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1 INTRODUCTION

Systematic Regulatory Analyses (SRA) has identified several Key Technical Uncertainties (KTU) in the
performance measure for the Geologic Setting (GS) described in 10 CFR 60.113(a)(2). The NRC is
investigating various avenues, such as rule making and/or staff guidance, for reducing these uncertainties.
Numerical exploration of any modification to the Ground Water Travel Time (GWTT) rule in 10 CFR
60.113(a)(2) is an essential component of such investigations. The objective of the numerical analyses will
be to test the ability of the proposed modifications to evaluate the goodness of the site to isolate waste.
Specifically, the modifications under consideration are: (i) calculation of GWTT under post-closure
anticipated conditions, rather than pre-waste-emplacement conditions; (ii) starting from the mid-plane of
the repository rather than the edge of the disturbed zone; and (iii) specification of some percentile for
compliance rather than the fastest path.

This report summarizes the identification of computer codes selected for these computational analyses,
and the compilation of the conceptual models and databases used to define the geologic scenarios for
which the proposed performance measure will be assessed. In order to maintain the generic nature of the
rule, the proposed measure will be applied to four different geologic settings, each with properties
appropriate for individual generic sites. These are: (i) basalt; (ii) granite; (iii) salt; and (iv) tuff. These
four geologic settings are thought to represent most probable sites of the proposed geologic high-level
waste (HLW) repository. The first three geologic settings are identified as being hydraulically saturated
and the fourth, tuff, is identified as being hydraulically unsaturated/saturated. High permeable fault zones
will be included in the granite conceptual model to provide for an assessment of their effect on the GS
performance measure.
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2 COMPUTER CODE SELECTION

Computational analyses will be conducted to calculate the performance measure for the GS for both pre-
waste-emplacement and anticipated post-waste-emplacement conditions. Analyses conducted for pre-waste-
emplacement conditions will provide a measure of the performance of each GS for existing conditions.
Anticipated post-waste-emplacement conditions are defined to include only the thermal effect of waste
emplacement and the mechanically disruptive effect of repository construction upon the flow of
groundwater. Geochemical and geochemical-mechanical effects will not be addressed during the
evaluation of the performance measure for the GS. These two classes of processes are source term
dependent and their effects will be assessed as part of the performance measure of the overall system
(10 CFR 60.112).

The flow of groundwater from the repository to the accessible environment under both saturated and
unsaturated conditions and in response to the thermal effects of waste emplacement will be calculated as
part of this exercise. Therefore, the computer codes selected to perform the analyses will need to track
water through isothermal and nonisothermal, saturated and unsaturated media. No single computer code
will be used to perform all aspects of the analyses for all geologic settings. In general, one computer code
will be used to determine the groundwater flow field for a particular geologic setting and a second code
will be used to track groundwater particles through the determined flow field.

Three computer codes have been selected to calculate the groundwater flow regime for the geologic
settings under isothermal/nonisothermal saturated conditions. These three codes are PORFLOW (Runchal
and Sagar, 1993), V-TOUGH (Pruess, 1987; Nitao, 1990) and SWIFT III (Ward et al., 1993). The
selection of the code that will be used for a particular setting will be made at the time the analyses are
initiated. It may be determined that the use of all three codes in this analysis is not necessary since
evaluation of the different codes is not an objective of this task. Code selection will be made based upon
the merits of the code and the needs of the model application to the particular geologic setting.

V-TOUGH has been selected as the computer code to be used to model groundwater flow through the
unsaturated portion of the tuff geologic setting. V-TOUGH or one of the two other computer codes
mentioned above for modeling saturated flow will be used to model the saturated portion of the tuff
geologic setting scenario.

The travel time of individual water particles will be tracked for the groundwater flow regimes calculated
for each of the geologic settings using a particle-tracking computer code. Two codes have been identified
for the analysis, SLIM (Tompson et al., 1987) and PARTICLE (Gureghian et al., 1987). Selection of the
particle-tracking computer code for each application will be made when the conceptual models are
incorporated into numerical models. An alternative computer code will be identified and used if initial
computer code choices for calculating either groundwater flow or particle movement prove untenable or
unfeasible.
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3 CONCEPTUAL MODELS AND DATABASES

Conceptual models for the four geologic settings have been identified. Numerical models for each of the
four settings will be constructed based on the conceptual models. Although the conceptual models are
intended to be generic site representations of the four geologic settings, three of the conceptual models,
with the exception of the granite geologic setting, are based upon actual geographical locations, the
B-WIPP site at Hanford, WA for the basalt scenario, the WIPP site at Carlsbad, NM for the salt site, and
Yucca Mountain, NV for the tuff geologic setting. This similarity is attributed to the following two
reasons. First, the conceptual models for the basalt, salt, and tuff geologic settings are from locations that
at some time have been under consideration as potential sites for the HLW repository. This implies that
these sites possess characteristics that are, in general, consistent with the construction of a HLW
repository and that any sites representative of these geologic settings would possess similar characteristics.
Second, because of the availability of earlier studies related to the emplacement of a HLW repository at
these three sites, a significant amount of information on these sites is available for the modeling analyses.
The conceptual model for the fourth geologic setting, granite, is not based upon an actual geographic
location. It is modeled after a massive batholith with no particular identifying features.

Included with each conceptual model are two tables containing property values for the geologic setting.
One table contains the reasonable range of values for each variable of interest. References to the source
documents for these property values are identified by an assigned number in this table. The other table
contains a summary of a reasonable value for each of the variables for use in assigning properties in the
numerical models. These selected values are intended to be initial values only and may be re-evaluated
and changed during the modeling exercise.

Following are descriptions of the conceptual models and the associated databases for the four geologic
settings. An alternative conceptual model for the tuff scenario is also included. This alternative conceptual
model is expanded at depth to include a carbonate aquifer. Selection of the appropriate model will be
made during execution of the analysis.

3.1 BASALT GEOLOGIC SETTING

The repository is excavated in the middle of a 40-m-thick, dense interior zone of a basalt flow
(Figure 3-1). The basalt conceptual model is based upon Davis et al. (1989), Bonano et al. (1989), and
Isherwood (1981). Included in the conceptual model figure are several points (A,B,...) where initial
values for hydraulic head and temperature are specified. The interior zone is 1,000 M below land surface
and is bounded above and below by 10-m-thick basalt interflow zones. Both interflow zones are bounded
by other basalt flows. These flows extend for hundreds of meters above the upper interflow and hundreds
of meters below the lower interflow. The structure of the dense zone consists of vertical hexagonal
columns that formed as the basalt cooled. The columns are approximately 1 m in diameter, and the
fractures that bound the columns provide the most permeable pathways within the interior zone. The
interflow zones contain vesicles, small diameter columns, and horizontal fractures such that the interflow
zones are several orders of magnitude more permeable than the dense interior.

All three zones are under hydraulically confined conditions. Groundwater flow in the interflow
zones is horizontal. These zones are recharged at their outcrops and discharge to streams. The recharge
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Figure 3-1. Basalt conceptual model

and discharge areas are many kilometers from the area of interest. Groundwater flow in the dense interior
zone is vertically upward. It is recharged by the lower interflow zone and discharges to the upper
interflow zone. A summary of the property values for the basalt geologic setting is presented in
Table 3-1. The ranges for these values and their document sources are presented in Table 3-2.

3-2



Table 3-1. Summary of property values for basalt geologic setting

Property Value

Dense Interior Zone

Thickness 40 mr

Hydraulic conductivity - horizontal 3.5 E-12 m/s

Hydraulic conductivity - vertical 3.5 E-1 1 m/s

Effective porosity 1%

In situ hydraulic gradient - vertical 0.005%

Interflow Zones

Thickness 20 m

Hydraulic conductivity - horizontal 3.5 E-8 m/s

Hydraulic conductivity - vertical 3.5 E-9 m/s

Effective porosity 5%

In situ hydraulic gradient - horizontal 0.005%

Repository

Thickness 10 m

Hydraulic conductivity - horizontal 1.0 E-8 m/s

Hydraulic conductivity - vertical 1.0 E-8 m/s

Effective porosity 10%

All Units

In situ geothermal gradient 3 C/100 m

Thermal conductivity 1.2 W/m-C

Specific heat 840 J/kg-C

Boundary Conditions

Point A

Hydraulic head 1050 mn H20 (1.0294 E+7 Pa)

Temperature 45.0 C

Point B

Hydraulic head 1025 m H20 (1.0049 E+7 Pa)
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Table 3-1. Summary of property values for basalt geologic setting (Cont'd)

Property I Value |

Temperature 45.0 C

Point C

Hydraulic head 1050.4 m H20 (1.0298 E+7 Pa)

Temperature 47.4 C

Point D

Hydraulic head 1025.4 m H2 0 (1.0053 E+7 Pa)

Temperature 47.4 C
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Table 3-2. Property value ranges and document sources for basalt geologic
setting. Document sources are: (1) Isherwood (1981), (2) Mercer et al. (1982), (4)
Bonano et al. (1989), and (5) Davis et al., (1989).

Document Representative Document
Property Range Source Value Source

Hydraulic 3.5 E-16 - 3.5 E-9 5, p 41 3.5 E-11 m/s 5, p 41
conductivity - m/s
interior

Hydraulic 3.5 E-13 - 1.7 E-3 5, p 41: 1 - 3.5 E-8 m/s 1 - V2,
conductivity - W/s V2, p 202 p 200
interflow

Porosity 0.6 - 25.4% 1 - V2, 4% 1 - V2,
__________________ p 202-203 p 158

Effective porosity 0.01 - 1% 4, p 40 1% 1 - V2,
- interior p 202

Effective porosity - 5% 1 - V2,
- interflow p 202

Density 2400 - 3100 kg/m3 1 - V2, p 181 3030 kg/m3 1 - V2,
p 146

Dispersivity 30.5 - 91 m 1 - Vi, p 211 90 m 1 - Vi,
(fractured) - p 211
longitudinal

Dispersivity 18 - 136.5 m 1 - VI, p 211 90 m 1 - VI,
(fractured) - p 211
transverse

Thermal 0.84 - 2.52 2, p 120 1.19 W/m-C 1 - V2,
conductivity W/m-C at 50 C p 186

Specific heat _ 836 J/kg-C at 2, p 125
12-100 C

Thermal 5.2 E-7 - 8.0 E-7 1 - V2 , p 181 6.5 E-7 m2/s 1 - V2,
diffusivity m2/s p 181
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3.2 GRANITE GEOLOGIC SETTING

The repository is excavated in a granitic batholith 1,000 m below land surface (Figure 3-2). The
information base upon which the granite conceptual model was formulated was taken from a compendium
of different geographical provinces most of which are located in the western United States (Isherwood,
1981). Included in the conceptual model figure are several points (A,B,...) where initial values for
hydraulic heat and temperature are specified. The granitic rock extends from land surface to several
kilometers below the repository. It contains several intersecting fracture systems and groundwater flows
almost exclusively along these fractures. A limited number of fault zones will be incorporated into the
model to provide for an assessment of their effect on the performance measure. The fracture zone
permeability is assumed to be several orders of magnitude greater than the matrix permeability. The fault
zone is assigned a porosity of 10 percent. Groundwater flow through the matrix in the vicinity of the
repository is horizontal from the repository to its accessible boundary and the flow system may be
confined or unconfined. Groundwater flow in the fracture zone is assumed to be in the direction of the
fault zones. The recharge and discharge areas are many kilometers from the area of interest. A summary
of the property values for the granite geologic setting are presented in Table 3-3. The ranges for these
values and their document sources are presented in Table 3-4.

Ground Surface

1000 M

3000 M

- = Groundwater Flow Direction

Figure 3-2. Granite conceptual model
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Table 3-3. Summary of property values for granite geologic setting

Property Value

Granitic Batholith

Thickness > 5 km

Hydraulic conductivity - horizontal 1.0 E-9 rn/s

Hydraulic conductivity - vertical 1.0 E-10 rn/s

Effective porosity 1%

In situ hydraulic gradient - horizontal 0.01%

Fault Zone

Thickness 2 m

Hydraulic conductivity 1.0 E-6 rn/s

Effective porosity 10%

Repository

Thickness 10 in

Hydraulic conductivity - horizontal 1.0 E-8 rn/s

Hydraulic conductivity - vertical 1.0 E-8 rn/s

Effective porosity 10%

All Units

In situ geothermal gradient 2.5 C/100 in

Thermal conductivity 3.2 W/m-C

Specific heat 990 J/kg-C

Boundary Conditions

Point A

Hydraulic head 1050 mn H2 0 (1.0294 E+7 Pa)

Temperature 45.0 C

Point B

Hydraulic head 1000 in H2O (9.8038 E+6 Pa)

Temperature 45.0 C
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Table 3-3. Summary of property values for granite geologic setting (Cont'd)

Property [ Value

Point C

Hydraulic head 1050 rn H20 (1.0294 E+7 Pa)

Temperature 47.5 C

Point D

Hydraulic head 1000 m H20 (9.8038 E+6 Pa)

Temperature 47.5 C

Table 3-4. Property value ranges and document sources for granite geologic
setting. Document sources are: (1) Isherwood (1981), and (2) Mercer et al. (1982).

| | Document Representative Document
Property Range Source Value Source

Hydraulic 8.6 E-13 - 3.8 E-9 1 - V2, p 304 1.0 E-11 rn/s 1 - V2, p 315
conductivity - m/s
matrix

Hydraulic 2.0 E-11 - 4.6 E-5 1 - V2, p 304 1.0 E-9 m/s 1 - V2, p 315
conductivity - W/s
fractured

Porosity 0.07 - 3% 1 - V2, p 304 1% 1 - V2, p 304

Density 2520 - 2810 kg/m3 2, p 127 2670 kg/m3 2, p 127

Dispersivity - _ 134.1 rn 1 - VI, p 212

longitudinal
(fractured
schist-gneiss)

Thermal 1.51 - 4.48 1 - V2, p 258 3.25 W/m-C 2 - p 118
conductivity W/m-C

Specific heat 804 - 1009 J/kg-C 2 - p 125, 990 J/kg-C 1 - V2, p 264
1 - V2, p 266

Thermal - 1.47 E-6 m2/s 1 - V2, p 296

diffusivity .
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3.3 SALT GEOLOGIC SETTING

The repository is excavated in the middle of a bed of salt (Figure 3-3). The salt conceptual
model is based upon Cranwell et al. (1990), Isherwood (1981), and Mercer et al. (1982). Included in the
conceptual model figure are several points (A,B,...) where initial values for hydraulic head and
temperature are specified. It is approximately 1,000 m below land surface. The salt bed is composed of
halite and bounded above and below by beds of dolomite. The units above the upper dolomite bed and
below the lower dolomite bed are composed of interbedded salt and dolomite. These units extend to the
surface and more than 1,000 m below the lower dolomite bed.

All three beds are confined. Groundwater flow in the dolomite is horizontal. The dolomites are
recharged at their outcrops and discharge to streams. The recharge and discharge areas are many
kilometers from the area of interest. Groundwater flow in the salt bed is vertically upward. It is recharged
by the lower dolomite and discharges to the upper dolomite. A summary of the property values for the
salt geologic setting is presented in Table 3-5. The ranges for these values and their document sources
are presented in Table 3-6.

Ground Surface

A B

---- -- . Dolomite - - - -

4
+ 20 M +

Salt tory 10M

d +000 M - 4 2000 M 4* 5000 T

---- - Dolomite - - - -C D

1000 M

20 M

50 M

20 M

---- - -=Groundwater Flow Direction

Figure 3-3. Salt conceptual model
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Table 3-5. Summary of property values for salt geologic setting

Property Value

Salt Bed

Thickness 50 m

Hydraulic conductivity - horizontal 7.0 E-1 1 m/s

Hydraulic conductivity - vertical 7.0 E-11 m/s

Effective porosity 1%

In situ hydraulic gradient - vertical 0.01

Thermal conductivity 6.6 W/m-C

Specific heat 917 J/kg-C

Dolomite

Thickness 20 m

Hydraulic conductivity - horizontal 1.0 E-6 m/s

Hydraulic conductivity - vertical 1.0 E-7 m/s

Effective porosity 5%

In situ hydraulic gradient - horizontal 0.005

Thermal conductivity 4.6 W/m-C

Specific heat 930 J/kg-C

Repository

Thickness 10 m

Hydraulic conductivity - horizontal 1.0 E-8 m/s

Hydraulic conductivity - vertical 1.0 E-8 m/s

Effective porosity 10%

Thermal conductivity 6.6 W/m-C

Specific heat 917 J/kg-C

All Units

In situ geothermal gradient 2.5 C/100 mn
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Table 3-5. Summary of property values for salt geologic setting (Cont'd)

Property Value

Boundary Conditions

Point A

Hydraulic head 1050 m H2 0 (1.0294 E+7 Pa)

Temperature 45.0 C

Point B

Hydraulic head 1025 m HO (1.0049 E+7 Pa)

Temperature 45.0 C

Point C

Hydraulic head 1050.9 m H20 (1.0303 E+7 Pa)

Temperature 47.2 C

Point D

Hydraulic head 1025.9 mn H20 (1.0058 E+7 Pa)

Temperature 47.2 C

Table 3-6. Property value ranges and document sources for salt geologic setting.
Document sources are: (1) Isherwood (1981), (2) Mercer et al. (1982), (3) Weast
(1981), (4) Bonano et al. (1989), (7) Cranwell et al. (1990), and (8) Freeze and
Cherry (1979).

l l Document Representative Document
Property Range Source Value Source

Bedded Salt

Hydraulic 3.5 E-14 - 4 E-8 7, p 76; 1 - VI, 7 E-11 m/s 1 - Vi, p 194
conductivity m/s p 191

Porosity 0.1 -3% 7,p76 1% 4,p 17

Density - _ 2180 kg/m3 3, p F-1

Thermal - _ 6.65 W/m-C 4, p 121
conductivity at 20 C

Specific - _ 917 J/kg-C at 4, p 125
heat 13 - 45 C
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Table 3-6. Property value ranges and document sources for salt geologic setting (Cont'd)

Document Representative Document
Property Range Source Value | Source

Thermal _ 3.5 E-6 m2/s 4, p 129
diffusivity l

Dolomite

Hydraulic 7 E-10 - 3 E-6 8, p 29 IE-6 m/s 8, p 29
conductivity m/s

Porosity 0 - 20% 8, p 37 5% 8, p 37

Density _ 2840 kg/m3 3, p F-1

Dispersivity 7 - 61 m 1 - Vi, p 211 20 m 1 - VI, 211
(limestone)-
longitudinal

Dispersivity 1 - 20 m 1 - VI, p 211 4 m 8, p 400
(limestone)-
transverse

Thermal 4.02 - 5.53 2, p 119 4.60 W/m-C 2, p 119
conductivity W/m-C at 25 C

Specific heat _ 929 J/kg-C 2, p 125
at 20 - 98 C

3.4 TUFF GEOLOGIC SETTING

The conceptual model for the tuff geologic setting is described in Section 3.4. 1. The tuff (a)
model extends from ground surface to 50 m below the water table for a total depth of 600 rn. An
alternative model, tuff (b), has been included. This conceptual model extends to a total depth of 1600 m,
of which the lower-most 50-m-thick layer consists of limestone. The selection of the appropriate model
for the tuff geologic setting will be made during execution of the analyses. The tuff conceptual models
are based upon Guzowski et al. (1983); Tien et al. (1985); NRC (1993); and DOE (1988).

A summary of the property values for the tuff geologic setting conceptual model (a) and
conceptual model (b) are presented in Tables 3-7 and 3-8, respectively. The ranges for these values and
their document sources are presented in Table 3-9.

3.4.1 Conceptual Model (a)

The repository is excavated in unsaturated tuff (Figure 3-4). Included in the conceptual model
figure are several points (A,B,...) where initial values for hydraulic heat and temperature are specified.
The repository is 300 m below land surface and 250 m above the water table. The water table aquifer
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is also composed of tuff. The tuff extends to over 1,000 m below the water table. All the tuff in the
vicinity of the repository is fractured and water may flow through both the fractures and the matrix.

Recharge to the unsaturated zone is appointed as 1 mm/yr and flow in this zone is essentially
vertical. Flow in the water table aquifer is horizontal. This aquifer receives most of its recharge at its
outcrop and discharges to springs. The recharge and discharge areas are many kilometers from the area
of interest.

Table 3-7. Summary of property values for conceptual model (a) - tuff geologic setting

Property | Value

Unsaturated Tuff

Thickness 550 m

Saturated hydraulic 6.3 E-11 m/s
conductivity - matrix

Saturated hydraulic 1.5 E-9 m/s
conductivity - fracture

Effective porosity - matrix 5%

Effective porosity - fracture 0.004%

van Genuchten cz - matrix 0.006/m

van Genuchten a - fracture 1.3/m

van Genuchten 13 - matrix 1.8

van GenuchtenB - fracture 4.2

In situ hydraulic gradient - vertical 1%

Saturated Tuff

Thickness 50 m

Hydraulic conductivity - matrix 6.3 E-1 1 m/s

Hydraulic conductivity - fracture 1.5 E-9 m/s

Effective porosity - matrix 5%

Effective porosity - fracture 0.004%

In situ hydraulic gradient - horizontal 0.005%

Repository

Thickness 10 m
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Table 3-7. Summary of property values for conceptual model (a) - tuff geologic setting (Cont'd)

Property I Value

Hydraulic conductivity - horizontal 1.0 E-8 rn/s

Hydraulic conductivity - vertical 1.0 E-8 m/s

Effective porosity 10%

All Units

In situ geothermal gradient 2.5 C/100 m|

Thermal conductivity 1.7 W/m-C

Specific heat 1150 J/kg-C

Boundary Conditions

Point A

Elevation 1500 m H,O (1.4706 E+7 Pa)

Pressure head - 30.6 rn H2 (3 E+5 Pa)

Total head 1469.4 m H20 (1.4406 E+7 Pa)

Saturation - matrix 80%

Saturation - fracture 80%

Temperature 10.0 C

Point B

Elevation 1475 m H20 (1.4706 E+7 Pa)

Pressure head - 30.6 m H2O (3 E+5 Pa)

Total head 1444.4 m H2O (1.4161 E+7 Pa)

Saturation - matrix 80%

Saturation - fracture 80%

Temperature 10.0 C

Point C (above water table)

Elevation 950 m H20 (9.3136 E+6 Pa)

Pressure head - 30.6 m H20 (3 E+5 Pa)

Total head 919.4 m H20 (9.0136 E+6 Pa)

Saturation - matrix 80%
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Table 3-7. Summary of property values for conceptual model (a) - tuff geologic setting (Cont'd)

Property Value

Saturation - fracture 80%

Temperature 23.8 C

Point C (below water table)

Elevation 950 m H2 O (9.3136 E+6 Pa)

Pressure head 0 m H2 0 (0 Pa)

Total head 950 m H2O (9.3136 E+6 Pa)

Temperature 23.8 C

Point D (above water table)

Elevation 925 m H2 O (9.0685 E+6 Pa)

Pressure head 30.6 m H2O (3 E+5 Pa)

Total Head 894.4 m H2O (8.7685 E+6 Pa)

Saturation

Matrix 80%

Fracture 80%

Temperature 23.8 C

Point D (below water table)

Elevation 925 m H2 O (9.0685 E+6 Pa)

Pressure head 0 m H2O (0 Pa)

Total Head 925 m HO (9.0685 E+6 Pa)

Temperature 23.8 C

Point E

Elevation 900 m H20 (8.8234 E+6 Pa)

Pressure head 50 m H20 (4.9019 E+5 Pa)

Total head 950 m H2O (9.3136 E+6 Pa)

Temperature 25.0 C
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Table 3-7. Summary of property values for conceptual model (a) - tuff geologic setting (Cont'd)

Property Value

Point F

Elevation 875 m H12O (8.5783 E+6 Pa)

Pressure head 50 m H20 (4.9019 E + 5 Pa)

Total head 925 rn H20 (9.0685 E+6 Pa)

Temperature 25.0 C

Table 3-8. Summary of property values for conceptual model (b) - tuff geologic setting

Property Value

Unsaturated Tuff

Thickness 550 m|

Hydraulic conductivity - matrix 6.3 E- I 1 m/s

Hydraulic conductivity - fracture 1.5 E-9 m/s

Effective porosity - matrix 5%

Effective porosity - fracture 0.004%

van Genuchten a - matrix 0.006/m

van Genuchten ae - fracture 1.3/m

van Genuchten 3 - matrix 1.8

van Genuchten f - fracture 4.2

In situ hydraulic gradient - vertical 1%

Thermal conductivity 1.7 W/m-C

Specific heat 1150 J/kg-C

Saturated Tuff

Thickness 1000 m

Hydraulic conductivity - matrix 6.3 E-1 1 m/s

Hydraulic conductivity - fracture 1.5 E-9 m/s

Effective porosity - matrix 5%
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Table 3-8. Summary of property values for conceptual model (b) - tuff geologic setting (Cont'd)

Property Value

Effective porosity - fracture 0.004%

In situ hydraulic gradient - vertical 1 %

Thermal conductivity 1.7 W/m-C

Specific heat 1150 J/kg-C

Limestone Aquifer l

Thickness 50 m

Hydraulic conductivity 1 E-6 mr/s

Effective porosity 5%

In situ hydraulic gradient - horizontal 0.005%

Thermal conductivity 3.6 W/m-C

Specific heat 904 J/kg-C

Repository l

Thickness 10 m

Hydraulic conductivity - horizontal 1.0 E-8 m/s

Hydraulic conductivity - vertical 1.0 E-8 m/s

Effective porosity 10%

Thermal conductivity 1.7 W/m-C

Specific heat 1150 J/kg-C

All Units

Geothermal gradient 2.5 C/100 m

Boundary Conditions

Point A

Elevation 1500 m H2 0 (1.4706 E+7 Pa)

Pressure head -30.6 m H2O (3 E+5 Pa)

Total head 1469.4 m H20 (1.4406 E+7 Pa)

Saturation - matrix 80%

Saturation - fracture 80%
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Table 3-8. Summary of property values for conceptual model (b) - tuff geologic setting (Cont'd)

Property | Value

Temperature 10.0 C

Point B

Elevation 1475 m H120 (1.4706 E+7 Pa)

Pressure head -30.6 m H20 (3 E+5 Pa)

Total head 1444.4 m H20 (1.4161 E+7 Pa)

Saturation - matrix 80%

Saturation - fracture 80%

Temperature 10.0 C

Point C (above water table)

Elevation 950 m H2 0 (9.3136 E+6 Pa)

Pressure head -30.6 m H20 (3 E+5 Pa)

Total head 919.4 m H20 (9.0136 E+6 Pa)

Saturation - matrix 80%

Saturation - fracture 80%

Temperature 23.8 C

Point C (below water table)

Elevation 950 m H2O (9.3136 E+6 Pa)

Pressure head 0 m HO (0 Pa)

Total head 950 m H20 (9.3136 E+6 Pa)

Temperature 23.8 C

Point D (above water table)

Elevation 925 m H20 (9.0685 E+6 Pa)

Pressure head -30.6 m H20 (3 E+5 Pa)

Total head 894.4 m H20 (8.7685 E+6 Pa)

Saturation - matrix 80%

Saturation - fracture 80%

Temperature 23.8 C
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Table 3-8. Summary of property values for conceptual model (b) - tuff geologic setting (Cont'd)

Property J Value

Point D (below water table)

Elevation 925 m H 20 (9.0685 E+6 Pa)

Pressure head 0 m H20 (0 Pa)

Total head 925 m H2 0 (9.0685 E+6 Pa)

Temperature 23.8 C

Point E

Elevation -50 m H20 (4.9019 E+5 Pa)

Pressure head 1100 m H2O (1.0784 E+7 Pa)

Total Head 1050 m H2 0 (1.0294 E+7 Pa)

Temperature 48.8 C

Point F

Elevation -75 m H2 0 (7.3529 E+5 Pa)

Pressure head 1100 m H20 (1.0784 E+7 Pa)

Total head 1025 m H20 (1.0049 E+7 Pa)

Temperature 48.8 C

Point G

Elevation -100 m H20 (9.8038 E+5 Pa)

Pressure head 1150 m H20 (1.1274 E+7 Pa)

Total head 1050 m H20 (1.0294 E+7 Pa)

Temperature 48.8 C

Point H

Elevation - 125 m H20 (1.2255 E+6 Pa)

Pressure head 1150 m H2O (1.1274 E+7 Pa)

Total head 1025 m H20 (1.0049 E+7 Pa)

Temperature 48.8 C
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* S

Table 3-9. Property value ranges and document sources for tuff geologic setting.
Document sources are: (1) Isherwood (1981), (2) Mercer et al. (1982), (3) Weast
(1981), (8) Freeze and Cherry (1979), (9) NRC (1993), (10) Guzowski et al.
(1983), and (11) Tien et al. (1985).

Document Representative | Document
Property Range Source Value Source

Saturated 2.4 E-14 - 2.7 9 6.3 E-11 m/s 9
hydraulic E-5 m/s
conductivity -

matrix

Saturated 3.8 E-10 - 8.2 9 1.5 E-9 m/s 9
hydraulic E-3 m/s
conductivity -

fracture

van Genuchten a 0.0006 - 0.06 1/rn 9 0.006 1/m 9
- matrix

van Genuchten (x 1.3 1/m 9
- fracture

van Genuchten , 1.2 - 10.6 9 1.8 9
- matrix

van Genuchten 3.2 - 5.3 9 4.2 9
- fracture

Porosity - 6 - 65% 9 10% 9
matrix

Porosity - 0.0013 - 0.18% 9 0.004% 9
fracture

Effective 3 - 15% 11, p 140 5% 1 1, p 141
porosity -
matrix

Density 2230 - 2630 9 2580 kg/m 3 9
kg/m3

Dispersivity 0.3 - 30 m 9 6 m 9

Thermal 0.64 - 2.77 10, p 173 1.7 W/m-C 10, p 178
conductivity W/m-C

Specific heat 837 - 2090 10, p 161 1150 J/kg-C 10, p 178
J/kg-C
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Table 3-9. Property value ranges and document sources for tuff geologic setting (Cont'd)

1 Document Representative | Document
Property Range Source Value Source

Thermal 3.0 E-7 - 7.3 E-7 10, p 179 6.0 E-7 m2/s 10, p 178
diffusivity M2/s

Limestone

Hydraulic 7 E-10 - 3 E-6 8, p 29 1 E-6 m/s 8, p 29
conductivity M/s

Porosity 0 - 20% 8, p 37 5% 8, p 37

Density 2680 - 2760 3, p F1 2720 kg/m3 8, p F1
kg/m3

Dispersivity - 7 - 61 m 1 VI, p 21 1 20 m 1 Vi, 211
longitudinal

Dispersivity - 1 - 20 m 1 V1, p 211 4 m 8, p 400
transverse

Thermal 1.97 - 3.35 2, p 118 3.60 W/m-C 2, p 119
conductivity W/m-C
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Repository 10M
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Water Table

---- = Groundwater Flow Direction

Figure 3-4. Tuff conceptual model (a)
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3.4.2 Conceptual model (b)

The repository is excavated in unsaturated tuff (Figure 3-5). Included in the conceptual model
figure are several points (A,B,...) where initial values for hydraulic heat and temperature are specified.
The repository is 300 m below land surface and 250 m above the water table. The water table aquifer
is also composed of tuff. All the tuff in the vicinity of the repository is fractured and water may flow
through both the fractures and the matrix. The tuff extends 1,000 m below the water table and is
measured by a confined limestone aquifer.

Recharge to the unsaturated zone averages 1 mm/yr and flow in this zone is vertical. Flow in
the water table aquifer is vertical. This aquifer receives its recharge from the unsaturated zone and
discharges to the underlying limestone aquifer. The limestone aquifer receives most of its recharge from
its outcrop and discharges to springs. The recharge and discharge areas are many kilometers from the
area of interest.

Ground Surface

A B

Unsaturated
BILA

Repository 10M
1I
V T 5

4*- 5000 M 442000 M 5000 M -

C ';7 D

300 M

250 M

-I-

1000 M

50 M

Water Table

+ Saturated Tuff +

E F

Saturated Limestone
G H

---- I- = Groundwater Flow Direction
Figure 3-5. Tuff conceptual model (b)
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