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Downhole Sampler 2013~2014 QingShui
(GTFSampler = Shut-in Valve + Cylinder)

Field Tests:

= open borehole
= (2013/04/30)

= — (2013/11/12)

=—— ———— — (2014/05/01)

=800 m

=200 °C

=50 bar

R 5 s

F R

Spec.
———— Max. T = 204°C
=——=——— & Max.P =77 bar

— == — — New Spec.

=——=— ——— Max.T = 204°C
= & Max.P = 226 bar

is ready for field testing
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B A i 25 JBEKIC-19 JBIKIC-19 7BEKIC-19 JBEIKIC-19
B mim s 800m M7 800mEAH #h % 7k 201305|800m & 7
HE B 2013.11.12 2013.11.13 2013.05.03 2013.05.02
HE T HRRE m 802 803|NA 805
R EAMEES kg 1.667 1.722|NA 1.716
BB S R A FEEEN2R bar 6 6|NA 6
KREFAPIEEN R 1 bar 111 111|NA 111
REEZDEMEES kg 1.999 2.048|NA 2.039
EERaENEHRAEEER kg 0.332 0.326|NA 0.323
BOREBE(FE1) C 196 197.5|NA 190
(1) : 2013/11/12813 B REREN B ERIE , 2013/04/305%2013/05/025 X B SZ &
B OB EE
RERERNKER R bar 14.25 14.72|NA 12.51
EEREBRLE bar 52.53 54.93|NA 51.74
ViR 88 R CO250 BRE bar 4.12 5.40|NA 7.82
WD MER
T(5¥2) C 24.8 21.6 44.5 24.6
EC(5¥2) uS/cm 3380 3195 3690 3502
TDS ppm 1846 2411
ORP(52) mV B e
pH(EE2)(EE8) R ] o/ }.@ 1) R 0,
Need for Ef& it B EEH IR ERE W

Ps: EERHBLESR
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For example, the regression expression for quartz is:

log S105ppm) = [1175.7/T k)] + 4.88 (Verma, 2001)

According to this regression relation, quartz geothermometer equation is:

T(°C) = 1175.7/(4.88 — log SiO,) — 273.15

Table 5.4. Silica geothermometry equations.

Geothermometer

Equations
(concentration of silica mg/L)

S10> (amorphous silica)
Si105 (-Cristobalite)
S10, (-Cristobalite)
Si0O; (Chalcedony)

S10; (Quartz)

S10; (Quartz steam loss)
SiO; (Chalcedony)

Si10; (Quartz steam loss)
Si103 (Quartz steam loss)
S10; (Quartz steam loss)
S10; (Quartz steam loss)
Si0; (Quartz)

T=731/(4.52 -log S10,) — 273.15
T =1000/(4.78 —log S10,) — 273.15
T=781/(4.51 —log SiO;) — 273.15
T=1032/(4.69 —log Si0,) — 273.15
T =1309/(5.19 —log S10,) — 273.15
T =1522/(5.75 —log S10,) — 273.15
T=1112/(4.91 - log Si0y) — 273.15
T=1264/(5.31 —log S10,) — 273.15
T=1021/(4.69 —log S10,) — 273.15
T=1164/(4.9 —log Si0,) — 273.15
T =1498 /(5.7 —log S10,) — 273.15
T=1175.7/(4.88 —log Si03) — 273.15

Fournier (1977)
Fournier (1977)
Fournier (1977)
Fournier (1977)
Fournier (1977)
Fournier (1977)
Arnorsson ef al. (1983)
Arnorsson ef al. (1983)
Arnorsson ef al. (1983)
Arnorsson ef al. (1983)
Arnorsson ef al. (1983)
Verma (2001)

Source: Davraz (2014, p98)
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gtplot_conf_MineralSI_RKuo_conf for Case = S06 gtplot_conf_MineralSI_RKuo_conf for Case = S07
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» T=24.8°C, pH=6.39, Eh=—0.01 volts, fC0O02=4.12 bar in cylinder @1surface
Step1: Inverse the water composition back to sealing condition on surface (T=24.8 °C & PCO2 = 4.12 bar)

45 \ \ \ \ \ / / 64 \ \ \ \ \ \ \
4 — k 6.3 —
1| F
ik
35— — i 6.2— |
= i
>
£ 3 — 6.1 —
(0]
g
£ 25+ — L & —
C)
N
o 2 — 59+ —
s}
15 — | 58— —
i
N _ - DD 57l |
A' ] -] .
5 | | | | | \ 56
10 15 20 25 30 35 40 | 5 1 15 2 25 3 35 4 45
I
Temperature (C) \ fCO,(g)

Step2: Inverse the water composition back to sampling ‘depth condition (Depth = 800m, T=197.5 °C)

16 1 6.4
ol \
5 6.3
1al- 1
13 ‘ 6.2
= 12 \ 6.1
i9)
% 11 ‘ 6
£ 10— \ 5
°© 5.9
Sl 1
O 8- \ 5.8
Un 1 57
67
| 56
57
4 \ \ \ \ \ \ \ \ 1 55
20 40 60 80 100 120 140 160 180 200 i 20 40 60 80 100 120 140 160 180 200
Temperature (C) V Temperature (C)

» T=197.5°C, pH=6.40, Eh=—0.16 volts, fCO2=15 bar @ sampling depth
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From T=197.5°C, pH=6.40, Eh=—0.16 volts, fCO2=15 bar @ sampling depth,
Slide to fC02=0.2, T=170°C Slide to fCO2=2, T=170°C Slide to fCO2=2, T=150°C Slide to fC02=0.2, T=150°C

o T 9 T N T T 9 T T
88— — 88— — 88— — 88—
86— — 86— — 86— — 86—
84— — 84— — 84— — 84—
82— — 82— — 82— — 82—
81— - 81— — 8 — 81—
78— 78— — 78— — 78—
T 76 H T 76 — T 76 — T 76
S 74 — S 74 — S 74 - S 74
72— — 72— — 72— — 72—
7 — 7 7+ — 7
68— — 68— — 68— A 68—
66— — 66— — 66— — 66—
64— — 64— — 64— — 64—
62— — 62— — 62— — 62—
6 1 | | 1 | 6 1 1 1 1 1 6 1 1 1 | | 1 1 | 1 6 1 1 | | 1 1 1 1 1
200 195 190 185 180 175 170 200 195 190 185 180 175 170 200 195 190 185 180 175 170 165 160 155 150 200 195 190 185 180 175 170 165 160 155 150
Temperature (C) Temperature (C) Temperature (C) Temperature (C)
002 002 002 002
0019 — — 0019 — — 0019 — — 0019 — —
0018 — — 0018 — — 0018 — — 0018 — —
0017 — — 0017 — — 0017 (— — 0017 — —
0016 (— — 0016~ — 0016 [~ —| 0016~ —
0015 — — 0015— — 0015 — Quartzl 0015— =
5 0014~ — = 0014~ — 2 0014 — — = 0014~ §
£ 0013 — £ 0013 — £ 0013 — £ 0013 3
@ 0012~ — 5 0012~ — @ 0012~ — 5 0012~ B
T 0011 — © 0011 — T 0011 — © 0011 —
2 oot - 2 oot Quard] 2 001 - 2 oot -
£ 9ed— Quartz | £ 9ed— z £ 9ed— — £ 9ed— —
o 8ed[- —| o 8ed[- — o 8ed|- — o 8ed[- —
E 7e4|- . E 7e4|- — E 74|~ - E 7e4|- -
D 6ed— D ed— - D eed|— - D ed— —
5ed— Sed|— — 5e4— — Sed|— —
de-4— - de-4— — 44— — 404 —
3e4— 34— — 3e4— — 34— —
24— 24— — 2e4|— — 24— —
We‘; C | Calite poomitaaordt 194; C ; ! ! | Calcitapolomite-ord! 19‘0' C | | | | | | | Guitpite-ord] 1943 C | | | | | | CalgiteDolomite-oid!
200 195 1an 185 180 175 170 200 195 190 185 180 175 170 200 195 190 185 180 175 170 165 160 155 150 200 195 190 185 180 175 170 165 160 155 150
Tamnaratura () Tamnaratira () Tamnaratira (C\
5e-5 i
Calcite 565 5e5 5e-5 i
4565 5
45651~ — 45e-5— — 4.5e-5— Cali
4e5—
45— — de5— — 4e-5—
53565~
£ 53565~ — 53565~ — 53565~
@ 3e5— £ Calcite £ £
[ & 3e5— / 5 3e5— — o 35—
8 2505 k] S E
€ L 25e-5— 2 25e-5— — L 25e-5—
o 2651 H £ £
E e 25— o 2e 5 — e 25—
D 1565 E E £
D 1505 D 1505~ ) 1505
1e-5—
1e-5— 15— 1e-5—
506—
! | Dolomite-ord 5e-6— 506 — 5e-6—
0 e~ y
200 195 190 185 180 175 170 o | - | ! Dolomite-ord R | | | | | | | | o | | | | | | d | Dolomite-ord
Temperature (C) 200 195 190 185 180 175 170 200 195 190 185 180 175 170 165 160 155 150 200 195 190 185 180 175 170 165 160 155 150
Temperature (C) Temperature (C) Temperature (C)

>  HOREaloBNEE - ¥Eim L - Eliquartz alo calcite °

> CalciteJlIBRERR - FEFERN LEBHA(PISEEMIET) - alEAequilibriumi&EHi -

>  Quartz BOIIEBER S - BIURERRIE - BE2HIBETEELER - HRBkineticsiEE ; ASpaceTimeBURIRAEERIE - EEIRIEEZ <1hr -
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Umbilical CHEMMAC(SKB)

"Unbreken" water line

2:nd
umbilical
drum/fwinch

F

laboratory

| hose vsing straddle packers

| Pumping with I:st umbilical |

| at the depth intervals: |

|

| 31500 - 321.50m
| 335.00 - 340.80m
798.00 - 803.80m

Pumping with 1:st and 2:nd
umbilical hose using straddle
packers at the depth interval:
| 108000 - 1096.20 m

| Pumping with 1:5t and 2:nd
umbilical hose using a single
packer at the depth 1420 m and
sampling at the depth interval:
1420.00 - 1705.00 m

1:5t umbilical
hose, 1000 m
length

Gas (water) sampler —

Downhole CHEMMAC |2

iI

sure probe |-~

| hose, 700 m =
|length

Upper packer -——

o]
E
=N
=
g

b}
' Rock fractare and water flow direction =2 5 ]

[Cower packer |——

>  LIS0OmRERB - H T erEEEL.5ME
> HEHEHN10cmBGFRAA @ FERERSHRERER - UL FHE—KBE!

Source: Laaksoharju et al. (1995), Freifeld et al. (2005)
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HCBHO1-Development-Stage 2 (Water Pumping)

+pH = EC
10 (redords of the outlet water) 06
98 o Purpose: remove drilling debris in formation's fractures |
i @
- 0.5
9.6 h -
m 0w,
94 = :.:’ B g " NN N 8§ gu gu 5N BN gy gm AN @@ TR L 04
* —
9.2 —w “ e g
% g | + & by G’ .. . 0.3 E
8.8 >, ot
0.2
86 %%?L&#?EEH&BF‘#ﬂ(E’ﬁ’CiE t£?  Why prma, 8.3?
8.4 - AT PN - 01
8.2 4 ps: HQSOOmZ?LWEEﬁ%'MWE
(23 days)
0 50 100 150 200 250 300

Volume of the outlet water (m3)

> —E_JL,(HY ¥|J7J<1H< EREHEKEFRE! (BABEF—EEEAREEINRYE)
> REARENSGD  BESIWESBER - 11_7. B REREHEEE!
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KMBHO3 in POZ (packed-off zone) = 478.74~480.86m ; 2006/05/23~2006/05/25

‘ Redox (mV) in POZ — Pressure (dbar) in POZ - 350 —— [EC (mS/cm) in POZ - 11%10 —— [pH in POZ - 6]*10 ‘

400 100
Water pumping rate from POZ ~ 1.2 liter /hour ; 28.8 liter /day
Water pumping cycle: OnTime = 60 sec ; OffTime = 60 sec 1 90
200 Total volume of water be pump out from the POZ = 67 liter
180 N
[a W)
(=]
0 - 0 £
70 =
N 2
w2
£ 160 E
= 200 r =
= e it o= — =l 2
¢ I . A
= l In-situ monitoring of groundwater quality Recommended value T
S -400 | in POZ during purging -~ forsamplinginPOZ | 49 =
() <
2 [ I | “ )
-600 i i i %
: . . 71 20 g
| ’ I | -
800 I \ I
:Fi 10
I k
21000 L 0
0 500 1000 1500 2000 2500 3000 4
Time (min)

Composition analysis and C-14 dating

> TFEHEEAM10cmBGERALA - EOERAEA - 9B KEHESREKEE!
> IR{ERER = Time(days) + 2K ELEE -
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50

100

150

200

250

Depth(m)

300

350

400

450

YN{ERTE

T 2 AR (1

GW Sampling Zone

0

GeoChemical Logging GeoPhysics Logging Flow-meter Borehole Camera
(Open borehole) PR e ATER AL ERPAaL]
| down flow | up flow |
Redox(mV, SHE) Redox(mV, SHE) [ > >
400 300 200 00 0 100 400 -300 -200 100 0 00" I A M I o oo oo el I A EEE] - e
i W\UHWHHH ! il ’
L (m/sec)
= -4 50+ - 50
I \
95 m? = [ o’ e
L - 100 - B 5;; : £ ° \130‘
r -4 150 - B 150 ;\.
L]
14°. 1
p - '
L - 200 - = - + 200 I
r [ ]
Before [ After | 2 b ° I
- Intefference 7 250 |Iterference S ﬁ_‘ ] 250 o
" [ ]
’ o
3 4 300+ 5 - r 0 2 e
[ ]
A1
t [ 4
r -4 350 360 m? 350
[ i é, r—é o 00 . I
i 390 m? I ) °°
+ 1 400 e B 400 I
L r L ] I
L r [ ]
+ 1 40| . E | | | 450 .
480 m? = . = =
i 500 S =h g bl B b Bl
0 1 2 30 1 2 3 . .
EC(mSlom) cmsiom) Plus info from core logging!
7 75 8 85 9 95 7 75 8 85 9 95 ‘
pH pH
Before Well-pumping After Well-pumping Sampllng L1 Comments
(2006/02/16) _ (2006/03/22) _ (1) 94.14 ~ 96.26 m GCI/GP/Flow/Camera
Redox Redox (2) 389.94 ~ 392.06 m Local GC min/max )
pH pH (3) 478.74 ~ 480.86 m GP/Camera

>
>

ﬂ%ﬂ)lﬁaj“'ﬁﬂ-;&ﬁ\ EZZMEI—J » BRINE
BREIRGMmRISE
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KMHERY. in POY iphoileofl pomet m 131 1=0540m = 20642 KCMEHIS I PCZ (packed-off zone) m 04, | 456 26en 1 20050023 2006104/24 KMBHOS 12 POZ (peckadsoff 20ne) m 93.99-96,01m : 200701/16-200701/17 KMBEI0G = POZ (packed-off zore) m 37,5+ 1 30,0 : 20080708 200807.08
BEDOR () U e o) P2 S W ol 202 B raV)in POE —(Proue Wbarein POZ. TAIP0 ——[pH i POZ 731713 —— [EC Sl in PO 0, Redon (m¥HinBOZ - —{Pressurs {dbad in POZ 40110 ——(cH if POZ- 8150 ——[EC (S s PR 1) Redon (V. AAGCD it P2 —— Presoure idbar)in POZ 3] —— (pHlin PO 7115 —— [EC (mSiem in BOZ- 020°10
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| i
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e it o i “ L N o PO 0.4 e 5 ey [EN wz 15
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Wl Power shottabown W P Total volume of water be pump out from the POZ = 132 liter{ 7.33 times vol. of PO¥pycer deflatian
> oy
LI 23 - .
e o # Siop 1
w ke pumpng N - nvsif monitoring of prowndwater quality Recommended valus
Pl B H ¥ in POZ during purging for sapling in POZ
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- T T = : e e P Y
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e ChemW.ish (|TR|)
(Chemical and Hydraulic Exploration Marlinespike for groundWater Isolated in a boreHole)

P ‘ » 0T IjJﬁE
; 0 | mERMEEAEBNRE a0k -

Ri4sRa
> RALIRIEREDE1,000 m -
> EH/MERERESH -

Pneumatic Pumping

Control Unit -

AN
| PP

LElm
)

KMBHO06 in POZ (packed-off zone) = 498.5~501.0m ; 2009/06/24~2010/01/11

BAIBHES in FOZ tpacked=0if 2onc) = 4787480800 : J00O/05/2 3~ 200605725 PluseSl ugTesi200803 6 KM BHO6H4%8m

——Eh (mV, 5.HLE) in POZ@300m Eh (mV, 5.H.E) in POZ@0m
Redox (mV) in POZ — Pressure (dbar) in POZ - 350 —— [EC (mS/em) in POZ - 1)°10 —— [pH in POZ - 6]*:0] 500 — [l in POZ - 71°208:500m [of in POZ - 71720@0m
- - == [EC (mSicm) m POZ - 0.2]*50@500m [EC (mS/cm) m POZ - 0.2]*50@0m
0 L 495 —— Tep(C)@500m Temp(C) @0m o
Waler pumping rate from POZ ~ 1.2 liter Mhour ; 28.8 liter /day 500 - - - -
Waler pumping cycle: OnTime = 60 sec ; OffTime — 60 sec - g PulsaSiug Tes PXn Thar) (20090308: 131 6; Start C hemMsh-FOd); GWaScc 400 Water pumping cycle: OufOff time = 10/10 min ; Water pumping force = 2-2.5 keffem*2
k] Total volume of water be pump out fiom the POZ = 67 liter . E 490 Water pumping rate from POZ = 80~170 milli-liter/cycle ; 0.24~0.51 liter/hour
w Pulse Test Shug Test 300 [ Total volume of water be pump out from the POZ = 1158~2461 liter( 4826 hr ) — 120
1] - § 486 200 Water (unhh.illllll Water quality@0m: | Water quality@500m. Water quality@0m: (Water udmcsuu.: —~
gl 'q' 100 HeH = ——{pH = B.67 pH = B.31 pH = 10.12 'pH = 10,01 - lOOp
= ." i 480 v Eh = -Jll! 6 m¥V Eh = -250 0m¥ Eh = -266.5 m¥ Eh = -354 5Sm¥Y Eh = -237.1 mV "ﬂ’
L3 .oy |j - 0 H EC =0.3007 mS/em | |EC =0.3529 mS/cm |EC =0.2939 mS/em EC =10.2304 mS/cm [EC = 0.2876 mSicm g8
FRL . =] R E 476 a jpp Hreme=z:zot | |re ...-zgaar_- Temp = 31.98C Temp = 124T  |Temp = 31 90T 2
.‘E ] 4 ) B z ¥ o 200 'A—_"_- 8
R In-situ monitoring of groundwater quality Recommended value T € a0 - i I q [ [T gy =l 3
R in POZ during purging for sampling in POZ 1}y o 5 3 800 P —.. P A e 3
- pH sensor o il 8
# " I ! ! “ 'g ] 485 a 40 ; : pp— > saafuce pH sensor Gt T it
. ¥ K [apH - 04] ]
) y 2 480 ] F _— '_,,/"—"'—'— {40 =z
: f [T E = : i e : E
o a e — {17 §2 T o, :
alim | — 456 : i s — v LA | 1 2
P : 800 |+ — ! - .
L 1 1 o 480 ) ) ’ ’ ' ' ’ ’ 900 e Ty
o &yl Rt LE Xxul e LT 18000 17000 18000 19000 20000 21000 22000 23000 24000 -1000 L A 1 L - = —Se—_ 0
0 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500 3750 4000 4250 4500 4750
Te srusl time (sac)

Time (hr)

» ChemWish is a R&D carrier for downhole hydrogeochemical experiments
» The exact configuration of ChemWish is case by case!

> Wi &P
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History of ChemWish

1999~2000 WuChou

Pneumatic Pumping Module
Water Outlet Tube (AmemLin, 1999 ~ 2000)

- "
.f-’

2

/ r"n- o, s
Pressure q‘ \\v,
Controller e S
Pressure . w Extension Tube
Tube ; / \\ /
Flow Direction g
Controller-A -

Water Inlet &
Filter

low Direction
Controller-B

O £

to be continued... 18

Copyright 2014 ITRIT i i 75h5%



TRBLMf T

Industrial Technology
Research Institute

urrent version of ChemWish

Copyright 2014 ITRIT #7205z

19



TR MR F b

S GW Property of Kinmen

188000

Na+k cl .
Symbol Cag § CCCCCCC Average river
Mg so,

KMBHO1 i KMBHO03 KMBH04 KMBHO05 KMBHO06

il

B A
v =
Much freqh than seawqter
g - O A
E 200
3 DRI [ty ey
L/ I A |
I B [ v
PO S - - - : [
: [
il [ il
| i
- '
Il 0
| i

Average seawater
(dilute 1/10)

KMBHD1-w1 (195.1~198.1m) T
KMEHD1-W2 (351.1~354.1m) & KHBHIWZ
KMBHD1-w3 (489.1~492 1m) & KMEHOT-W3
KMEHO1-1v4 (489.1~492 1m) i
KMBHD1-wWS (37.1~40.1m) £ KMEHO '
KMEHD4-W1 (54.5~56.5m) e
KMEHD4-W2 (269.0~271.0m) A KNI W2
KMEHD4-W3 (344.5~348.5m) & KNBHOLWA
KMEHC4-W4 (498.0~500.0m) m KMBHILW
KMBHO3-W1 (94.10~96.30m) 0 KMBHO3-W2
KMBHO3-W2 (389.94~392.06m) 0 MBS
KMBHO3-W3 (478.74~480.86m)

KMBHOS-W1 (93.99~96.01m)

KMBHOS-W2 (268.49~260.61m)

KMBHOS-W1 (127 5~130.0m)

KMBHDE-WW2 (278.0~280.5m)

KMBHO6-W3 {498.5~501.0m)

&

JATAVAVAS, a7 VP I
> WTRKKER - AEREMTKFERBB1ESE(maxxz14ka, KMBHO6@500m) -2 2 2 2
> FRIR400mAYHE TR OK - TR K A B E IR FOE R 14 (pH>8 & Eh<0) - — Ca
> BMattEE_ERKEIR - DJREER S E R (VIEIE)IRIE(KMBHO5)(Liou et al., 2008)
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£ e YIEEE MR E(e.g., Eh-pH Diagram)

CTFactor = 1.000000e+000

QX #§ A Pourbaix diagram :

> Marcel Pourbaix : $,=. *j F‘& EE*—I'MZ N3GK25D3Fe06.dat_[Fe]tot=1.006-06_NIS=20/20

> &£111904 (Myshega, Russia) - E"1998/09
(Brussels, Belgium) ° o B

> 111938 218Eh(potential)-pH diagrams - Wb

> T Atlas of Electrochemical Equilibria in Aqueous ol

Solutions ; (1966) -

> T Atlas of Chemical and Electrochemical
EI%%iéi)bria in the Presence of a Gaseous Phase |

Hematite
(Fe,05)

QEh-pHIZEMHE :
> B 2Ryt B4 RPrE R pITHE
A LUK AT EF%(#I]TEIEPEI’JFe)E*Hﬂ:.Fﬂﬂ%#'F

HyiEERUEE -
>7|‘E'=PEEH EMJC%’F ERFEZEhKpHIFH T Z
2NBIBE "M
> ERERE - B - ﬁﬁ?:%l"1m1¢‘l¢ - EBEAENE

IJII"
pe
& & A o o N B > o
T T T g - Y T

l'

X

S
o
T

E*H.o -12
-SRI AR 8 BRI R, EIRLUR M oo
AR THREL - ERIREAREN e )
Jd
> B : SBEMIBHTE  REaSEFET - PR
MR(ZE - %iE)E TR -

AmemLin_CGICIA_PhaseChem_V2011--- Diagram created on 2011/02/09:15:20:14

Eh(mV, SHE)
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insustrt echnology Stable Range of a Species in a Phase Diagram
(the 2"d law of thermodynamics)
For a chemical regction system, the independent reaction e.g., H,CO5 < 2H* + CO;Z
between the species S; and S; can be expressed as:
//’—~\\ ,,” ________ S~ |
LS P V(—,050 T V(-iy191 t o H V(o Nas-1SNas-1 TV(-0),jS; ) " // I
.- S~ __-- -7 \l 7/ !
A /7 |
auxiliary species == X —Xmin 2 0 !
N X & 20 4= - —
From the 2nd law of thermodynamic, the stable criteria for Yinax ‘\ e ———r-=-
the interested species S; (reactant) in this reaction can be v/ :
expressed as: ,’\\aN,s_IX'+ Byis—1Y + Cyis—1 3 0 Voo
~ ( \ -
0 k=NS—1 Se 1 s v Y+ Y =0
AG(j-jy AG(_y N Z (v o X In(a )) 7/\\&3?(+\53Y+63 >0 ,/m
RxT RXT G-Dik k Spel s N 7
k_NS]i=10 // / N a1X + b1Y ;Cl >0 //
~ Y=Ypin=0
(k. N l // ) ’/ \\/// min
= n( (J—l)) + (V(J—l),k X "(ak)) ) @X+b 4520 P A
_ k=0 Vs ~ ~ |
= a(]_l)X + b(]_l)Y + E(]_l) 2 0 Ymin \\ o :
Xmin //pH Xn:ax N _\_\_ N
where, (j — i) = {1,2, ..., NIS — 1} AN
"7
For example, X = pH,and Y = pe for Eh(pe)-pH phase diagram. === e \\
e 4 \
' 4
// // \\
Range of diagram: )/ \
X—Xmin=0 X+ Xmax =0 I aX,+bY,+¢c;=0
Y_¥,. >0 YiY...20 the stable range (polygon) G+ ByYi+ =0
of the species §; X, = (bit, - B;e0)/(aiB, — a;5,)
Y, = (a;c; — ac;)/(a:b; — a;b;)
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Pl B s esrrpﬁodynamic Stability of UO2 and Cu @ 80 °C

CTFactor = 1.000000e+000

KMBH04:054~056m
- 7Y
IKMBH03:094~096m

N6GK80D3U06C_CI_S$_KmiCon.dat_[U]tot=1.000-06_NIS=103/116
MyPlotRange_N3GK80D3C_KmiCon_N3GK80D3S_KmiCon_N3GK80D3CI_KmiCon.dat.pol

KMBHO01:489~492m | 12

]
KMBHO03 :479~481mA

]
KMBH04:498~500m‘ 0o 1 2

]
IKMBH06:499~501m

| 16 | Eas
KMBH05:094~096mi| wl o

|
KMBHO06:128~130m " 12}

] 10 | U2+
FMBH01:195~198m .l o

|
KMBH05:258~260m=| 8

I s B
F(MBH06:278~280m

| 2
KMBH04:269~271m | & ©

- -
KMBHO04:344~346m

- -4
KMBHO01:351~354m -6

L -8
KMBH03:390~392m

-10

 uozcom | - E
: ! T~ [+0300
S U02(CO3)3— :

UOZ(OH)3

T 8 9 10 11 12 13 14

l AmemLin_CGICIA PhaseChem V2011--- Diasram created on 201 1.@3_!‘09:1 5:32:42

CTFactor = 1.000000e+000

|KMBH04:054~056m:
. A
K MBH03:094~096m

N6GK80D3Cu06C_CI_S_KmiCon.dat_[Cu]tot=1.00e-06_NIS=44/45

]
L
KMBH05:094~096m—|
]

*
KMBH06:128~130m

]
KMBHO01:195~198m

|
KMBH05:258~260mi|

|
KMBHO06:278~280m

|
KMBH04:269~271m |

|
KMBHO04:344~346m |

|
|KMBH01:351~354m

|
KMBH03:390~392m

FMBH01:489~492n‘1-‘|

]
Al
KMBH03:479~481m
]

2
IKMBH 04:498~500m 0o 1 2
]
IKMBH06:499~501m

l AmemLin_CGICIA PhaseChem V2011--- Diasram created on 201 1.@3_!‘09:1 5:24:56

MyPlotRange_N3GK80D3C_KmiCon_N3GK80D3S_KmiCon_N3GK80D3CI_KmiCon.dat.pol

Eh(mV, SHE)

For depth > 400 m, UO2 (Uraninite) is in its thermodynamic stable environment (solubility < 10-* mole/kgW) @ T = 80 °C.
Average GW properties (400 m to 500 m): Age (C-14 Dating) = 8,000 to 14,000 B.P., T = 32 °C, pH = 9, Eh = -400 mV.

Copyright 2014 ITRIT i i 75h5%
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Temperature Effect

CTFactor = 1.000000e+000

IKMBH04:054~056m

N6GK32D3U06C_CI_S$_KmiCon.dat_[U]tot=1.000-06_NIS=103/116
MyPlotRange_N3GK32D3C_KmiCon_N3GK32D35_KmiCon_N3GK32D3CI_KmiCon.dat.pol

CTFactor = 1.000000e+000

NEGK80D3U06C_CI_S_KmiCon.dat_[U]tot=1.00e-06_NIS=103/116

KMBH04:054~056m MyPlotRange_N3GK80D3C_KmiCon_N3GK80D3S_KmiCon_N3GK80D3CI_KmiCon.dat.pol

l
7Y
KMBH03:094~096m

]
L
KMBHOS5: 094~{)96m—|
]

*]
KMBH06:128~130m

]
KMBHO01:195~198m

]
o]
KlV[BH05:258~260m_|
]

KMBHO06:278~280m
|
KMBHO04:269~271m |
|
KMBHO04:344~346m |
|
KMBHO1:351~354m
|
KMBH03:390~392m

KMBH01:489~4921‘1:‘|
|
KMBH03:479~481m ' |
|

@
KMBH04:498~500m
|
KMBH06:499~501m

pe

16

12

10 |

Uo2e+ @) ; S -

U02(CO32-

UOZ(CO3)3-—-

0 1 2 3 4 5 6 T 8 9 10 11 12 13 14

]

7Y
IKMBH03:094~096m

KMBH01:195~198m

]
[
KMBH05:258~260m-|

]

IKMBH06:278~280m

C
IKMBH04:269~271m

¢
KMBH04:344~346m

IKMBH01:351~354m

]

KMBH03:390~392m

KMBH01:489~4921in-‘|

Al
KMBH03:479~481m

7
IKMBH04:498~500m

KMBH06:499~501m

] 16 | s
L] i
KMBH05:094~096m_| - SN
: 5
* 12 |
KMBH06:128~130m
] 10 | uoz++

pe

Uo2(Cco3R—

o7 U02(CO3)3—
333(beta)

0 1 2 3 4 5 ] T 8 9 10 11 12 13 14

l AmemLin CGICIA PhaseChem V2011--- Diagram created on 2011/02/09:15:30:21

l AmemLin_CGICIA PhaseChem V2011--- Diagram created on 2011/02/09:15:32:42

Temperature Effect: 32 °C is the average groundwater temperature @ 400~500 m depth of K-area; 80 °C is the limited temperature
of cupper canister.
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Temperature Effect

F(MBH04:054~056m<
. Al
K MBH03:094~096m

l
KMBH05:094~096m.|
l

x|
KMBH06:128~130m

]
FMBHOI :195~1 98m;l

l
o]
KMBH05:258~260m-|
]
FMBH06:278~280m
]
C
KMBH04:269~271m
l
*
KMBH04:344~346m

l
F(MBH01:351~354m
]

KMBH03:390~392m

F(MBHOI :489~4921$1T|

]
IKMBH03:479~481 mA

1
KMBH04:498~500m’

]
IKMBH06:499~501m

CTFactor = 1.000000e+000

N6GK32D3Cu06C_Cl_S_KmiCon.dat_[Cu]tot=1.00e-06_NIS=44/45
MyPlotRange_N3GK32D3C_KmiCon_N3GK32D3S_KmiCon_N3GK32D3CI_KmiCon.dat.pol

Eh(mV, SHE)

AmemLin_CGICIA PhaseChem V2011--- Diagram created on 2011/02/09:15:24:42

KMBH04:054~056m
|

7Y
IKMBH03 :094~096m

l
KMBHO05 :094~096ml|
l

IKMBH06:128~130m*

]
KMBHO01: 195~198m;|

|
KMBH05:258~260m=|

|
KMBH06:278~280m

|
KMBH04:269~271m |

|
IKMBH04:344~346m’

|
KMBHO1:351~354m

|
IKMBH03:390~392m

KMBH01:489~492$‘|
|

KMBHO03:479~481m |
|

CTFactor = 1.000000e+000

N6GK80D3Cu06C_Cl_S_KmiCon.dat_[Cu]tot=1.00e-06_NIS=44/45
MyPlotRange_N3GK80D3C_KmiCon_N3GK80D3S_KmiCon_N3GK80D3CI_KmiCon.dat.pol

7
IKMBH04 :498~500m

l
KMBH06:499~501m

AmemLin_CGICIA PhaseChem V2011--- Diagram created on 2011/02/09:15:24:56

Eh(mV, SHE)

Temperature Effect: 32 °C is the average groundwater temperature @ 400~500 m depth of K-area; 80 °C is the limited temperature
of cupper canister.
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Stability Criteria

CTFactor = 1.000000e+000

IKMBH04:054~056m
- 7
KMBH03:094~096m

N6GK32D3U06C_CI_S$_KmiCon.dat_[U]tot=1.000-06_NIS=103/116
MyPlotRange_N3GK32D3C_KmiCon_N3GK32D35_KmiCon_N3GK32D3CI_KmiCon.dat.pol

| 16
KMBH05:094~096m.| b
|
* 12 |
KMBHO06:128~130m
] 10 |
KMBHO01:195~198m :
|
5]
KMBH05:258~260m-| 6
I

IKMBH06:278~280m

I 2
<]
IKMBH04:269~271m a o
[’ 2 5
IKMBH04:344~346m
4
| j;
IKMBH01:351~354m -6

]
KMBH03:390~392m

KlV[BH01:489~492rin_‘| 12
|

KMBH03:479~481m |
|

KMBH04:498~500m’ 0o 1 2
|
[KMBH06:499~501m

U02(CO32-

UOZ(CO3)3-—-

uoz{oms};

1 12 13 14

AmemLin CGICIA PhaseChem V2011--- Diagram created on 2011/02/09:15:30:21

CTFactor = 1.000000e+000

IKMBH04:054~056m

]

7Y
IKMBH03:094~096m

N6GK32D3U08C_CI_S$_KmiCon.dat_[U]tot=1.000-09_NIS=103/116
MyPlotRange_N3GK32D3C_KmiCon_N3GK32D35_KmiCon_N3GK32D3CI_KmiCon.dat.pol

| 16
KMBH05:094~096m.| b

|

* 12 |
KMBH06:128~130m

] 10 |
KMBHO01:195~198m :

|

]
KMBH05:258~260m-| 6

]

IKMBH06:278~280m

C
IKMBH04:269~271m

]

g
IKMBH04:344~346m

KMBHO01:351~354m

]

KMBH03:390~392m

KMBHO01 :489~4921fi|

]

KMBHO03:479~481m |

]

*
IKMBH04:498~500m 0o 1 2

IKMBH06:499~501m

U02(C03)2--

UO2(CO2)3——

T 8 9 10 11 12 13

AmemLin_CGICIA PhaseChem V2011--- Diagram created on 2011/02/09:15:35:07

+0900
+0800
+0700
gﬁ - +0600

| +0500

~ | +0400

Stability Criteria: solubility < 10® mole/kgW or < 10~° mole/kgW ?
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Component Effect

CTFactor = 1.000000e+000 CTFactor = 1.000000e+000

N10GK32D3U06C_CI_S_F_Si_N_P_KmiCon.dat_[U]tot=1.00e-06_NIS=178/200

N6GK32D3U06C_CI_S_KmiCon.dat_[U]tot=1.00e-06_NIS=103/116

IKMBH04:054~056m
- 7
KMBH03:094~096m

]
KMBH04:269~271m’
]
KMBH04:344~346m‘
]
KMBHO01:351~354m

]
KMBH03:390~392m

[(1\’[BH01:489~492$7|
|
KMBH03:479~481m ' |
|

£2
KMBH04:498~500m
|

IKMBH06:499~501m

MyPlotRange_N3GK32D3C_KmiCon_N3GK32D35_KmiCon_N3GK32D3CI_KmiCon.dat.pol

pe

0 1 2 3 4 5 6 T 8 9 10 11 12

13 14

lAmemLin CGICIA PhaseChem V2011--- Diagram created on 2011/02/09:15:30:21

IKMBH04:054~056m |

]

7Y
IKMBH03:094~096m

T | i T T T T T T E
| 16 | > i |
KMBH05:094~096m.| ol R KMBH05:094~096m.|
1 : i1 +0800 T
X 12 1 T *
KMBHO06:128~130m : 140700 KMBHO06:128~130m
I 10 | Uo2es o 4 | +0600 L
KMBHO01:195~198m | & KMBHO01:195~198m
8 | UO2(CO3)2-- o o500
= i _ L +0a00 =
KMBH05:258~260m-| 6t UOR(COB)3- KMBH05:258~260m-|
I i I
IKMBH06:278~280m UOQ[OH);:, IKMBH06:278~280m %003}3-—
| .

C
IKMBH04:269~271m

]

g
IKMBH04:344~346m

KMBHO01:351~354m

]

KMBH03:390~392m

KMBHO01 :489~492[fi|

|
KMBHO03:479~481m |
|

<*
KMBHO04:498~500m

|
KMBH06:499~501m

MyPlotRange_N3GK32D3C_KmiCon_N3GK32D3N_KmiCon_N3GK32D3F_KmiCon_N3GK32D3
Si_KmiCon_N3GK32D3P_KmiCon_N3GK32D3S_KmiCon_N3GK32D3€1_KmiCon.dat.pol

UQ2(OH)3-

T 8 9 10 11 12 13 14

lAmemLin CGICIA PhaseChem V2011--- Diagram created on 2011/02/09:16:30:34

Component Effects: Although Soddyite (U2SiO10H4) is a theoretically stable solid phase for U in an oxidation and Si rich
environment, the existence/precipitation of Soddyite for retarding the U migration should be ignored for conservative

consideration. The conversion from Uraninite to Soddynite could be a kinetic controlled process.
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Redox Rxn (1/3): Fe(ll)/Fe(lll)

IKMBH04:054~056m
- 7
KMBH03:094~096m

CTFactor = 1.000000e+000

N3GK32D3Fe_Kmd_lonicOnly.dat_[Fe]tot=5.18e-06_NIS=12/20
MyPlotRange.dat.pol

]
KMBH05:094~096m.|
l

*]
IKMBH06:128~130m
]
KMBH01:195~198m

l
[
KMBH05:258~260m-|
]

IKMBH06:278~280m

]
KMBH04:269~271m‘
]
KMBH 04 :344~346m‘
]
KMBHO01:351~354m

]
KMBH03:390~392m

mBH01:4s9~492ni?|
|
KMBH03:479~481m ' |
|

Eh(mV, SHE)

2
IKMBH04:498~500m
]
IKMBH06:499~501m

IKMBH04:054~056m

]

7Y
IKMBH03:094~096m

]
KMBH05:094~096m.|
l

KMBH06:128~130m |

]

KMBH01:195~198m

l
[
KMBH05:258~260m-|

]

IKMBH06:278~280m

C
IKMBH04:269~271m

]

g
IKMBH04:344~346m

]
KMBHO01:351~354m
]
KMBH03:390~392m

KMBH01:489~492}11-‘|
]

Al
IKMBH03:479~481m
l

2
IKMBH04:498~500m

]
IKMBH06:499~501m

CTFactor = 1.000000e+000

N3GK32D3Fe_Km4.dat_[Fe]tot=5.18e-06_NIS=20/20
MyPlotRange.dat.pol

2 3 4 5 6 7 8 9 10 11 12

13

Eh(mV, SHE)

14

AmemLin_CGICIA PhaseChem V2011--- Diagram created on 2014/10/19:11:45:22

AmemLin_ CGICIA PhaseChem V2011--- Diagram created on 2014/10/19:11:47:11

4Fe** + 12H,0 — 4Fe(OH)3(qq) + 4€™ + 12H* 4Fe*" + 6H,0 — 2Fe,03(Hematite) + 4e” + 12H"

Redox pair: Iron redox pair could control the redox characteristics of GW in K-area

4Fe304(Magnetite) + 2H,0 — 6Fe,0;(Hematite) + 4e~ + 4H™
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Redox Rxn (2/3): S(+VI)/S(-l)

IKMBH04:054~056m
- 7
KMBH03:094~096m

CTFactor = 1.

000000e+000

N3GK32D3S_Kmd_lonicOnly.dat_[S]tot=9.59e-05_NIS=5/28
MyPlotRange.dat.pol

]
IKMBH06:499~501m

AmemLin_CGICIA PhaseChem V2011--- Diagram created on 2014/10/19:11:50:27

|
KMBH05:094~096m.| +0300
| +0800
*|
IKMBH06:128~130m ++0700
I - +0600
KMBHO01:195~198m | Jg500
l = +0400
KMBH05:258~260m-|
- +0300
KMBH06:278~280m e
| +0100
<
IKMBH04:269~271m -+0000
I L-0100
|
KMBH04:344~346m +-0200
' -0300
KMBHO01:351~354m 7
l 0500
IKMBH03:390~392m
--0600
KMBHO01 :489~492}:| 0700
T : 10800
n -14 1
KMBH03:479~481m 3 +-0900
T -16 - !
r3 elet 1 i 5 ] 1k R ISR &t & L S
IKMBH04:498~500m 0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Eh(mV, SHE)

IKMBH04:054~056m

]

7Y
IKMBH03:094~096m

]
KMBH05:094~096m.|
l

KMBH06:128~130m |

]

KMBH01:195~198m

l
[
KMBH05:258~260m-|

]

IKMBH06:278~280m

C
IKMBH04:269~271m

]

g
IKMBH04:344~346m

KMBHO01:351~354m

]

KMBH03:390~392m

KMBHO01 :489~4921fi|

]

KMBHO03:479~481m |

]

CTFactor = 1.000000e+000

TestN3GK32D3S_400m.dat_[S]tot=9.59e-05_NIS=6/28
MyPlotRange.dat.pol

+0900
+0800
+0700
+0600
+0500
+0400
+0300
+0200

+0100

2
IKMBH04:498~500m
]
IKMBH06:499~501m

13

AmemLin_CGICIA PhaseChem V2011--- Diagram created on 2014/10/19:11:48:39

Eh(mV, SHE)

HS™ +4H,0 - SO, +8e~ + 9H*
Redox pair: Sulfur redox pair could also control the reducing characteristics of GW in K-area
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Redox Rxn (3/3): formation of pyrite

IKMBH04:054~056m
l A
KMBH03:094~096m

]
KMBH05:094~096m.|
l

*]
IKMBH06:128~130m
]
KMBH01:195~198m

l
[
KMBH05:258~260m-|
]

IKMBH06:278~280m
]
KMBH04:269~271m‘
]
KMBH04:344~346m‘
]
KMBHO01:351~354m

]
KMBH03:390~392m

KlVIBH01:489~492ni1_‘|
|
KMBHO03:479~481m |
|

£2
KMBH04:498~500m 0

|
KMBH06:499~501m

CTFactor = 1.000000e+000

N4GK32D3Pyrite_Kmb5.dat_[Fe]tot=5.18e-06_NIS=29/29
MyPlotRange_N3GK32D3S_Kmb5.dat.pol

1 2 3 4 5 6 T 8 9 10 11 12

13

AmemLin_CGICIA PhaseChem V2011--- Diagram created on 2014/10/19:12:01:15

Eh(mV, SHE)

14

CTFactor = 1.000000e+000

IKMBH04:054~056m

N4GK25D3Pyrite_Kmb5.dat_[Fe]tot=5.18e-06_NIS=29/29

]

MyPlotRange_N3GK25D35_Kmb5.dat.pol

2
IKMBH03:094~096m

]
IKMBHO05 :094~096m.|
l

KMBH06:128~130m |

]

KMBH01:195~198m

l

[

IKMBHO05 :258~260m-|
]

IKMBH06:278~280m

C
IKMBH04:269~271m

]

g
IKMBH04:344~346m

KMBHO01:351~354m

]

IKMBH03:390~392m

KMBH01:489~49231-‘|

]

A
IKMBH03:479~481m

]

2
IKMBH04:498~500m 0

1 2 3 4 5 6 T 8 9 10 11 12 13

IKMBH06:499~501m

AmemLin_CGICIA PhaseChem V2011--- Diagram created on 2014/10/19:18:31:19

Eh(mV, SHE)

Pyrite is found in some core samples (e.g., KMBH03:479~481m).
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Source of Kaolinite?

CTFactor = 1.000000e+000

IKMBH04:054~056m
l A
KMBH03:094~096m

IKMBH06:499~501m

12.00
|
11.50
KMBH05:094~096m.|
T 11.00
*|
IKMBH06:128~130m 10.50
I 10.00
IKMBHO01:195~198m 9.50
l. 9.00
KMBH05:258~260m-|
8.50
I
KMBH06:278~280m | _ °%°
— & 7.50
=z
4 =
KMBH04:269~271m | 2 7.00
[ = 650
ol T
IKMBHO04:344~346m | E g0

5.50
KMBHO1:351~354m
5.00
|
KMBH03:390~392m s
4.00
KNIBH01:489~49211{_‘| 350
| 3.00
KMBHO03:479~481m | 550
! - 2.00
KMBH04:498~500m 1.00

NSGK28D3KAIDBSiCon.dat_[Al]tot=1.00e-08_NIS=29/31
MyPlotRange.dat.pol

Gibbsite

1 Il 1

P2(aq)

150 200 250 300 350 400 450 500 550
PISiO2(aq)]

AmemLin_CGICIA Ph_a_:j.eChem V2011--- Diagram created on 2014/10/30:21:47:04

6.00

IKMBH04:054~056m

]

A
IKMBH03:094~096m

]
KMBHO05 :094~096m.|
l

x|
IKMBH06:128~130m

]

KMBHO01:195~198m

l
-]
KMBH05:258~260m-|
]

IKMBH06:278~280m

C
KMBH04:269~271m

]

C
IKMBH04:344~346m

KMBHO01:351~354m

]

KMBH03:390~392m

l
o0
Kl\’IBH01:489~492m-|
]

KMBHO03:479~481m |

]

2
IKMBH04:498~500m

CTFactor = 1.000000e+000

IKMBH06:499~501m

p[H+]-1.00p[K+]

NSGK28D3KAIDBSiCon.dat_[Al]tot=1.00e-08_NIS=24/26
MyPlotRange.dat.pol

5.50

5.00

4.50

3.50

Gibbsite

3.00

1.00 1 | 1

100 150 200 250 300 350 400 450 500 550
pISiO2(aq)]

AmemLin_CGICIA Ph_a_:j.eChem V2011--- Diagram created on 2014/10/30:23:23:30

6.00

Kaolinite could be form from weathering of albite. Muscovite could be form from weathering of microcline.
However, during their weathering, their could be some intermediate minerals(s) (e.g., saponite, nontronite, etc.) .
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Source of Muscovite, lllite & Mont.?

CTFactor = 1.000000e+000

IKMBH04:054~056m
l 2
IKMBH03:094~096m

6.00

5.50

]
IKMBHO05 :094~096m.|
l

X
IKMBH06:128~130m
l 5.00

KMBH01:195~198m

4.50

l

[

IKMBHO05 :258~260m-|
]

KMBH06:278~280m | — *%°
C &
9 8
KMBH04:269~271m | & 350
T
C &
o

KMBHO04:344~346m | ° 300
|
KMBHO1:351~354m
|
KMBH03:390~392m
|
KMBHO1:489~492m |
| 1.50
KMBH03:479~481m |
[‘ 1.00
IKMBH04:498~500m 100 150 200

|
KMBH06:499~501m

2.00

N5GT25D3KAI06SiCon.dat_[Al]tot=1.00e-06_NIS=23/26
MyPlotRange.dat.pol

Gibbsite

250 300 350 400 450 500 550
pISiO2(aq)]

! AmemLin_CGICIA PhaseChem V2011--- Diagram created on 2014/11/01 :12:0_3:_59

6.00

CTFactor = 1.000000e+000

KMBHO04:054~056m

]

7Y
IKMBH03:094~096m

]
IKMBHO05 :094~096m.|
l

KMBH06:128~130m |

]

KMBH01:195~198m

l

[

IKMBHO05 :258~260m-|
]

IKMBH06:278~280m

C
IKMBH04:269~271m

]

p[H+]-1.00p[K+]

g
IKMBH04:344~346m

KMBHO01:351~354m

]

IKMBH03:390~392m

]

o0
KMBH01:489~492m

]

A
IKMBH03:479~481m

]

*
IKMBH04:498~500m 100 150 200 250

IKMBH06:499~501m

300 350 400 450 500

PISiO2(aq)]

N5GT25D3KAI06SiCon.dat_[Al]tot=1.00e-06_NIS=23/26
MyPlotRange.dat.pol

My_Gibbsite

5.50

AmemLin_CGICIA PhaseChem V2011--- Diagram created on 2014/11/01 :12:9&:26

6.00

The possible intermediate materials for the muscovite formed from the weathering of microcline.
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PhaseChem

(A Window Application for Building Eh-pH and Activity-Activity Diagrams)

Eh-pH Act-Act
diagrams diagrams
A
r I
: Cu...25C  Fe...25C U...25C Cu02C02...25C
I : Image Core : : D
: Phas eChﬁm | CImageUtil - e dizgl;s:\m on l 11 ,
I screen and cliphboard 11 - s

! I I 3 I -
: ; T T Database Core ": : / XYZ.dat.dib / CPlotXYPoly : : > ;
1! | fmmm e s s m --- - _‘ 1
: : CPYPXInter ; ! ¥ Calculation Core T- | : B
: : t : : / XYZ.dat / —7/ XYZ.dat.cal i :
| I CPYPXDatabaseScurce| | | * I ! L) Fe 80C U .. .80C CaAIS| . .25C
: : G Citq(l)\l;{lné%]sc : : CPYPXData 7/ XYZ.dat.pol | : L A AT T e

as. in I - !
: : ————— ————I : i ABCLtpol / ! f / ! : E
T I === :dl.p:l Z-zz% :Il.R a—:g:;di_m:m: :: .! > =)

ODBC driver o DSN=CGICIA Q—bi CCICIA.mdb j :

Special Design for Data Interpretation - PhaseChem Designed by ITRI-ERL-AmemLin: 2004

PhaseChem use the most internal consistence thermodynamic database from EQ3/6!
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GWB

(The Geochemist’s Workbench)
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B & PhaseChem @N3T25°C

N3GK25D3Cu08.dat_[Cultot=1.00e-08

N3GK2503F=06.dat_[Feltot=1.00e-06

N3GK25D35e06.dat_[Seltot=1.00e-08

N3GK25D3U06.dat_[Ultot=1,00e-08
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10| i 4 10 g
g R i1 e
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4r Hemailite - 4R H
2k Fe'! 2T
2 g ok - 2 g of woyon
2oL g ) o al I
41 S oy o a@- 3 Uraninite 1
£ - |
& “ ] - -
0+ * = Magnetiy = A0k . o |
-2 - son |
.. F“a{ﬁ‘)j v
14+ - Eris 3 EFye -
-16 -18 -18 -18
! L L 1 1 L L L ! L L L 1 ! L L 1 1 L L L ! L L L 1 ! L L 1 i L L L ! L L L 1 ! L L 1 1 L L L ! L L L 1
1 2 3 4 5 6 7 8 9 10 11 1213 14 o1 2 3 4 5 6 7 8 9 10 11 12 13 14 01 2 3 4 5 6 7 & 9 10111213 14 1 2 3 4 5 B 7 8 9 1011 1213 14
pH pH ™ pH pH
R— e |dentical Results R—
NIGK25DICLO08 dat_[Cutot=1.006-08_NIS=T/B N3IGK25DIFe08. dat_[Fe]tat=1.000-08_NIS=2020 NIGK25035008.dat_{Se]tot=1.00s-06_NIS=12112 dat_[U]tot=1.00e-06_
MyPlotRange. dat.pal MyPlotRange.dat.pal MyPlotRange.dat.pal MyPlotRange.dat.pal
18 .
" Ty )
12 2
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1 LOCH g
8

Eh{mV, SHE}

Eh{mV, SHE}

Eh{mV, SHE}

H2Seiaq)
-0 | -0600
A2 Lo | -0To0
Er | -0800
0900
A8 !
o 1 2 3 4 5 & 7 8 8 10 1M 121 o 1 2 3 &4 5 & 7T 8 ®§ 10 11 12 13 14

Eh{mV, SHE}

AmomLin_CGICIA_PhaseChom V2011 Diagram created on 2011/02/09:15:20:10 AmomLin_CGICIA_PhaseCham_V2011-— Diagram created on 2011/02/09:15:20:26 AmemLin_CGICIA_PhaseChom V2011 Diagram created on 2011/02/09:15:20:20
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GWB & PhaseChem @N3T80°C

N3GK80D3Cu08.dat_[Cultot=1.00e-08
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CTFactor = 1.000000e+000
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MyPlotRange. dat.pal

Eh{mV, SHE}

CTFactor = 1.000000e+000
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MyPlotRange.dat.pal
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MyPlotRange.dat.pal
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CTFactor = 1.000000e+000

dat 1.000-06_
MyPlotRange.dat.pal

0 11 12 14

AmemLin_CGICIA_PhaseChem_V2011— Diagrom created on 2011/02/09:15:20:11
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AmemLin_CGICIA_PhaseChom V2011 Diagram created on 2011/02/09:15:20:18

AmemLin_CGICIA_PhaseCham_V2011-— Diagram created on 2011/02/09:15:20:28

AmomLin_CGICIA_PhaseChom V2011 Diagram created on 2011/02/09:15:20:22
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N10GK25D3Cu08C_CI_S_F_Si_N_P_SeaCon.dat_[Cultot=1.00e-08

T[T AT T SR S B e R B E

pe

L 1 1 L L 1
g 9 10 11 12 13
pH

N10GK25D3Fe08C_CI_S_F_Si_N_P_SeaCon.dat_[Fetot=1.00=-08

T L T L L A TSN B R B S

T U (RN [ R [N S (LMY, [N LY A (N [ |
2 3 4 5 8 T 8 9 1011 12 13 14

CTFactor = 1.000000e+000

N10GK2503Cu06C_CI_S_F_Si_N_P_SeaCon.dat_[Cujtot=1.00e-06_NIS=64/65
MyPlatRange_NIGK25DIC_SeaCon_N3IGKISDIN_SeaCon_NIGK25DIF_SeaCon_NIGK25D3
_SeaCon_| _SeaCon_| _SeaCon_| |_SeaCon.dat.pol

Eh{mV, SHE}

ldentical

N10GK25DIFe06C_CI_S_F_Si_N_P_SeaCon.dat_[Fe]tot=1.00e-06_NIS=TE/TE
MyPlatRange_NIGK25DIC_SeaCon_NIGKISDIN_SeaCon_NIGK2503F_SeaCon_NIGK25D3
_SeaCon_| _SeaCon_| _SeaCon_| |_SeaCon.dat.pol

CTFactor = 1.000000e+000

SRERRRE

& £
E g
Eh{mV, SHE)

AmomLin_CGICIA_PhaseChom V2011 Diagram created on 2011/02/09:18:52:18
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AmemLin_CGICIA_PhaseChom V2011 Diagram created on 2011/02/09:18:24:48

AmomLin_CGICIA_PhaseCham_V2011-— Diagram created on 2011/02/09:15:39:42

AmemLin_CGICIA_PhaseChom V2011 Diagram created on 2011/02/09:16:05:14
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N10GKB0D3Cu08C_CI_S_F_Si_N_P_SeaCon.dat_[Cultot=1.00e-08
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_SeaCon |_SeaCon_N _SeaCon_N3GK80D3
_SeaCon_| |_SeaCon.dat.pol

"8 Mon _SeaCon_|

Eh{mV, SHE}

AmemLin_CGICIA_PhaseChom V2011 Diagram created on 2011/02/09:19:01:02
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CTFactor = 1.000000e+000
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on_N _Km! _KmS5Con_NIGKSOD3I
P_KmSCon_| |_KmSCon.dat.pal

SI Hm!Cen Km!Con

12 1

wmﬁhmnﬁaﬂﬁ =p=Y01

N10GKBOD3U0SC_CI_S_F_Si_N_P_HciCon.dat_[Ultot=1.00e-08

~ R — 1 T T 1

N10GKBOD3U0EC_CI_S_F_Si_N_P_SeaCon.dat_[Ultot=1.00e-08

™ T T T T T T T T 7T

s " ] 165" ]
14 14
12 12
10 10
8 8
6 6
4 4
2 2
g 0 & 0
2 2
-4 4
5
8 3
=10 =10
a2 e = A2 e -
14t - EVeS i
18 16
1 L L s A L L L 1 1 L L 1 1 L L s s L L L 1 1 L L 1
01 2 3 4 5 6 7 8 9 1011 12 13 14 0 1 2 3 4 5 6 7 & 9 1011 12 15 14
pH pH
..mﬁmm CTFactor = 1.000000e+000

N10GKBODIUOEC_CI_S_F_Si_N_P_HciCon. MJ'IJ]lolll.ﬂOt-ﬂG NISs178/200
_Hel

N10GKBODIUDGC_CI_S_F_Si_N_P_SeaCon.dai_[U]tote1.00e-06_N5=178/200
_SeaCon

MyPlotRange_N3IGKIODIC_HeiCon N *_HeiCon_|
5i_HciCon_N _HeiCon_| 1_HciCon.dat pol

HCI:OII

8 10 11 12 13 14

[# FIPhaseChemifl & F GWB# 13

-J

EE (BRI BT 8) EPhaseC

al| crn 70321

emRIOERLEL

1

aCon_N SeaCon_NIGKS0DI
5_SeaCon_| £|_SeaCon.dat.pol

"8 SuCon N _SeaCon_|

ﬁmﬂ?

=]

B - HHEZEHEE I

39



TR BT

Industrial Technology
Research Institute

f

U&Cufl)

Ra

N

73

2

A

= 454

mEm

JJET

= (32 5

(EBECEREUENRBRELETSESHEBERFTESER - 7 ZEh(E)

Copyright 2014 ITRIT i i 75h5%

Solubility of Cu ~ Se and U at pH=8.6 ; GWB 8.0, Database = thermo.com.v8.r6+.dat

Cu(31C) Cu(80C) =====U02(31°C) === U02(80C) =====U02.3333(beta)(31°C) === U02.3333(beta)(80°C ) ======Se(31°C) === Se(80°C)
CTFactor = 1.000000e+000
2
. ‘ N6GK32D3U06C_CI_S_KmiCon.dat_[U]tot=1.00e-06_NIS=103/116 0
KMBH04:054~056m MyPlotRange_N3GK32D3C_KmiCon_N3GK32D3S_KmiCon_N3GK32D3CI_KmiCon.dat.pol M | / / ,/I/
| 2 S ] )
Yy ~ K / e
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- 16 | S 3 5 R ,:‘,’:9/ d
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"l o 2. St S
T | +0800 Z \_\‘ ~5% ‘
* SRee — 5 e I e
KMBH06:128~130m Ll R +0700 PO g BU = 7
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] 10 | Uoze+ Uo2C03ag) I Tk w1 /
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. ry -2 Solubility of Cu ~ Se and U at pe=-5.73 ; GWB 8.0, Database = thermo.com.v8.r6+.dat
IKMBH04:344~346m :
T -4 ] cu(31C) Cu(80C) U02(31C) === U02(80°C) === U02.3333(beta)(31°C) === U02.3333(beta)(80°C) =====Se(31°C) === Se(80°C)
KMBHO01:351~354m -8 2
' -8 ° ~ Sseel
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gn{a) 12 LE BRI BB (B ER)

Minerals (delta mol)
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Possible Variation Ranﬂ

Nuclide stability (solubility/adsorption)
= function of pH & Eh
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Reaction Networks

T Reactions logK25

1 | Quartz (5i0,); Si0; < SiOyaq) -3.9993
1 | Maximum_Microcline (KAISi;0g); KAlSi305 +4 H* & K* + Al*™ + 3 S5i0y(44) + 2 H,0 -0.2753
2 | Albite_low (NaAlSi;04); NaAlSi;0g + 4 HY & Na* + AI*™ + 3 Si0y(qq) + 2 H0 2.7645
2 | Anorthite (CaAl,(Si0,),), type= Feldspar; CaAl,(Si0); + 8 HY & Ca** + 2 A" + 2 Si0Ozq, + 4 Hy0 26.5780
2 | Phlogopite (KAIMg;Si01o(OH),), type = Mica; KAIMg5Siz010(0H), + 10 HY & KT + A"+ + 3 Mg*™ + 3 SiOyaq) + 6 H,0 37.4400
2 | Annite (KFe;AlSi;010(0H),) , type = Mica; KFe;AlSiz019(0H), + 10 HY & K* + 3 Fe™ + AI*** + 3 Si0y(aq) + 6 Hy0 29.4693
1 | Epidote (CayFeAl,Si;0,,0H); Ca,FeAl,Siz01,0H + 13 HY < 2 Ca™™ + Fe™™* + 2 AI"** + 3 Si0y(oq) + 7 H,0 32.9296
2 | Daphnite-14A (FesAlAlSi; 01, (OH)g), type = Chlorite; FesAlAlSiz01o(OH)g + 16 HY & 5 Fe™ + 2 AI*** + 3 Si03,q, + 12 H,0 52.2821
2 | Clinochlore-14A (MgsAl,Si301o(OH)g), type = Chlorite; Mgz AL, Si;019(0H)g + 16 H & 241" + 3 Si0yq, + 5Mg™" + 12 H,0 67.2391
2 | Tremolite (Ca;MgsSig0,,(0H),), type =Amphibole; Ca,MgsSig0,,(0H), + 14 HY & 2 Ca™™ + 5 Mg** + 8 Si05(,q) + 8 H,0 61.2367
2 | Anthophyllite (M g,Sig0,,(OH),), type =Amphibole; Mg,Sig0,,(0H), + 14 H" & 7Mg** 4+ 8 H,0 + 8 Si0(4q) 66.7965
2 | Diopside (CaMgSi, 05), type = Pyroxene; CaMgSi,0q + 4 HY < Ca** + Mg™™ + 2 Si0y(gq) + 2 H0 20.9643
2 | Hedenbergite (CaFe(Si0s);), type = Pyroxene; CaFe(Si03), +4 H* & Ca** 4+ Fe™ + 2 5i0y(,4) + 2 H,0 19.6060
2 | Andradite (CazFe;(Si04)3), type = Garnet; CazFe;(Si04); + 12 HY & 3 Ca™ +2 Fe™* + 3 5i0,(,9) + 6 H,0 33.3352
2 | Grossular (CazAlL,(Si0,)3) , type = Garnet; CazAl,(Si04); + 12 H* & 3 Ca'™ + 2 AI*™ + 3 Si0y(aq) + 6 H,0 51.9228
1 | Zoisite (CaZAl3(SlO4)30H) Ca,Al;(Si0,);0H + 13 HJr S 2Catt +3 AT +3 SlOz(aq) +7 H,0 43.3017
1 ol St K i e . A ' .\' 13.5858
1 1.8487
1 | Pyrite (FeS,); FeS, + Hy0 & Fe™ 102550~ + 175 HS— + 025 H* 24.6534
1 | Kaolinite (Al,Si;05(0H),); AlLSiz05(0H), + 6 H* < 2 A" + 2 Si0z5) + 5 H,0 6.8101
1 | Magnetite (Fe30,); Fe;0, + 8HT & Fett + 2Fet*™* + 4 H,0 10.4724
1 | llmenite (FeTi0,); FeTiO; + 2 H' + H,0 © Fe™  + Ti(0H) 4aq) 0.9046
2 | Hematite (Fe,03), type = end member of illite; Fe,03; + 6 HY < 2Fe*** + 3 H,0 0.1086
2 | Fluorapatite (Cas(P04)3F); Cas(P04)3F +3HY & 5 Catt +3 HPO;  + F~ -24.9940
3| Dawsonite (NaAICO5(OH),); NaAlCO3(OH), + 3 HT < AI*** + HCO; + Na* + 2 H,0 43464
3 | Dolomite (CaMg(C03),); CaMg(C0O3), + 2H & Ca*t + Mg*t + 2HCOZ 2.5135
3 | Saponite-Ca (Cag 165 Mg3Aly33Siz67010(0OH),), type = Smectite; 26.2900

Cag165Mg3Aly33Siz67019(0H), +7.32 H & 0.165 Ca*™ + 3 Mgt + 0.33 Attt + 3.67 Si03(49) + 4.66 H,0
3 Nontronite-Ca (Ca0.165F€2A10_335i3_67010 (OH)Z), type = Smectite; -11.5822
Cag.165Fey Al 33Si3.67010(0H), + 7.32 HY & 0.165 Ca** + 2 Fe*t* + 0.33 AI*** + 3.67 Si0y) + 4.66 Hy,0
3 Nontronite-Na (Smectite, Na0.33 F€2A10.33Sl.3.67 010 (OH)z), type = Smectite; -11.5263
Nags3Fe; Aly33Sis 6 010(0H), +7.32 HT © 0.33 Na* + 2 Fe**+ 4 0.33 AI*+* + 3.67 Si0yqy) + 4.66 H,0
1 | Zircon (ZrSi0,); ZrSiO4 + 2 H* <= Zr(0OH)3" + Si0yaq) -15.4193
3* | Gypsum (CaS0,: 2H,0); CaS0,:2H,0 & Ca’* + S0;~ + 2H,0 ~4.4823
3* | Tllite (lllite, Ko4M go25Alo5Si35010(0H),), type = lllite; KooMgoa5Aly3Sizs010(OH), + 8 H < 0.25 Mg™* + 0.6 K* + 2.3 A + 3.5 Si0y(aq) + 5 Hy0 9.0260
4 OH  +H" © H,0 13.9951
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Q—RgE
>BEIRNBREBEINSEEMTK "TXFRME 1 KIEEES -

® &EH(GTFSampler, ITRI) : Max.T = 204°C & Max.P = 77 bar
® 1ZE(ChemWish, ITRI) : HQ,1000 m

> IETE ) RVKEEMZFE/ERETRVIRE

o MEYHIFHE , MAKEEMNEZNG H REFNIWE "HARME ., OKEEN - BRLUEM "IERIER ., s9KEER ; MESER
RIRERERR) -

>IRHRE - BERNE!
»PhaseChemift 725t HEEIE - BEM ARMAIDIUIR -

QiR S5 ET (S

> REBXE:E - EOUHKESHTER - SERRERBIIEREE
>LUEKIC-19A6] - HOREaloEFE - Him L - g;}biﬁxquartz alo calcite °

® CalciteJIRZERRIR - EEFEIRI EEHA(PIERMIT) - oliRAequilibriumiZ#E -
® Quartz FYILRES S - BIURERRE - BE2HI9FTRELET - BERkineticst&E5E
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O ETEM{ M SER
> NKEIRR :
¢ IHEKEHTFEER  2FENRI00mER - B3R EEREEIEE(E<O) -
>EZERES32EEREAFNBRIE - 558 B/ EHERIE - HEEiRE

HERTCEEEBACIBEEZEEE
o SILBERE :

& UEE BRI IFe()/Fe() &S(-)/(V) R EILERKE -
® I REWRVIHKIR

& kaoliniteT 8t " [R5 1 RERalbitefI/E L - muscovitet] 8t " [FHa 1 RE X microclinefdE (L - BEREBEZEPT
AEFERE DR EY (W montmorillinite, saponite, nontronite&5 3 T iE4)) -

>IKEEZFEHE
ot ESinsiEE . EEE KUK EEIRIZ A A RMNpH REhEEB(R S ABEZTIE 2B KK
B ; CaseZ28Z4) ' [EEIS :

6.99 <pH <9.75: -0.45 volts S Eh £-0.17 volts -
FitpHREnEENEE - EFffBMNZEARRESZ(E - RK/ENE(L  BHREEESERENIIGER
2 GLIEEBRREDP -

o H¥IEEINEEIR - HEABKIMIKCEIRIEMNE S EE (CaseZ3) - TIREFRI :
6.71 < pH =<10.41 - -0.58 volts < Eh = 0.81 volts °
B bitipHREnE 8% E - HE EFEIEEEE -
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