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X INT_RODUCTION » EXPERIMENTAL APPROACH : OVER-SATURATION IN CARBONATE FREE BRINES AS FUNCTION OF pC,,,
The environmental chemistry and the subsurface mobility of . X . X
actinides are important considerations for a transuranic Key Experimental Parameters Over-saturation Experiments Analytical Technigue
waste repository such as the Waste Isolation Pilot Plant « Carbonate is removed initially from brines by « Initial addition of uranyl spiked brine: « Total uranium concentrations determined
(WIPP). The uranium (VI) solubility estimate used by WIPP acidification of the brines and slow “pump-down” of the [U]=1.7 (£ 0.3) x 10° M. by ICP-MS in filtered aliquots (30,000
Performance Assessment (PA) in the initial license atmosphere above in a vacuum chamber. « Uranium is added sequentially in WIPP brine Dalton).
application was (8.8 + 0.1)x10-6 MI'l. In the most recent « Nitrogen-controlled atmosphere all the time (oxygen samples until a concentration equilibrium is « Detection limit for U is 5 x 10-1° M, due to
WIPP PA recertification, this was increased to 10-* M on the level < 10 ppm, insignificant carbon dioxide level). achieved and precipitation is observed. the necessary dilution of the high salt-
recommendation of the EPA to establish a conservative + Adjusted pC,,, between 6 and 12 with low carbonate » Second addition of uranyl spiked brine: concentrated samples.
upper limit that accounts for the potential effects of NaOH. [U] = 8.5 (+ 0.3) x 105 M.
carbonate complexation on uranium solubility. These values a
. 1 « Temperature of 25 (+2) °C.
however have not been experimentally confirmed under the
WIPP specific conditions (highly concentrated brines at pH @ -2
. A 107 g e 10" grr—rrrr e e
<12). At high pH, carbonate complexation is expected to A, =)
compete with hydrolysis, leading to lower uranyl U(VI) GWB —4-—pC,=7 2™ uranyl addition 10° ERDA 6 PG, = 2" uranyl addition 1
solubility in the absence of an amphoteric effectl2. —e—pC,,=8 / (8:6x10°M) —e—pC, =10 / (8:6x10°M)
Determination of the relative importance of these two 104 —*—pC, =9 i 10* 1* uranyl addion ~ — ©— pC, =11
processes is the objective of our experimental program. o /m 7x10°M) pC. =12 | 3
. " . 1% uranyl addition T H+
This study was conducted with carbonate-free simulated (1.7 10°) ¥
WIPP brines to establish a baseline for the effect of g / ’ g
carbonate on the solubility of the +VI oxidation state of =2 =
actinides (including Pu) in the WIPP. Herein we present the 5 —
results of uranium (VI) solubility experiments, performed (== 2
using the over-saturation approach in two simulated WIPP
brines, for 325 days, at pH=6-12 and in the absence of
carbonate.
[ Hobart, D.E., Moore, R.C.: Analysis of Uranium (V1) Solubility Data for WIPP
Performance Assessment. Unpublished report, May 28, 1996. Albuquerque, NM:
[Sﬂandia National Laboratories. WPO 39856. 107 : T T T T T T T T T T T T T
Clark, D.L., Hobart, D.E., Neu, M.P.: Actinidt bonate 1 d theit
R S T RN 2 iy (6 e R 59 (12 0f 25 50/ 75/ 100 125|150/ 17512001 225 2501275/ 300 325
Days Days
TWO SIMULATED WIPP BRINES : ERDA-6 AND GWB DISCUSSION
L . . . 5
ERDA-6 brine is a multi-component sodium chloride-based Steady state uranium concentrations are observed in all solutions. The U(VI) . 1075 ERDA 6
brine at ionic streng@h =50 M GWB brlne_ isa rf\ult_l- concentrations decrease to the apparent equilibria obtained before the second %)
component magnesium chloride-based brine at ionic strength uranyl addition, and yellow precipitates (presumably a uranyl hydroxide phase) are % 10°4 ]
=68M. observed in these solutions. o \
Brine Composition Uranium (V1) solubility in carbonate-free ERDA-6 decreases when pCy,, o ~
. . N 07 ~—
increases. This pH dependence was mostly a hydrolysis effect. 10" 4 ~ 4
ERDA-6 GWB . e n . e —
c Uranium (V1) does not exhibit amphoteric behavior under the conditions [0
omponent gL M gL M . N b . A =
NaCl 2486 4.254 167.8 2874 investigated. This is confirmed by the uranium concentration trends observed over S "
MgCl,.6H,0 3.667 0.018 1034 0,953 time at pC,y, values up to 12 in carbonate-free ERDA-6 brine. — 1073 4 atmosphere E
Na,SO, 2252 0.159 2361 0.166 Our te.chniques to remove carbonate from the solu.ti_ons and to maintairl aCo,- g —s— nitrogen atmosphere
NaBr 1.074 0.010 2565 0,025 free environment are satisfactory. The uranium solubility data measured in our = 40°d f ]
Na,B,0,.10H,0 57 0015 14.03 0,037 ERI;)A-G experiments at pCy,=9 are Iovyer by two orders of magnitude than the most '5' ,,,,,,,,,,,, S
Kel 5,869 0,092 3257 0437 similar published work, performed by Diaz Arocas and Grambow (31, = detection limit
Lici - - 0172 0.004 Carbonate complexation in ERDA-6 at pCy;, greater than 9 increases uranium 107°4 4
CaCl,2H,0 1672 0011 1896 0013 (D) solubwlityl by two orf:lers of magnitude. Spme identical experimgnts were é 5 1v0 1v1 1v2
R EeRg M) P 6,839 performed with less stringent CO, controls in sealed vessels kept in room air,
Density (g/mL) 1.183 1216 leading to CO, uptake during sampling. The uranium concentrations obtained were pC
ERDA-6 - Energy Research and Development Administration Well 6 represents the fluids in two orders of magnitude higher than in our nitrogen-controlled atmosphere and H+
SibEimE D wine rom the Salad comparable with Diaz and Grambow’s data (.
- Generic Weep Brine represents brine from the Salado Formation
’ i [ Diaz Arocas, P., Grambow, B.: Solid-liquid Phase Equilibria of U(VI) in NaCl Solutions, Geochimica et CONCLUSIONS
Significant effort de to establish carbonate-fi Cosmochimica Acta 62/2, 245 (1998) ) _ o
czl)%r:;itlif)ir; R e aronale-ires Based on this work, the uranium (VI) solubility is about 10-6-10-°M
2 in carbonate-free GWB at pC,,27, and below 10-M in carbonate-free
ERDA-6 at pC,;,29. These are lower than current PA assumptions.
g These data on solubility of uranium (VI) in WIPP brines are the first
PChe n . . . . . . at high pCy;, under what we believe to be a truly carbonate-free
o - ) - . Aeld Thiraion OF BW B Bime (@il Na®k addivm) system. They establish a uranium solubility, in the absence of
gmgasurzmz(\ﬂlo “);) r?ge:]o: 4cor.10e;1 ra I?: d e Buffering carbonate, that is 10-100 times lower than published results.
gp ﬂ”*) s ma‘te f' blgu y the hig tlo'jllf] Sée"g t an MAIOLS el oy sulfate od These estimated values define a “baseline” carbonate-free uranium
ti:'atei;r?:isar?;\)llvr? hernl'zeincgn\;\?g)n?/;‘e?é ude {:n_ ype s Precirate \"\ pH reading vs pC,,, solubility that will be used to evaluate the effect of carbonate on
o o2 determined for HP water . L . .
g = VI) solubility in fut tudies.
establish a correction factor (K) for the specific pH 3 j 3 reETeEn () AT T D ST
electrode and brine according to the following z ‘I E e
general equation: “1 "./'
Cye = pH +K + ACKNOWLEDGEMENTS
PChs = PH reading Buffering by borate \ ) ; . .
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