAN46 5 Bl 553005(546.9.24) RF52FE S $255(S52.3.15) FRAFEHSE2185(H4.7.4) RS FRAE3855(H5.12.15) FREIFRBEI535(H10.6.17) FRI2EBSHE2435 - FRI2ERSHEINS FRRI5EBRSE4495(H15.12.1) FR16EHSE2965(H16.10.27) ERIBEBS 52505 (H18.8.9) FR22FEHRHE2485(H23.4.1)
EATIRE PRFN464E/F £ K S 55355(S46.9.24) PRAN524E [F £ K S 55 75(S52.3.15) FRAEEEERE65(HAT4) FERSEFEHFEHEA9B(H5.12.15) ERIVEREEASEIID(HI0617) | FREBEESH 015 - TROFFEESH115% |  ERISERBEASHE08HI5.12.1) TR EIREE S F242(H16.10.27) R TERBEESEITS(H17.10.1) FRI8FHENHE235(H188.9) TRIFRFEARE15(H234.1)
546.10.16 435 2:2322 iiiig'elﬁ H4.8.13 BE4736% H6.2 2 4718405 :3:2;; E;E;%?;Hz% H15.11.28 32BEX1031128002 H16.10.27 ¥BBEX1041027004 H17.9.30 IRBEX{$£050930004 H18.8.9 IBBEX1060809002 H23.2.4 IBREx $£110204004
.. 346.10‘16 37184: [Eﬂﬁ]gzﬁ;:ZiﬁzﬁZSEl EWRE H4.8.13 f§iiR2325 H6.2 2 f&iI8415 H9.12.26 %123192 H12.9.28 4#i%14695 JBBEFEF£031128006 TBBEE 5041027003 B BEFE 050930005 JRBEAE060809004 FRBEREH110204001
B3 S4610.16 Eiig;u”n 19042 (e ERsE6H5A #IRE189S (&) 10 ;g%n’g, H12.9.28 @E78S H15.11.28 IBEEX{031128003 H17.4.1 IBEEX 505401002 H183.15 IEHEX 060315001 H1889  IRBEXI060809003 H23.2.4  FRBExtH110204005
o = s 54 P a H4.8.13 182335 FR10E11 138 £#/F16315 o ol o = IRBEE 031128007 TR B E $£05401003 IRBERE$£060315001 IR BEAE060809005 IRBEE$£110204002
52.3.26 [FAEHIZ1965 H105.7 fIR37%
a6 - BRMOEEMEA4I-1) - RO REMF232-1)
- EERSRL AR - THE IS ER(232-1)
Tem I SRS EEONENEIHToH EERRDBREBEETOITORS
HE® -~ B AR OB E O - ROWADFRIL(112E162 | @ REAHH(1469) B EEEERERHE - ROUE (REFEEN-KATED - SRIFHUEONEHEORELO5-24)
, - %) (01-1)
. B ENEATE . R LIREE(232-2)(233-1) . ﬂlﬁﬁﬁ:%i%ﬂf&ﬁ@mse)(w—
- EEREWLELE(43-3) 1 - EEREEYILIEEE(232-3)(233-2) - —BE: hETA
| SERHEREOMEHEOREOR
BT F(1469)(78-2)
POB BRI & A BEI3E M(PCBILIE
RS — R, SRR ! L { . A SR ERNORE (REWS
BRNORS |- BRI HRIT-T) . e - BRIV RE)(780- - REAERRN REE YT (04-2) . 3
EHOFR(232-1) 11X37-9) g TEZBAREL) (02-4)
_n _ 1 | REROREMEROREL(ER) | EELNBREEONRELDER |
+| —RBER43-1) (780-14)(37-15) #(03-2)
- ERHEEM-1)
- BELER
5 HIE  BREOEBUI1) - BERORIE(196-2(36-0) ER BRE HLAAKEORE |, gremomiao-1a1-1 - BERRREBET2G18D0197 |, opipann ik(146978-12) - B EBOHX02) - B ERTEEFRIMUARAET |, POOBMMILI AR TERHENS | RECLEREHL () 0200 |, LUTEEFORBINRHB0-
1 . ; | 1 | mRmswTIssrwOREOZE | - . , 1 _ | menmeesonmRENE RS
. oy B4 - ERFEMEE MBI o 5 (G e . . . | BREOGENED —mEEnonE| * il WOVADEE | GUFREELINETHARTNE | GRS A—MEENEIHTHE0 |
75 B ERI-13) oty Srye i FENORAU-2(1-2) ERARESRLSHIET0) BEFROERERNOLE 60 |- PEEDOMMBR © S RS BRASBIFERE | 20 Bl B e | RERBOERERAL LN,
|t mommas 1 REMARSHEERS. LR | EEREMETAREEL - | BEROLELS-HEOREL | BEMOLSAOLEREHE L | | WARARHR RELLEREHE | FENOBAOHTOHREDMHR
(232-1) (1112)(780-13) (1469)(78-3) )(02)(03-3,6) DEF)(02-6)(03-7) (04-14)(05-13)
| 1 . ey ] | BEBRRUIAREISRARE DN | . e 1. 5RO AREON RO (it
BERHRLGS) R LR (233-4)232°5) FE (£ELV4) (02)(03-4) RECDBREOHR03-9 FHE%)(04-15)(05-14)
- REDBIR, TABEUI) - SKEROBL HATEEDEM | BELABREMEOEREES | g o 0ne0mA04-1605-15
| —BERMOIET S ORI | | BEMOELNS EEDRIL04-
2) 20)(05-18)
- EIERERE#Y(736-3) - [RI RO AR SR T I 0D & 21E(05-23)
| EEEENOMEI S EHEEFIA
6 E I B D BE L (05-26)
P | — IR TR (36- || —RRERMIER (R LS | BEMABEE (RREMEN. 5% | BEVIBROWTSOEM HTR | BRMLELOREOHTOTHOE| ERIELEOBREOUNICRLT | BHTEERSICRIEABRNED | MERECRINE (GHSARRN | MERSORBENORELGEER
smmER f 1(37-1) ¥ERX51)(232-2)(233-1) HLZLE)(1112)(318-3)(319-1) SHLERIZSEN) (1469)(78-4) EAE (HZHHIR . RAEEH)(02)(03-2) {1 B DB ER(02-2) BlE%(04-2) MMIBEAERIER) (02-2) 1) (04-3)(05-2)
TR RE 1 1 1 EEAERED GEEYT) UEE | ERLEEENEERRNOMEET |
| EEEEMLER GTHERE. B || 5D ERREMLER0- | —REEMREERE. DS ROHT | FEMDLTELOREL REE [EEASER GREL 7 ) . 3 i EEAEEMMERECLSRREAD
BRI (36-4)(37-4) 3)(233-2) EHHOER16-3) . REEERI) (76-9) §i R MAERRE. MATE- L VIR SLEOBRAMRORRE BB H04-19)05-12)
. | smEm) —mmsemin- wn | . I RABASRIRBEHOEMT- | EEEEMICEREE, M REN | | BRERMEREREHIE ORI
IERONE. FRELBH6-2) |- 0w 030-2) BERMDRERE(T80-8)37-D) i BEREASBADRH04-3) 12X05-11)
| CEAEE ERREEMLEROHEE ERERE UARREICLIEEE | EEEENREEREHTOLE
#8, EH)(780-10) DEEHIEE DB MN04-3) (HPIERFIREF) (04-21)(05-19)
ERERMIE TR ST, B | RHERECESEENERIETS
BOHRDRELEI-13) RIEED R E(05-20)
smEER | EemnEER GERRLE @y | BEDAS EEMLBERICEN) |- —REEMLRERRE FFTH. & I e | pEcEsHmToE | EXRSUEBREOREALEST nEsnossHotABERURY| AN BEREIRISHEONS| EXERNILBERICEINE (56 || EROLIEROEMENLONR
ks (R (196-3)(36-2) FIRTRE) (232-2)(233-3) ERARPANEORIE. RABOE |* (@ Fraius) (1469)78-5) | e e FFRANFE DR DEEIL04-2) #ER(04-2) AHELERMARMER) (02-3) (04-4)(05-3)
R BRAEA AR OR (02)(03-3)
. . ) 1 REMG RSB E F 5 OB . EEMMEEROREORTOFHO| —EXEERMEEROREFTEH| EXEENMEEOHT R MR 1
s . ERAUEREE RWRE- 777 (106~ ERBRODBERRE FTH. & (1112)(780-1,2)(37-1) . ERMLZEROERIOWAE | iy rpmp HARM) 0203 |- CRAEFRELEAEEORHOR | ORBHT-EIFHEEOEMOI- | FELAEZDEDEL03-4) . BERMILEIE R OHS EIRHFHD A6
1)(36-3) FARTIRE) (232-3)(233-3) (1469)(78-6) 2) #1(04-2) 3) (04-5)(05-4)
eI # EERTS B AR AN | axmEn & EEMBNFOREMLELED | EREEN e
. ; | —BEEMLEER (R, | . .  BELABONBEREISHE | BRRERMLBESSHLERSNG | EREENOLBERCATIREL | AUEENANFOREMLELED| ELRENMEEE - AVRERRE | | BENSBOBELHEHEEORR
L BACILABIBM) (36-2)(37-2) BRDABOBHER22-5) (780-5)(37-5) — RO R E R8N 1(03-6) REL04-3) HFAORAEL04-2) REQHM0-5) DBEFATH) (04-6)(05-5)
(1469)(78-17)
1 . 1 1 . BEE O WS R (S WA EEALE | I }
EEBEMNDIER (BRI, | . g | BELSBOEIMSORT OBHE . LB (I ! | ENRERRE B R B DRIER(04-
| REHREUI-0 " BAALSIFIENN) (36-5)(37-5) A ERE2I2-5) UBELEOREER(37-10,11,12) {%f;?}%ium&a)ﬁﬁ‘ﬁﬁggg; 7)(05-6)
I FEMBEROK S ERCET S RO TSRDEREILETSHEE e _
BRI CRH D el S |EROETS ; & | BRI 5 1 B ADHEIS
| BB AHIA(233-3) BB (11127803457 BOWELE. HFLRORELOL (FHRBOAERABEDBREIL05-21)
| HTEBLALRRMEERORR | BEDABICRIHBEERISOR | HAEELALERMEEROER
S EE(780-6)(37-6) EREMIS B OBRIEK02-4) GEEDREL05-22)
| B O T DEUH (80~ |~ REENERROREH TR | B I L
7 FREBANERIL02-5) FITHRHEAENDIEM(05-25)
- IRFHREEE DILKAA-19)(05-17)
P | BREOELEEMOLE b S ERBRNEERHNE (S TOERIS | ERAEOBRI(FTESLEM. BE | ERHRMEEREHE ORI IR | BHEREAELRRNERET DS

(FFEARHE) (196-1)(36-3)(37-3)

EWMEER) (232-3)

- WEGT(19503) DiBM(232-5)

| TERERERNOBEGSORYEN
E4EF(232-5)

- REHIE(232-5)

" HER) (1631)

EFREORE LOXMORES (7
+ 2a7IRRREAT) (RBATOL—IL1E)
(1112)(780-13)(37-14)

| EEBRFEMVEORERIL GFAUEE
LISt 02 L) (318-3)(319-1)

| BREE BRAKEOML(T80-
9)(37-8)

Ft3kk) (78-9)

| R=TIRMZLBHRDEH O (R
WHFETOHER)(1469)(78-10)

FRERD T IXEDREZOH
- BHAORIEGERIZSH, HEXE
HEEHN) (1469)((78-7,13)

| ABEARL LOXBOREZOME|
(78-14)

RIZRBEIE - K. BEHH)(04-2)

| EBEROBBERIFRIFOEERD
BlE LI1F(04-2)

& Ot DRI ER(04-9)(05-8)

| BHHBEFICLPWEOKRIEIT D
TR NHEBEOBIFEIL(04-10)(05-9)

BETRICHNETIRENONEE
- BT 5= D5 E04-17)(05-
16)

| EXRERMEERHENDRI04-
11)(05-10)

R (RERZ)

- SHAUT ORI

67 AT OBERIFIOBAUTOF
&

| AERERE6r AU FOBER$30
BT OFI£(196-4)

L 67 ALTOBKERIFS0FMALTOEH
&

| BRIEERENSELUTORERIZ
1005 AL TFOFi&

| ERR:3FLITOB&XIE1,00075M (&
AVER) LIFOR&(1112)

| TEOIFLTOBERIFI0FAUT
DOflE

SELUTORERIE
+EAER) LT
(1469)(78-15)

| SELIT OB XIE1,0005 M GEAE
M) LIF O fi & R IEHHH

FRBREREFEOR R (TR, BERE|,

" RIL)(02)(03-5)

L EBANZES—BERNOTERE(1E
AUTOEE)(02)

| EBEFEORIR GEUT OBEELIE
3005 LU FOFL X ILHE) (04-2)
BIRER RUREHENO BRIO3
= FI§(04-2)

| EHERHEICRIREERVFHED
RIE&(04-2)

| FEBRROTABAECEAEROER
DFEIMBALLIT) (04-18)

| BEHHEONEHEICETSHAD
BIER(04-18)

146




Vi N x
#* 6-1-2 PEFEWILISEITH DZEE
REYMMEELETEDLEE
19714E(S464F) 19744E(S494F) 19754E(S504F) 19774E(S524F) 19894E(H14F) 19924F(HA%F) 19955 (H54F) 19944F(H6%F) 19954 (H74F) 19974 (H9%F) 19974 (HO4F)
Ao R AH00 BH49FHHHE3635
(EEMOMBRUFRI-BIT L | pammmi-aznsamnEo WSO B S HI60% WIS 2 E I 3255 TRAEHSEI03 TRAFHSH2185 RSB EIES TROERA 06 TRIERSE2905 TRIERSH2695 TRIERSH3535

RETREZRBLUEAFITRE
TREEMOUK. BB S ULS
DEEDHET)

BREFHED—EERE S 54 (FRF
A9FIRBET & RE655)

$46.12.27 Bk184

$49.12.3 BME1195

$51.3.17 RK{38

H1.9.18 &iE345

H4.8.31 BKE1815

H6.2.21 Bk 28

H7.331 #1405

H7.12.27 #E119%5

H9.9.30 32505

gk R894 $49.12.24 BKH2355 i) 852326 MKRASH 1918 @35S Ha831 B D182 753 E’;&Hﬂ %‘élfgﬁ%m‘%) ?ﬂg‘f%éfﬁgﬁwm% H9.9.30 782512 H107.16 Bk #2095
Ermam 18 KBS BISALE R URELEL MYOOIFLLBEACELRE maEEERRREAOnE0- | POESEXERNIVICNTT | g orro s opmaieio
;i%)ﬂ)ﬂﬁn FEATH DHIE(119-01)(235-2) WEES DEEIEOEEKFI(34-03) 2)(41-1) e ! e SRILK. #5E - # I EEERE) (250)
AEUEXREDICRIHIERLE p
" OBIE(119-02) RIS TORERIE
) . | EBRIEE— RN R ORI R ~  BERTSLELEEROREE| TEEEXERMICKIAHEL(T
EENOEES BEEHDEZRB5-01) EERYOFRA81) HAREDORIYEKL(28-1) DEEOREL25) g‘?ggﬁ%%fibtﬁ§%ﬂ)ﬁ
| —HRERYEEEREY ORGSR
FEERDERYRLN251)
- BEERMOBRR L 5(251)
P Bl i i - IR IEEROEAE(181-2)(182-1)
R . P _ R _ Py . — seoqe_qy | FPUIAOIFLOSESUEERE || PRLEXIEBEOEEWNS- | MO DEBTIBFRFEAOHHICE | BBESFHRRMEIREREXEEY| EXRZEVOEFRALS RELE | FHEROKM LOEE(DXNEY || AECEXEENOEILSEED
RRNOBLLSORA(e4-2) POBI-HT DRAIRDRR 00D~ EXRERMORILRASD | sz as-0 a1s2-1) FHRA8-2) ELTORIIA DHLEE0-2) fE(OoFo i) ) (251) 51£(299-2)
EEHLS (L
Eapde J y J . , J y .
| BRNOEERANLS DL B EREFCANIETINSLED | BAHETSRUITEEOLED | NIOOIFLUSEECERER | o a1 . . | ERESRENONEEEONE B EARRMLERE ORI | POBISFAEIAHKEDREL
3) B{(360-2) HIE@5-2) OIS F53(34-04) BLMAOER(181-4)182-1) WABRNOERTORE (40-4)41-2) (251) (299-3)
MAEBUETORUHAERTHE - o siss (smm oo |
- BREBETAAOBEEALSE + R AL DIHE(181-5)(182-1) R e | B s A SR e
EXOB-D) B BITREY AR OKER U
TRDFZEO L (N5 EEDE
) (299-2)
ot . FKOKEDREFEDHRIE | BEVOMERVERICETSEE | EXREVLERROEAMIERE
(119-03) AT B REA(35-02) EORHDEL
| EXEREDOHHEEERVLEE BINEEEOREETORBAED
#DEE(35-03) Eo2i]
19994 (H114F) 20014E(H134F) 20024F(H144F) 20044F(H16%F) 20044F(H16%F) 20064FE(H184F) 20074E(H194F)
FRINERSE615 FRIBERSEIINE FHIERSE2S FRICERSEES FRICERSH2965 FRISERSH2508 FRIVERSH283S
H11.7.1 8K 266
5 HRF984 H13.10.17 IREFE4445 H14.1.17 IREEE28 5 H1B4.1 Egé;;gfg:&]&% H17.2.18  IRBEX 55050218003 H18.8.9  IRBEXI060927001 H18.89  IRBEXIFEE070907001
H12.1.17 k18 H13.10.17 BRER4455 H14.1.17 BEE29S H16.4.1 %EE%MMOWOOG R $55050218001 FEBERE060927002 AR 070907001
EBHM - =
ERRRN TH | RRpRAFILALSNGI | CHARURMMERCEIES | mxmmnommi oL oU—t< || PoBRRMOMIESIIE (PR BBRRRESACT, SLoE
B DR (8-1) (BMRETFEY) (444)445) F)(28-1)(29-1) HOEMEF)(08-1) EEEEMIEM
EENOEES . AREH—REEY. EXRED
(01-1)
BREYULRE R | EEREVOIRERIFRIRTR
£ UEERA T OEHBFH(03-4)
. FEXERYINE X (NEBHER) O - 5 _
wERERABRRRORL RTORERARAOREC D | SBG SR e e || BABCASARBDRE SN || U R, ERREND
R (0 B (08-2)(06-2)
s | EXEENNELORAEELLL | ] ]
| BAEERERDIFEANEEED T PO ELE | kI (R OERERINE | SSMABSCROBENOELN || BHAAERRINSOBMIES
HIE(18-2) ooy BT R DAAI06-1) HEED B - BHEIL03-2) ©01-2)
. ‘= . EEREDOZTEEDEMBFR =
| FVLA. RABEORBR U R . _ | BRRRASFOERRBEOEMHLIE
HOMILAE(18-3) (BEIMTORFRBOBM0 ERURE MEOHHHI703-9
| RENMMEEOHTIROREE
#oiem(18-4)
) 4 -  BEAMARERACRIREEED | RUBLEIIZLEZENORELR || BRLMBICRIFSIFREOHKE | Zoft AMESE—REED. EX
Z Dt ZOHDXNFERR(18-6)

EE(28-4)

UERZ T OHIBROHIS 0B 06-3)

#DiEF03-5)

EEWICETHHIE01-2)

147




NITE Y= N
7 6-1-3  BEFEMLBLEREAT BRI D25 E
19794F(S534F) 19814F(S554F) 19824F(S564F) 19914E(H34F) 19924 (H44F) 199445 (H6 2F) 19984F(H104) 19984E(H10%F) 19994F(H114F) 20004 (H124F) 2001 2E(H134F)
BHS3EEEERENE BIRSSEREELERFEE HBH56 EEEERHEINE EREEELEREIE FRAEEEERESS TREEEETEE ERICEREEERESE THRI0EREELEREIIE TR ERELEREI4E TRI2EREEEREI25 ERIBERIRESESS

$53.8.21 IR¥EE89S

H10.11.17 & #516345

H13.3.30 BREExT132

E~OERIZEEHEL

B0 $53.8.21 BE90S S55.11.10 IR#149-IBFE45 S56.6.22 %945 H3.7.19 #iI8178% H4.11.21 182925 H6.12.28 4183325 H10.11.17 BEB91S H10.11.30 &I8965 H11.45 #&I8385 H12.12.28 4118965 :::g:g §§E204=
3. %1335
ERNOES - HREE— R (ER) REMOEM
LRACHOMREEIET 2% | EERALS RSB LR MRS EEE FiaL g
L " H(89-1(90-1) " (149-1) | EDRRAKE REER " |RERIED LR RETE( 76-1)
D P MOLRAERS | oy b 2176-1)
i —BEEMAEEOHTEELLL
| —REEMMER (AR . PCBHMAELI-PRHEER< S DPCBL | p
) (89-2)(90-2) B DEERE96-1) Eg;ﬁ“ EHOUE GHELER
BRI - 1Y )(133)
wEE R 1 1
LR LR RO AT DR £ | EEEEMLEEOBRREORMNE
DEH(90-3) DB M(96-6)
| HRIEE) EEREMLEEON
AEHEEDREADEEREL96-7)
I O — o s ) I L 5 — () ERMAIBREH S
s |- BUEBELGVBERSREOR || CHmIERORILE, HEE | O —  puEEoRrEERtoRE |- PORORLCGIEREOERR | AALXEARONE. HrEEL | Enmscesoms wnwes || RSB ERNCE SRS
E(90-3) HHAEZ(149-2) s #* HEDRE96-2) DHE(132)
R ARE RSB | EXREDLEREEORENTE - HERIERE(06-0)
EERMLEGRREETHEEAD
SEIDFREI(96-4)
 BEBESOAREMOREL |
(96-5)
| DNEEEORREROEE.
HEREDHE96-8)
BHEEEEE
20014E(H134) 20014E(H134F) 20034E(H15%) 2006 4E(H184F)
ERIEEAE D ENE RS EI8E RS ERAEDE9S TRISERSEDE0E
Pl ::g:g:g gg;:g; H13.11.30 IBEX5165 H15.6.25 IR »} $£030625002 H18.5.26 IRBEEE0605260045
EENORS
w5
 EEEEMLEEOHTRHEOEHE| _
s Eo 3IBS (= T BREMOBIRL
T R
g | POBRORREEOREOR | EREEMERROREITHN
B BL—mirRrEEE0Rm) || 0EEOAEIL
- BRLEE
I | EEEENOBHEEENSDEE

148




K614 BEEMRAINITYGORE

19704F(S454F) 19764F(S514F) 19914 (H34) 19974F(H9%F) 19974E(H9%) 19974E(H94E) 19994E(H114E) 20044E(H164E) 20044E(H164E) 20054E(H174E) 20114E(H234E)
e PEE BBFNA54F £ 251375 | BBANSIFAEE68S | TRIFEREIS FROEXEESS | FRIEBEE2695 | FRIFBSEISIT | FRUIERSEIS | FRICEXRFEEI0S | FRICERTE2965 | FRi1TEERBE42S | FR22EXFEMS
$46.9.24 81T $52.3.1541T H4.7.411T H9.12.1 51T H17.4.1481T
plicd i jgic) 2T = BH By s
. 1,000m234 £ - A izl E#EI
1,000m25K i = = - i)
&= 3,000m2LL E = s i) Eida)
—F]
RER 3,000m2 % - - - A
5 B = B R A
B4 _ﬂnﬁﬁm FEET*T:\X[__ ] I k
&l BT LSV E - = F A
F HEIRERDOBRRLSBE |- hETH A —REENLE BRLABOSE. FAXIEE
oA REZOBHEET IEEY |EIHL—RERNELST HORRER DLV
B NBHRET S A=t — A BRI BEZMHB) BT, BiE
DREHETIBAERE. — RABOEREMHERLEL, T
= REZNLEERORESE RTORMMSBEIFARIE
. BRI AN R4, BHONER
-EEMLBIER OB EENA
#
SEREAT 1,000m2 84 £ W EE oy EAE
(S46.9.240R1 |1 ooom2ski Mo EHE o EHE
ST 1,000m2LL E PR -2 3 WHERE- KRGS WHELE-LRGS WHELE- KR@S
(s46.9.24)% |1,000m25k% gy EHE Pl noEE- KEST WO EE- HE@T
S insyig o EHE P-4 Moy EHE 5 EHE (BARELL)
P23 pusae -3 Moy E A5 HHE (BARELL)
. RN TSN . BRI — R (1000m2) Bl EREDR R E6R 17A L. SSAABEICRIEENOE
» DTS EEEAGEAE, ROMBIHT EDREEE SREE FERMDBEIET SIS EAE D B - BIREAL
H® HIERGS B LIRS BE N B0
# S E A (BEEMAIRAN THBR. OLELREOBRE
! FHE3%EIEN0) XERGH (—REENOR GEKT. RAEKEEHKSE
BINSOBFHLORY [RUNBRVELERNOR . R AR, BR)
#* BT TALOKER UM |£MSBIFAEH DR
& TREBELT BETNNHDS | ERDEHE) OWFAEDKEDME
& BIZIE. ZOBTAHENES | EITHASOBHAITEHL KERESAE Pk EES (<
& wE CHBLEEERTEL. | ROKBRUMTKOERE FPEADL.
BHLET B1=b DRITIB I B8 pH-BOD-COD*SS* T-NZfR<
8 GEZK T 402 LR ) HE:—FIc—ELL . pHE:
MHELORTLBIE, —Al—ERL
FEL AEOKERUHT
KOBREGILT BP0k GRBH T KD KERR
B BERL—REED
DHZEIRHILTHEIL DL
TIZZDRYTIFAELY,
R 2T - HR
Emm 1,000m2 84 £ = SR PIE PSS
1,000m2 A F = PE 3 RE RE
e 3,000m2L1 E = KR R
REL S
S 3,000m2LLF = KR ESE 3
B R HETA R E = BSES
=3 =
*f TR LS R E = PSS PIES PSS
i EXEHA A HEREERE EX AN EREUNOE THRIsE4A1BLUR. TACT |1 #BFEERI2OMITE
% LU OENRET H— HRET IRERELEEN OBRENHBIHREERT | BERA~OEE
REZNORBLHBRUE BRASHBELBM, (BT H SHEFERT 3. 2 HAOIUELISHESEE
o BRELEENORENI 5 CER74E4518) BB 3 RIS BORBEETH-
A TH>T. FHI0E6A17HLL WS EBAT ZLONHR) FESISRIMREERLIE
RSB S EBIAT B0 DEEL
MR 4 TBRRBITISR M EE
HILOIMEL
RIELHBHOEH AR BRELHBOETNSORT RERELREN-HRIRE |EVLA. RARSORURY |ERUPSHTISHELHON |BELSBOBRRBEROEN ERMLE R D RE
DRBHRUELORER LUET UL MNRRIRSIET S O LEE BOLERICRAIRE (BN | MEEERVER BENE [ (BTH R EERE LS
1k, THEMORESCEIEE BU SR EE R BT 1)
MOIEE)
Z DI ERRTRE EEMIMEHROEREEIC PCBICRHETMS EEND R BERABIHEDIOR. 135 EEMLERRZOHHEER
MY 2RBOERRUEE BEL FEOHKELDER YN
AELEERENOBINS EEMLERRIHITEE 2
RN DI EITRIEROERES
DBREAL
H7.3.31 408 H14329 REEE1835
. H1441561T
" p— 1,000m284 £ - [EF5F. 3o FRUVZDEEY
5k 1,000m2AF = AR THMFDOEERE f:éIéIMJ;E_EgHZ‘;;;g
|y T EE - B LA MEEM
| MY Lnunes . SRRk £ T
3,000m21L £ -
=1—F ] ’
HEZE 3.000m2LLF -
Pt jgic) 2T -

XE—AE BEEMLEEHGS (PRI RS E2695) Ol

TRICEBEIN AR REEHORRELGDREEH - EVEEY O FEM 55 (3.000m2 REDQRFERNSIHR(L1.000m2 KEOEBERMS5)

149




F+ 6-1-b BREVLBEDFEMS
EEREVLERS BEESR(REDLEL BITSHE1E)
TEEEDIERE psred
1|;5iR DB KHEER WMEBEE N A 10mY/ BEBZ B0
i XEFEUS LI HA10m’/ BEBZ BED
2|/BRDITIRIER
XEEEZ AMIBEE A AN100m’/ BERRZ HHD

wW

HilE (PCBALERMERR) D BEANNEER

ROVThHDIZE

1) JLIEE 1AM’/ BEHBZ 55D
0) ALIBEE 51 HY200ke/ BFLL EDEHD
N B FEES 2 LU EDED

S

Beim o imk o BERE R

MEEE N A0’/ BEBZ BED

al

B (PCBALIEMERRS) DBEENEES

ROVThHDIZE
1) MEBREH A M’/ BEBZ 5D
0) ALIREE H1HS200ke/ BELL E DEHD

IN) RIEFEREI2M L EDED
6|FEEE. E7ILAYD IS MEBEE A H50m’/ AERBZ BED
; 1| BISRF v BB S IR H A5 BERZ HHD
% ROVTHHDHE
B’ISRF v %8 (PCBE#Y). PCBALIEY %Rk ” .
2l doomamss 1) ILEBEE 71 15100ke/ BERBR HHD
0) KEFEEHI2M U EDED
8M2| AT N ELHD IR MR N M5t/ BEBZDED
IEEMELESLFRNDILVY—FERILESR |TRT
10[KEBRIEZDILEVESOHFRDIELVEREER [§-T
EiR. BElt. BT ILAVICEERBLTULEY .
" Doz AT
NMO2EEMERIIEMEEEEREYOABRMMESR |TCT
12|EEPCB% ., PCBi5#4). PCBALIBY D BERMEER ([§T
1202 |EEPCB% . PCBALIBY (D 4> fRHEER FTRT
13|BEPCB% ., PCBULIBYI D%k i# k. N BEER |[T4X-T
ROVWThHDIZE
EXREVOEINESR CER. BEilR. FI5R A .
183022 hsE mpoBERC) 1) SLIBEE F1 AY200ke/BE L EDLD
0) KIEFEEH2M U EDED
B:r‘; 1) B EEREMRELS 5 FTART
ﬁ 14
6:'\
o) 0) REREXRENRRLS 5 FTART
N) BB EEREYRBLS G FTART

150

AN HE R
IR
HEER



#6-1-6 EXREYTEENE (-7 X ) OZEE

T=aTJzRhAER BEEEE V-IIAMRGES #HEGS- N8 Y=TAMEHEE RRFH R ETHEE
19764(S51  (RRFN514F BEEDEZREEYONIE (T =TT LT (36-3)
F) ERESS | AELEERENOLSCEERANSERG)IERATHEEE., BELBEERBLL
XBEXTT S,
19915 (H3%) [FM3E DEf 1
EREISE #%S\I":ii&%ﬁ fm"‘ij&mﬁ' e ﬁFtﬁ?%%tﬁ%@mE%i.{L =4
MOBHRTIMEDKREE SIBET HHIE.
19975 (HO%) [FRIE 2 MEREHE (ETORE s DHEEGSOX 2=171Ak 1112, DIEM(1631
ERELSS ®E§B‘%¥%"i§mﬂﬁ‘wﬁﬁﬂﬁlﬁ E§§¥%=i§7z—§f11t? Rli“‘ A DRBEL-E RUEFHRNEHRR LI-EDHEBEARIGRELTIBEICE, UREBEARIEREETIBH TEFENTOVVETAIEELENEER
HAOBANERELERENEERFEOBERERE. TXTOEEREMICIEAL, EERTHBEICRBOBEET o %E?‘Lnnnﬂ)ﬂi%&b’cﬁfmu E&E“I RIPEERENOBARVHE, BRERTTHEEICILEROREEH
0 EXREMOFE HOFER., NS RETBEEERTHEEBTOASRBBLEOBHOMAMRUT
QEFIHMIMERBOERA QIAIDERE Q) ElERALLELNEEAREREDBFIBVTHENOREETHEIETIBE |ORSRIEBEDSE,
BEEF, FERICRZ T, EFHRLEBRGEEALT. FRLEZRERDOLEDR EEEI lﬁﬁi—naﬂib RIFEFHEBLBABEERTIBACRBOBREET oL |ITE REBORRAH HIEHR
TEEDRTE COFROPRFLTIHRLELL4—%, SEEECT—BEISRYIEE FE. 0FAUTOFE. —ERZAEORBBELLT. REAXBREOBHIHEVTHENOREET 1215 | DEZOLEBEN RS XEBLEDERDEE)
TRHHIEERIT D, AOREREEM, QHBARIZREDBFIHET HERE RN ZENHE)
QFEFEZHDH R
QEEXENEERNELORFERTIETOHME, B ERELRIMLNDESE DFFAENZEEICKILSHE
BERMIL08 . A EEERERYIE. HREBY0B LT D, T, HFNICEERD CEXERVOMRFZAFTOETIBELNEDOOICRELREICETH1EH
SLORMAHENSECEEEHSEEFRANEIIRETSEXEENEERREUSR S
E(. BREREL. RACLTEER—KRITOE—BRET S,
@EXEFRNEEFEZMAFRAREE L. FA—0OMEFRORENIHBEAGHMT
HY. RSHAERA—ELLEVREZI2ULHHHE . UH2LULOBRIFEFLOTHR
ETES,
OEXERMDNEEZOBHLLTITSHAIA RILEEFR~DEERRNOLED
REIE, BFEICELT D, BATHETH XITERERT R RENOERR NS ER
T55E. EEROXMARITETHSH, ZABICEZRRENSBAEND,
2000(H12  [FRk125 8 BEEQTEL
) ERE1055 RERT: _hiroﬁwrm $§€b<E$E§%®¢F1L¥§i*TLT BEIHOT | OEEROFRA, ""ii JJSLJJT%H REABERGEENAOFRITEML., &
(. PRDBORT L ERTELLMEMEA ERSORREOEMFITBM,
BE&: BXENRBLHORTLEEDRBH SN EEROELORAERITHIE
&Y, JIMH DR T EHBIE D LB ELBMEL T, ROEBYFIEEMIE, QEXEFRMLELERIHICEELRIMVELE L. EXRENOERI LD
ORAEMSEE L, PREMEXFISEFLTOSEEROELIC, REMHOETLEE |SERELTVEVISLMANDLY, BBORBEL-EEREXFLGE. fRlOx
ERHL. PRLEXEDT. ZRRLSORTLLEEZEHL-EEROTLEERENE |R,
4o
SEEENELEEENOPHNEERRELLISE ., PRMEBEENLRELNKRTER |HESDDIHIE(1469
BAL-EXRRNEEROSLORMERT. RIDH DR T EHETES, HHBXEONEREORAEMEL. EXRENOBERELHRT S0, ROEE
YHBEHRSERIL.
QEXEL, BRAH DR T L EERHL-ZEEROTLOZMAABOEEIC RRE (D
ERCEDGIEEEHET D, RER: HEGPORRE, HRENRFEE X IRFEECEELBEERALLETHLT
—REET. ZHFOBANLIB0AURNICERLIORT LEENRBSN-EEROTL |ZREEIERLU-FE(IEEREX M LA 2B FIZRD,
DEFERITENEE L, WIBO KR ELE BEORELOXMOMRERFRE [REHK: FEELASN-EERZENORENDLDZED—EDNEOTEIENT
DB LEOF-HIZBBELIEEEEL. SHIZZOF HESEMENRAOECHE, FERIRIBHISERLLE FEELA FICHEL-EEHESGSORREITEM,
QFFMERE L, ZELAPRTLLENRBESN - EBEROSLORMFERT2LE (Q FXENEERIFRIBZHFCERLLEMES . —EOEHOTICEXELEES D]
3, BEENSRMASN-EBRICRELD OBFOMABRUBRLIERTLLZE (DR,
A B%R#HL. EERITRITATOFMMBEEREN OV TRBMSHEE | [HRH1]
[T T LIS LEHRO L N0BLURNISEEFRITZOELER ST D, T, PEMEEE (- FEELSEToLEFICENIL AD BEGREHESEHALTLVEL
SBIAINLNEERICRIBHOBTERRT 5720, EERICRIFEEREOE |- FEELAATHOIAHILEMY. RIFMBEMNTELEERETBHRBITROLTER
HEIREIEM, FIXBOREFOHBBEROE SN EY
OEFIHFLEBRHEERTHEE EXREVESISELZIBURNICHERLERY
(2B COMMISBEMNTINENEE G EEROFRMEL D,
20024 (H14  |FER14E E DEE B o) iBfn)
%) BR%H25 RHERVRHE ,ﬁﬁéhéﬁﬁéﬁﬁm’f?'r&ﬁ\aiitﬁén‘KE&)%:REFEH%I??
BILEREREELLTEMLE,
(REHMIE, R=TA M EERBRER])
2004%E(H16  |FR165 DU UE 17 D FEF{F(1(03-4
) BRE2965 ®§§ﬁ¥mw§;§ﬁ&§%‘(ﬁnf ﬁ%ﬁi%mﬂ (ﬂ!?:;’xxh)&fiﬁibﬂ\b%
[EN ISEE IR ISR DA DT LR VEXRRNEEREMA M2, 45, HHD
BRET-ROEXRENEERNRIMATATOSBE. WThH OBRBICEXER
MEBREBA 5.
QEBFI=TJIRMEALTLSEIE IR 4 5E i1 < SOEL. ERLEL
S—H BT HEFIHBLERBOGE AL HEE
7 BRI IEERENOEERUHE
A LTBEXERVOERERTLLEORE XEEH
2 BT AEXREVEHEBL BB VIHEBL-BERIBOLHRUER L
I SEREDEXBOBMRUERSE.
ERBLE-BEEMZ D,
20054E(H17  |FERL174 EBEROBBEARICHLIEQEEHNDSIE LI 5 B H0(04-3
%) ihfREA2S DEBEOEHERITROIFOENES0FALUTOHRLIANSI6ALLTFOEERIE50 |DBEISE CHIHILEThTL WAL E R SNSELEQRAICMA. Eil
®i§#&§é§f%®ﬁﬁ§?§ BALTOH®IZ51F LI, RRER TN REEDRR R IEAHLRE,
HE ENDUNERFRSNEN LS EERERAFIEEROSLERML |~ EERCERORHET2FLCELXRENOTEELELRERT HTHF
f—Elb\ HEERESFMRERE QEXERMNELZNFHBEEHNOERICFVEEZRELTLEVISOANDET,
-EERXMENCUNERFESNENHILE MNRRENLEEROELORME | QEXRENONBELRALLEN, YURNEBLRTET. XARKLHERTLLED |BEOMERAL-EEREXNTIEOTAR. EROEERDIFISHSY.
ZENLEREERDELESFRRE EHIN-EEROELORFEERTTIC. EBROELER AT HTAFL %
@A,
QU5 ZEEDRERS
EERRAECERREOELERMLI-AN L URERREESFHRE E
(04-2
HKINLOHHISERLEZBEICIRREEZFOHEGSRUTANORR, BEERG-BEE BRIAFEZNY ZEAFHNZOBEICEDLBEEE HERFR
HEHNZDOEEARL, AREK. BECRIBBELLAMofLE URBEF(CHL. A
EFRABAZOBEICRIEBELINEILEGL. TOHRISERLEE L, FIRID
SES
20114E(H23  |FERk22%F (=g HE R oY (04-11)(05-10)(05-12
) EREIMS DEERERA 5L’Ex - BNSYZITAMESEMRT.

f-E (L, HHREER
~ﬁﬁ?«%ﬁ§%§¥%*i§;‘;msu: TAZR)

QEXEENOEWRZRAERGWNZRET. ERENTERERAFTHHE. FER
DEFEZFTOEVISIANDL T EXRENOSIELER T TR>ELEL, 1212L. B
FY-ITAMEFATE SEHRIEE RSN REEN, BFI=ITAMNEFAL. 3R
B A—EEALTAREERRNOER LD IR T L EERETHILER
HoNBEF. COREIFBALEL,

QEBER(EIL, EXEENOVBELBEEITILHARBELLBMER 1L &
FREORZ LOZBORERIHEDHILDO-DOIBBEFIHELHBLD, T, BHE
R ERRERMVEREF 5 SR ERERDOLENETLEZENIY =TT
ZAFOREAERFTVENEE(E, BHERZH=B A 30 B LARICERERRANHERA
HICLOREBERET D,

151




6—2. RIERLNEOERERMEICHITHEESE
6—2—1. XERLUSEDREFORET

BASIL S ORI, HDNL T BN D BRI ORECMHERIZ I D . (1) — B Rk
8k K OVE B E BRI AL, (2) RERIRALI 38 (3) BT i AL 3 3512 X
TENTWDS,

ARy S ORRE B A, BEEEY 2 U ALYy 5720 TH Y, BNV o B RV,
AETRBREE DR A ESEMNE U LT, BRI 2 WU L. B R OREHERE 2 7 H
LZEIRTHZEIZH D, LTeDi> T, B35 133N D B % 2T D T2 O EE
RRERE AT R T D L DO TRITIIUEZR B 720,

Tibb, REAIGIE, BEY 2RI T 512D OREEIE,. B X OARRAOMNH
BEREA R L e b, \EAMRE L, & DICEFRREOREEZ XS 12 OAIREEEA2 A
HIENRDHINLTWD,

B S OB TR L ORI O BB L OMEREL L TIE, LR X 912725,

152



®6-2-1-1 HRUDFOBEZEDHE

—REZNOERLSGERUVEERZEYDORELNGITRIRIT EOELEEZEDLGH
(BAA+—F=ZA+HBREF-EEE4FE—5)
KX P TREBIIBIEE I ZEES . ORELYER. OFRKI10F6A17BRIEISLYEA, x BRAEL

HEEDAR

—BE

1

B ORI, HAEYICADIEASDE LT HSENTESRNA R T TSI,

(FISHEN B hEB O ST T DN D RICH T SR ICHEVTIE, B OEEZAL NS ST e
TEREL, MEDMDEHEZERITSD)

x O] &

2)

AADRDTWNERIC, RELSECERREROAI G OVTRATARAIEEELREYNIEEL
EXRZEVORBUIS) THAHCLERTY DI ZDMDBRFENHRIFON TS &

3)

HBOBYEMHIEL. RIFRENSIZITRFTONSRBORTENH LT 2LENHHHEIT. BELAHIEY
Bl T RIEETFRETARFOATNDS &,

O] ©

4)

BEEYOREHILDOT=th DEEE, ERZOMDFRHFETHO T ROBHEHBALDOHNRIFEN TS
&
ABE. LR KO MEAFIHLTEBEM D LERLTHI L,

OFEZEY. HRK BT ARRCEEORRKCHE LA LEEFIEDT-ODHEMNELLN TSI L,

O| O| O| ©|0

O| O| O| O|O|xt

O| O 0| ©|0

5)

I AND DRI DD E DK R U TKDFELEEHILT 5= DRIBIFHIEEMNELLN T
B,

1 BREMORAKRUREKE (REKE) OEILASDREENH LT I ENTEIRDEREHZ E
KIRXIFINERFULDEKRNDEFT HEKIERITEH L,

(FzZUBSr O AIE R ILEEIC. FBEKMEHE (FEE5mEL L BKHREAH100nm/F(=1 X 10—5cm/F)
LTO#BEELIZIILSHAEI LT OERRIZINERFEULDBEKDMNERT HHE) HHEEH5 (1
DLTIE, SORYTHLY, )

MROVFTIDDEHEHZEKBERT 5L,

(E AR D BB AN50% L £ TH> T, WERKELAZELAVER S ITDONTIL, EEHh SBICWREF O NIE
IWRIVIZHEKS—bRIET LT RI7ILEDNEHZ SN TVSTE,)

()E&E50cmBL £ BKIZHAOnm/FH(=1 X 10— 6em/FNLL F TH AT EDEITEKS — b ABERESH
TWaIE,

(MEE5ecm £ BKFZREA T nm/F(E1 X 10— T7em/FLU T THAT AT 7ILE 29—t DOBISEK
D—EAEEREh TSI L,

N ZDMDOMOREIZZEDE K —MNZEDE K —FORIZEFMDETEDFHEICLYN
FHDOL—bHEEICIBGET 5 LEHIETERTHATOMOMAFRITENTLDEDITRD, )W RSN
TWaIe,

(EKBOTEICHBELAELZEBL. EOLERBMBAFRFTONATNS 2L,
NEKBORAISEREEH T E2THMZOMOYABHINA TSI L,

OBt FL@EIC. FBEKEBIHIEE EROVT A DEREHX BEKIERTDIIE,
MEFIFDEANIZLY ., FEKEBEETOMBOIL A ABN1UTELDETEIEShTLSI L,
(DEE50cm AL BKFZEAOnm/F(=1 X 10—6em/F) U T THEIEREN T B KEHBETRITSN
TWaIe,

OMERDATEKEMEETHITOA TSI L,

(DA BB)IIBIFEEH,

NI TKICEYVERIMNEBETIEENAHIFEICIEER DAZTLZDMD M T KEBKRFEERT
B,

ZREKEERDICEDRONHHET EIENTELZRETHANEZE T HHBENERDAZTLTD
DREKEEHKRBERITHIL,

(1120, KD ALBENLIDEHENELONDEL M THO T, BRE T REKDELLZVEEYDD
HEBDITHHFRIZONTIE. CORYTHLY,)

RAEKEDKERVKEDEEZART D ENTEDMKEEDREMERTHI L,
ANREKEZROPKELEZICEE ST L LN TELRHBRNERFERITH L,

- HAIBFF S HEKE#(BOD,COD,SSIZDLVT &, #HF 160, 90, 60mg/ILL T &381E)
HHFEEHELOREE

©

©

6)

B O EREICE, HRAKAEIIBOR OO SEIHARATEDEMHILT B EATEIREZT O
DE|IFENERIFENTNSZ &

7)

ROEHEmI=-T AR BARTON TSI L,

(1) BATERKA1108(2>D ) —MNEMRBE AR IK) (S&RYRIE Li=—BEMRE A 25N/mm2A LD

KEMEETHHHILV)—TESN., HD. TOEEAGMU L THHERXFTNERF UL DER
DHNNERT &

(2) BE. XE.BO BENAFIIHLTEEM N LREGERHERBATLDIE,

) BOITEREENEET PENBKOUAN. BRBLEDHNEFT IMHTHAIZBOATNSIE,

(4) #hRK, HTFKRREVELEOHRKISELADEERHIED-HDHEMNELLNATIVDIE,

(5) BRFISLYRRTESIHEETHDI L,

8)

EFES0M B R (LA E250m3BOIEIL L, 7)(DMDA)ETOEREHR -RIBLYIRMICLY. —RKE
DEFEHIFA50M BRI —REIDBEEN250mIBELSHBNKLSICRET 5L,

9)

BREORTEERETILOLBELEOONIGEICITBIMNORKEEHE T IRMENR TS T
Bé,

10)

KEBREZETIHDEEKEIMEFEMNRTON TSI L,

153




6 —2—2. REBLSIGOHEFEEORE

AL 58 RO B #& A BQIFBRO L CIo R 2 e PR IR L. BEEEE 2 2 ek
SEDObB] E(ﬁ%f/%iﬁf% EXEDRNT &R LT K‘(Eﬂ;ﬁ EILSELZETH
Do TOOITIT, ZITANLIBEFEMOREEOEHEIT S WRANEH), T ANT-FERE
W& BT ”T%”‘Sé@h ORI LZEASED THSIEEERE )| RIS pd

MiFk ZHERE S E 5720 D THigxE ) B IO [BREE ) 2@ Tk 672
U,

x®6-2-2-1 ERUIBZOHFEELEOHEE (1)

—REENORBRLSGERUVEXERZYDORELNBIRIRIMT LOELEEEHLGE
(BAA+=E=ZA+HAKEFN -ELXETE—S)

KX TRELHIE N ZFIET OMKLYER. OFRK10F6F17THREICKYBEH., x BHEL
REDODAR — B e

1) [{EIS CEERHIREL. RUFRHLEWESICRELEEEZHET S @)
to

2) |BERUSBNBENKBLEVNESITKELEEZE S L,

3) |KKHEEEHILETI-HICHELGIEBEET LI HNBEEFD

B REFEERBZ TH{ZE,

4) RFHARERL, RUM, X ZFDOMDOERAEELLT RS IZFEH

DEH FTOMBELIEBEETLL,

5) [BWE, AEYIZANIBAZDEHLTIENTEZLSIZLTHEL
&

A SN - 1B T A BT T D LN DRIt T 2B AISELTIE, 837
HOEFEZHEOMNLTHLCE)

6) [MAFDHOBEIE. BITROFTIVREBICLTHELLLBIZ, BRTA
%iﬁl:ﬁi#itf:iﬁﬁ(:(i, BEONCHERITOMBDELGEES
BB,

7) |BEESEEHMMICHBRL BRI IEINAHILBHNIIESIC

I FEONChEHIETEEHICHELRBEEST S L,

8 |EEYFIEDI TAHISEKRTEZNZOMDILDICLEYES L,

9) [BMAKIZEHMMICHBRL. ZOBEKIENETIZEETANAHZER
HENDHEICIE, BONChEAETIE-HIRELRESHET
b5,

,‘ 5

o| e ol o| olo| o
o| e o| ol olo

o| o o| o| ol ogg
o| x| o| o| oo| of

©)
©)
@)
x

X

(0)©)
(0)©)

X

SDEZED2EFTLLE DIBFTAHIRIRL -t FK X (L FKkE
1=IKD 7] ZRIZEVITS &
/r.tiﬁ%ﬁ&éﬁm:tm‘m(%ffﬁﬁlﬁ B.ERGEERVEEMAAVEEE
BIE -8R TSI,
OB ARt th FKEREBERZ1ECIELEBIFE-FETHL,
NIBNFRER. ERIEERXIKE WAV EEZ1AIC1EULAIE -
BRI HL,
—EBERCERIIIE WALV EEIZRRABOONT-IGEIZE, E P
125 BRI U8k T ALEBICH T KERETIEBICOWCHAIE 5089
YR

© | o

BEMAA R
© ©
©
©

o* |
*: BRIEER,

©

X

©

©| 09| ©

©

©
©

© ©

DER O BETOBOL LS TNE
D) [WABADGL LB E SR EARCo BBl Tz BERE | O | x | 0 | O
TAM AL B HEBT 5L,
13) |2 ¥ :

N T L NS R O

154



x®6-2-2-2 ERUDBOHPFEREEOHE (2)

14)

BHBRNEREOMFERIIRICEYITICE,

A FRKDKEDPKBEEFITER T HELRDIIITHFEETHT
to

ARHRMERFEOMEOREZEHANICRBRL, BREZOBEICE
HONHBELRBEEETDH L,

INTRKDKEREBEERICEYITSTE,

(PR EEZ(IFRDEE IOV TIEIC1 @ ERIE 5288352,
(2)/KEAAEE . BOD, COD. SS. BHRIZDWLWT1AIZ1E L ERIE -
9 HL,

c

15)

FEZ DO RIFEDHEEEHIFT 510, MRICHEBLE-IREFDOERLH
1 BREZDMOBELEEEE TS L.

16)

BREEZRUTEIMALRETIAHNRERRTSCL,
(FEL.HRERETDIEENOLEVEENOAZEDITIHE
Zh<.)

17)

¥ — 3 3 3h | \EHETR50cmU ED L

18) ::A

19)

T =
TOT_‘EM%W‘I ig;d)uﬂﬁ’&{’ﬁmb FJJ:%‘CO)Feﬁﬁ’:TT%)._

Py

20)

1B D F=FEYKIE, BT FAIRETICBIBR T S &,

21)

SRS RERVABLIREZEAMIZRKRL. ChoDRFEDIR
B REKORHEOEZTANHEERBHLNEBEICIE., FEH
ISHETREND BARTEINSZHIESTEDIELLIC, BIFEDE
BEXEREKOZHEHIL $5-OICRELEELETSC L.

22)

ByAGAETUEI#MIT, FOMMAALDRBERAEOEN
ISV YD,

23)

FASHL = (c oL T, BV EEHMICRRL, BV OBREXE
BRAK OREHOBEAAHIBEICIE. EOHEODRIERIELF

24)

ﬁ?kw;iﬂi’élﬂi.lt ?‘éf—&)l-ﬂ%&h E’é#?’é &

25) |

26) |z

(2)BODX[FCODDKEHREDFER . BODH20mg/IRX [FCODH40me/ 1%

BATWAIEE,

27)

BynsARTLLETME BTRFUNORICHTIBEIE.E
SHE BLH50emUl LD HEDEWN- LY OFFEATE TS &,

28)

2 IZKYBASE LB I DNVT IR, BULODIRRES LT 5= OITREL
B EEETH L.

155




& 6-2-2-3 HRUDBZOHFEEICET SMRKFDKED R

EXDEIHRORFEEICHTIRRKFOKTOREF
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HERHE Bser |~ |~gr  (mesw gww |~ [P0 |gr [P gy | LS
R kEREES" 1EY | 1E/E - — 18] 1E/4E | ga® [ 1m/g | g 1E 1B/ | g
o |ESESEXISE (4] - 1B/ A = = = = = = = - 16/ A =
[T ES AT =0 = - - - - - - S T -
i [BODXIFCOD" — — — — — — — B/A | EE — — =
B |*pH.BOD.COD.SS.N" = = 1E/A |1E/srE| = = = = = = = =
* DI ARk EREER " - - 1B/%E |1E/end| — - - - - - - -
HAF %S 5T 1w [ EE [ EE [ - = = = = = = = =
: ] it s D) HRE ) T HIEE 2 T .
HOKEAEER (O: T KFREEB) B ) BEibss” IR ma BRILEE RIGEAE BILE%E
TILFILKEBILEY 5 < S S S S
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KIBRUTILFILIKERZ D1
2 ki At Rk - Sk ER) 0.0005 0.005 0.0005 0.0005 0.0005 0.0005
ARV LRUZDILEY
oK AR L) 0.003 0.03 0.003 0.003 0.003 0.003
4 SARUZDIEEY 0.01 0.1 0.01 0.01 0.01 0.01
5 HHmit ey = 1 = - _ _
ANEYOLIEED
ok PO 0.05 05 0.05 0.05 0.05 0.05
BERVZOILEEY
7 ok ) 0.01 0.1 0.01 0.01 0.01 001
8T LEY Tzt 1 T Tia Tz Tia
9 RUIEIETT=IL Tz 0.003 Tt Tz T Tkt
10 kYYOBIFLY 0.01 0.1 0.01 0.01 0.01 0.01
11 ThZPORTFLY 0.01 0.1 0.01 0.01 0.01 0.01
12 opnnxay 0.02 0.2 0.02 0.02 0.02 0.02
13 mig{bpisR 0.002 0.02 0.002 0.002 0.002 0.002
141, 2—>400T8Y 0.004 0.04 0.004 0.004 0.004 0.004
151, 1—Y500TFLY 0.1 0.2 0.1 0.02 0.1 0.1
16 Y 2—1, 2—S/00TFLY = 0.4 - - - -
161, 2—2HO00TFLY 0.04 - 0.04 0.04 0.04 0.04
171, 1, 1—kYo0axT4sy 1 3 1 1 1 1
181, 1, 2—kJZOATEY 0.006 0.06 0.006 0.006 0.006 0.006
191, 3—yHnoJjosy 0.002 0.02 0.002 0.002 0.002 0.002
20 FISL 0.006 0.06 0.006 0.006 0.006 0.006
21 9XTY 0.003 0.03 0.003 0.003 0.003 0,003
22 FAN AT 0.02 0.2 0.02 0.02 0.02 0.02
23 RUHY 001 0.1 0.01 0.01 0.01 0.01
LU RUZDIEEY
(S L) 001 0.1 0.01 0.01 0.01 0.01
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E S )
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wiE s 157
N N _ _ - - -
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33 FHEYEE = 60 = = - -
a4 JVRINFHY Ei%:i _ S _ - - -
MHEMESEE ByiEY IR 30
35 JT/—)VEEEHE = 5 - - - -
36 SHEHE = 3 - - - -
3 BHEHE = 2% - - - -
38 BRUBERE - 10 - - - =
39 AU VALV ERE = 10 - - - -
40 VOLERE - 2 - - - =
41 REFE R = (3.000f8/mL) '” - - - -
2 zxaa8" - 120(60) - - - -
3 parg'? - 16(8) - - - -
44 BAX XI5 1pg—TEQ L '® 10pg—TEQL ? 1pg—TEQ. L - 1pg—TEQ./L -
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Appropriate Treatment/Disposal of Disaster Waste/Debris and Final Disposal Site

Tomoaki HACHIMURA*, Minoru YAMANAKA**, Hiroyuki OHNO***
Shuichi NAGAOKA*, Tetsuya MIYAHARA* and Hiroyuki TOSAKA****

Abstract : Natural disasters occur frequently in Japan, such as the Great East Japan Earthquake. Huge
amounts of debris are generated from large-scale disasters; therefore, it is important to appropriately treat
and dispose of the debris, which is handled as waste. If such disaster waste is not disposed of in an
appropriate and effective way, numerous problems will occur at the final disposal site. For example, disaster
waste layers in which stabilization is very slow could become problematic in former site redevelopment. If
disaster waste were disposed of directly at a damaged landfill, environmental pollution can be expected. In
addition, appropriate disposal of residue and untreatable wastes may be difficult due to the limitation of
allowable landfill capacity. In order to appropriately dispose of huge amounts of disaster waste, tentative
storage sites are required to be set up at appropriate areas. However, the risk of environmental pollution
may be higher at several tentative storage sites. If the tentative storage is expected to be active for a long
period such as several years, sufficient and concrete countermeasures such as a hydraulic barrier
containing soil mixed with bentonite are necessary. The hydraulic barrier using bentonite is incrementally
effective in the treatment of radiation-contaminated waste because bentonite adsorbs radioactive
substances.

Key Words : disaster waste, final disposal site, tentative waste storage site, environmental impact, hydraulic

barrier works, bentonite mixture soil

addition to final disposal sites compromised by

INTRODUCTION

In Japan, natural disasters have frequently
occurred, i.e. the 2011 earthquake off the Pacific
Coast of Tohoku, also known as the Great East
Japan Earthquake, and the July 2011 Niigata-
Fukushima Heavy Rainstorm. These disasters
produced huge amounts of debris is occurred;
thus, it is impotant to properly treat and dispose
of disaster waste to avert such environmental
risks as pollution (Hachimura et al, 2007). In
addition, such a large amount of disaster waste
vastly reduces the available capacities of landfill
sites (Hachimura et al, 2009). To prevent these
problem, it is effective to set up a tentative
storage site, while to await appropriate
treatment and disposal. In this study, the authors
have investigated disaster debris and waste

resulting from past large-scale disasters in

waste and subsequent damages. The results of
this 2004~11 investigation are presented in this

paper.

1. DISASTER CONDITIONS

1.1 Processing of debris to disaster waste

Large-scale disasters generate a huge amount
of debris, which is generally gathered at tentative
debris,

materials and waste are sorted. It should be

storage sites? for where valuable
noted here, that the debris is not waste yet.
According to the Disaster Measures Basic Law in
Japan, debris of which the owner is unknown can
be processed as the disaster waste at six months
after the public notice of tentative storage.
Therefore, appropriate treatment and disposal of
disaster waste can be begun at this time (Photo

1). At this stage, primary gathering site is set to

* Japan Environmental Sanitation Center, West Japan Branch, ** Kagawa University, Crisis-management Research Center,

**% Kankyo Chishitsu Co.Ltd, Engineering Department, ****The University of Tokyo, School of Engineering

-215 -



appropriate treatment through

incineration or recycling and disposal.

await

Debris: including
valuable materials

Debris/Wastes:
tentative storage (TS)

Disaster wastes:
appropriate process
of waste at TS site

Photo1 Transitions from the debris to the
disaster waste (The Great East Japan

™. a1 o1 )

1.2 General disaster waste management
Effective
measures must consider construction waste in

disaster ~ waste  management
addition to general municipal waste. The general
framework of disaster waste management is
given in Fig 1. The amounts of construction-
based waste are always higher than that of
general municipal waste. Because construction
waste contains such reusable materials as metals
and concretes, recycling is a paramount concern
in disaster waste management. In the stage at
storage of construction-based waste, the
secondary gathering sites were set generally for
several years at areas where past large scale
disaster occurred.
1.3 Actual conditions of disaster waste

Huge amounts of waste were produced by

500
B Disaster waste
B Incinerator ash
400 0O After
8 Direetly landfill

Amount of landfill (thousand ton)

Fiscal year

Fig. 2 Accumulation of the disaster waste in
landfills in 2005 (Hachimura et al., 2009)

previous disasters. Fig. 2 illustrates the distri-
bution of a remarkable amount of disaster waste
accumulated in Fukuoka landfills following the
2005 Fukuoka-ken Seiho-oki Earthquake.

The amount of waste generated by the 2011
Great East Japan Earthquake is estimated to be
more than 26 million tons (Hirayama, 2011). It is
difficult to treat and dispose of this waste in a
timely manner of less than one year. Although
the volume of disaster waste 1s decreased
through incineration and recycling, at least 5%2),
or more than 1.3 million tons, of disaster waste
in the forms of incineration residue and

untreatable waste will be ultimately disposed of

Municipal wastes

Construction wastes

Metals Recyele system

Household appliance  Recycle (partly)
Garbage Reuse as compost
Organic (mat etc.) Reuse as compost
Clothing Recycle (partly)

Soils  Reuse as construction by-product
Concrete block  Recycled concrete
Woods Reeyele (partly)
[ J
W
| Intermediate treatment facility (incineration. melting) ‘

v v

Recyele system

Fig. 1 Framework of disaster waste
management (Hachimura et al., 2010)
at landfill sites. Although landfill sites have
increased capacities for appropriate disposal of

Incineration residue

| Landfill at final disposal site D

such waste, space is limited for final disposal.
Although the incineration capacity is 3,500
ton/day at Miyagi Prefecture, the amount of
disaster waste at this location is estimated to
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more than 15 million tons. If one-third of this
amount 1s assumed to be incinerable waste, the
minimum period of treat- ment is more than
several years.

Therefore, it is crucial to set tentative waste
storage sites to await appropriate treatment
through incineration or recycling and disposal.

2. INVESTIGATION

2.1 Investigation of disaster-stricken area and

tentative storage sites

We visited several stricken areas of past
disasters in Japan and investigated the debris
conditions and the tentative storage sites opened
in response to the disasters. The investigated
sites, shown in Table 1, include six recent
earthquakes, two volcanic eruptions, and one
heavy rainstorm. At five tentative storage sites
for two earthquakes (Sites HO, KN, BO and SN)
and one volcanic eruption (Site Nw), several
environmental measurements regarding harmful
gases, water quality, and heavy metals in surface
water were performed. At the other storage sites
(Sites Kw, Nt, Ym etc.), storage conditions such
as method of waste separation and manner of
storage were investigated. These tentative
storage sites were set at usual land without final
disposal sites.

2.2 Investigation of final disposal site

Investigation of existing landfill sites 1is
generally dangerous because of the possible
outbreak of hazardous or combustible gases and
increased temperatures or ignition of garbage.
Therefore, a nondestructive monitoring method
such as surface wave prospecting method is far
safer and more accurate than boring.

Fig. 3 shows the flow diagram of our investiga-
tion. The nondestructive investigation performed
prior to boring tests is required to be included in
the history survey of landfill site to confirm
tentative depths and distribution ranges of waste
layers.

Generally, PS logging is performed by using a
borehole to obtain the secondary wave (S-wave)
velocity profile of the ground. However, this

method requires excessive time and expense to

analyze two- or three-dimensional ground

profiles. A convenient alternative is to transmit a
Table 1 Investigated disaster sites

Investigation

Name of disaster Study Period Situation of Tentative
damage storage
Mid Niigata prefecture | Nov. 2004 to | Nagacka & 4 sites
Earthquake in 2004 June. 2007 Ojiya city )
2005 Fukuoka ken . . )
41 200: cuoks .
Seiho oki Earthquake April 2005 | Fukuoka city
Noto Ha:cr_)gg;‘thqunke April 2007 Wajima city 2 sites
Niigataken Chuetsu oki | Sep. 2007 to :::521;(::?‘&]‘" 4 sites
Earthquake in 2007 Nov. 2007 S )
village
Iwate Miyvag: Nairiku April 2007 to Oshu citv
Earthquake in 2008 Aug. 2008 shu aity
2011 off the Pacific coast | April 2011 to Iwate & Iwate: 9 sites

of Tohoku Earthquake Aug. 2011 Mivagi pref. |Miyagi: 5 sites
Eruption of Unzen .
voleano in 1991 Jan. 2007 | Shimabara
(End: April 1995) cn
Eruption 9f :\ﬁ‘\'ﬂké‘ izland July 2005 to o B
in 2000 Tuls 2007 Miyake village 1 site
(End:Feb. 2005) e
July 2009 Chugoku-Northem
Kyushu District Heavy Aug. 2009 Hofu city 1 site

Rainstorm

History Survey of Landfill ‘

Non-detective Investigation of Waste layer
by Geophysical Exploration

Confirmation of Hazardous Waste
by Boring Test, etc,.

Property of
Groundwater and Gas

Depth and Range
of Waste

r

Analysis and Discussion ‘

|

Decision of Detailed Investigation Method }

Fig. 3 Flow of investigation procedure for
final disposal site. (Hachimura et al, 2010)

surface wave, or Rayleigh wave, near the ground
surface (Hayashi et al, 2001) up to a depth of 20
m.

In general, elastic wave velocity increases with
the depth;
Therefore, the wave velocity of a short, high-

longer waves penetrate deeper.
frequency wavelength is slower than that of a long,
low-frequency wavelength. By determining the
differences among propagation velocities of
wavelengths, it is possible to the obtain S-wave

velocity profile of heterogeneous ground conditions
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by analyzing reverse dispersion. The characteri-
stics of the surface wave prospecting used in this
study include the following advantages: 1) S-wave
velocity of the ground is easily obtained; 2) wide

areas can be surveyed quickly and economically:

™Y v e Y]
and 3) measurement and analysis can be per-

formed easily.
In this study, we investigated two final disposal
sites before and after disasters.

3. CASE STUDIES OF DISASTER WASTE

3.1 Point of left disaster debris/wastes

The results are shown here for two sites at
which disaster debris and waste were left
undisturbed for seven years and for one site at
which debris and waste left untouched for 16
years.

Although heavy metals were detected at the
seven-year sites, their concentrations were less
than that allowed by Japanese environmental
standards (Photo 2). However, if the debris or
waste generated by a large-scale disaster were to
remain undisturbed for a longer period, water
seepage would pollute the area.

3.2 Tentative storage sites

The results are shown here for past 12
tentative waste storage sites.

At sites Kw, Nt, and Ym, a small amount of oil
leakage was detected. At sites KN and SN, the
measured lead (Pb) concentration in surface
water exceeded environmental standards of
Japan, and the concentrations of Pb, cadmium
(Cd), (Cr)
environmental stan- dards at site Nw (Table 2).

and chromium exceeded the

Water quality analysis performed at five sites

revealed a 60% pollution rate. Then, Pb

concentration in surface water at site Nw
exceeded effluent standards of Japan, so it can be
problem in the case of final disposal site.

After the Great East Japan Earthquake, we
have investigated the conditions of 14 tentative
storage sites. At present, these sites are utilized
as the primary gathering sites; thus, appropriate
preventive measures are insufficient. Although
structures composed of asphalt and concrete
were originally constructed for hydraulic barrier,
other
insufficient.

installations such as fencing are
The leaching of toxic substances would result

in a polluted environment; therefore, appropriate

Table 2 Heavy metals in surface water at
tentative storage sites after several disasters

Surface water

Unit | HO Site | KN Site | Nw Site | BO Site | SN Site

Cd mg/L| 0.005> | 0.005> EEIXERE 0.005> | 0.005>

Cr® |mg/L - -

Pb mg/L| 0.005> 0.020

As mg/L| 0.005> | 0.005> | 0.005> | 0.005> | 0.006

T-Hg |mg/L| 0.0005> | 0.0005> | 0.0005> | 0.0005> | 0.0005>
-
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Fig. 4 Variation of water quality measured
before and after large-scale disaster
measures have to be taken to prevent such

adverse effects.

3.3 Final disposal site

We investigated the water quality at a final
disposal site before and after a large-scale
earthquake.
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Fig. 4 shows the variation of chloride ions (CI-)
detected through groundwater monitoring at
upper and lower sides of the landfill. From this
figure, it is evident that Cl- in the groundwater
flowing down from the landfill increased after the
disaster. Our investigation revealed that the

Tarpaulin of
hydraulic barri
(Liming)

Solid wastes
\""“\31' n.‘[:lll'lll'l'_‘

treatment structure

installation /] i
Equal ! o
Collector drain of [4;21[:11 -: o
j 0

wtory  groundwater r
ulding

] ==
/ z‘l-fA Leakage
- = ] \hslln\\ h\cr ruund\nkr {2 _____
Basement: Layer of weathering granite (Masa) !!

Ilnl hniu. of groundwater {1: Inside storage/Seepa
monitoring water

Fig. 5 Schematic diagram of water seepage
from facilities damaged by disaster

equalization tank and solid waste retaining
structure in the final disposal site were damaged
by the large-scale earthquake (Fig. 5), which
likely caused water seepage from the landfilled
infiltrate the
if disaster waste were disposed of

waste to surrounding area.
Therefore,
directly at a damaged landfill, environmental
pollution can be concerned.

At the second final disposal site, we have
investigated by several methods including boring
survey and surface wave prospecting.

Fig. 6 shows the result of S-wave velocity, V5,
obtained by the surface wave prospecting on the
surface of the landfill. It is evident that a low
velocity range (Vs= 100 ~ 200 m/s) is distributed
in the layer containing disaster waste. On the
contrary, Vs of the waste before the disaster is
greater. Therefore, the disaster waste layer is
understood to be lower in density and strength
than that before the disaster because the Vs of
the waste layer filled before the disaster is in the
range of 200 ~ 300 m/s.

Fig. 7 shows the relation between standard
penetration resistance (MN-value) and S-wave
velocity. This relationship has been previously
Imai and

lustrated for general soils by

Tonouchi. Results of their study are plotted with

gray plots in the figure. A great number of Vs of
the waste layer is smaller than N = 10, which is
similar to that of general soils. Thus, it is
understood that the density and strength of the
disaster waste layer are lower than those of the
pre-disaster waste.

Conversely, general soil with a small N-value
1s often composed of clay, which has very low
permeability. Therefore, it is possible that the
disaster waste layer also has low permeability.
Infiltration water such as rainfall can wash out
the polluted water in landfill layers. However,
these effects
permeability of these layers.

are abated due to the low
Thus, in landfills,
disaster waste layers in which stabilization is
very slow could become problematic in former
site redevelopment.

4. DISCUSSION
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Fig. 6 Analysis result of S-wave velocity by
surface wave prospecting on the landfill
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The potential risk of disaster waste should be
minimized through appropriate treatment and
storage (Hachimura et al, 2007; Ohno et al,
2007). At final disposal site, polluted water at
levels in excess of effluent standard must be not
discharged, but even so polluted water might be
discharged from tentative storage site. Even if
serious secondary disasters caused by the
itself are rare occurrences,
technical points should be applied to avoid
further expenses related to pollution cleanup at
the site in the course of reconstruction. When

disaster waste

anaerobic condition develops in the waste pile,
harmful gases such as hydrogen sulfide (H2S),
carbon monoxide (CO), and methane (CHs) may
be generated. Under the anaerobic condition, fire
may occur at tentative storage/ disaster-stricken
site. The leaching of liquid materials into the soil
and shallow subsurface regions provoke the risk
of environmental pollution. From the perspective
of engineering geology, stability on the basis of
the strength and hydraulic properties of soil used

as a pollution barrier is of paramount importance.

Fig. 8 illustrates such potential hazards and
risks associated with disaster waste.

For reduction and aversion of risk by disaster
waste, it is effective to set up tentative storage
sites as primary and secondary gathering areas
for disaster debris and waste while awaiting

HAZARD BY DISASTER WASTE

. . x5
1) Disaster wastes at tentative—» _*
storage/disaster-stricken area -
e e

2) Disaster wastes left un-
disturbed at ground surface

3) Disaster wastes buried
underground

appropriate treatment and disposal (Fig.8). If the
disaster wastes were disposed of in a hasty
manner, numerous problems could occur at the
final disposal site. Our investigation certifies
For
in which

that disaster waste carries these risks.
example, disaster waste
stabilization very
problematic in former site redevelopment. If

layers

1S slow could become

Photo 3 Examples of final disposal sites for
disaster waste were disposed of directly at a
structurally-damaged landfill,
pollution can be expected. It may be difficult to
dispose of the residues and untreatable waste
appropriately because landfill capacities are
limited. Therefore, it is important to reuse and
recycle debris/waste for reducing of disaster

environmental

waste.

The risk of environmental pollution could be
higher at several tentative storages sites. To
appropriately dispose of huge amounts of

disaster waste, tentative storage areas have to be

RISK

1) Harmful gas and fire under anaerobic

environment at tentative storage/
disaster-stricken arca.

Soil, goundwater and air pollution
at tentative storage/disaster-stricken

arca.

2) Remobilization of disaster wastes by

heavy rain etc.

3) Rotting under acrobic/anacrobic

condition

Instability of ground: land subsidence
and collapsing of disaster waste layer

—'Risk reduction/ aversion |}

1.

Setting up of appropriate tentative storage site

—Hydraulic barrier, retaining and treatment functions should
be possessed.
Ex. of appropriate site: Final disposal site

Carrying out of appropriate treatment and disposal

— 3R (Reduce, Reuse, Recycle) of disaster waste
Ex.: Effective utilization of debris

Schematic diagrams of potential hazards and risks associated with disaster waste and

method of risk reduction/aversion (Corrected Ohno et al., 2008)
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set up at appropriate sites. If the storage term of
a tentative site is expected to be several years, it
is quite important to set up a secondary
gathering site. Considering to Japanese Law,
secondary gathering sites should function in a
similar manner as that for industrial waste
storage, but used on a temporary basis in the case
of a large-scale disaster (Fig. 9). Secondary
gathering site could be set up after primary one,
so the site which is similar as prevention
measure for industrial waste

Disaster striken area

Wastes by life
Food wastes

Do not store
temporarnly as much
as possible

Removal/Gathering

Primary
Gathering Site

Valuable

Paooto e

(sysem o)

wewns | Aq suga(]

Debns by earthquake
(Dry wastes)

Recycle
(Embankment

matenals ete )

Fine selecuon

e

Final disposal Fnal disp
(wide area) (outside area)

Treatment/Disposal
(outside area)

Fig. 9 Function of secondary gathering site
for large-scale disaster

Collector drain of Tarpaulin of hydraulic barr

water on premises

/%% Disaster Wastes //
i : Bentonite mix(urc soil DR D
— — -

I

Fig. 10 Schematic view of batholith
structure used for long-term tentative waste

—d e ——

S00mm

storage should be set. Such storage site would be
required to include such proactive functions
gas

(preventions of scattering, emanation,

infiltration ete.).

Photo 4 Fence and spﬁhkler at tentative
storage to prevent scattering of airborne

Piled wastes
(High level)

Photo 5 Lowermg the height level and keepmg
gentle slope of piled waste for stability
securement and gas emission prevention

Photo 6. Water-treatment msta]latlon and
pond for infiltration and environmental risk

Available space of controlled final disposal site
is effective as tentative waste storage site,
because such site has above functions (Photo 3).
However, usually land such as schoolyard was
used as tentative storage site at past disaster, as
some disaster-stricken municipalities did not
have available space of final disposal site.

Because the tentative waste storage site
acquires custody of the installations, at usual
land, the following standards are required:

- Measures to prevent scattering of airborne

waste.

- Measures to prevent spillage of wastes.

- Measures to prevent underground infiltra-
tion such as that by leachates within the
waste.

- Measures to prevent emanation of stench
from the waste, including that by evolved
gases such as hydrogen sulfide.
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Specifically, the followings are
the installations.

Hydraulic barrier is considered as an effective
measure infiltration.

against underground

Bentonite mixture soil effectively controls
seepage (Fig. 10), and clay such as bentonite has
the ability to adsorb radioactive substances. In
addition, the hydraulic barrier using bentonite is
incrementally effective in the treatment of
radiation- contaminated waste. For scattering
prevention, it 1s necessary to employ such
measures as a simplified fence and sprinkler
system at the storage site (Photo 4). Moreover,
the height of the piled waste should be less than
5 m with a gentle slope to secure the stability and
(Photo 5). This

arrangement is also effective for the prevention

prevent the dissipation
of stench emanation resulting from evolved gases.
Finally, the surface water at the site should be
treated by simple installations (Photo 6).

Therefore, a tentative storage site including
appropriate prevention installations has a
significant role to reduce/avoid environmental
risk.

CONCLUSIONS

The conclusions of this study are listed as
follows:

1) At several past tentative storage sites, heavy
metals with concentrations exceeding Japa-
nese environmental standards were detected.

2) If disaster wastes were disposed of at the
damaged landfill, the environment could
become polluted.

3) The disaster waste layer in landfill site was
understood to be less dense and weaker than

Such

disaster waste layers could become problem-

that containing pre-disaster waste.

atic in former site redevelopment.

4) For reduction/aversion of above risk, it is
necessary to set up appropriate tentative
storage sites while awaiting appropriate
treatment and disposal of disaster waste.

5) Available space of controlled final disposal
site is effective as tentative waste storage site,

because such site has proactive functions.

6) Tentative storage sites should include several
prevention installations such as a hydraulic
barrier containing soil mixed with bentonite.
Because clay such as bentonite adsorbs
radioactive substance, this measure would

treat radiation-

also be effective to

contaminated waste.
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NOTES

) Tentative storage sites of disaster debris/wastes include the
primary and secondary gathering sites. The primary gathering
site is set for short time (ex. less than 1 year), but the
secondary gathering site has set for several years at past large
scale disaster.

2 Ministry of the Environment (11/26/2010 updated): Annual
report on the environment in Japan. <http://www.env.go.jp/

policy/hakusyo/>, 08/29/2011 referred.
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