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1. PURPOSE

The purpose of this Analysis/Model Report (AMR) is to document the Near Field Environment
(NFE) and Unsaturated Zone (UZ) models used to evaluate the potential effects of coupled
thermal-hydrologic-chemical (THC) processes on unsaturated zone flow and transport. This is in
accordance with AMR Development Plan for U0110 Drift-Scale Coupled Processes (Drift Scale
Test and THC Seepage) Models (CRWMS M&O 1999a). These models include the Drift Scale
Test (DST) THC Model and the THC Seepage Model. These models provide the framework to
evaluate THC coupled processes at the drift scale, predict flow and transport behavior for
specified thermal loading conditions, and predict the chemistry of waters and gases entering
potential waste-emplacement drifts. This AMR provides input for the following:

* Performance Assessment (PA)

* AMR documenting the abstraction of drift-scale coupled processes models
» UZ Flow and Transport Process Model Report (PMR)

* NFE PMR

The DST THC Model, constructed for the DST, is used to investigate THC processes during the
DST. Measured data from the DST are used to evaluate the conceptual and numerical models.
The iterative approach of evaluating, refining, and comparing the DST numerical model against
measured data is performed throughout the DST study. The THC Seepage Model provides an
analysis of the effects of THC processes in the near field host rock around the potential
emplacement drifts on the seepage water chemistry and gas-phase composition. This includes a
complete description of the pertinent mineral-water processes in the host rock and their effect on
the NFE. The model is used to evaluate the effects of mineral dissolution and precipitation, the
effects of CO, exsolution and transport in the region surrounding the drift, the potential for

forming calcite, silica or other mineral assemblage “precipitation caps,” and the resulting changes
to porosity, permeability, and seepage.

Caveats and Limitations

The THC Seepage model was developed with data for a specific hydrogeologic unit, the Topopah
Spring Middle Nonlithophysal, in which part of the potential repository would be sited. Although
many aspects of the model are applicable to other host rock units of the potential repository,
differences in the mineralogy, geochemistry, and thermohydrological properties must be
considered before the results are directly applied elsewhere in the potential repository. One
limitation of the model is that it is a continuum model with limited initial heterogeneity, and
therefore is meant to represent the overall changes in space and time. Thus it cannot be applied
with certainty at a specific location.

The model must be recognized as an idealization of the real world that represents specific
physical processes occurring in the real world. Input data summarized in Section 4 characterize
the physical properties of the rock but are not intended to include every detail. In particular, we
note that the initial thermohydrologic properties of the rock vary vertically according to the
stratigraphy, but are treated as laterally uniform over the entire layer. The infiltration of water is
also laterally uniform over the entire model area. As a result of these simplifications, the model

MDL-NBS-HS-000001 REV00 13 March 2000
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results describe overall changes in space and time within the model domain, but cannot be
considered as predictions of future conditions at any specific Jocation.
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2. QUALITY ASSURANCE

This AMR was developed in accordance with AP-3.10Q, Analvses and Models. Other applicable
Department of Energy (DOE) Office of Civilian Radioactive Waste Management (OCRWM)
Administrative Procedures (APs) and YMP-LBNL Quality Implementing Procedures (QIPs) are
identified in the AMR Development Plan for U0110 Drift-Scale Coupled Processes (DST and
THC Seepage) Models (CRWMS M&O 1999a).

The activities documented in this Analysis/Model Report (AMR) were evaluated with other
related activities in accordance with QAP-2-0, Conduct of Activities, and were determined to be
subject to the requirements of the U.S. DOE Office of Civilian Radioactive Waste Management
(OCRWM) Quality Assurance Requirements and Description (QARD) (DOE 1998). This
evaluation is documented in Activity Evaluation of M&O Site Investigations CRWMS 1999b, c;
and Wemheuer 1999 (Activity Evaluation for Work Package WP 1401213UM1).

MDL-NBS-HS-000001 REV00 15 March 2000
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3. COMPUTER SOFTWARE AND MODEL USAGE

The software and routines used in this study are listed in Table 1. These are appropriate for the
intended application, were used only within the range of validation, and are under software
configuration management in accordance with AP-SI.1Q, Sofrware Management. The
qualification status of these software and routines is given in the DIRS in Attachment I.

Table 1. Computer Software and Routines

Software Name Version Software T:g;:.l:‘i;g Number Computer Platform
TOUGHREACT | 2.2 10154-2.2-00 SUN and DEC w/ Unix OS
SOLVEQ/ 1.0 10057-1.0-00 SUN w/ Unix OS
CHILLER PC w/ DOS
SUPCF'!T92 1.0 10058-1.0-00 SUN w/ Unix OS

PC w/ Windows

MAC w/ MAC OS
TOUGH2 14 10061-1.4-00 SUN and DEC w/ Unix OS
AMESH 1.0 10045-1.0-00 SUN w/ Unix OS

Routines: Accession Number (ACC):

2kgridvia.for 1.0 MOL.19991201.0555 SUN w/ Unix OS
mk_grav2.f 1.0 MOL.19991201.0556 SUN w/ Unix OS
savid_dst2d.f 1.0 MOL.19991201.0557 SUN w/ Unix OS
mrgdrift.f 1.0 see Attachment VII| SUN w/Unix OS
NOTE: The source code for the software routines are provided in Attachment VIII. The supporting

documentation is included under the ACC number listed above.

TOUGHREACT (TOUGHREACT V2.2, STN: 10154-2.2-00, Version 2.2) is the primary code
used in the DST THC and THC Seepage models. The codes SOLVEQ/CHILLER (SOLVEQ/
CHILLER V1.0, STN: 10057-1.0-00, Version 1.0) were utilized to perform supporting
computations for the models. SUPCRT92 (SUPCRT92 V1.0, STN: 10058-1.0-00, Version 1.0)
generates thermodynamic databases for use by SOLVEQ/CHILLER V1.0 and TOUGHREACT
V2.2, The code TOUGH2 (TOUGH2 V1.4, STN: 10061-1.4-00, Version 1.4) was used to
generate boundary conditions. The code AMESH (AMESH V1.0, STN: 10045-1.0-00,
Version 1.0) was used to generate grids for the two models.

All software programs listed in Table 1, except TOUGHREACT V2.2, were reverified as part of
the YMP Configuration Management Software revalidation effort. TOUGHREACT V2.2 is
being qualified under AP-SL.1Q, Rev 2, ICN 1. After checking, errors in the calculation of
capillary pressure changes due to THC processes and gas species diffusion coefficients were
discovered. These are not expected to change the conclusions of this AMR, because they are not
dominant effects in the system. They will be evaluated in an Impact Review. EQ3/6 V7.2b is cited
in this AMR as a source of thermodynamic data, but was not used as software.

Standard spreadsheet and visual display graphics programs were also used but are not subject to
software quality assurance requirements per Section 2.0 of AP-SI.1Q, Rev 2, ICN 1.
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This AMR documents the DST THC and THC Seepage Model. The input and output files for the
model runs presented in this AMR are listed in Attachment VIL. This AMR also utilizes
properties from the Calibrated Properties Model and boundary conditions from the UZ Flow and
Transport Model. These models are documented in separate AMRs. - '
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4. INPUTS
4.1 DATA AND PARAMETERS
4.1.1 Hydrological and Thermal Properties

The modeling analyses presented in this report utilized data from the lower, basecase and upper
bound calibrated hydrological property sets for the present day climate (see DTNs in Table 2).
The Q-status of all inputs is shown in the Document Input Reference Sheet (DIRS). Thermal
parameters were obtained from the mean calibrated property set, and are identical for all property
sets. These data are included in the DTNs in Table 2 for the calibrated property sets. The data sets
include calibrated properties such as fracture and matrix permeabilities and van Genuchten
parameters as well as uncalibrated properties such as porosity, heat capacity, and thermal
conductivity. DTNs for infiltration rates and model boundary water temperatures are also
included in Table 2. Specific hydrological and thermal parameters for the in-drift components of
the THC Seepage Model are given in Section 4.1.7.2.

4.1.2 Mineralogical Data

This section describes mineralogical data that are specific to the geologic units encountered in
Borehole SD-9 (the borehole closest to the Drift Scale Thermal Test) and in host rocks of Alcove
S where this test is located. These data were used in the Drift Scale Test THC Model and the THC
Seepage Model (therefore the depth at which heat is directly input into these models contains
mineralogical data that are representative of the Topopah Spring Middle Nonlithophysal
(Tptpmn) repository host unit). They are input as volume fractions of a given mineral per total
solid volume, and as reactive surface areas (units of cm2/g mineral or m2/m3 of total medium,
including pore space). The two forms of the reactive surface area are used to describe minerals in
the matrix of the rock (cm2/g mineral) or those on the surface of fractures (m2/m3). These data are
given in Attachments II (volume fractions) and III (reactive surface areas) for minerals initially
present in the model hydrological units. The DTNs for data from which these properties were
derived are given in Table 2, and include Borehole SD-9 mass percent minerals as determined by
X-ray diffraction (3-D Mineralogical Model: LA9908JC831321.001). The calculation of the
mineral volume fractions and reactive surface areas require significant additional information,
such as mineral stoichiometries, mass densities, grain size and fracture-matrix surface area. The
fracture-matrix surface area is part of the mean calibrated hydrological property set and is listed
by DTN in Table 2. The calculation of the reactive surface areas and other mineral properties are
described in scientific notebook YMP-LBNL-YWT-ELS-1 (pp. 37-42).
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Table 2. Data Tracking Numbers for Sources of Data Input to the DST THC Model and THC Seepage  J

Model
DTNs -7 Description -
Hydrologlcal and Thermal Rock Properties:
LB990861233129.001 : : : Calibrated property sett — Basecase
1LB990881233129.002 e * | catibrated property set* - Upper bound
LB990861233129.003 T Calibrated property sett — Lower bound -
LB997141233129.001 ’ Fracture porosity
LB991091233129.001 , Infiltration rate — Basecase
LLO00114004242.090 Infiltration rates - Average Infiltration Rate (mean, lower
o bound, and upper bound for present day, monsoon, and
glacial transition cllmates) from the TH drift-scale
models.
Mineralogic Data
LASL831151AQ98.001 Mineralogic characterization of the ESF SHT Block
LA9912SL831151.001 ' o . | DST and SHT fracture mineralogy data
LA9912SL831151.002 '
LA9908JC831321.001 : ) \ Model input and output files for Mmeralogtc Model
) T *MM3.0" Version 3.0.
Water and Gas Chemlstry Data
1B991215123142.001 : ] CO, gas analyses (1st, 2nd, 3rd and 7th Qtr) 3\ )
LB990530123142.003 ~ . - .| 4th, 5th, and 6th Qtr. DST CO, data
LB000121123142.003 ' . .| DST COp data (Aug. ‘99 - Nov. ‘99) - .
LL990702804244.100 ' Analysas of porewaters from the ESF (HD-PERM-1 and
) : - | HD-PERM-2 samples) .
Chemistry of water from DST hydrology boreho!es
(Nov. ‘98 & Jan. ‘99)
o * Repository Drift Data . :
SN9907T0872799.001 Heat load data and repository footprint .
SNS908T0872799.004 - |- Hydrologic and thermal propemes of drift design
: S elements
SN9907T0872799.002 - ' : .| Effective thermal oonducﬁvity '
PA-SSR-99218.Ta (Design Criterion) Drift spacing :
) : THC Seepage Model Grid Data
1L 8990501233129.004 Borshole SD-9 geclogy in UZ model grid
. Uz99_2_3D.mesh
LB920701233129.002 - Top and bottom boundary temperatures, pressure, and
boundary elevations

NOTES: Themnodynamic data for minerals, aqueous, and gaseous species are found in Attachment V.
Kinetic data for mineral-water reactions are found in Table 4.
* Data taken from the calibrated property sets include calibrated and uncahbrated hydrologlml and
therrnai properties.
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4.1.3 Water and Gas Chemistry

The pore water composition chosen for the input to the simulations is summarized in Table 3.
These data are the average of two samples obtained from the Topopah Spring Tuff middle
nonlithophysal geologic unit (Tptpmn) in Alcove 5 near the DST (Table 3). These are the only
relatively complete pore water analyses for samples collected from a potential repository unit near
the potential repository footprint. For model simulations, the initial water composition was set to
be the same in fractures and matrix, and the same throughout the model domain. This water
composition was also used for infiltrating water, as discussed in Section 6.1.2.

The initial CO, partial pressure in fractures and matrix (Table 3) was calculated as the partial
pressure of CO, in chemical equilibrium with the initial water at 25°C, assuming ideal gas
behavior (i.e. partial pressure is equal to fugacity). The 25°C temperature is close to the initial
temperature at the location of the drift.

Table 3. Initial Water Composition and CO, Partial Pressure in Fractures, Matrix, and Recharge Waters.(1)

Parameter/Species Units Concentration
pH (at 25°C) pH Units 8.32
Na+ mg/l 61.3
SiO,(aq) mg/l 70.5
Ca2+ mg/h 101
K+ mg/l 8.0
Mg2+ mg/l 17
Al3+ mg/l 9.92x107 (2)
Fe3+ mg/l 6.46x108(3)
HCO;~4 mg/l 200
cr- mg/! 17
S0,2- mg/l 116
F- mg/I 0.86
CO; (gas) 9 Pa 85.2

DTN: LB991200DSTTHC.001 (this Table), LL990702804244.100 for water

composition (CRWMS M&O 1999¢)

NOTES: (V) Average of Tptpmn Porewater Analyses ESF-HD-
PERM-1 (30.1'-30.5') and ESF-HD-PERM-2 (34.8'-35.1").
(2) Calculated by equilibrating with Ca-smectite at 25°C
(using SOLVEQ 1.0).
(3) Calculated by equilibrating with hematite at 25°C (using
SOLVEQ 1.0).
(4) Total aqueous carbonate as HCO3™, calculated from
charge balance computed by speciation at 25°C (using
SOLVEQ 1.0).
(S) Calculated at equilibrium with the solution at 25°C
(using SOLVEQ 1.0).
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The initial CO, partial pressure in the drift was set to be consistent with a CO, concentration of

- 400 parts per million by volume (ppmv) in the drift, which is within the range of measured
concentrations in the ESF (DTN: LB990630123142.003). This concentration was also used for
“the top model boundary concentration in the gas phase. The infiltrating water injected into the
grid block below the top boundary block is equilibrated with a CO, concentration that is elevated
. relative to the drift. ' - ' '

There are very few complete pore-vwbter‘analyses from other units of the Topopah Spring Tuff,
and none from the lower lithophysal unit (Tptpll). Data from the lower non-lithophysal unit
(Tptpln) (DTN: GS950608312272.001) suggest pore waters from this unit may exhibit a slightly
more sodium-carbonate character (and less calcium-chloride type) than the water composition
shown in Table 3. However, the general water chemistry trends resulting from THC processes
" simulated in this study are not expected to vary significantly with the range of possible initial
~ water composition. In addition, the model uncertainty with respect to initial water composition is
likely to be insignificant relative to uncertainties in reaction rates, hydrologic parameters, and the

variability of pore water compositions within a particular geologic unit.
4.14 Thermo'('lynamicA Database | |

Dissociation constants (log(K) values) for aqueous species, minerals, and CO, gas as a function of
temperature were taken from various sources (Attachment IV). Most values are from the EQ3/6
V7.2b database (data0.com.R2, dated aug.2.1995, STN: LLNL:UCRL-MA-110662), which were
themselves primarily derived using SUPCRT92 (Johnson et al. 1992). Other log(K) values were
computed as indicated in Attachment IV and further documented in YMP Scientific Notebooks
YMP-LBNL-YWT-NS-1 p. 72-77, 115, and 137, YMP-LBNL-YWT-NS-1.1 p. 96, and 104-117,
and YMP-LBNL-YWT-JA-1A p. 39-41 and 48-50). ’ -

Other data included in the thermodynamic databasé include molecular weights, molar volumes,
and parameters used for the calculation of activity coefficients for aqueous species. The latter
consist of the ionic charge and the parameters a, used in the Debye-Huckel equation (e.g. Drever

1997, p. 28). These data were for the most part taken from the EQ3/6 v7.2b database, with
exceptions as noted in Attachment IV. The molecular diameter of CO, (Lasaga 1998, p. 322) is .

also included in the database for calculation of the CO, diffusion coefficient. -

4.1.5 Kinetic Data

Kinetic data refer to the reaction rate constants (k,), activation enei'gies (E,), and related data

required to describe the rates of dissolution and precipitation of minerals at different temperatures
and fluid chemistries. These data are taken directly from or are recalculated from published
scientific literature. These data and their sources are listed in Table 4.
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Table 4. Kinetic Rate Law Data For Mineral-Water Dissolution and Precipitation

Comment(d)
Mineralt | ko(molm2s1) | E, (kiimol)) | m@ | n@ | “°™ Reference

a- 3.1623x10-13 69.08 1 1 Renders et al. (1995)

Cristobalite see reference 0.0 i 1 Logk = -0.'(07-2598/T (K)
from Rimstidt and
Barnes (1980) p. 1683

Quartz 1.2589x10-14 87.5 1 1 no precip. Tester et al. (1994)

Tridymite 3.1623x10-13 69.08 1 1 no precip. Set to a-Cristobalite

Amor. Silica 7.9433x10-13 62.8 1 1 Rimstidt and Bames

1.0x10-10 0.0 4.4 1 (1980) p. 1683

Carroll et al. (1998) p.
1379

Calcite 1.6x10-2 41.87 1 1 Rate constant k modified
after Svensson and
Dreybrodt (1992) p. 129;
average E, from Inskeep
and Bloom (1985), p.
2178

Microcline 1.0x10-12 §7.78 1 1 Blum and Stillings (1995)

Albite-Low 1.0x10-12 67.83 1 1 Blum and Stillings (1995)

Anorthite 2.5x10-19 67.83 1 1 no precip. Set to albite, then
modified for equivalent
Q/K

Smectite-Ca | 1.0x10-14 58.62 1 1 Set toillite

Smectite-Na | 1.0x10-14 58.62 1 1 Set to illite

Smectite-Mg | 1.0x10-14 58.62 1 1 Set to illite

Smectite-K 1.0x10-14 58.62 1 1 Set to illite

lilite 1.0x10-14 58.62 1 1 Assumed equal to
muscovite (Knauss and
Wolery 1989)

Kaolinite 1.0x10-13 62.8 1 1 Nagy (1995)

Sepiolite 1.0x10-14 58.62 1 1 Set to illite

Stellerite 1.99x10-12 62.8 1 1 Set to heulandite

Heulandite 1.99x10-12 62.8 1 1 Ragnarsdottir (1993) p.
2439, 2447

DTN: LB991200DSTTHC.A01

NOTE:

ko, Rate Constant

E, Activation Energy

t First line refers to dissolution rate, second line to precipitation rate if different (unless otherwise stated
in “Comment” column). “Vphyre” refers to the basal vitrophyre of the TSw unit. This composition of glass
was used for all glass-bearing units, including the non-welded PTn glassy tuffs.

(1) Some values differ slightly from sources because of number of significant figures retained in unit
conversions.
(2) Exponents m and n in Equation 6.
(3) “no precip” means precipitation of this mineral is not allowed.
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Table 4. Kinstic Rate Law Data For Mineral-Water Dissolution and Precipitation (Cont.)

R Comment(3)
Minerait | ko(molm2sY) | Ea(kiimol}® | m® | n@ en Reference
Mordenite 1.99%x10-12 | 628 ‘ 1 1 : Set to heulandite
Clinoptilolite | 1.99x10-12 ) 628 - - 1- 11 ) Set to heulandite
Glass 7.7233x10°15 L) 1 ‘ 1 | noprecip. Recalculated k, based
(vphyr) " | on diffusion-limited
| ' model of Mazer et al.
| , : (1992) pp. 573, 574
Gypsum equilibrium . |- T - - ~ Not needed
Hematite 7.9433x10'3 | 628 1T |1 — | Setto dissolution rate of
. ' amorphous silica
Goathite equilibrium - - - : Not needed
Fluorite 1.2224x107 o - 1 2 Calculated k, from linear
1 growth rate of Knowles-
Van Cappellan et al.
(1997) p. 1873

DTN: LB991200DSTTHC.A01

NOTE: ko Rate Constant
E, Activation Energy :
4 First line refers to dissolution rate, second line to precipitation rate if different (unless otherwise stated
in “Comment” column). “Vphyre” refers to the basal vitrophyra of the TSw unit. This composition of glass
was used for all glass-bearing units, including the non-welded PTn glassy tuffs. o
(1) Some values differ slightly from sources because of number of significant figures retained in unit
conversions. ' : . .
(2) Exponents m and n in Equation 8.
{3) "no precip” means precipitation of this mineral is not allowed.
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The quantities listed in Table 4 are defined and used in Equations 6 and 7 in Section 6.1.4. Most
of the sources cited in Table 4 require pH to calculate ky; in those cases a near-neutral pH (~7.0)
was assumed as stated in Section 5. For minerals where no kinetic data were found in the
literature, rate constants were assumed to be equal to those of minerals with similar crystal
structure or mineral group (Klein and Hurlbut 1993). The value of k, assigned for calcite,

1.6 x 102 mol m-2s-! is 1000 times smaller than the value reported in Svensson and Dreybrodt
(1992); this adjustment was made so that model time steps would not need to be reduced to
impractically small values (days or less). Even when divided by 1000, the calcite rate constant is
large and reflects near-equilibrium precipitation/dissolution. Therefore, increasing the original
value is not expected to significantly change the simulation resulits.

Reaction rate laws can take numerous forms of which a few different types are used for the model
analysis. The form of these rate laws and their significance are described in Section 6.1.

4.1.6 Transport Parameters

Transport parameters considered in the model are diffusion coefficients for aqueous and gaseous
species and tortuosities of the fracture, matrix, and engineered system components. Diffusion
coefficients for aqueous species are considered to be identical and equal to the tracer diffusion
coefficient of a single aqueous species (Cl) at infinite dilution. The aqueous diffusion coefficient
of Cl at infinite dilution is 2.03 x 10-% m2/s at 25°C (Lasaga 1998, Table 4.1, p. 315), which in the
model input was rounded to 2.0 x 10-% m%/s. In the gas phase, CO, is the only transported reactive
species (other than H,O vapor). For an ideal gas, the tracer diffusion coefficient of a gaseous
species can be expressed as a function of temperature and pressure in the following form (Lasaga
1998, p. 322):

RT 8RT
D= _
3J27PN d> \ M

(Eq. 1)

where
D = diffusion coefficient (m?2/s)
R = gas constant (8.31451 m?2 kg s-2 mol-! K-1)
T(K) = temperature in Kelvin units
P = pressure (kg m-! s-2)
N4 = Avogadro's number (6.0221367 x 1023 mol-!)
d,, = molecular diameter (m)

M = molecular weight (kg/mol)
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For CO,, the following values were used:
d,, = 2.5 x 10-10 m (Lasaga, 1993, p. 322)
M = .04401 kg/mol (calculated from atomic weights, Klein and Hurlbut 1993, p. 172)

Tortuosities were set to 0.7 for fractures (DTN:. LB990861233129.001) based on models of in-
situ testing. This value corresponds to the highest tortuosity given by de Marsily (1986, p. 233),
with the rationale that fracture tortuosity should be high compared to matrix tortuosity (i.e. less
tortuous path in fractures than in the matrix). Fracture tortuosities were further modified for
fracture-fracture connections by multiplication of the tortuosity by the fracture porosity of the
bulk rock to obtain the correct value for the fracture to fracture interconnection area (only for
calculation of diffusive fluxes; the entire grid block connection area is used for calculating
advective fluxes, because the bulk fracture permeability of the entire grid block is entered into the
model). Matrix tortuosities are unknown, and therefore a value of 0.2 was estimated from values
reported by de Marsily (1986, p. 233). '

4.1.7 Design Data
4.1.7.1 Drift Scale Test

“The development of the two-dimensional numerical mesh for the Drift Scale Test is documented
in notebook YMP-LBNL-YWT-SM-1 (pp. 291-308). These data include the drift layout (e.g.
drift diameter, concrete invert, bulkhead and insulation) and the location of wing heaters. Other
data include the drift and wing heater power output (YMP-LBNL-YWT-SM-1, pp. 309-313).
Some modifications to the properties of the insulation are given in scientific notebook
YMP-LBNL-YWT-ELS-1 (p. 35). ‘

4172 Designof Potent@ial.Waste-Emplacement Drifts
Two time periods are considered in the drift design and related data input into the model:

* A 50-year pre-closure period during which 70 percent of the heat released by the waste
packages is removed by ventilation. I

* A post-closure period immediately following. the initial 50-year pre-closure period and
extending to 100,000 years (the total simulation time), during which a drip shield and
backfill are above the waste packages and no heat is removed by ventilation. -

Accordingly, some of the drift-specific model input data are not the same for the pre-closure and
post-closure time periods. These design data are for the TSPA-SR, Rev.0, Base Case.

The model drift geometry and thermophysical properties of design elements (waste package,
backfill) are shown in Table 5 and Figure 1. These data are referenced in Table 2. These design
data are for the TSPA-SR, Rev.0, Base Case. The discretization of the drift is consistent with the
dimensions shown in Figure 1, within the limits imposed by the resolution of the model mesh.
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Table 5. Drift Design Parameters

Model Input Value

Drift diameter 5.5 meters

Waste package outer diameter 1.67 meters

Location of waste package center above bottom of drift 1.945 meters

Location of waste package center below the springline 0.805 meters

Angle of Repose 26°

Minimum depth of backfill cover (this occurs at an angle equivalent to the angle | 1.495 meters

of repose measured off the vertical drawn from the waste package centerline)

Drip shield thickness 0.02 meters

Air gap between waste package surface and the inside of drip shield 0.396 meters

Location of backfill spoil peak (this is the location where the top of the backfill 2.25 meters

intersects the vertical drawn from the drift centerline) above the drift springline

Backfill/drift wall intersection point 1.0 meter above the
springline at the drift wall
intersection

Air gap above invert and below waste package surface 0.504 meters

Inside radius of drip shield 1.231 meters

Top of invert as measured from bottom of drift 0.606 meters

Waste package thermal conductivity 14.42 W/m-K

Waste package density 8189.2 kg/m3

Waste package specific heat 488.86 J/kg-K

Invert intrinsic permeability 6.152x10-10 m2

Invert porosity 0.545

Invert grain density 2530 kg/m3

Invert residual liquid saturation 0.092

Invert alpha (van Genuchten) 1.2232x10-3 Pa-!

invert n (van Genuchten) 2.7

Invert specific heat 948 J/kg-K

Invert thermal conductivity 0.66 W/m-K

Backfill intrinsic permeability 1.43x10-11 m2

Backfill porosity 0.4

Backfill grain density 2700 kg/m3

Backfill residual liquid saturation 0.024

Backfill alpha (van Genuchten) 2.7523x104 Pa-1

Backfill n (van Genuchten) 2.0

Backfill specific heat 795.492 J/kg-K

Backfill thermal conductivity 0.33 W/m-K

DTN: SN9908T0872799.004
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DTN: SN9908T0872799.064'
Figure 1. Sketch (Not to Scale) Corresponding to In-Drift Data for Drift-Scale Models for TSPA-SR
(Rev 01) ‘ _

To account for the 50-year pre-closure period without backfill, backfill (as shown on Figure 1)
was included in the model only for simulation times greater than 50 years. The drip shield itself
was not modeled, but its thickness and thermal conductivity were considered in the width and
thermal properties, respectively, of the open zone between the waste package and backfill during
the post-closure period. . ‘

The heat load from the waste package was obtained from DTN: SN9907T0872799.001. The
averaged heat transfer from the waste package, as a function of time, is shown in Attachment V.
The initial heat transfer from the waste package is 1.54 KW/msif) and decays with time to
0.187 KW/m at 50 years, and less than .003 KW/m after 1000 years. For the simulated first 50

years only 30 percent of this heat is input into the model to account for 70 percent heat removal by
ventilation during the pre-closure period. ‘ o S

Heat transfer from the waste package to the drift wall is implemented in the model by using time-
varying “effective” thermal conductivities (for open spaces within the drift) that were calculated
to account for radiative and convective heat-transport components. These time-varying data were
input into the model as coefficients (values between 0 and 1) for each open zone within the drift.
Each zone was also assigned a constant maximum thermal conductivity (Kthy,,,), which was then
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multiplied by the corresponding time-varying coefficients to obtain effective conductivities as a
function of time (Attachment VI). The sources of these data are listed in Table 2.

The effective thermal conductivities and corresponding open zones of the drift during preclosure
are not the same as during post-closure. Only one open space between the waste package and the
drift wall is considered for the pre-closure period (no backfill or dripshield, Kth,,,, = 10.44 W/m
K). For post-closure, two zones are considered: (1) the open space between the waste package
and the dripshield (Inner Zone, dripshield included, Kth,,, = 3.426 W/m K), and (2) the open
space between the backfill and the drift wall (Outer Zone, Kth,, = 9.068 W/m K) (Figure 1).
Accordingly, model runs were started with the pre-closure thermal conductivity data, then stopped
after 50 years and restarted with the corresponding post-closure data.

The implementation of the drift design into the model is further documented in Scientific
Notebook YMP-LBNL-DSM-NS-1, p. 11-14.

4.2 CRITERIA

This AMR complies with the DOE interim guidance (Dyer 1999). Subparts of the interim
guidance that apply to this analysis or modeling activity are those pertaining to the
characterization of the Yucca Mountain site (Subpart B, Section 15), the compilation of
information regarding geochemistry and mineral stability of the site in support of the License
Application (Subpart B, Section 21(c)(1)(i1)), and the definition of geochemical parameters and
conceptual models used in performance assessment (Subpart E, Section 114(a)).

4.3 CODES AND STANDARDS

No specific formally established standards have been identified as applying to this analysis and
modeling activity.
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5. ASSUMPTIONS

There are many assumptions that generally underlie numerical modeling of heat and fluid flow in
unsaturated porous fractured media. In addition to these assumptions there are numerous
assumptions underlying the calculation of mineral-water reactions, the transport of aqueous and
gaseous species, and the conceptual models that are used to describe the chemical and physical

systems.

The model assumptions are categorized according to the section into which they apply and are as
follows:

A. General THC Process Model Assumptions (used in Sections 6.1, 6.2, and 6.3)

1. It is assumed that the rock can be described by the dual permeability model that
considers separate, but interacting fracture and matrix continua. The fracture continuum
is considered as separate but interacting with the matrix continuum, in terms of the flow
of heat, water, and vapor through advection and conduction. Aqueous and gaseous
species are transported via advection and molecular diffusion between fractures and
matrix. Each continuum has its own well-defined initial physical and chemical
properties. It is assumed that the dual-permeability approach, with appropriate material
and fracture properties and an appropriate discretization of time and space, is an
accurate approximation of the real world. The dual-permeability approach for modeling
physical processes in fractured-porous media is discussed in detail in other AMRs. This
approach is validated by the comparison of measured geochemical data to results of
simulations presented in this AMR (Section 6.2.7). No further justification is necessary.

2. Itis assumed that the thermal conductivity and heat capacity of the precipitated mineral
assemblage are the same as the host rock. The mass of mineral precipitated is much
smaller than the mass of mineral originally in place. Also, because nearly all of the
minerals treated in the model are naturally occurring at Yucca Mountain, this
assumption is reasonable and does not need to be validated.

3. TItis assumed that the infiltrating water and that in the fractures have the same chemical
composition as the matrix pore water that was collected from Alcove 5, near the Drift
Scale Test location, as given in Table 3. This analysis is the average of two samples
taken near the DST location; therefore it may be taken as typical. A more detailed
discussion of this assumption is given in Section 6.1.2. No further justification is
required for this assumption.

4. Itis assumed that the physical properties of the gas phase are unaffected by changes in
the partial pressure of CO, resulting from heating, calcite reactions, and gas-phase

transport. This assumption is justified by the results of the model runs (Figures 28 and
29), which show that the volume fraction of CO, is generally less than 5% and always

less than 10%. Although the molecular weight of CO, is greater than that of air

(approximately 44 versus 29), the density is only increased proportionally to the volume
fraction of CO; and the ratio of the molecular weights. This would result in a density
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increase of about 5% for a gas with a volume fraction of CO, of 10%. These conditions
make the effect of evolved CO, on the physical properties of the gas phase negligibly
small, and justify the use of this assumption without further justiﬁcation." o

5. Diffusion coefficients of all aqueous species are assumed to-be the same. This is
justified because the tracer diffusion coefficients of aqueous species differ by at most
about one order of magnitude, with many differing by less than a factor of 2 (Lasaga

1998, p. 315). This assumption does not need to be confirmed, for the above reason.

6. The dissolution rate of silica-rich glass has been found to follow a dependence of H,O

diffusion through a reaction-product layer (Mazer et al. 1992). Because the volcanic
glass in the rocks at Yucca Mountain is approximately 10 million years old, and has
undergone varying degrees of alteration, a constant thickness product layer on the glass
surface was assumed for recalculation of the dissolution rate constant at 25°C. Itis
assumed that the uniform layer is 10 pm thick. The layer cannot be thicker than a typical
- grain diameter (100 pm). However if it is too thin, a typical grain would be completely
dissolved in less than 10 million years. A thickness of 10 um results in a grain
dissolution thickness of about 30 um, thus satisfying both the above requirements.
Details of the calculations are given in scientific notebook YMP-LBNL-YWT-ELS-1,
p. 43. No further justification or confirmation is necessary. :

'B. Specific Drift Scale Test THC Model Assumptions (used in Section 6.2)

1. Heat transfer from the electrical heaters in the drift to the wall of the drift is
approximated by applying heat directly to the drift wall, instead of calculating radiative
heat effects. Because THC processes in the rock outside the drift are our main objective,
it is only necessary to capture the effective heat flux into the wall of the drift. This
-assumption does not need to be confirmed as it is solely used as an alternative method
for specifying the heat flux into the rock mass. o '

2. The concrete invert is considered non-reactive and does not affect the chemistry of
waters and gases outside the drift. Because the system is in a heating phase, the concrete
is drying out over the time-scale investigated and thus there is no seepage water to
interact with it. : ‘

C. Specific THC Seepage Model Assumptions (used in Section 6.3)

1. For the THC Seepage Model simulations, the drift wall is considered as a no-flux
boundary for fluid and chemical species. There are a few major reasons for making this
‘assumption. First, our objective is to calculate the water and gas compositions that reach
the drift wall, and not THC processes in the drift itself; in-drift THC processes are being -
considered in AMRs that are being prepared in suppoit of the Engineered Barrier

Systems PMR. Because the consideration of a permeable drift wall would necessitate
having transport of aqueous and gaseous species through very small volume elements,
the computational effort is increased dramatically. In either case, processes in the rock

* outside the drift govern compositions of aqueous liquids and gases entering the drift and
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therefore this assumption is valid. Second, for a homogeneous fracture system with
constant surface infiltration, the wall would act as a capillary barnier, and thus the liquid
fluxes very close to the drift wall are adequately described by the model as chosen.
except where there is backfill. Advective fluxes of gas at the wall may differ with a
closed boundary, because convection across the boundary would not occur locally. The
net gas flux toward the drift wall should be good approximation of the total gas flux into
or out of the drift, assuming that the drift responds mainly to pressure changes in the
mountain. No further justification is required for this assumption.

2. The backfill and invert are assumed to be non-reactive. Because only THC processes
outside the drift are considered, this assumption does not need to be confirmed.
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6. ANALYSIS/MODEL

The conceptual model, the DST THC model, and the THC seepage model and results are
presented in this section. Section 6.1 describes the conceptual model for THC processes.
Section 6.2 describes the DST THC model and provides validation of the conceptual model by
comparison to measured water and gas chemical data. The THC seepage model is presented in
Section 6.3, giving predictions of coupled THC processes for 100,000 years under boundary
conditions that are varied to represent the effects of potential climatic change.

The model development, data, and results are documented in the scientific notebooks listed in
Table 6 below.

Table 6. Scientific Notebooks

LBNL Scientific Notebook
ID

YMP M&O Scientific
Notebook ID

Page numbers

Accession number

YMP-LBNL-YWT-ELS-1

SN-LBNL-SCI-109-V1

35-70

MOL.19991109.0319

YMP-LBNL-YWT-NS-1

SN-LBNL-SCI-112-v1

72-77, 115,137

MOL.19991124.0388

YMP-LBNL-YWT-NS-1.1

SN-LBNL-SCI-112-v1

96, 104-117

MOL.19991109.0320

YMP-LBNL-YWT-JA-1A

SN-LBNL-SCI-005-V1

39-41, 48-50

MOL.19991123.0065

YMP-LBNL-DSM-ELS-1

SN-LBNL-SCI-142-V1

3-20

MOL.19991123.0063

YMP-LBNL-DSM-NS-1

SN-LBNL-SCI-141-V1

1-30

MOL.19991123.0064

YMP-LBNL-YWT-SM-1

SN-LBNL-SCI-100-V1

291-313, 321-324

MOL.19991207.0138

6.1 THE DRIFT SCALE THC CONCEPTUAL MODEL

This section describes the THC process model underlying the numerical simulations of THC
processes in the DST and for the THC Seepage model. There are many considerations regarding
the development of a conceptual model that describes processes involving liquid and vapor flow,
heat transport and thermal effects due to boiling and condensation, transport of aqueous and
gaseous species, mineralogical characteristics and changes, and aqueous and gaseous chemistry.
A conceptual model of reaction-transport processes in the fractured welded tuffs of the potential
repository host rock must also account for the different rates of transport in very permeable
fractures, compared to the much less permeable rock matrix. The following subsections describe
the conceptual models for the various physical and chemical processes.

6.1.1 Dual Permeability Model for THC Processes

Transport rates greater than the rate of equilibration via diffusion necessarily leads to
disequilibrium between waters in fractures and matrix. This can lead to differences in the stable
mineral assemblage and to differences in reaction rates. Because the system is unsaturated, and
undergoes boiling, the transport of gaseous species is an important consideration. The model must
also capture the differences between initial mineralogy in fractures and matrix and their evolution.
To handle these separate yet interacting processes in fractures and matrix, we have adopted the
dual permeability method. In this method, each grid block is separated into a matrix and fracture
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continuum, each of which is characterized by its own pressure, temperature, liquid saturation,

water and gas chemistry, and mineralogy. Figure 2 illustrates the dual permeability conceptual \J

model used for THC processes in the DST THC Model and the THC Seepage Model.
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Figure 2. Conceptual Model (Schematic) for Reaction-Transport Processes In Dual-Permeability
Media

6.1.2 Initial Water Chemistry

The infiltrating water chemistry could be chosen from either the pore water chemistry in the UZ at
or above the potential repository horizon, or from a more dilute composition found in the perched
water or saturated zone. The perched waters are much more dilute than UZ pore waters and
isotopic compositions (36CI/Cl, 180/160, D/H, 14C) and Cl concentrations suggest that they have
a large proportion of late Pleistocene/early Holocene water (Levy et al. 1997, p. 906; Sonnenthal
and Bodvarsson 1999, p. 107-108).

However, for drift-scale THC processes in the TSw Unit, the water entering the top of the unit
comes from the base of the PTn and is not necessarily the same composition as water entering the
TCw near the land surface. A conceptual model that explains the aqueous chemistry and
background 36Cl/Cl isotopic ratios in the Exploratory Studies Facility holds that percolating water
must pass mostly through the PTn matrix (because of its high permeability and low fracture
density) before reverting to dominantly fracture flow in the TSw. As discussed in Levy et al.
(1997, p. 907-908) this seems to be true for all areas except near large structural discontinuities in
the PTn (i.e., faults). Hence, percolating water in the TSw, ultimately had come predominantly
through the PTn matrix. Analyses of PTn pore waters (and some at the top of the TSw) and many
Cl analyses of TSw pore waters are consistent with this interpretation (Sonnenthal and
Bodvarsson 1999, p. 140-141). Therefore, as stated in Section 4.1.3, the infiltrating water and the
water in the fractures are set to the same chemical composition as the matrix pore water collected
from Alcove 5, and listed in Table 3.
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6.1.3 Numerical Model for Coupled THC Processes

The geochemical module incorporated in TOUGHREACT V2.2 solves simultaneously a set of
chemical mass-action, kinetic rate expressions for mineral dissolution/precipitation, and
mass-balance equations. This provides the extent of reaction and mass transfer between a set of
given aqueous species, minerals, and gases at each grid block of the flow model (Xu and Pruess
1998; Xu et al. 1999). Equations for heat, liquid and gas flow, aqueous and gaseous species
transport, chemical reactions, and permeability/porosity changes are solved sequentially (e.g.,
Steefel and Lasaga 1994, p. 550).

The setup of mass-action and mass-balance equations in TOUGHREACT V2.2 is similar to the
formulation implemented in Reed (1982, pp. 514-516). Additional provisions are made for
mineral dissolution and precipitation under kinetic constraints and a volume-dependent
formulation for gas equilibrium, as described below. The chemical system is described in terms of
primary aqueous species (the independent variables). Minerals, gases, and secondary aqueous
species are defined in terms of reactions involving only the primary species. It has been shown
that if the diffusivities of all aqueous species are equal, as assumed in Section 5, only the transport
of primary species (in terms of total dissolved concentrations) needs to be considered to solve the
entire reactive flow/transport problem (Steefel and Lasaga 1994, p. 546).

The system of nonlinear equations, describing chemical mass-balance, mass-action, and kinetic
rate expressions is solved by a Newton-Raphson iterative procedure. Activity coefficients of
aqueous species are computed by an extended Debye-Huckel equation (e.g. Drever 1997, p. 28,
eq. 2-12). Activity coefficients of neutral species are currently assumed equal to one, and the
activity of water is computed using a method described in Garrels and Christ (1965, pp. 64—66).

Equilibration with mineral phases is computed by adding a mass-action equation, for each
saturated mineral, into the system of nonlinear equations as follows:

log(K,) = log(Q)
' ‘ (Eq. 2)
where K; denotes the equilibrium constant and Q, the product of the ion activities in the reaction

that expresses mineral i in terms of the primary aqueous species. A term representing the amount
of primary aqueous species consumed or produced by equilibration of minerals is added to the
mass-balance equation for each primary species involved in mineral reactions, and is solved
simultaneously with the concentrations of all primary species.

Gas species, such as CO,, are treated as ideal mixtures of gases in equilibrium with the aqueous

solution. A mass-action equation is added to the system of simultaneous equations for each
saturated gas present, except for H,O vapor and air which are handled separately through the flow

module in TOUGHREACT V2.2. The gas mass-action equation takes the form:

log(K,) = log(Q,) —log(P) (Eq. 3)
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where P; is the partial pressure of gaseous species i. P; is first calculated from the
advective-diffusive gas transport equation in TOUGHREACT V2.2. Then P; is replaced with the
ideal gas law,

nRT
VE
(Eq. 4)
where n; denotes the number of moles of gas species i, R is the gas constant, T is absolute
temperature, and V,, is the gas total volume. By expressing V, in terms of the gas saturation Se»
the porosity of the medium ¢, and the volume of each grid block in the flow model V.
Equation 4 is rewritten as:

.E:

n,RT

=t
‘,blorkwg (Eq 5)

The gas saturation is computed in the flow module of TOUGHREACT V2.2 (H,O and air). The
amount of trace gas species (n;/Vy)ocx) is then obtained by substitution of Equation 5 into 3 and
solving together with the concentrations of all primary species.

The partial pressures of gas species are not fed back to the multiphase flow module of
TOUGHREACT V2.2 for solving the water and gas flow equations. Therefore, this method
should only be applied to gases with partial pressures significantly lower than the total gas
pressure. There is no absolute cutoff for which this approximation breaks down, and therefore it
is validated by comparison to DST measured CO, concentrations. For cases where the partial

pressures of a trace gas become closer to the total pressure, chemical equilibrium with the
aqueous phase is computed correctly but the gas pressure will be underestimated in the mass-
balance equation solved for gas flow. Because CO, concentrations encountered in the Drift Scale

Test and model simulations are generally less than a few percent, and rarely over 10%, this model
for the gas species is a reasonable approximation for this particular system (see Section 5).

6.1.4 Kinetic Rate Laws

Rates of mineral dissolution and precipitation close to equilibrium can be described via a
relationship of the rate to the saturation index (Q/K), as follows (Steefel and Lasaga 1994, p. 540):

Rate (mol | s) = sgn[log(%)]kflm e [( %)m - l]l

where g; is the activity of each inhibiting or catalyzing species, and p is an empirically determined
exponent. The rate constant (k) is given as (Steefel and Lasaga 1994, p. 541):

MDL-NBS-HS-000001 REV00 38 March 2000

\



Title: Drift-Scale Coupled Processes (DST and THC Seepage) Models NO120/U0110

=k, -
R \T 29815
(Eq. 7)

Following Steefel and Lasaga (1994, p. 568), we set p=0 for each species so that the product
I1a’ =1, and has been eliminated from Equation 6. The ratio of the species activity product (Q)

and the equilibrium constant (K) describes the extent to which a mineral is in disequilibrium with
a given solution composition. For Q/K equal to one, the mineral is at equilibrium and thus the net
rate of reaction becomes zero. For /K greater than one, the mineral is oversaturated and thus the
rate becomes positive. The expression “sgn [log(Q/K)]” ensures that the correct sign is enforced
when the exponents m and n are not equal to one. The variable A,, is the reactive surface area

expressed in units of m2 mineral/kg water. The temperature dependence of reaction rates is given
by the activation energy (E,) in units of kJ/mol. T is the temperature in Kelvin units.

Carroll et al. (1998, p. 1379) noted that the calculated rates of amorphous silica precipitation,
based on Rimstidt and Barnes (1980, p. 1683) are about three orders of magnitude lower than
those observed in geothermal systems. Carroll et al. (1998, p. 1379) presented experimental data
on amorphous silica precipitation for more complex geothermal fluids at higher degrees of
supersaturation, and also for a near-saturation simple fluid chemistry. Under far from equilibrium
conditions, the rate law for amorphous silica precipitation has been expressed as (Carroll et al.
1998, p. 1382):

Rate(mol/s)=k Am(Q )m
{7 (Eq. 8)

This rate does not tend to zero as Q/K goes to one, and therefore, a modification was made to this
law so that it tends to zero as Q/K approaches one (described in scientific notebook
YMP-LBNL-YWT-ELS-1, p. 45).

The dissolution rate of silica-rich glass has been found to follow a dependence of H,O diffusion

through a reaction product layer (Mazer et al. 1992). Given that the volcanic glass in the rocks at
Yucca Mountain is at least 10 million years old, and has undergone varying degrees of alteration,
there should be significant development of a reaction product layer. A constant thickness product
layer on the glass surface was assumed (Assumption A6 in Section 5) for recalculation of the rate
constant at 25 °C. This thickness was taken to be 10 microns. Details of the calculation are given
in scientific notebook YMP-LBNL-YWT-ELS-1 (p. 43).

The rate constant for dissolution and precipitation of fluorite was recalculated from the linear
growth rate of grains (Knowles-van Cappellan et al. 1997, p. 1873) by taking the grain to have a
cubic morphology. Details of the calculation are given in scientific notebook
YMP-LBNL-YWT-ELS-1 (p. 44).

Kinetic data for minerals that were used in the simulation of drift-scale THC processes were given
in Table 4, with comments regarding their sources and derivations.
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s

Over a finite time step (A1), the change in the concentration of each primary species j due to
mineral precipitation or dissolution under kinetic constraints is computed from the sum of the
rates, r;, of all j-containing minerals i as follows:

AC. = —Z rv, At
J LAY )

(Eq.9)
where vj; is the stoichiometric coefficient of component j in mineral i. These concentration
changes are incorporated into the mass-balance equation of each primary species involved in
mineral reactions, using Equations 6 through 8, and solved simultaneously with the
concentrations of all primary species.

6.1.5 Fracture and Matrix Mineral Reactive Surface Areas
6.1.5.1  Fracture Mineral Reactive Surface Areas

In the dual-permeability method, the porosity of the fracture medium can be taken as 1.0;
however, for modeling of mineral dissolution and precipitation, there would be no rock to
dissolve. Because the dissolution rates of many minerals are quite small at temperatures below
100°C, only a small volume of rock adjoining the open space of the fracture need be considered as
the starting rock fraction. The porosity of the fracture medium was set to 0.99, thus making
available 1% of the total fracture volume for reaction, but producing a minimal effect on flow and
transport in the fracture continuum.

Reactive surface areas of minerals on fracture walls were calculated from the fracture-matrix
interface area/volume ratio, the fracture porosity, and the derived mineral volume fractions. The
fracture-matrix interface areas and fracture porosities for each unit were taken from the calibrated
properties set (DTN: LB990861233129.001). These areas were based on the fracture densities,
fracture porosities, and mean fracture diameter. The wall of the fracture is treated as a surface
covered by mineral grains having the form of uniform hemispheres. The geometric surface area of
the fracture wall can be approximated by:

TA,_
A, = 2= (Eg. 10)

f~m
where A, is the reactive surface area (N2/m3 f, rure medium)» Agp, is the fracture matrix interface

area/volume ratio (M2 fryorure/M> fracture + matrix Yolume), and @r.m is the fracture porosity of the
rock. This is the surface area that is given as an input to the model simulations as an
approximation of the reactive surface area.

The reactive surface area of each mineral (in units of m?2 mineral /kg water) that is used in
Equations 6 and 8 is then given by:
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Af"l

A, (m?/ kg water) = ’¢
P8y (Eq. 11)

where f,, is the volume fraction of the mineral in the mineral assemblage, p,, is the density of

water (taken as a constant 1000 kg/m3) and @ris the porosity of the fracture medium, as opposed
to the fracture porosity of the rock. This is the surface area/water mass ratio for a mineral in a
liquid-saturated system.

To provide the correct rock/water ratio in an unsaturated system, the form of this surface area can
be written as:

A, (m’/ kg water) = At

9,5,

(Eq. 12)

where S, is the water saturation. However, as S,, goes to zero the reactive surface area would tend
to infinity. Clearly, at a very low liquid saturation the surface area of the rock contacted by water
likely is much smaller than the total area. Two methods have been implemented to address this
phenomenon.

The first method considers that the surface area contacted by water diminishes proportionately to
the saturation. This yields the saturated surface area given by Equation 11.

The second method employs the active-fracture-model concept (Liu et al. 1998, pp. 2636-2638)
with a modification for the consideration of water-rock reactions taking place below the residual
saturation. The form of the active fracture parameter for reaction is then given by the following
set of equations:

S, =(S, -SM1-S
ar (W m)( m) (Eq' 13)

— (l+y)

a
fmr ar (Eq 14)

where S, is the minimum liquid saturation for which water-rock reactions are considered and Sar

is the effective saturation for reaction. The active fracture model parameter, Y, is obtained from
the calibrated hydrological property set (DTN: LB990861233129.001). The factor that reduces
the surface area contacted by the water phase is given by gy, In all simulations S is set to the
very small saturation of 1x10-4, to ensure that reactions take place until there is virtually no water
left (e.g., during dryout via ventilation or heating). Finally, the reactive surface area, using this
modified form of the active fracture model, is given by:
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A, (m’/kg water) = %
(Eq. 15)

The surface area calculated in this way is applicable only to reactions taking place in the fracture
medium.

6.1.5.2 Matrix Mineral Reactive Surface Areas

Mineral surface areas in the rock matrix were calculated using the geometric area of a cubic array
of truncated spheres that make up the framework of the rock (Scientific Notebook YMP-LBNL-
YWT-ELS-1, pp. 37-39, Sonnenthal and Orotoleva 1994, p. 405-406). Clay minerals are
considered as coatings of plate-like grains. The mineral surface areas of framework grains
(truncated spheres) in contact with the open pore space are calculated using an initial grain
diameter, followed by successive truncation of the grains in the vertical direction until the
porosity of this system is close to the measured porosity of the rock. In the welded tuff, crystals
are often tightly intergrown with little or no pore space within the aggregate. Thus, a check is
made so that the resultant mean pore throat size and spacing yields a permeability (calculated
from a modified Hagen-Poiseuille relation—Ehrlich et al. 1991, p. 1582, Eq. 11) that is relatively
close to the measured saturated permeability.

The grains forming the framework of this rock are considered to be the primary high-temperature
phases of the tuff (i.e., quartz, cristobalite, tridymite, and feldspars). The abundance of secondary
phases (i.e., those that formed as alteration products or low temperature coatings on the primary
assemblage), such as clay minerals, are used to reduce the free surface area of the framework
grains. The surface areas of the secondary phases are calculated assuming a tabular morphology.

The full details of the geometric calculations are given in scientific notebook YMP-LBNL-DSM-
ELS-1 (pp. 37-39).

6.1.6 Effects of Mineral Precipitation/Dissolution on Hydrologic Properties
6.1.6.1 Porosity Changes

Changes in porosity and permeability from mineral dissolution and precipitation have the
potential for modification of the percolation fluxes and seepage fluxes at the drift wall. In this
analysis, porosity changes in matrix and fractures are directly tied to the volume changes due to
mineral precipitation and dissolution. Since the molar volumes of minerals created by hydrolysis
reactions (i.e., anhydrous phases, such as feldspars, reacting with aqueous fluids to form hydrous
minerals such as zeolites or clays) are often larger than that of the primary reactant minerals,
dissolution-precipitation reactions can often lead to porosity reductions. These changes are taken
into account in this analysis. The porosity of the medium (fracture or matrix) is given by:

o=1-3 5. - 5,
mel (Eq. 16)
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where, nm is the number of minerals, fr,, is the volume fraction of mineral m in the rock
(including porosity) and fr, is the volume fraction of unreactive rock. As the fr,, of each mineral

changes, the porosity is recalculated at each time step. The porosity is not allowed to go below
zero at any time.

6.1.6.2  Fracture Permeability Changes

Fracture permeability changes are approximated using the porosity change and an assumption of
plane parallel fractures of uniform aperture (cubic law—Steefel and Lasaga 1994, p. 556). The
modified permeability, %, is then given by:

= k,_[ ﬂ]’
? (Eq. 17)

where k; and ¢; are the initial permeability and porosity, respectively.

6.1.6.3  Matrix Permeability Changes

Matrix permeability changes are calculated from changes in porosity using ratios of
permeabilities calculated from the Carmen-Kozeny relation (Bear 1972, p. 166, eq. (5.10.18),
symbolically replacing n by ¢), and ignoring changes in grain size, tortuosity and specific surface
area as follows:

) 3
(o Um0 (9
(-9 { ¢
(Eq. 18)
6.1.6.4  Effects of Permeability and Porosity Changes on Capillary Pressures

Changing permeability and porosity also implies changes in the unsaturated flow properties of the
rock. This effect is treated by modifying the calculated capillary pressure (Pc) using the Leverett
scaling relation (Slider 1976, p. 280) to obtain a scaled Pc" as follows:

pe = pe [® (Eq. 19)
ko, '

6.1.7 Geochemical Systems

Two sets of chemical components and mineral assemblages were used for the simulations for the
Drift Scale Test and the THC Seepage Model. The systems are denoted Case 1 and Case 2 and are
presented in Tables 7 and 8, respectively. Case 1 (“full” set) includes the major solid phases
(minerals and glass) encountered in geologic units at Yucca Mountain, together with a range of
possible reaction product minerals, CO, gas, and the aqueous species necessary to include these

solid phases and the pore-water composition into the THC model. Case 2 (“simplified” set) is a
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subset of Case 1 excluding aluminum silicate minerals, which form or dissolve much less easily
than minerals such as calcite or gypsum, and for which thermodynamic and kinetic data are not as
well established as for the other minerals. As discussed later (Sections 6.2.7.2 and 6.3.5.2), Case-
2 THC simulations appear to predict more realistic pH and gas-phase CO, concentration trends

than Case-1 simulations, because the latter may be overpredicting the reaction rates of aluminum
silicate minerals, indirectly affecting these parameters. Therefore, even though Case 1 represents
the near-field environment more completely than Case 2, the latter may yield more accurate THC
model results than Case 1.

Table 7. Case-1 Mineral Assemblage, Aqueous and Gaseous Species

Species Minerals
Aqueous:

H,O Calcite

H+ Tridymite

Na+ a—Cristobalite

K+ Quartz

Cat+2 Amorphous Silica

Mg+2 Hematite

Si0, Fluorite

AlOy" Gypsum

HFeO, Goethite

HCO3 Albite

Cl- Microcline

S042 Anorthite

F- Ca-Smectite
Mg-Smectite

Gas: Na-Smectite

CO, K-Smectite
lllite
Kaolinite
Sepiolite
Stellerite
Heulandite
Mordenite
Clinoptilolite
Glass
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Table 8. Case-2 (Simplified) Mineral Assemblage, Aqueous and Gaseous Species

Species Minerals
Aqueous:
H,O Calcite
H+ Tridymite
Na+ o—Cristobalite
Ca*2 Quartz
SiO, Amorphous Silica
HCOg- Glass
Cl- Gypsum
S0,42
Gas:

CO,

6.2 THE DRIFT SCALE TEST THC MODEL

The DST is the second underground thermal test that is being carried out in the ESF at Yucca
Mountain, Nevada. The purpose of the test is to evaluate the coupled thermal, hydrological,
chemical and mechanical processes that take place in unsaturated fractured tuff over a range of
temperatures from approximately 25°C to 200°C. The DST THC Model provides an important
validation test for the extension of the THC conceptual model to the THC Seepage Model. It
should be noted that the geochemical model input parameters have not been calibrated to the data
collected from the DST. Modifications to a few rate law parameters have been made because of
some of the simplifications made in the mineralogy (endmembers instead of solid solutions) and
because of the general effects of inhibition of precipitation or dissolution (e.g., quartz and calcite).
However, these input data were not tailored to match any field data, but were modified to correct
for processes that are not considered in the model. More important than matching any particular
data, the goal is a better understanding of coupled processes so that the models can be applied to
long-term predictions of near-field THC processes.

6.2.1 Background Information

The DST heaters were turned on on December 3, 1997 with a planned four-year period of heating,
followed by four years of cooling. Our objectives were to make predictions of the coupled
thermal, hydrological, and chemical (THC) processes, followed by model refinement and
comparison to measured data. It was expected that some water (formed by condensation of steam
in fractures) would be collected. Throughout 1998 and 1999, samples of water and gas were
collected from boreholes, allowing for comparison of analytical data on water and gas chemistry
to DST THC model results.
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6.2.2 Drift Scale Test 2-D Numerical Grid

Because THC simulations are computationally intensive, and the model area is fairly large, 2-D
simulations (rather than 3-D) were conducted, so that the number of model grid blocks, and thus
computation time, could be kept to workable dimensions without losing too much resolution.

The development of the two-dimensional dual-permeability numerical grid for the DST is
described in scientific notebook YMP-LBNL-YWT-SM-1 (pp. 291-308). It consists of 4,485 grid
blocks, including fracture and matrix. It represents a vertical cross-section through the drift at a
distance approximately 30 meters from the bulkhead (Figure 3). Between the grid elements within
the drift interior and one representing the heater test alcove are elements designed to act as the
bulkhead and the insulating material. Within the drift, heat is applied directly to the drift wall as
an approximation to explicitly representing the electric heaters and calculating the heat transfer
across the air mass inside the drift. The test includes a plane of linear wing heaters on each side of
the drift that are given small grid elements in the model. Small grid elements are employed
adjacent to the wing heaters and drift wall to capture the strong gradients in temperature and
liquid saturation in these regions. For the simulations, some mesh elements in the drift interior
were removed, and near the drift base were replaced by nodes representing the concrete invert.
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NOTE: OD=Observation Drift. Locations of hydrology boreholes and sensor locations are shown for a
vertical plane approximately 30 m inward from the bulkhead.

Figure 3. Close-Up of Numerical Mesh Used for Drift Scale Test THC Model Simulations.
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6.2.3 Heater Power

The most recent calibrated heater power measurements are used in the model and are described in
scientific notebook YMP-LBNL-YWT-SM-1 (pp. 309-313). The wing heaters are split into
inner and outer zones with the outer zone producing a greater power output in order to
approximate the presence of an adjacent parallel drift. The DST THC Model employs a 9-month
period of preheat ventilation at ambient temperature corresponding approximately to the time that
was required to set up the test. The heating schedule imposed on the model is then set in
accordance with an interim plan for the test: 21 months of heating at full power (bringing the
model simulation to early September 1999), followed by 10% power reduction for each of the
next four months, then continuous heating at 60% of full power until 4 years after initiation of
heating, and finally 4 more years of cooling. The 10% power reduction after September 1999 has
not been implemented, and therefore only model data up to September 1999 will reflect closely
the temperature history of the test. For the purpose of validating the THC conceptual model only
results prior to this time for which chemical data on water and gases were collected will be
discussed in this AMR.

6.2.4 Hydrological and Thermal Boundary and Initial Conditions

The top boundary is approximately 99 m above the drift center, with the bottom boundary at
approximately 157 m below the center. The top and bottom boundaries were set to constant
temperature, pressure, and liquid saturation, based on steady-state values obtained from
simulations of a 1-D column extending from the land surface to the water table (see scientific
notebook YMP-LBNL-YWT-SM-1, pp. 291-308). These values were obtained using the
calibrated drift scale hydrologic parameter set for the present climate (mean infiltration) at an
infiltration rate of approximately 1.05 mm/year (DTN: LB991091233129.001). The side
boundaries of the domain are located outside of the test influence area (81.5 m away from the drift
center on each side) and can therefore be considered as no-flux boundaries. The air pressure and
temperature in the observation drift are set to constant values, and therefore do not reflect
temporal fluctuations in barometric pressure or tunnel air temperatures. The Heater Drift wall is
open to advection and conduction of heat and mass, and vapor diffusion.

6.2.5 Geochemical Boundary and Initial Conditions

Geochemical data used in the simulations are given in Tables 2 through 4 in Section 4 and
Appendices II through IV. The top and bottom boundaries were set so that no mineral reactions
take place, but they were open to aqueous and gaseous species transport. Their volumes were set
to extremely large values so that they act essentially as constant concentration boundaries. All
aqueous and gaseous species concentrations in the rock were set initially to a uniform value
(given in Section 4). The heater drift, alcove, and observation drift CO, concentrations were set
to approximately that of the atmosphere. The alcove and observation drift CO, concentrations
were kept essentially constant, but the heater drift was allowed to exchange CO, between the rock
and the observation drift. The side boundaries were treated as no-flux to advection and diffusion.
Simulations were run using the initial geochemical model cases (full — Case 1 and simplified -
Case 2).
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6.2.6 Measured Geochemical Data Used for Comparison to Simulation Results

Two main sources of data are used in this report for comparison to simulation results. Aqueous
species concentrations and pH were available for water samples collected from hydrology
boreholes (DTN: LL9907028804244.100). Gas-phase CO, concentrations and stable isotopic

ratios (313C, 3180, 8D, and 14C) were measured from gases pumped from hydrology boreholes
(DTNs listed in Table 2). For the gas phase compositions, direct comparisons of model results
will be made only to CO, concentrations; however, isotopic data also has provided important

insight into THC processes.

6.2.7 Validation of DST THC Model by Comparison of Simulation Results to Measured
Data

6.2.71  Thermal and Hydrological Evolution

The main driving force for changes in the hydrological and chemical behavior of the system is, of
course, the strong thermal load applied to the system. The resulting changes in temperature, liquid
saturation, and gas phase composition lead to changes in the chemistry of water, gas, and
minerals. Key aspects of the thermohydrological behavior of the DST that drive the chemical
evolution of the system are treated in this section; however, a detailed analysis of the
thermohydrology of the DST will be presented in another AMR.

The modeled distributions of temperature and liquid saturation are shown in Figures 4a-d,
corresponding to twelve and twenty months during the heating phase of the DST. The zone of
dryout increases over time, and a wider contour interval in temperature between the 90°C and
100°C isotherms indicates the presence of an isothermal boiling/condensation zone, especially
above the wing heaters. A large drainage zone is apparent in the fractures below the heaters, and
in the matrix as well, after 20 months. The buildup of water above the heaters is fairly localized,
but moves up into the region of the upper hydrology boreholes after 20 months of heating.

Temperatures predicted by the two-dimensional model tend to be somewhat higher than for a
three-dimensional model or the real system because there is no heat loss in the third dimension.
Therefore, this model is most applicable to areas near the center of the test — away from both the
bulkhead and the opposite end of the Heater Drift.
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6.2.7.2  Gas Phase CO, Evolution

The concentration of CO, in the gas phase can change markedly owing to changes in temperature,

aqueous phase chemical changes and mineral-water reactions, and through advective and
diffusive transport. Because CO, partial pressure has a strong effect on water pH, it is important

to validate the CO, behavior in our simulations. Numerous measurements of CO, concentrations

in gases from the Drift Scale Test have been made as a function of space and time, so that a more
detailed comparison of the model results to these data can be made than to measured water
chemistry. Model results are presented for the two geochemical systems described in Tables 7
and 8 (Case 1 and Case 2).

In this section we present CO, concentrations measured in gas samples taken from boreholes
during the DST, and compare them to simulation results using the DST THC Model (Section
6.2.7.2). Sampling locations are not identical to the mesh node coordinates, and are from borehole
intervals that are several meters long and may encompass a wide range of temperatures as a result
of their orientation relative to the heaters. The actual heater operation was also not exactly as
planned. In addition, the model predicts both fracture and matrix CO, concentrations, whereas the
measured data may consist of some mixture of gas derived from fractures and that from the
matrix, especially if the matrix pore water was actively undergoing boiling. Another complication
arises from the fact that the gas samples have had much of the water vapor removed whereas the
model results are based on a “humid” gas. The criteria for model validation are therefore as
follows:

1. Where a sampling interval lies between 2 nodes, the measured values fall between the
simulated values (fracture and matrix).

2. The trend of CO, concentrations over time in the sampling interval are clearly followed,
and are clearly distinct from trends in other sampling intervals.

3. Deviations between measured and simulated values are consistent with known major
discrepancies between actual and simulated heater operation or extensive water loss by
condensation from gas samples prior to measurement.
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Modeled distributions of CO, concentrations (log volume fractions) and temperature in fractures
and matrix are shown after six and twelve months of heating (which are also times for which CO,

measurements are available) in Figure 5 for the reduced chemical system (Case 2). At both times,
and in both fractures and matrix, there is a halo of increased CO, concentrations, centered
approximately at the 60°C isotherm. Over the six-month period the halo increases in extent and
magnitude considerably. Maximum CO, concentrations are located above and below the wing
heaters and below the Heater Drift. Between approximately the 90°C and 100°C isotherms there
is a region where fracture CO, concentrations have decreased to approximately 1000 ppmv, but
matrix concentrations are still elevated. This area encompasses an isothermal boiling region, as
evidenced from the wider spacing of the 90-100°C isotherms compared to adjacent lower and
higher temperature contours. More rapid boiling in the matrix leads to higher partial pressures of
CO, relative to the dry or nearly dry fractures. Within the dryout zone close to the drift and wing

heaters, CO, concentrations decrease markedly in both fractures and matrix.
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Figure 6 shows modeled CO, concentrations at 15 and 20 months from the same simulation. The

patterns remain similar, and continue to grow outward from the heat source, with the area of the
maximum concentrations decreasing slightly at 20 months relative to that at 12 months. This is a
result of a widening of the zone of high concentrations as it moves away from the heat source,
with the peak concentrations diminishing slightly as the isotherms widen. The highest
concentration regions are situated above and below the wing heaters and over time pass
progressively through the radial hydrology boreholes. Once the region around the borehole has
dried out there is a sharp decrease to low CO, concentrations in the gas phase.
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For comparison, CO, concentrations for a simulation using the full geochemical system (Case 1)

are shown in Figure 7. The pattern of concentrations is similar to the previous results; however,
the maximum concentrations are significantly lower. Changes in gas chemistry are also taking
place in the ambient temperature region.
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Figure 7. CO, Concentration (log volume fraction) in Gas Phase (Case 1) around the DST at 12
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The reason for the difference in the calculated CO, concentrations in this more complex

geochemical system (compared to Case 2) is a result of dissolution and precipitation of various
Ca-bearing minerals, such as stellerite, heulandite, calcite, anorthite, and Ca-smectite. Feldspar
and calcite dissolve to form zeolites. This drives the pH up, which in tumn decreases the CO,

partial pressures through aqueous species reactions involving carbonate species (CO, is more

soluble at elevated pH). Large differences in the relative rates of mineral-water reactions shift this
equilibrium, even through the absolute rates are exceedingly small. The other controlling factor is
the flux of aqueous species through percolation and of CO, through gas phase diffusion, relative

to the rates of mineral reactions. Because the model starting conditions use measured water and
gas compositions that reflect a set of conditions (infiltration, mixing, climate changes) that are
unknown, it would be very difficult to reproduce a steady-state condition that matches the ori ginal
data. The percolation flux has little effect over a few years, so that for comparison of the model
results, we are left with the relative rates of reaction as the reason for the difference between Case
1 and Case 2 CO, concentrations.

Shifts in the ambient system CO, concentrations over a relatively short time (away from the areas

of thermal effects) indicates that either the relative mineral-water reaction rates are somehow
dissimilar to the real system, or that calculated starting water bicarbonate concentration (via
charge balance) was off, or the measured pH was altered through the sample collection procedure.
Because the starting water was supersaturated in calcite, the latter scenario is certainly a real
possibility. In addition, the uncertainties in thermodynamic data for the aluminosilicates (e.g.
zeolites and clays), the unknown reaction rates for many of the minerals, and the assumption of
endmember mineral thermodynamic models instead of solid-solution models must play a role in
the evaluation of the results. Therefore, comparison to measured data must play an important role
in the evaluation of the results.

The distributions of measured CO, concentrations (DTNs listed in Table 2) after one year of
heating and after fifteen months are shown in Figure 8. In general the locations of high
concentrations are similar to the modeled concentrations with very high values above and below
the wing heaters, with slightly elevated values in Borehole 74 well above the wing heaters.
Comparison of the fifteen month to the one-year data, shows that in nearly all of the boreholes the
CO, concentrations are higher. The range of measured values compares closely with the span of

modeled concentrations.

MDL-NBS-HS-000001 REV00 57 March 2000



Title: Drift-Scale Coupled Processes (DST and THC Seepage) Models N0120/U0110

Measured CO, After 1 Year (Conrad, 1999)
25 1 L 1 L L L il

3
2 L
[
E

201 Log CO2 concentration (vol.fraction)

-25 T T T - T r T

-30 -20 -10 0 10 20 30
[meters]
Measured CO, On March 1, 1999 (Conrad, 1999)

25 1 L L L L 2 '

20 . 74

15

75

10 -
— 5- 76
[
2 ()-a.39 (Heater Drit)
E 4| 292

-1.38

-10 1 ” -

.15 4 78

201 Log CO2 concentration (vol.fraction) i

<25 T T T T ™ Y T

-30 20 -10 (] 10 20 30
[meters]

DTN: LB990630123142.003
NOTE: Concentrations refer to intervals between pairs of points.

Figure 8. Measured Concentrations of CO, (log volume fraction) in Gas Phase around the DST at
12 Months and at 15 Months.

To evaluate how the model predicts the time evolution of CO, concentration, which is dependent
on numerous thermal, hydrological, transport, and geochemical processes, measured CO,
concentrations from intervals that were repeatedly sampled from February 1998 to August 1999
(DTNs in Table 2) are compared to model results at the same times. The locations of these nodes
relative to the borehole intervals from which the gas samples were taken are illustrated in Figure
9. Because the measured concentrations come from borehole intervals that are several meters long
and not from a specific location, model data are chosen from the grid block that is closest to the
center of the interval. If there is no grid block that is centered on the borehole, a node closest to
the center is chosen on the outer (cooler) side of the borehole. Nodes on the cooler side are more
comparable to the measured data because the 2-D model, having no heat loss in the rock
perpendicular to the drift, gives temperatures that are somewhat higher than the measured
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temperatures at a given time. Therefore, it is more appropriate to pick a node on the cooler rather
than the hotter side. Some additional nodes around the intervals are included in some of the plots,
so that the gradations in the CO, concentrations around or over the interval can be analyzed.
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Figure 9. Close-Up of DST Grid, Showing Nodes Used to Extract Model Data for Comparison to

Concentrations Measured in Gas Samples. Borehole intervals from which gas samples
were taken are shown in the hachured regions.

Figures 10a-d show the time evolution of CO, concentrations in Borehole intervals 74-3, 75-3,
76-3, and 78-3. Measured CO, concentrations in interval 74-3 were observed to be only slightly
elevated (1434 ppmv) over the ambient rock gas CO, concentration when the first sample was
collected six months after the start of the test. Temperatures at the borehole sensor were still at the
ambient value of 23.7°C. Concentrations rose gradually until about one year after the test at
which time they rose somewhat more rapidly, to approximately 7000 ppmv at 18 months. The
next sample, collected at just over 20 months into the test, had a composition close to the previous
sample. The closest grid node to the center of Borehole interval 74-3 lies just about 1.5 meters
above the borehole. The calculated concentrations follow a similar early history as the measured
concentrations until about 12 months where the measured concentrations rise faster and to greater
concentrations than the observed data. However, where the measured concentrations level out at
20 months, the modeled values are still rising and are close to the final value. For comparison,
concentrations from a grid node about 2 meters below the interval also rise slowly over the first
10 to 12 months of the test and then increase more dramatically to much higher concentrations.
These two nodes bracket the measured concentrations quite well. It is clear that there are very
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strong gradients in CO, concentrations over distances of only a few meters so that it would be

expected that the collected gases would reflect some averaging over a region. Differences in
fracture and matrix CO, concentrations increase as one nears the heat source and thus the

sampling could be affected by this as the matrix liquid saturations decrease and more of the
collected gas comes from the matrix compared to the open fractures.

In Figure 10b, the measured concentrations in Borehole interval 75-3, which is closer to the
Heater Drift, are also at slightly elevated values after 6 months and rise smoothly but faster than in
74-3, until about 18 months where again the concentrations reach a plateau. The modeled
concentrations match very closely the measured values until 20 months where measured
concentrations stop rising.

The lack of a continuous rise in CO, concentrations measured in Borehole intervals 74-3 and 75-3
at 20 months does not seem to follow either the model results or the large increases in CO,

concentrations that occurred in the other intervals as temperature rose in those regions. A 6-day
period of heater power loss took place in July 1999, approximately a month previous to the time
the last gas samples were collected. This may explain the low concentrations in these intervals at
20 months. Future sampling should indicate a return to increasing CO, concentrations.

- CO; concentrations in Borehole interval 76-3 show a much more rapid rise to about 16,000 ppmv
after only 10 months of heating. The concentrations appear to reach a plateau, but then continue to
rise strongly until 20 months where they drop off somewhat. Modeled concentrations also rise
rapidly to a peak in the fractures at 10 months, at which time they drop off sharply, whereas the
modeled concentrations in the matrix continue to rise slowly and then drop off very gradually
until 20 months. The samples collected at 18 and 20 months have considerably higher
concentrations than the model predictions, even though the early samples compare closely to the
calculated data.

A similar behavior can be seen in Borehole interval 78-3 (Figure 10d) where there is an even
more rapid rise in measured CO, concentrations to about 25,000 ppmv after only 8 months, with
nearly constant values to 12 months. This is followed by a large increase to 45,000 ppmv at 15
months, and then dropping off to much lower values at 18 and 20 months. Modeled data taken at
the center of the interval and at the end of the interval (deeper part) follow the very steep rise to
over 10,000 ppmv after 6 months of heating. From 8 to 12 months the model data from the end of
the interval matches closely the measured levels (matrix only at 12 months). Except for the sharp
peak at 15 months the model data also reproduces quite closely the low values at 18 and 20
months.
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Figure 10. Comparison of Modeled CO, Concentrations (Case 2) in Fractures and Matrix over Time

to Measured Concentrations in Boreholes. (a) Borehole interval 74-3 at nodes above and
below. (b) Borehole interval 75-3. (c) Borehole interval 76-3. (d) Borehole interval 78-3 at
nodes near center and end.

Here we examine the discrepancy between measured and modeled CO, concentrations in 76-3
and 78-3. The strong observed CO, concentration increase in 76-3 and 78-3 to values

significantly higher than the predicted concentrations, after an apparent earlier maximum, occurs
at different times in the two intervals, and therefore is not simply explained by some change in the
heater power output. Comparison of the measured CO, concentrations to the model results at
close to boiling temperatures could be significantly affected by the amount of water vapor in the
gas phase when the sample was collected. Because the air mass fraction in the gas phase drops
considerably due to the production of steam, and the samples are “dried” by condensing much of
the water out at a low temperature (~ 4°C) the measured concentrations reflect the CO;, in the air

after water has been condensed out. The model results include the water vapor component and
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therefore may be very different from the measured value once the air mass fraction drops to a low
value and the CO,/air ratio increases through the condensation of the water vapor.

Although no samples were collected that could be used to measure directly the water content of
the gas, the model results can be used to assess the change in air mass fraction as the temperature
in a borehole interval increases. Figure 11a shows the variation in air mass fraction in the gas
phase over time in the center part of Borehole interval 78-3. The drop off to near zero air mass
fraction at 12 months indicates that the system trends to relatively pure steam and that samples
collected after this time could not be compared directly to model results without some correction
for the effect of condensing out the water vapor during the sampling. A rough way to evaluate this
effect qualitatively from the model results is to calculate the ratio of the CO, concentration in the
gas phase to the air mass fraction. When the air mass fraction drops to very low values, the CO,
concentration in the “dry” gas can be very different from that in the water-rich gas. Comparing the
trend of the CO, to mass fraction air ratio to the measured CO, values in Borehole interval 78-3
shows clearly that the CO, in the dry gas will spike to a level much greater than the initial CO,
peak in the air-rich gas, and at a later time. After this initial spike, the system loses much more
CO,, compared to air, and the ratio drops off sharply again. While this shows qualitatively the
effect of comparing CO, concentrations in dry and wet gas samples, a quantitative assessment of
the difference in CO, concentrations between the samples is more difficult because in the
condensation of water during the gas sampling there will be some drive to equilibrium that would
lower the CO, concentrations in the gas relative to what the ratio plotted in Figure 11b would
predict.
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Figure 11. (a) Modeled air mass fraction in gas phase at center of borehole interval 78-3 (fracture)

over time. (b) Ratio of modeled CO, concentration to air mass fraction at same location as
11a over time (Case 2), with comparison to measured CO, concentrations over time.
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The last topic on gas phase CO, is the composition of the Heater Drift gas compared to the model
results. Because the bulkhead separating the Heater Drift from the Observation Drift is not
completely sealed, the model considers some exchange of air between them. This was done
originally to correct for heat loss, but it can also be used to assess the balance between the changes
in CO, concentrations in the rock gas and those in the drift, which is open to advection and

diffusion through the bulkhead. The trend of CO, concentration in the Heater Drift is shown in

Figure 12 for a period 9 months before heating was initiated to about 20 months into the test.
Three samples of Heater Drift air are shown as well as samples taken from the Observation Drift,
the latter having essentially the composition of tunnel air. All of the samples and the model results
stay at essentially 400 ppmv with fluctuations in the alcove greater than in the Heater Drift.
Because the CO, concentrations in the rock around the test varies over a few orders of magnitude,

the model captures the necessary exchange of CO, between the Heater Drift and the outside air
(which is set to a constant value during the simulation).
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Figure 12. Modeled CO, Concentrations in Heater Drift Air over Time, Compared to Measured

Concentrations. Also shown are concentrations measured in air from the Observation
Drift.
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6.2.7.3  Aqueous Species Evolution
6.2.7.3.1 Chemistry of Waters Sampled During the Drift Scale Test

The chemical compositions of four waters collected from hydrology boreholes 60 and 186 on
November 12, 1998 and January 26, 1999 (DTN: LL990702804244.100) are shown in Table 9.
The measured pore water composition (Table 3) is repeated here for direct comparison. The water
samples collected during the test were obtained from zones that were hotter than the temperatures
given for the samples, because water temperatures were measured after collection and they had
cooled substantially. Both intervals are located in the zone below the wing heaters. Borehole
interval 186-3 is lower and probably cooler than 60-3. Borehole 60 is located approximately in
the same location as borehole 77, and borehole 186 corresponds to about the position of borehole
78.

Waters that were collected from the hydrology boreholes at elevated temperatures are generally
more dilute (lower Cl and SO,) and lower in pH than the initial pore water. Aqueous silica

concentrations are similar to or much higher than in the pore water, indicating that these waters
are not simple mixtures of pore water and pure condensate water. Some clear trends in water
chemistry of the condensate waters in both intervals over time are increases in pH and SiO, (aq)
concentration, and a drop in Ca. A similar trend for pH and SiO, (aq) exists between the
boreholes, where the hotter interval (60-3) has a higher pH and SiO, (aq) concentration than the
186-3 interval at each time. The concentration of HCOj5 is also lower in 60-3 relative to 186-3 as
expected from the higher temperature of 60-3. Other relationships are less obvious.

Some of the processes that could explain the water chemistry of samples collected in the
hydrology boreholes include: mixing of pure condensate water with fracture pore waters,
equilibration of condensate waters with matrix pore waters via molecular diffusion, reaction of
condensate waters with fracture-lining minerals, and mineral precipitation due to reaction,
boiling, temperature changes, or pH changes. The higher silica concentration in the waters
collected in January compared to those collected in November, relative to chloride and the initial
pore water silica concentration, is consistent with dissolution of a silicate phase, rather than
increased concentration by boiling. However, concentrations of K, Mg, and Na are higher than
what would be expected by dilution of original pore water (as evidenced by the low chloride
concentrations). Therefore, the silicate phases that dissolved must have been some combination of
cristobalite, opal, feldspar, clays or zeolites, rather than just a SiO,-phase. The drop in Ca over

time is consistent with calcite precipitation, which would be expected as the condensate waters
were heated further and underwent CO, degassing, resulting in an increase in pH.
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Table 9. Measured Concentrations in TSw Pore Water from Alcove 5 and Chemistry of Water Taken from

Hydrology Boreholes
Parameter Units Pors 60-3(2) 60-3(2) " 188-3(2) 186-3(2
Water() (1112/98) | (1/26/99) | (1112/98) | (1/26/99)

Temperature | C 25 26.5-49.6 517 34.3-34.8 Unknown
pH 8.32 6.92 7.4 6.83 72
Na+ mg/l 613 20.3 19.1 17 259
"Si0, (aq) mg/l 70.5 1155 139 58.2 105.5
Ca2+ mgil 101 139 5.9 20.2 292
K+ mg/l 8.0 78 4.1 3.9 59
Mg2+ mg/l 17 3 1.2 5.7 6.3
AR+ mg/ 9.92x107 @ | n.d. (<0.06) | n.d.(<0.06) | n.d.(<0.06) | n.d. (<0.06)
HCO4- 4 mgll 200 n.a. 41 n.a. 116
CI- mg/l 117 20 10 19 23.3
S0,42- mgfl 116 30.8 135 26.2 - 21
NOTES: (V) Average of porewater analyses ESF-HD-PERM-1 (30.1'-30.5") and

ESF-HD-PERM-2 (34.8'-35.1'). DTN: LL990702804244.100.

(2 DTN: LL990702804244.100.

(3) Calculated by equilibrating with Ca-smectite at 25°C.

(4) Total aqueous carbonate as HCOj, calculated from charge balance.
n.a.=not analyzed, n.d.=not detected

6.2.7.3.2 Aqueous Species Simulation Results

The model simulates numerous aqueous species and only a limited discussion will be presented
here. Data for all of the species are included in the output files (submitted under
DTN: LB991200DSTTHC.002). The modeled variation in pH during the DST is shown in Figure
13 for the Case 2 simplified geochemical system. The most obvious effect on pH is a reduction to
values predominantly around 6.5 in the condensate region, corresponding directly to the increases
in CO, concentrations shown in Figure 6. As for the CO, concentrations, the low pH zone

increases in size and moves outward with time. Within the dryout zone, the pH of the last residual
water is also plotted, which reaches a maximum of nearly 9.5. However, the liquid saturation
associated with these values is usually well below the residual liquid saturation. The modeled pH
of condensate waters in fractures compares favorably with those collected from the hydrology
boreholes (Table 9). As in the measured data collected at two times before the borehole intervals
dried out, the model results show the effect of increasing pH with time and with increasing
temperature in areas greater than 60°C. Therefore, in a given zone, the pH in the fractures first

starts to drop because of steam condensation; then once the temperatures increase, so that the rate
of evaporation and mineral-water reactions (and loss of CO,) are greater than the rate of addition

of water (and CO,) via condensation, then the pH rises.
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The distribution of pH in fractures and matrix over time for the full geochemical system (Case 1)
are plotted in Figure 14. The general trends are similar; however, the pH is shifted up to one unit
higher in the condensate regions. However, the maximum pH in the water remaining just prior to
dryout is at about the same value as in the Case 1 simulations (below 9.5). Because the fractures
dry out before the matrix, and the CO, concentrations are higher in the matrix, the pH in the

matrix pore water remains lower than in the fractures.

Validation criteria for the simulation of water chemistry are more difficult to establish because of
the great variation possible in many species. For pH an order-of-magnitude change in the H+
concentration results in a single pH unit shift. Modeled pH values of fracture waters in the
drainage zones of around 6.5 to 7.5 in Case 1 simulations are within a pH unit of measured waters
in boreholes. This is much less difference than the possible changes which could trend to acidic
(pH < 5) or basic values (pH > 9), and which would have stronger implications for PA. It is just as
important to capture the trends in the values because they reflect the dynamic coupled process
effects. For these changes, the direction is the validation criterion, and this has been met by the
model results for the small amount of data examined.

MDL-NBS-HS-000001 REV00 68 March 2000



Title: Drift-Scale Coupled Processes (DST and THC Seepage) Models N0120/U0110

w
o
» o
£ ©
g o
= - gI
: E = +]
= B ¥
I~
h -
@
: ol
1«
I~
[ o
T
- §YeecoreoLggRRES Lo ron gy
w [s1e10W] o (S R
b [ ]
<L
O
0
i1 &
p
0 0
£ -]
5 3 £
a o
= SRS
(D E o]
= N %
0 -
2 @
= ~
@
h
o
M~
g s
[s1s10u] [simroui]
DTN: LB991200DSTTHC.002
Figure 14. Distribution of pH at 12 Months (Fracture — 14a, Matrix — 14b) and at 20 Months (Fracture

— 14c, Matrix — 14d). Results are for the full geochemical system. Temperature contours
are overlain. (Case 1)

. (e

MDL-NBS-HS-000001 REV00 69 March 2060




Title: Drift-Scale Coupled Processes (DST and THC Seepage) Models NO0120/U01 10

The effects of dilution through condensation of pure water vapor, of increases in concentration
due to boiling, and the effects of fracture-matrix interaction can be assessed by the variation in a
conservative species such as Cl. The variations in Cl concentration are plotted in Figure 15, at
times of 12 and 20 months, and show marked decreases in the condensation zone. An interesting
difference between the 12 and 20-month results is due to the slow imbibition of dilute condensate
water into the matrix. At 12 months, there is a relatively large region of dilution of Cl in fractures
due to condensation, and drainage well below the wing heaters and Heater Drift. In the matrix;
however, there is little change, except in the dryout zone where the residual waters reached high
concentrations at very low liquid saturations. At 20 months, the matrix is starting to show signs of
decreased Cl concentration due to imbibition of fracture waters in the drainage zone, and
significant dilution effects in the surrounding condensation zone.
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6.2.74  Mineralogical Changes

Over the course of the DST, there are marked changes in the water and gas chemistry that are
strongly influenced by mineral-water reactions. The total amount of minerals precipitated or
dissolved, though, is exceedingly small compared to the available fracture or matrix porosity. In
terms of its effect on the chemistry of the system and its abundance in the precipitated mineral
assemblage, calcite is the most important mineral over the short duration of the test.

Predicted changes in calcite volume percent after 20 months of heating for both geochemical
systems in fractures and matrix are shown in Figure 16. The reduced geochemical system shows a
well-defined region of precipitation in the fractures above and to the margins of the Heater Drift
and wing heaters. Some dissolution is occurring below the wing heaters; however, it is smaller in
magnitude than the precipitation and does not show up on the plots. Within the matrix there is a
fairly uniform region of calcite precipitation in the dryout zone. Precipitation in the matrix is
driven mainly by increasing temperature, whereas in the fractures there is continuous boiling of
condensate waters that are draining back to the heat source from cooler regions above. These
waters pick up Ca through interaction with calcite and from mixing of ambient fracture pore
water. The continuous process of condensate formation and drainage leads to a well-defined zone
of calcite precipitation in the fractures. The results are consistent with the decrease in Ca seen in
the condensate waters over time (Table 9).
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Figure 16. Distribution of Calcite Precipitation (+) or Dissolution (-) as a Change in the Volume of the
Total Medium (% x 10) at 20 Months. Results are for the simplified geochemical system
(Case 2) (fracture — 16a, matrix — 16b) and the full geochemical system (Case 1) (fracture

. — 16¢, matrix — 16d).
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The full geochemical system (Case 1) shows a similar maximum amount of calcite precipitation, .
although the band of calcite above the drift is much narrower and more poorly defined. The

matrix shows a much broader region of fairly uniform calcite precipitation extending down
temperature to about the 80°C isotherm. As in the Case 2 simulation, calcite is precipitating due to
increasing temperature because of its reverse solubility. No dissolution of calcite takes place in

the simulations using the full geochemical system. One obvious difference between the two

systems is that in Case 1 calcite is predicted to precipitate in fractures in a zone extending well

below the Heater Drift.

Predicted distributions of other minerals are not shownhere due to the very small abundances of
these phases. After this short period of time amorphous silica has only formed in the regions of
dryout and in much smaller abundance than calcite.

6.2.7.5  Porosity and Permeability Changes

The predicted change in fracture porosity for the Case 2 mineral assemblage after 20 months of
heating is shown in Figure 17. Although the simulations were carried out with a feedback between
mineral dissolution/precipitation and porosity, permeability, and capillary pressure changes, the
effect on the latter parameters and on fluid flow was negligible. Total changes in either fracture or
matrix porosity were less than 0.1%. The greatest change takes the form of a few meter wide zone
of decreased porosity a few meters above the Heater Drift and wing heaters. Much of this change
is due to calcite precipitation. Likewise, permeability and capillary pressures were virtually
unaffected. Even though the changes are very small, it is likely that the system would show
localized precipitation and therefore greater heterogeneity than the model predictions. .

80 20 0 0 10 20 30
[meters]

-0.010 -0.005 0.000 0.005 0.010 o
Porosity Change [%)] -
DTN: LB991200DSTTHC.002

Figure 17. Change in Fracture Porosity after 20 Months (Case 2). Negative values indicate a net
porosity reduction due to mineral precipitation and positive values reflect a net porosity
increase owing to mineral dissolution.
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6.3 THC SEEPAGE MODEL

The purpose of the DST Model described in Section 6.2 was to compare simulation results against
actual measurements during the first 21 months of the DST. The THC Seepage model then
applies the same methods of simulating coupled THC processes to predict, at a drift scale, the
performance of the potential repository during 100,000 years.

The general setup of this numerical model is described below. Simulations were performed in two
dimensions along a laterally continuous, vertical geologic section with stratigraphy similar to that
in borehole SD-9 (at Nevada State Plane coordinates E171234, N234074). The simulations
consider a drift located in the Topopah Spring Tuff middle non-lithophysal geologic unit (Tptpmn
unit, corresponding to model layer name tsw34, DTN: LB990501233129.004). Only part of the
potential repository is planned to be located in the Tptpmn, and therefore the model may not be
representative of the entire potential repository. However, most hydrogeologic data available for
the potential repository are from the Tptpmn unit, including data from the Single Heater Test
(SHT), DST, and many other data collected in the ESF.

6.3.1 Numerical Mesh

Simulations were performed on a vertical 2-D mesh, using a drift spacing of 81 m (center to
center, Design Criterion PA-SSR-99218.Ta) and a drift radius of 275 m
(DTN: SN9908T0872799.004). With rock properties laterally homogeneous between drifts (see
Section 1.4.3), this setup can be viewed as a series of symmetrical, identical half-drift models
with vertical no-flow boundaries between them. Therefore, 2-D simulations (rather than 3-D)
were conducted. Accordingly, the numerical mesh was reduced to a half-drift model with a width
of 40.5 m, corresponding to the midpoint between drifts (Figure 18). Geologic data from borehole
SD-9, as implemented in UZ model grid UZ99_2_3D.mesh (DTN: LB990501233129.004), were
used as a basis to map geologic contacts into the 2-D mesh, and the mesh coordinate system was
set with reference to the center of the drift (Table 10). The gridblock size was kept fine enough to
provide enough resolution at key model locations such as at the vicinity of drift and geologic
contacts, but as coarse as possible to provide the computing efficiency needed for reasonable
simulation times. The area extending approximately 50 meters above the drift is more finely
gridded than other areas to capture THC effects potentially affecting seepage into the drift.
Outside the drift, the smallest grid spacing was specified at the drift wall (20 cm), and increasing
outward. Because of its minor relevance to this modeling effort, the geology below the tsw38
model layer was simplified compared to the original SD-9 data, which allowed for coarser
gridding in this area. The mesh has a total of 2510 gridblocks, including those representing
matrix, fracture, and in-drift design elements.
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Figure 18. THC Seepage Model Mesh with Hydrogeologic Units Shown in the Vicinity of the Drift:

Topopah Spring Tuff Upper Lithophysal (tsw33 - circles), Middle Non-Lithophysal (tsw34 -
dots), and Lower Lithophysal (tsw35 - diamonds) Units. '
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SD-9
Top of Mesh
Model Layer Top of Layer
Layer Elevation | Z Coordinate (m)
(masl)

Top 1286.00 220.7
tcw13 1285.44 220.1

ptn21 1279.57 214.2

ptn22 1275.00 209.7

ptn23 1269.09 203.7

ptn24 1264.51 199.2

ptn25 1255.45 190.1

ptn26 1233.79 168.4

tsw31 1221.01 155.7
tsw32 1219.01 153.7
tsw33 1165.71 100.4
tsw34 1080.37 18.0*

Drift center 1065.34 0.0

tsw35 1045.14 -20.2

tsw36 942.62 -122.7
tsw37 906.92 -158.4
tsw38 889.08 -176.3

ch2 868.38 -197.0
Bottom 730.00 -335.3

DTN: LB990501233129.004

Table 10. Vertical Mesh Dimensions and Geologic Contacts in the THC Seepage Model

NOTE: * Contact raised, compared to SD-9
data, to provide for better lateral
continuity between the fine mesh
above the drift and coarser mesh
laterally away from the drift (See
Figure 18)

The drift was discretized to include the design elements and dimensions shown on Figure 1 (338
gridblocks total). The gridblock size inside the drift was chosen small enough to provide a
realistic drift model (Figure 19, compare to Figure 1). As mentioned earlier (Section 4.1.7.2), two
drift configurations are considered in the THC Seepage Model:

* Pre-closure configuration: waste package, invert, and one open space between the waste
package and the drift wall during the first 50 years (pre-closure)

* Post-closure configuration: waste package, invert, dripshield, backfill, and two open
zones: the Inner Zone, between the waste package and the dripshield; and the Outer Zone,
between the backfill and drift wall.
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The discretization of the drift (Figure 19) was kept the same for the two configurations. As such,
the pre-closure period was simulated by assigning identical open-space properties to gridblocks
representing the Inner Zone, backfill, and Outer Zone.
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Discretization of the Repository Dirift in the THC Seepage Model
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6.3.2 Boundary Conditions

The following boundary conditions were imposed on the THC Seepage Model (Table 11):

* Top boundary: stepwise changing infiltration rate (Table 12), temperature, pressure, and
constant CO, partial pressure and

gas saturation (representing open atmosphere);

composition of infiltrating water

* Bottom boundary: constant temperature, pressure, and liquid saturation (representing the
water table). Constant water composition and CO, partial pressure at equilibrium

* Side boundaries: no heat, fluid, and chemical fluxes

* Waste package: variable heat load with time, including effect of 70% heat removal by
ventilation for first 50 years (pre-closure).

Three different infiltration regimes were modeled simulating a range of future climate conditions
(Table 12). These were developed to support TSPA-SR.

Table 11. THC Seepage Model Boundary Conditions

Boundary Boundary Condition Reference

Top T=17.68C Table 2
Sg=0.99 Table 2
P = 86339 Pa Table 2
Time-varying infiltration rate Table 12
Constant composition of Section 4.1.3
infiltration and P¢o,

Bottom T=31.68C Table 2
S = 0.99999 Table 2
P =92000 Pa Table 2
Constant water composition Section 4.1.3
and PCOZ

Sides No flux for water, gas, heat, Not Applicable
and chemical species

Drift Wall No-flux for water, gas and Not Applicable
chemical species; conduction
only for heat

Waste Package Heat load (radioactive decay Attachment V and Table 1
and effect of 70% heat
removal by ventilation for first
50 years)

NOTES:

T=Temperature

Sg=Gas saturation
S, =Liquid saturation
P=Pressure
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Table 12. THC Seepage Model Infiltration Rates and Corresponding Rock Properties Sets

Infiltration
Time Period Calibrated
Case Rate (vears) Properties Set Reference
{mm/yr)
Ambient Mean 1.05 0 to 100,000 Present Day Table 2
Infiltration at SD-9 Mean
(no thermal load)
Mean Infiltration 6 0 to 600 (present day) Present Day Table 2
16 . 600 to 2000 (monsoon) Mean
25 2000 to 100,000 (glacial transition)
Upper Bound 15 0 to 600 Present Day Table 2
Infiltration 26 600 to 2000 Upper Bound
47 2000 to 100,000
Lower Bound 0.6 0 to 600 Present Day Table 2
Infiltration 6 600 to 2000 Lower Bound
3 2000 to 100,000

6.3.3 Modeling Procedure

Different calibrated rock-properties sets were used to run the various infiltration cases (Table 12).
For each infiltration case, the model was first run without reactive transport, heat load, and drift
(i.e., with rock at the location of the drift) until steady state thermal and hydrologic conditions
were achieved. A steady-state was considered to have been met under the following conditions:

1. Liquid saturations, temperatures, and pressures remained constant within the model
over a time span of at least 100,000 years, or

2. The total liquid and gas inflow at the top of the model matched the total liquid and gas
outflow at the base of the model within a maximum of 0.01 percent.

THC simulations were run with the drift in place and heat transfer from the waste package, using
the steady state temperatures, pressures, and liquid saturations as starting conditions. Open
spaces within the drift were set to zero liquid saturation. “Ambient” reactive transport
simulations with the drift in place but without heating (i.e. no heat release from the waste
package) were also performed for comparison of chemical trends to simulations under thermal
loading.

As discussed in Section 4.1.7.2, THC simulations were run for an initial period of 50 years using
the pre-closure drift configuration and thermal properties. The simulations were then restarted
using the post-closure drift configuration and properties from 50 years to a total simulation time
of 100,000 years. At times corresponding to changes in infiltration rates (at 600 and 2000 years,
Table 12), the simulations were stopped and then restarted with the new infiltration rate (thus
resulting in a stepwise change in infiltration).
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Sensitivity analyses were performed to determine a suitable maximum time step length for THC
simulations. Maximum time steps of 6 months (pre-closure only), 1, 10, and 100 years were
investigated. Maximum time-step lengths of 6 months for pre-closure simulations, 10 years for
simulation times between 50 and 20,000 years, and 50 years for simulation times between 20,000
and 100,000 years provided a reasonable compromise between computing efficiency and
accuracy.

6.3.4 Model Runs

The THC Seepage Model was run using the same two sets of chemical components and mineral
assemblages as those used for the Drift Scale Test Simulations: Case 1 (Table 7), and Case 2
(Table 8). The latter is a subset of Case | without aluminum silicate minerals, fluorite, or iron
minerals.

A total of nine simulations were completed, as summarized in Table 13. For each Case | and Case
2, THC simulations with thermal loading were carried out using three variable infiltration rates
involving future climate changes. In addition, simulations under ambient conditions, without
heating, were performed for Case 1 and Case 2 using a constant infiltration rate (about 1.05 mm/
year). The latter represents the base-case present-day infiltration rate at the location of Borehole
SD-9, which was used to define the geology of the model. These ambient simulations were run to
assess the extent to which the Case-1 and Case-2 geochemical systems approached a geochemical
steady state. These runs also provide a baseline to which the results of thermal loading
simulations can be compared.

Table 13. THC Seepage Mode! Runs

Infiitration- Geochemical . . Run ID
Property Set System S‘":"_;E:O" (used in
(Table 12) (Tables 7 and 8) DTN: LB991200DSTTHC.002)
Mean Infiltration None TH th6_16_25_3
Ambient Mean (no | Case 1 THC the1mm_amb2
thermal load) Case 2 THC thc1mm_amb1
Mean Infiltration Case 1 THC thc6_16_25_3
Case 2 THC thc6_16_25_4

Upper Bound Case 1 THC thc15_26_47u_3
Infiltration Case 2 THC thc15_26_47_4
Lower Bound Case 1 THC thc0.6_6_3I_3
Infiltration Case 2 THC thc0.6_6_3_4
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6.3.5 Simulation Results

Model results are presented below in Figures 20 through 42, and focus on areas in the vicinity of
the drift. Other areas are not discussed because they are not directly relevant to the primary
objectives of this work. Much of the data (temperatures, liquid saturations, water compositions,
CO, concentrations, and liquid/gas fluxes) are examined as a function of time at three locations

around the modeled drift. These are the crown, the side (approximately 20 cm above the
springline) and the base (model nodes F257, F 92, and F272, respectively), at points located 10
cm to the outside (i.e., in the rock) of the drift wall. These data are tabulated and submitted under
DTN: LB991200DSTTHC.002 and further discussed below.

6.3.5.1  Thermohydrology Simulation Results

For comparison to the THC simulations, the THC Seepage Model was run with thermal loading
and without reactive transport (i.e., considering only thermal and hydrological effects). This
simulation was run using the mean infiltration rates and corresponding rock property set (Table
12) and serves as a basis for interpreting the effects of water-gas-rock chemical interaction on the
thermal and hydrological behavior of the system. Calculated temperatures, liquid saturation, and
air mass fractions around the drift are shown in Figures 20 through 22.

Post-closure temperatures quickly climb above the boiling point (near 97°C at Yucca Mountain),
and are higher at the base of the drift where the waste package is closest to the drift wall
(Figure 20). The return to ambient temperatures after heating takes 50,000 to 100,000 years. The
highest modeled temperature in the waste package (near 270°C) is attained shortly after closure at
a time of 55 years.

Around the drift, the matrix is predicted to rewet after 1,000 to 2,000 years (Figure 20). Rewetting
of fractures occurs within the same time frame, except at the drift base where fractures do not
rewet until approximately 3,000 years (Figure 20). A contour plot of temperatures and matrix
saturations in the vicinity of the drift at a simulated time of 600 years (near maximum dryout)
shows the dryout zone (represented by zero matrix saturations) extending approximately
10 meters above the drift, 17 meters to the side of it, and 22 meters below it (Figure 21). Air mass
fractions at the drift wall (Figure 22) drop to near-zero values during dryout (i.e., the gas phase is
almost entirely water vapor), and are essentially identical in matrix and fractures.
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TH Simulation. Time profiles of modeled temperatures and liquid saturations in fractures

and matrix at three drift wall locations.
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Figure 21. TH Simulation. Contour plot of modeled temperatures and liquid saturations in the matrix
at 600 years (near maximum extent of dryout).

L)
MDL-NBS-HS-000001 REV00 84 March 2000




Title: Drift-Scale Coupled Processes (DST and THC Seepage) Models

NO120/U0110

Matrix

1.00

0.80

0.80 13

0.70 -

0.60

=== - -Crown
Side

0.50

0.40 1

0.30 1

Air Mass Fraction

0.20 1

0.10

0.00

1.00

0.90 1

0.80

0.60

0.40

0.70 -

0.50 -

Air Mass Fraction

0.30
0.20
0.10

0.00 -

10

-z

100

Time (yr)

1000

Fractures

10000

TTTT

100000

100

SRR

1000

10000

100000

—=— Base

-- < Crown
—— Side
~—=— Base

Time (yr)
DTN: LB991200DSTTHC.002

Figure 22. TH Simulation. Time profiles of modeled air mass fractions in the gas phase in fractures

and matrix at three drift wall locations.

6.3.5.2 THC Simulation Results

Calculated temperatures, liquid saturations, and air mass fractions in fractures around the drift are
shown in Figures 23 through 27. These thermohydrologic data are essentially identical for Case 1
and Case 2; therefore, results are presented only for Case 1. The data are shown for all four
infiltration cases shown in Table 12. Temperatures, liquid saturation, and air mass fractions
calculated for the mean infiltration case (6/16/25 mm/year) are directly comparable to those
obtained from the TH simulation (Figures 20 through 22) because the latter was carried out using
the same infiltration rates. The results of the TH and THC simulations are essentially identical. As
discussed later, the thermal and hydrologic behavior of the system is not significantly affected by

3

C- (T

March 2000

MDL-NBS-HS-000001 REV00 85




Title: Drift-Scale Coupled Processes (DST and THC Seepage) Models N0120/U0110

water-gas-rock chemical interactions and, therefore, temperatures, liquid saturations, and air mass
fractions calculated with THC (Case I and Case 2) and TH simulations are nearly the same.

The temperature-time profiles for the different infiltration cases (Figure 23) remain within
approximately 15°C of each other. The plots also show that the return to ambient temperatures
takes about 100,000 years for all infiltration cases. At the drift crown, rewetting of fractures is
predicted to occur around the same time period (1,000 to 2,000 years) for all infiltration cases
(Figure 24). Matrix rewetting at the drift crown occurs around the same time period as fractures,
except for the high infiltration case where the matrix rewets approximately 200 years earlier
(Figure 25). The size of the dryout zone (represented by zero matrix saturations) decreases at the
highest infiltration rate (Figure 26c), to approximately 6, 12, and 16 meters above, to the side and
below the drift, respectively. The smaller dryout zone in the lowest infiltration case (Figure 26a)
compared to the mean infiltration case is apparently the result of the differing property sets, rather
than the infiltration rate. Air mass fractions (Figure 27) are little affected by the different
infiltration rates.
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Predicted CO, concentrations in the gas phase in fractures at equilibrium with the fracture pore

water around the drift are shown in Figures 28 and 29 for the complete (Case 1) and reduced
(Case 2) mineral assemblages, respectively. CO, concentrations in fractures drop significantly

during dryout and increase again during rewetting. In Case 1, the most significant CO,

concentration increase after rewetting (to approximately 33,000 ppmv) occurs in the low-
infiltration case. In contrast, with Case 2, the largest CO, concentration after rewetting (near

12,000 ppmv) occurs for the high infiltration case.
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Predicted pH and total aqueous carbonate concentrations (as HCOj5") in fracture pore water are

shown in Figures 30 through 33. The calculated pH is generally higher for Case | (approximate
range 8.5 to 10) than for Case 2 (approximate range 7 to 8.5). Total aqueous carbonate
concentrations are larger in Case 1 (maximum, after rewetting, near 10,000 mg/] for the low
infiltration case) than in Case 2 (near ambient values of 200 mg/] after rewetting). Note that the
mean infiltration case (6/16/25 mm) dries out before one year, therefore no results are shown until
rewetting.

The large pH and carbonate concentration variations for the Imm/yr ambient run in Case 1
(Figures 30 and 32) reflect an initially “unsteady” hydrochemical system. Obtaining an initial
steady-state chemical system that is similar to the measured data for a few points is difficult
because it depends on reaction rates as well as infiltration rates and rock properties. The difficulty
increases with the number of reactive minerals included in the system, and with the uncertainty in
reaction rates. This is the reason why calculated ambient concentration trends are less variable in
Case 2 than in Case 1.

MDL-NBS-HS-000001 REV00 95 March 2000



Title: Drift-Scale Coupled Processes (DST and THC Seepage) Models NO120/U0110

Fractures
Crown
10.0
9.5
] =1 mm amb.
X g'u_ —=— (.6/6/3 mm
o ] --a-- B/16/25 mm
= o= -15/26/47 mm
85 -
8.0 —— 0 CEMIT
1 10 100 1000 10000 100000
Time (yr)
Side
100
| //\ _,_I.‘;/
(I‘," *
8.5 L '-' e
LI
/ oo =~——1 mm amb.
T g A\ 3 —e—0.6/6/3 mm
| 0.062 0.094 F- “- oo~ 6/16/25 mm
% 0.083 0.082 - o= - 15/26/47 mm
Pe. ko, 0.080
8.5 s
1Case 1
8.0 b e
1 10 100 1000 10000 100000
Time {yr)
Base
100
/\ 2
e 7
9.5 T
i L
] L8 ~——1 mm amb.
T g e 0.026 ™= —e—0.6/6/3 mm
a = * 0.020 0.017 -+ 8-~ §/16/25 mm
' S 0.040 ~ == -15/26/47 mm
~
8.6 J—1v
N d
| Case 1
8.0 et rrrers ey _—
1 10 100 1000 10000 100000
Time (yr)

DTN: LB991200DSTTHC.002

Time Profiles of the Modeled pH of Fracture Water at Three Drift Wall Locations for
Different Climate Scenarios (Case 1). The dryout period is left blank. The last output
liquid saturation before dryout, and the first output liquid saturation during rewetting are
noted on each curve.
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Time Profiles of the Modeled pH of Fracture Water at Three Drift Wall Locations for

Different Climate Scenarios (Case 2). The dryout period is left blank. Numbers by each
curve indicate the last output liquid saturation before dryout and the first output liquid
saturation during rewetting.
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Time Profiles of Modeled Total Aqueous Carbonate Concentrations (as HCO5") in Fracture

Water at Three Drift Wall Locations for Different Climate Scenarios (Case 1). The dryout
period is left blank. Numbers by each curve indicate the jast output liquid saturation before
dryout and the first output liquid saturation during rewetting.
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Figure 33. Time Profiles of Modeled Total Aqueous Carbonate Concentrations (as HCOjg") in Fracture

Water at Three Drift Wall Locations for Different Climate Scenarios (Case 2). The dryout
period is left blank. Numbers by each curve indicate the last output liquid saturation
before dryout and the first output liquid saturation during rewetting.
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The pH-carbonate-CO, data show very different trends whether a Case-1 or Case-2 mineral

assemblage is considered. This results from competing effects depending on the relative rates of
infiltration, calcite dissolution/precipitation, feldspar dissolution, and calcium-zeolite
precipitation. Case-1 simulations are quite sensitive to the effective reaction rates of aluminum
silicate minerals and particularly calcium zeolites. The dissolution of feldspars to form zeolites
and clays directly affects the pH. For example, the dissolution of albite (Na-feldspar) to form
kaolinite (clay) results in an increase in pH, as follows:

2 NaAlSi;Og (albite) + H,0 + 2H* ==> AL,Si,05(OH), (kaolinite) + 4Si0, + 2Na*

It also affects pH indirectly by depleting calcium from solution, which inhibits calcite
precipitation as a means of controlling increasing pH and total aqueous carbonate concentrations,
as in the following reaction:

2 NaAlSi;Og (albite) + SiO; + CaCO4 (calcite) + H* + THyO ==>
CaAl,Si;0,g * TH,O (stellerite) + 2Na* + HCO5.

As a result, Case-1 simulations generally yield higher pH and total aqueous carbonate
concentrations, and generally lower CO, partial pressures than Case-2 simulations. Calcium

depletion and increased sodium concentrations are further indicators of feldspar (albite)
dissolution and calcium zeolite precipitation in Case 1 (Figure 34 and 36). These trends are not
observed in Case 2 (Figures 35 and 37). Evidence that Case-1 simulations overestimate feldspar
dissolution and zeolite precipitation' rates is further shown by the calcium depletion and
increasing sodium concentrations calculated under ambient conditions. In addition, as mentioned
earlier, the simulations under ambient conditions (no thermal loading) using the Case-1 mineral
assemblage reveal a chemical system that is less “steady” than for Case-2 simulations (e.g., by
comparing the ambient curves for pH, bicarbonate, and CO, on Figures 28 through 33). This

reflects the model uncertainty with respect to reaction rates and the difficulty in reproducing an
initially balanced hydrogeochemical system, which depends on infiltration rates and rock
properties as well as reaction rates. Given this observation, a reduced set of minerals with better-
constrained reaction rates such as for Case 2 is likely to match the pH, bicarbonate, and Ca better
than the more complex system. This is shown with simulations of the DST (Section 6.2.7), which
indicate that a Case-2 mineral assemblage provides better estimates of pH and CO,

concentrations than Case 1, compared to waters and gases collected in the first 20 months of
heating. However, there is also a possibility that the system may trend to the chemistry of the
more complex system over time, particularly when long reaction times are considered (the DST is
only an eight-year test, while the drift scale seepage simulations extend to 100,000 years).
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Time Profiles of Modeled Total Aqueous Calcium Concentrations in Fracture Water at

Three Drift Wall Locations for Different Climate Scenarios (Case 1). The dryout period is
left blank. Numbers by each curve indicate the last output liquid saturation before dryout
and the first output liquid saturation during rewetting.
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Figure 35. Time Profiles of Modeled Total Aqueous Calcium Concentrations in Fracture Water at

Three Drift Wall Locations for Different Climate Scenarios (Case 2). The dryout period is
left blank. Numbers by each curve indicate the last output liquid saturation before dryout
and the first output liquid saturation during rewetting.
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Figure 38, Time Profiles of Modeled Total Aqueous Sodium Concentrations in Fracture Water at

Three Drift Wall Locations for Different Climate Scenarios (Case 1). The dryout period is
left blank. Numbers by each curve indicate the last output liquid saturation before dryout
and the first output liquid saturation during rewetting.
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Figure 37. Time Profiles of Modeled Total Aqueous Sodium Concentrations in Fracture Water at

Three Drift Wall Locations for Different Climate Scenarios (Case 2). The dryout period is

left blank. Numbers by each curve indicate the last output liquid saturation before dryout
and the first output liquid saturation during rewetting.
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Chloride concentrations computed for Case 1 and Case 2 in fracture water are essentially identical
due to the conservative behavior of this aqueous species (i.e. it is not affected by pH or the
reaction rates of other minerals in the simulation) (Fi gures 38 and 39). Differences in the
concentration peaks at the drift base between Case 1 and Case 2 result from a slight difference in
the times when the geochemical calculation cutoff point was reached. The cutoff point is reached
at either a minimum liquid saturation of 0.0001 or a maximum ionic strength of 2, at which point
geochemical speciation calculations are suspended in that grid node. Upon rewetting, chloride
concentrations drop relatively quickly below 400 mg/| towards ambient values near 110 mg/l.
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and the first output liquid saturation during rewetting.
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Figure 39. Time Profiles of Modeled Total Aqueous Chloride Concentrations in Fracture Water at
Three Drift Wall Locations for Different Climate Scenarios (Case 2). The dryout period is
left biank. Numbers by each curve indicate the last output liquid saturation before dryout
and the first output liquid saturation during rewetting.
L
MDL-NBS-HS-000001 REV00 107 March 2000




Title: Drift-Scale Coupled Processes (DST and THC Seepage) Models NO0120/U0110

Fluoride was included only in Case 1 simulations. Upon rewetting, fluoride concentrations in
fracture water (Figure 40) quickly drop below 2 mg/l towards ambient values of less than 1 mg/l.
In the chemical system considered, at intermediate to high pH, fluoride concentrations are not
affected significantly by pH and, therefore, the differences between Case 1 and Case 2
simulations should not affect fluoride concentrations, at least at values below the solubility of
fluorite (CaF,). However, at elevated fluoride concentrations, Case 1 simulations may

overestimate fluoride concentrations because they may underestimate the amount of calcium in
- solution, therefore limiting the precipitation of fluorite and removal of fluoride from solution.
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Time Profiles of Modeled Total Aqueous Fluoride Concentrations in Fracture Water at

Three Drift Wall Locations for Different Climate Scenarios (Case 1). The dryout period is
left blank. Numbers by each curve indicate the last output liquid saturation before dryout
and the first output liquid saturation during rewetting.
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The calculated change in fracture porosity in the vicinity of the drift was contoured for Case 1
(Figure 41a-c) and Case 2 (Figure 42a-c) for the three infiltration cases considered, at a simulated
time of 10,000 years. The maximum porosity reduction (negative in the plots) occurs for the high
infiltration case and is predominantly above the drift, adjacent to the tsw33 and tsw34
hydrogeologic unit contact. In all cases, the porosity change is small (less than 0.5 percent of the
initial porosity) and mostly negative. The porosity decrease is due primarily to zeolite
precipitation in Case 1 and calcite precipitation in Case 2. Because the porosity changes are small,
and thus permeability changes are also minor, thermohydrological processes are not significantly
affected by mineral precipitation or dissolution. Note that small fluctuations in porosity at
individual grid nodes are due to grid orientation effects but do not change the overall pattern.
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Figure 41. Contour Plot of Modeled Total Fracture Porosity Change at 10,000 years for Three

Climate Scenarios: (a) Low, (b) Mean, and (c) High. Red areas indicate maximum
decrease in porosity due to mineral precipitation (Case 1).
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Figure 42. Contour Plot of Calculated Total Fracture Porosity Change at 10,000 years for Three

Climate Scenarios: (a) Low, (b} Mean, and (c) High. Red areas indicate maximum
decrease in porosity due to mineral precipitation (Case 2).
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7. CONCLUSIONS

This AMR describes the conceptual model for the numerical simulation of coupled Thermal-
Hydrological-Chemical (THC) processes in the Near-Field Environment (NFE), the Drift Scale
Test (DST) THC Model, and the THC Seepage Model. Model results associated with this AMR
have been submitted to the Technical Data Management System (TDMS) for use in Performance
Assessment and to provide input to the NFE Process Model Report (PMR) and the Unsaturated
Zone PMR. The conceptual model provides a comprehensive basis for modeling the pertinent
mineral-water-gas reactions in the host rock, under thermal loading conditions, as they influence
the NFE water and gas chemistry that may enter potential waste-emplacement drifts over 100,000
years. Data are incorporated from the calibrated thermohydrological property sets, the Three-
Dimensional Mineralogical Model (ISM3.0), the UZ Site-Scale Flow and Transport Model,
Thermal Test geochemical data (fracture and matrix mineralogy, aqueous geochemistry, and gas
chemistry), thermodynamic data (minerals, gases, and aqueous species), data for mineral-water
reaction kinetics, and transport data. Simulations of THC processes included coupling between
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 (hydrologic properties) for a dual-permeability (fracture-
matrix) system. The effect of these coupled THC processes on the time evolution of flow fields in
the NFE has been investigated for different climate change scenarios, calibrated property sets, and
wnitial mineralogy. Aqueous species included in the model are H+, Ca2+, Nat, K+, Si0, (aq),

Mg?+, Al3+, Fe3+, SO42-, HCO5:, CI', and F-. Twenty-three minerals are considered including

several silica phases, calcite, feldspars, smectites, illite, kaolinite, sepiolite, zeolites, fluorite,
hematite, goethite, gypsum, plus volcanic glass. Treatment of CO; included exsolution into the

gas phase, gas-water equilibration, gaseous diffusion and advection.

Validation of the model was done by comparison of measured gas and water chemistry from the
Drift Scale Test (DST) to the results of simulations using the DST THC Model. In particular,
simulation results were compared to measured gas-phase CO, concentrations and the chemistry

of waters collected from hydrology boreholes collected during the test. Comparisons of the model
results to the measured changes in CO, concentrations over time show that the model captures the
initial rise in concentration in all of the borehole intervals where comparisons were made, in areas
having very different thermal histories. In those intervals closer to the heaters where an earlier
peak in concentration was observed, the mode! also captured this behavior. However, a second
larger peak was observed in those intervals, which was not predicted by the simulations. This
discrepancy resulted from the fact that sample cooling during collection removed condensed
water vapor from gas samples before analysis, whereas simulation results include water vapor.
Because of a sharp reduction in the air mass fraction of the gas phase, it appears that this second
peak was a result of the shift in the COy/air ratio in the initial boiling phase, which also undergoes

at large spike at the early stages of boiling. Therefore, analysis of dry gas samples are very
different from the model data in this time period only.

Comparisons of water chemistry (pH) and CO, concentrations in the gas phase from the DST

indicate that a simplified set of aqueous species (Case 2) and minerals (calcite, silica phases,
gypsum), but including gaseous CO,, can describe the general evolution of Drift Scale Test
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waters quite closely. Including a wide range of aluminosilicates, such as feldspars, clays and
zeolites yields information on additional species (i.e., Al, Fe, F), but their inclusion causes shifts
in the water and gas chemistry that are more rapid than is observed. These effects may be more
important over longer time periods, but over the time scale of the Drift Scale Test, it is clear that
the effective reaction rates and/or thermodynamic properties of these phases will require some
refinement. Co - e e

A THC Seepage Model was developed that incorporated the elements of the EDA II design to
represent waste package heating over time, changes in heat load due to ventilation, the effective
heat transfer within the drift, the addition of backfill after 50 years, and the THC processes in the
NFE. This two-dimensional model incorporated the initial vertical heterogeneity in hydrologic

. and thermal properties and mineralogy from the surface to the Calico Hills zeolitic unit, along

with different initial mineralogy and reactive surface areas in fractures and matrix. A number of
cases were evaluated for different calibrated property sets, climate change scenarios, and
geochemical systems. Predictions were presented of the water and gas chemistry that may enter
the drifts, and data have been submitted that document the temporal frequency of possible seeps
based on the times of rewetting around the drifts, along with the net fluxes of water and gas to the
drift wall. These predictions are provided for a period of 100,000 years, including a pre-closure
period of 50 years with 70% heat removal by ventilation. - S

The measured water and gas chemistry around the drift, during the early phase of heating and
during the dryout period, were similar to those observed in the DST THC simulations. The
rewetting period has not yet been observed in the Drift Scale Test, and the THC Seepage
simulations indicate that there may be an increase in the CO, gas and aqueous carbonate

concentrations around the drift during rewetting. The extent of the dryout zone and the time of
rewetting were different for each climate history and calibrated property set. As in the Drift Scale
Test THC simulations, there were some notable differences in the pH and CO, concentrations

between the two geochemical systems considered. Based on comparisons of the Drift Scale Test
measured water and gas chemistry, it appears that the system with aluminosilicates (Case 1)
shifted the pH in fracture condensate waters to values that are from 0.5 to 1 pH unit higher than

the observed values. In the THC Seepage Model, the composition of waters _maching the drift wall
during rewetting were roughly neutral in pH (7.2 — 8.3) for the system without aluminosilicates

“(Case 2), and approximately 8.6 — 9.0 for the more complete geochemical system (Case 1).
- Predicted pH and HCOj3- concentrations in Case 2 simulations are supported by the data from the

DST: however, the long term evolution could trend in the direction of the more complex system
chemistry (Case 1), if the slow reaction rates of the aluminosilicates limit the changes in water
chemistry that can be observed over the short heating time of the DST. ’

Even with the seemingly higher overall reaction rate for the more complete mineral assemblage,

the changes in porosity and permeability in the NFE over 100,000 years were small (less than
1%), and therefore effects on flow and transport were negligible. Comparison of the results of a
purely thermohydrologic simulation to that including coupled THC processes showed virtually no

differences in the water and gas fluxes, liquid saturations, porosity and permeability around the

drift. Mineral precipitatiéh and dissolution did result in early localized heterogeneities in the

hydrologic properties around the drift, which increased over time. In both geochemical systems, a -
zone of enhanced precipitation formed at the contact of the Topopah Spring nonwelded and upper
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lithophysal zones, about 15 to 18 meters above the drift center. For both geochemical cases, silica
precipitation was subordinate to calcite (Case 2) or zeolites (Case 1), therefore confirming the
necessity of considering a comprehensive geochemical system to capture the relevant coupled
THC processes in the NFE. Although the geochemical system containing aluminosilicates may
overestimate the effect of mineral-water reactions on the geochemistry of waters and gases, it
may, however, provide a better upper limit on the extent of changes in hydrological properties
than the simplified geochemical system (Case 2).

There are many uncertainties in modeling coupled THC processes because of the large amount of
data needed and the complexity of natural systems. These data range from the fundamental
thermodynamic properties of minerals, aqueous species, and gases, the kinetic data for mineral-
water reactions, to the representation of the unsaturated hydrologic system for the fractured tuffs.
In addition, a wealth of site-specific thermohydrologic, geologic, and geochemical data are
necessary to describe the initial and boundary conditions. For these reasons, it may not be
possible to assign a model uncertainty based on the uncertainties of the data themselves, and
therefore model validation gives a true test of whether the system can be described sufficiently
well for the intended purposes of the model. Results of simulations of the DST captured the
important changes in pH and gas-phase CO, concentrations at each location over time well within
the range of variation in the measured gas and water concentrations between sampling locations.
This provides a sufficient validation of the model’s capability for the prediction of spatial and
temporal variation in water and gas chemistry.

The impact of TBVs (to-be-verified), associated with input data, on model predictions would not
be significant, because the model is validated against measured data. However, TBVs associated
with the measured water and gas chemistry from the DST are much more significant, because
changes in these data could result in a reevaluation of the model if deviations from the simulation
results were much greater. The THC Seepage model did not consider a “no-backfill” case. This
case is under investigation and will be reported in future revisions of this document.
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MDL-NBS-HS-000001 REV00 123 March 2000



Title: Drift-Scale Coupled Processes (DST and THC Seepage) Models

N0120/U0110

* INTENTIONALLY LEFT BLANK

MDL-NBS-HS-000001 REV00 : 124

<.~ March 2000



Title: Drift-Scale Coupled Processes (DST and THC Seepage) Models NGO120/UQ110

9. ATTACHMENTS
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Attachment VII - List of Model Input and Output Files
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DOCUMENT INPUT REFERENCE SHEET

Fy 3/34 ' JoO

08/31/1998. Initial use.

1. Document Identifier No./Rev.: Change: Title:
MDL.-NBS-HS-000001/Rev. 00 A//ﬁ Drift-Scale Coupled Processes (DST, THC Seepage) Models
input Document 8. TBY Duc To
. . o 7. From
2. Technical Product Input Source 3. 4. Input 5. Section S . Un-
\ . 6. Input Descript TBV/TBD . >
Title and [dentifier(s) with Version Section Status Used in nput Descoiption Lo Unqual Unc‘onlrolh.d confirmed
Priority Source

2a
DTN:
1.A9912SL831151.001. gﬁ:l'med_ 412
Fracture Mineralogy of Drill Entire Verificati DST fracture mincralogy data N/A N/A N/A N/A
Core ESF-HD-TEMP-2. nlever | A
Submittal Date: 1/05/2000. Ve
DTN:
LA9912SL831151.002. N/A-

ercent C . ali . 4.12

P,‘ reent (.qvemgc .by Ifracturc Entire Quqllﬁcq DST fracture mineralogy data 1 N/A N/A 4
Coating Minerals in Core Verificatio A-ll
ESF-HD-TEMP-2. Submittal nlevel 2
Date:  1/05/2000.
DTN: GS9500608312272.001.
Chemical Data for Pore Water
from Tull Cores of LISW TSw N/A- Pore water analyses from the Tptpln
NRG-6, NRG7/7A, UZ-14 data Reference | 4.1.3 el yses fro ppin N/A N/A v
and UZ-N55, and UE-25 Only
UZ#16. Submiual Date:
05/30/1995.
DTN: LA9908JC831321.001. | Borchol | N/A- 412 Model input and output files for
Mineralogic Model "MM3.0" | ¢ SD-9 | Technical | 4.1- Mineralogic Model (borchole SD-9 | N/.A N/A N/A N/A
Version 3.0.  Submittal Date: | XRD Product A-ll XRD data
08/16/1999. data Output ’
DTN:
LASL831151AQ98.001. N/A- 5
Mineralogic Characterization | . Qualified- | 41 Mineral abundances in fractures in
of the ESF Single Heater Test Entire Verificatio | A.J] SHT N/A N/A N/A N/A
Block. Submittal date: nLevel 2

‘sindut
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT

DOCUMENT INPUT REFERENCE SHEET

SEH 30 '
1. Document Identifier No/Rev.: Change: Title: )
MDL-NBS-HS-000001/Rev. 00 ,\m Drift-Scale Coupled Processes (DST, THC Seepage) Models
Input Document ] . 8. TBV Due To
: : . . ' . 7. - From
2.-Technical Product Input Source 3 4.Input | 5. Section . s B ] Un-
Title and Identifier(s) with Version | Section | Staus | Usedin 6. Input Description Pl‘i’o’ggn Unqual. | Uncoatrolled | 1 irypeg

DTN: LB000121123142.003.
Isotope Data for CO, Gas .
Samples Collected From the N/A-
Hydrology Holes of the ESF . Qualified- .

6. Drift Scale Test for the Period Entire Verificatio 6.2.7 CO, gas analysis NIA N/A N/A N/A

© | August 9, 1999 Through n Level 2 4
November 30, 1999.
Submiual Date: 01/21/2000.
‘| DTN: LB990501233129.004,

3-D UZ Model Calibration Borehol N/A-
Grids for AMR U0000, : eSD9 . .

7. | *Development of Numerical | geology | feohmedl | 631 ml"'&.sm'ﬁﬁf::f’;; 3DUZ | nja N/A NIA N/A
Grids of UZ Flow and (colum Output
Transport Modeling." ni64) pu
Submittal date: 09/24/1999.
DTN: LB990630123142.003.
Fourth, Fifth, and Sixth 1 wa-
Quarters TDIF Submission for Qualifi ed; ) .

8. the Drift Scale Test, Eatire Verificatio 6.2.6 Gas CO, Analyses 1 N/A N/A 4
September 1998 to May 1999. 2 Level 2
Submittal date: 06/30/1999.
Initial use. ) -
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT
DOCUMENT INPUT REFERENCE SHEET

o4 e

1. Document Identifier No./Rev.: Change: Title:
MDL-NBS-HS-000001/Rev. 00 /V/)f Drift-Scale Coupled Processes (DST, THC Seepage) Models
Input Document 8. TBV Due To
2. Technical Product Input Source 3. 4. Input 5. Section 6. Input Description TBV7fTBl) Unaual lJnc:;:l(:rlgllcd Un-
Title and Identifier(s) with Version Section Status Usedin ' Priori qual. ) confirmed
riority Source
2a
DTN: LB990701233129.002.
3-D Model Calibration Grid
for Calculation of Flow Fields N/A-
using #3 Perched Water SAVE | Technical Initial conditions for top and bottom
i Conceptual Model (Non- file Product 4 boundaries N/A NIA NA N/A
Perched Water Model). Output
Submittal date: 3/11/00.
Initial use.
DTN: LB990861233129.001. N/A-
Drift Scale Calibrated 1-D . Calibrated Fracture and Matrix
Tables | Technical
10. Property Set, FY99, Land2 | Product 4.1.1 Property sets (for base case 1 N/A N/A /
Submittal date: 08/06/1999. N infiltration)
. Output
Initial use.
DTN: LB990861233129.002. N/A-
1 Drift Scale Calibrated 1-D Tables Technical 4.1.1 Calibrated Fracture and Matrix 1 N/A N/A v
' Property Set, FY99. land2 | Product Property sets (for upper infiltration)
Submittal date: 08/06/1999. Output
DTN: LB990861233129.003. N/A-
Drift Scale Calibrated 1-D Tables | Technical Calibrated Fracture and Matrix
2. Property Set, FY99. land2 | Product 411 Property sets (for lower infiltration) ! N/A NIA ’
Submittal date: 08/06/1999. an perty s erinfi
L Qutput
Initial use.
DTN: LB991091233129.001.
One-Dimensional, Mountain- N/A-
Scale Calibration for AMR . Technical . .
13. 10035, "Calibrated Properties Binfil Product 632 Infiltration Rate-Basccase 1 4 N/A N/A
Model." Submittal date: Output
10/22/1999.
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT [
DOCUMENT INPUT REFERENCE SH

1. Document ldentifier No/Rev.: Change: Title: . ‘
MDL-NBS-HS-000001/Rev. 00 N/A Drift-Scale Coupled Processes (DST, THC Seepage) Models )
Input Document ) . 8. TBV Due To
- . b . 7. From
2. Technical Product Input Source - 3. 4.Input | 5. Section - . vrrep | ‘ Un-
- Title and Identifies(s) with Version | Section | Status | Usedin &Input Desciption | Ty | el | Vegmotled | confimmed
2
DTN: LB991215123142.001. | , .
CO2 Analyses of Gas .
14. | Samples Collected fromthe | Entire | TBV-3973 | 627 | €02 gas analyses (TBV because 1, / N/A NA
Drift Scale Test. Submitial . unqualified)
date: 3/11/00.
DTN: LB997141233129.001.
Calibrated Basecase N/A- ‘
15. ::fu“;“"g oD Paratneter Set. | apie 1 pectical 41 Fracture porosity only N/A N/A N/A N/A
Transport Model, FY99. Output
Submittal Date: 07/21/1999
File:
DTN: SN99OTTOS72199.001. | ot
Heat Decay Data and 99184
RCPOSimH mf“ fo; Taxls; . ’
| Thermal-Hydrologic an o B : Loadi
16. | Conduction-Only Models for | Drect | TBV-3599 | 4.1.7.2 beat :lf;l’;“d‘;g (TBY because i / N/A N/A
TSPA-SR (Total System Seal ‘ 9
Performance Assessment-Site @D
Recommendation). Submittal Is)
date: 07/27/1999. Initial use. | 00
columa:
F -
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT
DOCUMENT INPUT REFERENCE SHEET

ALY 3//e0
I. Document Identifier No./Rev.: hange: Title:
MDL-NBS-HS-000001/Rev. 00 N/ﬁ Drift-Scale Coupled Processes (DST, THC Seepage) Models
Input Document 8. TBV Due To
2. Technical Product Input Source 3 4. Input 5. Section 6. Input Description TBV7fTBl) _— u .F)r(l)m" J Un-
Title and Identifier(s) with Version Section Status Used in ' Priarit nquat neantrofle confirned
y Source
2a
DTN: SN9907T0872799.002. Files:
Effective Thermal cfﬂcuﬁ ;
Conductivity for Drift-Scale nfo.doc
17. Models Used in TSPA-SR and TBV-3975 | 4.1.72 Effectlve thermal confiuclmly 1 v N/A N/A
g‘l"olal Syslensx Performance toughin (TBV because unqualified)
ssessment-Site
Recommendation). Submittal {)eﬂk.lx
date: 07/27/1999. Initial use.
DTN: SN9908T0872799.004.
Tabulated In-Drift Geometric
and Thermal Properties Used File: . . . .
: . A . Drift design specifications and
18, | in Drift-Scalc Models for Indrifig | 1gy 3471 | 4472 properties of design elements. (TRV | | v N/A N/A
TSPA-SR (Total System com_re because unqualificd)
Performance Assessment-Site | v0l.doc 4
Recommendation). Submittal
date: 08/30/1999.
Apps, J.A. 1970. The
Stability Field of Analcime. N/A-
19. gggsg;s;:“h‘:;‘;25chusells_ Entire [ Reference | Aw. IV-3 sr:flf;;:’l: of pressure-corrected N/A N/A N/A N/A
Harvard University. TIC: only
applicd for.
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@ OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT
o DOCUMENT INPUT REFERENCE SHEET ‘
L /o
1. Document Jdentifier No/Rev.: Change: Title:
- MDL-NBS-HS-000001/Rev. 00 /V/A_ Drift-Scale Coupled Processes (DST, THC Seepage) Modcls
E Input Document ’ ’ 8. TBV Due To
=3 ~ ; . 7. From
2. Technical Product Input Source 3. | 4.loput | S.Section - ‘ Un-
Title and Identifier(s) with Version = | Section | Staws | Usedin 6. Input Description TBV/TED | Unqual. -| - Uncontrolled . coieq
? v » ‘ Priority Source
= . ,
Apps, J.A. and Chang, G.M.
1992, “Correlation of the
Na/K Ratio in Geothermal
Well Waters with the
> Thermodynamic Propesties of N/A-
Low Albite and Potash . . .
g 2. | Foudspar” Proceedings of the Entire :lrerence Aw1v-3 | Log (K) of miicrocline NA N/A N/A NA -
g 7th International Symposium Y ’
] on Water-Rock Interaction,
2 1437-1440. Rotierdam, The
N Netherlands:. A.A. Balkema.
TIC: 246481.
Bear, J. 1972. Dynamics of N/A- v .
21. ‘;’f‘.r‘:": Porous Media - New | 5166 | Reference | 6.163 | Matrix permeabilty changes N/A N/A NA - | NAT
| publications. TIC: 217568. only
Berman, R.G. 1988. ' )
o “Internally Consistent
.| Thermodynamic Data for
Minerals in the System Na,0- NA-
2. | KO e | Eatre | Reforace | AwIV-3 | Lop (Ko altte NA NA | NA NA
Journal of Petrology, 29, oaly - - :
445-522. Dallas, Texas:
-1 Society of Petroleum - - : : : : : -
’ ) Engineers. TIC: 236892.
%
=
g
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT
DOCUMENT INPUT REFERENCE SHEET
L4 3ot
1. Document Identifier No./Rev.: V(‘hangc: Title:
MDL-NBS-HS-000001/Rev. 00 N/# Drift-Scale Coupled Processes (DST, THC Seepage) Models
7
Input Document 8. TBV Due To
2. Technical Product Input Source 3. 4. Input 3. Section 6. Input Description TB\/’]/.TBD Unqual Un i:\(:mll d Un-
Title and Identifier(s) with Versicn Section Status Used in ’ - quat. controfle confirmed
Priority Source
2a
Bish, D.L.; Carey, JW.; Levy,
S.S.; and Chipera, S.J. 1996.
Mineralogy-Petrology
Contribution to the Near-
Field Environment Report N/A-
23. . wiment feport- Entire | Reference | Att. IV-3 | Zeolitization of tuffs N/A N/A N/A N/A
Milestone Report LA-3668. onl
Los Alamos, New Mexico: y
Los Alamos National
Laboratory. ACC:
MOL.19961122.0252.
Blum, A.E. and Stillings, L.L.
1995. “Feldspar Dissolution
Kinetics.” Chapter 7 of
Chemical Weathering Rates of
24, | Stlicate Minerals, 31,291- | g, Reference | Tabled | Kinetic rae faw N/A N/A N/A N/A
. 351. White, A.F. and ntire o:l;rcnce able inetic rate la

Brantley, S.L., eds.
Washington, D.C.: Mineral
Society of America. TIC:
241237.

amL
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT

DOCUMENT INPUT REFERENCE SHEET

1. Document Identifier NoJ/Rev.:
MDL-NBS-HS-000001/Rev. 00

Change:

N/#

Title:

Drift-Scale Coupled Processes (DST, THC Seepage) Models

- Input Document

L4

2. Technical Product loput Source -
Title and Ideatifier(s) with Version

Section

4. Input
Status

2a

5. Section
Used in

6. Input Description

7.
TBV/TBD
Priority

8. TBV Due To

Unqual.

From
Uncontrolled
Source

Un-
. confirmed

Carroll, S.; Mroczek, E.; Alai,
M.; and Ebert, M. 1998.
“Amorphous Silica
Precipitation (60 to 120°C):
Comparison of Laboratory
and Field Rates.” Geachimica
et Cosmochimica Acta, 62,
1379-1396. Amsterdam, The
Netherlands: Elsevier Science

'Publishers. TIC: 243029.

p- 1379

N/A -
Reference
only

Table 4

Kinetic Rate Law

N/A

N/A

N/A

NA

CRWMS M&O (Civilian
Radioactive Waste
Management System
Management & Operating
Contractor) 1999a. Analysis &
Modeling Development Plan
(DP) for U010 Drifi-Scale
Coupled Processes (DST THC
Seepage) Models Rev. 00.
‘TDP-NBS-HS-000007. Las
Vegas, Nevada: CRWMS
M&O. ACC:
MOL.19990830.0378.

Entire

N/A -
Reference
only

Section 1

Plan

N/A -

NA

N/A

NA- -

27.

CRWMS M&O 1999b. M&O
Site Investigations, January
23, 1999. Activity
Evaluation. Las Vegas,
Nevada: CRWMS M&O.
ACC: MOL.19990317.0330.

Entire

N/A -
Reference
only

Activity Evaluation

N/A

N/A

N/A

N/A
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT
DOCUMENT INPUT REFERENCE SHEET

g7 31/31/00

1. Document Identifier No./Rev.:
MDL-NBS-HS-000001/Rev. 00

‘hange: Title:
/V/ﬂ' Drift-Scale Coupled Processes (DST, THC Seepage) Models

Input Document

2. Technical Product Input Source
Title and Identifier(s) with Version

3.
Section

2a

8. TBV Due To

Secti 7. From
4. Input 5. Section . i Un-
Status Used in 6. Input Description TBV/TBD Ungqual. Uncontrolled

Priority Source confirmed

CRWMS M&O 1999¢c. M&O
Site Investigations, September
28, 1999. Activity
Evaluation. Las Vegas,
Nevada: CRWMS M&O.
ACC: MOL.19990928.0224.

28.

Entire

N/A -

Reference 2 Activity Evaluation N/A N/A N/A N/A
only

CRWMS M&O 1999d.
Subsurface Design for
Enhanced Design Alternative
(EDA) II. Tuput Request
LBL-SSR-99399.R. Las
Vegas, Nevada: CRWMS
M&O. ACC:
MOL.19991203.0130.

29.

Entire

TBV 6.3.1 Drift Spacing | N/A v ‘N/A

CRWMS M&O 1999¢. Pore
Water Data from the Drift
Scale Test (DST). Input

30. Request LBL-LNL-99400.R.
Las Vegas, Nevada: CRWMS
M&QO. ACC:
MOL..19991203.0129.

HD-
PERM-
I and
HD-
PERM-
2
samples

TBV 41 Pore water and DST water

- 1 N/A N/A 4
compositions

CRWMS M&O 1999f. Local
Infiltration Rates. LBL-SNL-
31 99419.T. Las Vegas, Nevada:
CRWMS M&O. ACC: tobe
assigned.

Entirc

TBV-3974 | 6.3.2 Average infiltration rates 1 N/A N/A v
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1. Document Identifier No/Rev.:.
MDL-NBS-HS—OOOOOI(Rev. 00

Change:

[/

DOCUMENT INPUT REFERENCE SHEET

234 _2/451/00

Title:

Drift-Scale Coupled Processes (DST, THC Secpage) Models

Input Document

00ATY 100000-SH-SEN-"TAN -

.- 2..Technical Product Input Source

Section

Status

Title and Identifier(s) with Version

2a

4.Input

5. Section
Used in

6. Input Description

7.
TBVITBD
Priority

8. TBY Due To

" Unqual.

From
Uncoatrolled
Source

Un-
confirmed

32.

de Marsily, G. 1986.
Quantitative Hydrogeology: '
Groundwater Hydrology for
Engineers. Orlando, Florida:
Academic Press. TIC:
208450.

p.233

N/A-
Reference
only

416

Tortuosity

N/A

N/A

N/A

NA

33.

Drever L1 1997.
Geochemistry of Natural
Waters, 3rd Edition. Upper
Saddle River, N.J.: Preatice
Hall. TIC: 246732.

p-28

N/A-
Reference
only

4.14,
6.1.3

Debye-Hiickel equation

N/A

NA

N/A

N/A

Dyer, J.R. 1999. “Revised
Interim Guidance Pending
Issuance of New U.S. Nuclear
Regulatory Commission
(NRC) Regulations (Revision
01, July 22, 1999), for Yucca
Mountain, Nevada.” Letter
from J.R. Dyer (DOE) to D.R.
Wilkins (CRWMS M&O0),
September 9, 1999,

OL&RC:SB-1714, with

enclosure, “Interim Guidance
Pending Issuance of New U.S.
Nuclear Regulatory
Commission (NRC)
Regulations (Revision 01).”
ACC: MOL-19990910.0079.

Eatire

N/A
Reference
only

lnteﬁm Guidance

NA

N/A

N/A

N/A
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT

JEH 35y

DOCUMENT INPUT REFERENCE SHEET

L. Document Identifier No./Rev.:
MDL-NBS-HS-000001/Rev. 00

UChangc:

W/

Title:

Drift-Scale Coupled Processes (DST, THC Seepage) Models

Input Document

2. Technical Product Input Source
Title and Identifier(s) with Version

3.
Section

2a

14

4. Input
Status

5. Section
Used in

6. Input Description

7.
TBV/TBD
Priority

8. TBV Due To

Unqual.

From
Uncontrolled
Source

Un-
confirmed

Ehrlich, R.; Etris, E.L.;
Brumfield, D.; Yuan, L.P.;
and Crabtree, S.J. 1991.
“Petrography and Reservoir
Physics 111: Physical Models
35. for Permeability and
Formation Factor.” AAPG
Bulletin, 75, 1579-1592.
Tulsa, Oklahoma: American
Association of Petroleum
Geologists. TIC: applied for.

p. 1582

N/A -
Reference
only

6.1.5.2

Modified Hagen-Poiscuille relation

N/A

N/A

N/A

N/A

Fournier, R.O. and Rowe, J.J.
1962. “The Solubility of
Cristobalite along the Three-
Phase Curve, Gas Plus Liquid
36. Plus Cristobalite.” American
Mineralogist, 47, 897-902,
Washington, D.C.:
Mineralogical Society of
America. TIC: 235380.

Entire

N/A-
Reference
only

Au. 1vV-3

Cristobalite solubility

N/A

N/A

N/A

N/A

1965. Solutions, Mineraly
37. and Equilibria. New York:
Harper and Rowe. TIC:
217443.

Garrels, R M. and Christ, C.L.

p- 64—
66

N/A -
Reference
only

6.1.3

Activity of water

N/A

N/A

N/A

N/A

Ay
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DOCUMENT INPUT REFERENCE SHEET

9EN 3/3//00

1. Document Identifier No/Rev.:
MDL-NBS-HS-000001/Rev. 00

Change:

/A

Title:

< jnput Document

.. 2.Technical Product Input Source
Title and Identifier(s) with Version

Section

4 Input
Status

2a

5. Section
Used in

-6, Input Description

Dﬁﬂ-§cale Coupled Processes (DST, THC Secpage) Models

7.
“TBV/TBD
Priority

8. TBV Due To

Unqual.

From
Uncontrolled
Source

Un-
confirmed

Inskeep, W.P. and Bloom,
P.R. 1985. “An Evalualion of
Rate Equations for Calcite
Precipitation Kinetics at pCO,
Less than 0.01 atm and pH
Greater than 8." Geochimica
et Cosmochimica Acta, 49,
2165-2180. Amsterdam, The
"Netherlands: Elsevier Science
Publishers. TIC: 241125.

38,

p-2178

N/A-
Reference
only

Table 4

Kinetic rate data for calcite

N/A

N/A

N/A

N/A

Johnson, J.W.; Oelkers, EH.;
and Helgeson, H.C. 1992,
“SUPCRT92: A Software
Package for Calculating the
Standard Molal-
“Thermodynamic Propesties of
39. | Minerals, Gases, Aqueous .
Species, and Reactioas from 1
to 5000 bars and 0 to 1000
degrees C.”' Computers and
Geosciences, 18, 899-947.
Great Britain: Pergamon
Press. TIC: 239019.

Entire

N/A-
Reference
only

ALLIV-3
414

Thermodynamic properties

N/A.

N/A

NA

N/A

Klein, C. and Hurlbut, C.S.

‘ 1993. Manual of Mineralogy,
40. 21st Edition. New York, New
York: John Wiley & Sons.
TIC: 246258.

p- 663
Eatire
p.172

N/A -
Reference
only

At 1V-3
415
416

General mineralogical discussion

NA

NA

N/A

N/A
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LEH 37/ 00

DOCUMENT INPUT REFERENCE SHEET

1. Document Identifier No./Rev.:
MDL-NBS-HS-000001/Rev. 00

Change:

/A

Title:
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315

315

N/A-
Reference
only

4.1.4 and
4.1.6

Molecular diameter of CO,

Aqueous diffusion coefficient of Cl

N/A

N/A

N/A

N/A

S[9pOIN (23edaag DHI pue 1SQ) 59559001 pajdno)) a[edS-yui 3L

10N

(9

0110N/0




e

OOASY 100000-SH-SEN-TAN . .

$1-] WwoWydENY

000T Yarey

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT
i DOCUMENT INPUT REFERENCE SHEET

1. Document Identifier No./Rev.:
MDL-NBS-HS-000001/Rev. 00

=47/
ge: © . | Title: ‘
N/# | DriftScalc Coupled Processes (DST, THC Secpage) Models

- Input Document

2.-Technical Product Input Source
Title and Identifier(s) with Version

Section

2a

8. TBV Due To

: . Y R From
4§ll:(pﬂt 5. Section 6. Input Description TBV/TBD | Unqual. | Uncontrolled Un-
us Used in Priority Source

confirmed

Levy, $.S.; Fabryka-Martin,
J.T.; Dixon, P.R.; Liu, B.;
Turin, H.J.; and Wolisberg,
A.V. 1997. “Chlorine-36
Investigations of Groundwaler
Infiltration in the Exploratory
Suwdies Facility at Yucca:
Mountain, Nevada.” Scientific
Basis for Nuclear Waste
Management XX, Material
Research Society Symposium
Proceedings, Boston,
Massachusetts, 465, -
December 2-6, 1996, 901~
908. Pittsburgh,
Pennsylvania: Materials
Research Society. TIC:

238884, " -

N/A-
Reference | 6.1.2 Water ages N/A N/A N/A N/A
only

45.
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Nagy. K.L. 1995.
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Silicate Minerals, 31, 291-
351. White, AF. and
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Washington, D.C.: Mineral
Society of America. TIC:
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47.
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Reference
only
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N/A
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Ragnarsdottir, K.V. 1993.
“Dissolution Kinctics of
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2439-2449. New York, New
York: Pergamon Press. TIC:
243920.

48.

p.2439,
2447
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Reference
only

p-23
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50.
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77-85. New York, New
York: Pergamon Press. TIC:
226987.

enlire
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Reference | p.23 - Cristobalite dissolution kinetics N/A
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s1.

Rimstidt, J.D. 1997. “Quartz
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Amsterdam, The Netherlands:
Elsevier Science Publishers.

Entire
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only
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Amsterdam, The Netherlands:
Elsevier Science Publishers.
TIC: 219975.
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only

6.1.4
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Reference
only
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Oklahoma: The Petroleum
Publishing Company. TIC:
applied for.

54.

p. 280
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Reference
only
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Steefel, C.1. and Lasaga, A.C.
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Reactions with Application to
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’ Hydrothermal Systems.”
American Journal of Science,
294, 529-592. American
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592. New Haven,
Connecticut: Yale University
Press. TIC: 235372

pp. 550,

546
540,
541,
568

556
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Reference
only

6.1.3

6.1.4

6.1.6.2

Kinetic rate laws, cubic law

N/A
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N/A

N/A

Stoessell, R.K. 1988. “25°C
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58. Cosmochimica Acta, 52, 365-
374. New York, New York:
Pergamon Press. TIC:
246452.

Entire

N/A-
Reference
only
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Thermodynamic data for sepiolite

N/A

N/A

N/A
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Wembheuer, R.F. 1999, “First
Issue of FY00 NEPO QAP-2-
0 Activity Evaluations.”
Interoffice comrespondence
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Packag
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California: Lawrence
Berkeley National Laboratory.
TIC: 243735.

Entire
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Reference
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Ptn1

Ptn2

Ptn3

Ptn4

Ptns

Ptné

Tsw31

Tsw32

Tsw33

Tsw34

Tsw35

Tsw36

Tsw37

Tsw38

Ch2

Rock Name

tcwm3
tewtld
ptnm1
ptnf1
ptnm2
ptnf2
ptnm3
ptnf3
ptnm4
ptnf4
ptnm5s
pint5
ptnmé
ptnt6
tswmi
tswhi
tswm2
tswi2
tswm3
tswi3
tswmd
tswid
tswm5
tswis
tswmé
tswit
tswm?7
tswf7
tswm8
tswig
ch2mz
ch2fz

W N DA WA -

Zone K-feldspar

0.0946
0.0946
0.0377
0.0377
0.0449
0.0449
0.0156
0.0156
0.0806
0.0806
0.0965
0.0965
0.0855
0.0855
0.2358
0.2358
0.4025
0.2435
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

Table li-1. Volume Fractions of Primary Minerals

Albite
0.0699
0.0699
0.0279
0.0279
0.0332
0.0332
0.0116
0.0116
0.0595
0.0595
0.0712
0.0712
0.0631
0.0631
0.1741
0.1741
02973
0.1798
0.2253
0.1363
0.2286
0.1383
02253
0.1363
0.2285
0.1382
02257
0.1366
0.0648
0.0648
0.0273
0.0273

Anorthite Ca-Smectite Na-Smectite Mg-Smectite K-Smectite

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
0.0048
0.0077
0.0047
0.0076
0.0046
0.0022
0.0022
0.0009
0.0008

0.0407
0.0407
0.0643
0.0643
0.0568
0.0568
0.0095
0.0095
0.0209
0.0209
0.0080
0.0080
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
0.0080
0.0039
0.0039
0.0141
0.0141
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
0.0080
0.0090
0.0329
0.0329
0.0001
0.0001
0.0027
0.0174
00131
0.0237
0.0081
0.0207
0.0082
0.0207
0.0074
0.0202
0.0079
0.0205
0.0180
0.0180

0.0060

0.0175
0.0175
0.0276
0.0276
0.0244
0.0244
0.0041
0.0041
0.0090
0.0080
0.0039
0.0039
0.0141
00141
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

llite
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
00104
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
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P

Unli
Tew3

Tsw3l
Tswd2
Tsw33
Tswa4
Tsw35
Tsw36
Tsw37
Tsw38

Ch2

RockName  Zone Crlstobaiite

tcme

“towl3

ptnm1

_ptnft

pinm2
pini2
pinm3
ptnf3
ptnm4

‘ptnf4

plinm5

" ptnis

ptnm8
ptni6
tswm1
tswit
tswim2
tswi2
tswm3
tswi3
tswmd
tswid
tswmd
tswib
tswmé
tswié
tswm7
tswi7
tswm8
tswi8
ch2mz
ch2iz

0.1323
0.1323
0.0000
0.0000

- 0.0350
- 0.0350

0.0763
0.0763
0.0524
0.0524
0.0214
0.0214
0.0083
0.0083
0.0915

1 0.0915

0.1516
0.0917

- 0.2336

0.1413
0.2588
0.1566
0.1660
0.1004
0.1509
0.0913
0.2273
0.1375
0.1557
0.1557
0.1608
0.1609

Table II-1. Volume Fractions of Primary Minerals (cont.)

Quartz
0.0037
.0.0037
0.0009

- 0.0008
0.0157 .

-0.0157
0.0009
0.0009

00139

0.0139
0.0094
0.0094
0.0142
0.0142
0.0047
0.0047
0.0079
0.0048
0.0760
0.0460
0.1202
0.0727
0.2037
0.1232
0.2643
0.1599
0.2004
0.1212
0.0244
0.0244
0.0328
0.0326

" Glass Hemalite
0.4580  0.0000
0.4580  0.0000
0.7283  0.0000
0.7283  0.0000
0.6895 . 0.0002
0.6895  0.0002
0.8652  0.0000
0.8652 - 0.0000
0.7254  0.0000
0.7254  0.0000
0.7679  0.0024
0.7679  0.0024
07129  0.0024
07129  0.0024
0.4550  0.0050
0.4550  0.0050
0.0152  0.0044
0.0092  0.0027
0.0000 ~ 0.0036
0.0000  0.0022
0.0000  0.0004
0.0000  0.0002
0.0000  0.0017
0.0000  0.0010
0.0000  0.0020
0.0000  0.0012
0.0000  0.0005
0.0000  0.0003
0.5629  0.0000
05629  0.0000
0.0000  0.0000
0.0000  0.0000

C

Calcite Stellerite Heulandite _Movdanlte Clinoptilolite

0.0000
0.0000

0.0000 -

0.0000
0.0000
0.0000

0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0070
0.0070
0.0276
0.0276

. 0.0095
0.0257 -

0.0000
0.0200
0.0000
0.0200
0.0050
0.0230
0.0000
0.0200
0.0000
0.0200
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
0.0000

0.0000

0.0000
0.0000
0.0011
0.3257
0.0000
0.3250
0.0000
0.3250
0.0000
0.3250
0.0000
0.3250
0.0000
0.3250
0.0000
0.0000
0.0000
0.0000

0.0329
0.0329
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
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0119
0.0119
0.2166
0.2166

0.0110

1 0.0110
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
0.0001
0.0001
0.0000

. 0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0040
0.0040
0.0722
0.0722

0.0659
0.0659
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
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0238
0.0238
0.4333
0.4333
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Unit
Tew3

Ptn1

Ptn2

Ptn3

Ptn4

Ptn5

Ptn6

Tsw31

Tsw32

Tsw33

Tsw34

Tsw35

Tsw36

Tsw37

Tsw38

Ch2

Rock
Name
tcwm3
tewi3
ptnm1
pinf1
ptnm2
ptnf2
ptnm3
ptnf3
ptnm4
ptni4
ptnm5
ptnfs
ptnmé
ptnf6
tswm1
tswi1
tswm2
tswf2
tswm3
tswi3
tswmd
tswi4
tswm5
tswis
tswm6
tswie
tswm?7
tswi7
tswm8
tswig
ch2mz
ch2fz

Zone

32

DTN: LB991200DSTTHC 004

Table IlIl-1. Reactive Surface Areas for Primary Minerals (matrix minerals in cm?/g

K-feldspar
98.0
394.8
7.6
142.8
8.6
184.6
71
1099.6
9.3
445
1.0
276.2
10.0
1553.3
57.0
1102.4
109.2
530.8
105.6
1056.7
89.8
2126.9
98.2
1382.3
90.8
1289.1
824
1746.2
404
1746.2
445
1570.8

mineral, fracture minerals in m%/m3 medium).

Albite
98.0
394.8
7.6
142.8
8.6
184.6
71
1099.6
9.3
445
1.0
276.2
10.0
1553.3
57.0
1102.4
109.2
530.8
105.6
1056.7
89.8
2126.9
98.2
1382.3
90.8
1289.1
824
1746.2
40.4
1746.2
445
1570.8

Anorthite Ca-Smectite Na-Smectite Mg-Smectite K-Smectite

98.0
394.8
7.6
142.8
8.6
184.6
7.1
1099.6
93
445
11.0
276.2
10.0
1553.3
57.0
1102.4
109.2
530.8
105.6
1056.7
89.8
2126.9
98.2
1382.3
80.8
1289.1
82.4
1746.2
404
1746.2
445
1570.8

1516.3
394.8
22533
142.8
24848
184.6
17215
1099.6
2356.2
445
2666.7
276.2
2666.7
1553.3
694.3
1102.4
1317.4
530.8
1303.3
1056.7
1086.6
2126.9
1195.3
1382.3
1098.1
1289.1
996.5
17462
526.7
1746.2
20247
1570.8

1516.3
394.8
2253.3
142.8
2484.8
184.6
1721.5
1099.6
2356.2
445
2666.7
276.2
2666.7
1553.3
694.3
1102.4
13174
530.8
1303.3
1056.7
1086.6
2126.9
1185.3
1382.3
1098.1
1289.1
996.5
1746.2
526.7
1746.2
2024.7
1570.8

1516.3
394.8
2253.3
142.8
2484.8
184.6
17215
1099.6
2356.2
445
2666.7
276.2
2666.7
1553.3
694.3
1102.4
1317.4
530.8
1303.3
1056.7
1086.6
2126.9
11953
1382.3
1098.1
1289.1
996.5
1746.2
526.7
1746.2
2024.7
1570.8

1516.3
394.8
2253.3
142.8
2484.8
184.6
17215
1099.6
2356.2
445
2666.7
276.2
2666.7
1553.3
694.3
1102.4
13174
530.8
1303.3
1056.7
1086.6
2126.9
1195.3
1382.3
1098.1
1289.1
996.5
1746.2
526.7
1746.2
2024.7
1570.8

Hite  Tridymite

1516.3
394.8
2253.3
142.8
2484 .8
184.6
17215
1099.6
2356.2
445
2666.7
276.2
2666.7
1553.3
694.3
1102.4
13174
530.8
1303.3
1056.7
1086.6
2126.9
11953
1382.3
1098.1
1289.1
996.5
1746.2
526.7
1746.2
2024.7
1570.8

98.0
394.8
7.6
1428
8.6
184.6
71
1099.6
9.3
445
11.0
276.2
10.0
1553.3
57.0
1102.4
109.2
530.8
105.6
1056.7
89.8
2126.9
98.2
1382.3
90.8
1289.1
824
1746.2
404
1746.2
445
1570.8
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Unit
Tew3

Tsw31
Tsw32
Tsw33
Tsw34
Tsw35
Tow3s
Towd?
Tswas

Ch2

Rock
Name
tewm3
tewi3
ptnm1
ptnf1
ptnm2
ptni2
ptnm3
pini3
ptnmd
pintd4
ptnm5
pini5
plnmé
ptni6é
tswm1
tswit
tswm2
tswi2
tswm3
tswid
tswind
tswid
tswmb
tswid
tswmé6

tswip_ -
tswm7

tswi7
tswm8
tswid
ch2mz
ch2fz

1 98.0
2 394.8:°
3 76
4 1428
5 8.6
6 1846
7 -1
'8 10996
9 . 93
10 445
11 110
12 276.2
13 10.0

14 15633
15 57.0
16 11024
17 1092
18 530.8
19 105.6
20 10567
21 89.8
22 21269
23 982
24 13823
25 '90.8
26 12891
27 824
28 17462
29 404
30 17462
31 445
32 15708

DTN: LB991200DSTTHC.004

Table lii-1. Reactive Surface Areas for Primary Minerals (matrix minerals in ‘cmalg :

' Zone Cristobalite

"Quartz

980

394.8
76
1428
8.6
1846
71
1099.6
9.3
a5
“11.0
276.2
10.0
1553.3
57.0
11024
109.2
530.8

- 1056

1088.7
89.8
2126.9

- 982
1382.3

- 908

1289.1

824
1746.2

404

1746.2
445
1570.8

Glass
98.0
394.8
76
142.8
8.6

- 1846

74

1099.6
9.3
44.5
11.0

2762

10.0
1553.3
57.0
11024
109.2
530.8
105.6
1056.7
89.8
2126.9

98.2

1382.3
80.8

1289.1

824

17462

404

17462

445
1570.8

Hematlte
128.7
394.8

96 .

1428
10.5

- 184.6
73

©.10996

100

445

113
276.2
1.3
1653.3
- 59.0
11024
1119
530.8
110.7
1056.7
92.3

21269

1015
13823

- 932
1289.1
84.6
17462
447

17462

1719
15708

Calcite

1287
394.8

9.6
142.8

105

184.6
7.3

1099.6

10.0
445
113

.276.2
113

16563.3
59.0
11024
1119
530.8
110.7

1056.7

92.3
2126.9
101.5

- 13823

93.2
1289.1
84.6
1746.2
4.7

17462 -

171.9
1570.8

Stellerite Heulandite Mordenite Clinoptllolite

128.7

- 3948

9.6
142.8
105
184.6
7.3

1099.6
100

445

13 .
. 27162

113

1553.3.

59.0
11024
1119
530.8
110.7

1056.7

92.3
2126.9
101.5
1382.3
93.2
1289.1
84.6
1746.2
447
1746.2
1719
1570.8

128.7
3948
9.6

1428 -

10.5
184.6

13
1099.6

10.0

445

113
2762

113
.. 156563.3

59.0
1102.4
111.9
530.8
110.7

1056.7

923

- 21269

101.5
1382.3
93.2

' 1289.1
846

84.6
44.7

- 1746.2

171.9
1570.8

128.7
394.8
9.6

1428

105
184.6

73

73

100 -

44.5
113
276.2

13

15653.3
59.0

11024

1119
530.8

1107 .

1056.7

923

2126.9
1015

13823
932
1289.1

84.6
84.6
4.7
1746.2
1719
1570.8

1287
394.8
9.6
1428
105
184.6
7.3
73
100
445
1.3
2762
11.3
1553.3

590

11024
1119
530.8

1107 .

1056.7
92.3
2126.9
101.5
1382.3
93.2
1289.1
84.6
84.6
447
1746.2
171.9
1570.8
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Table IV-1. Minerals.

Molecular Molecular log (19
Weight Volume
Mineral {g/mot) {cm¥mol) Reaction Stolchiometry! 0(°C) | 25(*C) | 80(°C) | 100 (°C)| 150 (°C)| 200 (°C)| ref
| albite-low 262223 00.07] (1)alo2-, (1)na+, (3)sio2(aq) -21.694] -20.177] -18.3€ -16.684]| -15.094] -13.986 4
anorthite 278.207 00.79} (2)alo2-, (1)ca+2, (2)sic2(aq) -20.398] -19.18 -18. -17.852| -17.629] -17.703 1
calcite 00.087 36.934] (1)ca+2, (-1}h+, (1)hco3- 2.22¢ .84 R 0.774 0. -0.584 1
Si02(amor.) 60084 29| (1)sio2(aq) -2.87 2.6 2.4 -2.20¢ -1.99 21,82 7
cristobalite-a 60.084 25.74| (1)sio2({aq) -3.63 -3.332 -2, -2.67 -2.37 -2.129 6
fluorite 78.075 24.542] (1)ca+2, (2)- -10. -10.037 -9.9( -9.967| -10.26 -10.784
| goethite 88.854 20.82] (1)hfeo2 -12.78| -11.483] -10.202 -9.208 -8.40 -7.92
glass 1 56.588 23.978| (-0.0362)h20, (0.15)alo2-, (0.0021)ca+2,(0.0654)h+, 4.7 454 435 416 -3.98 -3.86] 13
(0.0042)k+,(0.0003)mg+2, (0.0758)na+(0.7608)si02(aq),
{0.007 )hfec2
giass 60.084 29| (1)sio2(aq) -2871] -2663] -242 -2.205 -1.99 -1.82] 12]
igypsum 172.172 74.89] (2)h20, (t)ca+2, (1)s04-2 -4.533 -4.482 -4.60! -4.903 -5.41 -6.127]
hematite 159.692 30.274] (-1)h20, (2)hfec2 -26.439]| -23.927] -21.48 -19.661{ -18.293] -17.573
illite 378.963 135.08] (0.44)h20, (2.06)alo2-, (1.12)h+,(0.5)k+, (0.22)mg+2.(3.72)si02(aq) 45.354| 41.926] -38.294] -34.994| -31.867] -29.606 4
microciine 278.332 108.741| (alo2-, (1)k+, (3)sio2(aq) -24.86 -22. -20.61 -18.528| -16.54 -15.154 4
kaolinite 58.16 9.52| (1}h20, (2)alo2-, (2)h+,(2)sic2(aq) -43.073] -39.8 -36.336] -33. -30.212| -28.082 4]
quartz 0.084 22.688| (1)sio2(aq) ~4.079 -3.73 -3.349] -2.992 -2.64 -2.365 [:
| sepiolite 323.913 42.83] (5.5)h20, (-4)h+, (2)mg+2,(3)si02(aqg) 7.28 5. 3.8 2.08 0.4 9.23 8
tridymite 0.084 26.586) (1)sio2 -3.872] -3.56 -3.193] -2.82 ~2.394 -1.984 10
smectiteca 365.394 132.51] (0.52)h20, (1.77)alo2-, (0.145)ca+2,(0.96)h+, -42.523| -39.519| -36.156] -33.159] -30.303| -28.219 9
smaectite-na 366.25 132.51] (0.52)h20, (1.77)alo2-, (0.98)h+,(0.268)mg+2, 42.628| -39.528] -36.049] -32.937| -29.956| -27.761 9
{0.23)na+ ]
smectite-mg 363.107 132.51] (0.52)h20, (1.77)alo2-, (0.96)h+,(0.405)mg+2, (3.97)sio2(aq) 42.583] -39.613] -36.289] -33.325| -30.498| -28.435 9
smectite-k 370.921 132.51] (0.52)h20, (1.77)alo2-, (0.96)h+,(0.29)k+, (0.26)mg+2,(3.97)si02(aq) | -43.004} -39.829| -36.275| -33.11| -30.093] -27.885 4
steller/10 281.733 133.1] (2.8)h20, (0.79)alo2-, (0.39)ca+2,(0.01)na+, (2.81)si02(aqg) -20.91 -19.404| -17.676| -16.103] -14.564] -13.42 1"
heuland/10 279.347 26.84] (2.6)h20, (0.8)alo2-, (0.33)ca+2 (0.04)k+, (0.1)na+ (2.8)sio2(aq) -20.87 -18.32 -17.55] -15.94] -14.365] -13.20: 1
mordeni/10 269.631 27.35| (2 2)h20, {0.6)alo2-, (0.15)ca+2,(0.09)k+, (0.21)na+ (3)sio2(aq) -1 -17. -15.802] -14.238] -12.694| -11.523 1
clinopt/10 277.66 26.41{ (2.6)h20, (0.68)al02-, (0.28)ca+2,(0.08)k+, (0.04)na+(2.92)8i02(aq) -19.999| -18.463| -16.704| -15.095] -13.52| -12.309] 11
Gas: Molecular | Molecular
Woeight Dlamaeter
(g/mol) (m)
CO2 44.01 2.50E-10] {-1)h20, {1)h+, (1}hcol3- -7.677] -7.818] -8.053 -8.38 -8.771  -9.217 1

NOTES: ' Negative number in parenthesis indicate the molecula 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 , 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 in Case 1 and Case 2 simulations, respectively.
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Title: Drift-Scale Coupled Processes (DST and THC Seepage) Models : NO0120/U0110

Table IV-2. Aqueous Species. - L .
log(g
AqueousSpecles | a, | Charge Reaction Stolchiometry 0(%) | 25¢°0)} 80 (°c) { 100 (*C)] 150 (°)| 200 °c)] rel.
[CO2@q) . h2o, (v, (Theod §58] -8.345] -6.268] B.388] -6.724] -1.197] 1
€032 2| (1w, (o3 10.524] 10.329] _10.13]_10.084] _ 10.2 10465 1
oH 3 A[(Th%, (1 4.54] 13.095] 13.027] 12.255] 11.631] 11284 1
OH 4 1}alo2-, (2)he ~13.656] -12.289] -10.831] _ -96] 353 -7.623] 1
rﬁ'(mu,m 3 1))216!:%? -7.55—-5751'_3% 5408 5.121] 505 1
) : -2)h20, (1)aia2-, (4 — | 25.795] -22.883] -19.571| -16.582 -13.676] -11.408] 1
AIOH*2 4. 130, (1)ako2- (3h+ -20.060| 179261 -15.568] -13.599] -11.624] -10.242] 1
CaCh [} 1](fiea*2, (1ck - 673]_0.698] 0.539] 0.357] -0.04] 0533 1
CaCi2(zq) [ 2, () 452 0.644] 0629 0.381] -0.158] -0
CaCO3(a) 0{(t)ca*2, (1) {Theo3- 502[ 7.002] 6452] S5.964] 5.458] 5.018
CaticoM — 4 Jca+2, (1}hco3- 1.095] 1.047}_-1.150] 1418 -1.859] 24
CaSO04(2q) [ 01 (1)ca¥2, (15042 2071]_-2.011] 2265 -2511] -201] 343
Caft [ Yas2, (1} -0.855] 0682 0.862| 147! -1.649] 2215 1
HSI03- 4 A[(1}h20, (-1}, (Tisio2(zq) 10323 0.953] 9.468] 9.084] 835 883
HCIzq) 3 Y, (1 0.681] _ 0.67] 0689 0.82] 041 0.082] 1
KCl(ag) [ ) (ke T A7 1495] 1216] 0.524] 0575] 0215
KHSOA{aq) [ (1), (1)ke, (1Nsok-2 0435 _-0.814] -1479] -2.208] -3.341] 4431
KSO4- 4 (1, (1 20.885] 0.8 099 -1.154] 152 -1.919
FF(zq) 3 0j(th+, (1) -2985] -3.168] -3.474| -3.048] 4.338] 4.858] 1
MgCi+ 4 Jok, (1)mgt2 —|_o0.048] 0.135] 0055] 0.182] 0.607f -1.139
MgCO3(zq) [ 0] 1}, (Dheod (Timg+d 774]_ 7.35] 6.978] 6.563] 6.204] 587
MgHCO3+ 4 Jhcod-, (1)mgt2 - 1.08] -1.036] -1.164] -1.4368] -1.88] -2.41
MgSC4(aq) 3 0] (1hmg+2, (1soh2 2139]_2412] 2837 -3.34T| 4.013]_4.955[ 1
MgF+ [ mg*2, (1§ 1.387) 1352 -1.478] -1.739] -2.168] -2.688] 9
NaCl(aq) ek (nat 0.829] 0777 0651] 0473 0.214] -0.093] 1
NaOH(zq) —0](T)h20, (-1}, (Tjnav 15.545] 14.795] _ 13.8] 12.885] 11.971] 11.221] 1
NaCO3- 4 11, (Theo? (Tat 815]_ 0.814] 10.075] 10.649] 11.568] 12.632] 3
NaHCO3(ag) Jheod-, (Tjnat . 0373] 0454 0.1] 0411] 0.793] 1213 3
NaHSi03 120, (-1, (1na+ {1}s02(ag) 414] 8.304] 6.053] 7.829] T.664] 7.658] |
NaF(ag) o) (Trat (1 .082]_0998] 0.833] 0.624] 0.338] 0.01] 1 | j
Fe02- , 4 AL (13, (1)hfe02 ' 10.231] 9.602] 8.839] 81|  7.38] 6.821] 3| o/
FaOt [ 1[{-1)h20, (1}, (1}e02 -7324] 6.368) -5.372] 4.561] -3.885] -3.383] 3|
Primary Aqueous Spacles: Mol. Wt {g/mol) I
H20 , 3 0[18.015
AOZ: 4 A|58.98
Ca+2 2/40.078
CF 1]35.453
He ] 1.008 :
HCO3- . [} A]61.017 i
K¢ 3 39.098
Mg+2 3 2|24.305
Nat 4 2399 » =
[Si02(zq) 3 50.084 1
5042 4 2/98.064
F ] 4[18.938
3

HFe02 0]38.854 - 3
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Title: Drift-Scale Coupled Processes (DST and THC Seepage) Models NO120/U0110

Table IV-3. References

ref. no Reference

1 EQ3/6 V7.2b database data0.com.R2 Aug.2.1995 (STN: LLNL:UCRL-MA-11 0662). Mostly
calculated with SUPCRT92 and associated databases (Johnson et al. 1992).
2 EQ3/6 database data0.com.R6 Dec.3.1996 (STN: LLNL:UCRL-MA-110662)
3 Log(K) calculated using SUPCRT92 (Johnson et al. 1992) with Fe+3 and Fe(lll)-OH data
from Shock et al. 1997 added to SPRONS.DAT version dated 3/14/96 (the latter is the
database of SUPCRT92). See Scientific Notebook YMP-LBNL-YWT-NS-1.1 p. 104-110.
4 Log(K) calculated using SUPCRT92 (Johnson et al. 1992) with thermodynamic properties
from various sources (Berman 1988 for albite; Kulik and Aja 1995 for illite and k-smectite:
Robie and Hemingway 1995 for kaolinite; Apps and Chang 1992 for microcline) added to
SPRONS.DAT version dated 3/14/96 (the latter is the database of SUPCRT92), then
corrected to reflect the quartz solubility data of Rimstidt (1997). See Scientific Notebook
YMP-LBNL-YWT-JA-1A p. 39-41.
5 Rimstidt (1997)
6 Regression by Apps (1970) of pressure-corrected cristobalite solubility data derived from
measurements by Fournier and Rowe (1962). See Scientific Notebook YMP-LBNL-YWT-
JA-1A p. 3941.
7 Regression by Apps (1970) from a number of literature sources. See Scientific Notebook
YMP-LBNL-YWT-JA-1A p. 39-41.
8 Stoessell (1988)
9 Recalculated from log(K) data for montmor-k, montmor-ca, montmor-mg, and montmor-k in
EQ3/6 V7.2b database (see ref. 1), as described in Scientific Notebook YMP-LBNL-YWT-

JA-1A p. 3941,
10 From log(K) data for quartz and trydimite in ref.1 above, then corrected with the quartz

solubility data of Rimstidt (1997). See Scientific Notebook YMP-LBNL-YWT-NS-1.1 p. 113
114. Molar volume from molecular weight in ref.1 and density in Kiein and Hurlbut (1993, 1
p. 665).

1" Log(K) calculated using SUPCRTS2 (Johnson et al. 1992) with zeolite formulas and
thermodynamic data from Scientific Notebook YMP-LBNL-YWT-JA-1A, pp. 57-60 added to
SPRONS.DAT version dated 3/14/96 (the latter is the database of SUPCRT92), then
corrected to reflect the quartz solubility data of Rimstidt (1997). See Scientific Notebooks
YMP-LBNL.-YWT-JA-1A p. 48-50 and YMP-LBNL-YWT-NS-1.1 p. 111-113.

12 |Same composition and log(K) as amorphous silica

13 Formula from composition by Bish et al. (1996). Log(K) at 25°C was calculated by
equilibrating the glass with the initial water composition (Section 4.1.3) using SOLVEQ V1.0
and adjusting the log(K) value to yield approximately 100 ppm SiO2(aq.) in solution at
25°C. Log(K) values at higher temperatures were then adjusted to maintain the same
degree of amorphous silica undersaturated with the equilibrated glass at all temperatures.
See Scientific Notebook YMP-LBNL-YWT-NS-1.1 p. 114-116.
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Title: Drift-Scale Coupled Processes (DST and THC Seepage) Models

NO120/U0110

ATTACHMENT V-WASTE PACKAGE AVERAGE HEAT TRANSFER
Submitted with this AMR under DTN: LB991200DSTTHC.006.

Table V-1.
! Total f-lez-?t Model Heat Load
Time (no ventilation)
(W/meter)

(years) (W/meter)

0.01 1540.413 462.124
0.02 1538.978 461.693
0.03 1538.078 461.424
0.04 1537.190 461.157
0.05 1536.297 460.889
0.06 1535.411 460.623
0.07 1534.536 460.361
0.08 1533.632 460.090
0.09 1532.778 459.833
0.10 1531.892 459.568
0.15 1527.633 458.290
0.20 1523.418 457.025
0.25 1519.360 455.808
0.30 1515.371 454 611
0.35 1511.471 453.441
0.40 1507.662 452.299
0.45 1503.928 451.178
0.50 1500.288 450.087
0.55 1496.715 449.014
0.60 1493.234 447.970
0.65 1489.795 446.938
0.70 1486.453 445.936
0.75 1483.142 444,943
0.80 1479.935 443.981
0.85 1476.770 443.031
0.90 1473.664 442.099
0.95 1470.592 441,178
1.0 1467.611 440.283
1.5 1439.923 431.977
20 1415.942 424783

DTN: SN9907T0872799.001 (Total Heat)

NOTE:

MDL-NBS-HS-000001 REV00

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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* Title: Drift-Scale Coupled Processes (DST and THC Seepage) Models ' -~ _NO0120/U0110

Table V-1. (Cont.) - -

Total Heat Model Heat Load -/
Time (no ventilation)
(W/meter)
(years) (Wimeter)
25 1394.705 418.412
3.0 1375.415 . 412.624
35 - 1358.036 407.411
4.0 1341.878 o 402.563
45 1326.553 - . 397.966
5.0 ‘1312.104 o .| 893.631 .
55. 1296.809. 389.043
8.0 1282270 .. . | 384.681
8.5 1268.766 - . 380.630
7.0 1255.846 . 376.754
75 . | 1242619 372.788
8.0 1229.944 . | 368.983
8.5 1217.624 ' 365.287.
8.0. 1205.763 381.729
8.5 1193.723 358.117
10 1 1182.073 - 354.622
15 1074.598 -] 322379
20 983.485 295.045
25 901588 N 270.478 :
30 829,938 248.981 -/
35 767.015 : . 230.104
40 710.239 213.072
45 659.213 197.764
50 614.555 - | 184.367
50.001 614.547 614.547
55 574.043 ~ | 574.043
60 537.708 537.708
65 504.775 1504775 A
70. 1 476,139 476.139 :
75 449277 449.277
80 | 425.849 425.849
. 85 404.184 | 404.184
20 .} 385201 e 385.201
95 .| 367.303 - 367.303

DTN: SN9907T0872799.001 (Total Heat) -

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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Title: Drift-Scale Coupled Processes (DST and THC Seepage) Models

NO120/U0110

Table V-1. {Cont.)

Total Heat
Time (no ventilation) Model Heat Load
{(W/meter)

(years) (W/meter)

100 351.814 351.814
150 253.283 253.283
200 208.867 208.867
250 182.764 182.764
300 164.855 164.855
350 150.949 150.949
400 139.546 139.546
450 129.712 129.712
500 121.251 121.251
550 113.640 113.640
600 107.056 107.056
650 101.089 101.089
700 95.546 95.546
750 90.641 90.641
800 85.985 85.985
850 81.688 81.688
900 77.753 77.753
950 74214 74214
1000 71.169 71.169
1500 49.114 49.114
2000 38.723 38.723
2500 33.617 33.617
3000 30.482 30.482
3500 28.676 28.676
4000 27.425 27.425
4500 26.223 26.223
5000 25.254 25.254
5500 24.204 24.204
6000 23.596 23.596
6500 22.687 22.687
7000 21.910 21.910
7500 21.344 21.344
8000 20.553 20.553
8500 19.948 19.948

DTN: SN9907T0872799.001 (Total Heat)

NOTE:

MDL-NBS-HS-000001 REVO0

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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Title: Drift-Scale Coupled Processes (DST and THC Seepage) Models NO0120/U0110
Table V-1. (Cont.)
Total Heat v Model Heat Load
. Time (no ventilation) (W/ieter) :
(years) (W/meter) .
9000 19.308 19.308
9500 18.729 18.729
10000 18.144 18.144
15000 13.570 13.570
20000 : | 10.633 10.633
25000 8.594 8.594
30000 7.027 7.027
35000 | -5.908 5.908
40000 5.071 5.071
45000 4.407 4.407
50000 3.868 3.868
55000 | 3.378 3.378
60000 3.041 3.041
65000 2.6871 2.671
70000 2425 2.425
75000 2.192 2.192
80000 1.985 1.985
85000 1.817 1.817
90000 1.692 1.692
95000 | 1.562 1.562
100000 | 1.457 1.457
DTN: SNS907T0872799.001 (Total Heat)
NOTE: Point at 50.001 years was interpolated between
. original data points at 50 and 55 years. From O to
50 years: Model Heat Load = Total Heat x 0.3 (70%
heat removal).
MDL-NBS-HS-000001 REV00 Attachment V-4 March 2000

1 ;
e



Title: Drift-Scale Coupled Processes (DST and THC Seepage) Models NO120/U0110

ATTACHMENT VI-EFFECTIVE THERMAL CONDUCTIVITY FOR IN-DRIFT OPEN
SPACES

Table VI-1. Pre-closure

Time Factor
(sec) (year)

0.00000E+00 0.0 0.400
3.15360E+07 1.0 0.775
4.73040E+07 1.5 0.825
6.30720E+07 2 0.858
9.46080E+07 3 0.899
1.26144E+08 4 0.923
1.576B0E+08 5 0.941
1.89216E+08 6 0.956
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 1 0.993
3.78432E+08 12 0.997
4.73040E+08 15 1.000
6.30720E+08 20 0.994
7.88400E+08 25 0.979
8.19936E+08 26 0.976
8.51472E+08 27 0.972
9.46080E+08 30 0.961
1.10376E+09 35 0.941
1.26144E+09 40 0.921
1.57680E+09 50 0.887

DTN: SN9907T0872799.002
NOTE: Kihermal IS calculated as Max. Kinermaix Factor

Maximum Kipgrmar (W/m-K) = 10.443
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Title: Drift-Scale Coupled Processes (DST and THC Seepage) Models : NO0120/U0110

Table VI-2. Postclosure W
‘ Time - . . Factor
(sec) {year) Inner Outer

1.57680E+09 50 0.887 0.887
1.60834E+09 - 51 0.872 0.800
1.63987E+09 52 0.915 0.849
1.73448E+09 - 55 0.984 0.935
1.89216E+09 60 1.000° 0.983
2.04984E+09 65 0.990 1.000
2.20752E+09 70 0.968 0.999
2.36520E+09 - 75 0.941 0.990
2,39674E+09 76 0.938 0.987
2.42827E+09 - 7 0.931 0.988

| 2.52288E+09 80 0.918 0.980
2.83824E+09. 90 0874 | 0.963
3.15360E+09 100 0.833 0.940
3.18514E+038 101 0.829 0.937
3.31128E+09 - 105 0813 | 0.924
3.46896E+09 110 0.796 . 0.910
3.78432E+09 . 120 0767 - | 0.890
4.09968E+09 130 0.748 0.879 W,

] 4.41504E+08 140 0.729 0.873 '
5.04576E+09 160 0.703 0.864
5.67648E+09 180 0.679 0.847
6.30720E+09 200 0.659 0.838
6.93792E+09 220 0638 | 0.818
7.88400E+09 250 0817 0.800
9.46080E+08 300 - 10587 0.775
1.10376E+10 350 0563 -~ | 0.754

-] 1.26144E+10 400 0540 0.731
1.41912E+10 450 0.519 0.708
1.57680E+10 500 0.506 0.698
1.73448E+10 550 0.497 0.692
1.89216E+10 600 0.491 0.688
2.20752E+10 700 0478 | 0.677
2.52288E+10 800 0.462 0.664
2.83824E+10 900 0.450 0.652

' DTN: SN9907T0872799.002
NOTE:  Kinermal is calculated as Max. Kyygrmaix Factor

Maximum Kipema (W/m-K) Inner=3.428,
Outer=9.088
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Title: Drift-Scale Coupled Processes (DST and THC Seepage) Models NO120/U0110

Table VI-2. Postclosure (Cont.)

Time Factor
(sec) (year) Inner Outer
3.15360E+10 1000 0.439 0.642
3.46896E+10 1100 0.431 0.633
3.78432E+10 1200 0.423 0.624
4.09968E+10 1300 0.414 0.615
4.41504E+10 1400 0.406 0.606
4.73040E+10 1500 0.398 0.597
5.04576E+10 1600 0.392 0.590
5.67648E+10 1800 0.382 0.577
6.30720E+10 2000 0.370 0.563
6.93792E+10 2200 0.363 0.552
7.88400E+10 2500 0.353 0.540
9.46080E+10 3000 0.342 0.524
1.10376E+11 3500 0.334 0.512
1.26144E+11 4000 10327 0.501
1.41912E+11 4500 0.321 0.493
1.57680E+11 5000 0.317 0.486
1.89216E+11 6000 0.308 0.474
2.20752E+11 7000 0.302 0.464
2.52288E+11 8000 0.296 0.455
3.15360E+11 10000 0.286 0.441
4.73040E+11 15000 0.267 0.413
6.30720E+11 20000 0.255 0.395
9.46080E+11 30000 0.237 0.371
1.26144E+12 40000 0.228 0.358
1.57680E+12 50000 0.222 0.350
1.89216E+12 60000 0.218 0.344
2.52288E+12 80000 0.212 0.337
3.15360E+12 100000 0.209 0.333

DTN: SN9907T0872799.002
NOTE: Kihermai IS calculated as Max. KynermaiX Factor

Maximum Kierma (W/m-K) inner=3.428,
Outer=8.068
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Title: Drift-Scale Coupled Processes (DST and THC Seepage) Models NO120/U0110

ATTACHMENT VII-LIST OF INPUT AND OUTPUT FILES

The following types files were submitted to the TDMS under DTN:LB991200DSTTHC.002:

1. Input and output files of simulations with the reactive transport model
TOUGHREACT V2.2. For each simulation, these files were concatenated into
one file using the Unix rar utility then compressed using the Unix gzip utility.
Resulting concatenated/compressed files have the extension dar.gz.

2. Summary Excel spreadsheets of model output data at three locations around the
drift (crown, side, and base).

DST simulations input and output files (concatenated/compressed files)

dst99amr_8.tar.gz DST simulations with reduced set of minerals (Case 2)
dst99amr_9.tar.gz DST simulations with full set of minerals (Case 1)

THC Seepage Model simulations input and output files (concatenated/compressed files)

thclmm_amb].tar.gz THC simulation, 1 mm/year basecase infiltration , reduced mineral
set - 0 to 50 years

thclmm_ambla.tar.gz THC simulation, | mm/year basecase infiltration, reduced
mineral set - 50 to 100,000 years

thclmm_amb?2.tar.gz THC simulation, 1 mm/year basecase infiltration, full mineral set -
0 to 50 years

thclmm_amb2a.tar.gz THC simulation, 1 mm/year basecase infiltration, full mineral set -
50 to 20,000 years

thclmm_amb2b.tar.gz THC simulation, 1 mm/year basecase infiltration, full mineral set -
20,000 to100,000 years

Other file names have similar designations as shown in the examples below. The file name
shows the infiltration rates used in each simulation (e.g., 6_16_25 means 6mm/year from 0 to
600 years, 16mm/year from 600 to 2000 years, and 25mm/year from 2000 to 100,000 years).
For THC simulations, the last digit in the file name is 3 for simulations with the reduced mineral
set, and 4 for the full mineral set (e.g., thc6_16_25_3 means 6/16/25mm/year with reduced
mineral set). The last letters a, b, c, or d are used for time designations

th6_16_25_3.tar.gz  Simulation without reactive transport (TH only) - 0 to 50 ears
th6_16_25_3a.tar.gz Simulation without reactive transport (TH only) - 50 to 600 years
th6_16_25_3b.tar.gz Simulation without reactive transport (TH only) - 600 to 2000 years
th6_16_25_3c.tar.gz Simulation without reactive transport (TH only) - 2000 to 100,000 years

thc0.6_6_3_4.tar.gz THC simulation, full mineral set - 0 to 50 years

thc0.6_6_3_4a.tar.gz THC simulation, full mineral set - 50 to 600 years
thc0.6_6_3_db.tar.gz THC simulation, full mineral set - 600 to 2000 years

MDL-NBS-HS-000001 REV00 Attachment VII-1 March 2000



" Title: Drift-Scale Coupled Processes (DST and THC Seepage) Models L . NO120/U0110

thc0.6_6_3_4c.tar.gz

THC simulation, full mineral set- 2000 to 20,000 years

thc0.6_6_3_4d.tar.gz THC simulation, full mineral set - 20,000 to 100,000 years

etc...

Contents of .tar.gz files

- FLOW.INP

FLOW.OUT

GENER
INCON

MESH
SAVE

TABLE

- VERS

LINEQ
CHEMICAL.INP
SOLUTE.INP
thermokapps2.05.dat
TEC_CONC.DAT

TEC_MIN.DAT

TEC_GAS.DAT

TIME.DAT
chdump.dat
INCHEM
SAVECHEM

ITER.DAT
run_log.dat

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

Thermal and hydrological results (gas/liquid saturation, T, P, air mass
fraction, etc.) (output) . ' o
Infiltration rates, heat load, and effective thermal conductivity (input)
Initial thermal and hydrological conditions (T, P, liquid saturation, etc.)
(input) S ‘ '

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

Miscellaneous output data

Miscellaneous output data -

Water chemistry, mineralogy, and CO; partial pressure data (input)
Run flags and other data relating to reactive transport (input)
Thermodynamic database (input) :

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) ' :
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)

Calculated CO; volume fraction at each grid node (two records for each
node - first record for fractures and second record for matrix) (output)
Chemistry data at selected grid nodes (output) (not used in this this AMR)
Chemical speciation of initial water (output) - - T
Chemistry data at all grid nodes to use for restarting a run (input)
Chemistry data at all grid nodes to use for restarting a run (output, same
format as INCHEM file)

Iteration information (output) T
Miscellaneous run-time information. Note: Mass balances are not printed
out correctly in this file for runs that have been restarted (i.€., starting at

times different than zero). :
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Title: Drift-Scale Coupled Processes (DST and THC Seepage) Models NO120/U0110

Summary spreadsheets of output data (also used for plotting time profiles)

The data in these files were extracted from output files FLOW.OUT, TEC_CONC.DAT.,
TEC_MIN.DAT, and TEC_GAS.DAT for each simulation.

casel_0.6.xls
casel_6.xls
casel_15.xls
case2_0.6.xls
case2_6.xls
case2_15.xls
casel_lamb.xls
case2_lamb.xls
th_only_6.xls

THC, full mineral set, 0.6/6/3 mm/year infiltration

THC, full mineral set, 6/16/25 mm/year infiltration

THC, full mineral set, 15/25/47mm/year infiltration

THC, reduced mineral set, 0.6/6/3 mm/year infiltration

THC, reduced mineral set, 6/16/25 mm/year infiltration

THC, reduced mineral set, 15/25/47mm/year infiltration

THC, no heat load, full mineral set, | mm/year infiltration
THC, no heat load, reduced mineral set, | mm/year infiltration
TH (heat but no reaction), 6/16/25 mm/year infiltration
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Routine/Macro Review Criteria, Option 1

NOTE: Where a checklist item does not apply to the software product, check “N/A”.

Yes No N/A

The information given below is to be documented in the technical product, in which
R/M-1 X the routine/macro is used to support. Does the routine/macro include:
Name of routine/macro with version/Operating System/hardware environment

R/M-2 Name of commercial software used to write the routine/macros with
x version/Operating System/hardware used to develop it

Test Plan

e Explanation whether this is a routine or macro and a description of what it
does

o The source code (this section shall include equations or algorithms form

X software setup (Labview, Excel, etc.)

Description of test(s) to be performed (be specific)

Specified range of input values to be used and why the range is valid

Test Results
e  Output from test (explain difference between input range used and possible
input)
e Description of how the testing shows that the results are correct for the
RM4 | X specified input
e  List of limitations or assumptions to this test case (s) and code in general

Electronic files identified by name and location (included if necessary to
perform the tests)

Supporting Information. Include background information, such as revision to a
previous routine or macro or explanation of the steps performed to run the
R/M-5 X software. Include listing of all electronic files and codes used. Attach Scientific
Notebook pages with appropriate information annotated.

Modified per AP-SI.1Q, R2, ICN 4 Vill-5= pe# 3/sye0



YMP-LBNL Software Routine/Macro Documentation—Option 1
AP-SL1Q, Rev. 2, ICN 1, Software Management /

Document once in the technical product, data submittal, or scientific notebook where used and cross-
reference thereafier each time it is used in another document.

The star (%) denotes mandatory items. Other items may want to be considered for documentation as
applicable, but if not used, mark N/A.

1.  SOFTWARE ROUTINE lDENTlFICATION

* Routine/macro name and version number:
. Mk qawv2. V6o

% Name and version identification of the industry standard soﬂware under which the
routine/macro was developed (e.g., Excel 97, Sun OS 5.1 FORTRAN 90, etc.): vs Winelow:!

PN 77 /% o T Wy
Sown

2, DESCRIPTION AND TESTING  bst) 27 40 w.m i
Brief description of purpose or function of routine/macro including the execution environment

(can be 1 sentence): ‘Qeaols - AMESH  eukput fl‘le) cvmof crec fel
TOVEH2Z meslhy Tuput ﬁld (PC  cmdd vuyx (ola.[-fe(ml))

* Page(s) contaxmng a hs ﬁ:f the source code of the routine/macro:

Binder 4-4 allched lo nskbosl  ymP -Lg0L - DM - AS- i

golder * mak _avea '

% Page(s) listing the cxecutable or any data files, mcludmg test data input and output files:

yMP ~LBAL - DSM - NS - 1, ¢ 6 . |

* Documentation that the routme/macro provxdes correct results for a speclﬁed range of input -
parameters. Include the range of input parameter values for which results were verified:

yme- LBEA - SM-A8-4 p. 53 — §¢€
_ NS ' .
NS- 21755
NS- 3{7f0e
Description of test cases and test results. Refer to notebook pages or other documentation.
(Showing a short example [1-2 lines] of input and output helps demonstrate correct operation.):

7mp-LBA)L—bSM-NY1 p- S3-5¢6

Ideptiﬁcation of any limitations on the routine/macro applications or Validity:
Curcem b ow'? raen “reck 17 FRS fof r -aw.-f},
coruponenmts - are  olefieny - specctit o e THC Eee,r:
Modle( runs (99 v peedt Q'JA

3. SUPPORTING INFO TION _

* Technical reviewer (according to YMP-LBNL-QIP 6.1) who reviewed work and date: .

ft‘r‘c— gomn W%\""( Z/7/00
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Boundary elemants from mk_grav2.t output (from ELEME.new file) 17/
grid node type volume X z
(m3) (m) (m)—
7007 topbo 1.00E+50 7 0.00 220 70\ o oLvtcéf 0L(c\7
bb0o1 botbo 1.00E+50 ¥ 0.00 -335.30,
P
Boundary connections from mk_grav2.f output (from CONNE.new file) Input grid block data (from AMESH ouput flle elems) Check top and bottom
connection flag (ISOT) distance! distance? area cos(alpha) grid node  type volume X r4 boundary elevation =
(m) (m) (m2) (m3) (m) {m) Z+(distancet )'sign(cos(alpha))
top 66711001 1 3.25E+00 1.0000E-07 4.000E+00  1.00E+00 867  rocki 241E+01 1.20E+01 2 17E+02 220.7
top 6681001 1 32SE+00 1.0000E-07 4.000E400 1.00E+00 868  rock1 2.41E+01 B.O0E+00 2.17E4+02 220.7
top 6691001 1 3.25E+00 1.0000E-07 3.500E+00 1.00E+00 669  rocki 211E+01 4.00E+00 2.17E+02 2207
top 6701001 1 3.25E400 1.0000E-07  2.500E+00 1.00E+00 870  rock1 1.61E+01 1.00E+00 2.17E+02 220.7
[eRw] top 7351001 1 3.25E+00 1.0000E-07 4.125E+00 1.00E+00 735  rogk1 2.49E401 1.80E+01  217E+02 2207 z
> > top 9461001 1 325E+00 1.0000E-07 5.000E+00  1.00E+00 948  rock? 2.98E+01 2.03E+01 2.17E+02 2207 O
~ - top 94711001 1 325E+00 1.0000E-07 5875E+00 1.00E+00 947  rockl 3.43E+01 260E+01  2.17E402 220.7 3
mm top 9481001 1 3.25E+00 1.0000E-07 5.750E+00 1.00E+00 948  rocki 3.44E+01 3.20E+01  2.17E+02 2207 m
top 9491001 1 3.25E+00 1.0000E-07 5.750E+00 1.00E+00 949  rockt 3.46E+01 3.75E+01  2.17E+02 220.7 m
bottom  1013bb001 1 242E+01 1.0000E-07  1.200E+01 -1.00E+00 1013  rock1 5.40E+02 7.50E+00 -3.11E+02 -335.3 O
bottom  1033bb001 1 242E+01 1.0000E-07  1.088E+01 -1.00E+00 1033 rock1 4.89E+02 1.65E+01 -3.11E+02 -335.3 O
bottom  1107bb001 1 __242E+01 1.0000E-07  1.782E+01 -1.00E+00) 1107 rock1 7.93E+02 2.93E+01  -3.11E+02 -335.3 x
sum top area >>  4.050E+01 Z
| sumbotarea >>  4.050E+01 O
modet uniform thickness = 1 m
EED model top width = (sum top arsa)/(model thickness) = 40.5 (m) '/ (/L\-ZDQS o é<
A model bottom width = (sum bot area)/(model thickness) = 40.5 (m) /
7{% SRR RN RN RN RN RN RN
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program mk_grav
Version: v1.0
ns99/6 dont’cutout drift, identify elements in drift
ns99/7 change model-dependent lengths
ns99/8 flag in-drift features

nnon

reads eleme and conne after amesh - construction
converts coordinate system into vertical
recalculates the gravity cosine

adds concrete invert

also adds a OPEN DRIFT element, connected to wall or invert
elements, to allow for gas and liquid flow to leave, not
for heat

On0n0nnnnona

implicit double precision{a-h,o-z)
parameter (me = 16000)

parameter (mc = 36000)

parameter (nh = 1000)

character*5 id(me)

character*5 tfeld(me)

dimension x(3,me),a(mc),voll {me)

dimension ec(me)

dimension e(2,mc)

dimension cc(2,mc)

dimension hsh(nh)

dimension ind(me)

call rmesh
&(rdrift,ne,id,tfeld,x,ec,e,a,cc,hsh,ind,me,mc,nh,ixyz,voll)
stop

end

subroutine rmesh
&(rdrift,ne,id,tfeld,x,ec,e,a,cc,hsh,ind,me,mc,nh,ixyz,voll)
implicit double precision(a-h,o-z2)
character*5 id(me)
character*l text
character*5 texte
character*S tfeld(me)
dimension x(3,me),vboun(2,1000)
dimension a(mc)
dimension ec (me)
dimension e(2,mc)
dimension cc(2,mc)
dimension hsh (nh)
dimension ind{me), iboun(1000)
dimension voll (me)
dimension zgeol(4)
character*S wrd, wrd2
data zgeol/-156.76,-26.68,14.0,99.39/
pi=3.141592654
c
¢ ns99/7/21 change these parameters (xmin and xmax apparently not used)
xmax=40.5

xmin=0.0
ymax=220.7
ymin=-335.3
c
open(unitzl,file='eleme',statusz'old')
rewind(1}
read(l, ' (a)’,end=40) wrd
if(wrd .ne. ‘eleme’ .and. wrd .ne. 'ELEME’) then
Stop ‘no eleme in MESH*’
endif
open(unic:Z,file:’ELEME.new',status:'unknown')
rewind (2}
write(2, (a)’') 'ELEME’
c
ne = 0
locat = 1
index=0
10 read(l,'(a,10x,a,2e10.4,10x,3e13.6)',end=40)
& id(ne + 1) . texte,vol,vl,xl,yl,z21

y VA=l Jew 3460

mk_grav
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x{1l,ne+l) = x1

x(2,ne+l) = yl

x(3,ne+l) = 2zl )
- if(id(ne+l) .ne. ' ‘) then

dl = dsqrt{xl*xl+yl*yl)
¢ cut-out heater drift

cns99/6 if(dl.1lc.2.74) goto 10

¢ define heater element
texte='rock *

¢ ns99/6 if(dl.1t.3.2) texte='wall.’

if(dl.1t.2.95.and.d1.gt.2.75) text==‘wall '
if(dl.1t.2.75.and.dl.ge.2.60) tgx;e=‘wallx'

c .
c ns99/8 flag drift geometries
c outer zone
if(dl.1t.2.60) texte=‘outr
c backfill

yYb£=2.250-(2.25-1.)/2.564*x1

if(yl.le.ybf.and.dl.1t.2.75) then

texte='dbak
if(dl.ge.2.60) texte=‘wallb’
endif

c between waste package and dripshield (inner}
dl2 = dsqgrt(xl*xl + (yl1+0.805)*(y1+0.805}))

c

&

if(dl2.le.(1.251)) texte=‘innr *
if(xl1.1t.1.251.and.yl.gt.(-2.144)
.and.yl1.1t.-0.805) texte=‘innxr *

concrete invert

angle=atan((y1+0.805)/x1)*180./3.14159

if(yl.le.(—2.144).and.angle.le.-}B..and.dl.lt.2.75) then

texte=‘cinv '
if(dl.ge.2.60) texte=‘wallc’
endif

waste package

if(dl2.le.(1.67/2)) texte='wpck *

ccc end ns 99/8

c
c

C

20

ne=ne+l

tfeld(ne)=texte
voll{ne)=vol

ind(né) = ne
if(x1 .ne. 0.0 .or. yl .ne. 0.0 .or. zl
goto 10

endif
call hash(id, ind, hsh,ne,nh,ec)
if(locat .ne. 0) then

do i =1, ne

x{1,1) = -999.40
x(2,i) = -999.40
enddo

open (unit=2, file='locat’,status='0l1d’)
read(2,'(a)’,end=50) wrd

.ne. 0.0) locat = 0

if(wrd .ne. ’locat’ .and. wrd .ne. ‘LOCAT’) then

stop ’‘no locat in locat’
endif

read(2, ‘' (a5,5x,2£20.0) ’ ,end=50) wrd, x1, yl

if(wrd .ne. °* '} then
nul = ihash(wrd, id, ind,hsh,ne,nh}
if(nul .eq. 0) then

x{1l,nul) = x1

x(2,nul) = yl1

goto 20
endif
close(unit=2)

endif .
if(ne .ge. me)} then

endif

stop ‘Exceeded maximum number of elements’

p Vil—1z J2i 3pyjeo
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nel = 0

ne2 = ne

do while(nel .1lt. ne2)
X1l = x(1,nel+l)

Yl = x(2,nel+l)

z1l = x(3,nel+l)

if(x1 .ne. -999.d0 .or. vyl .ne. -999.d0} then
if(nel .eq. 0) then

xhi = x1

xlo = x1

yhi = yl

ylo = vyl

zhi = z1

zlo = z1
else

xhi = max{xhi,x1)
xlo = min(xlo,x1)}

yhi = max(yhi,yl)

ylo = min{(ylo,yl)

zhi = max(zhi,zl)

zlo = min(zlo,z1l)
endif

nel = nel + 1
else if(x(1,ne2) .eq. -999.d0 .and. x(2,ne2) .eq.
ne2 = ne2 -1

else
wrd = id(nel+l)
X(1l,nel+l) = x(1,ne2)
x(2,nel+l) = x{(2,ne2)
x(3,nel+l) = x(3,ne2)

id(nel+l) = id(ne2)

Xx(1l,ne2) = x1

x(2,ne2) = yl

Xx(3,ne2) = z1

id(ne2) = wrd
endif

enddo
if(ixyz .eq. 0) then
xhi = xhi - xlo
vyhi yhi - ylo
zhi zhi - zlo
if(zhi .le. min{xhi,yhi)) then
ixyz = 3
else if (yhi .le. min(xhi,zhi)) then
ixyz = 2
else
ixyz = 1
endif
endif
if(ixyz .eq. 2) then
do i = 1, nel
x(2,1) = x(3,1)
enddo
elseif(ixyz .eq. 1) then
do i = 1, nel
x{1,i) = x{(2,1i)
x(2,1) = x(3,1)
enddo
endif
call hash(id, ind, hsh, ne,nh, ec}
close(1l)
open(unitzl,file:’conne’,status='unknown’)
rewind(1l)
read (1, *(a)’,end=40) wrd
if(wrd .ne. ‘conne’ .and. wrd .ne.
Stop ‘no conne in MESH°
endif
open(unit:B,file=’CONNE.new’,stacus:'unknown’)
rewind(3)
write(3,*)

i n

'CONNE’} then

write(3, '(a)’) 'CONNE’
nc = 0
do i = 1, ne

g V=13 JE4 3610
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ec{i) = 0

enddo
neadd=0
. nboun=0
30 read(l, '(2a,19x,a,4el10.4) ' ,end=40)
&wrd,wrd2, text,vl,v2,a{nc+l}),v3

if(

check for‘gravicy vector change

wrd .ne. ' * .and. wrd .ne. ‘+++ ') then
nc = nc + 1 :
nul = ihash{wrd, id,ind,hsh,ne,nh}
nu2 = ihash{wrd2, id, ind, hsh,ne,nh)
if(nul .eq. 0) then
write(6,60) wrd,nc+l
if(nu2.ne.0)then
nboun=nboun+1
iboun (nboun) =nu2
vboun (1, nboun) =v2
vboun (2, nboun) =a(nc)
endif
: goto 30
else if(nu2 .eq. 0) then
write(6,60) wrd2,nc+l
if (nul.ne.0)then
nboun=nboun+1
iboun (nboun) =nul
vboun (1, nboun)=vl
vboun (2,nboun)=a (nc)
endif
goto 30
endif

x1l = x{1,nul)
x2 = x(1,nu2)
¥yl = x(3,nul) ) e
¥2 = %x(3,nu2)
z1l = x(2,nul)

22 = x(2,nu2}

c unity vector for connection

00

a0

dx
dy
dz
d1

x2-x1
y2-yl
z2-2z1
dsqrt (dx*dx+dy*dy+dz*dz)

unity vector for gravity

dec > 0:
dc < 0:

nu2 above nul
nu2 below nul
dc = dz/dl

write(3,’'(2a,19x,a,4e10.4) ")
wrd,wrd2, text,vl,v2,a(nc),de

e(l,nc) = nul

e(2,nc) = nu2

if(nul .gt. nel .or. nu2 .gt. nel) goto 30
ccl(l,nc) = ec(nul)

cc(2,nc) = ec(nu2)

ec{nul) nc

ec (nu2) nc

goto 30

endif

define

boundaries

only one element for top, bottom, alcove, respectively
ibouna=ne+1
top boundary

texte{l:1)='t"’
texte(2:2)='t"
write(texte(3:3),'(i1)’")0
write(texte(4:4),(il)*)0
write(texte(5:5), '(il)’)1
nuz=ne+l

id(nu2)=texte
tfeld(nu2)='topbo’
voll{nu2)= 0.1

o V=14 924 3/3'/05 |

mk_gravz.

2/10/2000

-/

5:51 P



mk_grav

voll(nu2)= 1.d50

x(1l,nu2) = 0.0do
x(2,nu2) = ymax
x(3,nu2) = 0.0

¢ bottom boundary
texte(l:1)='b"
texte(2:2)='b"
write(texte(3:3), (il)’)0
write(texte(4:4), (il} ‘)0
write(texte(5:5),°(il)’)1
nu2=ne+2
id(nu2) =texte
tfeld(nu2)='botbo"
voll{nu2)=1.e50
x{1,nu2) = 0.0d0
x(2,nu2) ymin
x{3,nu2) 0.0

c
€ open drift boundary
texte(l:1)='3"
texte(2:2)='r"
write(texte(3:3),(il) )0
write(texte(d4:4), (il)’)0
write(texte(5:5),’(il) )1
nuz2=ne+3
id(nu2)=texte
tfeld(nu2)="drift"
voll(nu2)= 0.5%2.75*2.75%3.141593

Xx(1l,nu2) = 0.0

x{2,nu2} = 0.0

x(3,nu2) = 0.0
c

ne=ne+3

¢ boundary connections
text=71"
nel=0
do i=1,nboun
nul=iboun (i)
x1l = x(1,nul)

vyl = x(2,nul)
z1 = x(3,nul)
vl = vboun(l,i)
v2 = vboun(2,1i)
c
C calculate v3 {(gravity vector from geometry)
[
x2 = 0.0
y2 = 0.0
C unity vector for comnection
dx = x2-x1
dy = y2-yl

dl = dsgrt (dx*dx+dy*dy)
C unity vector for gravity
dc = dyrdl
v3=dc
¢ boundary top
if(dabs(y1+vl—ymax).lt.O.l)then
C write connection
writ9(3,'(2a,19x,a,4e10.4)')
& id(nul),id(ibouna).text,vl,l.e—7,vboun(2,i),1.0
¢ boundary bottom
elseif(dabs(yl—vl—ymin).lt.O.l)then
C write connection
write(],’(2a,19x,a,4e10.4)')
& id(nul),id(ibouna+1),text,vl,l.e—7,vboun(2,i),-lAO
endif

texte=tfeld(nul)
¢ wall connection to drift

x1 = x(1,nul)
x2 = 0.0
zl = x(2,nul)
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z2 = 0.0
unity vector for connection
dx x2-x1 ) )
dz z2-21 - . {
dl = dsqrt(dx*dx+dz*dz}) AR \‘Gii
unity vector for gravity
dc = dz/dl
write connection drift to first wall element
(no gravity)
ns9%9/6 if(texte.eq.'wall ‘.and.vboun(2,i).gt.0.55d0)
if (texte.eq. 'wall *}
& write(3,’'(2a,19x,a,4el0.4})"’)
& id(nul), id(ibouna+2),text,0.01,0.01,vboun(2,1i),dc

%x1=x%(1,nul)
. yl=x(3,nul)
zl=x(2,nul)

enddo
444 continue

write initial condition, paréicularly at top and bottom layer

do i=1,ne+nel
write(2,’(a,10x,a,2e10.4,10x,3el10.4}")
& id(i),tfeld(i),voll(i),0.0,x(1,i),0.0,x(2,1)
enddo
close(l)
close(unit=2)
close(unit=3)
return
40 stop ‘Premature EOF on MESH’
50 stop ‘Premature EOF on locat’
60 format(’ Unknown element ®"’,a,’" at connection’,i5)
end

subroutine hash{id, ind, hsh,ne,nh,h) '
implicit double precision(a-h,o-2) \\‘/
character*5 id(ne)
dimension ind(ne)
dimension h(ne)
dimension hsh(nh)
character*5 wl
do j =1, ne
wl = id(j)
if(wl(4:4) .eq. ‘0’) wl(4:4) = * '
n=20
do i
n
enddo
h{j) = mod(n,nh) + 1
enddo
il =1
do i =1, nh
A2 = i1
--do j = i2, ne
k = ind{(3j}
if(h(k) .eq. i) then
h(k) = 0
ind(j) = ind(il)
ind(il) = k
il = i1 + 1
endif
enddo
hsh(i) = il
enddo
return
end

1, 5
n + i * ichar{wl(i:i))

integer function ihash(wrd, id, ind, hsh, ne,nh}
implicit double precision(a-h,o-z) ;
character*5 id(ne) AN

dimension ind{ne) :
7 Vi~ /5"4}/3,/@ 2/10/2000 S:51 P
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dimension hsh(nh)
character*S wrd, wl, w2
wl = wrd
if(wl(4:4) .eq. ‘'0‘') wl(4:4) = -
n =0
do i
n
enddo
n = mod(n,nh) + 1
il =1
if(n .gt. 1) il = hsh{n - 1)
i2 = hsh(n) - 1
do i = i1, i2
ihash = ind(i)
w2 = id{ihash)
if(w2(4:4) -eq. ‘0') w2(4:4) = +
if(wl .eq. w2) then
if(ihash .gt. ne) ihash = 0
return
endif
enddo
ihash = 0
return
end

1, 5
n + i * ichar(wl(i:i)}

noi
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1. SOFTWARE ROUTINE IDENTIFICATION
* Routine/macro name and version number:

2k viao. ﬁfof vi.0
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routine/macro was developed (e.g., Excel 97, Sun OS 5.1 FORTRAN 90, etc.):
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OPEN(UNIT=14,FILE='2kgrid.dat ', FORM='FORMATTED', STATUS='0OLD’)
OPEN(UNIT=24,FILE='connec.dat’,FORM='FORMATTED', STATUS="'0OLD")
OPEN{(UNIT=16,FILE='2kgrid.out’, FORM='FORMATTED‘, STATUS='UNKNOWN" )
OPEN(UNIT=17,FILE='eleme.dat’, FORM='FORMATTED’ , STATUS='UNKNOWN" )
OPEN (UNIT=27,FILE='conne.dat’, FORM='FORMATTED', STATUS='UNKNOWN"' )
open(unit=44, file='framtr.dat’, form='formatted’, status='unknown’)
DATA FRACT /'F’
DATA MATRX /'M!

.~

READ(14,*) nmesh, nconn, if2phi

READ(14,*) nmesh, nconn, ifref, if2phi

read{44,*) ifdim, nunit, fact_fv, fact_fau, fact_zv, fact_vv
, fact_tv

i2phi=0 no double-porosity grid for fault nodes
i2phi=1 use double-porosity grid for fault nodes

do i=1, nunit
read(44,144) urock(i),volf(i),bapert(i),dspac(i),afm_v(i)
read(44,144) urock(i),volf (i), bapert(i),dspac(i)
dspac(i)=1./dspac(i)

enddo

format{(a5,5x,4(E10.3))

do i=1, ntcol
READ({44,420) ELO,EL3,EM0O, EM3, ISOT,Dl,D2,AREAX, BETAX
azcol(i)=areax
elecol (i)=EL3

enddo

READ(24,421) (nextl(i),next2(i), i=1, nconn}

format (8(2i5))

ifdim = 1, for 1ld, vertical, uniform, parallel fracture networks.
nunit= total # of hydrogeologic units, currently = 4, TCn, PTn, TSw, and CHn
ntcol= total # of vertical rock columns

volf(i) = fracture volume fraction or porosity for unit i

bapert (i) = fracture aperture for unit i

dspac(i) = fracture spacing for unit i

afm _v{(i) = fracture/matrix interface area per unit volume of rock (m**2/m**3)
afactor = f-m interface area reduction factor for unit i

azcol(j) = horizontal cross area for column j

elecol(j) = last three characters of column element j

which has area of azcol(j}.
total # of gridblocks
total # of connections

nmesh
nconn

FORMAT (2 (A2,A3), 15X, I5,4E10.4)

READ (14, *) nmesh,nconn

write(1l6,*) ' total number of meshes = ', nmesh
write(16,*) ' total number of connections = ‘, nconn
FORMAT (A2,al,A2, i5,5x, A5,E10.4,E10.4,10X,4£f10.4)
ka=0

col_o='jjj"’

WRITE(17,210)

FORMAT (' ELEME' )
FORMAT (’ ")
FORMAT (' CONNE ' )

do n=1,nmesh
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* READ(14,19) s2,ml,e2, nm, rock(n),VOLX, AHTX,X,Y.2

c sk=82
ELEM(n)=82//ml//e2
ELEMo(n)=zelem(n) -
ELEMf (n) =elem(n)
ELEMm(n)=elem{n)
c rocks=rock{n} :
if(elem(n)(1:2).eq.’tbh’') then"
ELEM(n}) (1:2)='tp’
ELEMo(n) (1:2)='tp’
ELEMf (n) (1:2)='¢tp’
ELEMm(n) (1:2)='tp"’
rock(n)=‘topbd’
ifminc(n)=0
elseif(elem(n) (1:2).eq.’bb’} then
ELEM{n) {(1:2)='bt"’
ELEMo(n) {1:2)='bt’
ELEMf (n) (1:2)='bt’
ELEMm({n) {1:2)="bt”
rock(n)='botbd’
ifminc(n)=0
elseif(elem(n) (1:2).eq.’??’) then
ELEM(n) (1:2)=’RP’
ELEMo(n) (1:2)='RP’
ELEME (n) (1:2)='RP’
ELEMm(n) (1:2)='RP’
c rock(n)=‘’repos’
ifminc(n)=0
else
ifminc(n)=1
endif

ifminc=2 minc 2-phi fault nodes

noaanan

COL(n)=ml1//e2
vol({n)=volx
iunit(n)=0

aa0oon

if(ifminc(n).eq.0) goto 404
ifmcol(n)=0 -
ifmcol(n)=0 using F/M starting eleme names
ifmcol(n)=1 using £/m starting eleme names
ifmecol(n)=2 using A/B starting eleme names
ifmcol (n)=3 using C/D starting eleme names .
if(col_o.ne.elemo(n) (3:5)) ka=0
col_o=elemo(n) (3:5)
kazka+l
if(ka.le.B82) then
s2(2:2)=laya(ka)
‘elseif(ka.gt.82.and.ka.le.164) then
ifmcol(n)=1
82(2:2)=laya(ka-82)
elseif(ka.gt.164.and.ka.le.246) then
ifmcol (n) =2
82(2:2)=laya(ka-164)
elseif(ka.gt.246.and.ka.le.328) then
ifmcol(n)=3
82(2:2)=laya(ka-246)
endif
ccns99/7/21

aoaa

ELEM(n) (2:2)=82(2:2)

goto 303
enddo

ELEM(n)=s2//ml//e2 —..

‘ananaon

ifault=0

ifminc=0 no minc for top and bottom elements
ifminc=1 minc 2-k for TCw, PTn, TSw, CHc and CHz, and all non top or bot nodes
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NTaonn

0

c

(o

Ll el e S A Y

rockf=rock(n)
rockm=rock (n)
if (rocki(n) (4:5) .eq. ‘bo‘.

or.rock(n) (4:5) .eq. fl1"'.
or.rock(n) (4:5).eq.'ol".
or.rock(n) (4:5).eq.’'dr’.
or.rock(n) (4:5).eq.’du’.
or.rock{n) (4:5).eq.'gh"’.
or.rock(n) {4:5).eq.'Gh".
or.rock(n) (4:5).eq. 'im"'.
or.rock(n) (4:5).eq.'pa’.
or.rock(n) (4:5) .eq.’'se’.
or.rocki(n) (4:5) .eq.’so’ .
or.rock(n) (4:5) .eq.’'sp’.
or.rock(n) (4:5).eq.'su’.
or.rock(n) (4:5).eq. to’} then

fault blocks
if use bouble-porosity grid for faults

change fault rock names in CHn to unified name

202

if(if2phi.eq.0) then
ifminc(n)=1

elseif (if2phi.eq.1) then
ifminc{(n)=2

endif

if(rock(n)(1:3).eq.’tcw’) then
goto 202

elseif (rock(n) (1:3).eq.’'ptn‘) then
goto 202

elseif(rock(n)(1:3).eq.’'tsw’) then
goto 202

else

rock({n) (1:3)=‘'chn’
endif
rockf=rock(n}
rockm=rock(n)

continue

¢ setup dual-permeability rock names

(o]

if(rock(n) (4:5) .eq.'bo’} then
rockf (4:4)=FRACT
rockf(5:5)='b"
rockm{4:4)=MATRX
rockm(5:5)="b"’
ifault=1
elseif (rock{n) (4:5).eq.’fl’) then
rockf (4:4) =FRACT
rockf (5:5)="f"
rockm(4:4)=MATRX
rockm{(5:5)="§£"
ifault=1
elseif (rock(n)(4:5).eg.’0l’) then
rockf (4:4)=FRACT
rockf(5:5)="£"
rockm(4:4)=MATRX
rockm{5:5)="'§£"
ifault=1
elseif (rock(n) (4:5).eq.'dr’) then
rockf (4:4) =FRACT
rockf (5:5)='4*
rockm(4:4)=MATRX
rockm(5:5)='d4’
ifault=1
elseif (rock(n) (4:5).eq.'du’) then
rockf (4:4)=FRACT
rockf(5:5)="u"’
rockm(4:4)=MATRX
rockm(5:5)='u"
ifault=1

AVUI-3] JEY 3500
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nan

nao

elseif (rock(n){4:5).eq.’'gh’') then
rockf (4:4) =FRACT
rockf(5:5)='g’
rockm(4:4)=MATRX
rockm(5:5)='g’
ifault=1
elseif(rockin) (4:5).eq.‘im’) then
rockf (4:4)=FRACT
rockf(5:5)="i’
rockm(4:4)=MATRX
rockm(S5:5)='1"
ifault=1
elseif(rock(n) (4:5) .eq.’pa’) then
rockf (4:4)=FRACT
rock£(5:5)='p’
rockm(4:4)=MATRX
rockm{5:5)='p’
ifault=1
elseif (rock(n) (4:5).eq.'se’} then
rockf (4:4)=FRACT
rockf(5:5)='e’
rockm{4:4)=MATRX
rockm(5:5)='e’
ifaultsl
elseif(rockin) (4:5).eq.’so’) then
rockf (4:4)=FRACT
rockf(5:5)=’s’
rockm{4:4)=MATRX
rockm(5:5)=’s’
ifault=1
elseif (rock(n) {4:5).eq.’'sp’') then
rockf(4:4)=FRACT
rockf(5:5)='1"
rockm(4:4)=MATRX
rockm(5:5)=’1"
ifault=1

elseif (rock(n) (4:5) .eq.’su’) then

rockf (4:4)=FRACT
rock£(5:5)='n’
rockm(4:4)=MATRX
rockm(5:5)='n’
ifault=1

elgseif(rock(n) (4:5).eq.’to’) then
rockf(4:4)=FRACT
rockf(5:5)=‘0"’
rockm(4:4)=MATRX
rockm(5:5)='o0’
ifault=1

endif

uniform properties for all faults

rockf(4:4)=FRACT
rockf(5:5)="£*
rockm{4:4)=MATRX
rockm(5:5}="£"
ifault=1

alse
non-fault blocks
if(rock(n) (4:5).eq.’vi’) then
if(rock(n) (4:5).eq.’VI’) then
vi for vitric unit
rockf (4:4)sFRACT
rockf(5:5)=’v’
rockm(4:4)=MATRX
rockm(5:5)=’v*
elseif (rock(n) (4:5).eq.’'Ze’) then
elseif (rock(n) (4:5).eq.’ze’) then
ze for zeolitic
rockf (4:4)=FRACT
rockf(5:5)='z*
rockm(4:4)=MATRX

/.u//7—32 A4 e |
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2KGRIDVl1a. for

rockm(5:5)="'z"
elseif(rock(n) (4:5) .eq.’'tr’) then
¢ tr for transitional zone between v and z
rockf (4:4)=FRACT
rockf(5:5)="t"
rockm{4:4)=MATRX
rockm(S:5)="t"
elseif(rock(n)(1:3).eq.'ch6’) then
rockf (4:4)=FRACT
rockf (5:5)='z"
rockm(4:4)=MATRX
rockm(5:5)="z"
elseif(rock(n)(1:3).eq. 'ppl’) then
rockf (4:4)=FRACT
rockf (5:5)='z"
rockm(4:4)=MATRX
rockm(5:5)="z"'
elseif(rock(n) (1:3).eq.’'pp2’.or.rocki{n) (1:3).eq.’pp3’) then
rockf (4:4)=FRACT
rockf(5:5)='4d’
rockm(4:4)=MATRX
rockm{5:5)='4"
elseif(rock(n)(1l:3).eq.'prp4’) then
rockf (4:4)=FRACT
rockf(5:5)="z"
rockm(4:4)=MATRX
rockm(5:5)='z"
elseif (rock(n) (1:3).eq.’'bf2’) then
rockf (4:4)=FRACT
rockf(5:5)='z"
rockm(4:4)=MATRX
rockm{(5:5)="z"’
elseif (rock(n)(1:3).eq.’'bf3’) then
rockf (4:4)=FRACT
rockf (5:5)="4a’
rockm(4:4)=MATRX
rockm(5:5)='4’
c elseif (rock(n)(1:3).eq. 'tr3’.or.rock(n)(1:3).eq.‘tr2’) then
elseif{rock(n){1:3).eq.‘tr2') then
rockf (4:4)=FRACT
rockf(5:5)="z"
c rockf (5:5)='v’
rockm(4:4)=MATRX
rockm(5:5)="z'
c rockm(5:5)="v’
elseif(rock(n)(1:3).eq.'tr3’) then
rockf (4:4)=FRACT
rockf(5:5)="4d’
c rockf(5:5)="v’
rockm(4:4)=MATRX
rockm({5:5)='4d’
c rockm(5:5)="v’
else
c for non CHn rocks
rockf (4:4)=FRACT
rockm(4:4)=MATRX

endif
endif
c
c
if(ifminc(n).gt.0) then
do i=1, nunit
if (rock(n).eg.urock(i)) then
iunit(n)=1i
goto 304
endif
enddo
write(16,321) rock{(n), n
stop
endif
304 continue
321 format (//,'no rock card is defined for ',A5, ' n =', i5//)
c

/V/ll‘.?; /«4/ ;/51/06 12/13/1999 4:09 PM
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C
c

Cr****RPAD CONNECTION DATA 'f*i*t*ﬁiiﬁ*ttiﬁ'fi**t*tt**t*tttiﬂt*ﬂtﬁtttttt

C

00N

icon_ff=1
icon_fm=2
icon_mm=0
do n =1 , nconn

READ(14,20) sZ,ml,e2,le,m2l,e21,ISOT,Dl,D2,AREAX,BETAX

area(n) =areax
iso(n)=isot
FORMAT (2 (a2,al,a2),15X,15,4E10.4)

————— GENERATE GLOBAL FRACTURE CONNECTION DATA.

for

1

for

1

for

1

for

1

for

for

for

for

115
105
125
135

f-f & m-m connections for all both minc blocks

fracture (MINC)- non minc blocks (fault, PTN, top and bottom bc's)

between non minc blocks, kept the same (fault,

nl=nextl(n)
n2=next2 (n)
if(ifminc(nl).gt.O.and.ifminc(nz).gt.O) then

if(ifminc(nl).eq.l.and.ifminc(nZ).eq.l) then

PTN, top and bottom bc'’s)

D2, AREAX, BETAX

D2, AREAX, BETAX
theni

D2, AREAX, BETAX
then
D2, AREAX, BETAX
then

D2, AREAX, BETAX

D2, AREAX, BETAX

2-k
WRITE(27,115) elemf (nl),elemf (n2),ISOT,D1,
, icon_ff
WRITE(27,115) elemm(nl),elemm(n2), ISOT,D1,
elseif(ifminc(nl).eq.l.and.ifminc(nZ).eq.2)
2k-2phi
WRITE(27,115) elemf (nl),elemf(n2),ISOT, D1,
, icon_ff
elseif(ifminc(nl).eq.2.and.ifminc(n2).eq.l)
2k-2phi
WRITE(27,115) elemf (nl),elemf(n2), ISOT,D1,
, icon_ff
elseif(ifminc(nl).eq.2.and.ifminc(n2).eq.2)
2phi-2phi
WRITE(27,115) elemf (nl),elemf(n2), ISOT,D1,
, icon_ff
endif
elseif(ifminc(nl).gt.O.and.ifminc(nZ).eq.O) then
if(ifminc(nl).eq.1l) then
2k-ecm
WRITE(27,115) elemf(nl),elem(n2),ISOT,Dl,D2,AREAX,BETAx
WRITE(27,115) elemm(nl),elem(nZ),ISOT,Dl,D2,AREAX,BETAX
elseif(ifminc(nl).eq.Z) then
2phi-ecm
WRITE(27,115) elemf(nl),elem(n2),ISOT,Dl,Dz,AREAx,BETAX
endif
elseif(ifminc(nl).eq.O.and.ifminc(nZ).gt.O) then
if(ifminc(n2).eq.1) then
2k-ecm
WRITE(27,115) elem(nl), elemf(n2),ISOT,Dl,DZ,AREAX,BETAX
WRITE(27,115) elem(nl), elemm(n2), ISOT, D1, D2, AREAX, BETAX
elseif(ifminc(nZ).eq.Z) then
2phi-ecm
WRITE(27,115) elem(nl), elemf(nZ),ISOT,Dl,DZ,AREAX,BETAX
endif
else
WRITE(27,115) elem(nl),elem(n2) . ISoT,D1,
endif
FORMAT (2 (a5),15X,I5,4E10.4,i5)

FORMAT (a5, a2,al,a2,15x%,15,4E10.4)
FORMAT(aZ,al,a2.a5,15x,IS,4E10.4)
FORMAT(2(a2,a1,a2),15X,IS,4E10.4)
enddo

COME HERE FOR MATRIX-FRACTURE FLOW CONNECTIONS.

iun=1
do n=1,nmesh

y Vill-25 ped-3/5/e0

2KGRIDVla. f
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2KGRIDV1a. for

if(ifminc(n).eq.0) goto 3391
iun=iunit(n) R
volx=vol(n} ~

apertur=bapert(iun) - fee .
spacing=dspac (iun} : : ) i : \‘aJ
EL3=COL(n)
az_max=0.0d0 :
cc if(ifref.eq.0) then
c for non-local refinments at repository
cc ‘do k=1,ntcol
ce if (elecol (k) .eq.EL3) then
cc thickb=volx/azcol (k)
cc areaz=azcol (k) ‘
cc goto 3351
ce endif :
cc enddo : Do
cc elseif{ifref.eq.1l) then
¢ for local refinments at repository
cc do k=1,nconn Lo
cc ni=nextl (k)
cc n2=next2 (k)
cc isox=isolk) )
cc if(isox.eqg.3) then
cc if(n.eq.nl.or.n.eq.n2) then
c select largest vertical connection areas
ce if (area(k) .gt.az_max) az_max=area (k)
ce endif o '
ce endif
cc enddo
cc areaz=az_max .
cc thickb=volx/areaz
c
cc endif
c3351 continue
d(1)=0.0
ce alsq=sqrt (areaz)
if(ifdim.eq.1) then Co : B
d(2)=spacing/6.0 _ C § ;
cc xigma=alsq/spacing : : .
cc aunit=2.*alsq*thickb
elseif (ifdim.eq.2) then
d(2)=spacing/8.0 '
cc xigma=areaz/ (spacing*spacing)
cc aunit=4.*(spacing-apertur)*thickb
elseif (ifdim.eq.3) then
d(2)=spacing/10.0: .~
cc xigma=volx/spacing**3.0
ce aunit;S.O‘(spacing—apertur)*'z.o
endif e
c
c
K-
factora=1.0d0
AREAX=volx*afm_v{iun)
ce AREAX=xigma*aunit*£factora B
fml=elemf (n) -
fm2=elemm(n)

WRITE(27,103) fml,fmz.D(l).D(Z),AREAK.icon_fm
3391 continue ' ' : ‘
enddo '
c 102 FORMAT(Z(AS),18X,'-9’,3310.4,10x,15)
c 103'?0RMAT(2(A5))18X.'-9'.3310.4.10x.15)
103 FORMAT(Z(AS),17x,'-10’,331034:10x.i5)

[¢]

WRITE(27,212)

w:ite(ls.*)v'new x =x + d2°
write(16,1115) (delz(n),n=1,nmesh)
1115 FORMAT(£10.3)

naooaan

STOP e | ‘ . :
. _ oD
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- Spreadsheet summarizing “hand check” of utility code sav1d_dst2d.t
R ) N. Spycher 2/7/00
————— [Points arbitrarity selected in 2-D mesh file Corresponding points in input 1-D mesh (at nearest z)
_
_— ELEME type vol other x Yy z ELEME other vol dumm X Y z z2-1047.71
I 5001 fobou 1.00E+50 0.00E+00 0.00 0.00 -156.80) F5211  tswF6 4.37E-02 1.00E+00 050 000 88950 -158.21
——— |mbo01  mbbou 1.00E+50 0.00E+00 0.00 0.00 -156.80) MS211  tswM6 2.87E+00 0.00E+00 0.00 000 B89.50 -158.21
Vi 1970 fswas 2.04E+00 0.00E+00 -54.00 0.00 -75.00] F4203  tswFS 348E-02 1.00E+00 050 0.00 973.60 7411
m970  msw35  1.84E+02 0.00E+00 -54.00 0.00 -75.00 M4203  tswMS 3.13E+00 0.00E+00 000 0.00 97360 7411
— 1895 fsw34 1.56E-01 0.00E+00 -18.00 0.00 -20.00{" F3403  tswF4 3.05E-02 1.00E4+00 050 0.00 1027.00 -20.71
—_— mB895  msw34  1.55E+01 0.00E+00 -18.00 0.00 -20.00, M3403  tswM4 3.02E+00 0.00E+00 0.00 0.00 1027.00 -20.71
- 11971 fsw34 3.85E-02 0.00E+00 -14.91  0.00 7.07, F3412 tswF4 305E-02 1.00E+00 050 0.00 1054.00 6.29
) — mi971  msw3d4  3.81E+00 0.00E+00 -1491 000 7.07 M3412  tswMd4 3.02E+00 0.00E+00 0.00 0.00 1054.00 6.29
T t619 fsw33 2.98E+00 0.00E+00 8150 0.00 84.19 F3324  iswF3 201E-02 1.00E+00 050 0.00 1133.00 85.29
_ me619  msw33  4.49E4+02 0.00E+00 8150 0.00 84.19 M3324  tswM3 3.03E+00 0.00E+00 000 0.00 1133.00 85.29
—  |hoOt Rbou 1.00E+50 0.00E+00 0.00 0.00 99.39, F3328  tswF3 2.01E-02 1.00E+00 050 0.00 1146.00 98.29
I— mtoo1 mibou 1.00E+50 0.00E+00  0.00  0.00 99.39, M3328 tswM3 3.03E+00 0.00E+00 0.00 0.00 1146.00 98 29|
— INCON data for above points (from output file INCON_2D.dual) INCON data for above points (input from input file SAVE)
e These match the 1-D data from SAVE (2nd record of data blocks)
— I Fs211 0.99000000€ +00 0.99080000E - 12 0.99080000E- 12 0. 99080000E-12
- ——-—————  |0.90371918257980E +050.10979533373430E + 020.28903689991140E+02 | <==>| 0.9037191825798E +05 0.1097953337343E+02 0 28903689991 14E+02
— mb0O1 M5211 0.11200000E +00 0.57 130000E-17 0 57130000E-17 0.57130000E-17
- T [0-90371938581910£+050.10118078764840E +020.28903689983000E +02 |<==>| 0.9037193858191E+05 0.1011807876484E+02 0.2890368998300E+02
T |t970 F4203 0.99000000E +00 0.12880000E-11 0.12880000€-11 0.12880000E-11
- |0-89528138439380E+050.10980440833820E+020.27239548427760E +02 [ <==>| 0.8952813843938E+05 0.1098044083382E +02 0 27239548427 76E +02
—— mg70 M4203 0.13100000E +00 0.30390000€- 16 0.30330000E-16 0.30390000E-16
- 0.83528138429300E +050.10142255 127450€+020 27239548433900E 402 |<==>| 0 BI52813842930E+05 0 1014225512745E+02 0.2723954843330E+02
—-————  lt895 F3403 0.99000000E +00 0.27570000E-12 0 27570000E-12 0.27570000E-12
- 0.86996380616760E 4050 10972377179820E+020 26219665160550E+02 |<==>] 0.8899638061676€+05 0.1097237717982E +02 0262196651 6055€ 402
T - m 895 M3403 0.11000000E +0Q 0.40700000E- 17 0.40700000€-17 0.40700000E-17
0.88996380298840E+050.10068032492330£ +020.26219665162750E+02 | <==> | 0.8899638029884E€+05 0.1006803249233E+02 0.262196651627SE+02
——__tiem F3412 0.99000000E +00 0.27570000E- 12 0.27570000E-12 0.27570000E-12
Yo 0.88721742379880E+050.10972277996340€ +020 25771170222800E+02 [ <==>| 0.88721742379B8E +05 0.1097227799634E +02 0.2577117022260E+02
—  |mis7 M3412 0.11000000E +00 0.40700000€ - 17 0 40700000E-17 0.40700000E-17
s 0.88721742358320E+050.10053264929490€ +020 25771170225020E+02 | <==>| 0.8872174235832E.+05 0.1005326492949E +02 0.2577117022502E402
aa 619 F3324 0.99000000€+00 0.54350000€-12 0.54950000E-12 0.54950000€-12
. T |0-87929238652200E +050.10976070096890E + 020.23859207147790E+02 |<==>| 0.8792923865220E +05 0. 1097607009689E+02 0 2385920714779E+02
i R m619 M3324 0.15400000E+00 0.30830000E- 16 0.30830000E-16 0.30830000E-16
vyl 0.87929238408970E+050.10207505857720€ +020.23859207235030E +02 | <==>| 0.6792923840897E+05 0.1020750585772E+02 0.2385920723503E+02
m—— 001 F3328 0.99000000E +00 0.54950000€- 12 0.54950000E-12 0.54950000E-12
T |0.87807381000770E+050.10976032948200F +020.23556987 1981B0E+02 |<==>] 0.8780738100077E+05 0.1097603294820E+02 0.2355698719818E+02
— mto01 M3328 0.15400000€ +00 0.30830000E-16 0.30830000E-16 0.30830000E-16
T 0.87807726208190E+050.10207050840800E +020 23556987407360E+02 |<==>| 0.8780772620819E+05 0.1020705084080E +02 0.2355698740736E+02
— ‘ ‘Thed
676(‘&(" mrnkn‘/\ ,‘/Z/lu( \/(Flﬂl
—_ 3 T
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e SUAA_Akr A ciocibnble [ Son space
, Solapy )

MESH_ . fupui /

S AVE fnpud ’

MESH 2D, Ava @ tiapu =

INCOAI 2.0 . var® aulput

. ./ertf;/ xfs _spreccliheet . {ore ./m‘!:'cqfq?rn (serp
SovlRe.  sofe (43T hv

' prograrﬁ savld_dstZd ) -
c program reads 1D.dual INCON and MESH files and generates a 2D INCON file

character*5 textl,text2

character*80 text’

real*s vol, aht, x1,x2,2c0l(400), press (400),
&sat (400), temp(400),x3,dmin,dminl, 1sat,gsat

open{unit=1, file="MESH",
&status="unknown*)

open{unit=2, file="SAVE",
&status="unknown")

N
1 B : “open{unit=3, file="MESH_2D.dual",

T . &status="unknown") -
!["f:_‘ — open(unit=4, file=*INCON_2D.dual", —_—
=] — . &status="unknown®}

i_t' T . i —
3 Famd read(1, ' (a)’) -
—' \—‘

I S T — 1 read(1, ' (a,10x,a,2e10.4,10x,3e10.4) ') _
& - &textl, text2,vol,aht,x1,x2,zcol (i) —
Ll 3 : zcol{i)=zcol(i)~1047.7180

| & R if (textl.eq.’BT001') go to 2 -
e & - . i=isl —_—
‘.— —_ . ’ © .goto1l -
Xt (R —— ©. 2 close(unit=1)

ﬁ---“ ——— itot = i —_
4;?—‘- . read{2,'(a)’) text

L S — " write(*,*) itot : -
A £ SR ) do j =1,itot : ‘ ) e
g.-‘ — o - read(2, ‘{a) ‘) textl —
I S c write(*,r(a)’) textl

é’i,‘ — read(2, (3(1x,e19.13)) ‘) ' ' . —
Sl : “&press(j),sat(j), temp(j) -
'{_ S —— c  write(*,’(5(1x,e19.13)) ")

.h'__' —_—— c &press(j),sat(j),temp(j),lsat,lsat ————
(e enddo S -
[ T —————— .
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YMP-LBNL Software Routine/Macro Documentation—Option 1
AP-SI.1Q, Rev. 2, ICN 1, Software Management

Document once in the technical product, data submittal, or scientific notebook where used and cross-
reference thereafter each time it is used in another document.

The star (%) denotes mandatory items. Other items may want to be considered for documentation as
applicable, but if not used, mark N/A.

1.  SOFTWARE ROUTINE IDENTIFICATION
outingmacro name and version number:
Mmigdcith- &  vio
* Name and version identification of the industry standard software under which the
routine/macro was developed (e.g., Excel 97, Sun OS 5.1 FORTRAN 90, etc.): ¢ wividows
FoQTEAN 77 /9& 0ot fecnnse fﬁﬁ-m }féfcﬂ((’m,ﬂ-ﬂﬂqg Visued Rt S
“??'Cf ;:\d:.w) Sowvt U[He Spo~ éo(a»ﬁ's Supes s.s.
2. DESCRIPTION AND TESTING * Som 77 Ao commpi\ir
Brief description of purpose or function of routine/macro including the execution environment
(can be 1 sentence):

Mae(%,cs Maze 320(06(!@ rieyhh wailh Fae o/(/f{f% me;'[/(
ferr Yoo Moun ferin ToueH2 aud TOUGCHREACT  Siina (r/L/ﬂm/Lf_
% Page(s) containing a listing of the source code of the routine/macro: CP C R UK f77 q F f’
Brwotler 4 -4, fazale/ “onvg clri fF f " ablecheot o
unote boolc v mP — 2Bl - DSar - A - 4

% Page(s) listing the executable or any data files, including test data input and output files:
TMP—L BNC Vs~ s- 4 pEo

* Documentation that the routine/macro provides correct results for a specified range of input
parameters. Include the range of input parameter values for which results were verified:

P - LBAL - DSl - s 4 P S7-6o

Description of test cases and test results. Refer to notebook pages or other documentation.
(Showing a short example [1-2 lines] of input and output helps demonstrate correct operation.):

TMP -~ BN - DS — s — 4 P S2~€o
TMP - CBNL ~ Dsat — pS — 4 p. 6 17

Identification of any limitations on the routine/macro applications or validity:
Tlie m@;%%)"/ y fo umqrcd,a, wrd Fobewe < g'oec,(')‘,’l‘c
/?a(vv\c\,{/ Aﬁmofexcm‘éed o= e bp "?{ Flie

3. SUPPORTING INFORMATION souice oole  Lichag.

* Technical reviewer (according to YMP-LBNL-QIP 6.1) who reviewed work and date:

€N c S ornnen Had 2./7/00
VIl-49  pe#- 3/3)00
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Both meshes MUST have drift wall contact areas that exactly overlap for
each grid block at wall contact locations, so that connections do not
need to be modified (no recaluclation of area and gravity angle).
- What the program does: -
- reads the geologic dual-k mesh, which must include *pie®-shaped
elements at the location of the drift ) n
- reads the inner-drift single-K mesh, which mus t include elements
at the drift wall which align exactly with the *pie”"-shaped elements
of the geologic mesh. Must also include at least one row of elements
outside the drift too. : ' o
- replace the pie elements with the inner-drift elements at the drift wall
~ take out the pie elements at the waste package location and replace
the waste package by one circular element . :
- adjust all connections accordingly, with very small connection from
. the ingide of waste package to its surface :
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program mrgdrift

Version V1.0

Program to merge single-k inner-drift mesh with dual-k surrounding grid
N.Spycher August 1999

Both meshes MUST have drift wall contact areas that exactly overlap for
each grid block at wall contact locations, so that connections do not
need to be modified (no recaluclation of area and gravity angle).
What the program does:
- reads the geologic dual-k mesh, which must include "pie®-shaped
eliecments at the location of the drift
- reads the inner-drift single-K mesh, which mus t include elements
at the drift wall which align exactly with the "pie”"-shaped elements
of the geologic mesh. Must also include at least one row of elements
outside the drift too.
- replace the pie elements with the inner-drift elements at the drift wall
- take out the pie elements at the waste package location and replace
the waste package by one circular element
- adjust all connections accordingly, with very small connection from
the inside of waste package to its surface

Pointers to mesh elements and connections:

idinl (i) i=1,ninl indexes of elements in geologic mesh abutting wall inside
idoutl(i) i=1,noutl indexes of elements in geologic mesh abutting-wall outside
idin2(i) 1i=1,nin?2 indexes of elements in drift mesh abutting wall inside
idout2(i) i=1,nout? indexes of elements in drift mesh abutting wall outside
idinn2(i) i=1,ninn2 indexes of elements in drift mesh 2nd row inside

iwp (i) i=1, nwp indexes of elements in waste package

iwpo (i) i=1,nwpo indexes of elements abutting waste package

idconl(i) i=1,nnconl indexes of connections across wall in gelogic mesh
idcon2(i) i=1,nncon2 indexes of connections across wall in drift mesh

mrgdri:t

idcon2a(i) i=1,nncon2a indexes of connections from wall to 2nd row inward in drift mesh

idcon2b(i) i=1,nncon2b indexes of connections from waste pack to around it

ilocl(i) i=1,nnconl =1 if first element in connection (geol mesh) is overlapping
iloc2(i) i=1,nnconl =1 1f first element in connection (drift mesh) is overlpping
iloc2a(i) i=1,nnconl =1 if first element in connection (drift mesh) is overlpping
icnell(i,n) i=1,nell n=1,ncnell(i} connections for each element (geol mesh)
icnel2(i,n) i=1,nel2 n=1,ncnel2 (i) connections for each element (drift mesh)
iconnel(i,2) i=1,nconl indexes of elements in connection

iconne2(i,2) i=1,ncon2 indexes of elements in connection

Flags and other

ikeepl (i) 1i=1,nell flag=1 to keep element
ikeep2 (1) i=1,nel2 flag=1l to keep element
ickeepl (i) i=1,nconl flag=1 to keep connection
ickeep2(i) i=1,ncon2 flag=1 to keep connection

nconl number of original connections in geologic mesh
ncon?2 number of original connections in drift mesh
nell number of original elements in geologic mesh
nel2 number of original elements in drift mesh

implicit real*8 (a-h,o-z)

parameter (maxell=5000, maxel2=500, inpl=10,inp2=11,ioutl=12)
parameter (maxconi=10000,maxcon2=1000,maxel3=500, maxeld=100)
character*5 eleml(maxell),elem2(maxel?2)

character*5 rknaml (maxell), rknam2 (maxel2) , dummy

character*5 dummyl (maxconl)
character*10 connel {maxconl),conne2 (maxcon2) ,dum
character*80 default
character*l ans

real*8 voll(maxell),duml (maxell),
& x1l(maxell),yl(maxell),z1l (maxell)
real*s isotl(maxconl),dll (maxconi),d21 (maxconl),
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& areal (maxconl),gravl (maxconl)

real*8 vol2(maxel2),dum2(maxel2),

& x2 (maxel2),y2(maxel2), z2 (maxel2) . - -

real*8 x2orig{maxel2), z2orig({maxel2) o : \ /
real*8 isot2(maxcon2),dl2(maxcon2),d22{maxcon2),

& area2 (maxcon2) ,grav2 (maxcon2)

real*s az_conl(maxe13).az_conZ(maxe13),az_conZa(maxe13)

integer ikeepl(maxell),ikeep2(maxe12),idinl(maxelB).idinZ(maxelS),'

& idoutl{maxel3).idout2(maxell), idinn2(maxell), iwp(maxeld),
& iwpo (maxeld) L

integer idconl (maxconl), idcon2 (maxel3), idcon2a (maxel3),
& idcon2b(maxell)

integer ilocl(maxel3), iloc2(maxel3),iloc2a(maxel3)
integer ickeepl(maxconl).ickeepZ(maxconZ)

integer icnell(maxell, 15}, ncnell(maxell); iconnel (maxconl, 2)
integer icnel2(maxell,15), ncnel2(maxell), iconne2(maxcon2.2)

logical exists

do i=1,maxell
ncnell(i)=0
ikeepl(i)=1"

enddo

do i=1,maxel2

- ncnel2({i)=0
ikeep2(i)=1
enddo :

do i=1,maxconl
ickeepl (i)=1
enddo .

do i=1,maxcon2 . .
ickeep2{i)=1 ‘

enddo

--- Opens i/o files _ ) , . . j

aanaon

dump file for cheking puposes
open (unit=20,file=‘mrgdrift.out’, status = ‘unknown’}

default input parameter values
optional read from file
inquire (file =‘mrgdrift.par’, exist = exists)
if (exists) then
open (unit=22,file='mrgdrift.par’, status = ‘0l@’)
read(22,*) drad
read(22,*) sizoutl
read{22,*) sizinl
read(22,*) sizout2
read(22,*) sizin2
read(22,*) sizinn2
read(22,*) wprad
read(22,*) sizwp
read(22,*) zoffs
close(22)
else
drad=2.75
sizoutl=.2
sizinl=.05
sizout2=.2
sizin2=.15
sizinn2=.15
wprad=1.67/2.
sizwp=.2
zoffs=-.805
endif

oo

write(*," (//5x, 'Enter name of geologic mesh (default=-

& ‘mesh_geo.dat)’,/5x, ' :> *$)") ’ : j
default='mesh_geo.dat’ . . : ' \\_,/

call open_old({inpl,default)
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write(*, " (/5x, 'Is this a dual-K mesh? (y/n default=y}:> *, §)")
read(*, " (al)") ans

if{ans.eq.’ '.or.(ans.ne.’'n’ . and.ans.ne.'N’)) ans='y"’

ifm=2

if(ans.ne.’'y’') ifm=1

write(*,"(//5x, 'Enter name of inner-drift mesh (single-K) "

& " (default=mesh_dr.dat)’,/Sx, " :> *,$)"}
default='mesh_dr.dat"

call open_old(inp2,default)

write(*, " (/5x, ‘Enter the name of new mesh to create’

& ‘{default=mesh.out)’,/5x, "’ :> '§)")
default='mesh.out"

call open_new(ioutl,default)

write(*, " (/5x, ‘Enter drift radius (drift must be centered at’

& ' <0;0>) /5%, ' (default=',£10.5,':> *$)") drad
read{(*,*(al10)") dQum
if (dum.ne.’ ’) read(dum, *) drad

.

write(*, " (/5x, 'Enter the size of lst blocks outside the drift
& /5x,'in the geologic mesh (default=',f10.5,‘:> ' $)*) sizoutl
read(*, " (all0)") dum
if(dum.ne.’ ') read(dum,*) sizoutl
write(*,"(/5x, 'Enter the size of lst blocks inside the drift -
& /5x,'in the geologic mesh (default=',f10.5,:> * $)*")sizinl
read(*, "(al0) ")} dum
if(dum.ne.’ ') read{(dum, *}) sizinl
write(*, "(/5x, 'Enter the size of 1st blocks inside the drift
& /5x%,’in the drift mesh (default=',f10.5,':> * §)") sizin2
read(*, " (al0)") dum
if(dum.ne.’ ‘) read(dum,*) sizin2

sizinn2=0.
write(*, " (/5x, 'Move connection distances for these blocks
& ,'against the wall ?'/5x,‘(y/n default=no) :> *,$)")
read(*, " (al)"}) ans

if{ans.eq.’ ‘.or.(ans.ne.’'y’.and.ans.ne.’‘Y’)) ans='n’
if(ans.ne.’n’) then

write(*, " (/Sx, ‘Moving connection distances requires two rows’

& ' of grid blocks’,/5x, 'radially aligned against the drift wall-
& ' inside the drift mesh'’}")

‘.

write(*,"(5x, "Enter the size of 2nd blocks inside the drift
& /5x,'in the drift mesh (default=',f10.5,’:> * $)"} sizinn2
read(*, "(al0)") dum
if(dum.ne.’ ‘) read(dum, *) sizinn2
endif

write(*, " (/5x, 'Enter the size of 1lst blocks outside the drift
& /5x,'in the drift mesh (default=',£f10.5,’:> * §)*) sizout2
read(*, *(ai0)*) dum
if(dum.ne.’ ‘) read(dum, *) sizout?2

write(*, " (/5x, 'Enter waste package radius’
& /5x,’(default=',£10.5,’ :> ’$)") wprad
read(*, *(al0)") dum
if(dum.ne.’ ‘) read(dum, *) wprad

write(*,"(/5x, 'Enter the size blocks aginst the waste package’
& /5x,'in the drift mesh (default=',£f10.5,’:> ¢ §)"}) sizwp
read(*, " (al0)") dum
if(dum.ne.’ ') read(dum, *} sizwp

write(*, " (/5x, 'Enter waste package center z offset’

& /5x.'(default=',£10.5,° :» '5)") zoffs
read(*, " (al0)") dum
1f({dum.ne.’ ‘) read(dum,*) zoffs
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c --- Read Input files

C

c --- Geologic mesh file

50

60

70

80

90

100

dummy= "’ ’
do while(dummy.ne. 'ELEME’ .and.dummy.ne.’eleme’)
read(inpl, " (a5)",end=50) dummy 'skip header
enddo
if(dummy.ne. ELEME' .and.dummy.ne. ‘eleme’) then
write(*,*) ‘...no ELEME header in geologic mesh file’
stop
endif
do i=1,maxell
read(inpl, 405, end=60)eleml (i), rknaml (i), voll(i),duml (i},
& x1(i),yl(i),z1(1)
if(eleml(i).eq." '} goto 60
enddo
nell = i-1
if (nell.ge.maxell) goto 504
write(*,"(5x,‘...read ',i5,’ elements in geologic mesh')")nell

durmy =" '
do while(dummy.ne.‘CONNE’ .and.dummy.ne. ’'conne’)
read(inpl, " (a5)",end=70) dummy 'skip header
enddo
if (dummy.ne.'CONNE'.and.dummy.ne.’conne’) then
write(*,*) ‘...no CONNE header in geologic mesh file’
stop
endif
do i=1,maxconl
read(inpl, 406, end=80)connel (i), isotl1(i),d11(i),d21 (i),
& areal(i),gravl(i),dummyl (i)
if (connel(i) .eq." ‘}goto 80
enddo
nconl = i-1
if (nconl.ge.maxconl) goto 504
write(*,"(5x,’...read’,i5,‘ connections in geologic mesh’) ")nconl
close(inpl)

Drift mesh file
dummy = * '
do while(dummy.ne. 'ELEME’ .and.dummy.ne. 'eleme’)
read(inp2, "(a5)",end=90) dummy 'skip header
enddo
if(dummy.ne.’ELEME’ .and.dummy.ne. 'eleme’'} then
write(*,*) ‘...no ELEME header in drift mesh file’
stop
endif
do i=1,maxel?2
read(inp2,405,end=60)elem2 (i), rknam2(i),vol2(i},dum2 (i),
& x2(1),y2(1),z2(1i)
x2orig{i)=x2(1i)
z2orig(i)=z2(i)
if(elem2(i) .eq." ') goto 100
elem2(i)(1:2)="dr"’
enddo
nel2 = i-1
if(nel2.ge.maxel2) goto 506
write(*,"(5x,'...read ‘,i5,' elements in drift mesh’)")nel2

dummy="* '
do while (dummy.ne.’'CONNE' .and.dummy.ne. 'conne’)
read(inp2, " (a5)",end=110) dummy 'skip header
enddo
if (dummy.ne.’CONNE‘ .and.dummy.ne. 'conne’} then
write(*,*}) ‘...no CONNE header in drift mesh file-
stop
endif
do i=1,maxcon?
read(inpz,406.end:120)connez(i),isot2(ij,d12(i),d22(i),
& area2(i),grav2(i)
i1f(conne2 (i) .eq." ‘Ygoto 120
conne2 (i) (1:2)='dr"
conne2(1)(6:7)='dr’
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enddo
120 ncon2 = i-1
if({ncon2.ge.maxcon2) goto 506
write(*,"(5x,'...read',i5,’ connections in drift mesh')")ncon2
close(inp2)
write(*, " (/5x,’ ... .working....... )
c
¢ ---Point to connections for each element
c
c Geologic mesh
do i=1,nconl
do j=1,nell
imatch=0
if(connel (i) (1:5).eq.eleml(j).or.
& connel (1) (6:10) .eg.eleml(j)) then
ncnell(j)=ncnell(j)+1
1f(ncnell(j).gt.15) then
write(*, " (/5x, ‘number of connections exceed 15 at
& ,a5,' These will be skipped!'’)"} eleml(j)
goto 125
endif
icnell(j,ncnell{j)})=1
imatch=imatch+1
if (connel{i) (1:5) .eq.eleml(j)) iconnel(i,1l)=j
if(connel(i) (6:10).eqg.eleml(j)) iconnel(i,2)=j
if(imatch.eqg.2} goto 125
endif
enddo
125 continue
enddo
c Drift mesh
do i=1,ncon2
do j=1,nel2
imatch=0
if(conne2 (i) (1:5).eqg.elem2(j) .or.
& conne2 (i) (6:10) .eq.elem2(j)) then
ncnel2 (j)=ncnel2{j)+1
if{ncnel2(j) .gt.15) then
write(*, " (/5x, 'number of connections exceed 15 at
& .a5, These will be skipped!’)") elem2(j)
goto 130
endif
icnel2(j.ncnel2(3))=1
imatch=imatch+1
if (conne2(i) (1:5).eq.elem2(j}) iconne2(i,1)=j
if(conne2(i) (6:10) .eq.elem2(3)) iconne2(i,2)=j
if(imatch.eq.2) goto 130
endif
enddo
130 continue
enddo
c
¢ ---Point to drift elements at wall (blocks abutting the drift)
et and pie-shaped drift elements in geologic mesh
k=0
j=0

do i=1,nell
rad=dsqrt{x1(i)*x1(i)+z1(i)*z1(i}))
if(eleml(i)(1:1).eq. F’) 'fracture X offset by 0.5
& rad=dsqgrt ((x1(i)-0.5)*(x1(i}-0.5)+21(i)*z1(1i))
if (rad.ge.drad.and.rad.lt. (drad+sizoutl)) then
Jj=3j+1
if(j.gt.maxel3) goto 500
idoutl(j)=1i
elseif(rad.lc.drad) then
k=k+1
if(k.gt.maxel3) goto 500
idinl(k)=1
1keepl({1i}=0
endif
enddo
noutl=j
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ninl=k

write(*,"{/5x, 'number of outside wall elements in geol. mesh ‘,
& 15)") noutl

write(*, "{5x, ‘'number of inside wall elements in geol. mesh ',
& 15)") ninl

if (noutl.ne.ninl) then

write(*, " (//5x, ‘number of inside and outside elements should’
& ‘ be the same’)")

stop

endif

---Point to drift elements at wall {(inside/outside drift)
and pie-shaped elements at waste package in drift mesh

do i=1,nel2
rad=dsqgrt (x2 (1) *x2(i})+22(1i)*22(1))
radw=dsqrt (x2 (i) *x2(1)+(z2(i)-zoffs)*(z2(i)-zoffs})
if(rad.ge.drad.and.rad.lt. (drad+sizout2)) then
j=3+1
if(j.gt.maxel3) goto 500
idout2(j)=1
ikeep2 (i) =0
elseif(rad.lt.drad.and.rad.gt. {drad-sizin2)) then

k=k+1
if(k.gt.maxel3) goto 500
idin2 (k) =i
elseif(sizinn2.ne.0..and.rad.lt.(drad-sizin2) .and.
& rad.ge. (drad-sizin2-sizinn2))then
m=m+1

if(m.gt.maxel3) goto 500
idinn2 (m) =i
elseif (radw.le.wprad) then
n=n+1l
if (n.gt.maxeld4) goto 502
iwp(n}) =i
ikeep2(1)=0
elseif (radw.gt.wprad.and.radw.le. (wprad+sizwp)) then
nn=nn+1
if(nn.gt.maxel4} goto 502
iwpo(nn) =i
endif
enddo
nout2=j
nin2=k
ninn2=m
nwp=n
nwpo=nn
write(*, " (/5x, 'number of outside wall elements in drift mesh ',
& 1i5)") nout?2
write(*, " (5x, ‘number of inside wall elements in drift mesh °*,
& 1i5) ") nin2
write(*, " (5x, ‘'number of 2nd row elements inside drift mesh’,
& 1i5)") ninn2
write(*, " (5x, ‘number of waste package elements in drift mesh ‘,
& 1i5)*") nwp
write(*, " ({5x, ‘number of elements against waste package ',
& 15)") nwpo
if{nout2.ne.nin2) then
write(*,*(//5x, ‘number of inside and outside elements should’

& ‘ be identical in drift mesh’}*")
stop
endif
if (ninn2.ne.0.and.nin2.ne.ninn2) then
write(*,"(//5x, ‘number of inside lst and 2nd row elements should’
& ' be the same in the drift mesh') "}
stop
endif

if(ifm*nout2.ne.noutl) then
write(*,"(//5x, ‘number of outside elements in gecol. mesh should’
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& ‘' equal’,/S5x,1i5,'x number of outside elements in drift mesh’
& Y") ifm

stop

endif

if (nwp.ne.nwpo) then
write(*, "(//5x, ‘number of waste package elements should’

& ' be same as number of elem. abutting waste’)")
stop
endif
write(*,"(/5x, ....working....... )
c
c --Point to connections between drift and rock
c
Cc ---geologic mesh
nnconl=0 'number of connections
c loop through elem at wall inside (overlapping one)
do i=1,ninl
m=idinl (1) 'inner elem index (gecl grid)
c loop through its connections
jtot=ncnell (m)
do j=1,jtot
ic=icnell(m, j)
c loop through elem against wall outside
do k=1, noutl
n=idoutl (k) 'outer elem index (geol grid)
if (connel{ic)(1:5).eq.eleml(n).or.
& connel(ic) (6:10).eq.eleml(n)) then
nnconl=nnconl+l
if (nnconl.gt.maxel3) goto 500
idconl {nnconl)=ic
ickeepl{ic)=0 ‘note:we will keep, but print at the end
ilocl(nnconl})=1 tflag=1 if inner elem is first in connection
if (connel(ic} {1:5).eg.eleml(n)) ilocl{nnconl})=2
c azimuth of inner element in connection
az_conl (nnconl)=datan(zl(m)/x1{(m))*180/3.14159
if(eleml(m)(1:1).eq.’'F"’)
& az_conl{nnconl)=datan{(zl(m)/(x1(m)-0.5})*180/3.14159
endif
enddo
enddo
enddo
write(*, " (/5x, ‘'number of connections at wall in geol. mesh ',
& 15)") nnconl
c
c ---drift mesh
nncon2=0
nncon2a=0
c loop through elem at wall inside (overlapping one}
do i=1,nin2 X
m=idin2 (i) 'inner elem index
c loop through its connections
jtot=ncnel2 (m) 'total connection at this element
do j=1,itot
ic=icnel2 (m, j)
c loop through elem against wall outside
do k=1, nout2
n=idout?2 (k) ‘outer elem index
if(conne2(ic)(1:5}.eq.elem2(n).or.
& conne2 (ic) (6:10) .eq.elem2(n}) then
nnconzZ=nncon2+1
if(nncon2.gt.maxel3) goto 500
idcon2{nncon2)=1ic
ickeep2(ic) =0 'will not keep these
1loc2 (nncon2) =1 tflag=1 1if inner elem 1s first in connection
if{conne2(ic) (1:5).eqg.elem2(n)) iloc? (nncon2)=2
c azimuth of inner element in connection
az_con2{nncon2)=datan{z2(m)/x2{m))*180.,3.14159
endif
enddo
c loop through elem inside (2nd row)

/ V///.,ég /éﬁ‘ 3/3//50 2/10:2000 6:08 pPr



c ---

do k=1,ninn2
n=idinn2 (k) 'outer elem index
if (conne2(ic)(l:5).eqg.elem2(n) .or.

& conne2(ic) (6:10) .eq.elem2(n)) then

nnconZ2a=nnconza+1l
if (nncon2a.gt.maxel3) goto 500
idcon2a(nncon2a)=ic

ickeep2 (ic) =0 '‘note:we will keep, but print at the end
iloc2a(nncon2a)=1 tflag=l if inner elem is first in connection
if (conne2(ic) (1:5) .eqg.elem2(n)) iloc2a(nncon2a)=2

azimuth of inner element in connection
az_conzZa({nncon2a)=datan(z2{(m)/x2(m))*180./3.14159
endif
enddo
enddo
enddo
do not keep any connections involving outside elements
do k=1,nout?2
n=idout2 (k) louter elem index
jtot=ncnel2(n) {total connections at this element
do j=1, jtot
ic=icnel2(n, j)
ickeep2{ic)=0
enddo
enddo

‘

write(*, " (5x, 'number of connections at wall in drift mesh *,
& 15)") nncon2

write(*, " (5x, 'number of connections wall-2nd row in drift mesh ',
& 15)") nncon2a

if(ninn2.ne.0.and.nncon2a.ne.nncon2) then

write(*, " (//5x, ‘number of connections at wall and 2nd row should’
& ‘ be the same in both meshes’)")

stop

endif

dump some info in mrgdrift.out file

write(20,*) ' gelogic mesh elements at wall - outside’
do j=1,noutl
i=idoutl (j)
write(20,405)eleml (i), rknaml (i}
enddo
write(20,*) * gelogic mesh elements at wall - inside’
do j=1,ninl
1=idinl (3)
write(20,40%)eleml (i), rknaml (i)
enddo
write{20,*) * drift mesh elements at wall - outside’
do j=1,nout2
i=idout2(Jj)
write(20,405)elem2 (i), rknam2{i)
enddo
write(20,*) * drift mesh elements at wall - inside., lst row’
do j=1,nin2
i=idin2(3)
write(20,405)elem2 (i), rknam? (i)
enddo
write{(20,*) * drift mesh elements at wall - inside., 2nd row’
do j=1,ninn2
i=idinn2(j)
write(20,405)elem2 (i), rknam2 (i)
enddo
write(20,*) ' drift mesh elements in waste package
do j=1.nwp
1=iwp{J)
write{20,405)elem2 (i), rknam2 (i)
enddo
write(20,*) * drift mesh elements abutting waste package
do j=1, nwpo
i=iwpo(3)
write(20,405)elem2 (i), rknam? (i)
enddo
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write(20,*) ' geologic connections at wall’
do j=1,nnconl
i=idconl (3)
write(20,"(al0,i10,5f10.4)")connel (i),isot2(i),d11(i),d21¢(1i),

& areal(i),gravl(i),az_conl{j)
enddo
write(20,*) * drift connections at wall"’

do j=1.nncon2
i=idcon2 (3)
write(20,"(al0,110,5f10.4)")conne2 (i), 1so0t2(i),d12(1),d22(1i),

& areal (1) ,grav2{i),az_conzi{j)
enddo
write(20,*) * drift connections at wall - 2nd row’

do j=1,nnconz2a
i=idcon2a(j)
write(20," (al0,110,5£10.4)")conne2 (i), isot2(i}),d12(i),.d22(1),

& area2(i),grav2(i),az_con2a{j}
enddo
write(20,*) * drift connections waste-inner’

---Now replace connections of waste pack elements
loop through elements abutting waste package

nncon2b=0
do i=1,nwpo

m=iwpo (i) linner elem index
loop through its connections
jtot=ncnel2 (m) ttotal connection at this element

do j=1,jtot
ic=icnel2 (m, j)
loop through waste package elements
do k=1,nwp
n=iwp (k) touter elem index
if (conne2(ic) (1:5).eq.elem2(n)) then
azim=datan(z2(m)/x2 (m))*180./3.14159
write (20, " (al0,i10,5£10.4)")conne2(ic), isot2(ic),
& dl2(ic),d22(ic),area2{ic),grav2(ic),azim
conne2{ic)(1:5) = ‘wpQOl~
dl2{(ic)=1.d4-6
nncon2b=nncon2b+1
idcon2b{nncon2b) =ic
ickeep2(ic)=0 ‘note:we will keep, but print at the end
elseif (conne2(ic)(6:10).eq.elem2(n)) then
azim=datan{(z2(m)/x2(m))*180./3.14159
write(20,"(al0,1i10,5£10.4)“)conne2(ic),isot2(ic),
& dl2(ic),d22(ic),area2{ic),grav2(ic),azim
conne2{ic) (6:10) = ‘wp001’
d22(ic)=1.d4-6
nnconZb=nncon2b+1
idcon2b{nncon2bl)=ic
1ickeep2{ic)=0 'note:we will keep, but print at the end
endif
enddo
enddo
enddo

close (20)

Now we replace the inner/outer connection in the geologic mesh
with the one from the drift mesh - i.e. replace the

connecting distance to the drift wall with the inner-drift
element and 1ts connecting distance (no need to change connecting
areas or grav angle because both meshes exactly overlap)

if(nncon2a.eq.0) nncon2a=1
do i=1,nnconl
do j=1,nncon2
do k=1,nncon2a
match connections in both meshes by their azimuth

(within 0.5 degrees)
Vi &5 Jelf 3/z)jeo
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tolerl=dabs (az_conl{i)-az_con2(3j)}
toler2=dabs (az_conl{i})-az_con2a{k)}}
if(ninn2.eq.0) toler2=0.
if(tolerl.le.0.5d0.and.toler2.1e.0.5d0) then

al=areal (idconl(i)) S
a2=area2(idcon2(j))
gl=gravl(idconl (i))
g2=grav2 (idcon2(j})
c checks that grids overlapp (just in case)
i1f (dabs(al-a2)/al.gt.0.001)
& write(*, " (5x, 'warning, areas differ by more than .1%°’
& ' between connections ‘,al0,’ and ‘,al0}"}
& connel (idconl (i)}, conne2(idcon2(3j})
if{dabs(gl-g2)/gl.gt.0.001)
& write(*, " (5x, ‘warning, grav differ by more than .1%"
& ' between connections ‘,al0,‘’ and ‘,al0)")
& connel {idconl(i)),conne2(idcon2{j})
if(ilocl (i) .eqg.1) then
if(iloc2(j).eqg.1l) then
connel {(idconl (i} ) {1:5)=conne2{idcon2(3j)) (1:5)
dll(idconl(i)}=dl2(idcon2(j)}
c move point against drift/wall boundary
if(ninn2.ne.0) then
dll(idconl(i))=1.4-6
c compute new coordinate of point
iel=iconne2(idcon2(j), 1}
dr=dsqgrt({x2({iel)*x2(iel)+z2(iel)*z2(1iel))
x2(iel)=x2orig{iel)+(dl2(idcon2(j})-1.4-6)/dr*x2(iel)
z2 (iel)=z2o0rig(iel)+(dl2(idcon2(j)})-1.d-6)/dr*z2(iel)
c adjust connection to 2nd row accordingly
1f (iloc2a(k).eq.1l) then
dl2 (idcon2a(k))=d12 (idcon2a(k) ) +d1l2 (idcon2(j}}-1.4-6
iloc2a(k)=0 tflag so change is made only once
elseif(iloc2a(k).eq.2) then
d22(idcon2a(k))=d22(idcon2a{k})+dl1l2(idcon2(3j))-1.d4-6
iloc2a(k)=0 tflag so change is made only once
endif —
endif
elseif(iloc2(j).eq.2) then
connel (idconl{i})) (1:5)=conne2(idcon2(j)) (6:10)
dll(idconl(i})=d22(idcon2(3})
c move point against drift/wall boundary
if(ninn2.ne.0) then
dll(idconl(i))=1.4-6
c compute new coordinate of point
iel=iconne2 (idcon2(j).2)
dr=dsqrt({x2(iel)*x2(iel)+z2(iel)*z2(iel))
x2(iel)=x2orig(iel) +(d22(idcon2(j))-1.d4-6)/dr*x2(iel)
z2(iel)=z2orig(iel)+(d22(idcon2(j))-1.d-6)/dr*z2{(iel)
c adjust connection to 2nd row accordingly
if(iloc2a(k).eq.1l) then
dl2(idcon2a(k))=dl2({idcon2a(k))+d22(idcon2(j))-1.d-6
iloc2a(k}=0 'flag so change is made only once
elseif(iloc2a(k).eqg.2) then
d22({idcon2a(k))=d22 (idcon2a(k))+d22({idcon2(j))-1.d-6
iloc2a(k)=0 'flag so change is made only once
endif
endif
endif
elseif(ilocl(i).eq.2) then
if(iloc2(j).eq.1l} then
connel (idconl(1i)) (6:10)=conne2(idcon2(j})(1:5)
d21(idconl (1i))=d12(idcon2(j))
(o -. move point against drift/wall boundary
if(ninn2.ne.0) then
d21(idconl(i))=1.d-6
o] compute new coordinate of point —

iel=iconne2(idcon2(j),1)
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dr=dsqrt(x2(iel)*x2(iel}+z2(iel)*z2(iel))
x2 (1el)=x2orig(iel)+(d12(idcon2(j))-1.4-6)/dr*x2(iel)
z2(iel)=z2orig(iel)+{d12(idcon2(j))}-1.d-6}/dr*z2(iel)
c adjust connection to 2nd row accordingly
if(iloc2a(k).eq.1) then
dl2 (idcon2a(k))=d12(idcon2a(k))+d1i2(idcon2(j))-1.d4-6
elseif(iloc2a(k).eq.2) then
d22(idcon2a(k))=d22(idcon2a(k}}+dl2(idcon2{j))-1.d-6

endif
endif
elseif (iloc2(j).eq.2) then
connel {idconl(i)) (6:10)=conne2 {idcon2(j}) (6:10}

d21 (idconl(i))=d22(idcon2(3))

c move point against drift/wall boundary
if(ninn2.ne.0) then
d21l(idconl (i)} =1.4-6
C compute new coordinate of point
iel=iconne2 (idcon2(j),2)
dr=dsqrt(x2(iel) *x2(iel)+z2(iel)*z2(iel))
x2(iel)=x2orig(iel)+(d22(idcon2(j))-1.d4-6)/dr*x2(iel)
z2(iel)=z2orig(iel)+(d22(idcon2(3j))~-1.d-6)/dr*z2(iel)
c adjust connection to 2nd row accordingly
if(iloc2a(k).eq.1) then
dl2(idcon2a(k))=dl2(idcon2a(k))+d22 (idcon2(3j}}~1.d-6
iloc2a(k})=0 'flag so change is made only once
elseif(iloc2a(k).eq.2) then
d22 (idcon2a(k) ) =d22 (idcon2a (k) ) +d22(idcon2(j)}-1.4-6

iloc2a(k)=0 tflag so change is made only once
endif
endif
endif
endif
goto 240
endif
enddo
240 continue
enddo
enddo
c
Cc ---now get rid of older connections
c
c remove connections among inner elem in geol mesh
do i=1,ninl
m=idinl (i) linner elem index {geol grid)
C loop through its connections
jtot=ncnell(m)
do j=1,jtot
ic=icnell(m, 3j)
c loop through inner elem
do k=1,ninl
n=idinl (k) touter elem index (geol grid)
if(connel(ic) (1:5).eq.eleml (n).or.
& connel(ic) (6:10) .eqg.eleml{n)) ickeepl(ic)=0
enddo
enddo
enddo
c remove connections among old waste package elem
. do i=1l,nwp"
m=1wp (i) 'waste package indexes
c loop through its connections
jtot=ncnel2(m)
do j=1,jtot
ic=icnel2 (m, j)
c loop through waste pack elements
do k=1, nwp
n=iwp (k) 'outer elem index (geol grid)
if(conne2(ic)(1:5).eq.elem2(n) .or.
& conne2 (ic) (6:10) .eq.elem2(n})) ickeep2({ic)=0
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enddo
enddo
enddo

c
C ---write new mesh elements
c
write(ioutl, *('ELEME’)")
do i=1,nell 'geologic mesh elements
if (ikeepl (i).eq. 1)
& write(ioutl,405)elem1(i),rknaml(i),voll(i),duml(i),
& x1(i),y1l¢i),z1(1i)
enddo
do i=1,nel?2 'drift mesh elements
if (ikeep2(i).eq.1)
& write{ioutl,405)elem2 (i), rknam2(i),vol2(i),dum2 (i),
& X2(1).y2(1),z2(1)
enddo
c make only one waste package element (half package for half grid)
vol=1.d0*3.14159*wprad*wprad*0.5 'assumes 1lm thickness 2-D section
i=iwp (1)
write(ioutl,405) ‘wp00l‘,rknam2(i),vol,dum2 (i)
& 0.d0,0.40, (0.d0+zo0ffs)

---write new connections

nnaon

geologic mesh connections except drift-wall ones
write(ioutl, " (/ CONNE’)")
do i=1,nconl
if (ickeepl(i).eq.1)
& write(ioutl,406}connel(i),isotl{i),d11(i},d21(i},
& areal(i),gravl(i),dummyl (i)
enddo
c drift-wall connections
c note:write here for convenience, ickeep was set to 0 for these
do j=1,nnconl
i=idconl(3)
write(iout1,406)conne1(i),isotl(i),dll(i),d21(i),
& areal(i),gravl (i), dummyl (i)
enddo
c drift-at-wall to 2nd drift row connections
c note:write here for convenience, ickeep was set to 0 for these
if(ninn2 .ne.0) then
do j=1,nncon2a
i=idcon2a(j)
write(iout1,406)conne2(i),isot2(i),d12(i),d22(i),
& area2(i),grav2(i)
enddo
endif
c inner-drift connections
do i=1,ncon2
if(ickeep2(i).eq.1)
& write(ioutl,406)conne2(i),isot2(i),d12(i),d22(i),
& area2(i),grav2 (i)
enddo
do j=1.nncon2b
i=idcon2b(j)
write(ioutl,406)conn82(i),isot2(i),d12(i),d22(i),
& area2(i),grav2 (i)
enddo
write(ioutl, *) 'ending blank line

write{(*,"(//Sx, ..... donet //} ")
close(ioutl)
stop

500 write(*,"(/5x, 'Maximum array dimension exceeded {maxel3) ' )")
stop
502 write(*, " (/5x, 'Maximum array dimension exceeded (maxeldqd) ' )")
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stop

504 write(*,"(/5x, ‘'maxell or maxconl may be exceeded '} ")
stop

506 write(*,"(/5x, 'maxel2 or maxcon2 may be exceeded ‘) ")
stop

c
405 format (aS,10x,a5,d10.4,e10.4,10x,3£10.4)
406 format (al0,15x,15,4el0.4,a5)

end

subroutine open_old (iunit,default)

C"tttt"t'ﬂ‘ttl’t'tﬂtt'ttit"t"'ﬁ-

c Opens an old file (By N.S5. 5/98)
c

C implicit integer ({(i-n)

c implicit real*8 (a-h,o-2)

logical exists
character*80 filenam,default

ifirst=1
10 if(ifirst.eg.0) write(*,"(/5x, 'Enter another file name:> '$)")
ifirst=0
read(*, " (a40) ") filenam
if(filenam.eq.’ ‘) filenam = default
inquire (file = filenam, exist = exists)

if{exists) then

open (unit=iunit,file=filenam,status='old',err=100)
return
endif

write(*,"{5x, ‘Warning' File does not exists!'’/)"}
goto 10

100 write(*,;(/’Error while opening the file - stop’' /) ")
stop
end

subroutine open_new {iunit,default)

Cuttttt't***tﬁ*tttattatntﬁ.""ﬁ'tt

c Opens a new file (By N.S. 5/98)
c

c implicit integer (i-n)

c implicit real*8 (a-h,o-z}

logical exists

character*80 filenam,default
character*l ans

ifirst=1

10 if(ifirst.eq.0) write(*,"(/5x. 'Enter another file name:> ‘) ")

ifirst=0

read(*, " (a40)") filenam

if(filenam.eq.' ') filenam = default
inquire (file = filenam, exist = exists)

if (exists) then
write(*,"(5x, 'File already exists. Replace ? (y/n) >80 ")
read(*,"(al})") ans
if(ans.ne.'Y’' .and.ans.ne.’y’) goto 10

end if

open (unit = iunit, file = filenam, status = ‘unknown’ ,err=100)

0

return
100 write(*, " (/'Error while opening the file - stop’'/})")

stop
end
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