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The Mizunami Underground Research Laboratory (MIU) project is being pursued by
the Japan Atomic Energy Agency (JAEA) to enhance the reliability of geological
disposal technologies through investigations of the deep geological environment in the
crystalline host rock (granite) at Mizunami City in Gifu Prefecture, central Japan. The
three remaining important issues have been carrying out on the MIU project. This
report focuses on “Development of groundwater management technology” for
“Development of countermeasure technologies for reducing groundwater inflow”, which
is one of those important issues.

The concentrations of naturally occurring fluorine and boron dissolved in
groundwater pumped from shafts and horizontal tunnels at MIU, are reduced to the
levels below the environmental standards at a water treatment facility. The
development of groundwater management technologies including such groundwater
treatment is one key issue for large-scale underground facility construction.

Recently, countermeasures against rocks, soils and groundwater containing naturally
occurring heavy metals are required for the construction works.

With this background, literature survey related to the latest treatment technologies for
removing fluorine and boron from waste water was conducted and applicability of the
technologies to MIU were reviewed. Additionally, the countermeasures against rocks,
soils and groundwater containing naturally occurring heavy metals were summarized.

The literature survey results indicated that the adsorbent was able to remove fluorine
and boron, and the coprecipitation was able to remove fluorine to the levels below their
respective environmental standards. However, the groundwater at MIU contains
suspended solids and cement due to excavation, its removal rates of fluorine and boron
are different from the ones of general waste water. From this point, it concluded that
the present groundwater treatment method performed at MIU: coagulation treatment
for removal of fluorine and control of pH primary, and ion exchange treatment for
removed boron is appropriated. It is effective for reduction of environmental load and
maintenance cost.

In order to reducing the environmental load and costs of the underground facility
project, it is effective to select waste water treatment technology in the construction and
maintain of facility considering the geological features, the origin of the groundwater,
the grasp of the dissolved matter, as well as the features of the discharged water area.

In regard to the countermeasures against rocks, soils and groundwater containing
naturally occurring heavy metals, relevant environment standards, naturally occurring
elements, geological conditions, and treatment technologies were summarized.

Keywords: Mizunami Underground Research Laboratory, MIU Project, Development
of Groundwater Management Technology, Fluorine, Boron, Naturally Occurring
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L6034 <. Na-HCOs B D /KE T pH 2997 NV H VA RT KB GFET D & ERFO F
BT NA VMAKD OHIC & DA A N, FRBEET DLW HERDH D 19, 72
B, I RBIZ X DWFEEIAOZIE R, Lk, BRI S HF 10 BET (BREE 8~
160 m) Ok 28 FFEDHI FAKE=H U > FFERIZE N TH, SoFERAIE 1.1~9.0 mg/L
Lo TR 20, REREZBERL TWLEINSH 5,

E 9 RORPFUZ OV TR TIER WS, FFZEET A HEZ OB Cik, 2ok L <3
KR & & 2 SN DEFRDIRE OB W T ANHERSNTEY 1B, EHFITINDOE
(R IRE DB I AR R OB A D ERTIR CTH D LB X BTN D 16),

EIFOKFTOMFREL LT, FICmELFHE LTV, HsBOs £721% B(OH)«
OWT N CTEERFRIT FReT®RIND 20,

HsBOs+H20=B(OH)++H* (pKa=9.25) (X 2.1)

- T, pH>9.25 TiZ BOH)+728, pH<9.25 Tld HsBOs 2MEJefE & L CHEAET D,
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2.4 WEHRY 57 FEREICI YR LBEM Z RV EKLEORET

241 B

AR OPEAR P IEIT N TS — 72 5L Th 503, WFSTHLEMRE TR, ik
OMFZEH0E ORI > THEAKES ML, LV K& 2 HBEOPKLBEREER 23RO 5D
TENTREND L L BT, REALESCA A WAL B4 5 SKF G RS0 A 18
DL THD Z LD, BB LWV > T,

— 7. SR I O & v — NS AR OBREE - BEFEISHAMEHE = & (2006
EYIE, BUEIZENIOFE B R IE N BRI EBR R BERE) Ik, BUR# 2 7 7 NEAIET
TERL U7 SEAMIC L0 | AKRSOIRAKFICE SN IRREOH D ERIHEDOIEN H - T1-
22)-25)

ZO7D, BT EEICHE AR FTREZRBMBRE & LT, s 7 7 NEAEL
AWK 503, 139 RERET DHEM OIERSS, WFZEET O HEAKLE D 2h==:1KIZ 8
T HHFFEBA%E & 2006 4E)> S PAA L2 1D,

W7 Z 7 FEAER. EOFOBER EooIcHnensES MUk HETH
D

B TICE TR X — DB E RN T 5 & ®a B DRE L KFEOREAREIN
TIEMWRE (ZUhV) BAERSND, #EEMICKIG (ES) LYTWE / ~— (EE, &
W7 B3 B TUDVIREE TGS E D EHEHADNHMG L, ®o 8 (777 ME) »
BAIND, ZOHEPHBHRZ 77 NEGETHDL, 777 M EITEARDEKRTH Y |
BIROBEREFALL L TWD, K 25124 A=V ERT,

777 NEAIZEDESTHMEINTORSIL, BMOIRCHE—E Z2RFFLIZE ., Hi
IRSREABATE DL ETh D, BMITT 4 v b, fiHE. S EERIBRVFIHAAETSH
Do FHEATZFEMICT D &, AWK OEIEN BIf /el AETARLEBA A DR
EBREERICEN M EIDNERFRETH D, ZNETT UV E=TRET 4 L& —0flik
EEBICHNON TS, ZOHE, AETARERA A MRS SND 20, &
RO L D IR G L B o T IREAIZ L 0 WAEWE NS D Z X, F iz,
777 NEGETHER LS RHEMIL. BREEOERA T U bEmWIRTRAETE DT
D, HATRETERWEREIROEIIUCHIGHFTRETH 5 22,

AR
SUnL HEDRREH%
B @O #EL) § (RIGEED) T oA ERERR
A TS =>
st ny 957 hES LERE

25 WHEMIZIOIMEREDAS A—D W
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2.4.2 FHEFER

B 7 7 N EAIEIC XL VAR L2 & W CHFFERT O K L BRI DWW T O ER
R 2 2006 =25 2008 4RI T o 72,

RREZITIIC Yoo TE, BIEEE LTHEAKFDOSoHR, 139 RIREIC OV TEREEAEEE
FTHRETZ D0, LEBREED D Z LN TE D 0EOFMEM OMERECHEKLELEE I
DWW, X 2.6 12T X9 BB E e LT, FHMBEIT o7z 1020029 Z OfER IR
DX D IRHANGE BT 2728,

(1) fEMIZONT

1E9 FRCHOWTERELEME (Img/LLLT) 2358 L& 1T, MEMITBHEOW ARG &
ARTIRIBEDIE ) FEFHKE @SBRI T 5 2 LR TE, WHOMRIERFAETH D,
BBk LT, SV (Space Volume : ZEf1#H ) A3 120h 1123\ T, JFKH R Z 95%
FRETE AP E %~ BV (Bed Volume : i@iHE) (X780 TH o7z, £7=. BEEDOK
ERBIEOT —2 L LT, SV 10h 1BV T BV 28 500 OF —# L ik L TR 12 (5D &
HOMERTIEI)REWET DI ENAETHD Z ENHLNIR-T=, LovL, WlBrEFD
/KD pH OZH) (9.6~10.6) (X V| #HAFHD BOH)s & OH3HEA Lz 2 & ARA &
EZEZONDODWAEMNREOIR THAMER I NI Z &, LEKO pH OFHNEETH D,

F72, 5oFITHONTIE, SV 36 h1 2BV T, BV 23320 & 720 | HEkHiEED 95%
FERETE, SoFORELEM (0.8mg/L LLT) FTORELERAFETHD Z LA H
WT& 7,

(2) BEAMLELFESJIZ DT

1F 9 FITHONWTIE, &7 A 4 B OWEMERE L W LB CTH D Z L PR T
= & AR O PR AR OLBERE ) D EIXFRETH D,

—Ji. SoFIOVTIL, HKFTDS-FRENIE D RIRE L ELTEW 2D, ik
IR W TERBEREMELL FICT 2720123k O 5o FREZ 110 BEE TR TS
BLMENSD D, BUTOMEM CIIMEREDES BRICELTLE D Z&nb, BfTO
WFFEATIC 31T B EREE TR B AL L& bl LT R b BRI R 212 < Wy,

Fio, WHEMOREGERITIEICHENH Y . S i FHEM 2T AT O HE KB 25 ¢
X 5 Al REPE IR 20,

o

X 26 MGHEBRTAW=EE (E) £H54L (B) 2
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3. KA SSREUIE D ROFIHNEEAMIZET & XIEAE

FRIEFTIZHR T DK D 5o FE K N 9 FRUFL O L 0 2hRE MBS FEEN & 5 M iREt
TAHD . BRI IC OV TSRk 21TV, BB L7,

B, SoF LT ) BB E LT, BEAICBOVT, KX N THERMZ
PEAKABRTIE A MENL T 2728, Rk 1T~18 FEE & 21~25 FE TR BEKF D 5o F RO
F9REDRMCRET 2 Z LN TE 2 EAEREOEM N TEE S i, HEARLBE 0 %
RERR N E STV D, ZNOICEET 2 8EE 29308 5 0 C MR 21T > 72,

3.1 S >FROEFVEEMICET 5 XEHE

3.1.1 $ERD 5 > RWIEBE AT & RRE

b — 7 5o BHOKOLBEIL, HAKSEAL IV T DEO TN T MuEWE
Mz, KbDso%E (F) #HEEO 7 vk v s (CaFz) & L TRE(bSE58Ed
LHETHD 29 (LR, ICaFe AEkik), LovL, ZOHETIIEMEORBEEL KEL
AT R 7 TEHEK (JFKIREE 20mg/L LA E) TiX 10~30mg/L T 256134 < .
PEAkIENE (8mg/L LATF) £ THETDIZLIFE LV 32, HIIZHEAIKERIZT S &, x5
PEK P 5 > RN 20mg/L Afili Tlx. {H4AIK (Ca(OH)2) %#9 1,500mg/L LA BRI L T
5o RILE 2 S &2 OIXREE L 72 5 39,

5o RIREDEA mg/L OPKZE mg/L LI £ ThRET D HEE LTI, g v R
PAC %507 V2 = L2 Z T pH ZHFPRICHREE L, AT 2 KBIET VI =0 A2s5
SFEWFE S, BRENEETS LT, [TV =0 43, bmg/L LLF £ CTORRE L ]
BECTH DN, WMEAE - BRBEENEI D LV END S 32,

RE. BUEOHIZERT CO5 - FEREIL, CaFe Ak L 7V =7 AkE AR DY
ETHRIGE LTV D 13,

3.1.2 RFD 5 >RUEBEMOBE & 511

5o SRAVEL O OB AT IZ DV T, BRERE OBR 2080 BIfEpM b STV D b D%
e LTRSS A =T — DR — A=V AE U, e ~OH K I T& 5
Rl LTz, TORERZFR 3.1 IR T, B, T A MIHOWTIE, kL iEnTn5
LRI O BO LN Z END, HFRV/ATFTEEARTRE#H L2000, kDb
FHMEEOFEN R D Z 0D — T 2 2 L IR EE 7= A [ENERE O k5
shE LT,

FEDORERZE 3.1 I1F & T, IERIEITEEILBIEIZ SN DD, & DOEEILEIED
R Z M LSS OOHRE (£ 3.1 00O, @), HLILiE L HIEIEER 2 HAE b ik
(F®). SoFJ/AHOMRILE L THEE (@) 200 bz,

BHELREOW R & LT, BEDRED - O OHEDTEN (FO-A) . CaF2 il S
NWTNFRAF LT 5o REE BT 2720 O A0 ([FO-B) OFIEDNHER ST,
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INBiE, BEFEEIEOSIEIZ L 2EANARETH Y . BIAWS->FRRE (20~5,000mg/L)
ICXHEAREE D Z & TH DN, PR EE COREERIGLET IO TH -T2,

Wi, EEHELEEOSE & LT, BHERERIC L RETDHREFRENHAT L Z & T,
WEE DR #HE %X 5 Fik (F@-A~B) ThDH, kKD CaFe A pEDAERIGIRD —Hk % X
JEREIZRGET DRI N T T BA T FIRREICHRE SEDH 2 & T, IRKELOKIGHE T
O CaFe Epizh= A1 L& w2 Fik (FIQ-A) 0, 7/ =0 AEICBWTAER I NG
WA N2 CREME (LS &7 ECHAIAT 2 FiE (AQ-B) BHERTE 72, FIZO@-B 1T
WTIE, BIRIBERICE Y T =Y AEOTIMEZ KT 2 Z EBNARETH L Z b,
WEROT IV =0 MEL R THREAEREE 80% bHIKATREE LT, LaL, Wih
LK E TOREELRNG LT H LD TH T,

ek, WIEE LTRRA A U E2RAET DEINH 5B IRE KLY (Layered Double
Hydroxides : LDH) #{EH+ 5 & & i, FRif L LT MgO 2T 25 Z & TREBED
BIREAR L, SoRERFAEE CHRET 2L (FAO) RSNz, LDH X IHE
WAl D4R A A2 DKL & faa A L BRIKDAZBICHE L= s FEoba®m T
H v Iz Mg(ID), Itz Al 2 £5>n4 Ra X 44 b (MgsAlo(OH)16* COs+4H20)
WREFITHD 39, g RaXAH A MIONWTIE, Bg U Rkl L ThHoBERIED
F OB ERAEZ FF D, BT 2 2ERA ST 5 4947, LDH {5 % & ALE
KT N VVECTR D | FARISIR D Z 2D ARIE TIRILRE D BEOIEHE K OVEIR O &%
AL & X D 72912, HRIAlE LT MgO 235 & bz, BREBEFHTH HOTH
%39, LR s, BAdrOWEERE VAL Ra XA RS ARINSET
LDH ##: ViR LAIATH2MENH D & & HIT, EFBRTlE 2m3/h O ETHD Z L
B, WFEFTD X 9 e REDWBRE~DEH FIEEMEIIAH TH 5,

WFEIZOWTIE, A ReZ YA hoKBbE Y v AZ2WERE L CTERT LI &
T, BEEMEE CHRETIERTE (F@-A, B) MR TE -, LPFED 40m3h &Moo
L L CEEOUENIERTIE LD TR, VT A =T A ES SRR EFED
Wi L 7 2B OBRES pH i L W o T HFTOR R RO b D, TOMIC, B H
AR, VUYL a=y AEWERE LTUERT 2WEE RIS (FO-C, D,
E)., 255> FRENET mg/L OPKZPIKEREE THRE, HDWVITFKEED
PREEFCHRET L2V BFEICLES2 D THS T,

Plb X, BREEMEE CERAFREALERFIN X, LDH 295 H L= ks (FO) &,
A Fa XA hoKigbt ) v AZEH LIEREE (F@O-A, B) Tholo, B AL D
WA PEREA B NA R Z LA R OTERIE, TEROLERENT T b 5 B TR 10U 15
TIHROLNARDSTZABEITTH D, Lol MFRATICEIT 2 KEOLIHEIZB W TEREE
FHEF TOKIEZRBREMERE O G & Fr D ELE AN IR T X 2o 72,
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3.2 [E5FROEFHUVEEMICET 5 XBHE

3.2.1 fEERDIF S RN i & RE

1F 9 FOMEERICITI TROTE, KOINLEMARLYEETERS D, FRLS
ATV ABIEAD 720, BREEE BT 2 B 20,3049 % ¢, L (LA D K 95 7R U EL T 8 261
BTz,

OREEE TR L

O AL

@ eI

@WEATE B A

OIS Bl

ZDHH, EERNIEINTH HEELEE L WAEEOBEIZOWT, LFIClRR 5,

BHETRBORIX, BHEAIZ W CIE ) FBE e - M ST HETH D, 2.3 IZAHRD L
0 1E 9 FEIT pH A 9.25 L 0 /NS VKIRIET TIXIE ) BR (HsBOs) 2MESEREE L CFEMEL,
AL LIZ W (BEEAIE RS LIZKS W) MEE 72> TnWA T2, EIRO pH % 9.25 L0
K& LTIEIEA 4> (BOH)y) 2B E T2 0ENH 5, T LT, AKX (Ca(OH)2)
ERIMUCHERZET VI VI L, S OICEEAICTHLHEET VI =7 A (Ala(SO4s) %
Mz T= R HAF (3Ca0-Al20s-3CaS04-32H20) ZARK L, ZhICE TN TV D HilE
A A (S042) BEHEA A (BOH)y) & BT 5 Z LT, 1T HREOHEN M LT
B EVIHEND D 894950,

MBI NOFEERH D OO, KREOIHRDFEET 2 8K OFHEe 1A 4
DVBRh SR AR T S/ D AN KE R & 72> T 5 39,

WAL, WAEANC L > TE D RBEWAERET HHIETH D, WAEFNITA A4 23k
fig., Bt~ %+ A (MgO). by ra=mh (ZrO2). Wikt U A (CeOs). FAL
T =0 b, EER, YU AFVERHNLN TS 20, BB IS R RICIREN
DD, RREHKRK~OBERICROND 39, 7o, EZOBIEEZHEWETL LT
Vo az NRERICRATD, EFMBICHEA L TERVIEULEHT A Z ERERERS
D, TOLAIIFEAEREK (139 RIRMEK) OLIEBHEEVLEIZ/RY | FAFEROWLELL L
T EROBELBILEEZ AT 5 2 L bBECRFI SN TN D 39, F/o, Bk T 58918, %
B LTIA F U ZRBBIED D1Z D FEEULT DM (VA 7T AT AT KV EEFEIEY
EIRAEIERD, b LIREEZRDIMZ HHM) IZOOTHHZERTE I TV 5,

F7o. 1E9 FOYAKRIETIES O SN TV D EHERBYE, Wik, KOWE Z s
W7 EE RIS, il 3FHEK Im3 4V 0T =7 ax b (HAK - FAREH., &h
B OB IIERL) ZEELTEBY ., UTF28%2EML VD,

1A EE, BEILBES OIETE (BKE) o3> FEAEIT. KEEIKOEEIE0.1%
BT, BENG 25 ThH 0.2~0.3%RE D DRRNENT LB &2 KEIC
WML 72003 e o3, HIRASEETEDLET =07 a X MIMRIIZEL 85,

2HBIF ZE2FEEVHA 7L TELOHNOEMMELINTEY, 139 FEWROMWERE VD
—HEPOIFESFHITE 523, 139 FOBRFRMEA S IZEE TRV bbb, Fo=
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YIZARRRRy 7 L EX D, M UT, HIRFEAR, X POWE TOE ) FUHOE L
SR LT D,
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&3 3.2 1T,

%ﬁ@%%\%ﬁmﬁﬁmﬁﬁﬁ(%amm)\&%@@&E(ﬁ@)’“f%ﬂto

BHETLBEDW BE L LT, BRI D - DI EKA ORI EDK#EL (FO-A), *

U —IKIEIT X 2 FEANRIM &5 e R 4 %@Wﬁ(ﬁ}m\ibuyﬁ4%@$&%$%%
DL DOMBETROGHE (RIO-C) BT LD,

AERREOE BB T D Z L Ic ko THERESNDAZ T N Y U A F&FIA LR
EONFRGICET D ERERH D HOD 5D, WIFNLYKEREE TORREE NG E LT
Wb,

W EZHOW TR, ARO[ EO 7= DITHHER O EH (FQ-A) A F v ok
BN B VB 2 LRSS (F@-B) OFEFINAHE TE 7, REEEMES CTHREN
ARER FYE (F@-A. B) bdholz, ZHHDOFETIZ, WE LTI ZLME L TEJR &
LCHAATE L9 Eu%f@ﬁéhémiT%m%%V Lo TITHETHEL
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Elbic, BELHAERMTSZ L Tax MEEAK LTV D 5658,
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