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Water-rock interactions and the pH stability of groundwaters from Yucca Mountain, Nevada
• q

i

Michael H. Ebinger
LosAlamos NationalLaboratory,U.S.A,

ABSTRACT: Titrations of acidic solutions in waters from the tuffand carbonate aquifers at Yucca Mountain
were simulated using the geochemical codes PHREEQE and EQ3/6. The simulations tested pH stability of the
waters in the presence of different minerals and in their absence. Two acidic solutions, 10"4M HC1 and 10"4M
UO2(NO3)2, were titrated in to the water. Little pH and/or compositional change resulted in the groundwater
when the HC1 solution was titrated, but significant pH and CO2 fugacity changes were observed when
UO2(NO3) 2 was titrated. Water interactions with alkali feldspar, quartz or cristobalite, and Ca-smectite buffered
the pH and compositional changes in the carbonate water and decreased the magnitude of pH and compositional
changes when small volumes of UO2(NO3) 2added to the tuffaceous waters.

1 pH STABILITY OF YUCCA MOUNTAIN equilibration in order to examine the effects of
GROUNDWATERS mineral interactions on pH stability.

One part of the information required of the site 2.1 Nominal Case Simulation
characterization efforts at Yucca Mountain, Nevada,
is the pH stability of the groundwater from the tuff Water compositions reported by Benson and
aquifer. Groundwaters from the tuff aquifer of Yucca McKinley (1985) and Kerrisk (1987) were used.
Mountain range from about pH 6.5 to 9.0 and are Input values for pH, Ca 2+ Mg2+, Na +, K+, CI-, SO42",
considered Na-bicarbonate waters. Because of the HCO3", Si, and F" were used throughout the

predominance of bicarbonate, the tuffaceous waters simulations because ali data sets had these elements
are expected to be well buffered with respect to pH. in common. Temperature data were also included
The expectation of well buffered pH was tested by when recorded; a temperature of 25°C was used when

using the geochemical codes PHREEQE (Parkhurst et temperature data were not recorded. CO2 pressure
a/, 1980) and EQ3/6 (Wolery, 1983). During model was calculated as part of the simulations as were
simulations, the effects of specific minerals on pH mineral saturation indexes. Both parameters are
were examined. In general, the pH decreased due to reported by Kerrisk (1987) and will not be reported
titration of the groundwaters by acidified water or an here.

acidic UO2(l_TO3)2 solution, but the decrease was Bish and Chipera (1989) showed that the major
smaller when minerals were allowed to interact with minerals in Yucca Mountain drill core samples are
the solution, alkali feldspar, quartz or cristobalite, and trace

Water composition data from well USW H-l, H-5, amounts of smectite. The minerals used for

H-6, G-4, UE25b#1, UE 25p#1, and J-13 were used equilibrium simulations weremicrocline (KAISi3Os) ,
(Benson and McKinley, 1985; Kerrisk, 1987). Well albite (NaA1Si3Os) , Ca-smectite (Cao.3AI2Si4010.H20),
UE 25p#1 was the only well in the carbonate aquifer, and cristobalite or qt,,artz (SiO2). More complete
The remaining wells were in the tuff aquifer, mineralogy could have been included, but the trends

shown below did not change significantly when a
2 GEOCHEM_CAL SIMULATIONS more complex suite was used.

Composition data were collected and input to the 2.2 Titration Simulations
PHREEQE and/or EQ3/6 codes. Different simula.
tions were conducted including a nominal case in In addition to nominal case simulations, titration of
which no acidic solutions were titrated into the acidified solutions into the groundwaters was exam.
groundwaters, and titrations of acidic solutions into ined. Two titration solutions were used, a 10-4M HC1
the groundwaters in steps. Both types of simulations solution and a 10-4 M UO2(NO3) 2 solution, both at pH
were conducted with and without mineral 4. The two solutions were used to illustrate the



' " Tabie 1. Water compositions used in simulations. Ali concentrations are mmoles/l.

• Well Name (depth, m) Ca Mg Na K C1 804 Si F HCO3 pH

UE 25p#1 (1297 +) 2.5 1.6 6.5 0.3 0.8 1.7 0.7 0.3 9.4 6.6
UE 25p#1 (381 - 1197) 0.9 0.4 4.0 0.1 0.4 0,4 0.4 0.2 4.6 6.8
UE 25b#1 (863.875) 0.5 0.1 2.0 0.1 0.2 0.2 0.9 0.1 2.5 7.6
UE 25b#1 (Integrated) 0,4 0.1 2. 0.1 0,2 0.2 0,8 0.3 2.3 7.5
USW H-1 (572-687) 0.1 .01 2.2 0.1 0.2 0.2 0.8 0.1 1.8 7.7
USWH-1 (687 - 1829) 0.2 .01 2.2 0.1 0,2 0.2 0.7 0,1 2,0 7.5
USW H-5 (integrated) 0.1 .01 2.6 0.1 0.2 0.2 0.8 0.1 2.1 7.8
USW H-6 (608. 646) 0.2 .01 3.8 0.1 0.2 0.3 0.9 0.3 3.8 8.3
USW H-6 (integrated) 0.1 .01 3.7 0.01 0.2 0.3 0.8 0.3 3.0 8.1
USW G-4 (integrated) 0.3 .01 2.5 0.1 0.2 0.2 0.8 0,1 2.3 7,7

f

importance of titration solution pH and composition. Figure 1. Log (Ca2+)activity (filled symbols) and pH
Volumes of 10 ml, 50 ml, or 100 ml of acidic solution (open symbols) for USW H-1 and UE 25p#1. !were added to the groundwater in each simulation. UO2(NO3) 2 was titration solution.
Titration was conducted in the presence or absence of .....
the minerals listed above, r

2.3 W-_er Composition for different simulations -3 _ 8

Wells UE25p#1, UE 25b#1, USW H-l, and USW H-6 -3.2 __ ca, UE25p_1
i

had water composition data from two depth intervals, r.. _pH,_S_: 1 7
Data for each interval were used for separate ¢_c0-3.4 //______simulations, then the results of the simulations were O - ,6
compared. The comparison showed the possible in- o_
fluence of different mineralogy on groundwater - -3.6

composition and pH stability. Ca, USW H-1 k ,5

-3.8 .----in-.- _ __
3 RESULTS OF SIMULATIONS ' ' .... ' ' ' ' ' ' 4
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The water compositions used in the simulations are Volume Titrated (mL)
given in Table 1. Ionic strength of the waters varied
from approximately 0.0030 to 0.0050 and did not
change appreciably during the simulations. H. from the titrat'on solution. Slightly higher pH

was a result of dissolution of albite and micrccline

that added Na and K to the solution. The changes in
3.1 Simulations With no mineral equilibration pH were small, however, because the intensity of the

reactions was not large.
Titration of Yucca Mountain groundwater with Titrations with UO2(NO3) 2 resulted in significantly
acidified water resulted in little change in ground- larger pH changes than titrations using acidified
water composition. The changes that occurred were water. CO2 fugacity increased as the carbonate
due to slight shifts in distributions of soluble com- equilibrium shifted to favor H2CO 3 and uranyl car-

plexes as pH changed and shifts in CO 2 fugacity, bonate complexe_ and consumed HCO3". I,arger
Titration with UO2(NO3) 2 resulted in waters with pH amounts of microcline and albite dissolved as pH
values 2 to 3 units lower that the original decreased compared to titrations withou;, minerals.
groundwater and small changes in most composi- Tuffaceous waters also tended to lose calcium to the
tional values. The carbonate equilibria shifted to. precipitation of Ca-smectite. Solution pH decreased
ward CO2(g) production as pH decreased. Figure 1 sharply in tuff waters when Ca 2+ was eliminated
shows typical results of these simulations, from the solution by Ca-smectite precipitation (Table

2). Carbonate water maintained a relatively constant
Ca 2+ activity with no effect on solution pH because

3.2 Simulations with Mineral Equilibria there was more Ca 2+ in solution than could be
removed by Ca-smectite precipitation (Table 2).

Titration with acidified water of groundwaters in Figure 2 shows the pH change and amounts of
equilibrium with the above mineral suite resulted in mineral dissolution for USW H-1 and UE 25p#1
slight compositional change. In tuffaceous waters titrated with UO2(NO3) 2. Results of simulations
and carbonate w_ter, CO2 fugacity decreased as more using other water data were similar, i
HCO 3" was consu._ed to neutralize the additional
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, Table 2. Minerals precipitated or dissolved vs. pH ohange. Mineral amounts are mmoles/l; negative amounts are
"precipitates and positive are dissolved amounts. Titration solution was UO2(NOa) 2,

Titration Volume Minerals (mmoles)
(ml) Microcline Albite Ca-Mont. Cristobalite pH

Well USW H. 1
0 -1.7 x 10-5 1.0 x 10.5 2.4x 10"6 .4.0 x 10.4 7.50
10 4.0 x 10"5 3.8 x 10"4 :1.6 x 10.4 -5.4 x 10.5 7.41
50 2.0 x 10"5 1.7 x 10-3 -7.5 x 10"4 -2.5 x 10"3 7.14
100 2'0 x 10-5 1.9 x 10-3 -8.3 x 10-3 -2.8 x 10-3 6.05

Well UE 25p#1
0 -9.0 x 10-5 9.5 x 10-3 -3.7 x 10-4 -1.4 x 10-3 6.80
10 4.0 x 10-6 3.7 x 10-4 -1.6 x 10-4 -5.4 x 10-4 7.13
50" 1.9 x 10-5 1.8 x 10-3 .7.8 x 10-4 -2.6 x 10-3 7.02
100 3.7 x 10-5 3.4 x 10-3 -1.5 x 10-3 -4.9 x 10-3 6.91

Figure 2. Log (Ca 2.) activity (filled symbols) and pH Figure 3. Log (Ca 2+) activity (filled symbols) and pH
(open symbols) for USW H-1 and UE 25p#1. Mi- (open symbols) for water from the 381 - 1197 m
crocline, albite, cristobalite, and Ca-amectite were interval (squares) and the 1297 - 1808 m interval
equilibrated with the waters after UO2(NO3) 2 (circles), well UE 25p#1. Water titrated with
titration. UO2(NO3) 2 and equilibrated with minerals.
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One important addition to these simulations would
3.3 Titration of Waters from Different Depth Inter- be to include cation exchange, especially in the

vals tuffaceous waters. Activity of Ca2+ and to some ex-
tent Na + would be more effectively modeled if ion

Data from differen_t intervals in wells USW H-l, H-6, exchange were incorporated. Control of Ca 2. activity
UE 25b#1, and UE 25p#1 were used to compare the would be shared between the exchange complex and
pH stability of water derived from the same wells but Ca-mineral solubility, thereby creating a more
from different intervals witifin the wells (Figure 3). realistic simulation.
Tuffaceous waters showed little difference in The use of acidified water and acidic UO2(NO3) 2 so-

compositions or pH values with titration of either lutions simulates two conditions. Acidified water
solution. Carbonate waters, however, showed higher mimics the possible effects of acidified recharge, and
pH, lower CO2 fugacity, and slightly lower Ca2+ acidic UO2(NO3) 2 represent water compositions given
activity at shallower depth. This trend suggests that large quantities of a hypothetical waste package
water collected from the upper interval was from the leaching fi'om containment ve_els. Neither is
tuff aquifer whereas water from the lower interval considered completely realistic, but both illustrate
was from the carbonate aquifer. Perc2ntage modern the effects of recharge pH and composition on
carbon data presented by Kerrisk (1987), however, do groundwater pH.
not support this hypothesis but suggest a carbonate

(_5 _ _5_d i t _ _ _1_5_ _ _ _o ill_ _ _, ,_ , h III _l 'l_ I
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' " Sincetheconclusionsabovearebasedsolelyon geo.
chemicalcalculations,testingthe_enariesusing
materialsfromYucca Mountainiscalledfor.
Samples of Yucca Mountain tuf_, water of similar
composition to the groundwaters of interest, and
titration over a range of pH and compositions should
be considered in order to validate the simulations.
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