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Organic acid dissolving in groundwater in the Mobara gas field .

Gento Kamei*

Abstract

As a representative of natural marine groundwater, the author selected pumped
water from a Quaternary sedimentary aquifer of the Mobara gas-field in Japan and
measured the concentration of total organic carbon (TOC) and of organic acid anions

(formic, acetic, lactic, succinic, humic, fulvic, propionic, valeric and butyric acids). The

concentration of TOC ranged from 2241 to 24::0mg/L. As organic acid anions, only
succinic and fulvic acids were detected and each concentration was given to be from 5.8+ -

0.5 to0 8.310.3 and from 3.3£0.2 to 3.5 +0.2 mg/L, respectively.

By consideration of the temperature and the {SO,”] of the groundwater, it is inferred
that the organic acid has been significantly decomposed by activities of microbes, such as
the fermentation process,

CH,COO" + H,0 = HCO, +CH, .

*Waste Isolation Research Division, Tokai Works
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1. BUs®K
75y@%m@@&Té%ﬁ@ﬁ&ﬁ@@ﬁﬁ%@ﬁﬁw%%&&?@T\ﬂ@ﬂ%_
OBEMNSHTARPIEET 2EREOBECEBEICIDWTEREEEL TE ZERE
Efééo%@‘bﬂ@K%H%%ﬁ%#wﬁm%ﬁ?mwﬁiﬁgﬂT%5?%%@&
BAAEH FAI DNT, SN TS HBORE S REAMTEITo O TRET 5.

Hﬁ&%ﬁ%@ﬂﬁﬁ{b@%ﬁt&tsfﬁfK&ﬁt;%Aﬁ@EAE$%Wt
B9 RE | (OECD/NEA,1982)Z &2/ > TW T, TBACERE LT DA TEENE
UV GRERELT T 27 L BIRHEAE,1999) MHBE B b EEALNS, L
Bo T, A¥ U 2ATEREREE L TENSN TS YA, B89 FEUTRES
NAEEEGERIBEEAERNTHS S, LBLARNRS, FHTFKIZDNWT, FEEORED
BEMTETS TH ZERUTORANSEERTH D EER S,

1) D351 SORETHDBE, DB VAT AORLFED D, DREOHTA
F— 5 RABRMELED TRSNHENICEBL TB CEAMETH S, E<ITE
BN OB T AL Tl BRERCH L TR T OB E F BRI S B2 51,
FOEEEBEICET 5 EROEMBBETDH D,

2) HTFARPOEHEESMIBESN. TixbbHEEEICEET S (Sudam et
al,,1989) . UM TRO < HHINBHEEH 1000m WETHo T, EEEEREEET 245
BOE L NIVEEYASEEL D PPERENEETH S,

3) HMESNHEHEMAT (FEASERODEERIIEEFN S0, K cn HSK m

LNORE OBEREBEERIIEIATHS) . BRBENSHTH D, Lo TRITMHE



JNC TN8400 2000 — 030

Do DEBEREIEE LEBALTEST (Kamei et al, 2000) . IEIEHKDODLERIES T

% EHFHETH B,

2. W

FERFBICEN T EROREL L UBEOKRERIIBLF 15Ma 75 05Ma £C
Wb/, BEOAFEET m CRATWS, FL T, # 05Ma #3512 FHifERC
BUILEEZONTVWAEFEE, 19D, 09 Lo LERBEEIIZIQ97). S8,
(1959), HFHR(1978) L EIT LB L 12 MORE~WEORBILEE IR TWE, Thb
DREBDI B, A5 eI TROBNEHNE LT, £& LTRKEAMREBEBAFWEBLIE
rEEP OMTRIEAETONR TS, Fgure | EFRHETHENSR L L TAD
RIHE L ET 5 ERBROBREAR(ZF1973) Th b, TIIIR SN - BE OHERE
BUEOVWTRAFSYALBOMAEOEFECEMALEEEILTRB (L LR
Ishiwada, 1964, Acki,1968, #1978, Tto and Katsura,1993), Ch b ZIEETH L, TS
JRCEME(E BIOB Y L EAR(Z < b LB IS TEARSTE S & KB o T % =g
L. i/ AREE2LERBICAT TREEP SEHFEREL TV 5, ATRA94EE
ERAILRCA ORISR L, BRNEE D S KARE TR CORRRBBRIEHOEETIC
HY., KERELHA M BB L COBMILEE L BY0BRGEOERER Y,
HHAOBHAHERAOMEIEHE L CER BRI RET IRE Cho e HEEL T

%o WRERIZOWTIRED - MFE19960)7 LERBEYOBRAHE > b BRE O IHE
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TAEKEBDPL VYNNIV EHBL, 74 v sy F oy sl o TENDLIC 183+
0.13~0.81+0.17Ma DIER 52 T b, KEMKRE S & U - B8 1 A Besim 2 & KM T
MCBITEI-EY A 2 BALLHERDTHE I EHP Lo TWA(HIEL1978), b

T KER OREE LT 5 S0 B % Table 1 (27K (Kamei et al. 2000),

3.FEB L USMNER
T3, ESCOMTARIOE, XKif. pH, Eh B L UTEREEEEC)ZHIE LT,
FEREF LR HTASRHIOWTIE, BEE 045um QR TI 74 MFI2T
Sl L7k, AHBROSICE L,
ABRBRIIOVWTRRBRICFET L2 DOREFBANE/BTH L Z EHF—ITHS
NTHYH, TTTEHEREIEPAIICHE, FEE, Felk, B, ans B, 7ovd Vg,
TR, BRICOWTHIT 5, S50, BBKRETOC), 7IVBBIUT7VRBICO
WCHRBETIET 5. W HEIUTO 2:35 NTH5b,
- ¥R, BREE. HBE. OO /r'j\/ﬁ uw b 7T 7E (A FPa—-AEHRE MIC-20
El, %A, SHODEXIC IK-424L) ,
L FUVA VR, HERR B HRA 70T LS5 7 FD i (SEEET OB GC-14B
B, #7 A ¢3.0mmX2.0m) .
- TOC i IS K 0102 22.1 D%, BRBILE—RNEIIE (=71 vy 7 A8

TOC Model 1010} (Z#3,,
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- 7 IVER 7)1/:1%‘@ : Hﬁﬁﬁftiédtiﬁﬁi%l&(wsnﬁmo COFETI, 7NF
BBIER, TN URHFICHERL. 73 VB pH<l KBV THEBTAMEFFALT
SR, BEBT S, ET7IVBE (7IVBRYIVFR) OEEORICHEL RS
%ﬂiﬂmﬂl@ﬂiw}:@e(m):m/f F#% HCl B4LU° NHCIO 2R TEHTHI &L
CHEL. FOBE EDTA S LT<AY LE0Ob, NHOH #MAT pHIO &3
Bo ZOWHITKTLTT I EEOWHER (410~480nm) (BT HMEREEAEIZEL.
73 VEUEEEEN FUEMEGE X o TEZRES LB CERET S, &
MiZ& 62 HO 22T pHel L LTABL, A L TREEZWEL TV

REREREL T 5, 73 VEIEREL TVREBBEOENG 7 I VEHEE R KD S,

4. ¥
SRR AT EFEEEDITAE T 2 No.79, 98 BXU 129 (BEE 742-1302m)A
CHBETAMTRTHS. ChOHIEENREFN 1979 4, 1981 4, 1988 FITHIHI SN THT
AOEARE SN2 b OTEHIOBE). B, 48 ETEHEMRC TV S, BEHRINE
i 1999 ETH B DT, HiHOWEHIH & FEERLE TOMMIZ No.79: 20 £, No.98: 18
. No129: 11 E£ThH5, REHRINIE S Fgue 1 OMERKEE197MICR LT, 2B,
Zhb 3 REHIH TASRBERES A IERE L L SRR LLBETH o T, Bl

OETIRIAWICIERZRE L AL EL D TH AL,
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5. R

$RE Table 2 [CEED D, HHRHATOCHREEREL — FIRRIEC & o T,
22 +1~24+0mg/L. &3R5, Kamei et al 2000012 BW T, Yot Tk O TOC
BEICDOWT, 67~100mg/l. &E LA, ZHUTHREER L — RIMRDHTECIC KO102)T
XBbDTHo/z. ULALHFEITEZESIEEREQSDICEIIUE, Ol —&K
JHRBIREI L, BE OB B CIB OB B 5 T &, I 3
BEBRLEVESICETNORARENICEEEZRIET LR EORENH D, BB —
TRIRENE TN S OEENF L A ERL, Lidis T, Yo Tk ToC #
BELT2x1~2420mg/L 2B TELEE L THRET 3.

TSRS LEHBOS b TRIBETERZORINIBETNVERET, wih
HE mgl. DBEETH o7z, MERPBERZTIVEDED TWTNORHETRRNETH-
7 AN B E T )REEREDOINE 9.2~11.8mg/L T3H D, TOC EE & DFE(10.4~14.9mg/L)
1Z, SEOMTEBUADEANFEL TWA LD EELBNS,

HJz. Kamei et al.2000)i3LHIROM TAKFDT I VB, 7 RBBREEETNTH 76~
123, T1~75(mg/L) LG L7t Kamei et al(2000)Thd Simon HEICHEML. HIF/KEUEHC |
Tl = A T pH<1 &L TARL., W27 I VB, Az 7V RgEE Ui, L,
LOFETREIOA PROGOFENEETEY, T—YOEERIIRTIBEELS. Y
Lt 5, RIEH AR T AP T 2 ‘z@:}a‘&tﬁ?)bﬂfﬁﬁ%@i\ SEIOIHTHERICD & DX,

FHTN<2mg/L, 3.3202~35+02mg/l &L THET D,
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1. AHEBRE 2 ¥ v OF5HEEER
COWTRACIIERRYVEENL LRI, RRF AL LT CH, % CO, bBEELT
Wi, COCHIZEBIOTRIZL o TERSh-b DL fz.: &y TOBTARPD pH-En
EOEBIURBBEOLRPT, HEBEAS > adwﬁﬁb:ilzf%ﬁ%%#‘tc DizoTWbbDE
E X BNT 5 (Kamei et al,2000. 83,1997, UTFIZZOELETRT, |
WTKPEFN A DE G T, CH, = 98%, CO, = 1.5% & L(HI%,1994), o
{HCOs}. {COaq@)} pCO, A7z I ERRRIZH A LIRET A &,
COJ(aq) +H,O() = HCO; +H* )
logK= - 6.36 (Stumm and Morgan,1996)
b, pH=7.8. {HCO;}=0.009 &3 HhiL,
{COy(aq)}=2.84 X 10*
AN
COx{g) =COy(aq), logK =-1.43 (Stumm and Morgan,1996)
/N
pCO,="7.63X10? (atm)
L7zoT
pCH, = 4.98X10" (atm) -
—75. WFKFEOFEREY CHO b,
/4ACH,0+ H* + & = 1/4CH,(g) + 1/2H,0(0) @
logK = 6.94 (Stumm and Morgan,1996)
b
Eh =-50 (mV)

= OEITERE(Table )28 —3 T 5,
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2ABBONMR T OER

LHITK OEHIERIREIL . Table 2 IRT X DI mg/l BETH T, HERUKERE
THBEWA D, Surdam et al. (1989 HEMITIC BT 2 VR B LR & DR
Figure %Rz, TRICKHIL, 40~60CEET [S02]<25me/l. D&M TIX. Kk
MZ R BRIV BEOMFERIC XD

CH,CO0" + H,0 = HCOy +CH, @)

DEH>RREBEVEET I ENI, Y¥HBTRKOBEIX 22~28T,
[SO21=17.7-22.3(me/L)(Kamei et al,2000)TH 5T &5, HTFIBWTED LS
SIENERICES, BREELUTERBRBENERMERoTWD Z EMAEEELTE
A5N5,

3.4 OBAREE A #

W T KR DM S TR & OBRICDONTIE. EREEENTREET o TRk,
SHOBETH D, /2. Surdam et al.(198PHIR L AR, T7ab B TFRT OFH
B (WIVRVE) BENEREL SOMBEOMERLEUTHREATES I &, HEHHIRO %
RS THREDOHTRKIZBW TS —RIZRDIZDONES N, SREFAZESTIEIEL
THERELTWIRETHDEEZL D, S5, #HFASOZ2FEOEAN LI, #HTK
EFEOEMTROEEEEANEETHD, TORDIIE. EROX Sz, FEERZTO
SRR & FBOEFRRESRN & OHERIRNPFAIRETFETH D EEAD.

7. &
WK BEFHEST T ARORKAL LT, TEREFEIABOHTRERNSRIT, Hil
RFETOCB L UHEE (k. Bl B, onJB, Fut B SRR, Rk
7IVBEBLIUTTVER) oW THRBELHE L, #OFKRE. TOC 7% 20mg/l DfE

#RL. BEBEIONZBRE T VRBOMBHE SR, L HICH mg/L DBETH o/,
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ﬁh“ﬁ(biﬁﬁ@ SOFWETEZET 5 L, BAEMOERNIC L > TEREIE L ALHHE
N, AF v ELTRELTWS bDOLELD,

BB O RNREEEFEEZE)ICIFEARNIC S DERTZIEIN s Tk & ED
2, ARBHMSEWEEWE, ZORARY 1 Y9I F 2 ), ABRREREY
1 7 VRS OTE KICIERBRR EFATOT— I BRICBNWTE KOG HZWERE
Ve, HTRKOFEESMTICOWTIEER YA Y2 0y bEEL, (JBR)J:%%%*%E%
EE ¥ —KCFE LIz, MA=TR BBET A 7 VSRS CHEREFATHAE

FEELWE B o7, EDOK 4 ITHEHHRL TS,
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Figure 1 Distribution of the Kazusa Group in eastern Boso peninsula
(cited from Mitsunasi,1973). Collection points of the groundwater

samples are shown.
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Bacterial destruction of short- chained carboxylic acids
it SOj > 25mg/i; 507 + CHaC00™ = 2HCO; + HS™  6%c <o
60 It SO; < 25mg/L; CH4C00 +Hy0 = HCO3 +CHy  6%C >0
MANPAAN NN
80 | N ~~~~~~ )
) THERMAL DESTRUCTION J
o - OF BACTERIA i
w Short - chained carboxylic acid dominance 7
o Thermocatalytic degradation of kerogen = CHz COO™ . P
an 100 L. Alkalinily controlled by short—chained tarboxylic acids P
}— ’f
< e
vy P
g
= 120 |- rch
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AT T, -y
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ggg?&&éTlON OF Thermal degradation of short=chained carboxylic acids
160 SHORT-CHAINED CH5C00™ + HpO —» CH, + HCO3 §Bc <o
— CARBOXYLIC
ACIDS

Concentralion of carboxylic acid anions in oil-field waters vs. temmperature. Concentration data are from Carothersand
Kharaka (1978). Also shown are areas where bacterial degradation (<80 °C) and thermal decarboxylation (> 130 °C} of carboxylic
acids occur. PC isotopic data for ofl-field waters are from Carothers and Klaraka (1980). Isetopic data on early calcite cements in
zone of bacterial degradation are found in Larese ef o (1983). Dashedline indicates maximum reported concentrations (Surdam et
al, 1984). Arrows on right side of diagram refer to zones L, I, and M1 of Carothers and Kharaka (1980).

Figure 2 Concentration of carboxylic acid anions in oil-field waters

vs.temperature (cited from Surdam et al.,1989).
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Table 1 Abundance of constituent minerals in an argillaceous
rock of Otadai formation in Kazusa group (Kamei et al., 2000).

montmeorillonite +
illite

chiorite : +
quartz + 4+
a -tridymite

plagioclase ++
K-feldspar

calcite : +
clinoptilolite

pyrite

siderite

hornblende

Marks are: + + +; abundant, + +; major,
<+ minor, and - : trace.
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Table 2  Concentration of organic acid dissolving in groundwaters
from the Mobara gas-field.

Groundwaters

Sample No. 79 98 129
Beginning date of | Dec.19 Jun.30 Sep.18
pumping up 1979 1981 1988
Strainer depth(m)®” 742-1200 743-1301 852-1302
Collection date Nov.26 Nov.26 Nov.26

1999 1999 1999
Water Temp. (C) 22.9 27.9 22.2
pH 7.82 7.81 7.69
Eh(mV) 27 -57 -15
EC(mS/cm) 43.5 48.7 41.8
Formic acid (mg/L) <2 <2 <2
Acetic acid <2 <2 <2
Lactic acid <2 <2 <2
Succinic acid 8.31+0.3 8.21+0.1 5.8x0.5
Humic acid <2 <2 <2
Fulvic acid 3.51+0.2 3.440.1 3.3+0.2
Propionic acid <2 <2 <2
Valeric acid <2 <2 <2
Butyric acid <2 <2 <2
TOC 2312 22+1 24x0

(1)Below the surface.



