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The recalculated log K}, for Np(V)-montmorillonite also has a slightly greater correlation to U(VI) of 0.6 (see
previous log K, [Np(V)]-log K, [U(VI)] plot) as opposed to the value of 0.5 originally used in the report: .
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Developz ing sorption coefficient statistics for input into TPA.

" As described previously, one goal of this work has been to develop information that can be used o

- incorporate, at least indirectly, the effects of chemistry on radionuclide sorption coefficients. Based on the
outlined in Pabalan et al. (1998), Bertetti et al. (1998), and Turner (1998), we have used the Diffuse- -

- method

Layer Model (DLM) to model sorption for the range in water chemistries represented by the data of Perfect

et al. (1995).

Assumptions include:

. Sorption behavior as a function of pH and carbonate concentration is similar for
aluminosilicate minerals when expressed in terms of K/A’,where A’is the effective surface
area (BET surface area in the case of nonporous minerals, 10 % of BET in the case of sheet
minerals such as montmorillonite, gibbsite, and kaolinite). Also implicit in this assumption
is that aluminosilicate minerals will dominate sorption in the tuff units at YM.

. The effect outlined above has been demonstrated for U(VI) and Np(V) (Pabalan et al., 1998 .

and Bertetti et al., 1998). It is assumed that it is also true for other actinides such as Am(III),
Pu(V), and Th(IV).

. The mean pore size in the matrix at YM is 0.1 um (Travis and Nuttall, 1987), which is
assumed to be true for all hydrostratigraphic units used in TPA.

. The water chemistries of Perfect et al. (1995) as screened and culled in Turner (1998) -

represent the likely range in water chemistry at YM.

. As appropriate, mean values from tpa.inp for solubility limits, density, and porosity areused ~

in DLM simulations.

The steps involved in this modeling exercise are:

1.

Identify sorption experiments that can be used to calibrate the DLM parameters.

We used the following sorption experiments for Am(III), Th(IV), and Pu(V) sorption on y-alumina
(Righetto et al., 1988; 1991); Np(V) and U(VI) sorption on montmorillonite (Turner et al., 1998a; —
Pabalan and Turner, 1997). DLM parameters were determined assuming A' = 10 % of BET __
measured area for both y-alumina (BET=130 m*g; A'=13.0 m%g) and montmorillonite (BET=97

m%/g; A'=9.7 m¥g).
Determine the DLM parameters for these experiments.

The DLM parameters in Turner et al. (1998a) and Pabalan and Turner (1997) were used for Np(V)-
and U(VI)-montmorillonite. The computer code FITEQL, Version 2.0 was used to determine DLM
parameters for Am(III)-, Pu(V)-, and Th(IV)- y-alumina. Turner (1995) used FITEQL with the BET
surface area for y-alumina (130 m*/g), to determine that the surface species >AI0Am*2, >A10Pu02°,
and >AIOTh* were adequate to fit the data. We reinterpreted the data using A' = 13.0 m¥/g and the
updated CNWRA radionuclide database [updated Am(III) data to the NEA database and PuO2+ data

to the EQ3/6 database (data0.com.r2, 02aug95)] to derive new binding constants:

—_
%_\"/ —_Riadionuclide-Mineral Surface Complex Binding constant Reference
“~—~——| Np(V)-montmorillonite | >AlO’ -9.73 Turner et al. (1998a)
——— >AlOH,* 8.33 Turner et al. (1998a)
N >Si0™ -7.20 Turner et al. (19982)
—
>AlO-NpO,(OHY -13.79 Turner et al. (1998a)
— ]
>SiOH-NpO,* 4.05 Turner et al. (1998a)
——
]| U(VD-montmorillonite | >AlO0 -9.73 Pabalan and Turner (1997)
e >AIOH,* 8.33 Pabalan and Turner (1997)
I >Si0~ -7.20 Pabalan and Turner (1997)
] >Al0-UO," 2.70 Pabalan and Turner (1997) \
i >Si0-UO,* 2.60 Pabalan and Tumer (1997) \ MO
>Al0-(UO,),(OH),° -14.95 Pabalan and Turner (1997)
i >Si0-(UO,);(OH)," -15.29 Pabalan and Turner (1997)
- Am(IIT)-y alumina >AIO -9.73 Turner and Sassman (1996)
] >AIOH,* 8.33 Turner and Sassman (1996)
>AIO-Am™ 4.66 This study [modified Turner(1995)]
I Pu(V)-y alumina >AIO -9.73 Turner and Sassman (1996)
| >AIOH," 8.33 Turner and Sassman (1996)
. >Al0-Pu0O,’ -2.18 This study [modified Turner(1995)]
) Th(IV)-y alumina >AIO -9.73 Turner and Sassman (1996)
S
>AlOH," 8.33 Turner and Sassman (1996)
« ! >AlO-Th* 153 This study [modified Turner(1995)]
< —————
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~~=="""= The models for U(VT) and Np(V)-montmorillonite have been demonstrated in Pabalan and Turner (1997) and Turner
o et al. (1998a), respectively. The DLM for Am(III)-, Pu(V)-, and Th(IV)- y-alumina are shown here.
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\with the DLM parameters presented in the previous table, MINTEQAZ2 input files were prepared for the 460

;k _DLm \: MO&A éa\ | bm.,h(;m \[\”P Y (\;B | : ' gmalyses in tt?e culled Perfe.ct et al. (1995) database. The mean solu.bility ‘limit from TPA 3.1.4 is used for
’ the radionuclide concentrations of Am(III), Pu(V), and Th(IV). Radionuclide concentrations for Np(V) and

jU(Vf) were set at 1E-6 M. Work presented in Turner (1995) and Turner et al. (1998) suggest sorption

i
. ‘i!' - expr'essed in terms of K}, and K. are relatively insenstive to radionuclide concentration:
W | URANIUM(6+) SORPTION ON MONTMORILLONITE 211 T ~— Am(III)-y alumina
!“ B k T SE SPRING NESESW 3-215-54E NYE ;SampID=492-SPRING  ;ArcID=492
M" UrM=4000644.3 North; 599584.8 East; Date=10/28/64
g L1 23,90 MG/L_0.000  0.00000E-01
qli i 10300011000
i T4 005E+00  13.00 0.000 0.000 81
w _ _ _ _ o *7"330 0.000E-01 -Z.gg v ;;1;13
.H Information potentially subject to copyright protection was T % bieeoz 250y rcars
xR . . . .220E402  -3.04 Mg+
; w redacted from this location. The redacted material (graphs) S [ - (3).3335135 -3.69 v %3;1
1 : . . 410 0. + -4.64 v +1 -
) S is from the following reference: | | 1m0 ool 4o0cy el M
'l‘ 140 0.240E+03  -2.41y /C03-2 Q\&Q\
] S . . 492 0.800E+00 -4.89 y /NO371
*ﬂ[ Pabalan, R.T. and D.R. Turner. “Uranium(6+) Sorption on e 8;233?3? EZ% y 52:55"“
-y Montmorillonite: Experimental and Surface Complexation S ER AR R B ity
Modeling Study. Aqueous Geochemistry. Vol. 2. pp. 203-226. 3 1
330 7.3000 0.0000 /H+1
1997, e S s1§ 0.0000 0.0000 /ADS1PSIo
513300 >a10- 0.0000 -9.0500 0.000 0.000-1.00 0.00 0.00  0.0000
0.00 3 1.000 811 -1.000 330 -1.000 813 0.000 0 0.000 0 0.000 0
] 0.000 0 0.000 0 0.000 0 ¢.000 0 0.000 0 0.000 0

®’ : 0 0.000 0 0.000 0 0.000 O
% : i 8113301 >AlOH2+ 0.0000 6.8500 0,000 0.000 1.00 0.00 0.00 0.0000
o i oom— el 0,00 3 1.000 811  1.000 330 1.000 813 0,000 0 0.000 O 0.000 O
. o ‘ 0.000 O 0.000 O 0.000 O 0.000 O ©0.000 O 0.000 O .
Figured. R 0 0.000 0 0.000 0 0.000 O
=4 8110400 >A10Am+2 0.0000 4.6600 0.000 0.000 2.00 0.00 0.00 ©.0000
! 0.00 4 1.000 811 1.000 040 -1.000 330 2.000 813 0.000 O 0.000 0O
R 0,000 0O 0,000 0 0.000 0 0.000 0 ©0.000 O 0.000 0O
0 0.000 0 0.000 0 0.000 O

Pu(V)-y alumina
MANSE SPRING NESESW 3-21S-54E NYE ;SampID=492-SPRING ;ArcID=492
UTM=4000644.3 North; 599584,8 East; Date=10/28/64
N 23,90 MG/L  0.000 0.00000E-01
0010300011000
4 1 7
1.000E+00  13.00 0.000 0.000 B1
330 0.000E-01 -7.30 y /H+1
642 1.200E-01 -6.36 y /Puo2+1
~ 150 0.500E+02 -2.90 vy /Ca+2
460 0.220E+02 -3.04 y /Mg+2
. 500 0.470E+01 -3.69 v /Na+1
410 0.900E+00 -4.64 y /K+1
180 0.310E+01 -4.06 y /cl-1
732 0.270E+02 -3.55 y /504-2
140 0.240E+03 -2.41 y /C03-2
492 0.800E+00 -4.89 y /NO3-1
] 770 0.813E+01 -3.87 y /H45i04
§g§ 0.200E-01 -6.45 y /Fe+3
0.000E-01 0.00 ¥y /ADS1PSIo
e 811 4.986E-05 -4.30 y /ADS1TYP1
31
JE Ly o B
: ) 332 7.3000 0.0000 /H+1
] 813 0.0000 0.0000 /ADS1PSIo
2 3
=4 8113300 >al0- 0.0000 -9.0500 0.000 0.000-1.00 0.00 0.00  0.0000
0.00 3 1,000 811 -1.000 330 -1.000 813 0.000 0 0.000 0 0.000 O
] 0.000 0 0.000 ©0 ©0.000 ©0 ©0.000 O 0.000 O 0.000 O
- 0 0,000 0 0.000 0 0.000 O
| 8113301 >a)oH2+ 0.0000 6.8500 0.000 0.000 1.00 0.00 0.00  0.0000
4 0003 1,000 811 1.000 330 1.000 813 ©0.000 O 0.000 0 0.000 O
e 0.000 0 0.000 O ©0.000 O 0.000 O 0.000 O 0.000 0
0 0.000 0 0.000 0 0.000 0O

e~ 8116420 >al0PuO2 0.0000 -2.1800 0.000 0.000 0.00 0.00 0.00 0.0000
8.00 3  1.000 811 1.000 642 ~1.000 330 0.000 O 0.000 0 0.000 O

§ . 0.000 0 0.000 4] 0.000 0 0.000 0 0.000 0 0.000 0
. 0.000 0 0.000 0 ¢.000 0

fj



—\*T T
‘ 7 7 !
66 67
-~ Th(IV)-y alumina o
Q o o o o o\o
SR -218- . SampID=492- ;ArcID= o o~ P o~ P 32 3 2 52
T URME000644 3 North; 3995045 East, pace-io/zases ot 2 8 8 8 8 8 &8 & & &
23.90 MG/L  0.000 0.00000E-01 8 5 ; g ; 9 s 2 2 <2 2 ¢
T 0010300011000 e 8 8 ]| ¢ S g 8 ¢ g 8
Lo i.OOéEHOg 13.00 0.000 0.000 81 :
FT T e Tty L, S o ¥
156 0.5008:02 -2.90 ¥ /Ca+2 05'c Q 00’9 ?9
460 0.220E+02 -3.04 y /Mg+2 ) . = © =
J— 500 0.470E+01 -3.69 y /Na+1 = GlL'L © = Sz’ =
B 410 0.900E+00 -4.64 y /R+1 ci = £ =
180 0.310E+01 -4.06 y /C1l-1 (o] . - E £
- 732 0.270E+02 -3.55 y /504-2 = 00k & | 3 = oSy | S
‘ 140 0.240E+03 -2.41 y /C03-2 = E O P £|0
492 0.800E+00 -4.89 vy /NO3-_—1 (o] . : :
770 0.813E+01 -3.87 y /H4Si04 £ G20 E + © s/'e +
281 0.200E-01 -6.45 y /Fe+3 £ £ £ £
813 1.000E-07 -7.00 y /ADS1PSIo c o T . ~
811 4.986E-05 -4.30 y /ADS1TYP1 o 0S50 v |2 g 00 ¥< 2
C c
* 330 7.3000 0.0000 /B+1 ,E'\ szl- 89 Q szz o3
6 1 b -1 g -y _°J o
813 0.0000 0.0000 /ADS1PSIo . bt 2 . o
\ o 00°c- L = 0S°t L
2 3 - Z -
8113300 >AlO- 0.0000 -9.0500 0.000 0.000-1.00 0.00 0.00 0.0000 \ N\ = | o .
~0.00 3 1.000 811 -1.000 330 -1.000 813  0.000 0 0.000 0 0.000 O Yb Gl¢ SL'0
0.000 0 0.000 0 0.0080 00 0.000 0 0.000 0 0.000 0 CE\Q‘ ) v
gllgjggo>mgﬁ2+o.ooo 10868328 6.8500 0.000 0.000 160808.0000.00 0.0000 0s'e- 000
- %% 57%%.060 0 °%.050 o 0.000 0 %% 000 0 %% 000 8% ° 8 3 8 3 e B 8 8 8 8 °
0 0.000 ©0 0.000 © 0.000 O N - - (\l - -
B ee%0 %000 811 1.000 866 -3.000 330" 39000 813 6000 0 0.000 0 Kouanba.ig Rouanbaug
0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0
~ 0 0.000 0 0.000 (¢] 0.000 0
~ Running these MINTEQA?2 models allows generation of sorption coefficients for the observed ranges in
_ water chemistry for the five radionuclide-mineral systems considered here. Normalized to effective surface
area K. of the minerals used in the calibration experiments, and assuming that the pH- and PCO,-dependent o
" sorption behavior is similar for aluminosilicates, these sorption coefficient distributions can be recast in o
- terms of Kj, for each of the hydrostratigraphic units used in TPA. S ® ¥ 2 R § I I R
S & & & & o S & & © &
s © & © & ¥ s © © & & 8
The log K, distributions and descriptive statistics calculated using Microsoft Excel 97 are given here: 2 8 8 € & 8 2 8 8 ¥ & 3
Descriptive Statistics 52 00°S 2
| log K, (mL/m’ Am(IIT) Np(V) Pu(V) Th(1V) U(vI) C i 2 © 2
' Mean 6.54859 0.742079 2.706992 4.248341 -0.03166 = g £ scv g
‘ " IStandard Error 0.034889 0.019686 0.01421 0.027168 0.045466 3 «—|E g ose «|E
e IMedian 6.539491 0.773163 2.714884 4.329547 0.001593 < £(3 P (3
5 Mode 6.337242 0.737717 2.650028 4.438974 -0.15772 g E + © Gle E +
Standard Deviation 0.748294 0.422223 0.304776 0.582685 0.975139 £ < E - o
- [Sample Variance 0.559944 0.178273] __ 0.092889]  0.339521] __ 0.95089¢ . @ X |3 5 00C <3
.. [Kurtosis 1.924308 26.57647 5.055398| 34.22761 12.92837 2 29 O szl 219
Skewness 0.118437 -3.55611 -0.14772 -4.41437 -2.3184 = =18 E =g
" [Range 5.958202 5.140419 2.97415 7.714598 9.407036 £ L S 0s°0 w
- IMinimum 3.16042 -3.26427 0.906492 -1.77969 -6.83733| . < o GZ'0-
Maximum 0.118622 1.876154 3.880642 5.934907 2.569708 }
_ Sum 3012.351 341.3565 1245.216 1954.237 -14.5616] - 00'}- . !
- lCount 460 460 460 460 460 - R B SCoocQQoooo o S ®8 8 8 ~©° i
[Confidence Level(95.0%) [0.068563 0.038686]  0.027925 0.053389 0.089347 > o™ Z;‘;n‘;a‘;’d‘“ = « " fouerh
susnbaiy

P
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- where @, is porosity of the rock, p, is density of the rock in g/m’, and r is the radius of the pore in meters.
For the YM region, parameter values were taken from the input file for TPA 3.1.4. The value for the pore

The distributions for each radionuclide appear to be log normal, although the kurtosis of the distributions
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- varies. The final step in using this information in TPA is to apply this distribution to each hydrostratigraphic =1

-~ unit and transform the K. into K, (in mL/g). Assuming that aluminosilicates will dominate sorption in these —..._|.
__units, it follows that the chemical dependent sorption behavior, and therefore these distributions, should hold

for each unit. The key parameter for each transform to K, will therefore be the surface area.

~ . Arthur (1996) presents a relationship among porosity, dry density, and pore radius such that:

i

Specific Surface Area =

3¢
pr r

- radius was set at 0.05 ym based on work by Travis and Nuttall (1987) that suggests that more than 50 percent ———~—

_ .. (median value) of the pores are less than 0.1 um in diameter. Parameter values and calculated surface area _
is presented here. It is interesting to note that the calculated surface areas agree very well with measured
surface areas (2.6 to 10 m*/g) reported for total surface areas of tuff samples in Triay et al. (1996):

Unit &, P, r Surface area
(m’/m’) (g/m’) (m) (m?/g)
TSw 0.12 2.46E+3 5.0E-08 29
CHnv 0.33 2.26E+3 5.0E-08 8.8
CHnz 0.32 2.40E+3 5.0E-08 8.0
PPw 0.28 2.54E+3 5.0E-08 6.6
UCF 0.28 242E+3 5.0E-08 6.9
BFw 0.12 2.57E+3 5.0E-08 2.8
UFZ 0.12 2.63E+3 5.0E-08 2.7

o

e

" By using the relationship K, *(A’)= Ky, sorption coefficients are determined for each radionuclide (5 total)
~ for each of seven hydrostratigraphic units (in m*g = 1000 mL/g): -

S Log KD(m3/kg) Am(lll)-TSw |Am(Ill)-CHnv| Am(Ill)-CHnz| Am(lll)-PPw | Am(lll)-UCF | Am(ill)-BFw | Am(lll)-UFZ
e I VY TH 4.0109879] 4.4930726] 4.4516799| 4.3681338 4.387439] 3.9957479] 3.9799537] ] ( o
Standard Error 0.0348894| 0.0348894] 0.0348894 0.0348894| 0.0348894] 0.0348894| 0.0348894f (()/[a/ 0),6
RN IS VPR [ETL 4.0018887] 4.4839733] 4.4425807] 4.3590346] 4.3783398] 3.9866487] 3.9708544 i
Mode 3.7996402] 4.2817248] 4.2403322| 4.1567861] 4.1760913] 3.7844002] 3.7686059 %0&} o
~ IStandard Deviation 0.7482941] 0.7482941] 0.7482941] 0.7482941] 0.7482941| 0.7482941] 0.7482941
Sample Variance 0.559944 0.559944 0.559944 0.559944 0.559944 0.559944 0.559944} . ...
" IKuntosis 1.9243078] 1.9243078| 1.9243078| 1.9243078| 1.9243078] 1.9243078] 1.9243078
Skewness 0.1184368] 0.1184368] 0.1184368] 0.1184368| 0.1184368] 0.1184368] 0.1184368 .. . . .. .. ..o
"~ [Range 5.9582018] 5.9582018] 5.9582018] 5.9582018] 5.9582018} 5.9582018] 5.9582018
Minimum 0.6228182]  1.1049028| 1.0635102] 0.9799641] 0.9992693| 0.6075782] 0.5917839 ... .. oo
.‘Wmﬁ - ~ IMaximum 6.5810199] 7.0631046] 7.0217119] 6.9381659 6.957471 6.56578] 6.5499857]
ISum 1845.0544] 2066.8134] 2047.7727} 2009.3416] 2018.2219 1838.044] 1830.7787] .o
T " ICount 460 460 460 460 460 460 460
— __ [Confidence Level(95.0%) 0.0685627| 0.0685627] 0.0685627] 0.0685627] 0.0685627| 0.0685627| 0.0685627] .. coommmmcrn
— Log KD(m3/kg) Np(V)-TSw | Np(V)-CHnv | Np(V)-CHnz | Np(V)-PPw | Np(V)-UCF | Np(V)-BFw | Np(V)-UFZ
Mean -1.79556226]  -1.313438| -1.3548307] -1.4383767| -1.4190716] -1.8107626] -1.8265669
" [Standard Error 0.0196863] 0.0196863] 0.0196863| 0.0196863| 0.0196863] 0.0196863] 0.0196863
Median -1.7644388| -1.2823542| -1.3237468] -1.4072929| -1.3879877| -1.7796788] -1.7954731|.
B " Mode -1.7998849]| -1.3178002| -1.3591929 -1.442739{ -1.4234338] -1.8151249] -1.8309191
Standard Deviation 0.4222233] 0.4222233] 0.4222233] 0.4222233] 0.4222233| 0.4222233] 0.4222233] ..o
Sample Variance 0.1782725] 0.1782725] 0.1782725] 0.1782725| 0.1782725| 0.1782725] 0.1782725
Kurtosis 26.576465] 26.576465] 26.576465] 26.576465] 26.576465| 26.576465] 26.576465 ... .
Skewness -3.5561097] -3.5561097| -3.5561097] -3.5561097] -3.5561097] -3.5561097| -3.5561097
o) e |RANQE 5.1404194| 5.1404194] 5.1404194] 5.1404194] 5.1404194] 5.1404194] 5.1404194} -
Minimum -5.8018677| -5.319783] -5.3611757| -5.4447217] -5.4254166| -5.8171076| -5.8329019
e s [Nf@XTTAUIMY -0.6614482] -0.1793635| -0.2207562| -0.3043023| -0.2849971] -0.6766882| -0.6924825 - -~
Sum -825.94042| -604.18147]  -623.2221] -661.65329] -652.77291| -832.9508| -840.21616
e e [(GOUNE 460 460 460 460 360 460 ABO0| o e
Confidence Level(95.0%) 0.0386864] 0.0386864]{ 0.0386864] 0.0386864| 0.0386864] 0.0386864| 0.0386864
S— Log KD(m3/kg) Pu(V)-TSw | Pu(V)-CHnv | Pu(V)-CHnz | Pu(V)-PPw | Pu(V)-UCF | Pu(V)-BFw | Pu(V)-UFZ s
Mean 0.1693902] 0.6514749] 0.6100822] 0.5265361] 0.5458413| 0.1541502 0.138356
R ~ {Standard Error 0.0142103]  0.0142103] 0.0142103] 0.0142103] 0.0142103| 0.0142103| 0.0142103"
Median 0.1772819] 0.6593666] 0.6179739] 0.5344279 0.553733 0.162042] 0.1462477]
~ [Mode 0.1124258] 0.5945105] 0.5531178] 0.4695718] 0.4888768] 0.0971859f 0.081391¢ -~ =
Standard Deviation 0.3047764] 0.3047764] 0.3047764] 0.3047764| 0.3047764| 0.3047764) 0.3047764
Sample Variance 0.0928886| 0.0928886] 0.0928886] 0.0928886] 0.0928886] 0.0928886] 0.0928886 =
Kurtosis 5.0553979] 5.0553979] 5.0553979| 5.0553979| 5.0553979} 5.0553979] 5.0553979
T [Skewness -0.1477231] -0.1477231] -0.1477231] -0.1477231| -0.1477231] -0.1477231] -0.1477231]
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Minimum -1.6311101] -1.1490254| -1.1904181] -1.2739641] -1.254659 -1.64635] -1.6621443
| _ [Maximum 1.3430397] 1.8251244] 1.7837317| 1.7001856] 1.7194908| 1.3277997] 1.3120054
— Sum 77.919493] 299.67844] 280.63781] 242.20662 251.087] 70.909108] 63.643745]
4 [Count 460 460 460 460 460 460 460
T Confidence Level(95.0%) 0.0279252| 0.0279252] 0.0279252| 0.0279252] 0.0279252{ 0.0279252| 0.0279252]
A
: Log KD(m3/kg) Th(IV)-TSw | Th(IV)-CHnv{ Th(IV)-CHnz | Th(IV)-PPw | Th(IV)-UCF | Th(lV)-BFw | Th(IV)-UFZ
pl " [Mean 1.7107391] 2.1928238] 2.1514311 2.067885] 2.0871902| 1.6954991] 1.6797049
]  [Standard Error 0.0271678| 0.0271678] 0.0271678] 0.0271678] 0.0271678] 0.0271678] 0.0271678]
T Median 1.7919453 2.27403] 2.2326373| 2.1490913] 2.1683964] 1.7767054] 1.7609111] ~ ]
Mode 1.9013719] 2.3834566] 0.3420630| 20585178  2.077823| 1.8861319| 1.8703377
Standard Deviation 0.5826846] 0.5826846] 0.5826846] 0.5826846] 0.5826846] 0.5826846] 0.5826846]
. [Sample Variance 0.3395214] 0.3395214] 0.3395214] 0.3395214] 0.3395214] 0.3395214] 0.3952144 |
Kurtosis 34.22761 34.22761 34.22761 34.22761 34.22761 34.22761 34.22761
_ [Skewness -4.4143746| -4.4143746] -4.4143746| -4.4143746| -4.4143746| -4.4143746| -4.414374¢
Range 7.7145982] 7.7145982]  7.7145382| 7.7145982] 7.7145982| 7.7145982| 7.7145982 R
_ [Minimum -4,.3172929] -3.8352082| -3.8766009] -3.9601469| -3.9408418] -4.3325328] -4.3483271|
Maximum 3.3973053 3.87939] 3.8379973| 3.7544512| 3.7737564| 3.3820653] 3.3662711
- 1Sum 786.93998] 1008.6989 989.6583] 951.22712] 960.10749 779.9296} 772.66424
Count 460 460 460 460 460 460 460,
Confidence Level(95.0%) 0.0533887] 0.0533887] 0.0533887] 0.0533887| 0.0533887| 0.0533887| 0.0533887] . . .
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_. Developing sorption coefficient statistics for input into TPA.

As noted earlier, the shape of the distributions for a given radionuclide are the same for each
" hydrostratigraphic unit. This is because the distributions are based on a K}y calculated using the
— DLM and the water chemistries of Perfect et al. (1995), screened according to criteria outlined in
_ Turner (1998). Each radionuclide distribution is converted to K, by multiplying it by the

hydrostratigraphic unit.

— When cumulative percent is expressed in terms of probability, sorption coefficients for all five
_radionuclides (in terms of log K;,) plot in a straight line over much of the range of interest. This

" however, all five show a deviation from the straight line at the lower values. This is due to a
- small population of high pH, high carbonate, and high salinity waters collected at Franklin Lake
—- Playa (see pg. 58, for example). There is also some deviation at the higher values, due to a suite
__of high pH, low carbonate samples collected mostly from trenches near the Beatty low-level

" brines from Franklin Lake that result in high sorption.

() 1355
A

b

effective surface area of the unit, a constant, resulting in the same shape distribution for each

suggests a log-normal distribution is appropriate for all five radioelements. To varying degrees,

waste facility (see pg. 58, for example). There are also some high pH, low carbonate chloride
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__ GIS Database - saturated zone water chemistry in the Yucca Mountain region W\ . Contour plots for each geochemical parameter were generated using SURFACETII - a
i . o software package developed by the Kansas Geological Survey. SURFACE III was
\ - Objective: create GIS coverages and maps showing variation in the geochemistry (e.g., e specially designed for plotting and contouring geographic data. SURFACE III is R
iw satl_lration indices for calcite and cristobalite) of waters in the Yucca Mountain — shareware and was downloaded from the Kansas Geological Surveys website on the
region. : internet. At this time only a MacIntosh version of software is available.
~ Method: use geochemical data from wells and springs to construct contour maps which can~ SURFACE I allows X, ¥, z tab delimited data to be read, grided, and contoured. The

be converted into GIS coverages. data contained in YMAVES was placed in several tab delimited files so that a contour

plot of each geochemical parameter could be generated. The contour plots were created -

__ Software

using the UTM east coordinate of the sample location as the x value, the UTM north
! - ARC/INFO GIS software residing on a UNIX based workstation coordinate of the location as the y value, and the geochemical parameter value of the
- ARCVIEW 3.0 map composition software residing on Windows NT PC T e sample location as the z value.

2 - SURFACE III contouring software (currently only MacIntosh version is available) :

e - EXCEL spreadsheet

- — e The contour plots for each geochemical parameter are shown on the following pages.

~ Procedure and Results

An EXCEL file named YMCHEM was obtained from D. Turner (the PI for the RT KTI) —.
which contained geochemical information on waters sampled from wells and springsin
the YM region. The locations of wells and springs were given in UTM coordinates. All

sampling locations were located in a region from 500000 to 600000 m east and 4000000
to 4100000 north. S

The following geochemical parameters contained in file YMCHEM were chosen for R \\
construction of GIS converages.

Equilibrium ionic strength : B—
Partial pressure of CO2 - PCO2 |

Saturation index of calcite R \
Saturation index of cristobalite “ \
Distribution coefficient for neptunium
Distribution coefficient for uranium
The data for these parameters along with well names and locations (UTM coordinates) ——— \\

were cut and pasted into a new file named YMCHEM_1.

Some wells and springs were sampled several times on several dates. Multiple analyses —
existed for these wells and springs. In these cases data was averaged to give asingle ...
value for each geochemical parameter at each sample location.

These averages were placed in a file named YMAVES along with sample locations in
UTM coordinates.
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g 2 SURFACE III allows contours to be output to files in a format that will allow

construction of ARC/INFO coverages of the plots. ARC/INFO uses the GENERATE
command to create these coverages.

The contour plot for each geochemical parameter was output to this type of file and
coverages were generated using ARC/INFO.

Coverage names were:

eqis_1 - equilibrium ionic strength

kdnp_1 - distribution coefficient for neptunium
kdu_1 - distribution coefficient for uranium
pco2_1 - partial pressure of CO2

£ > 5 o8
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B g : [ S
= =} o ‘5 a -—
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20 & & s £
bS53 a = il 5 Hif j=! &
8>' < < =] )

sicc_1 - saturation index for calcite

sicrsb_1 - saturation index for cristobalite

6. An ARC/INFO coverage showing well and spring locations was also generated from a
file containing the x and y UTM coordinates. This coverage was named wells. The wells
coverage also includes the actual values for the geochemical parameters at spring or well

locations.

—|-——4t—'— e ——— —:! . { -
Pahrump Valle

- 7. Maps showing variation in the geochemical parameters over the YM region were 3|
constructed using ARCVIEW 3.0 software. This software allows layering of ARC/INFO
coverages and other tools that can be used to construct maps.

Two examples of the types of maps that have been constructed using the geochemical
contour coverages are shown on the following pages. In these examples, contours of
equilibrium ionic strength are overlain on coverages of surface hydrostratigraphy (see

notebook 198, pp. 3 - 29 for information concerning the surface hydrostratigraphic unit
coverages).
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' Adding TPA sorption coefficient input for Alluvium-SAV

[ER—

The approach outlined above was used to calculate sorption coefficients for the alluvium unit
SAV in TPA, version 3.2. The following input values were used —

_ porosity = 12.5 % (mean between 10 and 15 % in tpa.inp) Q )\@_3\ \

| aperture = 0.1 micron (r=0.05 x 10°m)

. grain density = 2470 kg/m’ (not a parameter in tpa.inp; unweighted average of all tuff units)
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VP ) “
’ Log KD(M3/kg) Am(Ill)-TSw | Am(Il))-CHnv] Am(1ll)-CHnz| Am(ill)-PPw | Am(ill)-UCF | Am(ii)-BFw [Am(ill)-UFZ | Am(ill)-SAV 1
Alliu SAY_Fleguendy Cumuere 2 Pu(V) - Alluvium-SAV ~ Mean 4.01098789| 4.49307256| 4.45167988| 4.36813383| 4.36743898| 3.99574792| 3.97995365| 4.02571115
175 0 00% 250 100.00% " Istandard Error 0.03488939| 0.03488939| 0.03488939| 0.03488939 0.03488939| 0.03488939| 0.03488939| 0.03488939
-1.50 1 22% 200 80.00% —— — |Median 4.00188867| 4.48397334| 4.44258066| 4.35903461| 4.37833976| 3.9866487| 3.97085443| 4.01661192 f
125 0 22% g £0.00% . Mode 3.79964017| 4.28172484| 4.24033216] 4.1567861| 4.17609126| 3.7844002 3.76860593| 3.81436342 )
\ o o2 g Rt ~ | standard Deviation 0.74829408| 0.74829408| 0.74829408| 0.74829408| 0.74829408| 0.74829408| 0.74829408| 0.748294G8( V™
I 050 s 1e6% g 1 40.00% "4 |sample Variance 0.55994403| 0.55994403| 0.55994403| 055994403 0.55994403| 0.55994403| 0.55994403| 0.55994403)
025 18] 587% = 20.00% - [Kurtosis 1.92430783| 1.92430783| 1.92430783| 1.92430783| 1.92430783| 1.92430783| 1.92430783| 1.92430783|
0.00 59 1870% 00% " |skewness 0.11843681| 0.11843681| 0.11843681| 0.11843681| 011843681 0.11843681 0.11843681] 0.11843681|
222 fg; giii; 2 2223388288 8 - |Range 5.95820176| 5.95820176| 5.95820176 5.95820176| 5.95820176| 5.95820176| 5.95820176] 5.95820176 j'
oo o630 § - = 8 6 6 = = o  [Minimum 0.62281817| 1.10490284| 1.06351016| 0.9799641| 0.99926926 0.6075782| 059178393 0.63754142| )
100 o orei% Log Ko (m¥kg) Maximum 6.58101993| 7.0631046| 7.02171192| 6.93816587| 6.95747102| 6.56577996| 6.5499857| 6.59574319
125 10| 99.78% “[sum 1845.05443| 2066.81338| 2047.77274| 2009.34156| 2018.22193| 1838.04404) 1830.77868| 1851.82713 _
— 1.50 1 100.00% Frequency. ~#--Cumulative % - lcount 460 460 460 460 460 460 460 460 —
. ;;3 o :gggg; » | Confidence Level(95.0%) | 0.06856272| 0.06856272 0.06856272| 0.06856272] 0.06856272] 0.06856272| 0.06856272) 0.06856272
More 0] 100.00% )
T " [Log KD(m/kg) Np(V)-TSw | Np(V)-CHnv |Np(V)-CHnz [Np(V)-PPw |Np(V)-UCF |Np(V)-BFw _|Np(V)-UFZ | Np(V)-SAV
Alluvium-SAV| Frequency |Cumulative % o ]
T 22% Th(IV) - Alluvium-SAV o —— Mean 1.79552265 -1.31343797| -1.35483066| -1.43837671| -1.41907155| -1.81076261| -1.82655688| -1.78079939 j
, 200 ! 43% 100.00% ﬁw  |standard Error 0.01968626 0.01968626] 0.01968626] 0.01968626/ 0.01968626] 0.01968626/ 0.01968626| 0.01968626 ’
T :gg ﬁ :;j o 80.00% T | Median -1.76443882| -1.28235415 -1.32374684| -1.40729289| -1.38798773| -1.77967879) -1.79547306| -1.74971557| —
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2.50 80| 98.04% 2 3 3 3 38 8 3 B3 " |Range 514041944 5.14041944| 5.14041944| 514041944 5.14041944| 5.14041944| 5.14041944| 5.14041944 ,
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v o 100,000 : n | ‘ | — loount 460 460 460 460 460 460 460 460 ey
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{ ¥ . t )
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: 600 o 1o 100.00% — _ —
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- | “;gg 12 ‘;;3; 40.00% e |Mode 0.11242585| 0.59451052| 0.55311784| 0.46957178| 0.48887694| 0.09718588| 0.08139161| 0.1271491 |
200 P 20.00% o Standard Deviation 0.30477639] 0.30477639| 0.30477639] 0.30477639] 0.30477639| 0.30477639] 0.30477639| 0.30477639
2550 128]  51.30% ‘ Sample Variance 0.09288865| 0.09288865| 0.09288865, 0.09288865 0.09288865| 0.09288865| 0.09288865| 0.09288865|
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A {Count 460 460 460 460 460 460 460 460[
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Log KD(m3/kg)

“ Th(IV)-TSw_| Th(IV)-CHnv | Th(IV)-CHnz | Th(IV)-PPw_| Th(IV)-UCF_| Th(IV)-BFw | Th(IV)-UFZ [ThaV)-say | Y~
. [Mean 1.7107391| 2.19282377| 2.15143109| 2.06788504| 2.08719019| 1.69549913| 1.67970486| 1.72546235 R
Standard Error 0.02716781| 0.02716781| 0.02716781| 0.02716781| 0.02716781| 0.02716781| 0.02716781| 0.02716781 e
Median 1.79194534| 2.27403002| 2.23263733| 2.14909128| 2.16839644| 1.77670538| 1.76091111| 1.8066686| i~
.. {Mode 1.90137189| 2.38345657| 2.34206388| 2.25851783| 2.27782298| 1.88613193| 1.87033766| 1.91609515| .
 |Standard Deviation 0.58268461| 0.58268461| 0.58268461| 0.58268461| 0.58268461| 0.58268461| 0.58268461| 0.58268461 T~
‘ Sample Variance 0.33952136| 0.33952136| 0.33952136| 0.33952136| 0.33952136| 0.33952136| 0.33952136| 0.33952136| —~—
‘e - |Kurtosis 34.2276103| 34.2276108| 34.2276103) 34.2276103| 34.2276103| 34.2276103| 34.2276103| 34.2276103| e
_ |Skewness -4.41437455| -4.41437455| -4.41437455| -4.41437455| -4.41437455| -4.41437455| -4.41437455| -4 41437455
Range 7.71459817| 7.71459817| 7.71459817| 7.71459817| 7.71450817| 7.71459817| 7.71459817| 7.71450817) "
. ”‘“:‘“‘“*‘E\{\Wimum -4.31729287| -3.8352082 -3.87660089| -3.96014694| -3.94084178) -4.33253284| -4.34832711| -4.30256962| ..
N @;\\b Maximum 3.3973053| 3.87938997| 3.83799729| 3.75445123| 3.77375639| 3.38206533| 3.36627106| 3.41202855 :
» Sum 786.939985| 1008.69894|  989.6583| 951.227116| 960.107488|  779.9296 772.664237| 793712683
Count 460 460 460 460 460 460 460 460| ——{ —
Confidence Level(95.0%) | 0.05338869| 0.05338869| 0.05338869| 0.05338869| 0.05338869| 0.05338869| 0.05338869| 0.05338869
1 Log KD(m3/kg) UVI)-TSw  [U(VI)-CHnv [U(Vi)-CHnz [U(V)-PPw  [U(V)-UCE [Uvi)-BFw [U(v)-UFZ |U(VI)-SAV | f -
N (\;“m N
§ Mean -2.56925757| -2.0871729| -2.12856558| -2.21211163 -2.19280648| -2.58449754| -2.60029181| -2.55453431| .
~~ R |standard Error 0.04546608| 0.04546608| 0.04546608| 0.04546608| 0.04546608| 0.04546608| 0.04546608| 0.04546608
Median -2.53600891| -2.05392423| -2.09531692| -2.17886297| -2.15955781/ -2.55124887| -2.56704314| -2.52128565) """
“ - {Mode -2.69531764| -2.21323207| -2.25462566| -2.33817171| -2.31886655| -2.71055761| -2.72635188| -2.68059439| ;.
Standard Deviation 0.97513874| 0.97513874| 0.97513874| 0.97513874| 0.97513874| 0.97513874| 0.97513874| 0.97513874
Sample Variance 0.95089556| 0.95089556| 0.95089556] 0.95089556| 0.95089556| 0.95089556| 0.95089556| 0.95089556]
- =~ |Kurtosis 12.928374| 12.928374| 12.928374| 12.928374| 12.928374| 12.928374| 12.928374| 12.928374] e
_ |skewness -2.31839593| -2.31839593 -2.31839503| -2.31839503| -2.31830593| -2.31830593 -2.31839503| -2.31839503]
Range 9.40703597| 9.40703597| 9.40703597| 9.40703597| 9.40703597| 9.40703597| 9.40703597| 9.40703597|
" [Minimum -9.37492959| -8.89284491| -8.9342376| -9.01778365| -8.99847849| -9.39016955| -9.40596382| -9.36020633]
_ |Maximum 0.03210638| 0.51419106| 0.47279837| 0.38925232| 0.40855747| 0.01686641| 0.00107215| 0.04682964
Sum -1181.85848| -960.099533| -979.140168| -1017.57135| -1008.69098| -1188.86887| -1196.13423| -1175.08578
" |Count 460 460 460 460 460 460 460 460| -
.. |Confidence Level(95.0%) | 0.08934745| 0.08934745| 0.08934745| 0.08934745| 0.08934745| 0.08934745| 0.08934745| 0.08934745|

g

Effectg of Colloids on Radionuclide Transport:

o)t Vu2)

= Colloid transport has been identified as an issue of concern Vilks et al. (1998) proposed a method of
- evaluating the effect of the formation of pseudocolloids on radionuclide transport. This approach is based
_ on the assumption that the sorption of radionuclides onto the natural colloids is reversible, and that the

»..amount of radionuclides sorbed on to colloidal material could be significant only if colloid

. where: Rg =

e=
p:
K, =
C=
F=

~ The equation developed by Vilks et al. (1998):

RF,eﬂ

density

(I - &)*p*K,

gl + C*F*K,)

the effective retardation factor (unitless)
porosity (assumed to be 0.5 in this exercise)

sorption coefficient for colloid/matrix

colloid concentration

-~ concentrations were high enough to compete with the surface area available to sorption provided by the
. geologic media, or if sorption or complexation to colloids was stronger than sorption and complexation
with the geologic media and dissolved ligands."

an empirical factor introduced by Vilks (1994) such that

= %
KD,colloid =F KD’ geologic medium

Ry

E

[3]

* As demonstrated in Bertetti et al. (1998) and Pabalan et al. (1998), Np(V) and U(VI) sorption on
~ aluminosilicate minerals exhibit pH-dependent behavior that is largely independent of mineral type. The

amount of radionuclide sorbed is, instead, mainly a function of surface area. The magnitude of K}, for PA
transport calculations can therefore be determined for a given mineral by multiplying the K,. by the
effective surface area for that mineral. For example, for quartz, the effective surface area is typically

small [A’

In this exercise, it has been assumed that radionuclide sorption on of the colloid expressed in terms of K, r
" is the same as that on the geologic medium (i.e., Ky copoig =
- assumption given that natural colloids are typically made up of the same minerals as are found in the host -
rock. Therefore, combining the expression for K. with Equation [2] given above:

* A7 — % kA
(K ' colloid A colloid) =F (KA',geologicmedium A geologic medium)

and

=0.03

—_— ! !
F=A colloid/ A geologic medium

m?/g (Bertetti et al., 1998)]. Kp o, = Kpx A’ = (5.5 mL/m?) x (0.03 m*/g) = 0.2 mL/g.

K’ geotoic medium)-  This is a reasonable

" The major difference in the sorptive capacity of the colloids is therefore the greater surface area.

" For a colloid concentration = 0, Equation [1] reduces to the standard expression for the retardation factor:

(1 - £)*p*K,

\4

2 ‘
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Information on colloid concentrations in 23 springs in the Nevada Test Site and Yucca Mountain area has been reported by
information is presented here:

Kingston and Whitbeck (1991). This

JRTOS-.

——————

Kingston and Whitbeck (1991) K&W91 IDi#ts | UTM (north) | UTM (east) Date aquifer >1 um 1>d>0.4 um 0.4>d>0.1 um { 0.1>d>0.03 um Total ]
(type) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

LJUE19c NTS, 1 4124714.9 560341.1 7/22/87 Volcanic 0.13 0.23 0.23 0.23 0.69
,Water Well 20 NTS, 2 4122709.2 550624.3 7/22/87 Volcanic 0.15 0.15 0.13 0.20 0.48
,Well 8 NTS, 3 4113271.2 563111.8 7/22/87 Volcanic 0.13 0.25 0.18 0.30 0.73
,Whiterock Spring NTS, 4 4117486.6 577107.5 7/22/87 Volcanic 0.00 129.38 15.95 0.48 145.81
LUE16d NTS, 5 4103823.5 663087.1 7/22/87] Carbonate 0.10 0.13 0.03 0.20 0.36
,Well A NTS, 6 4099201.6 585700.0 7/23/87 Alluvium 0.43 0.05 0.05 0.21 0.31
,Topopah Spring NTS, 7 4088169.4 564956.8 7/23/87 Volcanic 2.01 5.87 19.32 0.00 25.19
\Well C-1 NTS, 8 4086098.9 588233.0 7/23/87| Carbonate 0.03 0.10 0.26 0.18 0.54
Well 4 NTS, 9 4084575.7 586961.8 7/23/87 Volcanic 0.30 0.23 0.16 0.33 0.72
,Cane Spring NTS, 10 4073116.9 584427.0 7/23/87 Volcanic 3.89 0.08 0.08 0.20 0.36]
,Beatty Well 2, 11 4084343.0 521529.3 7/24/87 Alluvium 0.38 0.48 4.17 1.83 6.48
,Lower Indian Spring, 12 4088589.4 519045.2 7/24/87 Volcanic 0.34 0.25 0.23 0.18 0.66
,Indian Spring Well, 13 4089540.4 517064.5 7/24/87 Volcanic 0.18 0.41 0.32 0.63 1.36
,Lathrop Wells, 14 4055243.0 553809.5 7/24/87 Alluvium 0.43 0.13 0.23 0.18 0.54
,Fairbanks Spring, 15 4036314.5 561668.0 7/24/87]  Carbonate 0.28 0.05 0.17 0.17 0.39
,Crystal Pool, 16 4030638.4 560762.2 7/24/87| Carbonate 0.03 0.13 0.03 0.19 0.35)
,Indian Springs, 17 4047366.5 619311.5 7/25/87] Carbonate 0.13 0.16 0.26 0.17 0.59
,Cold Creek Spring, 18 4030080.5 612699.9 7/25/87] Carbonate 0.10 0.26 0.20 0.41 0.87
,Ash Springs, 19 4142240.3 659956.9 7/25/87] Carbonate 0.10 0.10 0.13 0.24 0.47
,Pahroc Spring, 20 4171198.8 678370.8 7/25/87 Volcanic 0.18 0.58 0.48 0.24 1.30
,Sidehill Spring, 21 4234070.9 527123.0 7/26/87 Volcanic 0.18 0.30 0.19 0.33 0.82
,Peavine Ranch Well, 22 4269535.0 476674.2 7/26/87 Volcanic 0.68 0.18 0.20 0.13 0.51
,Peavine Canyon Campground Spring, |23 4274168.1 473592.3 7/26/87 Volcanic 0.38 0.25 0.03 0.00 0.28]

The ID numbers were assigned in this exercise to distinguish sample locations. Latitude/lon

conversion formula provided in Snyder (1987).

gitude locations were converted to UTM coordinates using the
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~ Using Equation [1], a general reference model was drawn for F = 590: :
or F = 590: Taking the information provided above, the effect was calculated for each sample, using the radionuclide

[poTosity (ma/ma) = 0.5 I | I T l e === sorption coefficient calculated for the reported water chemistry, the colloid concentration, and the m——————
S ::uf_f density(kg/m3) = 2650 Log Rf (unitiess) ___ empirical parameter F based on assuming a spherical boundary. This was superimposed on the reference
N C°"(‘r’!"1d /‘S’"C‘ ~ T model (note: reference model used a constant value of F = 590, so the comparison to the site-specific
: 01 i 0 70 i === calculation is not direct). The results are plotted here: - i
~ [[ogRD (mL7g) [KD (markg) = ° I ! . S
0.000 0 0 0 0 ) T The horizontal lines plotted along the x-axis demonstrate the minimum and maximum values for the
1 0.001 0.562 0.562 0.562 0.560 0.544 0 422 e caluclated sorption coefficient, as indicated. Extrapolating these extrema vertically to interesection with - ——
10 0.010 1.439 1439 1437 1415 247 o —
700 0.700 2.425 2422 2.400 2.224 1596 0.734 .
1000 1.000 3.423 3.399 3222 5586 o5 575 s
10000 10.000 4.423 4222 3585 2.646 7.661 0.740
700000 700.000 5.423 4584 3.645 2.653 1.662 0740 T
7000000 7000.000 6.423 7645 3652 2.653 1.662 D70] ’ R 12 R
10000000 10000.000 7.423 y - : “"““‘"wt*“”‘ T T T T — ; T T T
700000000 700000.000 8.423 :g:i_ 22:: 22:2 Lo 0749 — Reference Model | |Kingston & Whitbeck (1991
7000000000 _ 1000000.000 9.423 P R xS o oo i “ No Colloids | | DLM-calculated K, o™ Qe
10000000000 _10000000.000 70.423 3652 5552 2.653 :'262 R @ 1of 0.1 mg/L ®  Amilh 5 Ny ) S —
E : 62 @ — — 1.0 mg/L O Np(V) fgt
— —_— v Pu(V) - T
———— A lot of these 1 1 . -~ 4 - 10 mg/L
p results is given here: (= C\ col o) d} c ol 100 mg/L v Th(lV) | B
100 2 — - 1000 mg/L U o
=~ 90 & [IF =590 (ref)
a 2 . —
— e | _ 3 I 3 — -
= 70 - ¢=0.5m"/m » ] ,
S 60 [ N R S R
N N -
- 50 = 4 B VAL~ ® 1 iomh
o [T -
- 4.0 Q v ® J |
T 30 = ¥ —
o ) 1] 2
(] 2.0 = e ————
= 10 Ve
—_—————— e e T T T e T T |
0.0 - g N . . . Fyawey = est. colloid SA/2 m*.g
gy QA @ < T [{e] N~ [e0) [e)) 10 [N -
o o o O o o o o o 0 1 2 3 4 5 6 7 8 9
T F F F OF OF OF T T 2 e— — —| je ] |e— —— —>]
W w w w W ow w i ow w U(vl) Pu(V) Th(IV) |
T - A - - \D - A\ - ~ - I Np(V) I I Am(ll) ——————
- Kp (mL/g) p(v)
| —e—NoColloids —a—0.1mglL w1 mglL i " Log Kp (mL/g)
kb Conae. Lesel
NERRRERR 10 mgL 100 mg/L 10m mg/L R 0 n [:h ﬁf\"l ) S&«r\ \/ SUNNN
; the model results for R with no colloids indicates the likely extremes in the retardation factor. As canbe o
It can be noted that fgr colloid concentration = 0 mg/L, the model produces a straight line that is the T seen, the effect is calculated to be most significant for the highly sorbing radionuclides Am(III) and e
stal}dard I.?F. As co}lmd concentration increases, the effective retardation factor decreases. As the — Th(IV), reducing Ry by almost 5 orders of magnitude over the colloid-free case . The effect is R
- radlonuclu'ie sorption coefficient increases, the effect is more pronounced, but for a given colloid { somewhat less pronounced for Pu(V), and almost nonexistent for Np(V) and U(VT) except at the very
concentration, the effect disappears above a certain threshold value. et highest reported colloid concentrations (C = 145 mg/L), where reduction is at most a half an order of

magnitude.
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: Radionuclide thermodynamic data (solid, aqueous, and redox) from EQ3/6 (Data0.com.r16, 26Jun92
" release) was added to the PHREEQC database for the following elements: Am, Co, Cs, Eu, Np, Pu, Ra,
—— Ru, Sn, Sr, Tc, Th, U, and Zr. The initial database was the MINTEQ.DAT database [Based on
MINTEQAZ2, Version 3.11 (Allison et al., 1991)] provided with the PHREEQC, Version 1.6 distribution.

PHREEQC handle activity coefficients than mistakes in the thermo data.

Modifyving the thermodynamic database for the PHREEQC geochemical speciation code.

ypleq

A petition for exemption from qualificatino for the original MINTEQAZ2 data is included below. The data

- were alphabetized and about 600 chemical reactions involving radioelements were added. The

thermodynamic data are consistent with the MINTEQA?2 geochemical database developed and discuss'ed

in Turner (1993). Where the MINTEQ.DAT already had data (e.g., Sr, U), these data. were repl.aced with

the EQ3/6 values. PHREEQC was benchmarked for U(6+) and Np(5+) aqueous speciation against -
MINTEQAZ2, Version 3.11, and the data seem to produce consistent results. There are some minor
differences, but these are more likely to be due to differences in the way that MINTEQA?2 and
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Two electronic files are included on a 3.25" floppy disk included in this scientific notebook. One

(MINTEQAZ2.DAT) is the complete database (MINTEQ.DAT + new data). The second
(MINRAD95.DAT) is just the new radionuclide data. These are the data that were used in preparing two

earlier reports (Turner, 1993; 1995). Hardcopies of the database are also included in this scientific

notebook. Original references for the data sources as listed in EQ3/6 are included below.

AQUEOUS
SPECIES

Am(C03)2-
AmCO3+
Am(C03)3 -3
AmNO3 +2
Am(OH) +2
Am(OH) 2+
Am(OH)3 (aq)
Am(S04) +
Am{S04)2-
AmCl +2

AmF +2
AmF2+
Am(H2PO4) +2
Am(C03)5 -6

Co(HS)2 (aq)
Co(OH)2 (aq)
Co(OH)4 -2
Co2 (OH) 3+
Co4 (OH)4 +4
CoBr2 (aq)
CoCl+

CoHS+

Col2 (aq)
CoNO3+
CoOH+
CoS203 (aq)
Cose04 (aq)
CoS04 (aq)

CsBr
CsCl
csI

u(Co3) -
Eu(co3)3 -3
Eu(HCO3) +2
EuOH(C03)2 -2
Eu (OH) 2+
Eu(OH)2¢03 -1
Eu(OH)3 (aq)
Eu (OH)4-
EuOHCO3 (aq)
Eu(so4)2-
Eu2 (OH)2 +4
EuBr +2
EuBr2+
EuBro3 +2
EuCl +2
EuCl2+
EuCO3+

EuF +2
EuF2+

EuIo3 +2
EuNO3 +2
EuOH +2
Euso4+

NpH2PO4++
Np (H2P04) 2+
Np (H2P04) 3 (aq)
NpOH++

Np (C03)5-6
NpHPO4++

Np (HPO4) 2 (aq)
Np (HPO4) 3 (-2)
Np (HPO4)4 (-4)
Np (HPO4) 5 (-6)
NpOH+++

Np (OH) 2++

Np (OH) 3+

Np (OH) 4 (aq)
NpSO4++

Np (s04) 2 (aq)
NpCl+++
NpCl2++
NpF+++

NpF2++

NpO20H (aq)
Np02C03-1
NpO2 (C03) 2-3
NpO2 (C03)3-5
Npo2€1(aq)
NpO2F (aq)
NpO2HPO4-1
NpO2H2PO4 (aq)
Np02504-1
NpO20H+
{Np02) 2 (OH) 2++
(Np02) 3 (OH) 5+
NpO2(C03) 2-2
NpO2 (CO3)3-4
NpO2HPO4 (aq)
NpO2H2PO4+1
Np02504 (ag)
NpO2C1+
NpO2F+
NpO2F2 (aq)

PuH2PO4++
PuOH++

PusSO4+
Pu(so4)2-
PuHPO4 ++

Pu {HPO4) 2 (aqg)
Pu (HPO4}3 (-2}
Pu(HPO4)4 (-4)
PuOH+++

Pu (OH) 2++
Pu(OH)3+

LOGK REF

95NEA/1
95NEA/1
95NEA/1
95NEA/1
95NEA/1
95NEA/1
95NEA/1
95NEA/1
9SNEA/1
9SNEA/1
9SNEA/1
95NEA/1
95NEA/1
95NEA/1

7T4NAU/RYZ
76BAE/MES
76SMI/MAR
76BAE/MES
76SMI/MAR
B82WAG/EVA
74NAU/RYZ
74NAU/RYZ
82WAG/EVA
76SMI/MAR
SUPCRT91

74NAU/RYZ
76SMI/MAR
82WAG/EVA

SUPCRT91
SUPCRT91
SUPCRTI91

84LEM

80LEM/TRE
80LEM/TRE
92PAL/SIL
80LEM/TRE
80LEM/TRE

80LEM/TRE
80LEM/TRE
80LEM/TRE
80LEM/TRE

Pu(OH) 4 (aq)
Pusod++
Pu(s04)2(aq)
Pu($04)3-2
PuF+++

PuF2++

PuF3+

PuF4 (aq)
PuO20H (aq)
PuO20H+
(Pu02) 2 (OH) 2++
(Pu02) 3 (OH) 5+
Pud2(C03)2-2
PUuO2H2PO4+1
Pu02s04 (aq)
Pu02Cl+
PuO2F+

PuO2F2 (aq.
PuO2F3-1
PuO2F4-2

RuCl +2

RuCl2+

RuCl3 (aq)
RuCl4-

RuCl5 -2

RuClé -3

RUCH +2
Ru(OH) 2+
RuSO4+
Ru(S04)2-
RuCl+

Ruso4 {aq)
Ru(OH)2C1+
Ru(OH)2C12 (aq)
Ru (OH)2C13~
Ru(OH)2C14 -2
Ru(OH) 2504 (aq)
Ru4 (OH) 12 +4

sn(oH)2 (aq)
Sn (OH)3-
SnoH+

SnCl+

sSnCl2 (aq)
SncCL3-

SnF +

SnF2 (aq)
SnF3-
Sn(OH)2 +2
Sn(OH) 3+
sn(OH)4 (aq)
SnOH +3
Snso4 +2

Srcl+
Srco3 (aq)
STF+
SrH2PO4+
SrHPO4
SrNO3+
SrOH+
SxP207 -2
SrpPo4-
Srso4 (aq)

ThH3PO4 +4
ThH2P0O4 +3
Th(H2P04)2 +2
Th (HPO4)}2 (aq)
Th (HPO4)3 -2
Th(OH)2 +2
Th (OH) 3+
Th(OH)4 (aq)
Th(s04)2 (aq)
Th(s04)3 -2
Th(S04)4 -4
Th2(OH)2 +6
Thd (OH)8 +8
Thé (OH) 15 +9
ThCl +3

UOH +3
U(CH)2 +2
U(OH)3+
U(OH)4 (aq)
U(OH) 5~

U6 {OH) 15
UF +3

UF2 +2
UF3+

UF4 (aq)
UF5-

UF6 -2

ucl +3

UBr +3

UI +3
U(co3)4 -4
u(co3)5 -6
UNO3 +3
U(NO3)2 +2
Uso4 +2
U(so4)2 (aq)
Uo2(Cco3)3 -5

80LEM/TRE
80LEM/TRE
80LEM/TRE
80LEM/TRE
84NAS/CLE
84NAS/CLE
84NAS/CLE
84NAS/CLE
80LEM/TRE
80LEM/TRE
80LEM/TRE
80LEM/TRE
80LEM/TRE
80LEM/TRE
80LEM/TRE
80LEM/TRE
80LEM/TRE
80LEM/TRE
80LEM/TRE
80LEM/TRE

85RAR1
85SRAR1
85RAR1
85RAR1
8SRAR1
85RAR1
85RAR1
85RAR1
85RAR1
85RAR1
85RAR1
85RAR1
85RAR1
85RAR1
85RAR1
85RAR1
85RAR1
85RAR1

84JAC/HEL
84JAC/HEL
84JAC/HEL
84JAC/HEL
84JAC/HEL
84JAC/HEL
84JAC/HEL
84JAC/HEL
84JAC/HEL
84JAC/HEL
84JAC/HEL
82WAG/EVA
84JAC/HEL
B82WAG/EVA

SUPCRT91
SUPCRT91
SUPCRT91
76SMI/MAR
76SMI/MAR
76SMI/MAR
76BAE/MES
76SMI/MAR
76SMI/MAR
83REA

80LAN/HER
80LAN/HER
80LAN/HER
80LAN/HER
80LAN/HER
80LAN/HER
80LAN/HER
76BAE/MES
80LAN/HER
80LAN/HER
80LAN/HER
80LAN/HER
80LAN/HER
80LAN/HER
80LAN/HER
80LAN/HER
80LAN/HER
80LAN/HER
80LAN/HER
BOLAN/HER
80LAN/HER
80LAN/HER
82WAG/EVA
80LAN/HER

UO20H+

UO2 (CH)2 (aq)
U02 (OH) 3~

UO2 (CH)4 -2
(UO2)20H +3
(U02)2(0H)2 +2
(U02)3 (OH)4 +2
{U02) 3 (OH) 5+
(U02)3 (OH) 7~
{UO2)4 (OH) 7+
UO2F+

UO2F2 (aq)
UO2F3-

UO2F4 -2
UVO2CL+

vo2Cl2 (aq)
UO2Br+

uo2co3 (aq)
yo2(co3)2 -2
v02(co3)4 -4
(U02}2(co3)6 -6

(U02}11(CO3)6(0H)12 -2

(U02)2C03 (OH) 3-
UO20HCO2+
UO2NO3 +

Uo2s504 (aq)
uo2(so04)2 -2
UO2HPO4 (aq)
UO2H2PO4+

U02 (H2PU4}2 (aq)
U02 (H2PO4) (H3PO4) +
UO2H3PO4 +2
U02P04 -~
UO2H3s5i04

Zx (OH) 3+

Zr (OH)4 (aq)
2Zr(socd)2 (aq)
2r(sc4)3 -2
2XF +3

ZXF2 +2
ZrF3+

ZrF4 (aq)
ZrF5-

2rF6 -2
2rOH +3
2rso4 +2
2r(OH)2 +2

SOLIDS:

Am {(c)
Am(OH)3 (am)
Am(OH)3 (c)
Am203
AmMOHCO3 (s)
Am2(C03)3
AmBr3
AmOBr
AmC13
AmOCl

AmF3

AmI3

AmO2

AmF4

Co{c)

Cos

Co (0H) 2
CoFe204
Co0

CcCO3
CoCl12
CoCl12:2H20
CoC12:6H20
CoF2

CoF3
Co(NO3)2
Coso4
CoS04 :3Co0H2
CoS04:6H20
Cos04:H20
CoSe03
Co285i04
82WAG/EVA, 74NAU/RYZ
Co3 (PO4)2
CoHPO4

Co3 (As04)2

Cs(c)
Cs2U207
Cs2U4012

Eu(c)
E

us
Eu(OH)2C1l
Eu(OH)3
Eu203 (cubic)
Eu203 (mono)
Eu3o4

EuC13:6H20
EUF3:5H20
Eu(I03)3:2H20
Eu2(C03)3:3H20
Eu (NO3)3:6H20
Eu2 (S04) 3 :8H20
Eusod

9ONEA

74NAU/RYZ
74NAU/RYZ
74NAU/RYZ
74NAU/RYZ
74NAU/RYZ
74NAU/RYZ
74NAU/RYZ
74NAU/RYZ
74NAU/RYZ
74NAU/RYZ
74NAU/RYZ
74NAU/RYZ
74NAU/RYZ

LOGK REF

95NEA/1
95NEA/1
95NEA/1
95NEA/1
9SNEA/1
9SNEA/1
95NEA/1
95SNEA/1
95NEA/1
95NEA/1
95NEA/1
9SNEA/1
9SNEA/1
9SNEA/1

79ROB/HEM
74NAU/RYZ
76BAE/MES
74NAU/RYZ
82WAG/EVA
84SVE

82WAG/EVA
82WAG/EVA
82WAG/EVA
82WAG/EVA
79KUB/ALC
65GAR/CHR
82WAG/EVA
82WAG/EVA
82WAG/EVA
74NAU/RYZ
76SMI/MAR

82WAG/EVA
82WAG/EVA
82WAG/EVA

89COX/WAG
90NEA

85RAR2
B5RAR2
85RAR2
B87RAR2
85RAR2
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Np{c)
NaNp02C03 :3 . 5H20
Np (OH) 4

NpO2
Np (HP04) 2

« NpO2 (OH} (am)

Np205
NpO2 (OH) 2

Pu (OH) 3
Beta-Pu203
PuF3

Pu(c)
Pu(OH) 4
Puo2

PuF4

Pu (HPO4) 2
Pu02 (OH) (am)
Puo2 (OH) 2
Puo2 (HPO4)

Ra (c)
Ra(NO3)2
RaCl2:2H20
Raso4

Ru{c)

Ru (OH) 3 :H20
Ru02 : 2H20
Ru02

RuBr3

RuCl3

RuI3

sn{c)

Sn2s3 (Ottemanite)
Sn3s4

Sn(OH)2
Romarchite (Sn0)
Cassiterite(Sno02)
SnBr2

SnBr4

SnCl2

Sn(so4)2

Sn(so04)

SnSe

Snse2

sr(c)
Sr(NO3)2
Sr (NO3)2:4H20
Sr(OH)2
Sr2s104
Srsio3
SrBr2
SrBr2:H20
SrBr2:6H20
Srcil2
SrCl2:H20
SrC12:2H20
SrC12:6H20
SrI2

SrF2
SrHPO4

Sro

Srs

SrZro3
Strontianite
Celestite

KTc04
NaTco4
Tc(OR)2
Tc (OH) 3
Tc304
TeS2

TcOH

Tc02:2H20 (am)
Tcd07

TeS3

Tc03

Te(c)
Te287

Th{c)
Th283
Th7s12
Ths2

Th (OH) 4
ThO2
ThBr4
ThCl4
ThF4
ThF4:2.5H20
Thi4d

I
Th (NO3} 4:5H20
Th(s04)2
Th2se3

Autunite
H-Autunite
K-Autunite
Na-Autunite
Sr-Autunite

S

-
..

Ningoyite
Uramphite
saleeite
Uranocirite
Bassetite
Torbernite
Przhevalskite
Uranophane
UBr2Cl
UBr3

ucl3
UBrCl2
yocl

UF3

UI3

Uo2 (am)
U409 (c}
U308 (c)
UBr4

UOBr2
UBr3cl
UBrCl3

84LEM
84LEM
84LEM
84LEM
84LEM
84LEM
84LEM
84LEM

80LEM/TRE
80LEM/TRE
80LEM/TRE
86MOR

80LEM/TRE
80LEM/TRE
80LEM/TRE
80LEM/TRE
80LEM/TRE
80LEM/TRE
80LEM/TRE

82WAG/EVA
82WAG/EVA
82WAG/EVA
82WAG

85RAR1
85RAR1
85RAR1
85RAR1
85RAR1
85RAR1
85RAR1

SUPCRT91

79KUB/ALC
79KUB/ALC
82WAG/EVA
SUPCRT91

SUPCRT91

79KUB/ALC
82WAG/EVA
79KUB/ALC
79KUB/ALC
79KUB/ALC
79KUB/ALC
79KUB/ALC

79ROB/HEM
79ROB/HEM
82WAG/EVA
85CHA/DAV
77BAR/KNA
82WAG/EVA
82WAG/EVA
82WAG/EVA
82WAG/EVA
82WAG/EVA
82WAG/EVA
82WAG/EVA
B2WAG/EVA
79KUB/ALC
76SMI/MAR
B82WAG/EVA
82WAG/EVA
82WAG/EVA
74NAU/RYZ
SUPCRT91

SUPCRT91

83RAR
83RAR
83RAR
83RAR
83RAR
83RAR
83RAR
83RAR
83RAR
83RAR
83RAR
83RAR
83RAR

89COX/WAG
82WAG/EVA
82WAG/EVA
82WAG/EVA
74NAU/RYZ
89COX/WAG
82WAG/EVA
80LAN/HER
80LAN/HER
B82WAG/EVA
82WAG/EVA
B82WAG/EVA
82WAG/EVA
74MIL

90SVE
9ONEA
90SVE
90SVE
T8LAN

ucl4

UBr2c12

uoc12

U202C15

UF4 (c)
UF4:2.5H20
U2F9

U4F17

UCLF3

UC12F2

UC13F

UOF2

UOF2 :H20

UOFOH

UI4

uclIi3

ucl212

UCl13I

U(co3)2

U (0H) 2504
U(s04)2
U(S04)2:4H20
U(S04)2:8H20
U(HPO4) 2:4H20
Coffinite
Na3Uo4

UBIS

UOBr3

ucls

uocl13

vo2cl

ys012c1
Alpha-UFS5
Beta-UF5

UPOS

Beta-UO2 (OH) 2
Schoepite
Dehyd-Schoep({.393)
Dehyd-Schoep(.648)
Dehyd-Schoep{.850)
Dehyd-Schoep (.900)
Dehyd-Schoep (1.00)
Uraninite
Alpha-U03
Beta-U03
Gamma-Uo3
Gummite

K2U04

Li2U04

Naz2u207
Alpha-Na2U04
Bau0O4

Cauo4

Mguo4

Nauo3
Nau02(c03)3
Rb2UO4
Alpha-Sruoc4
UO2Br2
UO2Br2:H20
UO2Br2:3H20
UO2BrOH:2H20
ucle

vo2cl12
U02C12:H20
U02C12:3H20
UO2C10H:2H20
(U02)2C13

UF6

UO2FOH
UO2FOH:H20
UO2FOH: 2H20
UO2F2
UO2F2:3H20
U203F6

U305F8

UOF4
Rutherfordine
U2 (NO3) 2
U02(N03)2:H20
U02(N03)2:2H20
U02(N03)2:3H20
U02(N0C3)2:6H20
U02s04
U02504:H20
U02804:2.5H20
V02504 :3H20
U02S04:3.5H20
(U02)3(P04)2
{U02) 3 (PO4)2:4H20
{Uo2) P207
Parsonsite
Uo2 (P03)2
UO2HPO4
UO2HPO4 : 4H20
UP207:20H20
U02 (As03) 2
(U02) 225207
(U02) 3 (As04)2
K(UO02)As04
Boltwoodite
Haiweeite
Kasolite
Sklodowskite
Soddyite
Weeksite
Tyuyamunite
Carnotite

Zr(c)
Baddelyite
Zircon

REDOX
SPECIES

Eu+3/Eu+2
U+3/U02+2
U+4/U02+2
U02+/U02+2
Am+4 /Am+3
AmO2+/Am+3
AmO2+2/Am+3
Np+3/Np+4
NpO2+/Np+4
Np02+2/Np+4
Pu+3/Pu+d

9ONEA
9ONEA
9ONEA
90NEA
SONEA
90NEA
SONEA
89NEA
9ONEA
9O0NEA
9ONEA
90NEA
90ONEA
9ONEA
90NEA
9ONEA
9ONEA
90NEA
9ONEA
9ONEA
9ONEA
9ONEA
9ONEA
9ONEA
90NEA
S$ONEA
9O0NEA
90NEA
90NEA
90ONEA
90NEA
90NEA
90NEA
90NEA
90ONEA
9ONEA
9ONEA
880HA/LEW
880HA/LEW
880OHA/LEW
9ONEA
880HA/LEW
9ONEA
9ONEA
9ONEA
9ONEA
78LAN
9O0NEA
90NEA
90NEA
90NEA
90NEA
90NEA
90NEA
90NEA
9O0NEA
9O0NEA
90NEA
90NEA
90NEA
9ONEA
9ONEA
9ONEA
9ONEA
9ONEA
9ONEA
9ONEA
9ONEA
9ONEA
9ONEA
9ONEA
SONEA
30NEA
S0NEA
90NEA
90NEA
90NEA
9SNEA/2
9ONEA
90NEA
90NEA
90NEA
9ONEA
9O0NEA
640WE/MAY
640WE/MAY
640WE /MAY
640WE /MAY
90NEA
9ONEA
9ONEA
78RIC/NRI
9ONEA
84TRI
9O0NEA
90NEA
90NEA
9ONEA

9ONEA
82WAG/EVA
82HEM

78LAN

79ROB/HEM
79ROB/HEM
79ROB/HEM

LOGK REF

SUPCRT91
90NEA
90NEA
90NEA
9SNEA/1
9SNEA/1
9SNEA/1
84LEM
84LEM
84LEM
80LEM/TRE

PuO2+/Pu+d
Pu02+2/Pu+4
Ru+2/Ruo4-2
Ru+3 /Ruod-2
Ru(OH) 2+2/Ru04-2
RuC4-/Ru04-2
Sn+2/Sn+4
Tc+3/TcOd-
TcO+2/TcO4-
Tc04-3/Tco4-
TcC4-2/TcO4-
Co+2/Co+3

80LEM/TRE
B8OLEM/TRE
85RARL
85RAR1
85RAR1
85RAR1
84JAC/HEL
83RAR/84RAR
83RAR/84RAR
83RAR/84RAR
83RAR/84RAR
SUPCRT91

Nlalag

Rdum
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To: Wealey C. Patrick (Technical Director)
— ~ and Bruce E. : ito (Director of Quality Assurance)
™ From: David R. Turner A 2\1
" Subject: Exemption for qualification of data in the MQWRODEPAZ software package
" Date: May 7, 1992

The MINTEQA2/PRODEFA2 geochemical specistion code is under continuing development at the NQJ sy

Environmental Research Laborstory of the U. S. Environmental Protection Ageacy in Athens, Georgia. Version
3.0 will be used in research and technical assistance activities at the Center for Nuclear Waste Regulatory Analyses,
and it is anticipated that updated versions will be incorporated and evaluated as they become available. The

.. PRODEFA2 code is the preprocessor used to prepare input files for the MINTEQAZ2 code, and as such does not

directly use any geochemical data. As it is currently constructed, the MINTEQA2 code uses extensive databases

.. to provide the information necessary in calculating equilibrium species distribution between liquid, solid, and gas

phases from well established thermodynamic principles. The purpose of this memorandum is to petition for

. exclusion and exemption of these existing data from qualification requirements under Quality Assurance Procedure

QAP-015.
Section 5.1.3 in QAP-015 provides for the exclusion of existing data from qualification if "The existing

data were generated by the DOE or its contractors and the purpose of the Center activity or project is to provide
- ‘an independent evaluation of that data® and/or “The existing data are being used as a basis of comparison in

confirmatory research or other evaluations®. The original MINTEQ code was developed at Pacific Northwest

- Laboratory and funded in part by the DOE. Much of the original data are based on the U. S. Geological Survey’s

WATEQ3 code, which has been used exteasively in the scientific community and is well documented. At CNWRA,

- the MINTEQA2 dstabase has also been expanded to include radioelement data from the EQ3/6 software package,

also developed by the DOE. In addition, many of the data in the MINTEQA2 database (such as molecular weights

~  and species charge) ... are accepted in the scientific and engineering community as established fact.®, the third

criteria justifying exclusion from qualification (Section 5.1.3).

Section 5.3 in QAP-015 also permits exemption of existing data from qualification where "In certain
circumstances, programmatic requirements and constrains or other factors may make it necessary to use data which
are not qualified®. If such data are used in Center reports, a clear statement on the qualification status of the data
is to be provided. Progress in numerous research and technical assistance activities at the CNWRA requires the
use of geochemical dats. While some of the data in the MINTEQA2 databass are recognized by the scientific and
engineering community as uncertain, they represent the current best estimates in the evolving state of geochemical
data. Even though activities at CNWRA may address the state-of-the-art in geochemical data in narrowly defined
areas, it is beyond the scope of the CNWRA program and resources to do so for all of the data in the
MINTEQA2/PRODEFA2 package, which currently includes data for over 1200 species involving more than 125
components.

Concurrence

John L. Russell
Element Manager
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TITLE Test Example, Speciation of Uranium, le-6 molal U02+2,PCO2=le-3.5

SOLUTION 1
-units mmol/kgw
H

Pl 2.0
U(+6)  0.001 as UO2
Na 100.
N(+5)  100. as
# Model definitions

charge
NO3

PHASES 1 # Do not change this number it is used by the program!
+

He = He
log_k 0.0
D

*
4  UO2+2 = le-6
*

SELECTED_OUTPUT
-file uranco2.123
-molalities

EQUILIBRIUM_PHASES 1
Fix_He -2.0 NaOH
c02(g) -3.5 1.0

USE solution 1
EQUILIBRIUM_PHASES 1
Fix_H+ -2.25 NaOH
co2(g) -3.5 1.0

END

USE solution 1

EQUILIBRIUM_PHASES 1
Fix H+  -2.50
co2(g) -3.5 1.0

USE solution 1
EQUILIBRIUM_PHASES 1
Fix_H+ -2.75 NaOH
co2(g) -3.5 1.0

END
USE solution 1
EQUILIBRIUM_PHASES 1
Fix_H+ -3.0 NaOH
co2(g) -3.5 1.0

END
USE solution 1
EQUILIBRIUM_PHASES 1
c_H+ ~3.25 NaOH
coz(g) -3.5 1.0

END
USE solution 1
EQUILIBRIUM_PHASES 1
Fix_H+ =3.50 NaOH
coz2{g} -3.5 1.0

USE solution 1
EQUILIBRIUM_PHASES 1
Fix_H+ ~3.75 NaOH
co2{g) -3.5 1.0

END
USE solution 1
EQUILIBRIUM_PHASES 1
X_H+  -4.00 NaOH
co2{(g) -3.5 1.0

END
USE solution 1
EQUILIBRIUM_PHASES 1
Fix_H+  -4.25 NaOH
co2(g) -3.5 1.0

USE solution 1
EQUILTBRIUM_PHASES 1
Fix_H+ ~4.50 NaOH
co2(g) -3.5 1.0
END
USE solution 1
EQUILIBRIUM_PHASES 1
ix_H- -4.75 NaOH
coz{g) -3.5 1.0

END
USE solution 1
EQUILIBRIUM_PHASES 1
Fix_H+ -5.0 NaOH
co2(g) -3.5 1.0
END
USE solution 1
EQUILIBRIUM_PHASES 1
Fix_He  -5.25 NaOK
co2{g) -3.5 1.0

END

USE solution 1

EQUILIBRIUM_PHASES 1
+

co2(g) -3.5 1.0

END

USE solution 1

EQUILIBRIUM_PHASES 1
Fix_H+  -5.75 NaOH
co2(g) -3.5 1.0

USE sclution 1

EQUILIBRIUM_PHASES 1
Fix_H+  -6.0  NaOH
co2(g) -3.5 1.0

END
USE solution 1
EQUILIBRIUM_PHASES 1
Fix_H+ -6.25 NaOH
€02 (g) -3.5 1.0

END
USE solution 1
EQUILIBRIUM_PHASES 1
Fix_H- -6.5  NaOH
co2{(g) -3.5 1.0

END

USE solution 1

EQUILIBRIUM_PHASES 1
Fix_] -6.75 NaOH
co2{g) -3.5 1.0

USE solution 1
EQUILIBRIUM_PHASES 1
Fix_H+ -7.0 NaOH
co2(g) -3.5 1.0

END
USE solution 1
EQUILIBRIUM_PHASES 1
Fix_H+ -7.25 NaOH
€02 (g} -3.5 1.0

USE solution 1
EQUILIBRIUM_PHASES 1
Fix_H+ -7.5  NaOH
co2(g) -3.5 1.0

USE solution 1
EQUILIBRIUM_PHASES 1
Fix_H+ -7.75 NaoH
€02 (g) -3.5 1.0

END

USE solution 1

EQUILIBRIUM_PHASES 1
Fix_H+ -8.0 NaOH
co2(g) -3.5 1.0

END
USE solution 1
EQUILIBRIUM_PHASES 1
Fix_H+ -8.25 NaCH
cozley 3.5 1.0

U02+2_ UO2NO3+ UO20H+ UO2{(OH)2 UO2(OH)3- UO2(OH)4-2 \
(U02)2 (OH)+3 (U02)2 (OH)2+2 (UO2)3(OH)4+2 (UO2)3 (OH)5+ \
(U02)3 (OH) 7- (U02) 4 {OH) 7+ UD2CO3 UO2 (CO3)2-2 UO2 (CO3)3-4\
(U02)3(C03) 6-6 (U02)11{CO3)6(OH)12-2 (UO2)2CO3 (OH)3-
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TITLE Test Example, Speciation of Neptunium, le-6 molal Ny

SOLUTION 1
-units mmol/kgw
PH .0
Np{+5) 0.001 as NpO2
Na 100. charge
N(+5) 100. as NO3

(UO214(OHIT+_m_|[(UGZA(OH)7s_% |UO2C03_m [uo2ccs % U02(C03)34_% _[(UOR)3(CO66_m|(UORII(COR)
1TIESS| X 8.89E-15] [ S4E-68| o, 100 - .
9.87E33] 0.00] 2.83E14] n.o% -
5.64E31 0.00} 9.00E-14] 0.00| .
2.15E.29| 000 85513 m% |
18027 0.00) .03 0.00| i
1.01E:25) 00|  BE 0| ——Goze2 :
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0.00  82E rw% -+ UO20He

0.00) B1E 0.00| (OH):

0.00) 726 00| [—uozioH3- i
0.00) .22E 0.00|

.00} .376-08 0.00] e (UO2)3(OH)S4.
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TITLE Test Example, Speciation of Neptunium, le-6 molal NpO2+,PCO2=1le-3.5

SOLUTION 1
~units mmol /kgw
H 2.

P
NP(OS) D Dﬂl as NpO2

00. charge ‘,‘ !
s) 100, as'Hos (
# Model defini.tio VY

PHASES 1 4 Do not change this number it is used by the program!

Npo2+ = le-6

.»sg

A

~f

S S

“file npco2.123 ?“e . \ vy
-molalities NpO2+ NpO2NO3 NpO2 (NO3)2- NpO20H Np02CO3-~ Np02 (CO3)2-3 \ d
NpOZ (CO3) 3-5
USE solution 1
EQUILIBRIUM_PHASES 1

END
USE solution
EQUILIBRIUILPHASBS 1
He -2.25 NaOH 10.0
coz(q) -3.5 1.0

END
USE_solution
BQUILIBRIUM_DHAS!:S 1
-2.50 NaOH 10.0
COZ(q) -3.5 1.0

USE solutien 1
EQUILIBRIUM_PHASES 1
X_H+  -2.75 NaOH 10.0

COZ(Q) -3.5 1.0

END

USE solution 1

EQUILIBRIUM_PHASES 1
Fix_He -3.0  NaOH 10.0
co2(g) -3.5 1.0

END
USE solution
EQUILIBRIUM_PHASBS 1
He  -3.25 NaOH  10.0
COZ(gr -3.5 1.0

END
USE solution 1
BQUILIBRIUM_PHASES 1
-3.50 NaOH 10.0
COZ(Q) -3.5 1.0

END

USE solution 1

EQUILIBRIUM_PHASES 1
Fix_H+ ~3.75 NaOH 10.0
coz(g) -3.5 1.0

USE solution 1
EQUILIBRIUM_PHASES 1
Fix H+ -4.00 NeOK  10.0
coz2(g) -3.5 1.0

END
USE solution 1
EQUILIBRIUH_PHASES 1
+  -4.25 NaOH  10.0
coz To)  -3.5 1.0
END
USE solution 1
EQUILIBRIUM_PHASES 1
_H+  -4.50 NaOH 10.0
coz(g) -3.5 1.0

USE solution 1
zqu:msnmn_ymses 1
X_H+ -4.75 NaOH 10.0

ccz(g) -3.5 1.0

END

USE solution 1

EQUILIBRIUM_PHASES 1
Fix_H+ -5.0 NaOH  10.0
co2(g) -3.5 1.0

USE solution 1

EQUILIBRIUM_PHASES 1
Fix_H+ -5.25 NaOH  10.0
coz(g) -3.5 1.0

END

USE solution

EQUILTBRIUM_PHASES 1
Fix_H+ 5.

s
cozlg)  -3.5

END
USE solution 1
BQU!LIBRIUK_PHASZS 1
H+ -5.75 NaOH 10.0
COZ (g} -3.5 1.0

USE solution 1
EQUILIBRIUH_PHASES 1
Fix_H¢ -6.0 NaOH 10.0

co2{g) -3.5 1.0

USE solution 1

EQUILTBRIUM_PHASES 1
Fix_H+ -6.25 NaOH 10.0
co2{g) -3.5 1.0

END
USE solution
muxn:mxumpmsx-:s 1
+  -6.5 NaOH ~ 10.0
co2(g) -3.5 1.0

END
USE solution
EQUILIBRIUM_PHASES 1
Fix_H+ ~6.75 NaOH 10.0
coz2(g) -3.5 1.0

END

USE solution 1

EQUILIBRIUM_PHASES 1
Fix_H+ -7.0 NaoH  10.0
co2{g)  -3.5 1.0

END
USE solution 1
EQUILIBRIUM_PHASES 1
Fix_H+ -7.25 NaOH  10.0
coz(g) -3.5 1.0

END

USE solution 1

EQUILIBRIUM_PHASES 1
Pix_H+ -7.5  NaOH 10.0
co2(g) -3.5 1.0

USE solution
mun.mamu_ymszs 1
%_H+ -7.75 NaOH 10.0
cozm) -3.5 1.0

ENI

USE solution 1

FQUILIBRIUM_PHASES 1
Fix_H+ ~8.0  NaOH 10.0
coz2{g) -3.5 1.0

END

USE solution 1

mUILIERIUH_PHASEs 1

X_H+  -8.25 NaOH 10.0

CO2(g) -3.5 1.0

END
USE solution 1
EQUILIBRIUM_PHASES 1
Fix_H+ -8.50 NaOH  10.0
co2(g) -~3.5 1.0

END

USE solution 1

EQUILIBRIUM_PHASES 1
Fix_H+ -8.75 NaOH  10.0
co2(g) -3.5 1.0

END

USE solution

BQVILIBRI‘J!LPHASES 1
Fix_H+ -9.0 NaOH  10.0
€02 (g} ~3.5

END

USE solution 1

EQUILIERIUH_DH)‘SES 1

ix_Ht+ -9.25 NaOH  10.0

o2 (g} ~3.5 1.0

END

USE soluti,

EQUImeuu_pHASEs 1
x_H+ -9.50 NaOH  10.0
coz(g) -3.5 1.0

END
USE solution
EQUILIERIU!‘LPHASES 1
X_H+ ~9.75 NaOH  10.0
coz(g)  -3.5 1.0

END

USE solution 1

EQUIL‘IBBIUH_PHASBS 1
Fix_He  -10.0 NaOH 10.0
co2{g) -3.5 1.0

END
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[Neftot b fonic_stran 20 [NpO2+_m [NpO2+_% N [Total_m i —
1.00E-06] 2.00) 16.393642 90.99| 100 X -
225 16.145692] 90.99| \ E
2.50) 15.896584) 99.98]
2.75| 15.647501 99,98 [ESNI—
3.00 16.397523| 99.98/
325 15147801 9.98 ‘
3.50] 14897853 0.98 T
3.75] 14647663 99.98| vl
4.00] 14390272 99.98|
14.152464| 90.98
13,8672 20,08 S—
13.513957| 99.87|
13.385178| 09.97|
13.110218} w.eﬂ R
12834621 99.95
12.524259) 9.9
12.386202] 90.88)
12.108396| 89.80| -
11.767377 89.67|
11.649644 29.41
98.94| -
98.03| ER——
986.21
82.42]
£e48 A
68.95|
4513
21,01
5288 [
064
0.2 9.66E07)
.00} 9.91E07|
0.00| 256614 9.01E-07]

. s | -

MIKTEGAD Reoulls

P ) {
[Np{total) bh [NpOZ+_m INpO2+_% [NpO2(CO3)2-3_m g !
1.00E-06 z.ﬂ 00E-08| 378E-34 100 JR—
225 372E-33 i
250 3.68E-32 90 ;
27| 3.66E-31 R *ww,}-——{
3.00] 3.65E-30| 80 P
3.25] 3.64E-20 ) |
3.50) 0.00) 3.64E:28] 70 i
375| 000 2.74E16) 0.00 364E27 R
4.00) 0.00) sa{sﬁ' o»_or 3.64E-26 60 |
4.25) 1.69E-11 0.00} 2.74E-15 0.00] 3.64E-25 - |
301E 000 8.68E-15| 0.00] 3.64E-24 50 —
5.35E-11 001 2.74E-14 0.00; 3.64E23 o i
8.50E-11 001 8.68E-14) 0.00] 34E-22 4 M}.M.._.
1.69E-10) a.02 274E-13 0.00| 364E-21 30 D
3.00E-10 0.03 8.68E-13 0.00 3.64E-20 !
5.34E-10 0.05 2.74E-12] 0.00 3.63E-19 20 .
9.50E-10 0.10 s.s7s£| 0.00| 363E-18. U
1.69E-09] 0.17] 2.74E-11 0.00] 3.63E-17! 10
001 3.63E-16) .
5.94E-07 3.62E-15 0 v P |
9.90E-07 | 3.60E-14
8.81E-07 357E-13 2.0 4.0 y
9.63E-07| 3.50E-12 — ]
525607 2.37E1 - L
8.46E-07 3.08E-10
6.91E-07 1.70 2.82E-08
453E:07| 1.36E-07 13,60 1.66E-08
2.13E-07| 1.14E-07 11.40] 5.85E-07| 7.85E-08
6.27E-08] 5.94E-08 594 5.44E-07) 2.34E-07
E.11E-nd 1.36E-08 1.36] 222607 312607 e
3.77E-10| 1.11E-08! 0.11] 3.28E-08 1.56E-07
844E-12 429E-11] 0.0 2.326-09 4.13E-08
1,08E-18 9.09E-13| 0.00) 9.37E-11 7.24E-00]
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SOLUTION_MASTER_SPECIES T1(+3) TL(CH)3 0.0  204.37 H3BO3 = H3BO3
e v U02+2 0.0 238.0250 238.0290 log_k 0
" ssgential definitions * u{+3) U+3 0.0  238.0290 deltah 0 keal
+ U(+4) usd 0.0 o
I U(+S) voze+ 9.0 0 Bas2 = Ba+2
#element species alk gfw_formula slement_gfw u(+6) Uo2+2 0.0 0250 log_k °
. v o2+ 0.0 50.94 delta h [ keal
Alkalinity co3-2 1.0  £1.0173 61.0173 Vi(+2) Va2 0.0 -gamma 5.0 0.0
E °- 0.0 . 0.0 V(+3) V43 0.0
H He -1.0 1.008 1.008 V(+4) Voe2 6.0 Be+2 = Be+2
H(0) H2 0.0 1.008 V(+5) vo2+ 0.0 ogk o
H(+1) He -1.0 1.008 - zn 2n+2 0.0 65.37 deltah © xeal
o H20 0.0 16.00 16.00 zx Zred 0.0  91.224 91.224
o(-2) H20 0.0 16.00 16.00 Br- = Br-
0(0) 0z 0.0  16.00 16.00 WMINTEQA2 ORGANIC LIGANDS [ log_k 0
» 4 delteh 0 keal
Ag ag+ 0.0  107.868 107.868 Acetate Acatate-~ 0 §9.05  59.05 —gamma 4.0 0.0
Al Al+3 0.0  26.9815 26.9815 Benzoats Benzoate- 0 121.12 121.12
Ame3 0.0 243.0614 243.0614 Butanoate ] 87.043 87.043 Ca+2 = Ca+2
Bm(+3) Ane3 0.0 243.0614 Citrate 0 189.06 189.06 log, °
am(+4) Amed 0.0  243.0814 Cyanide 3 26.018 326.018 deltah 0 kcal
An(+5) Am02+ 0.0  243.0614 Cyanate o 42.017 42.017 -gamra 6.0 .165
RAm(+6) AmQ2+. 0.0  243.0614 Diethylamine [ 3 73
" H3AS04 ~1.0  74.9216 74.9216 i ° 45.028 45.028 Cd+z = Cde2
As(+3) H3As03 0.0  74.9216 Edta ° 276 276 lLog. °
As(+5) H3ASO4 -1.0  74.9216 Ethylenediamine o 60.12  60.12 deltah 0 keal
H3BO3 0.0 10.81 10.81 Formate o 45.02  45.02
Ba Ba+2 0.0 137.34 137.34 Four. [ 94 Cl- = Cl-
Be Be+2 0.0 5.0122 122 Glutamate 0 145.13 145.13 log_k 0
Br Br- 0.0 79.304 79.904 Glycine 0 74.07° 74.07 deltah 0 keal
co3-2 2.0 61.0173 12.011 Hexylamine ° 101 101 ~ganma 3.0 .015
c(+4) €03-2 2,0 61.0173 Isobutyrate TIsobutyrate- [ 87.043 87.043
sc(-4) CHi 0.0  16.042 Isophthalate lsophthalate-2 0 164.12 164.12 Co+2 = Co+2
ca ca+2 0.0  40.08 40.08 I i he ine 0 59.04 59.04 log_k 0
ca cas2 0.0 112.399 112.399 Isovalerate Isovalerate- 0 101.13 101,13 deltah 0 keal
a c1- 6.0 35.453 35.453 Methylamine Me! e [ 31,018 31.018 ~gamra 4.5 0.0
co Co+2 0.0 58.9332 $8.9332 Niutylamine Neutylamine ° 3 3
Co(+2) Cos2 0.0  58.9332 Npropylamine Npropylamine 0 59.04  59.04 Co+2 = Cosd + e
Ca(+3) Co+3 0.0 58.9332 Nea Nta-3 0 128.06 188.06 logk  -32.9891
cr crod-2 0.0  51.9596 51.996 Para_acetate Para_acetate- 0 134.14 134.14 delta h 35.9 keal
Cr(+2} Cr+2 0.0 51.996 Phthalate Phthalate-2 o 164.13 164.13 ~gamma, 5.0 0.0
cr(+3} Cr{oH)2+ 0.0  51.996 Propancate Propancate- ° 73.032 73.032
Cr(+6) croa 0.0 51.996 salicylate Salicylate-2 0 136.12 136.12 €rod-2 = cros-2
cs cse 0.0 132,9054 132.9054 Tartrate Tartrate-2 0 148.09 148.09 log_k )
Cus2 0.0 63.546 63,546 Thrae_methylpyridi Three_s ai 0 % 9 delts h 0 Kkeal
cu(+1) Cus 0.0 63.546 Tri 0 265.97 265.97 -gama 4.0 0.0
cu(+2) Cus2 0.0 63.546 amine in 0 §9.04 59.04
Bus3 6.0 151.965 151.965 Two, dine Two. H 0 9 94 Cr{OH)}2+ + 2k+ + @- = Czr+2 + 2H20
Bu(+2} Bus2 0.0 151.965 Valerate Valerate- ° 101.13 101.13 log_k 2.947
Eu(+3) Busd 0.0 151.635 delteh  6.36  keal
F- 0.0  18.9984 18.998¢ SOLUTION_SPECIES
Fus3 0.0 55.847 55.847 " Cro4-2 + 6H+ + 3a- = Cr(OH)2+ + 2H20
Fe(+2) Fos2 0.0  55.847 * assential definitions log_k 376
Fa(+3) Fa+d -2.0  55.847 delte h -103 keal
Hg{OH}2 0.0 200.59 200.59 a- = e-
Hg(+2) Hg(0H)2 0.0  200.59 logk O Ce+ = Cs+
Hg (+1) Hg2+2 0.0  200.59 deltah 0 keal log_k 0
Hg (+0) Hg 0.0 200.59 delta h  © keal
I~ .0  126.904 126.904 He = He ~ganra 4.0 0.0
K Ke 0.0 39.102 39.102 log_k [
Li Li+ 0.0 6,939 6.939 . delta h Q keal Cus2 = Cu+2
My Hge2 0.0 24.312 24.312 -gamma 9.0 0.0 log v 0
Hne3 0.0 54.938 54.938 deltch 0 keal
Mn(+2) Mne2 0.0 54.938 H20 = H20 ~gama 2.5 0.0
Ma(+3) Mn+3 0.0 54.938 log_k °
Mn (+6} Mn04-2 0.0 54.938 delta_h o kcal Cus3 + e- = (us+
Mn(+7} Mnod- 0.0  54.938 log_k 2.72
NO3- 0.0 14.0067 14.0067 2H20 = 02 + 4H+ + de- deltah  1.65  kcal
m{o) N2 0.0 14.0067 log_k  -83.12 -gama 2.5 0.0
N(-3) WHa+ 0.0 14.0067 delta h 133.83  keal
N(+3) Noz- 0.0 14.0067 Bued = Bus3
N(+5) NO3- 0.0 14.0067 2H+ + 2e- = H2 log_k 0
Na Na+ 0.0  22.3898 22.9898 log_k -3.15 deltoh 0 keal
Ni Nis2 0.0  58.71 58.71 deltah -1.759  keal ~gama 5.0 0.0
Npo2+ 0.0  243.0614 243.0624
Np(+3) Np+3 0.0  243.0614 €03-2 = C03-2 Bu+3 ¢ e- = tue2
Np (+4) Nptéd 0.0 243.0614 log_k 9 log, -6.0069
Np (+5} NpO2+ 0.0  243.0614 deltan O keal delte h 18.60  keal
Np{+6) NpO2+2 0.0 243.0614 -gamma 5.4 0.0 ~gamz, 4.5 0.0
POa-3 2.0 30.3738 30.9738
Ph Pb+2 0.0 207.19 207.19 P- = P
Pued 0.0 244.0000 244.0000 Ag+ = Ag+ log.b [
Pus3 0.0 244.0000 log_k ] delts_h 0 kcal
Pusd 0.0  244.0000 deltah 0 keal ~gama 3.5 0.0
Pu02+ 0.0 244.0000
PuO2+2 0.0  244.0000 Al+3 = ALs3 Pe+3 = Fasd
Ra+2 0.0 226.025 226.025 log_k 0 log_k [
Rb+ 0.0 85.4699 B5.4699 delta_h 0 kcal delte b 0 kcal
Ru04-2 0.0 101.0700 101.0700 -gamma 9.0 0.0 -gamea 9.¢ 0.0
Rus2 0.0 101.0700
Rus3 0.0 101.0700 Ame3 = Ame3 Foed + o- = Tes2
Ru(OH)2+2 0.0  101.0700 log_k [ log_} 13.032
RuOd-2 0.0 101.0700 deltah 0 keal delte b -10 Xeal
RuOd- 0.0 101.0700 -gamma 5.0 0.0 -gamn 6.0 0.0
504-2 0.0  96.0616 32.064
HS- 1.0 32.064 Ams3 = Amed + e~ Hg(OH)2 = Hg.0H)2
s04-2 0.0  96.0616 logk  -44.2105 log} [
Sh{OH}6- 6.0 172.772 172.772 delta_h 50.359  kecal delta_h o keal
Sb(oH}3 3.0 172.772 ~gamma 5.5 0.0
Sb(oH)6- 0.0 172.772 2HZ(OH)2 + 4He + 20- = HQ2+2 + 4H20
Se04-2 0.0 78.36 78.96 Ame3 + 2H20 = AmO2+ + 4H+ + 2e- log_| .987
HSe~ 0.0 78.96 log_k  -58.3742 delt: h -63.59  keal
Se03-2 0.0 78.96 delta h 91.802 kecal ~gemma 4.0 0.0
se0d-2 0.0  78.96 -g 0.0
H4S104 0.0  96.1155 28.0843 0.5Hg2+2 + e = Hg
Sned 0.0 118.710 118.710 Am+3 + 2H20 = AmO2+2 + 4He + 3a- Y 6.9316
sn+2 0.0 118,710 log_k  -85.3545 delte h -16.605 kcal
. Sned 0.0 11B.710 delta_h 128.489 keal
Sre2 0.0 87.62 87.62 ~gamna 4.5 0.0 I-=1I-
Teod- 0.0 98.0000 98.0000 log_k °
Te+d 0.0 98,0000 HIAZ04 = HIASO4 delteh 0 keal
Tc0+2 0.0 98.0000 log_k 0
TcOd-3 0.0 98.0000 . deltah 0 keal Re = R+
Tcod-2 0.0 98.0000 log ¥ °
T4~ 0.0 98.0000 HIASO4 + 2e- + 2H+ = H3ASO3 + H20 delts h O keal
Th+4 0.0 232.0381 232.0381 log_k 19.44 -gama 3.0 .015
1 TL(OH)3 0.0 204.37 204.37 delta h -30.015 keal
T1(+1) + 0.0 204.37 Li+ = Li+
vy, T




log_k
delta_h
-~gamma
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Mg+2 = Mg+2
log_k o
delta h 0 keal
-~gamma 6.5 .20
Mn+2 + 4H20 = MnO4- + 8He + Se-
log k  -127.824
delta_h 176 sz keal
-gamma ]

Mn+2 + 4H20 = MnO4-2 + 8H+ + de-
log_k -118.44
delta_h 150.02 kcal
o

-gamma 5.0
Mn+3 = Mned
log k [
deltah 0 kcal
—gamma 9.0 0.0
Mn+d ¥ e =

-ganma 6.0 0.
NO3- = NO3-
log_k [
delta_h 0 keal
-gamma 3.0 0.0

NO3- + 2H+ + 2e- = NO2- + H20
log_k 28.57
delta h -43.76 keal

NO3- + 10He + u» = nuu + 3K20
log_k
ﬂal:s_h -187 055 kcAI

Na¢ = Na+
log_k 0
delta h 0 kcal
~gammna 4

Nis2 = Nie2
log_k
delta_h

NpO2+ = NpO2+
log_k [
deltah 0 keal
-gamma 4.0 0.0

oo
g
2
&

NpO2+ + dH+ + 2e- = Np+d + 2H20
log_k 3.
delta_h -28.8424 kcal
a 5.5 0.0

-0
Npozs + dHe 4 e = Npsd + 2120
deitan -35.7897 keal

5

Npo2+ = Npo2+2 + e-
log_k  -20.88
deltah 28.1071 keal
-ganma 4.5 0.0

PO4-3 = PO4-3

1 0
delta_h 0 keal

Pu+d + 2H20 = Pu02+ + dH+ + -

log k  -18.6027

delta h 46.269  keal

~gamma 4.0 o,
Pued « ZHZO = NUZ;% + Iﬂé + 20~

356 keal

-ganma 4.5 0.0
Ra+2 = Ras2

log_k [

deltah 0 keal

g 4.5 0.0
Rb+ = Rbe

log_k

deltah © keal
Ru04-2 = RuO4-2

log_k o

delta_h [ kcal

~gamma 4“0 0

Ru04-2 + BH+ + 4a- = Rue2 + 4H20
log k 86.1793
delta_h 9 keal

~gamma 4.5 ¢

RuO4-2 + 8H+ + le- = Rus3 + 4H20
1o 8

deltah 0 keal
~gamma 5.0 0.0

RuO4-2 + 6H+ + 2e- = Ru(OH)242 ¢ 2H20
log. 8.2561
deltah 0 keal
-~gamma 4.0 0.0

g_k 92.1286

RuO&-2 = RuO4- + ..
1o

504-2 =

804-2 +

gk 022
delta_h 29 562 k::u.
o 0.0

-gamma 4.

so4-2

log_k 0

dnlca_h 0 keal
-gamma 4.0 -.04

$He + Bo- = HS- v 420
og_k 33

a-lta_h -50. ll kcal
~gamma 3.5 0.0

Sb{OH) 6~ = Sb{OK)6~-
log_k 0

Sb{OH) 6~ + 2a- + BHo = Sb(CH)3 + 3H20
log_k 5.77

Se0d-2

delta_h 0 kcal

deltah i keal
= Se0d-2

“log_k °

adtan o keal
-ganma 4.0 0.0

HSe03- + fa- + 6H+ : HSe- + 3H20

log_k
delta_h -70 a7 keal

S004-2 + 2e- + 3H+ = HSe03- + H20
log_k 36.319

delta_h -48.095 kcal

H4S104 = HASiO4

og_] [

deltah L} keal
Sn+d = Sned

log_k [

deltah 0 keal

-gamuma 5.5 0.0
Sn+d + 20- = Sne2

log k. 5.3072

delta_h  -5.327 kcal

-gamma 6.0 0.0
Sre2 = Srez

log_k 0

deltah 0 keal

~gamma 5.0 0.0
Tco4- = TcO4-

log_k [
deltah 0 keal
-gamma 4.0 0

TcOd~ ¢ 8He + Go- = Tced + 4H20
log_k 38.4043
deltah 0 keal
-gamma 5.0 0

TcO4- + 6H+ + 3e- = TcO+2 + 3HZO
log_k 33.0078
delta_hn 0 keal
~gamma. 4.5 0.0

TcO4~ + 2e- = TcO4-3
log_k -20.2798
deltah 0 keal
~gamma 4.0 0.0

Tcod- + e- = TcO4-2
l.ug_k -10.3151
deltah 0 keal
~gamma 4.0 0.0

Thed = Thed
log_k 0
delta_h 0 kcal
-gamma 5.5 0.0

TL(OM)3 = T1(OM)3
log_k
delta h 0 keal

TL(OH)3 + 2e- + 3He = Tl+ + 3HIO
log_k 48.0178
delta_h 0 keal

U02+2 = U242

og_k [

delta_h 0 keal

~gamma 4.0 0.0
UO2¢2 + 3e- + 4He = Us3 + 2H20

V0242 +

log k -0.5316
delta_h -9.984 kcal
-gamma .0 0.0
28- + 4H+ = V~l 0 2H20
1o

9_k
delta h —:4 sn keal

~gamma 5.5 0.0
U02+2 + e- = Uo2+

log_k 1.4883

deltah -1.43  keal

-gamma 4.0 0.0
Vo2+ = VO2+

log_k [

deltah 0 keal
VO2¢ + &= + 2H+ = Vorz + 120

log_k

delta h '19 32 kecal

VOI+ ¢ 2e- o dlis = Va3 + 2H2O
log_k 22,6
delta h -44. 3 xea

V02+ + lJe- + 4H+ = Voz + 2H20
log_k 8.3
deltah -35. 33 kcal

Znv2 = Zne2
log_k
delta_h
-gamma

aoco
x
a
B
2

Zred = Zred
log_k [
deltah 0 keal
~ganma 5

Acetate- = .\:.nu-
log_k ]

delta h 0 keal
Benzoate- = Benzoa!
ag_) 0
delta h 0 keal

Butancate- = Butanoate-
log Xk
deltah 0 kcal

Citrate-3 = Citrate-3
log_k °

deltah 0 kcal
Cyanate- = Cyanate-

log_] 0

deltah 0 keal
Cyanide- = Cyanide-

log_k °

deltah 0 keal

Diethylamine = Diethylamine
log_k [)
deltan 0 keal
D.\.ma:hylmin- » binethylanine

a-ln_h H keal
Edca-4 = Edta-4

og_k o

deltah © keal

Ethylenedianine = Ethylenediamine
log_k [
deltah 0 keal

Formate- = Pormate-
log.

deltah 0 keal
Four. = Four. ai
log_k [
deltah 0 keal

Glutamate-2 = Glutamate-2
log Xk °

deltah  © keal
Glycine- = Glycine-

og. [}

deltah 0 keal
Hexylamine = Hexylamine

log k [}

delta_h 0 keal

nmbutyuz-- - I-obur.yn:e-
dux:n_h o keal
Isophthalate-2 = Isophthalata-2
log_k 0
delta_h 0 kcal
Isopropylamine = Iscpropylamine
log k 0
delta_h Q keal
Isovalerate- = Iscvalerate-
log_k o
delta_h o keal
Mothylamine = Methylamine
log k o

deltah o keal
Nbuv:yxmi.nc = Nbutylamine
og_k
dd!l_h o keal

Npropylamine = Npropylamine
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log_k [

delta_h 0 kecal
Nta-3 = Nta-3

log_k 0

deltah O keal

Para_acstate- = Para_acetate-
log_k o

deltah O kcal
Phthalate-2 = Phthalate-2

log_k 0

deltah 0 keal
Propanoate- = Propancate-

log_k 0

deltah 0 keal

2 = Salicylate-2
Llog_k o
deltah O keal

‘Tartrate-2 = Tartrate-2
log_k []

delfah 0 keal
Threa_; ine = Three. dine
log_k 0
delta_h 0 kcal
Tri = Tri
log_k 0
deltah 0 keal
amine = 1
log_k a
delta h 0 kcal
Two_s di = Two.
log_k 0
Qelta_h 0 keal
Valsrate- = Valarate-
log, 0
delta_h o kecal
SOLUTION_SPECIES
H20 = OH- + H+
log k  -13.998
delu\_h 13.345 kcnl
.5
C03-2 + Ho = HCDJ-
log_k 10.33
delta_h ~-3.617 keal
-gamma
-analytical —6.‘98 0.02379 2902.35
CO03-2 + 2H+ = H2C03
og_k 16.681
delta_h  -2.247 kecal
Cr(OH)2+ = Cro2- + 2H+
log_k ~17.7456
dalta_h 0 keal
F- + He = HF
log_k 3.169
delu_,h 3.4 keal
2F- + H+ = HP2-
log_k 3.749
delta_h 4.55 keal
-gamna 3.5
2F- + 2H+ = H2F2
log_k §.768
delta_h 0 kcal
Hg (OH)} 2 0 2H+ = M‘Z 0 2"20
og_k
1 06 kcal
PO4-3 + H+ = HPO4-2
log_k 12.346
deltah -3.53  keal
~gamma 5.0 °
PO4-3 + 2H+ = H2PO4-
og_k 19.553
delta h -4.52  kecal
-gamma 5.4 0
PO4-3 + 3He = HIPOA
log_k 21.7
delta_h 0 keal
HS- + H+ = H2S
log_k 6.99¢
delta_h -5.3 keal
-analytical -11.17 0.02386 3279.0

'E-IS:QHQ

og_k  -12.918
ﬂeltn ho12.1 keal
-t 5.0 0
He- = 52 2 + H’
-14.528
d-l.u_h 1.4 kcal
-no_check

-mass_balance S{-2)2

HS- = §3-2 + He
log_k  -13.282
tah 10.4

keal
~no_check

~mass_balance S(-2)3

HS- = S4-2 + H+
logk  -9.829
deltah 9.7 keal
-no_check
-mass_balance S(-2}4

HS- = S5-2 + H+
1W.k -9.595
CLh 9.3 keal
~no_ch
~mass_] ba].me s(-215

HS- = S6
1o -9.881
0o kcal

—check
-mass_balance S(-2)6
504-2 + u. = HSO4-
og_k

87
dﬂl!U\ 1

kcu

a~ar

.9
.9
.5

-qnnly\:i.enl -5, 3505 0.0183412

HSe- = Se-2 + H+
log_k -14.9529
deltah 11.5 kcal

HSe- + H~ = st
3.8115
d.l!A_)\ 0.8 kcal

HSeO3- = Se03-2 + H+
log] -8.48
delta h 1.28 kecal

HSeD3- + H+ = H25e03
og_k 2.65
delta_h 1.69 keal
Se04-2 + He = HSeOd-
log_k 1.9058
delta_h 4.2 kcal
H4S104 = H3Si04- + H+
log k- ~9.93
delta_h 8,935 keal
~geumma 4.0
-analytical 6.368
H45104 = H2S104-2 + 2H+
1

21.619
delta_h 29.714  kcal

-0.016346

-0.065527

~gaxma 5.4

-analytical 39.478
HASL04 + 6F- + 4H+ = SLF6-2 + 4H20

lag k 30.18

delta_h -16.26  keal

-gamma 5.0 0
Ag+ + Br- = AgBr

log_k 4.2¢

deltah 0 kcal
Agr v 28r- = AgBr2-

a_k 7.28

a-:.u_h [} keal
Ag+ + 3Br- = AgBr3-2

log_k 8.71

deltah 0 keal
Age s clo -

Agcl
Log .Jt 3.27
deltah -2.68  keal
Age v zcx- = Ag::12~
5.27
dll:Lh -3.93  keal

Ag+ + 3C1- = Mcu 2
log_k

s 29
Qelta h keal
Age « (cx- = AgCl4-3
log_k 5.51
delta_h keal
Ag+ + F- = AgF
log k

0.36
delta h -2.83 keal

Ag+ + I- = Agl
log k §.6
deltah ¢ keal

Age + 21- = AgI2-
log k  10.68
deltah 0 keal

Ag+ + 3I- = AgI3-2
log_k 13.37
delta_h -27.03  kcal

Age + 4I- = AgI4-3
log k 14.08

deltah 0 keal
Age + 2N02- = Ag(NO2)2-

log k 2.22

deltah 0 keal

Age + NO3- = AgNO3
log_k

557.2461

-3405.9

-12355.1
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Age + H20 = AgOH + H+ ~gamma 4.0 0 log_k 3.15 log_k 16.53 log_k  -32.5709
log_k -12. delta_h keal delta h 0 keal delta_h 0 kcal
delta b keal Ams3 + Cl- = AmC1+2 —uuly:se.u -27 393 0.05617  4114.0
log. Cd+2 + 3HS- = CA(HS)3- Cr(CH)2+ + 4+ = OH42 + 4K+ »
Agv v 2H20 = AT(0H)2- & 2He );:ul Ca+a + ogyz + He = CaHCO3+ log_k 18.71 o hg_s:" -353’-7.5';)5 HeZ + dHe » W20
og_} -24.0 - g. 1.33 delt °
Qeltah ° keal delta_h 1.79 keal ah keal deltah o keal
Ame3 + ~gamma 6.0 0 Cde2 + 4HS- = CA(HS)4-2 Cr(OH)2+ + 4NH4+ = Cr(NH3)4(OM)2+ + 4H+
Ag+ + HS- = AgHS og.} 20.9 log_k -29.8574
log_k 14.05 kcal Ca+2 + P- = CaF+ delta_h 0 ksal delta_h 0 keal
delta h keal 0 log_k g.;g "
delta_h .798  kea: €d+2 + 504-2 = CdSO4 Cr(OH)2+ + 6NH&+ + c1- s c: (NH3) 6C1+42 + + 4Hs
Age + 2HS- = Ag(HS)2- Ame3 + ~ganma 5.0 0 log_k 2.46 log_k .31 (E3) 2 ¢ 2H20 v 4K
log. Xk 1? 45 delta_h 1.08 keal delta h keal
delta_h kcal keal Ca+2 + H20 = CaOH+ + H+
o log k  -12.598 cds2 + 28042 = eagonz-2 cr{oH) 2~ + smm + Br~ = Cr(NH3)6Br+2 + 4H+
Age + 2HS- = Ag(S4)2-3 + 2He delfa_h  14.535 keal log_k 3. ¢ gy CEOMANEBTNZ « 4v + 2020
log_k 0.991 Am+3 « ~gamma 6.0 [ deltah 0 keal dultq_h ° keal
deltah 0 keal cazos
-gamma  22.0 0 kcal Cas2 + pod 3 = CaPO4- Cd+2 + 2HSe03- = Cd(Se03)2-2 + IH+ cr(on)z» + smuo + I- = Cr(NH3)6I+2 + 4Hs +
-no_check ~gamma 4.5 o og_k 6.459 log_k -11.189 -32. 00! (3 2H20
-mass_balance Ag(S(-2)4)2 cmu 3.3 keal deltah 0 keal d,1n_h ° keal
Aned » Hzn = AmOH+2 + H+ -ganma 5.4 [
Ag+ + 2HS- = AgSdS5-3 + 2H+ og_k ~6.4003 Cd+2 ¢ S204-2 = CdSe0d Cr{OH)2+ + NO3- + zno o, CEN0342 ¢ 2H20
w log_k 0.68 dnlt\_h 13.;93 keal cas2 + PDA 3 + He = CaHPO4 log_k 2.2415 log. 2o
deltah 0 keal -gamma 4. [ og_k 15.085 deltah 0 keal delt -15 64 keal
-guma  24.0 0 adman 9 ke ok
-na_check Am+3 + 2H20 = Am(OH)}2+ + 2H+ Co+2 + Zar- = CoBr2 Cr(OH)2+ + 2H+ = cz.3 0 2H20
-mass_balance AgS(-2)4S{-2)5 log_k  -14.1008 Ca+2 + PO4-3 + 2H» = CaH2PO4+ og_k -0.0358 log_k
deltah 18.728 kcal log_k 20.96 d-ln_)x -0.135  keal deltah -20 :u keal
Ags + 2HS- = AG(HS)S4-2 + He . -gamma 4.0 ° deltah -1.12  keal -garma .0 )
log_k 10.431 ~gamua 5.4 ° Cr(OH)2+ + H+ = c:(eﬂ)oz + H20
deltah 0 keu Amed + :H:o = Am(OH)3 + 3Re Co+2 + Cl- = CoCl+ log_k 62
-gamma  15.0 og_k  -25.7015 Cas2 + S04-2 = Casod log_k delta_h q keal
-no_check dull:q_h 22.512  kcal log_k 2.309 Qelta_h
-mass_balance Ag(HS(-2))S(-2)4 -gamma 3.0 [ deltah  1.47  keal -garma CC(OH)2+ + H20 = Cr{OH)3 + He
1o -7.1
Ag+ + S04~2 = AgsOd- Ame3 + §04-2 = AmSO4+ Cde2 « Br- = CdBr+ Co+2 + 2I- = CoI2 a.‘i'zi_,. 0 xeal
log_k 1.29 log_k 3.8502 log_k 2.17 log_k -0.0944
deltah  1.49  kcal deltah  5.029 kcal delftah -0.81  kcal deltah  0.759 keal Cr(OH}2+ + 2H20 = Cr(OH)4~ + 2He
-ganma 4.0 o ~gapma 3.0 o log.k  -18.15
Ag+ + 2HSe- + H20 = mu(5e12-4 + 3He Cde2 + 2Br- = CdBr2 deltah o0 keal
log_k -15‘5 Am¢3 + 2504-2 = Am(S04)2- lag k 2.999 Co+2 + NO3- = CONO3+
delta h keal log_k 5.4004 deltah a keal log_k o 2000 cr(omz» + 4H+ + PO4-3 = CrH2PO4+2 + 2H20
. delta_h 10.607 kcal delta h kcal og_k 31.905
2Ag+ + HSe- = Ag2Se + H+ -gamma 4.0 [ Cd+2 + CO3-2 = C4CO3 -gamma l [] L] d.]u_h kcal
log_k 340677 log_k $.399
delta_h keal Am+3 ¢ PO4-3 + 2H+ = AmHZPO4+2 deltah 0 keal Ca+2 + H20 = CoOH+ + H+ Cr(OH)2+ + SO-2 + 2H+ = CrSO&+ + 2H20
log_k 22.563 log_k ~10,0149 log_k 10.9654
Age + usao:- = AgSe03- + Hs deltah 0 keal Cde2 + 3C03-2 = Cd(CO3)3-4 deltah 13.732  kecal delta_h -13.62  keal
log_k —s 5585 -gamma 4.5 ° log_k 6.22 -gamma . 0
delta_h kecal delta h ° keal cr(ou)zo + S04-2 + Hw = CrOHSO4 + H20
Am+d + 5C03-2 = Am(C03)5-6 Co+2 + mzo = Co(OH)2 + zno log_k 2754
Ag+ + 2HSeO3- = Ag(Se03)2-3 + 2H+ log_k 12.629 Cd+2 + CO3-2 + He = cem:u:o og_k -u 8000 delta_h o keal
log k  -13.2 deltah 0 keal log_k 12. del:n_ kcal
delta h Q keal ~gampa 4.0 0 deltah o kcal -gamna J 0 [ z:r(mnz; + 504-2 .szm = Cr2 (OH)2504+2 + 2H20
- og_k 16.155
Al43 + P~ = AlF+2 HIAS03 = H2AS03- + H+ Cdez + c:- = cdclo Co+2 + 4H20 = Co{OH)d-2 + 4H+ deltah 0 keal
log_k 7.00 log_k -9.228 1.98 log_k  -45.7804
delta_h o keal delta_h 6.56 kcal dn:u 0.59 keal delta_h o kecal Cr04-2 + Ho = HCro4d-
-gamma 5.4 0 ~gamna 4.0 ) og_k 6.5089
H3As03 = muo:-z . zu. Cd+2 + 2C1l- = cacla daln_h 0.9 kecal
Als3 ¢ 2P- = ALF2+ og_k log_k 2.6 2C0+2 « 3H20 = Co2(OH)3+ + IH+
log_k 12.75 dol:t.h 1A 199 keal delta_h 1.24 keal logk - -11.2000 Cro4-2 + 2Hs+ = H2Crod
delta h 20,0 kcal deolta_h ° kcal log. 5.6513
-gamma 5.4 ) H3AS03 = uo:—: + 3Hs cd+2 + 3Cl- = CAC13- -ganma 4.0 ) deltah 0 keal
logk  -34.744 log_k 2.399
Al+3 + 3F- = AIF3 delta h 20.25  kcal deltah 3.9 keal 4Co¢2 + 4H20 = cu(on)(q + 4. 2Cr04-2 + 2He = Cr207-2 + H20
log_k 17.02 log_x »3 - 380, log_k 14.5571
deltah 2.5 keal HIAS03 + H+ = H4ASO3+ Cde2 + F- = CdPe delta h keal deltah -2.995 keal
log_l -0.305 log. k 1.1 -gamma
Aled o AP- = AlP4- deltah 0 keal deltan 0 keal —uulyci:nl -a.un 0.03709  2902.39 Croé-2 + Cl- + 2+ = 5.§ro3c1- « W20
og_k 19.72 og_k
dell:a 0 keal H3AS04 = HZAIOL- + He €d+2 + 2P- = CAF2 Co+2 + HS- = CoHsS+ anitan 5 keal
~gamm 4.5 ° og_k -2.243 log_k 1.5 log_k 5.9813
da].u_h -1.69 keal delta_h ° keal delta_h (] keal Cr04-2 + 4He + PO4-3 = CrO3H2PO4- + H20
Al+3 + H20 = AlOH+2 + He ~ganma 4.0 0 log_k 29.3634
log_k -4.99 H3AS04 = HASO4-2 + 2He Cd+2 + I- = CdI+ deltah 0 keal
delta_h 11.899 keal log_k -5.001 log_k 2.15 Co+2 + 2HS- = Co(HS)2
~gamma 5.4 o delta_h ~0.52 keal delta_h -2.37 keal log_k 9 0306 Cro4-2 + 3H+ + PO4-3 = C!OBHPOC 2 + HZO
delta_h keal log Xk 25 680
Al+3 + 2H20 = u(omz» + 2He H3ASO4 = AsO4-3 + 3He Cde2 « 2I- = caAI2 ~garma : 0 0 delta_h kcal
log x  -10 log k = -20.597 log_k 3.59
deltah 0 keal delta_h  3.43  keal dten o keal Cos2 + sod 2 = CosO4 CrOd-2 + S04-2 + 2Hs = Cro3504-2 + H20
-gamna 5.4 o og_k 0.0436 log_k .9937
H3HO3 = uzao:— + He Cds2 + NO3- = CANO3+ dul:n_h 0.094  keal deltah 0 keal
Al+3 + 3H20 = Al(oml + 3He og_k -9.2 log_k 0.399 -gazma °
log_k daln_h 3 2:4 keal delta h 5.2 keal Cro4-2 + Nae = NaCro4-
delta h u keal ~gamma 0 Co+2 + Se0d-2 = CoSe0d log_k 0.6963
-mzydcu 24.3915 0.012078  -1343.9 Caez + mn = r:dom + He log_k 2.7000 deltah 0 keal
ALl+3 + 4H20 = AL(OH)}4~ + 4He -13.2258 log. -10.08 delta_h 0 keal
log k  -23.0 :l-xn_h 13.1 keal -gamma 3.0 0 Crog-2 + k. = KCro4-
kcal HIBO3 + P- = BF(OH)3- og_k 9.798
° log_k -0.399 Cd+2 ¢ 2H20 = CA(OH)2 + 2H+ Cr{OH)2+ + Br- + 2H+ = CrBre2 + 2H20 :m,:\_g, keal
deltah  1.85  kcal lag_k  -20.3§ log. k 7.5519
AL+d + soa-z = msou -gama 2.5 0 deltah 0 keal delta_h -11,211 keal Cs+ + Br- = CuBr
og_k .02 . log_k =0,2712
delct,h 2 15 keal H3BO3 + 2P- + H+ = BPZ(OHIZ- + H2o Cd+2 + 3H20 = CA(OH)3- + 3H+ Cr{0H)2+ + Cl- + 2H+ = CxCle2 + 2H20 delta_h 2.62 keal
-garma 4.5 ° log_k 7.6: log k  -33.3 log. 9.3683 ~gamma 3.0 0
deltah 1. szs kcal deltah © kecal d-ln_p -13.847  keal
Al+3 + 2S04-2 = u(scmz- -gamma .5 0 Cs+ + c),- - c;cj.
Teg_k Cd+2 + 4H20 = caran z - aHe cr(cm:o : 21~ « My = CEC12+ ¢ 2M20 -0.1385
delta_h 2 84 keal H3BO3 + 3F- + 2H+ = BF3OH- + 2H20 log k  -47. og_k anltn_h 0.653  kcal
~gamma 4.5 0 log_k 13.667 delta_h 0 kcal dlltA_h -! 37( keal -gamma 3.0 Q
) deltah -1.58 kcal
Amel + CO3-2 = AmCO3+ . -gamma 2.5 ° 20a+2 + H20 = :azou«: + He Cr(OH}2+ + 2C1- + H+ = CXOHC12 + H20 Ce+ + I- = CsI
log k 7.8005 s log_k 962 log_k 0.2639
deltah  3.568 kcal H3BO3 + 4F- + 3H+ = BF4- + 3H20 delteh 10,899  keal deltah 0 keal deltah -1.57  keal
~gamma 4.0 L] log k 20.274 ~ganma 3.0 0
delta_h -1.795 keal Cds2 + H20 + Cl- = CAOHCL + He cr(on)m + P- o+ 31-1 - c:P~z + 21120
Am+3 ¢ 2C03-2 = Am(CO3)2- ~gamma 2.5 ° log_k ~7.404 log_l Cus ¢ 2C1- = CuCl2-
lag_) 12.3009 delta_h 4.355  kcal delta_h -16 7?9 keal log_k 5.5
deltah  2.428 kcal Ba+2 + H20 = BaoHs + Bt deltah -0.42  keal
-~gamma 4.0 0 og.k ~ -13.358 Cde2 + HS- = CdHs+ Cr(OH)2+ + I- + 2H+ = CrI+2 + 21120 -gamma 4.0 °
dcl:g_h 15.095  kcal log_k 10.17 log_k 4.8289
Am+3 + 3C03-2 = Am(C03)3-3 -gamma 5.0 0 delta h ° keal delta_h L keal Cu+ + 3Cl- = CuCl3-2
log_k 15.2012 log_k 5.7
deltah 0 keal Cas2 + €O3-2 = CaCcO3 cd+2 + 2HS- = CA(HS)Z Cr(OH)2+ + 6NH4+ = Cr(NH3)6+3 + 4H+ + 2H20 deitah  0.26  kcal



-gamma 5.0 o

Cue + 2HS- = Cu(S4)2-3 + 2He
log_k 3.39

delta_h 0 keal
-gamma  23.0 [}
~no_chack

-mass_balance Cu(S(-2)4)2

Cu+ + 2HS- = CuS4S5-3 + 2H+
1lag. 2.66

cu+2

Cu+2

Cus2

deltah 0 keal
g 25.0 0
-no_check

-mass_balance Cus(-2)48{-2]5

+ coz -2 = Cuco3
og_k 6.73

dﬂ.u_h o kcal
+ 2C03-2 = m(co:)z-z

log_k

delta_h 0 keal
+ CO3-2 + H+ = CUHCO3+

lag_k 13.0

deltah 0 keal
+ Cl- = CuCl+

log, 0.

daeltah  8.65 kcal

~gamma 4.0 0

* 221- = CuCl2
0.16
dnltn_)l 10.56 keal

+ 3Cl- = CuCli-
log_k

» -2.29
delta h 13.69  kcal
-gamma 4.0 0

+ 4cl- « cucie-z
og_k -4.59
d.m_h 7.78  keal
-gamma 5.0 [

Cu+2 + F- = CuP+
log_k 1.26
delta_h  1.62  kcal

Cu+2 + H20 = CuOHs + H+
log k -8.0
deltah 0 kcal
~gamma 4.0 °

Cus+2

Cu+2

+ 2H20 = Cu(OH)2 + 2H+
log_k -~13.68

deltah 0 keal
+ 320 = Cu(GHI3- 4 3He
log_k  -26.8
deltah 0 keal
+ 4H20 = Cu(OH)4-2 + 4H+
log k ~35.6
deltah 0 keal

2Cu+2 + QHZO = Cu2 (OH)2+2 + 2H+

Cu2

Busd

Eu+3

log. ~10.359
delta_h 17.539  kcal
-analytical 2.497 0.0

+ BHS- = Cu(HS)3-
ag_k 25 839
dtlt\_h kcal

+ S04-2 = Cuso4
Log_k 2.31
delte h 1.22 keal

+ Br- = N
log_k 0 5572
delta_h ° kecal
-gamma 4.5 [
+ 2Br- = EuBr2+
log k 0.2145
deltah 0 keal
~gamma 4.0 0
+ co:-z = EuCO3+
og_k 7.8005
daltn h o kcal
-gamma 4.0 0
+ 2503-2 = Eu(C03)2-
og_k 12.2583
dl].:n_h 0 keal
~gamna 4.0 o

+ 3C03-2 = Eu(C03)3-3
delta_h 0 kcal
~gamma 4.0 o

laog_k 11.9225
delta_h 0o keal
5 0
+ CO3-2 + H20 = EUOHCO3 + H+
log_k 1.8347

delta_h 0 keal
~gamma 3.0 0

+ 2003-2 + H20 = EuOH(CO3)2-2 + H+
Tog_k 5.4816

-3833.0

Bus3

delta_h 0 kcal
-gamma 3.0 )
4 CO3-2 + 2H20 = N(DR)ZCOi- + 2H+
log_k -17.8
delta_h 0 kcal
‘!llﬂl\l 4.0 o
+ Cl- = BuCl+2
log k 0.6915
delta_h 0.023  kcal
~gamma 4.5 o
+ 2C1- = BuCl2+
0.2553
d&lt!_h 0 kcal
~gamma 4.0 °
- !‘~ = EuF+2
3.6416
del:n_h 0 kcal
~gammna 4.5 0

+ 2F- = BuF2+
log k 6.0854

deltah 0 keal
-~gamma 4.0 0

+ NO3- = EuNO3+2
log_k 1.0392
delta_h 0 kcal
-gamma 4.5 ]

« H20 = BuOH+2 + He
log_k -7.8214
deltah 0 keal
-gamma 4.5 °

+ 2H20 = Eu(OH)}2+ + 2H+
og_k -14.8609
delta_h kcal
-garma 4 o 0

+ 3H20 = Eu(OH)3 + 3H+
log k -24.1253

delta_h 0 keal
~gamma 3.0 0
+ 4H20 = Eu{(OH)4- + 4He
log k -36.5958
delta_h o kecal
~gamma 4.0 0
2Bu+3 + 2H20 = Eu2(OH)2+4 + 2R+
lag k -6.9182
delta_h 0 kecal
-gamma 5.5 o
+ S04-2 = BusSO4+
log_k 3.9029
delta_h  4.192 kcal
-gamna 4.0 °
+ 250‘-2 = Eu(s04)2-
5.4693
d-l:\_h 6.129 kcal
-gamma 4.0 °

Fe+2

Fe+2

Fe+2

Fas2

Fa+2

Fe+2

Fe+3

Fe+d

Fe+3

Fes3

+ H20 = FaQHe¢ + H+
log_k -9.
deltah 13.199 kecal
-gamma 5.0 o

+ 2H20 = Fe(OH)2 + 2R+
log ) -20.57
delta h 28,565 kcal

+ 3H20 = Fe(OH)3- + 3H+
log_k 31.0
deltan 300 3 kcal

garma 5.0 [

+ PO4-3 + He = PeHPOL
og_k 15.95
delta h ° kecal

+ ¥O4-3 ¢ 2He = FeH2POL
log_k
delta_h = kcal
-gamma 5.4 [

- 2)(8— = Fe(HS)2
og_k 8.95

del.:q_h 0 keal
+ 3HS- = Pe(HS)3-
log_k 1a 987
deltan keal
+ SO‘ 2 = FeSO4
og_k 2.25

d.).tl_h 3.23  keal
+ Cl- = FeCls2
log_k 1.48
delta_h 5.6 keal
~gamma 5.0
+ 2C1- = FeCl2+
logk 2.13
eltah 0

keal
-gumn 5.0 [}
+ 3Cl- = PeCl3
og. .
delta_h ° kcal
+ F- = FeF+2

it

log_k 6.199

delta h 2.699  kecal

-gamma 5.0 o
Fe+3 + 2F- = FeF2+

Log_k 10.8

delta_h 4.8 keal

~gamma 5.0 0

Fe+3 + 31’- = FeF3
og_k 4.0
daltl_h 5.399  kcal

Pe+d + H20 = FeOH+2 + H+
log_k

of. -2.18
delta_h 10.399  keal
-gamma 5.0 0

Fe+3 + 2H20 = Fe(OH)2+ + 2H+
log_k -5.67

deitan o keal

-gamma 5.4 0
Far3 43I0 = Fa(OM)3 + 3He

Log.

admn 0 keam
Feed ¢ 4EI0 « Fo(OH)4- o aie

21
ddtan keal
~gamma S.A o

2Pe+3 + 2H20 = Fe2(OH)2+4 + 2H+
log k -2.95
deltah 13.5 Xcal
3Feed + 4H20 = p-:uomhs + AHe
og_k
dalCAJl 1. 3 keal
Fe+3 + PO4-3 + He = FaHPO4+
log_k 17.78
deltath -7.3 keal
~gamma 5.4 o
Fa+3 + PO4- 3 * 2He = FaHZPO4L2
log. 24.39

del:n._h 0 kcal
~gamma 5.4 o

Fa+3 + S04-2 = FeSOd+
log_k 3.92
delta_h 3.91 kcal
~gamma 5.0 o
Fe+d + 2504-—,2‘ - P.(SOI)?"
delta_h l ‘ kcal
Fev3 + HSeO3- = FeliSe03+2
log_k 3.61
delta h 0 kcal

Hg{OH)2 + Br- + 2H+ = HﬂBro + 2H20
log_k

15.
delta_h o kcal
Hg (0H) 2 o 2Br- + 2H+ = HgBr2 + 2H20
og_Xk 23.6065
dull;AJl -30,832 kcal

Hg(OH}2 + Z:I; + 3Br- = Hqu:l- + 2H20

25.7857
doluJ: ) kcal
Hg(OH)2 + 2H+ + 4Br- = HgBrd-2 + 2H20
log k 27.0633
delta_h ° kcal
Hg(OH)2 + Bz- + Cl- zﬁ. = HgBECl + 2H20
log k 22
delta b 0 keal
Hg (OH)2 0 Bx- + I- ; ZHv = HgBrl + 2H20
27.
kcal

Hg(OH)2 + Br- + 3I- + 2H+ = HgBrI3-2 + 2H20
log_k 34.2135
delta h 0 keal

Hg (OH) 2 ; 2Br- + 2I- + 2H+ = HgBr2I2-2 + 2H20
og_k

32 3994
deltah keal
Hy (OH) 2 0 SBt' + I- + 2H+ = HgBX3I-2 + 2H20
og_k 30.1528
dlln h o keal
Hg(OH)2 + Br- + He = HthOH + H20
log_k 11 598
keal
Hg(OH)2 + Cl- + 2H+ = HgCls + 2H20
log_k 12.85
delta_h 0 kcal
Hg(OH)2 + 2C1- + 2H+ = HQCl2 + 2H20
log_k 19.2203
delta_h 0 keal
Hg(OH)2 + 3Cl- + 2H+ = HgCl13~ + 2H20
og. 20.1226
delta_h 0 keal
Hg {OH) 2 o 4::1- + 2H+ = HgCl4-2 + 2H20
20.5338
dolll_h 0 keal

25 .3532
delta_h keal

Hg{OH)2 + C!.J—: + I- + 2H+ = HgCLI + 2H20

Hg(OH)2 + Cl- ¢ H+ = HﬂElOH + H20
log_k 9.317

og_]
delta_h -12.482 kcal

Hg{OH)2 + F+ + 2H+ = HgP+ + 2H2
log k 5 0848
delta_h keal

Hg(OH}2 ¢ I- + 2He = HgI+ + 2H2
og_k 18.839439
delta h 0 kcal

0

]

HF(CR)2 + Z_IJ; + 2H+ = HqIZ + 2H20

30.1081

ddtl.h ~44.522 kecal

Hg (OH) 2 o :I- + 2He = Hgnv + 2
og_k 33.7
da!.tu -47. 543 keal
Hg (OH) 2 ~ u:- + 2H+ = uqu -2+
og_k 35.7
dulu_h L keal
Hg (OH) 2 ~ mm + He = qulﬂoz +
5.613
d-lu_h ° keal
Hg(OH)2 + 2NH&+ = Hg(NH3)242 +
log_k 341

delza_h o kcal

Hg(OH}2 + 3NH4+ = Hg(NH3)3+2 + H+ + 2H20
log k 93

-3,

delta_h 0 keal

Hg(OH)2 + dNH4+ = HQ(NH3)4+¢2 + 2Hs + 2H20
log_k

-11 7307

delta_h keal

Hg {OH) 2 0 NO3- + 2H¢ = HgNO3+ +
og_k 6.4503

ddtq_h 0 kcal

Hg(OH)2 o 2NO3- + :ﬂo
og_k

H20

2H20

2H20

210

2H20

lxlq(lmi)z ~ 2H20

e-.u:-_h o keal
Hg(OH) 2 o He+ = HgOH+ + H20
og_k 2.697¢
dnl:l h 0 kcal
Hg (OH) 2 4 ll20 - Hy(OHH- + He
og_k 415.
anu n keal
Hg (OH) 2 : 2HS- = HgS2-2 + 2H20
og.k :1.2 98
d.ltq_h keal
HY(OH)2 + 2HS- + ZH+ = Hg(HS)2 + 2H20
log_k 41.8178
deltah 0 keal
Hg(OH}2 + S04-2 + 2no = HgsSO4 + 2H20
log_k 4911
delta_h o kcal
K¢ + PO4-3 + He = KHPO4-
log_k 12.64
delta_h Q keal
-gamma 5.4 °
K+ + 504-2 = K504-
log_k 0.85
delta_h 2.25 keal
-ganma 5.8 0
-analytical 3.106 0.00
Li+ « SOdv! = LiSO4-
og_k 0.64
duu:n.h [ keal
-gamma 5.0 [
Mge2 + co:-: - nycos
og_k 98
d-lt&.h 2 022 al
-analytical 0.991 0.00667
Mg+2 + CO3-2 + He = MGHCO3+
log. Xk 1.
deltah -2.43  kecal
-gamma 4.0 [}
Mg+2 + P~ © MgFs
log_k 1.82
deltah  4.674  kcal
~gamma 4.5 0
Mg+2 + H20 = MgOH+ + H+
log_k = -11.79
delta_h 15.935 kecal
~gamma 6.5
-analytical -3.53 0.00513
Mge2 + POA- : + 2He = MgH2PO4+
log, 1.066
dd:A_h -1.12  keal
-gamma, 5.4 0

Mg+2 + PO4-3 = MgPO4-
log,

delta_h 3.1 kcal
-gamma 5.4 0

-673.6

-2917.2

Mg+2 + PO4-3 + H+ = MgHPO4
15.22

log k

delta h -0.23 keal
Mg+2 + S04-2 = MgSO4
log_k 2.25
deltah  1.359  kecal
Mn+2 + CO3-2 + He = MRHCO3+
og_k 11.
delta_h o keal
~gamma 5.0 0
Mue2 + Cl- = HnCle
log_k 0.607
delt 0 keal
-ganma 5.0 []
Hne2 + 2::1.- = MnCl2
og_k 0.041
dalt\_h kcal
Ma+Z + 3C1- = MnCl3-
log_k -0.305
deltah 0 keal
-~gamna 5.0 [
Mne2 + P- = MoPe
log_k 0.85
deltah 0 keal
~gamma 5.0 ]
Mne2 + zlw:— = nnum)z
og._k 0.
d.al:q_h -0. 396 keal
Mne2 + Hzo = MnOH+ + He
og_k -10.59
d-!.u_h 14.399  keal
-gamma 5.0 [
Mne2 ¢ 3H20 = Mn(OH)3- + 3R+
log k = -34.8
delta_h keal
~ganna 5.0 °
Mn+2 + SO4-2 = MnSO4
log_k 2.26
delta_h 2.17 kcal
Mn+2 + HSe- = MnSe + He
log_k ~6.7435
deltah 0 keal
Mn+2 + SeO4-2 = MnSs04
log k 2.4188
deltah  3.46  kcal
Na+ « CO3-2 + He a NaHCOI
log_k 10.08
deltah 0 keal
Na+ + CO3-2 = NacO3-
log_k 1.268
deltah  8.911 keal
-gamma 4 0
Na+ ¢ F- @ NaP
og_k ~0.79
deltah 0 keal
Na¢ + H20 = NaOH + H+
log_k -14.180
Na¢ + PO4-3 + He = NaHPO4~
log_k 12.636
deltah 0 keal
-ganma 5.4 °
Na+ 4+ S04-2 = NasO4-
og. 0.7
del€ah  1.12  keal
~ganma 5.4
NH4+ = NH3 + He
log_k -9.252
delta h  12.48

-analytical 0.6322

NH4+ + SO4-2 = NH4SO4-

log k 1.11

deltah 0 keal

-gamza 5.0 [
Nie2 + Br- = NiBr+

log_k 0.5

delta_h 0 kcal
Nis2 + CO3-2 = NiCO3

0g_] 6.87

deltah 0 keal
Ni+2 + 2003-2 = Ni(C03)2-2

log_k 10.11

delta h keal
Ni+2 + €O3-2 + H+ = NiHCO3+

log_k 12.47

delta_h ° keal
Nis2 + Cl- = NiCle

log_k 0.393

deltah © keal
Ni+2 + 2C1- = NiC12

log_k 0.96

delta h L keal

kcal
-0.001225

-~2835.76



M—————

Ni+2

Nie2

Ni+2

Ni+2

Nis2

Nis2

Ni+2

Npe3

Np+3

Np+d

Np+d

Np+d

Np+4

Nped

Np+4d

Np+d

Np+d

Nped

Np+d

+

-

-

.

*

+

.

+

+

F- = NiF+
log k. 1.3
delta_h 0 keal

HJO - NiDH* # Ho
og_k
d!lt!_h 12 42 kcal
ZHZO = Ni(OH)2 + 2H+
og_k -19.0
delran o keal
320 = NS Q)3 + e
log k=30
deltan O keal
S04-2 = Niso4
log. 2.25
delta_h 1.52 keal
2504-2 = Ni(S04)2-2
log. k. 1.02

deltah 0 Xeal
Se0d-2 = NiSe04d
log k 2.6387
delta_h 3.5 keal
H20 = NpOH+2 + kx
og.k -7.0000

dnltl_h 11.976 keal
~-gamma 4.5 o

PO4-3 + 2H+ = NpH2PO4+2
og_k 21.9300

delta_h -11.888 kecal
-gamma 4.5 0

2?04-3 + 4H+ Np(HZPOl)Zt
og_k 42.7

deltu_)l -27. 057 kcal

-gamma -0 o

3P04-3 + GH+ = "P(HZPOH!

log_k 64.180

delta_h -45. 253 kcal

~gamma 3.0 Q

5C03-2 = Np(C03)5-6

log_k 38.3000
dalta_h 4.599 kcal
-gamma 4.0 [

Cl- = NpCle3

log_k 0.2

delta_h 4.873 kcal
-gamma 5.0

2C1- = NpCl2+2

log._k -0.1000
delta_h 22.614 keal
-gamma 4.5 [

F- = NpP+

log_k 8.

delta_h ~-0.818  keal
~ganma 5.

F- = NpF2+2
og_k 15.400
delta_h 449 kcal
~gamma 4.

Hzo = NpOH+3 + B+

-1.0000

dd.:n,h 12,192 kcal
~gamma 5.0 [

2HI0 = Np(OH)2+42 + 2H+
log_k -2.8000
delta_h 18.42 keal
-gamma 4.5 o

3H20 = Rp (OH)3+ + 3H+
log_k -5.8000
delta_h 23.732 kcal
-gamma 4.0 a

(HZO = Np{OH)4 + AH.

.k -9.600
dcl:a_h 26.193 kcal
-gamma 3.0 0
5H20 = Np(OH)S~ + SH+
log_k -14.3000
delta h  29.109 keal
~gamma 4.0 0

PO4-3 + He = NpHPO4+2
log_k 25.2200
deltah -1.71  keal
-gamma 4.5 0
290‘-3 + 2H+ = Np(HFOC)Z

48.

delt\)\ -15. 149 keal

~gamma 3.0 o

3P04-3 + 3H+ = Np(HPDA)B -2
log k 70.3700

delta h -21.533 kcal
~gamma 4.0 ¢
4P04-3 + 4H+ = Np(upod)t-»i
log_k 92

delta_h -30 035 keal
-gamma 4.0 o

Nped + Spoc~3 + SHe = Np(HPOA]S -6
og_k

113,
aam._h 15582 kem
~gamma 40 0
Nped + soA-: = NpSOd+2
og % 5.5000
a-u._h 4.959  keal
-ganma 4.5 [
Np+d + 2504-2 = Np(S04)2
log_k 9.9000
delta_h 9.565 keal
-ganma 30 []
NpO2+ + CO3-2 = Np02CO3-
log. 4.6000
deltah 13,018  keal
-gamma 4.0 0

Np02+ + 2C03-2 = NpO2(C03)2-3
log_k 7.0000

delta_h  6.876 keal
-gamma 4.0 [

Np02+ + 3C03-2 = Ny02 (C03)3 -5
log_je
delta_h 6 237 kcal
0

-gamma 4.0
Npoz+ + c1- - n;ozc
~0.4000
doltq_h 31636 keal
-gamma .0 [

Npo2+ + F- = NpO2P
log_k 1.0000

delta_h 8.19 keal

~gamna 3.0 °

NpO2+ + uzo = NpOZOH + He
og_k

-8.5000
dalu_h 10.427  kecal
~gamma o
NpO2+ + PO4-3 + 2H+ = upozmvm
log_k 20.1300
delta_h 16.844 kcal
~gamma 3. o
NpO2+ + pm-: + He = mzuroc-
og_k 15.8.
dal:q_)l 3liss’ keal
~gamma 4.0 o

Npo2+ + SO4-2 = NpO2SO4-
log_k 0.4000
deltah  4.576 kcal
~gamna 4.0 o
Np02+2 + zcuz-z - »rpoz(co:uz -2
og_k

14.000
delcn_h 6. ssz kcal
-gamma 4.0 [
NpO242 + 3C03-2 = upoz(cnzn -4
og_k 20.4
deltah -3. 783 keal
-gamma 4.0 ]
NpO2+2 + c).- = NpO2Cl+
og_Jk -0.2000
delu,_h 2.871  kcal
-~garma 4.0 [

NpO2+2 + p- = upozF
log_k

delta_h 0 215 Xkcal
-gamma 4. °

Npo2+2 + 2F- = NpO2F2
log k

7.8000
delta_h 0.63 kcal
~gamua 3.0 ¢

NpO2+2 « H20 = NpO20H+ + u¢
log_k -5.2001
delta_h 10, 368 keal
-gamma 4.0 °

2Np02+2 + 2H20 = (NpO2)2(OH)2+2 + 2H+
13 -6.4000

og_| .
delta,h 10.921  kcal
~ganma 4.5 [

3Np02+2 + 5H20 = (NpO2)3 (OH)5+ + SH+
~17.5000

log_k
delta h 26.937 kcal
-ganma 4.0 [

Np0o2+2 + PO4-3 + 2H+ = NpOZH2PO4+
log k

21.8300
delta_h -36.956 kcal
~ganma 4.0 °
NpO2+2 + PO4-3 + H+ = NpO2HPO4
log_k 20.5200
deltah -5.061 kcal
-gamua 3.0 0
NpO2+2 + S04-2 = NpDZSO‘
log. k .3000
delta_h 4.75: keal
-gamma 3.0 0
Pb+2 + Br- = PbBre
log_k 1.7
delta_h 2.88 kcal

Pb+2

Pbe2

Pbs2

Pb+2

Pbe2

Pbe2

Pbe2

Pb+2

Pb+2

Pbe2

Phb+2

S

1.44

+ 2Br- = PbBr2
1log_k
delta_h ° kcal

+ 2C03—1 = Pb{C03)2-2
log_k N

delta_b 0 keal

+ CO3-2 + H+ = PLHCO3+
log_k 13.2
deltah 0 keal

+ Cl- = PbCl+
+ ch- = PbCl2
x

+ 3C1- = PhCl3-
log_k 1.699
deltah 2.17 kcal

+ 4Cl- = PbC14-2

log. k. 1.38

deltah  3.53  keal
+ P- = PbF+

log_k 1.25

delta b [} keal
+ 2F- = PbF2

log.k 2.5

delta_h 0 keal
+ 3F- = PbF3-

log_k 3.42

deltah 0 keal
+ 4F- = PbF4-~2

log_k 3.1

delta_h o kcal
+ I- = Pbl+

log k 1.94

deltah 0 keal
+ 2I- = PbI2

log_k 3.199

deltah 0 keal
+ NO3- = PENO3+

log_k 1.17

deltah © keal

« H20 = PbOH¢ + H+
2og_) ~7.71
deltah 0 keal

+ 2H20 = PB(OH)2 + 2H+
log_k  -17.1
deltah 0 kcal

+ 3H20 = Pb(OK)3- + 3H+

-28.06

log_k
delta_h o keal

2Pb+2 4+ HZO = Pb20H+3 + H+
gk

Pb+2

Pb+2

Pbe2

Pbe2

Pb+2

Pbe2

Pu+3

daltLh [ keal
3Pb+2 + 4H20 = Pb3(OH)4+2 + dHe
log k  -23.88
defean 265 kcal
+ ZHS- = Pb(HS)2
og_k 15.27
delt.,h 0 keal
« - = Pb{HS) 3~
log_k 16.57
deltah 0 keal
+ S04-2 = PbSO4
log_k 2.75
deltan 0 keal
+ CO3- 2 = PbCO3
1og. 7.24
dcltu_h ° keal
+ 420 = PD(OHI4-2 ¢ Qhe
log k ~39.699
delfa b 0 keal
+ 2508-2 = Ph(S04)2-2
log_k 347
deltan 0 keal
+ €1- = Pucl:
log_k n 0017
deltan keal
-gasma H )

Fu+3

Pu+l

Pusld

+ H20 = Puol-lu + He
.9680

log.
deltg_h 12 79 keal
-garma 4.5 0

+ B3 o 2Me s PuIEOL:2
B B0 ke
~gamma 4.5 0

+ 504-2 = PusO4d+
log_k 3.4935
delta_h 3,492 kcal

127

~ganma 4.0 °
Pued + zsol‘z = Pu(504)2-
og_k 3.39

delt-.l- ° keal

-gemma 4.0 o
Pu+d + C1- = PuCled

log_k 0.1435

delta_h 84 kecal

~gamma °
Pusd + F- = PuF+

log k 8.4600

delta h 5.091 kcal

-ganma 5.0 °
Pusd + 2F- = PuP2e2

log. k 15.4000

delta h o keal

-gamma 4.5 0
Pu+d + 3F- = PuFle

1 5.300

delta_h keal

-gamma 4.0 0
Pu+d + 4F- = PuPd

log_k 4.2000

delta_h 2 keal

-gamma. 3.0 o
Pusd + H20 = PuOH+3 + He

log_k -0.5048

deltah 11.516 Kkcal

-gamma 5.0 []

Pu+d + 2H20 = Pu(DH)Z*Z + 2H+
~-2.3235
doltl_h 17.77 kecal

-gamma 4.5 °

Pusd + 3IHZO = Pu(OH)3+ + 3He
log_k -5.2810
deltah 23.084 keal
-gamaa 4.0 °

Pusd + 4H20 = Pu(OH)4 + 4H+
log_k -9.5174
deltah 26.08  kcal
-gamma 3.0 )

Pusd + SH20 = Pu(OH}S- + SHe
log. -14.9802
delta_h 30,037 kcal
-gamma 4.0

Pu+d + POA-3 + H+ = PuHPO4+2
log_k 25.3321
deltah  6.12  kcal
-gamma 4.5 0

Pu+d + 2P04-3 + 2H+ = Pu(HPO4)2
log_k 48,4919
deltah -0.83  kcal
-gamma 3.0 0

Pusd + 3P04-3 + 3H+ = Pu(HPO4)3-2
70.4253
dalt\_h -12.092 keal
4.0 0
Pu+d + CFOI 3« ll(' = P\l(HPO‘]‘-‘
5339

aclt&_h —32.572 keal
o

~gamma 4.0

Pu+d + S04-2 = Pus0d+2
log_k 5.7710
delta_h 2.85 kcal
-gamma 4.5 °

Pu+d + 2S04-2 = Pu(S04)2
log_k 10.2456
deltah  9.B06 keal
-ganma 3.0 [

PuO2+ + H20 = PuO20H + H+
1

og_k -9.6323
delta_h 16.486 kcal
~gamna 3.0 0
Pub2+2 + CO3-2 = Pud2CO3
log_k 12.7000
deltah 0 keal
PuO2+2 + 2C03-2 = Pu02(C03)2-2
log k .9148
dslta b 5.485 keal
-gampa 4.0 ]

Pu02+2 + 3C03-2 = P\lOZ(COJ)B -4
log_k 18.
delta,h -3, 304 keal

Pu02+2 + Cl- = PuO2Cls
log_k

~0.2084
delta_h 2.78 kcal
~gamma 4.0 0
Pu02+2 + F- = PuO2F+
log_k 5.6674
delta_h -1.241 kecal
~gamma 4.0 )

Pu02+2 + 2F- = Pu02P2
log k 10.9669
delta_h =-3.69 kcal

~gamma 3.0 0
Pu02+2 + 3F- = PuO2F3-
1oy 15.9160
delta_h -7.016 keal
-ganma 4.0 0
PuO2+2 + 4?— = PuO2P4-2
og_k 18.7628
d-lc.)t ~9.54 kcal
~gamma 3.0 o
PuO2+2 + H20 = PUO20H+ + H+
log_l -5.6379
delta_h 10.823 kcal
-gamma 4.0 L]
Puo2+2 + ZHZO = Pu02(0H)2 + 2H+
-ll 9000
d.lcu _h keal

‘Pu02+2 + 3H20 = PuO2(OH)3- + 3H+

log k ~-20.7000
deltah 0 keal

2Pu02+2 + H20 = (PﬂOZ)Z(OK)O] +
log_} .3
delta_h 207 357 keal
2Pu02+2 + 2"20 = (PuOZ)Z(O!()Z‘Z

626
d-]n_h 13 83 keal
-gamna 4.5 o

H+

+ 2H+

3Pu02+2 + 5H20 = (Pu02)3 (OH)5+ + SH+
o ~21.6550

delta_h 33.335 kcal
-gamma 4.0 L3

Pu0242 + PO4-3 + 2H+ = PuO2HIFO4+
log_k

23.5277
delta_h -5.1 keal
-garna 4.0 0
Pu0242 + S04-2 = Pu02504
log_k 3.2658
delta_h 4.8 keal
-gamma 3.0 °
Ru+2 + Cl- = RuCl
log_k -0.4887
d-ltl_h 0 kecal
4.0 0
Ru+2 + SO‘ 2 = Ruso4
og_k 2.3547
doltLh 0 keal
~gamma 3.0 0
Ru+3 + Cl- = RuCle2
2.1742
delta_h ° keal
~gamma 4.5 °
Ru+3 + 2C1- = RuCl2+
log_k 3.7527
deltah 0 keal
~gamma 4.0 o
Ru+3 + 3Cl- = RuCl3
log_k 4.2976
delta_h 0 keal
-~gamma 3.0 o
Ru+} ¢ 4C1- = RuClé-
O 4.1419
delta_h o kcal
~gamma 4.0 0
Ru+3 + 5C1- = RuCl15-2
log_k 3.8457
delta_h 0 keal
~gamma 4.0 o
Ru+3 + icl- = RuClé-3
log_k 3.4446
del:l_h 0 keal
4.0 o
Rus3 + H20 = RuOH+2 + H+
log_k -2.2332
delta_h o kcal
-gamna 4.5 0
Ru+3 + 2H20 = R&I(Oﬂ)lo o Zl'lo
log_k -3.8§:
deltah 0 keal
-gamma 4.0 o
Ru+3 + S04-2 = RusSOd+
log_k 1.9518
delta_h o kcal
-gamma 4.0 o

Ru+3 + 2504-2 = Ru(S04)2-
log_k 3.062

delta_h [ kecal
~gamma 4.0 o
4Ru(OH) 242 + 4H20 = Rul(oll)lZod
og_k 7.1
da.ltl h [ keal
-gamma 5.5 0
Ru(ﬂl()!*z + Cl- = Ru{OH)2C1+
log_k .3858
delta_h o kcal
-gamma 4.0 0

+ 4H+



Ru(OH) 242 + 2C1- = Ru(OH)2C12
log k 1.808!

deltah 0 keal
~gamma 3.0 0

Ru(OH}2+2 + 3Cl- = Ru(OH)2C13-
log k 1.6172
deltah 0 keal
-ganma 4.0 0

Ru(OHlez + 4Cl- = Ru(OH)ZCM -2
log_k 2.705

dettan b keal
-gamma 4.0 [
Ru(OH)2+2 + 504-2 = Ru(OH)2504
_k 1.7941
deltas 0 keal
-gamma 3.0 [)

Sb(OH)3 = HSBO2 + H20
log_k -0.0073
delta_h -0.015  kecal

Sb(OH)3 + He = SbO+ + 2H20
og_k 0.9228
delta_h 1.97 kcal
Sb(OH)3 = SbO2- + H20 + H~
lag_k -11.801
delta_h 16. 775 kcal

Sb{OH)3 + F- + H+ = SOOF + 2H20
1 6.1864

og_k

delta_h 0 keal
Sb(OH}3 + H+ = Sb{OH)2+ + H20

log k . 3

delta_h 0 keal

Sb{OH)3 + H20 = Sb(OH)4- + H+
log_k ~12.0429
delta_h 16.695 keal

Sb(OH}3 + F- + H+ Sb(OH)ZP + H20

log_k 6.1
delta_h ] keal

2Sh(OR)3 + 4HS- + 2H+ = Sb2Sd-2 + 6H20
log_k

49.3005
delta h -75.68 keal

Sb(OH) 6- = SbO3- + 3H20
log_k

ag_} 2.9319
delta_h a keal
Sb(OH) 6- + 2H+ = sx;oz« + 4H20
log_k 3895
delta_h o keal
Sn+2 + Cl- = SnCl+
log_k 1.0500
delta_h  2.511 kcal
-gamma 4.0 )
Sne2 zcl- = 5uCl2
og_k 1.7100
4al.u_h 2.931  kcal
-ganma .0 )
sn+2 + 361 = SnC13.
log_k 1.6900
delta_h 5.173  kcal
~ganma 4.0 )

8n+2 + F- = SnP+
log_k 4.0800
delta_h -1,056 kcal
~gamma 4.0 0

Sne2 v 2?- = SnF2

log k €.6800
delta_h -0.063 kcal
-gamma 3.0 °
Sn+2 + P- = SnF3-
og.k 9.4600
da!u_h -7.346  keal
-gammna 4.0 0
5n+2 + H20 = SnOH+ + He
log_k -3.9851
delta_h 4.943 kecal
-gamma 4.0 0

Sn+2 + 2H20 = .En(OH)Z + 2H+
log_k 9102

delta_b lB 05 keal
.0 [

~gamma
Sn+2 + 3H20 = Sn(OHlJ- + 3R+
log_k 7.40
delta_h 22 633 kcal
-garma 4.0 [
Sned + HI0 = SnOH+3 + H+
log_k 0.6049
delta_h -1.196 keal
~gamnma 5.0 o

Sn+d + 2“20 = Sn(DH)Z'Z 0 2H+
190

d.ll:n_h -D 4!2 kcal
~gamma 4.5 0

Sned + 3H20 = Sn(OH)3+ + 3H+
log_k 0.5147

delta_h -1.887 kcal

N ~gamma 4.0 o
Sn+d + 4H20 = Sn(OH}4 + 4H+

log k 0.8496

delta_h -2.642 keal

-gamma 3. [)
Sn+d4 + S04-2 = SnSO4+2

log_k -3.1094

delta_h L] kecal

-gamma 4.5 0
Sn+4 + 2804-2 = Sn(sod)2

log k -0.8072

delta_h o kcal

-ganma 3.0 °
Sr+2 + €03-2 = Szco3l

log_k 2.8653

deltah 0 keal
Sr+2 + Cl- = SrCle

log.] ~0.2485

deltah 0 keal

~gamma 4.0 °
Sr+2 + F- = SrF+

log_k 0.1393

delta_h 0 kcal

-gamma 4.0 0
Sre2 + NO3- = SKNO3+

log_k 0.800

daxu_h [ keal

-gamma 4.0 0

Sre2 + H20 = SrOH+ + He
log_k  -13.29
a_h 0

delt: keal
-gamma 4.0 [

Sre2 P04 3, = seeod-

5.48

cmu_n [ keal
-~gamma 4.0 [

Sre2 + PO4-3 + H+ = SrHPO4
log_k 14.406
deltah O kcal
-gamna 3.0 [

ST+2 + Pod 3 + 2H+ = SerPO‘*
20.283

dell:n_h 0 kcal
~gamma 4.0 0

Sre2 + 2P°4 3 + 2H+ = SrP207-2 + H20
L6561

del:u_h 0 keal

-garma, 4.0 0
Sr+2 + 504-2 = Srsod4

log_k 2.30

deltak 0 keal

~gamma 3.0 )
TcO+2 + H20 = TcOOH+ + He

og_k ~1.335

delta_h kcal

-gamma 4.0

TcO+2 « 2H20 = TCO(OH)2 + 2H+
log_k -3.3221
deltah 0 keal
-gamma 3.0 0

2Tc0+4Z + 4H20 = (TcO)2(CH)4 + 4H+
log 0.1271

deftah ¢ keal
-gammna .0 ]
TcO4-2 + He = HTcO4-
log_k 8.7070
delta h °
TeO4-2 + 2H+ = H2Tcod
) 9.0050
deitah 0 keal
TcO4- + He = HTcOL
logk 1.1600
deltah L} keal
Th+d + Cl- = ThCLe3
log_k 0.9533
delta_h  0.019  keal
~gamma, 5.0 °

Th+d + ZCl- = ThC12+42

0.67
d.lu_h 20.906  kcal
-gamma 4.5 o

Th+d + lCl- = ThCl3+

og_k 1.4972
dell:A_h 15 759 keal
0

Thed + dCl- = ThCl4

l. 0728
del:u
-ganma 3.0 0
Th+d + F- = ThF+3
log_k 7.8722
delta h -1.161 kcal
~gamma 5.0 o

0

Th+d4 + 2F- = ThP2+2
log_k 14.0881

delta h -1.851
-gamma 4.5
Th+4 + 3F- = ThP:
1 18.73853
delta_h -2.787
-gamma .
Thed + 4F- = ThF4
log_k 22.1511
delta_h -3.533
-ganmma 3.0
Thed + H20 = ThOH+3 + He
log_k -3.8974
delta_h 5.982
~gamma 5.0
‘Th+4 + 2H20 = Th(OH)2+2 +
log k =7.1071
delta h  14.023
~gamma 4.5

Th+4 + 3H20 = Th{OH}3+ + 3
log_k -11.7000
delta_h  20.348

keal
°

kcal
0

kcal
°

2He
keal
o

He

kcal

Th+d + 4H20 = Th(OH)4 + 4H+

log_k -15.9000

delta_h 27.24
~ganma 3.0
2Thed + 2H20 = M(OH)ZOS
Tog_k -6.462
delta_h 15.23
-gamma 6.0
4Th+d + 8H20 = 'rhuomeos
log_k  -21.758:
delta_h 58.619
-gamma 6.0

6Thed + 15H20 = ThS(OH).lS#
logk  -37.7046
delta h 105.531
-gamma 6.0

Th+d + 21’04 3 ¢ 2H+ = Th(H
372

47.3
an:u -10. 287
-~gamma, 3.0

keal
L]

+ 2He
keal
L]

+ 8H+

keal
o

9 + 15He
keal
0

P04) 2
kcal
o

Th+d + JPOI -3+ ﬂ'l* = Th(HPD‘H-Z

og_k
ﬂolcq_h -19 66

keal
0
keal
)
keal
[

kcal
0

-gamma 4.0
Thed + PO4-3 + 2H+ = mmrou:
log_k 24.0276
deltan 11. Ss
-g
Thed + 2P04-3 + 4H+ = m(uz;oc)zoz
log_k 47.
deltah -6. u
-gamma 4.5
Thed + PO4-3 + 3H+ = THHIPOA+4
log_k 23.4412
deltah 12.38
~gamma 5.5
Th+d + SQ‘-Z = ThSD4+2
og_k 5.3140
del:\_h 3.91
~gamma 4.5
Thed + zsaa-z = Th(s04)2
9.6167
daltq_h 7.709
-gamma 3.0

Th+4 + 3504-2 = Th(S04)3-2
log.k 10.4010

delta_h 11.88
-gamma 4.0
Th+4 + 4S04-2 = Th{S04)4-4
log_k 8.3999
deltah 13.37
-gamma 3.0

T1+ + Br- = T1Br
log. 0.9477
delta h -2.461

T2+ + 2Bz- = 1'1!:
log_k £.9719
delta_h 2.99%8

T2+ + Br- + Cl- = T1BrCl-
log_k 0.8165
deltah 0

Tis + Cl- = TICL
log_k 0.6824
delta h -1.147

T+ + 2C1l- = TiCl2-

og. 0.2434
deltah o

T+ + F- = TIF
log_k -0.4251
delta_h 0

keal

kecal

keal

kcal

keal

keal

127

Ti+ + I- = T1I

Tl+ ¢ 2I- = T1I2-
1

Tl+ + NO2- = TINO2

Tl+ +

log_k 1.4279

delt: 0

og_k 1.8588

deltak O keal
Tl+ + I- 4 Br- = T1lBr-

log k 2.185

deltah 0 keal

log_k 0.9969

delta_h o keal

NO3- = TlN

log_k 0.3665

delta h -0.65 kcal

Tl+ + H20 = TIOH + H+

log_k  -13.1717

deltat 13.935 keal
Tis + HS- =

oq_,k 1.8178

deltan 0 keal
272+ + HS- = TL2HS+

log_k 7.6979

deltah 0 keal

2T1+ + 3HS- + H20 = T120H(HS}3-2 - H
log_k 1.0044

delta_h o keal

2T1+ + 2HS- + 2H20 = 1’12 (BH)?(HS)Z 2 + 2He
log k -11. 0!
delta_h 0 kecal

T+ + S(M-Z = T1S04-
g_k

T1(OK)3

T1(0H)3

T1(OH)3

T1(OH)3

T1(OH)3

T1(OH)3

T1{OH)3

T1{OH)3

T1{OH)3

T1(OH)3

T1(CH)3

T1(0KH)3

T1(OH)3

T1(OH)3

T1(CRH)3

1. 1.3853
dﬁltu -0.22 keal

Usd + Br- = UBz+3

+ 3Hs = T1+3 + 3H20
log_k 7424
delta_h 0 keal
+ Br- + mo = nsx«z + 3H20
log_k
delta_h ] keal
$,28E ¢ My = TiEe2e + 3020
log_k 21.5761
deltah 0 keal
+ 3Br- + 3H+ = TIBX3 + 3Hi0
log_k 27.0244
deltah 0 keal
+ 4Br- + 3+ = T1Brd- + 3420
log_k 31.1533
deltah 0 keal
: cl- « Jm - mcua + 3HI0
v.k
keal
! 2C1- + 3H» = s Miclze + 3120
log_k is
delta_h o keal
+ 3Cl- + 3H+ = TIC13 + 3H20
logk 21.4273
delta_h 0 kecal
+ 4Cl- + 3He = TIC14- + 3H20
log_k 2( 2281
delta_h
! Cl- + 2H~ - ‘l‘I.OHCb + 2520
log_k
delta h 0 kcal
+ 4I- + 3R+ = TII4- + 3H20
logk 31. 596
delta_h keal
: NO3- + m' - Tmosoz + 3H20
log_k
delta h 0 keal
1 2H+ = TIOH+2 + 2H20
log k 3.577
deltan 0 keal
+ He = u(ou)zo : H20
1 2.118
deltah 0 keal
+ H20 = TL{OH)&- + He
log_Xk -1«.25
deslta_h kcal
log_k 1.4250
delta h 0 keal
~gamma 5.0 o
Us4 + 4C03-2 = U(CO3)4-4
log. 32.8272
dattan 0 keal
-gamma 4.0 0
U4+ scoz -2 = U(C03)5-6
og_k 33.9000
dclth_h -4.766 kcal
-gamma 4.0 °

Ued + Cl- = UCLe3

log_k 1.7082
deltah -4.537 kcal
-gamma. 5.0 °

Usd + F- = URe3
og_k

3.2413
de].tLh ~1.336  keal
-gamma 5.0 )
U+d + 2P- = UF2+2
log_k 16.1403

delta_h 0.903  keal

-gamma 4.5 o
U+d + 3P- = UF3+

log_k 21.4818

delta_h 0.036 kcal

~gamma 4.0 0

Used + 4F- = UP4
log_k 25.3412
deltah -0.972 keal
-gamma 3.0 °

U+4 + 5P- = UPS-
1

og_X 26.8110
delta h 4.38 keal
~gamma 4.0 o
U+d + 6F- = UP6-2
log_k 28.8414
delta_h 3.23 keal
-gamma 4.0 )
U+d + I- = UI+3
log.] 1.2152
deltah 0 keal
~gamma 5.0 °
U+d + NO3- = UNO3+3
log.k 1.4514
deltah 0 kcal
~gamma 5.0 [
U+4 + 2NO3- = U(NC3)2+2
log_k 2.2617
delta_h ] kcal
~gamma 4.5 0
Usd + H20 = UaHe3 + Be
log, -0.5381
d-!.u_h 11.205  keal
-gamma 5.0 [

Usd + zuzo - umHIZoz o 2H.

d.l.:q_h zo 434 keal
Usd + 3H20 = u(ol(no + :no

1 -

dnll:n_h 26. 551 keal
Ueg + mzn = U(OHI4 + 4H+

og_k -4.5577

dau.euz 28.798  kcal
U+4 + 5H20 = u(ams‘ + SHe

log_k  -13.120

deltah 30, Ns keal

6U+d + 15[']20 = UG(OH)15<9 + 1SH+
og_k

-17.2
ds!tl_h 0 kecal
Usd 4 504~z = USO4+2
6.5016
d-ln_h 36.961  keal
~gamma 4.5 °
Usd + 2500-2 = U({504)2
og_k 10.3507
d‘lcq_h 7.946  keal
-gamma 3.0 o
UO2+ + 3C03-2 = UO2(CO3)3-5
log_k 7.3898
deltah 0 keal
-gamma 4.0 °
UO2+2 + Br- = UO2Br+
log_k o 1131
Qelta_h keal
~gasma 0 ° 0
V0242 + CO3-2 = UO2C03
log_k 9.6700
delta_h  1.202 kcal
-gamma 3.0 ]

U02+2 + 2003-2 = U02(C03)2-2
log_k 16.9698
deltah  4.297 keal
-gamma. 4.0 [

U02¢2 + 3C03-2 = U02(C03)3-4
log_k 21.5846
deltah -9.282  keal
-garma 4.0 [

300242 + GC03 2 = (002)3(903)6 6

ﬂelt\_h -16 313 keal
~ganma 4.0 o

11U02+42 + 6CO3-2 + 12H20 = (U02)11(CO3)6(0H)12-2 +

124+
log Xk 36.2277



delta_h 0 keal
~gamma 4.0 0

200242 + CD3 2 + 3H20 = (UD2)2C03(OH)3~ + 3H+
9

dcltl‘h —1‘ 1358 kcal
4.0 o

3U02+2 + 503 2 + IHZO = (UDZI!CDZ(OH]SQ + 3H+
gk 7061

d-l:\.h 0 keal

~gamna 4.0 o
U02+2 + Cl- = U02CLl+

log_k 0.1567

dB-lCA_h 1.921  keal

~gampa 4.0 0
U02+2 + 2C1- = UO2C12

ag_k -1.1257

delta_h  3.593  keal

~ganma 3.0 0
U02+2 + F- = UO2F+

log k 5.0497

delta_h 0.413  kcal

-gamma 4.0 0
VQ2+2 + 2F- = UC2F2

log. 8.5394

deltLh 0.513  kcal

~ganma 0 [
Uo2+2 + 3F- = UO2F3-

log k 10.7800

Qelta_h 0.575  keal

-gamma 4.0 o
U02+2 + 4F- = UO2F4-2

log_k 11.5403

delta h 0.088 keal

-gammua 4.0 °

U02+2 + H20 = UO20H+ + H+
log_k -5.2080
delta_h 10.325 keal

U02+42 + 2H20 = UO2(OH)2 + 2H+
log.

gk  ~10.3221
delta_h 18.094 keal
~gamma 3.0 °
U02+2 + ;mzu = UO2(OH)3- + 3H+
og_k  -19.2222
d.ll'-A.)\ 0 kcal
~garma 4.0 0
U02+2 + 4H20 = UO2(OH)4-2 + 4H+
og_k  -33.0294
delta_h 0 kcal
-gamma 4.0 0
2U02+2 + H20 = (UD2}2(0H)+3 + H+
log_k ~2.7051
delta_h o kcal
-gamma 5.0 0

20U02+2 + 2H20 = (UDZ)Z(OH)ZOZ + 2He+
Log_k 6368

delta_h o keal
~gamma. 4.5 o

3U02+2 + 4H20 = (UO2)3 (OH}4+2 + 4H+
logk  -11.9312

delta_h 0 keal
-gamma 4.5 o

3U02+2 + S5H20 = (UD2)3(OH)5+ + SH+
log. -15.5895

Qelta_h  23.224  keal
~gaxma 4.0 [

3U02+2 + 7H20 = (UO2)3(OH)7- + TH+
log k ~-31.0542

deltah 0 keal
~gamma 4.0 o

4U02+2 + 7H20 = (UO2)4(CH) 7+ + THe
10p, .95¢

delta_h o keal
-gamma 4.0 0.
U02+2 + NO3- = UO2NO3+
log_k 0.2801
delta_h 0 keal
-gamma .0 °
UoZ+2 + PO4-3 + H+ = UO2HPO4
og_k 21.2;
delta_h -z.é” keal
~ganma 3. 0
uo2+2 + pnd-: + 2He = uozﬂzra«
log_k 23.9926
delta_h -3. 66 keal
-gamma 4.0 0
UQ2+2 + ZPDI<3 + 4H+ = V02 (H2PO4)2
log_ k 46.6163
deltah 79.15 keal
-gamma 3.0 °

Y0242 + 2P04-3 ¢ SH+ = UO2 (H2PO4) (H3PO4)+

log Xk 47.4362
delta_h o keal
~gamma 4.0 o

U02+42 + PO4-3 + 3H+ = UO2H3PO4+2

log k 23.6405

delta_h o kcal

~gamma 4.5 o
U02+2 + PO4-3 = UO2P0O4-

log_k 14.8528

delta_h ° kecal

~gamma 4.0 0

UC2+2 + SO4-2 = UO2SO4
1

og_k 3.0632
delta_h 4.738  kcal
~gamma 3.0 0
U02+2 + 2504-2 = UO2(S04)2-2

log_k 3.9796
deltah  8.523  keal
-gamma 4.0 )
ez + Hzc = vouo .
-5.64
deu:u_h ° keal

V43 + H20 = VOH+2 + He
log k. -2.3
delta_h 9.35 kcal
V43 + 2H20 = V(OH)2¢ « 2H+
log k -5.8:
delta_h o keal
V43 + 3H20 = V(OH)3 + 3H+
og k  -11.02
asltah 0 keal
2V+3 + 2H20 = V2(OH)2+4 + 2H+
log_k -3.75
delta_h 0 keal
2V+3 + 3H20 = V2{OH)3+3 + 3He
log.l -7.5
delta_h o kcal
Vel ¢ S04-2 = VSO4+
log. 1.44
delta h 0 kcal
VO+2 + 2H20 = V{OH)3+ + He+
log_k -5.67
delta_h o keal
2V0+2 + mzo = szzo»z + 2H+
5.44

% CA keal
VO+#2 + Cl- = VOCle
0.02

deltah 0 keal
VO+2 + P- = VOF+ :
log k

3
delta_h 1.

keal
VO+2 ¢ 2F- = VOF2
log_k 5.74
deltah 3.5 keal
V042 + 3E- = VOF3-
log_k 7.3
deltah 4.3 keal
Vo2 o 4F- = VOP4-2
og_k 8.11
d-lt\_h 6.4 keal

VO+2 + SO‘>2 = VOS04
og_k 2.45
deltl_h .72 kcal
vo2+ + 2"20 - H3VD‘ + l"
it 0o ke
VO2+ + 2H20 = H2VO4- + 2H¢
1og Xk -7.09
deltah 11.33  keal
V02« + ZHZO = HVO4-2 + 3H+
og_k  -15.15
i 0B xem
VO2+ + 2H20 = VO4-3 + 4He
log k -28.4
deltah 19.53  keal
2V02+ + 3H20 = V207-4 + 6H+
log k  -29.08

kcal

2V02+ + 3H20 = HV207-3 + SHe
log k  -16.32

delta_h o keal
2V02+ + 3H20 = H3V207- + 3H+

log_k -3.79

delta_h 0 kcal

3V02+ + 3H20 = V309-3 + EH+
logk -15.88
delta h 0 kecal
4V02¢ + 4H20 = V4012-4 + 8H+
log_ k -20.79
delta h L kcal
10V02+ + 8H20 = V10028-6 + 16H+
log k

-17 .53
deltk_h kcal

10Vo2+

10V02+

o2+

voz+

voz+

Vo2+

voz+

vo2+

on+2

Zn+2

2Zn+2

2ne2

Zn+2

Zn+2

Zn+2

Ine2

Zn+z

Zne2

2ne2

Zn+2

2ne2

Zn+2

Zn+2

Zne2

+

+

+

.

.

-

+

.

+

\5@

+ 8H20 = HV10028-5 + 15H+
log_k -11.35
delta_h 21.52 keal

+ 8H20 = H2V10028-4 + 14H+
log_k -7.71

Qeltah 0 keal
F- = VO2F
log_k 3.12
delta_h 0 keal
2F- = VO2F2-
log_k 5.67
delta b 0 keal
3F- = VO2F3-2
log_| 6.97
deltah © keal
4F- = VO2P4-3
log_k 7.07
delta_h o keal
NO3- = VO2NO3
log_k -0.43
delta_h o kcal
S04-2 = V02S04-
log_k 1.71
delta_h 0 kecal
Br- = ZnBr
log_k -0.58
delta_h [ keal
25!- = ZnBr2

og_k -0.98
d‘l!a,h 0 kecal
003 2 = ZnCo3

og_X 5.3
d‘ll‘.k_}’l o kcal
2C03-2 = ZH(COS)Z 2
log ] 9.6
daltkh ° keal

€03-2 + B+ = ZmHCO3+

log_k 12.4

deltan 0 kcal

cl- = ZaCl+

log.

keal

[

2C1- = znC12

log_k

delta_h keal

3Cl- = ZaCl3-

log_k 0.5

deltah  9.56  keal

-gamma 4.0 °

4C1- = 2nCld-2

og_k 0,199

delta_h 10.96  keal
5.0 [

g

F- = ZnF+

log_k 1.15
delta_h 2.22 keal
I-=

log_k -2.91
delta_h 0 keal
21- = ZnI2

log x ~1.63

delta h 0 kecal

HZO = ZnoH+ + He
1 -8.96

deltah 13.399  keal

2H20 = Zn(OH)2 + 2H+
log k  -16.899
deltah 0 keal

320 = Za(OKI3~ + 3e
og_k 28.

deltah 0 keal

4HZO = Zn(OH) 42+ e

1 199
aeltah keal

H20 + Cl- = ZnDH'C!. + He
log_k =7.4

delta h ) kcal
2HS- = 2n(HS)2

log_k 14.94

delta h o kcal
3HS- = Zn(HS)3-

log_k 16.2

delta_h ° kcal
504-2 = Znso4

log_k 2.3

delta_h 1. 35 keal
2504-2 = zn(sonz-z

3.
d.lteg_)\ 0 kcal

Zne2

Zn+2

Zr+4

Zr+4

Zr+d

2r+d

Zr+d

2red

Zr+d

2red

2r+d

Zr+é

Zr+d

2r+d

Zx+4

Ag+

age

Ag+

Ag+

Agt

Ag+

+

.

+

+

.

+

-

+

Sa04-2 = 2nSed:
log_k

2. 2015
delta_h 0 keal
zs.m.z = Zn(sead)2-2

0,0704

deln_h ° Xeal
F- = ZxF+3
log.) 8.5835
delta_h 0 keal
~ganma 5.0 °
2F- = ZrF2+2
log_k 15.7377
deltah 0 keal
~gamma 4.5 )

3F- = ZrF3+
log k 21.2792
deltah [

kcal

~gamma 4.0 0
4F- = ZxF4

og_k 25.9411
delta_h ° kcal
-gamma 3.0 0
5F- = ZxFS5-

log_k 30.3098
delta_h 0 keal
~gamma 4.0 o
6F- = ZIF6-2

log_k 34.0188
delta_h o kcal
~gamma 4.0 0
H20 = zrono: + He

log_k 0.0457
delta_h 0 kcal
~gamma 5.0 °
2H20 = Zr(OR)2+2 + 2H+
log_k 0.238
delta_h 0 keal
-gamma 4.5 0o

3H20 = Zr (OH)3+ + 3H+

log_ Xk -0.6633
delta_h 0 kcal
~gamma 4.0 0

4H20 = Zr(OH)4 + 4H+
log k ~1.4666

delta_h o kecal

~ganma 3. [
S04-2 = 2rS04+2

log_k 3.6064

delta_h o keal

~gamma 4.5 °

2804-2 = 12(500]2
log_k 6.2

delta_h 0 kcal
-gamma 3.0 [

+ 350‘—2 - 2{(50"3-2
7.3

+

dll!\_h
-gamma 4.0

- + H+ = HAcetate
log_k 4.76
delta_h 0 keal
-gamma 0 0.06

H.t}wlumtn. = Mlh:l\yluutnn
3.

log k
delta_h i keal

5.36
delta_h 0 kcal

Nta-3 = AgNta-2
log_k

Edtl-d = Aﬂi‘dcn-]
1

dlltl h 0 kecal

zmcn-c = AgBdta2-7
11.355
d.ltl.h 0 keal

log k  7.77
Qelta h 0 keal

Acetate- = AqA:o:.n
log_k
dQelta_h 0 kcal
2Acetate- = AgAcetate2-
log_k  0.64
delta h 0 keal
Glycine- = AgGlycine
log_k 3.51
delta h 0 keal
26Glycine- = AgGlycine2-
log k 3.38

delte b 0 keal
Ethylenediamine = AgEthylonediamines

log k 4.7

deltak 0 kcal

Ags + Zlihyl.:nedimin. = AgBthylenediamine2+
og. |
delta_h 0 keal
Age + Btl;yl::sdt;mine + H+ = AgBthylenediaminefi+2
.31
delta_h © keal
Ag+ + L amine = Agl mine+
log k 3.13
delta_h ¢ keal
Ag+ + Npropylamine = AgNpropylamine+
log_k  3.47
delta_h 0 kcal
Ag+ + 2Four, dine = AgFour. ai
1o§_k 4 67
Age + Dh:hylumin- = Aq’Diuchylanm
log_k
delta_h 0 keal
Age + znucnyxamhe = AgDiethylamine2+
log_k 0z
delta_h u keal
Ag+ + Four_methy ine = AgFour_methy
log_k 2.21
Qelta h 0 keal
Ag+ + 2Methylamine = ine2
log k 7.14
delta h 0 keal
Ag+ ¢ Hexylamine = AgHexylamine+
log_k  3.66
delta_h O keal
Ags + 2Hexylamine = AgHexylamineis
log_k .35
delta_h © keal
Ag+ + Two, dine » AgTwo, din
log k  2.32
delta h 0 keal
Agt + 2 amine = Agl: dine2
log_k  6.85
delta_h 0 keal
Ag+ + Nbutylamine = AqNbutyllminM
log k 3.5
delta h 0 keal
Age + 2Nprow1unine = AgNpropylamine2+
log_k 51
delta_h 0 keal
Ag+ + Glutamate-2 = AgGlutamata-
log k  3.79
delta_h 0 keal
Ag+ + 2Glutamats-2 = AgGlutamate2-3
og_k  6.55
delta_h 0 keal
Ag+ + 2Three_methylpyridine =
AgThree_methylpyridine2+
og_k 4.46
delta_h 0 keal
Ags + Three, dine = AgThres, ne+
logk 2.2
delta_h 0 keal
Age + 2Two. = AgTWo. dinez+
log_k 4.68
delta_h 0 kcal

Ag+ + Edta-4 + H+ = AgHEdta-2
log 6

2Ag+

2Ag+

Ale3

delta_h 0 keal
+ 2Ethylenediamine = Ag2Ethylenediamine2+2
log_k 12.73
delta_h O kecal
+ Bthy! ediami = Y iamine+2
og_k 1.43
d-l:\_h ° keal
+ Edta-4 + H+ = AlHEdta
logk 21.6
delta_h 0 keal

Al+3

+ Edta-4 = AlEdta-

Ba+2

log_k 18.9

delta_h 0 keal

+ Salicylate-2 = BaSalicylate
log_k 0.2
deltah kcal

Ba+2

+ Glyeine- = Baclycinee

Ba+2

log.k
delten 0 keal

+ Citrate-3 = Eacit!ntl-

Ba+2

« Fes3 + GCyanid

Ba+2

log k 4.0
delte_h kecal

= BaFa(Cyanide) §-
log k  55.4356
delta_h -69.68 kcal

+ Bdta-4 = a-mt..-z

log Xk




delta h 0 kcal
Ba+2 + phchulm:a-z = BaPhthalate
og Kk 2.
d.ltLh ° kcal
Ba+2 + Citrate-3 + H+ = BaCitrateH
log k 2.7
delta_h 0 keal
Ba+2 + Citrate-3 + 2H+ = BaCitrateH2+
log_k 1.27
ltah 0 keal
Ba+2 + Acetate- = DaAcetats+
log_k 1.07
delta_h 0 keal
Ba+2 + Tartrate-2 = BaTartrate
log_k  2.54
delta h 0 kecal
Ba+2 + Propancate- = BaPropanoates
© log_k  0.34
da1n,h o keal
Ba+2 + Butanoate- = BaButanoate+
log_k .9
delta h © keal
Ba+2 + Glutamate-2 = BaGlutamate
log_k  1.28
delta_h 0 keal
+ Zne2 =
log_k 1.4
delta_h ¢ keal
+ Mg+2 =
log k 0.1
delta_h 0 keal
Banzoate- + H+ = HBenzoate
log_k 4.2
delta_h 0 keal
+ Pb+2 =
log k 2.5
delta_h 0 keal
+ Cas2 =
log_k 0.2
delta h 0 “ keal
+ Cd+2 =
log.k 1.9
delta_h 0 keal
+ Ni+2 = Ni
log_k 1.4
delta_h 0 keal
+ Cus2 =
log k 2.1
delta h 0 keal
4 Cdez =
log_k 1.65
delta_h 0 keal
+ Fes3 =
log Xk  5.56
delfa_h 0 keal
ca+z + Phr.hunta-z CaPhthalate
og Xk  2.42
dcltq_h o keal

Ca+2 + Propancate- = CaPropancates
log k 0.5

delta h 0

kcal

Ca+2 + Citrate-3 = CaCitrate-
1

og_k 4.73
delta h 0

keal

Ca+2 + H+ + Pee2+§Cyanide- + e- =
CaHFa(Cyanide) 6-2
log_k 52.7097

cas2z

ca*2

ca+2

Ca+2

ca+2

Ca+2

Ca+2

.

+

-

delta_h -82

kcal

Ilephth.ll!t 2 = Calsophthalate

log_k
delta_h n

kcal

Acetate- = CaAcetates+
1.18

1ow X

kcal

Citrate-3 ¢ H+ = CaCitrateH
3.02

log k.
delta_h 0

kcal

Citrate-3 + 2H+ = CaCitrateH2+
k

log_] 1.29
delta_h 0

kcal

Butanocate- = CaButanocate+

log k 0.51
delta b 0

Ethylenediamine = CaEthylenediamine+2

log_k .
deltah 0

Edta-4 + He =
log_k
delta h 0

kcal

kecal
CaHEACA-
keal

Ca+2 + Edra-4 = CaBdta-2
log k 12.4
delta_h 0 kcal

Cd+2 + Three_methylpyridine =

CdThree methylpyridine+2
log k 1.62
delta h 0 kcal

Cd¢2 + 2Nta-3 = CaNta2-4
log k 14.3

delta h 0 kcal
Ccd+2 + Ethylenediamine = C&Ethylenediamine+2
log k 5.61
delta h 0 keal
Cd+2 + 3Glycine- = CdGlycined-
logk 10, 7
delta_h 0 keal
Cd+2 + 2Three_methylpyridine =
CdThree_methylpyridine2+2
log.k 2.8
delta h 0 keal
€d+2 + Phthalate-2 = CdPhthalate
log k 2.5
delta_h o keal
Cd+2 + 2Glutamate-2 = CdGlutamate2-2
log X 2.78
delta_h 0 keal
Cd+2 + Glutamate-2 = CdGlutamate
log k 4.78
delta_h 0 keal

cds2 + 2Glycine- = Cdalycine2
log k 8.4

delta_h 0 kecal
Cde+2 + Glycine- = cdmycxnu

laq_k

delta_h 0 keal
Cd+2 + 3Three_methylpyridine =
CdThree_methylpyridine3+2

log k 3.6

delta h 0 keal

€d+2 + 4Four_methylpyridine =
Cd?nu:_m:thvlpyz}dinchz
delta_h 0 keal

Cd+2 + 4Three_methylpyridine =
Crﬂ'hrll_l;&ar.hylw:idinadﬁz

og_]
delta_h 0 keal

Cd+2 + 2Phthalate-2 = CdPhthalate2-2
log_k 2.88
delta_h 0

Cds2 + 4Zsopropylanine = cdIsepropylamined+2
og_k

keal

delm_h n keal
Cd+2 + 3Isopropylamine = Cdlsopropylamine3+2
log_k  6.07
delta_h 0 kcal
Cds2 + 2Isopropylamine = CdIsopropylamine2s+2
og_k  4.57
delta_h 0 keal
Cd+2 + Isopropylamine = CdIsopropylamines2
log_k 3.55
delta h ¢ keal
Cd+2 + Tartrate-2 = CdTartrate
log.k 3.3
delta_h ¢ keal
-gamma © 0.02

Ccd+2 + 3Pour_methylpyridine =
cer-‘ou:_mcwlpyzsumsoz
og k 2.

d']:l_h o kcal
Cd+2 + Four, = cdPour. dines2
log_k 1.51
delta b 0 keal
Cds2 + 2Npropylamine = C 4
log k 4.64
delta_h 0 kecal

C4+2 + Npropylamine = CdNpropylamines2
log k 2.62
delta_h 0 kcal

Cd+2 + 4Butancate- = CdButanocated-2
og. .k 1.98

delta h 0 kcal

Ca+2 + 3Butancate- = CdButanoatel-
logk 2.34
delta_h 0 kcal

Cd+2 + 2Butancate- = cdaunmnez
logk 1.9
delta h 0 kcal

Cd+2 + 2Four_methylpyridine =
CdPour_methylpyridine2+2
log k 2.5

delta_h 0 keal

\sﬁq

Cd+2 + 3Propancate- = CdPropancatel-
log_k  2.345
delta_b 0 keal
Cas2 + Zonf:notca-‘- cdpropancate?
delta_h 0 keal
ca+r2 + Propancate- = CdPropancate+
log_k  1.1%
delta_h O kecal
Ca+2 + dDiathylamine = CADiethylami
log_k 7.31
delta h 0 keal
cdsz + zm-:hyum. = CdDiethylamine3+2
logk 6
delta_h 0 keal
Cd+2 + 2Diethylamine = CdDiethylamine2+2
log k  4.86
deslta_h 0 keal
Cd+2 + Phthalate-2 + H+ = CdPhthalateHs
log k 5.
delta_h © kcal
Cds2 + Nta-3 = CdNta-
log k 9.4
delta_h 0 keal
Cd+2 + Bdta-4 = CdEdta-2
log_k  16.275
delta_h 0 keal
Cd+2 + Diethylamine = CdDiethylamines+2
log k 2.62
delta_h 0 keal
Cd+2 + 4Acetats- = chc-ucu-z
log k 2.
delta_h 0 kcal
Cde2 + 3Acetate- = CdAcetate3-
log k  2.17
delta h 0 keal
ca+2 + 2Acatate- = CdAcetate2
log_k
Qell keal
Cd+2 + Edta-4 + H+ = CAHEdta-
log_k 2.9
delta_h 0 keal
Cds+2 + 2Citrate-3 = CdCitratel-4
log k  5.34
delta h 0 keal
cde2 + Cltzltg-l . u. = CdHCitrate
log k.
delta h n keal
Cd+2 + Citrate-3 + 2H+ = CdH2Citrates
log x 2.0
delta_h 0 keal
€de2 + Citrate-3 = CdCitrate-
log_k 5.3
Qeltah 0 keal
Cd+2 + Butancate- = CdButancates
log_k 1.25
delta_h 0 keal
Cd+2 + Isovalerate- = Cdlsovalerataer
log_k 1.34
delta_h 0 kcal
Cd+2 + 2Isovalerate- = CdIsovalerate2
og_k 2.3
delta_h 0 kcal
Cd+2 + 3Isovalerate- = CdIsovaleratel-
log k 2.5
delta_h 0 keal
Cd+2 + INpropylamine = CdNpropylamine3+2
log_k 6.03
delta_h 0 keal
Cd#2 + Acetate- = CdAcetate+
log_k
delta b 0 keal
~gamma 0.01
ca2 + =
logk 1.98
delta_h 0 kecal
Cd+2 + 4Isovalerate- = Cdlsovalerated-2
log k 2
delta_h 0 kecal
Cds2 + 2Ethylenediamine = h 1
log_k 10.34
delta_h 0 keal
Cde2 + 3Ethylenediamine = CdEthylenediamine3+2
log_k 12.2§
delta_h 0 keal
Cr(OH) 2+ + + 2He = 2 + 2H20
log k = 14.32
delta_h 0 kcal
CrioH)z+ + + 2He = .

&2

2H20

127

log k  16.66

o

delta_h keal
Cr{OR)2+ + 2Phthalate-2 + 2H+ = CrPhthalate2- + 2H20

log.k 19,62
deitah ¢ kecal

Cr(OH)2+ + 2Acetate- + 2H+ = CrAcetate2+ + 2H20
log_ k

16.68

deltah 0 keal

Cr(OH)2+ + Acetate- + 2H+ = CrAcetate+2 + 2H20
log_k

14.25

delta_h 0 kcal

gﬁou)zo + 3Phthalate-2 + 2H+ = CrPnthalate3-3 +
0

log k 22.1

delta_h 0 kcal

cr(nmzo + f;chuhu—z + 2H+ = CrPathalates + 2H20

15.14

d.l ta_h 0 kcal

Cr(OH)2+ + 3Acetate- + 2H+ = CrAcstated + 2H20
log k 1

delta_h 0 keal
cr(ou)zo + + 2H+ w + 2H20
15.32
dol:A_h keal
Cr+2 + Acetate- = CrAcetates
log_k 1.8
delta h 0 keal
Cr+2 + Edta-4 = CrEdta-2
log_k  13.61
delta_h 0 keal
Cre2 + deu~4 + lk = CrHEdta-
d-ltn_h 0 kcal
Cr+2 + 2Acetate- = CrAcetate2
log k 2.92
delta_h 0 keal
Cu+2 + 2Valerate- = CuValeratel
log_k
delta h 0 keal
Cu+2 + Bthylenediamine = CuEthylenediamine+2
og_k  10.49
deita h 0 keal
Cus2 + =
log k 2.7
delta_h 0 kcal
cus2 + Prcp-nontu< = CuPropancate«
gk 2
delta_h ﬂ kcal
Cu+2 + Valerate- = CuValerates
log k 2.12
delta_h 0 keal
Cus2 + Phthuau 2 + H+ = CuPhthalateR+
og_k 74
d.ltA_h 0 kcal
~gamma 4 )
Cus2 + 2T = cul
log k 2.7
delta h 0 keal
Cu+2 + I-ahm:yuce- = Culscbutyrate+
log_k 7
delta_h ¢ keal
Cu+2 + 4Butancate- = CuButanocated-2
log k  2.95
delta_h 0 keal
Cu+2 + 2Acetate- = CuAcetate2
log x 3.63
delta_h 0 keal
Cu+2 + Edta-4 + H+ = CuHBdta-
log_k 11.195
delta_h 0
Cu+2 + Phthalate-2 = CuPhthalate
og_k 4.04
delta_h 0 keal
Cu+2 + Isovalerate- = Culscvalerates
log.k 2.08
delta_h 0 keal
Cus2 + Citrate-3 + 2He = CuH2Citrute+
log k 2.2
delta h 0 keal
Cu+2 + Citrate-3 + He = CuHCitrate
log k 4.27
delta_h 0 keal
Cus2 + 2Citrate-3 = CuCitrate2-4
log k 8.
delta_h 0 keal
Cu+2 + Citrate-3 = CuCitrate-
log_k 7.26
delta_h 0 kcal
Cu+2 + 3Butanoate- = CuButanoal

log k 2.3
delta h 0 keal
Cut2 + SFour_methylpyridine =
cuPou:,meth.mlszneSoz
8.3
aa:.u,h 0 keal
Cu+2 + 4Four_methylpyridine =
CuFour_methylpyridined+2
log_k = 8.08
delta_h ¢ keal
Cu+2 + 3Four_methylpyridine =
CuFour_methylpyridine3+2
log k  6.77
delta_h 0 kcal
Cue2 + 2Four_methylpyridine =
Mour_mlthylpyridimZOR
log X 5.16

delta_h 0 kcal

ne = CuPour._
log k  2.88

delta h 0 keal
Cu+2 + 4Three_methylpyridine =
CuThree_methylpyridined+2

log k 7.2

delta_h 0 kcal
Cu+2 + 3Three_methylpyridine =
CuThree_methylpyridine3s2

log k 6.3

dalta_h 0 keal
Cus2 + 2Butanoate- = CuButancate2

log k

delta_h o kcal

Cusz + 2Three_methylpyridine =
CuThres_methylpyridine2+2
og k 4.8

delta_h 0 keal

Cu+2 + Butanoate- = CuButanoate+
log_k 2.14
delte_h 0 keal

Cus2 + ine = & ineis2
log_k 7.26
delta h 0 keal

Cusz + anine = i
log k  5.66
delta_h 0 kcal

Cu+2 + Dimethylamine = CuDimethylamine+Z
log k 3.21
delta_h 0 keal

Cu+2 + JMethylamine = CuMathylamine2+2
log k  7.51
delta_h 0 keal

Cu+2 + 2Ethylenediamine = CuEthylenediamine2+2
og_k 19.62
delta h 0 keal

Cus2 + 3Propancate- = CuPropancate3-
log k 2.3
delta_h 0 keal

Qus2 + zP:opuuu— = CuPropanoate2
log k 2.

delta_h 0 keal
Cus2 + 2Nta-3 = c\muz 4
log_k
delta_h 0 keal
Cu+2 + dAcetate- = CuAcetated-2
log k 2.9
delta_h 0 kcal
Cu+2 + JAcetate- = Culcetatel-
log x 3.1
delta_h 0 keal
Cu+2 + Nta-3 = CuNta-
log.k 13.1
delta_h 0 kcal
Cu+2 + Edta-4 = CuEdta-2
log_ k 18.785
delta_h 0 keal
Cu+2 + dMethylamine = ined+2
log k 12.08
delta_h ¢ kcal
Cu+2 + BHaLhyluminu = CuMethylamine3+2
log_k  10.2:
delta_h 0 keal
Cu+2 + Methylamine = CuMathylamine+2
log_k 4.11
delta h 0 kecal

Cu+2 + Three_methylpyridine =
CuThree_methylpyridine+2
log k 2.74

delta_h 0 kcal
Cyanate- + H+ = HCyanate

log_k  3.445

delta_h -2 keal



2Cyanate- + Ag+ = Av(cynmr.a)z—
log k 5 0034
delta h ¢

Cyanide- + 2I- = I2Cyanide- + 2e-
log k

-11.848
delta_h ¢ kcal

kecal

Cyunid-- + Hg(OH)2 9 2H+ = HgCyanide+ + 2H20
log_k  24.1738
delta_h -33,83

cdCyanide+
5.32
delc-_h o

Cyanide- + Ago + H20 = Ag{Cyanide)OH- + H+
log k -0.

delta_h 0

Cyanide- + H+ = HCyanide
og_k 9.2356
delta_h -10.4  keal

keal

Cyanide- + cde2 =
og_k

keal

kcal

ZCYuniﬂo- + Ag+ = Ag(Cyanide)2-
log Jk  20.3814
delca_h -32.675 kcal

ZC)IAnids» + I- = I(Cyanide)2- + 2e-
log k  -11.458

deltah 0
ZQ{uu.da- + Nis2 = m.(qnnidelz
log_k  14.5864
deltah 0 keal
2cyanide- + Hg(OH)2 + 2H+ = Hg(Cyanide)2 + 2H20
log_k  40.6513

delta_h -57.24 kcal

2Cyanida- + Cl- + Hg(OH)2 + 2H+ = Hg(Cyanide)2Cl- +

2H20
log_k  40.3735
delta h 0O keal
2cyantder + Cas2 = Cd(cyanide)2
log_k 10,3703
delta_h -13 Xeal

"
B

2Cyanide- »_;noz = zn(!:ynud.)z
d.ll:A_h -10 999 kcal

2cyanide; + Qur = CulCyantde)2-
og_k 24.0272

dsltl.h -29.1  keal

3Cyanide- + Br- « Hg(OH)2 + 2H+ = Hg{Cyanide)3Br-2 +
2H20

log_k 44,8415
delta h 0 kcal

3Cyanide- + Cl- + Hg(OH)}2 + 2H+ = Hg(Cyanide)3Cl-2 +
2H20

log_k  43.8332
deltah 0 keal

3Cyanide- + Cu+ = Cu{Cyanide)3-2
log_k 28.6524
delta_h -40.2

de- + Zn+2 = Zn 3-
log_k 16.048
delta h -20.199 kcal

kecal

3Cyanide- + Ag+ = Ag(Cyanide)3-2
log_k  21.4002
delta_h -33.435 keal

3Cyanide- + Hg(ﬁi()z » 2“0 = Hg(Cyanide)3- + 2H20
log.

d.l:A_h -54 83 keal
scy-nid-- + Cde2 = cd(cymiéola-
log_k  14.8341
delta_h -21.6 kcal
3Wm1de~ + N£02 - Ni( de]3-
22.6
dol:\_,h q

4Cyanide- + NAQZ + Hr = NiK(Cyanide)q-
log_k  36.7482
delta_h 0 kcal

4cyanide- ¢ Nis2 + 2+ = NiH2Cyanided
log k  41.4576
deltah 0

18.2938
delta_h -23.56 kcal

dcyentder « Enez = In(Cyantde)d-2
leg k 16.7
delta_h -25. 539 keal

lwmidu- + Cde2 = cd(qruuda)t-z
log k

Lcynnide- + Cu+ = Cu(Cyanide)4-3
k30,3456
dultn_h -51.4

keal

A:yanid-- + Hg{OH)2 + 2H+ = Hg(Cyanide)4-2 + 2H20
og_k

47,4094
adee s 15000 em

ernidn- + Nis2 & zl-u = NiH3 (Cyanide) 4+
og_k 63
deln_h kc-l

ide- + Ni+2 = Ni(Cyanide)é-2
leg_k  30.1257
delta h -43.19 keal
4cyanidar ¢ T1+ = TL(Cyanide)d- « Ze-
og_k -8.018:
dofan o

6Cyanide- + 2Fe+3 = Fe2(Cyanide)§
log.k

kcal

56.9822
delta h 0 keal

GW.MG.- + Mg+2 + Fe+2 = MgFe(Cyanide)6-2
log_k  49.4251
deltah 0 kcal

6Cyanide- + Mg+2 + Fe+3 = WgFe(Cyanide) -
legk  55.3916
deltah -69.31

6Cyanide- + Fes2 + Ba+2 = BaPe(Cyanide)6-2
log_k  49.4032
delta_h 0 keal

kcal

6Cyanide- + Fe+3 = Fe(Cyanide)6-3
log_k  52.6283
delta_h -76.1  keal
6Cysnide- + 2H+ + Fe+2 = H2Fe(Cyanide)s-2
log k  52.445
dalta h -83.1  keal

Gojanid.- +* Emz + HQ = HFe(Cyanide) 6-3
oF._} 69

49.9
JG keal
ide- + Fas2 = Fe 6-4
log_k = 45.6063
delta h -35.8  kcal
6Cyanide- + 2K+ + 2m + Fe+2 = K2H2Pe(Cyanide}§

log_k 52.3058
deltah -85. 88" keal

‘O]nnid-- + iCAOZ + PQOZ = Ca2Pe(Cyanide) 6

50.95
aotoan a3 7 keal

6Cyanide- + Cas2 + Fas2 = CaFe(Cyanide)§-2
log ik  49.6858
deltah -83.1  keal

écyanider + Cav2 v Faud « CaFa(Cyenide) 6-
log.k

473
deltah -69 S  keal

6Cyanide- + Tle + Fe+2 = TiFe(Cyanide)6-3
log_k 48.7508
delta_h -84.88 kcal

Soyanide- ¢ 3k ¢ Ho + Pas2 = X3HPe(Cyanide) §
log_k 50.2241
delta h -85.99 kcal

Soyanide- ¢ Lis + Pas2 < LiPe(Cyanide)6-3
1og. 47.6858
d.ua_x-. -80.143 keal

Fe+2 + 3Ethylensdiamine = FeEthylenediaminel+2

log_k 9.68
delta_h 0 keal
Fe+2 + Edta-4 = PeEdta-2
log k 6.1
delta h 0 keal

Fe+d « Citrate-3 + H+ = FeCitrateH
log k 3.5
delta_h 0 keal

Fe+2 + Bica-4 + H20 = PeOHEdta-3 + H+
log k 6.4
delta h 0 keal

Fe+2 + Edta-4 + H+ = PeHEdta-

log_k 19.3

delta h 0 kecal
Fa+2 + Ci‘rlt.-i = hct:rnu-

aln e keal

Fe+Z + Aceclc-— = Felcetate+
og_k 1.4
d‘lt!_/h o kcal

Fae2 + !ﬂtl 4 + 2](20 » Pa{OH)2Edta~-4 + 2H+

G.ltl_h U keal

Fe+2 + zsmg-uwmxn- = PeEthylenediamine2+2
delta_h 0 keal

Fe+2 + Ethylenediamine = FeEthylenedjamine+2
logk 4.36
delta_h 0 kcal

Fe+3 + Bdta-{ + 2"20 = FPe(OH}2Edta-3 + 2H+
log_k
delta_h o Xeal

Fe+3 + Citrate-3 = FeCitrata
logk .55
delta_h 0 keal

Fe+3 + Acetate- = Pem:etul:ﬁz
log.k 3.2

S

delta h 0 keal
Fa+3 + 2Acetate- = FeAcetatsl+
logk 6.
deita_h 0 keal
Fe+3 + Edta-4 + H20 = FeOHEdta~2 + He
log k 19.8
delta_h 0 keal
Fe+3 + JAcetata- = PeAcetate3
log X 8.3
delta h 0 keal
Fe+d + Edta-4 + He = FeHEdta
log.k 29.2
delta h 0 keal
Fes3 + Edta-4 = FeBdta-
logk 27.7
delta_h ¢ keal
Fa+d + Citrate-3 + He = PeCitrateH+
logk 19.8
delta_h 0 kcal
+ 2H+ =
log_k  14.37
deltah 0 keal
-gumna 0 0.01
+ He = HGL
log kx 9.95
delta_h 0 kecal
-gamma 0 0.01

9.7

Glycine- + R+ = HGlyclna
og_k

dnlt\_h o keal
-gamma 0 0.07
Glycine- + 2H+ = H2Glycine+
log X  12.1.
delta h 0 kcal
-gamma O 0.07

H+

He

He

H+

K+

He

He

He

He

He

He

He

He

He

He

He

+

-

+

+

Isovalerate- = Isovaleratel
log_k  4.781

delta_h 0 Xxcal
nh:mlmLm « DiethylamineH+

10.774

dnltA_h 4 keal
Butancate- = Butancated

log k 4.73

deltah 0 kcal
Trimethylamine = TrimethylaminaH+

log k 9.8

delta h 0 keal
Edte-d = EdtaH-3

log k  9.96

delta_h 0 keal

Neas3 » Neaoz
ogk 10334
d.ln_h

Ischutyrate- = IsobutyrateH
log k 4.845
delfa h 0 keal
Formate- = FormatsH

log k 3.745

delta_h 0 keal

Npropylamine = NpropylamineHs
log k 10.8

deltah 0 keal
Four, = Four, dlnetis
log_k 6
delta h 0 keal
Three. hy dine = Thres_m dineH.
log k 5.7
delta_h 0 keal
e = Two,
logk  5.95
deltah 0 Xxeal

ci:nu t ci;rut-l-l 2
keal

dcln_h 0
Valerate- = ValerateH
og_k  §.843

deita h 0 keal

Ethylenediamine = HEthylenediamine+
log. 9.96

delta_h 0 keal

Methylamine = MsthylamineH+
log k 10.72
delta h 0 keal
Hexylamine -oﬂ?cylluinﬁlt
10.63
delta_h 0 keal
Propancate- = Propancated
log_k 4.87

delta_h 0 kcal
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2H+ + Butanoate- + Cr(OH}2+ = CrButancats+2 + 2H20
log k  12.7
delta h 0 keal
2H+ + Isohutyrate- + Cr(OH)2+ = CrIsmobutyrate+2 +
2H20
logk 12.73
asita_h 0 Xkeal
2H+ + Nta-3 = NtaH2-
logk 13.27
delta_h 0 keal
2H+ + Isovalerate- + Hg(OH)2 = Hglsovalerate+ + 2H20
log_k  10.717
delta_h 0
2H+ + Isovalerate- + Cr{(OH)2+ = Crlsovalarate+2 +
2H20
log_k 12.76
deltah 0 keal
2H+ + Valerate- + cr(oﬂ):o = CxValerates+2 + 2H20
log.k 12.7
delta h 0 kcal
2H+ + Rdta-¢ = EdtaH2-2
log_k 16.21
delta h 0 keal
2He + + Hg{OH)2 = Hyl + 2H20
log_k  10.687
delta_h 0 keal
2H+ + Echylensdiamine = H2Ethylenediamine+2
log_k  16.85
delta_h 0 keal
2H+ + Citrate-3 = CitrareH2-
og_k  11.05
Qelta_h 0 keal
2H¢ + Phthalate-2 + Hg(OH)2 = HgPhthalate + 2H20
log_k  10.897
delta h 6 keal
2H+ + Valerate- + ng(omz = HgValerates + 2H20
log k  10.7
delta_h ©
2H+ + Butanoate- + Hg(OH)2 = HgButanocate+ + 2H20
log_k = 10.097
delta_h 0 keal
3He + Glutamate-2 = GlucamateH3+
log_k .
delta_h 0 keal
I + Cir.xntu 3 : cicnuns
log_k  14.18
delta h 0 keal
3H+ + Nu -3 = NtaH3
logk 14.12
delta h 0 keal
3H+ + Bdta-4 = EdtaH3-~
log_k  18.86
deltah 0 keal
4H+ + Nra-3 = NeaHé+
log.k  16.224
deitah 0 keal
4H+ + Bdta-4 = Edtald
log_k  20.93
delta_h 0 keal
5H+ + Edta-4 = EdtaHSe«
log_k 23 464
delta_h 0 kcal
Hg (OH)2 + 3Ac-nn- + 2H+ = HgAcetate3- + 2H20
log_k 19.38
delta_h 0 keal
Hg(OH)2 + Acetate- + 2H+ = HgAcetate+ + 2H20
1og. 9.417
delta h 0 keal
Hg{oH)2 + &Aceta + 2H+ = HghAcetated-2 + 2H20
log k  23.16
delta_h 0 kecal
Hg(OH)2 + + 2H+ = Hgl + 2H20
log_k  13.107
delta_h 0 keal
Hg(OH)2 + 2Acetate- + 2H+ = Hghcetatel + 2H20
log k 13.11
delta_h 0
Hg(OH)2 + + 2 = + 2H20
leg x  9.417
delta_h 0 Kkeal
Hg2+2 + Glycine- = Hg2Glycine+
log k 10.8
delta_h 0 keal
Hg2+2 + 2Glycine- = Hg2Glycine2
log_k 20
delta_h 0 keal
0.5Hg2+2 + 2Acetate- = HgAcetate2-
log.k 13.26

delta_h 0 kcal

0.5Hg2+2 + Acetata- = HyAcetate
log_k  7.14

delta_h 0 keal
0.5Hg2+2 + Propanoate- = HgPropanoate
log_k  3.72
delta_h 0 keal
0.5Hg2+2 + 2Pormate- = HgPormate2-
log k 5.45
deltah 0 keal
0.5Hg2+2 + Formate- = HgFormate
log k 2.94
delta b 0 keal
0.5Hg2+2 + 2Propancate- = HgPropanoate2-
g k  6.99
delta_h 0 keal
T + Nie2 = Nil
log k 1.23
delta_h 0 keal
I + Pb+2 = PbI;
logk 2.67
delta_h 0 keal
b? . ru: =
log_k -6
delta h 0 keal
I + Cde2 = Cd
log k 1.17
delta_h 0 keal
I + Ba+2 = Bali
log k 0.64
delta_h 0 kcal
Isephtmlgl'-e 2 ¢ Pb+2 = PbIsophthalate
log k  2.17
delta_h 0 kcal
Isophthalats-2 + Pbs2 + H+ = PblsophthalateH+
logk §.28
dalta h 0 kcal
Isophthalate-2 + He = HIsophthalate-
log k 3.
delta_h 0 keal
Inaphl:hnl&to;i + 2H+ = H2Isophthalate
og._|
delta h o keal
Iuphﬂnhtc—z + Cd+2 = CdIsophthalate
og_k .
d-lu_h ° keal

Isophthlln:e;(z + Ba+2 = Balsophthalate
log_} 1.

delta_h 0 keal
thovhthilnu—z + Cd+2 = Cdlsophthalate2-2
.17
delta_h 0 keal

2Isophthalate-2 + Pb+2 = PbIsophthalate2-2
log_k 36

3.
delta_h 0 kcal
2Isoph(halat -2 + Cd+2 + H+ = cdIsophthalatezH-
5.32
dcl:n_h o keal

Isovalerate- + Fe+3 = Felsovalerates+2
log k 5.58

delta_h 0 kcal
Isovalerate- + PbOZ.s- Pblsovalerate+
og_k
delta_h 0 keal
Iscvalerate- + Ni¢2 = Nilsovalerate+
log_k
delta_h 0 keal

Isovalerate- + Ba+l = Balsovalerate+
log k 0.68

delta t 0 keal
K«oadnl-mnz

log k

delta_h 0 keal

K+ + H+ 0 Pe+2 + GCYlnidl- = KHFe(Cyanide)6-2
og_k 51.47
delcl_h ~78. 1

K+ + Fe+2 + 6Cyanide- = KFa(Cyanide)6-3
log k  48.1204
delta_h -B4 keal

2Ke + Fes2 + §Cyanide- = K2Fe(Cyanide)6-2
og X  48.978
acl:&_h -17.3

keal

keal

Li+ + HO + Fo+2 + ECyanide- = LiHFe(Cyanide)6-2
log_k 51,2188
delta h -80.999 keal

2Li+ ¢ Pe+2 + ECyanide- = Li2Fe(Cyanide)6-2
log_k  48.5338
delta_h -83.499 kcal

Mg+2 + Acetate- = MgAcetates
log_k




delta_h 0 kecal
Mg+2 + !:hylmadxunim =

log_k 37

delta_h 0 kcal

Mg+2 + Edta-4 + H+ = MgHEdta-
15.1

log_k

delta_h ¢ kecal
Mg+2 + Butanoats- = MgButanoates

log_k 0.53

delta h 0 keal

Mg+2 + Citrate-3 + 2H+ = MgCitrateH2+
loq_k 11.59
lelta_h 0 keal

Mg+2 + Propancate- = MgPropanoate+
log k  0.54
delta_h 0 keal
Mg+2 + Citrate-3 = MgCitrate-
log_k = 3.37
delta h 0 kcal
Mg+2 + Citrate-3 + He = NgCitrateH
10 _/k 8.17
kcal

Mg+2 + Bdta-4 = MgBdta-2
log_k 10.6

delta_h ¢ kcal
Mne2 + citn:--: + H+ = MncitrateH
og_k
doltu 0 kcal

Mn+2 + Ethylenediamine = MnBthylenediamine+2

log k 2.67
delta_h 0 keal

Mn+2 + Acetate- = MnAcetate+
log k 1.4

MgEthylenediamine+2

delta_h 0 kcal
Mne2 + ci:nn = MnCitrate-
og_k
deltl_h o keal
Mns2 + 2Ethylenediamine = diaminez+2
log_k 4.2
deita h 0 kcal
Na+ + Edta-4 = NaEdta-3
lag k 2.5
delta h 0 keal

Na+ + P.Ii + GQ(uude- = NaFe(Cyanide) 6-3
og_k. .988
delta_h -3( 3 kcal

Na+ + H+ + Fe+s2 + GCyanide- = NaHFe(Cyanide)6-2
1

og_k  51.4335
delta h -85.6 kcal

Na+ + Acetate- = NaAcetate
log_k -0.18
delta_h 0 keal

Na+ + Phthalate-2 = NaPhthalate-
log k 0.7
delta_h 0 keal
2Na+ + Pe+2 + 6Cyanide- = Na2Fe(Cyanide)6-2
log_k  48.7435
delta h -85 kcal
NH4+ + Pe+2 + 6Cyanide- = NH4Fe(Cyanide)6-3

log_k  48.0684
deita h -84.5 kcal

NH4+ + H+ +« Fe+2 + 6Cyanide- = NHSFe(Cyanide}6-2

log_k  51.4035
deltah -83.9  keal

2NHe+ + ?-02 + 6Cyanide- = (NH4)2FeCyanides-2

log_k  48.8666
delta h -83 keal

Ni+2 + 4Four_methylpyridine =
NiFour_methylpyridineds2
log_k 4.7
delta_h 0 keal
-gamma 0 0.04

Ni+2 + 3Four_pmathylpyridine =
NiFour_methylpyridinel+2
log_k  4.34
delta_h 0 keal
Ni+2 + 2PFour_methylpyridine =
NiFour_methylpyridineZ+2
lag_k  3.59
delta_h © keal

Ni+2 ¢ Diethylamine = NiDiethylaminels2
log_k 2.78
delta h ¢ keal

Nis2 + mi-:uylamm = NiDiethylamined+2

7.9

d.ltl_h 0 kcal

Nis2 + 3Diethylamine = NiDiethylamine3+2
log 6.72

delte h 0 keal

Ni+2 + 2Dlathylamine = NiDiathylamine2+2
log k  4.97

delta_h 0 keal

Ni+2 + 4Three_methylpyridine =

NiThree_methylpyx:

log k 4.6 delta_h 0 keal
delta_h 0 kcal
Ni+2 + Citrltl—l = NiCitrate-
Nis2 + 3Three_methylpyridine = log k 6.
Nlm--J:e:m‘(‘Ipy:ildimuz deltah 0 keal
delta_h 0 keal Puu_uutc:o— + 2H+ a H2Para_acetates+
og_k 4.31
Nis2 + 2Three_methylpyridine = dnll:q_h L] kecal
mm-uamylpyzidmzo
3.3 Para_acetate- + Zn+2 = ZnPara_acetate+
dllEAJ'l 0 kcal og_k  1.67
delta_h 0 kcal
Ni+2 + Three methylpyridine =
NiThree_methylpyridine+2 Para_acetate- + Cd+2 = CdPara_acatate+
log_k 2.02 log k 1.15
delta h 0 keal delta h 0 kcal
Ni+2 + Two_ dine = NiTwo_methy ai Para_ + Cu+2 = CuPara_acetate+
log. k 0.4 log k 1.57
delfa_h 0 keal dalta_h 0 keal
Ni+2 + SD!.echylln\Ll\Q = NiDisthylamineS+2 Para_acetate- + Ni+2 = NiPara_acetate+
lw_k 8.8’ log k  0.65
ta_h 0 kcal delta_h 0 keal
Ni+2 + Four dai = NiFour_ 2Para_ + NL02 = NiPara_acetatel
log k 2.11 log_k
delta_h 0 keal delta_h 0 keal
Ni+2 + Edta-4 + H+ = Nﬂl!dta- 2Para_acetate- + Cd+2 = CdPara_acetate2
log k  11.5 log k 1.92
delta_h 0 delta_h 0 kecal
Nis2 + Np:opyhmina = Nil‘lbrayyllminQOZ
log_k 81 Pb+2 + 2Propancate- = PbPropancatez
deltah 0 keal log k .
dslta_h 0 kcal
Ni+2 + 3Ethylenediamine = NiEthylenediamine3+2
log k 17.54 Pb+2 + Edta-d4 = PbEdta-2
delta_h 0 keal log_k 17.88
delta_h 0 keal
Ni+2 + 2Ethylenediamine = NiEthylenediamine2+2
log_k 13.36 Pb+2 + Butanoate- = PhbButanoate+
delta_h 0 keal log k  2.125
delta_h 0 keal
Ni+2 + SIaocpropylamine = Nilsopropylamine5+2
log k  8.43 Pb+2 + 2Butancate- = PhButancate2
delta_h 0 keal log_k  3.73
delta_h 0 kcal
Ni+2 + 4Isopropylamine = Nilsopropylamined+2
log_k  7.83 Pb+2 + Propancate- = PbPropancates
delta_h 0 keal log_k .
R delta_h 0 keal
Ni+2 + 3Isopropylamine = Nilsopropylamine3+2
log k 6.57 Pb+2 + Acetate- = PhbAcetate+
delta_h 0 keal log_k 2.87
delta h 0 kcal
Nis2 + 2T ine = Nt aminez+2
log k 4.86 Pb+2 + Bdta-4 + 2H0 = PbH2Edta
delta_h 0 keal log_k
dalta_h 0 kcal
Ni+2 + amine = Ni i 2
log. k 2.71 Pb+2 + Edta-4 + H+ = PbHEdta-
delta_h © keal log k 9.68
delta_h 0 kcal
Nis2 + ine = 4
log k  8.31 Pb+2 + Nta-3 + H+ c PbHNta
delta_h 0 keal log_k 3.795
delt keal
Ni+2 + INpropylamine = NiNpropylamined+2
log k 6.79 Pb+2 + 3Acetats- = PbAcetata3-
ol 0 kecal log k 3.
delta_h 0 keal
Ni+2 + 2Npropy H = 1
log k 5.02 Pb+2 + 2Acetate- = PbAcetate2
delta_h 0 keal logk .08
delta_h 0 keal
Ni+2 + Ethylensdiamine = NiEthylenediamine+2
log k 7.24 Phe2 + JBu:AmAtn = Pbau:ma.u:-
deltah 0 keal log_k 4.
delta.h ¢ kecal
Ni+2 + 3Butanoate- = NiButanoate3-
log k  1.34 Pbs2 « Citrate-3 = PhCitrate-
delta h 0 keal log k 4.
del! keal
Ni+2 + 2Butancata- = NiButanoate2
log_k 0.85 Pbe2 + Rta-3 = PhNta-
delta_h 0 kcal log k  11.6233
delta_h 0 kecal
Ni+2 « Butanoate- = NiButanoate+
log .k 0.77 Pb+2 + 4Butancate- = PbButancated-2
delta_h 0 Kkeal log k  4.43
delta_h 0 kcal
Nis2 + 3Propancate- w NiPropanoatel-
log k  0.97 Pb+2 + G).u:maco-z = PbGlutamate
delta h 0 kcal og_k .
dlltq_h o keal
Ni+2 + 2Propancate- = NiPropanoate2
log k 0.8 Pb+2 + 2Glutamate-2 = PbGlutamate2-2
deita_h 0 kcal log k 7.
delta h 0 keal
Nis2 + Propanoate- = NiPropanoate+
log_k .7 Ph+2 + Ethyl jamine = PbEthylenediamine+2
delta h 0 kcal logk 7
delta_h 0 kcal
Ni+2 + 3Glycine- = NiGlycined-
log k 14.2 Pb+2 + 2Echylenediamine = PbEthylenediamine2+2
delta_h 0 keal log_k  B8.45
delta_h 0 kcal
Nis2 +

idined+2

i

Ni+2 + Citrate-3 + 2H+ = NiCitraten2+
log_k 13

Ni+2 + Cltrate-3 + H+ = NiCitrateH
1o, 4.09

delta_h

Edta-4 = NiBdta-2
log_k  20.3:
delta_h 0 keal

Pb+2

+ Phthalate-2 = PbPhthalate

o

keal

log k
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delta_h 0 keal
Pbe2 + nlmula:a-z + He = PbPhthalateli+
og_k
delta h 0 kcal
Pb+2 + Tartrate-2 = PbTartrate
log k 3.78
delta h 0 keal
Pb+2 + Glycine- - phal.ycinm
log_k
delta h 0 kecal

Pb+2 + 3Citrate-3 = PbCitrate3-7
log k 6.97

delta_h 0 keal
Pbe2 + zcu:xa:--s = Pbcitratll 4
log .k 6.
delta h 0 keal
Pb+2 + 2Glycine- = PbGlycine2
log_k 8.32
delta_k 0 keal
Pb+2 + =
logk 4.18
delta_h © keal
Pbe2 + SPrnponant = PbPropancatei-
2.95
aauq_n 0 keal
Pbe2 + ucul:n:e— - m:eu:u-z
log_k
delta h 0 kcal
Pbe2 ¢ :phch.hn-z = PbPhthalatez-2
log_k
delta_h o keal

Phthalate-2 + H+ = HPhthalate-
log k 5.4

delta_h 0 keal
-ganma © 0.01

Phthalate-2 + 2H+ = H2Phthalate
log k  B.35

delta h 0 keal
-gamma 0 0.01

Phthalate-2 + Ni+2 + H+ = NiPhthaiateH+
log k 6.1

ta_h 0 kcal
+ Fa+3 =

log k 3.4

dalta h © kcal

Salicylate-2 + 2H+ = H2Salicylate
og_k

keal
o.01

= HSalicylate-
“

keal
-gamma 0 .01

Sr+2 + Fe+3 + Ecyemid-- = SrFe(Cyanide)6-
logk  55.618
delta_h -69.. 53 kcal

Tartrate-2 + H+ = HTartrate-
og_k

4.16
delta_h 0 kcal
-ganma 0 0.01

Tartrate-2 + ZH+ = H2Tartrate
log k  6.67

delta_h 0 keal
-ganma 0 0.01

-2

Ti¢ + Citrate-3 = TICitra
1k 1.61
delta_h © kecal
Tl + -r-x:n:.-z = TlTartrate-
log_x 1.39
delta h € kcal

T1+ + Nta-3 = T1Nca-2
log k 4.71
delta h 0

kcal
Tl+ + Edta-4 = TIEdta-3
log.k 6.41
delta_h 0 keal
Tl+ + Acetate- = TlAcetate’
log_k
delta h 0 keal

Valerate- + Fe+3 = FeValarates2
logk  5.58
deltah 0 keal
Valerate- + Ba*2 = BaValerates
logk 0.66
delta h 0 keal
Valerate: + Ni+2 x MValerates
log_k
deltah Hy kcal

Valerate- + Pb+2 = PhValarate+
2,06

delta_h 0 keal

Vlletntu; + Cd+2 = CdValerate+

Zn+2

ns2

Zne2

Zn+2

Zn+2

Zn+2

Zne2

Zn+2

Zn+2

Zn+2

2Zn+2

Zn+2

Zn+2

Zn+2

Zne2

2n+2

Zne2

Zn+2

2n+2

Zn+2

2n+2

Zn+2

Zn+2

Zn+2

+

+

.

.

.

+

.

.

-

+

+

.

.

+

i.

delta h 0 keal
3biethylamine = ZnDiethylaminel+2
log_k  7.49
delta_h o kcal

, = ZnDiethylami
log_k 4.9
delta_k 20 keal

dbiothylunint = ZnDiethylamined+2
logk 9.8
delta_h ¢ kcal

Diethylamine = ZnDiethylamines+2
log_k 2.51

delta_h 0 keal
4Acetate- a ZnAcetated-3
log_k .36

delta_h 0 kcal

delta_h ¢ keal
uceuu- = Znhcetate2
og_k

3Acetate- = ZnAcetate3-
og_k

daltA_h 0 keal
Acetate- = ZnAcetates
log k 1.57

delta_h 0 keal
Edta-4 + He = ZnHEdta-
log k 5

delta_b © keal
Edta-4 = ZnBdta-2

log k 16.44

delta_h 0 keal
Butanoate- = ZnButancates
log_k 049

delta h kcal
2Butancate- = ZnButanoate2
log k 1.65

delta_h 0 keal

3Butanoate- = ZnButanoatel-
og_k 1.69
delta h 0 keal

1
log_k 13.83
delta_k 0

anine =

log k  4.85

delta_h © kcal

I ine = lamine3
lW.J‘ 7.38

delta_h 0 keal

3Propencate- = ZnPropancate3-
k1.

log.
delta_h 0 kcal

Propancate- = ZnPropanoate+
log k 0.72
delta_h 0 keal

2Propancate- = ZnPropanoate2
log k 1.23
delta h 0 keal

Phthalate-2 = ZnPhthalate
og_k  2.91
delta_h 0 keal

Citrate-3 + 2H+ = ZnCitrateH2s
log_k 1.68

delta_h 0 keal

cir.ucvz + He = ZnCitrated
og_k .78

dlltl_h 0 keal

2Citrate-] = ZnCitrate2-4
log k

delta_h o keal
cir.nze»s -Ichs,tnn—
dBlEA_h kcal

:alyeln-- = ZnGlycine3-
12.3

d-l:a_h 0 kecal
2Glycine- = hGly:Ln-z
log k 9.

delta_h 0 kcal
Glycln-- : znc1ycm..
log_k

delta_h 0 kcal

Zn+2 + 4Three_methylpyridine =
ZnThree_methylpyridined+2
log_k

3.7
delta_h 0 keal

inel+2



2n+2 + 3Thru_netk\y1prrxdin| =

zm'hnu_;am:hyl log_k -4.92 log_k 11.3035
g z s deltah  ¢.25  keal delta_h -28.635 kcal dcln,h -14.340  keal
dolu,h o kcal
Ag3H2VOS AmF3 (c) H-Rutunite
Zn+2 + 2Three_methylpyridine = AGIIVOS + Hy = 3Ag + VO2+ + 3H20 AP = Ame3 + 3P uz(uoz):(pouz = 2R+ + 2U02+2 + 2P04-3
znmrea_m-chyxpyrsdimhz og_k 18 log_k  -13.2393 -49.9789
og_k 2.1 d-:l.:._h o keal dslta h  -8.305 keal delu_h -0.597  keal
dlltﬂ._h keal
Ag3Po4 AmI3(c) K-Autuni
Zn+2 + Three_methylpyridine = Ag3P04 = 3Ag+ + PO4-3 AmI3 = Am+3 + 3I- K2(UO2)3(P0()2 ' 2K+ + 2U02+2 + 2P04-3
Zn'l'hxsunthylpyriim‘d log k  -17. log_k 24.6266
deltah 0 keal delta h -41.836 keal d-l.cu s . 76 kcal
dalr.a_h o keal
Ag3sh AmOHCO3 () Na-Autunite
Zn+2 + 3Glutamate-2 = ZnGlutamatel-4 Ag3Sb + 3H20 = Sb(OH)3 + Ge- + 3Age + 3H+ muco: + Hr = Am: + €03-2 + H20
log k 9.8 log k  -56.1818 ~7.09! -
delta_h 0 kcal delta h o d‘ll:A_,h -10. 220 kcal delta_h -0.566 kcal
2ne2 + 2Glutamate-2 = ZnGlutamata2-2 AgF:4H20 Am2(€03) 3 (c) Sr-Autunite
log.k 8.2 AgF:4H20 = Agy + P+ 4H20 Am2{C03)3 = 2Ams3 + 3C03-2 Sr(U02)2{P04)2 = Sr+2 + 2U02+2 + 2P04-3
delta_h 0 kcal log_k 0.5 log_k =33.4023 log_k -44.457
deltah 4. 27 keal deltah -9.104 kcal deltah -14.37  keal
Zn+2 + Glutamate-2 = ZnGlutamate
log_k 3.79 AgMetal Am02{c) Avicennite
delta_h 0 keal Ag = Agt + e- AmO2 + 4He = Amed + 2H20 Ti203 + 3HI0 = z’u(oﬂ):
) -13.51 log_k -5.4353 log_k —15 3236
Zn+2 + 21T ine = amine2+2 delta_h 25.234 keal delta h -10.865 kcal delta b keal
log_k 4.67
delta_h 0 keal Akerminite AmF4 () Azurite
Ca2Mgsi207 + H20 + 6H+ = 2H4S104 + 2Cas2 + AmF4 = Amed v 4F-
ne2 + 3 ine = ZnI ine3+2 Mge2 log k  -25.2962 og.
log k 7.14 log_k 47.472 deltah -8.83% kecal deltah -23.77  kcal
delcta_h O keal delta_h -76.445 kcal
Analbita Ba3 (As04) 2
Zn+2 + 4Butancate- = ZnButanoated-2 a1203 NaA1Si308 + 4He + 4H20 = Nae + Ale3 + Ba3 (AS04)2 + 6Hs = 3Ba+2 + 2H3AS04
log e  2.05 A1203 + GHe = 2Al+3 + 3H20 3H¢siod log_k -8.91
delta_h 0 keal log_k 22.98 log k 3.506 delta_h 2.64 keal
deltah 0 keal deltah -20.0  keal
Zne2 + 4T lamine = Zn +2 BaCro4
log_k  9.44 AlAsSO4:2H20 Analcime BAC:Od = Cro4-2 + Bas2
delta h 0 keal AJASO4:2H20 + 3H+ = Al+3 + H3ASO4 + 2H20 NaAlS1206:H20 + H20 + dH+ = Na+ + Als3 + -9.668
log_k 4.8 2848104 dll:l_,b 6.39 kecal
Zn+2 + Ethyl diamine = iamine+2 delta h o keal og_k 6.719
log_k 5.65 deltah -22.84  kecal BaF2
delta h 0 keal Albite(low) B-?z = Ba+2 + 2F-
]ah151308 + 4H+ ¢ 4H20 = Na+ & Al+43 + Anglesite og_k -5.76
Zne2 + = 2 3H45404 PLSO4 = Pbe2 + SO4-2 dalu_h 1.0 keal
log_k 1.36 1 2.592 log k -7.79
delta h 0 keal delta_h -17.4 keal deltah  2.15  keal Barite
Baso4 = Bas2 + S04-2
Zn+2 + Np; lami = i 2 M(DH]3[I) Anhydrite log k ~9.976
log_k z.u AL(OH)3 + :mo - A1o3 + 3H20 CASOA = Cae2 + S04-2 deltah  6.28  keal
delta_h keal log_k -4.637
delta h -27 045 keal GAICA h -3.769 keal BasSe03
Zn+2 + dNp) ine = ined+2 BaSe03 + He = HSe03- + Ba+2
log_k 9.4 ALOHSO4 Anilite log_k 4.1634
deltah 0 kcal ALOHSO4 + He = Al+3 + SO4-2 + H20 suo isml .58 Ll . 0.25Cu+2 + 1.5Cu+ + HS- deltah -6.28  keal
log_k -3.23 -31.
Zn+2 + Isopropylamine = Znlsopropylaminels+2 delta h o keal delta_h 43. 5!5 kcal 4
og_k 2. Bageod = 5604-2 + Barz
delta h 0 keal Al4(0H) 10804 Annite log_k 5.1895
AL4(OH)10S04 + 10H+ = dAl+3 + 504-2 + 10H20 KFe3AlS13010(0H)2 + 10H+ = K+ + 3Pe¢2 + Alel deltah 2.0 keal
Zn+2 + 2Ethylenediamine = ZnEthylensdiamine2+2 log. 22.7 + IH4Si04
log_k 10.62 deltah 0 kcal logk 23.29 Bal04 ()
delte_h 0 keal deltah -65.72  kcal BaUO4 + dHe = Ba+2 « U0+2 + 2H3O
Alsb log_k 17.6220
Zn+2 + 2Phthalate-2 = ZnPhthalate2-2 AlSb + 3H20 = SH{OH}3 + 6o~ + Al+3 + 3H+ Anorthite deltah -31.264 kcal
log_k 4.2 log. 6241 CaAl251208 + 8H+ = Ca+2 + 2Ale3 + 2H4S104
delta_h 0 keal deltah 0 keal X 25.43 Bassetite
deltan -70.56  keal
PHASES AlumkK -42.462
Acanthite KAL(S04)2:12H20 = K+ + Ale3 + 2504-2 + 12H20 Antlerite deltah -20.43  keal
Ag2S + He = 2hg+ + HS- log_k -5.17 Cu3 (ouusod + 4He = 3Cus2 + 4H20 « SO4-2
log_k -36,05 delta_h 7.32 keal log. 29 Bianchite
deltah 53.3 keal duu_h u keal ZnS04:6H20 = Tn+2 + S04-2 + 6H20
Alunite log k 1.765
Ag_Vanadate KAL3(SO4)2(OH}6 + 6H+ = K¢ + 3Al+3 + 2504-2 FCO3Apatite deltah  -0.16 keal
AgVO3 ¢ 2He = Ags + VO2+ + H20 + 6H20 Cad.316Na0. 36Kg0. 144 (70414 s(cc:u 2r2. 49 =
log_k . log_k -1.346 9.316Cas2 + 0.36Na+ + 0.144Mg+2 + 4.6PO4- Birnassite
deltah 0 keal delta_h  3.918  keal 1.2003-2 + 2.48F- MO2 + 4H+ + @- = Mne3 + 2H20
log k  -114.4 log_k 18,091
Ag2c03 u(ma:nl) daltah 35.3%  keal deltah 0 keal
Ag2CO3 = 2Age + CO3-2 = Ame3d 3._
log_k  -11.07 luy_k 10408 Aragonite Bixbyite
deltah  9.53  keal delta_h -147. 395 keal c;co;_x( = cas2 oscns-z |1mzn: + 6H+ = 2Mn+d + 3H20
. 3 0 -0.612
Ag2cTOd Am(OH) 3 (am) d-u. h 220615 keal dnu_h ~15.245  keal
AQ2Crod = Crod-2 + 2Ag+ Am(OH)3 + 3H+ = Ame3 + 3H20 ical -171.8773  -0.077993
log_k  -11.5548 log_k 17.0009 2503.293 71 595 0.0 Blaubleil
delta.h 14.04  keal deltah © keal Cu0.5Cu0.25 + He
Arsenclite log_k  -24.162
Ag2HVO4 Am{OH} 3 (€) As406 + 6H20 = 4H3ASO03 deltah O keal
quHVOd + :ko : 2Ag+ + VO2+ + 2H20 RAn(OH)3 + :sso = Am+3 + 3H20 log. -2.801
log_k 5.2008 delta h  14.33 kcal Blaubleill
dall’.\,h 0 keal delta_h -48 325  kcal Cu0.6Cu0.85 + He
Artinite log_k -27.2719
Ag20 Am203 (€} MgCO3 :Mg (OH)2:3H20 + 2H+ = 2Mge2 + CO3-2 + deltah 0 keal
Ag20 + 2H+ = 2Ag+ + H20 Am203 + 6He = 2Ams3 + 3H20 5H20
log k 12.58 log_k 51.7715 log_k 9.6 Boehmite
delta_h -10.43 kcal delta h -95.719  kcal delta_h -28.742  kecal Qlool; + JHe = Al+3 + 2H20
og_) 8.578
Ag2Se AmBri (c) As205 dalta_h -28.13  kecal
Ayzs. . He = + 2ag+ AmBr3 = Ame3 + 3Br- Auos + 3H20 = zmum
og_K ~43.6449 log.k 21.6755 6. K-Boltwoodite
dsltq_h 64.95 keal delta h -40.853  keal d-lt«_h -5. 405 keal KH3
K+
Ag25e03 AmOBx {c) AsI3 log k 15.0050
Ag28e03 + H+ = HSe03- + 2Ag+ AMOBr + 2B+ = Ame3 + H20 + Br- un + 3H20 = uusoz + 31- + 3Hs deltah O keal
0.k -7.07 log k 13.7211 4.
delta_h 9.47 keal delta_h -31.295 keal d-ll:AJi 1. l7§ kecal Brochantite
Ag25e04 AmC13(c) A:-euw:-
Aﬂsuu = seot 2 + 28g+ ARC13 = Am+3 + 3C1- Cuz (OH) 3C1 b 3}{0 = 2Cu¢2 + 3H20 + C1- keal .
og_k -8.9 log_k 14.3138 log_k
mn.h 10. lS keal deltah -33.494 keal delta b -u i keal Bromyrite
AgBr = Ag+ + Br-
Ag2sod AmOC1 (c) Ca-Autunite log k -13.27
&2, ur

Ag2504 = 2Ag+ + S04-2

AmOCLl + 2H+ = Am+3 + H20 + Cl-

127

c-(ucz]z(pm)gz; Ca+2 + 200242 + 2P04-3

Nﬂ(\;ﬁﬂ)z(??ﬂl = 2Na+ + 200242 + 2P0D4-3

Cu3 (OH)2(CO3)2 + 2H+ = 3Cu+2 + ZH20 + 2C03-2
X -16.92

-(U-;z)Z(PO“Z = Fe+2 + 2U02+42 + 2P04-3

QU02S104 + 3H+ = U02+2 + H20 + H4S404 +

Cud (OH) 6504 + €H+ = 4Cu+2 + 6H20 + 504-2
log_k 15.34
o

= 0.9Cu+2 + 0.2Cu+ + HS-

= 0,6Cu+2 + 0.8Cu+ + HS-

delta_h  20.17 keal

Brucite
Mg(OH)2 + 2H+ = Mge2 + 2H20
log_x 16.792
delta_h -25.84 kcal
Bunsenite
NiO + 2H+ = Ni+2 + H20
log_k 12.45
delta_h -23.32 keal
Ca2v207
cwaz S+ am = cu»z + Voz+ + 1,5H20
dnltn_h —19 06 keal
Ca3(As04) 2: 6820
Ca3(AS04)2:6H20 + 6H+ = 3Cas2 + 2H3As04 +
6H20
log_k 22.3
delta_h L] kecal
Cca3(vo4)2
:.1 sVo4 + 4)-1‘ = 1.5Ca+2 + VO2+ + 2H20
19
d.lta_h -3s. 07 keal
Ca3sb2
N Cadsh2 + 6H20 = 3Ca+2 + 2Sb(OH)3 + 6H+ +
2e-
log_k 142.574
delta_h -175.13  keal
ca3sios
Ca3sSio5 + 64+ = H4Si04 + 3Ca+2 + H2O
log_k 73.867
delta_h -106.335 kcal
cacrod
CaCrO4 = Ca+2 + Crod-2
lag_k -2.2657
deltah -6.44  kcal
Calcite
cncu:i - cuz + CO3-2
1o -8. 75
d-lu_h ~2.5
-lnlly:i:nl_-xprcldun 13.543 ~0.0401
-3000.0
Carnotite
K(U02) (VO4) + 4H+ = K+ « UD2+2 + VOZ+ + 2120
log_k 0.5158
delta_h -8.806  keal
Cassiterite
SnO2 + 4He+ + 2e- = Sne2 + 2H20
_k -3.1111
deltah  0.066 keal
cavod (<}
CalC4 + 4He = Ca+2 + UO2+2 + 2H20
log_k 16.0465
delta h -31.464 kcal
Celestite
5rS04 = Sre2 + S04-2
log_k -6.465
delta h  -0.47 kcal
Calomel
Hg2C12 = Hg2+2 + 2C1~
logk -17.8427
dalta_h  23.444  keal
CaSe03:2H20
CaSe03:2H20 + H+ = HSeQ3- + Cas2 + 2H20
log k 2.8139
deltah -4.65  kcal
CaSe04:2H20
Cage04:2H20 = Sa04-2 + Ca+2 + 2HIO
log_k -2.9473
deltah  0.88  keal
cd(Bo2)2
d(zo:)z + 2H20 + 2H+ = Cde2 « 2HIBOI
9.84
d-uu ° keal
Cd (Gamna)
Cd = Cd+2 + 2e-
log_k 13.59
delta_h -18.14 keal
CA(OH) 2 (A}
CA(OH)2 + 2H+ = Cd¢2 + 2H20
log. 13.73
delta b -20.77  keal
cd(oH) 2(C)

CA(CH}2 ¢ 2H+ = Cd+2 + 2H20
log_k 13.65
delta_h o keal

Cd3 (OH) 2 ISDI)Z

1 :kH)Z(SOl)Z + 2H+ = 3Cd+2 + 2H20 + 2504-2
delta_h o keal

©d3 (oH) 4304

cas lOH)ISOI + 4H+ = 3Cd+2 + 4H20 + S04-2
log k S6
deltah keal

cd3 (Pod) 2

Cd!(PO‘)Z = 306'2 + 2P04-3
og_k -32



S

deltah 0 Xeal 28406 + 6H20 = 4H3AsOI deltah 0 keal ©82U4012 + 8H¢ = 2Cs+ + 4U02+2 + 4H20 + 2e-
ag. -3.065 log_k 15.6018
©d4 (OH) £S04 delta_h 13.29 kcal Co28i04(c) delta_h -38.614 keal
Cd4 (OH) 6504 + 6H+ = 4Cd+2 + EH20 + S04-2 Co28104 + 4H+ = 2Co+2 + H4S104
log_k 8.4 C].lusthnlitt log Xk 6.5609 Cu(OH) 2
deltah 0 keal bSa + He = HSe- + Pbe2 deltah © keal CuloMI2 + 20+ = Cus2 + 2020
1og_x -21.2162 log_k 64
CdBr2:4H20 delta_h 28.0 keal Cof3(c) delta_h .15 25 kcal
dBrl 4H20 = Cd~2 + 2Br- + 4H20 CoF3 = Coed + 3P~
-2. Clinoenstatite log Xk ~4.5644 Cu(sko3)2
a-xtun B keal MpSi03 + HZO 3,2He = W2 v H4si04 deltah -24.65  keal Cu(Sk03)2 + 6He + de- = 2Sb(OH)3 + Cus2
log k log_k 45,2105
cdc12 delta_n -zn 015 keal Cacclnieo dQeltah 0 keal
€dcl2 = Cd'Z 0 ZCl- XZ + 2H20 = HU(OK)Z + 2I- + 2R+
log_k -0 ClPyromorphite -34.6! Cu2 (OH) 3NO3
delta_h -4, ‘7 keal ZbS(PCM)SCI -‘gl’btz + 3P04-3 + Cl- dcltl_h 49. 732 kcal Cu2 (OH) 3NO3 + 3H+ = 2Cu+2 + 3H20 + NO3-
og. -84. 1 9.24
©dc12:420 deltah 0 keal Coffinite a:i’:i_,. -17.35  keal
CdC12:H20 = Cd+2 + 2C1- + H20 Usiod + llh - U*( + H4siod
lag k -1.71 Co{metal) log_k 7.928 Cu2sb
deltah -1.82  keal Co = Cos2 + aeltah -12.29  keal Cu2Sb + 3H20 = Sb(OH)3 + 6o- + 3H+ + Cus +
og. ! 5215 Cu+2
€dc12:2.5H20 delta_h -13.9 keal Cotunnite log_k -34.8827
CAC12:2.5H20 = Cd+2 + 2C1- + 2.5H20 PbCl2 = Pbe2 + 2C1- delta h 55.745 keal
Tog_k -1.94 cos{(e) log_k -4.77
dalta_h 1.7 keal CoS + H+ = Co+2 + HS- delta_h 5.6 kcal culsa(n_\phn)
log_k ~7.3740 . + He = HSe- + 2Cus
cdrz delta_h .432  kcal Covellits 1 -36.0922
CdP2 = Cd+2 + 2F- CuS + H+ = Cu+2 + HS- d.l:a_h 51.21 keal
og_K -2.98 Co(OR) 2 (c) log_k -23,038
delta h -9.72 kcal Co(OH)2 + 2H+ = Co+2 + 2H20 delta_h 24.01 keal Cu2s04
log_k 12.3000 Cu2504 = 2Cu+ + S04-2
car2 deltah 0 keal CrMetal log, 1.95
€dI2 = Cd+2 + 2I- Cr = Cr+2 + e delta_h -4.56 kcal
log_k -3.61 CoFe204 (c) og_k 32,244
delta h 4.08 keal CoFe204 + BH+ = Co+2 + 2Fe+3 + 4H20 delta_h -34.3 keal Cu3 (As04)2:6H20
log k 0. Cu3 (As04)2:6H20 + 6H+ = 3Cu+2 + 2H3A804 +
CdMetal delta_h -38.404  kcal Cr(0H)2 6H20
Cd = Cd+2 + 2e- Cr(OH}2 + 2H+ = Cr+2 + 2H20 log_ k 6.1
Tog_k 13.49 co0(c) log_k 10.8189 delta_h 0 keal
delta_h -18.0 keal Col + 2H+ = Cotz + H20 deltah -8.51 keal
log_k 13 cul (Pod) 2
CdoHC1 Qelta h 25! 3‘7 kcal Cr (OH) 3 (A) Cul (PO4)2 = 3Cu+2 + 2P04-3
CAOHC1 + H+ = Cd+2 + H20 + Cl- Cr(OH)3 + H+ = Cr(OK)}2+ + H20 log_k -36.85
log. k 3.52 ceci2(c) log_k -0.75 deltah 0 keal
delta_h -7.407 kcal CaCl2 = Co+2 + 2Cl1- delta_b o kcal
log. k 8.2641 Cu3 (P04} 2:3H20
cdsb delta_h -19.032 keal C!(OH)i(C) Cu3 (PO4) 2:3H20 = 3Cu+2 + 2P04-3 + 3H20
CdSb + 3H20 = Sh{OH)3 + Se- + 3H+ + Cde2 Cr{OH)3 + H+ = Cr(oH)2+ + H20 log_k -35.12
log X -0.3943 CeCl2:2H20(c) log_k 1.7005 delta_h 0 kecal
delta_h 5.345 kcal CoCl2:2H20 = Co+2 + 2C1- ¢ 2H20 delta_h -7.115  keal
log_k 4.6661 Culsb
Cdse delta_h -3.757 kcal cr2o3 Cu3Sb + 3JH20 = Sb(OH)3 + 6a- + 3H+ + 3Cu+
cdse + H+ = HSe- + Cd+2 Cr203 + ZH+ + H20 = 2Cr (OH)2+ log_k  -42.5937
log_k -18.0739 CoCl2:6H20(c) log_k -3.3937 delta h  73.645 kcal
delta_h 18.16 kcal CoCl2:6H20 = Co+2 + 2Cl- + 6H20 delta_h -12.125 kecal
og_k 2.6033 Culse2
©dsiol3 delta h 1.981 kcal CrBr3 CulSe2 « 2H+ = 2HSe- + 2Cu+r + Cus2
cdsmz + H20 + 2H+ = Ca+2 + H4S104 CrBr3 + 2H20 = Cr(OH)2+ + 3Br- +« 2H+ log_k -63.4511
. CoP2 (c) log_k 19.9086 delta_h 81.34 keal
daltu -16.63 kcal CoF2 = Co+2 ¢ 2F- delta_h =-33.777 keal
log_k -5.1343 CuBr
casod delta_h -8.772 kcal crcl2 CuBr = Cu+ + Br-
CdS04 = Cd+2 + S04-2 CrCl2 = Cr+2 + ZCL— log_k -8.21
log k -0.1 CoCO3 (c) log_k 15.8 delta_h 13.08 kecal
deltan -14.7¢ keal CoCO3 = Co+2 + CO3-2 delta_h -19. 666 kcal
log Xk -10.5619 Cuco3
caso4:H20 deltah 0 crcl13 Cuco3 = Cus+z + CO3-2
CASO4:H20 = 6642 + S04-2 + H20 CxCl3 + 2H20 = r:x'(OH)Z‘ + 3Cl- + 2H+ log k -9.63
log_k Ce(NOB)Z(c) log_k 13,506 delta_h 0 keal
delta h -7. 52 kcal Co NOJ]Z - C002 * 2N03- delta_h -27. 509 kcal
og_k cucros
£ds04:2.67H20 delta_h 0 kcal CrF3 CuCrod4 = Crod-2 + Cue2
dSO‘ 2.67H20 = Cd+2 + S04-2 + 2.67H20 CrF3 + 2H20 = CZ(OH]‘A“ 4 3P~ + 2H+ log_k ~5.4754
. Cas04 (<) log_k -13.259 delta b o keal
d.lt\_h -4.3 kcal CoSO4 = Co+2 + S04-2 delt: kcal
logk 2.8996
Cerargyrite deltah -19.074  keal crI3 CuF = Cu+ + F-
MCI - }\q’ 0 Cl' CrI3 + 2H20 = Cr(DH)Z' + 3I- + 2H+ log_k 7.08
CoS04: (Co (OH)2)3 (e log_ k 20.4767 deltah -12.37 keal
dll:a_h 15 652 kecal CoS04: (CO(OH)Z)3 + 6H+ = 4Co+2 + S04-2 + delta_h -32.127 keal
§H20 CuF2:12H20
Cerrusite log k 33.2193 cro3 CuPZ 2H20 = Cu+2 + 2F- + 2H20
PPCO3 = Pb+2 + CO3-2 delta_h -90.686 kcal Cro3 + H20 = Cr04-2 + 2H+ -4.55
log_k -13.13 log_k -3.2105 dll!:\_h -3.65 kcal
delta_h 4.86 keal Cas04:H20(c} deltah -1.245 kcal
CoS04:H20 » Co+2 + S04-2 + H20 CuF2
Chalcanthite log Xk ~1.2111 C:thublll:- CuF2 = Cu+2 + 2F-
CuS04:5H20 = Cue2 + 504-2 + S5H20 delta_h -12.587 kcal 102 + 2H20 = H4Siod log Xk -0.62
log k -2.64 log_k -3.587 delta_h -13.32 keal
delta_h 1.4 keal CoS04: 6H20(c) delta_h 5.5 keal
CoS04:6H20 = Cooz + S04-2 + 6H20 cul
Chalcedony log k. ~2.3 Cryolite Cul = Cu+ + I-
5i02 + ZHZO = Hesiod delta h 0. 255 keal Na3ALF6 = Al+3 + 3Na+ + GF- log_k -11.89
log_k .523 log_k  -31.49 deltah 20.14  keal
delta_h 4.615 kcal Cosge(c) delta_h 10.904 kcal
CoSe + R+ = Co+2 + HSe- CuMetal
Chalcocite log X -16.3723 Cs (metal) Cu = Cu+ +
Cu2S + H+ = 2Cu+ + HS- dsita_h o keal = Cs+ + @ log_k -8.76
log k -34.619 log.k 51.0941 delta h 17.13 keal
deltah 49.35 kecal CoseQ3 (c) delta_h -61.67 keal
CoSe03 + He = ca~z + HSeO1- cubCcusod
Chalcopyrite log_k 0.2 CtzCrOl(c) Cu0:CusS04 + 2H+ = 2Cu+2 + H20 + SO4-2
CuFeS2 + 2H+ = Cu+sl + Pe+2 + 2HS- deltah -8, 955 kcal 82Cx04 = 2Cs+ + Crod-2 log_k 11.53
log k -35.27 og_k -0.5541 deltah -35.575 kcal
delta h 35.48 keal CQ’(PD[)Z(CI delta_h 7.5040 kcal
(PO()Z = Jcniz + 2P04-3 CupricPerrite
Chrysotila og. §559 Cs2Cr207 () CuPa204 + BHe = Cus2 + 2Fasd + 4H20
HqJSLZOS(DH)l + GHe = 3Mg+2 + 2H4SiO4 + H20 d.lt&_,h U kcal CE2Cr207 + H20 = 2Ce+ + 2Cr04-2 + 2H+ log_k .88
Llog_k 32.18: log_k -17.7793 delta h -38.69 kecal
delta_h  -52.485 kcal CoHPO4 (c) delta_h 22.8990 kecal
CoHPO4 = Co+2 + PO4-3 + He Cuprite
Cinnabar log k -19.0441 Ce2U207{c) Cu20 + 2H+ = 2Cu+ + H20
vs + 2H20 = HH(OH)Z + HS~ + He delta_ h o keal Ca2U207 + Sllo = 2Cs+ + 2U02+2 + 3H2C log_k -1.55
log k -45.1885 og.k 9.8692 delta_h 6.245  keal
delta_h 60.43 keal Co3 {As04)2(c) delta_h -ld 215  kecal
Co3(A304)2 + 6H¢ = 1Co+2 + 2H3AR04 CuprousFerrite
Claudetite og..] 13,0302 C=2U4012 (¢} CuFe02 + 4H+ = Cus + Fesd « 2H20
—t2, v

log_k -8.92
deltah -3.8 keal
Cuse
CuSe + H+ = HSe- + Cus2
og_k  -26.5121
delta h 28.35  kcal
CuSez
CuSez + 2H+ + 2e- = 2HSe- + Cus2
log_k ~33.3655
deltah 33.6 kcal
CuSe03 :2H20
CuSe03:2H20 + Hs = HSe03- + Cus2 + 2H20
log_k 0.4838
delta h -8,81 keal
cusod
CuSO4 = Cu+2 + 504-2
log_k 3.01
deltah -18.14  kecal
Diaspore

uuoa + 3H+ = Ale3 + 2H20
gk 6.873

delt._h -24.63 keal

Diopside

CaMgsi206 + 2HZO + dH+ = Cas2 + Mg+2 +
2H45104

log_k 13.886

delta_h -32.28  keal

Dioptase
::usxn: H20 « zHo = Cus2 + K4S104
6.

log.
dall:._h 8136 keal

Djurleite
Cu0.066Cu1.868S + He = 0.066Cu+2 + 1.868Cu+
+ HS-
logk  -33.92
deltah 47.881 kecal
Dolomite
CaMg(C03)2 = Ca+2 + Mg+2 + 2003-2
logk =17
deltah -8.29  keal
Epsomite

MgS04:7H20 = Mg+2 + SO4-2 + 7H20
log k -2.14
delta_h 2.82 kcal

Eu(mecal)
Eu = Eusd + de-

log_k  100.6305

deltah -144.7 keal

Eus(c)

EuS + H+ = Bu+3 + HS- + e-

log_k 20.9137

delta_h -41.642 kcal
B“(DH)!(n)

(Oll)! + 3He = mo! + 3H20
15.3482
delu h -30.33 kcal

!ncl.(cu)z(c)
EuC1(0H)2 + 2!-1' = m»: + 2H20 + Cl-
og_k

delta_h o kcal

Eu203 (cubic)
Bu203 + 6H+ = 2Eu+3 + 3H20

log_k 51,7818
delta_h -97.134 kcal
Eu203 (mnnocllnic)
03 + 6Hs = mua + 3H20

cq_k 53.393
delta h -99. 782 kcal

Bulod ()

Eul04 + 8H+ = 3Eu+d + 4H20 + e-

log_k 93.0438

delta_h -168.694  kcal
Euo(c)

EuO + 2He = Bu+3 + H20 + @

log_k 43.4869

delta h -71.468 keal
EuBr3 (c)

EuBr3 = PFu+l + 3Br-

log_k 29.8934

deltah -51.904 kcal
BuC12 (e}

EuCl2 = Eu+3 + 2Cl- + e-

log_k 11.9242

delta h -27.984 kecal
EuCl3(c)

EuCl3 = Eu+3 + 3C1-

og_k 19.7149

delta_h -40.848  kcal
EuC13:6H20(c)

EuCl3:6H20 = Bu+3 + 3Cl- + 6H20

log k 4.9030

delta h -9.581 kcal
EnOCl (<)

EUOCl + 2H+ = Bus3 + H20 + Cl-
log_k 15.6683



delta_h -35.17% keal

EuF3:0.5H20{c)
EuF3:0.5820 = I\IOJ + 3F- + 0.5H20
10’ k ~1€. 484
lelta_h

Euz{C03)3:3H20 (c)
Eu2{C03)3:3H20 = 2
log k  -36.8571
deltah -2.333 keal

Eu(N03)3:6H20(c)
( 3)3 SHZO = Eu+3 + 3NO3- + 6H20

Eu+3 + 3C03-2 + 3H20

3082
ﬂdtu_h 3 1§33 keal

Eus0é(c)
EuSO4 = Eu+d +« S04-2 + e~
log_k ~2.8380
delta_h -10.506 keal

Eu2(S04)3:8H20(c)
Eu2 (S04)3:8H20 = 2Bu¢3 + 3504-2 + 8H20
log_k  -10.8524
delta_h -0.704 kcal

Fe(OH)2.7C10.3
Fe(OH)2.7C10.3 + 2.7H¢ = Fe+3 + 2.7H20 +

0.3C1-

log_Jk -3.04

delta_h 0 kcal
Fe2 (OK) 45203

E‘IZ (DHlJSIOZ 0 5H0 = HSe03- + 2Fe+3 + 4H20
og_k 1.
:lnlt&_h 0 kcal

FeZ(SeOJ)! 2H20
'e2 {Se03)3:2H20 + 3He = 3HSe03- + 2Fe+d +

2H20
log_k -20.6262
delta_h o keal
Fe2(S04)3
Pez(snn: - zpau + 3504-2
d.lta_h -SS 12 kecal
Fel (OH) 2
Fe3 (OH)8 + SH+ = 2Pe+3 + Fer2 + §H20
e 20.222
delta_h ° kecal
FeAs04 12H20
FeAs04:2H20 + 3H+ = Fe+3 + H3A304 ¢+ 2H20
log. k 0.4
delta_h ° keal
FeCr204
ht::zol . ¢H~ = zc:(on)zo + Fe+2
-0.901
rl!).t&_h -24.86 kcal
Fcrzihyd.rl:
(ou): + 3m - Fad + 3H20
4.8
delt\_h ° keal
Ferrosalite
FeSe2 + 2H+ + 2e- = 2HSe- + Fe+2
log_k ~18.5959
delta_h 11.3 kcal
Fes (ppt)
FeS + He = Fo+2 + HS-
log_k -3.915
delta_h o keal
FeSe
FeSe + H+e = HSe- + Fe+2
log k -7.1466
delta_h 0.5 kecal
Fluarite
CaF2 = Ca+2 + 2F-
log_k -10.96
ta_h 4.71 kcal
-analytical 66.348 0.0 -4298.2
-25.271 .
Forsterite
Mg28i04 + AHO = 2Mg+2 + H4S104
log_k 298
delta_h ~l¢ 51 kcal
Galena
PbS + H+ = Pb+2 + HS-
lag. k -15.132
delta_h 19.4 keal
Gehlenite
Ca2A125107 + 10H+ = 2A1+3 + H4S104 + 2Ca+2 +
3H20
log_k 56.822
delta h -116.125 kcal
Gibbsite(C)
l(DH)! + !H0 : Al+3 + 3H20
log_k
delta_h —22 ’ kcal
Goethite
FeOOH + 3H+ = Fe+3 + 2H20
log_k o.
delta_h -14.48 kcal
Goslarite

ZnS04:7H20 = Zn+2 + S04-2 + TH20

log k -1.96
delta b 3.3 kcal
Greenalite
Fe35i205 (OH)4 + €H+ = 3Pe+2 + 2H4S104 + H20
log_k 20.8:
delta_h Xcal
Greenockite
CdS + H+ = Cd+2 + HS-

log_k -15.93
delta_n 1§.36§  kcal

Greigite
Fe3S4 + 4H+ = 2!‘.&3 + Pe+2 + 4HS-
log_k -45.0:
deltah 0 kcal

Gypsum

CaS04:2H20 = Ca¢2 + SO4-2 + 2H20

log_k -4.848

delta_h 0.261  keal
Haiweeita

Ca(U02)2(91205)3:5H20 + 6H+ + 4H20 = Cas2 +
200242 + 6H4SiO4
1

-6.3291
deltah 0 keal
Halite
NaCl = Nas ¢ Cl-
log_k 1.582
delta_h 0.918  kcal
Halloysi
11251205(0")‘ + GH+ = 2A1+3 + 2H4S104 + H20
.994
daltg_b -39.73 keal
Hausmannite
Mn304 + SHe + 2e- = 3Mne2 + 4H20
log_k 61.54
deltah -80.14  keal
Hematite
P-zo: + Gy = 23+ 3H20
adthn 500845 keal
Hercynite
FeAl204 + mo = Fes2 + 2A143 + 4H10
log_k .162
delta_h -73 36 keal
Hg {OH) 2
H!(OH)Z = Hg(OH)2
-3.4563
Aauu [l keal
Ha2 (OH) 2
gz(ou)z + 2uo = Hg2+2 + 2H20
603
dena_h
Hg2Br2
Hg2Br2 = Hg2+2 + 2Br-
log_k -22.2091
delta h 31.252 keal
Hg2co3
Hg2C03 = Hg2+2 + CO3-2
log_k -13.9586
deltah o
Hg2Crod
Hg2CrO4 = Hg242 + Crod-2
og_| -8.7031
deltah 0 keal
Hg2F2
Hg2P2 = Hg2+2 + 2F-
1og_k -3.0811
deltah -4.432  keal
Hg2HPO4
qunmd = Hg2eZ 4 He v PO4-3
1o 25.9795
da).:u ° keal
Hg2I2
Hﬂll = Hg2+2 + 2!-
log_k -28.2782
delta h o keal
Hg2s
Hg2S + H+ = Hg2+2 + HS-
log_k ~11.6765
deltah 16.67  kcal
Hg25203
Hg25e03 + He = quoz + HSe03-
log k -4.8
delta_h ° keal
Hg2s04
Hg2504 = uqzq 3 $04-2
log_k ~6.1!
deltah . 0. z: keal
HgBr2
HgBr2 + 2H20 = Hg(OH)2 + 2Br- + 2H+
log k  -25.373
delfa_h 34.452 keal
HgCl2

HgCl2 + 2H20 = sq(muz + 2Cl- + 2H+
og Kk -21.785

delta_h  27. 25( keal

S

Hgco3
HgCO3 + 2H20 = Hg{OH)2 + CO3-2 + 2R+
log_k  ~28.6817
deltah 22.13  keal
HgI2:6NH3
HgI2:6NH) + 2H20 + 4H+ = Hg(OH}2 + 2I- +
6NHE+

log_k 33.8566
delta h =-20.568 kecal

HgI2:2NH3
HgI2:2NH3 + 2H20 = Hg(OH)2 + 2I- + 2NH4+
lag_k -16.106€

deltah 320632  keal
HgMetal
Hg = 0.5Hg2:2 + e-
log.k  -13.4
deltah 19, 655 kear
Hgse03
HgSe03 + 2H20 = Hg(OH)2 + HSeO3- + H+
log_k  -12.6953
deltah 0 keal
Hgs04
HgSO4 + 2H20 = Hy(OH)2 + S04-2 + 2ZHe
log k  -9.418%
delfah  3.51  keal
Hinsdal,

ite
Ph\lBPOISOd(OH)S + 6H+ = Pb+2 + 3AL+3 +
PO4-3 + S04-2

log_k —2 s
deltah 0 keal
Huntite
Cl“q3(€03)4 = 3Ha02 + Cas2 + 4C03-2
dulu_)x —25 76 keal
Hxypyromorphi
pbs(po-n:au - H~ = SPb+2 + 3P0§-3 + H20
log_k
delta h o keal
Hydcerrusi
rb(oun ZPchS + 2H+ = 3Pb+2 + 2C03-2 + 2H20
og_k
d-:.n_h o keal
Hydromagnasite
Mg5 (CO3) 4 (OH) 2:4H20 + 2Hs = SHgs2 + 4C03-2 +
6H20
log_k -8.766
delta_h -52.21  keal
Hydroxyapatit
a5 (041 30H + Ho = 5Ca+2 « 3P04-3 + H20
log k -4,
delta_h 0 keal
Todyrite
AgL = Age + I-
log k  -16.07
deltah 26.82  kcal
Jarosite-Na

NaFe3 (S04)2(OH) 6 + 6H+ = Nas + 3Fe+3 +
2504-2 + 6H20

log_k -11.2

delta h -36.18 keal

Jarosite-K
KFe3 (S04)2(0H)6 + 6H+ = K+ + IFe+3 + 2504-2
+ 6H20
log_k -14.8
delta_h -31.28 kcal
Jarosite-H
{H30)Fe3 (S04)2(0H) 6 + 5H+ = 3Fe+3 + 2804-2 +
TH20
log_k  -12.1
delta_h -55.15 kecal
Kacr207
K2Cr207 + H20 = 2CrO4-2 + 2K+ + 2H+
log k -15.6712
delta_h 18.125 kecal
K2Crod
K2Crod = Cro4-2 + 2K+
log_k 0.0073
dalta_h 4.28 keal
KTco4(c)
KTcO4 = K+ + TcOd-
log_k ~2.2667
dalta_h o keal
K2U04(c)

K2UO4 + 4H+ = 2K+ + UO2+2 + 2H20
log_k 35.5176
delta_h -43.814 kcal
K(uo2) (ucn {e)
(UQ?) {As04} 0 3!4# = K¢ + UG2+2 + H3As04
ogk P

dll ta_h 0 keal

Kalsilite
msxoa + u-lo = Hosxod + Al+3 + K¢

12.
dnll:\Jl -28. 919 keal

Kaolinite
A12S1205(0H)4 + 6H+ = 2A1+3 + 2HESI04 + H20

2.
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log_k 5,726
deltah -35.28 keal
Kasolite
Pb(UOl)S’.OIxHZO + 4H+ = Pbe2 + UD2+2 +
H4S104 .
q_k 7.37117
delta_h o keal
CIM_(?‘H)GSDQGHZO + 6He = 4Cu+2 + TH20 + 504-2
delta h -35.61 keal
Larnakite
PRO:PbSO4 + 2H+ = 2Pb+2 + S04-2 + H20
log_k -0.28
deltah -6.44 kcal
Larnite
Ca25404 + 4H+ = H4Si04 + 2Ca+2
log k 39.141
deltah -57.238 keal
Laumentite

CaAl2514012:4H20 + BH+ = Ca+2 + 2Al+¢3 +
4H4si04

log_k 14.46

delta_h -50.45 keal

Laurionits
BLOKCL ¢ He = Phu2 + Cl- + H20
log k
delta_h S keal
Leonhardite

Ca2A14518024:7H20 + H20 + 16H+ = 2Cae2 «
BHS104 + 4AL+3

log_k 16.49

deltah -85.36  keal

Lepidocrocite
FeOOH + 3H+ = Fe+3 + 2H20
L3701
delta_h 0 keal
Leucite

xusizus + 2H20 + 4H+ = 2H4S104 + Al+3 + K+
og_k 6.423
d.ltl_h -22.085 keal

Lizcro4
Li!f;ﬂ‘ = Clﬂ‘ 3 + 2Li+

delta_h ~l° 812 keal

Li2vod (e)
Li2U04 + 4H+ = Zl,io + U02+2 + 2H20
log k 29.015.
delta_h -44. 378 kcal

Line

Cad + 2H+ = Ca+2 + H20

log.k 32.797

delta_h -46.265 kcal
Lithlxﬂ.

+ 2H+ = Pb¢2 + H20

l.ng_k 12.72

delta_h -16.38 kcal
Mackinawite

FeS + He = Fee2 + HS-

log k -4.648

deltah 0 kcal
Magadiita

NasSi7013 (OH)3:3H20 + H+ + 9H20 = Nae¢ +
THeS104

og_k -14.3

d-ltg_h ° kcal
Maghemite

P¢203 + €H+ = 2Fe+3 + 3H20

1oy, 6.386

d.llu_)l ° kcal
Magnesite

MgCO3 = Mg+2 + CO3-2

log_k -8.029

deltah -6.163 keal
Magnetite

Fel04 + 8H0 = 2Fe+3 + Fes2 + 4H20

log k 3.737

delta_h -50.46 kcal
Malachite

C\IZ(ON)ZCOJ * Zih = 2Cu+2 + 2H20 + CO3-2

log_k

delta_h -15 61 kcal
Manganite

MnooH + SHO = Mn+3 + 2H20

log k -0.238

deltah 0 keal
Massicat

boomo-m»z»xzo

log_k 12.9:

deltah -16. 78 keal
Matlockite

PECIF = Ph&Z + Cl- + F-

log_k -9.43

delta h 7.95 keal
Helanothallite

CuCl2 = Cu+2 + 2C1-
3.73

log_k .
delta h -12.32 keal

Melanterite

Merwinite

FeS04:7H20 = Fee2 + S04-2 + 7H20
og_) -2-
delta_h 2.86 kcal

CA3W51205 0 BHO = 2H4S104 + Mge2 + 3Cas2
log_k
delta_h -107 111 kcal

Metacinnabar

HgS + 2H20 = Hg{OH}2 + HS- + H+
log_k -44.8
deltah 59.53 keal

Mg-Nontronite

A1.33513.67010 (CH) 2Mg0.165 + 7.3
0.165Hg+2 + 3. 67H45£0‘

Fa2al
2.68H20 = 0.33A1+43 + 2Fe+d +
log_k -20.589
delta_h o keal
Mg-Ferrite

MgFe204 + lH« = Mq*Z + 2Fe+3 + 4H20
log_k 16.
delta h -66. 639 keal

Mg_Vanadate

Mg2sb3
Mg2Sb3 + 9H20 = 2Mg+2 « 3SH(OH)3 + 9H+ +
13e-
log_k 74.6838
delta_h 0 keal
Mg2v207
MgV03.5 + 3H+ = Mge2 + VOZ+ + 1.5H20
log k 13.18
delta_h -30.5 keal
MgCr204
MgCr204 « 4H¢ 3 zcz(nﬂ)p + Mge2
log_k 12.
delta_h -39. QS kcal
MgCrod
MgCr04 = Crod-2 + Mg+2
1uq_k 5.3801
-21.26 kecal
(NH‘)ZC:O‘
(NH4)2Cr04 = Cr04-2 + 2NH4+
log_k 0.4046
delta_h 2.19 kcal
MgSe03 : §H20
Hqswx §H20 + H+ = HSeO3- + Mge2 + 6H20
gk 4.03124
delhl_h 1.25 keal
MgUo4 (e
MgUO4 + 4H+ = Mg+2 + UQ2+2 + 2H20
log_k 23,0543
delta_h -47.621 keal
Miczocline
mst‘:ms * ll-ﬂﬂ + 4H+ = JH4Si04 + Al+3 + K+
616
delta_h -12 309 keal
Millerite
NiS + H+ = Ni+2 + HS-
log_k -8.,042
delea h 2.5 keal
Minium
Pb304 + BH¢ + 2e- = 3Pb+2 + 4H20
log_k 73.69
delta_h -102.76 kcal
Mirabilite
Na2804:10H20 = znu + 504-2 + 10H20
og_k -1.114
delta h 18.987 keal
Mn2(s04)3
Mn2(S04)3 = 2Mn+3 + 3504-2
log_k -5.711
delta_h -39.06 kecal
Mn2sb

MW 5V03 + 2H+ = 0.5Mge2 + VO2+ ¢ H20
dtll'-A_h -16 33 kcal

Mn2Sb + 3H20 = 2Mn+2 + Sb(OH)3 + Te- ¢ 3H+
€
delta_h o keal

Mn3 (Ae04) 2:8H20

Mnd (A504)2:8H20 + 6H+ = 3Mn+2 + 2H3AS04 +

8H20

log_k 12.5

delta_h o kcal
Mn3(PO4)2

Mn3 (P04)2 = mm: + 2P04-3

log_k -23.8

delta_h 2. 11 kcal
MnCl2:4H20

MnC12:4H20 = Mne2 + 2C1- + dH20

log_ k 2.71

delta h 17.38 kcal
MnHPO4 (C)

MnHPO4 = Mn+2 + PO4-3 + He
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log k  -25.4 logk  -26.9765 wp(mt)z = di + 2H+ + 2P04-3 deltah 0 kcal
delta_h o keal delta_h o og_k ~55.622:
é.xn_h 2. 573 kecal PL403S04
Mnd (Green) Nasb phaoason + GHe+ = 4Pbe2 + SO4-2 + 3H20
MnS + He¢ = Mn+2 + HS- leb + 3}{20 - Nu* + Sb{OH)3 + 3H+ + de- NpQ2CH (am) og_k 22.1
log_k 3.8 log. NpO2CH + He = n;az* + H20 q.n,._;, S35007  keal
deltah -5.79  keal datta_h keal log Xk 4.2364
deltah -9. ui keal PLBr2
Mnsh Nantokite PhBr2 = Pbe2 + 2Br-
HnSb + 3H20 = Mn+d + SH(OK)3 + 6e- + 3He gucl = Cu+ ; %- Np205{c} " log_k -5.18
og_k -2.9099 og_k -6, szo + zm = mpa:v + H20 delt: 8.1 keal
dalcn_h 5.045  kcal delta_h 9.98 keal og_k an
d.ltl\_h 22 576 keal PbBrF
HnSe Natron PLBXF = Pb+2 + Br- + F-
MnSe + He = HSe- + Mn+2 Na2C03:10H20 = 2Na+ + CO3-2 + 10H20 NpO2 (0H) 2 () log_k -9.49
log_k 5.350 1 -1.311 upo: (OH)2 + 2H+ = NpO2+42 + 2H20 geltah 0 keal
delta_h -13.46 keal delta h 15,745 kecal og_k 5.
dulM -13, 1145 keal PhCro4
MnSe03:2H20 Nephelina PbCrO4 = CrOd-2 + Pbe2
MnSe03:2HzO + H+ = HSeO3- + Mn+2 + 2H20 NaAlSiO4 + 4H+ = H4SiO4 + Als3 + Nae Nsutite log_k  -13.6848
log_k .9822 log_k 14.21 MnO2 + 4H+ + e- = Mned + 2H20 deltah 10.23  keal
deltah  2.03  keal delta_h -33.204 kecal log_k 7.504
deltah 0 keal PbF2
MnSe03 Nesquehonite pbpz = Pbe2 + 2F-
MSe03 + Hs = HSe03- + Mn+2 ugco:xzuzo = ugoz + CO3-2 + 3H20 Ca-Olivine -7.44
log_k 1.21 og_k Ca25i04 + 4He = HA5104 + 2Ca+2 d-x:._h -0.7 keal
delta_h o keal d-lu_h -5 7!9 keal log_k 37.642
delta h -54.695 keal PbHPO4
Mns04 NH4VO3 PLHPOA = Pb+2 ¢ PO4-3 + K+
. MnSO4 = Mpe2 + SO4-2 NHAVO3 + zx. bll-llv + VO2+ + H20 Orpiment log_k  -23.9
log_k .66 log_k As253 + 6HIO = 2HIAEO3 + 3HS- + 3H+ deltah O keal
delta h -15.48  kecal delta_h -3 77 keal log k  -60.371
delta_h 82.89  kecal PBI2
ncucqmnt:e Ni(OH)2 pbxz Pbe2 + 2I-
+ 2H+ : ca+z + H2O Ni(OH)2 + zm = Ni+2 + 2H20 otavite -8.07
log_k log_k 10 €dCO3 = Cde2 + €O3-2 d-l.n_u 15.16  keal
-24 76 keal deltah 30, 45 keal log_k  -13.74
delta_h -0.58 kcal PrMetal
Monticellite Ni2s8i04 Pb = PheZ + 2e-
CaMgSios “ 41-1' = H4S104 + Cav2 + Mge2 uustot + m’ = znuz + H4siod Ottemannite log.k 4.27
log_k 2712 og_k Sn2S3 + 3He + 28— = 25n92 + 3HS- deitah 0.4 keal
delta h -|9 la21 kel aoln_h -:3 36 keal log_k  -40.957
deltah 0 keal PB0:0.3H20
Montmorillonice Ni3(As04)2:8H20 PO:0.33H20 + 2H+ = Pbs2 + 1.33H20
Mg0.485Fe,22A11.71513.81010(0H) 2 ‘s 6.76H+ + Ni3(As04)2:0H20 + 6H+ = 3Ni+2 + 2H3As0d + Parsonsite log k. 12.98
3.24H20 « 3.81H4S104 + 0.48SMge2 + 0.22Fe+3 + H20 2002 (PO4) 2:2H20 = 2Pbe2 + V0242 + 2P04-3 + deltah 0 keal
1.71A143 log_k 15.7 2H20
log_k 2.67 delta_h 0 keal log_k ~52.4332 PbSe0d
deltah 0 keal deltan 0 phs-oq - sao(—z : Pbe2
Ni3(P04)2 og_k ~6.838
Montroydite Ni3(PO4)2 = 3Ni+2 + 2PO4-3 Pb(BO2)2 d-lz&_h 3.8 keal
wO + H20 = Hgmmz log_k  -31.3 ph(sozu . 2uzo + 2R+ = Pb+2 + 2HIBO3
og_k -3. delta h keal og_k 7. PbSio3
deltn_h 5. 11.5 keal d.ll:\_h -5, E kcal PbSi03 + H20 ¢ 2He = Pb+2 + HASL04
Nid4 (OH) 6504 log_k 7.32
Morenasite NLA(OH)(SOI + GH+ = ONi+2 + SO4-2 + GH20 Pb(OH) 2(C) deltah -9.26  keal
NiSO4:7H20 = Ni+2 + S04-2 + 7H20 Ph(OH)2 + 2H+ = Pbe2 + 2K20
log_k -2. dll:\_)x [ keal log_k 8.15 Pariclase
deltah  2.94  keal deltah -13.39  kcal MgO ¢ 2H+ = Mgs2 + H20
Nico3 log_k 21.51
Muscovite NiCO3 = Ni+2 : cos 2 Pb2 (OH) 3C1 deltah -36.135 keal
KAL3Si3010(O0H)2 + 10H+ = K+ + 3AL+3 + loq_): -6. Pb2 (OH)3CL + 3He = 2Pb+2 + 3H20 + C1-
3HéS104 eltah  -9. 9A keal log_k . Phlogopite
log_k 12.99 delta_h keal KMg3A1S13020(0H) 2 + 10H+ = K+ + 3Mge2 + Als3
delta_h -59.3¢  kecal Nisb + 3H4S104
Nisb + 3H20 = Sb(OH)3 + Se- + 3H+ + Nis2 Ph20 (OH}2 log.k 66.3
Na2cr207 log .k  -18.5325 Ph20(OR)2 + 4He = 2Pb+2 + 3H20 delta_h -86.36  kcal
Na2Cr207 + H20 = 2Cr04-2 + 2Na+ + 2H+ delta h 22.945 kecal log k 6.2
og_k -9.8953 deltah 0 keal Phosgenite
daiTak  5.305  keal Nise PEC12:PhCO3 = 2Pb+2 + 2C1- « CO3-2
NigSe + He = HSe- + Nie2 Pb203 log k  ~-19.81
Na2crod log_k  -17.7382 Pb203 + GHy + 2e- = 2Pbs2 + 3H20 del [ keal
Na2Cro4 = Crog-2 + 2Nav deltah  © keal log_k
log Xk 3.2618 delta h keal Pl-:m-zu:-
delta_h -4.61 kcal Nise03:2H20 b02 + 4H+ + 20- = Pb¥2 + 2HZO
NiSe03: 2Hzo + H+ = HSeO3- + Ni+2 + 2H20 Pb20C03 1. og_k 43
Na3sb log_k 2.8147 Pb20CO3 + 2H+ = 2Fb+2 + H20 + £O3-2 deltah -70.73 keal
Na3Sh + 3H20 = 3Na+ + Sb(OH)3 + 3H+ + Ge- delta_h -7.41 kcal log_k =0.
log_k 94.4084 deltah -11.46  keal 3t te
delta_h -103.245 keal Ningoyits PbAL3 (POG) 2 (OH)5:H20 + 5He = Pbe2 + 3A1+3 +
CaUPZ0B:2H20 = Cat + Usk + 2804-3 + 2HZ0 Pb28i0¢ 2P04-3 + §H20
Na3vod log_k  -54.4314 Pb2SL04 + 4+ « zn»: + H4S104 log k  -32.79
Na3Vo4 + &H+ = 3Nas + VO2+ + 2H20 deltah -1.693 keal log_k 19.74 deltah 0 keal
log_k deltah -26. o keal
deltah -44. 42 keal Ca-Nontzronite Portlandite
Fe2A1.33513.67010 {OH)2Ca0.165 + 7.32H+ + Pb2v207 n(on)z + 2H+ = Cas2 + 2H20
Na4v207 2.65H20 = 0.33A1+3 + 2Fe+d + 0.165Cas2 + 3.67H4S104 PLV03.5 + 3H+ = Phe2 + VO2+ + 1.5H20 7
Na2V03.5 + 3H+ = ZNae + VO2+ + 1.5H20 log_k  -20.88% log_k -0.95 aa].cg_h -30.69  keal
log_k 18.7 deltah 0 keal deltah -2.22  keal
delta_h -24.03  keal Przhavalskite
K-Nnn::enit Pb3 {As04) 2 Pb(UD2)2(PO4)2 = Pbe2 + 2U02+2 + 2P04-3
NaTc04 (c) Fe2A1.33513. E'IOlo(OH)ZKo 33 + 7.320+ ¢ m (As04)2 : sno = 3Pbe2 + 2HIASOA log k  -44.682
NaTcO4 = Na+ + TcOd- 2. sonzo - o 33A1+3 + 2Fe+d + 0.33Ke + 3.67H4Si04 deltah -9.977 keal
log_k 1.5208 -15.549 duu_h o keal
deltah 0 keal d-u:u 0 kcal Fu(metal)
Pb3 (PO4)2 Pu = Pusd + de-
Navo3(c) Na-Nontronite Pb3(P04)2 = 3Pb+2 + 2PO4-3 log_k 64.3573
NaUO3 + zu« = Na+ + UD2¢2 + H20 + e- Fe2Al.33513.67010 (OH) 2Na0.33 + 7.32H+ log_k  -44.5 dalta_h -128.081  kecal
log_k 6.8688 2.68H20 = 0.33A1+3 + 2Pa+d + 0.33Na+ + 3.67H45104 deltah 0 keal
dal kecal og_k ~14.504 Pu(0H) 3(c}
dalta_h 0 kecal Pb3 (VD4)2 (Oll)! + 3!“- = Pusd + 3H20
Na2vU04 (alpha) Pbl. SVBI + lHo = 1.5Pb+2 + VO2+ + 2H20 log. 4499
Na2U0d + 4H+ = 2Na+ + UO2+2 + 2H20 Np (metal) d-l:q_h ~55 35 keal
ag_} 30.0224 Np = Np+d + de- dolu_h -5 68 kcal
delta_h -41.39  keal log_k 88.0894 Pu203 (bata)
delta_h -132.887 keal Pb302C03 u2 03 + 6He = 2Pu+d + 3H20
Na3u04 (c) Pb302C03 + 4H+ = 3Pbe2 + CO3-2 + 2H20 og_k 48,1332
Na3Uo4 + 4Hs = 3INa+ + UO2+ + 2H20 Np(OH) 4(2) lag_k 11.02 ielta_h -86.112  keal
log_k 56,2575 up(ou)c . nh = Np+é + 4H20 deltah -26.43  keal
delta_h =-70.063 kcal og_k PuF3 (c)
- dpln_h -u 1762 Xxeal Po302504 PuF3 = Pued + 3!‘»
Na2u207 (¢) Pb302504 + Alk = 3Pb+2 + S04-2 + 2H20 log x  -10.1872
Na2U207 + 6H+ = 2Na+ + 2U02+2 + 3H20 Npoz (c) log_k 10. delta_h -11.068 kcal
log_k 22.5908 M“ + aHe = npm + 2H20 delta_h -20. 75 keal
delta_h -41.027 keal -7.8 Pu(OH) ¢ (c)
d-leq_h -12. a:\: kcal Pb4 (OH) 6508 Pu(OH)4 + dHs = Pusd o 4H20
Nadu0z {C03) 3 () Pb4 (OH}6S04 + 6He = 4Pbe2 + 504-2 + 6H20 log_k 0.7578
NadU02(C03)3 = 4Na+ + UO242 + 3CO3-2 Np(HPO4) 2 (c) log_k 21.1 delta h -16.41  kcal
-
- "

Puo2 (¢}
Pu02 + 4He = Pusd + 2H20
log Xk -7.3646
deltah -12.401 kcal
PuFd {c)
PUF4 = Pued + 4F-
log k  ~13.2091
deltah -23.925 kcal
Pu(HPO4)2(c)
Pu(HPO4)2 = Pu+d « 2H+ + 2P04-3
log_k  -52.3461
deltah -0.967 kcal
Pu020H (am)
puozou . H. = Puoz. + H20
gk
dath_h -lﬂ 101 keal
Pu02 (OH) 2 ()
Pu02(0R}2 + 2H+ = Pu02+2 + 2H20
logk 3.549
delta_h -8.541 kecal
Pu02 {HPOI) (e)
2 (HPO4)} = NOZ‘Z + H+ + PO4-3
ag _x -24.9292
deltah  1.097 keal
Pyrite
Fes2 + 2Hs : 2e- = Pe+2 + 2HS-
log_k 479
deltah 11 3 keal
Pyrocroite
Mn(OH)2 ¢ 2H+ = Mn+2 + 2H20
log_k 15.088
delta h -22.59  keal
Pyrolusite
MnO2 + 4H+ + e- = Mned + 2H20
log_k 15.861
deltah -29.18  keal
Pyrophyllit

-
A12514010(OH)2 + 4H20 + 6H+ = 2Ale3 +
4H4siod
log_k ~1.598

delta_h o keal
Quartz
9102 + 3H20 = H4Si04
gk ~-4.006
dlltA_h 6.22 keal
Ra(metal)
R = Ruiz + 2e-
98.362
a.u\_h -126.1 keal
Ra(NO3)2(e)
Ra(NO3)2 = Ras2 + 2NO3-
og. k -2.2419
delta_h 12.062 kcal
Ra(C1}2:2H20(c)
Ra(Cl)2:2H20 = Ra+2 + 2Cl- + 2H20
log k -0.7647
delta_h  7.304 keal
Raso4(c)
RasO4 = Ras2 + S04-2
log_k -10.4455
delta_h  9.632 kcal
Rb2Crod
Rb2Cro4 = CNA-Z + 2Rb+
log_k ~0.096.
delta_h 5. 352 kcal
Realgar
AsS + 3HIO = HIASO3 + HS- + ZHs + a-
log_k 9.747
delta_h JD 545 keal
Retgersite
NiSO4:6H20 = Nie2 » S04-2 + 6H20
log_k -2.04
delta_h 1.1 keal
Rhodachrosite
MACO3 = Mn+2 + CO3-2
log_k ~10.41
delta_ h -2.079 kcal
Romarchite
Sn0 + 2He = sn»z + H20
log_k 1.3
delta h -2, 077 kcal
Ru (metal)
Ru + 4H20 = RuO4-2 + BH+ + Ge-
log_k  -112.5184
deltah 164.026 kecal

Ru{OH) 3:H20 (c}
R ( H)B mo . JHv = Ru+3 + 4H20
°.

aoxn.h kcal
Ru02 :2H20 (a)
RuO2:2H20 ¢ 2Me » Ri(OH)3e2 ¢ 2020
log k 3045
deltah keal
Ru02 (c)

Ru02 + 2H20 = RuO4-2 + 4H+ + Ze-



log_k -73.7397
delta_h 100.824  kcal

RuBx3 (c)
mr} - AHZO = RllOO—Z + 3Br- + BH+ + 3e~
98

og_k
del.tA,_h 112 238 kcal

RuCl3(c)
RuC13 + 4H20 = RuO4-2 « 3Cl- + 8H+ + 3e-
log_k -71.3071
delta_h 97.109 kcal

RuI3(c)

3\[13 * AHZO = Rlxﬂl-z + 3I- + 8H+ + 3o~

dclcldh 137 190 kcal

Rucherfordine
CO3 = UO2+2 + CO3-2
1eg_x -14.4000
deltah -1.1 keal

Saleeite
ug(uuziz(f-ouz = Mg+2 + 3U02+2 + 2P04-3

099
dal:&_h -19 1469 keal

Sanidina(H)
msuui ’ 41-!20 + 4He = IH4SI04 + Al+d + K+

deltu_h 13 252 kcal

sh
Sb + 3H20 = sh(mnz + 3H+ + 3e-
log_k ~11.7
delta h 20. 045 kcal
Sb(0H) 3(s)
Sb(OH)3 = Sb{QH)3
log k -7.1099
delta_h 7.2 keal
Sb203
Sb203 + :uzo = 255(0")3
log. .
d.ltA_h 4 5‘5 keal
Sb203
Sb203 + 3H20 = ZSbKOH)J
log_k -12.
delta_h 7.325 kecal
Sb204
ShZOI + 2H20 052)7(» + 2e~ = 28b(OH)3
4
d-l:g_h -15 27 keal
Sb205
Sb205 + 7H20 = 25b(0H)S~ + 2He
log k -12.482
delta_h 0 kcal
Sb25e3
Sh2Se3 + 6H20 = ZSb(OH)l + 3HSe~ + JH+
log. k -67.7571
delta_h 81.3% kcal
Sh4o6T
Sb406 + 6H20 = le(OH)I
log_k -17.0
delta_h 8. 99 keal
Sh406IX
Sp406 + EH20 = 4Sb(CH)3
log k  -15.6586
delta_h 14.6 keal
SbBr3
SkBr3d + 3H20 = Sh(DH)3 + 3Br- + 3H+
1.
delta_h -S. 072 kecal
SbC13
sbcu . 3}!20 z Sh(OH)B + 3CL- + 3N+
gk
daltA_)i -! 414 kcal
SbF3
SbF3 + 3H20 = Sb(OH}3 + 3He + 3F-
log k -10.2251
deltah -1.608 kcal
SbI3
SbIS + ZHIO = S'b[DH)! + 3H+ ¢+ 3I-
gk .53
daltl_h 3 24‘ kcal
Sbo2
Sbo2 + 4H20 = Sb{OH}6- + e- + 2H+
log k -27.8241
delta_h o cal
Schoepite

UO3:2H20 + 2H+ = UO2+2 + 3H20
log k 4.8326
d-l(l_h -11.961  kecal

Schoepite-Dehyd(0.393}
3 0. 393“20 ~ 2H¢ = UO2+2 + 1.393H20

og_k
d-llu_h -16.4556 kcal

Schoe'pite-leydlﬂ 648)
:\~u 648H20 + 2H+ = UO2+42 + 1.648H20
9

dtln_‘h ~15.5760 keal

Scheepicu-l!ehyﬁ(ﬂ 850)
3 0 ﬂSOHZO 0 2H0 U02+2 + 1.850H20
daltA_h -1!,‘065 keal

seaa.p;ee-ndvd 00)
o: 900“20 - 2m = U02+2 + 1.900H20

dal!A_h 130 2623 keal

Schoepite-Dehyd(1.00)
UO03:1.00H20 + 2H+ = UD2+2 + 2H20
logk 5.1026
deltah -13.664 keal

sa(a)
Se + H+ + 2e- = Hie-
log_k -7.1099
deltah 2.6 keal
Se(hex)
Se + H+ + 2e- = HSe-
log_k -7.6963
deltah 3.8 keal
se02
Se02 + H20 = HSe03- + H+
log_k 0.1246)
deltah  0.335 kcal
Se03
Se03 + H20 = Se0d-2 + 2H+
log_k 21.044
deltah -34.985 keal
Sepiolite(a)

Mg284307.50H: 3H20 + 0,5H20 + dH+ = 2Mg+2 +
3H49104

log_k 18.78

delta_h 0 keal

Sepiolite(c)
Mp251307.50H:3H20 + 0.5H20 + 4H+ = 2Mg+2 +
3H4siod
og_k 15.913
delta_h -27.268 kcal

Siderite
FeCO3 = Fe+2 + CO3-2
log. k -10.55
delta_h -5.328 kcal

8102 (a}

sioz + 2u20 = nnsxod

og_]

delta_h 4JA keal
5402 (am)

5102 + 2H20 = Hqsuu

lag_k -2.7:

delta h 3.91 kcal
sklodaw-ld:

Mg (H3 0)2(uoz)2lsxcu)z 4H20 + 6H+ = Mge2 +

2002¢2 + SHESLOA +

log. u o:oz

deltah 0 keal
Smithsonite

ZnCO3 = Zns2 + CO3-2

log k  -10.0

delta h -4.36 kcal
Sn(metal)

Sn = Sne2 + 2e

log k. 4.8523

delta.h  -2.1 kecal
SnBr2(c)

SnBr2 = Sn+2 + 2Br-

log_k -1.4352

delta h kcal
snCi2(c)

SnCl2 = Sme2 + 2C1-

log_k 0.3185
delta_ h  -2.866 keal
SB(OIHZ(E)
n(OH)2 + 2!(0 = Sn02 + 2H20
1 gk
delta_h -‘ 70( kcal
Sn3s.
Sn3S4 + 4H+ + 2e- = 35n+2 « 4HS-
log_k -56.6668
delta_h 66.8 keal
Snso4
SnS04 = Sn+2 + S04-2
log_k  -23.9292
delta h 23.0 keal
Snse
SnSe + 4H20 = smz + Se04-2 + BH+ + Se-
log_k -99.2
delta h keal
Snse2
SnSe2 + 8H20 = Sn+2 + 28e04-2 + 16H+ + lda-
log k ~193.8640
delta_h 0 keal
SnBréd(c)

SnBr4 = Sn+d4 + 4Br-
log k 11.1272
deltah -18.732 kcal

\sﬁﬂ

Sn(s04)2

Sn(S04)2 = Sn+d + 2504-2

leg_k 16.0352

Qelta_h -38.173  keal
Soddyite

(U02)25404:2H20 + 4He = 2U02+2 + HA5104 +
2H20

log_k 0.5123

deltah O keal
Sphalerite

ZnS + He = Zn+2 + HS-

logx  -11.618

deltah  8.25  keal
Spinel

nm:oc + e = g2 + K103 ¢ 4H20

36

deltah -89. 3 keal
Srimetal)

St = Sre2 + 2e-

log_k 98,7725

deltah O keal
SrBr2(c)

SKBrz = 5re2 + 2Br-

log_k 13.1128

deltah 0 keal
SrBr2:HI0(e)

SrBr2:H20 = Sr+2 + 2Br- + H20

log_k 9.6057

deltah 0 keal

SxBr2:6H20(c)
9rBr2:6H20 = Sr+2 + 2Br- + §H20

log_k 3.6678
delta_h L keal
Srcl2 (e}
§rCl2 = Sr+2 + 2Cl-
log_k 7.9389
delta h o kcal
S:CJ.ZIHZO{:)
rCl2:H20 = St'z + 2C1- + H20
log_k 4.782.
delta_h ° kcal
Srcl12:2H20(c)
SrC12:2H20 = Sr+2 + 2C1- + 2H20
Tog_k 1.3248
keal
SrC12:6H20(c)
SrCl2:6H20 = Sr+2 + 2C1- + 6H20
log_k 1.5038
delta_h ] kcal
SrCrod (c}
SrCrod = Sre2 + Crod-2
log_k -4.8443
delta_h -2.42  keal
Sr¥F2(c)
S:F2 = SreZ + ZP-
gk -8.540
dllcu 0 keal
Sri2(e)
Srl2 = Sre2 + 2I-
log_k 19.2678
delta h 0 keal
Sr(N03)2(c)
Sr{N03)2 = Sr+2 + 2NO3-
log k 1.1493
delta_h o keal
Sr{N03)2:4H20(
Sr (NOJ)Z CHZO = 52‘03 + 2NC1- + 4K20
log_k 0.6976
delta_h o kcal
Sro(c)
STO + 2H¢ = Sre2 + H20
log_k 41.8916
delta_h 0 keal
Sr(OH)2{c)
Sr(OH)2 + 2He = Sre2 + 2H20
og._k 27.5229
delta_h o kcal
SxHPO4 (c)
SrHPO4 = Sre2 + PO4-3 + He
log_k ~18.5634
deltah ] keal
Srs(e)
SrS + He = Sr+2 + HS-
log_k 14.728¢
delta_h o
Srse0l(c)
SrSe03 + He = Sr+2 + HSeOl~
log_k 0.1034
delta h L] keal
Srsacd (c}
s swu = Ste2 + Se04-2
-4.40
delt\_h 2.69 kcal
Sr2siod(c)

Sr25i04 + 4H+ = 25r+2 + HASiO4

log k  42.926
deltah 0 keal
Se5403 ()
S 5103 + 2!(‘ + H20 = Sr+2 + H4SiO4
4.72%4
daltu D kcal
Sruod{alpha)

SrU04 + 4H+ = Sr+2 + UO2+2 + 2H20
log k 19.1487
o

delta h

Sr2r03 (]
Sr2r03 + 6H+ = Sr+2 + Zred + 3H20
log Xk 131.228
daltah 0 keal

Stibnite

Sb2S3 + 6H20 = 2Sb(OH)3 + 3HS- + 3H+
log_k -60.156

delta h 65.29 kecal
Strengit
Fe?ulxilﬂb = FO‘B + PO4-3 + 2H20
log k =26
delfa_h -2. : Keal
Strontianite
Srco3 = Sr+2 + CO3-2
log_k ~10.6425
delta_h -0.69 kcal
SULFUR
S + He + 2e- = H5-
log_k -2.11
deltah -4.2 kcal
Tale
MgISL4010(CH)2 ¢ 4H20 + 6He = 3Mge2 +
4H45104
logk 23.055
delta_h -35.005 kecal
Tc (metal)
Tc + 4H20 = TcO4- + 7e- + 8H+
log k -56.9510
delta_h 102.068 kcal
TeOH{c}
TcOH = TcO+2 + H+ + 3e-
log_k -23.5047
deltah 0 keal
Te (OH) 2(c)
Tc{OH}2 + 2H+ = Te+3 + 2H20 + e-
og_k -16.2332
deltah o keal
Tec (OH} 3 ()
Tc(OH)3 + 3H+ = Tc+3 + 3H20
log_k -9.2425
delta_h
Te02 :2H20 (am)
Tc02:2H20 + 2H+ = TcO+2 + IH20
1 k. 2319
ddt\_h D kecal
Teo3 ()
TcO3 + H20 = Tc04-2 + 2H+
log_k -23.1454
deltah 0 keal
Te304{c}
Tc304 ¢ 8H+ = 3Tced « 4HO + a-
log k -40.7316
delta_h 0 kcal
Ted07 ()
‘;‘ 407 + 10H0 = 21’:03 + 2TcO+2 + SH20
dllt&_h U keal
Tes2 (<)
TcS2 + H20 = TcO+2 + 2ZHS-
log_k -65.9742
deltah 0 kcal
Tes3 (c)
TeS3 + dH20 = TcCO4-2 + 3HS- + SHe
log k -119.5008
delta_h ° keal
Te2s7(c)
Te257 + GH20 = 2TcOd- + THS- + 9H+
leg_k  -230.2410
delta_h 324.176 kcal
Tenorite
Cuo + 2H+ = Cu+2 + H20
log_k .62
deltah -15.24 kcal
'rh(manl)
+ de-
lbﬂ_k 123.5!48
delta_h -183.80 keal
‘ThBr4 (¢}
ThBr4 = Thed + 4Br-
log_k 34.0806
delta_h -69.367 kecal
Theld(c)
ThC1l4 = Thed + 4Cl-
log k 23.8494

delta_h -60.029 kecal

Th¥4 (c)
ThF4 = The4 + 4P-
log k -29.9943
delta h  -3.045 keal

‘ThF4:3.5H20 ()
ThP4:2,5H20 = Th+4d + 4F- + 2.5H20
logk -31.8564

delta_h 5.402  kecal
‘ThId (c)

ThI4 = Th+d + 4I-

log k 45.200

delta_h -79.545 kcal

Th(NO3) 4 :5H20 (¢)
3 mzu SHIO = Thed ¢ 4NO3- + SHIO
1.7792
duuu -4.335  keal

Th(0H} 4(c)
(n:)t . 41-10 = 'mnl + dH20
654,

dcl:Lh -33 542 keal

ThO2 (c)
ThO2 + 4H+ = The4 + 2H20
log_k 1.8620
delea h -27.317 kcal
'rh(soau(c)
h(S04)2 = Th+4 + 2504-2
.k -20.3003
deltah -11.024 kcal
Ths2 (c)
ThS2 + 2H+ = Thed + 2HS-
log_k 10.7876
delta_h -41.914  keal
Th283 (c)
Tzs) + 3My = 2Thed v 3HS- ¢ Ze-
log_k §2.2
delta h -120. :33 kcal
Th7512 {€)

Th7S12 + 12H+ = TThed + 12HS- + de-
log.k 118.0579
Geltan -344.134  keal

Th25e3 (c)

Th2Se3 + SH20 = 2Thed + 3HSe03- + 15H+ +
20e-

~73.6817

delta_h 102.232 keal
Thenardite

N-zsm = 2Nas + S04-2

-0.179

duu_h ~0.572  keal
Thermonatrite

Na2C03:H20 = 2Na+ + CO3-2 + H20

log_k 9.12

deltah -2.802 kecal
T1IOH) 3

TL(OH}3 = T1{GH)3

log. -6.4503

deltah 0 keal
T12€03

TI2C03 = 2T1+ + CO3-2

log_k -3.8482

deltah  8.02  keal
Ti20004

T12Cr04 = 2T1+ + CrO&-2

log k  -12.0136

delta_h 25.31  keal
T120

T120 + 2H+ = 2T1+ + H20

log_k 27.0984

deltah -23.055 keal
28

T125 + H+ = 2T1+ + HS-

1og_k -7.1832

delta_h 21.56  keal
T12Se

T12Se + He = 2Tl+ + HSe-

log_k -6.6848

delta_h 20.36 kcal
T125004

T123604 = 2T1+ + Se04-2

log_k -4.0168

doltah  9.76  keal
T12504

T12504 = 2TL+ + 504-2

log_k -3.6942

deltah  7.94  keal
TiBr

TlBr = T1+ + Br-

log_k -5.419

delta_h 13.641 kcal
7101

TICY = Tle + Cl-

log_k -3.7243

deltah 10.137 keal
T

TIT = Tl+ + I-



lag_k -7.1964
delta_h 17.281 Kcal
TlMetal
T1 = Tle + o=
log_k 5.6733
deltah  1.28  keal
TINO3
TINO3 = Tl+ + NOi-
log_k -1.5318
deltah 10.02 keal
T10H
TIOH + He = Tl+ + H20
og_k 12.9225
delta h -9.935 kecal
Torbernite
cu(voz)z(FCM)z - cuoz + 2U02+2 + 2P04-3
log.
delta_h -16 252 keal
Tremolite

cnzmsuozz(eu)z + BH20 + 14H+ = 2Ca+2 +
SMg+2 + GHASS

log k  S6.

delta_h -95.615 keal

Tsumebite
Pb2CuPO4 (OH) 3:3H20 + 3He = 2Pbe2 + Cus2 +
P04-3 + 6H20
lag k -9.79
deltah 0 keal
Tyuyamunite
Ca(U02)2(VO4)2 + 8He = Cav2 + 200242 + 2V02+
+ 4H20
log_k 3.5211
delta h -36.251 kcal
Ush2 (c)
ush: + 8H20 = UO2+2 + 2Sb(OH)3 + 10H+ + 12e-
og_k 29.5246
deu._n -24.68  keal
uisbé (c)
U3Sb4 + 12H20 = 3Usd + 4Sb(OH)3 + 12H+ +
24e-
log_k  152.3288
delta_h -235.72  keal
UBF2€C1 (c)
UBr2Cl = U+3 + 2Br- + Cl-
log_k 17.5351
delta_h -35.473  keal
UBr3 (e)
UBE3 = U+3 + 3Br-
log.k 20.0084
delta_h -36.99  keal
vell(e)
UC13 = Us3 » 3CL-
log k 12.2886
delta_h -29.645 keal
UBrCl2 ()
UBZC12 = Ue3 + Br- + 2C1-
og_k 14.2575
\iuchh -31.666 keal
vock (e)
UOCl + 2He = Ued + H20 + Cl-
log_k 10.1424
deltah -25.8 keal
UF3 ()
UF3 = U+3 « 3F-
log k  -19.7853
delta_h  1.74  keal
uI3(c)
I3 = Ued + 3I-
log k 28.774
delta_h -45.37 keal
vo2 (am)
UO2 + dH+ » Ued + 2H20
log_k 0.11
delta_h -26.23 keal
409 ()
U408 + 18He + 20~ = 4U+d + 9SH20
lag. -3.384
delta_h -102.133  kcal
U308 (<)
U308 + 16H+ + de- = 3Usd + BH20
log_k .107
delta_h -116.036 keal
UBr4{c}
UBé = Usd + 4Br-
log_k 31.2956
delta_h -65.71 kcal
uoBr2(c)
YOBEZ + 2Hs = uu + H20 + 2Br-
0g.
deltah -u 9‘7 keal
UBrCl3 {c)
UBZC13 = Usd + Bx- + 3C1-
log.k 23.5:

delta_h . -58. 899 kcal

UBr3ci(c}

UBx3Cl = U+4 + 3Br- + Cl-

log_k 29.1202

delta_h -64,603 kcal
ocld(c)

UCL4 = Usd + 4CL-

log Xk 21,5707

delta_h -57.482 kcal
UBr2cl2(c)

UBr2Cl2 = U+4 + 2Bx- + 2Cl-

log k 26.2181

delta_h -62.206 kcal
uocl2(e)

UoC12 + 2H+ = U+d + H20 + 2C1-

log k 5.8756

delta h -34.433 keal
U202C15(c)

U202C15 = U+4 + UO2+ + S5C1-

log_k 19.26'

delta_h -60.645 kcal
UF4(c)

UF4 = U+4 +

logk ~29. 2065

el -4.3 keal

UF4:2.5H20(c)
UFd:2.5H20 = Usd + 4P- + 2.5H20
log_k  -33.3796
deltah  5.9475 keal

U2F9 (c)
U2F9 + 2H20 = Usé + UO2+ + 9F- + 4He
og k  -45.4354
delfan -11.203 keal

varLT(c)
UAF17 + 2H20 = 3U+d + U2+ + 17F~ + 4H+
log_k  -104.7483
deltah -18.747 keal

UC1P3(c)
UCLF3 = Ued + Cl- + 3F-
log_k  -17.5183
delta h -17.673 keal

UC12F2 (¢)
UC12P2 = U+d + 2Cl- + 2F-
log k ~3.5146
delta_h -31.006 keal

UC13F(c)
UCL3P = Usd + 3Cl- + P-
log_k 10,3138
delta_h -~44.099 kecal

UOF2 (¢}
UOF2 + 2H+ = Us4 + H20 + 2F-
log Xk -18.1481

delta_h -10.227 kcal

UOF2:H20 (<)
UOF2:H20 + 2H+ = Usd + 2H20 + 2F-
log_k -18.7030
deltah -7.454 kcal

UOFOH(c)
UOFOH + 3H+ = U+d + 2H20 + P-
log_k -8.9257

delta_h -17.024 keal

UI4(c)

39.3155
dalu_h -71.68 keal

UII = Usd + 41I-
og_k

uclIs (e}
UCLI3 = U+d + Cl- + 3I-
log k 35.2392
delta_h -68.133 kcal

ucl2r2(e)
UC12I2 = Usd + 2C1- + 2I-
log._k 30.2957
delta h -64.576 keal

uc13rie)
UCI3I = U+d + gcl- + I-

101_ 25.5
elta_h -59.959  kecal
u(co3)2(e)
v(co3)2 = U« : zcc:-z
log_k -13.
delta_h -33. 773 kcal
vstu(ou)z(c}
Hcl'l)! * 2H¢ = Usd + 504~2 + 2H20
dnln_h o keal
U(so4)2(e)
U(504)2 = U+4 + 2904-2
log k -11.5156

deltah -23.97  keal

y(so4)2: deo(
U(S04)2:4H20 = U+4 + 25G4-2 + 4H20
log_k -11.527
d.ll:Lh ~16.688  kcal

U{sod)2: UHZO(G)
4) 2: 8H20 ' 'JOA + 2804-2 + BH20
loq_k -12.5!

S

delta_h -8.246 kcal
U(HPO4)2: 4H20(=)
PO4)2:4H20 = Usd + 2P0a-3 + 2H+ + 4H20
107_ ~-57.5099
Gelta_h 10.882 keal

UBxS(e)
va:s + 2H20 = Uozo + SBr- + 4H+
1.632,

og_k
de!.u_h ~58. 816 keal
UoBr3(c)
UOBr3 + H20 = UO2+ + 3Br- + 2H+
log k 23.5663
delta_h -35.723  kcal

Uc1s (e}
I!ClS + 2H20 = UO2+ + SCl- + 4H+
33,8682

dlltn_h -54.941  kcal

vocl3{c}
UOC13 + H20 = UO2+ + 3Cl- + ZHe+
log k 8.5585
delta_h -18.442 keal
Us012€1 ()
uso12C1 + mo = snoz~ + C1- + 2H20
log k  -18.7
deltah -1. sz‘l keal
UFS(alpha)
UF5 + 2H20 = uozo + 5F- ¢ 4H+
log_k  -12.8503

delta_h -12.986 kcal

UFS5 (beta)
UFS + 2H20 = UQ2+ + 5F- + 4H+
log k -13.1844
deltah -11.096 keal

1POS ()
UPOS + H20 = UO2+ + PO4-3 + 2H¢
log k - -31.8976
delta_h 11.447 keal
Uo:(ﬂll)l(he

(OH)Z + 2](0 = U02+2 + 2H20
9453
d-ltl h —13 51‘ kcal

UOSlllphn)
3 + 2He = uozoz + H20
. 638!

dnlta_h -20. 8)7 kcal

V03 (beta}
UOJ 0 2H+ = 00202 + H20

3103
d-ltl_h >2° 147  kcal

V03 {gamma}
Y03 + 2He = U02+2 + H20
log_k 7.7076
deltah -18.307 keal
Gunmite
U03 + 2He = UO2+2 + H20

log. % 10.403
delta h -23.077 kcal

U02Br2 (¢}
UO2Br2 = UO2+2 + 2Br-
log k .5108
deltah -29.73 keal

UOZBr2:H20(c)
‘JOIE:I H20 = UDZ*Z + 2Br- + H20
12.1

og_k
d.l:\_h -21. 907 keal

UO2Br2:3H20 (c)
UO2Br2:3H20 = UO2+2 + 2Br- + 3H20

og_] .
delta_h -14.601 kcal

UO2BroH:2H20(c)
UO2BrOH:2H20 + H+ = U02+2 + Br- + 3H2O
log_ k 2020
deltah -9.421  keal

uc16 ()

VE’.E + 2H20 = U:Z'Z + 6C1- + 4H+
3.1053
dtlcg_h -85.464  keal

U02€C12 (e)
U02C12 = U0242 + 2C1-
log_k 12.1338
delta_h ~-26.128 kcal

U02C12:H20(c)
UO2C12:H20 = UO2+42 + 2C1- + H20
Xk 8.2822

deltah -13.853 keal

UDZC].Z!JHZO{C)
2C12:3H20 = U022 + 201~ + 3H20
lag_k 5.
deltah -10. = a—

UO2C10R: 2H20(c)
UO2CLOH:2H20 + H+ = UD2+2 + C3- + 3H20
2.3029
-7.834  kcal
(UOZ)ZCH (e)
U02)2C13 = U02+2 + UO2+ + 3C1-

*

e
DN
=J

log_k 12,7264
deltah =-33.633 kecal

UF6(c)
UFS 4+ 2H20 = L'DZ&Z + 6P- + 4R+
17.535
d.ltt,h -62. 60‘ keal
UO2POH (=)
UO2POH + H+ = UO2+2 + P- + H20
log_k -1.8416
delta_h -3.977 kcal
UO2¥OH:H20(c)
UO2FOH:H20 + He = U02+2 + P- + 2H20
log k -2.2829
delta h -7.54 kcal
UO02FOH 12420 ()
UO2FOH:2H20 + H+ = UD2+2 + F- + 3H20
log_k -2.6593
delta_h ~5.233 kcal
v02F2(c)
UG2F2 = UO2+2 & 2F-~
log. -7.2357
delta_h -8.57  keal

UO2F2: JHZO(C)
F2:3H20 = UO2+2 + 2F- + 3H20

luy__k -7.3772
delta_h -2.931 keal
U203F6 (¢}
U203F6 + H20 = 2U02+2 + 6F- + 2H¢
log_k ~2.7332
delta_h -43.763  kecal
U305P8(c)

305F8 + H20 = 300242 + 8F- + 2H+
log_k ~2.6604
delta_h ~62.253 kecal

UOF4 (c)
UDP‘ + H20 = UO2+2 + 4F- + 2H+
.5629

doxn,h -35.743  keal
U02 (NO3) 2 ()

U0Z (N03)2 = U022 + 2NO3~

log_k 11.9578

delta_h -13.438 keal

U02(NO3)2:H20{(c)
U02 (NO3) 2:H20 = U02+2 + 2NO3~ + H20
ag_Xk .5080

delta_h -12.935 keal

V02 (NO3)2:2H20(¢c)
U 2 (NO3)2:2H20 = UO2+2 + 2103~ + 2H20
og. k .9456

d-ln_h

V02 (803123420 ()

2 (NO3)2:3H20 =
ley_k 3.7133
deltah -2.209 kecal

UD2(N03)2 EHZO( )
(NO3)2 €H201; U0Z+2 + 2N03- + 6H20

1
d.lbl_)l 4.9 keal

V02504 (<)
UOZSO‘ = 00202 + S04-2
667

-6. 125 kcal

V0242 + 2M03- + 3H20

delta_h -19 95 keal

02504 :H20 (&)
UC2504:H20 = U02+2 + S04-2 + H20
log k ~6.0223
deltah -9.367 kecal

V02504:2.5H20{c)
U02504:2. SHZD = U02+2 + S04-2 + 2.5H20
log k -1.4912
delta_h -8. 5355 keal

U02504:3H20 (¢}
V0250413620 = UO2+2 + S04-2 + 3HI0
log k

-1.4017
delta_h -7.231 kecal
10250413 .5H20(c)
U02504:3.5H20 = U02+2 ¢ S04-2 + 3,5H20
log k -1.4804
delta h ~6.5635 kecal
{U02)3{P0d)2(c)
(UOZ))(PO‘)Z = 300242 + 2P04-3
log_k 38.6703
delta_h -2 keal
lUOZ}:(FOl)Z 4H20(c)
uo2)3 (PD‘)B:‘HZO = 300242 + 2P04-3 + dH20
luy_k -51.6°
delta_h -3A841 kecal
(U02)2P207 (c)
(0! 2]2?207 + llZo = 2U02+2 + 2P04-3 + 2H+
og_k .3286
delta_h SB 554  kcal
VD)(POJ)Z(C’
UO2(PO3)2 + 2H20 = UO2+2 + 2P04-3 « 4H+
log k -40.9262

-6.796 kcal

delta h

UO2HPO4 (¢}
UO2HPO4 = uoz.z : PO4-3 + He
log_k ~25.0
delta h 0 keal

U02HPO4 : 4H20 (e
zﬂmo 4H20 = UO2+2 + PO4-3 + He + 4H20
-25.3442
dul.ta_h 7.22 keal

UP207:20H20 (c)
UP207:20H20 = U+4 + 2P04-3 + 2H+ + 19H20
logk  -53.2684
deltah 0 keal

u03 (Rs03)2 (<)

02 {As03)2 + 2H20 + 2B+ = UO242 + 2H3As04
luq 11.4956
deltah -22.864 keal

(UDZ)ZMZO’“C
)3Aﬁ107 + H20 + 4Hv = 2002+2 + 2H3AsSO4

dﬂltl_h '31 447  keal

(U02)3 (AsO4) 2 (c)
voz):(uouz + Eﬂo = 3U02+2 + 2H3AsO4
logk 3.9752
deltan -u 355  keal

Uramphite
(U02)2 (NH8)2(PO4)2 = 2U02+2 + 2NH4+ + 2P04-3
log k  -51.749

lelta_h 2.70 kcal

Uraninite
V02 = U02+2 + 2e-
log k -13.8955
delta_h 15.83 keal

Uranocircite
Ba(U02)2(P04)2 = Bas2 + 2U02+2 + 2P04-3
log k -44.4475

delta_h -89.2 keal

Uranophane

Ca(U02)2(S103)2(CH)2 + 6H+
2H4si04

log_k 17.5237

delta_h o

= Ca+2 + 2U02+2 +

V(OH)3

V(OH)I + 3He = Vo3 ¢ IH20

log_k 7.65

deltah 0 keal
V203

VOL.S + 3Hs = Ve3 + 1,SH20

log_k 4.9

delta_h -19.72  keal
V204

V02 + 2H+ = VOe2 + H20

log_k 4.27

delta_h -14.07  keal
v205

V02.5 + He = VO2¢ + 0.5H20

log_k -0.72

delta_h -4.16 kcal
V305

wlnos « &H+ = 3V0+2 + 2H20 + 2o~

og. .

delta.h -23.53  keal
V407

V407 + €He = Avo'z + 3H20 + 2e-

log_k

Geltah -33. 15 keal
V6013

V6013 + 2He = 6V02+ + H20 + da-

log k  -60.86

delta_h 64.89  kcal
velz

VC1Z = Vo3 + 2C1- + e-

log k 17.97

delta_h -35.8 kcal
ve13

VC13 = Ve3 + 3CL-

log_k 21.73

deltah -43.96  keal
vre

VF4 + H20 = VO+2 + 4F- + 2H+

log k 14.93

delta_h -47.59  kcal
Vivianite

Fe3 (PO4)2:8H20 = JFe+2 + 2P04-3 + 8HZO

log k  -36.0

deltah 0 kcal
VMetal

Vo= Ve3¢ 3e-

log_k 42.35

delta h -62.9 keal

VO + 2H+ = V43 « HZ0 + e-

log_k 13.08

delEah -28.02  keal
VO(OH}2

VO(CH)2 + 2H+ = VO+2 + 2H20



log_k 5.85

delta_h 0 keal
vezcl

VOZC!. = VDZ# 0 C!-

og_k

dll!Q_h -9 65 keal
vocl

VOCL + 2H+ = V43 + Cl- + H20

log_k 9.41

deltah -26.17  keal
vec12

voCcl2 = VO+2 + 2CL-

log_k 12.79

delta h -28.2 keal
voso4(c)

VOS04 = VO+2 + S04-2

log k .

delta_h -20.72 keal
Ca_Vanadate

Ca0.5V03 + 2H+ = 0.5Ca+2

og_] .

Qeltah -10.13  keal

Fe_Vanadate

+ VO2+ + H20

Fsﬂ 5V03 + 2H+ = 0.SFe+2 + VO2+ + H20
og_k 86

+ voz+ + H20

2H20 = Ca+2 + 3AL+3

del\:&_h keal
Mn_Vanadate

Mn0.5V03 + 2H+ = 0.5Mn+2

log_k 2.45

delta_h -11.05  keal
Na_Vanadate

NaVo3 + 2H+ = Na+ + VO2+ + H20

log_k 3.

delta_h -7.01  kecal
Wairakite

CaRl2514012:2H20 + BHe +
+ 4H4siod

log_k 18.87

delta_h -§3.15  keal
Wesksite

K2(U02)2Si6015:4H20 + SH20 + 6H+ = 2K+ +

2U02+2 + 6HAS104
log_k

16.0872
0 al
Willemite
2025104 + 4H+ = 2Zn+2 + H4Si04
log k 15.33
delta_h -33.37 keal
Witherite
Bacos = Bas2 + go: -2
-8.58!
deltl\.h 0.36 kcal

F-Wollttlni te

aS103 + H20 ¢ 2H+ = H4S104 ¢ Ca+2

aw_k 13.846

delta_h -21.068 kcal
Wollastonite

Casiol + H20 + 2H+ = HAS104 « Cas2

log_k 12.996

deltah -19.498 keal
Wurtzite

ZnS + He = Zn+2 + HS-

log_k -9.682

delta_h 5.08 kcal
Zincite

2n0 + 2H¢ = Zne2 + H20

log k 1.14

delta_h -21.86  keal
Zincosite

2nS04 = Ine2 + S04-2

log_k 01

delta_h ~-19. 2 kcal
Zircon

ZrSi04 + 4He = Zr+d + HASIO4

log_k  -15.53%4

delta_h 0 kcal
2n(B02)2

Zn(BO2}2 + szo + 2H+ = Zne2 + 2HIBO3

log. Xk 8.29

delta h keal
Zn(N03)2:6H20

z (N03)2: sto = Zn+2 + 2NO3- + 6H20

og_k 3.44

mn_h 5.51  keal
2n{OH}2(A)

Zn(OH)2 + 2He = Zne2 + 2H20

og_k 12.45

delta_h o kcal
Zn(OH) 2 (B}

Zn(0H) 2 + 2H¢ I Zn+z + 2H20

log_k

deltah keal
2Zn(OH) 2(C)

Zn(OH}2 + 2H+ = Zn+2 + 2H20
legk  12.2

deltah © keal
Zn(OH) 2 (E)
Zn{0H}2 + 2H0 = Zn+2 + 2H20
log_k
deltan 0 keal
2n(OH) 2 (G)
Zn(OH)2 + 2Hs = Zn+2 + 2H20
log_k 11.71
deltah keal
Zn2 (OH) 2504
znz (OH) 2504 + 2H~ = 22p+2 + 2H20 + S04-2
og_k .
dolug keal
Zn2 (OH) 3€1
ZnZ(OH)BCI + 3H+ = 2Zn+2 + 3H20 + Cl-
log_k 15.2
deltah © keal

2Zn3 (As04) 2. Z SH20
(As04)2:2.5H20 + 6H+ = 3Zn+2 + 283A=04 +
2.5H20
log_k
delta_h

203 (PO4) 2:4H20
203 (PO4)2:4H20 = 3Zn+2 + 2PO4-3 + 4H20
-32

13.65
0 keal

ﬂﬂ_k
elta_h Xeal
2Zn30(504) 2
Zn30(S04}2 + 2He = 3Zne2 + 2504-2 + H20
log_k .
delta_h -62.0 keal
Zn4 (OH) 6504
Znd (OH) 6504 + 6H+ = 4Zn+2 + 6H20 + S04-2
log_k 28.4
deltah 0 keal
ZnS (OH) 8C12
an(uu)sc).z + §H+ = SZn+2 + 8H20 + 2C1-
38,
d-ln_h [ keal
2ZnBr2:2H20
ZnBr2:2H20 = Zmz + 2Br- + 2H20
log ) 5.2
delta h - keal
2ZnCl2
ZnCl2 = 2n+2 ; 2:1-
log. 7.
dol:q_u -17. u kcal
2nC03:H20
2nCO3:H20 = Zn+2 + CO3-2 + H20
log x = -10.26
delta_h o kecal
20F2
ZnP2 = Zne2 + 2F-
log_k -1.52
deitah -13.08  keal
2n12
ZnI2 = 2n+2 + 2I-
log_k 7.23
delta_t -13.44  keal
ZnMetal
Zn = 2043 + 2a-
og_k 25.757
delta_h -36.78  keal
Zn0(Active)
Zn0 + 2H+ = Zn+2 + H20
log_k 11.31
delta h 0 keal
ZnS(A)
2ZnS + H+ = Zn+2 + HS-
log_k -9.052
delta_h  3.67  keal
Znsb
ZnSh + 3H20 = Sb{OH)3 + Sa- + Zne2 + 3He
log_k 11.0138
Gelta_h -13.116 kcal
ZnSe
ZnSe + He = HSe- + Zn+2
log k  -11.3642
deltah  6.43% keal
2ZnSi03
znsm: . ZHv : Hzo = Zn+2 + HeS104
log.
dalt-\.h 'U 27 keal
2nS04:H20
2nS04:H20 = Zne2 + S04-2 + H20
log k -0.57
delta.h -10.64  keal
2r (matal}
Zr = Zred + de-
log_k 91.3903
delta_h o kecal
Aquo(B/md
r.(cymid.)s = Cyanide- + dAg+ ¢+ Fev2
1=y_k -193.914
delta_h 260.91  keal

0

AgaFeCyanides :H2
AquecyanideE H20 = 6Cyanide- + dAgs + Fee2
+ H20
log_k  -89.6909
deltah 0 keal
AgCyanate
Agcyu\ute = Cyanate- + Ag+
.6159
dnn,x-. 130175 keal
AgCyanide
AgCyanide = Cyanide- + Agr
log_k  -16.218
deltah 26.385 keal
CdzPe{Cyanide) §
Cd2Fe (Cyanide) 6 = 6Cyanide- + 2Cd+2 + Fas2
Jog_k  -28.2243
deltah 0 keal
cazpacyanides: 720
‘d2FeCyanide6:7H20 = 6Cyanide- + 2Cds2 +
Fer2 + mzo
log k  -62.982¢
deltah 0
cr2cyanide
CraCyanide = Cyanide- + 2Crs2 + 3e-
log_k 56.645
delt ) keal
crcyanide

CrCyanide = Cyanide- + Cr+2 + e-
log_k 23.888

delta_h keal
cu:?-wmidos
Cu2PeCyanide§ = scy-azd.- + 20u+2 + Fe+2
log_k = -61.4168
delta_h 0 keal
CuCyanide
CuCyanide = Cyanide- + Cus
log k  -19.4974
delta_h 30.2 keal
CyanideI
cy.n:.a-x + 2a- = Cyanide- + I-
log_k 11.3114
delta_h ~-17.309 kcal
Hv(qmnta.)z
2 g {Cyanide}2 + 2H20 = Hg(OH}2 + 2Cyanide- ¢
He
9_k -45.3731
delta_l 60.73 kcal

K12C48 (FeCyanide) 7
K12Cd8 (FeCyanide6) 7 = 42Cyanide- + 12K+ ¢
8Cd+2 + TFe+2
log_k  -441.985
delta_h 0 keal
Ki2Nig8 (PlWlnideS
18 (FeCyanide§)7 = 42Cyanide- + 12K+ +
INis2 + 7?0‘-2

log k  -431.09
0

delta b kcal
K2CdPeCyanides

K2CdFeCyanide = 6Cyanide- + 2K+ + Cd+2 +
Fe+2

log k -63.0279

deltah o keal
K2Cu2FeCyanide6

K2Cu2FaCyanides = 6Cyanide- + 2K+ + 2Cu+ +
Fa+2

log_k -72.5142

deltah 0

KZHnJ(FGCylnld.G )2
Mn3 (FeCyanide6)2 = 12Cyanide- + 2K+ +
3IMn+2 + 21’:02
log_k  -121.001
deltah [l

mil(?ucylnidtﬁ )2
2Ni3 (FeCyanide6)2 = 12Cyanide- + 2K+ ¢
3INie2 + 21’-42
log_k

kecal

-123.127
deltah 0 keal
K3FeCyanide§
K3FeCyanideé = 6Cyanide- + 3K+ + Fe+3
logk  ~54.644
delta_h 83.29  keal
KeFacyanidod
4FeCyanideé = 6Cyanide- + 4K+ + Pe+2
q,x -48.8241
deltah 95.62  keal
K4FeCyanide6: 3H20
K4PeCyanide6:3H20 = 6Cyanide- + 4K+ « Fee2 +
3H20
log_k  -49.5424
deltah 99.175 keal

delit(?ccymideﬁ 13
14 (FeCyanide6)3 = 18Cyanide- + 4K+ +
ANLie2 + 3?-02
log_k  -183.547
delta h 0 kcal
K8Mn6 (FeCyanide6) S
K8Mn6 (FeCyanide6)5 = 30Cyanide- + 8K+ +

127 |

6Mn+2 + SFe+2
log k  =-293.685
ta_h 0

del kcal
KDJIMGIII)
Cyanide = Cyanide- + K+
hg_k 1.4403
delta h 2.74 keal
KZnl . SFaCyani.
KZnt. SFEG_{IMGQG = 6Cyanide- + K+ + 1.5Zn+2
+ Fes2
log_k -66.8086
delta_h ° 1
Mn2FeCyanide
¥n2FeCyanide§ = 6Cyanide- + 2Mns+2 + Fe+2
log_k '59. 272
delta_h
NaCyanide
NaCyanide = Cyanide- + Na+
log_k 2.2869
delta_h -0.52  kecal
Pb2Fe(Cyanide) §
Pb2Fe(Cyanide) § = €Cyanile- + 2pb+2 + Far2
aog_k -27.5895
delta_h keal

PbZPacymidzc 3K20

b2PeCyanideé :3H20 = 6Cyanide~ + 2Pb+2 +

Fe+2 + 3“20
log_ k -63.6011
delta_h o keal

T].l?ecyunid.uﬁ 2H20
4FeCyanides:2H20 = 6Cyanide- + 4T1l+ + Fe+2

+ 2H20
log_k  -56.9162
deltah 0 keal
Zn2Fe(Cyanide) §
2n2Pe(Cyanida)§ = 6Cyanida- + 2Zne2 + Pe+2
log_k -29.92
delta_h keal

znz?ecynnidns 2H20
n2FeCyanide6 :2H20 = 6Cyanide- + 22n+2 +

Fe+r2 + 2“20
logk  -61.2221
deltah 0 kecal
CH4{g)
CH4 + 3H20 = CO3-2 + 8e- + 10H+
log k -40.1
delta_h 61 keal
cozig)
€02 + H20 = CO3-2 ¢ 2H+
log_k -18.1
delta_h 0.53 kecal
02{g)
02 + &H+ 3 de- = 2H20
log_k 12
deltah -133 83 keal
Hglg)
Hg = 0.5Hg2+2 + o
log_k -7.8708
delta_h 5.265 keal
Ho2 (g}
Hg2 = Hg2e2 + 2e-
logk -14.963
delta_h 13.87 kcal
HH(CHS)Z(G)
g(CH3)2 + BH20 = Hg(OH)2 + 2C03-2 + 16e- +
20H
~73.724
dall:u._h 115.4  keal
HgBr (g)
Hga: =0. sngzoz + Br-
d.lt\Jﬁ -34.004 kcal
Rgclig)
HgCl = 0.5Hg2+2 + Cl-
log_k
delta_h -40.098 keal
HgF(g)
HGF = 0.5Hg2+2 + P~
log x  32.72
delta_h -60.916 kcal
HgI(g)
HgI = 0. anz«z . I-
log_k
dslta_h -25 2« keal
HgBr2(g)
HgBx2 « 2H20 = HZ(OH)2 « 2Br- + 2H+
log_k -18.47
delta_h 14.35  keal
HgF2(g)
HgF2 + 2H20 = Hg(OH)2 + 2F+ + 2H+
log_k 0.38
delta_h -0 keal
HgI2 (g}
HoI2 + mzo = Hg(OH)2 + 2I- + 2H+
log_k 7.28
delta_h za.sa keal
SURFACE_MASTER_SP
Hfo s Hfo_sOH
W HEo_woH
smace_,sx:scxss
Hfo_wOH = Hfo_wOH
log_k 0.0
Hfo_sOH = Hfo_sOH
log_k 0.0
Hfo_wOH = Hfo_wO- + H+
log k -8.53
HEo_wOH + H+ = Hfo_woH2+

Hfo_sOH

1
Hfo_sOH

1

Hfo_woH
Hfo_sOH
HEo_wOH
Hfo_sOH
Hfo_sOH
Hfo_WOH
HEo_sOH
Hfo_wOH
Hfo_sCH
Hfo_woH
Hfo_sOH
HEfo_wOH
Hfo_wOH
Hfo,_s0H
Hfo_sOK
Hfo_wOH
Hfo_ sOH
HEo_woH
Hfo_sOH
Hfo_woH
HEfo_sOH
Hfo_wOK
Hfo_sOH
Hfo_woH
Hfo_sOH
Hfo_woH
Hfo_sOH
Hfa_woH
Hfo_sOH
Hfo_woH
Hfo_sOH
Hfo_wOH
Hfo_sOH
Hfo_wOH
Hfo_sOH
Hfo_wOH
Hfo_sOH
Hfo_wOH

END

log k 7.29

V'3n+2 = REo_sozne + He
og_k 0.97
+ Cd+2 = Hfo_wOCd+ + He

og.kx  <2.9

+ Cd+2 = HEo_sOCd+ + H+

log_k 0.43

+ Cu+2 = Hfo_sOCu+ + H+

of 2.85

+ Cus2 = Hfo_woCus + He

log k 0.6

+ Be+2 = Hfo_sOBe+ + H+
.898

= Hfo_woBe+ + H+

og.

+ Ni+2 = Hfo_sONi+ + H+

0.1!

= Hfo_wONi+ + H+

0 ~2.

+ Pb+2 = H!u SOPb+ + H+

4.

= Hto WOPb+ + He

og. o.

+ Cas2 = Hto wOCa+ + H+
85

+ Cas2 = Htu_soﬂcuz

log_k K

+ Ba+2 = Hfo_sOHBa+2

log_k  5.46

+ Ba+2 = Hfo_wOBa+ + H+

log .k ~-7.2

+ H+ + S04-2

log k 7.78
+ Hv + 504-2 = Hfo_wSOd~
log_k 78

= Hfo_sS0d-

og. .
; 804-2 = tifo_soHs04-2
log_k

+ 804-2 = H!o ) _WOHS04-2

+ H20
+ H20

og_k
+ PO4-3 + Jno = Hfo_sH2PO4 + H20
31.29

log k

+ P0O4-3 + 3H+ = Hfo_WH2ZPO4 + H20
log k

+ PO4-3 + 2H+ = Hfa_sHPO4-
25.39
+ 2H+ = Hfo WHPO4-

ogk 17.

o H3AS03 = Hfo_sH2Rs03 + H20
log_k 5.41

+ HJA:OJ = Hfo_wH2As03 + H20

+ HJABD4 = Hfo_sH2As04 + H20

og_k .6
+ HBASOI w» Hfo wH2As04 + H20
lag_k
+ N3A.IO‘ = ch sHASO4- + H20

.99
+ H!Asol = Hfo_wHAsO4- + H20
log k .

+ H3ASO4 = Hfo_sAs04-2 + H20

logk  -4.

+ HiAso4 = fifo_whs04-2 + H20
logk  -4.7

+ HiAS04 = Hfo_sOHASO4-3
log k  -10.1

+ H3A304 = Hfo WOHAs04-3
og_k  -10

3 HiBa3 = nzo #HZBO3 + H20
log k.

1Tam0s = Hza.wﬂzaos + H20
log_k  0.62

+ 3
+ 3

+ Hio

+ H20

+
+
He

He

25.39
+ H+ = Hfo_sPO4-2 + H20
7

« B04-3 + H+ = HEo_wPO4-2 + H20
7
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TPA 3.2 Sensntnvntv Analyses to Determine the Effects of Correlation of K. Values on Performance

\/3 oo \WRA

Sensitivity analyses were conducted to examine (i) whether the correlation coefficients were correctly
implemented in the TPA 3.2 input file; (ii) the effects of correlated K;s (or Ry,) on dose as compared to

= As part of the development of TPA 3.2, RT KTI staff provided correlation coefficients for sorption
.. coefficient (Kd) values for Am(III), Np(V), Pu(V), Th(IV), and U(VI) (See pages 60-85 of this Sc1ent1flc
Notebook, No. 252). Due to computational requirements, these correlations were only implemented for

the Saturated Zone Alluvium unit (SAV in tpa.inp). These values were converted to retardation factors
wrn (RD) by the TSPAI KTI staff using the relationship:

Rp = 1+ p——-bKD

the non-correlated Kgs of previous versions of the TPA code.

For the sensitivity analyses, the following conditions were used:

no. realizations = 250

~ Location of critical group = 20 km downgradient from repository
All base case parameters as reported in Mohanty and McCartin (1998). Five parameters were varied
parameters included RD_AmSAV, RD_NpSAV, RD_PuSAV, RD_ThSAV, RD_USAV. The pdfs for
these RD values remained constant, and runs were made either with or without correlation coefficients.

Correct Implementation of Correlation Coefficients:

aooaoaoaaaaoQaoaana

aaoaa

~ To check the output from TPA 3.2 for correct implementation of correlation coefficients, I wrote a short
— FORTRAN program to read the parameter sampling file sample.par.res. This file contains the values for o

each sampled parameters (including RD_AmSAV, RD_NpSAV, RD_PuSAV, RD_ThSAV, RD_USAYV)
~ used for each of the 250 realizations. The source code for the program is included here. Additional
- explanatory notes are included in the comment blocks:

PROGRAM TPARD

456789012345678901234567890123456789012345678901234567890123456789012
The following program was written to read the output file
sample.par.res from TPA Version 3.2, and write selected parameters

to comma-delimited ASCII files for subsequent analysis. The program
was written in FORTRAN77 by D.R. Turner for Center For Nuclear Waste
Regulatory Analyses in San Antonio, TX for the Radionuclide
Transport KTI 20-1402-871. Many of the necessary parameters/flags

are hard-wired and cannot currently be modified by the user during
the run session. (12/10/98)

IMPLICIT NONE

CHARACTER Line*76,Filin*12,Filout*12,AmTsW*13, NpTsW*13,
+ UTsW*l3,PuTsW*lB,ThTsW*13,AmSAV*lB,NpSAV*l3,USAV*lB,
+ PuSAV*13,ThSAV*13,Count*5

INTEGER I,Flag

- Prompt the user for the names of the input file containing the

TPA parameter values and the output file to be created.

PRINT*, ‘Enter the name of the TPA parameter output file?’
READ(*,11) Filin

"‘\‘
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FORMAT (Al12)

PRINT*, ’'Enter the name of output file to be created (8.3)?’
READ(*,12) Filout

FORMAT (A12)

Open the input and output files

OPEN(Unit=8, File=Filin, Status='01l4‘,
+Form='Formatted’, Action='Read’)
OPEN(Unit=9, File=Filout, Status='Unknown’, Access='Append’,
+Form='Formatted’, Position='Append’)

Access='Sequential’,

456789012345678901234567890123456789012345678901234567890123456789012
Reading the data out of samplpar.res. The order of the variables

is established in samplpar.hdr.This program will read the

output file line-by-line, checking for the phrase " 244 ". Then a
line-by-line search is initiated for the correct number of blanks

and the values are read into the output file. The process

is then repeated for the next realization.

‘rncluwfas V Vo Qe
C&(,b

UTsW !
’RD,USAV,’,

Write headers

WRITE(9,20)
FORMAT (‘' Iteration,
+ 'KD_PuTsW, ',
+ ‘RD_PuSAV, '

‘', 'KD_AmTsW, ‘', 'KD Np%
'KD_ThTsW,’,’RD_AmSAV ! ’RD_NpSAV '
, 'RD_ThSAV"')

Set Flag and start reading TPA 3.2 Samplpar.res output file
Flag=0
Count="' 1
READ(8,40,end=31)Line
FORMAT (A76)
Look for start of file
IF(Line(29:31) .eq. ‘244 ) THEN

Write AmTsW,NpTsW,UTsW, PuTsW, ThTsW, AmSAV, NpSAV, USAV, PuSAV,
ThSAV to the output file

IF(Line(29:31) .eq.’'244’ .and.Flag.gt.0) THEN
WRITE (9, 42)Count, AmTsW, NpTsW, UTsW, PuTsW, ThTsW, AmSAV,

+ NpSAV, USAV, PuSAV, ThSAV
FORMAT(A5,',’,Al3,",',A13,",',;A13,",',A13,", " ,AL3,', ", ;Al3,
+ ',*',Al3,",",A13,",",Al3,"," ,Al3)

Count=Line(12:16)
ENDIF

Set Initial Values for AmTsW,NpTsW,UTsW, PuTsW, ThTsW, AmSAV, NpSAV,
USAV, PuSAV, ThSAV, Count

AmTsW='n.c.’
NpTsW='n.c.’
UTsW='n.c
PuTsW='n.c.’
ThTsW='n.c.’
AmSAV='n.c.’
NpSAV='n.c.’
USAV='n.c.
PuSAV='n.c.’
ThSAV='n.c.’

Skip Lines to find first parameter (KD_AmTsW)
do 50 1=1,23
read(8,45,end=31)Line
FORMAT (A76)

continue

Read file and assign variable ‘KD_AmTsW'

Oy
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READ(8,55, end=31)Line

55 FORMAT (A76)
AMTsW=Line(4: 16)
Flag:]_

C

C

Read file and assign variable 'KD_NpTsW’

READ(8,60,end=31)Li
60 FORMAT (A76) ine

NpTsW=Line(34:46)

Read file and assign variable 'KD UTsW’

READ(8,65, end=31) L1
65 FORMAT (A76) pine

UTsW=Line (64:76)

(o]

Ski i i
¢ P Lines to find KD_PuTsW

do 70 I=1,1
read(8,66,end=31)Line

ST

gg FORMAT (A76)
continue

C

C

Read file and assign variable 'KD PuTsW’

C

READ(8,72,end=31)Li
72 FORMAT (A76) Jbine

PuTsW=Line(19:31)

(o]

Read file and assign variable ‘KD_ThTsw’

READ(8,75, end=31)Line

75 FORMAT (A76)
ThTsW=Line (49:61)

ENDIF
GOTO 30
31 CONTINUE
c
WRITE(9,92)Count, Am ’
7 7 T
. . ggAV,PuSAV,ThSAV sW,NstW,UTsW,PuTsW,ThTsW,AmSAV,NpSAV
. ',$¥§$§A?’:’Ai?1§,:’Ai?l3l,II’Al3,I,I,A13 v’ ,Al3,’,’,A13
C  45678901234567890123456789012545¢ ) 000) 3345678501 20sen
A 5678901234567890123456789012345678901234567890
s1o 123456789012

C
o4
c  RD_ThSAV'
(o}

c
c
¢  Skip Li i i
¢ P Lines to find first parameter (KD_AmTsW)
do 85 I=1,12
read(8,80,end=31)Lin
gg FORMAT (A76) ©
8 continue

Read i i i
flle and asslgn Varlables 'RD, AIHSAV ' and RD_N; SAV
s _Np !

READ(8,90, end=31)Li
90 FORMAT (A76) Jine

AmSAV=Line (19:31)

NpSAV=Line (34:46)

Read file and assi i
sSign variabl ' !
es 'RD_USAV', RD_PuSAV', and

95 READ(8, 95, end=31)Line

FORMAT (A76)
USAV=Line(4:16)
PuSAV=Line (19:31)
ThSAV=Line (34:46)

—-ﬁ’.-----------

EXAMPLE OUTPUT FROM TPA 3.2 OUTPUT FILE SAMPLPAR.HDR

e

Input file tpa.inp as supplied with TPA Version 3.2 Code.
Base case data set Rev 3.2
TpPA 3.2, Job started: Mon Oct 19 14:59:49 1998
Names for Sampled Parameters (Nonconstant)

Specified in “tpa.inp" -.Values for Each Vector

1 AAMAI@S
MAPME@GM
3 MATIGGM
4 FOC-R
5 FOCTR
6 FOCTR~-R
7 TempGrBI
8 YMR-TC
9 CritRHAC
10 H20-FThk
11 InnOvrEI
12 aAp 2 1
13 00-CofLC
14 *Chlorid
15 SSMO-RE
16 SSMO-RPR
17 SSMO-JS1
18 SSMO-JS2
19 SSMO-JS3
20 SSMO-JS4
21 SSMO-JS5
22 SsMov201l
23 8SMOV202
24 SsSMOV203
25 SSMOV204
26 SSMOV205
27 SSMOV206
28 SsSMOvV207
29 ssMov208
30 SsMov209
31 SssMov210
32 SSMOV301l
33 SsSMOV302
34 SSMOV303
35 SSMOV304
36 SSMOV305
37 SSMOV306
38 SSMOV307
39 sSsSMOV308
40 SsSMOV309
41 8sSMOV31l0
42 SSMOV40l
43 SSMOV402
44 SSMOV403
45 SsSMOv404
46 SSMOV405
47 SSMOV406
48 SsSMOV407
49 SSMOV408
50 SSMOV409

7/16/98

I3)/o0

R4

ArealAverageMeanAnnualInfiltrationAtStart[mm/yr]
MeanAveragePrecipitationMultiplierAtGlacialMaximum .
MeanAverageTemperatureIncreaseAtGlacialMaximum[degC]

FractionOfCondensateRemoved[1/yr]
FractionOfCondensateTowardRepository[l/yr]

FractionOfCondensateTowardRepositoryRemoved[1/yr]

TemperatureGradientInVicinityOfBoilingIsotherm[K/m]
ThermalConductivityonMRock[W/(m—K)]
CriticalRelativeHumidityAqueousCorrosion

ThicknessOfWaterFilm([m]

InnerOverpackErpIntercept
AA_2_1[C/m2/yr)
CoefForLocCorrOfOuterOverpack

ChlorideMultFactor
RockModulusOfElasticityforSEISMO[Pa]

RockPoissonRatioforSEISMOI[]
SEISMOJointSpacingl [m]

SEISMOJointSpacing2 [m]
SEISMOJointSpacing3 [m]

SEISMOJointSpacing4 [m]

SEISMOJointSpacing5 [m]
VerticalExtentOfRockFallZ_l[m]
VerticalExtentOfRockFallz_Z[m]

VerticalExtentOfRockFal12_3(m]

VerticalExtentOfRockFa112_4[m]
VerticalExtentOfRockFallZ_S[m]
VerticalExtentOfRockFa112*6[m]

VerticalExtentOfRockFal12_7[m]
VerticalExtentOfRockFal12_8[m]

VerticalExtentOfRockFal12_9[m]

VerticalExtentOfRockFal12~10[m]
VerticalExtentOfRockFall3_l[m]
VerticalExtentOfRockFal13_2[m]

VerticalExtentOfRockFa113_3[m]

VerticalExtentOfRockFa113_4[m]
VerticalExtentOfRockFal13_5[m]
VerticalExtentOfRockFal13_6[m]

VerticalExtentOfRockFal13_7[m]
VerticalExtentOfRockFal13_8[m]

VerticalExtentOfRockFa113_9[m]

VerticalExtentOfRockFall3_10[m]
VerticalExtentOfRockFal14_1[m]
VerticalExtentOfRockFal14_2[m]

VerticalExtentOfRockFal14_3[m]

VerticalExtentOfRockFa114_4[m]
VerticalExtentOfRockFal14_5[m]
VerticalExtentOfRockFall4_6[m]

VerticalExtentOfRockFall4_7[m]
VerticalExtentOfRockFall4_8[m]

VertiqalEXtentOfRockFall4_9[m]

7 =1 SSMOVA10 VerticalExtentOfRockFall4 10([m]
52 SSMOV501 VerticalExtentOfRockFallS_l[m]
53 SSMOV502 VerticalExtentOfRockFal15_2[m]
54 SSMOV503 VerticalExtentOfRockFall5~3[m]
55 SSMOV504 VerticalExtentOfRockFa115_4[m]
. 56 SSMOV505 VerticalExtentOfRockFal15_5[m]
; 57 SSMOV506 VerticalExtentOfRockFall5_6[m]
— 58 SSMOV507 VerticalExtentOfRockFal15_7[m]
59 SSMOV508 VerticalExtentOfRockFal15_8[m]
- 60 SSMOV5093 VerticalExtentOfRockFall5_9 (m]
61 SSMOV510 VerticalExtentOfRockFallS_lO[m]
e 62 Fow* FowFactor
! 63 Fmult* FmultFactor
Y




106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135

SbArwt%

WP-Def%

InitRSFP
ShbGFRATF
Solbl-Am
Solbl-Np
Solbl-Pu
SFWt%Il

SFWt%I2

SFWt%I3

SFWt%$I4

SFWE%$I5

SFWt%I6

SFWt%I7

SFWtS$FO0

SFWt%VO0

SFWt%$S11l
SFWt%S12
SFWt%S13
SFWt%S14
SFWES$S15
SFWt%S16
SFWt$S17
SFWt%sS21
SFWt%S22
SFWt%S23
SFWt%S24
SFWt%S25
SFWt%S26
SFWE%S27
SFWt%S31
SFWt%S32
SFWt%S33
SFWt%S34
SFWt%S35
SFWt%S36
SFWt%S37
SFWt%S41
SFWt%S42
SFWt%S43
SFWt%S44
SFWt%S45
SFWt%S46
SFWt%$S47
SFWt%C1l

SFWt%C2

SFWE%C3

SFWt%C4

SFWt%C5

SFWt%C6

SFWt%C7

InvMPerm
MKDT SwAm
MKDCHvVAmM
MKDCHZAmM
MKDPPwAmM
MKDUCFAm
MKDBFwAmM
MKDUFZAm
MKDTSwWNp
MKDCHVNp
MKDCHzNp
MKDPPwWNp
MKDUCFNp
MKDBFwWNpP
MKDUFZNp
MKD_TSwU
MKD_CHvU
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