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Summary

This report documents numerical flow and transport simulations that were performed under a contract
from Fluor Hanford, Inc. to establish initial waste acceptance criteria for the potential waste streams that
may be safely sequestered in the 221-U Building and similar canyon structures. Specifically, simulations
were executed to identify the maximum loading of contaminant activity (without considering volume
limitations) that can be emplaced within the 221-U Building with no more than 1 pCi/m* of contaminant
exiting the bottom of the structure within a 1,000 year time period. Contaminants considered in the
analysis were *H, °Sr, P Te, '°Cd, "I, *Cs, and **U. The initial scoping simulations were executed in
one dimension to assess important processes, and then two dimensions to establish waste acceptance
criteria. Two monolithic conditions were assessed: (1) a grouted canyon monolith and (2) a canyon
monolith filled with sand. A three-stage approach was taken to account for different processes that may
affect the amount of contaminant that can be sequestered safely in the canyon structure. In the first stage,
flow and transport simulations established waste acceptance criteria based on a linear (K ) isotherm
approach. In the second stage, effects of thermal loading were examined, and the differences in waste
acceptance criteria were quantified. In the third stage of modeling, precipitation/dissolution reactions
were considered using reactive transport simulations, and the subsequent effect on the maximum con-
taminant loading was evaluated. The reactive transport modeling demonstrates a reactive transport
capability that can be used for future performance predictions once site-specific data have been obtained.

Results of the simulations demonstrated that contaminants that were transported with water flow and
did not undergo retardation (e.g., *°Tc and *H), cannot be safely sequestered in the 221-U Building using
the waste stabilization approach assumed in this study. By contrast, the amount of moderately to strongly
retarded (e.g., Kq > 1.0) contaminants such as ***U and '*Cd that can be safely sequestered was immense,
far exceeding known inventories at the Hanford Site. For contaminants that were only slightly retarded
(e.g., 0 <K4<1.0), specific limits on waste acceptance were established, but uncertainties in the K4 and
half-life may introduce significant uncertainties in the estimated maximum loading capacities.

The simulations demonstrated that the use of grout or sand as backfill material had little effect on
establishment of waste acceptance criteria. A sensitivity analysis of the preclosure barrier recharge rate
demonstrated only a small effect on the flux through the contaminant source and hence a small effect on
the waste acceptance criteria. This was due to a surface gravel layer that permitted runoff to flow around
the concrete structure of the 221-U Building.

Heat loading had a more significant effect on the maximum loading due to increases in diffusive
transport and saturated hydraulic conductivities. When the waste form was assumed to have a constant
temperature of ~150°F, maximum loading estimates decreased by 2 to 4 times the estimates when heat
effects were considered to be negligible. For the more strongly retarded species, >**U and '°Cd, the
estimates differed by several orders of magnitude. However, the maximum loading was still immense
and exceeded known inventories.

When precipitation/dissolution reactions were considered, mineral volume changes generated changes
in the porosity, and subsequent changes in both the diffusional release and diffusional transport rates.
Although only small changes in porosity were observed (2 to 5%), the maximum loading estimates
increased an average of ~5%. Although porosity increased in all of the near-field materials, it decreased
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in the cementitious waste form, delaying the transport of contaminants from the source. Changes in the
diffusional release rate were negligible and did not affect maximum loading estimates. Although the
overall impact from precipitation/dissolution estimates was small, it is expected to be much higher once
faster, temperature-dependent reaction rates are considered. Furthermore, a more mechanistic approach
for describing sorption/desorption will be necessary once data on the waste formulation is available.
Potential chemical interactions among the different contaminants will also need to be considered, as well
as minerals that will control the release of the different contaminants. This will add scientific
defensibility to future performance assessments of the 221-U Building for waste sequestration.

It is important to emphasize that the waste acceptance criteria established in this report are based on
several assumptions, including the absence of cracks and fissures in the engineered materials and no
volume limitations for contaminant sequestration. In addition, it was assumed that using data that is not
site specific for the waste formulation and source release rates was appropriate to represent the potential
waste streams at the 221-U Building. The defensibility of the waste acceptance criteria provided in this
report can be determined once site-specific experimental data are acquired. While the current contam-
inant loading estimates satisfy the requirements for initial scoping calculations, a more defensible rep-
resentation of source release rates, chemical interactions, and transport behavior is required to reduce the
uncertainty in the waste acceptance criteria for future performance assessments.

v






























Table 3.1. STOMP-W Simulation Scenarios

Case Scenario

1 1-D Simulation; top 2/3 of the process cell was filled with grout; bottom 1/3 of the process cell contained
the cementitious waste form; natural recharge = 43.1 mm/yr

1b Same as Case 1 except 0 ml/g < Kd < 1 ml/g and 30 yr < half-life < 1E20 yr

2 1-D Simulation; top 2/3 of the process cell was filled with sand; bottom 1/3 of the process cell contained
the cementitious waste form; natural recharge = 43.1 mm/yr

3 2-D Simulation; top 2/3 of the process cell was filled with grout; bottom 1/3 of the process cell contained
the cementitious waste form; natural recharge = 43.1 mm/yr

3b Same as Case 3 except that natural recharge = 100 mm/yr

4

2-D Simulation; top 2/3 of the process cell was filled with sand; bottom 1/3 of the process cell contained
the cementitious waste form; natural recharge = 43.1 mm/yr

Table 3.2. STOMP-W Calculated Waste Acceptance Criteria

Simulation Case

Waste Acceptance Criteria (Ci/m°)

99TC 3H 238U 9OSr 137CS 1291 113Cd

Case 1: 1D Grout | 1.97E-09 8.97E-06 1.41E+43 6.44E+04 7.52E+07 6.84E+09 4.52E+53

Case 2: 1D Sand 1.97E-09 8.78E-06 1.39E+43 6.40E+04 7.48E+07 6.81E+09 4.47E+53

Case 3: 2D Grout | 6.29E-09 | 3.93E-05 4.58E+43 1.05E+05 3.47E+08 1.07E+10 1.52E+54

Case 4: 2D Sand 5.30E-09 | 3.30E-05 4.05E+43 9.98E+04 3.33E+08 1.05E+10 1.34e+54

o Case 1: 1D Grout

1.E+60 + mCase2 1DSand ]
O Case 3: 2D Grout o
O Case 4: 2D Sand
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Figure 3.1. STOMP-W Waste Acceptance Criteria
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was greater than 10" Ci/m’ for *’Sr (K in cement of 1 mL/g) to greater than 10 for *’Cs and '*I (K, in
cement of 2 and 10 mL/g, respectively). Loading of the highly reactive species 2*U and '*Cd (K4 in
cement of 1000 and 4000 mL/g, respectively) exceeded 10* Ci/m’ and known inventories at Hanford.

For all radionuclides the maximum loading was slightly higher when grout was used as the process
cell backfill material rather than sand. In addition, calculated loading from two-dimensional simulations
was higher than that calculated from one-dimensional simulations (see Section 3.1.1).

The mass (activity) fractions of the contaminants are presented in Figures 3.2 and 3.3 at 1000 years
for both one- and two-dimensional simulations. Both figures demonstrate that the majority of the
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Figure 3.2. Mass Fraction of Contaminants for 1-D Model after 1000 Years of Simulation for Flow
and Solute Transport (STOMP-W) for a) Grouted and b) Sand-Filled Monoliths
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contaminants are still within the cementitious waste source after 1000 years of simulation. The most
mobile contaminants, **Tc and *H, are present in the layers adjacent to and downstream of the cemen-
titious waste source, whereas the less conservative contaminants, ' °Cd and ***U, are nearly completely
confined to the source area. The total concentrations of all other contaminants are also confined to the
source but are present in smaller amounts in the adjacent subsurface materials and downstream. The
figures also demonstrate a wider distribution of the contaminants in two dimensions, which is similar for
the grout- and sand-filled scenarios. No contaminants were present in the backfill material that
surrounded the 221-U Building in the two-dimensional simulations.

3.11 Dimensionality and Backfill Material Evaluation

A comparison of one-dimensional versus two-dimensional simulation results (Table 3.3) demon-
strates that the maximum loading capacity is calculated to be larger in the two-dimensional simulations
than in the one-dimensional simulations. The absence of contaminant spreading in the second dimension
contributes to reduced maximum loading capacities in the one-dimensional simulations. For grout, the
two-dimensional loading was on average approximately 3.1 times the one-dimensional maximum loading
capacity. The maximum loading capacity for sand was on average approximately 2.8 times larger than
the one-dimensional loading capacity.

Table 3.3. Relative Waste Acceptance Criteria (2D Loading Capacity/1D Loading Capacity)
for Grout- and Sand-Filled Monolithss

Relative Waste Acceptance Criteria

99TC 3H 238U 9OSr 137CS 1291 113Cd

Grout 3.196 | 4.383 | 3.250 | 1.636 [ 4.618 | 1.564 | 3.368
Sand 2.694 [ 3.759 1 2.905 | 1.560 | 4.453 | 1.543 | 2.995

Fill Material

A comparison of one-dimensional calculated loading capacities for grout and those calculated for
sand (Table 3.4) shows no significant difference between the values. By contrast, two-dimensional
maximum loading capacities were on average 1.1 times greater for grout than for sand. Although this
demonstrates that grout is a better material for retaining contaminants within the process cell, the impact
is not significant in terms of establishing waste acceptance criteria. For example, the maximum differ-
ences in contaminant loading resulted for both the highly mobile and the strongly retarded species. The
impact is negligible for the conservative species CH and **Tc) because the amount of waste that could be
safely sequestered is so small that a safer decision is to not emplace it at all within the building. For the
more strongly retarded species, the maximum loadings determined in this analysis for both grout and sand
were so large that they likely exceeded total inventories at the Hanford Site. Although contaminant
densities were not considered, it is also likely that the loading estimates for strongly retarded species
exceeded the available waste disposal volume in the 221-U Building.

Table 3.4. Waste Acceptance Criteria for Sand-Filled Monoliths Relative to Grout-Filled Monoliths

Relative Waste Acceptance Criteria
Simulatlon Type 99TC 3H 238U 9OSr ]37CS 1291 ll3cd

1D 0.998 [ 0.979 | 0.989 | 0.993 | 0.996 | 0.996 | 0.988
2D 0.841 [ 0.839 | 0.884 | 0.947 | 0.960 | 0.982 | 0.879

3.5



Table 3.5 shows the vertical water flux through the cementitious waste source for the grout and sand
backfill material. The difference in flux through the source was small (< 0.025 mm/yr), demonstrating
that the cement hydraulic properties control the vertical water flux. Two-dimensional fluxes were
approximately 30 percent lower than one-dimensional simulations, again associated with the presence of
flow in the second dimension.

Table 3.5. Water Flux Through the Contaminant Source for Sand- Versus Grout-Filled Monoliths

Simulation Case | Water Flux Through Source (mm/yr)
Case 1: 1D Grout 0.511
Case 2: 1D Sand 0.524
Case 3: 2D Grout 0.351
Case 4: 2D Sand 0.376

3.1.2 Distribution Coefficient (Kq) and Half-Life Sensitivity Analysis

Because of uncertainties associated with the distribution coefficient (Ky) and half-life, simulations
were run that explored the sensitivity of the waste acceptance criteria to the selected K4 and half-life. The
simulations were identical to Case 1, except that hypothetical radionuclides were considered that ranged
in K4 from 0 to 1 mL/g and in half-lives from 30 to 1x10%° years. The Kys considered were assumed to be
the same for all materials. Figure 3.4 shows the maximum loading capacity as a function of K4 and half-
life. The K4 has a very strong effect on the maximum loading capacity, varying from 7 to 10 orders of
magnitude over the K, range examined (0—1 mL/g). Maximum loading capacity is also shown to be
dependent on radionuclide half-life; shorter half-lives result in larger maximum capacity estimates.
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The effect of half-life on maximum loading capacity estimates is particularly significant as the Ky
increases, with the difference in estimated maximum loading capacities for a radionuclide with a half-life
of 30 and 1x10”° years increasing from 2 to 6 orders of magnitude. The sensitivity of estimated loading
capacities to K4 and half-life suggests that uncertainties in assigned Ky and half-life values may introduce
order of magnitude uncertainties in the estimated maximum loading capacities.

3.1.3 Recharge Sensitivity Analysis

For Cases 1, 2, 3, and 4 the first 10 years of the simulation period was ascribed a surface recharge of
43.1 mm/yr, followed by a decreased surface flux of 3.2 mm/yr over the 221-U structure for the remain-
ing 990 years of the simulation. A sensitivity simulation was run to explore the effects on the acceptance
criteria if the recharge was 100 mm/yr (a maximum bounding estimate) during the first 10 years of the
simulation period. The simulation was identical to Case 3 in all aspects except recharge, which was set to
100 mm/yr from the beginning of the simulation to year 10. As with Case 3, from years 10—1,000, the
recharge over the barrier of the 221-U Building was 3.2 mm/yr, while the recharge adjacent to the 221-U
Building did not change (100 mm/yr). Figure 3.5 shows the resulting steady-state flow fields for Case 3
(43.1 mm/yr recharge) and Case 3b (100 mm/yr recharge). Higher saturation conditions exist in the sedi-
ment outside the barrier as a result of the higher recharge rates. In the 221-U Building the saturations
under both recharge conditions remained nearly identical. Flow patterns from the elevated recharge case
show little departure from Case 3.
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Figure 3.5. Flow Fields for a) 43.1 (Case 3) and b) 100 mm/yr (Case 3b) Scenarios
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The steady-state vertical water fluxes across a horizontal plane that runs through the center of the
source are shown in Figure 3.6 for the 43.1 and 100 mm/yr scenarios. The largest flux difference
occurred in the sediment surrounding the 221-U Building, with the water flux along the outside walls of
the structure being over 250 mm/yr greater under the 100 mm/yr scenario. Water flux through the source

increased by 0.03 mm/yr.

Natural Recharge = 43.1 mm/yr
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Figure 3.6. Vertical Water Flux Through Horizontal Plan for a) 43.1 (Case 3) and b) 100 mm/yr
(Case 3b) Scenarios. Horizontal plane goes through center of source.

3.8



The maximum loading capacities for a recharge rate of 100 mm/yr range from 87 to 99% of the
maximum loading capacities estimated for a recharge rate of 43.1 mm/yr (Table 3.6). The largest
decrease in maximum loading capacity is associated with the conservative species *Tc and *H. As
dictated by the release model, more *Tc and *H mass is released and available for transport earlier in the
simulation when the elevated recharge rate has a greater effect on transport behavior.

Table 3.6. Waste Acceptance Criteria and Relative Waste Acceptance Criteria (Case 3b Loading
Capacity/Case 3 Loading Capacity) for 100 mm/yr (Case 3b) Recharge Scenario

Waste Acceptance Criteria (Ci/m®
Simulation Case 99TC 3H 238U QOSr 137CS 129| 113Cd
Case 3b (100 mm/yr) | 5.47E-09 | 3.43E-05 | 4.17E+43 | 1.01E+05 | 3.36E+08 | 1.06E+10 | 1.38E+54
Relative Waste Acceptance Criteria

Case3b (100 mm/yr) | 0.870 | 0872 | 0911 | 0959 | 0968 | 0989 | 0.905

3.2 Flow, Heat, and Solute Transport (STOMP-WAE) Results

The STOMP-WAE simulations examined the impact of thermal loading on establishing the waste
acceptance criteria. For the STOMP-WAE simulations the source was assigned a constant temperature of
approximately 150°F (65°C). Solution convergence issues required that the node spacing used for the
STOMP-WAE simulations be coarser throughout the source region than those used for the STOMP-W
and STOMP-W-R simulations. To eliminate impacts to results that may occur due to changes in the
simulation grid, STOMP-W simulations were also executed using the identical coarse grid for comparison
with the STOMP-WAE results. Hence, STOMP-WAE results are reported as relative to STOMP-W
results. Waste acceptance criteria using STOMP-WAE were estimated for the scoping one-dimensional
cases and two-dimensional grout case described in Table 3.7.

The one-dimensional STOMP-WAE scoping simulations show that grout and sand backfill materials
have similar maximum loading capacities, with the maximum difference in contaminant loading for the
conservative species. This same behavior was estimated by the STOMP-W simulations and indicates that
the effect of the process cell backfill material is not significant for establishing waste acceptance criteria.
Hence, only the grout-filled monolith was simulated in two dimensions.

The calculated waste acceptance criteria for the STOMP-WAE cases and relative waste acceptance
criteria are presented in Table 3.8. Results are presented as relative loadings to the waste acceptance
criteria established with the base case flow and solute transport simulations (STOMP-W).

Table 3.7. STOMP-WAE Simulation Scenarios

Case Scenario
1 1-D Simulation; top 2/3 of the process cell was filled with grout; bottom 1/3 of the process
cell contained the cementitious waste form; natural recharge = 43.1 mm/yr
5 1-D Simulation; top 2/3 of the process cell was filled with sand; bottom 1/3 of the process
cell contained the cementitious waste form; natural recharge = 43.1 mm/yr
3 2-D Simulation; top 2/3 of the process cell was filled with grout; bottom 1/3 of the process
cell contained the cementitious waste form; natural recharge = 43.1 mm/yr
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Table 3.8.

STOMP-W (Base Case) Simulations

STOMP-WAE Waste Acceptance Criteria and Waste Acceptance Criteria Relative to

Simulation Case Waste Acceptance Criteria (Ci/m°)
9Te 34 2387 90g, 1370 129 130y
Case 1: 1D Grout | 9.12E-10 | 6.10E-07 | 9.52E+35 | 2.88E+04 | 3.73E+07 | 1.63E+09 | 1.24E+44
Case 2: 1D Sand | 1.09E-09 | 5.08E-07 | 1.10E+36 | 2.57E+04 | 3.64E+07 | 1.85E+09 | 1.43E+44
Case 3: 2D Grout | 1.41E-09 | 2.81E-06 | 1.63E+36 | 5.64E+04 | 1.94E+08 | 2.74E+09 | 2.12E+44
Relative Waste Acceptance Criteria

Case 1: 1D Grout | 0.463 0.068 6.75E-08 0.446 0.496 0.239 2.73E-10
Case 2: 1D Sand 0.554 0.058 7.92E-08 0.401 0.486 0.272 3.21E-10
Case 3: 2D Grout | 0.223 0.071 3.57E-08 0.535 0.560 0.256 1.39E-10

The one-dimensional STOMP-WAE scoping simulations estimate maximum loading for the con-
servative species **Tc and *H as extremely small, less than 10° Ci/m’. Like the STOMP-W simulations,
the low waste acceptance criteria for **Tc and *H suggest that these radionuclides cannot be safely
sequestered in the 221-U structure. The maximum loading capacity for moderately reactive species
varied from 10* Ci/m’ for *’Sr to 10’ for '®I. Loading of the highly reactive species **U and '*Cd
exceeded 10%° Ci/m’ and exceed known inventories at the Hanford Site.

The mass (activity) fractions of the contaminants are presented in Figures 3.7 and 3.8 at 1000 years
for both the one- and two-dimensional simulations. Similar to the STOMP-W final contaminant distri-
butions, both figures demonstrate the majority of contaminants still within the source area after 1000
years of simulation. Enhanced transport of the conservative species, °°Tc and *H, is observed by the
larger activity fractions in the layers adjacent and downstream of the source. A higher fraction of the
solutes with K values in the mid-range (e.g., *°Sr, I and *’Cs) is observed in the materials adjacent to
the source relative to the STOMP-W (no heat impact) simulations. A comparison of the one- and two-
dimensional grout-filled scenarios also shows a wider distribution of the contaminants in two dimensions.
For all simulations, volatilized *H did not exit the upper surface of 221-U Building.

STOMP-WAE estimated maximum loading values were all less than maximum loading values esti-
mated by STOMP-W. STOMP-WAE relative maximum loading values range from a low of 1.39E-10 for
"3Cd to 0.56 for *’Cs. The reduction in maximum loading for *H can be attributed to the consideration
of *H vapor transport in the STOMP-WAE simulations. Except for the highly reactive species, all
remaining radionuclide maximum loading capacities were 2—4 times the estimates established with the
STOMP-W, due to temperature impacts on diffusive transport and saturated hydraulic conductivities. For
the highly reactive species >**U and '"*Cd, the maximum loading capacities remained extremely large, and
differences were not significant for establishing waste acceptance criteria.

A comparison of one-and two-dimensional simulation results (Table 3.9) for grout demonstrates that
the maximum loading capacity is calculated to be larger in the two-dimensional simulations than in the
one-dimensional conceptual model. The absence of contaminant spreading in the second dimension
contributes to reduced maximum loading capacities in the one-dimensional simulations. For grout, the
two-dimensional loading was on average approximately 2.6 times the one-dimensional maximum loading
capacity.
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Figure 3.7. Mass Fraction of Contaminants for 1-D Model After 1000 Years of Simulation for Flow,
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Table 3.9. Relative Loading Capacity (2-D/1-D Loading Capacity) for Grout-Filled Monolith

Relative Waste Acceptance Criteria
FI” Material 99TC 3H 238U 9OSr 137CS 129I 113Cd
Grout 1.541 | 4.603 | 1.716 | 1.960 | 5.215 | 1.676 | 1.717

For the STOMP-WAE simulations, neither backfill material consistently allowed for larger loading
capacities (Table 3.10). On average, sand allowed for loading capacities approximately 1.05 times that of
grout.

Table 3.10. Relative Loading Capacity for Sand- Versus Grout-Filled Monolith

Relative Waste Acceptance Criteria
Simulatlon Type 99TC 3H 238U 9OSI‘ ]37CS 1291 ll3cd
1D 1.195 | 0.834 | 1.160 | 0.892 | 0.976 | 1.135 | 1.160

The relationship between one- and two-dimensional calculated water flux through the source
(Table 3.11) was similar to that estimated by STOMP-W, with the one-dimensional water flux being
higher than two-dimensional water flux. The estimated STOMP-W and STOMP-WAE water fluxes were
very similar, differing by less than 0.04 mm/yr.
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Table 3.11. Water Flux Through the Contaminant Source for Sand- and Grout-Filled Monoliths

Simulation Case | Water Flux Through Source (mm/yr)

Case 1: 1D Grout 0.518
Case 2: 1D Sand 0.531
Case 3: 2D Grout 0.312

3.3 Flow, Solute and Reactive Transport (STOMP-W-R) Results

The STOMP-W-R simulations examined the effect that precipitation/dissolution reactions had on
establishing the waste acceptance criteria by modifying the porosity as changes in mineral volumes
occurred. Changes in the porosity affected both the diffusion release rate and the diffusional transport
through the altered porous media. The results presented in this section are intended to demonstrate the
potential that aqueous-solid phase reactions can have on establishing the waste acceptance criteria, but by
no means quantify an absolute loading. Too many unknowns exist with respect to kinetic reaction rates,
heat effects, and secondary mineral precipitates. Even the cementitious waste formulation is unknown.

Although several minerals were identified as potential secondary mineral precipitates, only three of
the minerals (illite, sepiolite and clinochlore-14A) identified precipitated in the cement waste form during
the 1000 year simulation. Ettringite and jennite, minerals in the cement and concrete, reprecipitated in
small amounts in the near-field materials. Because the C-S-H gel (jennite) mineral in the cement and
concrete underwent dissolution, silica concentrations increased in the system. Despite this increase,
minerals containing silica did not form in significant quantities. Further work is needed to identify
potential mineral precipitates, particularly with respect to silica bearing minerals. Hence, reaction rates
were set low (e.g., ~1 x 10™° mol/m’ s) to lower silica concentrations in the system. Although this limited
the porosity changes to the cement waste form and near-field materials, the results still demonstrate the
potential that precipitation/dissolution reactions may have on establishing waste acceptance criteria. The
reactive transport modeling performed in this analysis should be considered a prototype for future
assessments.

Only one-dimensional scoping calculations were carried out in this analysis (Table 3.12). Both grout-
and sand-filled monoliths were simulated with a reactive cementitious waste form.

Table 3.12. STOMP-W-R Simulation Scenarios

Case Scenario

1 | 1-D Simulation; top 2/3 of the process cell was filled with grout; bottom 1/3 of the process cell
contained the cementitious waste form; natural recharge = 43.1 mm/yr

2 |1-D Simulation; top 2/3 of the process cell was filled with sand; bottom 1/3 of the process cell
contained the cementitious waste form; natural recharge = 43.1 mm/yr

3.3.1 Pore Water pH

The pore water pH initial condition and at 1000 years for the grouted monolith is shown in
Figure 3.9a. This figure shows that at the start of the simulation, the pH of the soil materials is ~8, and
the pH of the cement, grout, and concrete materials is ~10.5. According to Krupka and Serne (2001), as
capability that can be used for future performance predictions once site-specific data are obtained.
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The pH of the sand monolith is shown in Figure 3.9b for the initial condition and after 1000 years of
simulation. The initial condition is the same as the initial condition for the grouted monolith, except the
pH of the sand is the same as the other soil and gravel materials. Similar to the grouted monolith simu-
lation, the pH at the center of the cement waste has increased by an order of magnitude, but has a lower
pH near the adjacent sand and concrete materials. Because the sand used to backfill the process cell
maintains a higher pH relative to the grout-filled monolith, the peak pH of the cement waste is a half-
order of magnitude higher.

The pH distribution for both profiles may be suspect, as more buffering capacity would be expected
for the engineered materials. Further work is required to investigate the behavior of the hypothetical
formulations assumed in this analysis. The emphasis for the reactive transport simulations, however, is
on the approach rather than the results. The reactive transport modeling demonstrates a reactive transport

3.3.2 Porosity Changes

The dissolution and precipitation reactions taking place in the subsurface materials resulted in mineral
volume changes. Shown in Figure 3.10 is the percent difference in the porosity distribution between time
zero and 1000 years of simulation for both the grouted and sand monoliths. In all materials except the
cementitious waste form, the porosity increased, particularly in the materials downstream of the waste. In
the cement, however, the porosity decreased, which affected both the diffusion release rate and the rate of
diffusive transport. The effect on the diffusion release rate, however, was negligible (< 0.1%). Hence, a
decrease in the diffusional transport rate caused a slower transport from the waste source, resulting in an
increase in the waste acceptance criteria by an average of ~5%.

The waste acceptance criteria relative to the base case (STOMP-W) are shown for the one-
dimensional cases with grout and sand backfill in Table 3.13. Results are presented as relative loadings to
the waste acceptance criteria established with the base case flow and solute transport simulations
(STOMP-W). The maximum loading was determined when the amount of contaminant exiting the 221-U
Building exceeded 1 pCi/m?* over the 1,000-year simulation period.

The mass (activity) fractions of the contaminants are presented in Figure 3.11 at 1000 years for the
one-dimensional simulations. Given that the maximum loadings for the STOMP-W and STOMP-W-R
simulations were similar, the final activity distributions for the STOMP-W-R simulations are similar to
the final distributions obtained in the STOMP-W analysis. Both the grout- and sand-filled scenarios
demonstrate the majority of contaminants still within the source area after 1000 years of simulation, and
the enhanced transport of the conservative species, **Tc and *H, is observed by the larger activity
fractions in the layers adjacent and downstream of the source.
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Table 3.13. STOMP-W-R Waste Acceptance Criteria and Waste Acceptance Criteria Relative to
STOMP-W (Base Case) Simulations

Simulation C Waste Acceptance Criteria (Ci/m®)

Imulation Case 99TC 3H 238U 9OSr 137CS 129I 113Cd
Case 1: 1D Grout | 2.01E-09 | 7.20E-06 | 3.77E+41 | 7.69E+03 | 7.22E+06 | 3.36E+08 | 1.17E+52
Case 2: 1D Sand | 2.54E-09 | 6.88E-06 | 3.46E+41 | 7.19E+03 | 6.75E+06 | 3.14E+08 | 1.08E+52

Relative Waste Acceptance Criteria
Case 1: 1D Grout 1.017 1.061 1.053 1.046 1.042 1.042 1.053
Case 2: 1D Sand 1.016 1.070 1.061 1.049 1.046 1.049 1.061
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Figure 3.10. Mass Fraction of Contaminants for 1-D Model After 1000 yr Simulation for Flow and

Solute Transport with Precipitation/Dissolution Reactions (STOMP-W-R) for a) Grouted
and b) Sand-Filled Monoliths
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4.0 Summary and Conclusions

Initial scoping calculations were performed in this investigation to establish waste acceptance criteria
for contaminants sequestered in a cementitious waste form in the 221-U Building. The release and trans-
port of seven contaminants, representing a range of sorption/desorption behavior and different half-lives,
were assessed for a 1,000 year period for grout and sand monoliths. Specifically, simulations were exe-
cuted to identify the maximum loading of contaminant activity (without respect to volume) that could be
emplaced within the 221-U Building with no more than 1 pCi/m* of contaminant exiting the bottom of the
structure within a 1,000 year time period.

It is important to emphasize that the waste acceptance criteria established in this report are based on
several important assumptions that were used to carry out the analysis. These assumptions include

e No cracks or fissures in the grout, cement, or concrete.

e Non-site-specific data for the waste formulation and source release rates represented the potential
waste streams at the 221-U Building

e No volume limitations on the mixture of the contaminant in the waste form.

Preferential flow in the engineered materials is likely, which could drastically limit the amount of con-
taminant that could be safely sequestered in the U-221 building. Apart from physical volume limitations,
the form in which the contaminants are sequestered could have a profound impact on the source release
rates. The defensibility of the waste acceptance criteria provided in this report can be determined once
site-specific experimental data are acquired. While the current contaminant loading estimates satisfy the
requirements for initial scoping calculations, a more defensible representation of source release rates,
chemical interactions and transport behavior are required to reduce the uncertainty in the waste
acceptance criteria for future performance assessments.

4.1 Modeling Approach

Three sets of simulations were used to assess geochemical processes, heat flow, and solute transport.
In the first set, flow and solute transport simulations were executed to determine the maximum loading
when heat impacts were considered negligible. The only chemical reaction considered was the use of a
distribution coefficient (K,) that assumed linear and reversible sorption. This set of simulations was con-
sidered a base case for determining the waste acceptance criteria because it accounted for primary proc-
esses likely controlling contaminant loading in the 221-U Building. In the other two sets, other potential
factors that could affect the maximum contaminant loading in the building were examined. These waste
acceptance criteria were reported relative to the base case, so that the effects of thermal loading and
precipitation/dissolution reactions could be more easily discerned. The second set of simulations ex-
amined the effect of thermal loading on establishing the waste acceptance criteria, whereas a third set
analyzed the potential impact precipitation/dissolution reactions could have on establishing waste
acceptance criteria. In this set of simulations, thermal flow was not considered, and the effect elevated
temperatures in the building might have on reaction rates was also ignored.
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The simulations presented in this report are considered initial scoping calculations and, as such, have
not fully integrated all of the potential processes into a single analysis. The results presented here demon-
strated the importance of considering processes outside of the basic approach shown in the base case. At
this stage, no data are available to do a more detailed analysis that fully integrates thermal and reactive
transport. Hence, the approach presented in this report serves as a prototype for future modeling efforts
that integrate both data and modeling to add technical defensibility to future performance predictions.

4.2 Results

Results of the simulations demonstrated that contaminants that are conservatively transported with
water flow (e.g., *Tc and *H) cannot be safely sequestered in the 221-U Building using the waste stabili-
zation approach used in this study. By contrast, nearly an infinite amount of contaminants that are
moderately to strongly retarded (e.g., K4 > 1.0) can be sequestered. The amount of contaminants such as
%0 and '°Cd that can be sequestered is likely limited by volume. For contaminants that are only slightly
retarded (e.g., 0 < Ky < 1.0), specific limits on waste acceptance were established, but it was demonstrated
that the uncertainty in the K4 and half-life may introduce significant uncertainties in the estimated maxi-
mum loading capacities. For all contaminants, waste acceptance criteria were higher when the open
galleries were backfilled with grout rather than sand.

A sensitivity analysis of the preclosure barrier recharge rate demonstrated only a small impact on the
flux through the contaminant source and hence on the waste acceptance criteria. This was due to a
surface gravel layer that permitted runoff to flow around the concrete structure of the 221-U Building.

Tables 4.1-4.3 summarize the results of the base case (STOMP-W) simulations and report the relative
loading impact when additional processes are considered. The relative loading, for example, is the maxi-
mum loading determined for a contaminant in STOMP-W AE normalized by the loading for STOMP-W.
Heat loading had a significant impact on the maximum loading, with maximum loading estimates for all
contaminants, except U and '°Cd, decreasing by ~2—4 times the estimates when heat impacts were
considered negligible. For the more strongly retarded species **U and '°Cd, the estimates differed by
several orders of magnitude. However, the maximum loading estimates were still so large that they ex-
ceed known inventories at the Hanford Site. Although contaminant densities were not considered, it is
also likely that the loading estimates exceed the available storage volume in the 221-U Building.

The results demonstrate that consideration of reactive transport had a small impact on the establishing
waste acceptance criteria. This occurred in part due to the early stage at which the reactive transport
modeling has been developed thus far. For example, heat impacts on the Ky-based solute transport were
not considered in the reactive transport simulations, although they are likely to have a larger impact on
mineral solubilities (i.e., the contaminant release rate) and kinetic rates of reaction. Moreover, kinetic
rates were set low in these initial scoping calculations because further work is required to identify
potential secondary mineral precipitates. Even with slow kinetics, however, waste acceptance criteria
increased on average by ~5%.

A more mechanistic approach for describing sorption/desorption will be needed once data on waste
formulation are available. Potential chemical interactions among different contaminants will also need to
be considered, as well as minerals that control the release of the different contaminants. This will add
scientific defensibility to future performance assessments of the 221-U Building for waste sequestration.
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Table 4.1. Waste Acceptance Criteria based on One-Dimensional Grout STOMP-W Simulations and
Relative Loadings for Heat and Reactive Transport

STOMP Waste Acceptance Criteria (Ci/m®)
Mode Tc-99 H-3 U-238 Sr-90 Cs-137 1-129 Cd-113
W 1.97E-09 | 8.97E-06 | 1.41E+43 | 6.44E+04 | 7.52E+07 | 6.84E+09 | 4.52E+53
Relative Waste Acceptance Criteria
WAE 0.463 0.068 6.75E-08 0.446 0.496 0.239 2.73E-10
W-R 1.017 1.061 1.053 1.046 1.042 1.042 1.053

Table 4.2. Waste Acceptance Criteria Based on One-Dimensional Sand STOMP-W Simulations and
Relative Loadings for Heat and Reactive Transport

STOMP Waste Acceptance Criteria (Ci/m®
Mode Tc-99 H-3 U-238 Sr-90 Cs-137 1-129 Cd-113
W 1.97E-09 | 8.78E-06 | 1.39E+43 | 6.40E+04 | 7.48E+07 | 6.81E+09 | 4.47E+53
Relative Waste Acceptance Criteria
WAE 0.554 0.058 7.92E-08 0.401 0.486 0.272 3.21E-10
W-R 1.016 1.070 1.061 1.049 1.046 1.049 1.061

Relative Loadings for Heat Transport

Table 4.3. Waste Acceptance Criteria Based on Two-Dimensional Grout STOMP-W Simulations and

STOMP Waste Acceptance Criteria (Ci/m’
Mode Tc-99 H-3 U-238 Sr-90 Cs-137 1-129 Cd-113
W 6.29E-09 | 3.93E-05 | 4.58E+43 | 1.05E+05 | 3.47E+08 | 1.07E+10 | 1.52E+54
Relative Waste Acceptance Criteria
WAE 0.223 0.071 3.57E-08 0.535 0.560 0.256 1.39E-10
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Appendix A:  Hydraulic and Thermal Properties

Table A.1. Physical and Hydraulic Properties of Sediments and Engineered Materials for the
221-U Building Model Domain (Sr was calculated using Sr = 61/6s)

Geologic Unit Pp 0; Ks a n 0, Sr
(glem®) (cm/em?®) (cm/s) (cm™) ) (cm/cm?®) )
Surface Gravel® 2.8 0.518 1.85 3.54 2.66 0.014 0.027
Concrete®™ 2.63 0.067 1.33E-9 3.87E-5 1.29 0 0
Grout 2.639 0.0879 1.47E-8 | 1.08E-59 | 1.65© 0© 0
Cement 2.7 0.18399 | 3.75E-109| 7.61E-6©® | 1.393©@ 0 0
Compacted Soil® 2.72 0.353 1.80E-6 0.0121 1.37 0.0035 | 0.0099
Backfill™ 2.76 0.316 1.91E-3 0.035 1.72 0.049 0.155
Hanford Gravel® 2.23 0.154 1.48E-3 0.0165 1.745 0.027 0.172
Sand 2.64 0.356 3.67E-5 0.0102 2.177 0.042 0.118

(a) Meyer and Serne (1999), Table 4.19 (Diversion Layer Gravel).
(b) Meyer and Serne (1999), Table 4.19 (Vault Concrete).

(c) Rockhold et al. (1993), Table 4.1 (DSSF Grout).

(d) Rockhold et al. (2004), Page 6.
(e) Rockhold et al. (1993), Table 4.1 (Concrete).

(f) Amiri et al. (2005).

(g) Meyer and Serne (1999), Table 4.19 (Compacted Silt Loam).
(h) Meyer and Serne (1999), Table 4.19 (Backfill).
(1) Last et al. (2006) (Appendix A, Template 200S-X, page A.22).
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Table A.2. Parameters for Calculating Aqueous-Phase Diffusion Coefficient

Geological Dap® a® b®
Units Radionuclide (cm?s) ) )
Tc-99 2.5E-05 0.005 10

Backfill, H-3 2.5E-05 0.005 10
Hanford U-238 2.5E-05 0.005 10
Gravel, Sr-90 2.5E-05 0.005 10
Compacted Cs-137 2.5E-05 0.005 10
Soil, Sand 1-129 2.5E-05 0.005 10
Cd-113 2.5E-05 0.005 10

Tc-99 1.0E-10 1 0

H-3 1.0E-10 1 0

Surface U-238 1.0E-10 1 0
Gravel Sr-90 1.0E-10 1 0
Cs-137 1.0E-10 1 0

1-129 1.0E-10 1 0

Cd-113 1.0E-10 1 0

Tc-99 5.0E-8 1 0

H-3 5.0E-8 1 0

U-238 5.0E-8 1 0

Concrete Sr-90 5.0E-8 1 0

Cs-137 5.0E-8 1 0

1-129 5.0E-8 1 0

Cd-113 5.0E-8 1 0

Tc-99 1.0E-6 1 0

H-3 1.0E-6 1 0

U-238 1.0E-6 1 0

Grout Sr-90 1.0E-6 1 0

Cs-137 1.0E-6 1 0

1-129 1.0E-6 1 0

Cd-113 1.0E-6 1 0

Tc-99 5.21E-07 1 0

H-3 5.21E-07 1 0

U-238 4.58E-11 1 0

Cement Sr-90 2.20E-08 1 0

Cs-137 4.21E-08 1 0

1-129 4.54E-09 1 0

Cd-113 1.15E-11 1 0

(a) Kincaid et al. (1995), Tables 3.14 and 3.15.
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Table A.3. Thermal Properties of Sediments and Engineered Materials for 221-U Building Model
(2)

Domain
Cass Model Parameter
Geologic Unit a b c d e Specific Heat
(Wim C) (W/im C) () (W/m C) ) (J/kg C)
Surface Gravel 42.7 18.8 5.315 222.6 -0.638 8.8
Hanford Gravel2 42.7 18.8 5.315 222.6 -0.638 8.8
Concrete 0.427 0.188 5.315 2.226 -0.638 880
Grout 0.427 0.188 5.315 2.226 -0.638 880
Cement 0.427 0.188 5.315 2.226 -0.638 880
Compacted Soil 4.33 -0.797 1.244 0.235 1.067 730.6
Hanford Gravel 0.427 0.188 5.315 2.226 -0.638 880
(a) Ward AL and JM Keller. Hydrology and Vegetation Data Package for 200-UW-1 Waste Site Engineered
Surface Barrier Design (Unpublished.). PNNL-15464, Pacific Northwest National Laboratory, Richland,
Washington.
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Appendix B: Reactive Transport Properties

Table B.1. Cement Waste Form Composition (based on Trotignon et al. 2006)

Mineral Volume Fraction
Jennite 0.517
Portlandite 0.0328
Ettingite 0.0164
Monosulfoaluminate 0.1558
Hydrotalcite 0.0984

Table B.2. Grout Composition (based on Savage et al. 2002)

Mineral Volume Fraction
Montmor-Na 0.2
Chalcedony 0.16
Calcite 0.03
Analcime 0.03
Quartz 0.18

Table B.3. Sand Composition

Mineral Volume Fraction
Quartz 0.66
Calcite 0.01
Gypsum 0.01

Table B.4. Concrete Structure Mineralogical Composition (based on data found at
http://www.ce.berkeley.edu/~paulmont/CE60New/cement.pdf)

Mineral Mineral Volume Fraction
Jennite 0.1925
Portlandite 0.0770
Ettingite 0.0525
Monosulfoaluminate 0.0175
Hydrotalcite 0.0105
Quartz 0.6500

Table B.5.  Soil Composition (compacted soil, Hanford gravel, and surface gravel)
(based on Bacon and McGrail 2005)

Mineral Mineral Volume Fraction
Albite_High 0.4
Illite 0.1
K-Feldspar 0.1
Quartz 0.4
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Table B.6. Potential Secondary Mineral Precipitates

Cement Grout Sand
Tobermorite-14A Gyrolite Si0,(am)
Clinochlore-14A Illite
Xonotlite Saponite-Ca
Sepiolite Celadonite
Katoite Laumontite
Foshagite
Brucite
Calcite
Si0,(am)
Quartz
Hillebrandite
Gypsum

Table B.7. Aqueous Species, Aqueous Reactions and Log Ks

Aqgueous Species

Al+++, CO2(aq), CO3--, Cat++,CaSO4(aq), H+,H20, H2Si04--
,HCO3-,HSO4-,HSi03- K+ Mg++ Na+,0H-,S04--,Si02(aq),
Aqueous Reactions Log K
OH- + H+ =H20 -13.999
HSO4- = H+ + SO4-- -1.9791
HSi03- + H+ = H20 + SiO2(aq) 9.9525
H2Si04-- + 2H+ = SiO2(aq) + 2H20 22.9600
CaSO4(aq) = Cat+ + SO4-- -2.1111
CO3--+ H+ =HCO3- 10.3288
CO2(aq) + H20 = H+ + HCO3- -6.3447

Table B.8. Boundary Condition: Total Concentrations for Infiltrating Rainwater

Aqgueous Species mol/L
Al+++ 1.00E-10
Cat+ 1.89E-05
H+ 7.78E-06

H20 55.508
HCO3-- 3.15E-05
HSO4- 1.80E-05
K+ 8.80E-06
Mg++ 1.74E-05
Na+ 9.58E-05
Si02(aq) 4.71E-06
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Table B.9. Solid Phase Reactions, Log Ks, Kinetic Reaction Rate and Specific Surface Area

Kinetic Specific
Solid Phase Reactions Log K Reaction Rate | Surface Area
(mol/m?s) (m?m?)

Montmor-Na + 2H20 = 60H- + 4Si02(aq) + 0.33Na+

+0.33Mg++ + 1.67Al+++ v 8.1489E+01 LE-16 0.1
Chalcedony = SiO2(aq) 3.7344E+00 1.LE-16 0.1
Calcite + H20 = OH- + HCO3- + Cat++ 1.2137E+01 1.E-16 0.1

ime + 0. =3. -+ -+

4SO+ 096N et t DIGAIEr S 01
Quartz = Si02(aq) 4.0056E+00 1.E-13 0.1
Portlandite = 20H- + Ca++ 5.4260E+00 1.E-16 0.05
Jennite = 18OH- + 9Ca++ + 6Si02(aq) + 2H20 1.0184E+02 1.E-16 0.05
g;trHl;gte = 150H- + 6Cat+ + 2Al+++ + 3HSO4- + L4141E402 LE-17 0.05
gﬁ);gsulfoalu = 130H- + 4Ca++ + 2Al+++ + HSO4- + 10891B+02 LE-16 0.05
Hydrotalcite = 140H- + 6Mg++ + 2Al+++ + 3H20 1.2054E+02 1.E-17 0.05
Gypsum + H+ = Ca++ + HSO4- + 2H20 2.5413E+00 1.E-07 0.1
SiO2(am) = Si02(aq) 4.0702E+00 1.E-07 0.1
;f.(?stl);;gorlte—l4A = 10H- + 5Ca++ + 6Si02(aq) + 7 6100E401 1 E-07 0.1
g&ng‘fffr;:lj‘i:‘mzo = 160H-+35i02(aq) + 1.5664E+02 1.E-07 0.1
Xonotlite + 5H20 = 120H- + 6Ca++ + 6SiO2(aq) 1.5664E+02 1.E-07 0.1
Sepiolite = 8OH- + 6Si02(aq) + 4Mg++ + 3H20 8.1521E+01 1.E-07 0.1
Katoite = 120H- + 3Ca++ + 2Al+++ 8.8950E+01 1.E-07 0.1
Foshagite +2.5H20 = 80H- + 4Ca++ + 3Si02(aq) 4.6022E+01 1.E-07 0.1
Brucite = 20H- + Mg++ 1.1684E+01 1.E-07 0.1
Gyrolite = 40H- + 2Cat++ + 3Si02(aq) + 0.5H20 3.3071E+01 1.E-07 0.1
Illite + 3H20 = 80H- + 3.55i02(aq) + 0.6K+ + 1.0293E+02 1.E-13 0.1
Saponite-Ca + 2.66H20 = 7.320H- + 0.17Ca++ + 7.6147E+01 1.E-07 0.1
Celadonite + 2H20 = 60H- + 4Si02(aq) + K+ + Mg++ | 7.6514E+01 1.E-07 0.1
Laumontite = 80H- + Ca++ + 4Si02(aq) + 2Al-+++ 9.8287E+01 1.E-07 0.1
Albite_high + 2H20 = 40H- + 3Si02(aq) + Na+ + 5.1900E+01 1.E-13 0.1
K-Feldspar + 2H20 = 40H- + 3Si02(aq) + K+ + 5.6259E+01 1.E-13 0.1
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Table B.10. Concentration Initial Condition: Cementitious Waste Form

Aqgueous Species mol/L
Al+H++ 5.09E-28
Cat++ 2.53E-03
H20 55.508
HCO3- 1.89E-10
HSi03- 1.05e-50
HSO4- 8.19E-15
K+ 7.20E-02
Mg++ 2.20E-09
Na+ 7.00E-02
OH- 3.69E-03
Si02(aq) 1.77E-07

Table B.11. Concentration Initial Condition: Concrete

Aqgueous Species mol/L
Al+++ 5.09E-28
Cat++ 2.53E-03
H20 55.508
HCO3- 1.89E-10
HSiO3- 1.05e-50
HSO4- 8.19E-15
K+ 7.20E-02
Mg++ 2.20E-09
Na+ 7.00E-02
OH- 3.69E-03
Si02(aq) 1.77E-07

Table B.12. Concentration Initial Condition: Grout

Agueous Species mol/L
Al+++ 1.08E-06
Cat++ 6.60E-06
H20 55.508
HSi03- 2.52E-52
HSO4- 9.38E-20
HCO3- 2.82E-03
Mg++ 6.13E-18
OH- 6.12E-04
K+ 2.43E-08
Na+ 1.56E-09
Si02(aq) 5.50E-12
SO4-- 2.61E-10
CaSO4(aq) 1.00E-01
CO3-- 3.41E-02
CO2(aq) 4.30E-08

B4



Table B.13. Concentration Initial Condition: Sand/Soil/Gravel

Aqgueous Species mol/L
Al+H++ 1.08E-06
Cat++ 1.00E-05
H20 55.508
HSi03- 5.54E-09
HSO4- 1.97E-11
HCO3- 2.46E-08
K+ 1.00e-06
Mg++ 1.00e-06
OH- 9.96E-06
Na+ 1.00e-06
Si02(aq) 5.00E-06
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Appendix C: CRUNCH Verification

As part of the quality assurance/quality control for software, a verification problem was run for the
reactive transport simulator CRUNCH (Steefel 2001, Steefel and Yabusaki 1996). CRUNCH output was
used to identify potential secondary mineral precipitates that served as input to the STOMP simulator.

CRUNCH output was compared with the EQ3/6, a software package used to perform geochemical
modeling computations encompassing fluid mineral interactions and/or solution-mineral-equilibria in
aqueous systems (Wolery and Jarek 2003, Wolery and Daveler 1992). The software package is composed
of two major components: EQ3NR, a speciation-solubility code; EQ6, a reaction path modeling code to
simulate water/rock interaction or fluid mixing in either a pure reaction progress mode or a time-
dependent or kinetic mode. Like CRUNCH, the EQ3/6 software deals with the concepts of
thermodynamic equilibrium, irreversible mass transfer, and reaction kinetics.

A simple seawater mixing problem that is part of a suite of sample EQ3/6 problems is used for
comparison (swphcl.31), modified to use the Davies equation for activity coefficients. Given an initial
concentration of seawater, both codes performed aqueous speciation reactions and identified potential
mineral precipitates. Results of the aqueous speciation appear in Table C.1 and demonstrate reasonable
agreement. Table C.2 shows that CRUNCH identified a larger set of potential secondary minerals, but all
of the minerals identified in the EQ3/6 simulation were also identified in the CRUNCH simulation.
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Table C.1. Aqueous Speciation

Species Name EQ3/6 CRUNCH
Cat++ 9.20E-03 9.29E-03
CaCl+ 2.19E-04 2.26E-04
CaCl2(aq) 6.12E-05 5.60E-05
CaCO3(aq) 3.16E-05 2.77E-05
CaHCO3+ 3.03E-05 3.28E-05
CaOH+ 7.07E-08 6.85E-08
CaSO4(aq) 7.43E-04 6.59E-04
Cl- 5.23E-01 5.25E-01
CO2(aq) 1.20E-05 1.35E-05
CO3-- 3.19E-05 3.02E-05
H+ 8.56E-09 8.81E-09
HCl(aq) 4.55E-10 1.17E-08
HCO3- 1.31E-03 1.29E-03
HSO4- 2.27E-09 2.25E-09
K+ 9.92E-03 9.98E-03
KCl(aq) 7.89E-05 6.56E-05
KOH(aq) 3.94E-09 3.08E-09
KSO4- 2.09E-04 1.59E-04
Mg++ 4.24E-02 4.07E-02
MgCl+ 3.67E-03 4.61E-03
MgCO3(aq) 6.54E-05 6.98E-05
MgHCO3+ 1.36E-04 1.80E-04
MgSO4(aq) 6.85E-03 7.58E-03
Na+ 4.42E-01 4.45E-01
NaCl(aq) 1.83E-02 1.63E-02
NaCO3- 1.04E-05 8.33E-06
NaHCO3(aq) 3.92E-04 3.72E-04
NaOH(aq) 8.12E-08 6.73E-08
NaSO4- 8.10E-03 6.66E-03
OH- 2.44E-06 2.21E-06
SO4-- 1.23E-02 1.32E-02
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Table C.2. Potential Secondary Minerals

Mineral

CRUNCH

EQ3/6

Anhydrite

X

Antarcticite

Aphthitalite

Aragonite

Arcanite

Artinite

Bassanite

SRl iR ke

Bischofite

Bloedite

b

Bogusite

Brucite

Burkeite

Ca2CI12(OH)2.H20

Ca4CI2(OH)6.13H2

CaS04.0.5H20(bet

Calcite

>

Carnallite

Chloromagnesite

Dolomite

Dolomite-dis

Dolomite-ord

Epsomite

Gaylussite

Glauberite

Gypsum

Halite

PP PR R R R R

HCI(c)

Hexahydrite

>

Huntite

b

Hydromagnesite

Hydrophilite

Ice

K2C0O3.1.5H20

K20

K3H(S04)2

K8H4(C0O3)6.3H20

KMgCl13

KMgCI3.2H20

KNaC0O3.6H20

Kainite

Kalicinite

Kieserite

Lansfordite

sl IR ol kel

Leonite

Lime

Magnesite

Merecallite

Mg1.25S04(0OH)0.5

Mg1.5S04(OH)

MgCI2.2H20

R e e L R R L R L R e R e R e R e R e R LR el LR e R e R e R L R e R L R e R e R L R LR e e R LR e R R R R e R R R R R R R IR IR IR IR IR IR R e R
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Table C.2 (contd)

Mineral CRUNCH EQ3/6
MgCI2.4H20
MgCI2.H20
MgOHCI
MgS0O4
Mirabilite
Misenite
Monohydrocalcite
Na2CO3
Na2CO3.7H20
Na20
Na3H(S04)2
Na4Ca(S04)3.2H20
Nahcolite
Natron
Nesquehonite
Oxychloride-Mg
Pentahydrite
Periclase
Picromerite
Pirssonite
Polyhalite
Portlandite
Starkeyite
Sylvite
Syngenite
Tachyhydrite
Thenardite
Thermonatrite
Trona-K

~

L L R R R L

>

>

S Ll Ll R L L L e R R e R e R e R LR e R R R R R R R R R R R R R el e

References

Steefel CI. 2001. GIMRT: Software for modeling multicomponent, multidimensional reactive transport.
Version 1.2. User’s guide. UCRL-MA-143182. Lawrence Livermore National Laboratory, Livermore,
California.

Steefel CI and SB Yabusaki. 1996. OS3D/GIMRT: Software for multicomponent—-multidimensional
reactive transport: User’s manual and programmer’s guide. PNL-11166, Pacific Northwest National.
Laboratory, Richland, Washington.

Wolery TJ and SA Daveler. 1992. EQ6, A Computer program for Reaction Path Modeling of Aqueous
Geochemical System: Theoretical Manual, User’s Guide, and Related Documentation, Version 7.0).
Lawrence Livermore National Laboratory, Livermore, California.

Wolery TJ and RL Jarek. 2003. Software User’s Manual EQ3/6, Version 8.0. 10813-UM-8.0-00, U.S.

Department of Energy, Office of Civilian Radioactive Waste Management, Office of Repository
Development, Las Vegas, Nevada.

C4



PNNL-16585

Distribution

No. of
Copies

5  Fluor Hanford

R. Clinton T5-49
E.R. Jacobs S2-42
J.R. Robertson H8-46
J.M. Steffen R3-60
M. Stevens R3-60

5 Pacific Northwest National Laboratory

Y. Chen K9-36
V.L. Freedman (2) K9-36
J.M. Keller BPO

Z.F. Zhang K9-36

Distr.1





