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Abstract

The compilation for the Pitzer parameters which enable to correct activity coefficients of high ionic
strength solution was done. In this compilation parameters for species of geochemical elements and
actinide / lanthanide elements were mainly compiled.

Calculation results of activity coefficient correction with these compiled parameters show that activity
coefficients of cationic and anionic ion have different tendencies with increase in ionic strength, and
charge of each ion also affects the value of activity coefficient. Although parameters of actinide were
compiled, these data could not be used as dominant species for the solubility calculation under the
condition of the groundwater/porewater compositon estimated in second progress report on research and
development for the geological disposal of HLW in Japan. But it is indicated that at rather higher ionic
strength condition parameters compiled in this work could be used for solubility calculation because of
change of dominant species due to the effect of high ionic strength. For the solubility calculation of Am
with analogue data of Cm the difference of the solubility between Pitzer and Davis model is small for
the sea water reacted porewater (SRHP) composition. However, at the ionic strength higher than 1 Am
solubility calculated by Pitzer model increases notably and Davis model does not simulate this tendency.

These Pitzer parameters were compiled as EQ3/6 ver.7.2c format, and this data base file is attached in
appendix of this report.

* NESI Inc.
** Barrier Performance Group, Waste Isolation Research Division, Tokai Works, Japan Nuclear Cycle
Development (JNC)
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Pitzer
Pitzer
/ Pitzer
(1991) 1991
Pitzer(1991) Harvie, et al. (1984), Felmy, Weare,
(1986) Pitzer, Silvester, (1976) /
Pitzer Fanghanel, et al. (1994), Felmy, Rai, (1992), Felmy, Rai, (1999), Felmy, et al.
(1997), Rai, et al. (1993), Rai, et al. (1995), Rai, et al. (1997), Rai, et al. (1998), Rai, et al. (1999)
Xia, et al. (1999) 3-1 3-7
3-1.1-1 Pitzer a1=2.0
BO BWw B® ce Reference
H* CI- 0.1775 0.2945 0 0.00080 Pitzer, 1991
H* Br- 0.2085 0.3477 0 0.00152 Pitzer, 1991
H* I- 0.2211 0.4907 0 0.00482 Pitzer, 1991
H* ClOys 0.1747 0.2931 0 0.00819 Pitzer, 1991
H* NOs- 0.1168 0.3546 0 -0.00539 Pitzer, 1991
H* HSO4 0.20650 0.55560 0 0 Harvie, Moller, 1984
Li* Cl- 0.1494 0.3074 0 0.00359 Pitzer, 1991
Li* Br- 0.1748 0.2547 0 0.0053 Pitzer, 1991
Li* ClOs 0.1705 0.2294 0 -0.00524 Pitzer, 1991
Li* ClOys 0.1973 0.3996 0 0.0008 Pitzer, 1991
Li* BrOs 0.0893 0.2157 0 0 Pitzer, 1991
Li* NO2 0.1336 0.325 0 -0.0053 Pitzer, 1991
Li* NOs 0.1420 0.2780 0 -0.00551 Pitzer, 1991
Na* Cl- 0.0765 0.2664 0 0.00127 Pitzer, 1991
Na* Br- 0.0973 0.2791 0 0.00116 Pitzer, 1991
Na* I- 0.1195 0.3439 0 0.0018 Pitzer, 1991
Na* OH- 0.0864 0.253 0 0.0044 Pitzer, 1991
Na* ClOs 0.0249 0.2455 0 0.004 Pitzer, 1991
Na* ClO4 0.0554 0.2755 0 -0.00118 Pitzer, 1991
Na* BrOs- -0.0205 0.1910 0 0.0059 Pitzer, 1991
Na* NO2 0.0641 0.1015 0 -0.00490 Pitzer, 1991
Na* NOs- 0.0068 0.1783 0 -0.00072 Pitzer, 1991
Na* H2PO4 -0.0533 0.0396 0 0.00795 Pitzer, 1991
Na* B(OH)4 -0.0526 0.1104 0 0.0154 Pitzer, 1991
Na* BF4 -0.0252 0.1824 0 0.0021 Pitzer, 1991
Na* HSO4 0.04540 0.39800 0 0 Harvie, Moller, 1984
Na* HCOs 0.02770 0.04110 0 0 Harvie, Moller, 1984
Na* B3Os3(OH)4 -0.05600 | -0.91000 0 0 Felmy, Weare, 1986
K* F- 0.08089 0.2021 0 0.00093 Pitzer, 1991
K* Cl- 0.04835 0.2122 0 -0.00084 Pitzer, 1991
K* Br- 0.0569 0.2212 0 -0.00180 Pitzer, 1991
K* I- 0.0746 0.2517 0 -0.00414 Pitzer, 1991
K* OH- 0.1298 0.320 0 0.0041 Pitzer, 1991
K* NO2 0.0151 0.015 0 0.0007 Pitzer, 1991
K* NOs -0.0816 0.0494 0 0.00660 Pitzer, 1991
K* HSO4 -0.00030 0.17350 0 0 Harvie, Moller, 1984
K* HCOs 0.02960 -0.01300 0 -0.00800 Harvie, Moller, 1984
K* B(OH)4 0.03500 0.14000 0 0 Felmy, Weare, 1986
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K+ B303(OH)4 -0.13000 0 0 0 Felmy, Weare, 1986
Rb* F 0.1141 0.2842 0 -0.0105 Pitzer, 1991
Rb* Cl- 0.0431 0.1539 0 -0.00109 Pitzer, 1991
Rb* Br- 0.0396 0.1530 0 -0.00144 Pitzer, 1991
Rb* I- 0.0397 0.1330 0 -0.00108 Pitzer, 1991
Rb* NO>- 0.0269 -0.1553 0 -0.00366 Pitzer, 1991
Rb* NOs- -0.0789 -0.0172 0 0.00529 Pitzer, 1991
Cs* F 0.1306 0.2570 0 -0.0043 Pitzer, 1991
Cs* Cl- 0.0347 0.0397 0 -0.00049 Pitzer, 1991
Cs* Br- 0.0279 0.0139 0 0.00004 Pitzer, 1991
Cs* I- 0.0244 0.0262 0 -0.00365 Pitzer, 1991
Cs* NO>- 0.0427 0.060 0 -0.0051 Pitzer, 1991
Ag* NOs- -0.0856 0.0025 0 0.00591 Pitzer, 1991
NH4* Cl- 0.0522 0.1918 0 -0.00301 Pitzer, 1991
NH4* Br- 0.0624 0.1947 0 -0.00436 Pitzer, 1991
NH4* I- 0.0570 0.3157 0 -0.00308 Pitzer, 1991
NH4* H2PO4 -0.0704 -0.4156 0 0.00669 Pitzer, 1991
NH4* NOs- -0.0154 0.1120 0 -0.00003 Pitzer, 1991
CaB(OH)4* CI- 0.12000 0 0 0 Felmy, Weare, 1986
MgOH* Cl- -0.10000 1.65800 0 0 Harvie, Moller, 1984
Cm(OH)2* Cl- -0.58 -0.9 0 0 Fanghanel, et al., 1994
3-2.2-1 Pitzer o1=2.0
BO Bo B® ce Reference
Mg?* Cl. 0.35235 1.68150 0 0.00519 Pitzer, 1991
Mg?* Br- 0.43268 1.75275 0 0.00312 Pitzer, 1991
Mg?* I- 0.49020 1.80413 0 0.00793 Pitzer, 1991
Mg?* Clos 0.49613 2.00850 0 0.00958 Pitzer, 1991
Mg?* NOs- 0.36713 1.58475 0 -0.02062 Pitzer, 1991
Mg?* HSO4 0.47460 1.72900 0 0 Harvie, Moller, 1984
Mg?* HCOs 0.32900 0.60720 0 0 Harvie, Moller, 1984
Ca?+ Cl- 0.31590 1.61400 0 -0.00034 Pitzer, 1991
Ca?+ Br- 0.38160 1.61325 0 -0.00257 Pitzer, 1991
Caz+ I- 0.43793 1.80675 0 -0.00084 Pitzer, 1991
Caz+ ClOos 0.45113 1.75650 0 -0.00500 Pitzer, 1991
Caz+ NOs- 0.21083 1.40925 0 -0.02014 Pitzer, 1991
Ca?+ HSO« 0.21450 2.53000 0 0 Harvie, Moller, 1984
Ca?+ OH- -0.17470 -0.23030 -5.72000 0 Harvie, Moller, 1984
Ca?+ HCOs 0.40000 2.97700 0 0 Harvie, Moller, 1984
Srz+ Cl- 0.28575 1.66725 0 -0.00130 Pitzer, 1991
Srz+ Br- 0.33113 1.71150 0 0.00123 Pitzer, 1991
Sr2+ I- 0.40125 1.86000 0 0.00266 Pitzer, 1991
Sr2+ ClO4 0.42690 1.56675 0 -0.01311 Pitzer, 1991
Sr2+ NOs 0.13463 1.38000 0 -0.01992 Pitzer, 1991
Ba?* Cl- 0.26280 1.49625 0 -0.01938 Pitzer, 1991
Ba?* Br- 0.31455 1.56975 0 -0.01596 Pitzer, 1991
Baz+ I- 0.42188 1.68675 0 -0.01743 Pitzer, 1991
Ba?* ClOos 0.36143 1.57575 0 -0.03126 Pitzer, 1991
Mn2+ Cl- 0.33218 1.51425 0 -0.02269 Pitzer, 1991
Fe?+ Cl- 0.33593 1.53225 0 -0.00861 Pitzer, 1991
Co?* Cl- 0.36428 1.47525 0 -0.01522 Pitzer, 1991
Co?* Br- 0.42698 1.65975 0 -0.00067 Pitzer, 1991
Co?* I- 0.52125 1.67250 0 -0.00467 Pitzer, 1991
Co?* NOs- 0.31193 1.69050 0 -0.00762 Pitzer, 1991
N2+ Cl- 0.34988 1.53000 0 -0.00471 Pitzer, 1991
Cuz* Cl- 0.29663 1.39125 0 -0.03602 Pitzer, 1991
Cu?* NOs 0.31680 1.43025 0 -0.02193 Pitzer, 1991
Zn2* Cl- 0.22823 1.73100 0 -0.06550 Pitzer, 1991
Zn%+ Br- 0.46598 1.63425 0 -0.10792 Pitzer, 1991
Zn%+ I- 0.48210 1.94550 0 -0.01427 Pitzer, 1991
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Zn%* ClOs 0.50603 1.79700 0 0.01132 Pitzer, 1991
Zn%+ NOs 0.34808 1.69125 0 -0.01567 Pitzer, 1991
Cd?+ NOs 0.28650 1.66800 0 -0.02565 Pitzer, 1991
Pb2+ ClO4 0.33323 1.72200 0 -0.00884 Pitzer, 1991
Pb2+ NOz -0.03615 0.28500 0 0.00533 Pitzer, 1991
U022+ Cl- 0.42735 1.64400 0 -0.03686 Pitzer, 1991
U022+ ClOs 0.61133 2.14425 0 0.02169 Pitzer, 1991
U022+ NOs 0.46073 1.61325 0 -0.03154 Pitzer, 1991
Li* SO4% 0.13628 1.27050 0 -0.00399 Pitzer, 1991
Na* SO4% 0.01958 1.11300 0 0.00497 Pitzer, 1991
Na* S203% 0.06615 1.27575 0 0.00374 Pitzer, 1991
Na* CrO4? 0.09375 1.36950 0 -0.00216 Pitzer, 1991
Na* COs? 0.03623 1.50975 0 0.00520 Pitzer, 1991
Na* HPO4? -0.05828 1.46550 0 0.02938 Pitzer, 1991
Na* B40s(OH)4% -0.11000 -0.40000 0 0 Felmy, Weare, 1986
K* CrO4% 0.07583 1.23900 0 -0.00078 Pitzer, 1991
K* CO3% 0.12878 1.43325 0 0.00050 Pitzer, 1991
K* HPO4% 0.02475 1.27425 0 0.01639 Pitzer, 1991
K+ SO42 0.04995 0.77930 0 0 Harvie, Moller, 1984
K+ B4Os5(OH)4* -0.02200 0 0 0 Felmy, Weare, 1986
Rb* SO4% 0.05790 1.11075 0 -0.00010 Pitzer, 1991
Cs* SO4% 0.08880 1.11075 0 -0.00600 Pitzer, 1991
NH4* SO4% 0.04088 0.65850 0 -0.00116 Pitzer, 1991
Na* Th(S04)3% 0.12000 0 0 0 Felmy, Rai, 1992
Li* Th(S04)3* 0.52 0 0 0 Felmy, Rai, 1992
NHa4* Th(S04)3* 0.26 0 0 0 Felmy, Rai, 1992
K* Th(S04)s> 0.09000 0 0 0 Felmy, Rai, 1992
H+ Th(SO4)s> 0.84000 0 0 0 Felmy, Rai, 1992
H* SO4% 0.02980 0 0 0.04380 Harvie, Moller, 1984
NH4* ThFe* -1.3 0 0 0 Rai, et al., 1993
US042* Cl- 1.64 0 0 -0.2635 Rai, et al., 1999
US042* ClOs 1.735 0 0 -0.2635 Rai, et al., 1999
PuSO42* Cl- 1.64 0 0 -0.2635 Rai, et al., 1999
PuSO4%* ClO4 1.735 0 0 -0.2635 Rai, et al., 1999
NpSO42* Cl- 1.64 0 0 -0.2635 Xia, et al., 1999
NpSO42* ClO4 1.735 0 0 -0.2635 Xia, et al., 1999
CmOHZ?* Cl- -0.6 3.0 0 0.2 Fanghanel, et al., 1994
3-3.3-1 Pitzer a1=2.0
BO BWw B® ce Reference
Al3+ Cl- 0.69933 5.84467 0 0.00273 Pitzer, 1991
Sc3* Cl- 0.70000 5.31867 0 -0.03233 Pitzer, 1991
Y3+ Cl- 0.62600 5.60000 0 -0.01540 Pitzer, 1991
Las* Cl- 0.58867 5.60000 0 -0.02348 Pitzer, 1991
Ce3* Cl- 0.60467 5.60000 0 -0.02848 Pitzer, 1991
Pr3+ Cl- 0.58867 5.60000 0 -0.02078 Pitzer, 1991
Nd3+ Cl- 0.58533 5.60000 0 -0.01886 Pitzer, 1991
Sms+ Cl- 0.60000 5.60000 0 -0.02040 Pitzer, 1991
Eust Cl- 0.60733 5.60000 0 -0.02078 Pitzer, 1991
Gds+ Cl- 0.60867 5.60000 0 -0.01886 Pitzer, 1991
Th3+ Cl- 0.61467 5.60000 0 -0.01771 Pitzer, 1991
Dy3* Cl- 0.61933 5.60000 0 -0.01732 Pitzer, 1991
Hos3+ Cl- 0.62467 5.60000 0 -0.01732 Pitzer, 1991
Ers+ Cl- 0.61867 5.60000 0 -0.01463 Pitzer, 1991
Tms+ Cl- 0.61733 5.60000 0 -0.01386 Pitzer, 1991
Yhbs+ Cl- 0.61533 5.60000 0 -0.01270 Pitzer, 1991
Lust Cl- 0.61467 5.60000 0 -0.01270 Pitzer, 1991
Cr3+ Cl- 0.73640 5.25533 0 -0.04511 Pitzer, 1991
Cr3+ NOz 0.70400 5.18467 0 -0.05901 Pitzer, 1991
Gad* ClOs 0.82540 6.52933 0 0.03479 Pitzer, 1991
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Y3+ NOs- 0.61000 5.13333 0 -0.07275 Pitzer 1991
Las* NO3s 0.49133 5.13333 0 -0.07621 Pitzer, 1991
Pr3+ NO3s 0.48267 5.13333 0 -0.06659 Pitzer, 1991
Nds3+ NO3s 0.46800 5.13333 0 -0.05466 Pitzer, 1991
Sms+ NOs- 0.46733 5.13333 0 -0.05042 Pitzer, 1991
Eus* NOs- 0.47533 5.13333 0 -0.04811 Pitzer, 1991
Gd3+ NOs- 0.51733 5.13333 0 -0.06543 Pitzer, 1991
Ths+ NOs 0.55867 5.13333 0 -0.07775 Pitzer, 1991
Dys3+ NOs 0.56533 5.13333 0 -0.06963 Pitzer, 1991
Ho3+ NO3s 0.58400 5.13333 0 -0.07128 Pitzer, 1991
Er3+ NOs- 0.62533 5.13333 0 -0.08699 Pitzer, 1991
Tm3+ NOs- 0.63467 5.13333 0 -0.08545 Pitzer, 1991
Yb3+ NOs- 0.63200 5.13333 0 -0.08006 Pitzer, 1991
Lus* NOs- 0.61733 5.13333 0 -0.06697 Pitzer, 1991
Las* ClOy4 0.76667 6.53333 0 0.00038 Pitzer, 1991
Pr3+ ClOys 0.75333 6.53333 0 0.00616 Pitzer, 1991
Nd3+ ClOys 0.75333 6.53333 0 0.00731 Pitzer, 1991
Sms+ ClOs 0.76000 6.53333 0 0.00539 Pitzer, 1991
Gd3+ ClOs 0.78000 6.53333 0 0.00539 Pitzer, 1991
Th3* ClOos 0.79333 6.53333 0 0.00462 Pitzer, 1991
Dys3+ ClO4 0.80000 6.53333 0 0.00539 Pitzer, 1991
Ho3+ ClOy4 0.79333 6.53333 0 0.00500 Pitzer, 1991
Er3+ ClOys 0.80000 6.53333 0 0.00539 Pitzer, 1991
Tm3+ ClOos 0.79333 6.53333 0 0.00924 Pitzer, 1991
Yb3+ ClOs 0.80000 6.53333 0 0.00500 Pitzer, 1991
Lus+ ClOos 0.78667 6.53333 0 0.01116 Pitzer, 1991
Na* PO43- 0.17813 3.85133 0 -0.05154 Pitzer, 1991
Na* AsO43- 0.23880 3.93000 0 -0.04773 Pitzer, 1991
K+ PO43 0.37293 3.97200 0 -0.08679 Pitzer, 1991
K+ P30g% 0.32447 5.56600 0 -0.03410 Pitzer, 1991
K+ AsO4* 0.49940 4.34067 0 -0.12994 Pitzer, 1991
Am3+ Cl- 0.61170 5.40300 0 -0.02850 Rai, et al., 1995
Ams* ClOs 0.754 6.53 0 0.0075 Rai, et al., 1995
Ams+ NO3s 0.46800 5.13000 0 -0.05487 Rali, et al., 1995
Am3+ H2PO4 0 0 -92.9 0 Rali, et al., 1995
Na* Am(CO3)3* -0.25600 5.00000 0 0.04430 Felmy, Rai, 1999
Cm3+ Cl- 0.5856 5.6 0 -0.019 Fanghanel, et al., 1994
UOH3+ Cl- 1.0 7.856 0 0 Rai, et al., 1997
UOH3+ Cl- 1.0 7.856 0 0 Rai, et al., 1997
PuOH?3+ Cl- 0 7.856 0 0 Rai, et al., 1999
PuOH?3+ ClOy4 0 7.856 0 0 Rali, et al., 1999
NpOH3+ Cl- 1.0 7.856 0 0 Xia, et al., 1999
NpOH3+ ClOos 1.0 7.856 0 0 Xia, et al., 1999
3-4.4-1, 5-1, 6-1 Pitzer o1=2.0
BO B 12 ce Reference
K+ P20+ 0.61063 | 11.17500 0 -0.07556 Pitzer, 1991
Na* P3010%> 1.12140 | 21.66000 0 0.50151 Pitzer, 1991
K+ P3010%> 1.16340 | 23.78400 0 0.52029 Pitzer, 1991
Na* Th(CO3)s% 1.31000 | 30.00000 0 0 Felmy, et al., 1997
Th4+ Cl- 1.09200 13.70000 | -160.000 | -0.11200 Felmy, Rai, 1999
Th4+ HSO4 1.44000 0 0 0 Felmy, Rai, 1992
U4 Cl- 1.644 15.5 0 0.0995 Rai, et al., 1997
U4 Clos 1.644 15.5 0 0.0995 Rai, et al., 1997
Na* U(CO3)s® 1.5 31.3 0 0 Rai, et al., 1998
K* U(CO3)s8 15 31.3 0 0 Rali, et al., 1998
Pu4* Cl- 1.644 15.5 0 -0.0995 Rali, et al., 1999
Pu4* ClO4 1.644 15.5 0 -0.0995 Rali, et al., 1999
Na* Pu(CO3)s® 1.5 31.3 0 0 Rai, et al., 1999
K+ Pu(CO3)s® 1.5 31.3 0 0 Rai, et al., 1998
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Np** Cl- 1.644 15.5 0 0.0995 Xia, et al., 1999
Np#* ClOos 1.644 15.5 0 0.0995 Xia, et al., 1999
Na* Np(CO3)s®- 1.5 31.3 0 0 Rai, et al., 1999
K+ Np(CO3)s®- 1.5 31.3 0 0 Rai, et al., 1998
3-5. 2-2 Pitzer oi=1.4, a2=12.0
BO Bw B® ce Reference
Mg?* S04* 0.2210 3.343 -37.23 0.0250 Pitzer, 1991
Ni2* SO4? 0.1702 2.907 -40.06 0.0366 Pitzer, 1991
Mn2+ SO42 0.213 2.938 -41.91 0.0155 Pitzer, 1991
Fe2+ SO4* 0.2568 3.063 -42 0.0209 Pitzer, 1991
Co?* S04* 0.1631 3.346 -30.7 0.03704 Pitzer, 1991
Cu?* S04* 0.2340 2.527 -48.33 0.0044 Pitzer, 1991
Zn% S04* 0.1949 2.883 -32.81 0.0290 Pitzer, 1991
Cd? SO4? 0.2053 2.617 -48.07 0.0114 Pitzer, 1991
Srz+ SO4? 0.220 2.88 -41.8 0.019 Pitzer, 1991
Be?* SO42 0.317 2914 -40.0 0.0062 Pitzer, 1991
U0Oz?* SO4* 0.322 1.827 -40.0 -0.0176 Pitzer, 1991
Ca?* SO4* 0.20000 | 3.19730 | -54.24000 0 Harvie, Moller, 1984
3-6. Pitzer a1=2.0
1 2 BO Bw B®@ ce Reference
B(OH)s(aq) Na* -0.09700 0 0 0 Felmy, Weare, 1986
B(OH)s(aq) H* 0 0 0 0 Felmy, Weare, 1986
B(OH)s(aq) K* -0.14000 0 0 0 Felmy, Weare, 1986
B(OH) 3 (aq) CI- 0.09100 0 0 0 Felmy, Weare, 1986
B(OH)s (aq) SO4% 0.01800 0 0 0 Felmy, Weare, 1986
B(OH) s (aq) B3Os3(OH)4~ | -0.20000 0 0 0 Felmy, Weare, 1986
CO2(aq) Na* 0.10000 0 0 0 Harvie, et al., 1984
CO2z(aq) K* 0.05100 0 0 0 Harvie, et al., 1984
CO2(aq) Ca?* 0.18300 0 0 0 Harvie, et al., 1984
CO2(aq) Mg%* 0.18300 0 0 0 Harvie, et al., 1984
CO2(aq) Cl- -0.00500 0 0 0 Harvie, et al., 1984
CO2z(aq) SO4* 0.09700 0 0 0 Harvie, et al., 1984
HsPO4(aq) H3PO4(aq) 0.05030 0 0 0.01090 Pitzer, Silvester, 1976
H3PO4(aq) H2PO4 -0.40000 0 0 0 Pitzer, Silvester, 1976
HsPO4(aq) H* 0.29000 0 0 0 Pitzer, Silvester, 1976
Th(SO4)2(aq) Cl- 0.29000 0 0 0 Felmy, Rai, 1992
Th(S04)2(aq) HSO4- 0.68000 0 0 0 Felmy, Rai, 1992
Ams* SO4% 3.03980 0 -2500 0 Rai, et al., 1995
Th#* SO4* 1.56000 0 0 0 Felmy, Rai, 1992
3-7.3 Pitzer
1 2 3 (S) W Reference
H* Li* Cl- 0.01500 0 Pitzer, 1991
H* Li* Br- 0.01500 0 Pitzer, 1991
H* Li* ClOog 0.01500 -0.00100 Pitzer, 1991
H* Na* Cl- 0.03600 -0.00400 Pitzer, 1991
H* Na* Br- 0.03600 -0.01200 Pitzer, 1991
H* Na* ClOs 0.03600 -0.01600 Pitzer, 1991
H* K* Cl- 0.00500 -0.00700 Pitzer, 1991
H* K+ Br- 0.00500 -0.02100 Pitzer, 1991
H* Cs* Cl- -0.04400 -0.01900 Pitzer, 1991
H* NH4* Cl- -0.01900 0 Pitzer, 1991
H* NH4* Br- -0.01900 0 Pitzer, 1991
H* PraN* Br- -0.1700 -0.15000 Pitzer, 1991
Li* Na* Cl- 0.01200 -0.00300 Pitzer, 1991
Lit Na* NOs- 0.01200 -0.00700 Pitzer, 1991
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Li* Na+ ClOs 0.01200 -0.00800 Pitzer, 1991
Li* K+ Cl- -0.02200 -0.01000 Pitzer, 1991
Li* Cs* Cl- -0.09500 0.00900 Pitzer, 1991
Na* K+ Cl- -0.01200 -0.00100 Pitzer, 1991
Na* K+ Br- -0.01200 -0.00200 Pitzer, 1991
Na* K+ NO3z -0.01200 -0.00100 Pitzer, 1991
Na* K+ SO4% -0.01200 -0.01000 Pitzer, 1991
Na* Cs* Cl- -0.03880 -0.00130 Pitzer, 1991
K+ Cs* Cl- 0 -0.00100 Pitzer, 1991
Cl- Br- Na* 0 0 Pitzer, 1991
Cl- Br- K+ 0 0 Pitzer, 1991
Cl- OH- Na* -0.05000 -0.00600 Pitzer, 1991
Cl- OH- K+ -0.05000 -0.00800 Pitzer, 1991
Br- OH- Na* -0.06500 -0.01800 Pitzer, 1991
Br- OH- K+ -0.06500 -0.01400 Pitzer, 1991
Cl- NO3z- Li* 0.01600 -0.00300 Pitzer, 1991
Cl- NO3z- Na* 0.01600 -0.00600 Pitzer, 1991
Cl- NO3z- K+ 0.01600 -0.00600 Pitzer, 1991
Cl- NO3z Mg%* 0.01600 0 Pitzer, 1991
Cl- NO3z Caz+ 0.01600 -0.01700 Pitzer, 1991
Cl- HoPO4 Na* 0.10000 0 Pitzer, 1991
Cl- HoPO4 K+ 0.10000 -0.10000 Pitzer, 1991
Li* Na+ SO4% 0.00290 -0.00390 Pitzer, 1991
Li* K+ SO4% -0.05630 -0.00860 Pitzer, 1991
Li* Rb* SO4% -0.09080 0.00240 Pitzer, 1991
Li* Cs* SO4% -0.12420 0.00880 Pitzer, 1991
Na* K+ SO4% -0.01200 -0.01000 Pitzer, 1991
Na* K+ HCOs -0.01200 -0.00300 Pitzer, 1991
Na* K+ CO3% -0.01200 0.00300 Pitzer, 1991
Na* Rb* SO4% -0.03190 0.00480 Pitzer, 1991
Na* Cs* SO4% -0.01530 -0.00350 Pitzer, 1991
Na* NH4* Cl- 0 -0.00030 Pitzer, 1991
Na* NH4* SO4% 0 -0.00130 Pitzer, 1991
Na* Caz* Cl- 0.07000 -0.00700 Pitzer, 1991
Na* Caz* SO4% 0.07000 -0.05500 Pitzer, 1991
Na* Mg?* Cl- 0.07000 -0.01200 Pitzer, 1991
Na* Mg?* SO4% 0.07000 -0.01500 Pitzer, 1991
Na* H+* HSO4+ 0.03600 -0.01290 Pitzer, 1991
K+ Cs* SO4% -0.00490 -0.00160 Pitzer, 1991
K+ Caz* Cl- 0.03200 -0.02500 Pitzer, 1991
K+ Mg?* Cl- 0 -0.02200 Pitzer, 1991
K* Mg%* SO4% 0 -0.04800 Pitzer, 1991
K* H+* HSO4 0.00500 -0.02650 Pitzer, 1991
Mg?* MgOH* Cl- 0 0.02800 Pitzer, 1991
Mg?* Cuz* NO3z 0.00850 -0.00310 Pitzer, 1991
Mg?* H+* Cl- 0.10000 -0.01100 Pitzer, 1991
Mg?* H+* HSO4 0.10000 -0.01780 Pitzer, 1991
Caz* Mg%* Cl- 0.00700 -0.01200 Pitzer, 1991
Ca?* Mg?* SO4% 0.00700 0.02400 Pitzer, 1991
Ca?* Cu?* NO3s- -0.05580 0.00260 Pitzer, 1991
Ca?+ H+* Cl- 0.09200 -0.01500 Pitzer, 1991
Sr2+ H+* Cl- 0.06420 0.00330 Pitzer, 1991
Baz* H+* Cl- 0.07080 0.00180 Pitzer, 1991
Ni2* Cu?+ NO3z 0.01310 -0.00310 Pitzer, 1991
Ni2* H+* Cl- 0.06900 0.00560 Pitzer, 1991
Cl- SO4% Na* 0.03000 0 Pitzer, 1991
Cl- S0O4% K* 0.03000 -0.00500 Pitzer, 1991
Cl- SO4% Caz* 0.03000 -0.00200 Pitzer, 1991
Cl- SO4% Mg%* 0.03000 -0.00800 Pitzer, 1991
Cl- HSO4 Na* -0.00600 -0.00600 Pitzer, 1991
Cl- HSO4 H* -0.00600 0.01300 Pitzer, 1991
Cl- OH- Caz+ -0.05000 -0.02500 Pitzer, 1991
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Cl- HCOs Na* 0.03000 -0.01500 Pitzer, 1991
Cl- HCO3- Mg?* 0.03000 -0.09600 Pitzer, 1991
Cl- CO3% Na* -0.02000 0.00850 Pitzer, 1991
Cl- CO3% K+ -0.02000 0.00400 Pitzer, 1991
SO4% OH- Na+ -0.01300 -0.00900 Pitzer, 1991
SO4% OH- K* -0.01300 -0.05000 Pitzer, 1991
SO4% HCOsz Na* 0.01000 -0.00500 Pitzer, 1991
SO42 HCO3s" Mg%* 0.01000 -0.16100 Pitzer, 1991
SO42 CO3? Na* 0.02000 -0.00500 Pitzer, 1991
S0O42- CO3% K+ 0.02000 -0.00900 Pitzer, 1991
OH- CO3?% Na* 0.10000 -0.01700 Pitzer, 1991
OH- CO3? K* 0.10000 -0.01000 Pitzer, 1991
HCOsz CO3z? Na* -0.04000 0.00200 Pitzer, 1991
HCOsz CO3z? K* -0.04000 0.01200 Pitzer, 1991
H+ Sr2+ Cl- -0.03700 0.02000 Pitzer, 1991
H+ Ba2+ Cl- -0.03600 0.02400 Pitzer, 1991
H* Mn2z+ Cl- 0 0 Pitzer, 1991
Li* Mg?* S04 0 0 Pitzer, 1991
Li* Mnz* SO4% 0 0 Pitzer, 1991
Li* Co?* SO4% 0 0 Pitzer, 1991
Lit Ni2* S04 0 0 Pitzer, 1991
Li* Cu?+ S042- 0 0 Pitzer, 1991
Li* n2+ SO042- 0 0 Pitzer, 1991
Li+ Baz+ Cl- -0.07000 0.01900 Pitzer, 1991
Na* Mg?* SQO42 0 0 Pitzer, 1991
Na* Baz* Cl- -0.00300 0 Pitzer, 1991
Na* Mn?2+ Cl- 0.04320 -0.01360 Pitzer, 1991
Na* Mn2+ S04 0.04320 -0.02160 Pitzer, 1991
Na* Co2+ Cl- -0.01940 -0.00850 Pitzer, 1991
Na* Co?* SO4% -0.01940 -0.01740 Pitzer, 1991
Na* Ni2+ Cl- 0.05910 0.01150 Pitzer, 1991
Na* Cuz?* Cl- 0 -0.01400 Pitzer, 1991
Na* Cuz* SO42 0 -0.01100 Pitzer, 1991
Na* n%+ S04 0.05070 -0.03890 Pitzer, 1991
Nat Cd2* S042- -0.00030 -0.01520 Pitzer, 1991
K+ Mg?* SO42- -0.08280 -0.02350 Pitzer, 1991
K+ Ba2+ Cl- -0.07200 0 Pitzer, 1991
Cs* Baz* Cl- -0.15000 0 Pitzer, 1991
NHg4* Mg?* SO42 -0.02750 0.03340 Pitzer, 1991
B(OH)s(aq) Na* SO4* 0 0.04600 Felmy, Weare, 1986
B(OH)s(aq) H* Cl- 0 -0.01020 Felmy, Weare, 1986
K+ H* SO42- 0.00500 0.19700 Harvie, et al., 1984
S0O4% HSO4 Na* 0 -0.00940 Harvie, et al., 1984
SO4% HSO4 K+ 0 -0.06770 Harvie, et al., 1984
SO4% HSO« Mg?* 0 -0.04250 Harvie, et al., 1984
SO42 ClO4 Na* 0.02000 0.00140 Rai, et al., 1995
B(OH)+ Cl- Na* -0.06500 -0.00730 Felmy, Weare, 1986
B303(OH)4 Cl- Na* 0.12000 -0.02400 Felmy, Weare, 1986
B4Os(OH)4% Cl- Na+ 0.07400 0.02600 Felmy, Weare, 1986
H+ Th4+ Cl- 0.60000 0.08000 Felmy, Rai, 1992
Na* Th4+ Cl- 0.42000 0.21000 Felmy, Rai, 1999
Mg?* Th4+ Cl- 0.60000 0.21000 Felmy, Rai, 1999
NH4* Th4+ S04 -0.44 0.06 Felmy, Rai, 1992
Am(CO3)3* Cl- Na* 0.16800 0.02730 Rai, et al, 1997
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4-1, pH
/ pH [CO5”] mol/kg
FRHP 4.227e-3 8.460 4.322e-5
FRHP 2.257e-2 8.361 1.407e-4
6.804e-3 11.198 4.931e-6
1.814e-2 8.671 1.774e-4
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T T T T T T T T
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Pitzer Am (111)
4.2 Am(IIT) Th(IV) Pitzer 4-1
/
, 1999
Am(III)
Am(III) Pitzer Am’" Am(CO3);>
CmOH*"-CI Cm(OH),"-CI Fanghanel, et al., 1994
4-2
4-2. Am Pitzer
2
1 2 B(o) B BQ2) Cop Reference
Am’’ Cr 0.61170 5.40300 0 -0.02850 Rai, et al., 1995
Na" Am(CO;);™ -0.25600 5.00000 0 0.04430 Felmy, Rai, 1999
CmOH>" Cl- -0.6 3.0 0 0.2 Fanghanel, et al., 1994
Cm(OH)," Cr -0.58 -0.9 0 0 Fanghanel, et al., 1994
3
1 2 3 (] o® Reference
Am(CO5);™ Na® CI 0.16800 | 0.02730 Rai, et al, 1997
4-2 Am
AmOHCOs(cr) SRHP
, 1999 SRHP Na Cl
0.6,1,2,3,4 5
Davis EQ3/6 ver.7.2¢
(Wolery, 1992)
4-3 4-8 4-9
4-8 0.6 Am Pitzer Davis
1 Pitzer
Davis SRHP
AmOH*" Am(OH)," Pitzer
Pitzer AmOH*" Am(OH),"
4-9 Am’" Am(CO;);>  Pitzer
Davis Pitzer
Davis Am®* Davis
Davis Am(CO;);™
Pitzer Davis
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EEEE AmOH2+ Davis
3r..... gOH)Z Davis T T T T 1
_ Davis
Amggg) " Davis /
Itzer s
, =i e Lawe_spons
— itzer pid :
""""" Am(C03)3 Pitzer Davis
/ - -
- - -
- u
o ' =+ H
1 R " AmMOH" Davis
AmM(OH)," Davis .~ et
/ n™ " — O =
- ™ -— — —
> O - T _7“-—- . ”
(@] mm" =t
o mmnt yd g / Am?3! Pitzer
1 F P
w(OH){' Pitzer
) / —_—
Anmi(CO3)s™> Pitzer T
3 L L L L L L L L [N R A T T T SR My
1 2 3 4 5
4-9. Am
Na Cl
4-3. Am mol/kg-water
Pitzer Davis
Am AmOH” | Am(OH)," | Am** Am(CO3);" | Am AmOH* Am(OH)," Am®* Am(CO;)5*
(logy) (logy) logy logy (logy) logy logy logy
1.064E-8 | 1288E-8 | 7328E-10 | 1330E-12 S417E9 | 2.919E-09 | 9.165E-10 | 6.597E-13
0615 | 2.789E-8 | 0763) | (0725 | (-1.022) (-1.574) LI9SE-8 | 520) (0.130) | (-1.169) (-1.169)
1.809E-8 | 2.676E-8 | 6.457E-10 | 2.021E-12 386569 | 2.547E-09 | 4.630E-10 | 3.864E-13
1.036 1 4960E-8 | [5973) | (1.028) | (:0.941) 1790 | PMTEY | o304y | (-0099) | (-0.887) (-0.887)
5.699E-8 | 1215E-7 | 3.575E-10 | 4.489E-12 1248E-9 | 1.699E-09 | 4.354E-11 | 5.130E-14
2036 ) 1836ET | "1 20) | (1650) | (-0.616) (2223) | SOMEY | 0.047) (0.012) (0.105) (0.105)
1.536E-7 | 4.694E-7 | 1.747E-10 | 8.074E-12 3.417E-10 | 1.090E-09 | 2.814E-12 | 4.618E-15
3036 1 6284ET 1 a0y | (2.196) | (:0.228) 2577 | 3O1E9 1 o561 (0.140) (1.263) (1.263)
351767 | 1.695E-6 | 7.869E-11 | 1.201E-11 8.760E-11 | 6.895E-10 | 1.560E-13 | 3.515E-16
4036 1 2.052B-6 | "5 084y | (2.707) (0.207) 2864) | V93EY | o) 0277) (2.490) (2.490)
6.865E-7 | 5.926E-6 | 3.358E-11 | 1.487E-11 2.072E-11 | 4.336E-10 | 7.989E-15 | 2.431E-17
036 ) 6.618E-6 | ) 298) | (:3.198) 0.677) (-:3.087) 1369E-9 1 7 669) (0.417) (3.754) (3.754)
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