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SUMMARY OF LITERATURE SOLUBILITY STUDIES
1.0 INTRODUCTION

To obtain relevant solubility data on the actinides of interest, a literature search was conducted
and solubility studies on actinide-beating solids (e.g., Pu(OH),, UQ,) were compiled into a data
base. The data base Aitachment 1 contains records that provide information on the solid phase,
solution composition, solution description (e.g., dilute, saline or brine), actinide concentration in
solution, pH, Eh or atmospheric conditions, temperature, equilibration time of the experimental
run, method employed to determine the solubility {e.g., equilibrium approached from an
oversaturated solution, calculated with a geochemical code, etc), and reference for the study.
Most of the results tabulated in Attachment 1 are presented graphically for the actinides Thorium
{Th), Uranium {U), Neptunium (Np), Plutonium (Pu), and Americium (Am) in coordinates of log
molar concentration (molar (M} = moles/liter) versus pH.

2.0 THORIUM

Thorium is only stable in the IV valence state in the natural environment. Solubility is'usually
controlled by thorianite (ThO,). Th(OH), may initially precipitate from an oversaturated solution,
but it will age to the more stable ThQ, (Brookins, 1988)}.

Figure G-1 summarizes data on Th solubility in saline and brine chloride solutions as reported by
Felmy et al. (1991). The solubility of the Th precipitate decreases approximately 6 orders of
magnitude over the pH interval of 3 o 6, foliowed by a flattening of the trend above a pH of 6.
Precipitates obtained from these experiments were analyzed by x-ray diffraction (XRD) techniques
and found to be amorphous to x-rays until they had been aged for about a year. Some of the
372-day precipitate obtained from the 3M NaCl experiment displayed an XRD pattern similar to
crystalline ThO,. However, these samples do not show significantly different solubilities, and
Felmy et al. (1991) concluded that an amorphous phase still controls the solubility despite the
presence of some crystaliine precipitate.

Based on thermodynamic solubility calculations at 25°C and 1 atm in dilute solutions (e.g.,
Langmuir and Herman, 1980), the thorianite (crystalline ThO,) solubility trend lies 4 to 5 orders
of magnitude below the trend of the amorphous hydrous Th oxide indicated on Figure G-1. As
Th occurs in transuranic waste primarily as oxides {Weiner, 1995), and the hydrous Th oxide is
more soluble than the crystaliine oxide form, solubility data on Figure G-1 represent a
conservative (upper bound) estimate of Th solubility. '

3.0 URANIUM

The dominant valence states for U in the natural environment are IV and V1. Uranium (VI) is
much more soluble that U {IV), and has a strong affinity for carbonate complexation. Important
solubility-controlling minerals include uraninite (UO,) for U (IV), and schoepite (UO,*2H,0) for
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Hydrous Th(lV) Oxide Solubility as a Function of pH for dilute and Brine Solutions
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U (V). The presence of organic materials and corrodable metals in the repaository environment
will probably restrict U to the IV state. ‘

Figure G-2 summarizes U solubility data for uraninite (UO,). Solubility data reported by Parks and
Pohl (1988) for UO, at 100 and 150°C in dilute NaCl solution (0.1 M) indicate a decrease in the
concentration of U from -7 to -9.5 log M as pH increases from 1 to 7. Gray (1986) investigated
the solubility of unirradiated UO, fuel-rod peliets in a saturated NaCl brine of pH 6.2 tc 6.4 and
reported U concentrations of -7 to -8 log M, about 1.5 to 2.5 orders of magnitude lower than UO,
solubility values in dilute NaCi solutions. The solubility data of Gray (1986) serve as a
conservative estimate of U concentrations in Salado brine, because the solubility of UO, increases
with temperature and the solubility data were obtained at elevated temperatures, relative to the
ambient temperature of about 30°C in the WIPP repository horizon.

Figure G-3 summarizes U solubility data for schoepite (UO,+2H,0) in HCIO, solutions at 25°C.
Krupka et al. (1985) obtained solubility data that indicate a decrease in the U concentration from
-2 to -5 log M as pH increased from 3 to 8. This trend was followed by an increase of similar
maghnitude in the U concentration over the pH interval of 9°to 12. Bruno and Sandino (1989)
conducted solubility experiments with amorphous and crystalline UQ,#2H,0, which show the
amorphous schoepite to be one to two orders of magnitude more soluble than the crystaliine form.
Solubility studies for schoepite in saturated NaCl brine were not found. However, based on the
studies presented on Figure G-2 for UQ,, it is expected that schoepite solubility in Salado brine
will be 1 to 2 orders of magnitude greater than the dilute solution data on Figure G-3.

4.0 NEPTUNIUM

The dominant valence states for Np in the natural environment are IV, V, and VI. As is the case
with U and Pu, Np solubilities are highly dependent on valence state. Np (IV) is expected to
dominate in the reducing repository environment, with solubility being controlled by crystalline
NpO,. Other forms of Np (IV) such as amprphous NpO,, NpO_*xH,O, and Np(OH), will age to
crystalline NpQO,. An important Np(V) solubility-controlling phase is NpO,OH.

Figure G-4 summarizes Np (IV} solubility data for NpO, and NpO,*xH,0O in dilute solutions and
NaCl brines. The studies of Rai and Strickert (1980) and Rai et al. (1982) at 25°C show a
decrease in Np concentration from -5.5 to -6.5 log M as pH increases from about 2 to 6. The
data of Kim et al. (1985b) were obtained in 1M and 5M NaCl solutions at 20 to 25° C. The runs
at pH of 5 to 6 resuited in Np concentrations of about -4.5 log M, and those at a pH of 7.5 to
8 show a Np concentration of about -6 log M. lonic strength does not appear to affect the
solubility of Np in these 1M and 5M runs, but a comparison of these data over the pH range of
5 to 6 with the data of Rai and Strickert (1980) suggests the solubility of NpQO, is increased by
about 1.5 orders of magnitude in NaCl solutions of moderate to high ionic strength.

Pryke and Rees (1987) investigated the solubility of NpO,#xH,O in solutions equilibrated with
concrete at ambient temperature. Results on Figure G-4 show an apparent decrease in the Np
concentration of about one-half log unit as the pH increase from 10 to 13. Comparing the studies
of Pryke and Rees (1987) and Rai and Strickert (1980), it appears that the data of Pryke and
Rees (1987) anchor the projected trend of the data of Rai and Strickert (1980).
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Results for Np (V) solubility studies are plotted on Figure G-5. Ewart et al. (1985) investigated
the solubility of NpO,OH in cement-equilibrated water. Results for this study illustrate a rapid
decrease in the Np concentration from about -5 to -9.5 log M between a pH of 9 to 13. Solubility
studies on NpO,0OH in NaClO, and NaCl solutions were conducted by Kim et al. (1985b) at 20
to 25°C. Results for NpO,OH in 1M NaClQ, indicate a decrease in the Np concentration from -2
to -6 log M over the pH interval 6 to 11, followed by increasing Np concentration over the pH
interval of 11 to 13. The solubility of NpO,OH in 1M and 5M NaCl solutions is about 2.5 orders
of magnitude lower at a pH of about 6.5, relative to the 1M NaClO, study. This suggests that Np
(V) may be reduced to Np (IV) in the NaCl solutions, resutting in solubility controt by NpO, rather
than NpO,OH. Additional solubility studies by Neck et al. {1892) with NpO,OH in dilute solution
and 1M and 3M NaCiQ, solutions indicate decreasing Np concentrations as pH increases from
about 7 to 11.5 followed by a rise in the Np concentration as pH increase to 14. In comparing
the dilute and 3M brine results of Neck et al. (1992), it is of interest that the 3M resulits indicate
NpO,OH solubility is about an order of magnitude lower in the brine relative to the dilute solution,
which is in contrast to results presented on Figure G-4 for NpQ,.

5.0 PLUTONIUM

Plutonium displays the most complex behavior of the five actinides of interest because of the four
(M, WV, -V, and V!) possible valence states. in a reducing environment, the solubility-controliing
phases are probably Pu(OH),, PuO,»xH,O, PuQ,, or Pu(OH),. Pu may be controlled in an
oxidizing environment by PuO,{OH),.

Figure G-6 summarizes Pu {lll} solubility data. Rai et al. (1987) measured the Pu concentrations
in deionized water and Permian Basin brines at 23°C in contact with amorphous **Pu(OH),.
Resuits for runs with deionized water show a decrease in Pu concentration from about -3.5 to -10
log M as pH increases from 6 to 9, followed by a flat data trend between pH 9 and 13 that
indicates a Pu concentration of about -8.5 log M. A similar trend is observed for Pu concentration
in Permian Basin brine, although the Pu concentration appears slightly greater above a pH of 7
relative to the deionized water runs. Based on the measured pH value for the Permian Basin
brines, the solubility of ?’Pu(OH), does not appear to be affected greatly by changes in ionic
strength of the solutions. However, Felmy et al. (1989) presented the preliminary data of Rai et
al. (1987) with pH values of the Permian Basin brines recalculated to account for the difference
in liquid junction potential between the solutions and standards. The recaiculated pH values were
one to two pH units greater than the measured values, which shifts the *°Pu(OH), sample points
in Figure G-6 to the right and suggests the amorphous hydroxide is two to three orders of
magnitude more soluble in the brines at the recalculated pH, relative to deionized water.

Pu(OH), solubility data for dilute solutions and a NaCl saturated brine are given on Figure G-7.
Ewart et al. (1985) investigated the solubility of Pu{(OH), in cement-equilibrated water over the pH
interval of 7 to 13. Their results show a decrease in Pu concentration from about -5.5 to -10.5
as pH increases to 12. Rai et al. (1980) presented results on the solubility of amorphous
22pu(OH), at 25°C that show Pu concentration decreases from about -4.5 fo -7.5 fog M as pH
increases from 3 to 8. Flambard et al. (1986} conducted experiments on the solubility of Pu(OH),
in H,0 saturated with NaCl at 23°C over a pH intervai of 1 to 10. Their fimited data set show no
significant difference in solubility relative to data sets obtained with dilute solutions at a pH of
about 5. However, the comparison of the data sets at pH 10 indicates that the Pu concentration
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is about two orders of magnitude greater in the brine relative to the dilute solution used by Ewart
et al. (1985).

Figure G-8 summarizes solubility studies carried out by Kim et al. (1985a) and Kim et al. (1985b)
with 28PuQ, in dilute solutions and NaCl brines. The solubility of **PuO, in a 0.1M NaCl solution
decreases sharply from -5.5 to -7 log M over the pH interval of about 3 to 3.5, followed by an
apparent increase in Pu concentration to about -6 log M as the pH rises to 5.5. Data points for
the 3M and 5M NaCl brines indicate an increase in Pu concentration as pH increases. These
cbserved trends are the opposite of most actinide solubility trends, which show decreasing
actinide concentrations with increasing pH. Kim et al. (1985a) attributed the enhanced solubility
to radiolysis effects and colloid formation.

Solubility data for #°Pu0Q, are summarized on Figure G-2. The data reported by Rai et al. (1980)
on #*PuQ, solubility in dilute sclutions shows a decrease in Pu concentration from approximately -
5 to -9 log M as pH increases from about 3 to 8. Solubility data reported by Kim et al. (1985b)
for ®*Pu0, follow a decreasing trend that is parallel to the data of Rai et al. (1980) but at Pu
concentrations that are one to two orders of magnitude lower over the pH interval of 4 t0 6.5. The
large difference in the solubility of #*PuQ, obtained by these two independent studies may be due
to variation in the degree of crystallinity of the z’5"’Pu02 solid used in the experiments. Additional
solubility studies with #*PuO, were carried out by Kim et al. (1985b) using 5M NaCl solutions, and
these data plot beiow the dilute solution data obtained by Kim et al. (1985b) between pH 3.5 and
5 but then converge around a pH of 7.

Data on the solubility of PuO,»xH,0 and **PuQ,(OH), in dilute solutions are summarized on
Figure G-10. Pryke and Rees (1987) examined the solubility of PuO,#xH,0 in cement-equilibrated
solutions adjusted to selected pH values with HCI. . Their data show a sharp decrease in Pu
concentration from about -6 to -10 log M as pH increases from 7 to 9, followed by a shallow
decrease as pH rises to 12, Solubility data for Pu (V1) was investigated by Kim et al. (1985b)
using **Pu0,(OH),. The data of Kim et al. (1985b) indicate a decrease in the Pu concentration
from about -4 to -8.5 as the pH increases from about 5.5 to 10. Above a pH of 10, the solubility
trend for 2*PuQ,(OH), shows a slight increase in Pu concentration.

6.0 AMERICIUM

Americium can be present in the natural environment in the I, IV, and V valence states. The
valence state with the largest stability field is the [II state.

Figure G-11 summarizes data on the solubility of Am(OH),. Rai et al. (1983) investigated the
solubility of amarphous 2*'Am(OH), in dilute solutions adjusted with HC! or NaOH to set pH, and
the solubility of amorphous *Am(OH), in a pure H,0 solution that had pH adjusted with HCI or
tetrapropy! NH,OH. These data sets indicate a decrease in Am concentration from approximately
-4 to -10 log M as the pH increases from about 7 to 10. Above a pH of 10, the trend of the
plotted solubility points is essentially flat, and the Am concentration is maintained at around
-10 log M. :

Kim et al (1985b) examined the solubility of Am(OH), in a 0.1M NaClO, solution and their data
follow a trend similar to the data of Rai et al. (1983), but for a given pH the solubility data of

}5_:;\\
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Kim et al. (1985b) are about 0.5 to 1 order of magnitude lower (Figure G-11). This may indicate
that the hydroxide used by Kim et al. (1985b) was aged to a microcrystalline form, relative to the
amorphous form used by Rai et al. (1983).

Ewart et al. (1985) investigated the solubility of Am(OH), in cement-equilibrated solutions and
their results show an abrupt decrease in the Am concentration from about -8 to -10 log
M between a pH of 10.5 to 11 (Figure G-11). The data of Pryke and Rees (1987) were also
obtained with cement-equilibrated solutions and thelr results closely follow the trend of data
reported by Ewart et al. (1985).

Flambard et al. (1986) reported limited data on the solubility of Am{OH), in a saturated NaCl
solution (Figure G-11). Their two data points on Figure G-11 suggest a slight decrease in
solubility as pH increases from 5.5 to 10. Based on their data point at a pH of 10, the solubility
of Am(OH), may be 1.5 to 3 orders of magnitude greater in saturated NaCl brines relative to dilute

solutions.

Figure G-12 summarizes solubility data for the Am (IV} and Am (V) solids AmQO,, AmO,CH, and
AmMOHCO,. Kim et al. {1985b) reported limited data on AmG, in 0.5 and 5M NaCl solutions over
the pH range of 3.5 to 5. The overlap of data point at a pH near 4 suggests that ionic strength
does not have a strong effect on the solubility of AmO, in this pH interval. Kim et al. (1985b) also
looked at the solubility of AmO,0H in SM NaCl solution, and their results indicate a decrease in
Am concentration from about 4 to -8 over the pH interval of 8 to 13.

Solubility studies on amorphous AmOHCO, carried out by Pryke and Rees (1987) show a
decrease in Am concentration from about -4.5 to -7.5 as pH increases from 7 to 9.5
(Figure G-12). Similar studies carried out by Felmy et al. (1990) indicate significantly lower Am
concentration of -8 to -8.5 log M over the pH range of 7 to 9, due to the aging of their precipitates
to crystalline AmOHCQ,. The convergence of these independent data sets at a pH near 9.5 is
due to the instability of AmOHCO, above a pH of 9.5 as Am(OH), becomes the stable phase.
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ATTACHMENT #1
ACTINIDE| SOLID SOLUTION COMPOSITION [SOLUTION H __ |SOLUBILITY | METHOD TEGiime JEh (mV) T (oC} |REFERENCE NOTES
DESCRIPTION log M) (days) [oratm
Am amorphous 241am(ch)3 h20+1.6E-3Mcacl2 + hel or nach 1o adjust pH dilute 7 -4.8 [oversaiuration 7 |air atm 22 |Rai et al., 1983 1,2,6
8 -8
10 7.8
Am amerphous 24tam(oh)3 h20+§.6E-3Mcacl2 + hel or nach to adjust pH dilute 1771 -8.5 jundersaturation 4 [air atm 22 |Rai et al., 1983 12,68
7.2 -4.5 7
a3 8.7 7
10 -9 7
8 -7.3 11
8 F.7 14
8 -8 26-28
Am amormphous 243am{oh)3 h20 + hel or tetrapropyl nh4oh o adjust pH dilute 7.8 -4.2 |oversaturation 7 lar+n2 alm 22 |Rai ot al., 1983 1,2
7.8 -8.6
8.3 7.2
2.1 A
Am amorphous 243am{ch)3 120 + hel or istrapropyl nhdoh to adjust pH tiilute 7.5 3.7 jundersaturation 3 jar+n2 atm 22 [Rai et al., 1983 1.2
8 -8 3
9 -§.3 3
96 -9.2 3
102 -5.9 3
10.8 -10 3
11,5 9.9 3
12 10 3
13 -9.8 3
7.8 -4.3 7
8 -5.9 7
a8 7.7 7
9 -8.2 7
9.5 -8.8 7
9.9 9.5 7
10.6 -10.1 7
115 9.9 7
12.6 -8.7 7
13 8.7 7
7.2 3.8 23
78 -5.5 23
8.4 -7.8 23
10.6 -9.5 23
114 9.7 23
12 -10 23
12.5 -8.3 23
Am 241am(oh}d h2o + 0.1W naciod dilute 84 -4.7 |undersaturation NAYar atm 25 |Kim ot at., 1985b 1,17
84 -4.9
8.5 -5
6.5 -8.1
68 5.3
8.7 -5.4
6.8 5.7
6.8 -5.9
69 -B.1
8.9 -8.3
7 -6.4
LAl 6.8
ALDE9SMPEACES.AITEA-O Hy G1-1
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APPENDIX G

ATTACHMENT #1
ACTINIDE | SOLID SOLUTION COMPOSITION SOLUTION pH__ ISOLUBILITY | METHOD [EQimsa JER (mV) T (oC) |REFERENCE [nOTES
DESCRIPTION flog M) lidays} [or atm :
Am 241am{oh)3 h2o + 0.1M naclo4 dilute 7.1 -B.7 |undersaturation NA{ar atm 25 |Kim et al,, 1985b 1,17
7.2 -7.1
74 -7.5
7.5 7.9
78 1.9
7.7 ~7.9
7.7 -8
7.8 8.3
7.7 -8.3
7.8 -8.4
7.9 -8.5
8 -8.8 |
B.1 -8.8
8.2 -8.9
8.4 -8.9 |
84 8.3
8.5 -8
8.6 9.1
8.7 9.3
8.7 6.4
8.8 8.5
8.8 5.6 |
9.3 -10.2
9.5 -5.8
10.4 -10.6
: 10.7 -10.7
ﬂp\ ™, 10.9 07
{ 11.1 -10.8 |
Vo 11.1 -10.8
. 11.2 -10.8
11.3 -10.7
114 -10.8
11.5 -10.8
11.7 -10.9
i1.7 -10.8
11.9 -10.8
12.1 -10.8
12.3 -10.9
13 -10.8
Am crystalline am{oh}3 h2o + 0.1M naclo4 diliite 7 -4.3 jcatculated NA[ar atm 25 |Silva, 1984 1
B -7
9 82|
10 -8.2
Am |am{oh)3 h2o saturated with nacl brine 1 >-2.8]undersaluration NA NA 25 ﬁFlambard stal., 1986 4,10
5.5 -8
10 -8.4
Am am{ch)3 cement-equilibrated water + hel or nach dilute 8.9 -7.8 |oversaturation 0.02 200 NA|Ewan et al., 1985 116
9.5 7.5
10.1 -B
10.5 -7.8
11 9.8
12 -10.1
13.2 -H
AL )Acns.namn o )1 -2 TeaeeT 2 Q128585 335 PIA




) lNDIK e} )
ATTACHMENT #1
ACTINIDE §  SOUID SOLUTION COMPOSITION SOLUTION _ [pH__ |SOLUBILITY | METHOD [ECiime [ER (mV) T {0C) [REFERENCE INOTES
DESCRIPTION (log M} {days} or aim ]
Am am(oh)3 delonlzed water aquilibrated with crushed cement, dilute 10 -8 |oversaturation 0.02 |200mVin |[amblent |Pryke and Reas, 1987 1,21
{composition(M}: ca+2=1E-2; na+=5E-5;, mgs2=5E-8§; 105 7.4 N2 aten at
cl-=2E-3; 804-29E-3; c03-2=3E-5; pH=12; pH adjusled with 108 76 pH = 12
hel or nach, 1= 0.04 M 11 8.5
11 -9.9
12 -10
12 -10.2
13 -10.9
13 -11.1
Am 243amco3 (SB) h2e + 0.01 M nghco3 dilute 8.8 -1.8 {oversaturation 66 |10-3 alm ambiant [Falmy et al., 1990 1,2
B8.89 1.7 CO2'n Ar
7.08 -B.1
_ 721 7.9
S 7.63 8.1
R 8.22 8.4
\_';;@ ) 8.57 -84
P 8.63 8.2
e 9.09 7.2
9.11 7.7
9.3 7.2
Am crystalline amohcod h20 + 0.1M naclod + E-3.5alm co2 ditute ’ [] -4.5 |calculated NA[ar+co2 aim 25 [Silva, 1984 1
7 -7.3
8 8.1
8.5 -9.3
g 9.1
10 82
Am crystaliine amohcod h2o + 0.1M naclo4 + 2E-3M co3 dilute 8 -6.3 |calculated NAlar+co2 aim 25 [Silva, 1984 1
7 -8
8 -9.1
9 9.7
10 8.3
Am amohco3 defonized water equilibrated with crushed cement, dilute 7 -4.4 loversaturailon 0.02 J200mVin [ambient |Pryke and Rees, 1987 1,21
composilon(M): ca+2=1E-2; na+=5E-5; mg+2=5E-6; 8 5.3 n2 alm al
¢1-=2E-3; 804-2=3E-3; c03-253E-5; pH=12; pH adjusted with o 78 pH =12
hel or nach. 1= 0.04 M 9.5 7.4
8.5 7.6
Am 241amo2oh h20 + 5M nacl brine 8.4 +3.9 [undersaturated NAlar atm 25 |Kim et al., 1985H 1,17
:X:] 3.9
8.6 -4
8.7 3.7
8.7 -3.8
K] 4.1
8.8 -4.2
9.2 -4.3
9.5 -4.4
8.7 4.8
10.7 -5.8
1.1 -5.9
11.6 -6.9
ALOS.OSWP/EACES A3744-G Ky G1-3
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APPENDIX G

ATTACHMENT #1
ACTINIDE | SOLID SOLUTION COMPOSITION [SoLuTioN pH SOLUBILITY | METHOD EQiime [Eh (mV) T (0C} |REFERENCE NOTES
|DESCRIPTION {log M) (days) [or atm
Am 24 1amo2 h2o + 0.1M nacl dilute 11.7 -8.8 |undersaturated 160 [ar atm 22 |Kim ot al., 1985b 4,20
11.7 7.1
12.3 7.3
127 7.8 !
12.7 -8
128 790
12.8 -8
4 -4.51
4.42 -4.63
4.88 -4.08
Am 241amo2 h20 + 5M nacl brine 3.38 -5.08 |undersaiurated 160 {ar atm 22 [Kim et at., 1985b 4,20
4.12 -4.48
3.98 -4.95
Am 243am-doped PNL 76-68 glass  [nact brine, WIPP brine B brine NA 8.72 |undersaturation 2 [13.8MPa ar 150 |Westsik ot al., 1983 1,12,13,14
-9.19 4
-8.65 8
8.84 16
-8.99 32
Am ILW sotidified with bitumen lh2o sat wicaoh)2,lafch)2 nacl,tbp dbp edia,citéox brine [NA -9.64 |undersaluration 4t NA NA|Manx and Keiling, 1989 4,18
Cm 244cm-doped PNL 76-68 glass  [nac| brine, WIPP briné B bring NA 10.03 |undersaturation 2 ]13.8MPa ar 150 [Wesisik et al., 1983 1,12,13,14
-9.99 8
-10 16
_ -10.47 2
Np npo2:xh20 deionized waler equitibrated with crushed cement, dilute 9.9 -8 loversaluration 11-400mVin  lamblant [Pryke and Rees, 1987 1,2¢
composition(M): ca+2=1E-2; na+=5E-5; mg+2=5E-8; 102 78 in n2 atm at '
cl-=2€-3; 504-2=3E-3; c03-2=3E-5; pH=12; pH adjusted with. 105 ° pH=12
hel or naoh. 1=0.04 M 11 -8
11.2 -8.1
11.2 -8.4
11.6 0.4
11.7 -84 |
12 -8.2
12.6 -8.1
13 -8.4
Np 237np-dopad PNL 76-68 glass nacl brine, WIPP brine B [brina NA -6.17 fundersaturation 2 |13.0MPa ar 150 |Woestsik ot al., 19683 1,12,13,14
: -8 4
-5.98 8
8.1 16
-8.11 32
Np 237np-doped PNL 76-68 glass h20+1,5E-3Mcaci2+E-IMquinhydrone + hel or naoh dilute 8.6 -8.7 |undersaturalion 5 206 25 {Ral ot al,, 1982 1,2
8 8.7 5 343
- 5.2 83 5 391
’ \ 3.8 -8.3 5 467 |
R 2.8 -5.8 5 533
P a5 83 3l 314
N S 4.8 -6.1 41 414
R 28 56 41 473
6.4 B B87-83} 320
53 -6 67-83 385
4.3 -5.7 87-83 444
5.8 5.7 208-302 355

AL )ACBSR:’N!-G s

ha

160407

2!‘!“6335?“



. .)NDIK G

ATTACHMENT #1
ACTINIDE | SOLID SOLUTION COMPOSITION SOLUTION H __ |soLuBILITY] METHOD EQHime |Eh (mV) T {oC} |REFERENCE NOTES
DESCRIPTION {log M) {days} |or atm
Np 237np-doped PNL 76-88 glass h2o+1.6E-3Mcac|2+E-3Mquinhydrone + hel or nach dilute 4.4 -5.4 lundersaturation | 288-302 438 25 |Rai o1 al., 1982 1,2
Np 237np-doped PNL 76-68 glass  |h20+1.6E-3Mcaci2+E-3Mquinhydrane + hel or nach dilute 3 -5.4 lundatzaturation NA NA NAIA and Sircken, 1980 1,6
: 3.2 5.5
4.1 6.1
4.8 8.1
8.3 8.7
8.7 -6.8
6.8 88
6.9 8.7
Np 237npo2 |h20+1.5E-3Mcaci2+E-3Mquinhydrone + hel o naoh dilute 4.8 -5.7 jundersaturation 54 414 25 [Ral ot al., 10082 1,5
4 5.7 462
2.3 5.7 582
Np 237npo2 th2o0+ 1.6E-3Mcaci2+E-3Maqulnhydrona + het at nach dilute 35 -5.6 jundersaturation A NA| NA[Ral and Strickert, 1980 1,5
3.7 5.7
4 6.1
4.1 5.8
4.3 5.9
4.4 6.3
4.5 -6.2
5.7 -8.4
Np 237npo2 h2o + 1M nact isaline 54 -4.48 |undersaturation 118 |ar atm 25 |Kim et al., 1985b 4,20
5.08 -4.63 118
7.91 -5.83 72
7.99 -5.54 72
Np 237npo2 h20 + 5M nacl brine 582 -4.53 |undersaturation 118 lar atm 25 |Kim et at., 1985b 4,20
5.72 4.77 118
7.89 6.19 72
7.72 -8.07 72
Np npo2oh cement-equilibrated water + het or naoh dilute 8.8 -4.8 joversaturation 1 200 NA|Ewart ot al., 1985 1,16
0.8 -4.8
9.8 4.9
10.3 -4.9
| 108 5.8
1.2 8.7
114 -8.9
n7z 7.2
11.8 -7.3
11.8 7.8
12 7.8
12.1 -8.7 |
12.3 -8.5
124 -8.7
124 -8.4
12.7 -8.8
12.8 -9
129 9.4
13 -9
Np npo2oh h20 sat w/ ca{oh)2, le{oh)2 and nacl brine NA -3.62 jundersaturation NA NA NA[Marx and Kelling, 1889 4,18
Np npo2oh h2o sat w/ ca(oh)2, fe{oh)2, nacl and TBP brine NA -5.26 Jundersaturation NA NA NA[Marx and Kelling, 1960 4,18
Np npo2ch h2o sat w/ ca{oh)2, fefoh)2, nacl and DBP bring NA -5.26 Jundersaturation NA NA NA[Marx and Kelling, 1989 418
Np npo2oh |h2o sat wf ca(oh)2, fa(oh)2, nac! and EDTA {brina NA| -3.76 jundersaturation NA NA NA|Marx and Keiling, 1989 4,18]
Np npo2oh |h2o sat w/ cafoh)2, fe{oh)2, nacl and cilrate |brine NA -3.14 [undersaturation NA NA NAMarx and Keiling, 1989 @l
Np npo2oh h2o sat w/ cafoh)2, fe(oh}2, nac! and oxalate |brine NA -3 jundersaturation NA NA NA[Mant and Kelling, 1989 4,18
ALOR-SSWPEACES. RITA4.G xis G1-5
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APPENDIX G

ATTACHMENT #1
ACTINIDE | SOLID SOLUTION COMPOSITION |SOLUTION lpH__ [SOLUBILITY | METHOD JEQiime |Eh (mV} T (oC) JREFERENCE [NOTES
|DESCRIPTION (log M) (days) joratm {
Np 237npo2eh h2o + 1M naciod safine 6.8 -1.9 |undersaturation NAlar atm 25 {Kim et al., 1985b 117
7.2 2.2
7.7 2.7
8.4 -3.4
8.8 -3.8
10.2 -5.1
10.8 5.7
10.8 5.9
118 -5.8
11.8 5.9
118 -5.8
11.8 -5.7
11.9 5.7
12 -5.68
12 -5.7
12.2 -5.3
12.2 55
124 5.1
12.4 -5.2
126 -5.1
126 5.2
128 -5
12.8 -5
129 5.2
128 -4.6
Np {237npo2oh h2o + 1M nacl saline 8.44 -4.7 |undersaluration 14 |ar alm 22 |Kim ot al., 1995b 4,19
Np 237npo2ch h2o + 5M necl brine 8.07 -4.91 |undersaturaiion 14 |ar atm 22 lKim et al., 1985b 4,19
Np 237npo2oh (amorphous) np237,10-30mg dissolved as npo2cio4 in 0.1M naclod dilute 74 -2.1 |oversaluration 1-2Fr atm 25 INeck ot al., 1992 1.20
a2 28 |
ae -3.25
9 -3.75
-] 3.7
8.3 -4
9.5 4.2
9.55 -4.2
9.95 4.6
104 -5.1
106 -5.3
11.2 5.6
113 -5.75
11.8 -5.8
1na -5.95
11.9 -5.8
12 5.8
121 -5.9
12.3 56
12.3 -5.8
| 125 5.7
12.6 -5.55
12.7 -5.5
12.8 -5.4
12.9 5.3
)
ALOE )cﬂs-mm-o.m } -6 160497.03 [———



) , IIDIX G
ATTACHMENT #H
ACTINIDE | SOLID SOLUTION COMPOSITION SOLUTION  TpH  [SOLUBILITY] METHOD EQtime_]Eh (mV) T (oC} |REFERENCE NOTES
DESCRIPTION {log M) (days) lor atm
Np 237npo2oh (amorphous) np237,10-30mq dissolved as npo2clod In 1.0M naclod saling .85 -3.6 |oversaturation l-zﬂar atm 25 |Neck et al., 1992 1,20
9.85 4.8
1.7 -5.9
13.7 4.2
Np 237npo2oh (aged, grey-white ppt) Inp237,10-30mg dissolved as npo2ciod in 1.0M naclod4 saline 7.3 -2.7 |oversaturation 14-28]ar atm 25 |Neck ot al., 1992 $,20
7.9 -3.4
8.85 -4.2
9.3 4.2
9.4 -4.8
10 -5.5
10.8 -8
115 -6.33
118 -8.4
12.1 6.4
12.8 5.9
12.9 5.9
13.2 -5.6
13.3 -54
13.6 8.5
13.7 -5
13.8 -5
Np 237npo2ch (aged, grey-white ppt) {np237,10-30mg dissoived as npo2ciod in 3.0M naclod brine 7 -3 |oversaturation 14-28|ar atm 26 [Neck o1 al., 1992 1,20
7.4 3.1
7.6 -3
7.7 3.25
a2 -3.8
a6 -4.3
8.7 4.4
9.1 -4.76
/ 8.2 -5.25
[ = 9.5 52
4 8.8 5.3
8 9.9 58
10.3 5.9
10.9 -6.4
1.5 6.4
118 -8.55
11.9 8.5
128 -8.1
13.2 5.8
135 5.4
137 -5.1
Pu puo2:xh2o teionized water equilibrated with crushed cement, dilute 7.2 -5.8]oversaturation 002 | .300mVin [ambient [Pryke and Reas, 1967 1,21
composition(M): ca+2=1E-2; na+=56E-5; mg+2=5€-6; 74 66 Cn’s%hz alm
ol-=2E-3; 804-2-3E-3; C03-2=1E-5; ph=12; pH acjusted with 76 . tph =12
het or naoh. 1=0.04 M [] 1.9
8.8 -8.7
9 -9.9
9.2 9.8
95 9.9
9.8, -10
ALIOS-SSWP/EACBS.AITIA.G s G1-7
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APPENDIX G

ATTACHMENT #1
ACTINIDE { SOLID SOLUTION COMPOSITION SOLUTION __ [pH  [SOLUBILITY] METHOD EQtima_[Eh (mV} T {oC} [REFERENCE NOTES
DESCRIPTION {log M} {days) loratm
Pu puo2:xh2o dajonized water equilibreted with crushed cemant, ditute 9.7 -8.8]|oversaturation 0.02 [-300mVin |ambient {Pryke and Rees, 1987 1,21
composition{M): ca+2a1E-2; na+=5E-5; mg+2=5E-6; 2.8 -10 |an'5%h2 alm
cl-=2E-3; 804-2=3E-3; c03-2=3E-5; pH=12; pH adjusted with 10.4 -10.2 atpH=12
hel or nach, | =004 M 10.8 -10.4 ’
10.9 -10.5
11 -10.4
14 -10.5
11.8 -10.8
13 -10
13.1 -8.9
Pu 239pu-doped PNL 76-68 glass nacl brine, WIPP brine B brine NA -8.74 Jundersaturation 2 ]13.0MPa ar 150 |Weslislk ot af., 1983 1.12,13,14
NA -8.67 4
NA -0.49 8
NA -8.65 18
NA -0.67 32
Pu amorphous 239pu(oh)3 [h20 + hel or nach to adjust pH dilute 7.85 +8.11 Joversaturation [:] -402 23 |Ral ot at., 1987 24
8.14 -B.57 12 358
10 -9.21 12 -417
8.57 8,05 12 -339
8.32 -9.45 13 -282
8.99 -10.23 13 -331
10.2 -9.54 | 13 219
10.4 -9.95 13 233
10.9 -9.73 13 -207 |
114 -9.39 | 13 -262
11.9 -9.2¢ 13 -203
124 -§.52 13 -268
i12.6 -8.83 13 -190
128 9.31 13 237
13.2 -8.23 13 -281
7.63 -8.04 22 -340
8.08 -3.48 2 -185
| 636 -3.73 2 -258
N | 741 -8.74 2 -335
871 -3.56 2 -310
8.88 -4.33 7 -294
6.83 -3.95 7 -356
5.62 -3.64 ] -278
7.8 -5.68 8 -352 §
8.08 -8.83 8 -an
7.28 -4.77 8 -282
9.76 -9.61 10 -194
8.01 -8.99 24 -238
8.56 -9.28 24 -285
Pu amorphous 239pu{oh)3 h20 + hel or naoh to adjust pH dilule 7.19 -5.75 |undersaturatlon 21 -273 23 {Ral ot at., 1987 2.4
7.18 -5.08 24 314
7.4 -6.88 21 -310
.M -8.08 21 -306
7.87 -8.37 21 -322
8.18 -0.36 21 -330
8.1 9.54 21 -327
Pu amorphous 238pu({oh)3 PBB1 + hel or naoh to adjust pH brine 7.26 -4.83 |oversaturation 3 -267 23 |Ral ol al., 1987 24
8.08 -5.87 3 -288
ALYG JCHS RI744-G s ] 'a TS0 0 )W!INS IFEEM
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ATTACHMENT #{
ACTINIDE | SOLID SOLUTION COMPOSITION [SOLUTION H SOLUBILITY | METHOD EQtima_|Eh {mV) T {0oC) JREFERENGE NOTES
—_|peschiPTION iog M) {days) [or aim
Pu amorphous 239pui{oh)3 PBBY + hel or naoh to adjust pH Ibrine 741 -4.24 joversaluralion 7 -283 23 |Rai et al., 1887 24
7.82 -4.94 7 -310
8.04 -6.64 7 -310
8.05 -5.68 7 -289
B.48 -8.92 7 -297
8.7 7.4 7 -301
9.01 -8.84 7 -3
8.4 -8 7 -334
10.2 -9.08 7 -324
11.3 -8.09 7 -387
8.08 -6.91 14 -269
Pu armorphous 239pu(oh}a PBB1 + hcl or neoh 1o adjust pH brine 7.88 -7.03 |undersaturation 13 -284 23 |Rai ot at., 1987 24
8.28 -7.23 19 -268
8.28 -7.68 19 -252
a.08 -7.39 19 -230
8.05 -7.42 19 -218
8.32 -7.38 19 -276
8.28 -7.28 19 -251
8.15 -8.97 18 -338
9.25 -8.87 19 -362
Pu amorphous 238pu(ch)3 PBB3 + hel or naoh to adjust pH brine 8.32 -3.86 |oversaturation 3 -244 23 |Ral et al., 1987 241
' 6.5 -2.82 | 3 -262
8.41 -3.7 8 -287
84 =377 8 -2b7
6.24 -3.63 8 -285
8.95 -4.85 8| -333
7.0% -4.92 8 -330
7.5 -4,53 ] -355
157 -4.54 8 <357
6.39 -4.09 10 =256
6.8 -4.87 10 -286
Pu amorphous 239pu{oh)3 PBB3 + hel or nach to adjust pH . {brine 8.7 -4.52 |undsrsaiuration 14 -301 23 JRal el al., 1987 2411
[ 875 -4.53 -302
6.81 -5.05 -367
6.83 -5.256 -303
8.64 -5.4_&1 =303
- 7.02 -5.18 -307
Pu 238puo2 h2o0+0.1Mnacl pH adjusted with hnod? dilute 5.3 -8.1 lundersaturation 120 lair atm 25 [Kim et al, 1985 1,7
. 56 -5.7 210
Pu 238puo2 h20+0.5Mnact pH adjusted with hno3? saline 57 -5.7 jundersaturation 120 |air atm 25 |Kim ot al., 1985a 1,7
59 -5.5 210
Pu 238puo2 h20+1Mnacl pH adjusted wilh hno3? saling 5.4 -5.9 lundersaturation 120 Jair atm 25 |Kim et al., 1985a 17
5.7 -5.7 210
Pu 238puo2 h2o+3Mnac! pH adjusted with hno3? |brine 52 -8.2 Jundersaturation 120 [air atm 25 |Kim ot al., 188523 1,7
54 -8 210
Pu 238puo2 h20+5Mnacl pH adjusted with hno3? brine 4.7 -6.7 Jundersaturation 120 alr atm 25 [Kim et al., 1985a 1,7
4.9 -68.5 210
Pu 238puo2 h2o+ 0.Wnac dilute 3.25 -5.68 Jundersalurallon 120 |ar atm 21 |Kim et al., 1985b 4,20
.37 -§.51
3.45 -5.45
345 -6.42
.37 -6.2
3,33 -5.59
ALXOB-OSWP/EACES RI744-Q s G1-9
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APPENDIX G

ATTACHMENT #1 . - (
ACTINIDE | SOLID SOLUTION COMPOSITION SOLUTION pH _ |SOLUBILITY | METHOD  [EQime [Eh (mV) T {oC) JREFERENCE NOTES
: DESCRIPTION (log M) (days) [or atm
Pu 238puo?2 204+ 0. 1Mnac) dilute 3.68 -8.9 lundersaturation 120 |ar atm 21 |Kim o1 al., 1985h 4,20
3.38 -5.73 :
3.65 -6.18
3.39 -6.158
Pu 238puo2 {h20+5Mnacl brine 3.85 :7.1 [undersaturation 120 far aim 22 IKim et al,, 1985b 4,20/
a.88 -6.74
.97 8.7
4.2 -6.6
3.88 -8.09
4.25 -6.51
443 -8.15
4.08 -6.59
4.58 -8.35
4.45 -6.88
Pu 23 2 h20+0. 1Mnac) pH adjusted with hrod? dilute 248 -8.8 |undarsaluration 250 falr alm 25 |Kim et ai., 1985a 1,7
Pu 239puc2 h20+0.6Mnact pH adjusted with hno3? |saline 28 -8.5 jundarsaturation 250 [air alm 25 |Kim et al., 1985a 1,7
Pu 239puon?2 h20+1Mnacl pH adjusted with hno3? |saline 2.7 -8.7 jundersaturation 250 [air alm 25 [Kim et al., 1985a 1.7
Pu 239puo2 h2o+3Mnacl pH adjusted with hno3? brine 22 -9.2 jundersaturation 250 |air alm 25 [Kim ot al., 1985a 1,7
Pu 23%pu02 h204+5Mnacl pH adjusted with hno3? brine 22 -9.2 lundersaturation 250 lalr aim 25 [Kim at al,, 19853 1.7
Pu 230puo2 h2o+ 0.1M nacl dilute 3.97 -7.88 |undarsaturaiion 250 |ar atm 21 [Kim et al., 19850 4,20
3.94 -7.83
4.51 -0.4
4486 - -8.4
4984 27
5.69 9.8
4.85 -89
4.95 -9.34
| 6.63 -10.1
551 0.6
Pu 230puo2 h20+5Mnacl brine 3.76 -8.53 Jundersaluraiion 250 {ar atm 24 |Kim et al.. 1985b 4,20
3.72 -8.47
3.85 -8.95
3.68 -8.58
491 -8.48
4.42 -9.51
4.05 -8.98
3.84 -6.88
8.49 -10.5
8.44 -10.2
Pu 239puo2{c) h20+0.0015Mcacl2 : dilute 3.8 -8.12 jundersaturation 90 lalr atm 25 |Rai et al., 1980 45
3.8 -6.05
4.3 -6.57
43 -6.44
5.4 -7.29
545 747
7.3 -8.56
7.3 -8.78
Pu 239puo{c) In20+0.0015Mcacl2 dilute 34 -6.2 jundarsaturation 130 Jair atm 25 [Ral et at., 1980 1,15
38 -68.3
38 6.4
4 8.5
38 6.6
5.7 7.1
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)NDIX G

AV 1 nCHMENT #1
ACTINIDE | SOLID SOLUTION COMPOSITION SOLUTION leH SOLUBILITY | METHOD EQtime |Eh {(mV) T {oC) |REFERENCE [noTES
DESCRIPTICN ({log M) {days) for atm :
Pu 239puo(c) h2c+0.0015Mcacl2 ditute 7.2 -8.8 jundersaturation 130 [air atm 26 |Rat et al., 1980 1,15
7.7 -8.3
Pu 239puo2ic) Ih20+0.0016Meaci2 diute 3 -5.3 lundersaturation 2580 |air aim 25 |Rai ot al., 1980 1,15
3.2 5.7
3.3 -5.9
4 -6
52 -6.8
Py freshly declad spant fuel PBB1 biine NA -8.5 jundersaturation 6 }air atm 25-30|Gray, 1986 12,9
NA 8.6 [
NA] -8.7 14
NA; -8.8 14
NA -B.8 28
NA -8.8 28
NA 8.8 80
NA 8.9 80
Py proviously declad spent fuel PBB1 brine NA -7.4 lundersaturation 5 Jair alm 25-30|Gray, 1986 12,9
NA -8 5
NA -7.8 14
NA| 17 28
NA -8.3 28
/_\ NA -7.5 80
et " NA 8.3 0
L ,’ NA 75 80
N4 NA! -84 | 120
o NA 7.2 180
. NA -7.8 180
Pu ILW solidifiad with blluman h20 sal w/ca{oh)2 fe(ch)2,nach thp,dbp,edia citlox bring NA 9.13 junderaaturation 4 NA NAIMarx and Keiling, 1989 4,18
Pu pu{oh}4 h2o salurated w/ ca(oh}2, fetoh)2 and naci |bring NA -7.8 [undersaiuration NA NA NA|Man and Keillng, 1989 4 18|
Pu pu{oh)4 ho saturated w/ cafoh)2, fa(oh)2, nacl and TBP |bdne NA 7.8 |undersatumtion NA NA NA|Manx and Keiling, 1989 4,18
Py pu(ch)4 h2o saturated w/ ca(oh}2, fe{oh)2, nacland DBP hrine NA -8.8 juntersaturation NA NA NAIMarx and Keiling, 1969 4,18
Pu pufoh)4 |h2o saturated wf ca{oh}2, fe(oh}2, nacl and EDTA brine NA -& Jundersaiuration NA NA! NAIMarx and Kelling, 1989 4,18
Py pu{oh}4 |h20 saturated w/ ca(oh)2, leloh)2, nacl and cilrate brine NA -4.9 fundarsaluration NA NA NA|Marnk and Keiiing, 1989 4,18
Pu pu{oh}4 h2o saturated w/ ca(oh}2, le{oh)2, nacl and oxalate brins NA] -84 |undersaluration NA NA NA|Marx and Keiling, 1989 4,18
Pu pu(oh)4 h2o saturated with nacl brine 1 3.5 Jundersaturation NA] NA 25 |Flambard et al., 1986 4,10
5.6 -6.3
10 -78
Pu 239puloh)4(a) h20+0.0015Mcaci2 dilute 3.956 -4.44 lundersaturation 90 |air atm 25 |Ral et al., 1980 4,15
4 4,54
4 -4.31
4 -4.22
§ -6.25 |
5.05 . +5.44
5.25 -5.17
5.3 -5.31
(1] 8,77
8.7 -6.83
68 -8.63
6.83 -8.73
7.5 -7.64
7.7 7.77
7.85 7.1
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ATTACHMENT ¥
ACTINIDE | SOLID [SOLUTION COMPOSITION SOLUTION pH__[sowLusiLiTy [ METHOD [EQtime [Eh tmv) T (oC} [REFERENCE NOTES
I DESCRIPTION (iog M) “lidays) oratm
W 239pu(oh)4(a) |h20+0.0015Mcacl2 dilute 4 -4.5 |undersaturation 130 |air atm 25 |Rai et al., 1980 1,15
4.1 43 [
4.7 -5
i) 5.2
5.1 -4.9
8.7 8.8
7 -6.8
1.7 7.3
. 7.9 7.2
Pu 239%u(oh)4(a) h20+0.0015Mcacl2 dilute 33 -4.6 undersaiuration 250 {air avm 25 |Ral ot al., 1980 1,15
34 -4.3
3.5 48
4.9 -5.5
5.3 -5.7
] -8
17 -7
7.8 7.2
Pu pufoh)d cement-equilibrated water + hcl or nach dilute 73 -5.7 |ovarsaluration 0.02 -300 NAJEwart et al., 1985 1,16
75 8.5
7.8 6.8
8 7.9
TN B7 9.7
;o 8 -9.9
Ve 9.2 9.5
\\_ / 9.7 -9.8
9.8 -10
10.3 -10.1
109 -10.4
1 -10.3 |
11.7 -10.6
13 -10.1
Pu pu{oh)47? cement-equilibrated water + E-5M D-saccharic dilute 12 -5.14 |oversaturation 0.02 200 80 |Cross et A, 1989 4,16|
Pu u(ch]}47? cement-equilibrated water + E-4M D-saccharic dilute 12 -5.14 loversaluration 0.02 200 80 |Cross ot al., 1989 4,16]
Pu pu(ch)4?? cemenl-equliibrated water + E-3M D-saccharic dilute 12 -5.09 |ovarsaturation 0.02 200 80 |[Cross et al., 1989 4,16]
Pu pufoh)4?? cement-aquitibratad water + E-2M D-saccharic dilute 12 -5.04 |ovarsaturation 0.02 200 80 {Cross sl al., 1989 4,18|
Fu pu(oh)47? coment-equilibrated water + E-5M D-gluconic dilute 12 -7.15 [oversaluration 0.02 200 80 {Crogs et al,, 1989 4,16
Pu pu(oh)42? Icement-ggulllbrnted water + E-4M D-gluconle dilute 12 -8.25 [oversaiuralion 0.02 200 80 [Cross et al, 1989 4,16
Pu pu(oh)4?? Icomont-oguilibratod water + E-3M D-gluconic dilute 12 -5,24 [oversaturation 0.02 200 80 [Cross ot al, 1969 4,16
Pu ufoh)42? coment-equllibrated water + E-2M D-gluconle dilute 12 -5.18 |oversaturation 0.02 200 80 |Cross ot al., 1989 4,16
Pu u{oh)4?? cement-equitthrated water + E-5M glutaric dilute 12 -7.28 |oversaturation 0.02 200 B0 |Cross ot b, 1983 4,16
Pu {pu{oh)4?? cemonl-equitibratad water + E-4M glutaric dilute 12 -68.62 |ovarsaturation 0.02 200 80 |Cross ot al., 1989 4,16
Pu lpu(oh)-t?? cament-equilibrated water + E-3M glutaric dliute -12 -8.22 Joversaturation 0.02 200 80 {Cross ot al., 1969 4,16
Pu pu{ch)d?? cemont-equillbrated water + E-2M glutaric dilute_ 12 -5.69 |oversaturalion 0.02 200 80 |Cross et al., 1989 4,18
Pu |pu(oh)d7? cement-aquilibrated water + E-5M glyceric dilute 12 -7.4 |oversaturailon 0.02 200 80 |Cross el al., 1989 4,16
Pu Ipu_(oh)ﬂ? cement-aquillbrated water + E-AM glyceric dilute 12 -6.74 loversaiuiation 0.02 200 80 |Cross ot al., 1989 4,16
Pu pu(oh)4?7? “|cement-equillbrated water + E-3M glyceric dilule 12 -6.2 [oversaluration 0.02 200 80 |Cross et al,, 1989 4,16
Pu pufoh)4?? cament-aquilibrated waler + E-2M glyceric dilute 12 1. -5.98 |oversaturation 0.02 200 80 ICross et al., 1989 4,16
Py u{oh)47? cement-oquilibrated water + E-5M glycolic dilute 12 -8.19 |oversaturaiion 0.02 200 80 {Cross el al,, 1589 4,16
Pu pufoh)4?? cement-squilibrated water + E-4M glycalic dilute 12 -7.33 |oversaturation 0.02 200 80 |Cross at al., 1989 4,16
Pu u{oh)d?? camant-equilibrated water + E-3M glycolic dilute 12 -8.82 |oversaturatlon 0.02 200 80 [Cross ol al,, 1989 4,16/
Pyt u{ch)47? cement-squilibrated water + E-2M glycolle dilute 12 -8.27 loversaiuration 0.02 200 80 |Cross et al., 1969 4,16
Pu ufoh)4?? cement-aquilibrated water + E-5M glyoxylic dilute 12 -8.48 foversaluration 0.02 200 80 |Cross et al., 1989 4,16
Pu puloh)47? cement-equlilibrated water + E-4M glyoxylic difute 12 .7.39 [aversaturation 0.02 200 B0 [Cross et al., 1989 4,16]
Ao )cas AIT-Q ¥ )-12



)NIDIX G

AT ACHMENT ¥
ACTINIDE |  SOLID SOLUTION COMPOSITION _|S0LUTION pH  |SOLUBILITY | METHOD EQtime_[Eh (V) T (oC) |REFERENCE NOTES
|DESCRIPTION {log M) (days) Jor atm
Pu pu{oh)4?? cemant-equilibrated water + E-3M glyoxylic flute 12 -8.82 |oversaturation 0.02 200 80 jCross et al., 1989 4,16
Pu pu{oh)4?? cament-aquilibrated waler + E-2M glyoxylic dilute 12 -8.59 |oversaturalion 0.02 260 80 |Cross et al., 1989 4,16
Pu 238puo2(oh)2 h20 + 0.1M naclo4 dilute 5.6 -4.1 |undersaturation NA|ar atm 25 |Kim el al., 1985% 1.17
58| -4.3 '
58 -4.4
5.9 -4.3
8 4.4
8.2 4.5
8.2 4.8
65 -4.8
8.2 -5
84 5.1
6.6 -5
6.7 53
6.7 55
6.8 -5.3
8.9 -5.8
7 -8.5
7 5.9
— 71 -6.8
g 1.2 5.7
;/ ““""“;:w\ 1.2 6
U 7.2 -3
73 8.1
715 8.5
79 6.8
84 -8.9
88 7.2
9.1 -7.7
10.1 -8.2
10.9 -8.1
11.1 -8.2
11.2 7.8
11.8 2.7
11.8 7.5
1.9 -7.8
11.9 7.9
12.1 7.9
12.2 7.4
124 7.8
125 -7.3
Th thorianite-tho2 h2o diie 2 -6 |cakulated NA| NA 25 |Langmulr and Hermar, 1980 1
§-9 -14
Th  |thodanite-tho2? h2o+ 1ppmic2o4(oxalate) dilute 2 -5 |calculated NA NA 25 jLangmuir and Herman, 1980 1
. 4.5 -8
7-9 -14
Th {ihoranite-tho2 h20+0. 1ppm{EDTA ditute 2-5 -8 |calculated NA NA 25 |Langmuir and Harman, 1880 1
85 -14
Th thoranite-tho2 h20+0.2ppm{f dilute 2 -5.5 |calkculated NA NA 25 [Langmuir and Harman, 1980 1
5.7 -14
Th thorianite-tho2 h20+0. 1ppmipod dilute 2 -6 jcalculated NA NA 25 |Langmuir and Herman, 1980 1
4 8.5
15 -14
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APPENDIX G

ATTACHMENT #1
ACTINIDE | SOLID SOLUTION COMPOSITION SOLUTION pH  ISOLUBILITY | METHOD |EQlime _[Eh {mv} T (0C) |REFERENCE NOTES
DEBCRISTION log M) ldays) Jor aim
Th thortanite-tho2 h2o+100ppm(sod dilute 2 3.5 [calcutated NA NA 25 jLangmuls and Herman, 1980
5-7.5) -14
Th thorlanite-tho2 h2o+10ppmict+2.5ppm{nod+ 100ppmisod+0.3ppm(t+0.1ppm [dilute 2 -4 |ealculated NA NA| 25 |Langmuir and Herman, 1930
Ipod '
4 -9.5
7-8.5 -14
Th hydrous thorium {iV) oxide h20 + 0.6M KCI |saline 3.83 -2.18 |undersaiuration 7 war atm amblent IFslmy et al., 1891
488 -4.17
5.42 -8.43
6.05 -8
8.44 -8.4
7.48 -0.68
8.03 -8.87
Th hydrous thorium {IV) oxide h2o + 0.6M NaCt saline 3.02 +2.16 Jundersaturation 7 Jaratm lambient |Felmy et al., 1991
3.59 -2.16 ' 7
4.08 -2.17 7
4.14 -2.19 1
4.01 -3.67 7
5.21 -5.73 7
5.59 6,53 7
6:06 -7.87 7
6.50 -7.08 7
7.01 -7.38 7
734 -8.38 7
1.61 8.3 7
8.2 -8.07 7
9.23 -9.09 7
9.74 -8.82 7
10.2 -8.85 7
287 217 88
3.42 -2.18 98
3.88 -2.29 98
. 2.28 | g8
4.38 -3.14 98
3.68 2.717 88
3.77 -2.88 | 98
4.35 -3.21 98
6.69 -8.15 88
7.18 -8.12 g8
75 -8.92 98
8.2t -5.92 98
§.08 -7.8 98
9.58 -7.97 a8
10.04 -H.18 88
Th hydrous thorum (IV) oxide h2o + 1.2M NaCi sallne 2.94 -2.16 |undersaturation 7 lar atm |lamblant [Felmy et at., 1991
3.58 -2.16 7
4.1 2.2 7
4.52 -3.09 -7
4.79 -2.73 7
5.68 -7.89 7
5.83 -6.39 7
8.28 -89 7
6.76 -8.3 7

AL

JCBS:R@?M-G s

)—14

780497.0.

3972805 3 35 FM




.)NDIX G

ATTACHMENT #1
ACTINIDE | soLiD ISOLUTION COMPOSITION |soLuTiION _[pH  TsoLuBILITY | METHOD EQiime [Eh (mV} [T (o€} [REFEAENCE NOTES
| {DESCRIPTION {log M) {days) |or atm |
Th hydrous thorium (IV) oxide h2o + 1.2M NaCl saline 7.18 -8.2 |undersaturation 7 |aratm arnblent [Felmy et al., 1991
7.83 -8.67 7 ’
8.21 -8.83 7
8.84 -8.82 7]
8.09 -8.8 7
9.62 -8.26 7
10.03 Al 7
2.87 -2.2 88
33 2,18 88
3.78 -2.48 g8
4.17 -3.18 98
4.37 -3.9 98
4,08 -2.83 98
300 275 28
3.97 -4.13 98
5.91 ~1.51 BB
/ — 8.92 -7.48 88
'\ - 7.47 7.9 [T
8.05 -7.8 98
- 844 7.82 g8
8.80 ~7.38 98
9.3 -7.08 98
9.8 -8.14 98
Th hydrous thorium (1V) oxide h2o + 3M NaCl brine 3.36 -2.95 {undarsaturation 8 lar atm lamblent {Falmy ot al., 1991
4,27 -3.3 8 ’
4.32 ~3.33 [:]
4.52 3.7 8
4.76 -4.09 8
4.968 -4.32 -]
5 -6.13 8
5.58 -6.98 ]
5.61 -6.39 ]
5.81 -6.84 8
5.99 -6.94 8
6.12 -7.28 | 8
5.41 -7.61 -]
8.42 -7.62 8
844 -7.89 8
B8.27 -7.64 a
_3.56 -2.17 122
.87 -3.03 122
3.98 -3.61 122
3.95 -3.9 122
402 -3.94 122
4.32 4.1 122
7.12 -8.47 122
1.7 -§.44 122
782 -8.43 122
783 -6.37 122
8.82 -7.84 122
9 -7.92 122
9.47 7.2 122
9.58 -7.66 122
ALIOS-9SANP/EACBS RST4-G s G1-15
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APPENDIX G

ATTACHMENT #1
ACTINIDE | SOLID SOLUTION COMPOSITION SOLUTION oH  ISOLUBILITY | METHOD |[EGtms [Eh (mV) T (oC) JREFERENCE NOTES
DESCRIPTION | tog M} lidays} [or atm
Th hydrous thorlum {IV) oxide h2o + 3M NaCl brine 10.08[ -7.83 jundersaturation 122 Jaram amblent {Felmy et al., 1931 2
10.1 -7.45 122
361 -2.09 372
3.89 {. -3.56 el
3.81 -2.87 372
4.05 -3.28 ar2
4.38 -3.77 372
4.58 -4.4 ar2
" \ 465 479 a72
7.89 -8.85 a2
7.98 -8.66 372
8.2 -8.96 a7z
8.11 -7.09 372
8.04 -7.73 372
8.05 -7.73 372
9.24 -6.83 ar2
8.48 -7.68 372
U 233u-doped PNL_76-88 glass nacl brine, WIPP brine B brine NA -6 |undersaturation 2 [13.8MPa ar 150 |Westsik et al., 1983 1,12,13,14
NA -8.13 4
NA. 6.1 -]
NA: -8.03 18
NA; -6.156 32
u uraninite-uo2 Ih2o dilute 2 -10.2 Jcalcutated NA <200 25 |Langmuir, 1978 L
4 ~13 <200
g 4.8 <100
u uraninile-uo2 h20+E-2aimPco2 dilute 8 10 [calculatad NA <-200 25 t angmuir, 1978 t
8 -4 0
U uraninite-uo2 h20+E-3.6atmPco2 dilute 8 -10 |calculated NA <-100 25 |Langmuir, 1978 |
;] -4 100 .
u uraninite-uo2 |h2o0+E-2atmPco2+E-8M{pos dilute 8 12 |calculated NA <100 25 {Langmulr, 1978 1
] -4 150
u uraninite-uo2 h20+0.11125Mhcl dilute 1.04 +8.717 |undersaluralion NA|h2=50MPa 100 JParks and Poh!, 1988 34
‘ 1.04 7.022
L uraninite-uo2 h20+1.51E-3Mhel+0.099Mnacl dilute 2.92 8.452 lundersaturation NAJh2=50MPa 100 [Parks and Pohl, 1988 34
202 8.733
U uraninlie-uo2 h20+1.22E-3Mhcl dilute 283 -8.598 |undersaturation NA[h2=50MPa 100 |Parks and Poht, 1988 34
293 -3.788
u uraninite-un2 h20+8.366E-6Mhcl dilute 5.03 -8.704 jundersaturation NA|h2=50MPa 100 |Parks and Pohl, 1988 34
5.03 -9.914
u uraninite-uo2 h204+1.136E-3Mhcl dilute 3.95 -8.695 [undersaturation NA[h2=-50MPa 100 [Parks and Pohl, 1988 34
u yraninite-uo2 ]hao dilute 8.87 -9.463 |undersaturation NAh2=50MPg 100 [Parks and Pohl, 1988 34
8.67 -10.015
u uraninite-uo2 h20+0.01097Mhct dilyte 2.0 -8.381 jundersaturation NAIh2=50MPa 100 {Parks and Pohl, 1988 34
uJ uraninie-uo2 h2o+1.26E-3Mhal dilute 1.85 -9.377 Jundersajuration NAlh2=50MPa 100 [Parks and Pohl, 1988 34
u uraninite-uo2 h20+0.01669Mnach+0.0868Mnacl dilute 1.04 -9.583 lundersaturation NAIh2=50MPa 100 |Parks and Pohl, 1988 34
u uraninite-uo2 1h2o+0.1 1125Mhcl ditute 1.05 -6.875 fundersaturation NA[h2=50MPa 150 [Parks and Pohl, 1988 9.4
1.05 -7.147
1.05 -7.269
U uraninite-uo2 |h20+1.51E-3Mhel+0.088Mnac! dilute 2.93 -8.479 jundersaturation NAJh2=60MPa 150 {Parks and Pohl, 1988 34
283 -8.678 :
u uraninite-uo2 h20+1.22E-3Mhc) dilute 2.94 -8.57 Jundersaturation NA|h2=50MPa 150 [Paks and Pohl, 1988 34
2.94 -8.557
U yraninite-uo2 [h20+9.366E-6Mhel dilute 5.02 -9.733 [undersaluration NA[h2=50MPa 160 |Parks and Poht, 1988 34
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. .)NDIX G
ATTACHMENT #1

ACTINIDE { SOLID |SOLUTION COMPOSITION JsoLuTION H _ [sOLUBILITY | METHOD [EQtime JEh {mV} T {0C) IREFERENCE NOTES
| DESCRIPTION (log M) (days) Joratm
U uraninite-uo2 |h20+8.366E-6Mhc dilute 502 -9.914 jundersaturation NAlh2=50MPa 150 [Parks and Pohl, 1988 34
U uraninite-uo2 Fh20+1.130E-3thl diltite 3.95 -9.704 [undersaturation NAIh2-60MPa 180 |Parks and Poht, 1988 3.4
3.95 -8.733
U uraninite-uo2 h2o dilute 5.09 -9.532 |undessaiuration NAh2=50MPa 150 |Parks and Pohl, 1988 34
5.89 -8.474
U uraninite-uo2 Hh20+0.01087Mhcl dilute 2.01 -9.347 |undersaturation NA|h2=50MPa 150 {Parks and Pohl, 1988 34
2.0 -9.289 ¥
U uraninite-uo2 h2o+1.26E-3Mhct dilute 1.88 -8.335 {undersaturation NA|h2=50MPa 150 [Parks and Pohl, 1988 34
1.88 -9.422
u uraninite-uo2 h20+0.11125Mhc! dilute 1.08 -7.075 |undersaturation NAth2=50MPa 200 [Parks and Pohi, 1988 34
1.08 7.2
1.08 -7.45
) uraninite-uo2 h2o+1.61E-3Mhcl+0.088Mnac! dilute 285 -8.607 lundersaturation NA|h2=50MPa 200 [Parks and Pohl, 1988 3.4
2.95 -8.514
1) uraninite-uo2 h20+1.22E-3Mhcl difute 2.94 -8.256 jundersaturalion NAh2=50MPa 200 jParks and Poht, 1988 3.4
2.94 -8.652
1] uraninite-uo2 h20+9.386E-6Mhcl dilute 5.01 -8.283 fundersaturation NA|h2=50MPa 200 |Parks and Pohl, 1988 34
5.01 5714
U uraninita-uo2 h2o+1.136E-3Mhel dilute 3.95 9,403 |undersaturation NAh2=50MPa 200 |Parks and Pohl, 1968 3.4
3.95 -9.551
u uraninite-uo2 h2o . |ditute | 5.64 -8.474 \undersaturation NA|h2=50MPa 200 |Parks and Pohl, 1968 34
5.84 -8.598
U uraninite-uo2 h20+0.01097Mhel dilute 2,02 -9.237 jundersaturation NA(h2=50MPa 200 |Parks and Pohl, 1968 34
202 -9.598
u uraninite-uo2 h20+1.28E-3Mhcl dilute 1.87 -9.098 |undarsaturation NA[h2=50MPa 200 [Parks and Pohl, 1988 34
1.87 -9.335
1] uraninite-uo2 h20+1.00E-3Mhcl+0.0888Mnac! dilute 343 +8.852 Jundersaiwation NAIh2=50MPa 200 [Parks and Pohl, 1988 34
343 -8.468
U uraninii@-uo2 h20+0.0342Mhcl+0.0862Mnac! dilute 1.8 -8.013 lundersaturation NA‘h2=50MPa 200 [Parks and Pohl, 1988 34
16 -8.021
U waninie-uo2 h20+3.07E-3Mhcl+0.0868Mnac) dilute 284 -8.83¢ lundersaturalion NAIh2=50MPa 200 |Parks and Pohi, 1988 34
U uraninite-uo2 h20+3.17E-4Mhcl+0.0892Mnact ditute 3.69 -9.034 jundersaturation NAIh2=50MPa 200 |Parks and Pohl, 1988 34
U uraninite-uo2 h20+0.0801Mhcl+0.0359Mnacl dilule 2.35 -8.885 Jundersaturation NA[h2=50MPa 200 |Parks and Pohl, 1388 34
235 -8.175
u uraninita-uo2 h20+0.0601Mhcl+0.0398Mnacl+1.23E-5u02(n03)2 dilute 135 -8.0687 lundersaturation NAW2=S0MPA 200 [Parks and Pohl, 1988 34
1.35 -8.228
U uraninite-uo2 h20+0.01569Mnaoh+0.0886Mnac! dilute 9.3 -9.024 Jundersaturation NA[h2=50MPa 200 |Patks and Pahl, 1988 34
8.4 -9.189
] uraninite-uo2 h20+0.11125Mhcl dilute 1.14 -7.132 |undersaturation NAJh2=50MPa 250 |Parks and Poht, 1968 34
1.14 -6.468
1.14 A7 :
u uraninite-uo2 h2041.51E-3Mhel+0.098Mnacl dilute 3.02 -8.437 |undersaturation NA|h2=50MPa 250 |Parks and Pohl, 1988 34
3.02 -8.413
1] uraninite-uo2 h20+1.22E-3Mirc dilute 2.94 -8,305 |undersaturaiion NAJh2=50MPa 250 |Parks and Pohl, 1988 3.4
2.94 -8.621
U uraninite-uo2 h20+8.366E-6Mhcl ditute § -9.82 jundersaturation NAh2=50MPa 250 [Parks and Pohl, 1988 3.4
5 -9.644
U uraninite-uo2 h2o0+1.136E-3Mhel dilute 3.95 +8.473 |undersaturaiicn NAIh2=-50MPa 250 |Parks and Pohl, 1988 34
U uraninite-uo2 h2o diluta 5.55 -9.519 jundersaturation NA[h2=50MPa 250 |Parks and Pohl, 1986 34
U uranlnite-uo2. h20+0.01097Mhel diluta 2.04 -8.917 jundersaturation NATh2=50MPa 250 [Parks and Pohi, 1988 34
2.04 -9.531
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APPENDIX G

ATTACHMENT #1
ACTINIDE | SOLID |SOLUTICN COMPOSITION SOLUTION pH  |SOLUBILITY | METHOD EQume [Eh (mV) T {oC} |REFERENCE NOTES
DESCRIPTION {log M} (days} |or atm |
V) uraninite-uo2 lh20+1.28E-3thl dilute 1.89 -8.774 lundersaturalion NA|h2=50MPa 250 |Parks and Poht, 1988 34
1.89 -8.089 .
U uraninite-uo2 h20+0.11125Mhcl dilute 1,23 -8.098 Jundersaturation NA|h2=50MPa 300 rParks and Pohl, 1980 34
1.23 -6.128 !
1.23 -8.056
1.23 -8.124
U uraninite-uo2 h2o+1.51E-3Mhcl+0.098Mnacl ditute 312 -7.945 |undersaturation NAIh2=50MPa 300 [Parks and Pohl, 1988 34
3.12 -8.009
U uraninite-uo2 h20+1.22E-3Mhcl dilute 295 -8.146 Jundersaturation NAIh2=-50MPa 300 |Parks and Pohl, 1988 34
u uraninite-uo2 'hzmo.aue-athl diute 4.9 -9.502 {undersaturation NA[h2=50MPa 300 (Parks and Pohl, 1988 34
499 -9.502
U uraninite-uo2 h20+1.136E-aMhel dilute 3.96 -9.038 |undarseturation NA(h2:=50MPa 300 |Parks and Pohl, 1988 34
3.96 -§.82
U uraninite-uc2 h2o dilute §.57 -9.39 fundersaturation NAIhZ:SOMPa 300 {Parks and Poht, 1988 34
557 -9.403
U uraninite-uo2 h20+0.01097Mhcl difute 207 -8.338 |undersaturation MNAh2=50MPa 300 [Parks and Pohl, 1988 34
207 -9.297
1 uraninite-uo2 h2o+1.26E-3Mhc) dilute 1.93 -8.774 jundersaturation NA[h2=50MPa 300 [Parks and Pohl, 1988 34
1.93 -8.652
U uraninite-uo2 h2o0+1.00E-3Mhef+0.0988Mnac! dilute 3.59 -8.644 fundersaturation NA(h2=50MPa 300 |Parks and Pohl, 1988 34
3.59 -0.479
U uraninite-uo2 h20+0.0342Mhcl+0.0662Mnacl ditute 1.75 -7.761 |undersaturation NA[h2=50MPa 300 |Parks and Pohl, 1988 34
1.75 -7.88
U uraninite-uo2 h20+3.07E-3Mhcl+0.0869Mnact diltite 28 -8.287 jundersaturation NAhZ=60MPa 300 Perits and Pohl, 1988 34
2.8 -8.532 .
u uraninite-uo2 h20+3.17E-4Mhcl+0.0992Mnacl dilute 3.76 8,275 jundersaluration NAh2=50MPa 300 |Parks and Pohl, 1988 34
3.76 -8.977
7] uraninile-uo2 h20+0.0801Mhci+0.0399Mnacl dilute 2.51 -8.623 fundersaluration NA|h2=50MPa 300 {Parks and Poht, 1988 34
2.51 -8.531
t vraninite-ue2 h20+0.0601Mhcl+0.0399Mnacl+1.23E-5u02(n03)2 dilute 1.5 -7.191 |undersaturation NA|h2=50MPa 300 |Parks and PolY, 1988 3.4
15 -71.484
U uraninita-uo2 h20+0.01568Mnach+0.0866Mnac) dilute 9.07 -8.387 [undersaluration NAh2=60MPa 300 |Parks and Pohl, 1988 34
u uraninite-uo2 saturated NaCl solution brine 8.2 -8.8 jundersaluration NA|air 75-80{Gray, 1986 1,29
8.2 -7
8.3 -2.6
64 -1.8
64 -7.8
‘ 6.4 1.8
U camotite-k2{uo2)2{vod)2 h20+E-2aimPco2+E-3Mk+E-8M{v dilute 3 -2.5 |calculated NA NA 25 {Langmuir, 1978 1
8 7.5 >100
85 -1 »>50
1) camotite-k2(uo2)2(vod)2 h20+E-3.5atmPc02+E-3Mk+E-8M(v dilute 3 -2.5 |calculated NA NA/ 25 JLangmuir, 1978 1
7 -8 >100)
9 -4 >50
u tyuyamunile-ca(uo2)2(vod)2 h20+E-2aimPco2+E-2.7Mca+E-6M{y dilute 3 -2 [cafculated NA NA 25 |Langmuir, 1978 1
[:] -7
8.5 -1
u tyuyamunhe-ca{uo2)2{vod)2 h20+E-J.5atmPco2+E-2.7Mca+E-6M(v ditute 3 -2 Jealkculated NA NA 25 |Langmulr, 1978 1
7 -8
9 3.5
] aulunite-ca{uo2)2{po4d)2 h2o+E-2atmPco2+E-2.7Mca+E-8M{po4 dilute 7 -4 |calculated NA NA 26 |Langmulr, 1978 1
9.5 )]
1] autunile-ca{uo2)2(po4)2 h20+E-3.5atmPco2+E-2, TMca+E-6M{po4 dilute 7 -6 |calculated NA NA/ 25 |Langmuly, 1978 1
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)lDlX G

ATTACHMENT #1t

ACTINIDE | SOLID SOLUTION COMPOSITION SOLUTION Jbﬂ SOLUBILITY | METHOD EQtime |Eh (mV) T (0C) |REFERENCE NOTES
: : DESCRIPTION {log M) (days) |or &im
uU aulunite-cafuo?}2(pod)2 h20+E-3.6atmPco2+ E-2.7Mca+E-8M(pod dilute 10 -0.5 |calculated NA NA, 25 |Langmuir, 1978 1
U k-autunite-k2{uo2)2(pod)2 hzo+E-2aimPco2+E-3Mk+E-6M{po4 dilute 6 -8 [calculated NA NA 25 {Langmulr, 1978 i
9.5 1]
U k-autunite-k2(uo2)2{pod}2 h20+E-3.56imPco2+E-3Mk+E-6Mipo4 ditute 6 -7 |calculated ' NA NA 25 Langmuir, 1978 1
) 10 1.6
u schoepite-uod.2h20(syn) h2o + hclod or tetramethyl nhdoh to adjust pH dilute 35 -2.5 |oversaturation g Jox 25 |Krupka et at., 1985 1.2
4 -3 9
(] 3.5 )
8 4.5 9
11 -4 8
12 -3
3 -2.2
4 2.7
5 -3
8 3.2
7 -3.5
8 -3.5
10 -4
11 -3.5
12 25
U schoeplte-ucd.2n20{syn) h20 + helo4 or leiramaethyl nh4oh to adjust pH dilute 4 -2.75 jundersaturation 25 |Krupka et al., 1965 1.2
8 -5
9 -5.9
11 -4
12 -3.5
3 25]
4 2.7
5 -3
75 -4.5
8.5 -4.7
8.5 4.5
1 -3.5 |
12 -3.5
u schoeplte-uod.2h2ola) h2¢ + 0.5M naclod diluste 6.9 -3.1 {undersaturaiion 25 [Bruno and Sandino, 1989 1,17
7 -3.3
72 -3.4
7.3 -3.85
7.4 -3.8
7.5 -3.9
78 -3.85
77 -3.95
78 -3.8
7.85 -3.85
79 -3.85
78 -3.6
8.05 -3.65
8.158 -3.35
U schoepite-ue3.2h20(c) h2o + 0.5M naclo4 dilute 6.8 -4.2 jundersaluration NAIn2 atm 25 |Bnmno and Sandino, 1989 1,47
8.85 -4.25
6.95 -4.3
7.16 -4.55
7.25 -4.6
7.4 4.75
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APPENDIX G

ATTACHMENT #1
ACTINIDE | SOLID |SOLUTION COMPOSITION |SOLUTION H ___|SOLUBILITY | METHOD ECitime |Eh (mV) T (oC) |REFERENCE NOTES
| |DESCRIPTION {log M) {days} |or aim
u schospite-uod.2h20(c) [h20 + 0.5M nacled dilute 75 -4.85 |undersaturation NA[n2 atm 25 |Bruno and Sandino, 1869 117
7.85 4.9
1.7 -4.85
7.86 -5.16
7.8 -5.1
8.1 -5.26
8.25 -5.3
8.3 -5.35
8.35 -54 |
8.33 -5.056
8.85 -4.56
u na2u2o? h2o sat w/ caloh)2, le{oh)2, and nacl brine NA -4.68 Jundersaluration NA NA NAlMarx and Keiling, 1989 4,18
U na2u2o? |h2o sat w/ caloh}2, fe{oh)2, nacl and TBP brine NA -4.98 tundersaturation NA NA NAJMarx and Keiling, 1989 4,18
U naZu2o? |h2o sat w/ cafoh)2 fefoh)2, nact and DBP brine NA -4.34 jundersaluration NA NA NAIMarx and Keiling, 1989 4,18
u na2u2o? Iheo sat w/ cafoh)2, fa(oh)2, nacl and EDTA |brine NA -3.28 |undarsatumation NA| NA NAMarx and Kelling, 1989 4,18
U na2u2o? h2o sat w/ cafoh}2, fe(oh)2, nac and clirate brine NA -3.61 |undersaturation NA| NA NAIManx and Keiting, 1989 418
u na2u2o7 |h20 st w/ ca(oh)2, fe{oh}2, nacl and oxalate brine NA -3.69 [undersaturation NA NA NA|Marx and Keifing, 1989 4,18
U frashly declad spent luel PBB1 |brine NA -8.7 [undersaturation 5 talr atm 25-3010!3\;, 1988 1,29
NA -5.7 5
NA 5.4 14
NA -5.6 14
NA -5.3 28
NA -4.9 28
NA/ -4.8 €0
NA 4.8 80
U previously dactad spent fuel PBB1 brine NA 4.2 |undersaturation 5 tair atm 25-30|Gray, 1986 12,8
NA -4.3 5
o NA -4.1 14
-, NA 39 28
- NA -4 28
s NA -39 80
NA| 4.6 80
— NA -4 90
NA -4.2 120
NA -4 180
NA -4.8 180
U uo2 PBB1 brine NA] -8.4 undersaturation 5 |air atm 25-30|Gray, 1986 12,9
NA -8.3 14
NA/ 8.2 28
NA -8 80
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NOTES
1 = data oblalned from graphica! resuits
2 = concentration in 18A Mirate
3 = concentration in 2000A Gitrate
4 = data oblained from tabulated resulls
§ = concentration in 150A filtrate
8 = some solutions contained 10myg caced e
7 = concentration In 10A fltrate ol
8 = in pH solutions <7, ssgsantally all am{oh}3 dissolved
i.e., maximum am+3 = E-3 =
9 = pH of sample not reported, Initial pH = 6.2 t0 6.4
10 = concentration In 20A fifirate
11 = PBBJ is similar io BSEP brines
12 = nonfiitéred soluticns aciditiad with HNO3
13 = log M calculated from normalized release valus
14 = giass wt losa increased iinearly with tme
16 = concentration In 1000A filtrate
16 = actinide cong in sofullon determined by ditference
batwaan added con¢ and aclivity ot 18A fillgred ppt
17 = liter size unknown
18 = no detalls on the experimental conditions
18 = concentration in 13A fitrate
20 = concentration in 2200A f(ftrate
21 = ulirafiltration noted; size unknown
NA = noi avallable
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