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R AL O A DOELEL. 98T
2015 4 FE DELAHE B Tl as e Y BHE FE A 80~100%% % L7 2 LD, TARHEK DB AR+ T

bolebBEZ BN, T I THFEEIITHIKOREEZIC L, dOtdekh 2l Bk L TTH
HROER 2R LTc, Fiz, FEEEFRBRIC 2 EORKZITY, KEOZLPEIZ OV THRHIRE

Iz

JEREHARSE TR ONIZT — & 2 MBS RICHE 21T > 72, AE TIIAE 2 BIOTK 2 AR E

FECR, PARPEAK & HOEGSBHIIE D72 OFRAK & XRS5,

6.

1 MR RO AERER TG 14

HF K OERBUL FReIoRd 2 O FIEIC L 0 i L7,

(1)  HTNARNVTRTIZE DRI
6. 1-LIZH TNV T R TOMHERE, K 6.1-1 KUK 6. 1-2|[2F 2—7 FF A ER
varvia—ia=y NOWNERETRT, AR IXE—F—FEOB 12 MLELE LW
D, ABY RN T DL Ip/NARD/SA TRIZEBWTHERAIRE T, ERTAFIZLI VN
JE - WEERAIIATH 2 ETHART 2D TH D, K 6. 1-3 ITEBNFERZ /KT,
ZDETNNVT R T HMEA L THAL, TFKEZRIT 2 & & bic, K EEHRIZE -
THARAZRELT-,
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#F 6.1-1 XTI T R T HAE

THH (aREd ik

N 16 mm

Mg AF/VAAF- DIN 1. 4301 AISI ss304

i 16 kg /47 Fa—7 R7 L5t
RNy 7Rk 0.3 m

Fa—TLE 350 ft (105 m) M'Z : LDPE

it RES

AN = I Nl = Sy

2=y k BE) (XA ~—) I B3 EEML X 8
2AT 250 psi (1.7 MPa)

YEB)E ) EHRH A

VEEh AR 7.5 kg

i

6.1-1 F=2—7 K7 A

6.1-2 HKr7aritm—a=vyh
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(1) FHAIRE (2) RT7A4TH;
L wpmk . ==ux
— LK DI DB ADFI
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6.1-3 XTI LT IR YRR R B




2) Y7 I XD

WAEA T AN L DFMRBED =0T, JRALE Y 7T —I2 L0 R EE ) 2 R FF L7
TAREERI LT,

£ 6. 122V 7T —DEkE, X 6. 1-4 225X 6. 1-6 (AR OEE 2R, AV
7T =7 e—2A0—X (¥ 6.1-7T M) ML TEY ., NARD/SA TRITENT
HEHTTRE T, RNLIEICHB T D T AKOBRIAZ HHYE LIcb D Th 5, HD-1 FLHICEIEL 72
HOTxE L, HRE 600m ETOMHAEZZBEL T4 L FROMET A E2HE LT,

#6.1-2 VoI —DHAE

1EHH Tk BE
Tn=A=447" 7" 5=
2AT Flow through
PANES 18 mm
e (IR R 10 / 8 mm
f 0.5 m
pay s ca. 22 ml
M A7V AAF- DIN 1. 4301 AISI ss304
B 0.5 kg
f 0.7 m

F = v 7 VT ST S

48 bar+ HiJ&+

VAT

2AT FH#)

MEZ A~ AFVVAAF=I, A 6mm

7T T IR

ME ATVVAAF=V DIN 1. 4301 AIST ss304

ef 1.15 m

[ E R AR 0.79 m

V% 2-way, ==p W\ V77 B AF v N =D E )%
B AFvyN =R 120 ml

(AN = 2 55mm, AZhE : 22mm

JEI1r =7 0-100 bar
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6.2 M F/KMEONH ABREUESE

SR TRIKIERL TR AKBOKIEREL 2 [ L7z, R 6. 2-1 IT/EEER AR,

F 6.2-1 AR 28 fEFERRK FEARE
" HEKE (L) -
EERAtE B B (o EK) FERNE fi& =
=@ 2016/6/1 3:45 PM 0 TBKEAIE - BKIRER
2 ok 2016/6/2 10:00 AM 20 BKEAIRE - K
=@ 2016/6/20 3:40 PM 20 BKEAITE - K
%T%HWK 2016/6/21 9:00 AM 0 BKEBRIE
2016/7/25 4:00 PM 20 FKASL B RE - R R T
=1E 2016/7/26 8:40 AM 20 BEK-$RK- 70—t )L - KGRI
Tf,]k 2016/7/27 8:20 AM 14 K - 43K - FH RIRER
~ 2016/7/28 8:20 AM 5 2k ALERD
=3m 2016/8/22 3:10 PM 20 BEK
%Tﬁ#shk 2016/8/23 11:30 AM 20 HEAK - 1K - KR
F4m 2016/9/13 3:50 PM 20 Heok - 51K
F sk
5[ 2016/10/11 2:50 PM 20 HeK - K
F sk
2016/11/7 2:40 PM 18 Bk
Zom 2016/11/8 8:40 AM 20 BK-FEHAX-7O0—EL BKEET
Tf,]k 2016/11/9 8:50 AM 5 J0—t )L FH RIRER
~ 2016/11/10 8:30 AM 0 FH AR FAKELEED
=6m 2016/12/5 2:45 PM 11 HEK
%Tl%#shk 2016/12/6 10:00 AM 22 HeK - K BTEMSMD R EHHEKE25L1%1250,250,500mIEE 7K
=7m 2017/2/6 3:39PM 11 K
$Tﬁ# K 2017/2/7 2:07PM 23 BEK - 7K AR A S0 REHHEKE20LEZITIRKARR L6 ARERK
R FEHHE K1 L1221 +1L D 2AIEK

ATOKOREGH R, RECHB, $REO7E, 20T (1) ~ (5) 28T,

(1) 2015 4F56 1 [RIARERK

A PRIE H

2015/8/5 T H A

2015/8/6 BKEAK (KB, MhEscH, RALE, SOEdRh, Wb T 2 —¥
—WiE

(2) 2015 455 2 [BIAEAK

HA BRI H

2015/11/24 | —feH A

2015/11/25 | BkBok (—MOKE, MECE, FAE, 2Otierl), a7 2 —4
—HE

2015/11/26 | At 7 AERIK
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(3) 2016 ££55 1 [AIALRK

A BRIV

2016/7/26 —EH A, AT xFrhul)r, ToE=T, WIEREKE, WEMEE
INT A =& —HE

2016/7/27 BKEAK (—OKE, MEIcHR, [FALIK, HO6Y9RD, i A

(4) 2016 55 2 [RIAEAK

A BREUE

2016/11/8 —W AT A, AR T A

2016/11/9 TR (fBOKE, MLk, FAE, SOk, v k7 =) hbr
Vo, TURE=T, BIEmbKE, Wby 7 A —2—HE, fHA

2016/11/10 Fir A

(5) LREUHAE & RIUTIA

BERA AR REAE
—fokE Na, K, Ca, Mg, Cl, SO,, HCOy, ZILAY |F TNV TR TTHBIKIEK, 100m TSR FyIRM L
> FE, TOC [I=23:18
Br T-Fe. Mn. Li Cs Ba Sr Se Cu |2 2/v/ VIR TTHAKIRK, 100mTSRFUIREL
METER 70 As Rb.LE SLALB l(};ﬁéﬁi; OHETICHEEZRML, MR OBREADREE
e e 0N
Z DNV ITRY TTHKEK, 100mTSRFVIRML
IZHBEIZH TR, 7V EZ7REEE SRV
TUEZT NH,, NO,, NOg O, BRI CHABBICAERRE L=, F=, 11
ADFKIZEWTIEHEER L TSH2ELZEHHER
Lf=,
FIINIIVITRTTHEKFEK, REHEALGNESIZ
AILkDxForO)y |T-Fe, Fe?' F DA == 00— = IKIZH LIRS TEOMIZH
EREBELL .
BTNV ITRTTHKEK KEMEALZEWNESIS
BERIEKSR H,S°, HS', ¥ + A —NR—TO—EE KIS LIRS TEOM ZF
EREBELT,
KEBERGALE 5D, 6" TN ITRTTHIKERK, 20mASRE VISEREL
3 B I INIWITRYTTHEKERK, ILTSRFYIRMLIZ
R)FH L H R,
1o g 51 A IV ITRUTTHEKIRK, 1LPANRR JLIZEREL, 11
' BDEKDH,
. %G1/l I NIV ITRY TTHKEFEK, 100mITSRFVIRMNL
IZHRE, 11 B DRKDH, 5
OO EE AN K EBHETIOOMIEBA SR /NAATILHEIZETEZLS
—ganiz O Ne OO Oy Com CaDRENN. 1) L st A, I ARIZ 190 SS SERLNT,
C0,&C ~ CuDRFRRML AL HT LA H L= L E0.2% B kSIS,
KEBHETIOOMIBREASRNATILIRIZETALS
" . . N—=ZDIFTHA, 11ADFEKDH, HAKIZTAo0
LKRAR  |HSHA SYLSERNT, BIERLFILO=D AE0 255D
IZimLi=,
FEHR T-He, T-Ne, *He/*He FRHOFEKEBERMEE TR TSETHREHA,
_—— 4-T2/-1-F 7LV RIVRVEEF RS | Z DIV L IR TTIBKEEK, 100miEB B A SR IEIZIE

LK FNY GRM: O FA B

)

MERALENTA—R

SREE, pH, ORP, DO, EC

pH, ORP: 5K L=t ME7O—t)LIZELTHEIE, DO:
BEARDALNBIEIZEZEER(FT 28, 100mKRYEY
IZBLTHREREDDAIE (20164 ) , 2015F E (L7
O—t )L THRE, EC: 7A—t)LZRBLI-% D KERY
EVIZEALTAIRE,
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6.3

ST B M OV 71k

ST TEE# 6.3-1 127,

# 6.3-1 Witk

ST AIEER Fi&
DO, EC R—2T)L DETBIZE THh E I TEHAI
Na, K, Ca, Mg, Cl, SO4, Br, NH,, NO,, NO, |AA>oOTRIS5T5%
I JISK0101 KSR RS HFE L
Si ICPEN S HTE
T-Fe, Mn, Li, CSéEaNS% Se, Cu, Zn, As, ICPE B4 %
F JISK01025> 8 -7 B va LY VRIS EE
HCO3 AR B ERER SR () 11, PREERR (b -FROME D HTE
TOC JISKO102 A RE (L —FRSMRHKTOCH#TiE
8D, 80 SRR FEE (1975)510%, 46 R FRALLDBAIESE
3 RETEERIE SRS —X9, NIF I LS HE(FERI14EHET, X
ERRISE) BAREEE
FTOFAUEE(FI/HER) HANEE
He[R{i{A, Ne FH-E8)11(2009)
—fEHR GC-IR-MS
BAEKFEHR GC-ECD
o NI E—IEREE N
8% IR-MS
e IRBEES R
FILAYE pH4.83F T 3%
6.4 OHTFRERKOELE
6.4. 1555%

AW TR DNIZT — 2 KO, Bl GAFIN 4 2 JRiE R o gk 7 — 2 L 4RHITEK DR

7K, 2013 4EJE\CEN LT FNIEERAKT — X 23 6.4-1 1 HFE 6.4-4 ITHED 5,

35




# 6.4-1

2015 E 51 [E8|3%F : 2015/08/06

WAL T A — 2 —

REIEH T3 B KB (°C) |#iE=
pH 8.15 - 26.7  |&RE
mV s
ORP -262 (Ae/AgC) 26.6 | TAWIER
20—t )L TRIE, HTRADBWLLI=WIZEA LB, 1=1-L,
DO 0.07 meg/L 263 |ORPA—ELTHECHETHAVERITHOIz1=8®, 1=
ADOIFEOEEZBNDS,
ATC25, XBRIZHOL T Motz R TDEE £, 5115
EC 1.378 S/m 285 [KIFERIDKAEWMSNBIETHDT, VEDFRI(11:15)
D1.3955/mDF5HABRLMELNE LY,
2015F 20T : 2015/11/25
REIEEH |[T—% B KB (°C) |
pH 8.46 - 2.3 F<RFES, BIES
mV 2 - =
ORP -124 (Ae/AsCl) 25 |#BRRIZER
Do 0.00 /L 34 70— TRE, I<CRED BLAHIMIERLT:
- ¢ C | B AN ET REERDND,
o 1394 S/m 35 %Tozso FTCRES, R TETFLETLTOWVRIEZEIER
2016 F 1A : 2016/07/26
REEE |74 B KB (°C) |#E
pH 8.3 - 228 |I<CRFED . BE,
_ mV BRIZTHBIBARELED, BHTEL, FEAEREICR
ORP 245 (Ag/AgCl) 230 Z%,
JO—LILTIEHTANABELEHNEKD T, 100mIT7A7R—
DO 0.00 mg/L 225 -
CNETEBYATC25, 2%, /N YBITE, b EhdThIc
EC 1.301 S/m 233 A FIERE.
2016 EEE 2085 : 2016/11/09
REIE B T3 B KB (°C) |#hiE=
H 284 ~ 47 HADIEZ BEpHAETF TABMERIZHD, HAZAN
P : T BNESITTRLTEENRE,
mV = — N
ORP -173 (Ae/AsCl) 44  |BONZTFTHYER
TO—LLTIEHANASZELENEKD T, 100mIT7A7R—
DO 0.00 meg/L 4.2 -
EC 1.670 S/m 3.1 FERTE, /INTYBIRE,
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(1) #OLHBHRE D21k

ARFLTHEFAKIZIEA LTV DANBER DKL, HEHITEAK & FLABEEK L O SPMP o 2 7 A FR [BIRFIC
BAINEEKRTHD, ZHBIITEIEYEE (7 F AU ) 23 20mg/L L7225 X OIS Tn
Do WFROK SR C#ENEGE Z o T D 2 & HHETFKITIRS LT D AMEBE R O /K 2SR TE
KPDREBUDB DD, PR ZED - Z LICEVIETFTLTWS H 00, 11 HERKDEERET 53%0D
BAREZRLTWND,

2016 42 6 A LA, 13TEA PR ZITV, SOt ORIEZIT 72, ZOREEM 6.4-1 125
T RB, BE LTV ZREE IS B L), SEKT IO ET o o R L1385 T
LEEZRLTHDD, FEMICHECEEZ TR LTS, X 6.4-1 TiX 2016 427 A 27 H OEKE Tl
S0%HEE TN ZEE L2 fEZ R LTS, #H (2016457 A 28 H) £ TOPKTREMEMAMETFLT
FY, 2016 £ 9 H 13 H OBRAKLIREIT 2017 4 2 3 OFK E THEA 60%FRE THER L T\ 5,

20 100
182016/6/2 2016/7/27 SEEREKE

90

—~ 0 2016/6/20 2016/7/28 80
fn 14 2016/10/11 2016/12/6 70
E 5 2016/8/23 0 2
i 0 2016/9/13 [ y016/11/8 | 2017/2/7 oo B
HIK 1l
5 40 Q\\
K M
B 6 30
oo, 20

2 10

0 0

0 50 100 150 200 250 300
FlEHEK = (L)
6.4-1 TARHEKIZEE O HC YR E 281k
(2) PUF DL

WAL HE DO FEPN B O M R AL Z 3L E TO He HRBNEDFER NS H HHEA— X — DO FKERNH
HEEZLNATWS (FH--E/), 2009), ZOZENnEH MU Frn CERE 12.34) 2B
HEWHIZ EE, BHUVIKBBALTWSLEDEEZ LGNS, IRALTWAEVIKE LTIE, HEHIKIZ
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RSB T DK (3. 18TU) 72 5 NTILOBEES SPMP > AT ADFKEIZ W B L7z ik
(EEARHFDK) LBEZBND, THAMRITK 10 FETOHEHIE (2006 4~2007 4£) ([TIRA Lz &
WELTHr)FUAREOHIELZ L CRAREREMNT D L, 32~4T%E 725,

2015 4EFE R OY, 2016 4FFE 7 H OFRAK E TIZ 0. 59~0. 85TU DIREET b ) F oAkt Sh Tz
2, 11 ABKTIEC0. 17 (TU, HIEME. 02BaL™ Z#a5) Th o7z, RIZ 0. 1TTU R STz & L
T, 10FANCHE T 5 LIREHRIT 9.30E 0D, #OUCRENOHEM LIZRGREITEDRVD, 2
(AL 2 RBUTFOCHBHIE DRI L A T TH 5,

# 6.45 MUFULREELaLH IR

3H (TU) HIZK B AR3E | BAREHICKS
CARS aAASE (%)

EEKHAF ) )
(HEHI7K D RIK) >
13R1314 0.76 42 3
HCD-3_2015_1 0.59 32 102
HCD-3_2015_2 0.85 47 83
HCD-3_2016_1 0.59 32 84
HCD-3_2016_2 <0.17 9.3 53

* N Fo9 LISIEEIBEE (F TR, RS, SPMPORTLBBHICEEATEA, NFIHLERTRTIE
HIBE (L0FE RN ICA-T=E D EREL, REL-AZRELTCaVISELZEH,

(3) —fKE

ANXYPHATTT L (K 6.4-2) LA NR=FAYTTLh (X 6.4-3) T, ZEDD
2013 4FFE RN CTEREL L 72 13R1314 /R LTV 5, JEMEIAKIZIES S rEi, 7o D E (B L
ITHIRFBILEE) K OBREEIEEE OEEMEMEV, Zhux, JEMHK TR L2 REHEN D202 &
T NHYEREEIT> TORWEENRH D Z L0, HAIKANLTA NS T4 "REENDY
B, RRUTRN TEML ST 3o T A M HIEEET 2B F KSR O LIRET 2 2 &0, it
FRIZ L0 Rl & 72 o o IBRK S I VW A N B PR L CEREER A AT 5 2 210k b, AEPR L7Z 200m
(abgl) K UN250m (abgl) OIEMEHAKTIZT VA U ERIEDTOILTWRWo8, FEFEFA A0
BN T U ADD HOO, IREEA RO TV D3, Fl LB OIENT, BT ADELGIETRD
ODNTETH L0, ELVENE I NIARHTHY, H ETRDOETH D,
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Na+K cl
Alkalinity
300 100 100 300 300 300

(megq L?)
----- HCD-3_2015_1

HCD3-200m*

HCD-3_2015_2 250m*

Mg SO4 HCD-3_2016_1 =

HCD-3_2016_2

X L EIL BN RADELEIETRD T,

6.4-2 ~FH XA YT T L

[EfEHK
EBKHF
13R1314
HCD-3_2015_1
HCD-3_2015_2
HCD-3_2016_1
HCD-3_2016_2
K

*<4>P>H+0

Ca

X 6.4-3 XA NR=FA YT T A

(4) KFEMRFAFALIAFLL
IKFEBRFRRINLAALE f OUKSERIGLARLL & CL A A REE & DIk 2 X 6. 4-4 (g, SEEHFLNL

HTFARIZOWTIE,  FITRE TR DV Bk O L 13 & A LRI CEZ 7R LTV D,
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680 (%o)

-12 -10 -8 -6 -4 -2 0 2 4
0e
oEKAFEER | | 7
BKDE(SE)
@ HCD3-200m -10
£ #atd 7K
O EEKHAF -20
® 13R1314 'y
HCD-3_2015_1 30 @4
@ HCD-3_2015_2
i 40|
@ HCD-3_2016_1 o S
@ HCD-3_2016_2 ’g{a
50 [ —
-60
°
-70

X 6.4-4 IKFBEWEEFNARLL

(5) MEICH

WRIE DI T KILE WA T RIREDFHE TH D, AR THOLNTZH TR BIEARKO L LD
WARDRREZ R L TWD, HHIKICHW S AKRHF DR T HRIREIL0.04 mg/L THDHZ L
5, @R T HBEEIFMEOM T KICHKEL TS LD EEZDZ ENTE S, 2L, HHEITEHR
ICEENTWEAR Y RIRENS AR, JFALEOH T KOLOEIIMETHZ EIXTE RN L%
FERRLTBL,

(6) —fixH A

BARFED A A DKERLOZAIIE /N S V3, ZEMERFEORMKLEARE SBEL TV D, &
7z, EEOHKTH -7 HD-3_2016_2 DEAKT —Z 1L COREN R 72> TV D, THEAKFO—i%
HADOPSE, FNRLOEZIE L-FIERN 7 50, PEEKICiEy, K& BT DA
REMED B D Z L3 yinoTz, FFIT CO, DRINARLLS~ A FAINE T T ATHRL 5 &) K& B k%
LTWDZ EnD, PAHEAKR AR5 20RE T HIVUTRR - T fifR % 35 WTREMEDS B D,

(7) WELFRT A —H —
pH & ORP (£ 7 v —% MZ CHIE 21T 2 72, VRIS COMITE CTH 5 23442 100ml /min LA R & 72

D& LTz, DOVIRAF AT ADNEMENIZ Y 725 LEPARE E 2D, BERMoRmW T r—E/LTlE
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EREZRBIENTE o7, £ZT, 100ml OF 7 AF v 7R MU KEZEAL, K CHEME
AL, A MLEZRDICLTHARESLHICHKIT 2 LT L THIE L7z, ECIZ7 r—E/L %@ L7
KaeTIFIAFy 7= —I8AL, RKBAB T2, BN ORTRIE Lz, £1IZRLE
FER A WD TH 6.4-6 (TRT, 7045, ORPIIFEAELY fE (Ag/AgCl) 726 SHE JEMEIZHA L T\ 5,

# 6.4-6 WEYLFI T A —H—

B e 2015/8/6 | 2015/11/25 | 2016/7/26 | 2016/11/9
pH 8.15 8.46 8.3 7.84
ORP(mV SHE) [ -57 98 -37 47
DO (me L) 0.07 0.00 0.00 0.00
EC (Sm™) 1.378 1.394 1.301 1.670

ZNFENOREE ORI SN T—EDMEMIT R S\, 32 6.4-1 OBIZETRLIZEEBY, pH
IZ7e—k L THIEL, EELAEEZR LT, ORPIZZAIE L &L EMEE THIEL TV Ly, DO i3k

ZoHoLFHZBLTErTHD, £72, ECITLEMETH D,

(8) IRFFNLIALL & IR FENLIRLL

FettE RS (M) 1L 5. 1pMC Th o7, ZHE TO He FREIEIC L 2EMGHME T, BHHEA—F
—DFERERDZ LD, A 5730 FETH D CITE L, RHBALLT L7225 T0AIETTH
%o T2 H, b IpMCITIRAIK, WEHEKENSDa L ZIx—va Bz bbb,

B PERESE (CL) 1%, 2.9%0.9 EWHETH o7, AEEKEZIT 572 HCD-3 D 200m {13/ D HiE
IHENIETH D, THEER (2009) (T&D L, HNEOHTARD *Cl H P EIL 8. 1+3.3 T
5, F7-, HCD-3 FLOFRHIFREICERERIAKIZ LD 200m FE2s HEREL S 717z 36C1 O HHE I 8 55 D1
ThnI Linb, AEFLNTZ2.970.9 LW EIFARDFMAEDHE L IEXTERNbDEEZ BN

Do

(9) #HA
T AT =B OWENZ 6.4-5 1277, MPICITAEERLNZT —ZDIENT, HHaaT
WA T ABRIUZ K % He, Ne D7 —% (HHIZAY, 2006 ; TH - B&)I, 2009) %7,
2016/7/2T IZBRI L=/ RIZ TN ETOT —Z LML D LRy, —J7T, 2016/11/09-10 THREL
L7ebDIFRESERDEEZRL, ORICELSIE TRO LW OEEN ST KNITLE A TN

TWZRNWZ &N InoT,
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He (ccSTPgw, Nef#i IE %) 3He/*He

1.0E-08 1.0E-06 1.0E-04 1.0E-02 1.0E+00 1.0E-08 1.0E-06 1.0E-04 1.0E-02 1.0E+00
0 0
o »
' :
! :
' :
! ,
' 1
! ,
-100 ! -100 '
! 1
! 1
! ,
' 1
! ,
' 1
! ,
200 ' G 200 !
| ® &
! 1
' o) o
! ,
! i
-300 i O -300 o
' 1
! ,
! i
—_ ; 8 —_ 8
o0 , o0 :
-400 -400
o) ! 0 i
© ! (¢4} i
- ' -~ H
' i
E ! E i
~ -500 ' ~— -500 !
< i < i
) ' = !
Q 5 © % °
(] ' v :
[a TRl i o %0 '
5 :
! ,
! ,
-700 ! -700 |
! :
,
_ :
o O 17 O ! o a7
,
' SE = H . —
500 ' o REKHAF -800 , o EEKHF
' ,
:
HCD-3_2015_1 HCD-3_2015_1
,
! ® HCD-3_2015_2 , ® HCD-3_2015_2
-900 | -900 |
1 ® HCD-3.2016_1 i ® HCD-3_2016_1
' _2016_
N4 e !
------ KE- Rk i ' ----- KROfE
! :
-1000 ' -1000
W, = N N7 J<
X 6.4-5 Fir A DIIHTHE R ik
6.4.2 BE
R
(1) KE

EPRKIRE(3-208. 45~-209. 95m (abgl) Tk o, HRHIRFICERIR S FL7JEAERIK OfE (200m, 250m,

(2 abgl) NIELWET 5722 51E, NatK (meq L) & C1 (meq L) 1% 2015 4556 OFR/K %3 U CHE
RIELWMEZ R LTS, SEYEHREND, a4 35— g UNERAKF 2 B L T 551
KRV AR ETHIUT, FOLYEHRE L CLIRE CEAKRMAEMZEZ Lic<vy) (3R EEIBEG &

RHITTTHD, KHBIBMR & Ao DAV ATfEN: & L CIXRHITE K OIEBRFI AN ZT b b, ek
(TVERC%, RSB YRS 2 B L e OB BERAIA S 5720, BERTIET H13E, H
TABRAET D, HOICHIFRPRS LIOIRIE THREI 21T o T, SR YSRHREE @ <, 23R
NEDOH T KDOKEIZITVIRANESHND Z 2225, Z0OZ L ITHEIAKZHRE] I E RSB Sy
BrLCOWAIURHER T H 2 EMNTE L0, KILTIEZEDOT —Z B3> T\, HERTHIENT
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&7, 0D, 00 DEMRIZIBNT S, HOEYLRHREEDS @ B 2> b Rl & [AIFRE DfE 2R LTk
D, ZOFRKIFCLREFELFCHEREZOND,

(2) pH TR ORP (22T

pH-Eh 4 ¥ 7' F KMIABRETHONIZFEEE M 6.4-6 1277y b LTz, fiffRe ¥ v HA b
DYHE WS-V I Ty baivd, LMLRR D, KESHETIEIMEBIIRE I TELT, bt
Bl Uyt A RO E WD DRI LY, HEHIKE TEAZERESEIE L TW DR Eo /T k
DETHL7, bLIET7r—EALTOREN EFAToTNRNWI ENRBEZOND, DR Lbs
[510> ORP fE 23+ 53 1 C 2B EE L TORWIRIE TH o 72 Z L ITIE LWEA R S 2 WREO T E ST
&%, ORPAEDHUAFIZIT 372K &2 20T D ER D %o

1.2p ' 1200 7
1l @ HCD-3_2015_1 11k T
1 @ HCD-3_2015_2 1
.9 9r
" . @ HCD-3_2016_1 ol
7t -{ @ HCD-3_2016_2 e
6 _ 6
. 5H > 5 CO,(g)
8 ar A
Jarosite-K L
=l b Siderite
g 1 1 .‘%
0 0k . i
-1 -1k Artinite ]
-2t -2t g
-3F -3rF
-4t -4t
-5t . -5t
_6F xf[\rplhte 6l
_7L25°C | _7L25°C i
TR S S S S R N R S O S S R N R M 8
01 2 3 4 5 6 7 8 9 10 11 12 13 14 01 2 3 4 5 6 7 8 9 10 11 12 13 14
pH pH
1.2/
110
1L
9r
.8
T
6
—~ 5F
g
o 3B
\?/ .2,
=S
[} ol
S1E T +
~.__ NH
-2k \\\\\4
-3+ h
-4k
-5+
S 25°C
s 1 1 1 1 1 1 1 1 1 1 1 T 7
01 2 3 4 5 6 7 8 9 10 11 12 13 14

pH

6.4-6 pH-Eh

(3) MLk
iz OWETHEZMELIZHT, Li EBAHD, ZD 2 20LEANBUKIEMEZ T 72 & I
TOLILENMONTEY, aavBkPmAIRY, MBRFEZEZTZ LaJHTKCEFT 5, €
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DTS LI REIIAEHOTETMAEOHEOHEIZHEN TS (AFIE), 2014),

etk DBIK Td o 72 HCD-3_2016_2 |28\ T, Li B (mg/L) @ ClIREE (mg/L) @i, 0.00015
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7.3.3 FEHH - 2T AR EN

2016 4E 2 A LI A BID4 MGB @ micro SD ~DF —Z HL Y AL (micro SD NTF — & FiGR)
w3 7.3-25 KUK 7.3-12 1277 F, micro SD NT — 1L MGB A3 FH & 1T - - BRCRIF SNz T — & T
HY . K NGB OFHUEWEDO KR A RL TWD, 72720, FHUNEENSEEI L THZ D% micro SD
DOIHRETT — 2 PE I NG EIET — 2 BIRA TE 2o b D & L THUSRICKBES L7a w0,

MGB_1F {22\ Tk, 2016 456 A ~8 A OHIFIZ micro SD OF — X MENREAE Li-72 . FEEEDOH|
EREAHER TE 2 h> TS, Fiz, 2016 43 A~5 A2 —R A NOBEJRIEHRIZ b7 7L 535
A LRHAIE RN ER TE o770, Z OO MGB_1A K TNMGB_2A DF — Z Fif5R(% 0 1272 - T
WD,
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IKEBJERFD micro SD ~D 7 7 & AZE (LI (MGB ~DOHARTELA 2. TV il & 72 o 72 A1 micro
SD ~DF X AL ZEEIL T 555K) & 2016 4 8 H FAIOBIMBOERF I Lz, 9 H LABEIZ & MGBIA,
MGB2A @ micro SD \Z7 — & REMIEAE LI 72 O UG TEE A 78 L7228, MGB ~D s d 1 AL AR S
WegoTuz, 12 A EAIC micro SD, KON SD H— KA m vy MO AT 7o & 2 AKRENR
WAL otz lod, [FUX L7z micro SD, KUY, SD 4— KA1 v &4 L Cil_TRE5H. SD
— RAnwy hOHEAEDICEROMENZEHR Sz (M 7.3-13 225 7.3-18), micro SDIIZ
IR ERRO R D o772, SD H— R Awy MUOHAARRIZ LY micro SD~DT 7 & A
EENBELTLLDEBZEZ LD,
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7.3-17 micro SD #2555 (MGB1A)

7.3-18 micro SD #2530 (MGB2A)

micro SD NTF —ZHUSGR AR T S TW-FOMOERZFHE LR LU TICE LD D,
D MGB_1A, TR, MGB 2A (2016 4F2 H~5 A)
r—A ANOBEIFIM ST 72 X0 NGB B LT — X RAEMT 272 oo T,

©® MGB_1F (2016 46 A~8 A)
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Hr— A FNICREBERFAEL (K 7.3-19) . ZOEECTnicro SD OF — 2 IR L7-,

7.3-19 4~ — A F NfE#E

@ MGB_1D (2016 48 H)
MGB_1D D F — Z NEFAE L 7p o722 & TF — % L EBROBAOBEENRH L 20, Z0

MORIET — 2 BNER L Tr o7z,

MGB {2 BT~ 2 AZHEMEM Lok 3R & U TRk 27 4R EERA O R AHCIRRE (2016 422 1) LARRICIR 7o 7
SOE I HMERFEERF O micro SD ~D7 7 & AELILHIEIOEN (2016 426 ) & Z DM N—FT =7 O
& (2016 4E 8 H) M UO'MGB_1A, MGB_2A, MGB_IF @ micro SD 7 — K& A w v A (2016 4E 12 1)
Thd ( 7.3-1), ZNORKROBEE D720 micro SDINT — X BfF#% 2016 45 2 A ~2016 4F
8 A, 2016 9 A~2016 4 11 A K1 2016 4 12 H ~2017 4 1 A O/ 1T CHEHE L7- (&
7.3-26), Z DRITITFAL 27 FEE D IAEFRA ) Bk 28 425 D A& Fi A £ TP micro SDNT —# Y
R (2016 422 A2 D 201742 1 H) OFHEGSEL L THRETH S,

MGB_1A, MGB_2A, MGB_IF Z i< & 2016 4= 2 A 25 2017 4F 1 H £ CORMM Z#E L7z micro SD N
T — 2 BUSRIL 99. 968% T -7, micro SD 77 & ZAZE LK OB & Z D N— K7 = 7 Okl
DIBE® 2016 - 9 H 2251, MGB_1A & MGB_2A % B\ M7= MGB T micro SD N7 — & HfF=R1% 100% & 72 -
TW5, micro SD 1 — R & A1y hASH% D 2016 4F 12 A 7> 51X MGB_1A & MGB_2A & micro SD NF

— ZBAFRDIEE 100% L7207z, 7eds, 8 H LAKRIC MGB ~D LG EEE DMK T3 2RI Ula o
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oo ARBEEREOUIERNRIL Z ORITKBEE LTV,

AHEELT o T2 8GELART 2> 5 MGB @ micro SD NA~DT —F B SARITLE L TIThbR T D &V x
%o LINLZRDN5 . micro SD ~DOMHGEEM TR - BEREA~O BRI MEIMEN TR & 5 Z
EMmb, THHREREND nicro SD ZIR#ET D X 5 — F D = THERLD 2 WITERRGT DN LB
ThdLEZXOLND,

#17.3-26  micro SD INTFT—ZEUSR (HWIEH)

- poToE2a  R0Io&E9A  RoioEi128  RoioE2A
T REBEN] ~2016488  |~2016&118 |~2017418 |~2017418
MGB 1A 42857 99.834 100,000 66.625
MGB _2A 52,846 99.630 99.999] 72.401
MGB_1B 100,000 100,000 100,000 100,000
MGB_1D 99.676 100,000 100,000 99.811
MGB_2D 99.996 100,000 100,000 99.997
MGB_3D 100.000 100,000 100.000 100.000
MGB_4D 100.000 100.000 100.000 100.000
MGB_5D 99.999 100.000 100.000 99.999)
GB IF 60.837 100,000 100.00 77.155
%MGB 84,023 99.940 100,000 90,665
GA 1A2AFLISL 99,945 100,000 100,000 99,968

7.3.4  HMBRETEHN SR O R AR
EOOEXRET NI Y XAOKEERBROF R 2R 7.3-27 187, ZoORBRTIE, fiEfET —% %
450mm & U CHEEMEOY 7 ) v TRERBEG SN GE ORFEFE R AR LTV 5, KPP OHEGOMEH
T—HE BRI D Onm, RRME, H/AMEZFRE LICRER T, SEERB OXIR L 25T — X
ERLTVD,
£ 1.3-27T BEHIELOXBRET VT U X AERERBRE R
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EROWFT —Z 2K 7.3-20 RO 7.3-21 (T~ d, TATY ZLAOERIZEY . K 7.3-20 ITR-T X
AR ANRA Y Pz r OFHMEE R T RENES 2o TS, ZOMT, 0mm~190mm O RIICT — & M3
FE LW DIIRESH OREEA 190mm L 72> TNWAHZ &k (7.2.4 BB OKE 7.2.4
(1) MEEEHHOESE), LorLAans, BEEOFHIMEL 200mn 7> 5 400mm O CTIEH S %

ARLTEY, 7Aa) ZLAOEFIZL Y FHAEOIX S5 24l TS 72 LT 2y,

FE @ mm](20165F2H)
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97



DFRER CHELR) CTh D, BEHFFOREN S O R B ELM A Fhi L 72 % o RERITT —
FDIXLHOERIMA LN TND,

e H| R R AL IR R
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180 I 1 L |
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7.3-22 FATHEOFLHEZEH T AL R

FIELET LT XATIELDENRRETERNI E D, AFHECTHERA LEZEEFOIESL-
I TR =R b EEZ LT,
(a)  HFEEME

EBEOBERLY BHALNCEVEEBEIAH AT L2013 D,

7.3-23 [IBIMIEREZ 1T o 72 2016/12/7 DFEFEAZ /R LTS, 9: 06235 9 : 08 12/ TR
234 ZRIZ 633mm 2> B 346mm D Z R LTV 503, X 7. 3-24 OBLHIES > 5 13AE T 23 300mm (2
HLELTWARNIZ RS,
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1200
1000
800
2016/12/79:06,633
600 o
400 2016/12/79:07, 418
2016/12/79:08, 346
200
0 : |
2016/12/7 0:00 2016/12/7 6:00 2016/12/7 12:00 2016/12/7 18:00 2016/12/8 0:00

X 7.3-23 T3V X LIEFEH% ORGSR AR
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% H )T 2 RDUT 7R < Tp o TS, HOBRIICRE B2 R~ IR A WET 2 2 LT T&Eenole,
HEBRDEEN D RAET DTS SETORET LT Y XA T, BFEM S5 100usec (A 7
2R fED 10 RIORTERRD 5 BRKME « f/IMEZIRET 5 2 & TRIEMICHEET 2 R mHz
PRET D ZEEZMFFLTWER, TATY ZLADERZBREIILTVRNI L5510 FIOHE]E
OHRCTHEBEIORFSHEAFU L TCWDbDEEXbND, T2bb, BESMEEZNET 5 R
135 usec AL THEREL TRV . ZORBUSIHIETE 2F5HIFIE - 74T XLADRHFTATHE L
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WAL L HERELTVD,
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L7BRICHIE R E L OFEEBHI OGNV REBE VR ELTZVT L ENH D,

7.3-26 | ZJBGE & R BOFHF R AR, 201740 1 A 9 HOMEE GRORTER) 13kt
AR\ RE 300mm (LA FHANE & L CRR L TS, BUENKE <220 dhsd 72 19 1 00 LIKE,
FET R 300mm &2~ 2 L e Zrode, M7.3-27 1% 2017/1/9 7:56 DY =7 71 A 7 Hifg
Th D MERHINERZ R 2 & ZORFOFEE 13 284mn & 72> TV 5, X 7. 3-28 (£ 2017/1/10
9:56 DY =7 A ATEBRT, ZOROFHEEFHIAER TIL 203mm OFEEETH 5 Z & 3B+
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20400211 0N O IS G 2T

=

7.3-28 FEEENE S (2017/1/10 9:56)

(c) FEFHOFEICL DT >R
7.3-29 [ FHHNEEZIT > TV 2017452 H 7 HD 8:00 725 10:30 DOFESH BEORIE R F 4

AL TS, 8:00 DIRFATIE 380mm F2EEDFEH R A FHAI L TV 223, Z D% 9:20 BT E TITFHIME
28 220mm £ T T L, S5129:30 £ TRAMIC 390mm £ TRD X9 REEEZ/RL TS, Y,
BUHICREH0MA G 20 o 722 b b S PEEFN Z 0 X 5 BB A L E R LR R iR <
Xt

B4 7.3-30 1%, 2/7 0 8:25 & 10:02 ([ZFEEFHOHERMT 2 #RE LB TH D, M OFEEIIR
REIIE & A EEDR R, —T5 X 7.3-29 TIIHEEENZNLH 299mn & 393mm &GS TEY .
WIS 100mm FREE D ZENRL LTV D,

ZOXIREGEPMELLFENE LT, BALZESHOME BESFAHEO Bk % ERel
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F7o, M 7.3-31 AL & FEEOWEBRAK 200mm, £ 300mm, 9 400mm (ZEF L, ZD
a2 7 y ZRNCZEL TV D LD ICRA D S mOMHE (X 7. 3-32) 2R L72 & 25, 210mm,
320mm |ZHHE L72AKR D@D B > 7o, BERAESFH CIIEEORWELEZE L TLED LWV I
PG, A EOEVIKIROEZRE L TWD B b5,

FE £ (2017/1/10~2017/2/10)
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320mm

7.3-32 FEZEWrm (2017/2/7)

(d) B AT GO mEREE

RARAG BE R E IRy & iR BEERRERF DG 42 [ 7. 3-33, X 7. 3-34 (T~ ¥, mffGERREICT D
T L TEHMIRILZ LV FEMICHERR T2 Z LA TE 50, BEARMARE L RLTOEEERPTO
=7 =34 (X 7.3-35) RBEEMOERPREL 25, HRERIEREIZL > TG EREZ )
DB DHEMAPMETH D,
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7.3-33 D=7 WA TRGEREO (£ ARHEE. o mREE)

g

7.3-34 U xT WA TMGEREQ (ZARREE. o miREeE)

20101703 N08H56H28

7.3-35 EBfEx= T —44l
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7.3.5 77U R —nR—DF =X WERIZES AT MMM

WEAEJE O AER O AR Y 27 MEM OFER, R AT LOEEEAZ W LS50 b E o
ToRRE N A TN D T2, VAT LADOUE - WE% 6/1~6/3 & 8/22~24 72 HLTNT 12/5~T IZFE i L
2o THNHY AT A - B L VAT ASBROFE, B NC KO MGB @ micro SD NDT — 4
ZEM L, EALEERS RN =R VlBEICB T2 ZNENOT — 2 BGHEEZFHMn L7z (7.3.2 @
BANZALZ L DT =2 BIFRA~DOHBEOHSM) ,

ZITEEHT =205 b, BN G 7 T 0 RYP—R"—ZE LN L EROT — 2 HOEE (57—
Z AU XD KT — 2 OffiseE L WGH 07 — 2 BfGE) N A7 A&zl Eo X oicm bk
L72/ME DWW T 5,

T—ARERRELTOLBYERL, MBEDOARMDZ 77 RYy—"—D7 —Z BiGRAZEHL T

#7.3-28, [ 7.3-36 lo” 7,

FT—HRFEER - 7T R R— D EWOT — Xk IR (TR X v EH)
?~&ﬁ%$Wﬂ=77?i7fiﬁxwo
HBIE A%

779 RTF—=52% - FHUIMENG 7 T 0 RICIERIS N T — 28
HEES - SRIEER E VAT L@ A5 1L L TV 2 & R 7245 A o B B oRIERIEL

#7.3-28 BEAGHUT AT LDOT —H TfGHE

Y AF LOTIEGAETOT —SEIRE S, )
= |

B1A 91793 0.000) 0000 99 G0 99610 98713 09673 09 724

B2A 68534 0000 0000 0000 913 98 600 99921 92100
E1E 92991 93607 98023 97 830 723 100000 % 98954
MGE 1D 93061 95 067 97704 98109 98032 722 99001 1
MGE 20 91903 92 94204 93631 98012 8748 282 88722 100 000 99574 99 841 99 460
99998 99724

MGE 3D 831 9?% 93914 94061 88711 98542 992101 95 444 99731
MGE 40 92 a1 22600 86420 95 044) 95130 97771 100000 98731
MGE 5D 9252 93431 92685 91237 94524 93362 97071 99,438 100000

EIF a7 11# 80437 716 mﬁgl 100000 100000
89 341 20991 72.413 71942 §§§4§ 94803 95761 99773 B.SJJ.&‘
mﬂ_ 91 96] 92073 a3 106 92497 94 93385 a4 a0l 99761 98922

T —REE SO IBED BRI micro SDOT —REBRICF L,

oY 28 4EFE D 1 8] H DU « SfE T — 2 A OBIFIEBATHIC L 5 MGB H{ABRE D E FEME i
wITH & &b, EALBEF AR Z M AGAATS, AU MGB_IA L TYMGB_2A 735 O F — # B
FFRBEIE L7223, £ DM MGB 226 D7 — Z EUfFHIT 85% 725 100% &> Tk Y, KRERBEFITR
LIRS,

% 2 B OBGE - SE TR r — A VIBIE O FFREHERE ORLAGA T )5 HAIR IR O 53 B O Sos
EATo 70, ZHUTHEL, MGB_2A % FR< ZDfthod MGB 7> 5 D7 — # BUfFRI% 100%Ur < F Tk L7z,

03 8l H Ouol « BB TIE MGB_1A ZTRMGB_2A @ micro SD & 21w N ERZH L7=OHRT, %
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MGB 735 O F — Z B R1% 100% T TLE L TV 5,

FEANFAIV AT LGER) TOREE

—— g —4
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H. 28 4EFEH 1 H. 28 4EFEHE 2 H. 28 4EHE% 3
g - Bl Ui - Bl il - SfE

6iE6H
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. —— M
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X 7.3-36 MEAFHIT AT LDT — X BISROEA
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F=H Y T REIZBWTHITTAKKEDE=F U 7 %217 5 5E 2T, LN GHUF K Z KT
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LHENRHY . KEOFARENEWEFT 2R SLER DD, S BITHHIEKIZ K D15 %O 8 4 PRk
TOMENRH LN, HNEKEZEA L TRAT 256052 <. il KREOIAIEKRNEAT 57
BEMED RV, ZO XD RGA. PHIFKICEZ S OF 2T 2081 HH 2 Enb, XHEOREKE
PR (BE L TW S EFT) 2852 LISk, EHEKOMBET~DREAZMZ D Z LN TE
LA REMEDN

8.3.2 r—vrruay NE

r—vrrnay R, TI7AFy VIBEPBX A LI RAE r— 7 my RNTITH 2
LIZ RIS D,

BT TH. BHIV (R7AR—AT LB a7 —) FICRVIENE, R8RS 2500 LRk
LaERT 5,

o, EREESR = vy FRORBEELRFFTE D008 9 2R T 272D HEM Y5

DRFEIZED =y rnmy Rl ERE, TORMICRE RN L 2iEs T 5,

() B HAND KT — LA

PEBICAE T 5 Kk LAY — LV 2 DR 2 X 8. 3-2 IR T,

V)V AT IR AR E L, TO LRI VT I — ERWINADY 3 v
TITI=N= (TAI=ULE) | v od— B b T T A Y= CCLIZ X VR S 71T
%o KLY — NV AIXCCL B CT —~— R —T7 /B SNALNFTEME E TH FA S5,

FER A KETIEE DR (8000m /FYLL ) BV AN S 70 PBX % 100 g ¥ 5,

8.3-2 kT —/L A

(2) YL DR
TEEFTIr — 2 v I T OB BEBERIREFTOLENH Y | IEE%ICT L E 27— (BHTV)
WX BHHR - SHEOWEGR, 7 — v 78 &k ERBRIC L 2B EHINC X 0 | RE ORI & iR

60
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BHTV (34 7 VA R— /LY —VAIZEB N T VAT a— =2l L2 b0z NICEAL, N7
VAT a—h—inbEREE— A& FLBEIC AT TR L. O SO R EE R I OASFERE# 2 5 AL
BEDRISCANTEZ T 2 b D TH 5,

FHANC L0 LD L FLEDSHRHIELL B E 2 2, FEIRIZFEDEDR E 5 0y) ROEE E &S

(AR S 30 c m2fE) ZH4RT 5,

=y ZR ERERBRIIAOICHB L THIR—Y VI~ VR X R EMEIFHHITE S
HEEEALCr—y v 728 &HE, TOBOr—v 7O OOENZFHIITE 2 12X 0,
i~ AR A SR T — v T a Y ROMEETELREIC RE 2EMAREL TN L%

WTLHDTHD,

8.3.3 Zr—y v uavy Ryl

= ay ROUIMNIEE D v X —I2 K V179,

= ra sy ROUWNZIX, IERCAE T 2 B3 72 82 K 2 BIRRE~DOEEN 2
&L UM 238 v 1 — D% E 7e SIS OFEEICER BN L 2R LB v ¥ —
(Sondex 184 DECT : Downhole Electric Cutting Tool) Z{#EHI 5,

DECT ZAfi f U7~ I ESE DMRPLIEK 8. 3-3 12, F7-(LkEIZER 8.3-1 DBV Th A,

2 G

— Y —

|
|
|

GL=0m //,;;;/////////"”/’ / o
7 )

Well Inclination: 30deg

LN

[/

KA
12.4m Cutting Depth : 13.5m
> CCL-DECT : 6.15m

CCL STOP @ 7.3m
15.4m

18.4m
18.6m (TD of the Well)

X 8.3-3 FEEID v X —IZ LD UIMEE

125




& 8.3-1 DECT ¥ —/LDftEE

Current 2A Max (typical 900mA)
Supply voltage 650V

TN ) RINE 2.8677(7.3cm)

T T BRRE 15.2cm

Y 6 B 7.3-12.9cm
BRXAE 1.91cm

ifif £ 103MPa

i 4 150°C
RARFALFHER IKIEFL (B4 2K )
Y—ILE 6.8m(EUNSTIHEL)
Y—)L1E 6.83cm
Y—)LEE 108kg

Current rating of feedthrough 2 Amps
Voltage rating of feedthrough 500 Volt

8.3.4 ~—i v uav KBl RS

BRXE RO —vr7ay NE - GIsE T Licth, r—3 o7y REFTEDEEE T
gl & L, ALK ZERT D

r—vrruy Rl EFRIE, B2 BT ELER T2 L, BHARL LFICksr— v
vy MW 28T 2 K OEEFIREZED D Z ERLEE LY,

fr—vv 7 ay REFTEOEE £ T FIF%., B oS EEE21T o,

BN THOr— > 7 ny Mg, GRR T Lk, BMLKIZIERT B ol —v v 7
vy FEFIEOREE TH L 5, 31 LI, MHICHMA LMl L — 2 Y 2R T 5,
=y rnay Rl EFICHiZzo L, fLEEL r—v T my REDME « BEEEIZLD A L—X
23 EF AT RVHA bEE SRS, S0k AMCEEANEENT S LIc ks~
v ROLW TOMMILEROEEGEYIET BUERD D, ZORDF| LIFHICIIF] R4 5
B, r—y 7 vy FEWHEL T TOEEZMIET 5 2 L BBETHD.
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8.3.5 E=#VU I/ EDOHKEL OB

EF=F Y 7 EBRIIROFIETHREZITV. FHZBRET 5,
OHRALIX [ D FLEE DR

QB r— 7 AZ Y RAL THB T DOIERK

Q@B r— 7 RAE 2 R TEF RS O FLNFRA
@/ T —Yrak

®A K v KA T INKE TR

® ="y H—YLiE

@FHHI DB AR

BZeE Uz atill & F2h 3 5 72012, FRC Sy 7 — R B E O ILBEDOIE E3 0 R A RAE L., L
BEDQMMEED /Sy I —REICEPEN L 2R T OLERDH D, ZODRTH—/LT L E =
T—, BEXy U R—ETHILXEOAEEDOME ERN VRN AR T D ENEE LYY,

VAT LADORBIZHTo o TE, REME LT 57200 C C LEOEENMEM TE 2020,
WETr—  TRAZ L A TORIDOREMEZHMT 5L 0D, 207D, RENE
MOLOETOREBEYr—2 L FRAL L KR T D0 2B L, & ORRENE & R
HZENNETHD, BUHEEROMAILZ On 7> CTEEICERT 5,

Ny B —YPERIZ B Te > TUXEMIENE TRy I —% LR Lictk, 1 BRRE/ Ny I —NOJE B
ATV, Ny W—OREFOREL R D,

IEERERBIAIX N Z L TKICEES X DMNERNH D, ZDIOAZ L R, TNIZER
T A % 350 IABBEAFE D ILNAK DHR ZARHES D% DR A& FfiT 2, FLNZK Al L F KIS (& X
DTN E I DIFY T T —Z R LBk « KERER 21TV R 5,

72 BRSOV TIE, ALNIIERTIAR ERBR A AT O EBE 2 iR T2 & L b io, FHIPEE R E
BIHEBIRFUE T ORI LV | HERNEF ICEIET 2 2 L 28T 5,
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8.3.6 M s AT ADIRST - B

LARHIBRAKEIZEAD D HANE=Z U o 7O E AT KT OESN T A » EQFHT 2T L)
DI END, ZIE DY AT LOMEZRAET S 72 OITITEH BN Z DOMERE 2 R+ 2 02
W5, Flo, HESNIAEDDINTIHE T, BB TOMGEZ1TV, ZORIKZER & £
DRREAT Do

KRB, FLNKBRRER Sy I —E, J="y B —[ER EDETT A %, BT/ v
T EIERE o= RS NTEY . TROIAEARNH > HGEITE ' o — D RS
ER OENFFOHEREIZ L D T CE 2, ZDBEIZEEBORE O T ROV T O —NAMEREDO R %
TOMENDD, £z, TNHDEETZOWTEMIICIH A WV OMHERZAT O 2 & TY AT L&l
Do

i EFHAIS AT AX, T u— Ny h—EEr— KKEECY— REE—IZ
LR ENTRY | FHEE o —IXEMICHERERBR AT 9 OB E LV,

8.3.7 FLINI AT LDOIRST « B

ANICRESINTZE=F ) TV AT 50 5 HLEHAIXERE Sy B —I2o0 Tk, £fE
FHT — 2 R OHIR PO O BFIC L D EHEN R Y ThH D, AF 2 R THICEKRE SV
=Ry A= ROES Y —I34E | BRRE OMREMRRBRZ1TO 2 ENEE LV, £z,
HREHHT TORERIT, M ETOE=2Y) 77272 80 b2 DOJREZEH &t il 4 5
Wi %,

(1) ALk EH

FLNERDH (FLINEREES) OfMERr - FEHIEIE, EMIIC S AT 2% FILL, FHBOMA (XY
71— DYEAERER e O K PERERBR, 258 7 — 3 0 7 ORBEEGRBR L O X #hERRRE) &%
TLHLONKEBDOHIELEEZEZOND, L L, ZOHETVAT LEZBNTILERNDH D0, VA
7 L [ERE O IR PRI DHIBEDMIEED Y A 7 N D, E DT, FREFHIT — & ROk
MODEFICRDERNRRELEZZOND, Ny W—FEINIT—Fa T2 L TW5H7H,
T RICEENRONIZGE TNy D —DOHEKMERBMET LTS B bD, £, Noh
—ENTEEN R SNRVIRILT, BUIIXHEE O F Ly RIZEER R SN 5561, BLRIXH
JEANEL LT L B2 DN UNTHDLA, PIBEOR % BEFEHOMO, 77 v 7 OFK) 12
KO Ry D—ICEDERDEBETLTWDEELE 2 OND, ZOHE, RHETREHRNELL
FrEIINEE & Z 2 DD BRI ED —D & L THBET HLENDH D,
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HCD-3 FL~D 2 AT LR ERTIC HMD-1 FLTORRE - [FIULGRER 2 Fhi L TR 0 | [IEIS/ Sy b —
R OSEEr— 2 o TEOREZ B Lo, £ ORER, FHCRFEITERO bt ThRn, £72, ENIC
BIFLE—OY AT LTI, sEH 10 F£L0 Bl L, BUES Zedsflic L THEH L TW LR EE
A S TR,

(2) AZURSRATH

AL RA THIIFE 2 — =Ry —PREINTWD, ESEF— I =
v —E bl EADBINAIRETH D72, [ o —I134F 1 [BIREE OIR THi L ToMkgER
A ET DONEE L, TOEIX, R THIZLDIMEEZITV, BIEFAOFETIEE OFHHIE
2T 5, =Ny =3 ETIEL, HBERROEELR DA WEZHER T2 & & HITHE
I U T — M 2 S 5,

HERHHTIE, EAR Y —d T = a - ST, T ETIC L ER Y
—BHBEOREAELEIPHBITLHZERARETH D, /o, I="v W T ECRELTND
JENFHTIA CHENEZFHBILTWAD, ZHET—2EEE LT ARWEDENFHEBERTS Z
ECHRULDOMEREAT O TN —, REAVRHSTZHHRIIV AT LRI E L 525 2 L e[
I« AZHAZSFIRE T dd 2 23, MR AN B 2 D B2 i/ NRICT D72 01id, Ny 7 7w THs o e
WP METH D,
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8.4 HUSGT — X OfiffT

HIFARDOHEIBAKE Y OERICEES N TV A AREESH Y . 2 b ORBLHRELE BT,
[HIBKIEDN—2 T A v 2Rl T D BB H 5,

(1) REERIZHONT

KE=ZY 7V AT KIHTT OFBUKEOEBNIES) L 7= A 7 > RN TROKELS) 2 H
ELTWDH e, BGT —XICkT 2EBOER & L TIIRKE, MW, BKRERETLND
(K 8.4-1 M) , L7zA»> T, BFT — % ZMUNFHET 2 720121%, 25 OR BT % B

DR MENRH B, FOT=bDOFHEL LT BAYTAP-G 1283 SN AEWENT 7' 1 75 ARETF S
éo

[ K ][%%mwt] [ kﬁE(m)_}WEW%Eﬂﬁ

T
1 E=HFU 7
1
HhZ : $ AT A
I A .
| RAVRIN(T
f@‘F7Mi 1 v B

P+(Z -Z)am=TP; Py t)

CCC P EAEY—TitAIESN-REIE A
&, Pr: [BIPEKE. Po: KKRE. t: k&%

X 8.4-1 XRENT —HXITxtd 5B

(2)  BAYTAP-G {ZDW\ T

BAYTAP-G (%, #ERHERATIERT & /LB (B Rt RIFIIBEBI A N BRI Ao seiis =
NRICE KIRVLBI BUHIFT) A3 ILRECRHYE L7l it 7' v 77 LT By 7 — & Ofifth =
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T U, MR ZEEEG BN T — 2 OFITIC b IR b T\ 5, A7 7T AT, #

EL
TRAL

#)

fi#HTIZ Bayesian Model ZFHAIAATEKREMENT 7 1 7 T, LL T OBEERME O > TV 5,
W EE DOHEE

MLy REORZFEDNT =227 MO RFES Y
KEEZR EONATBRNT — 2 LDV AR A& D

RHEED T 7 72

TN RBEE I D ABIC DA

o)
)
®
@ KEMEOHH. 2T v TROHEE
®
®

8.5 HIT/KMEOHADERIR

NRLNod

WAEITH Z ERARETH D,
(1) BTNV T RS

(2) JFLEY 7T —

R KERERIZ M 72 > TR, PARRY PRI K0 SREIEAKIC K 275008 a /NS < T %,

KUATLTIFERZ o R THRERALTEY . AZ 2 R TRICHRE Lok EE -
P—FEZEIN L, BRIZIE UL FOBRKHOY — Va2 AT 25 2 & THIT KL T 2D

(1) ISV TR AT X AEI

F 8.5 1ICHF T NN T R TOMHREZ, X 8.5-1 KN 8.5-2 12K TNV TR A

Y, KRR —H—ZFDE J 2 NELE LW, AX L RAAL 7O L) /Ao

A T BW T A RE T,

5. K 8.5-3 (\Z/EHNFHEL A /R T,

EHRAAFEZLVINE - BEEZZHIAT) 2L THKT 25D TH

% 8.5-1 X TN T R IHAE
EE T ikl
A 16 mm
ME A7V AAF=I DIN 1. 4301 AIST ss304
HE 16 kg /4 Fa2—7 R7 L&T
Ry F2E 0.3 m
Fa—TeR 350 ft (105 m) & . LDPE
it BES
Ny 7Far ba—)
2=k HH) (XA ~—) FEIR ;- HL 3 EHL X 8
AT
VE®Eh ) 250 psi (1.7 MPa)
(ECINREN EHET A
B 7.5 kg
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X 8.5-1 Fa2—T7 KTA

¥ 8.52 ArFariro—la=yhk
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FSAT54> BUTNSAY

RO TF N —

RBAURIRLT

FvIR—ILA) ~

FrvHsR—ILQ) ~

kA~

TAIILE— T

4

e 2

L ikt A D Qﬂ)

(3) N2 hHEf

(1) AR (2) RIA4THF
L] Sk L mmyx
—> LK DRI BT ADOFTRN

L J=— o

X 8.5-3 A7 TRy S VESNE
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(2)  FALEY T Tk DR

# 8.52ZH T T —DHAkE, K 8.5-4 02H [ 8.5-6 IR G HEART, AV T T —1L7
o — A L— (

B 8.5-7TZM) ML THEY ., /NARDONA TRICBWTEAAEET, BUZEICK T M
KOTE A B E LIZbDTHh %S, HD-1 FALFICRIE L7726 OISk L, % 600m £ TOMEM %2 &
BLTY 4 o FROMET A 2R B LT,

# 8.5-2 YT —fEE

HE T BE
Ta=AV=RA7" 7" 57—
B AT Flow through
PASES 18 mm
e (OMESNER) 10 / 8 mm
e s 0.5 m
Yy ca. 22 ml
M ATVVAATF=V DIN 1. 4301 AIST ss304
i 0.5 kg
5 0.7 m
F v VT HBEN 48 bar+ HiJE T
v T
ZAT FHh
MEZ A >~ AT/VAAF=b, A4 6mm

77 7 IEAEE

ME AF/VAAF= DIN 1. 4301 AIST ss304

2R 1.15 m

[ & 0.79 m

V% 2-way, ==N V77 B AFvyn =DF J)iHEE
VSR 2N 120 ml

AN E 4 : 55mm, ARE : 22mm

JEI35 = 0-100 bar
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X 8.5-4 YIS T—

8.56 U1 F

X 8.5-6 2 T A IbikE

—fL T rarrvarFa—7 LA -
A I AFa—T RVT I FFa—T

RN\
i%&yPﬁwx

LTI =k CEMA  FLN TR, AR ST RAD

BN A NN R Sl SR S L SN, L S |G I

X 8.5-7 7 m—ANL—WH 75 —WiHEK
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(3 TEHEAK

LA K OJERLZE BN O T KIFHRHIE K DB 22T TR Y . i fild 2 K e08HIAR /) 48
HIVEKR DB PEbRT 2 08N H 5, EIEAKIZIE b L—H—& L TEEYEID —ERERIN &
NTWDID, SRECLIZHT KD b L= —REZFHT 5 2 L TEORBeiiiid 2 Z L3 T
5, T, BEIRFICESG SN ca 7 b SRR OKE TG R & i+ 5 Z LT
0. K VFEMZRFHmAS FTRE & 72 D

8.6 i - MIEHHE KU - BIETIE

HF AR LT, HYESIRE DS OBATICIR BE-975 2 L0, # T /K DOREICH R KDL
LZDOfRE PRS2 720 DEERHEEE Th 5720, 2O 2HA 200 WETS
VERH D,

& LU PR BE SR AL 53 2 B D BEEE R A O O RS R A T, Hb PR R I T B B e A A
H&EmD, R, BHEOBATIIMRIECRESKER ST 2280 H Y, S DITHTF KON
RAEROH T KR ED & B3 2 BRIC 13 TR FEOKEREELFHNY LoD, 2T A
WFFRIZ I T FESE L7z o, HIEHEE M ORITEZ R 8.6-1 12, o iiEEa R 8.6-2 [TRT,

R K 2 IR AT Bk 3 2 e TOPRER 812 L W Wb T A — 2 — 138467 2 ARtk ns @ o
T, FALETORENEE L, LLRR G, AF 2 RN, TOERD ¢ 21mm & FEF (THIV 72 O BE
HFOWET v —T AT 52 L AREERIGEIE, K LI FKEZERSE 7 v —eVITEAL, ZER
(ZAEAL 72U RBE TR BN T A — &% — (Kl pH, ORP) ZFHHIF 2 (X 8.6-1),
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& 8.6-1 Z#r - MIEHE H K OB 1L
BEHA IRIIBIE 3 FEA
gk Na, K, Ca, Mg, Cl, SO,, HCO,, ZILAY |FTIL/NILIRY TTBKIEK, 100mITSRFyoRML
> EE, TOC =238
Br. T-Fe. Mn. Li. Cs. Ba. Sr. Se. Gu H TN TRY TTHKERK, 100m TSR F VIR L
wETH Z’ o e e o IZEREN, S ATRTICREBRZ R0, SEEX OBRBEADREE
n, As, Rb, I, F, Si, Al, B ikt
I NILVITRY TTHKEFEK, 100mITSRFVIRRNL
IZHBEICHT TR, 7V EZTREEE SRV
FUEZT NH,, NO,, NO, &, ERMBRCNCABS LA ERE Lz, =, 1
ADRKIZBWTIEHREERLTQH2ELIZ B LR
L=,
BTNV ITRTTHKFEK KEMEALZWESIS
AILLTForAYY [T-Fe, Fe? F A —NN—TO—EB 1= KIZH LIRS TEOMF
BUEEL .
BTNV ITRTTHKIFEK KEMNEALZVESIS
BERIEkE  [HS HS, ST + A — N —TO—E KR LB IS TE O, 2 F
AEREELL,
KEBEFERMAL |6D, §"0 TNV ITR TTHKEEK, 20mATRE U ITHRE,
3 B IV IT RO TTHEKRK ILTSRFvIRMLIC
RFD L H .
1o g 519 B IILINIVITR TTHKERK 1LPANRR L IZERER, 11
' BORKDH,
%0, %1/0l BTNV IR TTEKEK, 100mTZRFyoRR L
IZERER. 11 A DEFRKDH 5
- s g KEBHETI0OMIEBEATR/NATILIRICETZLS
—janiz |On Ne OOn Oy o CaDREDM, 1Sy 3 S ARITT 190 SERNT,
C0,£C~ CiD RRR MK LS HT AL AL HIL D= L £0.2%E B E SIS EMLE
KEBHETI00MIBEASRNATILIRIZETLLS
. . N—=FZDFTHA 11 ADFEKDH, HARICTAI0O
BALKRAR  [HSAR UL TERNT, BIER A LA LE02%E1H &S
12 mLiz,
HFHR T-He, T-Ne, *He/*He ERHORKEBERMEF TR TIETIREH A,
- 4-F3/-1-FITELU R IRV EBEF RIS BTNV IR TTBIKIREK, 100miER A SRR

LK) GRS : T FA LV ER)

)8

MELFENTA—S

JRE, pH, ORP, DO, EC

pH, ORP: /KL=t MFIO0—tJLIZELTAEIE, DO:
BEARDBINBIEICEEERIFT 0, 100mKRYEY
ISRLTHREIREDDAIE (20165 ) . 2015F E (LT
O—+t /L TAIE, EC: 70—t LE@BLI= %D KERY
EVICEALTHE,

8.6-1

T —k LM NT A — 2 —E
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# 8.6-2 ik

S - BIEIEE Fix
DO, EC R—4I)IL DEHAIZE Tith 1 TEHE
Na, K, Ca, Mg, Cl, SO,, Br, NH,, NO,, NO, |44 o0 rFS575%
I JISK0101 k53R H IR S S BE &
Si ICPE DTk
T-Fe, Mn, Li, CShEaNSE Se, Cu, Zn, As, ICPEE4# %
F JISK01025 2 -7 ar FL XY VRN EE
HCO3 SN KB ERER SR (ZR) 11, WAIEER (b -FRoM R T SE
TOC JISKO 1024 e ES (b —FAMEXTOCHHTE
8D, 60 FEERILSFEF (1975)510%, 46X ERUALDAFESE
N METRERIE RS —X9, MUFD LS HTE CERI14FHET, X
BRI A) BAEREE
FIFA LB (FS/HER) HIREE
He@ElGI{K, Ne - R&)11(2009)
—fEHR GC-IR-MS
BEKEHR GC-ECD
g NI T E—IEBREE DR
5% IR-MS
gl IEREEE SRR
TIVAYE pH4. 8B TE ik

8.7 E=H U TEEAGHUT AT L

8.7.1 =4V 7HAGHHIT AT LOBRE & AR

=Y T A AT MIER, BEDA T T RGBT S ER &G 2R L
TEATE=XV U VFHIET O R RNV F—HED L AT L ThH D,

AR AT 2L, OB AT L, QFEM, OF —Fual—, @QFET AT LROG@ERE -
TERERE L W ERL S LB,

=X Y TBAGHY AT A%, OFAFRTRLE —%2 =R L LIZREBE LV RAT A, @QFE
LIcBEREEB L VAT MIRET HEE, OF —2RGFxE1THO>T —4nl—, @7 —4 %4
KA v Z =3y MEHTH—N"—ZRETHEE VAT ARV — =20 LT — ¥ O
Bt s 27 LB « HE AT O HREAR - HEBERE) SR SN DR RNV F—HE D AT LT
HoH (K 8.7-1),
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W

BEEE 3G/ 4GEE

“Web TS 0HIZ L 2R
3 R TF— ST IR K~
--‘ | s E i 74
' ml ofi— | A | oi— ‘T

) BIEA A
EMEHZ
ERMENT e
— o Hrh—EhE

Hh—Eh]

X 8.7-1 E=X&V 78 AZH AT LK

8.7.2 FEBEI AT A

REHPTOBREEZ b &2, Fi 28 L THRH-EHIY AT 203 0E L ¢ 5B B2 MR TS /B4R

RET R F—ZRET D,

MR A ST ETERE N O TS Z ENHESND Z b, E=4 U 7 OEAGH %

IT9%EIMAL LICEIR LIBE AT D LERH D, £O%E, EFRIZITE OSBRI

EFRET R LR — (AFEEROKBHREEOMEE) &RET D2 LBAHENTH D,
BAKBER KRG FEETHONSEHRE (FETESRLX—R)
XM BEZT 5, HEHUTIC

R U

(EEERENN AR TSP
B LRI FEE L KRG HFEBOFESHEE 2T 5720, Al
DRET =2 ZWEL, BF=x -2 TR XV EET D,

XA DRRAE = RV X —FRH 5 E

2R (61) = 60X273.2,(273. 2+T1) X (101. 3+P1) 101. 3
60 @ KR FLHUER =1, 185kg,m*(25°C)
T1 : [RAEOWEC] —HEOXIEEZ SR
273. 2 : MEXRHREE
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101. 3 : FEHERAUE

Pl : KIKDE S [kPa] <0 & L THE
JAS) DT RNV —FEEE = 12X ZE5EE (61) XA ®
BN ORIFT R F— = BASIDO T 3L X —BEFE X 24 B[]
KRB DRAF = 1 v — B 5k

KEGHDOMFZ RNV — = BEE @z 1L, NEDO 7 —HZ X— 2 % 2 [

2[E 8 FHHTOMRF = RV X — 2 HE LIofERAR 8.7T-1IT7- T, £/o, £ 8.7T-1OT7—#hbH 1
B OfF=f X —2 R LR E, K 8. 72 1R T, fitliha B fr— L x—, iz
KHIRIF T R L X —& LTRY . HSmO R 2B KB JBI1, KB+ R (A7
U R)) ERyT Y —REOHMABEDEDHEE TE 5.

Bl 20X, Al (RIE) 1R, B & S ITIKD e DI EITTRERIBRF =R L X —%FH L
TWDD, FRCKBECIFIRFE = r v F —ME< | B3 2R ERM & LT “REe+ B oA ~7
Uy F+REENNY T YV —" OMEERLETHL L THEIND,

HRHRE (o), BB (k). EER (R%) ROERER (IRN) TR ORFT L ¥
—MEL R B TITEANREBENE SRV AT S < SERM & LA TT “KBYe+ Kk
KENy TV — “OBERZEZOLND,

—J7. BRI (RN L PRRIR (FIER) TIRKEE - B ICIRE T R L — N < R
flie LTI “KeH/IhmE "y 7V —=" £ “BO+H/INEEANy T V=" THL+oRENINED
NHbDEHEETE D,

140



A2[E 8 AT OB = L —HEEFE R

# 8.7-1
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Development of Technology for Directional Drilling - Results of Drilling and

Survey in the Borehole -
Kiho K.l, Miyakawa, K.l, Hase, K. and Sunaga, T.?

central Research Institute of Electric Power Industry (CRIEPI), Abiko JAPAN, kiho@criepi.denken.or.jp.
Zsumiko Resources Exploration & Development

During high-level waste (HLW) disposal site selection, borehole measurement and logging to
investigate the hydro-geological and geo-mechanical conditions of the host rocks is a very important
way to examine the potential of the disposal candidates. In Japan, attention is being given to
Neogene soft sedimentary rock as the host rock for HLW disposal. In particular, the soft sedimentary
rock in coastal areas is thought to be one of the best candidates, because there is little driving force
from underground water.

Directional drilling is supposed to be efficient under limited topographic and geological conditions,
and the Central Research Institute of Electric Power Industry (CRIEPI) has been conducting a project
on directional drilling and logging/measurement technologies since 2000.

Basic directional drilling system
was developed [1] and the

@NL140 1o system was applied to the

(Casing) Neogene normal sedimentary
ZLatch mechanis m f .
EWL-LWD o rock [2] at the Hokushin area

%mﬁ'mﬁ’emmr 5 of the Horonobe town in
@&Underreamer ; Hokkaido. The borehole was
DCore barrel

drilled to the 700 m long and
the applicability of the system
was confirmed until 2004.

Direction control by adjusting vent angle - After conducting a seismic
reflection survey for the
Omagari fault [3] distribution
at the Kami-Horonobe area in

the town of Horonobe, a
Figure 1: Conceptual Design of Directional Drilling System drilling site was selected, and a

borehole trace was planned to perpendicularly intersect the fault zone in 2005. Considering the
planned trace, a 1000-m-long borehole was drilled to a depth of 450 m. From 750 m to the bottom
(1000 m), the borehole was horizontal. The total core recovery was 99.8%, even though it was drilled
in the fault zone. The geological, hydrological, geo-mechanical, geophysical, and geochemical data
were collected using borehole logging/measurement/survey and core logging/measurement/analysis,
and the Omagari fault was characterized.

After conducting all the work in the borehole, a steel pipe was inserted into the borehole to case the
wall. Open hole sections for long-term monitoring were constructed considering the hydro-geological
conditions throughout the hole. Then, the monitoring system was inserted and set up to obtain the
initial conditions of the groundwater pressure and water chemistry in 2014,

References:

[1] Kiho K et al. (2011) 16" Pacific Basin Nuclear Conference, P16P1395
[2] Fukasawa H (1985) Jour. Geol. Soc. Japan, 91, 12, 833-849

[3] Ishii E et al. (2006) Jour. Geol. Soc. Japan, 112, 5,301-314
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Development of Technology for Directional Drilling
-Results of Drilling and Survey in the Borehole -

Kenzo KIHO™, Kimio MIYAKAWA'!, Kazunori HASE? and Takayuki SUNAGA'?

"1 Central Research Institute of Electric Power Industry (CRIEPI)
*2 sumiko Resources Exploration and Development Co., Ltd. (SRED)
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Schedule of HLW Disposal

{from NUMO Homepage)
QOpen solicitation Proposal
Application Acceptance

Literature survey

Preliminary investigations

¥

[(2 ) selection of Detaled Investigation Areas (DIAs)

Prefiminary investigations

Detailed investigations

I_@ Selection of a repository construction site |
[ Constructon ]
| ST _ Operation

[ Closure / environmental monitoring
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Objectives

To develop directional drilling system until
selection of areas for detailed investigation will
start.

= to control the direction and inclination in order to drill
boreholes under the limited topographic condition, such
as coastal area.

— to collect core samples while drilling
= to enable the logging and measurements in the borehole.

D CRIEFI 3

=
Goals

=» To develop the technology for the directional drilling of 1000 m
long and 500 m deep in the Neogene soft sedimentary rock at the
coastal area.

=2 To collect full core sample while drilling considering the
measurements using core sample is very useful for the soft
sedimentary rock.

=2 To make the hole as slim as possible considering the safety
handling and cost performance.

=2 To make several measurements and loggings possible while
drilling and monitoring after drilling.

D CRIEFI 4
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Conceptual Design of the System

TNL140 rod
(Casing)

2 Latch mechanism

IWL-LWD

AWL-MWD

5 Dewn hole metor

B/Under reamer

ICore barrel

D CRIEPI 5

—
Downhole Tool : E '
—Drilling and Logging Module — '
o Latel
2 |
D CRIEEP 6§
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Project Schedule of directional Drilling
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Geology at Horonobe
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Result of Directional Drilling HCD-3

—
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Characteristics

(1) Directional drilling in soft sedimentary rocks.
(2) High core recovery
Rotational driving force located above core barrel >>> Less
wobbling than conventional drilling
WL-MWD =>>> real time drilling information
(3) Small borehole diameter >>> existing survey tolls can be diverted
(4) Exhaustive survey >>> Survey covers most geological

characteristics necessary for site selection.

D CRIEPI
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High core recovery
Fault Gouge :.(;a‘tgt.:lasibe.z

[ T 5|
Geological condition around Omagari fault
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. prEa
Conclusion

# |In 2000, CRIEPI started the project to develop the directional
drilling and survey system. This project was done under
contracts awarded from the METI.

# Drilling and survey system which can control direction and
inclination of borehole and enable exhaustive survey
necessary for site selection was developed.

#* As a collaboration research with JAEA, CRIEPI drilled two
boreholes, HCD1&2 at the Hokushin site and HCD-3 at the
Kami-Horonobe site, and conducted various surveys at the
Horonobe site to estimate the applicability of the system until
2013.

# The applicability of drilling and survey system was verified.

D CRIEFI 15

D CRIEPI 16
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Development of Technology for Directional Drilling — Long-term
Monitoring and Automatic Data Acquisition System -
Shidai A., Kiho K., Tomioka Y., Matsumura S.?2, Kato M. 3 and Saito Y.*

ICentral Research Institute of Electric Power Industry (CRIEPI), Abiko, Japan; shidai@criepi.denken.or.jp
2 KUMAGAI GUMI CO., LTD. Tokyo, Japan

3Geothermal Energy Research & Development Co. (GERD), Ltd. Tokyo, Japan

“Tokyo Electric Power Services Co., Ltd. (TEPSCO), Tokyo, Japan

In Japan, there are three stages of site-selection for the deep geological disposal of HLW.
Literature surveys, followed by preliminary investigations (PIs) and finally, detailed
investigations (DIs) are carried out in successive selection stages. Underground survey facilities
are constructed in the final selection stage. Geological, environmental and radiological
conditions might be affected by the construction of these underground survey facilities and the
final repository. It is necessary to obtain the initial-state conditions of pore water pressure and
water chemistry through long-term monitoring of boreholes during the Pls in order to estimate
the influence on geological, environmental and radiological conditions by the construction of

underground facilities and the final repository [1].

Central Research Institute of Electric Power Industry (CRIEPI) has been conducting a project for
the directional drilling and measurement/logging technologies to survey hydro-geological
condition at the Pl stage [2]. 1000m length borehole was drilled by directional drilling technology
in order to verify the drilling technology in Hokkaido. Long-term monitoring to clarify pore water
pressure and water chemistry in the drilled borehole was also developed. We set measurement
intervals on a hanging wall side of a main fracture and started the measurement of pore water
pressure in 2014. We also started ground water sampling for water chemistry and groundwater

dating in 2015.
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Automatic Data Acquisition System

Diagram  of

Long-term monitoring for several boreholes
will be achieved in vast areas where power
supply and/or communication networks are
not available at the PI stage. Thus, we have
been developing an automatic data
acquisition system for long-term monitoring,
which enables us to access data remotely [3].
The monitoring system is an automatic data

acquisition system that performs long-term

monitoring of pore water pressure. As for this

system, the power is supplied from solar photovoltaic generation and/or wind on a local

commercial communication network service.

Power generation and data communication is

secured through a satellite line or 3G/4G line. Real-time consecutive monitoring is possible by

remote control at the time of the event outbreak such as a big earthquake. Simultaneous

monitoring is also possible by creating local wireless network for each survey point.

References:

[1] Kurikami et al. (2010) Published by Nuclear Waste Management Organization of Japan (NUMO)

[2] Kiho et al. (2015) 8" Asian Rock Mechanics Symposium, RW2-6

[3] Shidai et al. (2016) WM2016 CONFERENCE, 16079
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Development of Technology for Directional Drilling
- Long-term Monitoring and Automatic Data Acquisition System -
Shidai A., Kiho K., Tomioka Y., Matsumura S. 2, Kato M. 3 and Saito Y.*

CRIEPI

Central Ressarch Inststute of
Electric Pawer Industry

ABSTRACT

In Fapan. there are three stages of site-selection for the deep geological disposal of HLW. Literature surveys,
follawed by prefiminary investipations (Pls) and finally, detailed investigations (DIs) are carried ouf i
MRMWWWIMMWNMMMW

might belﬂ‘mdbym construction of these
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pore waler of ‘-—-mmmm
Iumunnﬁm haological conditions by the cons of
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! Nogghig o survey hy logical condition at the P1
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system. for long-tem monitorg, :

which enables us 1o sccess datn remotely [3]. The s \
il systemn is an awiopane data acpasition

system that perforus long-tenm montoring of pore

waber pressmre.

Fig.1 Location of the borehole (HCD-3)

As for this system, the power is supplied from solar photovoltaic genertion and'or wind on a local
commercial comumunication vetwork service.  Power gencration and data commumication is secured
throngh a satellite line or 3G4G line. Real-time consecutive monitormg 15 possibile by remote control at the
tume of the event outbreak such as a big eanthgrake. Simulancos momtorng is also possible by creating
Tocal wizebess network for ench survey point.

OBIJECTIVES

Establishment of Jong term monitoning technologies in the borehole st the PI stage of sie
selection for HLW disposal.

OUTLINE OF THE BOREHOLE (HCD-3)

Smoe 2000, CRIEP] has been conductunz o project on the development of directional difling and
menm-mlﬂnmu N:dmnlopu i‘l I.u wm we bm. opplying these techmologies 10 the Cmagari
faalt, d ot the Kai 1 anhuﬂn (site no. HCD-3), Thebadm]:
(HCD-3) was th]ltd 1000m long in EI‘ rock layers b | rillimg from
2006 o 201 3. The borehole intersects the Omagan funlt distnbuted in the notthem Ihldmulo

In 2014, comsidering the hydso-geological
conditions nlong the borebole, the SPMP
(Stand Pipe Multi Packer) monitoring systom
was installed in the borehole and we began to
measure the pore waer pressure ai theee
monitoring itervals on the langing wall side
of main frachire at lengths of 249.45.257 45
i (iderval 1), 210.95-215.95 m (interval 2),
and 208.45-209.95 m (interval 3), Tuterval |
s m the misct Wakkanai formation and
imterval 3 is in the penmeable fractare

Ground water sampling for water chemistry
and groundwater dating was also started al
No. 3 monitoring mterval i 2015

R ..
Fig.2 Directional Drilling Trajectory

OUTLINE OF THE MONITORING DEVICES

The outhne of the devices of the Standpipe Muln
Packer System (SPMP) is shown in Fig 3. Since the
packess e mstalled directly on the borehole wall
beiween the casing pipes. the measuement
intervals have no anmibns. Ths, it is possible to
ignore the effect of cement neluded in the anmalus
on the groundwater quality.

SPMP which i ensy 10 mmintin dunng the
monitoring,  has  been  proven 10 perfomm
satisfactorily for s mclined borchole. Kiho et alf4]
wmproved  SPMP partally  such  that o was
compatible with the processed casing pipe and
devised o groundwater sampler that conld pass
throvigh o standpipe with an bmer dinmeter of 21
min SPMP was mstalled on February 22, 2004 at
HCD-3, and we stuted the measurement of pore
water  pressure of flwee antervals  and  water
sampling was camed out twice in 2015

Fig.3 Standpipe Multi Packer System (SPMP) at HCD-3
PORE WATER PRESSURE

[ thie SPMP moniloring device, pore water pressure can be caleulated using iydraulic head i the stand pipe
measimed by pressure sensor located beyond the water hesd.  In Horonobe, anesion pressure was cotifirmed
at each mensuring section, %o the num-packer is s21 i the stand pipe and water pressure is measured by the
presume gange located beneath the mmi-packer

The pore water pressure measurement of three intervals was stanted m Febroary 22l 2014

!Central Research Institute of Electric Power Industry (CRIEPI), Abiko, Japan; shidai@criepl.denken.orjp
* KUMAGAI GUMI CO,, LTD. Tokyo, Japan
“Tokyo Electric Power Services Co., Ltd. [TEPSCO), Tokyo, Japan

'Geothermal Energy Research & Development Co. (GERD), Ltd. Tokyo, Japan

Thie growsdwater collected duriug drilling or shorily after drilling is supposed to be affocted by the drilling
mind, We check the possibility to get the bose line of water chemistry, so 1o speak inftinl ground water

chemistry by performing maltiple ground water collections and analyses for a long term. In 2015, as o first
Mwmedwm]lmmwamwhﬂu‘ols l[mﬂuledl!dnpﬂ]lmiﬂnzﬂl!’ 2 (colbected m

Oyen and hydrogen isotope of No. 20152 is closer 1o EW200 than those of No 2015 1 (Fig 6)
These results show the water chemisiry of collected somples comes closer the base lme of mitial ground
waler chensiry.

50 (%)
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Fig .6 Hydrogen and carbon isotope ratio

We assume that Jong term menitoring for
several boreholes will be achieved i vast
areas  where  power  supply  andlor
communication networks are not avadlable
ot the Pl siage Thus, we have been
developmg an auiomatic data acqusition
system for long tem monitoring (Fig. 7).
The power s supplied from  solar
phmmnlran: generation wudior wnld power

and  data i
secuned through a satellite lne or 3GAG
line. The environmental mformation such
ms wind direction, wind speed, solar
radiation, ramfall and snowfall, as well as
the obout  the i
equpment such as batery volage and
mpbient imnge, are o0 be measured or
monitored.

Real-time  consecntive  monmitoning s
possible by remote control at the time of the
event outbreak such as o big ensthaquike
Simulianecus monitoring 15 also possible
by ereating local wireless network for each
survey point (Fig.8)

Fig.8 Simultaneous monitoring in vast areas
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August 08, 2016

Review workshop

Kenzo KIHO
CRIEPI

Objective of this visit

Since 2000, Central Research Institute of Electric Power Industry (CRIEPI) has been
developing technology of directional drilling (called Controlled Drilling) which is
not affected by geological and geometrical confinement of the site in order to
contribute to High Level Waste (HLW) management, especially to efficient site selection
for final repository.

Most part of development of drilling and survey technology was completed successfully
by 2013. Only long term monitoring technology is still under developing and it will be
finished in 2017

At the moment, in order to achieve the practical use of directional drilling technology,
I am going to make a consortium or organization to conduct directional drilling for
the civil engineering area.

We will visit NAGRA for having a meeting;

(1) To review the directional drilling technology CRIEPI has been developing

(2) To collect the information about current status of Sectoral plan and drilling

technology used for the site selection in Switzerland

CRIEPI’s directional drilling for HLW management

Please refer the PDF file attached

1. Background and Objectives

In Japan before construction of the final repository, three selection stages are
planned and at the second stage we will start field survey such as geological survey,
geophysical exploration and drilling in order to construct hydro—geological model of
the candidate sites

At limited topographical condition such as coastal area, directional drilling which
can control azimuth and inclination of the borehole might be efficient comparing with

conventional vertical drilling. In addition in order to construct hydro—geological
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model, geological, hydraulic and geochemical survey in the borehole is required
In consideration for above background, we have been developing technology of the
directional drilling which can control the direction of the bore hole and survey the

hydro—geological condition in its borehole

2. Outline of directional drilling

This drilling system is composed of DHA (Down Hole Assembly), casing pipe following
the DHA in order to case the borehole wall protecting borehole wall collapse, and the
armored cable with inserting apparatus which can push down and pull up the down hole
tools easily and can transmit the data of the DHA by the telemetry line installed
inside the armored cable

From the bottom, the DHA is composed of drilling bit and core barrel, reamer, down
hole motor, WL-MWD and WL-LWD. And also, at the connection part between the down hole
tools and Casing pipe, there is a latch coupling which can fix them, and seal connection
part to refrain from leaking out of the mud water.

The mud water flow down inside the casing pipe and also inside LWD and LWD, and can
rotate the down hole motor, then most of them flow up to the surface through the
annulus, the aperture between the borehole wall and casing pipe.

The tools for drilling can be pulled up to the surface by using cable in each 3m to
collect core sample, and if the test is necessary, the drilling tools will be changed
to the testing tools

When a kind of measurement/logging is judged to conduct at a specific depth based on
the data from rock core, mud log, WL-MWD and WL-LWD, we stop drilling and change the
DHA from drilling assembly to measurement assembly to carry out the measurement.
Measurement assemblies are composed of permeability testing/water sampling composition
and borehole pressure meter/stress measurement composition.

Using permeability testing/water sampling composition, we can measure the permeability
and collect underground water at the separated open hole section, also we can observe
the borehole wall condition such as fracture and joint during measuring

This system is based on the wire line, but conventional wire line method can’t insert
the drilling and measurement assembly in the gently sloping or horizontal hole. The
water pressure inserting apparatus (so called pump—in system) which can insert the DHA

by using pressure of mud water was developed

3. Characteristics of the system

(1) Rotation system, sub-structure for vending hole and MWD (Measurement while
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drilling) which can obtain the real time information of azimuth and inclination of the
hole are set up at the head of the drilling system and casing pipe follows these tools
This enables accurate direction control and stable case of the borehole

Considering relationship between length and diameter of the down—hole tools and inner
diameter of the casing pipe, curvature of this system is up to 1.5 degree per 10m and

1.0 degree per 10 meter is adopted for usual drilling

(2) Comparing with conventional drilling system which torque is transferred from
surface to underground through drill pipe, the motor of this system is located
immediately above the core barrel, so there is little wobbling of the drill bit
Drilling information such as mud pressure, temperature, weight on bit and torque can
be obtained in real-time by the MWD. Core recovery of this system is very high because
there is little wobbling of the drill bit and real time drilling information makes

optimum drilling possible.

(3) The overall geological setting can be estimated by the geological, hydraulic,
geochemical, geo—mechanical information obtained by LWD, MWD, permeability test, water

sampling , stress measurement and analysis/measurement of core samples

4. Issue of the system

(1) Drilling rate(ROP: Rate of Penetration)

Maximum drilling day rate with coring is 1bm. We need increase day rate more than
25m to win a competitive battle with conventional drilling

We recognize the most contributing factor of low drilling rate is under reamer (wing

bit).

(2) Devolution of technology and know—how
We completed main part of technology development and application to the site by 2013
At the moment NUMO has no plan to conduct a directional drilling project being ahead

of site selection.
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Questionnaire

It is necessary to share the information of drilling and survey for having an
effective discussion in a short time when we visit you. For this reason I will ask
you the outline of the drilling and survey technology you use.

Please answer as much as you can and send back to me no later than August 22

Also, if you have any documents or articles used for the workshop please let me know

the reference or send them to us.

Current status of Sectoral plan

From the sectoral plan, I recognize you are in the second stage of site selection. The
second selection stage excludes field survey, but you will start the field survey such
as geological survey and drilling at the third selection stage, if necessary
We would like to know the current status of the Sectoral plan and planed schedule of
site selection especially 3'¢ stage and the next stage, as follows;

Drilling and survey plan for the third selection stage and the next stage
In the site selection process Switzerland currently is in the 2 of 3 stages. The end
of the 2" stage is marked by the decision of the Swiss parliament approving the
selection of potential repository sites proposed by Nagra. Nagra has submitted all
relevant documentation for the 2" stage of the site selection process. It is now down
to external experts and the authorities to review these documents. Currently the
decision by the Swiss parliament is envisaged for the end of 2018.
Because of the many authorities involved in the approval process for the deep boreholes
and the anticipated long approval times, Nagra will submit the first drilling
applications in September 2016. [t is the current understanding that the authorities
will not approve Nagra's deep boreholes before the parliamentarian approval of the 2™
stage of the site selection process. All in all, Nagra currently envisages to start
drilling by the beginning of 2019.

How wide is the candidate site?

The candidate repository sites are located In northern Switzerland. Their size varies
from approx. 50ki’ to 65kinf. The most suitable potential repository fields within those
repository sites measure (e.g for high level waste) are approx. bkif to 15kif. Figures
and a  more detailed  description can  be found on  Nagra’s  homepage

htip://www. nagra. ch/en/hlwsitingregions. htm
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How many boreholes do you plan and how deep is each borehole?

The current exploration concept foresees the option for 7-8 deep boreholes per
repository site. In the sites to be investigated, the approx. 100m thick layer of
Opalinus Clay can be found in a depth range between approx. 300m to 1000m below ground.
The boreholes are aimed to Investigate the stratigraphic sequence relevant for the
geological repository, which also includes sections below the future repository level,
therefore most boreholes will reach a vertical depth between approx. 800m to 1500m
below ground.

How deep is the repository located?

Nagra is of the opinion that a repository for high—level waste in the Opalinus Clay
should be constructed no deeper than 700 meters and a repository for low— and
Intermediate—level waste no deeper than 600 meters.

Do you have any plan to conduct inclined or directional drilling during site selection?
Many boreholes will be as vertical as possible, some boreholes will be inclined (up to
45° from vertical); currently no directional boreholes are planned.

How is the relationship between depths of repository and borehole?

The depth of a repository and the boreholes correlate, unless a special target (e.g
such as a fault zone) has to be investigated.

How long will you conduct each drilling?

Including the site preparation and construction, the actual drilling operation and all
the borehole measurements each borehole will take several months until completion. Up
to 3 boreholes might be executed simultaneously. After completion, selected boreholes
might be equipped with a long—term monitoring system measuring water pressure and
temperature for many years to decades.

What kind of logging and borehole survey do you plan to conduct?

Nagra 1s mainly interested in structural, sedimentological, petrophysical, geophysical,
hydrogeological, geochemical and geomechanical information. Therefore most borehole
sections are cored, documented, conditioned and sent for detailed investigations to
laboratories. Within the borehole itself Nagra conducts geophysical measurements (such
as e.g. wire line logging and vertical seismic profiling), hydrogeological measurements
(especially permeability testing and partially also fluid logging as well as water and
gas sampling) and geomechanical measurements (such as e.g stress measurements with

mini frac method)

Drilling technology

Could you inform us about drilling technique you are using or you will develop/use
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for coming site selection.

1. Geology targeted (geological era, physical properties)

The target host rock is the Opalinus clay. Detailed rock properties can be found in
e g -

NTB 02-05 Project Opalinus Clay- Safety report. Demonstration of disposal
feasibility for spent fuel, vitrified high-level waste and long-lived intermediate-
level waste (Entsorgungsnachweis). Nagra Technical Report NTB 02-05,

Wettingen, 2002.
http.//www.nagra.ch/en/cat/publikationen/technicalreports-ntbs/ntbs-2001 -
2013/downloadcentre.htm

2. Drilling assembly (vertical hole and inclined hole)

In the cored sections Nagra’s contractors will use standard wire line core barrel
equipment for drilling.

3. Casing program
The casing program will be designed according to the experience with the given
geological conditions and checked with calculations based on formation properties such
as pore pressure, frac pressure, formation strength etc. A typical casing scheme might

look like the one applied at the Benken borehole-
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4. Well planning in case of inclined well (KOP (kick off point), deviation, build up
rate and dogleg)

This 1s not foreseen, I1f needed the kick off point will most likely be Iin the stable
Malm Limestone Formation

5. ROP (Rate of penetration)

Nagra typically cores in deep boreholes with approx. 0.5m/h to max. 2. 0m/h

6. Time schedule

The start of drilling of the f[irst deep boreholes i1s foreseen for the beginning of
2019, the drilling campaign i1s envisaged to be completed within approx. 3 to &5 years.
7. Presence or absence of coring, Coring method if presence

Coring with standard wire line core barrel, less relevant sections (such as the
quaternary) might not be cored.

8. Mud type (OBD (0il Based Mud) or WBM (Water Based Mud))
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Nagra drilled borehole Benken in the 1990s with sodium silicate mud. The ideal mud
type for the future campaign will be assessed in the coming months. Drilling 100 m
Opalinus Clay with OBM will most likely not be the preferred option, not only for cost
but also for environmental and HSE reasons. Moreover, because of the over— and
underlying aquifers the authorities most likely will not allow drilling with OBIL

9. Drilling parameter ( What kind parameter, How often obtained, Resolution)

Usually an independent company measures electronically the following drilling
parameters: depth, rate of penetration, weight on bit, hock load, rotation, torque,
pump parameters, mud pressure, tank / bit filling levels, selected mud properties,
wind speed, etc. Measurement f[requency depends on the parameter and typically varies
between 10 measurements in one second to one measurement in 10 seconds.

Borehole survey and operation in well

1. Logging items, measurement items
Usually all of Nagra’s borehole sections are logged, not only caliper and deviation as
well as temperature and salinity, but also natural (and spectral) gamma ray, resistivity,
(full-wave) sonic and acoustic borehole wall image as well as mostly also gamma—gamma—
density and neutron—-porosity, etc. Finally with cement bond logs the properties of the
cemented casing are checked.

2. Presence or absence of monitoring, well alignment and monitoring item if presence
After completion, selected boreholes might be equipped with a long—term monitoring
system measuring water pressure and temperature for many years to decades. Currently
multi-packer—systems with down— and / or up—hole sensors are foreseen.

3. Presence or absence of specific operation in the well, Outline of operation if

presence (Objective, procedure)
For the long—term monitoring systems, the cemented casing typically is perforated with
explosives In order to allow a flow path from the formation into the measurement

Interval.

Review of our technology

I will send an articles introducing directional drilling CRIEPI has been developing

If you have any comments or questions, please inform us before hand.
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Radioactive Waste
Management in Switzerland
— Update on site Selection
Process and RD&D
activities

CRIEPI-Nagra meeting, Wettingen, 5 September 2016

Messrs. K. Kiho, A. Shidai
Stratis Vomvoris, Head ISP

nagra,
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Sectoral Plan - 3 stages towards site selection

Political and legal framework

Public

General licence procedure

1 8 b 200 R S S e nagra.

Stage 1: Siting regions proposed by Nagra (2008)

= Approved by the Swiss Federal Government — November 2011

Geological siting regions
B HLW LW evertaid)
L__RE

Derived in a systematic, step-wise narrowing-down process based on

safety and engineering feasibility

[P— [ — nagra,
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Stage 2: Select at least 2 Sites

. eeeea | e nagra,

Evaluation of siting regions — Qualitative criteria

* Based on decision-relevant features and indicators
defined by ENSI regarding the following aspects
Effectiveness of the geological barrier reineren R

Leng-term stability of the geological barrier . |

Explorability and ease of characterisation of the
geological barrier in the siting region | |
Engineering feasibility of a deep geological repository [« |

e b -
= Does a siting region display | _.- v [
iclear disadvantages"” — P sk
compared to other regions? - - ]
( = evaluation results = ' '

lower than “suitable”)

' [P— [ — nagra
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Stage 2: Sites proposed by Nagra (Dec. 2014)

Geological siting regions

B HLW [overlap with LALW]

. W
1
B Placed in reserve T ﬁ
@ @ Siting areas for the surface facility
' Zirich Nordost [ZH, T6)
M ¢
Jura Ost [AG)

Mirdlich Ligern [ZH, AG)

Jura-Sidiuss 150, AGI
Wellonberg (HW, OW)

Proposal consisted of 3 main reports and ’
approximately 220 reference and supporting reports

B e — nagra
-

Stage 3: Select 1 Site

--- preparatory work ---

' [P— [ — nagra
.
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3D-seismic campaigns: Interpretation underway

Jura Ost
October 2015 - February 2016

High degree of acceptance
= 2189 landowners contacted
= 98% of the landowners gave
permission for seismic
measurements on their ground | February 2016
21 km?

' o b SR N S et nag ra
.

Planned drilling campaigns (deep boreholes)

= Approximately 8 drilling permit applications per site for Stage 3 will
be submitted (as requested by Nuclear Energy legislation)

= Borehole locations Example - Jura Ost
defined in -
collaboration
with the cantons,
the communities
and the
landowners
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Current status of Sectoral plan process  (1/2)

= Review of Nagra's proposals for Stage 3 underway at ENSI

Geological siting regions I_qur\L

B LW overisg with LALWI {

Jor-Sdnttenn £56, A
Wedbamiery 104, 51

~

= In September 2015 request for supplementary information concerning the
indicator 2 Depth with respect to engineering feasibility
Relevant for the evaluation of the siting region Mérdlich Lagern { - 800 m)
= Additional documentation submitted to ENSI in July 2016

E e s nagra

Current status of Sectoral Plan process (2/2)

= In February 2016, report by cantonal expert groups:
- Generally supportive, but call for further investigations to be
carried out in the Nardlich Lagem region

= In order to avoid delays in case the government concludes the region should
undergo further investigation, Nagra has started planning the
Investigations for Nordlich Ligern, i.e.
% 3D-seismics planned
- prepared an exploration

concept for Stage 3, o e : = e =
including a 3D seismic : - \
campaign
iz evaluating potential sites
for deep boreholes

submitted a preliminary
report for the EIA

= [P— [ — nagra
.
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Schedule and key milestones

2014 2015 2016|2017 | 2018 2019 | 2020 | 2021 2022 | 2023 2024

= Collabqlalioniwnh the regions
% 1of the of suiface
-lmgn submits at least 2 prnpnsnll for each type of rnposlmry

— Ravlew consultation and Fldol’ll Coun:ir decision on Stage 2

Stage 2

-_1 3D seismic cnmpaign far Stagn 3
_Drllllng permit applil:nticln for Stage 3 Stage 3
|

_Rov{sw of drilling permit applications / Decision UVEK / DETEC
sapranss I__ Drilling campaigns
_ Continued collaboration with the reglons

| @ Preliminary site selection by Nagra |
_Bunt d collab. wiregions

" [Rp— [ —— nagra
-

Highlights of
RD&D and URL activities

e S nagra
Ld
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RDA&D organisation and RD&D plan 2016

Raference concapl Azgesgment methadologies

and expecied evalulion®
o (altermative evclutions) Radomicice. Rnsport

Wasle properties 151 barmies 2nd barrier - e barrier Repository construction
and inventory = ement & operabon
Waste e 1 | Undisturbed OPA Lay-out/Components.
rbrsciriEaton SFIHLW canister || Gy laseatamens: ||| o S IConeapll Syeibmng
Wiasle progertes Cemenl bised Sedmentakigy teclonics Technical Bamiers.
and eanditicaing S Mronciabe varmers o e en
Long-tanm SFIHLW Fiow & ransport - (THC Repostory related
behavior menionng
ROAD 10 Suppor Nekd
Bclirlies Operationad satety
== £ OPA disturtied by
Encagsusation tacditics
EDZ
Disturbed OPA
Altermalive
Lang tenm evaulion PRpostne Couchgt
Clrmate & eosion
HNeotectonics.
Generally site | Generally site-dependent/
o independent  influenced by site conditions
" [P— e — nagra
Ld

LLW - Start of the gas generation experiments

Long term guantification of gas
generation from organic
substances in the LLW containers
at Zwilag — setup in 2015

Contributing to reducing the
uncertainties regarding the gas

source term
In 2016 — verification of setup and
monitoring

" e 70 B

Appendix— 31




AN 17-141 / Appendix A

RDA&D for alternatives and optimisation: Canister

Reference concept: Carbon steel Alternative: Copper-coated steel (with NWMO)
canisters — 14 cm wall thickness
f H I ﬁ Load e
Additional pam—_ 3
alternatives: - o
Copper canister \

with cast iron
insert (posiva, sK)

P s s e — nagra
-

Research at underground rock laboratories

Cwned by the = u - -_— Mont Terri Project

Canton of Jura

. 10 I+] =
Operated by swisstopo I I —t
In operation since 1996 L

Qwned and operated by MNagra
In operation since 1984

£ = .
R
T K

" ETRE R gt St et
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Highlights of demonstration experiments

FEBEX - Excavation after 18 years || FE- Full scale emplacement experiment

L
/

In-situ
emplacement
maeching

GAST - Gas trasport through i?m?r:m?

bentonite/sand barriers Temperature

surface (fibar optic)

= ET; el T ——

w i T ST e ey it

nagra,

Grimsel Test Site - Partner Organisations

= 21 partner organisations from 12 countries & EU
ANDRA  (France)
CIEMAT  (Spain)
CRIEPI (Japan)
BMWI/KIT (Germany)

BGR (Germany)
ENRESA (Spain)
ETHZ (Switzerland)
HYRL (Finland)
JAEA (Japan)

KAERI (Korea)
KORAD  (Korea)
NAGRA  (Switzerland)

NRI (Czech Republic)
NUMO (Japan) =
NWMO (Canada) - [ =3 ]
Obayashi (Japan) E
POSIVA  (Finland) da l l 'I-
RWM (UK) .l o
SURAO  (Czech Republic) W8 s %o
SKB (Sweden) |
USDOE  (USA)

»  Dem T TR g s Jarw ey
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Grimsel Test Site - Status of Experiments
LCS /JGP Leng-term Cement Studies
FEBEX-DP Full-scale HLW EBS Experiment — .&
Dismantiing .
GMT-SB/C Interface sampiing |
CFM* [ LTD" Collold Formation and Migration / Long Term Diffusion
TEM/LSF Test and of / Low-pH Plug ul
(MODERN I/ll)
Isc In-situ Stimulation and Circulation Test
GAST Gas Permeable Seal Test // Includes also FORGE Mock-up Excavation b 4
LASMO Large scale -
MaCoTe Material Corrosion Test
EBS Lab Verification and calibration of tools for interpreting data from EBS studies G
(BELLT, ...) {Bentonite Long-term Load Test) Rl
UCemeant® planning and implementation
HotBENT planning and implementation
New ideas in discussion
o e Py S e Y50 OF radionuicligies in the in-situ experiments na g ra
Ld

Febex Excavation (1:1 scale test) after 18 yrs

Engineered barrier behaviour | Analysis of aver
1,200 samples.

through maore than
20 international
laboratories in 2018

Grimsel Test Site
a [P—— ot s nagra
.
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New projects

a PP— R nagra,

HotBENT - Test EBS at temperatures >150°C

Modules as of partners indications

Concept &
~option 1~ —— " Planning
ey o S discussions

| RN - D
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Objectives of the "“Cement project

Study role of cement in C-14 retardation

> Transport and sorption of C-14 in naturally aged cement
in a water conducting feature

Main objectives

= Upscale to URL scale the sorption of C-14 on cementitious material measured in
the laboratory

= |mprove prediction capability of models for interactions of C-14 and cementitious
materials

= Consolidate results with laboratory
experiments

Monitorfanalyse

@ ~25 cm

* Input concentration decrease rate

= Tracer and C-14 concentrations in
surrounding monitoring boreholes

» Post-mortem diffusion profiles
of C-14 in cement

C-14 circulated in
smaller diameter

] 8 den 2870w S g St it

borehola In cement

Training course on seismic exploration for DGR

Topics

= Theory and application of 2D and 3D seismic
survey design methods

&

tal impact

Ei

Fleld visits to observe ongolng acquisition

Seismic processing and interpretation
(Magra case study)

Use of geophysical borehole data. VSP and
depth calibration

GIS usage for c -ation.
permitting and survey QC

Course Details:
= S-day block, November 2016 — January 2017
= Maximum 8 participants/course

= Combination with 3D seismic data acquisition in Nordlich Lagern (NL)

S wem | e nagra
Ld
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GTS Summer School 2017

In-situ Testing and hydraulic Characterisation
Alms:
= URL specific knowledge transfer

= Use of state-of-the-art i of rock
and decumentation

BGain of hands-on experience
Topics:
= Core handling & documentation
= Single-hole hydraullc testing (packer tests)

- Borehole logging

Course Details:
= 5days. July or August 2017

= Maximum 12 participants

8 den 2870w S g St it

Thank you
for your interest

nagra,
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Review Workshop, Sth September, 2016, NAGRA Wettingen, Switzerland

Directional Drilling System
- Outline of the System and its Application for Omagari Fault in Hokkaido-

Kenzo KIHO, Akira SHIDAI

Central Research Institute of Electric Power Industry

CRIEPI

e Mo bt o
rE iy

CRIEPI

CRIEPI

i b by

Schedule of HLW Disposal

(from NUMO Homepage)
Open solicitation Proposal
Application Acceptance

Literature survey

Selection of Preliminary Investigation Areas (PIAs)
based on literature surveys

Preliminary investigations

KZ) Selection of Detailed Investigation Areas (DIAs)|

Detailed investigations

[@) Selection of a repository construction site—‘

Detailed investigations

[ Construction ]
=ra m ____Operagon_ e
| Closure / environmental monitoring | RS
CRIEP| 2
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Objectives

To develop directional drilling system until
selection of areas for detailed investigation will
start.

- to control the direction and inclination in order to drill

boreholes under the limited topographic condition, such
as coastal area.

— to collect core samples while drilling

— to enable the logging and measurements in the borehole.

© CRIEPI 3 3

e —————
Goals

=» To develop the technology for the directional drilling of 1000 m

long and 500 m deep in the Neogene soft sedimentary rock at the
coastal area.

=»To collect full core sample while drilling considering the
measurements using core sample is very useful for the soft
sedimentary rock.

=»To make the hole as slim as possible considering the safety
handling and cost performance.

=»To make several measurements and loggings possible while
drilling and monitoring after drilling.

© CRIEP| 4 4
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Conceptual Design of the System

(1INL140 rod
(Casing)

(Z)Latch mechanism

¢ (3WL-LWD

! (@WL-MWD

! (5)Down hole motor
(®Under reamer
(7)Core barrel

Direction control by adjusting vent angle

Non-Rotation Rotation

CRIEPI 5 5

CRIEPI

Downhole Tool
—Drilling and Logging Module —

Latch System/Cable Head/Pump-in system
WL-LWD

WL-MWD
Downhole Motor

Wing Bit (Reamer)

O O 0 0 0 0

Core Bit/Core Barrel

]RC_F'EP' Syrght @ CRIEPTZ0T0
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CRIEPI

rilling
(Bending, MWD, Coring)

(2)Measurement and Logging Developmijent and
(LWD, Permeability, Water System up
sampling, mechanical and stress|

measument)

Verification of Applicability
1|n-=|tu Drilling and
measuement)

(8) Systematization

CRIEPI 8
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SR
Geology at Horonobe

ERtMrEL)

'Sa Sarabetsu F. \ Fault
7 w4 YuchiF.
'E;",Yt‘ e — Boundary

»*' Kf Koetoi F.

CRIEPI 9 9

CRIEPI

[ty

Outline of the Drilling System

Cable Head

Latch System

Cable Winch

Down Hole Motor

\\ Wing Bit
\%Q Core Barrel
\
AN
© CRIEPI 10 10
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CRIEPI

Borehole Trace (HCD-1,2)

| Plan 2005
| Result 2005
- Plan 2004

Result 2004

Distance between
plan and result
15m

© CRIEPI 11 11
CRIEP!
Result of Directional Drilling HCD-3
900 800
,__‘. . =
Ko
| . ~, Reflection plane
'e"ﬁ_: _.Jkﬁ:.u ™ Fault (assumed)
“"- K Koitoi formation
W Wakkanai formation
o o Hydraulic Test Section —
- \ m WL-LWD Section
w L =
-\\ < m_';::-;?im;on A \Sﬂl]\‘
© CRIEPI 12 12
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Characteristics

(1) Directional drilling in soft sedimentary rocks.

(2) High core recovery
Rotational driving force located above core barrel >>> Less
wobbling than conventional drilling
WL-MWD >>> real time drilling information

(3) Small borehole diameter >>> existing survey tolls can be diverted

(4) Exhaustive survey >>> Survey covers most geological

characteristics necessary for site selection.

CRIEPI

L Jieud
High core recovery

Fault Breccia | Fault Gouge

—

| Cataclasite

CRIEP|
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Geological condition around Omagari fault

B L LIt L
im0l

.

RS e T
~ AN

CRIEPI 15

I | R
Conceptual design of imaging, permeability test

and water sampling composition

control & sampling rotating mirror
casing telemetry unit chamber pressure gauge inflatable rubber for sonic image

- filled with
- =1 m mud based water

=

flexible rod ! noble gas ! chemical pump flowmeter window for mud cake
! chamber I sensor brock ! optical image
I

| » g

1 I Pemmeability Test Tool 1 . :
maging Tool

P jnoping Tod

Sampling Tool
CRIEP| 16 16
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Hydrological Characteristics

Permeability (m/s)

1O0E- 1O0E- 1O0E-  TO0E-  1O00E- 1 Water hread (m]
o [ o7 o8 o8

M0E-  1O0E- 100E-  LODE-  100E-  1.00E-
[

10 1 12 3 14 [£] o 50 90
00 = FR e 200 g -—D’ e Py =
= = i | |
" - [oc
0 = 200 o
& 78 0 —
= 350 ©-: Core g |- i
=i — - In-situ 0 = |
100 CE)J 400 %.... e
450 i i _ |
w0 1= wakkanai . 500 g{u
I formation ~ | t
550 o I .
a m
“] 600 I T | |
o
= — e 650 %J T .
= 1 —
100 -~ 700 o | -
-| = Koitoi Elih 1
= faef formation 780 = o -
el i |
o0 800 . ?Pg
a50 I & _m-f I I .
500 900 S _| L
iils] = I
= |
1000 1000 =8
CRIEr 17
I |2 <

Chemical Characteristics

200 -
= e P e
- e
e o
o — i

500 (7 S —— - i

E A e N
w e s #

| - - .

| i !
w0 " -

.<‘....
ol -
s e k)
i e . -
i =il N

e —e L T

| P wr
100! - o

© CRIEPI 18

Appendix— 46




AN 17-141 / Appendix B

Chemical Characteristics

CRIEPI

Exhaustive survey

Pressure gauge
Frame ‘
II jack IF-
Piston « Tube m
Upper R
= H — board syringe
! filter » Core sample
- B
——+ cylinder )
Bottom syringe
board I—‘; ——— e
1 =TI~
o0 - T 1
L R
1000 : N | ;
© CRIEPI 19
eI

Pumping rate.
Pumping pressire,
Retum rate and ete

Mu

Torque. WOB_Pressure. WL - MWD
T. )

Directional Drilling

Geology Il)fdl'olngyé | Rock In-situ

slress

Caoring

Azimuth

Gyrocompass

Vahidation =

Sonie, Electromagnetic,
Micro-electrical and
patural ganumna log

I WL - LWD I

‘ Core logging, ‘

| Chemistry || property
l | |

| Core photo |
==

Vacuum padk

Core sample for laboratory analysis

Y Vacuun pack

Pare water extraction |
Laboratory analysis and testing

Profiling of permeabiliry and

y ¥

SElection 0‘;‘;::5?"“

physical properties by transform
analysis

End of drilling

ection of secl]

Permeability test
Water smmpling

[

i 1
""“"!""“""""‘: Stress measurement |

: Pressure meter !

Monitoring for

CRIEPI

Pore pressure
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[t

Conclusion

* In 2000, CRIEPI started the project to develop the directional
drilling and survey system. This project was done under
contracts awarded from the METI.

#* Drilling and survey system which can control direction and
inclination of borehole and enable exhaustive survey
necessary for site selection was developed.

* As a collaboration research with JAEA, CRIEPI drilled two
boreholes, HCD1&2 at the Hokushin site and HCD-3 at the
Kami-Horonobe site, and conducted various surveys at the
Horonobe site to estimate the applicability of the system until
2013.

* The applicability of drilling and survey system was verified.

CRIEPI 21

CRieP

s
et by

© CRIEPI 22
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Controlled drilling technology and its application in site
investigations

Date: 5" September 2016
Place: Nagra Wettingen offices
Participants: CRIEPI: K. Kiho, A. Shidai

Nagra: A. Martin, B. Frieg (from 16:00), H.R.Mueller (from 16:30), and
H. Madritsch (from 16:30) and S. Vomvoris

Targets:
« Discuss and provide technical feedback on CRIEPI's controlled drilling technology and its
application in site characterization

* Provide CRIEPI with an update on the planned drilling within Nagra's site selection
programme

Appendix A | Current status and update of Nagra’'s site selection Stratis
(focusing on technical activities)

* Nagra is moving more from an RD&D organisation to
a license application organisation

+ Staff members increased by 15%.

+ The deep boreholes need to include the aquifer
below the planned repository depth and therefore go
to the base of the Mesozoic sedimentary sequence.
The depths are typically 1500m — 2000m. It cannot
be excluded that authorities request an even deeper
borehole.

Appendix B | An overview of some of the drilling challenges at Nagra Bernd

Discussion/Questions

e Gas shut-in tool

Controlled drilling technology review meeting, 5" September 2016
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+ Need to have reserve casing.
* For long-term monitoring, space is limited.

= For Nagra, if drilling is started vertical first then
inclined this is difficult because the target formation is
shallow and there would not be enough weight on the
bit. Our aim is to get 100 mm core from the target
formation.

¢+ Why is the core diameter so big?

+ We want to do geochemical investigation so need
adequate thickness of core, we try to do subsampling
in different direction for geomechanical testing, it is
easier to see & map discontinuities and generally
speaking the core quality is higher.

¢ The area of interest extends above and below the
host rock e.g. because of confining units of Opaliuns
clay adding to the potential effective containment
zone and adjacent aquifers.

* Concerning the testing interval in the borehole, how
do you decide the number of sections?

= By having fixed aims in advance. We then have a
working programme. The types of tests and the
geology limits the length of the intervals. The working
programme is defined by the geodataset you want to
provide to the safety assessors.

* |n the initial stage, Japan needs to be flexible. E.g. in
the case of Yokosuka, it was found that formations
were at different depths to what was expected before
drilling.

+ |n Schlattigen, the geological information was very
very precise so it was easy to set the testing intervals
and drilling directions.

* The main purpose of the 3D seismic investigation is
to support the static geological model of the siting
regions particularly to detect geological structures
and facies changes. We need the boreholes to do the
final depth calibration and to correlate measured
seismic properties with e.g. lithological and / or
structural changes of the rock.

 What is the purpose of inclined drilling?

Controlled drilling technology review meeting. g" September 2018
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* \We need to characterize and therefore intersect
potentially existing sub-seismic faults and fractures;
since most fractures are expected to be vertical
based on field observations, a good mixture between
vertical and inclined boreholes is considered to clarify
the existence or non-existance of such fracture
systems. If fractures are existant we also want to test
their properties (such as permeability, sealing).

* In Wellenberg, the borehole drilling was needed to
confirm what the seismic reflectors were from the
seismic investigations.

* What caused the ‘moving’ reflectors in Wellenberg?

* Only 2D-seismics were carried out in Wellenberg.
The investigation approach turned out to be poorly
suited for this siting region (very complex 3D geology,
strong surface relief increasing processing issues
etc.) resulting in comparatively great interpretation
uncertainties. The comparatively difficult geological
exploration and characterization of the Wellenberg
siting region was of the reason to reject it in the
course of SGT-E2.

Appendix C | Current status of CRIEPI's controlled drilling technology Kenzo
Discussion/Questions

* Alarger diameter borehole as possible is better for
testing and for using standard industrial equipment.

« If you have hard calcareous rocks, how do you do the
under-reaming? This is normally a tricky operation.

¢ Drilling rate 10 — 12 m (max 20 m).

* Project was started in 2000 and funded by METI and
tested in the Horonobe area to verify it's feasibility.

* Borehole was inclined 30 degrees to begin with;
inclination at bottom was horicontal. The borehole
was designed to intersect the Omagari Fault.

= First 200 m was drilled using a conventional drilling
system.

+ Did you cement the casing?

Controlled drilling technology review meeting, gn September 2016
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No we used explosives to fix the casing before
cutting.

At Yokosuka, it is not possible to test directional
drilling because it is difficult to get permission for
drilling beyond the Yokosuka site and under the sea.

Logging (LWD) and monitoring while drilling (MWD)
information is transferred by cable (and not e.g. the
fluid).

Why do you not stack the wings?
We will try to improve this as the next optimisation.

When you flap the wings, do they not get stopped
e.g. by debris blocking them?

No.

Where will you try to sell this system? In high level
waste?

Not just high level waste but other industries too.

When you ship the system, what do you have to
ship? How many containers?

We hope that NUMO will use this system but it
requires much training. | tried to make a consortium
consisting of Japanese companies.

Page 4/5

17:15-18:00

Discussion

Geophysical logging with the typically available tools
is standard.

Testing in deep boreholes at Nagra will verify that our
host rock is a diffusion dominated domain. We most
probably also test the adjacent aquifers. Additionally
gas testing especially also for the host rock is in
discussion. Finally many boreholes will be
instrumented with a long-term pressure monitoring
system.

We plan do to stress measurements with the mini-
frac method; additionally we analyse borehole

All

Controlled drilling technology review meeting, g" September 2016

Appendix— 52




Page 5/5

breakouts and different geophysical logging results.

* \We also reconstruct paleo-stress conditions by
mapping and analysing discontinuities on the core in
detail.

+ Cores are not only mapped but also sampled and
shipped off for geomechanical and especially also
geochemical lab analyses.

Controlled drilling technology review meeting, 5" September 2016
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