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1.0 EXECUTIVE SUMMARY

From the 1950s through 1989, the F Area Seepage Basins at the Savannah River Site (SRS)
received low level radioactive wastes resulting from processing nuclear materials. Discharges of
process wastes to the F Area Seepage Basins followed by subsequent mixing processes within
the basins and eventual infiltration into the subsurface resulted in contamination of the
underlying vadose zone and downgradient groundwater. For simulating contaminant behavior
and subsurface transport, a quantitative understanding of the interrelated discharge-mixing-
infiltration system along with the resulting chemistry of fluids entering the subsurface is needed.
An example of this need emerged as the F Area Seepage Basins was selected as a key case study
demonstration site for the Advanced Simulation Capability for Environmental Management
(ASCEM) Program.

This modeling evaluation explored the importance of the wide variability in bulk wastewater
chemistry as it propagated through the basins. The results are intended to generally improve and
refine the conceptualization of infiltration of chemical wastes from seepage basins receiving
variable waste streams and to specifically support the ASCEM case study model for the F Area
Seepage Basins. Specific goals of this work included: 1) develop a technically-based “charge-
balanced” nominal source term chemistry for water infiltrating into the subsurface during basin
operations, 2) estimate the nature of short term and long term variability in infiltrating water to
support scenario development for uncertainty quantification (i.e., UQ analysis), 3) identify key
geochemical factors that control overall basin water chemistry and the projected
variability/stability, and 4) link wastewater chemistry to the subsurface based on monitoring well
data.

Results from this study provide data and understanding that can be used in further modeling
efforts of the F Area groundwater plume. As identified in this study, key geochemical factors
affecting basin chemistry and variability included: 1) the nature or chemistry of the waste
streams, 2) the open system of the basins, and 3) duration of discharge of the waste stream types.
Mixing models of the archetype waste streams indicated that the overall basin system would
likely remain acidic much of the time. Only an extended periods of predominantly alkaline
waste discharge (e.g., >70% alkaline waste) would dramatically alter the average pH of
wastewater entering the basins.

Short term and long term variability were evaluated by performing multiple stepwise modeling
runs to calculate the oscillation of bulk chemistry in the basins in response to short term
variations in waste stream chemistry. Short term (2 month and 1 month) oscillations in the
waste stream types only affected the chemistry in Basin 1; little variation was observed in Basin
2 and 3. As the largest basin, Basin 3 is considered the primary source to the groundwater.
Modeling showed that the fluctuation in chemistry of the waste streams is not directly
representative of the source term to the groundwater (i.e. Basin 3). The sequence of receiving
basins and the large volume of water in Basin 3 “smooth” or nullify the short term variability in
waste stream composition.

Page 1 of 89
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As part of this study, a technically-based “charge-balanced” nominal source term chemistry was
developed for Basin 3 for a narrow range of pH (2.7 to 3.4). An example is also provided of how
these data could be used to quantify uncertainty over the long term variations in waste stream
chemistry and hence, Basin 3 chemistry.

Page 2 of 89



SRNL-STI-2012-00269, REVISION 0

2.0 PURPOSE

The F Area Seepage Basins at the Savannah River Site (SRS) received low level radioactive
wastes resulting from processing nuclear materials. The basins operated from the 1950s through
1989 and then were stabilized, closed and capped. During operation, discharges of process
wastes to the F Area Seepage Basins, subsequent mixing processes within the basins and
eventual infiltration into the subsurface resulted in contamination of the underlying vadose zone
and downgradient groundwater. Developing a quantitative understanding of the interrelated
discharge-mixing-infiltration processes and the resulting chemistry of fluids entering the
subsurface is important for simulating contaminant behavior and subsurface transport.
Significant and diverse data on waste characteristics, groundwater, surface water and vadose
zone contaminant concentrations, basin construction and operation, and related topics are
available for the F Area Seepage Basins.

Based on the subsurface simulation needs/challenges and the available supporting data, the field
research site associated with the F Area Seepage Basins was selected as a key case study
demonstration site for the Advanced Simulation Capability for Environmental Management
(ASCEM) Program. In gathering data for this specific initiative, the geochemical compositions
of the waste streams and seepage basins emerged as important topics. Although the total waste
stream volume and discharged activity of most key radionuclides (except 1-129) are relatively
well documented (Cummins et al., 1991), several challenges remain. For example, to support
coupled geochemical modeling, the available data on the quantity of contaminants and total
volume of wastewater must be supplemented with information on the nature and variability in
the bulk chemistry. The required supplemental information includes parameters such as ionic
strength, major cations and anions, and master variables such as pH. Furthermore, mixing within
the basins prior to infiltration would modify the bulk source term entering the subsurface and
would influence the mobility of contaminants in the near-field vadose and groundwater
environment.

The general purpose of this evaluation is to explore the importance of the wide variability in bulk
wastewater chemistry as it propagates through the basins and to estimate the resulting dampened
variability in seepage basin water chemistry (the source term to the subsurface). The results are
intended to generally improve and refine the conceptualization of infiltration of chemical wastes
from seepage basins receiving variable waste streams and to specifically support the ASCEM
case study model for the F Area Seepage Basins. Specific goals of this work include: 1) develop
a technically-based “charge-balanced” nominal source term chemistry for water infiltrating into
the subsurface during basin operations, 2) estimate the nature of short term and long term
variability in infiltrating water to support scenario development for uncertainty quantification
(i.e., UQ analysis), 3) identify key geochemical factors that control overall basin water chemistry
and the projected variability/stability, and 4) link wastewater chemistry to the subsurface based
on monitoring well data. This report describes the inputs and assumptions used in the
simulations in addition to documenting and discussing the results.
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3.0 MODELING APPROACH

We simulated varying waste stream composition using historical data, The Geochemist’s
Workbench (Release 8.0, Bethke and Yeakel 2009) (GWB), and a simplified basin mixing
scenario. Primary sources of information related to bulk waste stream composition include Ryan
(1984) and related summaries (e.g., Killian, 1985), as well as historical and periodic reports of
total quantities of nitrate or caustic discharged. The various references document that, in general,
the wastewater chemistry was either strongly acidic or strongly basic depending on the
processing campaign in operation at any particular time. The widely varying chemistry limits
the accuracy of simple averaging to generate a charged-balanced nominal waste mixture.
Instead, we developed a scenario based approach using periodic discharges of archetype acidic
and basic wastewater to estimate the magnitude of pH (and bulk chemistry) oscillation in Basins
1, 2 and 3 assuming known basin volumes and complete mixing in each basin. The Ryan data
were collected over a relatively short period of time (4th quarter, 1983) and appropriate strategies
for application of the available information to 35 years of operation were developed according to
historical near-field groundwater chemistry data.

The evaluation was performed in a stepwise-sequential manner as shown in Figure 1. As
shown, we used the following steps to simulate the propagation of varying waste steam
composition through the F Area Seepage Basin cascade:
e Developed inputs and assumptions according to available historical data
e Generated archetype waste stream chemistries using GWB
e Created a simplified model of basin mixing and flow assuming a Completely Stirred
Tank Reactor (CSTR),
Used GWB to calculate charge balanced basin chemistries, and
e Documented basin chemistries for a range of scenarios related to the duration of waste
stream variation.
Generated a more detailed charge balanced source term chemistry as a function of pH
e Assessed historical groundwater data from near-field centerline wells to generate
statistics to support UQ analysis.

The details and assumptions associated with each step — for example how GWB was used to
simulate basin mixing in a CSTR— are described in more detail in the following sections.

Page 4 of 89
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3.1 GENERAL INPUTS AND ASSUMPTIONS

Table 1 provides some of the key inputs and assumptions used in this analysis.

Table 1. Input and Assumptions

Inputs/Assumptions Reference

e Approximate Basin Volumes

Basin 1 = | 3.9 million liters Killian (1985)
Basin 2 = | 7.4 million liters
Basin 3 = | 53 million liters

e Approximate Monthly Waste Stream Volume

Killian (1985)
To Basin 1 = | 13 million liters (estimate based on average daily
flow of 411 m’/day in 1985)

e Duration of high pH waste stream estimated between

15 and 30 days Ryan (1984)
|
e Lowest pH observed in nearby groundwater wells
pH 2.7 = | FSB78 Killian (1985)
Other wells with pH < 3.0 | FSB79,
FSB94D&DR, ERDMS database (collection
FSB95D&DR, dates range from 1985-2005)
FSB110D
|
e Waste stream enters Basin 1 via an underground
pipeline. Basin 1 flows via an underground pipeline o
to Basin 2. Basin 2 flows via an underground Killian (1985)
pipeline to Basin 3.
|
e Basins 1 and 2 had relatively low seepage rates Oral history
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3.2 GENERIC WASTE STREAM CHEMISTRY

Generic or baseline waste stream chemistries were derived according to available historical
information (Appendix C.1 in Ryan 1984). As part of a 1983 sampling program of the waste
streams from the separations area, the F-Area trebler (source to the seepage basins) was sampled
twice a month for approximately four months. Major cations, anions and field parameters were
included with the radionuclides that were analyzed. As shown by these data, the waste stream
varied between an acidic nitrate waste stream (pH~2.5, 1000 to 6000 mg/L nitrate) and an
alkaline waste stream (pH~12).

Analytical data from the sampling program were used as input to GWB to generate charge
balanced archetype acidic and alkaline waste streams. A simplistic bulk chemical composition
was used for both waste streams to include major cations and anions with only a few minor ions.
Both waste streams were charge balanced using nitrate. The alkaline waste stream was saturated
with respect to some minerals; however these were not allowed to precipitate prior to mixing
with basin water. Table 2 provides the chemical compositions for the archetype waste streams
used in GWB.

Table 2. Chemistry of Generic Waste Streams

Waste Stream Chemistry 11\)/21? C(ﬁ:’;;i:;i?on
Generic Acidic Waste Stream
H+ 3.24E-03 2.49 pH
NO3- 3.57E-02 2214 mg/L
Na+ 3.24E-02 745 mg/L
Si02(aq) 3.29E-05 2 mg/L
Generic Alkaline Waste Stream

H+ 8.84E-13 12.05 pH
NO3- 1.43E-03 89 mg/L
Na+ 1.65E-02 378 mg/L
Si02(aq) 9.04E-05 5 mg/L
Cat2 1.06E-04 4 mg/L
Carbonate Alkalinity as CaCO3 6.05E-04 61 mg/L

3.3 MODELING BASIN CHEMISTRY AND MIXING

We used the flash mixing option of GWB to simulate a CSTR in order to mix the generic waste
streams and basin waters. The following sections explain the relationship between GWB’s flash
mixing option and a CSTR. We also describe the workflow for the modeling runs performed to
evaluate each basin’s chemistry. Lastly, we provide information regarding the two waste stream
scenarios modeled to evaluate variability in the duration of waste stream discharge.
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3.3.1 Calculating Hypothetical Basin Chemistries

3.3.1.1 Relating the CSTR to Flash Mixing in GWB

The assumption that the seepage basins can be approximated as a cascade of CSTRs is central to
developing a practical approach for applying geochemical models to relate time varying effluent
chemistry to the time varying solution composition in Basin 3. A key feature of geochemical
models, such as GWB, is the ability to mix two solutions and generate the solution chemistry of
the resultant mixture. This “flash mixing” is performed as depicted in Figure 2a. In this case,
some fraction of the original solution (solution A) is removed and replaced with an equal volume
of solution B. The flash mix ratio (B¢) is simply defined as the fraction of solution A that was
replaced. As shown, B¢ranges from 0 (i.e., 100% solution A) to 1 (i.e., 100% solution B). The
mixing in a CSTR (Figure 2b) is distinctly different than flash mixing. In this case, a step
change to solution B results in mixing, but some of the solution B is lost in the effluent and the
fraction of the Basin that is solution B builds up slowly over time. The ratio of the volume of
solution B inflow to the initial volume of basin fluid is the “normalized cumulative basin
turnover” (ty) and is calculated as shown in Figure 2b. While ty for a CSTR is analogous to the
[¢ for flash mixing, the values for Ty can range from 0 (i.e., basin contains 100% solution A) to
infinity (solution contains 100% Solution B); in practical terms, values of ty greater than about 4
would contain over 98% solution B.

a. Flash Mix A B

B¢ = flash mix ratio
(fraction of solution B, range 0 to 1)

example

b. Stirred Tank Reactor

‘L'V = normalized cumulative basin turnover

flow (Q) ~ (basin volumes of inflow, range 0 to «)
time (t) volume _ cumulative inflow _ Qt
V) B basin volume Vv
J

Figure 2. Comparison of Flash Mixing and a CSTR

Page 8 of 89



SRNL-STI-2012-00269, REVISION 0

The quantitative behavior of flash mixing versus mixing in a CSTR for a conservative
constituent introduced as a step function is shown in Figure 3. As described above, the
concentration of a flash mixing ranges in direct proportion to B¢ while the CSTR moves from
solution A to Solution B exponentially. Importantly, for solutions where the mixing is well
behaved and where formation/loss of solid phases is minimal, there is an explicit theoretical
relationship between the solution compositions for flash mixing and a CSTR; the value of Ty for
any CSTR can be mapped to an equivalent ¢ for flash mixing using the following equation:

Br=1- e~ W (Equation 1)

Thus, to a reasonable approximation, the real-world physical parameters associated with a CSTR
basin receiving process wastes (e.g., flow, volume and time) can be related to the flash mixing
paradigm in standard geochemical models to assess the impacts of oscillating (or changing)
waste concentrations.

/

I /
0.9

. ,’ mapping e%atio/
0.8 /

: 7
/ / CSTR
0.6 /
/ = = -flash mix
/
Y assumptions:
/ .

, step function

04 / C,=C,=0att=0
03 / Cn,=Cg=1latt>0

Cppsin =0 @t t=0

0.5

0.2

0.1

concentration of conservative constituent in "basin"

0 T T T T T
0 0.5 1 1.5 2 2.5 3

Bs (for flash mix) or t,, (for CSTR)

Figure 3. Comparison of flash mixing and CSTR mixing behaviors
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3.3.1.2 Modeling Workflow

We used the “flash” mixing option in GWB along with Equation 1 to approximate the chemistry
of each basin and the input chemistry for each subsequent basin (Figure 4). For all of these
modeling runs, nitrate was used to charge balance, sorption and mineral precipitation were
ignored, and the system was open to the atmosphere (log fO2 =-0.699 and log fCO2 = -3.5).
The workflow for the modeling runs consisted of a cascade of CSTRs. The specific modeling
steps (or runs) are outlined below.

1) Initially, an acidic waste stream (pH ~2.5) was assumed to discharge to Basin 1 for a
specified period of time where it mixed with Basin 1 water. The output file (chemistry) from
this mixing was used as the Basin 1 composition for the next step.

2) An alkaline waste stream was then assumed to discharge to Basin 1 for a specified period of
time where it mixed with Basin 1 water. The output file (chemistry) from this mixing was
used as the Basin 1 composition for the next step.

3) Steps 1 and 2 were repeated multiple times to calculate a generic acidic Basin 1 chemistry
and a generic alkaline Basin 1 chemistry. These generic acidic and alkaline Basin 1
chemistries were used as inputs in the next three steps.

4) The acidic Basin 1 chemistry was assumed to discharge to Basin 2 for a specified period of
time where it mixed with Basin 2 water. The output file (chemistry) from this mixing was
used as the Basin 2 composition for the next step.

5) The alkaline Basin 1 chemistry was assumed to discharge to Basin 2 for a specified period of
time where it mixed with Basin 2 water. The output file (chemistry) from this mixing was
used as the Basin 2 composition for the next step.

6) Steps 4 and 5 were repeated multiple times to calculate a generic acidic Basin 2 chemistry
and a generic alkaline Basin 2 chemistry. These generic acidic and alkaline Basin 2
chemistries were used as inputs in the next three steps.

7) The acidic Basin 2 chemistry was assumed to discharge to Basin 3 for a specified period of
time where it mixed with Basin 3 water. The output file (chemistry) from this mixing was
used as the Basin 3 composition for the next step.

8) The alkaline Basin 2 chemistry was assumed to discharge to Basin 3 for a specified period of
time where it mixed with Basin 3 water. The output file (chemistry) from this mixing was
used as the Basin 3 composition for the next step.

9) Steps 7 and 8 were repeated multiple times to calculate an overall Basin 3 chemistry, which
would serve as a potential source of groundwater contamination.

Page 10 of 89
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F-Area

Waste Streams:
- acidic pH~2.5
- alkaline pH~12

Basin 1
Basin 2 a 2

CSTR

Basin 3

Figure 4. General Workflow for Calculating Basin Chemistry

3.3.1.3 Conceptual Model

Figure 5 depicts our conceptual model for pH of the discharge streams and basins. We expected
that the large swings in pH of the discharge stream would be smoothed by the mixing of water in
the receiving basin. In Figure 5, the vertical axis represents pH and the horizontal axis reflects
time. The blue line represents pH of the discharge stream; it fluctuates between an acidic stream
and an alkaline stream. The dashed, black oscillating line represents pH of the basin water and
would be calculated assuming a CSTR (using the flash mix in GWB and Equation 1).

For ease in our calculations, we used a simplified square wave (stair step) function to
approximate the basin water’s composition (as represented by the dashed, red stair step line). The
approximated acidic and alkaline chemistries (the top and bottom of the dashed red line) were
then used as acidic and alkaline inputs (discharge streams) into the next basin.

Note that the CSTR assumption and the square wave input function are simplifications that
would not precisely match the real-world conditions. In a real basin, the mixing would not be
instantaneous and complete (for example, a real basin may form a thermocline or a chemocline
during some periods with less mixing in the bottom waters and the potential for periodic
depletion of dissolved oxygen). Nonetheless, the simplification provides a tractable method to
approximate the most important features of the oscillating chemistry and to link a robust
geochemical model to a complex surface water system. Available field data (e.g., all near-field
groundwater has significant levels of dissolved oxygen) generally support the conceptual model
and assumptions used in the modeling.
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Figure 5. Conceptual Model of pH in Discharge Streams and Basins

3.3.2 Evaluating Effects of Disposal Duration

We modeled two different waste stream scenarios to assess the effects of disposal duration on
basin chemistries. One scenario assumed '2 month alternating disposal cycles (2 month of acidic
waste with a pH ~2.5 and 2 month of alkaline waste with a pH ~12) and the other scenario
assumed 1 month alternating disposal cycles (1 month of acidic waste with a pH ~2.5 and 1
month of alkaline waste with a pH ~12). Figure 6 depicts the two scenarios with the green line
representing the 2 month cycle and the blue dashed line representing the 1 month cycle.
Modeling for each scenario began halfway through the acidic cycle and then ran for a minimum
of three full cycles (e.g., an alkaline cycle, an acidic cycle and an alkaline cycle).
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Figure 6. Duration of Waste Stream Discharge Scenarios
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3.4 MODELING RESULTS AND DISCUSSION

3.4.1 Archetype Waste Streams

Facility processes in F Area produced highly acidic and highly alkaline waste streams that were
discharged to the seepage basins. However, there is limited knowledge regarding the specifics of
duration and chemical composition of the waste streams. Sampling performed in the early 1980°’s
indicated a cyclic discharge scenario where an acidic waste stream was discharged for 15 to 30
days followed by the discharge of an alkaline waste stream for 15 to 30 days. Although this
sampling only reflects facility processes during the period of sampling, it gave us a starting place
for modeling of the waste streams. We also know from groundwater monitoring data that the
groundwater plume emanating from the seepage basins was primarily acidic suggesting that the
source term (primarily Basin 3) was acidic.

Mixing of the archetype waste streams was modeled to gain further insight as to the fraction of
each waste stream type that would be discharged to produce hypothetical basin water with a pH
~3.0. Figure 7 shows the pH that results from mixing a fraction of the alkaline waste stream
with a fraction of the acidic waste stream (e.g., Figure 2a). For this modeling, we incorporated
the flash mix option in GWB, assumed an open system (log fO2 = -0.699 and log fCO2 = -3.5),
ignored sorption, but allowed mineral precipitation. At a pH >8.32, calcite becomes
oversaturated and precipitates. However, it should be noted that the archetype waste types
assumed simplistic chemistries consisting only of primary chemical constituents. With the
addition of minor elements, other mineral precipitation might also be favored.

As shown by the mixing reaction (Figure 7), a solution with a pH ~3.0 occurs by mixing roughly
half of the alkaline waste stream with half of the acidic waste stream (to be exact, 53% of the
acidic waste stream and 47% of the alkaline waste stream). Also noteworthy is the fact that in
mixing the two waste streams, the pH primarily remains acidic up to a mixing fraction of about
30% of the acidic waste stream and 70% of the alkaline waste stream. At this point (~70%
alkaline waste stream), the pH steadily rises, but does not exceed a pH ~8.3 because of the fixed
open system. The acidic nature of the solution results from two things — 1) the logarithmic scale
of pH leads to a system still overwhelming dominated by H+ ions even with the addition of a
strong base and 2) the open atmosphere, which provides a constant source of CO2(gas), enables
the formation of HCO3-, which buffers the system and prevents a high pH.

Mixing of the two archetype solutions provides some understanding as to the likely chemistry of
the basins. For example, we would expect that in Basin 1, the basin which directly receives the
waste streams from F Area, the pH might swing from about 2.5 to 8.2 with the oscillations in
waste streams depending on discharge duration (no higher or lower). We would also expect that
the overall system would be acidic much of the time unless there was an exceeding long period
(perhaps a year or more) during the process campaign when only alkaline waste was discharged.
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Figure 7. Mixing of Archetype Waste Streams
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3.4.2 Short term Variability

We performed multiple stepwise modeling runs to calculate the oscillation of bulk chemistry in
the basins in response to short term variations in waste stream chemistry. For purposes of our
evaluation, “short term variability” represents changes in composition in the /2 month to 1 month
timeframe. For example, the oscillations from an acidic waste stream to an alkaline waste stream
that we modeled are considered short term. “Long term variability” denotes changes in
composition in the 6 month to year (or longer) timeframe. Long term variability would reflect
process changes and campaigns by the F Area facility.

Appendix A provides a summary table for the modeling runs performed to evaluate effects from
the oscillating waste stream. The table includes the following information:

e The fraction of monthly flow each basin received (assuming an approximate flow rate of
13 million liters per month) per disposal cycle
The volume of water each basin received per disposal cycle
Type of influent each basin received per disposal cycle (acidic or alkaline)
The equivalent flash mix ratio (see Figure 3) per disposal cycle
The approximate pH of the influent water (for Basin 1, the pH represents the archetype
waste streams; for Basins 2, pH represents output from Basin 1; for Basin 3, pH
represents output from Basin 2 )
e The output pH, which reflects mixing of the basin water with the influent water.

GWB output files for the /2 month waste stream discharge and 1 month waste stream discharge
are provided in Appendix B and Appendix C. These output files only include the specified flash
mix ratio used in the modeling runs (see Appendix A for flash mix ratio). Modeling runs were
setup so that the flash mix ratio value was equivalent to the modeling time step (e.g., flash mix
ratio of 0.565 = the time step #565).

Table 3 provides a summary of observed changes in pH for each basin. Figure 8 graphically
shows pH changes in each basin for the 2 month discharge duration and 1 month discharge
duration. To easily assess the effect of discharge duration, the graphs are provided side by the
side for each basin. For each graph, the y axis reflects pH and the x axis reflect time in months (0
to 2 months for graphs on the left and 0 to 5 months for graphs on the right). Note that for Basin
1, the vertical axis shows pH from 2 to 12 in 1 pH unit intervals; for Basin 2, the vertical axis
shows pH from 2.5 to 3.7 in 0.2 pH unit intervals; and for Basin 3, the vertical axis shows pH
from 2.7 to 3.3 in 0.1 pH unit intervals. The top graphs (Basin 1) also provide pH of the influent
waste water (green dashed line).
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Table 3. Observed Changes in Model pH of Basin Water

Estimated Changes in pH of Basin Water Chemistry
Basin Volume
(million liters) 1/2 month scenario 1 month scenario

sharp changes in pH; basin

Basin 1 3.9 sharp changes in pH water approaches the pH of

actual waste stream

little change in pH (a few moderate change in pH (~1/2
decimal pH units) pH unit)

Basin 2 7.4

Basin 3 53 Little change in overall pH Little change in overall pH

For Basin 1, changes in influent waste stream chemistry directly impact the pH of the basin
water (Figure 8). For the 2 month discharge scenario, pH varies between 2.7 and 8.0. For the 1
month discharge scenario, the basin water becomes slightly more acidic (pH 2.6) and more
alkaline (pH 8.2) during the discharge events. During the longer, 1 month discharge duration,
the period of alkaline conditions in the basin is much longer than the 2 month scenario. Under
these conditions, the basin water would likely be episodically saturated with respect to certain
minerals (e.g., calcite, aragonite). The calculated swings in pH would also influence natural
minerals present in the underlying basin sediments, resulting in colloid generation, shrinking and
swelling of clays, and other physical changes that would tend to clog or occlude flow. Thus, pH
conditions such as the ones modeled suggest that mineral precipitation either in the waste stream
or in the basin combined with interactions of the solution with underlying sediments could have
contributed to plugging of the basin and the modeling results are consistent with the oral history
for the site.

Modest levels of mineral precipitation and dissolution were projected to occur in Basin 1 in
response to projected pH oscillations. While this involved a relatively small portion of the
elemental mass, such precipitation would contribute to infiltration reduction due to plugging of
the underlying sediments. In addition, mineral precipitation would damp/buffer the uppermost
extremes of the basin pH cycles. For example, at times of extended discharge of highly alkaline
wastes, precipitation of calcite and/or dissolution of kaolinite would buffer basin pH keeping the
basin water from reaching the highest calculated pH values. Similarly, at times of highly acidic
discharges, the dissolution of calcite and kaolinite would buffer basin pH. Minerals that
precipitated in the waste stream or in Basin 1 during alkaline discharges would have settled into
basin sediments, remained in solution, or been transported to Basin 2 where they would
redissolve in the consistently acidic conditions described below.

Basin 2 receives influent water from Basin 1 and is approximately twice the size of Basin 1. Our
modeling results suggest that the Basin 2 chemistry is less impacted by the oscillating acidic and
alkaline F-Area waste streams. For the /2 month discharge scenario, pH varies between ~3.0 and
~3.2. For the 1 month discharge scenario, the basin water becomes slightly more acidic (pH
~2.9) and slightly more alkaline (pH ~3.4) during the discharge events.
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Figure 8. pH vs Time in Each Basin for 2 Month Discharge and 1 Month Discharge
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Both discharge scenarios show that the pH of Basin 3 is practically unaffected by the fluctuations
in F-Area waste stream chemistry (i.e., the influent to Basin 1). As the largest of the basins,
Basin 3 would have contributed the greatest volume of contaminated water to the groundwater.
Even though Basin 1 did show a fluctuating pH, its small size and oral history of showing little
seepage would have little impact to the groundwater compared to Basin 3. Hence, the
fluctuation in chemical composition of the F-Area waste stream discharged to the basins is not
directly representative of the source term to the groundwater. The sequence of receiving basins
and the large volume of water in Basin 3 would have “smoothed” or nullified the short term
variability in waste stream composition.

3.4.3 Source Term Chemistry and Groundwater Data

Since Basin 3 was the greatest source to the groundwater, pH data for the groundwater can serve
as a constraint on the chemistry of Basin 3. When we started our modeling, we made an
assumption that Basin 3 water had a pH ~3. Upon further review of historical groundwater data
and reports, we know that pH values lower than 3 have been measured in the groundwater
(Appendix D). Consequently, it is likely that Basin 3 chemistry at some point had a pH lower
than 3.

To support further ASCEM modeling efforts, we modeled a more detailed charge balanced
solution chemistry for Basin 3, the source term for the F Area groundwater plume. Since the
water in Basin 3 likely had a pH less than 3.0 for some duration of time, we provide a charge
balanced chemistry for various pH's to include 2.7, 2.9, 3.0, 3.2, and 3.4. We derived this range
in chemistry according to the data we reviewed for FSB78 data (Figure 9 and Appendix D).
FSB78 is located along the main flowpath downgradient of Basin 3 (i.e., the core of the
groundwater plume) and therefore is a good representation of water emanating from Basin 3.

Groundwater measurements of pH are available for FSB78 starting in 1982. For our evaluation,
we included groundwater measurements through 1990, which corresponds to the approximate
time when the seepage basins were capped. Figure 9 provides a histogram and statistics for pH
in FSB78. These statistics can be used to estimate long term variability in Basin 3 chemistry (the
source term) and to generate statistics to quantifying uncertainty.

Appendix E includes a charge balanced chemistry for Basin 3 at pH 2.7, 2.9, 3.0, 3.2, and 3.4.
For all of these modeling runs, minor constituents (from Ryan 1984) were included; nitrate was
used to charge balance, sorption and mineral precipitation were ignored; and the system was
open to the atmosphere (log fO2 =-0.699 and log fCO2 = -3.5).
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Histogram: pH in FSB78
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Figure 9. pH in FSB78

3.4.4 Uncertainty

As shown by our modeling, the variability in pH in Basin 3 will not consist of large swings in pH
or other geochemical parameters in response to short term oscillations in waste stream chemistry.
Instead, Basin 3 chemistry would vary over a narrow range. We would expect that its chemistry
would gradually drift from one condition to another in response to extended periods of different
process campaigns in F Area. There are minimal data to support a specific explicit Basin 3
chemistry history; however statistics from the groundwater measurements from the core of the
plume provide useful data for quantifying uncertainty.

Provided here is one example of how to apply the groundwater statistics for a UQ analysis. One
could use the median Basin 3 chemistry (i.e., pH = 3 chemistry) as the base case. This base case
would show results of using this one chemistry for the entire modeling period (e.g., 30 years).

To evaluate sensitivity, this base case chemistry could then be varied annually using frequencies
based on the FSB78 pH histogram. In other words, one could randomly select from the different
conditions or parameters and vary the condition according to the observed probabilities or
frequencies of FSB78. For example, if pH is selected as the condition to vary, one might
randomly change it annually so that during the overall modeling period (e.g., 30 years) the
chemistry has a pH of 2.7 for 15% of the time (e.g. 4 or 5 years), a pH of 2.9 for 15% of the time,
a pH of 3.0 for 40% of the time (e.g., 12 years), a pH of 3.2 for 15% of the time and a pH of 3.4
for 15% of the time. By varying the chemistry on an annual basis (rather than a shorter
timeframe), one would reasonably simulate a realistic slow shift between the various conditions.
Comparing results from the sensitivity runs with the base case provides insight regarding the
importance of the changes in specific parameter. If the variations do not make much difference in
the simulation, then the nominal median charge balanced chemistry would be representative and
there would be little need for additional UQ analysis on the particular parameter.
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4.0 CONCLUSIONS

Results from this case study model for the F Area Seepage Basins provide data and
understanding that can be used in further ASCEM modeling efforts of the F Area groundwater
plume. As part of this modeling effort, we identify key geochemical factors that control overall
basin water chemistry and the projected variability or stability. Key geochemical factors include
the nature or chemistry of the waste streams, the open system of the basins, and duration of
discharge of the types. Mixing models of the archetype waste streams indicated that the overall
basin system would likely remain acidic much of the time. Only an extended period (perhaps a
year or more) of alkaline waste discharge would dramatically alter the pH of the overall basin
system.

Short term and long term variability were also evaluated by performing multiple stepwise
modeling runs to calculate the oscillation of bulk chemistry in the basins in response to short
term variations in waste stream chemistry. Short term (2 month and 1 month) oscillations in the
waste stream types only affected the chemistry in Basin 1; little variation was observed in Basin
2 and 3. As the largest basin, Basin 3 is considered the primary source to the groundwater. As
shown by our modeling, fluctuation in chemistry of the waste streams is not directly
representative of the source term to the groundwater (i.e. Basin 3). The sequence of receiving
basins and the large volume of water in Basin 3 “smooth” or nullify the short term variability in
waste stream composition.

From our modeling and evaluation of groundwater data from the core of the plume, we
developed a technically-based “charge-balanced” nominal source term chemistry for Basin 3
(Appendix E) over a narrow range of pH (2.7 to 3.4). We provide an example of how these data
could be used to quantify uncertainty over the long term variations in waste stream chemistry
and hence, Basin 3 chemistry.
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APPENDIX A. SUMMARY TABLE MODEL RUNS

Fraction Volume . Basin pH
. of During Equlvale.n ¢ Approximate | (at specified
Basin Monthly Period Inflow Type (Reactant) Flzl‘::t?:lx Input pH flash mix
Flow (million L) ratio)
Scenario #1 -- 1/2 month duration waste streams
Basin 1 0.25 3.25 generic acidic waste stream 0.565 2.5 2.7
0.5 6.50 generic alkaline waste stream 0.811 12.0 8.0
0.5 6.50 generic acidic waste stream 0.811 2.5 2.7
0.5 6.50 generic alkaline waste stream 0.811 12.0 7.9
Basin 2 0.3865 5.02 generic acidic output from Basin | 0.493 2.9 3.0
0.227 2.95 generic basic output from Basin 1 0.329 7.7 3.2
0.773 10.05 generic acidic output from Basin 1 0.743 2.9 3.0
0.227 2.95 generic basic output from Basin 1 0.329 7.7 3.2
Basin 3 0.468 6.08 generic acidic output from Basin 2 0.108 3.0 3.0
0.064 0.83 generic basic output from Basin 2 0.016 3.1 3.0
0.936 12.17 generic acidic output from Basin 2 0.205 3.0 3.0
0.064 0.83 generic basic output from Basin 2 0.016 3.1 3.0
0.936 12.17 generic acidic output from Basin 2 0.205 3.0 3.0
0.064 0.83 generic basic output from Basin 2 0.016 3.1 3.0
Scenario #2 -- 1 month duration waste streams

Basin 1 1/2 6.50 generic acidic waste stream 0.811 2.5 2.6
1 13.00 generic alkaline waste stream 0.964 12.0 8.2
1 13.00 generic acidic waste stream 0.964 2.5 2.6
1 13.00 generic alkaline waste stream 0.964 12.0 8.2
1 13.00 generic acidic waste stream 0.964 2.5 2.6
Basin 2 0.64 8.32 generic acidic output from Basin 1 0.675 2.9 2.9
0.72 9.36 generic basic output from Basin 1 0.718 7.9 34
1.28 16.64 generic acidic output from Basin 1 0.894 2.9 2.9
0.72 9.36 generic basic output from Basin 1 0.718 7.9 3.4
1.28 16.64 generic acidic output from Basin 1 0.894 2.9 2.9
Basin 3 0.832 10.82 generic acidic output from Basin 2 0.185 3.0 3.0
0.336 4.37 generic basic output from Basin 2 0.079 33 3.1
1.664 21.63 generic acidic output from Basin 2 0.335 3.0 3.0
0.336 4.37 generic basic output from Basin 2 0.079 33 3.0
1.664 21.63 generic acidic output from Basin 2 0.335 3.0 3.0
0.336 4.37 generic basic output from Basin 2 0.079 33 3.0
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APPENDIX B. GWB OUTPUT FILES: > MONTH DISCHARGE

DURATION
1) STARTING SOLUTION CHEMISTRY FOR BASIN 1

Temperature = 25.0 C Pressure = 1.013 bars
pH = 3.044 log f02 = -0.699
Eh = 1.0386 volts pe = 17.5566
Ionic strength = 0.026462
Activity of water = 1.000000
Solvent mass = 1.000005 kg
Solution mass = 1.002218 kg
Solution density = 1.014 g/cm3
Chlorinity = 0.000000 molal

Dissolved solids 2208 mg/kg sol'n
Elect. conductivity = 2573.82 uS/cm (or umho/cm)

Hardness = 35.52 mg/kg sol'n as CaCO3
carbonate = 0.00 mg/kg sol'n as CaCO3
non-carbonate = 35.52 mg/kg sol'n as CaCO3

Rock mass = 0.000000 kg

Carbonate alkalinity= 0.00 mg/kg sol'n as CaCO3

Water type = Na-NO3

moles moles grams cm3

Reactants remaining reacted reacted reacted
CO2 (g) -- fixed fugacity buffer --

Cat+ 5.315e-005 5.315e-005 0.002130
CaCo3 0.0003025 0.0003025 0.03028
H+ 4.418e-013 4.418e-013 4.453e-013
H20 27.75 27.75 500.0
NO3- 0.0007169 0.0007169 0.04445
Na+ 0.008228 0.008228 0.1892
02 (g) -- fixed fugacity buffer --

Si02 (aq) 4.521e-005 4.521e-005 0.002716

No minerals in system.

Agueous species molality mg/kg sol'n act. coef. log act.
NO3- 0.02614 1617. 0.8505 -1.6529
Na+ 0.02444 560.7 0.8567 -1.6790
H+ 0.001024 1.030 0.8813 -3.0444
Ca++ 0.0003186 12.74 0.5625 -3.7466
02 (aq) 0.0002506 8.003 1.0069 -3.5980
Si02 (aq) 6.167e-005 3.697 1.0069 -4.2070
CaNO3+ 3.709e-005 3.778 0.8567 -4.4980
CO2 (aq) 1.116e-005 0.4900 1.0000 -4.9524

(only species > le-8 molal listed)

Mineral saturation states

log Q/K log Q/K
Quartz -0.2077 Cristobalite -0.7582
Tridymite -0.3735 Amrph”silica -1.4934
Chalcedony -0.4789
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(only minerals with log Q/K > -3 listed)

Gases fugacity log fug

02 (qg) 0.2000 -0.699

Steam 0.03131 -1.504

CO2 (g) 0.0003162 -3.500

N2 (g) 1.111e-005 -4.954

H2 (9) 6.282e-042 -41.202

CH4 (g) 3.888e-146 -145.410

In fluid Sorbed Kd

Original basis total moles moles mg/ kg moles mg/kg L/kg
Ca++ 0.000356 0.000356 14.2

H+ 0.00104 0.00104 1.04

H20 55.5 55.5 9.98e+005

HCO3- 1.12e-005 1.12e-005 0.680

NO3- 0.0262 0.0262 1.62e+003

Na+ 0.0244 0.0244 561.

02 (aq) 0.000251 0.000251 8.00

Si02 (aq) 6.17e-005 6.17e-005 3.70

2) BASIN 1 CHEMISTRY AFTER ACIDIC WASTE STREAM, FLASH MIX RATIO=0.565

Step # 565 Xi = 0.5650
Temperature = 25.0 C Pressure = 1.013 bars
pH = 2.701 log f02 = -0.699
Eh = 1.0589 volts pe = 17.9005
Ionic strength = 0.031626
Activity of water = 1.000000
Solvent mass = 1.000000 kg
Solution mass = 1.002638 kg
Solution density = 1.014 g/cm3
Chlorinity = 0.000000 molal
Dissolved solids = 2631 mg/kg sol'n
Elect. conductivity = 3256.53 uS/cm (or umho/cm)
Hardness = 15.46 mg/kg sol'n as CaCO3
carbonate = 0.00 mg/kg sol'n as CaCO3
non-carbonate = 15.46 mg/kg sol'n as CaCoO3
Rock mass = 0.000000 kg
Carbonate alkalinity= 0.00 mg/kg sol'n as CaCO3
Water type = Na-NO3
moles moles grams cm3
Reactants remaining reacted reacted reacted
CO2 (g) -- fixed fugacity buffer --
H+ 0.001409 0.001831 0.001845
H20 24.15 31.36 565.0
NO3- 0.01553 0.02017 1.251
Na+ 0.01409 0.01831 0.4209
02 (g) -- fixed fugacity buffer --
Si02 (aq) 1.431e-005 1.859e-005 0.001117

No minerals in system.
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molality mg/kg sol'n act. coef. log act.
0.03149 1947. 0.8399 -1.5776
0.02892 663.1 0.8470 -1.6109
0.002278 2.290 0.8749 -2.7005
0.0002503 7.989 1.0082 -3.5980
0.0001365 5.456 0.5408 -4.1319
.543e-005 2.722 1.0082 -4.3391
.838e-005 1.871 0.8470 -4.8079
116e-005 0.4898 1.0000 -4.9524
.005e-008 0.001398 1.0000 -7.3006
molal listed)
tes
Q/K log Q/K
.3398 Cristobalite -0.8903
.5056 Amrph”*silica -1.6255
6110

log Q/K > -3 listed)

Gases fugacity log fug.
02 (qg) 0.2000 -0.699
Steam 0.03131 -1.504
CO2 (qg) 0.0003162 -3.500
N2 (g) 7.660e-005 -4.116
H2 (g) 6.282e-042 -41.202
CH4 (qg) 3.888e-146 -145.410
In fluid Sorbed Kd
Original basis total moles moles mg/ kg moles mg/ kg L/kg
Ca++ 0.000155 0.000155 6.19
H+ 0.00229 0.00229 2.30
H20 55.5 55.5 9.97e+005
HCO3- 1.12e-005 1.12e-005 0.679
NO3- 0.0315 0.0315 1.95e+003
Na+ 0.0289 0.0289 663.
02 (aq) 0.000250 0.000250 7.98
Si02 (aq) 4.54e-005 4.54e-005 2.72

3) BASIN 1 CHEMISTRY AFTER ALKALINE WASTE STREAM, FLASH MIX

RATIO=0.811

Step # 811
Temperature =
pH = 7.980
Eh = 0.7466

Ionic strength
Activity of wa
Solvent mass
Solution mass
Solution densi
Chlorinity

Xi = 0.8110
25.0 C Pressure = 1.013 bars
log f02 = -0.699
volts pe = 12.6212
0.020510
ter = 1.000000
= 0.999999 kg
= 1.001710 kg
ty = 1.014 g/cm3
= 0.000000 molal
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Dissolved solids 1708 mg/kg sol'n

Elect. conductivity = 1838.01 uS/cm (or umho/cm)

Hardness = 60.57 mg/kg sol'n as CaCO3
carbonate = 27.30 mg/kg sol'n as CaCO3
non-carbonate = 33.27 mg/kg sol'n as CaCO3

Rock mass = 0.000000 kg

Carbonate alkalinity= 27.30 mg/kg sol'n as CaCO3

Water type = Na-NO3

moles moles grams cm3

Reactants remaining reacted reacted reacted
CO2 (g) -- fixed fugacity buffer --

Ca++ 2.009e-005 8.620e-005 0.003455
CaCo3 0.0001144 0.0004907 0.04911
H+ 1.670e-013 7.166e-013 7.223e-013
H20 10.49 45.02 811.0
NO3- 0.0002710 0.001163 0.07210
Na+ 0.003110 0.01335 0.3068
02 (qg) -- fixed fugacity buffer --

S102 (aqg) 1.709e-005 7.333e-005 0.004406

No minerals in system.

Aqueous species molality mg/kg sol'n act. coef log act
NO3- 0.01942 1202. 0.8648 -1.7748
Na+ 0.01880 431.4 0.8699 -1.7864
Ca++ 0.0005518 22.08 0.5934 -3.4849
HCO3- 0.0005257 32.02 0.8723 -3.3386
02 (aq) 0.0002510 8.019 1.0053 -3.5980
Si02 (aq) 8.025e-005 4.814 1.0053 -4.0932
CaNO3+ 5.040e-005 5.136 0.8699 -4.3581
CO2 (aq) 1.116e-005 0.4902 1.0000 -4.9524
NaHCO3 1.009e-005 0.8463 1.0000 -4.9961
CO3-- 3.445e-006 0.2064 0.5756 -5.7028
CaHCO3+ 2.85%9e-006 0.2886 0.8755 -5.6015
H35i04- 1.375e-006 0.1305 0.8699 -5.9223
OH- 1.134e-006 0.01926 0.8674 -6.0070
CaCo3 1.067e-006 0.1066 1.0000 -5.9717
NaH3Si04 2.758e-007 0.03251 1.0000 -6.5594
NaCO3- 1.190e-007 0.009862 0.8699 -6.9849
H+ 1.177e-008 1.184e-005 0.8904 -7.9798
NaOH 1.010e-008 0.0004032 1.0000 -7.9958

(only species > le-8 molal listed)
Mineral saturation states
log Q/K log Q/K
Quartz -0.0939 Cristobalite -0.6444
Tridymite -0.2597 Aragonite -0.7216
Chalcedony -0.3651 Amrph”silica -1.3796
Calcite -0.5567 Monohydrocalcite -1.5506

(only minerals with

log Q/K > -3 listed)

fugacity
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02 (9) 0.2000 -0.699
Steam 0.03131 -1.504
CO2 (g) 0.0003162 -3.500
N2 (g) 8.535e-016 -15.069
H2 (g) 6.282e-042 -41.202
CH4 (g) 3.888e-146 -145.410
In fluid Sorbed Kd
Original basis total moles moles mg/ kg moles mg/kg L/kg
Ca++ 0.000606 0.000606 24.3
H+ 3.73e-006 3.73e-006 0.00375
H20 55.5 55.5 9.98e+005
HCO3- 0.000554 0.000554 33.8
NO3- 0.0195 0.0195 1.21e+003
Na+ 0.0188 0.0188 432.
02 (aq) 0.000251 0.000251 8.02
Si02 (aq) 8.19e-005 8.19e-005 4.91

4) BASIN 1 CHEMISTRY AFTER ACIDIC WASTE STREAM, FLASH MIX RATIO=0.811

Step # 8111 Xi = 0.8111

Temperature = 25.0 C Pressure = 1.013 bars

PH = 2.657 log f02 = -0.699

Eh = 1.0615 volts pe = 17.9444

Ionic strength 0.032670

Activity of water = 1.000000

Solvent mass = 1.000002 kg

Solution mass = 1.002726 kg

Solution density = 1.014 g/cm3

Chlorinity = 0.000000 molal

Dissolved solids = 2717 mg/kg sol'n

Elect. conductivity = 3390.25 uS/cm (or umho/cm)

Hardness = 11.43 mg/kg sol'n as CaCO3
carbonate = 0.00 mg/kg sol'n as CaCO3
non-carbonate = 11.43 mg/kg sol'n as CaCoO3

Rock mass = 0.000000 kg

Carbonate alkalinity= 0.00 mg/kg sol'n as CaCO3

Water type = Na-NO3

moles moles grams cm3

Reactants remaining reacted reacted reacted
CO2 (g) -- fixed fugacity buffer --

H+ 0.0006120 0.002628 0.002649

H20 10.49 45.02 811.1

NO3- 0.006744 0.02896 1.795

Na+ 0.006120 0.02628 0.6042

02 (g) -- fixed fugacity buffer --

Si02 (aq) 6.215e-006 2.669e-005 0.001603
No minerals in system.
Aqueous species molality mg/kg sol'n act. coef log act
NO3- 0.03257 2014 0.8379 -1.5640
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Na+
H+
02 (aq)
Ca++
S102 (aq)
CaNO3+
CO2 (aq)
N2 (aq)
(only species > 1

Mineral saturation

SRNL-STI-2012-00269, REVISION 0

Quartz
Tridymite
Chalcedony

0.02983 683.9
0.002524 2.537
0.0002502 7.986
0.0001006 4.020
4.216e-005 2.526
1.390e-005 1.415
1.116e-005 0.4897
6.523e-008 0.001822
e-8 molal listed)
states
log Q/K
-0.3722 Cristobalite
-0.5380 Amrph”~silica
-0.6434

(only minerals with log Q/K > -3 listed)

Original basis tota

0.8452 -1.5984
0.8737 -2.6566
1.0085 -3.5980
0.5368 -4.2677
1.0085 -4.3715
0.8452 -4.9300
1.0000 -4.9524
1.0000 -7.1855
log Q/K
-0.9227
-1.6579
Sorbed Kd
moles mg/ kg L/kg

Ca++ 0.
H+ 0]
H20
HCO3-
NO3-
Na+

02 (aqg)
5102 (aq)

1.1

0.
4.2

fugacity log fug
0.2000 -0.699
0.03131 -1.504
0.0003162 -3.500
9.983e-005 -4.001
6.282e-042 -41.202
3.888e-146 -145.410
In fluid
1 moles moles mg/ kg
000114 0.000114 4.58
.00254 0.00254 2.55
55.5 55.5 9.97e+005
2e-005 1.12e-005 0.679
0.0326 0.0326 2.01e+003
0.0298 0.0298 684.
000250 0.000250 7.98
2e-005 4.22e-005 2.53

5) BASIN 1 CHEMISTRY AFTER ALKALINE WASTE STREAM, FLASH MIX

RATIO=0.811
Step # 811 Xi = 0.8110
Temperature = 25.0 C Pressure = 1.013 bars
pH = 7.941 log f02 = -0.699
Eh = 0.7489 volts pe = 12.6597
Ionic strength 0.020658
Activity of water = 1.000000
Solvent mass = 1.000000 kg
Solution mass = 1.001724 kg
Solution density = 1.014 g/cm3
Chlorinity = 0.000000 molal
Dissolved solids = 1721 mg/kg sol'n
Elect. conductivity = 1851.77 uS/cm (or umho/cm)
Hardness = 59.79 mg/kg sol'n as CaCO3
carbonate = 24.96 mg/kg sol'n as CaCO3
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non-carbonate
Rock mass
Carbonate alkalinity=

SRNL-STI-2012-00269, REVISION 0

34.83 mg/kg sol'n as CaCO3
0.000000 kg
24.96 mg/kg sol'n as CaCO3

Water type = Na-NO3
moles moles grams cm3

Reactants remaining reacted reacted reacted
CO2 (g) -- fixed fugacity buffer --

Ca++ 2.009e-005 8.620e-005 0.003455
CaCo3 0.0001144 0.0004907 0.04911
H+ 1.670e-013 7.166e-013 7.223e-013
H20 10.49 45.02 811.0
NO3- 0.0002710 0.001163 0.07210
Na+ 0.003110 0.01335 0.3068
02 (g) -- fixed fugacity buffer --

S102 (aqg) 1.709e-005 7.333e-005 0.004406

No minerals in system.

Aqueous species molality mg/kg sol'n act. coef log act
NO3- 0.01962 1215. 0.8644 -1.7705
Na+ 0.01897 435.3 0.8695 -1.7827
Ca++ 0.0005448 21.80 0.5925 -3.4911
HCO3- 0.0004812 29.31 0.8719 -3.3772
02 (aq) 0.0002510 8.018 1.0054 -3.5980
Si02 (aq) 7.979e-005 4.786 1.0054 -4.0957
CaNO3+ 5.020e-005 5.116 0.8695 -4.3600
CO2 (aq) 1.116e-005 0.4902 1.0000 -4.9524
NaHCO3 9.314e-006 0.7811 1.0000 -5.0308
CO3-- 2.889e-006 0.1731 0.5746 -5.7798
CaHCO3+ 2.580e-006 0.2604 0.8751 -5.6462
H35i04- 1.252e-006 0.1188 0.8695 -5.9633
OH- 1.039%e-006 0.01763 0.8670 -6.0456
CaCo3 8.810e-007 0.08803 1.0000 -6.0550
NaH35104 2.531e-007 0.02984 1.0000 -6.5967
NaCO3- 1.006e-007 0.008334 0.8695 -7.0582
H+ 1.286e-008 1.294e-005 0.8902 -7.9412

(only species > le-8 molal listed)
Mineral saturation states
log Q/K log Q/K
Quartz -0.0964 Cristobalite -0.6469
Tridymite -0.2622 Aragonite -0.8049
Chalcedony -0.3676 Amrph”silica -1.3821
Calcite -0.6400 Monohydrocalcite -1.6339
(only minerals with log Q/K > -3 listed)

Gases fugacity log fug
02 (9) 0.2000 -0.699
Steam 0.03131 -1.504
CO2 (g) 0.0003162 -3.500
N2 (qg) 1.040e-015 -14.983
H2 (9) 6.282e-042 -41.202
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CH4 (g) 3.888e-146 -145.410
In fluid Sorbed Kd

Original basis total moles moles mg/ kg moles mg/ kg L/kg
Cat++ 0.000598 0.000598 23.9
H+ 4.73e-006 4.73e-006 0.00476
H20 55.5 55.5 9.98e+005
HCO3- 0.000508 0.000508 31.0
NO3- 0.0197 0.0197 1.22e+003
Na+ 0.0190 0.0190 436.

02 (aq) 0.000251 0.000251 8.02
Si02 (aq) 8.13e-005 8.13e-005 4.88
6) STARTING SOLUTION CHEMISTRY FOR BASIN 2

Temperature = 25.0 C Pressure = 1.013 bars

pH = 3.044 log f0O2 = -0.699

Eh = 1.0386 volts pe = 17.5566

Ionic strength 0.026462

Activity of water = 1.000000

Solvent mass = 1.000005 kg

Solution mass = 1.002218 kg

Solution density = 1.014 g/cm3

Chlorinity = 0.000000 molal

Dissolved solids = 2208 mg/kg sol'n

Elect. conductivity = 2573.82 uS/cm (or umho/cm)

Hardness = 35.52 mg/kg sol'n as CaCO03
carbonate = 0.00 mg/kg sol'n as CaCO3
non-carbonate = 35.52 mg/kg sol'n as CaCO3

Rock mass = 0.000000 kg

Carbonate alkalinity= 0.00 mg/kg sol'n as CaCO3

Water type = Na-NO3

moles moles grams cm3

Reactants remaining reacted reacted reacted
CO2 (g) -- fixed fugacity buffer --

Ca++ 5.315e-005 5.315e-005 0.002130
CaCo3 0.0003025 0.0003025 0.03028
H+ 4.418e-013 4.418e-013 4.453e-013
H20 27.75 27.75 500.0
NO3- 0.0007169 0.0007169 0.04445
Na+ 0.008228 0.008228 0.1892
02 (g) -- fixed fugacity buffer --

Si02 (aq) 4.521e-005 4.521e-005 0.002716

No minerals in system.

Aqueous species molality mg/kg sol'n act. coef log act
NO3- 0.02614 1617. 0.8505 -1.6529
Na+ 0.02444 560.7 0.8567 -1.6790
H+ 0.001024 1.030 0.8813 -3.0444
Cat+ 0.0003186 12.74 0.5625 -3.7466
02 (aq) 0.0002506 8.003 1.0069 -3.5980
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Si02 (aq) 6.167e-005 3.697 1.0069 -4.2070
CaNO3+ 3.709e-005 3.778 0.8567 -4.4980
CO2 (aq) 1.116e-005 0.4900 1.0000 -4.9524

(only species > le-8 molal listed)
Mineral saturation states
log Q/K log Q/K

Quartz -0.2077 Cristobalite -0.7582

Tridymite -0.3735 Amrph”~silica -1.4934

Chalcedony -0.4789

(only minerals with log Q/K > -3 listed)

Gases fugacity log fug

02 (qg) 0.2000 -0.699

Steam 0.03131 -1.504

CO2 (g) 0.0003162 -3.500

N2 (qg) 1.111e-005 -4.954

H2 (g) 6.282e-042 -41.202

CH4 (qg) 3.888e-146 -145.410

In fluid Sorbed Kd

Original basis total moles moles mg/ kg moles mg/ kg L/kg

Ca++ 0.000356 0.000356 14.2

H+ 0.00104 0.00104 1.04

H20 55.5 55.5 9.98e+005

HCO3- 1.12e-005 1.12e-005 0.680

NO3- 0.0262 0.0262 1.62e+003

Na+ 0.0244 0.0244 561.

02 (aq) 0.000251 0.000251 8.00

5102 (aq) 6.17e-005 6.17e-005 3.70

7) BASIN 2 CHEMISTRY AFTER ACIDIC DISCHARGE FROM BASIN 1, FLASH MIX

RATIO=0.493
Step # 493 Xi
Temperature = 25.0
PH = 2.992
Eh = 1.0417 volts

Ionic strength
Activity of water
Solvent mass
Solution mass
Solution density
Chlorinity
Dissolved solids
Elect. conductivity
Hardness

carbonate

non-carbonate
Rock mass
Carbonate alkalinity
Water type

= 0.4930
C Pressure = 1.013 bars
log f0O2 = -0.699
pe = 17.60093
0.026936
= 1.000000
= 1.000000 kg
= 1.002252 kg
= 1.014 g/cm3
= 0.000000 molal
= 2247 mg/kg sol'n
= 2641.62 uS/cm (or umho/cm)
= 33.48 mg/kg sol'n as CaCO3
= 0.00 mg/kg sol'n as CaCO3
= 33.48 mg/kg sol'n as CaCO3
= 0.000000 kg
= 0.00 mg/kg sol'n as CaCO3
= Na-NO3
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moles moles grams cm3

Reactants remaining reacted reacted reacted
CO2 (g) -- fixed fugacity buffer --

Ca++ 0.0001592 0.0001548 0.006204
H+ 0.0006540 0.0006360 0.0006410
H20 28.14 27.37 493.0
NO3- 0.01379 0.01341 0.8315
Na+ 0.01283 0.01247 0.2867
02 (g) -- fixed fugacity buffer --

Si02 (aq) 2.961e-005 2.879e-005 0.001730

No minerals in system.

Aqueous species molality mg/kg sol'n act. coef log act
NO3- 0.02664 1648. 0.8495 -1.6454
Na+ 0.02484 569.9 0.8558 -1.6724
H+ 0.001158 1.164 0.8807 -2.9916
Ca++ 0.0002999 11.99 0.5604 -3.7746
02 (aq) 0.0002506 8.001 1.0070 -3.5980
Si02 (aq) 6.007e-005 3.601 1.0070 -4.2183
CaNO3+ 3.542e-005 3.608 0.8558 -4.5183
CO2 (aq) 1.116e-005 0.4900 1.0000 -4.9524

(only species > 1le-8 molal listed)
Mineral saturation states
log Q/K log Q/K
Quartz -0.2190 Cristobalite -0.7695
Tridymite -0.3848 Amrph”silica -1.5047
Chalcedony -0.4902
(only minerals with log Q/K > -3 listed)

Gases fugacity log fug
02 (qg) 0.2000 -0.699
Steam 0.03131 -1.504
CO2 (qg) 0.0003162 -3.500
N2 (g) 1.467e-005 -4.834
H2 (g) 6.282e-042 -41.202
CH4 (g) 3.888e-146 -145.410

In fluid Sorbed Kd

Original basis total moles moles mg/ kg moles mg/ kg L/kg
Ca++ 0.000335 0.000335 13.4
H+ 0.00117 0.00117 1.18
H20 55.5 55.5 9.98e+005
HCO3- 1.12e-005 1.12e-005 0.680
NO3- 0.0267 0.0267 1.65e+003
Na+ 0.0248 0.0248 570.

02 (aq) 0.000251 0.000251 8.00
Si02 (aq) 6.01le-005 6.01e-005 3.60
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8) BASIN 2 CHEMISTRY AFTER ALKALINE DISCHARGE FROM BASIN 1, FLASH MIX
RATIO=0.329

Step # 329 Xi = 0.3290
Temperature = 25.0 C Pressure = 1.013 bars
pH = 3.162 log f02 = -0.699
Eh = 1.0316 volts pe = 17.4394
Ionic strength = 0.025082
Activity of water = 1.000000
Solvent mass = 1.000000 kg
Solution mass = 1.002097 kg
Solution density = 1.014 g/cm3
Chlorinity = 0.000000 molal

Dissolved solids 2093 mg/kg sol'n
Elect. conductivity = 2407.51 uS/cm (or umho/cm)

Hardness = 40.92 mg/kg sol'n as CaCO3
carbonate = 0.00 mg/kg sol'n as CaCO3
non-carbonate = 40.92 mg/kg sol'n as CaCO3

Rock mass = 0.000000 kg

Carbonate alkalinity= 0.00 mg/kg sol'n as CaCO3

Water type = Na-NO3

moles moles grams cm3

Reactants remaining reacted reacted reacted
CO2 (g) -- fixed fugacity buffer --

Cat+ 0.0003771 0.0001849 0.007411
H+ 5.791e-006 2.839%9e-006 2.862e-006
H20 37.25 18.26 329.0
NO3- 0.01382 0.006777 0.4202
Na+ 0.01329 0.006514 0.1498
02 (g9) -- fixed fugacity buffer --

Si02 (aq) 5.261e-005 2.579%9e-005 0.001550

No minerals in system.

Aqueous species molality mg/kg sol'n act. coef. log act.
NO3- 0.02471 1529. 0.8536 -1.6758
Na+ 0.02315 531.2 0.8595 -1.7011
H+ 0.0007804 0.7849 0.8833 -3.1616
Cat+ 0.0003686 14.74 0.5691 -3.6782
02 (aq) 0.0002507 8.006 1.0065 -3.5980
Si02 (aq) 6.612e-005 3.965 1.0065 -4.1768
CaNO3+ 4.105e-005 4.182 0.8595 -4.4524
CO2 (aq) 1.116e-005 0.4900 1.0000 -4.9524

(only species > 1le-8 molal listed)

Mineral saturation states

log Q/K log Q/K
Quartz -0.1775 Cristobalite -0.7280
Tridymite -0.3433 Amrph”silica -1.4632
Chalcedony -0.4487

(only minerals with log Q/K > -3 listed)

Gases fugacity log fug.
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02 (qg) 0.2000 -0.699
Steam 0.03131 -1.504
CO2 (g) 0.0003162 -3.500
N2 (g) 5.830e-006 -5.234
H2 (g) 6.282e-042 -41.202
CH4 (g) 3.888e-146 -145.410

9) BASIN 2 CHEMISTRY AFTER ACIDIC DISCHARGE FROM BASIN 1, FLASH MIX
RATIO=0.743

Step # 743 Xi = 0.7430

Temperature = 25.0 C Pressure = 1.013 bars

pH = 2.991 log f02 = -0.699

Eh = 1.0417 volts pe = 17.6100

Ionic strength = 0.026864

Activity of water = 1.000000

Solvent mass = 1.000000 kg

Solution mass = 1.002245 kg

Solution density = 1.014 g/cm3

Chlorinity = 0.000000 molal

Dissolved solids = 2240 mg/kg sol'n

Elect. conductivity = 2636.11 uS/cm (or umho/cm)

Hardness = 33.82 mg/kg sol'n as CaCO3
carbonate = 0.00 mg/kg sol'n as CaCO3
non-carbonate = 33.82 mg/kg sol'n as CaCO3

Rock mass = 0.000000 kg

Carbonate alkalinity= 0.00 mg/kg sol'n as CaCO3

Water type = Na-NO3

moles moles grams cm3

Reactants remaining reacted reacted reacted
CO2 (g) -- fixed fugacity buffer --

Ca++ 8.070e-005 0.0002333 0.009351
H+ 0.0003315 0.0009585 0.0009660
H20 14.27 41.24 743.0
NO3- 0.006990 0.02021 1.253
Na+ 0.006502 0.01880 0.4322
02 (g) -- fixed fugacity buffer --

Si02 (aq) 1.501e-005 4.339%9e-005 0.002607

No minerals in system.

Aqueous species molality mg/kg sol'n act. coef. log act.
NO3- 0.02656 1643. 0.8497 -1.6465
Na+ 0.02476 568.0 0.8559 -1.6738
H+ 0.001159 1.166 0.8808 -2.9910
Ca++ 0.0003030 12.12 0.5607 -3.7699
02 (aq) 0.0002506 8.001 1.0070 -3.5980
Si02 (aq) 6.038e-005 3.620 1.0070 -4.2161
CaNO3+ 3.571e-005 3.637 0.8559 -4.5148
CO2 (aq) 1.116e-005 0.4900 1.0000 -4.9524

(only species > le-8 molal listed)

Mineral saturation states
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log Q/K log Q/K
Quartz -0.2168 Cristobalite -0.7673
Tridymite -0.3826 Amrph”silica -1.5025
Chalcedony -0.4880
(only minerals with log Q/K > -3 listed)

Gases fugacity log fug

02 (qg) 0.2000 -0.699

Steam 0.03131 -1.504

CO2 (qg) 0.0003162 -3.500

N2 (qg) 1.464e-005 -4.835

H2 (g) 6.282e-042 -41.202

CH4 (qg) 3.888e-146 -145.410

In fluid Sorbed Kd

Original basis total moles moles mg/ kg moles mg/ kg L/kg
Ca++ 0.000339 0.000339 13.5

H+ 0.00117 0.00117 1.18

H20 55.5 55.5 9.98e+005

HCO3- 1.12e-005 1.12e-005 0.680

NO3- 0.0266 0.0266 1.65e+003

Na+ 0.0248 0.0248 568.

02 (aq) 0.000251 0.000251 8.00

Si02 (aq) 6.04e-005 6.04e-005 3.62

10) BASIN 2 CHEMISTRY AFTER ALKALINE DISCHARGE FROM BASIN 1, FLASH

MIX RATIO=0.329

Step # 329 Xi = 0.3290
Temperature = 25.0 C Pressure = 1.013 bars
pH = 3.162 log f02 = -0.699
Eh = 1.0316 volts pe = 17.4394
Ionic strength 0.025090
Activity of water = 1.000000
Solvent mass = 1.000000 kg
Solution mass = 1.002097 kg
Solution density = 1.014 g/cm3
Chlorinity = 0.000000 molal
Dissolved solids = 2093 mg/kg sol'n
Elect. conductivity = 2407.91 uS/cm (or umho/cm)
Hardness = 41.19 mg/kg sol'n as CaCO3
carbonate = 0.00 mg/kg sol'n as CaCO3
non-carbonate = 41.19 mg/kg sol'n as CaCO3
Rock mass = 0.000000 kg
Carbonate alkalinity= 0.00 mg/kg sol'n as CaCO3
Water type = Na-NO3
moles moles grams cm3
Reactants remaining reacted reacted reacted
CO2 (g) -- fixed fugacity buffer --
Ca++ 0.0003771 0.0001849 0.007411
H+ 5.791e-006 2.839e-006 2.862e-006
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H20
NO3-
Na+

02 (g)
S102 (aq)

No minerals in system

Aqueous species
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Ca++
02 (aq)
S102 (aq)
CaNO3+
CO2 (aq)
(only species > le-

st
1o

Mineral saturation

Quartz

Tridymite

Chalcedony
(only minerals with

mg/kg

Gases

02 (9)
Steam
CO2 (g)
N2 (g)
HZ (9)

CH4 (9)

Original basis total
Ca++ 0.00
H+ 0.00
H20
HCO3- 1.12e
NO3- 0.
Na+ 0.
02 (aq) 0.00
5102 (aq) 6.63e

11) STARTING SOLUTION CHEMISTRY FOR BASIN 3

Temperature =
pH = 3.044
Eh = 1.0386

37.25 18.26 329.0
0.01382 0.006777 0.4202
0.01329 0.006514 0.1498

-- fixed fugacity buffer --
5.261e-005 2.579e-005 0.001550
molality mg/kg sol'n act. coef
0.02472 1529. 0.8536
0.02315 531.2 0.8595
0.0007804 0.7849 0.8833
0.0003710 14.84 0.5690
0.0002507 8.006 1.0065
6.632e-005 3.977 1.0065
4.132e-005 4.210 0.8595
1.116e-005 0.4900 1.0000
8 molal listed)
ates
g Q/K log Q/K
1762 Cristobalite -0.7267
3420 Amrph”silica -1.4619
L4474
log Q/K > -3 listed)
fugacity log fug
0.2000 -0.699
0.03131 -1.504
0.0003162 -3.500
5.832e-006 -5.234
6.282e-042 -41.202
3.888e-146 -145.410
In fluid Sorbed
moles moles mg/kg moles
0412 0.000412 16.5
0792 0.000792 0.796
55.5 55.5 9.98e+005
-005 1.12e-005 0.680
0248 0.0248 1.53e+003
0232 0.0232 531.
0251 0.000251 8.01
-005 6.63e-005 3.98
25.0 C Pressure = 1.013 bars
log f02 = -0.699
volts pe = 17.5566
h = 0.026462

Tonic strengt
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Activity of water 1.000000

Solvent mass = 1.000005 kg

Solution mass = 1.002218 kg

Solution density = 1.014 g/cm3

Chlorinity = 0.000000 molal

Dissolved solids = 2208 mg/kg sol'n

Elect. conductivity = 2573.82 uS/cm (or umho/cm)

Hardness = 35.52 mg/kg sol'n as CaCO3
carbonate = 0.00 mg/kg sol'n as CaCO3
non-carbonate = 35.52 mg/kg sol'n as CaCO3

Rock mass = 0.000000 kg

Carbonate alkalinity= 0.00 mg/kg sol'n as CaCO3

Water type = Na-NO3

moles moles grams cm3

Reactants remaining reacted reacted reacted
CO2 (g) -- fixed fugacity buffer --

Ca++ 5.315e-005 5.315e-005 0.002130
CaCo3 0.0003025 0.0003025 0.03028
H+ 4.418e-013 4.418e-013 4.453e-013
H20 27.75 27.75 500.0
NO3- 0.0007169 0.0007169 0.04445
Na+ 0.008228 0.008228 0.1892
02 (qg) -- fixed fugacity buffer --

S102 (aqg) 4.521e-005 4.521e-005 0.002716

No minerals in system.

Aqueous species molality mg/kg sol'n act. coef log act
NO3- 0.02614 1617. 0.8505 -1.6529
Na+ 0.02444 560.7 0.8567 -1.6790
H+ 0.001024 1.030 0.8813 -3.0444
Cat++ 0.0003186 12.74 0.5625 -3.7466
02 (aq) 0.0002506 8.003 1.0069 -3.5980
Si02 (aq) 6.167e-005 3.697 1.0069 -4.2070
CaNO3+ 3.709e-005 3.778 0.8567 -4.4980
CO2 (aq) 1.116e-005 0.4900 1.0000 -4.9524

(only species > le-8 molal listed)
Mineral saturation states
log Q/K log Q/K
Quartz -0.2077 Cristobalite -0.7582
Tridymite -0.3735 Amrph”silica -1.4934
Chalcedony -0.4789

(only minerals with log Q/K > -3 listed)

fugacity log fug
0.2000 -0.699
0.03131 -1.504
0.0003162 -3.500
1.111e-005 -4.954
6.282e-042 -41.202
3.888e-146 -145.410
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In fluid Sorbed Kd

Original basis total moles moles mg/ kg moles mg/kg L/kg
Ca++ 0.000356 0.000356 14.2
H+ 0.00104 0.00104 1.04
H20 55.5 55.5 9.98e+005
HCO3- 1.12e-005 1.12e-005 0.680
NO3- 0.0262 0.0262 1.62e+003
Na+ 0.0244 0.0244 561.
02 (aq) 0.000251 0.000251 8.00
Si02 (aq) 6.17e-005 6.17e-005 3.70

12) BASIN 3 CHEMISTRY AFTER ACIDIC DISCHARGE FROM BASIN 2, FLASH MIX
RATIO=0.108

Step # 108 Xi = 0.1080

Temperature = 25.0 C Pressure = 1.013 bars

pH = 3.038 log f02 = -0.699

Eh = 1.0389 volts pe = 17.5626

Ionic strength = 0.026451

Activity of water = 1.000000

Solvent mass = 1.000000 kg

Solution mass = 1.002212 kg

Solution density = 1.014 g/cm3

Chlorinity = 0.000000 molal

Dissolved solids = 2207 mg/kg sol'n

Elect. conductivity = 2576.14 uS/cm (or umho/cm)

Hardness = 35.43 mg/kg sol'n as CaCO3
carbonate = 0.00 mg/kg sol'n as CaCO3
non-carbonate = 35.43 mg/kg sol'n as CaCO3

Rock mass = 0.000000 kg

Carbonate alkalinity= 0.00 mg/kg sol'n as CaCO3

Water type = Na-NO3

moles moles grams cm3

Reactants remaining reacted reacted reacted
CO2 (g) -- fixed fugacity buffer --

Ca++ 0.0003077 3.726e-005 0.001493
H+ 0.0009990 0.0001210 0.0001219
H20 49.51 5.995 108.0
NO3- 0.02355 0.002851 0.1768
Na+ 0.02194 0.002657 0.06108
02 (g) -- fixed fugacity buffer --

Si02 (aq) 5.432e-005 6.577e-006 0.0003952

No minerals in system.

Aqueous species molality mg/kg sol'n act. coef. log act.
NO3- 0.02613 1617. 0.8506 -1.6531
Na+ 0.02442 560.2 0.8567 -1.6794
H+ 0.001039 1.045 0.8814 -3.0384
Cat+ 0.0003178 12.71 0.5626 -3.7476
02 (aq) 0.0002506 8.003 1.0069 -3.5980
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Si02 (aq) 6.161e-005 3.694 1.0069 -4.2073

CaNO3+ 3.699e-005 3.767 0.8567 -4.4991

CO2 (aq) 1.116e-005 0.4900 1.0000 -4.9524

(only species > le-8 molal listed)
Mineral saturation states
log Q/K log Q/K

Quartz -0.2080 Cristobalite -0.7585

Tridymite -0.3738 Amrph”~silica -1.4937

Chalcedony -0.4792

(only minerals with log Q/K > -3 listed)

Gases fugacity log fug

02 (qg) 0.2000 -0.699

Steam 0.03131 -1.504

CO2 (qg) 0.0003162 -3.500

N2 (g) 1.141e-005 -4.943

H2 (g) 6.282e-042 -41.202

CH4 (qg) 3.888e-146 -145.410

In fluid Sorbed Kd

Original basis total moles moles mg/ kg moles mg/ kg L/kg

Ca++ 0.000355 0.000355 14.2

H+ 0.00105 0.00105 1.06

H20 55.5 55.5 9.98e+005

HCO3- 1.12e-005 1.12e-005 0.680

NO3- 0.0262 0.0262 1.62e+003

Na+ 0.0244 0.0244 560.

02 (aq) 0.000251 0.000251 8.00

Si02 (aq) 6.16e-005 6.16e-005 3.69

13) BASIN 3 CHEMISTRY AFTER ALKALINE DISCHARGE FROM BASIN 2, FLASH

MIX RATIO=0.016

Step # 16
Temperature = 25.0
pH = 3.045
Eh = 1.0385 volts

Ionic strength
Activity of water
Solvent mass
Solution mass
Solution density
Chlorinity
Dissolved solids
Elect. conductivity
Hardness

carbonate

non-carbonate
Rock mass
Carbonate alkalinity
Water type

0.0160
Pressure
log fO2
pe 17
0.026401
.000000
.000000
.002208
.014
.000000
2203
2568.58
35.52
0.00
35.52
0.000000
0.00
Na-NO3

Xi

C

Il ([l
R N

1.013 bars
-0.699
.5557

kg

kg

g/cm3
molal
mg/kg
uS/cm
mg/kg
mg/kg
mg/kg
kg

mg/kg

sol'n

sol'n
sol'n
sol'n

as
as
as

sol'n as
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CaCo3
CaCo3
CaCo3

CaCo3



moles

Reactants remaining
C02 (qg)

Ca++ 0.0003897
H+ 8.472e-006
H20 54.62
NO3- 0.02470
Na+ 0.02312
02 (9)

S102 (aqg) 6.396e-005

No minerals in system.

SRNL-STI-2012-00269, REVISION 0

moles
reacted

-- fixed fugacity buffer --

6.336e-006
1.378e-007
0.8881
0.0004016
0.0003760

-- fixed fugacity buffer --

1.040e-006

grams
reacted

0.0002539
1.388e-007
16.00
0.02490
0.008644

6.249e-005

P ORrRrEFEOOOOo

re

cm3
acted

Aqueous species molality mg/kg sol'n
NO3- 0.02608 1614.
Na+ 0.02439 559.4
H+ 0.001022 1.028
Ca++ 0.0003186 12.74
02 (aq) 0.0002506 8.003
Si02 (aq) 6.165e-005 3.696
CaNO3+ 3.702e-005 3.771
CO2 (aq) 1.116e-005 0.4900

(only species > 1le-8 molal listed)
Mineral saturation states
log Q/K
Quartz -0.2078 Cristobalite
Tridymite -0.3736 Amrph”silica
Chalcedony -0.4790

(only minerals with

Original basis total

log Q/K > -3 listed)

Sorbed
moles

mg/kg

0.00
0.0

Ca++

H+

H20
HCO3-
NO3-
Na+

02 (aqg)
5102 (aq)

1.12e
0.

0.
0.00
6.17e

fugacity log fug
0.2000 -0.699
0.03131 -1.504
0.0003162 -3.500
1.102e-005 -4.958
6.282e-042 -41.202
3.888e-146 -145.410
In fluid
moles moles mg/ kg
0356 0.000356 14.2
0103 0.00103 1.04
55.5 55.5 9.98e+005
-005 1.12e-005 0.680
0261 0.0261 1.62e+003
0244 0.0244 559.
0251 0.000251 8.00
-005 6.17e-005 3.70
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14) BASIN 3 CHEMISTRY AFTER ACIDIC DISCHARGE FROM BASIN 2, FLASH MIX
RATIO=0.205

Step # 205 Xi = 0.2050
Temperature = 25.0 C Pressure = 1.013 bars
pH = 3.038 log f02 = -0.699
Eh = 1.0389 volts pe = 17.5629
Ionic strength = 0.026468
Activity of water = .000000
Solvent mass = .000000 kg
Solution mass .002213 kg

.014 g/cm3
.000000 molal

2208 mg/kg sol'n
2577.77 uS/cm (or umho/cm)

Solution density
Chlorinity =
Dissolved solids

Elect. conductivity

II
O R P PP

Hardness = 35.33 mg/kg sol'n as CaCO3
carbonate = 0.00 mg/kg sol'n as CaCO3
non-carbonate = 35.33 mg/kg sol'n as CaCO3

Rock mass = 0.000000 kg

Carbonate alkalinity= 0.00 mg/kg sol'n as CaCO3

Water type = Na-NO3

moles moles grams cm3

Reactants remaining reacted reacted reacted
CO2 (g) -- fixed fugacity buffer --

Ca++ 0.0002743 7.073e-005 0.002835

H+ 0.0008904 0.0002296 0.0002314

H20 44.13 11.38 205.0

NO3- 0.02099 0.005412 0.3356

Na+ 0.01956 0.005043 0.1159

02 (g) -- fixed fugacity buffer --

Si02 (aq) 4.842e-005 1.248e-005 0.0007501

No minerals in system.

Aqueous species molality mg/kg sol'n act. coef. log act.
NO3- 0.02615 1618. 0.8505 -1.6528
Na+ 0.02444 560.7 0.8567 -1.6791
H+ 0.001040 1.045 0.8813 -3.0380
Ca++ 0.0003169 12.67 0.5625 -3.7490
02 (aq) 0.0002506 8.003 1.0069 -3.5980
Si02 (aq) 6.154e-005 3.689 1.0069 -4.2079
CaNO3+ 3.689e-005 3.758 0.8567 -4.5002
CO2 (aq) 1.116e-005 0.4900 1.0000 -4.9524

(only species > le-8 molal listed)

Mineral saturation states

log Q/K log Q/K
Quartz -0.2086 Cristobalite -0.7591
Tridymite -0.3744 Amrph”silica -1.4943
Chalcedony -0.4798

(only minerals with log Q/K > -3 listed)
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Sorbed
moles

mg/kg

Gases fugacity log fug

02 (9) 0.2000 -0.699
Steam 0.03131 -1.504
CO2 (qg) 0.0003162 -3.500

N2 (g) 1.145e-005 -4.941

H2 (g) 6.282e-042 -41.202
CH4 (g) 3.888e-146 -145.410

In fluid

Original basis total moles moles mg/kg
Ca++ 0.000354 0.000354 14.1
H+ 0.00105 0.00105 1.06
H20 55.5 55.5 9.98e+005
HCO3- 1.12e-005 1.12e-005 0.680
NO3- 0.0262 0.0262 1.62e+003
Na+ 0.0244 0.0244 561.
02 (aq) 0.000251 0.000251 8.00
Si02 (aq) 6.15e-005 6.15e-005 3.69

15) BASIN 3 CHEMISTRY AFTER ALKALINE DISCHARGE FROM BASIN 2, FLASH

MIX RATIO=0.016

Step # 16 Xi = 0.0160
Temperature = 25.0 C Pressure = 1.013 bars
pH = 3.045 log f02 = -0.699
Eh = 1.0385 volts pe = 17.5557
Ionic strength 0.026398
Activity of water = 1.000000
Solvent mass = 1.000000 kg
Solution mass = 1.002207 kg
Solution density = 1.014 g/cm3
Chlorinity = 0.000000 molal
Dissolved solids = 2203 mg/kg sol'n
Elect. conductivity = 2568.43 uS/cm (or umho/cm)
Hardness = 35.42 mg/kg sol'n as CaCO3
carbonate = 0.00 mg/kg sol'n as CaCO3
non-carbonate = 35.42 mg/kg sol'n as CaCO3
Rock mass = 0.000000 kg
Carbonate alkalinity= 0.00 mg/kg sol'n as CaCO3
Water type = Na-NO3
moles moles grams
Reactants remaining reacted reacted
CO2 (g) -- fixed fugacity buffer --
Ca++ 0.0003897 6.336e-006 0.0002539
H+ 8.472e-006 1.378e-007 1.388e-007
H20 54.62 0.8881 16.00
NO3- 0.02470 0.0004016 0.02490
Na+ 0.02312 0.0003760 0.008644
02 (g) -- fixed fugacity buffer --
Si02 (aq) 6.396e-005 1.040e-006 6.249e-005
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No minerals in system.

Aqueous species molality mg/kg sol'n act. coef log 