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ABSTRACT : The reaction path of water-gneiss in 200 m borehole at the Soorichi site of
Yugu Myeon, Chungnam was simulated by the EQ3NR/EQ6 program. Mineral composition of
borehole core and fracture-filling minerals, and chemical composition of groundwater was pub-
lished by authors. In this study, chemical evolution of groundwater and formation of secondary
minerals in water-gneiss system was modelled on the basis of published results. The surface
water was used as a starting solution for reaction. Input parameters for modelling such as min-
eral assemblage and their volume percent, chemical composition of mineral phases, water/rock
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ratio, reactive surface area, dissolution rates of mineral phases were determined by experi-
mantal measurement and model fit. EQ6 modelling of the reaction path in water-gneiss system
has been carried out by a flow-centered flow through open system which can be considered as a
suitable option for fracture flow of groundwater. The modelling results show that reaction time
of 133 years is required to reach equilibrium state in water-gneiss system, and evolution of pres-
ent groundwater will continue to pH 9.45 and higher Na ion concentration. The secondary min-
erals formed from aqueous phase are kaolinite, smectite, stilbite, saponite, muscovite, mesolite,
celadonite, microcline and calcite with increasing time. Modelling results are comparatively
well fitted to pH and chemical composition of borehole groudwater, secondary minerals identi-
fied and tritium age of groundwater. The EQ6 modelling results are dependent on reliability of
input parameters : water-rock ratio, effective reaction surface area and dissolution rates of min-
eral phases, which are difficult parameters to be measured.
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B AFHZE IR S0 ALslolgte. Hijrin T 229 89 4 2SS 54 2gn Ag
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/CHILLER (Reed, 1982), SOLMINEQ (Perkins et M oHEY FRdos 39 d39 AFey
al, 1990), PHREEQE (Parkhurst et al, 1980), A ¥ n A e etz gust g
NETPATH (Plummer et al, 1991), EQ3NR/EQS Fof &3 L o HFE WAT g B-g4
(Wolery, 1979 ;1983 ;1992) So) 9lt}. 2ol A H3EE ] Wt e HBF Hrpot o] FolH
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EQ3NR/EQ6 =212

EQ3/6 T2 2¥ e v]=9 Lawrence Livermore
National Laboratoryoll 4 723t HAFH 2=g 9
A7A = AL EHAFIL Aok (Wolery, 1979
1983;1992). o] Zzg# e T 7j9g ZE= EQ3NR
3 EQ6o 2 FAET, €A dlojeHo]x
7b o] &F %o ateb pre-processor?! EQPT
o osf 2 AdE T F =2 21"45“4
EQBNRQ @@5}%‘1 bl spec1auon solubility =2
Hatol A £ aqueous
e, 1&A GUFE

&k
Eoh, s MEsl YEE 293 2

A 22 98 7hA] wgd dig 2EAF
o gosty gy L Aatdd 33 A e
Hybrid Newton-Raphson technique (iteration)o|di,

Hals AsB ey o g Pre Newton-Raphson
technique optimizationg ¢] &%t} EQ6 =21
< HIAZE FHY] YT Zzolt o]Z7 1
B} ol2F AL AFTFHUHYA (mass bal
ance equation), AFZLBA A (mass action equa-
ton), HFALUA2A (mass transfer equation)

Solo] 998 Holguelas NARET

Specify :
 Reactants

¢ Kinetic Submodels
o Changes in Temperature
» Changes in Pressure

!

Speciation EQ6 Thermodynamic
Model of Reaction Equilibrium
the Water Path Code Models

Kinetic Model
A of Rock/Water
Interactions

EQ3NR
Speciation

Code Preprocessor

Thermodynamic
Data Flle

Thermodynamic
Data Preprocessor _J

Fig. 1. The flow of information among the comput-
er codes, EQPT, EQ3NR, and FQ6 (Wolery and
Daveler, 1992).
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Table 1. Chemical composition of surface water (S1) as starting water for the EQ6 simulation.

Elements Na Ca Mg K HCO: SO, d F NO; *Al S0, Fe pH Eh(mV)
Conc.mg/l) 32 26 14 11 140 39 37 ~ 04 005 88 0001 686 33
Table 2. Mineral assemblage and chemical compo-
[ B @ | " .
0 g 9 a sition of the gneiss.
/] & o ]
& = & P Mineral Phases Chemical Composition Volume %
Quartz SIO; 31
Plagioclase Ors 3Abw Any a 25
Orthoclase OrsAbisAn, 7
Biotite PhlogasAnnu; 16
Muscovite .
V (K Nag XAl Feq Mgn XA Sis JOOH ) 11
(or sericite)
Fig. 2. Conceptual model of irreversible reaction in Chiorite  (MgadFes 7AL 6Kl Sis JOLOH s 7
Calcite CaCOs

a fluid-centered flow through open system. The packet
of water is shown in light gray. The arrow marks the di-
rection of flow. The reactanct is represented by the small
cubes. The product minerals, depicted by diamond-
shaped and tabular crystals, stick to the medium and be-
come physically separated from the packet of water.
Note that no product minerals appear ahead of the
package of water, which is the first packet (Wolery and
Daveler, 1992).
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Table 3. Rock recipe of gneiss for EQ6 simulation.

] ) Moles of reactant” Surface area®
Minerals Weight percent®
(mole/g) MORR cm’/g Sk
Quartz 2949 4908E-03 4231E-02 2945 25388
Plagioclase 2367 8.80E-04 7.668E-03 2375 20474
Orthoclase 6.49 239E-04 2060E-03 665 5733
Biotite 17.76 362E-04 3.116E03 1520 13103
Muscovite 11.26 147E-04 1.264E-03 1045 9009
Chlorite 7.44 577E-05 4970E-04 665 5733
Calcite 293 293E-04 2525E-03 285 2457

® Bulk rock density =2.8267 g/cm®

® The water/rock ratio was calculated as 1161

MORR (moles of reactants per kg)=(mole/g) X rock /water X 1,000

¢ BET-Nasurface area of gneiss with average particle size of 249.134n:095 m”/g

Surface areas of reactants (cm’/g)=(0.95 m*/g)/volume % of each reactant

Sk (Total surface area):surface area of reactants (cm’/g) X rock/water X 1,000
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Table 4. Dissolution rate of mineral phases deter-
mined by EQ6 model of water-gneiss reaction system.

Mineral phases B Dissolution Rate L
Quartz 47X10 " mol/em’ * sor
Orthoclase 3.1 X10 " mol/cm’ * sec
Plagioclase 20%10 ¥ mol/cm’ * sec
Biotite 46X10"" mol/cm’ * sec
Muscovite 59X 107" mol/em’ * sec
Chlorite 80%10™" mol/em® * sec
Calcite 1.0X10™* mol/em” * sec
cm’ - sec. AR FEAE L8 E&E= Table 4
off AlA= et

AdA N g AA Lz dFd
A dEE gEg wg 71 dnk (Schnoor,
1990). ik, EQ6 =&l o3 FEAe] &3
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CaCO_3+H+ :Caﬁ +HC037 (aq) (2)

(calcite)

2NaAlSi305+ 9HZO“‘ 2H+""

(albite)
2Na* + AlLS1L0:(OH), +4H,S10, (3)
(kaolinmte)

Plagioclase+H* +Mg* +H,0—
(Na, Ca)qes(Al, Mg)S10,(0H), - nHO+
(smectite)

H,510,+Na* (4)

2KAISIOy+2H +HO—
(K-feldspar)
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of reaction time.
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Fig. 5. Formation of sequences of secondary minerals in water-gneiss reaction system as a function of reaction time.

Table 5. Chemical compositions of groundwater samples from the soorichi borehole site (Jeong et al, 1994).

Sample  Sampling EC Temp.

No. dephlm) S Jern) pH ) Na K Mg Ca  HCOs SO d NO; F Si

G3 85 147 867 120 283 04 13 47 783 6.2 34 002 07 51
G4 150 148 883 145 30 05 12 43 1078 67 33 0.1 05 54
G5 185 207 920 155 420 15 15 46 1186 62 38 01 05 57

EC: Electrical conductivity

Table 6. Equilibrium constant (K) and standard Gibbs free energies (4GY) of secondary mineral phases used for

EQ6 simulation (Johnson, 1992).

Minerals Chemica}&@osition logKxs
Kaolinite ALSHOLOH): 5.1007
Ca-Smectite CagicAl: 151360 OH ). 3.6000
Muscovite K ALSiO{OH ). 11.0217
Stilbite CaradNaoKousAl (SisxO * 7.33HO -08087
Saponite (CaoH, K, Mga:Nakh sMg, Al SiasOdOH ) 26.0080
Mesolite NagaCaoarAl 55i2a0w * 2647THO 119183
Celadonite KMgAISIOWOH), 65028
Microcline KAISiOs ~1.1300
Calcite CaCOs 1.8487

4G (K cal/mol)

905614
-1280.909
~1336.301
-2417.328
~1345.100
-1317.686
-1305895

-805.374

-269.880
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