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7.2 SIMULATION OF PLUG-FLOW REACTOR EXPERIMENT

A tuff dissolution experiment was used to test geochemical models that were developed for the
DST THC and the Tptpmn and Tptpll THC seepage models. The tuff dissolution experiment was
performed under isothermal elevated temperature conditions with well-constrained initial water
and rock compositions. Measured water compositions of samples obtained during the duration of
the experiment also allowed the evaluation of kinetically controlled reactions with time. A
number of simulations were run to evaluate the sensitivity of the geochemical models to the
mineral surface area, rock composition, mineral thermodynamic data, and changes to the
TOUGHREACT code.

A plug-flow reactor experiment was performed as part of a study investigating mineral
dissolution and precipitation (Figure 7.2-1). Topopah Spring tuff (Tptpmn) obtained from
overcores from borehole ESF-TMA-TC-H-1 was crushed, sieved, and washed. Material was
combined from the 75-150 pm (89%) and 150-212 rm (11%) fractions (DTN:
LBOOI ITHCDISSX.001 [153380]). Scanning electron microscope images of the tuff (Fig. 7.2-2)
indicate that the actual grain sizes are smaller than the nominal sieve-size fractions, with values
ranging from 30 to 180 pm (DTN: LBOO11THCDISSX.001 [153380]). The crushed tuff was
added to a 29.8 cm long by 7.5 cm diameter polypropylene tube. The filled tube had a measured
porosity of 37.5%.

Tuff Dissolution[-

PCo2 Column Column

Distilled Reservoir
Water _*_ ,

C T=940 C T=80 0C ' ubboilingC0r Region
Fracture F Boiling
Assembly |. ~ lRegion

T=1300C t ~ Superbeated

Steam condensed
and collected

DTN: LB0101THCPRCPX.001 [154577]

Figure 7.2-1. Schematic Diagram of the Tuff Plug-Flow and Fracture Sealing Experiments
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DTN: LB001 1THCDISSX.001 [153380]

NOTE: The grains have a fairly wide range in diameter (30-180 Jm), with irregular shapes and rough
surfaces, contributing to a larger surface area per unit weight value.

Figure 7.2-2. SEM Image of Topopah Spring Tuff Grains Used for Plug-Flow Experiment

The inlet fluid consisted of deionized water initially equilibrated using a CO2/N 2 gas mixture
with 50,200 ppm CO2 at 170C. The resulting water had a measured pH of 4.58 (DTN:
LBOOI ITHCDISSX.001 [153380]). This water was heated to 941C and then introduced into the
tuff column (also at 94QC) at a rate of 25 mLlh. Water exiting the tuff column was collected in a
reservoir and sampled periodically for chemical analysis over the length of the experiment (63.8
days). A fraction of the water exiting the tuff column was directly used in an experiment
evaluating the effects of boiling on mineral dissolution and precipitation and fluid flow in a
fracture. The sampled waters for the plug-flow reactor experiment were allowed to cool and
equilibrate with the atmosphere at room temperature. These sampling conditions resulted in
changes to the pH and bicarbonate values, because of the loss of CO2 gas.

A series of isothermal l-D TOUGHREACT V2.2 (LBNL 1999 [153219]) and V2.3 (LBNL 2001
[153101]) simulations were performed to model this dissolution, using a 149-element mesh, with
dimensions and interface areas identical to those of the plug-flow experiment, plus one additional
boundary element to obtain the appropriate outlet conditions (Dobson 2001 [160252], p. 9). The
goals of these simulations were to validate the geochemical model developed for the THC
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models presented in this Model Report and test the sensitivity of the simulations to changes in
input parameters, such as reactive surface area and mineralogy.

Initial mineralogy used for plug-flow simulations was obtained from the Tptpmn (tsw34) matrix
composition reported in Attachment I (tswm4) (DTN: LB991200DSTTHC.003 [161276]). K-
smectite was not considered in simulations run using TOUGHREACT V2.3 (LBNL 2001
[153101]), consistent with the revised "extended" mineralogical system used for the Tptpll THC
simulations in Section 6.5.5.2 (Table 6.2-2). The corresponding volume fraction of K-smectite
was either added to illite or disregarded, as noted for each sensitivity run. An initial fluid
composition was calculated (Table 7.2-1) using SOLVEQ/CHILLER VI.0 (LBNL 1999
[153217]) and the measured pH and CO2 concentration (Dobson 2001 [160252], pp. 18-22, 45-
51). Trace amounts of other dissolved constituents were used in the simulation to reduce
computational problems caused by zero values. The column was assumed to be liquid-saturated,
with no separate gas phase present.

Table 7.2-1. Initial Water Composition for Tuff Plug-Flow Simulations

Species Concentration Concentration
p (molesiliter) (mg/lilter)

Na 1.OOOE-10 2.299E-06

K+ 1.OOOE-10 3.91 OE-06

Ca'* 1.OOOE-10 4.008E-06
Mg2. 1.OOOE-10 2.431E-06

HCO3- 1.943E-03 1.186E+02

SiO2(aq) 1.OOOE-10 6.008E-06
Cl- 1.OOOE-10 3.545E-06

SO42- 1.OOOE-10 9.606E-06

F 1.OOOE-10 1.900E-06
AI02- 1.OOOE-10 5.898E-06

HFeO2(aq) 1.OOOE-10 8.885E-06
pH (20°C) 4.58

DTN: LB0011THCDISSM.001 [153381]

NOTE: Bicarbonate (HC03-) concentrations represent the
sum of all carbonate species present.

A total column flow-through time of 19.75 hours was determined using the calculated pore
volume of 493.7 cm3 and the flow rate of 25 mL/h. This time corresponds to a flow-through time
of 477 seconds per element block (Dobson 2001 [160252], pp. 10-11). The maximum time step
(360 seconds) for each of the simulations was chosen to be smaller than this value. The
temperature of the simulation was fixed at 940C.

Two simulations were performed using TOUGHREACT V2.2 (LBNL 1999 [153219]), and three
additional simulations were made with TOUGHREACT V2.3 (LBNL 2001 [153101]) (Table
7.2-2). Two different grain-size models were used for the TOUGHREACT V2.2 (LBNL 1999
[153219]) simulations to evaluate the sensitivity of surface-area values on kinetic mineral
reactions (Dobson 2001 [160252], pp. 17-18). Because no BET (Brunauer-Emmett-Teller)
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measurement data were available, simple geometric models were constructed to derive surface
area to volume values for the minerals. The first simulation employed mineral surface areas
calculated using spherical grains with a diameter of 60 gm, with clay minerals represented by
rectangular plates having dimensions of 60 x 60 x 1.2 jm. The second simulation used spherical
grains with diameters of 120 jlm and clay minerals with dimensions 120 x 120 x 2.4 Jim. The
results of these simulations are depicted in Figures 7.2-3 (a-f).

Table 7.2-2. Summary Table of Tuff Dissolution Simulations

Grain size Thermodynamic Thermodynamic
Run TOUGHREACT Thermodynamic surface representation of representation of

version database area model potassium feldspar K-smectlte

1 V2.2 [153219] thermokapps2.05.dat ' 60 pm dia. microcine K-smectite

2 V2.2 [153219] thermokapps2.05.dat 120 pm dia. microcline K-smectte

3 V2.3 [153101] thermok2.07.dat t 60 gm dia. microcline not used

4 V2.3 [153101] thermok2.07.dat t 60 gm dia. K-feldspar not used

5 V2.3 [153101] thermok2.07.dat t 60 gm dia. K-feldspar liute

NOTE: * DTN: LB0101DSTTHCR1.005 [161676]
t DTN: LBO1O1DSTTHCR1.006 [161280]
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Figure 7.2-3. Comparison of Measured and Simulated Results of Tuff Dissolution Plug-Flow Experiment
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7.2.t Validation Criteria

The criteria for model validation are specified in the Technical Work P'laun for: Performnance
Assessment Unsaturated Zone (BSC 2002 [160819], Attachment 1, Section 1-3-4-1). The model
validation criterion applicable to this work is that the modeled concentrations for the major (>I
mg/L) dissolved species in the effluent should be within one order of magnitude of the measured
average steady-state concentrations. This range is reasonable because chemical potential is
proportional to the logarithm of activity. Discussion of uncertainty associated with coupled
process (THC) modeling is presented in Section 6.9.

7.2.2 Results of Simulations and Comparison to Measured Data

The measured concentrations of all dissolved components initially increased rapidly, and then
declined until about 11 days, after which relatively steady concentrations were achieved (Figure
7.2-3). The high initial measured concentrations may have resulted from the dissolution of fine
tuff particles not removed in the washing process, which resulted in a much higher available
reactive surface area at the start of the experiment, or from the initial mineral surfaces being
more reactive because of crushing and surface roughness, none of which is accounted for in the
simulations.

A comparison of the simulated compositions of the major dissolved species with the average
steady-state fluid composition from the tuff dissolution experiment is presented in Table 7.2-3.
All of the simulation results fall within the low- and high-bound validation criteria values.
Although all of the simulations met these criteria, some of the simulations exhibited closer
matches with the measured results of the plug-flow experiments (Figure 7.2-3; Dobson 2001
[160252], pp. 30-34). Large (up to 100%) differences were observed between the two grain-size
models for Na', SiO2(aq), and Ca2+ concentrations. These variations result from the two-fold
difference in calculated initial surface areas that affect the kinetic mineral reactions controlling
the concentrations of these species in solution. There is a close match between the measured and
calculated concentrations of Na+ and SiO2(aq) for the 60 gum grain-size (larger surface area/unit
volume) simulation. As a result, the surface areas corresponding to this grain-size model were
used for subsequent TOUGHREACT V2.3 (LBNL 2001 [153101]) simulations of the plug-flow
experiment.
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Table 7.2-3. Validation of Tuff Dissolution Simulations

Run Na' K+ Ca2. SlO2(aq) alkalinity(mg/L) (mg/L) (mg/L) (mg/L) (mg/L CaCO 3)

Steady-state experimental value 11.1 5.3 0.26 91.8 30.2
(average composition of 17
samples, collected between day 11
and 64)

Low bound of validation criteria 1.1 0.53 0.026 9.2 3.0

High bound of validation criteria 111 53.2 2.6 918 302

Simulation values (final 1 10.4 6.3 0.64 80.6 93.6
compositions)

2 5.3 5.2 0.32 48.4 93.6

3 10.8 6.2 0.68 82.4 93.6

4 10.7 10.7 0.68 95.7 93.6

5 10.7 10.7 0.68 95.7 93.6

Source: Experimental data from LB0011THCDISSX.001 [153380]. Simulation results from Output-DTN:
LB0301 PLUGFLOW.001.

None of the simulation results directly fits the measured values of pH and total alkalinity. The
discrepancy in pH can be attributed to the exposure of the plug-flow effluent to air and the
subsequent cooling and degassing of the outflow solution before analysis. The outflow pH values
match the simulated results closely after they have been corrected for these processes (using
SOLVEQ/CHILLER V1.0 (LBNL 1999 [153217])) (Dobson 2001 [160252], pp. 35-38).
Although the model alkalinity values are lower than the measured values, they are within the
order-of-magnitude validation range as specified in Section 7.2.1.

A second set of simulations was conducted using TOUGHREACT V2.3 (LBNL 2001 [153101])
(Dobson 2001 [160252], pp. 39-44, 60). Version 2.3 of the code has various improvements
related to parameters used for calculating water-rock interaction. This version also utilized a
thermodynamic database (thermok2.07.dat; Attachment V) that differs in several respects from
the database (thermokapps2.05.dat; BSC 2002 [158375], Attachment V) used in the
TOUGHREACT V2.2 (LBNL 1999 [153219]) simulations. Other changes included modified
activity coefficients, the removal of K-smectite as a mineral phase, and the incorporation of a
smectite solid-solution model. Several changes were made for the TOUGHREACT V2.3 (LBNL
2001 [153101]) simulations. For all runs, smectite end members were considered as a solid
solution. Different initial surface areas for minerals not initially present were used for the V2.3
(LBNL 2001 [153101]) runs as a sensitivity study on this parameter (Dobson 2001 [160252], pp.
16, 39). For two of the runs, thermodynamic data for microcline were substituted by K-spar for
the potassium feldspar. The simulations also evaluated the removal of the K-smectite component
from the new thermodynamic database. One simulation added the K-smectite mineral fraction to
the illite component. In the other two simulations, the K-smectite fraction was simply removed
from the initial composition. The 60 jim grain size model was used for all of the
TOUGHREACT V2.3 (LBNL 2001 [153101]) simulations.
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Several important observations can be obtained from the TOUGHREACT V2.3 (LBNL 2001
[153101]) simulations. First, TOUGHREACT V2.3 (LBNL 2001 [153101]) and its
thermodynamic database produced results similar to those generated using V2.2 (LBNL 1999
[1532191). Most of the concentration profiles have steady-state compositions slightly higher than
the corresponding values obtained from the TOUGHREACT V2.2 (LBNL 1999 [153219]) runs.
These higher compositions result from the incorporation of the change in water density to the
mineral surface area calculations in V2.3. Some of the fluid concentration profiles are more
abrupt with the new simulations, perhaps because of changes in the initial precipitation rate of
new secondary phases.

The model does not appear to be sensitive to small changes in illite content. This insensitivity
suggests that this phase is not being dissolved during the experiment and thus does not contribute
to the outflow fluid composition. However, major differences were observed for potassium when
a small adjustment was made to the thermodynamic data for potassium feldspar. It is, therefore,
critical to select the proper thermodynamic data for the key mineral phases that buffer the main
chemical constituents in the fluid.

A number of important observations and conclusions can be derived from the tuff dissolution
experiment and simulations:

* A good match was obtained between the water compositions for the observed and
simulated plug-flow reactions, meeting the model validation criterion specified in
Section 7.2.1.

* The simulations are sensitive to a number of parameters, including the initial mineral
assemblage, the thermodynamic database used, and (most importantly) the mineral
surface area.

* Minor differences in model results obtained using two versions (TOUGHREACT V2.2
(LBNL 1999 [153219]) and V2.3 (LBNL 2001 [153101])) of the TOUGIHREACT code
result primarily from the temperature-pressure-corrected density values of water used in
the mineral surface area calculations incorporated in V2.3 (LBNL 2001 [1531011).

* Differences between the modeled and measured values in pH result from cooling and
degassing of the experimental samples after exiting the tuff dissolution column. This
illustrates the potential for fluid-chemistry changes during collection in samples
obtained from the DST experiment (Section 7.1).

This model validation work satisfies the goals set forth in the T\VP (BSC 2002 [160819],
Attachment 1, Section 1-3-4-1), and thus no further validation work associated with the plug-flow
experiment is planned.

7.3 SIMULATION OF FRACTURE SEALING EXPERIMENT

The fracture sealing experiment was designed to emulate and evaluate the effects of condensate
reflux through a fracture network and into a boiling environment (Figure 7.2-1). Two saw-cut
blocks of welded rhyolite ash-flow tuff, measuring 31.7 cm tall, 16.2 cm wide, and 3.2 cm thick,
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were separated by 17.7 pm gold shims to create a vertical planar fracture (DTN:
LBOIOITHCPRCPX.001 [154577]). The blocks (SPC 00540498), obtained from the Tptpmn at
Alcove 6 in the ESF at Yucca Mountain, contained a small fracture, but do not have any visible
lithophysal cavities (DTN: LBOIOITHCPRCPX.001 [154577]). The mineralogy of the tuff
samples was assumed to be similar to the samples used for the tuff dissolution experiment.

The outer surfaces of the blocks were sealed with Dow Corning 1199 silicone, and the vertical
sides of the fracture were sealed with an aluminum sheet coated with silicone. Polypropylene
endcaps were secured to the assembly with stainless steel bands, with ports at the top and bottom
to allow for the introduction of fluid at the top and collection of vapor at the base.

Heating was accomplished through the use of electrical resistance heaters mounted directly on
the sides of the blocks. A vertical temperature gradient was established within the block
assembly, with a temperature of 80'C at the top and 1300C at the bottom. Temperatures wvere
monitored throughout the experiment with a series of thermocouples located at 2.7, 7.1, 11.5,
15.9, 20.3, 24.7, and 29.1 cm from the base of the blocks, and 0.6 cm from the fracture surface
along the centerline of the block (DTN: LBOIOITHCPRCPX.001 [154577]).

The dimensions of the fracture and the temperature gradient were selected based on relations
derived from Phillips (1994 [154459]; 1996 [152005]), Darcy's law, and the cubic law. A
hydraulic aperture of 31 plm (DTN: LBOIO1THCPRCPX.001 [154577]) was calculated using the
initial measured air permeability of the fracture and the relation for smooth laminar flow in a
channel (permeability = aperture2 /12). The difference between this value and the gold shim
thickness (17.7 pm) was attributed to surface roughness and a slight waviness in the ground-flat
rock surfaces.

After steady-state chemical conditions were attained in the plug-flow reactor, a portion of the
water generated from the reactor wvas flowed at a rate of 10.8 mL/hr into the top of the fracture
(DTN: LBOIOITHCPRCPX.001 [154577]). After 5 days, the fracture began to seal, as evidenced
by a declining outflow rate, leaks in the inlet side of the fracture, and the need for increased
pressure to maintain a constant inlet flow rate. After several unsuccessful attempts to plug leaks
and the near-zero rate of effluent (condensed vapor) collection, it was concluded that the aperture
was effectively sealed.

After cooling, the fracture was opened and examined to determine the location and nature of
secondary mineral formation. The precipitate (identified as mainly amorphous silica from SEM
x-ray analyses and visual and petrographic examination) was deposited almost exclusively at
temperatures exceeding 1000 C (Figure 7.3-1). The morphology of the precipitate differed as a
function of temperature, as described in Table 7.3-1. Bridging structures of amorphous silica that
formed during the experiment in both the saw-cut fracture and a natural fracture (Figure 7.3-2)
appear to obstruct fluid flow within the fracture system. Similar precipitate morphologies for
secondary opal-A deposited on fracture and borehole surfaces were noted at the Single Heater
Test site (CRWMS M&O 1999 [129261], Sections 6.4.3.1 and 6.4.5).

MDL-NBS-IIS-000001 REV 02 331 Jul), 2003



Drift-Scale Coupled Processes (DST and THC Seepage) Models NO I20A/0I 10DrftScl Cope Prcse (DS an H epg)MoesNIO11

DTN: LB0101THCPRCPX.001 [154577]

NOTE: Enhanced image shows fracture temperature profile and fluorescing precipitate
(light shades) under ultraviolet illumination on both fracture faces. Vertical
dimension is 0.317 m.

Figure 7.3-1. Opened Fracture Faces at Conclusion of Fracture Sealing Experiment

DTN: LB0101THCPRCPX.001 [154577]

NOTE: Scale bars are 0.5 mm.

Figure 7.3-2. Bridging Structures (Identified with Arrows) (a) Extending Outward from Flat Fracture Face;
(b) Spanning Aperture in Cross-Cutting Natural Fracture
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Table 7.3-1. Characteristics of Fracture Precipitate

Temperature range Textural characteristics

Sub-boiling Sparse, fine-grained precipitate

- 1000C Solid, well-formed bridging structures

Some light wall coating

- 1100C Vitreous, wall-coating precipitate with bridging structures

- 1200C Very porous, veiny, honeycomb-like bridging structures

Source: Kneafsey et al. 2001 [154460].

Fracture sealing occurred after 5 days, with only a relatively small fraction (1.2-4.7%) of the
total fracture porosity filled with solid precipitate (consisting primarily of amorphous silica).
These estimates are based on dividing the total volume of dissolved solids (precipitated)-
carried by (1) the volume of effluent collected and (2) the volume of water injected into the top
of the fracture-by the initial fracture volume (Wang 2003 [161665], SN-LBNL-SCI-1 90-V2, p.
73). The difference between input and output fluid volumes results from (1) leakage occurring
during the later stages of the experiment and (2) filling of matrix porosity within the tuff blocks.

TOUGHREACT V2.4 (LBNL 2001 [160880]) simulations were performed to model fracture
sealing, using a mesh configuration with dimensions (in one dimension) identical to those of the
tuff fracture experiment. The objectives of these simulations were to validate the geochemical
model developed for the THC models presented in this Model Report and test the sensitivity of
the simulations to using kinetic versus equilibrium thermodynamic controls for the precipitation
and dissolution of amorphous silica (thermodynamic data taken from Attachment V (DTN:
LBOIOIDSTTHCRI.006 [161280]); kinetic data are summarized in Table 6.4-3). Assuming
symmetry, only one half of the system was modeled. The mesh design contains two columns of
rock blocks and one column of fracture blocks, with each column consisting of 317 elements
having a fixed height of I mm. The cells of the outermost rock block have fixed temperatures to
approximate the experimental temperature gradient (80-130'C). The simulations had a
maximum time step of 0.333 s. Fluid with a composition (Table 7.3-2) based on the average
composition of the plug-flow reactor effluent (DTN: LBOOI ITHCDISSX.001 [153380]) was
injected into the uppermost fracture element. The lowermost fracture element was assigned a
very large (>1050 M3) volume to act as a constant pressure and temperature boundary. The initial
rock mineralogy was considered to be the same as that used in the plug-flow experiment (the
Tptpmn (tsw34) matrix composition reported in Attachment I (DTN: LB991200DSTTHC.003
[161276]). The initial fracture permeability was set to that obtained in the experiment (8.03 x
10- 1 i m2 : DTN: LBOIOITHCPRCPX.001 [154577]), whereas the flow rate and fracture width
were reduced in half (5.4 mL/h and 15.5 gm, respectively) to account for the assumption of
symmetry. To simplify the simulation, the rock matrix blocks were assigned a zero permeability
value to force the injected water to flow though and interact only with the fracture elements.
Thus, the matrix elements served only as a heat transport mechanism. Different simulations were
run for a period of 5.8 days (500,000 s) with amorphous silica controlled by either equilibrium or
kinetic conditions. The cubic law was used to specify the relation between porosity and
permeability. The results of these simulations are depicted in Figures 7.3-3 (a) and (b).
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Table 7.3-2. Initial Water Composition for Fracture Sealing Simulations

Concentration ConcentrationSpecies (moles/liter) (mg/liter)

Na+ 4.75E-04 10.92

K+ 1.38E-04 5.40

Ca2+ 5.64E-06 0.23

Mg2+ 1.OOE-10 0.00000243

HCO3- 3.17E-04 19.34

SiO2  1.53E-03 92.22

Al02- 1.OOE-10 0.00000590

HFeO2  1.OOE-10 0.00000889

pH 8.32

Source: Average of Frac Pump samples from DTN: LB0011THCDISSX.001 [153380].

NOTE: Nominal concentrations (1.OOE-10 mol/L) were assigned to species that were
below detection in the experimental study. HCO3- was estimated assuming a 1:1
molar correspondence with calcite alkalinity. This value should have been 2:1 (2
moles of bicarbonate per mole of calcite) to maintain milliequivalence (see text
for discussion).
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NOTE: Area plotted represents lower portion of two-phase zone (see Figure 7.3-4).

Figure 7.3-3. Porosity vs. Depth over Time for Simulated (a) Equilibrium and (b) Kinetic Control of
Amorphous Silica in Fracture Sealing Experiment
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7.3.1 Validation Criteria

The criteria for model validation are specified in the Technical Work Plan for: Performance
Assessment Unsaturated Zone (BSC 2002 [160819], Attachment I, Section 1-3-4-1). The model
validation criteria applicable for the fracture sealing experiment are that the distribution of
precipitated minerals should be qualitatively similar to experimental observations, and that the
major solid constituents should be the same. These criteria were deemed reasonable because they
capture the two main observed results of the experiments: the location of the precipitate, and its
mineralogy. Discussion of uncertainty associated with coupled process (THC) modeling is
presented in Section 6.9.

7.3.2 Results of Simulations and Comparison to Measured Data

The simulation results indicated the formation of a nearly isothermal two-phase region (Figure
7.3-4), with an overlying water column below and a vapor zone below. The precipitation of
amorphous silica at the base of the two-phase zone accounted for all of the porosity and
permeability reduction in the fracture system. A gradual pressure buildup, caused by the
reduction of the fracture aperture, occurred at the top of the fracture system, resulting in a
downward shift in the base of the boiling zone (and region of silica precipitation) over time. The
experimental system experienced a similar phenomena, as reduced permeability led to the need
for higher inlet pressure to sustain a constant injection rate, resulting in fluid leaking out along
the sides and top of the fracture system.
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Figure 7.3-4. Simulated Temperature Profile and Volume Fraction of Amorphous Silica vs. Depth at 5.01
Days
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The thickness and location of the silica precipitation zone were different in the kinetic and
equilibrium simulations (Figures 7.3-3 (a and b)). The simulations conducted using equilibrium
precipitation and dissolution for amorphous silica showed the effects of both precipitation and
dissolution, as the trailing (upper) edge of the silica front underwent dissolution with time. In the
kinetic simulations, almost no dissolution of precipitated amorphous silica occurred, resulting in
a thicker band of silica that occluded less of the fracture aperture. The maximum porosity and
permeability reduction (for a given fracture element) was greater for the equilibrium simulation,
with a 79% porosity reduction and a permeability reduction of over 99% over the 5.8-day
simulation. The kinetic simulation had maximum porosity and permeability reductions of 66%
and 96%, respectively.

Significant permeability reductions occurred within 5 days after initiation of fluid flow for both
the experiment and the simulations. The presence of silica precipitate throughout the boiling
zone in the experimental fracture system suggests that the kinetic simulation (which retains
early-formed precipitate) is a more appropriate match to the experimental results. Some of the
differences between the experiment and the simulations may result from variability in the two-
dimensional fracture surface in the experiment.

Both of the simulations met the validation criteria relating to the distribution and type of
secondary mineral precipitation. Amorphous silica was the dominant secondary mineral phase in
both the experiment and simulations. The simulated amorphous silica precipitation was restricted
to the lower portion of the two-phase zone, at temperatures of around 105-109'C (Figures 7.3-3
(a and b) and 7.3-4), consistent with the observed pattern of mineralization along the fracture
surface in the experiment (Figure 7.3-1). At 5 days, the total fracture-porosity-reduction values
resulting from silica precipitation in the equilibrium and kinetic simulations were 2.2 and 3.9
percent, respectively, comparable to the calculated values of 0.9-3.6% total-fracture-porosity
reduction resulting from silica mineralization during the experiment (NVang 2003 [161665], SN-
LBNL-SCI-190-V2, p. 73). Even though the fracture permeability at the conclusion of the
experiment was not measured, the observed near-cessation of fluid flow through the fracture
after 5 days indicates a significant reduction in fracture permeability. The minimum simulated
permeability values at 5 days of 9.65 x 10-13 m2 and 3.39 x 10-12 m2 for the equilibrium and
kinetic experiments, respectively, represent permeability reductions of 99% and 96%.

This model validation work satisfies the goals set forth in the TRVP (BSC 2002 [160819],
Attachment 1, Section 1-3-4-1), and thus no further validation work associated with the fracture
sealing experiment is planned.
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8. CONCLUSIONS

This Model Report documents the THC Seepage Model (Sections 4 and 6), the Drift Scale Test
(DST) THC Model (Sections 4, 6, and 7.1), and experimental studies to validate various aspects
of the models (Sections 7.2 and 7.3). The models describe coupled THC processes at the drift
scale to assess (1) the chemistry of water and gas potentially entering drifts and (2) changes in
permeability and flow around drifts. The THC Seepage Model was used primarily to predict the
composition of waters and gases around and potentially seeping into waste emplacement drifts
and the effect of water-rock interaction on flow. Key findings of this model are summarized in
Figure 8-1. The DST THC Model was used primarily to validate the THC Seepage Model.

The underlying conceptual and mathematical models (Sections 6.1-6.4) provide the basis for
modeling the thermal and hydrological effects of the relevant mineral-water-gas reactions and
transport processes in the host rock for 100,000 years. Results are presented to evaluate the
sensitivity of the models to different input parameters and conceptualizations. Validation of the
models (Section 7) is accomplished through comparison of simulation results to data collected
from the DST and to laboratory experiments that explore various specific aspects of the models.
Validation of the models was also accomplished through publication in a refereed journal (Xu et
al. 2001 [161864]). Model results have been submitted to the Technical Data Management
System (TDMS) as output under DTNs listed in Section 9.4 and Attachment X of this Model
Report. Applicable acceptance criteria from the YMRP addressed by this report are discussed in
Section 4.2 with pointers referring to sections of this report where these criteria are addressed.
The barrier capability of the natural system, including host rocks and the capillary barrier effects
of drift openings, are considered throughout this report (e.g., Sections 6.8.2 and 6.8.5.2).
Potential barrier effects from mineral precipitation during the normal period are also considered
(Section 6.8.5.4).

8.1 MODELED COUPLED PROCESSES AND UNCERTAINTY

Simulations of THC processes include coupling among heat, water, and vapor flow, aqueous and
gaseous species transport, kinetic and equilibrium mineral-water reactions, and feedback of
mineral precipitation/dissolution on porosity, permeability, and capillary pressure for a dual-
permeability (fracture-matrix) system. Treatment of CO2 included gas-water equilibration, gas
species diffusion, and advection. Data were incorporated from the calibrated thermal-
hydrological property sets, the three-dimensional mineralogical model, the UZ Flow and
Transport Model, thermal test geochemical data (fracture and matrix mineralogy, aqueous
geochemistry, and gas chemistry), thermodynamic data (minerals, gases, and aqueous species),
kinetic data for mineral-water reactions, and transport (diffusion coefficient) data (Section 4.1).
The models include a wide range of major and minor aqueous species and minerals (primary and
potential secondary phases). The following primary aqueous species are considered: H+, Ca24,
Mg2 , Na+, K+, SiO2(aq), A10 2 , HFeO2(,q), S042, HC0 3 , Cl , N0 3 , and F. Minerals include
several silica phases (cx-cristobalite, quartz, tridymite, amorphous silica, and opal-CT), calcite,
feldspars, smectites, illite, kaolinite, sepiolite, zeolites, fluorite, hematite, goethite, gypsum, and
volcanic (rhyolitic) glass. In addition to the calibration of the hydrological properties, some
thermodynamic and kinetic data were revised (within their ranges of uncertainty) to yield
modeled pore water compositions (under ambient temperatures and infiltration rates) close to the
original measured values over long simulation times.
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Many uncertainties exist in modeling coupled THC processes (see Section 6.9), because of the
large amount of input data needed and the complexity of natural systems as described above and
in Sections 4, 6, and 7. Therefore, a quantitative measure of model uncertainty based on the
uncertainties of the data themselves is difficult. Model validation provides a better test of
whether the system can be described sufficiently well for the intended purposes of the model.
Validation was accomplished through analyses of the DST, plug-flow reactor experiments, and
fracture sealing experiments performed under temperatures, pressures, and chemical
compositions corresponding to the range expected for the repository thermal loading conditions
and drift design. As summarized further in this section, results of DST THC simulations captured
the important changes in pH, aqueous species concentrations, gas-phase CO2 concentrations, and
mineral deposition at specific locations over time. This provides sufficient validation of the
model's capability to predict trends of spatial and temporal variations in water and gas chemistry
around emplacement drifts. However, the duration of the heating phase of the DST
(approximately 4 years) is short compared to the time over which the repository drifts would be
above-boiling (at least one thousand years). Therefore, the DST THC Model and data from the
DST cannot be used to directly validate all aspects of THC Seepage Model predictions of water
chemistry, gas compositions, and permeability over very long times.

Several simulations were performed to further characterize the effects of natural variability and
uncertainty on the THC Seepage Model predictions. These sensitivity analyses address the
follow major issues:

I. Different repository host-rock geologic units (Tptpmn and Tptpll)

2. Alternative geochemical systems (base case and extended case, additional minerals
and chemical components)

3. Alternative thermodynamic data sets (different equilibrium constants for key minerals)

4. Different treatments of mineral-water reactions (different kinetic rate constants and
reactive surface areas; equilibrium vs. kinetic reactions)

5. Spatial heterogeneity in fracture permeability

6. Different infiltration rates and effects of climate change

7. Alternative water vapor pressure models

8. Alternative initial water compositions

9. Different effective CO2 diffusivities

10. Alternative drift-wall conceptualizations (open vs. closed to liquid flow).

These THC Seepage Model simulations covered a wide range of the most important uncertainties
from the standpoint of model validation, bounding analyses, conservatism, their impact on model
results, and their propagation to other models. Based on the natural variability in input water
composition and the resulting spread in simulation results, the uncertainties in predicted
concentrations of aqueous species and of CO2 gas are estimated to be up to about one order of
magnitude (Section 6.9.2), with implications for downstream use examined below in Section 8.4.
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Gencral Findings: Potential seepage waters (i.e., wvater in fracturcs having higher liquid saturation) arc relatively dilute and in the near-neutral to
moderately alkaline pl I range of 7-9. Elevated concentrations of aqueous species in the 1000- 10,000 ppm range are predicted for a short period at
the onset of rewetting, in regions exhibiting very lowv liquid fluxes. General trends of gas phase CO2 and aqueous species concentrations do not
differ significantly for any of the scenarios considered, with maximum gas phase CO, concentrations < 12,000 ppmv. Gas phase CO,
concentrations around the drifl arc higher than ambient values during the period %hen the boiling front is receding. The uncertainty in predicted
major cation and anion concentrations and gas phase CO2 concentration is estimated to be about an order of magnitude or less.
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column: Minor effect on predicted trends in
major cations and anions. The initial
relative spread in concentrations betcten
models is maintained though time. Iligher
T in Tptpll (-15% higher Tm,,.) leads to
slightly greater evaporative concentration.
Addition of fluorite to host rock results in
elevated F concentrations (-2040 ppm).
Minerals precipitated in the Tptpmn and
Tptpll models arc similar. Greater fracture
porosity reduction in the Tptpll by several
°b and increased water diversion arc not
related to differences in the host rock.

4-

Tptpmn THC Model L
RevOl

Tptpmn
ifeterogeneous TIIC +

Model RevO1

Tptpll THC Model
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Eflfect of fracture permcability heterogencity:
Insignificant effect on predicted fracture wvater
compositions at a large scale (> 10m). At a
small scale (- I m), flow focusing and
heterogeneous liquid saturations yield
differences in concentrations resulting from
changes in dilution/evaporation and effective
mineral surface areas. Reductions in porosity
(-5 %') and permeability (25 %) are greater than
for the homogeneous permeability casel.

Effect of model revisions from REVOI to
REV02: Enhanced mineral precipitation at the
boiling front results in a reduction in fracture
permeability of I to 2 orders-of-magnitude.
Region of reduced permeability above the drifl
results in incrcased water diversion.Sensitivity to input pore water

compositions: Trends in composition
through time arc similar for all waters.
Somc waters lead to more mineral
precipitation than others (5 to 7%
reduction in fracture porosity). The
relative spread in model results is
generally smaller than the relative spread
of input vater compositions, and larger
than the spread related to infiltration rate.

Sensitivitv to infiltration rates: In the 6-
25 mm/yr range, the cffect of infiltration
rate on water composition is less than
that of diffecring input water chemistry.
The zone of reduced porosity migrates
closer to the drifl at higher infiltration
rates, but the maximum porosity
reduction remains similar.

Other sensitivities: Vapor pressure lowering -
minimal effect on long-term water compositions,
but results in a much shorter dryout period. Open
drifl xvall - CO, concentrations in the drifl rise
above ambient levels at an earlier time. Higher
CO, effective diffusivity - increased CO,
concentrations in drifl during the dryout period.

'The heterogcncouscasewas fin usingREVOI hydrological properties and with TOUGHREACT V2.3 [1531011. The use of REV02 properties and
TOUGHREACT V3.0 [1612561 resulted in greater reductions in porosity and permeability for the homogeneous permeability case, which would
also be expected for the heterogeneous case.

Figure 8-1. Key Findings of the THC Seepage Model
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8.2 THC SEEPAGE MODEL RESULTS

The THC Seepage Mlodel was designed to represent waste package heating over time, changes in
heat load caused by ventilation, the effective heat transfer within the drift, and THC processes in
the unsaturated zone around waste emplacement drifts. Simulations considered an initial heat
load of 1.45 kW/m, including a preclosure period of 50 years using two alternative ventilation
efficiencies (70% and 86.3%). Model results predict the chemistry of matrix and fracture water at
various locations around a drift, the times of rewetting around the drifts, and the net fluxes of
water and gas near and across the drift wall for a period of 100,000 years.

The scope of this Model Report includes essentially one design heat load, resulting in
temperatures near emplacement drifts that exceed the boiling point of water for several hundred
years after repository closure. Temperature is a critical parameter because it strongly affects the
extent of water-rock-gas interaction taking place around proposed emplacement drifts. In the
cases considered here, increased water-rock-gas interaction resulting from higher temperatures is
expected to affect water chemistry and flow to a greater extent than if a lower heat load were
considered. The predicted extent of the dryout zone and the time of rewetting vary with the
different infiltration rates and water-vapor pressure models considered. Depending on the
modeled scenario, the maximum extent of the dryout zone in fractures was predicted to be
between 6 and 10 m above drift center, and the predicted time of fracture rewetting at the drift
crown varied between 1,200 and 2,000 years in most cases. In one case using REV02 rock
properties and neglecting the effect of vapor-pressure lowering caused by capillary suction,
rewetting was predicted to occur much later (i.e., between 12,000 and 20,000 years).

Similar trends in water and gas compositions were predicted for modeled cases with heat loading
in the Tptpmn and in the Tptpll geologic units. At any point in time, the relative spread in
predicted water compositions spatially above the drift, including alternative model
conceptualizations and five different input water compositions, was generally one order of
magnitude or less (Section 6.9.2). Thus, in a qualitative sense, this spread is small. However, in a
quantitative sense, this same spread would be significant for parameters for which small
variations in concentrations could have a large impact on the calculated end-brine compositions
upon near-complete evaporation of seepage waters. For example, only slight variations in the
predicted relative amounts of calcium and bicarbonate could yield different end-brine
compositions, and thus lead to different scenarios regarding waste package corrosion.
Recognizing this possibility, simulations employed a range of input water compositions likely to
yield predicted percolation waters evolving towards a representative range of possible end-brine
types (Section 6.2.2.1). Model uncertainties unrelated to input water compositions could still
affect predicted percolation water compositions in a way that would also affect conclusions
regarding end-brine compositions.

In general, when modeling a geochemical system without aluminum silicate minerals and glass,
the predicted pH values were somewhat lower and CO2 concentrations higher than in simulations
including these phases. Clearly, the effect of mineral-water reactions on the geochemistry of
waters and gases is strongly influenced by the presence of clays and zeolite minerals and very
sensitive to the choice of thermodynamic properties for these minerals. Sodium concentrations
under ambient conditions were predicted to increase by a factor of approximately four in 100,000
years (from the dissolution of mostly albite and glass), which could be somewhat greater than
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would be expected in the natural system. In this respect, simulations including aluminosilicate
minerals could provide an upper limit on effects of water-rock-gas interactions around waste
emplacement drifts. In all of the modeled conceptualizations, including five representative input
water compositions, relatively dilute and near-neutral to moderately alkaline water compositions
were predicted in fractures around drifts, with pH values in the 7-9 range and gas-phase CO2
concentrations remaining below 12,000 ppmv. General trends of CO2 gas and aqueous species
concentrations around the drifts did not differ significantly for any of the cases. The simulations
also exhibited an increase in the CO2 gas concentrations around the drifts during rewetting,
relative to ambient values. Elevated concentrations of aqueous species relative to background
values were predicted to occur temporarily at the time of rewetting in fractures, though at very
low liquid saturations.

The predicted magnitude of fracture porosity change caused by water-rock interaction around
waste emplacement drifts depends strongly on the initial fracture porosity (with the largest
relative change for the smallest porosity), and results in large part from mineral precipitation
directly at the boiling front due to evaporative concentration. Simulations carried out for REV02
of this Model Report (Section 6.8) considered a more accurate treatment of mineral precipitation
at the boiling front than in REVOI. For this reason, and because fracture porosity was reduced by
a factor of two in the Tptpll unit compared to that used in previous Model Report revisions, a
significant fracture porosity change (up to nearly 8%) was predicted compared to the results of
REVOI simulations (around 1% or less fracture porosity change). As a result, the REV02
simulations predicted a significant effect of water-gas-rock interactions on flow patterns around
the drift, whereas simulations from the previous revision (REV01) of this Model Report did not.
REV02 simulations exhibit a thin zone of predominantly amorphous silica deposition several
meters above the drift wall that reduces the percolation flux at the drift wall. This zone has a
fracture permeability that is one to two orders of magnitude lower than in the surrounding rock
fractures, deflecting some of the percolating water around the drift and significantly extending
the shadow zone below the drift. Because the silica solubility decreases with declining
temperature, the amorphous silica precipitated in fractures does not dissolve significantly into
percolating water over 100,000 years.

REVOI simulations incorporated several permeability realizations for the Tptpmn unit THC
Seepage Model. Steady-state (ambient temperature), TH, and THC simulations were performed
using three heterogeneous fracture permeability realizations with a 4-order-of-magnitude range
in permeability. All were run using the mean infiltration climate change scenario for the Tptpmn
unit. The heterogeneity in fracture permeability can have varied effects on thermohydrology,
including flow focusing and irregularities in the isotherms and liquid saturations. Areas of
highest initial liquid saturation, also having lower permeability and generally residing above the
drift, tend to show the greatest reduction in fracture permeability as a result of mineral
precipitation. The effect of this localized permeability reduction tends to cause some additional
flow focusing. The permeability changes (up to 25%) are considerably less than the initial range
in permeability. These REVOI simulations used higher fracture porosities than those for REV02
and did not incorporate the more accurate treatment of mineral precipitation at the boiling front
implemented in TOUGHREACT V3.0 (LBNL 2002 [161256]). Therefore, the REVOI
simulations produced a smaller effect of mineral precipitation on fracture sealing than if REV02
properties and processes were implemented. Spatial differences in water chemistry were not
affected significantly by permeability heterogeneities, and because of the strong control of the
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mineral assemblage on water chemistry (and not the mineral proportions) this would also be
expected to be the case if REV02 properties were used.

8.3 DST THIC MODEL RESULTS (VALIDATION)

Validation of the overall approach and data embodied in the Drift Scale THC conceptual model
described in this Model Report was accomplished via a comparison of measured gas
compositions, water chemistry, and analyses of mineral deposition in the Drift Scale Test (DST)
to DST THC Model simulation results. The DST THC Model was not expected to exactly match
measurements from the DST, and the validation work combined both sensitivity studies as well
as straight comparisons to measured data.

Comparisons between observed and modeled aqueous pH and CO2 concentrations in the gas
phase indicate that a limited set of aqueous species, minerals (calcite, silica pleases, fluorite, and
gypsum), and gases (H20, air, and C0 2) (base case), could describe the general evolution of DST
waters with respect to pH, CO2 , and conservative anions. A more complete geochemical system
(extended case), including a wide range of aluminosilicates (such as feldspars, clays and
zeolites), yielded modeled aqueous silica concentrations closer to those observed, plus
information on additional species (i.e., Mg2 ', Al3+, and Fe3'). However, predicted pH values for
the extended system are slightly higher than those observed, and gas-phase CO2 concentrations
are slightly lower than the measured values.

In particular, simulation results compared to measured gas-phase CO2 concentrations and the
chemistry of waters collected from hydrology boreholes indicate that the model captures the
general trend in concentrations in the borehole intervals where comparisons were made.
Predicted locations and relative abundances of secondary minerals were consistent with in sill,
sidewall core samples retrieved from zones that had undergone boiling. The main phase was
amorphous silica followed by significantly lesser amounts of calcite and gypsum. REVOI TH
properties resulted in a better match for the conservative species and fluoride, because of the
greater rate of condensate dilution compared to that produced using the REV02 properties.
However, REV02 modeled aqueous silica concentrations were more consistent with the
measured values, owing to the revised geochemical system (in particular, the addition of opal to
the initial mineral assemblage). Analyses of 14C concentrations in CO2 also corroborated the
model results, because of their sensitivity to calcite dissolution and drift air contamination.

The evidence based on numerous field and laboratory measurements, demonstrates that model
validation criteria were met for CO2 concentrations in gas, for several aqueous species
concentrations, and for mineral precipitation in fractures. Although some disagreements between
modeled and measured values exist, they could generally be attributed to sampling difficulties or
the addition of a phase (such as fluorite) in the REV02 mineral assemblage that clearly made the
agreement worse than for REVOI. These differences, though, highlight the sensitivity of the
model to various input parameters. Some heterogeneities in the measured data could not be
matched by the model results, as would be expected in the comparison of an idealized model
system. Although the model did not include heterogeneity in hydrological properties, and is only
a 2-D representation of a 3-D system the agreement to much of the measured data gives
confidence in the approach and use of "average" properties.
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Confidence in various aspects of the model approach and input data used in the THC Seepage
Model is also based on a comparison of modeled and measured water compositions from a
laboratory plug-flow dissolution experiment using volcanic tuff from the Tptpmn unit at Yucca
Mountain. The model simulations captured the magnitude and change in aqueous species
concentrations measured during this experiment at elevated temperatures, and thus the validation
criteria were met. A fracture sealing laboratory experiment was also simulated, with the location
and amounts of amorphous silica precipitated closely comparable to that observed, also meeting
the validation criteria.

The THC responses of the Yucca Mountain Drift Scale Test were independently analyzed by the
participants of the DECOVALEX III project, an international research project to develop
coupled models and their validation against experiments. The outcome of the analyses by the
DECOVALEX participants, generally corroborative of the contents of this Model Report, are to
be presented in the GeoProc2003 conference to be held in Stockholm, Sweden, and will be
published in a special issue of the Infternational Jowrnal of RockMechanics.

8.4 UNCERTAINTIES AND RESTRICTIONS FOR DOWNSTREAM USE

Section 1.3 states the general model limitations. Potential uncertainties affecting model results
were discussed in a qualitative manner in Section 6.9-1, and addressed more quantitatively in
Section 6.9-2. Various alternative conceptualizations and ranges of input data were considered
(summarized in Section 8.1; see also Table 6-1). In addition, confidence in the model results
was obtained by comparing model results to experimental data from the DST (Section 7.1 and
summarized in Section 8.3) and other laboratory experiments (Sections 7.2 and 7.3). Much of
the spread in the output compositions from the THC Seepage Model simulations is caused by the
natural variability of input water compositions. This spread is up to about one order of
magnitude and in many cases lower (for pH, within less than a pH unit; Section 6.9-2). As
mentioned in Section 8.2, this margin of uncertainty could be problematic for aqueous species
for which small differences in concentrations (by much less than one order of magnitude) could
upon evaporation have a large impact on calculated end-brine compositions (e.g., calcium and
bicarbonate) because of small changes in their concentration ratios. On the other hand, the input
data and model conceptualizations considered in this study all yield similar trends in modeled
aqueous species and gas-phase CO2 concentrations over time. Therefore, it is essential for each
downstream user to carefully evaluate the results presented here in light of the level of certainty
required.
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flipk. V1.O. SUN w/Unix OS. 10320-1.0-00.

152902 LBNL (Lawrence Berkeley National Laboratory) 09/22/2000. Softlvare IRouuile:
kreg. V1.0. SUN wv/Unix OS. 10318-1.0-00.

152901 LBNL (Lawrence Berkeley National Laboratory) 09/22/2000. Softivare IRoutine:
ink_incon. V1.0. SUN %v/Unix OS. 10350-1.0-00.

152900 LBNL (Lawrence Berkeley National Laboratory) 09/22/2000. Softirare Rouline:
regre.s. Vl.0. PC w/Windows OS. 10321-1.0-00.

152899 LBNL (Lawrence Berkeley National Laboratory) 09/22/2000. Sofillar-e Routine:
.siitch. Vl.0. PCtv/AVindows OS. 10322-1.0-00.

153068 LBNL (Lawrence Berkeley National Laboratory) 11/03/2000. Softniara lRoliile
1?eporf: ink-gr-av2f V .0. SUN wv/Unix OS. 10379-1.0-00.

153082 LBNL (Lawrence Berkeley National Laboratory) 11/03/2000. Sqfu'lare Routiine
IRepor: mrlrif t.f Vl.0. SUN wv/Unix OS. 10380-1.0-00.

153083 LBNL (Lawrence Berkeley National Laboratory) 11/03/2000. Soifirlare Routine
Report: saviddst2d.f Vl.0. SUN wv/Unix OS. 10381-1.0-00.

153218 LBNL (Lawrence Berkeley National Laboratory) 1999. Softi'are Codle: SUP Cl'?T92.
V1.0. PC w/Windows OS and MAC w/MAC OS. 10058-1.0-00.

153100 LBNL (Lawrence Berkeley National Laboratory) 2000. Sofntalre Code: GSLIIB.
Vl OSISNIV 1.204. SUN xv/Unix OS. 10397-1 .OSISIMVI .204-00.

146496 LBNL (Lawrence Berkeley National Laboratory) 2000. Sql ha'are Code: TOUGH2.
VI4. Sun Workstation and DEC/ALPHA. 10007-1.4-01.

153067 LBNL (Lawrence Berkeley National Laboratory) 2000. Sofilivare IRolfilne Repolr:
2kgridIvIa.for. V1.0. PC xv/Windows OS. 10382-1.0-00.

153085 LBNL (Lawrence Berkeley National Laboratory) 2000. Sofiufare 1?ouiile Reporl:
algpei71itf Vl.0. DEC & SUN w/UNIX OS. 10378-1.0-00.

153093 LBNL (Lawrence Berkeley National Laboratory) 2000. Softwaare IRowine: inki rect2.
Vl.0. SUN xv/Unix OS. 10313-1.0-00.

153101 LBNL (Lawrence Berkeley National Laboratory) 2001. Sqfiware Code:
TOUGHIEACT V2.3. SUN and DEC w/Unix OS. 10396-2.3-00.

160880 LBNL (Lawrence Berkeley National Laboratory) 2001. Sqffisare Code:
TOUG-HREACT. V2.4. SunOS 5.5. 1, Dec Alpha TRU64 Unix & OSI V4.0. 10396-
2.4-00.
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161127 LBNL (Lawrence Berkeley National Laboratory) 2002. Softir'are Code: CUTCHIZM.
V1.0. DEC ALPHA/OSF1 V5.1, PC /WINDOWS 2000/NT4.0/98. 10898-1.0-00.

161263 LBNL (Lawrence Berkeley National Laboratory) 2002. Softiiare Code: DBCONV.
Vl.O. PC/Windows 98/NT; DEC-Alpha/OSFI V5.1; SunOS 5.5.1. 10893-1.0-00.

161258 LBNL (Lawrence Berkeley National Laboratory) 2002. Softrare Code: KREG.
VI.I. SUN UltraSparc with Unix SunOS 5.5.1, WINDOWS 2000/NT/98, Dec Alpha
withOSFI V5.1. 10318-1.1-00.

161259 LBNL (Lawrence Berkeley National Laboratory) 2002. Sofuibare Code: KSJJ'JTCH.
VI. 1. PC with WINDOWS 2000/NT/98, Dec Alpha with OSFI V5.1, SUN OS 5.5.1.
10319-1.1-00.

161262 LBNL (Lawrence Berkeley National Laboratory) 2002. Softiw'are Code:
THEERMOCHK. VI.1. PC/Windows 98/NT/2000; DEC-Alpha/OSFI V5. 1; SunOS
5.5.1. 10895-1.1-00.

161256 LBNL (Lawrence Berkeley National Laboratory) 2002. Sofntaare Code:
TOUGHRElACT. V3.0. DEC-Alpha with Unix OSFI V5.1 and OSFI V5.0, Sun
Solaris 5.5.1, Linux Redhat 7.2. 10396-3.0-00.

161491 LBNL (Lawrence Berkeley National Laboratory) 2003. Software Code: TOUGH2.
VI.6. PC/MS-DOS under Windows 98, Sun UltraSparc OS 5.5.1, DEC-Alpha OSFI
V4.0. 10007-1.6-01.

9.2 CODES, STANDARDS, REGULATIONS, AND PROCEDURES

156605 10 CFR 63. Energy: Disposal of High-Level Radioactive Wastes in a Geologic
Repository at Yucca Mountain, Nevada. Readily available.

AP-2.22Q, Rev. 0, ICN 1. Classification Criteria and Maintenance of the Monitored Geologic
Rleposiloiy Q-List. Washington, D.C.: U.S. Department of Energy, Office of Civilian
Radioactive Waste Management. ACC: DOC.20030422.0009.

AP-SI. IQ, Rev. 5, ICN 1. Softu'are Management. Washington, D.C.: U.S. Department of
Energy, Office of Civilian Radioactive Waste Management. ACC: DOC.20030708.0001.

AP-SIII.3Q, Rev. 1, ICN 2. Submittal and Incoipo-ration of Data to the Technical Data
Management Systenm. Washington, D.C.: U.S. Department of Energy, Office of Civilian
Radioactive Waste Management. ACC: MOL.20020701.0177.

AP-SIII. I OQ, Rev. 1, ICN 2. Models. Washington, D.C.: U.S. Department of Energy, Office of
Civilian Radioactive Waste Management. ACC: DOC.20030627.0003.

AP-SV. IQ, Rev. 0, ICN 3. Coontrol of thIe ElectronicManagenment of Info rm~ation. Washington,
D.C.: U.S. Department of Energy, Office of Civilian Radioactive W'aste Management. ACC:
MOL.2002091 7.0133.
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YMIP-LBNL-QIP-6. 1 Rev. 8, Mod. 1. Docunment Reiiew. Berkeley, California: Lawrence
Berkeley National Laboratory. ACC: MIOL.20030724.0162.

YM\IP-LBNL-QIP-SV.0, Rev. 2, Mod. 1. Management of YMlPl-LBNL Electl-olnic Data.
Berkeley, California: Lawrence Berkeley National Laboratory. ACC: MNIOL.20020717.0319.

9.3 SOURCE DATA, LISTED BY DATA TRACKING NUiMIBER

160899 GS0204083 12272.003. Collection and Analysis of Pore Water Samples for the
Period from April 2001 to February 2002. Submittal date: 04/24/2002.

153485 LA0009SL831 151.001. Fracture Mineralogy of the ESF Single Heater Test Block,
Alcove 5. Submittal date: 09/28/2000.

158426 LA0201SL831225.001. Chemical, Textural, and Mineralogical Characteristics of
Sidewall Samples from the Drift Scale Test. Submittal date: 01/10/2002.

113495 LA9908JC831321.001. NMineralogic Model "NMM3.0" Version 3.0. Submittal date:
08/16/1999.

146447 LA991 2SL83 1151.001. Fracture Mineralogy of Drill Core ESF-HD-TIEMNlP-2.
Submittal date: 01/05/2000.

146449 LA9912SL831151.002. Percent Coverage by Fracture-Coating Minerals in Core
ESF-HD-TEMP-2. Submittal date: 01/05/2000.

146451 LB000121123142.003. Isotope Data for C02 Gas Samples Collected From the
Hydrology Holes of the ESF Drift Scale Test for the Period August 9, 1999 through
November 30, 1999. Submittal date: 01/21/2000.

153460 LBOOI IC02DST08.001. Isotope Data for C02 from Gas Samples Collected from
Hydrology Holes in Drift-Scale Test. Submittal date: 12/09/2000.

153470 LBOOI1DSTFRACI.001. Drift-Scale Properties Update: 1. Updated I)rift-Scale
Properties. This is Input Data for ANIR UQI 10 (;\IDL-NBS-HS-000001 REVOI).
Submittal date: 12/06/2000.

154759 LBOO IDSTTHCRI.001. Tables Showing Geochemical and Drift-Scale Seepage
NModel Data Which are Presented in AMR UOI 10/N0120, "Drift-Scale Coupled
Processes (DST and THC Seepage) Nodels REVOI". Submittal date: 12/19/2000.

161282 LBOOI IDSTTHCRI.002. Mvfodel Input and Output Files, Excel Spreadsheets and
Resultant Figures which are Presented in AMR UOI 10N0120, "Drift-Scale Coupled
Processes (DST and THC Seepage) Models REV 01". Submittal date: 12/19/2000.

153381 LBOO ITHCDISSM.001. Comparison Modeling for TPTPMIN Tuff Dissolution
Experiment: 1. Input Data for ANIR UQI 10 REVOI. Submittal date: 12/07/2000.
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154578 LBOOI I THCDISSM.002. Comparison Modeling for TPTPMN Tuff Dissolution
Experiment: 2. Output Data for AMR UOl 1 OREVOI. Submittal date: 12/07/2000.

153380 LBOOI ITHCDISSX.001. Summary of Results from TPTPMN Tuff Dissolution
Experiment. Submittal date: 12/07/2000.

161277 LBOIOIDSTTHCRI.002. Attachment II - Mineral Initial Volume Fractions for
TPTPLL THC Model for AMR N0120/UOI 10 REVOI, "Drift-Scale Coupled
Processes (Drift-Scale Test and THC Seepage) Models.". Submittal date:
01/26/2001.

161278 LBOIOIDSTTHCRI.003. Attachment III - Mineral Reactive Surface Areas:
TPTPMN and DST THC Models for AMR N0120/UQI 10 REVOI, "Drift-Scale
Coupled Processes (Drift-Scale Test and THC Seepage) Models.". Submittal date:
01/26/2001.

161279 LBOIOIDSTTHCRI.004. Attachment IV - Mineral Reactive Surface Areas:
TPTPLL THC Model for AMR N0120/UOI 10 REVOI, "Drift-Scale Coupled
Processes (Drift-Scale Test and THC Seepage) Models.". Submittal date:
01/26/2001.

161676 LBOIOIDSTTHCRI.005. Attachment V-Thermodynamic Database: TPTPMN THC
Backfill and DST THC REVOO Models, for AMR N0120/UOI 10 REVOI "Drift-Scale
Coupled Processes (Drift-Scale Test and THC Seepage) Models.". Submittal date:
01/26/2001.

161280 LBOIOIDSTTHCRI.006. Attachment VI - Thermodynamic Database: TPTPMN
THC (No Backfill) and DSTTHC REVOI Models for AMRN0120/UOIO10REVOI,
"Drift-Scale Coupled Processes (Drift-Scale Test and THC Seepage) Models.".
Submittal date: 01/26/2001.

161281 LBOIOIDSTTHCRI.007. Attachment VIII - Waste Package Average Heat Transfer:
TPTPMN/TPTPLL No-Backfill and THC Models for AMRN0120/UOI10 REVOI,
"Drift-Scale Coupled Processes (Drift-Scale Test and THC Seepage) Models.".
Submittal date: 01/26/2001.

153687 LBOIOIDSTTHGRD.001. 2D Finite Element Mesh Used forDST THC Model
Simulations (Input to AMR N0120/UOI 10 REV. 01). Submittal date: 01/05/2001.

154577 LBOIOITHCPRCPX.001. Summary of'Results from TPTPMN Tuff Precipitation
Experiment. Submittal date: 02/13/2001.

159306 LB0102C02DST98.001. Concentration Data for C02 from Gas Samples Collected
from Hydrology Holes in Drift-scale Test. Submittal date: 02/28/2001.

159525 LB0205REVUZPRP.001. Fracture Properties for UZ Model Layers Developed from
Field Data. Submittal date: 05/14/2002.
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159672 LB0207REVUZPRP.002. Mlatrix Properties for UZ Model Layers Developed from
Field and Laboratory Data. Submittal date: 07/15/2002.

161638 LB02081SODSTHP.001. Isotope Data and C02 Analysis for the Heating Phase of
the DST. Submittal date: 08/09/2002.

161243 LB0208UZDSCPMI.002. Drift-Scale Calibrated Property Sets: Mean Infiltration
Data Summary. Submittal date: 08/26/2002.

160799 LB021OTHRMLPRP.001. Thermal Properties of UZ Model Layers: Data Summary.
Submittal date: 10/25/2002.

164433 LB0307KNTDBRTNI.001. Kinetic Database for Reactive Transport Modeling.
Submittal date: 07/22/2003.

164434 LB0307THNIDBRTM.001. Thermodynamic Database for Reactive Transport
Modeling. Submittal date: 07/22/2003.

111475 LB990501233129.004. 3-D UZ Model Calibration Grids for AMR UOOOO,
"Development of Numerical Grids of UZ Flow and Transport Modeling". Submittal
date: 09/24/1999.

105888 LB990601233124.001. Seepage Data Feed to UZ Drift-Scale Flow Model for TSPA-
SR. Submittal date: 06/18/1999.

111476 LB990630123142.003. Fourth, Fifth, and Sixth Quarters TDIF Submission for the
Drift Scale Test, September 1998 to May 1999. Submittal date: 06/30/1999.

125604 LB990701233129.002. 3-D Model Calibration Grid for Calculation of Flow Fields
Using #3 Perched Water Conceptual Model (Non-Perched Water Nlodel) for AMR
U0050, "UZ Flow Models and Submodels". Submittal date: 03/11/2000.

110226 LB990861233129.001. Drift Scale Calibrated l-D Property Set, FY99. Submittal
date: 08/06/1999.

125868 LB991091233129.001. One-Dimensional, Mlountain-Scale Calibration for AMVlR
U0035, "Calibrated Properties Model". Submittal date: 10/22/1999.

111480 LB991091233129.006. Thermal Properties and Tortuosity Factor for the UZ Model
Layers for ANIR U0090, "Analysis of Hydrologic Properties Data". Submittal date:
10/15/1999.

142162 LB991200DSTTHC.002. Model Input and Output Files, Excel Spreadsheets and
Resultant Figures Which are Presented in AMR N0120/UOI 10, "Drift-Scale Coupled
Processes (Drift-Scale Test and THC Seepage) Models". Submittal date:
03/11/2000.
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161276 LB991200DSTTHC.003. Mineral Initial Volume Fractions: Attachment II of AMR
N0120/UOI 10, "Drift-Scale Coupled Processes (Drift-Scale Test and THC Seepage)
Models.". Submittal date: 03/11/2000.

104055 LB997141233129.001. Calibrated Basecase Infiltration l-D Parameter Set for the
UZ Flow and Transport Model, FY99. Submittal date: 07/21/1999.

142884 LL0001 14004242.090. TSPA-SR Mean Calculations. Submittal date: 01/28/2000.

153288 LL001 100931031.008. Aqueous Chemistry of Water Sampled from Boreholes of the
Drift Scale Test (DST). Submittal date: 11/10/2000.

153616 LL001200231031.009. Aqueous Chemistry of Water Sampled from Boreholes of the
Drift Scale Test (DST). Submittal date: 12/04/2000.

159134 LL020302223142.015. Aqueous Geochemistry of DST Samples Collected from
HYD Boreholes. Submittal date: 03/07/2002.

159307 LL020405123142.019. Aqueous Geochemistry of Condensed Fluids Collected
During Studies of Introduced Materials. Submittal date: 05/22/2002.

161677 LL020709923142.023. Aqueous Geochemistry of Borehole Waters Collected in the
Heating Phase of the DST. Submittal date: 07/26/2002.

144922 LL990702804244.100. Borehole and Pore Water Data. Submittal date: 07/13/1999.

153836 MOOOOISEPDSTPC.000. Drift Scale Test (DST) Temperature, Power, Current, and
Voltage Data for June 1, 1999 through October 31, 1999. Submittal date:
01/12/2000.

147304 MO0002ABBLSLDS.000. As-Built Borehole Locations and Sensor Locations for
the Drift Scale Test Given in Local (DST) Coordinates. Submittal date: 02/01/2000.

150930 MO0005PORWATER.000. Perm-Sample Pore W'ater Data. Submittal date:
05/04/2000.

153707 MO0007SEPDSTPC.001. Drift Scale Test (DST) Temperature, Power, Current, and
Voltage Data for November 1, 1999 through May 31, 2000. Submittal date:
07/13/2000.

153708 MO0012SEPDSTPC.002. Drift Scale Test (DST) Temperature, Power, Current, and
Voltage Data for June 1, 2000 through November 30, 2000. Submittal date:
12/19/2000.

153711 MO0101SEPFDDST.000. Field Measured Data of Water Samples from the Drift
Scale Test. Submittal date: 01/03/2001.
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158321 MOO107SEPDSTPC.003. Drift Scale Test (DST) Temperature, Power, Current, and
Voltage Data for December 1, 2000 through May 31, 2001. Submittal date:
07/06/2001.

158320 N100202SEPDSTTV.001. Drift Scale Test (DST) Temperature, Power, Current, and
Voltage Data for June 1, 2001 through January 14, 2002. Submittal date:
02/28/2002.

158910 M00204SPATHDYN.000. Thermodynamic Data Input Files for Geochemical
Calculations. Submittal date: 04/01/2002.

159300 100207AL5WATER.001. Water Sampling in Alcove 5 (Results from 2/4/1997
through 4/20/1999). Submittal date: 07/11/2002.

161129 M100208RESTRDST.002. Restructured Drift Scale Test (DST) Heating Phase Power
and Temperature Data. Submittal date: 08/06/2002.

161496 M\1O0301SEPFEPSI.000. LA FEP List. Submittal date: 01/21/2003.

161756 MtO0302SPATHDYN.000. Thermodynamic Data Input Files - DataO.YMP.R2.
Submittal date: 02/05/2003.

113644 M109807DSTSETOI.000. Drift Scale Test (DST) Temperature, Power, Current,
Voltage Data for November 7, 1997 through Mlay 31, 1998. Submittal date:
07/09/1998.

113662 10981ODSTSET02.000. Drift Scale Test (DST) Temperature, Power, Current,
Voltage Data for June I through August 31, 1998. Submittal date: 10/09/1998.

113673 MO9906DSTSET03.000. Drift Scale Test (DST) Temperature, Power, Current, and
Voltage Data for September 1, 1998 through May 31, 1999. Submittal date:
06/08/1999.

153364 SN0002T0872799.009. Effective Thermal Conductivity Parameter for the No
Backfill Case Implemented in the Drift-Scale Models used in TSPA-SR. Submittal
date: 02/10/2000.

159133 SN0203F3903102.001. Drift Scale Test Water Sampling (with Results from
4/17/2001 through 1/14/2002). Submittal date: 03/29/2002.

111485 SN9907T0872799.001. Heat Decay Data and Repository Footprint for Thermal-
Hydrologic and Conduction-Only Models for TSPA-SR (Total System Performance
Assessment-Site Recommendation). Submittal date: 07/27/1999.

9.4 OUTPUT DATA, LISTED BY DATA TRACKING NUiMIBER

LB0301 FRACSEAL.001. Comparison Modeling for Tptpmn Tuff Fracture Sealing Experiment:
Supporting Files. Submittal date: 01/27/2003.
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LB0301FRACSEAL.002. Comparison Modeling for Tptpmn Tuff Fracture Sealing Experiment:
Data Summary. Submittal date: 01/27/2003.

LB0301PLUGFLOW.001. Comparison Modeling for Tptpmn Tuff Dissolution Experiment:
Data Summary Files. Submittal date: 01/13/2003.

LB0302DSCPTHCS.001. Drift-Scale Coupled Processes (THC Seepage) Model: Simulations.
Submittal date: 02/11/2003.

LB0302DSCPTHCS.002. Drift-Scale Coupled Processes (THC Seepage) Model: Data
Summary. Submittal date: 02/11/2003.

LB0307DSTTHCR2.001. Drift-Scale Coupled Processes (DST Seepage) Model: Simulations.
Submittal date: 07/24/2003.

LB0307DSTTHCR2.002. Drift-Scale Coupled Processes (DST Seepage) Model: Data
Summary. Submittal date: 07/24/2003.

MDL-NBS-IIS-00000I REV 02 361 Julv 2003



I

I)ift-Scale Coupled Processes (I)ST and TI IC Seepage) Models NOI2O1JO1 10

INTENTIONALLY LEFT BLANK

MI),-NI3S-IlS-000001 RI V 0I 2u 362 Julv 2003



K/

ut

0

Unit Rock Name Zone K-feldspar Albite Anorthite Ca-Smectite Na-Smectite Mg-Smectite K-Smectite

E;0

ff
CD

a

Tcw3 tcwm3
tcwf3

Ptnl ptnml
ptnfl1

Ptn2 ptnm2
pin f2

Ptn3 ptnrn3
ptnt3

Ptn4 ptnmr4
ptnf4

Ptn5 ptnms
ptnt5

Ptn6 ptnm6r
ptnf6

Tsw3l tswMl
iswf 1

Tsw32 tswm2
tswf 2

Tsw33 tswm3
tswf 3

Tsw34 tswm4
tswf4

Tsw35 tswrn5
tswf5

Tsw36 tswnm6
tswf6

Tsw37 tswrn7
tswf7

Tsw38 tswm8
tswt 8

Ch2 ch2mz
ch2fz

0.0946
0.0946
0.0377
0.0377
0.0449
0.04.49
0.0156
0.0156
0.0806
0.0806
0.0965
0.0965
0.0855
0.0855
0.2358
0.2358
0.4025
0.243 5
0.3051
0.1846
0.3096
0. 1873
0.3051
0.1846
0.3094
0.1872
0.3057
0.1849
0.0878
0.0878
0.0370
0.0370

0.0699
0.0699
0.0279
0.0279
0.0332
0.0332
0.01 16
0.01 16
0.0595
0.0595
0.0712
0.07 12
0.0631
0.0631
0. 174 1
0.1741
0.2973
0.1798
0.2253
0.1363
0.2286
0.1383
0.2253
0.1363
0.2285
0.1382
0.2257
0.1366
0.0648
0.0648
0.0273
0.0273

0.0024
0.0024
0.0009
0.0009
0.0011
0.0011
0.0004
0.0004
0.0020
0.0020
0 .0024
0.0024
0.0021
0.0021
0.0059
0.0059
0.0100
0.0061
0.0076
0.0046
0.0077
0.0047
0.0076
0.0046
0.0077
0.0047
0 .0076
0.0046
0.0022
0.0022
0.0009
0.0009

0.0407
0.0407
0.0643
0.0643
0.0568
0.0568
0.0095
0.0095
0.0209
0.0209
0.0090
0.0090
0.0329
0.0329
0.0001
0.0001
0.0027
0.0174
0.01 31
0.0237
0.0081
0.0207
0.0082
0.0207
0.0074
0.0202
0.0079
0.0205
0.0180
0.0180
0.0060
0.0060

0.0175
0.0175
0.0276
0.0276
0.0244
0.0244
0.0041
0.0041
0.0090
0.0090
0.0039
0.0039
0.014 1
0.014 1
0.0001
0.0001
0.0012
0.0074
0.0056
0.0102
0.0035
0.0089
0.0035
0.0089
0.0032
0.0087
0.0034
0.0088
0.0077
0.0077
0.0026
0.0026

0.0407
0.0407
0.0643
0.0643
0.0568
0.0568
0.0095
0.0095
0.0209
0.0209
0.0090
0.0090
0.0329
0.0329
0.0001
0.0001
0.0027
0.0174
0.0131
0.0237
0.0081
0.0207
0.0082
0.0207
0.0074
0.0202
0.0079
0.0205
0.0180
0.0180
0.0060
0.0060

0.0175
0.0175
0.0276
0.0276
0.0244
0.0244
0.0041
0.0041
0.0090
0.0090
0.0039
0.0039
0.0141
0 .014 1
0.0001
0.0001
0.00 12
0.0074
0.0056
0.0102
0.0035
0.0089
0.0035
0.0089
0.0032
0.0087
0.0034
0.0088
0.0077
0.0077
0.0026
0.0026

Iiiite
0.0129
0.0129
0.0204
0.0204
0.0180
0.0180
0.0030
0.0030
0.0066
0.0066
0.0029
0.0029
0.0104
0.0104
0.0000
0.0000
0.0009
0.0055
0.0042
0.0075
0.0026
0.0066
0.0026
0.0066
0.0024
0.0064
0.0025
0.0065
0.0057
0.0057
0.0019
0.0019

Tridymite
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0919
0.0556
0.1071
0.0648
0.0489
0.0296
0.0597
0.0361
0.01 37
0.0083
0.0077
0.0047
0.0054
0.0054
0.0000
0.0000
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Unit Rock Name Zone Cristobalite Quartz Glass Hematite Calcite Stellerite Heulandite Mordenite Clinoptilolite
Tcw3 tcwm3 1 0.1323 0.0037 0.4580 0.0000 0.0000 0.0000 0.0329 0.0110 0.0659

8w tcwf3 2 0.1323 0.0037 0.4580 0.0000 0.0000 0.0000 0.0329 0.0110 0.0659 c
Ptn1 ptnm1 3 0.0000 0.0009 0.7283 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

ptnf1 4 0.0000 0.0009 0.7283 o.aooo 0.0000 0.0000 0.0000 0.0000 0.0000
Ptn2 ptnmn2 5 0.0350 0.0157 0.6895 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000

ptnf2 6 0.0350 0.0157 0.6895 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000
Ptn3 ptnm3 7 0.0763 0.0009 0.8652 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

ptnf3 8 0.0763 0.0009 0.8652 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Ptn4 ptnm4 9 0.0524 0.0139 0.7254 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

ptnf4 10 0.0524 0.0139 0.7254 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Ptn5 ptnm5 11 0.0214 0.0094 0.7679 0.0024 0.0000 0.0000 0.0000 0.0000 0.0000

ptnf5 12 0.0214 0.0094 0.7679 0.0024 0.0000 0.0000 0.0000 0.0000 0.0000
Ptn6 ptnm6 13 0.0083 0.0142 0.7129 0.0024 0.0070 0.0000 0.0000 0.0000 0.0000 0

ptnf6 14 0.0083 0.0142 0.7129 0.0024 0.0070 0.0000 0.0000 0.0000 0.0000
Tsw31 tswm 1 1 5 0.0915 0.0047 0.4550 0.0050 0.0276 0.0000 0.0000 0.0000 0.0000
- tswf 1 16 0.0915 0.0047 0.4550 0.0050 0.0276 0.0000 0.0000 0.0000 0.0000
Tsw32 tswm2 17 0.1516 0.0079 0.0152 0.0044 0.0095 0.0011 0.0000 0.0001 0.0000

tswf2 18 0.0917 0.0048 0.0092 0.0027 0.0257 0.3257 0.0000 0.0001 0.0000
Tsw33 tswm3 19 0.2336 0.0760 0.0000 0.0036 0.0000 0.0000 0.0000 0.0000 0.0000

tswf3 20 0.1413 0.0460 0.0000 0.0022 0.0200 0.3250 0.0000 0.0000 0.0000
Tsw34 tswrn4 21 0.2588 0.1202 0.0000 0.0004 0.0000 0.0000 0.0000 0.0000 0.0000

tswf4 22 0.1566 0.0727 0.0000 0.0002 0.0200 0.3250 0.0000 0.0000 0.0000
Tsw35 tswm5 23 0.1660 0.2037 0.0000 0.0017 0.0050 0.0000 0.0000 0.0000 0.0000

tswf5 24 0.1004 0.1232 0.0000 0.0010 0.0230 0.3250 0.0000 0.0000 0.0000
Tsw36 tswm6 25 0.1509 0.2643 0.0000 0.0020 0.0000 0.0000 0.0000 0.0000 0.0000

tswf6 26 0.0913 0.1599 0.0000 0.0012 0.0200 0.3250 0.0000 0.0000 0.0000
Tsw37 tswm7 27 0.2273 0.2004 0.0000 0.0005 0.0000 0.0000 0.0000 0.0000 0.0000

tswf7 28 0.1375 0.1212 0.0000 0.0003 0.0200 0.3250 0.0000 0.0000 0.0000
Tsw38 tswm8 29 0.1557 0.0244 0.5629 0.0000 0.0000 0.0000 0.0119 0.0040 0.0238

tswf8 30 0.1557 0.0244 0.5629 0.0000 0.0000 0.0000 0.0119 0.0040 0.0238
Ch2 ch2mz 31 0.1609 0.0326 0.0000 0.0000 0.0000 0.0000 0.2166 0.0722 0.4333

ch2fz 32 0.1609 0.0326 0.0000 0.0000 0.0000 0.0000 0.2166 0.0722 0.4333 Z
5



K

0

t6

E;0
ffn

I

Rock
tcwml
tcwf 1
tcwm2
tcwf2
tcwm3
tcwf3
ptnml
ptnf 1
ptnm2
ptnf2
ptnm3
ptnf3
ptnm4
ptnf4
ptnm5
ptnfS
ptnm6
ptnf6
tswml
tswf 1
tswm2
tswf2
tswm3
tswf3
tswm4
tswf4
tswms
tswf5
tswm6
tswf6
tswm7
tswf7
tswm8
tswf8
tswm9
tswf9
chlmv
chlfv

Zone K-Feldspar Albite Anorthite Ca-Smectite Na-Smectite Mg-Smectite Illite Tridymite Cristobalite Quartz
1 0.36911 0.27257 0.00917 0.00198 0.00085 0.00198 0.00148 0.10285 0.21294 0.00942
2 0.36911 0.27257 0.00917 0.00198 0.00085 0.00198 0.00148 0.10285 0.21294 0.00942
3 0.36911 0.27257 0.00917 0.00198 0.00085 0.00198 0.00148 0.10285 0.21294 0.00942
4 0.36911 0.27257 0.00917 0.00198 0.00085 0.00198 0.00148 0.10285 0.21294 0.00942
5 0.16239 0.11992 0.00403 0.04403 0.01887 0.04403 0.03284 0.00000 0.12577 0.00744
6 0.16239 0.11992 0.00403 0.04403 0.01887 0.04403 0.03284 0.00000 0.12577 0.00744
7 0.05149 0.03802 0.00128 0.02441 0.01046 0.02441 0.01821 0.00015 0.01460 0.00702
8 0.05149 0.03802 0.00128 0.02441 0.01046 0.02441 0.01821 0.00015 0.01460 0.00702
9 0.05148 0.03802 0.00128 0.02441 0.01046 0.02441 0.01821 0.00015 0.01460 0.00702

10 0.05148 0.03802 0.00128 0.02441 0.01046 0.02441 0.01821 0.00015 0.01460 0.00702
11 0.05149 0.03802 0.00128 0.02441 0.01046 0.02441 0.01821 0.00015 0.01460 0.00702
12 0.05149 0.03802 0.00128 0.02441 0.01046 0.02441 0.01821 0.00015 0.01460 0.00702
13 0.05149 0.03802 0.00128 0.02441 0.01046 0.02441 0.01821 0.00015 0.01460 0.00702
14 0.05149 0.03802 0.00128 0.02441 0.01046 0.02441 0.01821 0.00015 0.01460 0.00702 ox
15 0.05136 0.03793 0.00128 0.02435 0.01044 0.02435 0.01817 0.00015 0.01460 0.00702
16 0.05136 0.03793 0.00128 0.02435 0.01044 0.02435 0.01817 0.00015 0.01460 0.00702
17 0.05137 0.03794 0.00128 0.02436 0.01044 0.02436 0.01817 0.00015 0.01457 0.00701
18 0.05137 0.03794 0.00128 0.02436 0.01044 0.02436 0.01817 0.00015 0.01457 0.00701 )
19 0.10362 0.07652 0.00257 0.00213 0.00091 0.00213 0.00159 0.00112 0.01999 0.00118
20 0.10362 0.07652 0.00257 0.00213 0.00091 0.00213 0.00159 0.00112 0.01999 0.00118
21 0.38312 0.28291 0.00952 0.00343 0.00147 0.00343 0.00256 0.15942 0.13313 0.00473
22 0.23179 0.17116 0.00576 0.01767 0.00757 0.01767 0.01318 0.09645 0.08054 0.00286
23 0.36306 0.26810 0.00902 0.00777 0.00333 0.00777 0.00580 0.05630 0.23767 0.02695 0
24 0.21965 0.16220 0.00546 0.02029 0.00870 0.02029 0.01514 0.03406 0.14379 0.01630 *j

25 0.32265 0.23826 0.00802 0.00517 0.00221 0.00517 0.00385 0.02310 0.35588 0.02526
26 0.19520 0.14415 0.00485 0.01872 0.00802 0.01872 0.01396 0.01397 0.21530 0.01529 Ah
27 0.34968 0.25822 0.00869 0.00686 0.00294 0.00686 0.00512 0.02321 0.18589 0.14046
28 0.21155 0.15622 0.00526 0.01974 0.00846 0.01974 0.01473 0.01404 0.11247 0.08498 -1
29 0.36268 0.26782 0.00901 0.00327 0.00140 0.00327 0.00244 0.00195 0.16651 0.16845
30 0.21942 0.16203 0.00545 0.01757 0.00753 0.01757 0.01311 0.00118 0.10074 0.10191
31 0.36322 0.26822 0.00902 0.00328 0.00140 0.00328 0.00244 0.00195 0.16676 0.16870
32 0.21975 0.16227 0.00546 0.01758 0.00753 0.01758 0.01311 0.00118 0.10089 0.10206
33 0.11030 0.08145 0.00274 0.04279 0.01834 0.04279 0.03192 0.00000 0.09981 0.00790
34 0.11030 0.08145 0.00274 0.04279 0.01834 0.04279 0.03192 0.00000 0.09981 0.00790
35 0.06105 0.04508 0.00152 0.02739 0.01174 0.02739 0.02044 0.00000 0.06216 0.01481
36 0.06105 0.04508 0.00152 0.02739 0.01174 0.02739 0.02044 0.00000 0.06216 0.01481
37 0.07829 0.05781 0.00195 0.00747 0.00320 0.00747 0.00557 0.00586 0.06920 0.03831
38 0.07829 0.05781 0.00195 0.00747 0.00320 0.00747 0.00557 0.00586 0.06920 0.03831
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Rock Zone Glass Hematite Calcite Stellerite Heulandite Mordenite Clinoptilolite Kaolinite Am Silica Opal Fluorite
tcwm1 1 0.00139 0.00000 0 00358 0 00000 0.00083 0.00028 0.00167 0.00000 0.00000 0 00990 0 00000

5tcwf1 2 0.00139 0.00000 000358 000000 0.00083 0.00028 0.00167 000000 000000 000990 000000
tcwm2 3 0.00139 0.00000 000358 000000 0.00083 0.00028 0.00167 000000 000000 000990 000000
tcwf2 4 000139 000000 000358 0.00000 0.00083 000028 000167 000000 000000 0.00990 0.00000
tcwm3 5 0 43046 0 00000 0.00032 0.00000 0.00000 0 00000 0 00000 0 00000 0.00000 0.00990 0.00000
tcwf3 6 0.43046 0.00000 0.00032 0 00000 0 00000 0.00000 0.00000 0.00000 0.00000 0.00990 0 00000
ptnm1 7 0.78888 0.00000 0 01086 0 00000 0 00000 0.00003 0.00017 0.00000 0.00000 0 00990 0 00000
ptnf1 8 0.78888 0.00000 0 01086 0 00000 0 00008 0.00003 0.00017 0.00000 0.00000 0.00990 0 00000
ptnm2 9 0.78876 0.000015 001086 0.00000 0.00008 0.00003 0.00017 000000 000000 0.00990 0.00000
ptnf2 90 0.78876 000015 0.01086 0.00000 0.00008 000003 000017 000000 000000 0.00990 0.00000 3
ptnm3 11 0.78888 000000 0.01086 0.00000 0.00008 000003 000017 000000 000000 0.00990 0.00000
ptnf3 12 0.78888 0.00000 0.01086 0.00000 0.00008 0.00003 0.00017 0.00000 0.00000 0.00990 0.00000
ptnm4 13 0.78888 0.00000 001086 000000 000008 0.00003 0.00017 000000 0.00000 0.00990 000000 _
ptnf4 14 0.78888 0.00000 001086 0.00000 0.00008 0.00003 0.00017 000000 000000 0.00990 0.00000
ptnm5 15 0.78694 000239 001083 0.00000 0.00008 0.00003 000017 000000 0.00000 0.00990 0.00000
ptnf5 16 0.78694 000239 001083 0.00000 0.00008 0.00003 000017 000000 000000 0.00990 0.00000
ptnm6 17 0 78707 0.00228 0.01084 0.00000 0.0008 0.00003 0.00017 0.00000 0.00000 0.00990 0 00000
ptnf6 18 0.78707 0.00228 0.01084 0.00000 0 00008 0 00003 0.00017 0.00000 0.00000 0 00990 0 00000
tswm1 19 0.75630 0.00485 0 01693 0 00000 0.00005 0.00002 0.00009 0 00000 0 00000 000990 0.00010

tswf1 20 0.75630 0.00485 0 01693 0 00000 0.00005 0.00002 0.00009 0 00000 0 00000 0 00990 0.00010
tswm2 21 0.00070 000439 000110 000010 0.00000 0.00001 00000 000000 0 00000 0-00990 0.00010
tswf2 22 000042 000265 0.02046 0.32181 0.00000 000001 000000 0.00000 0.00000 0.00990 000010
tswm3 23 000000 000353 0.00067 0.00000 0.00001 000000 000003 0.00000 0.00000 0.00990 000010
tswf3 24 000000 000214 0.02020 0.32175 0.00001 0 00000 000002 0.00000 0.00000 0.00990 000010
tswm4 25 000000 0.00036 0.00007 000000 000000 0.00000 0.00000 0.00000 0.00000 000990 000010
tswf4 26 0.00000 0.00022 0.01984 0.32175 000000 000000 0.00000 0.00000 0.00000 000990 000010
tswm5 27 0.00000 0.00162 0 00038 0 00000 0.00002 0.00001 0.00005 000000 000000 0 .00990 0.00010
tswf5 28 0.00000 000098 002003 032175 0.00001 0.00W0 0.00003 000000 000000 000990 0.00010
tswm6 29 0.00000 000194 000007 000000 0.00035 0.00012 0.00071 000000 000000 0.00990 0.00010
tswf6 30 000000 000118 0.01984 0.32175 000021 000007 000043 0.00000 0.00000 000990 000010
tswm7 31 0 00000 0 00049 0.00007 0.00000 0 00035 0 00012 0 00071 0.00000 0.00000 0.00990 0 00010
tswf7 32 000000 0.00029 0.01984 0.32175 000021 000007 000043 0.00000 0.00000 0.00990 000010
tswm8 33 0.49522 0.00000 0 00039 0 00000 0 01691 0.00564 0.03381 0.00000 0 00000 0 00990 0.00010
tswf8 34 0.49522 0.00000 0 00039 0 00000 0 01691 0.00564 0.03381 0 00000 0 00000 0 00990 0.00010
tswm9 35 069427 000000 000005 000000 0.00723 000241 001446 000000 000000 0.00990 000010
tswf9 36 069427 000000 000005 0.00000 0.00723 0.00241 001446 000000 000000 0.00990 000010
ch1mv 37 050592 000000 000024 0n00000 006265 002088 012529 00W000 0.00000 0.00990 0.00000
chlfv 38 0 50592 0.00000 0.024 0 00000 0 06265 0 02088 0.12529 0.00000 0 00000 0 00990 0 00000
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Rock
ch2mv
ch2fv
ch3mv
ch3fv
ch4mz
ch4fz
ch5mz
ch5fz
ch6mv
ch6fv
pp4m
pp4f
pp3m
pp3f
pp2m
pp2f
pplm
pplf
bf3m4
bf3f4

Zone K-Feldspar Albite
39 0.09836 0.07263
40 0.09836 0.07263
41 0.04708 0.03477
42 0.04708 0.03477
43 0.04820 0.03559
44 0.04820 0.03559
45 0.04551 0.03361
46 0.04551 0.03361
47 0.09931 0.07334
48 0.09931 0.07334
49 0.08283 0.06116
50 0.08283 0.06116
51 0.36843 0.27207
52 0.36843 0.27207
53 0.36843 0.27207
54 0.36843 0.27207
55 0.09931 0.07334
56 0.09931 0.07334
57 0.36843 0.27207
58 0.36843 0.27207

Anorthite Ca-Smectite Na-Smectite Mg-Smectite Illite Tridymite Cristobalite
0.00244 0.00691 0.00296 0.00691 0.00515 0.00079 0.05704
0.00244 0.00691 0.00296 0.00691 0.00515 0.00079 0.05704
0.00117 0.00216 0.00093 0.00216 0.00161 0.00001 0.04663
0.00117 0.00216 0.00093 0.00216 0.00161 0.00001 0.04663
0.00120 0.00058 0.00025 0.00058 0.00043 0.00000 0.03726
0.00120 0.00058 0.00025 0.00058 0.00043 0.00000 0.03726
0.00113 0.00046 0.00020 0.00046 0.00035 0.00000 0.02171
0.00113 0.00046 0.00020 0.00046 0.00035 0.00000 0.02171
0.00247 0.00620 0.00266 0.00620 0.00463 0.00000 0.05861
0.00247 0.00620 0.00266 0.00620 0.00463 0.00000 0.05861
0.00206 0.00829 0.00355 0.00829 0.00619 0.00003 0.06691
0.00206 0.00829 0.00355 0.00829 0.00619 0.00003 0.06691
0.00915 0.00332 0.00142 0.00332 0.00248 0.00590 0.07075
0.00915 0.00332 0.00142 0.00332 0.00248 0.00590 0.07075
0.00915 0.00332 0.00142 0.00332 0.00248 0.00590 0.07075
0.00915 0.00332 0.00142 0.00332 0.00248 0.00590 0.07075
0.00247 0.00620 0.00266 0.00620 0.00463 0.00000 0.05861
0.00247 0.00620 0.00266 0.00620 0.00463 0.00000 0.05861
0.00915 0.00332 0.00142 0.00332 0.00248 0.00590 0.07075
0.00915 0.00332 0.00142 0.00332 0.00248 0.00590 0.07075

Quartz
0.04824
0.04824
0.02747
0.02747
0.02878
0.02878
0.02707
0.02707
0.09735
0.09735
0.01512
0.01512
0.24829
0.24829
0.24829
0.24829
0.09735
0.09735
0.24829
0.24829
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ch2rryv
ch2tv
ch3rnv
ch3tv
ch4mz
ch4tz
ch5mz
ch5fz
ch6rm,
ch6tv
pp4m
pp4t
pp3m
Pp3
pp2m
pp2f
pplm
pp1f
bf3m4
bf3f4

Zone
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

Glass Hematite Calcite
0 60921 0 00000 0.00000
0.60921 0.00000 0.00000
0.73775 0.00000 0 00000
0.73775 0.00000 0 00000
0.73310 0 00000 0 00003
0.73310 0 00000 0 00003
0.77556 0 00000 0 00004
0.77556 0 00000 0 00004
0 32953 0 00000 0 00150
0.32953 0.00000 0 00150
0.49175 0.00000 0 00163
0.49175 000000 000163
0.00003 0.00474 0 00000
0 00003 0 00474 0 00000
0 00003 0 00474 0 00000
0.00003 0 00474 0 00000
0.32953 0 00000 0 00150
0 32953 0.00000 0.00150
0 00003 0 00474 0.00000
0 00003 0 00474 0.00000

Stellerite Heulandite Mordenite Clinoptilolite
0.00000 0.02384 0 00795 0 04768
0 00000 0 02384 0 00795 0.04768
0 00000 0 02651 0.00884 0.05302
0 00000 0.02651 0.00384 0.05302
0 00000 0.03123 0.01041 0.06246
0.00000 0.03123 0.01041 0 06246
0.00000 0.02520 0 00840 0 05040
0.00000 0.02520 0,00840 0 05040
0.00000 0.09249 0 03083 0 18497
0 00000 0 09249 0.03083 0.18497
000000 007269 002423 0.14538
0 00000 0 07269 0.02423 0.14538
0 00000 0.00005 0.00002 0.00010
0.00000 0.00005 0.00002 0 00010
0.00000 0.00005 0.00002 0 00010
0.00000 0.00005 0.00002 0 00010
0.00000 0.09249 0.03083 0.18497
0.00000 0.09249 0 03083 0 18497
0.00000 0.00005 0 00002 0 00010
0.00000 0 00005 0 00002 0 00010

Kaolinite Am. Silica
0 00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.00000 0 00000
0.00000 0.00000
0 00000 0 00000
0 00000 0 00000
0 00000 0 00000
0 00000 0 00000
0.00000 0.00000
0.00000 0.00000
0.00000 0 00000
0.00000 0 00000
0 00000 0 00000
0 00000 0 00000
0 00000 0 00000
0 00000 0 00000
0 00000 0.00000
0 00000 0.00000
0 00000 0.00000

Opal
0.00990
0.00990
0.00990
0.00990
0.00990
0 00990
0.00990
0.00990
0.00990
0.00990
0.00990
0 00990
0 00990
0.00990
0.00990
0.00990
0.00990
0.00990
0.00990
0.00990

Fluorite
0.00000
0 00000
0 00000
0 00000
0 00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0 00000
0 00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0 00000
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Unit Name Zone K-Feldspar Albite Anorthite Ca-Smectite Na-Smectite Mg-Smectite K-Smectite
Tcw3 tcwm3 1 98.0 98.0 98.0 1516.3 1516.3 1516.3 1516.3

tcwf3 2 394.8 394.8 394.8 394.8 394.8 394.8 394.8
Ptnl ptnml 3 7.6 7.6 7.6 2253.3 2253.3 2253.3 2253.3

ptnf1 4 142.8 142.8 142.8 142.8 142.8 142.8 142.8
Ptn2 ptnm2 5 8.6 8.6 8.6 2484.8 2484.8 2484.8 2484.8

ptnf2 6 184.6 184.6 184.6 184.6 184.6 184.6 184.6
Ptn3 ptnm3 7 7.1 7.1 7.1 1721.5 1721.5 1721.5 1721.5

ptnf3 8 1099.6 1099.6 1099.6 1099.6 1099.6 1099.6 1099.6
Ptn4 ptnm4 9 9.3 9.3 9.3 2356.2 2356.2 2356.2 2356.2

ptnf4 10 44.5 44.5 44.5 44.5 44.5 44.5 44.5
Ptn5 ptnm5 11 11.0 11.0 11.0 2666.7 2666.7 2666.7 2666.7

ptnf5 12 276.2 276.2 276.2 276.2 276.2 276.2 276.2
Ptn6 ptnm6 13 10.0 10.0 10.0 2666.7 2666.7 2666.7 2666.7

ptnf6 14 1553.3 1553.3 1553.3 1553.3 1553.3 1553.3 1553.3
Tsw3l tswmI 15 57.0 57.0 57.0 694.3 694.3 694.3 694.3

tswf1 16 1102.4 1102.4 1102.4 1102.4 1102.4 1102.4 1102.4
Tsw32 tswm2 17 109.2 109.2 109.2 1317.4 1317.4 1317.4 1317.4

tswf2 18 530.8 530.8 530.8 530.8 530.8 530.8 530.8
Tsw33 tswm3 19 105.6 105.6 105.6 1303.3 1303.3 1303.3 1303.3

tswf3 20 1056.7 1056.7 1056.7 1056.7 1056.7 1056.7 1056.7
Tsw34 tswm4 21 89.8 89.8 89.8 1086.6 1086.6 1086.6 1086.6

tswf4 22 2126.9 2126.9 2126.9 2126.9 2126.9 2126.9 2126.9
Tsw35 tswm5 23 98.2 98.2 98.2 1195.3 1195.3 1195.3 1195.3

tswf5 24 1382.3 1382.3 1382.3 1382.3 1382.3 1382.3 1382.3
Tsw36 tswm6 25 90.8 90.8 90.8 1098.1 1098.1 1098.1 1098.1

tswf6 26 1289.1 1289.1 1289.1 1289.1 1289.1 1289.1 1289.1
Tsw37 tswm7 27 82.4 82.4 82.4 996.5 996.5 996.5 996.5

tswf7 28 1289.1 1289.1 1289.1 1289.1 1289.1 1289.1 1289.1
Tsw38 tswm8 29 40.4 40.4 40.4 526.7 526.7 526.7 526.7

tswf8 30 1746.2 1746.2 1746.2 1746.2 1746.2 1746.2 1746.2
Ch2 ch2mz 31 44.5 44.5 44.5 2024.7 2024.7 2024.7 2024.7

ch2fz 32 1570.8 1570.8 1570.8 1570.8 1570.8 1570.8 1570.8
DTM

fl1lte Tridymite
1516.3 98.0
394.8 394.8

2253.3 7.6
142.8 142.8

2484.8 8.6
184.6 184.6

1721.5 7.1
1099.6 1099.6
2356.2 9.3

44.5 44.5
2666.7 11.0
276.2 276.2

2666.7 10.0
1553.3 1553.3
694.3 57.0

1102.4 1102.4
1317.4 109.2
530.8 530.8

1303.3 105.6
1056.7 1056.7
1086.6 89.8
2126.9 2126.9
1195.3 98.2
1382.3 1382.3
1098.1 90.8
1289.1 1289.1
996.5 82.4

1289.1 1289.1
526.7 40.4

1746.2 1746.2
2024.7 44.5
1570.8 1570.8
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Rock
Unit Name Zone Cristobalito Quartz
Tcw3 tcwrn3 1 98.0 98.0

tcwf3 2 394.8 394.8
PMn1 ptnml 3 7.6 7.6

ptnf1 4 142.8 142.8
Ptn2 ptnm2 5 8.6 8.6

ptnf2 6 184.6 184.6
Ptn3 ptnm3 7 7.1 7.1

ptnf3 8 1099.6 1099.6
Ptn4 ptnm4 9 9.3 9.3

ptnf4 10 44.5 44.5
PlnS ptin5 11 11.0 11.0

ptnf5 12 276.2 276.2
Ptn6 ptnm6 13 10.0 10.0

ptnf6 14 1553.3 1553.3
Tsw31 tswm1 15 57.0 57.0

tswf1 16 1102.4 1102.4
Tsw32 Iswm2 17 109.2 109.2

Iswf2 18 530.8 530.8
Tsw33 tswm3 19 105.6 105.6

tswf3 20 1056.7 1056.7
Tsw34 tswm4 21 89.8 89.8

tswf4 22 2126.9 2126.9
Tsw35 tswmn5 23 98.2 98.2

tswf5 24 1382.3 1382.3
Tsw36 tswm6 25 90.8 90.8

tswf6 26 1289.1 1289.1
Tsw37 tswm7 27 82.4 82.4

tswf7 28 1289.1 1289.1
Tsw38 tswm8 29 40.4 40.4

tswf8 30 1746.2 1746.2
Ch2 ch2mnz 31 44.5 44.5

ch2fz 32 1570.8 1570.8

Glass Hematite Calcite Stellerite Heulandite Mordenite Clinoptilolite
98.0 128.7 128.7 128.7 128.7 128.7 128.7

394.8 394.8 394.8 394.8 394.8 394.8 394.8
7.6 9.6 9.6 9.6 9.6 9.6 9.6

142.8 142.8 142.8 142.8 142.8 142.8 142.8
8.6 10.5 10.5 10.5 10.5 10.5 10.5

184.6 184.6 184.6 184.6 184.6 184.6 184.6
7.1 7.3 7.3 7.3 7.3 7.3 7.3

1099.6 1099.6 1099.6 1099.6 1099.6 1099.6 1099.6
9.3 10.0 10.0 10.0 10.0 10.0 10.0

44.5 44.5 44.5 44.5 44.5 44.5 44.5
11.0 11.3 11.3 11.3 11.3 11.3 11.3

276.2 276.2 276.2 276.2 276.2 276.2 276.2
10.0 11.3 11.3 11.3 11.3 11.3 11.3

1553.3 1553.3 1553.3 1553.3 1553.3 1553.3 1553.3
57.0 59.0 59.0 59.0 59.0 59.0 59.0

1102.4 1102.4 1102.4 1102.4 1102.4 1102.4 1102.4
109.2 111.9 111.9 111.9 111.9 111.9 111.9
530.8 530.8 530.8 530.8 530.8 530.8 530.8
105.6 110.7 110.7 110.7 110.7 110.7 110.7

1056.7 1056.7 1056.7 1056.7 1056.7 1056.7 1056.7
89.8 92.3 92.3 92.3 92.3 92.3 92.3

2126.9 2126.9 2126.9 2126.9 2126.9 2126.9 2126.9
98.2 101.5 101.5 101.5 101.5 101.5 101.5

1382.3 1382.3 1382.3 1382.3 1382.3 1382.3 1382.3
90.8 93.2 93.2 93.2 93.2 93.2 93.2

1289.1 1289.1 1289.1 1289.1 1289.1 1289.1 1289.1
82.4 84.6 84.6 84.6 84.6 84.6 84.6

1289.1 1289.1 1289.1 1289.1 1289.1 1289.1 1289.1
40.4 44.7 44.7 44.7 44.7 44.7 44.7

1746.2 1746.2 1746.2 1746.2 1746.2 1746.2 1746.2
44.5 171.9 171.9 171.9 171.9 171.9 171.9

1570.8 1570.8 1570.8 1570.8 1570.8 1570.8 1570.8
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Rock Zone K-Feldspar
tcwml 1 110.5
tcwfl 2 394.8
tcwm2 3 110.5
tcwf2 4 394.8
tcwm3 5 110.5
tcwf3 6 394.8
ptnml 7 8.7
ptnfl 8 142.8
ptnrn2 9 9.6
ptnf2 10 184.6
ptnm3 11 6.7
ptnf3 12 1099.6
ptnm4 13 9.1
ptnf4 14 44.5
ptnrn5 15 10.3
ptnf5 16 276.2
pinmG 17 10.3
ptnf6 18 1553.3
tswml 19 57.2
tswfl 20 1102.4
tswm2 21 110.0
tswf2 22 530.8
tswm3 23 107.4
tswf3 24 1056.7
tswm4 25 90.7
tswf4 26 2126.9
tswm5 27 99.0
tswf5 28 844.7
tswm6 29 92.0
tswf6 30 1289.1
tswrn7 31 83.6
tswf7 32 1289.1
tswm8 33 36.0
tswfn 34 1746.2
tswm9 35 36.0
tswf9 36 1007.4
chlmv 37 152.6
chlrv 38 683.0

Albite Anorthite Ca-SmectiteNa-Smectite Mg-Smectite Illite Tridynite Cristobalite
110.5 110.5 1516.3 1516.3 1516.3 1516.3 110.5 110.5
394.8 394.8 394.8 394.8 394.8 394.8 394.8 394.8
110.5 110.5 1516.3 1516.3 1516.3 1516.3 110.5 110.5
394.8 394.8 394.8 394.8 394.8 394.8 394.8 394.8
110.5 110.5 1516.3 1516.3 1516.3 1516.3 110.5 110.5
394.8 394.8 394.8 394.8 394.8 394.8 394.8 394.8

8.7 8.7 2253.3 2253.3 2253.3 2253.3 8.7 8.7
142.8 142.8 142.8 142.8 142.8 142.8 142.8 142.8

9.6 9.6 2484.8 2484.8 2484.8 2484.8 9.G 9.6
184.6 184.6 184.6 184.6 184.6 184.6 184.6 184.6

6.7 6.7 1721.5 1721.5 1721.5 1721.5 6.7 6.7
1099.G 1099.6 1099.6 1099.6 1099.6 1099.6 1099.6 1099.6

9.1 9.1 235G.2 235G.2 2356.2 2356.2 9.1 9.1
44.5 44.5 44.5 44.5 44.5 44.5 44.5 44.5
10.3 10.3 2666.7 2666.7 2666.7 2666.7 10.3 10.3

276.2 276.2 276.2 276.2 27G.2 27G.2 27G.2 276.2
10.3 10.3 2666.7 2666.7 2666.7 2666.7 10.3 10.3

1553.3 1553.3 1553.3 1553.3 1553.3 1553.3 1553.3 1553.3
57.2 57.2 694.3 694.3 694.3 694.3 57.2 57.2

1102.4 1102.4 1102.4 1102.4 1102.4 1102.4 1102.4 1102.4
110.0 110.0 1317.4 1317.4 1317.4 1317.4 110.0 110.0
530.8 530.8 530.8 530.8 530.8 530.8 530.8 530.8
107.4 107.4 1303.3 1303.3 1303.3 1303.3 107.4 107.4

1056.7 1056.7 1056.7 1056.7 1056.7 1056.7 1056.7 1056.7
90.7 90.7 1086.6 1086.6 1086.6 1086.6 90.7 90.7

2126.9 2126.9 2126.9 2126.9 2126.9 2126.9 2126.9 2126.9
99.0 99.0 1195.3 1195.3 1195.3 1195.3 99.0 99.0

844.7 844.7 844.7 844.7 844.7 844.7 844.7 844.7
92.0 92.0 1098.1 1098.1 1098.1 1098.1 92.0 92.0

1289.1 1289.1 1289.1 1289.1 1289.1 1289.1 1289.1 1289.1
83.6 83.6 996.5 996.5 996.5 996.5 83.6 83.6

1289.1 1289.1 1289.1 1289.1 1289.1 1289.1 1289.1 1289.1
36.0 36.0 526.7 526.7 526.7 526.7 36.0 36.0

1746.2 1746.2 1746.2 1746.2 1746.2 1746.2 1746.2 1746.2
36.0 36.0 526.7 526.7 526.7 526.7 36.0 36.0

1007.4 1007.4 1007.4 1007.4 1007.4 1007.4 1087.4 1007.4
152.6 152.6 2024.7 2024.7 2024.7 2024.7 152.6 152.6
683.0 683.0 683.0 683.0 683.0 683.0 G83.0 G83.0

Quartz
110.5
394.8
110.5
394.8
110.5
394.8

8.7
142.8

9.6
184.6

6.7
1099.6

9.1
44.5
10.3

276.2
10.3

1553.3
57.2

1102.4
110.0
530.8
107.4

1056.7
90.7

2126.9
99.0

844.7
92.0

1289.1
83.6

1289.1
3G.0

1746.2
36.0

1007.4
152.6
683.0
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Rock Zone
tCWIII l 1
tcwf1 2
tcwru2 *3
LCWf2 4
tcwm3 S
tcwf3 6
ptI11) 7
ponfl 33
ptnm2 9
p)111t2 1()
p1111113 11
ptnf3 1?
p)t1mA11 13
ptnf4 14
lurIu5 15
ptImfb 16
p111116 1 7
ptnn% 18
tsvvnl 1'9
tSWf l 20
tsWm112 21
tswf2 22
tswill3 23
tuwf3 24
tswm4 25
(swf4 26
tswrnS 27
tSwf5 28
tswni6 29
tswfG 30
tSwm7 31
tswf 7 32
tswiii8 33
tswf8 34
L5wI119 35
tswf9 36
CIIrIIIV 37
(l I1 fv 38

Glass Ilernatite
ll(.5 128.1
394.8 394.8
110.5 128.7
394.8 394.8
110.5 128.7
3914.8 394.8

8.7 9.6
142.8 142.8

9.6 10.5
184.6 184.6

6.1 1.3
1099.6 1099.6

9.1 10.0
44.5 44.5
10.3 11.3

27G.2 27G.2
10.3 11.3

1553.3 1553.3
57.2 59.0

1102.4 1102.4
110.0 111.9
530.8 530S.8
107.4 110.7

1056.7 1(56.1
90.1 92.3

212G.9 2126.9
99.0 101.5

844.7 844.7
92.0 93.2

1289.1 128!9.1
83.6 84.6

1289.1 1289.1
3G.0 44.7

1/46.7 1746.2
36.0 44.1

1017.4 1007.4
152.6 1/1.9
683.0 683.0

Calcite Stellentc Hculandute Morderte Clinopulolite Kaolinile Am. Silica Opal lluoulet
128.7 128.7 128.7 1278.1 128.7 1516.3 1516.3 151G.3 128.7
394.8 394.8 394.8 394.8 394.8 394.8 394.8 394.8 394.8
128.7 128.7 1278.7 128.7 128./ 1516.3 1516.3 1516.3 128.7
394.8 394.8 394.8 394.8 394.8 394.8 394.8 394.8 394.8
128.7 128.7 128.7 128.1 128.7 1516.3 1516.3 1516.3 1 2(.1
394.8 394.8 394.11 394.8 394.8 394.8 394.8 394.8 394.8

9.6 9.6 9.6 9.6 9.6 2253.3 2253.3 2253.3 9.6
142.8 142.8 147.8 142.8 142.8 142.8 142.8 142.8 142.8
10.5 10.5 10.5 10.5 10.5 2484.8 2484.8 2484.8 10.5

184.6 1834.6 184.6 184.6 184.G 184.6 184.6 184.6 184.6
7.3 7.3 1.3 1.3 7.3 1721.5 1721.5 1721.5 7.3

1099.6 1099.6 1099.6 1099.6 1099.6 1099.6 1099.6 1099.6 1099.6
10.0 10.0 10.( 10.0 10.0 23!56.2 2356.2 7356.7 10.0
44.5 44.5 44.5 44.5 44.5 44.5 44.5 44.5 44.5
11.3 11.3 11.3 11.3 11.3 2666.7 2666.7 2666.7 11.3

216.2 276.2 2/6.2 276.2 276.2 276.2 216.2 276.2 276.2
11.3 11.3 11.3 11.3 11.3 266G.7 2666.7 2666.7 11.3

1553.3 1553.3 1553.3 1553.3 1553.3 1553.3 1553.3 1553.3 1553.3
59.0 59.0 59.0 59.0 59.0 694.3 694.3 694.3 59.0

1102.4 1102.4 1102.4 1102.4 1102.4 1102.4 1102.4 1102.4 1102.4
111.9 111.9 111.9 111.9 111.9 1317.4 1317.4 1317.4 111.9
530.8 530.8 530.8 530.8 530.8 530.31 530.8 530.8 530.8
110.7 110.7 110.7 110./ 110.7 1303.3 1303.3 1303.3 110.7

1056.7 1056./ 105G.7 105G.7 10S6.7 10S6.7 1056.7 105G.1 105G.7
92.3 92.3 92.3 92.3 92.3 108G.G 1086.6 1086.6 92.3

2126.9 2126.9 2126.9 2126.9 2126.9 2126.9 2126.9 2126.9 2126.9
101.5 101.5 101.5 101.5 101.5 1195.3 1195.3 1195.3 101.5
844.7 844.7 844.7 844.7 844.7 3344.7 844.7 844./ 844.7
93.2 93.2 93.2 93.2 93.2 1098.1 1098.1 13)98.1 93.2

1289.1 1289.1 1289.1 1289.1 1289.1 12(39.1 1289.1 1289.1 1289.1
84.6 834.6 84.6 84.6 84.6 996.5 996.5 996.5 84.6

1289.1 1289.1 1289.1 1289.1 1289.1 1289.1 1289.1 1289.1 1289.1
44.1 44.7 44.7 44.7 44.7 526.7 526.1 526.7 44.1

1746.2 1746.2 1746.2 1746.2 1146.2 1746.2 1/46.2 1746.2 1746.2
44./ 44./ 44./ 44.7 44.1 576./ 526.7 526./ 44.7

1007.4 1007.4 1W07.4 1(X)/.4 1()07.4 10/A.4 1007.4 1007.4 100/.4
171.9 1/1.9 171.9 171.9 1/1.9 2024.7 2024.1 2024.7 171.9
683.0 6113.0 683.0 683.0 683.0 683.0 683.0 6333.0 683.0
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Rock Zone K-Feldspar Albite Anorthite Ca-Smecbte Na-Smectile Mg-Smectite Illite Tridyrrite Cristobalite Quartz
ch2mv 39 152.6 152.6 152.6 2024.7 2024.7 2024.7 2024.7 152.6 152.6 152.6
ch2fv 40 758.9 758.9 758.9 758.9 758.9 758.9 758.9 758.9 758.9 758.9
ch3mv 41 152.6 152.6 152.G 2024.7 2024.7 2024.7 2024.7 152.6 152.6 152.6
ch3fv 42 758.9 758.9 758.9 758.9 758.9 758.9 758.9 758.9 758.9 758.9
ch4mz 43 152.6 152.6 152.6 2024.7 2024.7 2024.7 2024.7 152.6 152.6 152.6
cli4fz 44 1570.8 1570.8 1570.8 1570.8 1570.8 1570.8 1570.8 1570.8 1570.8 1570.8 C,
ch5mz 45 152.6 152.G 152.6 2024.7 2024.7 2024.7 2024.7 152.6 152.6 152.6
ch5fz 46 1570.8 1570.8 1570.8 1570.8 1570.8 1570.8 1570.8 1570.8 1570.8 1570.8

0 ch6mv 47 152.G 152.6 152.6 2024.7 2024.7 2024.7 2024.7 152.6 152.6 152.6 C

ch6fv 48 1016.4 1016.4 1016.4 1016.4 1016.4 1016.4 1016.4 1016.4 1016.4 1016.4
pp4m 49 152.6 152.6 152.6 2024.7 2024.7 2024.7 2024.7 152.6 152.6 152.G
pp4f 50 1570.8 1570.8 1570.8 1570.8 1570.8 1570.8 1570.8 1570.8 1570.8 1570.8
pp3m 51 152.G 152.6 152.6 2024.7 2024.7 2024.7 2024.7 152.6 152.6 152.6
pp3f 52 871.1 871.1 871.1 871.1 871.1 871.1 871.1 871.1 871.1 871.1
pp2m 53 152.6 152.6 152.6 2024.7 2024.7 2024.7 2024.7 152.6 152.6 152.6
pp2f 54 871.1 871.1 871.1 871.1 871.1 871.1 871.1 871.1 871.1 871.1
pplm 55 152.G 152.6 152.6 2024.7 2024.7 2024.7 2024.7 152.6 152.6 152.6
pplf 56 1570.8 1570.8 1570.8 1570.8 1570.8 1570.8 1570.8 1570.8 1570.8 1570.8
bf3m4 57 152.6 152.6 152.G 2024.7 2024.7 2024.7 2024.7 152.6 152.6 152.6
bf3f4 58 2228.3 2228.3 2228.3 2228.3 2228.3 2228.3 2228.3 2228.3 2228.3 2228.3
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Rock Zone Glass Itenmalie Calcite Stellente Ileulandite Mordenilte Cblmopulolite Kaolrnite Am. 5ilica Opal fluoritev
clh7miv 39 152.G 171.9 171.9 171.9 171.9 171.9 171.9 2024.1 2024.7 2024./ 171.9
cli2fv 40 758.9 758.9 758.9 758.9 /58.9 758.9 /5S.9 758.9 758.9 758.9 758.9
cli3niv 41 152.G 171.9 171.9 171.9 1/1.9 171.9 171.9 2024.7 2024.7 2024.1 171.9
ciifv 42 758.9 1510.9 ! 75.9 158.9 758.9 7581.9 758.9 758.9 758.9 758.9 158.9 _
ch4mnz 43 152.G 171.9 171.9 171.9 171.9 171.9 171.9 2024.7 2024.7 2024.7 171.9
cd14If 44 1570.8 1570.8 1570.8 1510.8 1510.8 1570.8 1570.8 1570.8 1570.8 1510.8 1570.8 <;
dChiImz 45 152.6 171.9 171.9 1/1.9 171.9 171.9 1/1.9 2024.1 2024.7 2024.7 171.9
chilfz 413 1010.41 1570.8 1570.8 1570.8 10/0.8 1570.8 15/0.8 1570.8 1501.8 15/0.4 1570.8
-cliGr'v 47 152.6 1/1.9 171.9 171.9 171.9 1/1.9 171.9 2024./ 2024.7 2024.7 1/1.9
3cplpfv 411 10.4 1014 101t;4 1016.4 1016.4 1011.4 1l06.4 10113.4 1016.4 1016.4 1011.48

pp4m 49 152.6 171.9 171.9 171.9 171.9 171.9 1/1.9 2024.7 2024.7 2024.7 171.9
pp4f 50 1570.8 1570.8 1571.8 15/0.8 1510.8 1510.8 1510.8 1510.8 1510.8 1570.8 1510.8

$ pp3nm 51 152.6 171.9 171.9 171.9 171.9 171.9 1/1.9 2024.7 2024.7 2024./ 171.9

pp3f 52 871.1 871.1 871.1 871.1 8U1.1 8/1.1 871.1 871.1 871.1 871.1 871.1
ppnrl 53 152.G 1/1.9 171.9 171.9 171.9 171.9 171.9 2024.7 2024.7 2024./ 171.9

pp2f 54 8/1.1 871.1 871.1 871.1 8/1.1 871.1 871.1 1171.1 871.1 871.1 871.1
ppblm 55 1572.i 171.9 171.9 1/1.9 171.9 171.9 171.9 2024./ 2024.7 2024.7 1/1.9
pplt 56 1570.8 1570.8 1570.8 15/0.8 1570.8 1570.8 1570.8 1570.8 1570.8 1570.8 15/0.8
bf3rii4 57 152.6 171.9 171.9 171.9 1/1.9 171.9 1/1.9 2024.7 2024.7 2024.7 1/1.9
bf3f4 58 2228.3 2228.3 2228.3 2211.3 2228.3 2228.3 2228.3 22211.3 2228.3 2228.3 2228.3
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Drift-Scale Coupled Processes (DST and TI-IC Seepage) Models NO0I20/U1J 10
Drifl-Scale Coupled Processes (DST and TIIC Seepage) Models N012011J01 10

ATTACHIMENT V - THERMODYNAMIC DATABASE:
RE VOI TIIC Models

(DTN: LBOIOIDSTfHCRI.006 [161280])

Molecular Molar log (K)
Mineral Weight Volume Reaction Stolchiometry' 0 ('C) 25 ('C) 60 (C) 100 (C) 160 (C) 200 (C)

(gimol) (cm
3lmol) _

albite-low 262.223 100.07 (t)alo2-, (1)na+. (3)sio2(aq) -21.694 -20.177 *18.362 -16 684 -15.094 -13 986

anorthite 278.207 100.79 (2)alo2-, (1)ca+2, (2)sio2(aq) -21.229 -20.484 .19.64 *18.96 -18.514 -18 485

calcite 100.087 36.934 (1)ca+2, (-1)h+, (1)hco3- 2.226 1.849 1.333 0.774 0.1 -0.584

SiO2(amor.) 60.084 29 (')sio2(aq) -2.871 -2.663 -2.423 *2.205 -1.99 -1.82

cristobalite- 60.084 25.74 (')sio2(aq) -3.63 -3 332 -2.99 *2.678 -2.371 -2.129
a _
fluorite 78 075 24.542 (1)ca+2, (2)f- -10.31 -10.037 *9 907 *9.967 -10.265 -10.784

goethite 88 854 20.82 (1)hfeo2 -12.78 -11.483 *10.202 *9.208 -8.407 -7.92

glass1 56 588 23 978 (-0.0362)h2o, (0.15)alo2-, 4 55 4 39 -4 2 *4 01 -3.83 -3.71
(0 0021)ca+2,(0.0654)h+,
(0.0042)k+,(0.0003)mg+2,
(0.0756)na+,(0.7608)sio2(aq), (0.007)hfeo2

glass 60 084 29 (1)sio2(aq) -2.871 -2.663 -2.423 -2.205 -1.99 -1.82

gypsum 172.172 74.69 (2)h2o, (1)ca+2, (1)so4-2 4 533 4 482 *4 609 -4 903 -5.41 -6.127

hematite 159 692 30.274 (-1)h2o, (2)hfeo2 -26.439 -23.927 -21.485 -19 661 -18 293 -17.573

illite 378 963 135 08 (0.44)h2o, (2.06)alo2-, (1.12)h+,(0.5)k+, 45.354 41.926 -38.294 -34.994 -31.867 -29.606
(0.22)mg+2,(3 72)sio2(aq)

k-spar 278.332 108 741 (1)alo2-, (1)k+. (3)sio2(aq) -23.77 -21.82 -19.53 -17.44 -15.46 -14.06

kaolinite 258.16 99.52 (1)h2o, (2)alo2-, (2)h+,(2)sio2(aq) 43.073 -39 895 -36.336 -33 181 -30.212 -28.082

quartz 60 084 22.688 (1)sio2(aq) -4 079 -3.739 -3.349 -2.992 -2.642 -2.365

opaljpoxy 60.084 29.000 (1)sio2(aq) -3 501 -3.005 *2.627 *2.358 -2.118 -1.926

tridymite 60.084 26.586 (1)sio2(aq) -3 872 -3.567 -3.193 -2.821 -2.394 -1.984

smectite-ca 365.394 132 51 (0.52)h2o, (1.77)alo2-, (0.145)ca+2,(0 96)h+, -39.970 -36.970 -33.600 -30.610 -27.750 -25.670
(0.26)mg+2,(3 97)sio2(aq)

smectite-na 366 25 132.51 (0.52)h2o, (1.77)alo2-, (0 96)h+,(0.26)mg+2, -40080 -36.980 -33 500 -30.380 -27.400 -25.210
(0.29)na+,(3 97)sio2(aq)

smectite-mg 363 107 132.51 (0.52)h2o, (1 .77)alo2-. -40.030 -37.060 -33 730 -30.770 -27.940 -25.880
(0.96)h+,(0.405)mg+2, (3.97)sio2(aq)

steller/10 281.733 1331 (2.8)h2o, (0 79)alo2-, (0.39)ca+2,(0 01)na+, -17.910 *16 400 -14 670 -13.100 -11.560 -10.420
(2.81)sio2(aq)

heuland/10 279 347 126.64 (2.6)h2o, (0 8)alo2-, (0.33)ca+2,(0 04)k+, -17.900 -16 350 -14 580 -12.970 -11.400 -10.230
_(0.1 )na+,(2.8)sio2(aq)

mordeni/10 269 631 127.35 (2.2)h2o. (0.6)alo2-, (0.15)ca+2,(0 09)k+, -16150 -14 660 -12 950 -11.390 -9.840 -8 670
(0.21 )na+,(3)sio2(aq) . .

clinopt/10 277.66 126.41 (2.6)h2o, (0 68)alo2-, (0.28)ca+2,(0.08)k+, -17.040 -15 500 -13 740 -12.130 -10.560 -9350
. (0.04)na+,(2.92)sio2(aq) . .

IC02(g) 144.01 I2.5E-10 j(.1)h2o. (1)h+. (1)hco3-
* Negative number in parenthesis Indicate the species is on the left side of equation Minerals names or abbreviations above are those
used in the database and may not exactly match names used in the text of the report Names ending by 110 indicate the stoichiometry,
molecular weight, molar volume, and log(K) values for those minerals were divided by 10 compared to original data. Glass phases, glass1
and glass, were used with the extended-case and base-case geochemical systems, respectively.
Data in this Attachment are as.ociatpr with inrt file thrr._. 07 dat
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Drift-Scale Coupled Processes (DST and 'I'l IC Seepage) Models NO I20A/0I 10
I)rift-Scale Coupled Processes (DST and TI IC Seepage) Models NOI2OIUOIIO

Aqueous Species rej Charge Reaction Stoichiometry' 0 (lC) 25 (C) 60 (°C) (K) 150 (C) 200 (C)

C02(aq) 0.231 0 (-1)h2o, (1)h+, (1)hco3- -6.58 -6.345 -6.268 -6.388 -6.724 -7.197
C03-2 2.81 -2 (-1)h+, (1)hco3- 10.624 10.329 10.13 10.084 10.2 10.465
OH- 1.4 -1 (1)h2o, (-1)h+ 14.94 13.995 13.027 12.255 11.631 11.284
AI(OH)2+ 2.31 1 (1)alo2-, (2)h+ -13.66 -12.29 -10.83 -9.6 -8.53 -7.823
HA10 2  0 0 (1)alo2-, (1)h+ -7.08 -6.45 -5.846 -5.409 -5.121 -5.035
Al+3 3.33 3 (-2)h2o, (1)alo2-, (4)h+ -25.8 -22.88 -19.57 -16.58 -13.68 -11.41
AIOH+2 2.8 2 (-1)h2o. (1)alo2-, (3)h+ -20.07 -17.93 -15.57 -13.52 -11.62 -10.24
CaCI+ 2.31 1 (1)ca+2. (1)cl- 0.673 0.696 0.589 0.357 -0.04 -0.533
CaC12(aq) 0 0 (1)ca+2.(2)cl- 0.452 0.644 0.629 0.381 -0.159 -0.911
CaCO3(aq) 0 0 (1)ca+2, (-1)h+, (1)hco3- 7.502 7.002 6.452 5.964 5.468 5.018
CaHCO3+ 2.31 1 (1)ca+2, (1)hco3- -1.095 -1.047 -1.159 -1.418 -1.859 -2.4
CaSO4(aq) 0 0 (1)ca+2. (1)so4-2 -2.071 -2.111 -2.265 -2.511 -2.91 -3.433
CaF+ 2.31 1 (1)ka+2, (1)f- -0.655 -0.682 -0.862 -1.17 -1.649 -2.215
CaOH+ 2.31 1 (1)h2o. (-1)h+, (1)ca+2 14.085 12.833 11.416 10.142 8.904 7.931
HSiO3- 1.81 -1 (1)h2o. (-1)h+, (1)sio2(aq) 10.323 9.953 9.468 9.084 8.85 8.839
HCI(aq) 0.2 0 (1)cl-, (1)h+ 0.661 0.67 0.689 0.62 0.41 0.092
KCI(aq) 0 0 (1)cl-, (1)k+ 1.71 1.495 1.216 0.924 0.575 0.215
KHSO4(aq) 0 0 (1)h+, (1)k+. (1)so4-2 -0.435 -0.814 -1.479 -2.294 -3.341 -4.431
KSO4- 1.81 -1 (1)k+, (1)so4-2 -0.885 -0.88 -0.99 -1.194 -1.52 -1.919
HF(aq) 0.2 0 (1)h+. (1)f- -2.985 -3.168 -3.474 -3.848 -4.338 -4.859
MgCI+ 2.31 1 (1)cl-, (1)mg+2 0.049 0.135 0.055 -0.182 -0.607 -1.139
MgCO3(aq) 0 0 (-1)h+, (1)hco3-, (1)mg+2 7.74 7.35 6.926 6.563 6.204 5.872
MgHCO3+ 2.31 1 (1)hco3-, (1)mg+2 -1.08 -1.036 -1.164 -1.436 -1.88 -2.415
MgSO4(aq) 0 0 (1)mg+2, (1)so4-2 -2.139 -2.412 -2.837 -3.347 -4.073 -4.955
MgF+ 2.31 1 (1)mg+2, (1)f- -1.387 -1.352 -1.478 -1.739 -2.168 -2.688
MgOH+ 2.31 1 (1)h2o, (-1)h+, (1)mg+2 12.674 11.682 10.502 9.399 8.291 7.398
NaOH(aq) 0 0 (1)h2o, (-1)h+, (1)na+ 15.645 14.795 13.8 12.885 11.971 11.221
NaCO3- 1.81 -1 (-1)h+, (1)hco3-. (1)na+ 9.815 9.814 10.075 10.649 11.568 12.632
NaHCO3(aq) 0 0 (1)hco3-, (1)na+ -0.373 -0.154 0.11 0.411 0.793 1.213
NaHSiO3 0 0 (1)h2o, (-1)h+, 8.414 8.304 8.053 7.829 7.684 7.658

(1)na+,(1)sio2(aq)
NaF(aq) 0 0 (1)na+, (1)f- 1.082 0.998 0.833 0.624 0.338 0.011
NaSO4- 1.81 -1 (1)na+, (1)so4-2 -0.677 -0.700 -0.842 -1.063 -1.389 -1.772
FeO2- 1.81 -1 (-1)h+, (1)hfeo2 10.231 9.602 8.839 8.111 7.38 6.821
FeO+ 2.31 1 (-1)h2o, (1)h+, (1)hfeo2 -7.324 -6.368 -5.372 -4.561 -3.865 -3.393

Primary Aqueous
Species: rel Charge MolecularWeight(glmol)

H20 0 0 18.015
Al02- 1.81 -1 58.98
Ca+2 2.87 2 40.078
Cl- 1.81 1-1 35.453
H+ 3.08 1 1.008
HCO3- 2.1 -1 61.017
K+ 2.27 1 39.098
Mg+2 2.54 2 24.305
Na+ 1.91 1 22.99
SiO2(aq) 0.08 0 60.084
S04-2 3.15 1-2 96.064
F- 1.33 |-1 18.998
HFeO2 0 |0 88.854
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ATTACHMENT VI - THERMODYNAMIC DATABASE:
REV02 THC Models

(DTN: LB0307THMDBRTM.001 [164434])

_ lo _K_

Molecular Molar
Mineral Weight Volume Reaction Stoichiometryl 0 (°C) 25 (°C) 60 (°C) 100 (QC) 150 (0C) 200 (0C) 250 (°C) 300 (°C)

(gfmol) (cm'/mol)
atbite-low 262.223 100.070 (1)alo2-, (1)na+, (3)sio2(aq) -21.697 -20.179 -18.365 -16.686 -15.096 -13.987 -13.293 -12.963
anorthite 278.207 100.790 (2)alo2-, (1)ca+2, (2)sio2(aq) -21.229 -20.484 -19.640 -18.960 -18.514 -18.485 -18.839 -19.547
calcite 100.087 36.934 (1)ca+2, (-1)h+, (1)hco3- 2.226 1.849 1.333 0.774 0.100 -0.584 -1.326 -2.215

clinoptU10 277.660 126.410 (2.6)h2o, (0.68)alo2-, (0.28)ca+2, -20.216 -18.475 -16.703 -15.136 -13.577 -12.339 -11.395 -10.816
(0.08)k+, (0.04)na+,(2.92)sio2(aq)

cIpt/1-rM2 277.660 126.410 (2.6)h2o, (0.68)alo2-, (0.28)ca+2, -17.760 -16.020 -14.250 -12.680 -11.120 -9.880 -8.940 -8.360
_(0.08)k+, (0.04)na+,(2.92)sio2(aq)

cristoba-a 60.084 25.740 (1)sio2(aq) -3.542 -3.192 -2.867 -2.589 -2.306 -2.071 -1.877 -1.742
fluorite 78.075 24.542 (1)ca+2, (2)f- -10.310 -10.037 -9.907 -9.967 -10.265 -10.784 -11.555 -12.703
gypsum 172.172 74.690 (2)h2o, (1)ca+2, (1)so4-2 -4.533 -4.482 -4.609 -4.904 -5.410 -6.058 -6.874 -7.971

halite 58.442 27.015 (1)na+, (1)cl- 1.492 1.586 1.618 1.578 1.450 1.242 0.936 0.468
hematite 159.688 30.274 (-1)h2o, (2)hfeo2(aq) -26.438 -23.927 -21.486 -19.661 -18.293 -17.573 -17.272 -17.248

heuland/10 279.347 126.640 (2.6)h2o, (0.8)alo2-, (0.33)ca+2, -21.097 -19.348 -17.565 -15.992 -14.437 -13.217 -12.306 -11.779
(0.04)k+, (0.1)na+, (2.8)sio2(aq)

heul/10-rO2 279.347 126.640 (2.6)h2o, (0.8)alo2-, (0.33)ca+2, -18.620 -16.870 -15.090 -13.510 -11.960 -10.740 -9.830 9.300
(0.04)k+, (0.1)na+, (2.8)sio2(aq) I

illite 378.963 135.080 (0.44)h2o, (2.06)alo2-, -45.566 -42.016 -38.333 -35.129 -32.064 -29.760 -28.120 -27.254
(1.12)h+,(0.5)k+, (0.22)mg+2,

(3.72)sio2(aq)
kaolinite 258.160 99.520 (1)h2o, (2)alo2-, (2)h+, (2)sio2(aq) -43.234 -39.917 -36.348 -33.216 -30.252 -28.074 -26.558 -25.754

microcline-b 278.332 108.741 (1)alo2-, (1)k+, (3)sio2(ag) -23.770 -21.820 -19.530 -17.440 -15.470 -14.080 -13.170 -12.670
morden/10 269.631 127.350 (2.2)h2o, (0.6)alo2-, (0.15)ca+2, -19.244 -17.542 -15.820 -14.298 -12.776 -11.558 -10.617 -10.021

_(0.09)k+, (0.21)na+. (3)sio2(aq)
mord/10-rO2 269.631 127.350 (2.2)h2o, (0.6)alo2-, (0.15)ca+2, -16.950 -15.250 -13.530 -12.010 -10.480 -9.270 -8.330 -7.730

(0.09)k+, (0.21)na+, (3)sio2(aq)
opal-proxy 60.084 29.000 (1)sio2(aq) -3.501 -3.005 -2.627 -2.358 -2.118 -1.926 -1.765 -1.632

quartz 60.084 22.688 (1)sio2(aq) -4.153 -3.743 -3.348 -3.006 -2.661 -2.376 -2.142 -1.976
sepiolite 323.913 142.830 (-4)h+, (5.5)h2o, (2)mg+2, (3)sio2(aq) 17.631 15.992 13.961 12.164 10.536 9.352 8.397 7.457

sio2(amor.) 60.084 29.000 (1)sio2(ag) -2.954 -2.670 -2.422 -2.213 -1.998 -1.815 -1.663 -1.562
smect-ca-cal 365.394 132.510 (0.52)h2o, (1.77)alo2-, (0.145)ca+2, -40.190 -36.970 -33.660 -30.790 -28.010 -25.900 -24.370 -23.550

(0.96)h+, (0.26)mg+2, (3.97)sio2(aq)
smect-na-cal 366.250 132.510 (0.52)h2o, (1.77)alo2-, (0.96)h+, -40.290 -36.980 -33.560 -30.560 -27.660 -25.440 -23.820 -22.900

(0.26)mg+2, (0.29)na+, (3.97)sio2(aq)
smect-mg-cal 363.107 132.510 (0.52)h2o, (1.77)alo2-, (0.96)h+, -40.240 -37.060 -33.790 -30.950 -28.200 -26.110 -24.600 -23.790

(0.405)mg+2,_(3.97)sio2(aq) I II I I
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Molecular Molar
Mineral Weight Volume Reaction Stoichiometry' 0 (°C) 25 (°C) 60 (°C) 100 (0C) 150 (OC) 200 (°C) 250 (°C) 300 (°C)

(g/mol) (cm3lmol)

steller/10 281.733 133.1 (2.8)h2o, (0.79)alo2-, -21.144 -19.432 -17.691 -16.156 -14.636 -13.444 -12.553 -12.041
(0.39)ca+2,(0.01)na+, (2.81)sio2(aq)

stall/10-rO2 281.733 133.1 (2.8)h2o, (0.79)alo2-, -18.37 -16.88 -15.4 -14.12 -12.86 -11.89 -11.2 -10.87
____ (0.39)ca+2,(0.01)na+, (2.81)sio2(aq)

sylvite 74.551 37.524 (1)k+, (1)cl- 0.525 0.846 1.122 1.285 1.330 1.238 1.013 0.604
tridymite 60.084 26.586 (1)sio2(ag) -3.946 -3.572 -3.193 -2.834 -2.413 -1.995 -1.587 -1.203

hydglassfc3 48.466 20.536 (-0.0006)h+, (0.5981)sio2(aq), 1.646 1.462 1.209 0.978 0.759 0.584 0.415 0.211
(0.1 180)alo2-, (0.0556)na+,
(0.0594)k+, (0.016)ca+2,

(0.0002)mg+2, (0.0055)hfoo2(aq),
(0.0783)h2o

mgso4 120.369 45.250 (1)mg+2, (1)so4-2 6.237 4.882 3.1 1.263 -0.811 -2.748 -4.677 -6.787
nano3 84.995 50.000 (1)na+, (1)no3- -0.811 -0.206 0.403 0.88 1.275 1.518 1.651 1.665
k2so4 174.260 65.500 (2)k, (1)so4-2 -2.273 -1.801 -1.469 -1.365 -1.488 -1.826 -2.365 -3.19

(arcanite) .
na2so4 142.043 53.330 (2)na+, (1)so4-2 -0.35 -0.309 -0.438 -0.705 -1.15 -1.716 -2.473 -3.548

(thenardite) ._ I I I I I I

NOTES: 1 Negative number in parenthesis indicate the species is on the left side of equation.
Minerals names or abbreviations above are those used in the database and may not exactly match names used in the text of the report. Names ending by /10 indicate the
stoichiometry, molecularweight, molarvolume, and log(K) values forthose minerals were divided by 10 compared to original data. Glass phases glass1 and glass were used
with the extended-case and base-case geochemical systems, respectively.
Data in this Attachment are associated with input file thermok1.01.dat.



F:
0
7
61111
D5
6
8
8
;;O
r-I

O

Aqueous Molecular
Species Weight r, Charge Reaction Stoichiometry' 0 CC) 25 (C) 60 CC) 100 (C) 150 CC) 200 ('C) 250 CC) 300 CC)

S p ecies (g im o Q) _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

AI+3 26.982 3.33 3 (-2)h2o, (1)alo2-, (4)h+ -25.795 -22.883 -19.571 -16.582 -13.676 -11.409 -9.598 -8.167
AI(OH)2+ 60.996 2.31 1 (1)alo2-, (2)h+ -13.655 -12.289 -10.825 -9.600 -8.530 -7.823 -7.396 -7.238
AIOH+2 43.989 2.8 2 (-1)h2o, (1)alo2-, (3)h+ -20.068 -17.926 -15.567 -13.519 -11.625 -10.242 -9.232 -8.547
C02(aq) 44.010 0 0 (-1)h2o, (1)h+. (1)hco3- -6.580 -6.345 -6.268 -6.388 -6.724 -7.197 -7.787 -8.528
C03-2 60.009 2.81 -2 (-1)h+, (1)hco3- 10.624 10.329 10.130 10.084 10.200 10.465 10.871 11.464

CaC03(aq) 100.087 0 0 (1)ca+2, (-1)h+, (1)hco3- 7.505 7.002 6.455 5.975 5.492 5.057 4.589 3.978
CaCI+ 75.531 2.31 1 (1)ca+2, (1)cl- 0.356 0.293 0.094 -0.215 -0.682 -1.227 -1.870 -2.677

CaC12(aq) 110.983 0 0 (1)ca+2, (2)cl- 0.456 0.644 0.634 0.400 -0.118 -0.844 -1.802 -3.116
CaF+ 59.076 2.31 1 (1)ca+2, (1)f- -0.655 -0.682 -0.862 -1.171 -1.650 -2.217 -2.888 -3.728

CaHCO3+ 101.095 2.31 1 (1)ca+2, (1)hco3- -1.094 -1.047 -1.158 -1.413 -1.848 -2.383 -3.027 -3.840
CaHSiO3+ 117.170 2.31 1 (-1)h+, (1)ca+2, (1)h2o, (1)sio2(aq) 8.778 8.575 8.115 7.596 7.043 6.588 6.200 5.837

CaOH+ 57.085 2.31 1 (-1)h+, (1)ca+2, (1)h2o 14.085 12.833 11.416 10.142 8.903 7.928 7.126 6.434
CaSO4(aq) 136.142 0 0 (1)ca+2, (1)so4-2 -2.071 -2.111 -2.265 -2.511 -2.910 -3.433 -4.144 -5.188

Fe+3 55.845 3.46 3 (3)h+, (1)hfco2(aq), (-2)h2o -14.305 -12.018 -9.602 -7.594 -5.807 -4.521 -3.530 -2.696
FeCI+2 91.298 2.8 2 (1)cI-, (3)h+, (-2)h2o, (1)hfeo2 -15.770 -13.498 -11.217 -9.449 -8.047 -7.230 -6.813 -6.721
FeF+2 74.843 2.8 2 (1)f-, (3)h+, (-2)h2o, (1)hfeo2(aq) -20.032 -18.018 -16.038 -14.546 -13.418 -12.827 -12.608 -12.697
FeF2+ 93.842 2.31 1 (2)f-, (3)h+, (-2)h2o, (1)hfeo2(ag) -22.323 -20.368 -18.459 -17.037 -16.011 -15.569 -15.590 -16.086
FeO+ 71.844 2.31 1 (1)h+, (-1)h2o, (1)hfeo2(aq) -7.324 -6.368 -5.372 -4.561 -3.865 -3.393 -3.060 -2.807
FeO2- 87.844 1.81 -1 (-1)h+, (1)hfeo2(aq) 10.231 9.602 8.839 8.111 7.381 6.822 6.430 6.249

FeOH+2 72.852 2.8 2 (2)h+, (-1)h2o, (1)hfeo2(ag) -11.409 -9.813 -8.174 -6.853 -5.727 -4.964 -4.415 -3.979
FeSO4+ 151.909 2.31 1 (1)so4-2, (3)h+, (-2)h2o, (1)hfeo2(aq) -15.846 -13.946 -12.089 -10.700 -9.681 -9.213 -9.179 -9.602
HA102 59.988 0 0 (1)alo2-, (1)h+ -7.080 -6.450 -5.846 -5.409 -5.119 -5.035 -5.120 -5.384

HF 20.006 0 0 (1)f-, (1)h+ -2.985 -3.168 -3.474 -3.848 -4.338 -4.859 -5.437 -6.135
HF2- 39.005 1.81 -1 (1)h+, (2)f- -2.238 -2.551 -2.960 -3.385 -3.880 -4.374 -4.915 -5.578

HNO3(aq) 63.013 0 0 (1)h+, (1)no3- 1.540 1.303 0.952 0.556 0.074 -0.412 -0.936 -1.579
HSiO3- 77.092 1.81 -1 (-1)h+. (1)h2o, (1)sio2(ag) 9.811 9.585 9.241 8.960 8.802 8.833 9.035 9.433
KCI(aq) 74.551 0 0 (1)cl-, (1)k+ 2.840 2.536 2.141 1.731 1.255 0.785 0.278 -0.344

KHSO4(aq) 136.170 0 0 (1)h+, (1)k+, (1)so4-2 2.039 1.495 0.595 -0.476 -1.817 -3.172 -4.601 -6.242
KOH(aq) 56.106 0 0 (-1)h+, (1)h2o, (1)k+ 15.498 14.439 13.314 12.378 11.552 10.978 10.570 10.267
KSO4- 135.162 1.81 -1 (1)k+, (1)so4-2 -0.886 -0.880 -0.991 -1.195 -1.521 -1.921 -2.419 -3.090

MgCO3(ag) 84.314 0 0 (-1)h+, (1)hco3-, (1)mg+2 7.742 7.350 6.929 6.574 6.228 5.911 5.543 5.019
MgCI+ 59.758 2.31 1 (1)cl-, (1)mg+2 0.097 0.135 0.041 -0.173 -0.537 -0.992 -1.550 -2.276
MgF+ 43.303 2.31 1 (1)f-, (1)mg+2 -1.387 -1.352 -1.478 -1.739 -2.169 -2.691 -3.321 -4.125

MgHCO3+ 85.322 2.31 1 (1)hco3-, (1)mg+2 -1.077 -1.036 -1.160 -1.423 -1.852 -2.369 -2.984 -3.758
MgHSiO3+ 101.397 2.31 1 (-1)h+, (1)h2o, (1)mg+2, (1)sio2(aq) 8.454 8.325 7.943 7.501 7.036 6.666 6.358 6.072

MgOH+ 41.312 2.31 1 (-1)h+, (1)h2o, (1)mg+2 12.674 11.683 10.502 9.399 8.291 7.392 6.634 5.967
MgSO4(aq) 120.369 0 0 (1)mg+2, (1)so4-2 -2.184 -2.230 -2.393 -2.641 -3.031 -3.539 -4.236 -5.271

NaCO3- 82.999 1.81 -1 (-1)h+. (1)hco3-. (1)na+ 9.725 9.815 9.917 10.012 10.104 10.177 10.236 10.285
NaCI(aq) 58.442 0 0 (1)cl-, (1)na+ 0.829 0.777 0.651 0.473 0.214 -0.093 -0.478 -1.013
NaF(aq) 41.988 0 0 (1)f-, (1)na+ 1.082 0.998 0.833 0.623 0.338 0.010 -0.397 -0.957

8..
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Aqueous Molecular
Species Weight r j Charge Reaction Stoichiometry1  0 (C) 25 (C) 60 (C) 100 (C) 150 (C) 200 (C) 250 CC) 300 CC)

_ _ _ _ _ _ _ _ _ _ _ _ (g /m o l) _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

NaHCO3(ag) 84.007 0 0 (1)hco3-, (1)na+ -0.398 -0.154 0.075 0.244 0.358 0.374 0.277 0.004
NaHSiO3(aq) 100.081 0 0 (-1)h+, (1)h2o, (1)na+, (1)sio2(ag) 7.603 7.754 7.780 7.795 7.873 8.014 8.190 8.365

NaOH(ag) 39.997 0 0 (-1)h+, (1)h2o, (1)na+ 15.132 14.205 13.210 12.377 11.642 11.130 10.762 10.480
NaSO4- 119.053 1.81 -1 (1)na+, (1)so4-2 -0.677 -0.700 -0.842 -1.063 -1.389 -1.772 -2.242 -2.873

OH- 17.007 1.4 -1 (-1)h+, (1)h2o 14.940 13.995 13.027 12.255 11.631 11.284 11.168 11.300
SiF6-2 142.076 3 -2 (-2)h2o, (1)sio2(aq), (4)h+, (6)f- -27.654 -26.275 -25.220 -24.654 -24.534 -24.919 -25.819 -27.436

r.
-

4-

Primary Molecular
Aqueous Weight rN Charge
Species (g/mol)

H20 18.015 0.00 0
Al02- 58.980 1.81 -1
Ca+2 40 078 2.87 2

Cl- 35.453 1.81 -1
F- 18.998 1.33 -1
H+ 1.008 3.08 1

HCO3- 61.017 2.10 -1
HFeO2(aq) 88.852 0.00 0

K+ 39.098 2.27 1
Mg+2 24.305 2.54 2
Na+ 22.990 1.91 1
N03- 62 005 2.81 -1

SiO2(aq) 60.084 0.00 0
S04-2 96.064 3.15 -2



Drift-Scale Coupled Processes (DST and T -IC Seepage) Models NO I20/lJO I 10

ATTACHNIENT VII -WVASTE PACKAGE AVERAGE HEAT TRANSFER:
All REVOI THC Seepage Models

(DTN: LBOIOIDSTTHCRI.007 [161281])

Total Heat Model Heat Load
Time (no ventilation)

(years) (Wlmeter) (Wlmeter)
0.01 1450.000 435.000
0.02 1448.649 434.595
0.03 1447.802 434.341
0.04 1446.966 434.090
0.05 1446.126 433.838
0.06 1445.292 433.587
0.07 1444.468 433.340
0.08 1443.617 433.085
0.09 1442.813 432.844

0.1 1441.979 432.594
0.15 1437.970 431.391

0.2 1434.003 430.201
0.25 1430.183 429.055

0.3 1426.428 427.928
0.35 1422.757 426.827

0.4 1419.171 425.751
0.45 1415.657 424.697

0.5 1412.230 423.669
0.55 1408.866 422.660

0.6 1405.590 421.677
0.65 1402.353 420.706

0.7 1399.207 419.762
0.75 1396.090 418.827

0.8 1393.072 417.922
0.85 1390.093 417.028

0.9 1387.169 416.151
0.95 1384.277 415.283

1.0 1381.471 414.441
1.5 1355.408 406.623
2.0 1332.834 399.850
2.5 1312.844 393.853
3.0 1294.686 388.406
3.5 1278.327 383.498
4.0 1263.118 378.935
4.5 1248.692 374.608
5.0 1235.091 370.527
5.5 1220.694 366.208
6.0 1207.008 362.102
6.5 1194.297 358.289
7.01 1182.135 354.641

Data from DTN: SN9907T0872799.001 [111485]
multiplied by 1450/1540.413 (Total Heat) to reflect a
design change at the time of REVOI work.

NOTE: Point at 50.001 years was interpolated
between original data points at 50 and 55
years. From 0 to 50 years: Model Heat Load
= Total Heat x 0.3 (70% heat removal)

MDL-NBS--IS-000001 REV 02 Attachment VII-I Julv 2003
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Drift-Scale Coupled Processes (I)S'r and Tl IC Seepage) Models N0120/UOI10

Total Heat Model Heat Load
Time (no ventilation)

(years) (Wlmeter) (Wlmeter)
7.5 1169.685 350.905
8.0 1157.754 347.326
8.5 1146.156 343.847
9.0 1134.992 340.498
9.5 1123.659 337.098
10 1112.692 333.808
15 1011.525 303.458
20 925.760 277.728
25 848.670 254.601
30 781.226 234.368
35 721.996 216.599
40 668.553 200.566
45 620.521 186.156
50 578.485 173.545

50.001 578.477 578.477
55 540.350 540.350
60 506.148 506.148
65 475.148 475.148
70 448.192 448.192
75 422.908 422.908
80 400.854 400.854
85 380.461 380.461
90 362.592 362.592
95 345.744 345.744

100 331.164 331.164
150 238.417 238.417
200 196.608 196.608
250 172.037 172.037
300 155.179 155.179
350 142.089 142.089
400 131.355 131.355
450 122.099 122.099
500 114.135 114.135
550 106.970 106.970
600 100.772 100.772
650 95.156 95.156
700 89.938 89.938
750 85.321 85.321
800 80.938 80.938
850 76.894 76.894

Data from DTN: SN9907T0872799.001 [111485]
multiplied by 145011540.413 (Total Heat) to reflect a
design change at the time of REV01 work

NOTE: Point at 50.001 years was interpolated
between original data points at 50 and 55
years. From 0 to 50 years: Model Heat Load
= Total Heat x 0.3 (70% heat removal)
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Drif-Scale Coupled Processes (DST and TlIC Seepage) Models N0120/UOI 10
Drift-Scale Coupled Processes (DST and THC Seepage) Models N0120/UOI 10

Total Heat Model Heat Load
Time (no ventilation)

(years) (W/meter) (Wlmeter)
900 73.190 73.190
950 69.859 69.859

1000 66.992 66.992
1500 46.231 46.231
2000 36.450 36.450
2500 31.644 31.644
3000 28.693 28.693
3500 26.993 26.993
4000 25.815 25.815
4500 24.684 24.684
5000 23.772 23.772
5500 22.783 22.783
6000 22.211 22.211
6500 21.355 21.355
7000 20.624 20.624
7500 20.091 20.091
8000 19.347 19.347
8500 18.777 18.777
9000 18.174 18.174
9500 17.630 17.630

10000 17.079 17.079
15000 12.774 12.774
20000 10.009 10.009
25000 8.089 8.089
30000 6.615 6.615
35000 5.561 5.561
40000 4.774 4.774
45000 4.148 4.148
50000 3.641 3.641
55000 3.180 3.180
60000 2.862 2.862
65000 2.514 2.514
70000 2.282 2.282
75000 2.063 2.063
80000 1.869 1.869
85000 1.710 1.710
90000 1.593 1.593
95000 1.470 1.470

100000 1.372 1.372
Data from DTN: SN9907T0872799.001 [111485]
multiplied by 1450/1540.413 (Total Heat) to reflect
a design change at the time of REVOI work.

NOTE: Point at 50.001 years was interpolated
between original data points at 50 and 55
years. From 0 to 50 years: Model Heat
Load = Total Heat x 0.3 (70% heat removal)
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Drift-Scale Coupled Processes (DST and' I1 IC Seepage) Models NOI 20IJUO 10

INTENTIONALLY LEFT BLANK
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Drift-Scale Coupled Processes (DST and TI IC Seepage) Models N0120AJOI 10
Drift-Scale Coupled Processes (DST and TIIC Seepage) Models NO12OIIJOI 10

ATTACHMENT VIII -WASTE PACKAGE AVERAGE HEAT TRANSFER:
TptpII TH1C Model REV02

Total Heat Model Heat Load
Time (no ventilation)

(years) (W/meter) (W/meter)
0 1450.000 198.650
1 1400.000 191.800
2 1360.000 186.320
3 1320.000 180.840
4 1290.000 176.730
5 1260.000 172.620
6 1230.000 168.510
7 1210.000 165.770
8 1180.000 161.660
9 1160.000 158.920
10 1140.000 156.180
11 1110.000 152.070
12 1090.000 149.330
13 1070.000 146.590
14 1050.000 143.850
15 1030.000 141.110
16 1010.000 138.370
17 995.000 136.315
18 978.000 133.986
19 961.000 131.657
20 946.000 129.602
21 929.000 127.273
22 912.000 124.944
23 897.000 122.889
24 882.000 120.834
25 868.000 118.916
26 854.000 116.998
27 840.000 115.080
28 826.000 113.162
29 813.000 111.381
30 801.000 109.737
31 787.000 107.819
32 775.000 106.175
33 762.000 104.394
34 751.000 102.887
35 740.000 101.380
36 728.000 99.736
37 716.000 98.092
38 706.000 96.722
39 695.000 95.215
40 685.000 93.845
41 675.000 92.475
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Drift-Scale Coupled Processes (DST andl TI IC Seepage) Models NO I2(101J II0

Total Heat Model Heat Load
lime (no ventilation)

(years) (Wlmeter) (Wlmeter)
42 665.000 91.105
43 655.000 89.735
44 646.000 88.502
45 636.000 87.132
46 627.000 85.899
47 618.000 84.666
48 609.000 83.433
49 601.000 82.337
50 593.000 81.241

50.001 593.000 593.000
51 585.000 585.000
52 577.000 577.000
53 569.000 569.000
54 561.000 561.000
55 554.000 554.000
56 547.000 547.000
57 539.000 539.000
58 532.000 532.000
59 526.000 526.000
60 519.000 519.000
61 512.000 512.000
62 506.000 506.000
63 500.000 500.000
64 494.000 494.000
65 488.000 488.000
66 482.000 482.000
67 476.000 476.000
68 470.000 470.000
69 465.000 465.000
70 460.000 460.000
71 454.000 454.000
72 449.000 449.000
73 444.000 444.000
74 439.000 439.000
75 434.000 434.000
76 430.000 430.000
77 425.000 425.000
78 420.000 420.000
79 416.000 416.000
80 412.000 412.000
81 407.000 407.000
82 403.000 403.000
83 399.000 399.000
84 395.000 395.000
85 391.000 391.000
86 387.000 387.000
87 383.000 383.000
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Drift-Scalc Coupled Processes (DST andH-IC Seepage) Models N0120/UOI1 10
Drift-Scale Coupled Processes (DST and ThIC Seepage) Models N0120/IJOI 10

Total Heat Model Heat Load
Time (no ventilation)

(years) (Wlmeter) (WImeter)
88 379.000 379.000
89 376.000 376.000
90 372.000 372.000
91 369.000 369.000
92 365.000 365.000
93 362.000 362.000
94 359.000 359.000
95 355.000 355.000
96 352.000 352.000
97 349.000 349.000
98 346.000 346.000
99 343.000 343.000
100 340.000 340.000
110 315.000 315.000
120 294.000 294.000
140 259.000 259.000
150 245.000 245.000
160 235.000 235.000
170 225.000 225.000
180 216.000 216.000
190 208.000 208.000
200 201.000 201.000
250 176.000 176.000
300 159.000 159.000
350 145.000 145.000
400 134.000 134.000
450 125.000 125.000
500 117.000 117.000
550 110.000 110.000
600 103.000 103.000
650 97.300 97.300
700 92.100 92.100
750 87.200 87.200
800 82.800 82.800
850 78.800 78.800
900 75.000 75.000
950 71.600 71.600
1000 68.400 68.400
1500 47.300 47.300
2000 37.200 37.200
2500 32.100 32.100
3000 29.300 29.300
3500 27.500 27.500
4000 26.200 26.200
4500 25.200 25.200
5000 24.200 24.200
5500 23.400 23.400
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Drift-Scale Coupkld processes (I)S I'and TI IC Seepage) Models NO I2O/lJO I I

Total Heat Model Heat Load
Time (no ventilation)

(years) (W/meter) (Wlmeter)
6000 22.600 22.600
6500 21.800 21.800
7000 21.100 21.100
7500 20.500 20.500
8000 19.800 19.800
8500 19.200 19.200
9000 18.600 18.600
9500 18.000 18.000
10000 17.500 17.500
15000 13.200 13.200
20000 10.200 10.200
25000 8.210 8.210
30000 6.760 6.760
35000 5.680 5.680
40000 4.850 4.850
45000 4.190 4.190
50000 3.680 3.680
55000 3.250 3.250
60000 2.880 2.880
65000 2.580 2.580
70000 2.330 2.330
75000 2.110 2.110
80000 1.910 1.910
85000 1.750 1.750
90000 1.640 1.640
95000 1.520 1.520
100000 1.400 1.400

Source: BSC (2002 [159527], Sheet 5 of 5) (see
Section 4.1.7)

NOTE: Point at 50.001 years was interpolated
between original data points at 50 and 55
years. From 0 to 50 years: Model Heat Load
= Total Heat x (1-0.863) [86.3% heat
removal]
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Drift-Scale Coupled Processes (DST and THC Seepage) Models N0120/UOI 10

ATTACHMiENT IX - EFFECTIVE THERM1AL CONDUCTIVITY FOR IN-DRIFT
OPEN SPACES: Tptpmn and TptplI THC Models

Pre-closure

Time Factor

(sec) (year)

3.15360E+03 0.0 0.395

3.15360E+07 1.0 0.777

4.73040E+07 1.5 0.825

6.30720E+07 2 0.856

9.46080E+07 3 0.898

1.26144E+08 4 0.921

1.57680E+08 5 0.939

1.89216E+08 6 0.955

2.20752E+08 7 0.966

2.52288E+08 8 0.975

2.83824E+08 9 0.982

3.15360E+08 10 0.988

3.46896E+08 11 0.993

3.78432E+08 12 0.997

4.73040E+08 15 1

6.30720E+08 20 0.993

7.88400E+08 25 0.977

8.19936E+08 26 0.974

8.51472E+08 27 0.97

9.46080E+08 30 0.958

1.10376E+09 35 0.936

1.26144E+09 40 0.915

1.57680E+09 50 0.879
DTN: SN0002T0872799.009 [153364]
NOTE: Kthermal is calculated as Max. KthrCa, x Factor

Maximum Kterma,(W/m-K) = 10.568
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Drift-Scale Coupled Processes (I)ST and 'II IC Seepage) Models N0120/U1OI 10

Post-closure (No Backfill)

Time Factor

(sec) (year) Inner Outer

1.57680E+09 50 0.879 0.879

1.608336E+09 51 0.844 0.829

1.639872E+09 52 0.892 0.878

1.734480E+09 55 0.951 0.944

1.892160E+09 60 0.988 0.986

2.049840E+09 65 1 1

2.207520E+09 70 0.995 0.998

2.365200E+09 75 0.985 0.99

2.396736E+09 76 0.983 0.988

2.428272E+09 77 0.981 0.986

2.522880E+09 80 0.973 0.98

2.838240E+09 90 0.954 0.963

3.153600E+09 100 0.932 0.943

3.185136E+09 101 0.929 0.941

3.311280E+09 105 0.918 0.929

3.468960E+09 110 0.905 0.917

3.784320E+09 120 0.882 0.896

4.099680E+09 130 0.872 0.886

4.415040E+09 140 0.864 0.879

5.045760E+09 160 0.852 0.869

5.676480E+09 180 0.839 0.857

6.307200E+09 200 0.83 0.849

6.937920E+09 220 0.818 0.838

7.884000E+09 250 0.798 0.818

9.460800E+09 300 0.763 0.784

1.103760E+10 350 0.736 0.758

1.261440E+10 400 0.707 0.729

1.419120E+10 450 0.689 0.711

1.576800E+10 500 0.677 0.7

1.734480E+10 550 0.672 0.694

1.892160E+10 600 0.667 0.69

2.207520E+10 700 0.656 0.68

2.522880E+10 800 0.646 0.67

2.838240E+10 900 0.637 0.661

DTN: SN0002T0872799.009 [153364]

NOTE: Ktherral iS calculated as Max. Ktuermag x Factor

Maximum Ktherar (W/m-K) Inner=2.298,

Outer=14.407
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Drift-Scale Coupled Processes (DST and TlIC Seepage) Models NO I2O/LJOI 10

Post-closure (No Backfill) (Cont.)

Time Factor

(sec) (year) Inner Outer

3.153600E+10 1000 0.627 0.651
3.468960E+10 1100 0.619 0.643

3.784320E+10 1200 0.611 0.635
4.099680E+10 1300 0.602 0.626
4.415040E+10 1400 0.592 0.616
4.730400E+10 1500 0.582 0.605
5.045760E+10 1600 0.574 0.597
5.676480E+10 1800 0.559 0.583
6.307200E+10 2000 0.543 0.566
6.937920E+10 2200 0.533 0.555
7.884000E+10 2500 0.519 0.541
9.460800E+10 3000 0.503 0.523

1.103760E+11 3500 0.491 0.51
1.261440E+11 4000 0.48 0.499
1.419120E+11 4500 0.472 0.491
1.576800E+11 5000 0.465 0.484
1.892160E+11 6000 0.453 0.471
2.207520E+11 7000 0.444 0.461
2.522880E+11 8000 0.436 0.452
3.153600E+11 10000 0.422 0.438
4.730400E+11 15000 0.395 0.411
6.307200E+11 20000 0.378 0.393
9.460800E+11 30000 0.354 0.367
1.261440E+12 40000 0.341 0.354
1.576800E+12 50000 0.333 0.346
1.892160E+12 60000 0.326 0.339
2.522880E+12 80000 0.318 0.33
3.153600E+12 100000 0.314 0.325

DTN: SN0002T0872799.009 [153364]
NOTE: Kthemmal is calculated as Max. Kthermal X Factor

Maximum Ktherma (W/m-K) Inner=2.298,
Outer=14.407
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Drift-Scale Coupled Processes (DS'F and 'FI IC Seepage) Mcxlels NOI2O/UO I 10
Drift-Scale Coupled Processes (DST and 11 IC Seepage) Models N01201U01 10

INTENTIONALLY LEFT BLANK
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Drift-Scale Coupled Processes (DST and TIC Seepage) Models N0120/J01 10

AYTACHIMENT X - LIST OF MODEL INPUT AND OUTPUT FILES

X.I. RENO1 INPUT AND OUTPUT FILES

These files were submitted with REVOI of this Model Report to the TDMS under DTN:
LBOOI IDSTTHCRI.002 [161282].

1. Input and output files of simulations with the reactive transport model
TOUGHREACT V2.3 (LBNL 2001 [153101]). For each simulation, these files were
concatenated into one file using the Unix Jar utility then compressed using the Unix
gzip utility. Resulting concatenated/compressed files have the extension .1algz.

2. Summary Excel spreadsheets of seepage models output data at three locations
adjacent to the drift wvall (crown, side, and base).

3. Spreadsheets containing calculations have been included as part of several DTNs in
order to document the embedded calculations and supplement the Scientific
Notebooks. READ.ME files are also included which outline the use of calculations in
each spreadsheet. The calculations can be observed by clicking on the spreadsheet
cells or selecting the "Tools\Options\Viev\Formulas" option in MS Excel. In
addition, the cell references in the equations show all cells used as input to the
calculation executed in the spreadsheet. The formulae in the submitted spreadsheets
use the standard functions of MS Excel 97.

DST THC Model REVOI Input and Output File Folders (Simulations in Section 7.1.8.1)

dstOOamrl Base Case CC Kin
dstOOamr2 Extended CC Kin
dstOOamr3 Base Case CC Eq
dstOOamr4 Extended CC Eq
dstOOamr5 Extended An Full
dst00_amr6 Base Case No CC

More complete descriptions can be found in Section 7.1.8.1.

Tptpmn THC Model REVOI Input and Output File Folders (Simulations in Table 6.5-4)

th6 3 r ( , _b, j, _c, jd)
th6 16 257 ( _, , _c, d)
thc6_16_25_9 ( , _a, _b,cd)
thc6_16_25_9 amb ( ., _a _b, _c d)
thc6_16_25_10 ( ,_a, _b, _c, d)
thc6_16_25_1 0amb ( _, _a, _bc, d)
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I)fit-SCale Coupled Processes (DST randl 1 IC Seepage) Models NOI20/JOII 10

Totyrrmn Heteroileneous THC Model REVO] Input and Output File Folders (Simulations in Table

dsOOsshetl
ds00th hetl ( _-a, b, c)
dsO~ambl _hetl ( a _b _c, _d)
dsOOamb2_hetl (,a _b, _bc, _d)
ds00thcl_1het (I,_a,_b, _c,_d)
ds00thc2_hetl (Ia,_b,_c,_d)

dsOOss_het2
ds00thhet2 ( _ a, b, c)
ds00thcl _het2 ( a, b, c, d)
ds00thc2_het2 ( _a , _c, _d)
dsOOsshet3
dsOOthhet3 (_a,_b,_c)
ds00thcl _het3 ( _a, b, c, d)
dsO0thc2_het3 ( _ a, b, _c, d)

Tptpll THC M/odel REVOI Input and Output File Folders (Simulations in Table 6.7-3)

th6_16_25_g4 ( _a , _ab, _c,d)
thc6_16_25_2g4 (, _b, _c, _d)
thc6_16_25_2g4_amb ( a, b, c, d)
thc6_16_25g4 4 a, _b _c _d)
thc6_16_25_g4 amb ( _a, _b, _c, _ d)

X.2. REV02 INPUT AND OUTPUT FILES

The following types of files were submitted for REV02 of this M9lodel Report to the TDMIS under
DTN: LB0307DSTTHCR2.001 and LB0302DSCPTHCS.OO1.

I . Input and output files of simulations with the reactive transport code TOlJGHREACT
V3.0 (LBNL 2002 [161256]). For each simulation, these files were concatenated into
one file using the Unix tar utility then compressed using the Unix gzip utility. Resulting
concateniated/compressed files have the extension .targz.

2. Summary Excel spreadsheets of seepage models output data at three locations adjacent
to the drift wall (crown, side, and base).

3. Spreadsheets containing calculations have been included as part of several DTNs in
order to document the embedded calculations and supplement the Scientific Notebooks.
READ.ME files are also included which outline the use of calculations in each
spreadsheet. The calculations can be observed by clicking on the spreadsheet cells or
selecting the "Tools\Options\Viewv\Formulas" option in MS Excel. In addition, the cell
references in the equations show all cells used as input to the calculation executed in
the spreadsheet. The formulae in the submitted spreadsheets use the standard functions
of MS Excel 97.
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DST THC Model REV02 Input and Output File Folders (Simulations in Section 7.1.8.2)
(DTN: LB0307DSTTHCR2.001)
dstrev2_thl 2
dstrev2_thl3
dstrev2_thc7
dstrev2_thc8
dstrev2_thc9

More complete descriptions can be found in Section 7.1.

Tptpll THC Model REV02 Input and Output File Folders (Simulations listed in Table 6.8-4)

(DTN: LB0307DSTTHCR2.001)
th6_1.45kw ( _a, _b, _c)
thc6-w0e3 ( _a, _b2, _b, bb, _c, _d)
thc6 wOa b, _c, _d)
thc65vOb ( _a,_b _bb, _c, _d)
thc25 wO ( _ _pc, d)
thc6_wOq
thc6_wOql
thc6_wOamb
thc6_wOambl
thc6_w4ambl
thc6_w5ambl
thc6_w6ambl

(DTN: LB0302DSCPTHCS.OOI)
thc6_wO ( a _b, _bb, _c, d)
thc6_w4 ( _b, _b, _c, _d)
thc6_w5 (,_a _b,_bb, _c, _d)
thc6_w6 (,a _b, _bb, _c d)
thc6_w7 ( _b, _b, _c, _d)

X.3. CONTENTS OF.tar.gz FILES (NOTE: SOME FILE NAMES ARE LOWERCASE
IN TOUGHREACT V3.0 (LBNL 2002 11612561) AND UPPERCASE IN EARLIER
VERSIONS)

flow.inp Rock thermal and hydrological properties, run flags and other
specifications (input)

flow.out Thermal and hydrological results (gas/liquid saturation, T, P. air mass
fraction, etc.) (output)

GENER Infiltration rates, heat load, and effective thermal conductivity (input)
INCON Initial thermal and hydrological conditions (T, P, liquid saturation, etc.)

(input)
MESH Input numerical mesh (input)
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SAVE Thermal and hydrological conditions (T, P, liquid saturation, etc.) to use
for restarting a run (output, same format as INCON file)

TABLE Miscellaneous output data
VERS Miscellaneous output data
LINEQ Miscellaneous output data
CHENIICAL.INP Water chemistry, mineralogy, and CO2 partial pressure data (input)
CHEIMICAL.OUT Echo of data read in CHENIICAL.INP
SOLUTE.INP Run flags and other data relating to reactive transport (input)
SOLUTE.OUT Echo of data read in SOLUTE.INP
therikl .01.dat Thermodynamic database for REV02 (input). Note: The solid KNO3 in

this file is actually NaNO3.
TECCONC.DAT Calculated concentrations of aqueous species (moles/liter) at each grid

node (two records for each node - first record for fractures and second
record for matrix) (output)

TECNlIN.DAT Calculated volume fraction change for minerals at each grid node (two
records for each node - first record for fractures and second record for
matrix) (output)

TECGAS.DAT Calculated CO2 volume fraction at each grid node (two records for each
node - first record for fractures and second record for matrix) (output)

TIMIE.DAT Chemical data at selected grid nodes (output)
chdunip.dat Chemical speciation of initial water (output) and nodes with convergence

problems
inched Chemistry data at all grid nodes to use for restarting a run (input)
savecheni Chemistry data at all grid nodes to use for restarting a run (output, same

format as INCHEMI file)
ITER.DAT Iteration information (output)
runlog.dat (run-log.dat) Miscellaneous run-time information. Note: mass balances may not be

printed out correctly in this file for runs that have been restarted (i.e.,
starting at times different than zero).

mbalance.out Mass balance information for chemical species Note: mass balances may
not be accurate for runs that have been restarted (i.e., starting at times
different than zero). Also, mass balances do not reflect mass loss by
transport into large boundary grid blocks.

GASOBS.DAT optional tabular flow output for individual grid blocks

X.4. SUMIMNIARY SPREADStIEETS OF TIIC SEEPAGE MIODELS OUTPUT DATA
(ALSO USED FOR PLOTTING TIME PROFILES AND TABULATING
STANDARD DEVIATION)

The data in these files were extracted from output files FLOW.OUT, TECCONC.DAT,
TECM\NIN.DAT, and TECGAS.DAT for each simulation and submitted to the TDMIS under
DTN: LB001 IDSTTHCRI.001 [154759], LB0302DSCPTHCS.002, and
LB0307DSTTHCR2.002.

Tptpmvn THC Model REVOI (TOUGHREACT V2.3 (LBNL 2001 [1531011)):
(DTN: LBOO II DSTTHCRI .001 [154759])
th6_7.xls TH, 6/16/25 mm/year infiltration
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thc6_9base.xls
thc6_9base amb.xls
thc6_l Oext.xls
thc6_1Oext amb.xls

THC, base-case, 6/16/25 mm/year infiltration
THC, no heat load, base-case, 6/16/25 mm/year infiltration
THC, extended-case, 6/16/25 mm/year infiltration
THC, no heat load, extended-case, 6/16/25 mm/year infiltration

Tptpll THC Model REVOI (TOUGHREACT V2.3 (LBNL 2001 [1531011)):
(DTN: LBOOIIDSTTHCRI.001 [154759])
th6_g4.xls TH, 6/16/25 mm/year infiltration
thc6_2g4base.xls THC, base-case, 6/16/25 mm/year infiltration
thc6 2g4base_amb.xls THC, no heat load, base-case, 6/16/25 mm/year infiltration
thc6_2g4ext.xls THC, extended-case, 6/16/25 mm/year infiltration
thc6_2g4extamb.xls THC, no heat load, extended-case, 6/16/25 mm/year infiltration

Tptpll THC Model REVO2 (TOUGHREACT V3.0 (LBNL 2002 [1612561))
(extended-case only, simulations details listed in Table 6.8-4)

(DTN: LB0302DSCPTHCS.002)
thc6_ wOr.xls THC, Water WO, 6/16/25 mm/year (track wet nodes)
thc6_wO_drift_r.xls THC, Water WO, 6/16/25 mm/year (drift wall only)
thc6_w4_r.xls THC, Water W4, 6/16/25 mm/year (track wet nodes)
thc6_w4_driftr.xls THC, Water WN4, 6/16/25 mm/year (drift wall only)
thc6_w5_r.xls THC, Water W5, 6/16/25 mm/year (track wet nodes)
thc6_w5_driftr.xls THC, Water W5, 6/16/25 mm/year (drift wall only)
thc6_w6_r.xls THC, Water W6, 6/16/25 mm/year (track wet nodes)
thc6_w6_driftr.xls THC, Water W6, 6/16/25 mm/year (drift wall only)
thc6_w7_r.xls THC, Water W7, 6/16/25 mm/year (track wet nodes)
thc6_w7_driftr.xls THC, Water W7, 6/16/25 mm/year (drift wall only)

(DTN: LB0307DSTTHCR2.002)
th6_1.45kw.xls TH, 6/16/25 mm/year
thc25_vwO.xls THC, Water WO, 25 mm/year (track wet nodes)
thc25_wOdrift.xls THC, Water WO, 25 mm/year (drift wall only)
thc6_ wOe3.xls THC, Water WO, 6/16/25 mm/year, EOS3 (track wet nodes)
thc6_wOe3_drift.xls THC, Water WO, 6/16/25 mm/year, EOS3 (drift wall only)
thc6_wvOb.xls THC, Water WO, 6/16/25 mm/year, DcO2 change (track wet nodes)
thc6_wObdrift.xls THC, Water NVO, 6/16/25 mm/year, DcO2 change (drift wall only)
thc6_wOa.xls THC, Water WO, 6 mm/year (track wet nodes)
thc6_wOadrift.xls THC, Water WO, 6 mm/year (drift wall only)
thc6_wOambl.xls THC, Water WO, no heat load, 6/16/25 mm/year (drift wall only)
wo_4_5_6_7.xls THC, Water WO, 'W4, W5, W6, and W7, 6/15/25 mm/year, track wet

nodes (concentrations of data from files listed above under DTN:
LB0302DSCPTHCS.002)

hisat-top-wO4567.xls Filtered data from wO-4-5-6-7.xls, used to tabulate standard deviations
in Table 6.9-2.
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X.5. PLUG FLOW REACTOR EXPERIMENT, REVOI (SECTION 7.3)

Input and output files for this section were submitted to the TDNMIS as DTN:
LB001 ITHCDISSNI.001 [153381] and DTN: LB001 ITHCDISSIM.002 [154578], respectively.
The input files (for DTN: LBOO11THCDISSM.001 [153381]) consist of SOLVEQ/CHILLER
VI.0 (LBNL 1999 [1532171) files used to calculate the initial water composition for tile
simulations, along with the input files for two TOUGHREACT V2.2 (LBNL 1999 [1532191)
simulations and three TOUGHREACT V2.3 (LBNL 2001 [153101]) simulations. The output
files (for DTN: LB30011THCDISSN.002 [1545781) consist of the output files for the
TOUGHREACT V2.2 (LBNL 1999 [153219]) and V2.3 (LBNL 2001 [153101]) simulations,
and SOLVEQ/CHILLER VI.0 (LBNL 1999 [153217]) files used to correct for degassing and
cooling. The files for each of the DTNs were grouped into folders (one for each simulation, plus
additional folders for the SOLVEQ/CHILLER runs), and these were compressed using the
Windows IViuzip> V7.0 utility. A Word 97 document (LB001 ITHCDISSM.001i notes.doc)
describing the information contained in each DTN file was included in the compressed master
file for each DTN.

A common model mesh was used for all of the simulations. The mesh was generated using the
file p)htgigesih and TOUGH2 VI.4 (LBNL 2000 [146496]), resulting in the output file
J)lttglnesIl.ores. This file was edited and incorporated in the FLOW.INP file used in each
simulation.

Each of the TOUGHREACT simulations is grouped in a distinct folder. These are as follows:

sihulationlinpuif TOUGHREACT V2.2 (LBNL 1999 [153219]), 60 pim diameter
grain size surface area model, potassium feldspar as microcline

silyn1aiion2ilnpu TOUGHREACT V2.2 (LBNL 1999 [153219]), 120 pim diameter
grain size surface area model, potassium feldspar as microcline

X.5.1 PLUG FLOW SIMULATIONS, REV02 (SECTION 7.2)

Output data were compiled and graphically represented in the file plugflowdata.xis in the new
Output-DTN: LB0301PLUGFLOW.001. Alkalinity data (represented as mg/L calcite) were
corrected as described in Wang 2003 ([161665], SN-LBNL-SCI-190-V2, p. 85) to account for an
error in conversion from moles of bicarbonate to moles of calcium carbonate (two moles of
bicarbonate per mole of carbonate are needed to achieve the proper milliequivalence). This
correction results in a closer match between experimental and simulated alkalinity values.
Experimental data for all collection times (not just after 11 days) are portrayed in the updated
plots
(Figures 7.2-3a through 7.2-3f).
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X.5.2 FRACTURE SEALING SIMULATIONS, REV 02 (SECTION 7.3)

The following types of files were submitted for REV02 of this Model Report to the TDMS under
Output-DTN: LB0301FRACSEAL.001.

Input files of simulations with the reactive transport model TOUGHREACT V2.4 (LBNL
2001 [160880]). Each simulation contains the input files CHEMICAL.INP, FLOW.INP,
and SOLUTE.INP.

Output files of simulations with the reactive transport model TOUGHREACT V2.4
(LBNL 2001 [160880]). Each simulation contains the output files CHEMICAL.OUT,
FLOW.OUT, SOLUTE.OUT, TECCONC.DAT, TECGAS.DAT, and
TECMIN.DAT.

Data summary files with graphs wvere submitted to the TDMS under Output-DTN:
LB0301FRACSEAL.002. Data from the TECMIN.DAT output files were compiled, edited, and
graphically represented in the files T2d5cmin.xls and T2d5cl min.xls.
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ATTACHMIENT XI - REV02 PARAMETERS FOR FRACTURE PERMEABILITY

MODIFICATION

Rock Unit a-parameter b-parameter

tcw1 1 1.5385E-02 1.0870

tcw12 1.2696E-03 0.5236

tcwl 3 3.4483E-03 0.3584

ptn2l 9.2000E-03 1.4925

ptn22 7.0922E-03 2.1739

ptn23 1.2000E-03 1.7544

ptn24 2.9412E-02 2.1739

ptn25 5.0459E-03 1.9231

ptn26 8.7079E-04 1.0309

tsw3l 1.2953E-03 0.4608

tsw32 2.5857E-03 0.8929

tsw33 1.3063E-03 1.2346

tsw34 6.2777E-04 0.2315

tsw35 9.9174E-04 0.3165

tsw3[67] 1.0561 E-03 0.2488

tsw38 8.2459E-04 0.2294

tsw39 1.4576E-03 1.0417

ch1Ze 1.4545E-03 25.0000

ch1VI 2.0333E-03 10.0000

ch[23456]VI 1.7907E-03 7.1429

ch[2345]Ze 8.6047E-04 7.1429

ch6 1.4545E-03 25.0000

pp4 8.6047E-04 7.1429

pp3 1.5902E-03 5.0000

pp2 1.5902E-03 5.0000

PpO 8.6047E-04 7.1429

bf3 1.5902E-03 5.0000

bf2 8.6047E-04 7.1429

tr3 1.5902E-03 5.0000

tr2 8.6047E-04 7.1429

NOTE: The calculation and use of the a and b parameters are presented in
Section 6.4.4.2. Parameter a (bg) is calculated using Equation 6.4-20.
Parameter b is the inverse of the fracture frequency (derived from DTN:
LB0205REVUZPRP.001 [159525]).
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