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Abstract

In this study, the following tasks have performed in order to take in
consideration of coupling of transport and geochemical for performance
assessment of engineered barrier system for TRU waste isolation.

(1) We have reserched on the literature for coupling of transport and

(2)

(3)

(4)

geochemical models/codes, and discussed theier applicability to performance
assessment for engineered barrier system of TRU waste isolation. And we
have selected coupling code for engineered barrier system of TRU waste
isolation. This code is HYDROGEOCHEM which is developed by Dr.Yeh of the
Pennsy lvania State University under contract with U.S.DOE.

We have studied on method of operation to thermodynamic database for some
models and codes. And we have developed interface program in order to
generate thermodynamic database of HYDROGEOCHEM code from data of PHREEQE.

We have analyzed on verification and validation to confirm applicability of

HYDROGEOCHEM code. We have verified FEMWATER/FEMWASTE as benchmark analyses
PHREEQE and analytical equation. And we have refer smoll scale

experimental data which is interaction with water and pure concrete.

We have analyzed on long term evolution of bentnite and nuclide migration of
engineered barrier system for TRU waste isolation by using HYDROGEOCHEM
code.

Work performed by Computer Software Development Co., Ltd. under contract with
Power Reactor and Nuclear Fuel Development Corporation.

PNC Liaison : Waste Technology Development Division , Geological Isolation
Section, Tadashi Mano
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TI, SOHU(OH) s AIEECHY &A%, (RIFERITIoTo»> T, S0CaO0HU(OH) . INZEERY & TR
E{LPEEL S,

E3-25i3. KEEHRICHEIT S 1ERETOLAREE Lt RS EEDSHERLE
HDTHB, hILEEIChic> T, 2REREISEZREECHETH IFEL,

H3-2613. KERLMIRICHITBI00ERSETOLEREELeREREDOATERL
1bOTHDZ, EREFRER, HhSLADPREUDPEFRTEEELGY, B{EHRT
BonkMEREZTRL TS,

B3-271d, KEE(EMRICE TS 1 EHSTORBELFEREOAMERLICLDOTSH
%o T LRKICHIZ> T, S0Ca0HI(OH) A KEM A RAEMFEE L > TS, ~ T,
SOH(UDZ ) (GH)s. SOH(UG,)(OH), 13 TECHIAEB(LFEE Lo THVELD, BT AR
TEaHTBREHERL TS,

H3-2814. FKEALYRICH T 510006 S TORBEBREONHERLELBDT
B3, NSLOEEKESNSHREHEY TV U — MUK TIESOHUO, ) s (OH) YRS
TREESEEL->THY., av o U — MIDEETIES0Ca0HU(OH) s AW ECHI S IRIEL
FHEEL-TVE, b, MADREBEEEEL O LS LARICENWTHEELEAES T E
FUTUVB, %1z, SOHUO,)(OH), . SOHUCOH), I+, FEMAEBBILFEE L > THVE
WAL, H D ARSEICh > TIRIEE—Z8%ERLTH S,

F3-2913. KEE{EHRICEH TS 100, 1000FESICHE TS logKd) £FETOw b
Li-bDOTHB, 1000ERESTOKAIE., WSLOMBETELKY, IS ARTRE—X
SHEELTHY, EEEEFTETILOBEHERL TS,

_] 0_.
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& 31

BEfFEmR D — FORERER

Xt B {EBFET 21— | KT | SRR | ATF | FR5BME | BR5E | BESE | BohE 3 Al AR
aO—F # EE R | FTEEH: F—4
CHENTRAN A Al o | ol o |Fm|lFm| x |(EEEL-rHse
BB, BfRD ' B
BREF z w VAE | 1D A
1 1 e v
HeEdH Y,
CHEQMATE A A X A O O | O Q | Mavyy-thoak{tE
INEDOHEESR L, : JTI07 MEHT
-------------------------- 1D =5 ©
b=y A W A AEA, UK
VAR, BR{LETT
DHHEDH Y, (GrikeE 2. 281H)
HYDROFLOW O O O O O |FBE|REA| X | {(1H56RHT
HYDROGEOCHEM | ;&A% « ik, A 4 (2)I0F4) ST IR
wAsHs, IR, B | 1D @)
{tiﬁiﬁ_m&ﬁ% Y 28D
(SThkZE 2.131R)
CHEMXPORT @) @) X A O |7AB| X | FBF | (1)PNCEREFEHH
by Y i N i TRUMEBESEM
V. W&, B | 1D = O
{EETOBEHY | § | MMC, JP
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% 32 KB -PEBIOINVF-IENTHEALLLAS A%

KBRS A—4 NG A — 5 OETR REEE Ef

EREE K BADOME TEZ SN 3 FKEHIE, STLEERESSREUEE. 1078 ~10"%cm/sec 10-8 cm/sec
ThHd, BEDZ EDohBEEERT 5.

KEEZE  AH ZIBEFEDOERAS IV —5tE VId, BRROEETFMEFTCES T 5.3X107°~
6.3%X 10" 'm/year Tdhd, HEEDI0 n/yearEIFR L., ¥ I —DiKRAIV=K( AH)/LIC 0.317 cm
HI X BRBEEK=10"cm/sec, V=10"2 =3.17X10"%cm/sec, 1 XFEESE L=10cm &F 3
EIKEEEAH [120.317cm &% 3,

MERBITNNSA—F NS X — 5 DR ERK SREHIE ==Riva

EohinERE D, | EEEUEEIIITEES. 8BKE, BE. TERBELCH LT M FILKERW RN —F
47 a—Ya vREICETE BXI07'Y ~ 5X107" m¥/secTdH B, HEEIN"'m?/s 107° cm?/sec
ec=10"%cm?/sec ZFEAL T\ S,

SEUREL Do DEUREAE DL = ay V4 D. EFEET D, 220, FEMASTEO S BREIOILEIEIR
DFHEREEEHEORBRTRERTREINTEY., ChoEAHTHIHRENSS, - T, — —_—
EENICATFHERE-2MEEEAE L L, BHE=1LLTHS,

SFERE an | 2EUERE D ICRREE 107° cm? /sec

EME T SEURE D (CERRHRGF 1.0 —

SPHE a. SDEERBREDOE CARBRMICBTEENSA-) THBD., a = /10 (FESET .1.0 om
DEEE ;) OBRFEEXMNANLNTHEZENS, FRFHCENTHERALEZ, L=0.1m

ThE ¢ e, BIxE, BE. TRECXK U TKFEMELCLIAET ~F LR T&, 27E
BIRICH T BHEEHHEIE, 0.3~0.6 THd, AEHTCEPHELZERT 5. 0.45 S

RE C BILEETOFERMTAKTEIAONEITHREEEFRETI L LT B, METHRLE
L TIZTRU REGMSIAFAMCE WVTEBLTRTHIPUEEZ S, Pul. (cr) & RRREH] o~ mol/L

[BEH & L-BE, BRER 2.56X107  (mol /L) &5, E->T. REBREIL
107" "(mol /L) & Lzo




% 3-3  HYDROFLOWOKIEE ¥ 2 — LIRS

FEEE FEWWATERD#Z | HYDROFLOWODSR
I —FiEE (cm/sec)
3.17x107® 3.17x107¢

s 1~8= 42
B 1O2KE (cn) 3.1700X10~" | 3.1700%10~"
15 TORKE (om 2604510~ | 2 6045%10""
HIA1302KE (om) 2.2190X10-" | 22190 10"
190D 2KEE (on) 1.7435X10-" | 1.7435%10""
FABORKE (om) 1.2680X10°" | 1.2680X10""
EiE31DLKEE (em) 7.9250 X102 7.9250x 1072
B E3TORIKIE (om) 3.1700x10°2 | 3.1700x10°2
Hi 41 DRI (om) 0.0000X10°° | 0.0000%10-°

_‘l 3_




% 3-4 HYDROGEOCHM(FHTE Y 2 —IV)IREHER
[ 1: s (

) : FENWASTE

TEEFE
(B)

HRURE (mol/L)

3

5

13

21

3

39

40

8.488 e-12
[8.492 e-12]
(8.988 e-12)

7.031 e~i2
[7.037 e-12]
(7.993 e-12)

2.538 e-12
[2.538 e-12]
(4.454 e-12)

5.822 e-13
[5.720 e-13]
(2.030 e-12)

4.805 e-14
[4.332 e-14]
(5.450 e-13)

2.977 e-15
[2.371 e-15]
(7.993 e-14)

120

9.125 e-12
[9.126 e-12]
(9.398 e-12)

8.260 e-12
[8.262 e-12]
(8.799 e-12)

5.096 e-12
[5. 098 e-12]
(6.473 e-12)

2,711 e-12
[2.7T12 e-12]
(4.349 e-12)

9. 360 e-13
[9. 350 e-13]
(2.040 e-12)

1.587 e-13
[1.584 e-13]
(3.983 e-13)

240

9.31 e-12

[9.371 e-12]
(9.490 e-12)

3. 745 e-12
[8.745 e-12]
(8.980 e-12)

6.332 e-12
{6.334 e-12]
(6.946 e-12)

4.175 e-12
[4.178 e-12]
(4.933 e-12)

1.918 e-12
[1.919 e-12]
(2. 453 e-12)

3.713 e-13
[3.716 e-13]
(4.89 e-13)

320

9.435 e-12
[9.435 e-12]
(9.498 e-12)

8.871 e-12
[8.872 e-12]
(8.9% e-12)

6.662 e-12
[6.664 e-12]
(6.988 e-12)

4.582 e-12
[4.584 e-12]
(4.985 e-12)

2. 205 e-12
[2.206 e-12]
(2. 490 e-12)

4,347 e-13
[4.350 e-13]
(4.917 e-13)

360

9.453 e-12
[9. 454 e-12]
(9.499 e-12)

8.908 e-12
[8. 907 e-12]
(8.998 e-12)

6.760 e-12
[6.761 e-12]
(6.995 e-12)

4,703 e-12
[4.704 e-12]
(4.993 e-12)

2.290 e-12
[2.291 e-12]
(2. 495 e-12)

4.535 e-13
[4.538 e-13]
(4.989 &-13)

400

9,467 e-12
(9. 467 e-12]
(9.500 e~12)

8.935 e-12
[8.935 e-12]
(9.000 e-12)

6.829 e-12
[6.830 e-12]
(6.997 e-12)

4.789 e-12
[4.790 e-12]
(4.997 e-12)

2.350 e-12
[2.351 e-i2]
(2.498 e-12)

4.669 e-13
[4.671 e-13]
(4.995 e-13)

440

9.476 e-12
E9.4TT e~12%

8.953 e-12
E8.954 e-12]

)| (

6.878 e-12
[6. 879 e-12%

4.849 e-12
54.851 e-12%

2.3% e-12
E2.394 e-12]

)|

4,765 e-13
[4.766 e—l3%

480

9.483 e-12
E9.483 e-12]

)| (

8. 967 e-12
[8. 967 e-IZ%

6.913 e-12
E6.914 e-IZ%

4.893 e-12
E4.894 e-12]

o

5%
S

e..
e

2
2]

PO

}
(

S

4.832 e-13
E4.834 e*IS%

520

9,488 e-12
E9.488 e-12]

) | (

8.976 e-12
[8.977 e-12]

)| (

6.938 e-12
[6.939 e-1 2])

4.924 e-
E4.924 e~

A The

2. 446 e-12
E2.44T e-12]

g

4.881 e-13
E4.882 e-lS%

560

9.492 e-12
E9.492 e—12%

6.956 e-12
g6.957 e-lE%

4.946 e-12
E4.946 e-12]

)| (

2.462 e-12
[2. 462 e-12]

)| (

4.915 e-13
[4.916 e-iS%

600

9.494 e-12
E9.494 e-12%

8.988 e-12
E8.988 e—12%

6.969 e-12
E6.969 e—12%

4.961 e-12
E4.962 e—IZ%

2.413 e-12
E2.473 e-12%

4.940 e-13
E4.940 e-13%

640

9.496 e-12
E9.496 e—12%

8.992 e-12
E8.992 e—12%

6.978 e-12
ES.QTS e~12%

4.973 e-12
E4.973 e-lZ%

2.481 e-12
E2.481 e—12%

4.957 e-13
E4.958 e-13%

680

9,497 e-12
EQ.AQT e-TZ%

8.994 e-12
E8.994 e-12]

) (

6. 984 e-12
[6. 984 e"IZ%

4.980 e-12
E4.981 e-12%

2.486 e-12
E2.486 e-IZ%

4,969 e-13
E4.970 e~13%

120

[9.
(

o

98 e-12
98 e 2%

—_—

[{=R =]

8.996 e-12
E8.996 e-12%

6.989 e-12
E6.989 e~12%

4.986 e-12
E4.986 e-12%

2.490 e-12
g2.490 e-12%

4,978 e-13
E4.979 8‘13%

_14_




#=35 HYDROGEOCHEM B mtide iR SR
[ ] : FEWWASTE
EPER HiSEE (nol/L)
q=)] 3 5 13 21 3 29

400 9.606 e-12 | 9.035 e-12 h.337 e-12 1.810 e-12 | 2,011 e-13 1.985 e-14
[9.617 e~12] | [5.065 e~12] | [5.454 e-12] | [1.854 e-12] | [1.760 e-13] | [1.097 e-14]

600 9,808 e-12 | 9.522 e-12 7.316 e-12 | 4.085 e-12 1.136 e-12 2.884 e-13
[9.811 e-12] | [9.532 e-12] | [T7.383 e-12] | [4.172 e~12] | [1.144 e-12] | [2.634 e-13]

300 9.896 12 | 9.740 e-12 8.413 e-12 | 5.966 e-12 | 2.670 e-12 1.129 e-12
[9.897 e-12] | [0.744 e-12] | [8.447 e-12] | [6.040 e-12] j [2.T19 e-12] | [1.126 e-12]

1000 8,941 e-12 9,850 e-12 9,037 e-12 1.304 e-12 | 4.316 e-12 2.468 e-12
[0.941 e-12] | [9.852 e-12] | [8.053 e-12] | [71.354 e-12] | [4.379 e-12] | [2.501 e-12]

1200 8,965 e-12 9.911 e-12 8,403 e-12 8.209 e-12 5.T75 e-12 3.986 12
[9.965 e-12] | [9.911 e-12] | [9.410 e-12] | [8.239 e-12] | [5.832 e-12] | [4. 040 e-12]

1400 9.978 e-12 0.945 e-12 9,623 e-12 8.810 e-12 6.945 e-12 | 5.414 e-i2
[9.978 e-12] | [9.945 e-12] | [9.626 e~12] | [8.828 e-12] | [6.990 e-12] | [5.471 e-12]

1600 8.986 e-12 | 9.966 e-12 0,759 e-12 | 9.208 e-12 71.833 e-12 6.616 e-12
[9.986 e-12] | [0.965 e-12] | [9.760 e-12] | [9.218 e-12] | [7.864 e-12] | [6.666 e-12]

1800 0,991 e-12 | 9.978 e-12 0,844 e-12 9.472 e-12 8. 482 e-12 7.561 e-12
[9.991 e-12] | [9.978 e-121 i [9.844 e-12] | [9.476 e-12] | [8.503 e-12] | [7.600 e-i2]

2000 9,994 e-12 9.886 e~12 9.898 e-12 9,647 e-12 8. 947 e-12 8.272 e-12
[9.994 e-12] | [9.986 e-12] | [9.898 e-12] | [9.649 e-12] | [8.960 e-12] | [8.300 e-12]

2200 9,996 e-12 9.991 e-12 9,933 e-12 0.763 e-12 8.274 e-12 8. 791 e-12
[0.996 e-12] | [9.991 e-127 | [9.933 e-12] | [0.764 e-12] | [9.283 e-12] | [8.810 e-12]

2400 9,998 e-12 | 9.994 e-12 0.986 e-12 | 9.841 e-12 | 9.503 e-12 | 9.161 e-12
[9.998 e-12] | [9.994 e-12] | [9.955 e-12] | [0.841 e-12] | [0.507 e-12] | [0.174 e-12]

2600 9.998 e-12 8,996 e-12 9,971 e-12 0.893 e-12 9,660 e-12 9.422 e-12
[9.998 e-12] | [9.996 e-12] | [9.970 e-12] | [9.893 e-12] | [9.663 e-12] | [9.430 e-12]

2800 9.999 e-12 | 9.997 e-12 9,980 e-12 9,928 e-12 9.769 e-12 9.591 e-12
[9.999 e-12] | [0.997 e-12] | [9.980 e-12] | [9.928 e-12] | [9.770 e-12] | [9.608 e-12]

3000 9.999 e-12 | 9.998 e-12 8.987 e-12 | 9.952 e-12 | 9.843 e-12 | 9.729 e-12
[9.999 e-12] | [9.998 e-12] | [8.987 e-12] | [9.951 e-12] | [9. 843 g-12] | [9.732 e-12]

3200 1.000 e-11 9,999 e-12 8,991 e-12 9,967 e-12 9.893 e-12 9,816 e-12
[1.000 e-11] | [9.999 e-12] | [9.991 e-12] | [8.967 e-127 | [9.893 e-12]1 | [9.817 e-12]

3400 1. 000 e-11 9,998 e-12 0.994 e-12 | 9.97T8 e-12 | 9.928 e-12 | 9.875 e-12
[1.000 e-111 | [9.999 e-12] } [9.994 e-12] | [9.978 e-12] | [9.927 e-12] | [9.875 e-12]

3600 1. 000 e-11 9.999 e-12 9,996 e-12 | 2.985 e-12 { 9.951 e-12 | 9.915 e-12
[1.000 e-117 | [9.999 e-12] | [9.996 e-12] | [9.985 e-12] | [9.951 e-12] | [9.915 e-12]

3800 1. 000 e-11 1.000 e-11 9,997 e-12 8,990 e-12 9, 967 e-12 9,942 e-12
[1.000 e=111 | [1.000 e~11] | [9.997 e-12] | [9.990 e-12] | [9.967 e-12] | [9.942 e-12]

4000 1.000 e-11 1.000 11 9,998 e-12 9,993 e-12 0,978 e-12 9,961 e-12
[1.000 e-117 | [1.000 e-11] | [9.998 e-127 | [9.993 e-12] | [9.977 &-12] { [9. 961 e-12]

_1 5._




*& 3-6 HYDROGEOCHEM ver. 1-1 R F v — U E#iFEER
(MokchiC BT 2 FREDBRE - ILBFE)
A&t
J—F PHREEQE HYDROGEOCHEM 0 Hhr-%42
TRARSEY ik
pH 7.0 7.0 7.0
Eh pe=4. 0
Ca — 0.0 (mol/1) 102 (mol/I)
C — 0.0 (mol/1) 10%° (mol/1)
RATET IV Ny FH S LT
6 T 8 2] 10
I ‘ ]
-? 1 2 3 4 ==]:>
s 1 2 3 4 [}
HhF PHREEQE PNC ver. A F—&4 N—2X
F—HFNR—2Z - Aqueous species - Mineral
1.Ca%™ 7. CaOH* 1.Calcite
2. C03_2 8. CaCD;-]
- 3.H* 9. CaHCOs*
4.0H
5. HCOs™
- 6. H.CO0s
RITE R
PHREEQE HYDROGEOCHEM  #YyFhn-3v
pH 9. 8080 0. 0000 6. 0990
pe 4, 0000 _ —
CaiBEERE | 1.2232¢-4 0.0 2. 4802et 3
Ca®* 1.165 e—4 0.0 2.480 et 3
P CaCl; h.519 e-6 0.0 5.559 e- 6
mol/| CRRMRBE | 1.2232e-4 0.0 7.3973e- 4
HCOs~ 8.294 e-5 0.0 2.042 e~ 8
COs%™ 3.371 e-5 0.0 1,598 e-12
€0, (aq) 2.2581 e-8 —
BRE BRE L=
Calcite 1.2232e—4 0.0 1. 000 e+20

_‘I 6_




= 3-7 HYDROGEOCHEM ver. 1-1 NV F 7 — 7 RS
(fokdh (T 3515 BCSH(L. 8) DAAZ - ILBFE)
ANEN
a—F PHREEQE HYDROGEQCHEN  #U¥HiR-y3»
TR EY iz
pH 9.0 8.0 8.0
Eh pe=4, 0
Ca 10.0 (mol/1) 10" 2(mol/1)
Sj —_— 10.0 (mol/1) 10~ 2(mol/1)
BT EFI Ny FH hS LR
6 T 8 g 10
[ ]
-=l:> 1 2 3 4 ==I:>
1 4 3 4 5
#HhZF PHREEQE PNC ver. B HEF—4 X—2
F g N R ~ Aqueous species
1.Ca*™ 1. CaOH* 13.Si0,(0H), 2
2.Si(OH)«(aq) 8.8i:0:(0H);s"¢
3. H* 9.Si30:(OH);™? ~ Mineral
4, 0H 10.Si403(0H) 5 73 1.Calcite
5.Si,0.(0H)s™ 11.Si.0:(0H);s"3
6.Si20:(0H) 72 12.Si0(0H) ;™
fRATRS R
PHREEQE HYDROGEQCHEM 9 +ini-%37
pH 11.5798 3. 0466 h.8139
pe 4. 0000 —_— —_—
CaiRfRiERE | 3.0504e-3 1.0000e+ 1 1.0000e~- 2
Ca®* 2.845 e-3 1.000 et 1 1.000 e~ 2
= CaOH* 2.059 e-4 2.373 e-13 1.019 e~ 9
mol/| | Si2BE=E | 1.6960e-3 1.0000e+ 1 1. 0000e- 2
Si(OH)4(aq) 2.462 e-b 1.000 et 1 9.9998e- 3
Si20;(0H), "% | 1.297 e-b 1.260 e-11 8.018 e-12
Sio(0H) 5~ 1.601 e-3 1.456 e-10 1.184 e- 6
Si0, (OH) ;2 3.808 e-5 9.125 e-17 5.810 e-14
A= R L=
CSH(1.8) 3.0504e-3 0.00 0,00

_1"{_




= 3-8 HYDROGEOCHEM B RNV Fe— V@R
(HKRPICHBITEFBADERE - iLBEE)

AR
a—F " PHREEQE HYDROGEGCHEM TR EA~53v
VERE RN ok
pH 7.0 7.0 7.0
Eh pe=4,
Ca — 1.0 (mol/1) 0.0 (mol/1)
C — 1.0 (mol/1) 0.0 (mol/1)
BT ET IV Ny FHR HS LR
[ T 8 ] 10
[ 1
*=|> 1 2 3 4 =1>
1 2 3 4 §
#MhE PHREEQE PNC ver. B 5 —4 <—2X
F—F =2 - Aqueous species - Mineral
1.Ca*" - 7. CaOH* 1.Calcite
2.C0s"¢ - -8.CaC0;
3.H* 9. CaHCOo; ™
4,04 S
5.HCOs™
6. H.CO;
FEATHER
PHREEQE HYDROGEQCHEN SR A-%3v
pH 9. 8080 9.9101 8. 9101
pe 4. 0000 —_— —
CaiBHERE | 1.2232e4 1.2287e- 4 1. 2287e- 4
Ca?* 1.165 e—4 1.170 e- 4 1.170 e- 4
=E CaCo; 5.519 e-6 .50 e- 6 5.589 e- 6
mol/| CRBRRE | 1.2232e-4 1.2287e- 4 1. 2287e- 4
HCOs ™ 8.294 e-h 8.330 e~ 5 8.330 e- K
C0,*~ 3.371 e-5 3.387T e- 5 3.38T e- 5§
€0, (aq) 2.251 e-§ - —
BigR= = Ll
Calcite 1.2232e-4 1.2287e- 4 1.2287e- 4

_‘]8_




# 3-9 HYDROGEOCHEN EBHERIR~XVF < —VBHiHER
(FKkRIC & BCSH(T. ) DRER « LEEE)
ANEH
a—F PHREEQE HYDROGEOCHEM B BA-v3v
MEA R Ak
pH 9,0 9.0
Eh pe=4.0
Ca -_— 0.0 (mol/1)
Si — 0.0 (mol/1)
BT IV Ny FH AS AR
6 7 8 ] 10
-=:> 1l 2| 3l 4 %
1 2 3 4 5
#wnhe PHREEQE PNC ver. ?.i":jj'“%‘_‘?—?’*‘i——z
F-dN—2 - Agueous species '
1.Ca** 7. CaOH* 13.510,(0H) ;2
2.3i(0H)4(3CI) 8.Si305(DH)5—3
3.H* 9.81:0:(OH);~° - Mineral
4-.0H_ : 10.Si403(0H)13 -3 l.Calcite
B.Si:0,(0H)s~ 11.85i40;(0H)5™ %
6.5i,05(0H) =% 12, Si0(0H) s~
PHREEQE HYDROGEGCHEM B BA-av
pH 11. 5798 11. 5800
pe 4. 0000 —_—
CaliRfiZieRE | 3.0504e-3 3. 0500e-3
CaZ* 2.845 e-3 2.845 e-3
=E CalH* 2.059 e4 2.052 e—4
mol/l | Si2BEEE | 1.6960e-3 1.6947e-3
Si(0H),(aq) 2.462 e-5 2.468 e-5
Si,0:(0H),~2{ 1.297 e-5 1.292 e-h
Sio(0H) s~ 1.601 e~3 1.600 e-3
Si0, (OH), "2 3.808 e-b 3.794 &5
pEy iy BHRE
CSH(1. 8) 3.0504e-3 3.049 e-3

_‘l 9_




x& 3-10

HYDROGEOCHEM ~ SRERIED N F v — U iRHTHER
(FlokepIC &1 B B AL OB IETH)

ABEM
J—F PHREEQE HYDROGEOCHEM o ER-Y3v
MR ERY gk
pH 7.0 7.0 1.0
Eh pe=T1.0 7.0 7.0
Fe e 0.0 (mol/1) 1072%(mol /1)
S — 0.0 (mol/1) 1072%(mol /1)
BTESI Ny FHR 5L
] 1 8 10
| |
ﬁb 1 2 3 4 ﬁ>
1 2 3 4 5
D PHREEQE PNC ver. #0%5 — & N — X
F e~ ~N—2Z | - Aqueous species
Fe ¥% B.HSOs~ 15.Fe(HS),  22.H.S(ag) - Mineral
H* 9.8 ~2 16.Fe(HS); ~ 23.H,S0;(aq> 1.Pyrite
e 10.HS™ 171.Fe *3 24. HSan -
S0,72% 11.FeOH* 18.FeOH *?  25.HSO; ~
Hz 12, FBCOH)Z 19, FB(OH)Z * 26.8203 -2
OH - 13.Fe(OH); ~ 20.Fe{(OH), 27.50, ¢
H.(aq)14. FeS0,4 21.Fe(OH), ~ 28.0:(aq)
FRITRR
PHREEQE HYDROGEOCHEM B Rn-537
pH 7. 0062 7. 0000 6.9983
pe -3.7393 -4 8517 -3.7673
FeAERERE | 4.5266e-9 1.4214e- 8 2.970%- 9
Fe*? 4.512e~ 9 1.417 e~ 8 2.962 e- 9
EE | FeOH* 1. 446e-11 4,474 e-11 9.317 e~12
mol/| | S 2AMEE | 9.0532e-9 2.8428¢e- 8 5.9%417e- 9
HS™ 3.832e- 9 2.843 e~ 8 5.138 e- §
80,72 1.183e- 9 9.713 e-18 8.038 e-10
H.(ag) 2.071e-10 3.579 e- 8 2.444 e- 8
0,(aq) 1.072e-16 3. 285 e-18 6.979 e-T4
AiEE Bits Py
Pyrite 4,5266e-9 1.421 e- 8 2.971 e- 9
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= 31 HYDROGEOCHEM BHRMDRFT—7EiTER
v (REokehic &1 DRSS - HRE DBRTE)
AN
O—F PHREEQE HYDROGEOCHEM Bk R A-¥37
ME B REE ¥
pH 7.0 7.0
Eh pe=4, 0 pe=20.0
Ca E— 1072 % mal/!
C — 1072% mol /1
Fe — 1072%mo ) /|
S —_— 1072%(mol/!
TSI Ny FH HSLFR
3} 7 8 ] ]
-=::> 1] 2] 3| 4 =:b
1 2 3 4 5
#ohE PHREEQE PNC ver. Z# AT -4 ~X—2X
F—4&~— X | - Aqueous species
1.Fe 2 10.HS” 19.Fe(OH), * 28.0:(aq) - Mineral
2. H* 11. FeQH* 20. Fe(OH) 29.Ca?"* 1.Pyrite
3.e” 12.Fe(OH), 21.Fe(OH), — 30.C0;°° 2.Calcite
4.80,7% 13.Fe(0H);~ 22.H,S(aq) 31.HCO;~
B. HzD 14, FGSO4 23. HzSUa(aQ) 32. HzCOs
6. Ol 16.Fe(HS), 24.HS,0; ~ 33.CaCH *
T.H2(aq)16. Fe(HS);~ 25,HSO; ~ 34. CaC0;
8. HSO.; “17.Fe *® 26.5,0; ~ 35. CaHCO; *
9.8 "2 18.FeOH *2 27.50; ~
fRHTHESR
PHREEQE HYDROGEOCHEM S ERA-33v
pH 9. 9089 9. 9097
pe -6. 8647 -7.0422
CaiBRRE | 1.2234e4 1.2274e-4
Ca®* 1.165e~ 4 1.168e- 4
F=33 '
FeBfRiERE | 1.7823e-8 8. 3832¢-9
mol/| | FeOH* 1.180e- 8 5. B6le- 9
C ©BERE | 1.2234e-4 1.22T4e~4
HCO,™ 8.293e- 5 8. 324e- 5
S 2RERIEE | 3.5646e-8 1.6773e-8
S0,~2 2. 852e- 8 2.417e- 9

_2] -



= 3-12 HYDROGEOCHEN S RIEDE MOt
(B {E BT TFEDANICH T ERORENE)
ATTEH
a—FK HYDROGEOCHEM T BR#-¥3v
TEBATR RN
pH 7.0 7.0 7.0
pe 20.0 20.0 20.0
Fe 1072%(mol /1) 1072°(mol /1) 1072%(mol /1)
S 1072%(mol /1) 1072%(mol /1) 1072%(mol /1)
=Ape 7.0 10.0 20.0
&=/\pe -5.0 -10.0 -20.0
fRIrET I HS LR
6 T 8 4] 10
-=:> il 2| 3] 4 =:>
1 2 3 4 [
#h53 PHREEQE PNC ver. #hHEF—F X—X
F—=4&~N—2Z | - Aqueous species
1.Fe 7 8.HSO.~ 15.Fe(HS), 22.H.S(aq) - Mineral
2. H* 9.8 ¢ 16.Fe(HS)s ~ 23.H.80;(aq) ~ 1.Pyrite
3.8 i0. HS~ 17.Fe *3 24.HS,0; ~
4.50,7% 11.FeOH* 18.FeOH *2  25.HSQ; ~
5.H.0 12.Fe(OH): 19.Fe(OH), * 26.S:0; ~
6.0H - 13.Fe(OH): ~— 20.Fe(OH); 27.80; ¢
T.H.(aq)14. FeSO, 21.Fe(OH), — 28.0:(aq)
HYDROGEQOCHEM T BRA-737
pH 6. 9983 6. 9983
pe -3. 7673 -3. 7673
Fe2BRRRE 2.9709e- 9 2.970%- 9
Fe*? 2.062 e- O 2.962 e~ 9
=E FeOH* 9.317 e-12 9. 317 e-12
YaET /7942
mol/1 | S ®BREE B.9417e- 9 5.9417e- ¢ BT ETEREE
HS™ 5.138 e- 9 5.138 e~ 9
S0, 2 8.038 e-10 8. 038 e-10
H: (aq) 2.444 - 8 2.444 e- 8
0:{aq) 6.979 e-T4 6. 979 e-T4
A= BR=E
Pyrite 2.97T1 e~ 9 2.8971 e~ 9

_22H




% 3-13 REERATRREOE &
BEEE RN Cal ZHEE | BATHE 3608ROBENMCaE (-)
gy EERE | EPMATEISMTE | EPMAR S AR(E

Cmm) AT E | CaCl; BRODIGE | CSH(L. 8YBRRDIGS
0.0 — — 0. 470 _—
0.5 9. 551 0.489 0. 591 -
1.0 16. 004 0.820 0. 686 —
1.5 18, 047 0. 924 0. 761 -
2.0 18. 856 0. 966 0.818 -
2.5 19.135 0. 980 0. 864 —
3.0 19. 184 0. 983 0. 898 —_—
3.5 19. 280 0. 988 0. 925 —_—
4.0 19.312 0. 989 0. 946 -
4.5 19. 375 0. 992 0. 961 -
5.0 19.390 0. 993 0.973 —
5.5 19. 400 0. 994 0. 982 -
6.0 19. 402 0. 994 0. 988 -
6.5 19.413 0. 994 0. 993 _
7.0 19. 424 0. 995 0. 997 -
1.5 19, 435 0. 995 — —
8.0 19. 446 0. 996 - -
8.5 19. 45T 0.997 — —
9.0 19. 468 0.997 — —
9.5 19. 477 0.998 ——e -
10. 0 19, 486 0.998 — —
10.5 19. 495 0.999 — —
1.0 19. 504 0. 999 S S
1.5 19.513 0. 999 — —
12.0 19.524 1.000 — _
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£ 314 Ny b A b OEERITRY

HE (mol/2)

T OE M (£8=) 2 K 85 F BEERAE F
Ca 1. 0e+01 4.6 e-05 3.0 e-03
c 1. Oe+01 1.9 e-03 1.9 e-03
H 1. 0e-07 1.0 e-09 3.16e-12
Z 1.0e-01 (1 -19) 1.0 e;Ol 1.0 e-20
1.0e-20 (21, 22)
Na 1. 0e+00 2.7 e-03 6.0 e-02

Ry bFA FPOEFIVEL

(N bF oA POZBRERAF 2
Na = 1.079 (meq/g)
Ca = 0. 183 (meq/g)

2 F B TFEEER

7~ t Nat = ZNa ( log K =20.0)
27 + Ca** = Z,Ca ( log K = 41.8 )

(3)EHE DAAE

CaC0; (FBRA) + H,0 = Ca®* + HCO;~ + OH™

RV A O

(1)2=pps= : 0.33 (-
(2EZIeEE : 1.8 (g/cm*)
(NETHEEUBE : 3. 107" (m?/sec)

...24_
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2 3-15  BEBTREFNICHATIALEY (20 1)

B -2
AJIER

Cs-135

1-129

Tc-99

U-234

v bEfLE | TR E{REE

LOEEE | 7B

L2 £2ED KER{LDR

B{LhR KEE{LIR

(1ERE (mol/ 27

1.50 e-05 1.30 e-07

8.60 e-06 3.80 e-04

1.10 e-24 3.30 e-08

3.40 e-10 3.40 e-05

QM DT

# 3-1T CEEHTRT

(M AR L ook i L, diih

Ca’*,C0s*, H" ,Z" ,Na" ,

Ca’*, 00;*" H" ,Z" ,Na* ,

Ca®*, €0.2,H* ,Z” ,Na*,

Ca?*,C0,27,H* , 7" ,Na* ,

Cs* ; OH™ ,HCO: = ,H.COs,
CaOH* , CaC0;, CaHCO,* ,ZNa
Z.Ca, NaHCO,;, NaCO, ~ ,ZCs
Calcite
HAHPF— & (SERBRFREO
PHREEGE = —4 ~— X %5|H

_!___; OH™ ,HCO; ~ ,H.CO,,
CaOH* ,CaCDe, CaHCOf .ZNE
Z:Ca, NaHCO;, NaCO; ~
Calcite
HAhRF -5 LBHRBFAEO
PHREEQE = —# ~<— R %5

H:0, e”, TcO *?, SOH

H.0, e”, UD: *?, SOH

OH™ .HCUa - ,HzCUs. CaOH‘

£aC0;, CaHCO: * , ZNaZ.Ca,

NaHCO;, NaCO; ~

TcO(OH)., TeDs™ , Calcite
H#HHBF -8 IHBBRFEO
PHREEQE 5 — 4% <_— X %8Bl

OH~ ,HCO; ~ ,H:CO;, CaCH*
CaC0;, CaHCO; * , ZNaZ.Ca,
NaHCO3. NaCO; -

UCOH) s Caq) ,Calcite
HHRF - & SEBBBRFTRD
PHREEQE ¥ — & ~— X #38[H

R LR 3iE

CsDA F VI EER
Z ™ +Cs* =ICs logk=20.83

{RiE{LETE |-SORB ERE
|=1-SORB  log K=0.T73667
Kd=10 ~*(m*/kg)48 =5

SOH =S0 " +H*

logk = -9,52
SOH+H“=SOH=*

logk = 5.57

SOH + TcD®* + 2H.0
= szTCU(CH)z* +H”
logk = 10.40
SOH + TcO** + 3H.0
= S0H,TcO, + 5H * + 3e”
Jogk = -18.90

S0 ,SOH; * (3Tc-09 &Rk
SOH + U 4t + 4H0 - 4H*
= S(HU(CHL
logk = -4,00
SOH + U ** + BH.0 + Ca®*
= SOCa0HU(OH), + 6H *
logk = -18,50
SOH + U ** + 3H.0 - 2e”
= SOUD:(OH) + BH *
logk = -17.04
SOH +3U ** +11H.0 - Ge”
= §0(UD.);(0H)s + 1BH ¥
logK = -17.04
SOH + U0, *% - 2(0H) -
= SOHCU0LIT0R):
fog = -T.10
SOH +3U0, *? - 8(CH) -

logk = -31.00
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* 3-16

BEBITHERCET 3 AR (£02)

Btrr—= Cs-135 1-129 Tc-99 U-234
AHIEE B VEMEER | TR0 bEMRGR | X AE R | TAIRRMEM RS | ER{EYDR PG ES BEbiR RE{EHhF
(BEMBETTNDI/INZ A —F s EEYOFA FOREE 85 (m*-g ~")

= Triple laver parameter
= Triple layer parameter

Ci= 140 (uF-cm®)
Co= 20 (uF-om®)

BN b FA bRDA F IR
BLUBRETN

s N2 b FA OIS F R
- A F URBRTEER

Na = 1.079 {(mea/g) ,
2"+ Na* = ZNa
2Z- + Ca** = Z,Ca

Ca = 0.183 (mea/g)
( logK=20.0)
(logK=41.8)

- BB CaCly (F#RE) + Hy = Ca?* + HCO;~ + OH-
(<2 b4 PO » EfRE 0.33 -)
. BIREE 1.8 (g/on®)
 EHRAL R 3. xX10°"" {m*/sec)
(VTR FTEHEIER (PERD) 10004
(S4 L2557 (14
(9B (B5M) 0,100,200, 100,200,300, | 0,100,200,100,200,300, | 0,100,200, 0, 1,100, | 0,100,200, | 0, 1,100,
400,500,800, 1000 400, 500, 900, 1000 300, 400, 500, | 200, 300, 400, | 300, 400, 500, | 200, 300, 400,
800 900, 1000 : 500, 800, 800, | 800 900, 1000 ; 500, 800, 900,
: 1000 1000
0k tt C F N 0.0 Cemivn)
- e 0.0 {cm)
MADHF—# MEBMED . BEBMRE | BEEHGF | BEBHRC | BEBHEH | BEENS | BEENR- | BEGHEK
IEROE L gy GES gEE | WEE gEE | BEE 323 |E 3%
323 iE 324 3-25 [ 325 321 iE 328 324 IE 32
: : ' E 3-29 (B 3-27
E 3-28

| & 3-30

‘& 3-29

'




..LZ_

* 3-17

RHEBITHBNTICEAT 3 AR (RESRMP

RHTr — R Cs-135 1-129 Tc-99 U-234 i &
ABEE WVEHRE | Tk BR[| Bk | 7RI bERE | BREDR KEH LR [EYZES i ES
Ca | (mol/2) | 1.00 et0l 1.00 e+01 1.00 et01 1.00 e+t 1.00 e401 1,00 401 1.00 et 1,00 e+01
;ic (mol/2) | 1.00 et01 1.00 2401 1.00 a0l 1.00 et01 1.00 e+01 1.00 e+01 1.00 et01 1.00 e+01
M{H | (moi/2) | 1.00 e-07 | 1.00 e-07 | 1.00 6-07 | 1.00 e-07 | 1.00 e-03 | 1.00 ¢-09 | 1.00 e09 | 1.00 e-09
=2 (mol/e)  |1.e-1(1-20), 1.e-20(21,22) [ 1.e-1(1-20), 1.e-20(21,22) 1.00 e-30 1,00 e-30 (Onode
i [Na | (nol/2) | 1.00 e¥00 | 1.00 €00 | 1.00 et00 | 1.00 e+00 | 1.00 e#00 | 1.00 e*00 | 1.00 6%00 | 1.00 e+00
~16s | (mol/@) | 1.00 e-20 1.00 e-20
2|1 (mol/8) 1.00 e-20 1.00 e-20 — —
mU_ | moi/e) | —— — 1.00 30 | 1.00 e-30
2| Te (mol/2) B E— 1. 00 e-50 1,00 6-30
~le (mol/2) —_— _ 1.00 e405 1.00 et0b 1.00 et0h 1.00 et0b
Ca | (mol/2) | 4.60 e(05 4.60 e-05 4,60 e-05 4.60 e-05 4.60 e-05 4.60 e-05 4.60 e-05 4,60 e-05
Bic (mol/2) | 1.90 e-03 1.90 e-03 1.90 03 1.90 e-03 1.90 e-03 1.90 e-03 1.90 e-03 1.80 03
#|H (mol/2) | 1.00 e-09 1.00 e-09 1.00 e~09 1.00 e-09 1.00 e-09 1.00 ¢-09 1.00 e-09 1.00 e-09
3|2z (mof/2) | 1.00 e-01 1.00 e-01 1.00 e-01 1,00 e-01 1.00 e-01 1.00 e-01 1.00 e-01 1.00 &-01
B (M2 | (wl/2Y | 210603 | 2.70e03 | 210603 | 2.10 603 | 2.70 603 | 2.10 603 | 2.70 €03 | 2.70 e-03
~|Cs 1 (mol/2) ] 1.00 e-20 | 1.00 6=20
£7 [ /2y 1.00 620 | 1.00 e-20 — —
WU [ o/ T —— — 1.00 e-30__| 1.00 6-30
il | Te {mol/ 2 —_— —— —_— —_— 1. 00 e-50 1.00 e-30
~ e Tmol/2) — — — — 7.00 e%05 1.00 et0p 7.00 et08 .00 e¥05
g5 (ca. | (mol/g) | 3.00-03 | 3.00e03 | 3.000-03 | 3.00e03 | 3.00e-03 | 3.00e03 | 3.00e-03 | 3.00 e-03
R[C | "(moi/2) [ 1.90e03 | 1.90 03 | 1.90 e-03 | 1.90 €03 | 1.90 608 | 1.90 e-03 | 1.90 6-03 | 1.90 e-03
#[H_ | Gnol/2) [ B.16e12 | 3.16e12 | 3.16 612 | 3.16 612 | 3.16 612 | 3.16 e-12 | 3.16 e-12_| 3.16 e-i2
E{Z | (wi/2) [ 1.00e20 | 1.00e20 | 1.00 20 | 1.00 e20 | 1.00 e-20 | 1.00 e-20 | 1.00 e-20 | 1.00 e-20
~|Na_| (wl/2) | 6.00 602 | 6.00 02 | 6.00 e-02 | 6.00 e-02 | 6.00 6-02 | 6.00 6-02 | 6.00 02 | 6.00 e~02
B (Cs | (mol/2) | 1.50 05 | 1.30 e-OT
L[| (mol/2) 8.60 06| 3.80 e 04 — —
iU | (ml/e)y | —— — 3.40 e-10 3.40 e-05
il | Te (mol/2) _— —_— —_— — 7.10 e-24 3.30 e-08
~le ol /Y —_— —_— —_— -_— 1.00 et05 1.00 et05 1.00 et0b 1.00 etip




# - M2DXZ
DATAHT JKIEBERF—%
LNDGEN

Vx(1) XHFEOGE
Vz(1) ZHEOFHE

TH akZE

AFABTA B A{HEL

DATACS HEER{EZF —%
INTERP NPOBEZER©DS
TP{NP, K)=CDB

OCSPIT &NPOTOTDC, TOTSC, TOTPCER®H D6 -
SELOW

ASEMBLE 41719593 |

HYDROT #71TIU%AR=Conserv, Chems, DLBEZRDH D

OCSPIT

HYTRN| #i73C %82 ZNonconserv. Chems, DLEFO—EEDEEE T 3,
—> NON-LINER LOOP

£ LULTHNR, K)=1~NON %2iR& 3,

OCSPI T
HYTRNC #8773 % 2 ZNonconserv, Chems, D& BEERDH S

- —— CONVERGENCE CHECK

OCSPIT*
SFLOW
CALKD
PRINTT
STORE '
H3—1 BIFLEREC2—-LOBK (ED1)
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(GFEBDEHE)
—> |NTERP
AFABTA E&HFR#H
TACADC FE&EH|Comp, DENMFTEE, 2HBHEG 1L.DG 1LITEG
ASEMBLE £{&7M472
HYDROT I{Fz%#Z=Conserv. Chems, DEEBEERD B,
OCSPIT%
HYTRN] 1T %82 ZNonconsery, Chems, DBEO—EEDEEET 5.
—> NONLINER LOOP
£ L OTHONR, K)=1~NON %5245 B0
OCSPIT#
HYTRNC 17zt &2 ZNonconsery, Chems, DLBEERD B,

—— CONVERGENCE CHECK
0CSPIT

SFLOW

CALKD

PRINTT
L Time StepZEHB

H3—2 BIFEHEBEZSL1-NOEE (F02)
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OCSPIT £iBEEA B ENPTOHTOTDC, TOTSC, TOTPCE RS B
BERE  K=1~NON
EQMOD
€S, BEFHEE  CN(I) I=1~NON
EQUIL
NPPT
——> PPT-DISS LOOP
ACCEF EERE
WODIFK EHEHDIEE
RESIBU% RE(])
JACCBI
DGELG
CN=CW-RE
CONVERGENCE CHECK
# U Comp, Sp. BE &k, ZThmhdComplex, ®ESp. DBREZTRD Do
Elo{tsck, LESy, BEZRD D,
TOTSP
LPOUT
[ NDEXX
~— NPPT

TOTDSP
LPOUT
C=TOTDC
S=T0TSC
P=TOTPC

H3—-3 BITEEEEC1—IOEE (F03)
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RESIDU

aq, Comp. Mole Balance

Comp | exed, Adsorbent, fon-Ex,

Adsorbent Comp. Mole Balance

TOTDSP

Aq. Comp.

RADAC Adsorbent
RIES {1v3ci

iLiESp.

TORDC=Aq. Comp, 2 - Comp 1 ex, Comp. ,,EJ%
TOTSC=HR & Sp. SR +{3V3Z18Sp, B E

Sp. BE

Adsorbent Comp.

TOTSC=IR35Sp. iRE +Adsorbent Comp, Sp. B2E

®3—4 BITFELERES2-ILOBRKR (F04)
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« HYDROGECCHEM | = | K 75ty MOUEEhTVGIR(EFEIEDOHE

i
&

BHAIA
H  :HYDROGEQCHEM@BEZEAFI7-3
(F-%ta} 1~7-44119)

7-4tqb 1 NAMA: B{b2PTEE (F- 91, 1109)
3 IN :PHREEQER{LPRE0ZAES(F-.H19)
= HYDROGEOCHEM T
F=9tqb 19 @l’/
ERAL = HYDROGEOCHEM
H K, NAMA, IN SODDHDDHHD F-9tqt 1
[H ]
|8
= HYDROGEQCHEM
F-9tat
PHREEQES:2%¢ I iA LK 110
F—=HR=2 = (P :PHREEQEELSEF-4(SPECIESLLRINF-5) = HYDROGEOCHEM
F-otg b 11
4 [H ]
1
{4 = HYDROGEDCHEM
3 F-ytq} 19
3 SRR [NAMAT EIN]
3 P :PHREEQEZ:HZ7-9(SPECIESLEIZEDT-Y) = HYDROGEOCHEM
== | =dbed | SNAIKE (LIRS F-5tab 19
NS AR TEZEMMTNAR{EETEO [LH ]
SLO: E RIS O BrER
S| L TEZR MR LPERRES
CFS: H L rERRE S LFEERER i = SNA :
Slo, D
- MIN
YES
SPECIESD > — & =& TEcAiSnT? M0, CD
[ )%z
NO At T T FEsnER

®E

& 3-5

......

BE & T DRFELFEEMN?

HYDROGEQCHEMEA 1 7 - §A-2{E R A 7r4b-§70-F4- (ZD 1)
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XA
SNA /:»wbmbw»@@wvwbwb@wbmt:b@
4
1
1
)
NO H*aoCFS <0.bn 3
| H* 0 CFS| =| H,0 0 CFS | ——_
YES i » HYDROGEOCHEM ;
L F-dgb 1
: 3 :
» HYDROGEOCHEM :
L F-5EaM0 :
FS X UMZ. ZOHEREIDIEAND o [K ] :
T ! = HYDROGEOCHEM
L -3t b 11 g
&R P [H ] :
/ SLO, ID / : ) :
= HYDROGEOCHEM
DoF-dab 190
[MAMA] [IN] :
a—H—PREET BPHECFS 2425 = HYDROGEOCHEM !
F-4qb 19
CH ]
é&ﬂa /
/ P-4 1210FE /oo = SNA
s, ID
PHREEQEE:h % :
F—H~N—X Do« MIN
L BEHAL feMO0,CD
3 P :PHREEQEZR N Z7-4 :
Spevped | NIM: $EIGTER :
KZU: £ S TR IR LETE O
@——a MLO: ERRERTIS DT &8 =
FLG: AT ERMEROFERRB 7595
¥D (ERNRESTERMAE L FETRAES LR =2 5
®_—9 Of LSS S LR T
& 3-6 HYDROGEOCHEMER 727 - 3A-2{ERE Al U2 4V-470-F¢-F (ED 2)
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YES

NO

LOOK MINERALST-4 &2 THATIEM?

a—¥—pt
PR ETHUPENE DM

YES

/:»wp:»w::m@@:»

H*o <O,
| H*ocCH | =] H.ODCM |

EAH
NIM

CHEHUMZ., ZOREREDEANS

HEIAL
-MLO, CD

®_7

aI—-H-NRELTIHDENERALS

3T

()

/_\

© « HYDROGEOCHEM

ST % T
[H ]

s 1 s

= HYDROGEOCHEM |
F-5t9 40

LK ] ;

= HYDROGEOCHEM

L F-gta b 11

: [H ]

e ¢ :
 ~ HYDROGEOCHEM
7941 19
L [NAMAD LIN]
 « HYDROGEOCHEM

LF-3tsb 19

S
T
Dpdepped

______

HYDROGEOCHEM&ER 7~ S4-M{ERE Al Fx#b-970-F¢-} (2D 3)
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N e TN
@ T 7 A
H  :HYDROGEOCHEMOBEZZEA H7-4 s :
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1 HGC VERIFICATION TEST OF CHEMICAL MODULE VS. PHQ
C wevess» DATA SET 2: BASIC INTEGER PARAMIERS

-10 4101 08-1101010121300010

C seseess DATA SET 3! BASIC REAL PARAMETERS

a0091

1.00D0 0.0DQ 2.060DC0 1.00D0 1.0D0O 1.0D0 1.0D0 1.0DQ0Q 1.0D-2 1.0DC
C =ssexes DATA SET 4: PRINT AND AUXXLIARY STORGE CONTROL

a3
1L

B
1.0038

C #sseses DATA SET 5: CHEMICAL PRINTOUYT AND CHEMICAL PROPERTY TYPE INDICATOR

5
12345

C eeseeesen DATA SET 6: MATERIAL PROPERTIES -
0.0DC 0.0DO 1.0D-20 1.0D0 0.0 0.0 0.0 0.0
C #essnss DATA SET T: NODE COQRDINATES
1 4 1 Q.0 10.0 c.0
6 4 1 0.0 10.0 0.0 -
o [+ o 0.0 G.0 0.0
1 4 1 0.0 0.0 0.0
& 4 1 10.0 0.0 0.0
o 0 +] 0.0 0.0 0.0
B
C ssssess DATA SET 8: ELEMENT CONNECTIVITY
] 4

2 7 1
C sseesse DATA SET 10: CHEMICAL COMPONENT INFORMATION

END OF X-COORD

END OF Z-COORD

4
CALCIUM 11
CARBONATE 2 1
HYDROGEN 3 1
SILCATE 4 1
€ esevwes DATA SET 11: INITIAL CONDITLONS
1 9 1 5.1b-4 0.0 0.0
0 0 o 0.0 0.0 0.0 END OF I.C. CA
1 9 1 5.10-4 0.0 ©.0
0 0 0 0.0 0.0 0.0 END OF I.C. CO3
1 9 1 1.0D-7 0.0 0.0
o o o o. 0.0 0.0 END OF 1.C. H
C wesnsss DATA SET 12: CDNTRDL INTEGERS FOR TRANSIENT SOURCE/SINK AND B.C.
000G 00O 212 Q0
C w»sseses DATA SET 45: DIRICHLET BOUNDARY. CONDITIONS
0.0D0 5.1D-4 1.0P38 5.10-4
1 101 1 0
o o o o o END OF B.C. CA
0.0D0 5.1D-4 1.0D38 5.1D-4
1 1 1 1 o
o s o 0 0 END OF B. C. CO3
0.0D0 1.0D-7 1.0D38 1.0D-7
101 1 1 0
0 o o©o © o0 END OF B.C. H
1 i 1 1 s
0 o o o o END OF HPDB
C svsenss DATA SET 16: HYDROLOGECAL VARIABLES
1 § 1 0.0 0.0 0.0 0.0
o e ¢ 0.0 0.0 0.0 0.0 END OF VELOCITY
1 3 1 0.3 0.0 0.0
o 0 © 0.0 0.0 0.0 END OF TH
C sesssss DATA szr 17: NUMBER OF COMPONENTS AND PRODUCT SPRCIZS
30 6 0 1 250 16 1.0 1.0D-6
C ssnsses DATA szr 18: H+, E-, IONIC STRENGTH AND SORPTION INFORMATION
0.0004 1 0
208.0 1.0 O O 0 0
-20.0 20.6 0.0 20.0
C wesssss DATA SET 19: COMPONENT SPECIES AND THEIR ION-EXCHANGE INDEX
FREE CA»+ 4
1.00-9 2 o
PREE CO3-- 0 15
1.0D-9 -2 o
FREE He 0 1
1.0D-7 i 0
H4SIO4{A 0 13
1.0D-7 0 a

K 3-9  HYDROGEOCHEMEAHZF — & N—
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1 80C VERIFICATION TEST OF CHEMICAL MODULE VS, PHQ 00091
C ssessss DATA SET 2: BASIC INTEGER PARAMIER3
10 4101 02-11 010102300010
C seeseas DATA SET 3% BASIC REAL PARAMSTERS
1.0000 0.000 1.00D0O 1.00D0 1.0D0 L.0DO 1.0B0 1.0D00 1.00-2 1.000
€ wewssvs DATA SET 4: PRINT AND AUXILIARY STORCGE CONTROL
a3
11

VBEAE LN

B

10 1.0D38

1) € =essees DATA SET 5: CATMICAL PRINTOUT AND CREMICAL PROPERTY TYPE INDICATOR
5

12 12348
J4 C =svesvse DATA SET 6: MATERIAL PROPERTIES -

15 0.000 0.0DO0 1.0D0-20 1.000 0.0 0.0 0.0 0.0
16 C ssssses DATA SET 77 NHODE COORDINATES
17 1 4 1 0.0 10.0 0.0
18 & 4 1 0.0 10.0 0,0
19 ] a o G.0 Q.0 ©.0 END OF X-COORD
20 1 4 L 0.0 0.0 0.0
21 [ 4 1 10.0 0.0 0.0
ig 5 1] 1] [+] 0.9 6.0 0.0 END OF Z-COORD
25 C - ++ DATA SET 8: ELEMENT CONNECTIVITY
25 1 2 7 1
26 C ssessss DATA SET 10: CHEMICAL COMPONENT INPORMATION
27 4
28 CALCIUM 1 3
2 b3
3 1
4 1
. 11: INITIAL CONDITIONS
33 1 9 1 3.1D-4 0.0 0.0
34 0 0 O 0.0 0.0 0.0 END OF L.C. CA
a5 1 9 1 5.1b-4 0.0 0.0
a6 0 0 0 0.0 0.0 0.0 END OF X.C. CO3
ar 1 9 1 1.00-7T 0.0 0.0
38 ¢ 0 0 0.0 0.0 0.0 ND OF I.C.
39 C eseeses DATA SET 12: CONTROL INTEGERS FQR TRANSIENT SOURCE/SINK AND B.C.
40 oo 000 212 0000
4L € serseee DATA SET 15: DIRICHLET BOUNDARY CONDLITIONS
42 0.000 5.1D-4 1.0D38 5.1D-4
43 1 1 1 1 o
44 o o o o END OF B.C. CA
45 0.0D0 3.1D-4 1.0D38 3.1D-4 -
46 1 L 1 o
47 o 7] o ] END OF B, C. C03
48 0.000 1.0D-7 1.0038 1.0D-7
49 1 1 b3 0
50 0 [+] Q [} o END CP B.C. K
51 1 1 L 3 H
52 0 1] 1] 1] ) END ©F KPDB
53 C seessee DATA SET 18: HYDROLOGICAL VARIABLES
54 1 9 1 9.0 0.0 0.0 0.0
55 o 0 0 0.0 0.0 0.0 0.0 END OF VELOCITY
56 1 a 1 0.3 0.0 Q.0
57 ] [+] 0 0.0 0.0 0.0 END OF TH
38 € sesssss DATA SET 17: NUMBER OF COMPONENTS AND PRODUCT SPECIES
53 30 1300 8 250 10 1.0 1,00-8
60 C wesrevs DATA SET 18: He, E-, ICHIC STRENGTH AND SORPTION INFORMATION
61 0.0004 2 3 [+]
62 296.0 t.0 L] 1] 0
63 -20.9 20.0 0.0 20.9
64 € »ssvsas DATA SET 191 COMPONENT SPECIES AND THEIR IOR-EXCHANGE IKDEX
63 FREE CAe~e 3]
&6 1.0D-9 2 a
67 PREE CO3- L]
83  1.0D-9 -2 [}
69 PREE H+ <]
70  1.0D-7 1 4]
71 BASIOA(A o
72 1.0D-7 [:] -]
73 B20{L) 1
T4 1.0000 0 Q
T3 C eeseeses DATA SET 20: AQUEOUS SPECIES
76 OH- :]
77 1.0D-7 -14.000 o 0 -1, € 0O o 0 ¢ -2 0 0
78 BCO3- o
79 1.0D-7 10,330 9 1 1 o © o o 1 1 o o
BO H2C03 o
81 1.00-7 16.581 e 1 2 9o o [ o 1 2 0o o©
B2 CADHs L]
83 1.00-7 -12.598 1 o0 -1 o o -] 1 & -1 o o
84 CACOZ o
as 1.0D-T 3.225 1 1 @ © o [} 1 1 o o o©
86 CAHCO3~ ]
87 1.0D0=-7 11.435 i 1 1 o 0 ] 1 1 i 0 Q
88 S5I20Z(0H <]
89 1.0D-7 -8.190 o o0 ~1 2 -1 -] o 0 -1 2 -1
90 SI203({0H 1]
91 1.0D-7 -19.001 o 0 -2 2 -1, -} e 0 -2 2 -1
92 SI303({0H -]
93 I.00-% =27.3501 Q 0 =3 3 =2 L} -] Q0 -3 3 -2
94 S1308{0H -]
95 1.0D-7 -28.601 0 0 -2 3 -3 o 0 0 -3 3 -3
56 SE403(0K -
97 1.0D-7 -34.901 ¢ o =3 4 o a 0 0 -3 4 o
98 SI407{0H o
89 1,0D-7 -25.501 9 0 -3 4 -4 o 0 0 -3 4 -4
100 sxo(oR)a 1)
101 1.0D-7 -9.810 ¢ & -1 1 0 0 a 0 -1 1 o
102 SI02(0H) )
103 1.00-7 ~-23.14% e 9 -2 1 o 0 0 8 -2 1
o
o 1 2 o -1 a o 1 2 0o -1
1: LOOK MINERALS
)
1 1 o o o 1 1 0 o
o
101 4] a ] 1 1 1] o
ooool—z g o o 1 -2
ooao:.-x Q 0 0 1 -1
loo-zo; 1 o -2 o 1
oﬂoul—z 9 ¢ 0 31 -z B
oano:l.-z o & o 1 -2
o 0 8 1 -2 o o 0 1 -2
END OF Job
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