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An Estimation of Influence of Humic Acid and Organic Matter Originated
from Bentonite on Samarium Solubility

Mariko Kanaji* Haruo Sato**
Akira Sasahira***

| Abstract

Organic acids in groundwater are considered to form complexes and increase the
solubility of radionuclides released from vitrified waste in a high-level radioactive waste
(HLW) repository. To investigate whether the solubility of samarjum (Sm) is influenced by
organic substances, we measured Sm solubility in the presence of different organic substances
and compared those values with results from thermodynamic predictions. Humic acid
(Aldrich) is commercially available and soluble organic matter originated from bentonite were
used as organic substances in this study.

Consequently, the solubility of Sm showed a tendency to apparently increase with
increasing the concentration of humic acid, but in the presence of carbonate, thermody namic
predictions suggested that the dominant species are carbonate complexes and that the effect of
organic substances are less than that of carbonate. Based on total organic carbon (TOC), the
increase of Sm solubility measured with humic acid (Aldrich) was more significant than that in
the case with soluble organic matter originated from bentonite. Since bentonite is presumed to
include also simple organic matters of which stability constant for forming complexes is low,
the effect of soluble organic matter originated from bentonite on the solubility of Sm is
considered to be less effective than that of humic acid (Aldrich).

Experimental values were compared with model prediction, propsed by Kim, based
on data measured in a low pH region. Tentatively we calculated the increase in Sm solubility
assuming complexation with humic acid. Trial calculations were carried out on the premise
that the complexation reaction of metal ion with humic acid is based on neutralization process
by 1-1 complexation. In this process, it was assumed that one metal ion coordinates with one
unit of complexation sites which number of proton exchange sites is equal to ionic charge.
Consequently, Kim’s model indicated that carbonate complexes should be dominant rather
than humic acid complexes, but the validity of loading capacity (LC) to normalize the
concentration of humic acid was not comfirmed, because the effect of the degree of
dessociation of humic acid was unclear.

Although UV absorption method was tried to measure directly the concentration of
Sm-organic complex, it was unsuccessful, because the absorption band of Sm at 497 nm
overlapped with that of organic matter.

* Tokai Research Establishment, Japan Atomic Energy Research Institute
** Waste Isolation Research Division, Waste M anagement and Fuel Cycle Research Center,
Tokai Works, Japan Nuclear Cycle Development Institute
##% Power & Industrial Systems Research & Development Division, Hitachi Ltd.
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D Sm LT 0.080mol/ 0 &3R® BN,
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CEEOWRENR D, TOEETIE Sm ORNEEZHHT S LT TERN,
SR OBEHICHWS NS f—f BRICHET 2RIFHIL. Sm DES 497am TH 3
" Sm-7 3 VEBIBEAIRE T I VEKEROEZRY MVHET S 500nm f5EDE
BEBALUEDDE Fig? ICRTA, 497nm OREBAZBRE TELRN, BN T 5K
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DB EER L.



JNC TN8400 99-059
3 BBMICLD SmBREAORETM

3.1 &HE

TICBEZMDOS U ROBERRIGICOVWTIE, PV RUvFE B0
Gorleben ED 7 I VEEE AmITH U T, BEETHBT6/RNL 7 EWIEABE X
NTnB A8 L ChE0OF— 13 pHAGS~6.0 DHE THE SN b D
THO, BEOHTARRESZFHENS T IV UM TOREEICEL TIIBREXN T
W, |
—7. ADINU 7 HOZEBTIEICER SN TWAERERR, FSoS8Bni
W, FIKRTEREINEZRNET-FiETOTHYS 1Y, LEsoT, gytts
RTHRBERBREZERL, BRERKETEEZHERTIHENRE D,

AETIE, RAFEYORBERELUTHRO 7 I VEBEEY. EFAY M A MEE
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3.2.1 KRBT <UD ADTHS .
KEEEY <UL, 2201 KLY < U7 AORB TR 5 & RIS L 7,

3.2.2 KEMLREET <Y U ADHS

IKEBLREES < YU ™7 A Sm(OH)CO3 I, Christensen'> B& RS 1 oFmIzae
STHEL 7=, Fig 9 CHAREIEE R,

0.15mol,” 0 O Sm(NO3)3 /K¥EHE 15 Mm% 50 ME —H—ICBEA L. Z/S—5 )L TR %
AERURAS, 0.lmol /0 DEREAFEF N T ABKEE FL T, B2 AERIE-,
EZHEEREED, KTy T L— b ET30 SRKEHMNCHB IS, R
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BEObD(Z AV VIS, 7 IR TERZER L.

RYIF U BEBICARS M b 50g &K 500 @&z AN, FHEHIMETT 15
AEFEET A KD THRIES LE, 3512, INEZFHESHE T T 72 HiEE
&L,

BEE AONERY A NEREEEFER B L /. £7. 2028 (3000rpm,
30min) XV ERBZREL., SSITHEDTFE 10,000 DRNASBET 4 NF TA1E
L. B5NEAEENY M FEEKE LT SmisRERRICH L .

3.25 Sm DABERER

Figll 177 3 VB(AId)EE T TO Sm(OH): DIEEEFRRFELZRT. X HEHIC
LAEEOREE. WHD TOC (Total Organic Garbon : £HFHERE) BLU SmBE
HEZBR ETOERI. SHKHE 70— Ry 7 AN(95%N2+5%H2) TIT - 7.

73 UEE (Al)/KIEIRZ 0.62meq/ 0, 0.23meq/ Q. 0.070 meg/ 0 &722 & 5 ICFREK
THFRL, BERBENATAA®EL 0.1 &Lk, RIZ, pH ZHCl & pHI2 D
NaOH /KIEHE T, 9.0 [T L=, Z O 100 mdizx L. Sm(OH)3 & 20mg DEIE T
MU 7=. Sm(OH) Eonik. 24 ReRICEE pH 2% L7,

FEO sSm—7 3 VEBESEENT. 40 HAWL 60 HE. 251 CTHEHKME S O
— 7Ry 7 ANTEE L. TEHESER pH 2RAIE L. 2E7T8 10,000 DR
ABT 4 WAL DBEHSBEL -, WL Sm BEBLUTOC OEFEICHEL. EH
X BERREICHELE. &858, BORUEEE 3EBE L (0.62meq/ 0 D&
2D

Ry A FEEKZRAWEZERICOWTIE3.24 THE LR M MNREK
ERRETIWEOEEFERALEZ, N2 M MEEKO pH Z 8.0, 9.0, 10.01 (10.01
DAHEFE) L. KE S0 miZx LT Sm(OH)CO3 # 20mg DEIS THRML 7=, #iD
LT 24 BB EE pH 2B L7-. 40 BREER, BRO—HET > TV I L,
SESDTE 10,000 DRRABB T 4 VY TABEL, 2BPO SmBEZHAEL . RO
OIS HICEHREL. 60 BER. £BE25ESFE 10,000 DEAABT 4 VT T
ERSEEL /=18, AIRO SmBE, TOC RUVE#RHBRELTE L. BHIXRET
WL,

ETOERIH LU THEATO SmBEREL, FEEKSTIATHELSITEE (H
SE P5200 BY) ZH. TOC RUVEMRRIBRE L. 2ARMGKRAER (BERET-4000
B) ZERALE, £k HFEKTHROBEMI X HENEE (HPEEXIE RAD-A B)
WEORELE,

33 BR

331 SmBERECRIZT T I VEBOE

W7 I VENA)BED R 5 /KEEKRIC Sm(OH): 250, 40 /2L 60 HEE
BOBHEDODHTHERZ Table 1 ITRT . £/, BHOSHERE Fig.12 IZ7RT.
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Tablel £ 0. 72XV EOVABENEWZIE, 40 BB D NIiT 60 AFHBERICEET
HEEFFO SmBEIE < BRAEMPRD NS, £z, 7I VBOYWHEBENSW
XERET S pH OENKEL, BTPOEERERLIVTOC HbEWERRLTWS,
EHIL, Fig12 kD 60 HEER TH EML Thiaho iz,

I VBOFEBEL., 60 HHEROKEEFO Sm BEOEKEEZ Oy N LAEHO
%z Figl3 ITmd,. Atk 73 CBEOIHBENRWIE, HHA+TO SmBEHH
WEWSHARRDENS, 2ZE L. pH, BERRFBENFNENERSD, &
RE OB OEFHEERSBFA TN ERBERTNETH S,

3.3.2 FEFtHEELOLER

7IVBREOHEBEOXERTES 5720, HER{LFEFE I — F PHREEQE W,
RNPFNTBEMEZSEL, BT —F LB L, Sm OBBEEFETSICHI
ST, RRICT I VREOEENZRERT, MKkFIc 4 BEREAOBESR
B bULAREE., RAENSRO-BERBBEOHAEZRELL, EHILKL Sm
DRI EOBBEEES. HREOMITHE TSI VBROFEBEZITTWS, 5T,
TIVBOBEEERURWESEME 7 I UBEZETICAE L2EAEOEN, H#HE
TEHITIVRICEBERLRDEITTH S,

REFGZLU MR GHEOFEMRE | RFTEER 2 2R).,

F—#&~N—Z :PNC-TDB_HSB
B R P BT NaClos ML T F 2 E0L &5 5, GHE
£ Na*, C1™ % 0.1mol/ 2 3FAM)

Sm E4H : Sm(OH)3
pH £ 5~10
oA CARIIFHRSHIE T CERB L ZERICED S, RBRROS

PrkgE(Table D& D, EEPOERKFIBES 2.04X107]
mol/ Q. 1.34X10" ' mol/ 0, 8.38X10%mol/ 0 & L7=. SHD
CO: FEERHRE L RNWEER &, BHGEEPCO=10""atm) D
BiZOWTEE, :

BEERY BELARL

BONTRERE Table 2 IT/RT, F/-, Fig M ITERL /- SmIERE L HE/O T
v hERT, BEMSHBONE SmIEMREIR, EHEEBL T, pHS2 HETITEL
—HLTWB2HOD, ZOpHUTORSTREDOEERL TS, SHEERL
0. BHTIIREBEEDO SmCOs* WXEHNTH 3 EIUrEI N,

EHR TR ZTo12G6,. BONHEEREIHKREL D —TEEEWES 25
o —F. BIKRTIE, KNS CO: DIEBTRAADNH DD T, REEEDESE R K&
<EVI5 Sm BREL. BERLVBAL. pHS2 fHE TEANE & FREDEER
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Eirot, LHLEAS., pH7.9 fHETE, SHEBEOFVN—HEERENWE LR,

kX3 ic, 7ICEBOEEREBETTICHELZERE, 7IVEOKEFETFT
EHX N Sm BREELOMICIE, —HEECEZLMRVO SNV, JOIERS,
T3 VB EDOBERRICXDEBED LRI, SERE L ZRASIREORE & H4F
THZTHE, XENEZRSRNnEEZENS,

3.3.3 XY bFHA FEEREOBFBHMICE S SmBREHAORE

R M1 FEREBICHT S SmOHCO3 OBEMREREREE Table 3 I2RT, £z,
%EHR®%O Sm BEAE O XRD % Fig.15 R7, ‘

EHEE., BEABZICIEEL TR ENEZR SN,

40 Azl 60 HEBHROY U T LBRESZ, BEREBEERT T LTI 07 B
DEBE LB LEDDE Figle ITRT (77 78BROFEHICOVWTIE, REER 1
ZH) . :

K&D, £HEKRET 18ppm OEFRYESONRY M FEREBRZEALZSS
& BRODER SN TOWRWERRER TAE L2 HEORFITBIT S SmREEC
RBEZOERESNEN, 20T &S, X2 b1 MSEHRLFEY SmiE
BEP LREXEZHMBIINZINEZEZIOSNS,

3.34 Ry b4 FEBEOBFEME 7 2 VE(AI) EOBRE LR HROLLER

33.1 THRRELDIT, 73 VBAWOFTFHEERR B IZH#EN, B0 Sm
RRELELBRLZENDON-TZbDD, BIZEEDN SHMMICIBEDT WKREER
#7ETHBES T, 73 VE(AI) & Sm DEEENERT OZEARIEEE LIRS R
WEEZZILNE, £, EHREEMSRY M FEEOFEY D SmIBEREEE LR
SEAYPRIINZTNEZEZ BN,

EHTIE. 73 VBAA)EXRY M VEROEEOEEITDWTHEKT 5,

BEIERALERY b NEERTO 7 I VEBBERAEEI T RNI &»
5. MhDICEEROMNHLEITHT S TOC &, 60 HEEZOERMEIZHT S Sm i
ETHB U7z, Fig.17 IC## TOC & Sm DFEMRE & OBFRRT . X2 M1 MERR
OBE, 73 VBAW)EEL TREED TOC H#FEL TH SmBEREIIENER
RESNE, 2O EMD, XYM MHROFEDIL. 73 VEAW)EHERL
T Sm iBEZ ER IR 2HRIIDBWZ R8Tz

—Iz T I CBOSTFRIE. BEANSETA (BEOE. MEE BRERTE.
WEELE. ME X BEELERICLB) . 7IVRRBIZIDWTIE 1,000 BEOE (BRIUER
TrElc k) BEEINTVS ', £, HILRFIIINE-COOHR T =/ —)VHE
KEBE—-OH ZDOSRFEBTHRANSEND T EBHOEN., INSVEBRICFSTS
EEZ NS,

—F, BERTONY 1 MEREIREZ, PERICERIBEZToZOA T, HF
WEEBRETTICHRBRICHEL TS, XM MR, B8 ELTHETI %

._9....
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MR D TFEONEVNDDOEREEREZFELLVDODEFENTVSE I &
mo, Ry b FEEERIZIE. CNSHERNDFED/NESNHDHEHL.TOC
ELTHIEEINEEZ NS, LN >T. X2 b1 FEEWKIL. TOC OfED
RKELTHHERIZFETH2EEMIT I UBAIEREL THRL, BREAND
BN ST EEZIENS,

£/ Fig.17 £ 0. TOC T 10ppm @O 7 I YERAILPEELZBS., 73 VEELIEE
LiaWREBE LU TRMIOBRED LRIZ—HEETH S5, 100m Dl EOEENS
PEHE N HT KD TOC A 1~10ppm BETH S D 2 &n s, MTATOLTOH
T 2 VEAI) & FIRRICIBMEZ LR B2 EEETNIR,. BRKTH—HUA
DERERDEEZEZBIENTES,

3.3.5 BMARTEHHELCLIHBELOUBBLVETIIO®RE

7 X VB EHEOSHRRK G, Kim'Y % 5 WX Choppinic X5 EFNBHI ST
W3, EFIVICEDWTEELZ Sm BRE L, 2ERTHE SN/ Sm BHEE % thig
L. EFLOBEREICOWTRF LA, '
Kim EF )L & DL

TR UBESEEEOEERIZ 21 TRRAZEDIT, UTFTOREEZS,

M*+HA " fre=MHA (1)

ZHOSBA A ETIVBRERRTSEE. Kim SIZBRZ2PHT 725104
BRI h2—FLE0 LARLT, EIRBLURB R TRHROLIICERELT
na 1o '

M?*+HA(2)=MHA(z)

B=[MHA(z)] / ([M*"] * [HA(Z)])

0T JEIVBENMOESRE 1A 0EEEBRTBEAE. OEVTORITT
BEDLIICEZHZEND,

M* + HA® = MHA (y
2y

ZZTHAR, @B A VICE - TEBRINA T I CVBOBE., b bliHRg
KHESETAVIVBEYERELZSEOER 3 TEH-AETH S,
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—F. 73 CBEOFEYNE. HIVRFINEET ) —IVEKBENEREL TE
B EF S PEERICFST REEZIONDS, B EmOBREe. BB
pH4 2EE, HBEII pHO BETHEET S, LML, 72 CBOBEMBITIE, HLUS
CEo THEIN TS LS IC, HEATAAPHEOKSES RN Y, L
ST, BEROERIIFETHIT7IVBOAICEELZY1 I AL VEOD
BIERREOBHMELZRLADOEEZDZIENTES, RESBECRE. B
BRVBEELTHEOT, BERIIFELRVWEREEDZVWI EMS, &8 14 D18
ERTHELTHI7IVBOBRESTHEE I A Tk o TEREN DT T
720, Kim S, 73 VBIBEZEE 1 4 2 AHAE E Loading Capasity(LC)Z - T
BT B EEREL TS, V7RUBBEZICICLST "B VICKDER
INIBTIVBBE CRETNIE. PRYVICEBOEBRICESEELZTRNE
xntns !,

NIEO&EAFT > EMFEELEBRS, LCIEGRTEALNS,

TCT, IMHIENEO VI B EEHRTAEEIA CORARE, [HIZY O
NORBRERTH 5. '

TIVBOSE, BERIIEFESTAY AT 2D IUE(MHAILHA)D.
[HA TR LRI @R TE S NS,

[Ea® - %XLCX[HA]—[MHA] ©6)

ZIZT. [HAZ7 I VBOYUREBETH D,
GREQRICRATE EMNAPRELEND,

Bic— [MHA] .

[M3+1x{-;;x LC x [HA] - [MHAJ}

72770, LC OfEIZ pH DI EFKITHE AL, pH6S BN L 7T T1HIIRET B &3
T3 1D Zims, SEOLS RN L 7ILA ) EEE T, LC=1 T Y.
BLcEBRELLARD, MAREMHANIDOWTEHE, £B% Sm ICEXWH S &(8)
ANELND,
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[SmHA]= —-3 ' ®)

@FRICEDTWTR, 7IVBYUEEE, ™ BENSEROBELEHTES,

Kim 51372 V& Am*™*Dlog B Lc® 6.1 BWNL 6.5 EHEL TS, Am* % Sm’*
D7 FasEL. Sm*Dlog BLcE 6.5 EIRELTFHERT> T, BARFEI-R
(PHREEQE)IC BT 55t ERGZLUTIRT GHEOREM : &R 22R) .

F—&~N—2Z :PNC-TDB H9B
BOIK (RBKIT NaClOs ZHMUTA AV 38E 0.1 &9 5EHE L
Na*,Cl™ % 0.1mol/ 0 #).

Sm [E+H : Sm(OH)3
#1H pH 2 5~10
oA I RIS SR T TER. RBROOTREL D, B

FOEBRFBIBEILX 204 X 10 " mol/ 0 (7 X CEREE
0.23meq/ 0 ), 1.34X10 'mol/ 0 (7 3 > EEIEEE 0.07meq/0).
8.38X10%mol/ 0 (7 X VERIZIHRMET) & 5., D CO2
AEFRELRN,

I UBRE :023meg/ 2. 0.07meq/ 0. Omeq/ 0

SEERRIE  : Sm™ +HA*— SSmHA  log S=log 8 Lc=6.5

Fig18 ICEtRMER EEREOHEERT. MHEEYEBEORRIAETIE. #E
THORBBEDRLRDLZENG, TNTFNORBEBEDOHESITOWT, AEMmiE4n
BREZRLRNREET SV E L. SEHERIZ. pH BEL BBV ERD
SmBENED L, ZHiZ, pHABWIEEHETOOH 1BRE 0. KEB(EY<
UL Sm(OH) DEMPEZRAINETH S, £, £ETETIICBOD log B LC
Z65 ELTRELERER, 7XVBOKETIEN Sm BEXETLERTS, /=7
L. 7IBOBEEREERLUTHELERERE (RbhEETRT) & AUEBTY
IVBREOHEEREERZTICHEL AR (RNBBETRT) OZIIFEAERN,
Kz, 7ICBEERLABNWESE, 023meq/ 0 D7 2 VEMNHET D EREL TS
HLU-BEOBRGECERBERE Fig19, 201077, EE 508 I8N THRIEHRT
DEAMEFERT SmCO3™ ™ TH D, RNICT I VEBNFEETAZ LIck-TLEET S
BRERDTIROOTHEZEMNbMD, Lo T, 73 VBEE 0.23meq/ 0 .
0.07meq/ 2 . Omeq/ @ EDEEBROZEI. EITHEPICHELZ COX1F L DEED
ENORDRBIEFBEOERVICLLIDDTHIEEZLNS,

FREEELEBTDE, 7 UBBERN COY A 4 BERTRBIZLENS T,
Sm FHREEIET T 2R TEAE S HEBRIFCERE2E-> T0W5, —4, SHEED
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HNEAEL D —HAEN LU THENREL, FFEMS FHRIZNS pH EKEEITEIE
TIEREDH LR,

CDRRMNS, Kim DETIVIE, 7R CBOEEEZNEVWELERATIRSEOEE
F—FOEMEEHRL TS, LiL. 7IBOSEBRIZERE ICEEIN, LC
WEo TREBEORRD VI VBOBEFZHEBMEL 3D LRI DNWTIE, RATE
e,

2)Choppin ETILDRE

KiZ, Choppin I L > TREINAETTFTIOHEAMEIC DWW TKRE L7, Choppin &
Fickiud, 73 VBOEBROYA MNCRSHEEHD, B A& 101 I
EBHRTHH0E, 1HOEBAFNHL2BOY 1 MNEERTS25DERH S,
Choppin i 8 2 7 X EEDIREERE o OB & L THEL OLRIZDWT o & B OERE
RDOTNB, AmicHT 2 BRI TROKIITREINTVE Y,

B 1=109 ¢ +35. B2=53 a+104 (9)

Fig2l I2 233 Tifo 27 I VEIZHT2HEMB S, CNXORD S NI BRERE o
O pH KEMRT. pH7~10 OHBEZERERT S5 &, BUTOL D7/ pH LBEEED
REiEsNs,

a =0.0875 po+'0.0938 10

AORXZORICARALT, B pHOBEEKELTANDRO LI IZEINS,
log B 1=0.919XpH+4.52, log 8 2=0.464XpH~+10.9 (11)

UDﬁKEﬁMT\%pHT@BE%&T%C&ﬁT%%Qﬂiﬁﬁmt%ﬁ%bg
B 113128, log B 213151 EEHEEINSD, ULHLRENS, 1X 1Y hE 1R 28
ROl DWTRR SN T W=D, 72 VBBEOHESFENFHTHO., 8%

FHTLHRBRCEL THBRREN TN,
ZDTENS, Choppin EFNICETWTEBEZRETA I EIIEETH - 2.
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4 #E

FHETIE, Sm OBEBEICRIETEERY OB Z G L 7=,

ARYOKFILD Sm OBMEIHTE2HELPIET L0, 73 VEBAI)DOHE
BEENIA—F LT Sm OBEMEREET 7=, 73 VEAI)KER S DN
o MEERIC Sm B ERMNLU TEA 60 AM#EE L., IWIETO SmBEEBAIEL
7Zo TR, HETHIEHRDOVHBENTVE, Sm OBBELE R ENE
AUz, BONERERE, 75BN MEBKICHT 2BMRE)BL O
RAZNIRBE LU BBELLRL, T & OSENERECRIFTESIIONT
BRE Uz, TORR, BAZHEBRD B3, 73 VEBA)D B WERY R b
RIROEBRYICLD Sm OBRMEICEZ BB, HETIRBEHBLTHEL,
MRKREZBEL -5He., BEPOXE(LFEIIRBEE TS S Z ENRBRIN,
7z, Z<DOHTKTIE TOCH 1~10ppm fIE EFNEBE BN, ZOTEEEE
THE, WTKPOEEYIIERRBRELRZEZIRVETEINS,

Sm—-7 X CEFEBAORLEEERBZE. FABRIFCIDRNEDS 7 MO SRET
HIEERAE. LBL, TIVBORNOAMBENKELS, S8 T H00NE -4
—NIwTT5OBRHUTEERTERN SR, ZOTENS, Sm—T I LEREA
DEREEEBREEEBDI T LIIREETH A Z &850 7x,

I, VIVBCLAERERTTINOBEREICOWTHBE LA, Kim ok g
RENTVDE, 14 2OEHEAKOTA FE 1 2oy RELTEHNRRISINS |
W 1SEEORBBEZRRIC. 7IVBICLABMELEEZEHELE, TOBE, 73
BRSER L D D RBIEE DN RN TH 5T, BROB TR EEE 2L =A%
7 I VBROMREE QR ENRARE TN I &M 5, Loading Capacity(LOIZ & 5 7 3 L EE
REOHEBIELOFEDEICOVWTIIHRTE RN =,
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Table 1 Concentrations of Sm in humic acid (Ald.) solutions

(Influence of initial concentration of humic acid)

No. initial condition leaching:40days leaching:60days
pH”  Sm addition® TOC” Inorg. C”| pH  Sm in solution TOC Inorg. C pH  Sm in solution TOC Inorg. C
humic acid:0.23  meq/l
I 9.00 201 ™ 143 WP 046 M| 7.95 S8E-06 ™0 12,9 W [gg W[ gy I.IE-06 7o 2.9 W1 5 jg el
2 9.00 204 14.7 043 7.93 6.3E-06 13.7 1.97 8.26 1.1E-06 15.0 2.87
3 9.00 20.1 14.6 0.42 7.93 5.9E-06 13.0 1.56 . 8.15 [.3E-06 13.8 2.3
humic acid:0.07 meaqd ]
4 9.00 20.3 3.62 0.43 7.58 5.5E-06 3.63 1.39 8.09 34E-07 3.82 2.14
5 9.00 20.4 4.09 0.28 1.56 4.8E-06 3.04 0.91- 7.88 1.8E-07 3.17 1.54
6 %.00 20.3 3.94 0.25 7.58 4.9E-06 2.77 0.90 7.88 2.3E-07 2.44 0.89
humic acid:none
7 9.00 20.1 1.11 0.25 7.47 5.0E-06 1.64 0.56 7.88 1.4E-07 1.95 1.08
8 9.00 20.3 0.84 0.22 7.46 4.7E-06 1.53 0.61 7.86 2.5E-07 2.01 0.92
9 9.00 20.1 0.83 .21 7.50 4.8E-06 1.54 0.56 7.86 1.3E-07 1.80 1.02
humic acid:0.62 meq/
10 8.48 20.1 - - 8.98 7.4E-06 - 224 B.87 9.6E-06 - 1.02
i1 .47 20.2 - - 8.93 7.0E-06 - 0.96 8.84 7.6E-06 - 0.84
Note:

1) Initial pH of all cases was adjusted to 9 afier 24 hours added Sm.
2) Sm added as Sm(OH)3 in all cases
3) Samples for TOC and Inorg.C at initial condition were prepared after 24 hours added Sm.

650-66 00¥8NL ONI



Table 2 Conparison between measured solubility and calculated value

Humic acid [meg/1] - 0.070 0.23
Measured i _ _
- Sminliquid [moll] ~ 14X107 25X107 13X107 7 34x107 1.8X107 23X107 0 LIX10€ 11X10° 1.3X10°¢
pH 7.88 7.86 7.86 8.09 7.88 7.88 8.12 8.26 8.15
CO2 in solution[ppm] 1.08 0.92 1.02 2.14 1.54 0.89 2.18 2.87 2.31
Calculated
PCo2 - 10-%atm - 10~%atm — 105atm
pH final 900 865 9.00 882 9.00 8.96
- Sm'in liquid [mol} . 47X10% . 26X107 CAAXIOY U 18X107 T 12X 107 14XI0T
Sm** [mol/1] 2.3X107"° 2.6X10° 2.3x101° 8.4X10*° 2.3X1071° 3.1x101°
SmOH*  [mol/] 43X%107 2.1%10°® 43%X10° 1.0x108 4.3X107 52X107
Sm (OH)2* [molA] 6.4X107" 1.4X107" 64X10™" 9.9%x101 6.4X 107" 7.1%x1071
Sm (OH)(aq) [mol] 3.1X10° 3.1X10° 3.1X107 3.1x10° 3.1X10° 3.1%10?
SmCO3*  [mol/] 3.6X10°8 2.2%107 5.8x10°% 1.5%107 8.8X10°8 1.1X107
Sm (CO3)2-_ [mol/] 3.4Xx10° 1.2x10°® 8.8 X107 1.7x10°® 2.0X10° 2.4x10°

note:

Initial pH is 9.00 in all measurments and calculations
Ton strength is adjusted to 0.1 by NaClO4 in all measurments. All solutions in the calculations contain 0.1 mol/ Na* and 0.1 mol/l Cl-.

650-66 00V8NL ONf



Table 3 Sm concentrations in the presence of organic matter originated from bentonite

No. initial condition leaching:40days leaching:60days
pH" Sm addition® TO Inorg. C ” pH Sm in solution TO Inorg. C pH Sm in solution TO Inorg. C
C C C
12 | 7.98 204 T yg v 62 "M 93] 4.7E-08 o |7 el 46 P 937 37E-08 oM g P 43 1
13 7.99 20.5 18 62 9.24 3.3E-08 18 48 9.21 4.7E-08 16 45
14 8.98 20.2 18 62 9.39 4.0E-08 I8 55 9.17 4.3E-08 6 59
15 8.98 20.5 18 62 8.85 4 3E-08 17 60 9.17 5.7E-08 16 54
16 10.01 20.1 18 62 9.96 5.0E-08 18 64 9.89 3.7E-08 17 61
17 10.01 20.3 i8 62 9.94 4.0E-08 18 65 9.20 4.0E-08 17 63
Note:

I 1) Initial pH values for all cases were adjusted after 24 hours from Sm addition.
°T° 2) Sm was added as Sm(OH)CO3 in all cases
3) Samples for TOC and Inorg.C for initial condition were prepared after 24 hours from Sm addition.

6G0-66 00V8NL ONI
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7

R E E T T T T Glove-box R

smCls 10g

atmosphere:N2
(5% Hg contain)

l dissolved in 50 ml dist.water

l added 2M-NaOH aq. 50m]

precipitation Sm(OH)s

l settled to age at 70°C for 24 hours
l filtered
1iq1|J.id Solid
J washed with NaOH (pH9)
J dried at 90°C 8 hours
Sm(OH)s

e e e e e e e S

0.3~05g / \ 2.00¢g

e N A

dissolved in 1M-HC1O4 100ml

Sm3t+ solution

o A

o

v

X.ray diffraction
(identification)

v

UV spectrum
(estimation of Sm3+

concentration in solution)

Fig. 1 Procedure for preparation of Sm(OH)3
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Refecence spectra of Sm(OH)3"
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Fig.2 Identification of Sm precipitation by XRD spectrum
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{Gloverbos |

atmosphere:N2
(6% Hz contain)

e

yf//f////f/////////ff;"/.."'//.-"'/./////////ff////////////ff/ff////fff//f////ff/f//f//f//

Sodium Humate(Ald.) 25g

l dissolved in 500 mi 0.1M-NaOH aq
l stirred for 8 hours

J settled for 48 hours

| decanted

sediment supernatant

!. ultrafiltered MWCO010,000

solid liguid

|

Humic acid solution

A e R A A

X

NSRRI L A R

v
UV spectrum
(estimation of humic acid

concentration in solution)

Tests
* Titration

+ Measuring concentration of
Sm-humic acid complex

Fig. 3 Procedure for preparation of humic acid solution
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0.10
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0.00 F
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Fig. 4 UV spectrum of Sm** solution

Note: Sample solution was diluted 1/200
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Fig.5 UV spectrum of humic acid solution
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Fig.6 UV spectrum of Sm-humic acid mixture
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Fig.7 Differential spectrum between humic acid and Sm-humic acid mixture
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Fig.8 Titration curves of humic acid solution
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Sm(NQO3)3 aq.
0.15mol/ 2 15mf

| added dropwise
L, 0.1mol/ 8-NaHCOs3 agq.

h:

precipitation SmOHCOs3

boiled gently for 30 min.
v on a hot plate

l filtered (filter paper;5B)
liquid Solid
l washed with distilled water

evaporated to dryness
under 15mmHg

SmOHCOs

Fig. 9 Procedure for preparation of SmOHCO3
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Bentonite 50g

added 500 m{ distilled water

homogenize 15min

leaching 72days
/anaerobic condition 25°C

v

i centrifugation 3,000rpm, 30min

J, l

precipitation liquid

J ultrafiltration MWCO 10,000

! }

solid filtrate

l

analysis

Fig.10 Procedure of preparation for bentonite equilibrated solution and separation by
ultrafiltration
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 Glove-box

atmosphere:N2
(6% Hz contain)

A

T o A

r Humic acid(Ald.) solution |

Jv diluted with distilled water

l adjusted ionic strength to 0.1 by NaClO4
Diluted humic acid solution 100ml |

i' adjusted pH to 9.0 by NaOH/HCl

l’ added Sm(OH)320mg

Mixture of Sm and humic acid |

¢ settled for 24 hours at 25C

l adjusted pH t0 9.0 by NaOH/ HCl
|

p TOC measurment
+ TOC
+ inorganic carbon
settled for 40days or 60days at 25T

| Mixture of Sm and humic acid

lr pH measurement
¢ ultrafilterd by MWCO 10,000

v L

B e e e e o o A A T T A i

e

Solid liquid\
N A SR SR
X-ray diffraction TOC measurment ICP-MS
. . . . ncentration o in liquid
(identification) TOC co £ Sm 1

* inorganic carbon

Fig.11 Procedure for measurement of Sm solubility in humic acid solutions
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Reference data of Sm(OH)3?

R [ I f

s Solids quilibrated with humic acid solution

humic acid;0.23 meq/!

A A

4 Sample
.

A

. No.1
No.2

No.3

intensity[cps]

humic acid;0.07 meq/1

‘Sample

No.4
“No.5
. . No.6
| | | I I ] |
10 20 30 40 50 . 60 70
26[°

Note; A assigned to Sm(OH);

Fig.12 Identification of equilibrated solids by XRD spectra



INC TN8400 99-059

3 T Ill'ill T T L. L

0.0001

L) LA
1 L b 1811

10

T llllllll
1 Illlllll

10

] 1 ||IIIII
1 L IIIIIII

10

conecentration of Sm in liquid [mol/1]
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Fig.13 Influence of initial concentration of humic acid on Sm solubility

Note;
Concentration of Sm was measured after equilibrium for 60 days.



JNC TN8400 99-059

e (3,23 meq/1 PCO2Z;-5 cale

0.0001 E P T T T mm e = (), 07meq/] PCO2;-5 cale
- mmmmablank PCO2;-5 cale
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Fig.14 Comparison between measured solubilities and calculated ones by for Sm
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Fig.15 Identification of equilibrated solids by XRD spectra
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—_ - @;undersaturation Sm(OH)CO3 -
So i /Bentonite equilibrated water i
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Fig.16 Effect of organic substances from bentonite on Sm solubility
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0.0001 p————rrrr—————rrer .
Key:
- (O;Organics from bentonite .
107 @;Humic acid (Ald.) .
X;blank

1 llllllll

concentration of Sm [mol/l]

10° E
107 E
10'8 1 1 sl 1 el X

Q.1 1 10 100

initial TOC [ppm]

Fig.17 Influence of initial TOC on Sm solubility

Note:
Concentration of Sm was measured after equilibrium for 60 days.
Small @ key (humic acid 0.62meq/1); Initial TOC was calculated using a value of measured

initial TOC in the case of 0.23meq/] humic acid
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Fig.18 Conparison between measured solubilities and calculated ones based on Kim’s model
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— — -SmOH2+
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— - - Sm{OH)agq.
— SmCO3+
—----Sm(C03)2-
mmemscme SM-0rg  cOmMplx

concentration of Sm in liquid [mol/1]

Fig.19 Sm spicies in solution with humic acid (Kim’s model)
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— - -Sm(OH)aq.
— SmCO3+
-----Sm(C03)2-

concentration of Sm in liquid [mol/1]

Fig.20 Sm spicies in solution without any humic acid
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Fig.21 Titration curve and degree of desociation for humic acid
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RAABT 4T MWCO 10,000
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1.56 X 10mol/ 0
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BWRESNc. TNHORRED, RNEEECELEDDEEA SN

REFIALN 5 ORBHER T, pH LRFREILREMALEE 7 HE XD 90 HEE TR
& ERED BN o7z, UL, 120 HE. 153 BBITIZEMEO XRD iZ SmOHCO3 DEIH
BARD 54, pH O EF & RBREOHDVBRA SNz, Lizhi> T REMFITO RIS
153 HETHETPTHLHEEA SN,

#1 ESEFEN S OBEREERBRER

A% [day] | pH Sm J&EE  [mol/ 0] Ctotal [ppm] BT R
0 9.58 — 350
7 8.12 3.71X1077 220
14 8.86 6.41x1077 220
21 8.60 2.44X10°° 219
30 8.78 3.12X1077 223
60 8.76 7.24 %1077 216 Sm2(CO3)3
90 8.90 2201077 210 Sm2(CO3)3
120 8.88  6.66X1078 220 Smz(CO3)3
153 8.87 7.54x107% 220 Sm2(CO3)3

%2 REAFMN S OBMBERRER

H%# [day] | pH Sm¥BE [mol/0] | Ciotal [ppm] B4 7 A 2R
0 9.58 — 350
7 9.67 6.15x1077 346 Sm(OH)3
14 9.72 4.80X1077 341 Sm(OH)3
21 9.75 5.29x1077 346 Sm(OH)3
30 9.77 2.45x1077 342 Sm(OH)3
60 9.75 1.96 1077 340 Sm(OH)3
90 9.78 1.07X1077 333 Sm(OH)3
120 9.90 2.03%x1077 317 Sm(OH)3+SmOHCO3
153 10.34 1.63X1077 280 Sm(OH)3+SmOHCO3
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ZHOT7 I VBHAR S EOARIGT A0 EL, Kim EFI)VEFE- THEEZT- 2.

RNET-V—E
b - RIBR log B H L

minerals

Sm(OH), Sm(OH);—Sm® " +3H,0—3H" 16.40 1)
species '

Sm(CO3), Sm>*+2C0;% " — Sm(CO3),~ 13.2 1)

SmCO5* Sm* T +C0,°” —SmCO;”" 8.64 1)

Sm(OH)(ag)  Sm’ ©+3H,0 —3H*— Sm(OH)s(aq) 249 1)

Sm(OH),* Sm** +2H,0 — 2H"— Sm(OH)," 217 1)

SmOHZ* Sm** +H,0 — H*— SmOH?** 72 1

SmHA Sm**+HA% - > SmHA 6.5 2)

9.12~13.7*! 3)

gas

COs(aq) CO5* ™ +2H" — H,0— CO,(aq) 16.681 4)

HCO;™ CO;* " +H*—HCO;~ 10.327 4)

H,CO0; CO;> " +2H"—H,C0;4 16.681 5)

*1 A335 LVEEOREEER og B3 pH OEERE L TTFROLDIIEREINS,
log B=0.919XpH+4.52
ZDORIC pH AT S & log B=9.12(pH5), =11.0(pH7), =11.9(pH8), =12.8(pH9),
=13.7(pH10) & 72 5,

H 1) ERERE =M ¥ ROBMERE BREHR, No.97, pp.67-75 (1996).
2) . 1. Kim, G. Buchau, R. Klenze, D. S. Rhee, and H. Wimmer : Characterization and

Complexation of Humic Acid, RCM01090 TU M inchen (1990).
3) Choppin G.R. and Allard B : Complexes of Actinides with Naturally Occurring Organic

Compounds, Handbook on the Physics and Chemistry of the Acinides, Elsecier Science
Publishers, pp.407-429 (1985).
4) R. J. Silca, G. Bidoglio, P. B. Robouch, H. Wanner, and I. Puigdomenech : Chemical

Thermodynamics of Americium, OED/NEA, Elsevier (1995).
5) D. L. Parkfurst, D. C. Thorstnsen, and L. H. Plummer : PHREEQE Original Database

(1980).
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fhiEfE BE
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8.38 X 10" mmol/ 8 (7 3 > ERIEVRIN)
TIEE 7.7X 107> mmol/ 0 (7 I EEIERE 0.23meq/ 0)
(HA’") | 4.5X107* mmol/ 0 (7 3 BRI 0.070 meg/ 0 )
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ELEMENTS

SPECIES

LOOK MIN
198-10-20 Sm(OH)3--->pure water

005012000000 0.00000

SOLUTION 1

GROUND WATER

3 01 9.00 4.00 25.0 1.00
6 1.000D+02 14 1.000D+02 15 2.040D-01

k **  INPUT UNKNOWN

MINERALS

SM(OH)3 3 0.00E+00  16. 0.00E+00

35 1.00 3 3.00 1 -3.00

0 0.00E+00 0.00E+00 0.00E+00
1SOLUTION NUMBER 1
GROUND WATER

TOTAL MOLALITIES OF ELEMENTS

ELEMENT MOLALITY  LOG MOLALITY

NA 1.005947D-01 - -0.9974
CL 1.005846D-01 -0.9975
C 2.051927D-04 -3.6878

----DESCRIPTION OF SOLUTION----

PH = 9

PE = 4
ACTIVITY H20 = 0.9966
IONIC STRENGTH = 0.1007
TEMPERATURE = 25
ELECTRICAL BALANCE = -2.3573D-04
THOR = 8.2077D-04
TOTAL ALKALINITY = 2.4579D-04

ITERATIONS = 12

BHEEA T

0.000

0.000
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DISTRIBUTION OF SPECIES

I  SPECIES

1H+
2 E-
3 H20(L)
6 NA+
14 CL-
15 CO3-2
61H2 AQ
62 OH-
111 COAAQ)
112 HCO3-
113 H2CO3
119 NACO3-
120NAHCO3

-~ LOOK MIN IAP ----
LOG IAP

PHASE

CO2 GAS
02 GAS
H2 GAS
CH4 GAS
H(G)
H2(G)
0(G)
02(G)
H20(G)
NA(CR)
NA(G)
CL(G)
CL2(G)
HCL(G)
C(CR)
C(G)
CO(G)
CO2(G)

I1STEP NUMBER

Z MOLALITY

1.21E-09
1.00E-04
9.97E-01
1.01E-01

1.01E-01

1.64E-05
6.92E-30
1.30E-05
2.96E-07
1.71E-04
2.95E-07
1.18E-05
5.82E-06

-6.5183
-34.083
-29.15
-86.125
113
26
25.9985
51.997
-0.0015
-5.1043

-5.1043
2.8853
5.7705
10.1147
-75.196
-75.196
49.1975
-23.199

-8.916

-4
-0.001
-0.998
-0.997
-4.786
-29.16

-4.885

-6.528
-3.768

-6.53
-4.929
-5.235

LOGKT

-1.4653
-2.96
-3.15
-2.86
335.61

0
82.15
83.09

1.5
45.89
59.38
41.44
45.98
6.29
-32.15
85.45
-14.64
-18.15

1.00E-09
1.00E-04
9.97E-01
7.86E-02
7.68E-02
6.30E-06
7.08E-30
9.92E-06
3.03E-07
1.34E-04
3.02E-07
9.19E-06
5.96E-06

LOG IAP/KT

-5.053
-31.123
-26
-83.265
-48.61
-26

-36.1515

-31.093
-1.5015

-50.9943
-64.4843
-38.5547
-40.2095
-16.4047

-43.046

-160.646
-34.5575

~5.049

LOG MOLAL ACTIVITY LOGACT GAMMA

8.25E-01
1.00E+00
1.00E+00
7.82E-01
7.63E-01
3.85E-01
1.02E+00
7.61E-01
1.02E+00
7.88E-01
1.02E+00
7.81E-01
1.02E+00

LOG GAM

-0.084
0

0
-0.107
-0.117
-0.415
0.01
-0.119
0.01
-0.104
0.01
-0.108
0.01
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TOTAL MOLALITIES OF ELEMENTS

ELEMENT  MOLALITY LOG MOLALITY
NA 1.005947D-01 -0.9974
CL 1.005846D-01 -0.9975
C 2.051927D-04 | -3.6878
—--PHASE BOUNDARIES----
PHASE  DELTA PHASE*  LOG IAP LOGKT  LOGIAP/KT
SM(OH)3  1.161436D-07 164000  16.4000 0.0000

* NEGATIVE DELTA PHASE INDICATES PRECIPITATION
AND POSITIVE DELTA PHASE INDICATES DISSOLUTION.

---- LOOK MIN IAP -

PHASE LOG IAP
CO2 GAS -6.5215
02 GAS -11.2032
H2 GAS -40.5899
CH4 GAS -131.8877
SM(OH)3 16.4
SM2(CO3) -36.8021
SMOHCO3 -6.8007
H(G) -18.7199
H2(G) -37.4399
0(G) 37.4384
02(G) 74.8768
H20(G) -0.0015
NA(CR) -10.8217
NA(G) -10.8217
CL(G) 8.6027
CL2(G) 17.2053
HCL(G) -10.1173
C(CR) -98.079
C(G) -98.079
CO(G) -60.6406
CO2(G) -23.2022

LOGKT LOGIAP/KT

-1.4653 -5.0561
2.96 -8.2432
-3.15 -37.4399
2.86 -129.0277

16.4 0
26.75 -10.0521
-8.69 1.8893
35.61 -54.3299
0 -37.4399
82.15 -44.7116
83.09 82132
1.5 -1.5015
45.89 567117
59.38 -70.2017
41.44 -32.8373
45.98 -28.7747
6.29 -16.4073
-32.15 -65.929
85.45 -183.529
-14.64 -46.0006
-18.15 -5.0522
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TOTAL MOLALITIES OF ELEMENTS

ELEMENT

NA
CL
C
SM

MOLALITY

1.005947D-01
1.005846D-01
2.051927D-04
1.161436D-07

LOG MOLALITY

-0.9974
-0.9975
-3.6878

-6.935

----DESCRIPTION OF SOLUTION----

PH
PE
ACTIVITY H20

IONIC STRENGTH

TEMPERATURE

ELECTRICAL BALANCE

THOR

TOTAL ALKALINITY

ITERATIONS

9.0026
9.7174
0.9966
0.1007

25
-2.3573D-04
8.2077D-04
2.4587D-04
23
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DISTRIBUTION OF SPECIES

I SPECIES Z MOLALITY LOGMOLAL ACTIVITY LOGACT GAMMA LOG GAM
1 H+ 1 1.21E-09 -8.919 9.94E-10 -9.003  823E-01 -0.084
2 E- -1 1.92E-10 -9.717 1.92E-10  -9.717  1.00E+00 0
3 H20(L) 0  9.97E-01 -0.001 9.97E-01  -0.001 1.00E+00 0
6 NA+ 1 1.01E-01 -0.9938 7.86E-02 -1.104  7.82E-01 -0.107
14 CL- -1 1.01E-01 -0.997 7.68E-02 -1.115  7.63E-01 -0.117
15 CO03-2 -2 1.65E-05 -4.784 6.33E-06 -5.199 3.85E-01 -0415
35 SM+3 3 232E-10 -9.634 249E-11 -10.603  1.08E-01 -0.969
62 OH- -1 1.31E-05 -4.882 998E-06 -5.001 7.61E-01 -0.119
63 02 AQ 0  6.12E-12 -11.213 6.26E-12 -11.203  1.02E+00 0.01
97 CLO- -1 3.14E-22  -21.504 245E-22 -21.611 781E-01 -0.108

101 HCLO(AQ) 0  6.25E-24 -23.204 6.40E-24 -23.194  1.02E+00 0.01
111 CO2(AQ) 0 2.94E-07 -6.531 3.01E-07 -6.521 1.02E+00 0.01

112 HCO3- -1 1.70B-04 -3.769 1.34E-04  -3.872  7.88E-01 -0.104
113 H2CO03 0  2.93E-07 -6.533 3.00E-07 -6.523 1.02E+00 0.01
119 NACO3- -1 1.18E-05 -4.927 9.23E-06 -5.035 7.81E-01 -0.108

120 NAHCO3 0  5.81E-06 -5.236 595E-06 -5.225 1.02E+00 0.01
714 SMOH+2 2 4.25E-09 -8.372 1.58E-09 -8.802 3.71E-01 -0.431
715  SM(OH)2+ 1 6.41E-15 -14.193 5.00E-15 -14301  7.81E-01  -0.108
716  SM(OH)(a 0  3.09E-09 -8.51 3.16E-09 -8.5  1.02E+00 0.01
717 SMCO3+ 1 8.83E-08 -7.054 6.89E-08 -7.162 7.81E-01 -0.108
718 SM(CO3)2 -1 2.03E-08 -7.693 1.58E-08 -7.8  7.81E-01 -0.108



JNC TN8400 99-059

irEEN 2
ELEMENTS
SPECIES
LOOK MIN
198-10-20 Sm(OH)3--->pure water
005012000000 - 0.00000
SOLUTION 1
GROUND WATER
3 01 9.00 4,00 250 1.00
6 1.000D+02 14 1.000D+02 15 2.040D-01
o ** INPUT UNKNOWN
MINERALS ' _
SM(OH)3 3 '0.00E+00  16. 0.00E+00 0 0.000
35 1.00 3 3.00 1 -3.00 : '
CO2 GAS 2 4.0 -1.5 -4.8 1 -5.000
113 1.00 3 -1.00
1.0839E+02 1.9851E-02 -6.9195E+03 -4.0452E+01 6.6937E+05

0 0.00E+00 0.00E+00 0.00E+00 0 , 0.000
'1SOLUTION NUMBER 1 '
GROUND WATER

TOTAL MOLALITIES OF ELEMENTS
ELEMENT MOLALITY LOG MOLALITY

NA 1.005947D-01 -0.9974
CL 1.005846D-01 -0.9975
C 2.051927D-04 -3.6878

----DESCRIPTION OF SOLUTION----

PH = 9

PE = 4
ACTIVITY H20 = 0.9966
IONIC STRENGTH = 0.1007
TEMPERATURE = 25
ELECTRICAL BALANCE = -2.3573D-04
THOR = 8.2077D-04
TOTAL ALKALINITY = 2.4579D-04

ITERATIONS = 12



JNC TN8400 99-059

DISTRIBUTION OF SPECIES

1 SPECIES Z MOLALITY LOGMOLAL ACTIVITY LOGACT
1H+ 1 121E09  -8916  1.00E-09 -9
2 E- -1 1.00E-04 -4 1.00E-04 4
3 H20(L) 0 997E01  -0.001  997E-01 -0.001
6 NA+ 1 1.01E01  -0998  7.86E-02 -1.104
14 CL- -1 1.OIE-01  -0.997  7.68E-02 -1.115
15 CO3-2 2 L.64E-05  -4.78  630E-06 -5.201
61 H2 AQ 0 692E-30  -29.16  7.08E-30 -29.15
62 OH- -1 1.30E-05  -4885  9.92E-06 -5.003
111 CO2(AQ) 0 296E-07  -6528  3.03E-07 -6.518
112 HCO3- -1 L71E-04  -3.768  1.34E-04 -3.872
113 H2CO3 0  2.95E-07 653 3.02E-07  -6.52
119NACO3- -1  1I18E-05  -4929  9.19E-06 -5.037
120NAHCO3 0 5.82E-06  -5235  596E-06 -5.225
—--LOOK MIN IAP -
PHASE LOG IAP LOGKT LOGIAP/KT
CO2 GAS -6.5183 -1.4653 -5.053
02 GAS -34.083 2.96 -31.123
H2 GAS -29.15 -3.15 -26
CH4 GAS -86.125 -2.86 -83.265
H(G) -13 35.61 -48.61
H2(G) -26 0 26
O(G) 25.9985 82.15 -56.1515
02(G) 51.997 83.09 -31.093
H20(G) -0.0015 1.5 -1.5015
NA(CR) -5.1043 45.89 -50.9943
NA(G) -5.1043 59.38 -64.4843
CL(G) 2.8853 41.44 -38.5547
CL2(G) 5.7705 45.98 -40.2095
HCL(G) -10.1147 6.29 -16.4047
C(CR) -75.196 -32.15 -43.046
C(G) -75.196 85.45 -160.646
CO(G) -49.1975 -14.64 -34.5575
CO2(G) -23.199 -18.15 -5.049

1STEP NUMBER

1

GAMMA

8.25E-01
1.00E+00
1.00E+00
7.82E-01
7.63E-01
3.85E-01
1.02E+00
7.61E-01
1.02E+00
7.88E-01
1.02E+00
7.81E-01
1.02E+00

LOG GAM

-0.084
0

0
-0.107
-0.117
-0.415
0.01
-0.119
0.01
-0.104
0.01
-0.108
0.01



JNC TN8400 99-059

TOTAL MOLALITIES OF ELEMENTS

ELEMENT MOLALITY  LOG MOLALITY
NA 1.005947D-01 -0.9974
CL 1.005846D-01 -0.9975
C 2.051927D-04 -3.6878
----PHASE BOUNDARIES----
PHASE DELTA PHASE* LOG IAP
SM(OH)3 1.434246D-07 16.4000
CO2 GAS 3.332513D-06 -6.4653

LOGKT
16.4000
-1.4653

* NEGATIVE DELTA PHASE INDICATES PRECIPITATION
AND POSITIVE DELTA PHASE INDICATES DISSOLUTION.

«--- LOOK. MIN IAP ----
PHASE LOG IAP
CO2 GAS -6.4653
02 GAS -11.2032
H2 GAS -40.5899
CH4 GAS -131.8316
SM(OH)3 16.4
SM2(CO3) -36.6337
SMOHCO3 -6.7446
H(G) -18.7199
H2(G) -37.4399
0(G) 37.4384
02(G) 74.8768
H20(G) -0.0015
NA(CR) -10.8653
NA(G) -10.8653
CL(G) 8.6462
CLXG) 17.2924
HCL(G) -10.0737
C(CR) -98.0228
C(G) -98.0228
CO(G) -60.5845
CO2(G) -23.1461

LOGKT LOG IAP/KT
-1.4653 5
-2.96 -8.2432
-3.15 -37.4399
-2.86 -128.9716
16.4 0
26.75 -9.8837
-8.69 1.9454
35.61 -54.3299
0 -37.4399
82.15 -44.7116
83.09 -8.2132
1.5 -1.5015
45.89 -56.7553
59.38 -70.2453
41.44 -32.7938
45.98 -28.6876
6.29 -16.3637
-32.15 -65.8728
85.45 -183.4728
-14.64 -45.9445
-18.15 -4.9961

LOG IAP/KT
0.0000
-5.0000



JNC TN8400 99-039

TOTAL MOLALITIES OF ELEMENTS

ELEMENT MOLALITY
NA 1.005947D-01
CL 1.005846D-01
C 2.085252D-04
SM 1.434246D-07

----DESCRIPTION OF SOLUTION----

PH

PE

ACTIVITY H20

IONIC STRENGTH
TEMPERATURE
ELECTRICAL BALANCE
THOR

TOTAL ALKALINITY
ITERATIONS

1l

LOG MOLALITY

-0.9974
-0.9975
-3.6808
-6.8434

8.959

9.7609
0.9966
0.1007

25
-2.3573D-04
8.3410D-04
2.4589D-04
25



JNC TN8400 99-059

DISTRIBUTION OF SPECIES

1 SPECIES Z MOLALITY LOGMOLAL ACTIVITY LOGACT GAMMA LOG GAM
1 H+ 1 1.33E-09 -8.875 1.10E-09 -8.959  8.25E-01 -0.084
2 E- -1 1.73E-10 -9.761 1.73E-10  -9.761  1.00E+00 0
3 H2O(L) 0  9.97E-01 -0.001 9.97E-01 -0.001 1.00E+00 0
6 NA+ 1 1.01E-01 -0.997 7.86E-02  -1.104  7.82E-01 -0.107
14 CL- -1 1.01E-01 -0.997 7.68E-02  -1.115  7.63E-01  -0.117
15 CO3-2 -2 1.53E-05 -4.815 5.89E-06 -5.23  3.85E-01 -0.415
35 SM+3 - 3 3.14E-10 -9.504 3.37E-11 -10472 1.08E-01 -0.969
62 OH- -1 1.19E-05 -4.926 9.03E-06 -5.045 7.61E-01 -0.119
63 02AQ 0 6.12E-12 -11.213 6.26E-12 -11.203  1.02E+00 0.01
97 CLO- -1 3.14E-22  -21.504 245E-22 -21.611  7.81E-01 -0.108

101 HCLO(AQ) 0 691E24 2316  7.07B-24 2315 1.02E+00  0.01
111 CO2(AQ) 0 335B-07 -6475  343E-07 -6465 1.02E+00 0.0l

112 HCO3- -1 1.75E-04 -3.756 1.38E-04 -3.86  7.88E-01 -0.104
113 H2CO3 0 3.34E-07 -6.477 341E-07 -6.467 1.02E+00 0.01
- 119 NACO3- -1 1.10E-05 -4.958 8.59E-06 -5.066 7.81E-01 -0.108

120  NAHCO3 0  5098E-06 -5.223 6.13E-06  -5.213  1.02E+00 0.01
714 SMOH+2 2 5.19E-09 -8.284 1.93E-09 -8.715 3.71E-01 -0.431
715  SM(OH)2+ 1 7.08E-15 -14.15 5.53E-15 -14.257  7.81E-01 -0.108
716 SM(OH)(a 0  3.09E-09 @ -851 3.16E-09 -3.5 1.02ZE+00 0.01
717 SMCO3+ 1 1.11E-07 -6.954 8.67E-08 -7.062 7.81E-01 -0.108
718 SM(CO3)2 -1 2.38E-08 -7.624 1.86E-08 -7.732  7.81E-01 -0.108



JNC TN3400 99-059

EEH S
ELEMENTS
SPECIES
LOOK MIN
1Sm-Humic acid complex trace of Kim's model
005012000000 0.00000
ELEMENTS '
HumicA 55 0.00000E+00
0 0.00000E+00
SPECIES
55
HumicA 100 -3.000 0.000 0.000 0.000 0.000 0.000

0.000  0.000 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
55 1.000 |
901
SmHAcplx 200  0.000  0.000  0.000  0.00 0000  0.000
6.500  0.000 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E-+00 0.00000E+00
35 1.00055 1.000

0
SOLUTION 1
PURE WATER
4 00  9.00 4.00 25.0 1.00
6 1.000D-01 14 1.000D-01 15 1.340D-04 55 2.333D-05
MINERALS |
SM(OH)3 3 0.00E+00  16. 0.00E+00 0 0.000
35 1.00 3 3.00 1 -3.00
0 0.00E+00 0.00E+00 0.00E+00 0 0.000
1SOLUTION NUMBER 1
PURE WATER

TOTAL MOLALITIES OF ELEMENTS

ELEMENT MOLALITY LOG MOLALITY

NA 1.000100D-01 -1
CL 1.000000D-01 -1
C 1.340000D-04 -3.8729

HumicA 2.333300D-05 -4.632



JNC TN8400 99-059

----DESCRIPTION OF SOLUTION----

PH

PE

ACTIVITY H20
IONIC STRENGTH
TEMPERATURE

ELECTRICAL BALANCE =

THOR .
TOTAL ALKALINITY
ITERATIONS

DISTRIBUTION OF SPECIES

1 SPECIES Z MOLALITY

1 H+ 1
2E- -1
3H20(L) 0
6 NA+ 1

14 CL- -1
15 C0O3-2 -2
55 HumicA -3
61H2 AQ 0
62 OH- -1
111 CO2(AQ) O
112HCO3- -1

113 H2CO3 0
119 NACO3- -1
120NAHCO3 0

---- LOOK MIN IAP ----

1.21E-09
1.00E-04
9.97E-01
1.00E-01
1.00E-01

1.07E-05

2.33E-05
6.92E-30
1.30E-05
1.94E-07

1.12E-04

1.93E-07
7.65E-06
3.79E-06

-9

4
0.9966
0.1002

25
-2.2498D-04
5.3600D-04
1.6499D-04
16

LOGMOLAL ACTIVITY LOGACT GAMMA

-8.916
-4
-0.001

1.00E-09
1.00E-04
9.97E-01
7.82E-02
7.64E-02
4.12E-06
2.52E-06
7.08E-30
9.92E-06
1.98E-07
8.78E-05
1.98E-07
5.97E-06
3.87E-06

-9

-4
-0.001
-1.107
-1.117
-5.385
-5.599
-29.15
-5.003
-6.703
-4.056
-6.704
-5.224

-5.412 -

8.25E-01
1.00E+00
1.00E+00
7.82E-01
7.64E-01
3.35E-01
1.08E-01
1.02E+00
7.61E-01
1.02E+00
7.88E-01
1.02E+00
7.81E-01
1.02E+00

LOG GAM

-0.084
0

0
-0.107
-0.117
-0.414
-0.967
0.01
-0.119
0.01
-0.104
0.01
-0.107
0.01



JNC TN8400 99-059

PHASE LOG IAP LOGKT LOG IAP/KT
CO2 GAS -6.703 -1.4653 -5.2376
02 GAS -34.083 -2.96 -31.123
H2 GAS | -29.15 3.15 -26
CH4 GAS -86.3007 -2.86 -83.4497
H(G) -13 35.61 -48.61
H2(G) 26 0 26
0(G) 25.9985 82.15 -56.1515
02(G) 51.997 83.09 -31.093
H20(G) -0.0015 1.5 -1.5015
NA(CR) -5.1067 45.89 -50.9967
NA(G) -5.1067 59.38 -64.4867
CL(G) 2.883 41.44 -38.557
CL2(G) 5.7659 45.98 -40.2141
HCL(G) -10.117 6.29 -16.407
C(CR) -75.3807 -32.15 -43.2307
C(G) -75.3807 85.45 -160.8307
CO(G) -49.3822 -14.64 -34.7422
CO2(G) -23.3837 -18.15 -5.2337
1STEP NUMBER 1 |

[ IO,

TOTAL MOLALITIES OF ELEMENTS

ELEMENT MOLALITY  LOG MOLALITY
NA 1.000100D-01 A |
CL 1.000000D-01 -1
C 1.340000D-04 -3.8729
HumicA 2.333300D-05 -4.632
----PHASE BOUNDARIES----
PHASE DELTA PHASE* LOG IAP LOGKT LOGIAP/KT

SM(OH)3 7.424948D-08 16.4000 16.4000 - 0.0000
* NEGATIVE DELTA PHASE INDICATES PRECIPITATION
AND POSITIVE DELTA PHASE INDICATES DISSOLUTION.

-e- LOOK MIN IAP ----



JNC TN8400 99-059

PHASE

CO2 GAS
02 GAS
H2 GAS
CH4 GAS
SM(OH)3
SM2(CO3)
SMOHCO3
H(G)
H2(G)
0(G)
02(G)
H20(G)
NA(CR)
NA(G)
CL(G)
CL2(G)
HCL(G)
C(CR)
C(G)
CO(G)
CO2(G)

LOGIAP

-6.7056
-12.3171
-40.0329

-129.8441
16.4
-37.3546

-6.9849
-18.4415
-36.8829

36.8814
73.7629

-0.0015

-10.546

-10.546

8.3223

16.6446
-10.1192
-97.1492
-97.1492
-60.2678
-23.3863

TOTAL MOLALITIES OF ELEMENTS

ELEMENT MOLALITY
NA 1.000100D-01
CL 1.000000D-01
C 1.340000D-04
SM ~ 7.424948D-08
HumicA 2.333300D-05
----DESCRIPTION OF SOLUTION----
PH =
PE =
ACTIVITY H20
IONIC STRENGTH =
TEMPERATURE =
ELECTRICAL BALANCE =
THOR =

TOTAL ALKALINITY =

ITERATIONS

LOGKT LOGIAP/KT
-1.4653 -5.2403
-2.96 -9.3571
-3.15 -36.8829
-2.86 -126.9841
16.4 0
-26.75 -10.6046
-8.69 1.7051
35.61 -54.0515
0 -36.8829
82.15 -45.2686
83.09 -9.3271
1.5 -1.5015
45.89 -56.436
59.38 -69.926
41.44 - -33.1177
45.98 -29.3354
6.29 -16.4092
-32.15 -64.9992
85.45 -182.5992
-14.64 -45.6278
-18.15 -5.2363
LOG MOLALITY
-1
-1
-3.8729
-7.1293
-4.632
9.0021
9.4393
0.9966
0.1002
25
-2.2498D-04
5.3600D-04
1.6505D-04
24



JNC TN8400 99-039

DISTRIBUTION OF SPECIES

101
1
112
113
119
120
714
715
716
717
718
901

SPECIES

H+

E-

H20(L)
NA+

CL-

C0O3-2
SM+3
HumicA
OH-

02 AQ
CLO-
HCLO(AQ)
CO2(AQ)
HCO3-
H2CO3
NACO3-
NAHCO3
SMOH+2
SM({OH)2+
SM(OH)(a
SMCO3+
SM(CO03)2
SmHAcplx

-1

o

—_ 0 = N O

1.21E-09
3.64E-10
9.97E-01
1.00E-01
1.00E-01
1.07E-05
2.32E-10
2.33E-05
1.31E-05
4.71E-13
8.65E-23
1.73E-24
1.93E-07
1.11E-04
1.92E-07
7.68E-06
3.78E-06
4.25E-09
6.41E-15
3.09E-09
5.78E-08
8.68E-09
1.94E-10

-8.919
-9.439
-0.001

9.95E-10
3.64E-10
9.97E-01
7.82E-02
7.64E-02
4.14E-06
2.50E-11
2.52E-06
9.97E-06
4.82E-13
6.75E-23
1.77E-24
1.97E-07
8.77E-05
1.96E-07
5.99E-06
3.87E-06
1.58E-09
5.00E-15
3.16E-09
4.51E-08
6.78E-09
1.99E-10

Z MOLALITY LOGMOLAL ACTIVITY LOGACT

-9.002
-9.439
-0.001
-1.107
-1.117
-5.384
-10.602
-5.599
-5.001
-12.317
-22.171
-23.753
-6.705
-4.057
-6.707
-5.222
-5.412
-8.801
-14.301
-8.5
-7.346
-3.169
-9.701

GAMMA LOG GAM

8.25E-01
1.00E+00
1.00E+00
7.82E-01
7.64E-01
3.85E-01
1.08E-01
1.08E-01
7.61E-01
1.02E+00
7.81E-01
1.02E+00
1.02E+00
7.88E-01
1.02E+00
7.81E-01
1.02E+Q0
3.72E-01
7.81E-01
1.02E+00
7.81E-01
7.81E-01
1.02E+00

-0.084
0

0
-0.107
-0.117
-0.414
-0.967
-0.967
-0.119
0.01
-0.107
0.01
0.01
-0.104
0.01
-0.107
0.01
-0.43
-0.107
0.01
-0.107
-0.107
0.01



