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Abstract

During Heisei-15, Golder Associates provided support for INC Tokai through discrete fracture network
data analysis and simulation of the MIU Underground Rock Laboratory, participation in Task 6 of the
Asp Task Force on Modelling of Groundwater Flow and Transport, and development of methodologies
for analysis of repository site characterization strategies and safety assessment,

MIU Underground Rock Laboratory support during H-15 involved development of new discrete fracture
network (DFN) models for the MIU Shoba-sama Site, in the region of shaft development. Golder
developed three DFN models for the site using discrete fracture network, equivalent porous medium
(EPM), and nested DFN/EPM approaches. Each of these models were compared based upon criteria
established for the multiple modelling project (MMP).

Golder supported INC participation in Task 6AB, 6D and 6E of the Aspt Task Force on Modelling of
Groundwater Flow and Transport during H-15. For Task 6AB, Golder implemented an updated
microstructufal model in GoldSim, and used this updated model to simulate the propagation of uncertainty
from experimental to safety assessment time scales, for 5 m scale transport path lengths.

Task 6D and 6E compared safety assessment (PA) and experimental time scale simulations in a 200 m
scale discrete fracture network. For Task 6D, Golder implemented a DEN model using
FracMan/PAWorks, and determined the sensitivity of solute transport to a range of material property and
geometric assumptions. For Task 6E, Golder carried out demonstration FracMan/PAWorks transport
calculations at a 1 million year time scale, to ensure that task specifications are realistic. The majority of
work for Task 6E will be carried out during H-16.

During H-15, Golder supported INC’s Total System Performance Assessment (TSPO) strategy by
developing technologies for the analysis of precipitant concentration. These approaches were based on the
GoldSim precipitant data management features, and were demonstrated for both simple 1D models and for
more complex 2D cell networks.

Golder also supported the JNC’s approach to the use of site characterization to progressively reduce site
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characterization uncertainty. This was achicved by developing and demonstrating a GoldSim model
which links geological, hydrological, and geophysical site characterization activities to PA processes and
parameters. This prototype model was implemented such that alternative site characterization strategics
can be evaluated based on their influence on PA uncertainty.
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1. INTRODUCTION

During Heisei-15, Golder Associates provided support for JNC Tokai simulations of the
Mizunami Underground Research Laboratory (MIU), research on repository safety
assessment and site characterization through participation in Task 6 of the Aspd Task Force
on Modeling of Groundwater Flow and Transport, and support for total system performance

assessment and site characterization strategy development

H-15 tasks are summarized in Table 1-1. H-15 deliverables are summarized in Table 1-2.

Table 1-1 Heisei-14 Task Summary

Task Title

: MIU Site Modeling

Aspo-Task Force Support, Task 6

3 GoldSim Support for TSPA

Table 1-2 Heisei-14 Deliverables

Task | Task Deliverable

1.1 DFN Model of MIU Site Report

1.2 EPM Model Comparison Report

1.3 Nested DFN/EPM Model Comparison Report

2.1 Single Fracfure Simulations (Task 6A/B/B2) | Presentation

2.2 Fracture Network Simulations (Task 6D/E) Presentation

3.1 Demonstration Precipitant Analysis Report

32 Site Characterization Uncertainty Assessment Model Documentation
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2. TASK 1. MIU SITE MODELING

During H-15, Golder assisted JNC in development and application of a DFN model for the
Mizunami Underground Research Laboratory at Mizunami, Japan. Under this task, Golder
Associates assisted INC in DEN simulations for the MIU Laboratory, using FracMan
Software. Golder developed and documented modeling procedures for building discrete
fracture network (DFN), equivalent porous medium (EPM), and Nested DFN/EPM models,

and transferred these procedures to JNC staff.
This work was carried out as three tasks:

e Task 1.1: DFN Model of MIU Site
e Task 1.2: EPM Model Comparison

e Task 1.3: Nested DFN/EPM Model Comparison

2.1 Task 1.1: DFN Model of MIU Site

Golder implemented a FracMan discrete fracture network model based on the INC “local”
scale of 9 km. The model combined discrete fracture network representations of the granite
and faults with continuum (EPM) elements used to represent the sedimentary overburden.
Fracture statistics for fractures at all scales were derived for a 9km model region specified by

INC.
This task was carried out as follows:

e Task 1.1.1: Analysis of data provided by JNC in and around the 9 km model
region incorporating H12 and H14 (MIU-4) data analyses.

e Task 1.1.2: Derivation of DFN model parameters and properties for the 9 km

model region
e Task 1.1.3: Implementation of a 3D DFN model of the 9 km Scale region
e Task 1.1.4: Model truncation as necessary to meet computational constraints

e Task 1.1.5: MAFIC Steady State Flow Simulations
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e Task 1.1.6: Calculation of MMP performance measures (e.g. difference between
observed and simulated head, residual sum of squares etc., travel time and travel

length, velocity along the paths and etc. from specified points.)
e Task 1.1.7: Initiation of calibration against head measurements

e Task 1.1.8: Calculation of MMP performance measures (e.g. difference between
observed and simulated head, residual sum of squares etc., travel time and travel
length, velocity along the paths and etc. from specified points.), again after

calibrations.

2.1.1 Task 1.1.1 Data Analysis

Data analysis was carried out for lineament data provided by JNC. The lineaments where
connected by hand if they had the same strike and only separated by a minor distance. It was
done by using an excel spreadsheet, lineamentKumazaki.xls. The new lineaments were then
exported into the original .f2d file in notepad. The results of analysis were exported as .fra
files. These traces are illustrated in Figure 2-1 . The fractures generated conditioned to those

faults are illustrated in Figure 2-2 .

The traces presented in Figure 2-1 were analyzed for spatial pattern using the geoFractal code.
Results of geoFractal analysis on the H15ma-tracelinke.f2d file are provided in

Figure 2-3 through Figure 2-8 for the H15ma-tracelinked.f2d file.
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2.1.2 Task 1.1.2: Derivation of DFN Model Parameters

DFN model parameters were derived for background fractures and deterministic faults.
Figure 2-9 and Figure 2-10 illustrate the deterministic faults included in the H15 DFN model.

Figure 2-9 shows the faults before termination at intersections, and Figure 2-10 shows the

faults as modeled in the simulations.

These faults are all assigned a transmissivity of 10" m?/s, and are treated as non-planar

surfaces. Based on the recommendation of JNC, the lineament derived faults were not

included in the reference case DFN model.
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Figure 2-10 Truncated Deterministic Faults

Background fracture generation parameters are provided in Table 2-1 . These fractures were
based on parameters used in the “MIU-4” MMP model (Table 2-2). For the H-15 model, the
orientation distributions were updated by including fracture orientation data from all
boreholes, and bootstrapping with a bias toward data at closer boreholes, using the

FracWorks XP “geocellular” approach.
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Table 2-1 Parameters for Fractured Granite Fracture Sets

Parameter:

Orientation (trend)

Toki Granite =

HFZ Hangingwall =
HFZ Footwall =

Bootstrap Orientation, Fisher
CORRECTED TokiXYZ.csv
Highly Fractured Zone
HAN1234T.ORS
FOT1234T.ORS

kK = 100

= CORRECTED_UHFDxyz.csv

Toki Granite
Highly Fractured 2.
Truncated Power Law:

Size (m)

HFZ Hangingwall
HFZ Footwall
Truncated Power Law:

Xmin =
Xmin =
X, = 25
Xmax =
Xmin =
Xmin =
Xo = 10
Xmax =

Truncated P;, {(m2/m3) Toki Granite =
HFZ Hangingwall = 0.
0.02971 m?/m?
HFZ Footwall = 0.

0.05557 m*/m’

Highly Fractured Zone

0.02276 m?/m?

= 0.03908 m?/m?
00695 m?/m’

0.02276 m*/m®> (TokiGranite)
03281 m?/m’
0.02276 m?*/m® (TokiGranite)

Transmissivity (m?/s)
Toki.Granite =
Highly Frac. Z. =
HFZ Hangingwall =

HFZ Footwall

Normal of Log Distribution
Log mean -6
Log mean
Log mean
= Log mean -5

.0 .Logstdv
-6.5 Logst
-5.0 Logst

.0 Logstdv

=.0.5
dv =
dv =
= 0.7

0.5
0.7

Fracture Storativity (-) [S = 0.46 * TY/?

Aperture (m) e = 2 * T2

P3; of HFZ Hanging and footwall were reduced by P, of Toki Granite.
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Table 2-2 H14 MIU-4 Model Fracture Generation Parameters

Spatial Model Enhsaneed Baecher Model
Toki Granite = Between wgran 3 ts and bottom ts
Highly Fractured Zone = Between uncZ_3ts and upfrab ts
Hangingerall = Between teukiZ_3+5 ts and tsukiZ_3+85 is
Footwall = Bebween teuki2 3-5ts and teuki2 3-551s
‘ootetrap Onentation, fisher k= 100
Toki Grapite = TQK1234T org
Orientation (pole) Highly Fractured Zone = HF 212347 ows
Hangingarall = HAMN1Z34T ors
Footwall = FOT1234T ors
Truncated Power Law, ¥o= 25 b= 34, Xmax = 3000
Tokd Gragite = min = 400
Size (m) Highly Fractured Zone =¥min = 200
Hangingwall =X min = 50
Footwall =3 min = 50
Taki Granite = 0.00852 m%/m3
Truncated P33 Intensity Highly Fractured Zane = 0.02362 m3/m3
{m2fm3) ngir;ﬁwall = [1.04198 m2/m3
Footwall = g 07851 m2/m3
Lognormal Distribution
Toki Granite = Log mean = -6.0, Log stdev=0.5
Transmissivity (/s Highly Fractured Zone = Log mean= 6.5, Log stdev=0.3
Hangingwall = Log mean =-3.0, Log stdev=0.7
Footwall = Log mean=-5.0, Log sidev=07

| Fracture Storativity (=) 8 =046+TL2

Agperture (1) g =2¥T172

Toki Granite = Upper sutface = upfrab_3 ts

Highly Fractured Zone = None

Hangingwall = Upper suface = uncd_3.ts, Lower suiface = tsuld_3ts
Footwall = Upper surface = unc 3 is and tsuki 3ts

Generation Region

2]

Clipping swface

The fractures for the H15 Model were generated between unconformity.ts, UHFD_bottom.ts
and H15bottom.ts, (see Table 2-3). Figure 2-11 shows the fractures generated for the zones
of the Toki granite (moderately fractured zone). Figure 2-12 shows the upper highly

fractured zone of the Toki Granite. Both regions were generated using the properties for the

H14 MIU-4 model given in Table 2-1.

_15_


















JNC TJ8440 2004-010

Table 2-4 Number of Fractures for DFN Model

Zope | Fractures (planar, tessellated) | File .
nghly fxactured zone nolth 401 (116, 285) HFZFoot Clp fab
Highly fractured zone south 86 (12,74) HFZHang Clp.fab
Footwall highly frac. zone 2510 (1822, 638) UHFD_North.fab
Hangingwall highly frac. zone 1149 (744, 405) UHFD South.fab
Toki granite footwall 23191 (19486, 3705) Toki North.fab
Toki granite hanging wall 5580 (3883, 1697) Toki South.fab

2.1.5 Task 1.1.5 MATFIC Steady State Flow Simulations

The model bottom (blue) and vertical sides (blue) have no flow boundary conditions, as-
specified by INC. The topographic surface, the brown surface in Figure 2-15, is defined as

phreatic surface with defined infiltration. The model upper edge at the Tokai River is set to

elevation.
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Figure 2-15 Top Boundary Condition, Constant Head
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2.1.6 Task 1.1.6 MMP Performance Measures

MMP performance measures calculated include the difference between observed and
simulated head, travel time and travel length, and velocity along the paths from specified

points . Figure 2-16 shows points for 6 boreholes in the model area.
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Figure 2-16 Boundary Conditions and Particle Release at the boreholes

Figure 2-17 shows releasing points at boreholes. Figure Figure 2-18 show the releasing

points within the main shift area.
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Figure 2-17 Particle Release for Main Shaft (View from North)
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MMP Performance Measures
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Figure 2-18 MMP Travel Time versus Distance in the DFN model

2.1.7 Task 1.1.7 Calibration Against Head Measurements

Calibration against head measurements was based upon steady state head measurements
Within the model region. The calibration utilized adjustments to the infiltration rate, since
this was found to most directly effect the match between simulated and measured heads (See
Appendix Al). |

2.1.8 Task 1.1.8 Recalculation of MMP Performance Measures

MMP performance measure recalculation utilized the boundary conditions described above,

Results are summarized in Figure 2-18.

2.2 Task1.2: EPM Model Comparison

Golder utilized the Oda tensor approach (Oda, 1984) to generate an EPM version of the DFN

model of Task 1.1. This EPM model was then used to calculate the same MMP calibration
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and performance measures, and present a comparison between the EPM and DFN flow

models.

For the conversion from DFN to EPM, a surface grid region was created within the defined
model area using FracWorksXP. The bottom and unconformity surface were used as limiting
surfaces. The gird refinement is 60 cells x 60 cells x 20 cells. The grid was saved as a fab

file and imported into StrataFrac. The grid is illustrated in Figure 2-19.

The DFN model fractures from Section 3 above were converted to an EPM using the Oda
tensor approach (Oda, 1984). Figure 2-19 through Figure 2-27 illustrate the porosity and
directional permeability values for these cells.

Calibration of the EPM model was carried out similar to the DFN model calibration (See
Appendix Al). MMP performance measures for the EPM model are illustrated in Figure
2-28.
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MMP Performance Measures
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Figure 2-31 MMP Travel Time versus Distance in the Nested DFN/EPM Model
2.4  Discussion of DFN, EPM, and Nested DFN/EPM Model Comparison

Tasks 1.1, 1.2, and 1.3 developed a new discrete fracture hydrostructural model for the MIU
site, and implemented that model using DFN, EPM, and Nested DFN/EPM technologies.
This is the first application of these technologies, and represented a number of significant

technical challenges:

1. Integration of EPM and DFN elements for particle tracking solute transport, which
required development of algorithms to move particles between EPM and DFN

elements

2. DFN modeling with large numbers of fractures, over a very large volume (9 km by 3

km), which is difficult both for visualization and for finite element solution
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3. Implementation of the Tsukiyoshi fault, with a complex combination of footwall and

hangingwall fractures, and special fracture populations near the fault

4. Flow solution including the Tsukiyoshi fault flow barrier. High gradients and large
material property contrasts across the fault challenge the numerical stability of the

finite element flow solver

5. Boundary conditions in which only a limited number of nodes are directly connected
to a small constant head boundary condition (at the top of the Toki River edge),

which challenge the numerical stability of the finite element flow solver

6. Particle tracking in the flow field including the Tsukiyoshi fault flow barrier.
Particles cannot cross the flow barrier, which results in large numbers of particles

which do not exit the mesh, particularly in the DFN solution.

Due to the technical challenges involved, it was not possible to completely calibrate the three
models, or to completely understand the differences in behavior within the three
implementations. Additional study of these three approaches and improvements of the

models are required during H-16.

Figure 2-32 shows the comparison of the steady state head solutions for the DFN, EPM, and
Nested DFN/EPM models. The diagonal line provides the reference of simulated head equal
to measured head. If the models were perfect, all points would be on this line. However, for
the preliminary calibration carried out during H15, there are significant differences between

measured and simulated heads in all the models.

e High measured heads at the northern edge of the model region (heads 250 to 280 m)
correspond to the Jocation of higher elevation hills. The DFN model does not

reproduce these high heads, while the EPM and Nested models do provide a good
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match. This is because the DFN model includes a much more effective Tsukiyoshi
fault flow barrier. A three order of magnitude increase in infiltration rate was used in
the model to improve the match of these heads. This is considered a potentially un-
realistic increase when applied over the entire model. The same infiltration rate
provided a good match between measured and simulated heads in the EPM and

Nested DFN/EPM models. . This effect was not resolved during H-15.

Nearer the Toki River and the Tsukiyoshi fault, the DEN model is providing a better
match to measured heads than the EPM and Nested DFN/EPM models. This may be
because the DFN model included a better representation of the Tsukiyoshi fault flow
barrier, which could only be roughly approximated in the EPM and Nested
DFN/EPM models. Further improvements in the EPM and Nested DFN/EPM
models may be obtained by adjusting local permeability vales. Further improvements
in the DFN model may be obtained by adjusting the Tsukiyoshi Fault flow barrier,

and other improvements to the hydrostructural model.

Figure 2-33 presents a comparison of MMP particle path results for the DFN, EPM, and
Nested DEN/EPM models.

®

Short pathways (less than 2 km) are missing from the DFN and Nested Models. This
may be because the Tsukiysoshi fault prevents particle pathways from the fault
footwall from reaching the Toki river. Pathways in the hangingwall of the Tsukiyoshi
fault have much longer lengths in the DFN model, since these paths follow the
hangingwall highly fractured zone (HHFZ) before extending to the Toki River

discharge boundary.

Travel times in the Nested model are generally higher than predicted in the DFN and
EPM models. This may be because the Nested model utilized a higher effective

transport porosity, representing the greater portion of the fractures included.
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(]

The most rapid long pathways were for the EPM model. This is consistent with the
weaker Tsukiyoshi fault effect in the EPM model.

The Nested Model includes two groups of pathways of length 2000 to 8000 m, with
different slopes. This may be due to the presence of higher velocity pathways
through primarily EPM elements (and therefore similar to the EPM model), and lower
velocity pathways through primarily DFN elements (and therefore similar to the DFN'

model).
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Figure 2-32 Comparison of Head Solutions
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3. TASK 2: ASPO-TASK FORCE SUPPORT, TASK 6

Within the context of the Aspd Task Force on Modeling of Flow and Transport of Solutes,
the Task 6 project provides a structured exercise for evaluation of “Performance Assessment
Modeling Using Site Characterization Data (PASC)”. During H-15, Golder Associates

assisted JNC in carrying out Task 6 through two tasks:

e Task 2.1: Single Fracture Simulations (Tasks 6A/B/B2)

e Task 2.2: Fracture Network Simulations (Task 6D/E)

31 Task 2.1: Single Fracture Simulations (Tasks 6A/B/6B2)

Task 6A/B/B2 of the PASC project consists of site characterization and safety assessment
time scale simulation for heterogeneous single fractures. During H-15, Golder implemented
a revised microstructural model developed by JNC. This microstructural model (Figure 3-1)

provides for increased in-plane diffusion and enhanced influence of fracture infillings.
These results were reported as a presentation for the Aspd Task Force meeting.

The GoldSim model] is illustrated in Figure 3-2 and Figure 3-3. Each section (Section A
through Section E) represents 1m of the travel length between KXTT1:R2 and KXTT3:R2.
The flow channel in each section has two diffusive options, one through the immobile zones
(coating, altered, intact) and one through the gouge (gouge, coating, altered, intact). The
gouge is broken into four sections to satisfy the finite difference formula. The length of the
gouge (4 times the width of the flow channel cell) is divided into 4 sections that make up 5%,
15%, 30% and 50% of the gouge length. Advective flow travels through the “Flow Channel”

in each section.

Flow path geometry is summarized in Table 3-1 . Table 3-2 and Table 3-3 provide immobile
zone geometry and retention properties. Table 3-4 and Table 3-5 provide the parameters of

immobile zone diffusion area.

—43—



JNC TJ8440 2004-010

2Aem
Apertyre =
Tem Altered Rock ' {)ﬁ mm to fmm
0.05em Coating
e # Flow Length = 1m
Bem | b R Channel
Width=10¢cm
4 to 5 times Width
Figure 3-1 Microstructural Conceptual Model
Table 3-1 Advective Channel Properties
Parvameter | Unils Distvibution Parameter 1 | Pavameter 2
Flow Chanxnel Width m LogUniform 0.01 0.3
Length m Constant 1
Aperture mim LogUniform 0.1 1
Travel Titme | how Triangular 0.5 15
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Table 3-2 Immobile Zone Properties

Parameter | Units Distxibution Parameter | | Parameter 2
Gouge Width m Constant*Flow Channel Length 1
Length m Uniform*Flow Channel Width 4 a3
Extent T LogUniform 2.5 ]
Porosity - LogUniform 10 0%
Coating Width m Constant*Flow Channel Width 1
Length 1 Constant*Flow Channel Length 1
Fxdent Tt LogUniform 025
Porosity - LogUniform 2.5%
Altered VWidth m Constant = Flow Channel Width 1
Length m Constant = Flow Channel Length 1
Extent min LogUniform 100 300
Forosity - LogUniform 0.3% 0.9%
Tortyosity - Discrete 00125
Intact Width m Constant = Flow Channel Width 1
Length m Constant = Flow Channel Length 1
Edent | mm LogUniform 1000 3000
Porosity - LogUniform 0.15% 0.45%
Formation Factor = 0.71*Forosity™ .58, Archie's Law
Tortuosiiy = (Formation Factor) / Porosity

Table 3-3 Tracer Retention Properties

Formation
Porosity factor
Rock type Extent (cm) (%) {-)
Intact wall rock ~ 0.3 /.30E-04
Altered zane 20 0.6 2.20E-04
Coating 0.05 5 b.20E-03
Fault gouge 0.5 20 5.60E-02
Tracer Fresh Water| Relative Fracture Fault Altered | Intact wall
_Diffusivity | Diffusivity | Coating Gouge Zone | rock
Dy (m’fs) () Kq (m*fkg) | Ky (mfkg) | Kq (mikg) | Kq (mrkg)
HTO 213609 2.13 0 0 0 0
131 2.00E-09 2 0 0 0 0
Sr-85 7. 94E-10 0.794 230604 | 7.10E-04 | B.BOEDS | 4.40E-05
Te-99 5.00E-10 0.5 0.2 0.2 0.2 0.2
Am-241 5.85E-10 0.695 0.5 0.5 0.5 0.5
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Table 3-4 Immobile Zone Diffusion Area

Imunobile Zone Diffusion Area
From To Uniis Area Foxmula
Flow Channel Coating m2 0.2 2*Length*Width
Coating Allered m2 02 2*Length*Width
Altered Intact m2 0.2 2*Length®*Width
Pavameters | Uniis Yalue
Length m 1
Width fn 0.1

Table 3-5 Gouge to Immobile Zone Diffusion Areas

Gouge Inunobile Zone Diffusion Area
From To Units Area Formula
Flow Channel Gougel m2 0.002 2*Length*Aperure

Gougel Gougel m2 0.0024 2*Lengih*(0.05%(GougeExtent-Aperiure)+Aperture)

Gouge2 Gouge3 m2 0.0036 2*Lengih*(0.20%(GougeExtent-Aperture)+Aperiure)

Gouge3 Gouged m2 0.006 2*Length*(0.50*(GougeExtent-Aperture)HA perture)

Gougel CoatingGl m2 0.043 2*Length*(0.05*Gouge Width)

Gouge2 CoatingG2 m2 0.135 2*Length*(0.15*GougeWidth)

Gouge3 Coating(G3 m2 0.27 2*Length*(0.30*GougeWidth)

Gouged CoatingG4 m2 0.45 2*Length*(0.50*GougeWidth)
CoatingGl AlieredGl ma 0.045 2*Length*(0.05*GougeWidth)
CoatingG2 AlteredG2 1 0.135 2*Length*(0.15*GougeWidthy
Coating(3 AlteredG3 m2 0.27 2*Length*(0.30*GougeWidih)
Coating(G4 AlteredG4 m2 0.45 2*Length*(0.50*GougeWidih)
AlteredGl IntactGl m2 0.045 2*Length*(0.05*GougeWidth)
Altered(2 IntactG2 m2 0.135 2*Length*(0.15*GougeWidih)
Altered(3 IntactG3 2 0.27 2*Length*(0.30*GougeWidih)
AlteredGd IntactC4 m2 0.45 2*Length*(0.50*GougeWidth)

Pavameters | Uniis Value
Length m 1
Aperiure m 0.001
Width m 0.1
GougeExlent| m 0.005
GougeWidih m 0.45
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Figure 3-2 GoldSim Model for Task 6AB

Figure 3-3 GoldSim Implementation of Microstructural Model
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Table 3-6 Constraining Power of Tracer Tests, HTO

HTO

Pk Rate Pk BT TO5 T50 T95

g/hr hr hr hr hr
Measured 8369510 7.65 5.12 10.963 81.9

No H-Diffusion 6275337 7.3231 4.9273 19.82685 138.1771
With H-Diffusion 6293941 7.359 4.9509 19.8319 138.4372

% difference 0.49% 0.48% 0.03% 0.19%

Table 3-7 Constraining Power of Tracer Tests, Sr-85

Sr-85

Pk Rate Pk BT T05 T50 T95

g/hr hr hr hr hr
Measured 12936.35 10.66667 7.737 24.663 207.4

No H-Diffusion 16386.92  8.19845 5.7782 37.67885 76.02105
With H-Diffusion 14369.62 8.99375 6.08655 38.3492 . 74.0309

% difference 9.70% 5.34% 1.78% =2.62%

Table 3-8 Constraining Power of Tracer Tests, I-131

I-131

Pk Rate PkBT T05 T50 T95

g/hr hr hr hr hr
Measured 70383 7.5 5.09 13.28 116.57

No H-Diffusion 47436.44 7.249 513235 26.16905 148.3877
With H-Diffusion 47576.28 7.28645 5.15595 26.15585 148.1245

% difference 0.52% 0.46% -0.05% -0.18%

Conclusions from the Task 6AB simulations using horizontal diffusion and the updated

microstructural model include the following:

e Very little difference induced by addition of horizontal diffusion
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o  Constraint might be increased by considering an increase in the surface area for

interaction between advective zone and gouge

o Possibility that there are too many unconstrained parameters for successful

optimization

o Possible improvement to results by refinement of discretization of immobile zone.

3.2 Task 2.2: Fracture Network Simulations (Task 6D/E)

Task 6D/E of the PASC project requires site characterization and safety assessment time
scale simulation for a reference heterogeneous fracture network model. During H-15, Golder
implemented the reference fracture network model, and carried out simulations for both site
characterization and safety assessment time scales. These simulations were designed to
evaluate the degree to which site characterization experiments are able to constrain safety

assessment calculations.

These results were reported as a presentation for the Aspd Task Force meeting on 13 January,

2004.

In Tasks 6D vand GE solute transport is modeled over longer distances including several
geological features. The basis for the modelling is the block scale semi-synthetic
hydrostructural model developed within Task 6C (Dershowitz et al., 2003) at two different
scales, 200 m and 2000 m. The Task 6C semi-synthetic hydrostructural model was
developed based on the conditions at the TRUE Block scale site in the southwest of the Aspd
Hard Rock Laboratory. The model combines deterministic and stochastic structures, with
detailed description of geomeiry, hydraulic properties, and the geologic and microstructural

conditions which control solute transport.

In Task 6D, Golder simulated a TRUE-Block Scale tracer experiment (Test C2) using the
FracMan/PAWorks 1-D pipe network approach with a 200 m scale rock block.

3.2.1  Conceptual Model

The foundation of this study is the Task 6C semi-synthetic hydrostructural model of

Dershowitz et al. (2003). That model was based on structures from the TRUE Block scale
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region (Anderson et al., 2002) with the addition of background and synthetic structures

(Figure 3-7).

The hydrostructural model uses a two-stage scheme to classify a structure. The first step is
an assignment of “Geological Structure Type” which can be either “fault” or “non-fault”.
The Geological Structure Type is a measure of the degree of fault gouge, fracture coating
mineralogy, cataclasite, and the thickness of altered zones. The second step is the
assignment of a “Complexity Factor”. This is a characterization based on (a) the number of
conductive fractures that make up a particular structure, (b) the variation in the number of
features over the extent of the structure, and (c) the variation of the Geological Structure
Type among the various features making up the structure (Dershowitz et al., 2003).

Complexity factor was not considered in the present simulation work.

The Task 6C model classified and assigned transport properties to deterministic structures
based on field and borehole observations. For synthetic structures, fracture size was used as

a correlation basis for transmissivity, aperture, and conductivity (Dershowitz et al., 2003).

z

v

X ()

Figure 3-7 Deterministic and synthetic structures of the 200-m block scale model. From
Task 6C report of Dershowitz et al. (2003).
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Altogether there are 33 deterministic structures (11 on the 100-m scale and 22 on the 1-km
scale) and 5667 synthetic structures (19 structures on the 100-m scale and 5648
“background” fractures). As noted by Dershowitz et al. (2003), while a variation in transport
properties is likely to exist within fractures and faults of the 200-m block region, a single

transmissivity value can be assigned to each structure in the model.

3.2.2 Task 6D Simulations

For Task 6D, Golder ran simulations using FracMan/PAWorks for LTG pipe transport within
the full three dimensional fracture network of the Task 6C coriceptual model. A simplified
implementation of the Task 6AB multiple immobile zone concept was utilized, with only the
gouge and coating/altered rock immobile zones of most concern for experimental time scales.
Sensitivity studies were carried out to evaluate the constraining power of DFN geometry,

structure type, and complexity on experimental time scale transport.
Simulation assumed boundary conditions were as follows:

C2 tracers: Re-186, Ca-47, Ba-131, Cs-137.

e Task 6D tracers: 1-129, Ca-47, Cs-137, Ra-226, Tc-99 and Am-241

e -129 is expected to be similar to Re-186 (non-sorbing tracer in the C2 test). The
injection time history of 1-129 is assumed to be identical to that of Re-186. The

simulated results can thereby be compared with the breakthrough of Re-186.
o (Ca-47 and Cs-137 in Task 6d is identical to Ca-47 and Cs-137 in Test C2

e The injection time histories of Ra-226, Tc-99 and Am-241 are assumed to be identical

to that of Cs-137 in Test C2.

e Simulations are run with injection histories and Dirac pulse input (unit input)

Example results are illustrated in Figure 3-8 and Figure 3-9, and Table 3-9 through Table
3-11. Results are provided both the specified experimental injection time history, and a

Dirac pulse injection. Figure 3-10 and Table 3-12 presents the results of sensitivity studies.
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Table 3-12 Task 6D Sensitivity Study, Background Fracture Size Truncation and

Distribution
Breakihrough Stats. Bckgrnd Frac radius mean=2m;, std.dev=2, truncated @2m
5 (hr) t50 (hr) t95 (hr) Max rate
0.05 0.51 0.95 (ba/k
Re-186 4.60E+02 1.40E+03 8.00E+03 1.21E+03
Ca-47 1.40E+03 4.80E+03 2.60E+04 1.39E+02
|Cs-137 1.00E+05 na na 4.11E-03
Ra-226 na na na na
Tc-99 na na ha na
Am-241 ha na na na
Breakihrough Stats. Bckgrnd Frac radius mean=6m, std.dev=2, truncated @3m
t5 (hr) t50 (hr) 95 (hr) Max rate
0.05 0.5 0.95 {ba/kg)
Re-186 2.70E+02 6.00E+02 5.00E+03 2.55E+03
Ca-47 8.00E+02 2.10E+03 1.70E+04 2.85E+02
Cs-137 1.00E+05 na na 2.34E-01
Ra-226 na na na na
Tc-99 na na na - na
Am-241 na na na na

3.2.3 . Task 6FE Boundary Conditions and Setup

- Task 6E Simulations were carried out to demonstrate the feasibility of the project simulation

specification (Elert and Selroos, 2003). A simplified upward flow solution was initialized

with head values assigned to the outer regions of the 200-m block as follows:

Top:
Bottom:
North Face:
West Face:
East Face:
South Face:

Sm‘

6m

For the tracer source a line of three meters length was created at the center of Structure 45 in

the northwest portion of the 200-m block (coordinates: X=1822.01, Y=7262.35, Z=-499.78).

The top side of the block was established as a sink boundary condition, as were two

additional horizontal surfaces as described in the specification. These are designated as
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Horizontal Surface “A” located about 10 meters above the line source at an elevation of -490
m and Horizontal Surface “B” located about 50 meters above the source at an elevation of -

450 m Figure 3-11).

Figure 3-11 Deterministic and synthetic structures of the 200-m block scale model.
From Task 6C report of Dershowitz et al. (2003)

Given these constraints (discrete fracture model, boundary conditions, source, and sinks), a
pipe pathway network was calculated and refined for the region using the Genpipe program.
The flow solution program MAFIC was used to calculate a steady state for the system from

which tracer simulations could be launched.

3.2.4 Task 6F Tracer Simulations

As outlined in the specification, solute transport simulations were conducted for six different
nuclides (I-129, Ca-47, Cs-137, Ra-226, Tc-99, and Am-241) over two different injection
scenarios: a Dirac unit pulse and an extended pulse of 1IMBq/year for 1E+04 years). Release
occurs at the center of Structure 4S and recovery is measured at three sinks: Top Side,

Horizontal Surface A, and Horizontal Surface B.
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The simulations were performed using several different immobile zone factors to better
quzlmlify the role of retention properties of the structures and fractures in the model. Sorption
and transport properties are taken from the Task 6C report of Dershowitz et al. (2003). Free
water diffusivity (Dw) for the various tracers for a given contact material are taken from
Table 2-6 of the Task 6C report (Dershowitz et al., 2003). These contact materials are
fracture coating, fault gouge, cataclasite, altered and unaltered wall rock. Volumetric

sorption coefficients (Kd) for each contact type and tracer are taken from of the Task 6C

report. The values used in this study are based on the calculations for TRUE Block Scale
groundwater. Table 3-13 summarizes the parameters used in the tracer simulations of this

study.

The PAWorks program was used to determine sets of nuclide pathways through the region
given the parameters for the hydro-structural model. A total of 31 conductive paths were
found from the source to the top side of the bounding region. For the additional boundaries,

Horizontal Surface A and Horizontal Surface B, 21 and 15 paths were found, respectively.

All simulations are calculated conducted using the LTG (Laplace Transform Galerkin)
program. As requested the simulations are carried out until 100% recovery or until a
maximum of 10 years and radioactive decay of the nuclides is not considered. The data are
presented in the form of breakthrough curves, maximum release rates, and characteristic

breakthrough times of 5%, 50%, and 95% of the injected mass.

Table 3-13 Free-water diffusivity (mzlyr) and distribution coefficients (m3/kg) for
different contact types used in the Task 6E simulations

| Kd Fracture Kd | KdAltered | Kd Wall
: e S coating Cataclasite~ |~ zone " | rock:i
1129 631E-02 0 0 0 0 0
Ca-47 | 2.53B-02 2.3¢-04 7.1e-04 6.7¢-05 8.8e-05 4.4¢-05
Cs-137 | 6.53E-02 5.2¢-02 1.6e-01 1.5¢-02 2.0e-02 1.0e-02
‘Ra-226 | 2.81E-02 4.6e-02 1.4e-01 1.3e-02 1.8¢-02 8.8¢-03
Te-99-| 1.58E-02 02 0.2 0.2 0.2 0.2
Am-241 | 1.86E-02 0.5 05 05 05 0.5
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3.2.5 Task 6E Performance Measures

The requested performance measures are: Breakthrough curves for all six nuclides displaying
the flux rates in Bq/yr (extended pulse) and 1/yr (Dirac pulse); Maximum release rates for
each trace over the simulated time period; Breakthrough times (or “characteristic times”) for
the recovery of 5%, 50%, and 95% of the injected mass. Performance was requested at the

three “sink” boundaries: Top side, Horizontal Surface A, and Horizontal Surface B.

The breakthrough curves for the tracer simulations show a clear distinction between the non-
, sorbing and sorbing nuclides demonstrating the importance of retention in the system (Figure

3-12 through Figure 3-16 and Table 3-14 through Table 3-19). In general, recovery of the

sorbing tracers is much more delayed than that of the non-sorbing nuclides I-129 and Ca-47,

and none of the source-to-sink scenarios yield full tracer recovery in 108 years.
¢

Table 3-14 Predicted characteristic times (in years) and maximum release rate (1/yr)
for six nuclide species, Dirac pulse simulation, top side of 200-m block model

_ Metric [ 1129 [ Ca-47 [ Cs-137 | Ra-226 | Tc-99 | Am-241
'ET'.Ts : 2.05E+00 3.06E+00 2.11E+02 4.13E+02 1.59E+03 4.30E+403

7.96E+00 1.61E+01 1.33E+03 3.15E403 1.67E+04 3.95E+04
1.24E-01 5.53E-02 6.71E-04 2.62E-04 5.60E-05 2.15-05
@2.63E+04 | @3.51E+04 @2.63E+06 @6.14E+06 @1.75E+07 @5.26E+07
hrs hrs hrs hrs hrs hrs

Table 3-15 Predicted characteristic times (in years) and maximum release rate (Bglyr)
for six nuclide species, Extended pulse simulation, top side of 200-m block model

-~ Metric = |- 1-129 | Ca-47 | Cs-137. |: Ra-226 | Tc-99 = | Am-241 -
TR T 5BOE+02 5.75E+02 1.53E+03 2.44E+03 5.03E+03 8.82E+03
T Te | 5.45E+03 5.47E+03 7.48E+03 9.56E+03 2.19E+04 4.58E+04

9.33E-05 9.33E-05 8.86E-05 7.54E- 3.81E-05 1.66E-05
@7.89E+07 @7.89E+07 @7.89E+07 05@8.77E+ @8.77E +07 @8.77E+07
hrs hrs hrs 07 hrs hrs hrs
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Table 3-16 Predicted characteristic times (in years) and maximum release rate (1/yr)
for six nuclide species, Dirac pulse simulation, Horizontal Surface A

Metric -129 . Ca-47 Cs-137 | Ra-226 Tc-99 Am-241
Ts 1.02E-01 1.17E-01 1.20E+00 1.75E+00 5.69E+00 1.37E+01
Tso 1.06E+00 1.55E+00 9.68E+01 1.81E+02 6.81E+02 1.88E+03
Tos - - - - - -
4.43E-01 @ 4.25E-01 @ 1.95E-01 @ 1.01E-01 @ 5.33E-02 @ 2.54E-02 @
Max rate 8.77E+03 | 8.77E+03 hrs | 8.77E+03 hrs 1.75E+04 | 1.75E+04 hrs | 1.75E+04 hrs
hrs hrs

Table 3-17 Predicted characteristic times (in years) and maximum release rate (Bg/yr)
for six nuclide species, Extended pulse simulation, Horizontal Surface A

Metric =129 - Cs-13 Ra-226: ‘Am-241
g S| s.88E+02 5.89E+02 7.68E+02 8.88E402 1.09E+03 1.26E£403
" Te | 5.87E+03 5.87E403 6.11E403 6.44E403 7.81E+403 9.05E+03
Tos5~ - - - - - -
R 8.63E-05 @ | BOG3E-05@ | BOIE-05@ | BE/E-05@ | 7.75E-06@ | 6.50E-05 @
Max rate 7.89E+07 | 7.89E+07 hrs | 7.89E+07 hrs 7.89E+07 | 7.89E+07 hrs | 7.89E4+07 hrs
: hrs hrs

Table 3-18 Predicted characteristic times (in years) and maximum release rate (1/yr)
for six nuclide species, Dirac pulse simulation, Horizontal Surface B

~ Metric | » Cs-13 - Ra-226 - | - Tc-99 | Am-241
T5 8.01E-01 1.32E+00 9.67E+01 1.76E+02 6.77E+02 1.82E+03
* Tso - - - - - -
2 Tos - - - - - -
L 1.49E-01@ 7.38E-02@ 7.19E-04@ 3.36E-04@ 9.39E-05@ 3.28E-05@
: ngvrgtg ; 8.77E-(;10r§ 1.75E+04hrs | 8.77E+05 hrs | 1.75E+06hrs | 5.26E+06hrs | 1.75E+07hrs

Table 3-19 Predicted characteristic times (in years) and maximum release rate (Bg/yr)
for six nuclide species, Extended pulse simulation, Horizontal Surface B

- Metric - | . Ca-47 ©| Cs-137 | Ra-226 | Tc-99 | Am-241
T 1.21E+03 1.21E+03 1.63E+03 2.14E+03 3.90E+03 6.10E+03
2o Teo” - - - - - -
 Te . : . : . -
SR 4.15E-06@ 4.14E-05@ 4.17E-05@ 4.16E-05@ 3.47E-05@ 2.23E-05@
o Max rate 8.77E+04 | 3.07E+05 hrs | 7.89E+07 hrs 7.89E+07 | B.77E+07hrs | 8.77E+07hrs
nae hrs hrs
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3.2.6  Task 6E Top Side Boundary

For the top side of the 200-m bounding block, non-sorbing tracers are recovered at relatively
high flux rates (>1E-03 yr'') early in the Dirac pulse simulation (Figure 3-12). The flux rate
gradually decreases to very low values (~1E-07 yr'') in less than SE+03 years. Rates of
recovery of the more sorbing tracers accelerate through the first 2E+03 years and reach their
peaks much later on the order of millions or 10’s of millions of hours after injection (Table
3-15). For instance the flux rate of tracer Am-241 hits a peak of 2.15-05 yr”' at 5.26E+07
hours (6.12E+03 years). Recovery of these sorbing nuclides continues out to 3E+05 years

(Figure 3-12).

—B3—





















JNC TJ8440 2004-010

Table 3-20 Predicted characteristic times (in hours) and maximum rates representing
advective flow through the Task 6E system

Metric Dirac Extended
Ts | 0.99E+08 4.86E+06
Tew | 4.14E+04 4776407
TQG - =
5.0BE-01@ §.33E-06@
Maxraie |y 75E,04 hrs 7 89E+07 hrs




JNC T]}8440 2004-010

4. TASK 3: GOLDSIM SUPPORT FOR TSPA

During H-15, Golder Associates assisted JNC in carrying out simulations related to site
characterization and total system performance assessment (TSPA). This work consisted of

two tasks:
e Task 3.1: Demonstration Precipitant Analysis

e Task 3.2: Site Characterization Uncertainty Assessment

4.1 Task 3.1: Demonstration Precipitant Analysis

4.1.1 HI14 Case 2 Simulation

The H-14 Case 2 model is an axisymmetric model of a waste package located within the
center of an emplacement drift, surrounded by a bentonite-based backfill and an excavation-

damaged zone (EDZ). Figure 4-1 shows the GoldSim model layout.
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Figure 4-1 Screen-Shot of H-14 Case 2
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In H-14 Case 2, there is an advective flow along the EDZ, which is coupled to diffusive

transport within the EBS system.

The new option to have GoldSim output the amount of precipitant mass for each radionuclide

is selected using a simple check-box in the Cell element’s properties dialog, as shown in

Figure 4-2.

Definttion | Inflows || Outflows || Diffusive Flurees |

Elemant 1D: E } Appearance...
Description: f t
Media in Cell

Medium Amount Edd Medium ]

Pore¥Water VIWB15 s ——
Buffer_material MB1% Delete Medium

Selected Medium
[] Save Final Concentrations Save Concentration Histories

Cell Invertory
Cumulative Input: 3

Discrete Changes:i I lduttiple. .. [

Source Association

Waste_Glass [1De not associate with Source

Save Masses in Pathway
Output Precipitated Mass

[V Einal Values Time Histories

[ ok || cancel ][ Hep ]

Figure 4-2 Cell-Element Properties Dialog
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Note that the ‘Output Precipitated Mass’ option adds an output to the element. The ‘Final
Values™ and "Time Histories’ check-boxes apply to all outputs of the Cell other than mass

fluxes.

JNC is concerned to understand radionuclide mass and concentration distributions in
precipitants retained within the EBS or near-field for a repository. Golder Associates has
developed a capability for the GoldSim software to calculate and output the amount of
precipitated mass in the Cells that are used to represent the EBS (bentonite) and DRZ
(disturbed rock zone) of repositories. This new capability is available in GoldSim version

8.0.

Typically solubility constraints result in precipitation and immobilization of low-solubility
nuclides either within the (failed) waste package itself, or within the EBS. Nuclides
migrating further away from their origin are usually considerably diluted, and are generally
assumed not to be susceptible to precipitation. It is possible that changing geochemical
conditions away from the EBS may result in different solubility limits, and cause

precipitation within the medium or far fields.

GoldSim’s Pipe elements, which use a Laplace-transform solution algorithm, are not capable
of simulating solubility limits. Thus, for a fractured rock mass, the calculation of
precipitation within the fracture system can only be achieved using GoldSim if the fracture
network can be represented using Cell elements. The sections below describe the

demonstration of this capability‘by simulation of H14 Case 2.

4.1.2 Results for U238

In H-14 Case 2 three elements reach their solubility limits: uranium, technetium, and radon.
Of these uranium is the only one to have extensive precipitation throughout the EBS. The
different uranium isotopes have varying concentrations over time, due to their different decay
and ingrowth rates. Figure 4-3 shows the amount of precipitated uranium isotopes in

Cell B18.

































































































































































































































































































































































































































































































































































































































