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1. PURPOSE

The purpose of this AnalysisModel Report (AMR) is to document the predictions and analysis
performed using the Seepage Model for Performance Assessment (PA) and the Disturbed Drift
Seepage Submodel. These results will be used by PA to develop the probability distribution of
water seepage into waste emplacement drifts at Yucca Mountain, Nevada, as part of the
evaluation of the long term performance of the potentia repository. This is in accordance with
the AMR Development Plan for U0075 Seepage Models for Performance Assessment (PA)
Including Drift Collapse (CRWMS M&O 1999a). This purpose is accomplished by performing
numerical simulations with stochastic representations of hydrological properties using the
Seepage Model for PA and evaluating the effects of an alternative drift geometry representing a
partially collapsed drift using the Disturbed Drift Seepage Submodel. This AMR supports.

- PA
 Abstraction of Drift-Scale Seepage
» Unsaturated Zone (UZ) Flow and Transport Process Model Report (PMR)

Seepage into drifts is evaluated by applying numerical models with stochastic representations of
hydrological properties and performing multiple realizations of the permeability field around the
drift. The Seepage Model for PA uses the distribution of permeabilities derived from seepage
testing in niches to stochastically simulate the 3D flow of water in the fractured host rock in the
vicinity of potential emplacement drifts under ambient conditions. The Disturbed Drift Seepage
Submodel evaluates the impact of the partial collapse of a drift on seepage. Drainage in rock
below the emplacement drift is also evaluated.

The work scope is to: (1) evaluate percolation flux predictions for UZ Site Scale Flow and
Transport Model (UZ model) for use in establishing a range of flux rates to be applied at the
upper boundary of the drift seepage model, (2) use the calibrated parameter sets developed using
the Seepage Calibration Model, (3) design a set of simulations for evaluating drift seepage,
(4) perform multiple realizations of heterogeneous rock properties and subsequent simulations of
drift seepage using the Seepage Model for PA and provide input for the evaluation of the
distribution probability of water dripping onto waste packages, (5) evaluate dependence of
predictions on the effective local correlation length and the degree of heterogeneity of hydrologic
parameters, (6) evaluate existing models of tunnel or drift collapse provided by the Engineered
Barrier System (EBS) group for representation as an alternative drift geometry and develop a
simplified representation of partial drift collapse, (7) perform simulations using this simplified
representation, and (8) use Seepage Model for PA to evaluate drainage of rocks below a drift
(CRWMS M&O 19993, p. 4).

ThisAMR is classified as a scientific analysis because it documents predictions and analyses for
seepage into drifts for use in the evaluation of the performance of natura barriers. The terms
“model” and “analysis’ are used interchangeably throughout this AMR and refer to predictions
and evaluation of seepage and not necessarily to the classification of this AMR per AP-3.10Q,
Analyses and Models.
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The primary caveats and limitations in the scope of this AMR and the results from the Seepage
Model for PA are that its basisis limited to the current repository design and available site data
including the drift configuration defined by the current design, available hydrologic properties
data from the site, limitations reported in the AMRs that directly support this AMR, and
consideration of seepage under ambient conditions only. Thus thermal-hydrologic and thermal-
hydrol ogical-mechanical effects are not considered in this AMR. Also since the main available
seepage-rel ated data are for the Topopah Spring middle nonlithophysal geological unit (Tptpmn)
at Yucca Mountain, evaluation in this AMR ismainly for this unit.

Note that the purpose of this AMR is to document the predictions from the Seepage Model for
PA and not to draw conclusions on final PA predictions. Thus it forms a vital link between the
field data and calibrated-model parameters and the PA effort. The AMR establishes trends of
seepage over ranges of parameter values with a state-of-art understanding of the processes
involved. PA, working under a separate AMR, will discuss probability weighting factors for
parameter values and scenarios, that are appropriate to the potential repository horizon at Y ucca
Mountain. Thus for this AMR, the data that have been surveyed are not used directly but are
used as corroborative information to establish the limits of the parameter ranges to be used.
Similarly the scenarios (such as rockfalls) are taken to indicate trends and potential values of the
results. In other words, this AMR does not utilize a particular parameter set, but considers ranges
of possible values for these input parameters. Indeed, PA can select any of the combinations of
input values for their analyses.
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2. QUALITY ASSURANCE

The activities documented in this 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 M&O Site Investigations CRWMS M& O 1999b, ¢; and Wemheuer 1999 (Activity
Evaluation for Work Package WP 1401213UM1).

The modeling activities documented in this AMR have been conducted in accordance with the
CRWMS M&O quality assurance program, using OCRWM Administrative Procedures (APs)
and YMP-LBNL Quality Implementing Procedures (QIPs) identified in the AMR Devel opment
Plan for U0075, Seepage Models for PA Including Drift Collapse and Drainage, Rev.00
(CRWMS M&O 1999a). This AMR has been developed in accordance with procedure
AP-3.10Q, Rev. 1, ICN 1, Analyses and Models.

MDL-NBS-HS-000002 REV00 13 February 2000



Title: Seepage Model for PA Including Drift Collapse u0075

INTENTIONALLY LEFT BLANK

MDL-NBS-HS-000002 REV00 14 February 2000



Title: Seepage Model for PA Including Drift Collapse u0075

3. COMPUTER SOFTWARE AND MODEL USAGE

The software codes and routines used in this study are listed in Table 1 and were used in
accordance with AP-SI.1Q, Rev. 2, ICN 1, Software Management. These are appropriate for the
intended application and were used only within the range of software validation. The software
codes were submitted to and obtained from software configuration management. The use of
ITOUGH V3.2_drift (ITOUGH2 V3.2_drift, STN: 10055-3.2_ DRIFT-00, Version 3.2) prior to
obtaining it from configuration management and issuance of a user’s request has been reviewed
per AP-3.17, Rev. 0, ICN 0, Impact Reviews, and has been found to have no impact on this AMR
and its products. The qualification status of this software is given in the Document Input
Reference System (DIRS) included as Attachment | and in the DIRS database.

Table 1. Computer Software and Routines

Software Name Version Software Tracking Number Computer Platform
(STN)
ITOUGH2 V3.2_drift 3.2 10055-3.2_DRIFT-00 SUN and DEC w/Unix OS
GSLIBV 2.0 2.0 10098-2.0MSISIMV2.0-00 SUN w/Unix OS and PC
(SISIM module of w/DOS
GSLIB package)
AMESH V 1.0 1.0 10045-1.0-00 SUN w/UNIX OS
Routines: Accession Number (ACC):
frac_calc 1.1 MOL.19990903.0032 PC w/DOS
Read_TDB 1.0 MOL.19990903.0031 PC w/DOS
MOL.20000104.0304
Meshbd.f 1.0 MOL.20000217.0297 SUN w/Unix OS
mininipresf.f 1.0 MOL20000217.0298 SUN w/Unix OS
mddf.f 1.0 MOL.20000217.0299 SUN w/Unix OS
mk_gener.f 1.0 MOL.20000217.0300 SUN w/Unix OS
mk_scale_k.f 1.0 MOL.20000217.0301 SUN w/Unix OS
mininipresf_ir.f 1.0 MOL.20000217.0302 SUN w/Unix OS
mddf_CC8.f 1.0 MOL.20000217.0303 SUN w/Unix OS
mddf_CS8.f 1.0 MOL.20000217.0304 SUN w/Unix OS
mddf_cc.f 1.0 MOL.20000217.0305 SUN w/Unix OS
minrefine3df.f 1.0 MOL.20000217.0306 SUN w/Unix OS

The codes ITOUGH2 V3.2_drift, SISIM module of the GSLIB package (GSLIB V2.0, STN:
10098-2.0MSISIMV2.0-00, Version 2.0) and AMESH (AMESH V1.0, STN: 10045-1.0-00,
Version 1.0) were reverified as part of the YMP Configuration Management Software
Revalidation effort under AP-SI1.1Q, Rev. 1, ICN 0. The routines were qualified per Section 5.1
of AP-SI.1Q, Rev. 1, ICN 0 (the first two routines listed in Table 1) and AP-S1.1Q, Rev. 2, ICN
1 (al other routines). The source codes for the routines are provided in Attachment 111. All other
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related documentation per AP-SI.1Q, including test cases, has been submitted under the
corresponding ACC number in Table 1 (see column 3).

The AMESH V1.0 code is used in the analysis to generate numerical grids for modeling
simulations of the undisturbed and partially collapsed drifts. The SISIM module of GSLIB is
used to generate stochastic representations of the permeability fields in the host rock surrounding
the drifts using the air-k test data obtained from niche studies. ITOUGH2 V3.2_drift is used to
perform forward simulations and calibration inversions during the anal yses.

The first two routines (frac_calc and Read TDB) in Table 1 were used for pre-processing of data
from the TDMS and calculating fracture spacing for the discussion of aternative conceptual
models in Section 6.7. The other macros listed in Table 1 were used for pre-processing and
preparing input filesfor ITOUGH2 V3.2_drift.

The commercially-available visual-display graphics program TECPLOT (Version 7.0) was also
used. It was used for plotting data and presentation purposes only and therefore is exempt from
software quality assurance requirements per Section 2.0 of AP-S1.1Q, Rev. 2, ICN 1.

This AMR documents the analysis using the Seepage Model for PA. The input and output files
for the model runs presented in this AMR are listed in Attachment 1. It also utilizes results from
the Seepage Calibration Model which is documented in CRWMS M& O (2000a).
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4. INPUTS

The inputs to the models were obtained from the Technical Data Management System (TDMYS)
and their development is documented in other AMRs. The field and developed data used to
characterize the seepage conditions in the models are discussed below.

41 DATA AND PARAMETERS
The input data used for the development of the Seepage Model for PA include the following:

Proposed drift and waste package configuration (Table 2, Row 1)

Calibrated drift-scale properties to establish parameter ranges (Table 2, Row 3)

Fracture properties (frequency and calibrated van Genuchten a and n parameters) for the
potential repository host rock to establish parameter ranges (Table 2, Row 2)

Fracture permeabilities from air-k niche test results to corroborate the choice of
permeability range (Table 2, Row 4)

Pneumatic pressure data used for estimating air permeability from the Single Heater Test
(SHT) (Table 2, Row 5; Tsang and Birkholzer 1999, p. 393) and Drift Scale Test (DST)
(Table 2, Row 5; Birkholzer et al. 1999, p. 359) areas to corroborate the choice of
parameter ranges

Detailed line survey of fractures in the Topopah Spring middle nonlithophysal
geological unit along the Exploratory Studies Facility (ESF) Main Drift (Stations 27 +
20 to 37 + 80) to corroborate the use of the fracture continuum approach (Table 2, Rows
6-8)

General drift shape from the EBS AMR Drift Degradation Analysis (CRWMS M&O
2000b) (Table 2, Row 1)

Specific input data sets and the associated Data Tracking Numbers (DTNSs) are listed in Table 2.
The current Q-status of these data are provided in the DIRS which is included as Attachment |
and in the DIRS database.
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Table 2. Input Data Used

DTN Data Description

SN9908T0872799.004 Drift geometry and waste package
length and spacing

LB997141233129.001 Mountain-scale, calibrated
parameter sets for base-case
infiltration

LB990861233129.001 Drift-scale, calibrated parameter
sets for base-case infiltration

LB980001233124.002 Pre- and post-excavation air
permeability data from Niche 3650

LB960500834244.001 Pneumatic pressure data from air

LB970600123142.001 injection tests in the SHT and DST
areas used for air permeability
estimates

GS971108314224.025 Fracture type (location, strike, dip,
length) Sta. 26+00 to 30+00

GS960708314224.008 Fracture type (location, strike, dip,
length) Sta. 30+00 to 35+00

GS960808314224.011 Fracture type (location, strike, dip,
length) Sta. 35+00 to 40+00

In the data listed in Table 2, Rows 1, 4, and 5 are labeled to be verified (TBV) with TBV
numbers 3471, 3094, 3247 and 3248, respectively. Their impact will be discussed in Section 7.

Reports documenting past numerical modeling related to drift seepage at Yucca Mountain as
well as other pertinent documents are listed in Section 8.5, Supporting Bibliography. This
bibliography is for information only, and this AMR does not directly rely on any of the listed
documents.

42 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 hydrology of the site in support of the License Application (Subpart B,
Section 21(c)(1)(ii)), and the definition of hydrologic parameters and conceptual models used in
performance assessment (Subpart E, Section 114(a)).

4.3 CODESAND STANDARDS

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

The Seepage Model for PA follows the approach and modeling framework described in
Birkholzer et al. (1999, pp. 358-362) and CRWMS M&O (2000a, Sections 5 and 6). These
documents provide the necessary scientific and technical background for the readers to
understand thisAMR.

The general model assumptions and justifications are similar to those of CRWMS M& O (20003,
pp. 19-20). The applicable assumptions are discussed below.

Assumption 1: It is assumed that the continuum approach is a valid concept to calculate
percolation flux and drift seepage at Y ucca Mountain. Rationale: The rationale for this
assumption is presented in Section 5.3 of CRWMS M& O 2000a (also see Section 6.7 of
thisAMR).

Assumption 2: Adopting the continuum approach, water flow under unsaturated conditions is
assumed to be governed by Richards' equation (Richards 1931, pp. 318-333). Rationale:
This general concept is believed reasonable for unsaturated water flow through both
porous matrix and fractures. Richards equation simply states that water flows under the
combined effect of gravitationa and capillary forces, and that flow resistance is a
function of saturation, thus neglecting resistance due to the presence of air.

Assumption 3. Permeabilities determined from air-injection tests are assumed to be
representative of the hydraulic conductivity of the fracture medium at the site. Rationale:
The injected air will seek out the most permeable paths in the medium that have the | east
capillary suction. These are in the fracture continuum part of the medium. The short
duration of the air injection tests also implies that there is insignificant phase change
during the tests so that the conventional single phase analysis method applies.

Assumption 4: Relative permeability and capillary pressure are assumed to be described as
continuous functions of effective liquid saturation, following the expressions given by the
van Genuchten-Mualem model (van Genuchten 1980, pp. 892—898; Luckner et al. 1989,
pp. 2191-2192) as implemented in the ITOUGH2 code (Finsterle 1997, p. 224).
Rationale: The van Genuchten-Mualem model is the standard model used in the suite of
UZ flow and transport models; it was chosen here for consistency. Furthermore, the
applicability of relative permeability and capillary pressure functions is consistent with
the continuum assumption and seems appropriate also for fractures, which are likely to be
rough and/or partialy filled with porous material.

Assumption 5: Water removal from the formation and the capture system by vapor diffusion and
evaporation is assumed to be small and hence the drift acts as having 100% relative
humidity condition and as a capillary barrier to flow. Rationale and discussion: Under
isothermal conditions, potential evaporation in the drift is small compared to the amount
of water percolating through the medium. It is important to realize that prescribing a
100% relative humidity boundary condition in a seepage prediction model is a
conservative assumption. While such a model underestimates vapor flow, it yields the
maximum liquid-phase influx, which is defined here as drift seepage. The
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underestimation of vapor flow is irrelevant, since the assumption of 100% relative
humidity already implies that the moisture content in the drift environment is at its
maximum.

Assumption 6: Imbibition and flow into the matrix continuum is not considered. Rationale: In the
current AMR, except for the episodic percolation flux case (Sections 6.5 and 6.6.7), we
are calculating steady-state flow conditions over long time frames. At steady-state, the
flow exchange between fracture and matrix continua will settle to a small amount with
the matrix close to full saturation. The flow partitions between the fracture and matrix
continua according to their effective permeabilities and porosities, and it follows that the
matrix with its five to six orders-of-magnitude lower permeability would not have
significant effects on seepage into drift, which would be controlled by the flow in the
fracture continuum. For the episodic percolation flux case (Sections 6.5 and 6.6.7), the
matrix continuum provides a damping effect on seepage in the fracture continuum, and
neglecting it represents a conservative case.

Note that assumption 5 in CRWMS M&O (2000a, Section 5) states that the van Genuchten
parameter 1/a is assumed to be correlated to the absolute permeability according to the Leverett
scaling rule (Leverett 1941, p. 159). This scaling rule, which states that 1/a is inversely
proportional to the square root of the absolute permeability, was developed for porous media. For
fractured media, a large permeability could possibly result from both larger fracture apertures
and an increase in the intensity of fracturing. The former affects the a values and the latter does
not. In our calculations, we have chosen to assume a to be constant over the heterogeneous
domain for each case, which allows more efficient numerical computation. Then the impact of a-
k correlation according to the Leverett relationship is calculated as a correction factor (see
Section 6.6.4)

All of the above assumptions are used throughout this report. None of the above assumptions

require further confirmation, either because we have addressed its uncertainty in this AMR, we
have taken a more conservative alternative, or we have attached a range to the parameters used.
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6. ANALYSIS/MODEL

6.1 OBJECTIVESAND OUTLINE

This AMR models drift seepage under long-term, steady-state and episodic conditions for a
range of parameters and conditions (such as drift collapse scenarios). The model used follows
that of Birkholzer et al. (1999, pp. 358-362). The objectives are to calculate seepage values for
different values of percolation flux down to the drift, to discuss the effect on seepage resulting
from various processes such as excavation-induced drift degradation (i.e. drift collapse), and to
provide results asinput to PA.

This section will first discuss the validity of this analysis for its intended purpose as required by
AP-3.10Q Analyses and Models. Then, the geometry used, the ranges of parameters, and the
choice of conditions will be presented and rationalized. Next, results will be given. Finaly, the
AMR will conclude with discussions of aternative models and conclusions.

Key scientific notebooks (with relevant page numbers) used for modeling activities described in
thisAMR arelisted in Table 3.

Table 3. Scientific Notebooks

LBNL Scientific Notebook M&O Scientific Page Numbers Accession Numbers (ACC)
ID Notebook Register ID
YMP-LBNL-CFT-2 SN-LBNL-SCI-058-V1 | 91-108 MOL.19991103.0330
YMP-LBNL-CFT-GL-1 SN-LBNL-SCI-033-V1 | 71-72, 86-89, MOL.19991103.0331
125-156
YMP-LBNL-DSM-MC-1 SN-LBNL-SCI-052-V1 | 1-42 MOL.19991025.0236
YMP-LBNL-GSB-1.9 SN-LBNL-SCI-053-V1 | 105 MOL.19990908.0227

6.2 MODEL VALIDATION

Asrequired by AP-3.10Q, Rev. 1, ICN 1, amodel should be valid for its intended purpose. This
normally requires testing model results against relevant data which are not used in the origina
development of the model and which are appropriate to the intended use of the model. For the
Seepage Model for PA, these data should include percolation flux at low flow rates over periods
of years, even hundreds of years, in many locations in the repository block (for proper statistical
representation). Those data are not available. Further, data for adequate validation would need to
cover the wide range of conditions (such as drift degradation and collapse with time) studied in
this AMR. Those are not available either. Hence we cannot use the approach of Section 5.3a of
AP-3.10Q for model validation, and an alternative approach under Section 5.3b is used. First, the
relevant physics of the problem as represented by Richards equation (Richards, 1931,
pp. 318-333), van Genuchten-Mualem model (Luckner et al. 1989, pp. 2191-2192), Philip's
studies (Philip et al. 1989, pp. 16-28), and effects of flow channelization resulting from
heterogeneity and ponding (Birkholzer and Tsang, 1997, pp. 2221-2224; Birkholzer et al. 1999,
pp. 370-379) are used. These are al in the open literature and have gone through proper
technical peer review and which have withstood scrutiny of the scientific community since their
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dates of publication (AP-3.10Q, Section 5.3.b.2). Further, the model is consistent with results
from niche seepage tests in the ESF (Wang et al. 1999, pp. 332-338). These data were used in
the Seepage Calibration Model on which the seepage model is based (AP-3.10Q, Section
5.3.h.5), as described in CRWMS M&O (2000a, Section 6). Further, parameters used are
reasonable and consistent with al relevant data (AP-3.10Q, Section 5.3.b.3). Thus, based on
these external pieces of evidence, we conclude that the anaysis and predictions using the
Seepage Modd for PA presented here, with proper uncertainty ranges assigned to these
predictions, is an acceptable representation of the process system.

6.3 CALCULATION MODEL AND SELECTION OF CASES

The calculation model follows that of Birkholzer et al. (1999, pp. 358-362), which provides the
scientific and technical background for the readers to understand this AMR. The conceptual
model is a heterogeneous permeability field for the fracture continuum generated with
parameters discussed below using the SISIM module of the GSLIB package (GSLIB V2.0, STN:
10098-2.0MSISIMV2.0-00,Version 2.0). The 3D field is 20 m vertical, 15 m wide norma to
drift axis and 5.23 m along the drift axis. With the drift of 5.5 m diameter (see Section 6.3.1) and
the distance to either side boundary of 4.75 m, we expect the vertical cross section to capture the
flow features around the drift. The distance along the drift axis is defined by the waste package
length being 5.13 m (see below) with 0.1 m between the waste packages. The side boundary
conditions are no-flow, the lower boundary condition is gravity drainage, and the upper
boundary surface is ssimulated by an extra grid cell with constant percolation flux connected to
all the grid cells in the upper boundary, so that flow is free to move into these cells according to
local property parameters. A comment may be added on the no-flow boundary condition on the
two planes at the end of the waste package normal to the drift axis. For homogeneous, constant-
property medium, these are symmetric planes between successive waste packages and a no-flow
boundary condition is justified. For a heterogeneous system, the issue is the length of the flow
domain versus the spatial correlation length A. From Section 6.3.5 below, A = 0.5 m so that the
length of the domain is about 10 correlation lengths, and the effect of the no-flow boundary
should not have a significant effect on the flow results.

The mesh is generated using the AMESH V1.0 code (AMESH V1.0, STN: 10045-1.0-00,
Version 1.0) and the grid cell used is 0.5 x 0.5 x 0.5 m, chosen as a compromise between being
fine enough to include the main flow features and being coarse enough to alow the feasibility of
about 1000 3D stochastic simulations. As discussed in Section 6.7 of this AMR, the choice of
grid size is not related to Philip's boundary layer at the drift crown (Philip et al. 1989, p. 21,
Figure 1), but to heterogeneity field characteristics. A numerical study (YMP-LBNL-CFT-GL-1,
pp. 86-89) has shown that 0.5 m is an adequate grid size for our calculations.

Flow caculation was performed using ITOUGH2 V3.2 drift (ITOUGH V3.2 drift,
STN: 10055-3.2_ DRIFT-00, Version 3.2). A number of routines were also used for pre-
processing of inputs for ITOUGH2 V3.2_drift and these are listed in Table 1 and documented in
YMP-LBNL-CFT-GL-1, and provided in Attachment I11.

The selection of parameter ranges and particular cases to be modeled is presented in this

subsection together with rationale for the selection. We shall consider a drift emplaced in
Topopah Springs middle nonlithophysal unit (UZ model layer tsw34 or the lithostratigraphic unit
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Tptpmn). The discussion of parameter values below refers to this unit. Figure 1 is a sketch
summarizing the modeling cases, which can be used as a guide as one follows the discussions
below. The top part of Figure 1 shows a 3D grid, spanned by the three parameters, which are
most sensitive in affecting drift seepage; namely, fracture continuum permeability krc, van
Genuchten a value and the standard deviation o in In kec, which is a measure of heterogeneity of
the permeability field. For each combination of these three parameters, i.e. at each grid point,
seepage model calculations (Birkholzer et al. 1999, pp. 358-362) will be made for 3 realizations,
using a range of values for percolation flux Q, a the repository level. Two particular
combinations of parameters, Set A and Set B, are selected for additional studies. Their selection
and values are discussed in Section 6.3.5.
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Figure 1. Cases Studied.

The middle part of Figure 1 indicates a study of drift seepage for three aternative permeability
gpatia correlation lengths A. This alows an evauation of the effect of thisimportant parameter,
which is difficult to determine in the field. The minimum set of parameters that describe asimple
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heterogeneous field can be the two parameters o and A. Thus this AMR will investigate how
seepage depends on the heterogeneous field.

The lower right part of Figure 1 shows the disturbed drift seepage submodel. Based on a review
of current information, alternative drift degradation modes are evaluated (see below) and four
scenarios are identified for seepage model studies as indicated. The lower left part of Figure 1
shows the case when the percolation flux above the drift is episodic rather than at a constant
average value, so that al the flux comes within a short period of time, with no flux between such
pulses. This case will also be evaluated.

All the cases are computed on 3D heterogeneous unsaturated systems. Since some cases involve
more than one run, atogether more than 1000 runs were made. What follows below, after the
specification of drift geometry, are the choices of parameter ranges on which seepage
calculations are performed. These choices are based on a comprehensive review of available
relevant data. However the data are not used directly to produce a single set of simulation results,
but are used as references to establish parameter ranges.

6.3.1 Geometry

As provided in DTN: SN9908T0872799.004, the drift diameter is 5.5m and the drift section
under study has the same length as that of a waste package with half the spacing to the next
waste packages on its two ends. Since the waste package length is 5.13 m and the spacing
between the waste packages is 0.1 m, the drift section modeled is 5.23 m. This drift section is
emplaced in a heterogeneous fracture continuum of dimension 15m wide and 20 m high,
following Birkholzer et al. (1999, p. 360).

6.3.2 Fracture Continuum Permeability k.

As shown in Figure 1, the range of permeability chosen for the fracture continuum kgc is from
0.9 x 1014 m2 t0 0.9 x 10-11 m2. The choice is based on the air permeability tests at Niche 3650
in the ESF, which give a mean log permeability of -11.66 or 2.2 x 10 m? (CRWMS M&O
20003, p.43, Table 5), which is within our range. Note that the parameter is based on field air-
permeability data (see Table 2, Row 4 for DTN) around the niche that has been impacted by
excavation effect. Air permeability represents mainly permeability of the fractures, whose
permeability is much larger and whose water capillary effect is much smaller than those of the
rock matrix. The excavation is a coupled hydromechanical process in which the fracture
apertures may be made larger in the immediate neighborhood of the opening. The permeability
change associated with these aperture changes can be as much as two orders of magnitude
(Wang et al. 1999, p. 328, Figure 3).

The fracture permeability before excavation was also measured by Wang et al. (1999, p. 328)
and the mean value is 6.6 x 1014 m2. This is based on their tests in boreholes at their niche
experiment, with a packer interval of 0.3 m (Wang et al. 1999, p. 325). Air-permeability tests
were also carried out in the SHT area in the ESF. There, the packer intervals are typically 3 to
7 m, and the mean permeability was found to be 5.8 x 10- 14 m?2 (Tsang and Birkholzer, 1999, p.
393). Air-permeability measurements were also carried out in the DST block in the ESF, where
they found the mean permeability to be 10-13 m2 with a standard deviation in In kec to be 2
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(Birkholzer et al. 1999, p. 359). Here, the packer intervals are mainly between 10 and 20 m in
length. The DTNsfor these data are provided in Table 2, Rows 4 and 5.

The mean air permeability values without excavation effects, as mentioned in the last paragraph,
are 0.7 x 10-13 m2, 0.6 x 10-13 m2 and 1013 m?2 after being rounded to one significant figure.
They are quite consistent to each other even though the packer intervals used in the tests ranged
from 0.3 m to ~20 m. These values are somewhat more than one order of magnitude smaller than
post-excavation values (mean k= 2.2 x 10" m?). For seepage into drifts, the permeability of
rock near the drift is the relevant value. Thus, the weighting of seepage results in this table
should be at this larger permeability value. On the other hand, the excavation effect on
permeability depends on local fracture orientation, distribution, and density as well as on
excavation methods. This has sufficient uncertainty to require the computation of seepage
percentages over the full range of fracture continuum permeability, 0.9 x 1014 m2 to 0.9 x 10-
11 m2, as shown in Figure 1.

It is interesting to note that Ahlers et a. (1999, p. 66), from their pneumatic data analysis in
surface-based boreholes, give air permeability for the TSw units of 4 x 10-12 m2, vertical, to
8 x 10-13 m2 horizontal. Also, LeCain’s air-injection tests in four surface-based deep boreholes,
UE-25 UZ#16, USW SD-12, USW NRG-6 and USW NRG-7a (LeCain 1997, pp. 2, 11-14),
give permeability for the Tptpmn unit as ranging from ~2.5 x 10-14 to ~1 x 10-11 m2, based on
measurements with packer intervals of 3.5-4.9 m. These results are al covered by the full range
of valuesin Figure 1.

6.3.3 Standard Deviationin Ink__

Finsterle and Trautz in CRWMS M&O (2000a, p. 43, Table 5) give the standard deviation of
fracture continuum permeability in log base 10 to be 0.72, which trandates to the standard
deviation o (in In kec) of 1.66. Birkholzer et a. (1999, p. 359) on the other hand used o = 2.1.

According to Birkholzer et al. (1999, p. 371, Figure 14) drift seepage tracks the probability for
finding local ponding in the heterogeneous field and, further, the ponding probability is smaller
for smaller permeability standard deviations (Birkholzer et al. 1999, p. 375, Figure 17). Hence
we expect less seepage for smaller o values. Thus, in our simulations we decided to study the
dependence on o by going to larger values than 1.66. Three alternatives, o = 1.66, 1.93, and 2.5,
are selected for our study.

6.3.4 van Genuchten Parameters

The van Genuchten n parameter used by Birkholzer et a. (1999, p. 354, Table 1) has a vaue of
2.7 corresponding to m parameter equal to 0.63, based on a review of fracture properties in the
ESF (YMP-LBNL-GSB-1.9, p. 105). Finsterle and Trautz (CRWMS M&O 2000a, p. 52,
Table 8), on the other hand, use avalue n = 2.551. In their calibration study, this parameter is not
varied, sinceit is not as sensitive a parameter as the van Genuchten a parameter and the effective
porosity, which were indeed varied in the calibration (CRWMS M&O 2000a, p. 51). On the
other hand, n is varied in another calibration study (Bandurraga and Bodvarsson 1999, p. 33).
Considering these studies, we decided to use one single value for n= 2.7, since it is based on
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fracture information in the ESF, and then a sensitivity study is made by running several cases
with n = 2.55. As will be seen below, (Section 6.6.3), the differences in seepage results are not
significant.

For a value, CRWMS M& O (2000a, p. 57, Table 10) provides avaue of 1.82 for log (L/a [Pa])
through their calibration exercise, for the case of the 3D heterogeneous model. This trandates to
/o = 66 Pa. For the four alternative models they used, the smallest value obtained through their
calibration is 31.6 Pa. Birkholzer et a. (1999, p. 354, Table 1), on the other hand, used an a
value of 9.73 x 10~4 Pa-1, which translates to 1/a = 1028 Pa. We decided to use four 1/a values

bracketed by values used in these two references, i.e., 1/a = 30, 100, 300, and 1000 Pa, as shown
in Figure 1.

For the main part of this AMR, for each case corresponding to the grid point (kec, a) in Figure 1
(top), we consider a to be constant over the 3D heterogeneous field. Thus, the kec value is the
mean fracture permeability over the heterogeneous field with its standard deviation given by o,
but a is constant at all pointsin the 3D space. This is the "uncorrelated a" case. We also study
the impact of a being correlated with the sguare root of local kec values, according to the
Leverett (1941, p. 159) scaling rule. In such cases the kec and a values specified will be
considered as the reference, and the local a value at each point in the 3D heterogeneous field is
calculated by Leverett's scaling rule from the reference values, according to the local kec value,
i.e.

ey 22

(CX )Iocal =a k e E

Simulations using this method will be referred to as the "correlated a™ cases (Section 6.6.4).
6.3.5 Spatial Correlation Length A of k.

The analysis of air-permeability tests in the AMR by Finsterle and Trautz (CRWMS M&O
2000a, Section 6.3.2) suggests that “the permeability is essentialy random without a noticeable
gpatial correlation.” Thus, for the main set of calculations, we adopt this result and generate
heterogeneous fields with A equal to grid size, corresponding to no spatial correlation. Note that
Finsterle and Trautz shows a result that A=3.87 m (CRWMS M& O, 2000a, Section 6.3.2), but in
this case, the nugget is 0.40 and the sill is 0.53. With the nugget value close to the sill value, the
accuracy of determining A is very poor, and in fact, if the nugget and sill values are equal, A is
undefined. To be consistent within this AMR, we have taken the nugget to be zero, then Finsterle
and Trautz's result is equivalent to the A-O case, based on which they made the statement
referenced above.

For each combination of kec, /o and o values (see top part of Figure 1), we shall conduct
calculations for three redlizations to obtain an estimate of the variation range as a result of
geostatistics. These multiple-reaization results give a preliminary indication on the probability
distribution spread of seepage predictions due to the geostatistical uncertainty.
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Since A is not a well-determined parameter in situ, we decided to investigate its sensitivity by
computing seepage for aternative A values. For this, we shall select only two particular
parameter sets out of the 3D table of (k_., 1/a, o) values (see Figure 1). We designate the first
Set A, close to the base case of Birkholzer et a. (1999, p. 354, Table 1), with

kec = 0.9%107°m*
1/a=1000Pa L
C (Set A)
0 =193 0
A=05m 0

and the second parameter set is chosen to be close to Finsterle and Trautz’s (CRWMS M&O
2000a, Tables 5 and 10) calibrated model parameters, with

k.. =0.9x10™?m?U
1/a =100 Pa
o =1.66
A=05m

(Set B)

I o

For these two cases, we study the alternatives of A =1m and A =4 m. For the former, again
three realizations will be considered, while for the latter, because of the large A value as
compared with the drift diameter, we expect large variations in results and five realizations will
be evaluated. It should be remarked here that while the many calculations made in this AMR
help us to understand the trends of seepage results, parameter Sets A and B are closest to the data
we have so far from the field.

6.3.6 Percolation Flux, Qp

Wu et a. (1999, p. 210) calculated the percolation flux expected at the repository level, based on
a 3D UZ mode of Yucca Mountain. They obtained an averaged fracture flow of 4 to 5 mm/yr at
the repository level under present conditions. Ritcey and Wu (1999, p. 262) found that under a
simulated 21-ka pluvial scenario, the percolation flux ranges from 0 to 120 mm/yr, with the peak
of the probability distribution to be around 20 mm/yr. For our calculations, we decided to select
5 values for Qp ranging from 5 to 500 mm/yr; more specifically at Qp =5, 14.6, 73.2, 213 and
500 mm/yr. The upper limit of 500 mm/yr is chosen to safely bracket an uncertainty range more
than four times the high flux value of 120 mm/yr.

6.4 IMPACT OF DRIFT DEGRADATION ON SEEPAGE
Drift degradation may occur in three ways:

1. Loosening of rock blocks and hence wider fracture aperture (fracture dilation)
2. Rock fal from the ceiling of the drift
3. Extended rock failurein drift roof.
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These are discussed below. Based on these discussions, a drift degradation submodel is designed
to evaluate the impact of drift degradation on seepage, and it is shown in Figure 2 as four
alternative scenarios.
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Figure 2. Drift Degradation Submodel Scenarios, with Associated Parameter Set Used in the Modeling
6.4.1 FractureDilation

Because of excavation, stressisrelieved at the drift and fractures are expected to dilate at certain
areas around the drift. Hart in Brekke et al. (1999, pp. E3-E29) shows that such fracture dilation
depends on the orientation of the fracture set and generally occurs within one drift radius. An
increase in fracture aperture generally causes an increase in fracture permeability and a decrease
in Ya value. We believe that the increase in permeability from the pre-excavation to the post-
excavation values (Wang et a. 1999, p. 328) is aresult of this effect. In this sense, Set B, Section
6.3.5 (see aso Figure 1), which is based on in-situ post-excavation results (CRWMS M&O
2000a, p. 42), dready has taken this into account. This means that the fracture dilation
neighboring the drift causes properties to change from parameter Set A to Set B in Figure 1, as
the new rock properties to represent the total effect of the near-field distributed zone and the far
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field as shown in Figure 2, lower-left. Results with parameter Set B are shown in Tables 4-8, and
no further calculations are necessary.

There is a possibility that new fractures may be formed during fracture dilation. In this case, k.

will be increased with a relatively smaller decrease in the L/a value. This is, however, not
studied.

6.4.2 Rock Fall from Drift Ceiling

Kicker in CRWMS M& O (2000b, p. 53, Tables 23 and 24) used the key block theory to calculate
the rock fall probability in the drifts based on fracture maps in the ESF. For the Topopah Spring
middle nonlithophysal zone, he calculated 39 key blocks per km of the drift and 19 m3 volume of
total rock fall per km. This implies that rock fall occurs on the average with one block every 25
m and that the mean size of the block is about 0.5 m®. Kicker also estimated that 90% of the
blocks have size less than 1.18 m* (CRWMS M&O 2000b, p. 48, Table 17). Hart in Brekke et al.
(1999, p. E-12) used a 2D discrete-element method and found rock fall to occur at the spring line
of the drift and the size of the block to depend on the assumed fracture spacing. To study the
effect of rock fall on seepage, we use parameter Set B and do two calculations, one in which a
(1.0 m)3 block is taken out from the crown of the drift and the second in which the (1.0 m)3
block is taken out at the spring line (see Figure 2). The size used for the block is close to Kicker's
90 percentile value, to study a more significant event.

6.4.3 Extended Rock Failure at the Drift Roof

Over time, extended rock failure may also occur at the roof of the drift. Kaiser (Brekke et al.
1999, pp. D12-D14) estimated the failure at the roof to be 0.1-1 m in depth, and it would be
0.4-1.2 m in depth if one were to include seismic effects. Generally he expected that stress-
induced failure at the drift crown to be over a distance of 1/2 drift radius, i.e., ~1.25 m. Kicker in
CRWMS M&O (2000b, p. 56, Figure 28; p. 60, Figure 32) used a discrete-region key-block
analysis, which shows a more extended failure region up to one drift diameter above the drift
roof. In our seepage study, we designed a case in which an extended cavity is found in the drift
roof with a step shape of 0.5 m at the crown, 1 m depth at 0.5 m to one side, and so on, reaching
3 m depth at 2 m laterally from the drift crown (see Figure 2, lower right). Further, the step-
shaped faillureis 1 m thick (into the pagein Figure 2, lower right). Parameter Set B is used.

6.5 EPISODIC PERCOLATION FLUX

The cases discussed thus far use a steady-state percolation flux, ranging from 5 to 500 mm/yr. To
study the sensitivity of seepage to episodic flux, we shall do a transient calculation for seepage
percentage by assuming that, every year, the total flux over the year is concentrated in the first
two months and no flux occurs in the other 10 months. The results will be compared with the
cases using steady-state percolation.

6.6 RESULTS

Seepage percentage is defined as the liquid that seeped into the drift divided by the total liquid
arriving on a cross-sectional area corresponding to the footprint of the drift. All results are
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submitted to TDMS under DTN: LB991101233129.002, and the input/output files for the model
computation are submitted under DTN: LB991101233129.001 and described as in
Attachment 11.

6.6.1 SeepageOver (k.., l/a) Space

For values of ke = 0.9 x 10714, 0.9 x 1013, 0.9 x 1012 and 0.9 x 10-11 m2, 1/a = 30, 100, 300,
1000 Paand A = 0.5 m, Tables 4-8 give the seepage percentages in a matrix form of k_. and Vo
coordinates. Within each table are three subtables giving results of three realizations of the
heterogeneous field R1, R2, and R3, indicating the spread of geostatistical uncertainty.
Generally, to calculate the spread of geostatistical uncertainty, many realizations, much more
than three, are needed. However, because of the need to keep computations within reasonable
limits, three realizations are used to indicate the possible spread of this uncertainty. Also, the
tables show a definite decrease of seepage percentage with increasing 1/a or kec. Thus when the
seepage percentage is zero for a given case, the cases with larger /a and kec aso have zero
seepage. This reduces the amount of calculations needed significantly. In al these tables, results
are presented to two significant figures.

Tables 4a, 4b, and 4c give results for the same Q, = S5mm/yr and o = 1.66, 1.93 and 2.5
respectively.

Table 4a. Seepage Percentage as a Function of k.. and 1/a for 0 = 1.66 and Qp = 5 mm/yr.

Kee (M2)
Realizations 1/a (Pa) 0.9 x 10—14 0.9 x 10—13 0.9 x 10—12 0.9 x 10—11
1000 0 0.0 0 0
R1 300 0.0 0.0 0 0
100 45 0.0 0 0
30 37 0.0 0 0
1000 0 0 0 0
300 0.0 0 0 0
R2 100 45 0 0 0
30 33 0.0 0 0
1000 0 0 0 0
300 0.0 0 0 0
R3 100 7.4 0 0 0
30 34 0.0 0 0

Based on data submitted with this AMR under DTN: LB991101233129.002.
NOTE: “0.0" is a calculated value and "0" indicates seepage is inferred to be zero from results of
neighboring cases.
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Table 4b. Seepage Percentage as a Function of k.. and 1/a for 0 = 1.93 and Qp = 5 mm/yr.

Kee (M)
Realizations 1/a (Pa) 0.9 x 10-14 0.9 x 1013 0.9 x 1012 0.9x 1011
1000 0.0 0.0 0 0
R1 300 0.0 0.0 0 0
100 6.2 0.0 0 0
30 38 0.0 0 0
1000 0 0 0 0
R2 300 0.0 0 0 0
100 5.1 0.0 0 0
30 33 0.0 0 0
1000 0 0 0 0
300 0.0 0 0 0
R3 100 9.0 0 0 0
30 34 0.0 0 0

Based on data submitted with this AMR under DTN: LB991101233129.002.
NOTE: “0.0" is a calculated value and "0" indicates seepage is inferred to be zero from results of

neighboring cases.

Table 4c. Seepage Percentage as a Function of k.. and 1/a for 0 = 2.5 and Qp = 5 mm/yr.

Kee (M2)
Realizations 1/a (Pa) 0.9 x 10—14 0.9 x 10—13 0.9 x 10—12 0.9 x 10—11
1000 0.0 0 0 0
R1 300 0.0 0 0 0
100 8.4 0.0 0 0
30 41 0.02 0.0 0
1000 0 0 0 0
R2 300 0.0 0 0 0
100 6.0 0 0 0
30 34 0.0 0 0
1000 0.0 0 0 0
300 2.6 0 0 0
R3 100 12 0 0 0
30 35 0.0 0 0

Based on data submitted with this AMR under DTN: LB991101233129.002.
NOTE: “0.0” is a calculated value and "0" indicates seepage is inferred to be zero from results of
neighboring cases.

Then, Tables 5a—c through Tables 8a— give results for Qp = 14.6, 73.2, 213 and 500 mm/yr,

respectively.

MDL-NBS-HS-000002 REV00

31

February 2000




Title: Seepage Model for PA Including Drift Collapse

Table 5a. Seepage Percentage as a Function of k_. and 1/a for 0 = 1.66 and Qp = 14.6 mm/yr.

Kee (M)
Realizations 1/a (Pa) 0.9 x 10°14 0.9 x 1013 0.9 x 10712 0.9x 10711
1000 0.0 0 0 0
R1 300 6.2 0 0 0
100 38 0.0 0 0
30 66 3.9 0.0 0
1000 0.0 0 0 0
R2 300 5.7 0 0 0
100 34 0.0 0 0
30 59 5.8 0.0 0
1000 0.0 0 0 0
R3 300 9.9 0 0 0
100 36 0.0 0 0
30 64 7.0 0.0 0

Based on data submitted with this AMR under DTN: LB991101233129.002.
NOTE: “0.0” is a calculated value and "0" indicates seepage is inferred to be zero from results of
neighboring cases.

Table 5b. Seepage Percentage as a Function of k.. and 1/a for 0 = 1.93 and Qp = 14.6 mm/yr.

Kee (M2)
Realizations 1/a (Pa) 0.9 x 10-14 0.9 x 10~13 0.9 x 10-12 0.9 x 10711
1000 0.0 0.0 0 0.0
R1 300 7.2 0.0 0 0.0
100 41 0.0 0 0.0
30 65 5.9 0.0 0.0
1000 0.0 0 0 0
R2 300 6.1 0.0 0 0
100 34 0.0 0 0
30 58 6.5 0.0 0
1000 0.0 0 0 0
R3 300 11 0 0 0
100 36 0.0 0 0
30 65 8.7 0.0 0

Based on data submitted with this AMR under DTN: LB991101233129.002.
NOTE: “0.0” is a calculated value and "0" indicates seepage is inferred to be zero from results of
neighboring cases.
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Table 5¢c. Seepage Percentage as a Function of k.. and 1/a for 0 = 2.5 and Qp = 14.6 mm/yr.

Kee (M2)
Realizations 1/a (Pa) 0.9 x 10-14 0.9 x10-13 0.9 x 1012 0.9x 1011
1000 0.0 0 0 0
R1 300 8.3 0 0 0
100 42 0.0 0 0
30 68 9.0 0.0 0
1000 0.0 0 0 0
R> 300 6.8 0 0 0
100 35 0.0 0 0
30 60 7.8 0.0 0
1000 2.1 0 0 0
R3 300 13 0.0 0 0
100 35 0.12 0 0
30 64 11 0.0 0

Based on data submitted with this AMR under DTN: LB991101233129.002.
NOTE: “0.0” is a calculated value and "0" indicates seepage is inferred to be zero from results of
neighboring cases.

Table 6a. Seepage Percentage as a Function of k.. and 1/a for 0 = 1.66 and Qp = 73.2 mm/yr.

Kee (M2)
Realizations 1/a (Pa) 0.9 x 10-14 0.9 x 10~13 0.9 x 10-12 0.9 x 10711
1000 24 0 0 0
R1 300 57 0.0 0 0
100 75 15 0.0 0
30 85 52 0.09 0.0
1000 20 0 0 0
R2 300 51 0.0 0 0
100 69 15 0.0 0
30 81 46 0.02 0.0
1000 27 0 0 0
R3 300 57 0.0 0 0
100 75 17 0.0 0
30 84 48 0.28 0.0

Based on data submitted with this AMR under DTN: LB991101233129.002.
NOTE: “0.0” is a calculated value and "0" indicates seepage is inferred to be zero from results of
neighboring cases.
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Table 6b. Seepage Percentage as a Function of k.. and 1/a for 0 = 1.93 and Qp = 73.2 mm/yr.

Kee (M2)
Realizations 1/a (Pa) 0.9 x 10°14 0.9x 1013 0.9 x 10712 0.9x 10711
1000 24 0.0 0 0.0
R1 300 57 0.0 0 0.0
100 75 15 0.0 0.0
30 85 52 0.83 0.0
1000 19 0.0 0 0
R2 300 51 0.0 0 0
100 68 15 0.0 0
30 81 46 0.63 0.0
1000 26 0.0 0 0
R3 300 56 15 0 0
100 75 17 0.0 0
30 84 44 0.66 0.0

Based on data submitted with this AMR under DTN: LB991101233129.002.
NOTE: “0.0" is a calculated value and "0" indicates seepage is inferred to be zero from results of
neighboring cases.

Table 6¢c. Seepage Percentage as a Function of k.. and 1/a for 0 = 2.5 and Qp = 73.2 mm/yr.

Kee (M2)
Realizations 1/a (Pa) 0.9 x 10-14 0.9 x 10-13 0.9 x 1012 0.9x 1011
1000 23 0.0 0 0
R1 300 56 0.05 0 0
100 75 16 0.0 0
30 86 55 1.88 0.0
1000 19 0.0 0 0
R> 300 52 0.0 0 0
100 68 13 0.0 0
30 80 47 0.23 0.0
1000 24 0.0 0 0
R3 300 58 5.4 0 0
100 * ok 20 0.0 0
30 * ok 48 4.8 0.0

Based on data submitted with this AMR under DTN: LB991101233129.002.

NOTE: *.** Seepage large, solution not convergent

“0.0" is a calculated value and "0" indicates seepage is inferred to be zero from results of
neighboring cases.
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Table 7a. Seepage Percentage as a Function of k.. and 1/a for 0 = 1.66 and Qp = 213 mm/yr.

Kee (M2)
Realizations 1/a (Pa) 0.9 x 10°14 0.9x 1013 0.9 x 10712 0.9x 10711
1000 60 0.0 0 0
R1 300 78 17 0 0
100 86 50 0.0 0
30 91 73 13 0.0
1000 53 0.0 0 0
R2 300 73 15 0 0
100 82 44 0.0 0
30 * Fx 66 14 0.0
1000 63 0.0 0 0
R3 300 79 19 0 0
100 87 47 0.0 0
30 * kx 71 15 0.0

Based on data submitted with this AMR under DTN: LB991101233129.002.

NOTE: *.** Seepage large, solution not convergent
“0.0" is a calculated value and "0" indicates seepage is inferred to be zero from results of
neighboring cases.

Table 7b. Seepage Percentage as a Function of k.. and 1/a for 0 = 1.93 and Qp = 213 mm/yr.

Kee (M2)
Realizations 1/a (Pa) 0.9 x 10-14 0.9 x 10-13 0.9 x 1012 0.9x 1011
1000 59 0.0 0 0.0
R1 300 78 17 0 0.0
100 86 50 0.0 0.0
30 * kx 73 15 0.0
1000 53 0.0 0 0
R> 300 73 14 0 0
100 83 51 0.0 0.0
30 * ok 64 14 0.0
1000 63 1.6 0 0
R3 300 80 19 0 0
100 * ok 47 0.0 0
30 90 72 16 0.0

Based on data submitted with this AMR under DTN: LB991101233129.002.

NOTE: *.** Seepage large, solution not convergent
“0.0" is a calculated value and "0" indicates seepage is inferred to be zero from results of
neighboring cases.
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Table 7c. Seepage Percentage as a Function of k.. and 1/a for 0 = 2.5 and Qp = 213 mm/yr.

Kee (M2)
Realizations 1/a (Pa) 0.9 x 10-14 0.9 x 10-13 0.9 x 1012 0.9x 1011
1000 56 0.0 0 0
R1 300 76 16 0.0 0
100 * ok 50* 0.48 0
30 * ok 73 18 0.0
1000 53 0.0 0 0
R> 300 73 14 0 0
100 83 46 0.0 0
30 90 66 15 0.0
1000 * ok 5.1 0 0
R3 300 * ok 20 0.0 0
100 * ok 46 3.7 0
30 91 * Xk 18 0.0

Based on data submitted with this AMR under DTN: LB991101233129.002.
NOTE: * Steady-state not quite reached (flow out/flow in = 95%)

*** Seepage large, solution not convergent

“0.0" is a calculated value and "0" indicates seepage is inferred to be zero from results of
neighboring cases.

Table 8a. Seepage Percentage as a Function of k.. and 1/a for 0 = 1.66 and Qp = 500 mm/yr.

Kee (M2)
Realizations 1/a (Pa) 0.9 x 10-14 0.9 x 10~13 0.9 x 10-12 0.9 x 10711
1000 78 9.6 0 0
R1 300 46 0.0 0
100 92 69 45 0
30 * ok 82* 42 0.0
1000 73 8.2 0 0
R2 300 85 41 0.0 0
100 62 45 0
30 91 77* 35 0.0
1000 14 0 0
R3 300 45 0.0 0
100 * wx 69 6.9 0
30 92 82 36 0.0

Based on data submitted with this AMR under DTN: LB991101233129.002.
NOTE: * Steady-state not quite reached (flow out/flow in = 95%)

* ** Seepage large, solution not convergent

“0.0" is a calculated value and "0" indicates seepage is inferred to be zero from results of
neighboring cases.
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Table 8b. Seepage Percentage as a Function of k.. and 1/a for o = 1.93 and Qp = 500 mm/yr.

Kee (M)
Realizations 1/a (Pa) 0.9 x 10-14 0.9 x 10-13 0.9 x 1012 0.9x 1011
1000 * 9.5 0 0.0
R1 300 87 46 0.0 0.0
100 * 69 6.2 0.0
30 * kk 82 38 0.0
1000 74 7.9 0 0
R2 300 86 42 0.0 0
100 * 62 5.1 0.0
30 * ok 76 38 0.0
1000 * ok 14 0 0
R3 300 90 45 0.0 0
100 * 68 9.0 0.0
30 * 81 35 0.0

Based on data submitted with this AMR under DTN: LB991101233129.002.

NOTE: *.** Seepage large, solution not convergent

“0.0" is a calculated value and "0" indicates seepage is inferred to be zero from results of
neighboring cases.

Table 8c. Seepage Percentage as a Function of k.. and 1/a for 0 = 2.5 and Qp = 500 mm/yr.

Kee (M2)
Realizations 1/a (Pa) 0.9 x 10°14 0.9x 1013 0.9 x 10712 0.9 x 10711
1000 77 11 0 0
R1 300 * Kk 46 0.0 0
100 * 69 8.4 0.0
30 * kk * F 44 0.02
1000 72 * 8.2 0 0
R2 300 * F* 43 0.0 0
100 * Kk 62 6.9 0
30 * kk * Kk 39 0.0
1000 * Kk 15 0.0 0
R3 300 * 45* 2.4 0
100 * kx * Hk 12 0.0
30 94 * 81 35 0.0

Based on data submitted with this AMR under DTN: LB991101233129.002

NOTE: * Steady-state not quite reached (flow out/flow in = 95%)

*** Seepage large, solution not convergent.

“0.0” is a calculated value and "0" indicates seepage is inferred to be zero from results of
neighboring cases.

In these tables, results indicated by " 0 " without decimal point imply zero seepage as inferred
from calculated zero-seepage cases with smaller 1/a and smaller kec. Results indicated by " *
are the large seepage cases where steady-state is reached within 95% due to numerical
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convergence problems. For these cases, we expect the calculated values to be within 5% of the
steady-state results. For cases, indicated by " *.** ", the seepage percentages are large and the
solutions are not convergent, but we can safely consider them to be larger than the neighboring
valuesin the tables.

At Q, =5 mmlyr, seepage is essentially zero, except for cases with the very low permeability
value of 0.9 x 10 m?. Generally, seepage is larger for lower permeability and lower 1/a values.
Seepage is also larger for larger o values as one would expect (Birkholzer et al. 1999, pp. 371,
375; Figures 14, 17). Though the extensive required computations prevent us from obtaining the
full geostatistical distribution of seepage, results of three realizations are given for each case,
giving an indication of the spread of the results. Note also that the results are al for A = 0.5 m
and, as shown in the next section, they are smaller than the corresponding results for larger A
values.

6.6.2 Seepagefor Alternative A Values

Table 9 gives results for Parameter Set A defined in Section 6.3.5 (see also Figure 1). For the
four Qp values from 14.6 to 500 mm/yr, seepage percentages are given for three realizations of
the A =1 m case and for five realizations of the A =4 m case. Seepage was not calculated for
Qp = 5 mm/yr because, from Table 9, the results are expected to be zero. Appropriate results for
A = 0.5 m from Tables 5 through 8 are included for comparison. Table 10 gives the results for
Set B. It is interesting to note that seepage increases with A, with the geostatistical spread of
predictions also increasing with A. While the resultsin Tables 9 and 10 provide an understanding
of the trends, the best data we have so far (CRWMS M&O 2000a, Section 6.3.2) indicate no
gpatia correlation, so that A = 0.5 m, equal to grid size, may be the most appropriate value to use.

Table 9. Seepage Percentage as a Function of Qp for Alternative A Values for Set A
(kec =.0.9 x 10" m, 1/a = 1000 Pa, 0 = 1.93)

Qp (mmiyr)
A 14.6 73.2 213 500
Random R1 0.0 0.0 0.0 9.5
(A=05m) | R2 0 0.0 0.0 7.9
R3 0 0.0 1.6 14
A=1m Rla 0.0 0.11 4.5 12
R2a 0.0 0.0 0.0 7.1
R3a 0.0 0.0 0.27 7.0
A=4m R1b 0.0 6.7 14 21
R2b 0.0 8.3 19 27
R3b 0.0 0.58 2.3 15
R4b 0.0 0.0 0.0 7.1
R5b 2.1 3.9 8.4 36

Based on data submitted with this AMR under DTN: LB991101233129.002.

NOTE: “0.0” is a calculated value and "0" indicates seepage is inferred to be zero from results of
neighboring cases. Three realizations are calculated for each of the A =0.5 m and A =1 m cases
and five realizations re calculated for the A = 4 m case.
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Table 10. Seepage Percentage as a Function of Qp for Alternative A Values for Set B
(kec =.0.9 x 10" m?, 1/a = 100 Pa, 0 = 1.66)

Qp (mmiyr)
A 14.6 73.2 213 500
Random R1 0 0 0.0 4.5
(A=05m) | R2 0 0 0.0 4.5
R3 0 0 0.0 6.9
A=1m Rlc 0.0 0.0 1.8 7.4
R2c 0.0 0.0 0.04 4.3
R3c 0.0 0.0 0.12 3.6
A=4m R1d 0.0 0.0 0.0 2.2
R2d 0.0 1.6 7.7 14
R3d 0.0 0.0 0.0 1.3
R4d 0.0 0.0 0.0 6.4
R5d 0.0 0.01 3.3 10

Based on data submitted with this AMR under DTN: LB991101233129.002.

NOTE: “0.0” is a calculated value and "0" indicates seepage is inferred to be zero from results of
neighboring cases. Three realizations are calculated for each of the A =0.5 m and A =1 m cases
and five realizations are calculated for the A = 4 m case.

6.6.3 Senditivity ton value

As discussed in Section 6.3.4, we have used van Genuchten n = 2.7 in al the calculations. To
study the impact of using n = 2.55, we caculate two cases with parameter Sets A and B,
respectively, for Qp, = 500 mm/yr and realization R1. The results are shown in Table 11, which
indicates that the impact can be neglected.

Table 11. Sensitivity to n Value. Seepage is given as percentage for Q, = 500 mm/yr and
realization R1

Parameter Set A (but varying 1/a)

l/a (Pa) 1000 300 100 30
n=27 9.5 46 69 82
n=255 10 47 69 82
Parameter Set B (but varying 1/a)

l/a (Pa) 1000 300 100 30
n=27 0.0 0.0 4.5 42
n=2.55 0.0 0.0 4.8 42

Based on data submitted with this AMR under DTN: LB991101233129.002.
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6.6.4 Senditivity to correlated a parameter.

The simulations presented thus far used a constant value for van Genuchten o parameter over the
permeability heterogeneous field for each simulation. To study the alternative approach based on
Leverett scaling law (Leverett 1941, p. 159), we performed calculations by setting o to be
proportional to the square root of kec, with the reference values corresponding to parameter Sets
A and B respectively (see Section 6.3.5). Figure 3 shows the seepage percentage versus the
percolation rate for realizations R1 and R3, and parameter Set A (lower two curves in the
figures). They also show results for additional cases where all parameters are the same except the
reference a value is changed. Similarly Figure 4 shows the results for parameter Set B with
variants as indicated in the figures.

It is interesting to note that the correlated a condition yields higher seepage by 0-10%. We
propose that these figures can be used to provide adjustments to seepage predictions when one
wants to use the correlated a condition.

6.6.5 Effectsof Drift Degradation

Table 12 presents the seepage percentages for the three redlizations (R1, R2 and R3) with drift
degradation modes as defined in Section 6.4 (Figure 2) and compares them with the no-
degradation case. Only the Q, = 500 mm/yr cases are shown. Additional calculations were made
for Qp = 73.2 mm/yr and the results for all cases in the Table are zero.

Table 12. Seepage Percentage (%) for Alternative Drift Degradation Scenarios, for
Qp = 500 mm/yr and Parameter Set B.

Seepage Percentage
Condition R1 R2 R3
No-degradation case (Set B) 45 4.5 6.9
1-m rock fall from crown of drift 4.5 4.7 7.0
1-m rock fall from springline of drift 4.5 4.5 7.4
3-m rock failure in drift roof 5.8 8.6 10
3—m rock failure case: calc. from Set B non-degraded case 5.8 5.9 9.0

Based on data submitted with this AMR under DTN: LB991101233129.002.

The results show that the effect of asingle rock fall is not significant for seepage. A deeper rock
failure in the drift roof increases seepage. Now we propose an approach to calculate drift
degradation effects from no-degradation results from Tables 4-8. The approach is based on the
fact that A (0.5 m) is much smaller than the drift diameter and that seepage is due to flow
channeling and local ponding from medium heterogeneity, and not due to Philip's model of
homogeneous flow exclusion by the drift (Philip et al. 1989, pp. 17—20). The latter model would
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Figure 3. Seepage Percentage as a Function of Percolation Flux for Uncorrelated and Correlated
o-krc Cases. Parameter Set A is used (lower two curves). Variant cases were obtained
by varying the mean or reference 1l/a values while keeping all other parameters the
same. Realizations R1 and R3 are used in (a) and (b), respectively.
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o-krc Cases. Parameter Set B is used (lower two curves). Variant cases were obtained
by varying the mean or reference 1l/a values while keeping all other parameters the
same. Realizations R1 and R3 are used in (a) and (b), respectively
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imply that a drift shape like the deep failure case (Figure 2, lower right) with a sharper ceiling
will allow an easier flow around the drift and hence less seepage (Philip 1989, pp. 1531-1533),
contrary to the results in Table 12. Heterogeneity causes flow channeling and local ponding, and
the ponding probability is shown to be correlated to seepage by Birkholzer et a. (1999, p. 371,
Figure 14). For a given realization the ponding probability for the medium is the same and
seepage is proportional to the up-stream area of drift wall which may encounter these channels
and local ponding locations.

For the case of 3-m rock failure, the area of the original non-degraded drift wall is
1(5.5)[(5.23)/2 m? = 45.2 m?, where 5.5 and 5.23 are the drift diameter and drift length in meters,
respectively, and the division by 2 indicates that we only take the upper half surface of the drift
wall. Now with the 3-m rock failure, the added rock surface area is estimated to be
(3.5)x1+(9%0.5)x1+(11x0.25)x2 m? = 13.5 m?, where the thickness (along drift axis) of the rock
failure is 1 m. The estimation can be understood by examining the bottom right part of Figure 2
(YMP-LBNL-CFT-2, pp. 107-108). The additional surface area on the left side of the cavity
formed by rock failure in the drift ceiling is 3.5 m high and 1 m thick along the axis of the drift.
The second term 9 x 0.5 x 1 m? represents the extra area due to the step structure on the right
side of the cavity. The third term represents the areas of the cavity in the two planes normal to
the drift axis (see Figure 2: the area of the step-structure cavity above the broken line), except for
the part closest to the origina curved surface of the drift. The latter would compensate for the
curved drift areano longer present because of the cavity.

Now if we scale the seepage value for the no-degradation case (B) by the factor (1+13.5/45.2),
we obtain 5.85, 5.85 and 8.97 for the three redlizations. These are indicated in Table 12 and
compare with the numerical results very well for the first and third realizations. This approach
may provide an easy way to estimate the impact of drift degradation, once the degraded shape is
found from mechanical modeling. It deserves further consideration.

6.6.6 Drainage Below the Drift

The drift provides a barrier to downward percolation flux. Water moves around the drift or seeps
into it. For the case that the water seeped into the drift is gone, then directly below the drift isa
shadow of dryer zone. This dryer zone will decrease in width with depth below the drift. The
vertical extent of the shadow zone depends on both kec and /a values (Philip et al. 1989, pp. 16-
28). Figures 5 and 6 illustrate the saturation profiles one drift diameter below the drift for
parameter Sets A and B, with Q,=500 mm/yr. The figures clearly show the shadow effect. Philip
et al. (1989, pp. 21-23) also provide an approximate analytic solution to define the shadow zone
that may be useful for practical applications.
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Based on data submitted with this AMR under DTN: LB991101233129.001.

Figure 5. Saturation Profiles Around a Drift with Parameter Set A.

Based on data submitted with this AMR under DTN: LB991101233129.001

Figure 6. Saturation Profiles Around a Drift with Parameter Set B.
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6.6.7 Effectsof Episodic Percolation

Episodic percolation is simulated for a drift without degradation. Table 13 shows the seepage
results if, every year, the percolation flux over the year is concentrated in the first 2 months
representing a wet period and then zero flux occurs for the remaining 10 months. These results
are compared with the case where the flux is constant over the whole year. In both alternatives,
the average flux over the year is 73.2 mm/yr. The seepage percentage at the end of the wet period
(after the first 2 months) for the episodic scenario stabilizes very quickly after the first year.
Calculations were performed for Parameter Sets A and B and also for an additional parameter set
with Set A properties, except that 1/a is reduced to 100 Pa to ensure some seepage even in the
constant flux case. In all cases, the seepage percentages for episodic scenarios are higher than
those of the constant seepage scenario. Note that the percolation flux in the two wet months is
6x73.2 mm/yr, or 439.2 mm/yr. In Tables 7 and 8, calculated seepage percentages for Q, = 213
and 500 mm/yr can be found, and, if we interpolate between these cases to obtain the seepage
percentages for 439.2 mm/yr, they are found to be approximately equal to the seepage percentage
for the episodic scenario. It appears that for our sets of parameters, the memory effect between
percolation pulses separated by 10 months is small and each pulse can be treated independently
at the high percolation rate of the wet period. The seepage rate over this period increases with
time and its peak value at the end of the two wet months may be roughly estimated by
interpolation from Tables 4-8 or calculated directly.

Table 13. Effects of Episodic Percolation. Q, = 73.2 mm/yr

Parameters Seepage % at end of Seepage % if flux is
wet period* constant over the year
Parameter Set A 6.3 0
Parameter Set B 2.5 0
Parameter Set A, but 67 14
with 1/a = 100 Pa

Based on data submitted with this AMR under DTN: LB991101233129.002.

NOTE: *This value is the seepage rate at the end of the wet period divided
by the percolation flux of the wet period, which is 6 times the
average flux rate. For each year, the total percolation is all in the first
2 months and no flux in the remaining 10 months. Results are the
same every year after the first year. Heterogeneous field used is
Realization R1.

The results show the importance of the appropriate episodic percolation flux profile at the
repository level, with all the possible flow dissipation and diversion in the lithostratigraphic units
above.

6.7 ALTERNATIVE CONCEPTUAL MODELSAND SENSITIVITY ANALYSIS

Sensitivity analyses are part of the scope of this AMR and are presented in the above subsections
(6.6.2 through 6.6.7). The main alternative conceptual model is the discrete fracture-network
model (DFNM). Thisis thoroughly discussed by Finsterle and Trautz (CRWMS M& O 2000a, p.
68) and will not be repeated here. Note further that the rock in the ESF is highly fractured and
the fractures are well connected, so that the fracture continuum model is areasonable one. Thisis
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shown in Figure 7, in which fracture data from the ESF main drift from Station 27+20 to 37+80
(see Table 2 for DTNs) were plotted as the average fracture spacing (calculated using the
software routine frac_calc V1.1) against the minimum fracture length for groups of fractures that
contain all fractures longer or equal to the minimum length selected (YMP-LBNL-DSM-MC-1,
pp. 40-42). The figure shows that the spacing is consistently less than fracture lengths for all
classes of fracture grouping. Further, Kicker in CRWMS M& O (2000b, p. 26, Fig. 5) shows that
the major fracture sets in Tptpmn unit are in three amost orthogona planes with strike/dip
angles given by 131/84, 209/83, and 329/09. The result is thus a well-connected fracture network
that can be represented by a fracture continuum. Note, however, that the fracture continuum is
very heterogeneous (see Section 6.3.3), so that flow through the fracture continuum is highly
channelized (Birkholzer and Tsang 1997, pp. 2229-2231).

As explained in Birkholzer et a. (1999, pp. 358-384), seepage into drift under conditions
discussed in the AMR is controlled by heterogeneity-induced channeling and local ponding. It
occurs much earlier than results of the conceptual model of a drift in homogeneous constant-
property medium (Philip et al. 1989, pp. 17-21). In other words, Philip et a. would predict
seepage to occur at athreshold that is orders of magnitude larger. In this sense, Philip's approach
is not relevant. Thus, Philip's boundary layer flow regime near the drift crown (Philip et al. 1989,
p. 21, Figure 1) should not be used to define the required grid size. Rather the grid size should be
chosen based on the heterogeneity spatial correlation scale A, which controls the flow channel
width and the scale of local ponding. The use of grid size of 0.5 m equal to A is probably
sufficient to study the relevant physics in our problem. The sensitivity of seepage results on grid
size was calculated for grid sizes 0.5 m and 0.25 m (YMP-LBNL-CFT-GL-1, pp. 86-89). The
change due to the grid size is of the same order as changes due to the different realizations, with
an increase of 0-3% for the finer mesh for the case calcul ated.

2.5

1.5 °

0.5 . ©

Fracture spacing (m)
[

Minimum fracture length (m)

Based on data from DTN: GS971108314224.025, GS960708314224.008 and GS960808314224.011

NOTE: Straight line indicates a 1:1 correspondence

Figure 7. Average Fracture Spacing for Topopah Spring Middle Nonlithophysal Hydrogeologic Unit in the
ESF from Stations 27+20 to 37+80.
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The drift seepage problem involves the accumulation of unsaturated flow at the location near the
drift wall, until the local saturation islarge, and capillary suction is small. Then seepage into drift
occurs. This problem is intrinsically a 3D problem, because flow accumulation at a location in
2D could easily disappear if it is alowed to flow away in the third dimension. Hence 2D models
would overestimate seepage.

The present AMR considers aternative spatial correlation lengths, using a spherical correlation
structure and a gaussian field. There have been suggestions to use alternative geostatistical
methods, such as nonparametric representation of the heterogeneity field and multiple-scale
correlation structure. However for a specific problem with a particular scale of a drift, such
complications are not needed so long as the parameters used are appropriate to this scale. The
reason is that structures much smaller than the drift diameter can be approximated by an average
property parameter, except near the drift wall (see below for the "surface needle’ effect).
Structures with correlation lengths much larger than the drift diameter should be handled
deterministically for each case of occurrence, and can probably not be handled statistically.

What is of more interest and importance is the question of the appropriate parameter values to be
used in the seepage-prediction model. This depends on an interplay between seepage-model
grid-element scale, calibration-model grid-element scale, and field data support scale. We have
shown in this AMR that the air (fracture) permeability without excavation effects seems to have
guite consistent values when the data support scale ranges from 0.3 to ~20 m. However we have
no similar information on 1/a and other parameters. Further study of the interplay among the
three scales for the purpose of deriving appropriate parameter values for predictive modeling
would be very useful to enhance confidence in these values. However, one would expect they
will still be in the ranges shown in Figure 1.

One issue of great concern that may have significant negative impact on seepage is the “surface
needle’ effect. This refers to the possibility that there are 1D pathways from within the rock
above the drift to the drift ceiling, from which there are no effective lateral intersecting fractures
to divert water away. Then these 1D pathways or needles will act as special conduits through
which seepage can occur. The increase in seepage due to their presence could be very significant
and needs to be carefully evaluated. One example of such “needles’ is the rock bolts used to
stabilize the drift roof. Whether rock bolts would form such special seepage pathways depends
on the leakage around the bolts and how it develops as the bolt cement degrades and the bolt
corrodes with time. This is an important issue. A very preliminary estimate has been made on
the needles effect (YMP-LBNL-CFT-GL-1, pp. 71-72). For parameter Set A, but with A=2m,
seepage increases are calculated as a function of needle length and the number of needlesin the
section. With the needle length, the seepage increase stabilizes to a constant value after the
length exceeds 0.15-0.25 m. For a 16.5-m section of the drift (approximately three waste package
lengths), the seepage increase is found to be about 3% when there are three needles present in the
drift ceiling; about 40% when there are 33 needles, and 70% when there are 330 needles.
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7. CONCLUSIONS

The present AMR is based on the Seepage Calibration Model AMR (CRWMS M& O 2000a) and
Birkholzer et a. (1999). By reviewing available information (Section 6.3 and 6.4), we selected a
range of parameters and possible scenarios (Figure 1) on which seepage calculations were
conducted. Results are tabulated (Tables 4-13) that show the impact of various factors on
seepage  and provide data for PA to develop probability distributions
(DTN: LB991101233129.002). Generally, seepage is calculated to be larger for smaller kec,
smaller 1/a and larger Q, values (Tables 4-8). It is insensitive to n parameter (Table 11). To
allow loca a values to be correlated with local kec (proportional to the sguare root of Kec)
increases seepage by 0-10% as compared with a constant a case. Results in this AMR are based
on areview of available in-situ field results appropriate to the Tptpmn geological unit. As more
data from this unit and from neighboring units (where the potential repository resides) are
obtained in field measurements, parameter values with their uncertainties and probability
weightings should be developed and then seepage predictions from tables in this AMR can be
used in PA to obtain the best estimates (with uncertainty ranges) for Y ucca Mountain.

Uncertainty associated with geostatistics is evauated with calculations of three readlizations for
each case (five for a case of large spatia correlation length) and results are in Tables 4 through 8
and Table 10. In generd, to establish geostatistical probability requires many more realizations
than three, but the extensive amount of simulations in this AMR prevents us from doing more
realizations. Nevertheless the spread of results from the three should give an indication of
geostatistical distribution. In general, the spread is expected to be larger for large A and more
limited if A is much smaller than drift diameter. Use of the multi-realization results requires care
based on this discussion.

The present effort demonstrated that the impact of mechanical effects can be evaluated (Sections
6.4 and 6.6.5). This is based on the recent AMR by Kicker (CRWMS M&O 2000b) and the
Brekke et al.’s Panel Report (Brekke et al. 1999), which includes Hart and Kaiser's scoping
analyses. These reports also considered thermal and seismic effects on drift degradation in a
schematic way. As further mechanica studies are made on drift degradation, seepage
calculations should follow to update the assessment of their impact. A possible approach is
proposed in this AMR to calculate seepage for degraded drift case from that of no-degradation
case. The preliminary results show promise so that the approach deserves further devel opment.

As mentioned in Section 1, no analysis on the impact of coupled thermal-hydrological-chemical
effects on seepage has yet been made, since such modeling results are not formally available at
the time of this AMR and hence not citable.

In summary, the present AMR identifies the following significant issues:

1. Drift degradation — disturbed zone scenario and extended failure scenario (Section
6.6.5)

2. Episodic percolation flux (Section 6.6.7).
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3. "Surface Needles" effect; in particular, impact of rock bolts in the long time frame
(Section 6.7)

4, Effects of property change on seepage due to coupled thermal-hydrological-
chemical processes.

These issues need to be addressed in performance assessment.

This AMR may be affected by technical product input information that requires confirmation.
Any changes to the document that may occur as a result of completing the confirmation activities
will be reflected in subsequent revisions. The status of the input information quality may be
confirmed by review of the DIRS database.

Among the input data relied upon, the only essential data value used is the drift diameter of
5.5m. The results of this AMR should not change if the verification of this value results in a
change in diameter of less than 10%. In general, smaller diameter cases would result in less
seepage or less conservative results. The only other relied upon data are the permeability data
that are used to establish a range of values for the smulations. These permeability data could
change by an order of magnitude and still be in the selected range and not affect the results of
this AMR. In general, the verification and confirmation of these permeability data should not
affect the results of this AMR.
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Waechter. R.T. 1989,
“Unsaturated Seepage and
Subterranean Holes:
Conspectus. and Exclusion
% | Problem for Cylindrical
Cavities.” Warer Resources
Research, 25 (1), 1628,
Washingion, D.C.: American
Geophysical Union, TIC:
239117

Entire

N/A-
Reference
only

6.2

63
6.6.4

6.6.5
6.0.6
6.7

Flow around subsurface opening N/A

N/A

N/A

N/A

Richards. L.H. 193},
“Capillary Conduction of
Liquids through Porous

Zl. | Mediums.” Physics, 1.318-
333, Washington, D.C.
Amencan Physicat Society.
TIC: 225383.

Entire

N/A-
Reference
only

Richard’s Equation N/A

N/A

N/A

N/A
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ATTACHMENT [I-MODEL INPUT AND OUTPUT FILES

Below are the descriptions of the directory paths and the input and output files submitted under
DTN: LB991101233129.001 for thisAMR.

Tables4-8

Directories
[ad5k#@_r& / (includes subpaths and datafiles)
‘ad5’ indicates that the correlation length is 0.5 meter.
# 11,12,13 and 14 corresponding to the mean permeability at 0.9x10™, 0.9x10™*,
0.9x10*m?, and 0.9x10° m?.
@ standard deviation: ‘'S means the value of standard deviation is 1.66; ‘I’ means the
valueis 2.50; otherwise the valueis 1.93.
& realization number.

For example, /ad5k13s r1/ identifiesthe root directory for simulations where the
correlation length is 0.5 meter and the mean permeability of realization 1is0.9x10-13
m2 with a standard deviation of 1.66.

Mesh filename
MESHSF input file of mesh generation for a5.5 m diameter drift.

Initial Condition Filenames
INCON@& %
@ standard deviation: ‘'S means the value of standard deviation is 1.66; ‘I’ means the
valueis 2.50; ‘0’ meansthevalueis 1.93.
& realization number. If the realization number is missing the file is generated for
the realization number of the directory given above.
% value of 1/a.

For example, INCONsL 100 identifiesthe initial condition file for realization 1 with
standard deviation of 1.66 and L/a of 100 Pa. /ad5k13s rI/INCONo_100 is generated for
realization 1.

Subdirectories

[* &%/
* is the percolation flux (mm/yr).
% isthe value of 1/a.

For example, /500 _al00/ is a subdirectory containing the files for a simulation with a
percolation flux of 500 mm/yr and /a of 100 Pa.

ITOUGH2 Input files
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*ah

* is the percolation flux.
A value of L/a: 1k = 1000, 3h = 300 and 1h = 100, or 30.

For example, 500_alhisainput file for aflux of 500 mm/yr and Z/a of 100 Pa.

Output files
* ah.out output file for ITOUGHZ2.
* a\sav ITOUGH2 .sav file with output conditions
outq file containing seepage results
t2.msg ITOUGH2 message file providing simulation status

Sepsto rerun an example case corresponding to Tables 4 through 8

In table 4C, redlization 3 and 1/a 30Pawith the mean permeability of 0.9x10™ m? ( the
seepage percentage is 35).

Step 1. go to directory ad5k14l_r3, where the correlation length is 0.5 meter (‘ad5’),
0 = 2.5, the redlization is 3 and the mean permeability is 0.9x10™"* m?%

Step2:  gotodirectory 5_a30, where the percolation flux is 5 mm/yr and the Z/a is 30
Pa;

Step3:  Type“rund” and enter to run ITOUGH2v3.2_drift with the input file 5_a30;

Step4:  Caculate the seepage percentage from the output file outq.

Tables9-10

Root directory
/al_?l includes subdirectories and data files.
! 1 or 4is thevalue of the correlation length.
? ‘stefan’ means Parameter Set B and ‘old’ means Set A.

For example, /al_stefan/ indicates that the correlation length is 1 meter with Parameter
Set B.

Mesh filename
MESHSF input file of mesh for a 5.5 m diameter drift.

Initial Condition Filenames
INCON@a!_& %
@ standard deviation: ‘'S means the value of standard deviation is 1.66; ‘I’ means the
valueis 2.50; ‘0’ meansthevalueis 1.93.
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! 1or 4is thevalue of the correlation length.
& realization number.
% value of Va.

For example, INCONsal 1 100 indicatesthat it isfor realization 1 with a standard
deviation of 1.66, correlation length of 1 meter and L/a of 100 Pa.

Subdirectories
[*_a% _a_ &/
subpaths under /al_? /.
* is the percolation flux (mm/yr).
% isthevalue of la.
! 1or 4is thevalue of the correlation length.
& realization number (1 through 5 for correlation length 4).

For example, /500 _al00_al_1/ indicates that the correlation length of realization 1 is 1 meter,
1/a is 100 Paand the percolation flux is 500 mm/yr.

ITOUGH2 Input files
*a
* isthe percolation flux.
A value of L/a: 1k = 1000, 3h = 300 and 1h = 100, or 30.

For example, 213 _a30 isainput file for aflux of 213 mm/yr and Z/a of 30 Pa.

Output files
* a@h.out output file for ITOUGH?2.
* a\.sav ITOUGH2 .sav file with output conditions
outq file containing seepage results
t2.msg ITOUGH2 message file providing simulation status

Sepsto rerun an example case corresponding to the tables 9-10

Intable 10, use Parameter Set B, alternative A value of 4, realization 2, flux 213 mm/yr (the
seepage percentage is 7.7).

Step 1: go to directory a4 _stefan, where the correlation length is 4 meter (‘a4’);

Step 2: go to directory 213 al00_a4 2, where the percolation flux is 213 mm/yr, 1/a is
100 Pa, correlation length 4, realization 2;

Step 3: type “rund” and enter to run ITOUGH2v3.2_drift with the input file 213 _alh;

Step 4: calculate the seepage percentage from the output file outq.
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Table11

Root directory
[ad5k#@ r1 nn/ includes subdirectories and data files.
‘adS’ indicates that the correlation length is 0.5 meter.
# 12,13 corresponding to the mean permeability at 0.9x10%or 0.9x10™ m?
@ standard deviation: ‘'S’ means the value of standard deviation is 1.66; ‘I’ meansthe
valueis 2.50; otherwise the value is 1.93.
‘nn’  means the van Genuchten parameter nis 2.55

For example, /ad5k13s r1 nn/ indicates that the correlation length is 0.5 meter, van
Genuchten nis 2.55 and the mean permeability of redlization 1 is 0.9x10 m? with the
standard deviation of 1.66.

Mesh filename
MESHSF input file of mesh generation for a5.5 m diameter drift.

Initial Condition Filenames
INCON@& %
@ standard deviation: ‘'S means the value of standard deviation is 1.66; ‘I’ means the
valueis 2.50; ‘0’ meansthevalueis 1.93.
& realization number.
% value of 1/a.

For example, INCONI1_1000 identifies the initial condition file for realization 1 with
standard deviation of 2.50 and L/a of 1000 Pa.

Subdirectories

[* &%/ subpaths under /adSk#@ r& nn/
* isthe percolation flux (mm/yr).
% isthe value of L/a.

For example, /500 _al00/ a subdirectory containing the files for a simulation with a
percolation flux of 500 mm/yr and 1/a of 100 Pa.

ITOUGH2 Input files
*a
* isthe percolation flux.
A value of L/a: 1k = 1000, 3h = 300 and 1h = 100, or 30.

For example, 500_alhisainput file for aflux of 500 mm/yr and Z/a of 100 Pa.
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Output files
* ah.out output file for ITOUGH?2.
* a\.sav ITOUGH2 .sav file with output conditions
outq file containing seepage results
t2.msg ITOUGHZ2 message file providing simulation status

Sepsto rerun an example case corresponding to the table 11

In Table 11, use the file with a van Genuchten n of 2.55, and /a 300 Pa, and Parameter Set A
(the seepage percentage is 47).

Step 1: go to directory ad5k13 r1_nn, where the correlation length is 0.5 meter (‘adS’), o
= 1.93, redlization 1 and the mean permeability is 0.9x10*% m?;

Step 2: go to directory 500 _a300, where the percolation flux is 500 mm/yr and the /a is
300 Pa;

Step 3: type “rund” and enter to run ITOUGH2v3.2_drift with the input file 500_a3h;

Step 4: calculate the seepage percentage from the output file outq.

Fiqures 3 and 4 with correlated a-k simulations

Root directory
[ad5k#@ r& k+/ includes subpaths and data files.
‘adS’ indicates that the correlation length is 0.5 meter.
# 12 or 13 corresponding to the mean k of 0.9x10*%or 0.9x10 ¥ m?
@ standard deviation: ‘s means the value of standard deviation is 1.66; ‘I means the
valueis 2.50; ‘0’ meansthevalueis 1.93.
& the realization number.
‘+ ‘0’ for Parameter Set A; ‘s for Set B.

For example, /ad5k13s r1_ko/ indicatesthat it isfor parameter Set A with correlated a-k.

Mesh filename
MESHSF input file of mesh generation for a5.5 m diameter drift.

Initial Condition Filenames
INCONo_%
% vaue of 1/a.

For example, INCONo_100 indicates that it is for 1/a of 100 Pa.

Subdirectories
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[* &%/ subpaths under /adSk#@ r& k+/
* is the percolation flux (mm/yr).
% isthevalue of La.

For example, /500 _al00/ a subdirectory containing the files for a simulation with a
percolation flux of 500 mm/yr and /a of 100 Pa.

ITOUGH2 Input files
*a
* is the percolation flux.
A value of L/a: 1k = 1000, 3h = 300 and 1h = 100, or 30.

For example, 500_alhisainput file for aflux of 500 mm/yr and Z/a of 100 Pa.

Output files
* ah.out output file for ITOUGHZ2.
* a\sav ITOUGH2 .sav file with output conditions
outq file containing seepage results
t2.msg ITOUGH2 message file providing simulation status

Sepsto rerun a case corresponding to Figures 3 and 4
In Figure 3(a), Y/a is 30Pa with the correlated a-k ( the seepage percentage is about15).

Step 1: go to directory ad5k13 r1 ko, where the correlation length is 0.5 meter (‘ad5’), o
= 1.93, therealization is 1 and the mean permeability is 0.9x10™*® m? (Parameter Set A).

Step 2: go to directory 500 _a30, where the percolation flux is 500 mm/yr and the L/a is
30 Pa;

Step 3: type “rund” and enter to run ITOUGH2v3.2_drift with the input file 500_a30;

Step 4: calculate the seepage percentage from the output file outq.

Table12

Root directory
[drift_geo/ includes subpaths and files for drift collapse models

Subdirectories

[drift_cc/drift_cc r&/ filesfor the model cut out 3m depth and 2m width at the drift roof.
/drift_cc8/drift_cc8 r&/ files for the model cut out 1 m® rock-fall from the drift crown.
/drift_cs8/drift_cs8_r&/ files for the model cut out 1 m® rock-fall from the drift springline
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[drift_kzone/drift_kz ré&/ files for the model with disturbed zone around the drift
Mesh names MESHSF_cc; MESHSF_cc8; MESHSF_cs8; MESHSF

Initial Condition Filenames
INCONcc _alh r&
INCONcc8 alh r&
INCONcs8 _alh r&
INCONKz_r&
& is the redization number.

Subdirectories

I* a%]/
* is the percolation flux (mm/yr).
% isthe value of 1/a.

For example, /500 _al00/ a subdirectory containing the files for a simulation with a
percolation flux of 500 mm/yr and /a of 100 Pa.

ITOUGH2 Input files

*ah

* is the percolation flux.

A value of L/a: 1k = 1000, 3h = 300 and 1h = 100, or 30.

For example, 500_alhisainput file for aflux of 500 mm/yr and Z/a of 100 Pa.
Output files

* ah.out output file for ITOUGHZ2.

* a\sav ITOUGH2 .sav file with output conditions

outq file containing seepage results

t2.msg ITOUGH2 message file providing simulation status

Sepsto rerun a example case corresponding to table 12

In Table 12, 3_m rock failurein drift roof and realization 2 with Parameter Set B ( the
seepage percentage is 8.6).

Step 1: go to directory drift_geo/drift_cc/drift_cc_r2/, where the correlation length is 0.5
meter, o = 1.66, the redlization is 2 and the mean permeability is 0.9x10% m?;

Step 2: go to directory 500_al00, where the percolation flux is 500 mm/yr and the /a is
100 Pg;

Step 3: type “rund” and enter to run ITOUGH?2v3.2_drift with the input file 500_al100;
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Step 4: calculate the seepage percentage from the output file outq.

Table13

Root Directory
/multi_p/ includes subpaths and data files for episodic percolation simulations

Mesh Filename
MESHSF input file mesh for a5.5 m diameter drift.

Subdirectory
/multi_73+ 2-10/
+ ‘s means Set A, ‘alk’ means Set B. If + ismissing thisindicates Set A but with
Yo =100 Pa

For example, file multi_73_2-10 indicates a flux of 73 mm/yr, Parameter Set A but with
/o =100 Pa, with flux occurring in the first two months of each year.

Initial Conditions Filename INCON

Input files

* AM+?y
* isthe percolation flux during the first two months of the year in mm/yr.
N shows the number of months for the run.
? isthe year number of the run. The sequence startswith O .

For example, 439 2m+1y isainput file for a simulation over the two wet months with
the percolation flux of 439 mm/yr in the second year. 439_10m+1y isthefile for the
simulation of the following 10 months.

Output files

* Am+?y.out ITOUGH2 output

* Am+?y.sav ITOUGH2 .sav file with final simulation conditions
*_Am+?y.tec ITTOUGH?2 .tec file for plotting

outg_“m+7?y output file from ITOUGH2 for seepage rates.

For example, outqg_2m+1y isaoutput file for the percolation flux of 439 mm/yr over the
second wet period (second year).

Sepsto rerun an example case corresponding to table 13
In Table 13, use Parameter Set B at the end of wet period ( the seepage percentageis 2.5).

Step 1: go to directory /multi_p/multi_73s 2-10/;
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Step 2: copy 0_10m+2y.sav to INCON asinitial condition of the forth wet period. After
three years episodic percolation the seepage is near steady state;

Step 3: type “rund” and enter to run ITOUGH2v3.2_drift with the input file 439_2m+3y;

Step 4: calculate the seepage percentage from the output file outq_2m+3y.

MDL-NBS-HS-000002 REV00 Attachment I1-9 February 2000



Title: Seepage Model for PA Including Drift Collapse o U0075

ATTACHMENT ITI-SOFTWARE ROUTINE CODE LISTING

(Documentation per AP-SI.1Q is included in the records packages submitted for each routine as
listed in Table 1 in Section 3.)

Sourée code‘for Software Routine frac_calec, Version 1.1

program Frac_Calc

c Version 1.1

c A1l changes for Version 1.1 are indicated by MAC V1.1

C See Scientific Notebook YMP-LBNL-GSB-MC-1.2 pages 14-16

c Discussion for Version 1.0

c

c The purpose of this program is to calculate means and variances

c for fracture preoperties for UZ model layers based on detailed
c line survey {(DLS) data for the Exploratory Studies Facility (ESF}
C that has been downloaded from the Technical Database (TDB}) .

c This program was originally written by Eric Sonnenthal with

c revisions and additions by Mark Cushey (4/98 to 7/98) which are

c labeled MAC and dated. Major additions include using data

C statements and coding to combine subunits for model layers

c internally in the program; calculating additional parameters;

C program recalculates all numbergs for each model laver each time
¢ it is executed; calculate apertures; calculate alpha & log alpha

c and its statistics; calculates spacing, frequencies and intensity
c for selected interval lengths: new input format for direct reading
C of data from TDB after processing through read_tdb.f; and new

c output formats.

c MAC V1.1l - updated pages below for references for Version 1.0

c See Scientific Notebook YMP-LBNL-GSB-MC-1 pages 60-69, 124-125, 137
c See Scientific Notebhook YMP-LBNL-GSB-MC-1.1 pages 98, 101-108, 114-115%
c See Reference Binder YMP-LBNL-GSB-MC-1.1A pages 88-97, 98-106

c - Mark Cushey 7/98

C _______________________________________________________________________
c Below comments by E.Sonnenthal

C... Program to read USGS ESF data and calculate fracture geometries

<. and densities for plotting (11/4/96: E. Sonnenthal)

c. Components of hydraulic conductivity tensor (de Marsily, 1986)

c. 11/11/96 E. Sonnenthal

¢... revised 2/6/97 for a fracture size range

o) nf = Number of fractures

c blksiz = Block size {m)

c kfrc = Hydraulic conductivity of each fracture (m/s)

< aper = Aperture of each fracture (m}

o strike = Strike of each fracture (azimuth in radians)

c dip = Dip of each fracture (dip in radians}

c ktens = Conductivity tensor (9 component)

cC k(9) = (kxx,kxy, kxz, kyx, kyy.kyz, kex, kzy, kzz)

c | kxx kxy kxz ]

c | kyx kyy kyz |

C | kzx kzy kzz |
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Title: Seepage Model for PA Including Drift Collapse uoo75

¢ Conmented out variables no | onger used MAC 7/98
c integer nil,ni2
i nteger i,k,ni,n,nn, nnl, nfr,nf,nsl, ns2
paraneter (nf = 50000)
paramet er (pi=3.1415926536d0)
parameter (ni = 199)

¢ Added MAC 4/13/98
character*32 fnane

¢ Conmented out variables no | onger used MAC 7/98
c character*8 outfile, header2, fstat

c character*200 header

c i nteger distl

c doubl e precision height(nf),dist2

integer nfrint(ni),ns

doubl e precision bl ksi z, kf, sdsq, stkrad, di prad, proptf
doubl e precision fm n,fmax

doubl e precision kfrc(nf), aper(nf)

doubl e precision ktens(9)

doubl e precision kxx, kxy, kxz, kyx, kyy, kyz, kzx, kzy, kzz
doubl e precision endpl, endp2,totaltr,total ht, adi p, bdi p
doubl e precision dist(nf),nfrc(nf)

doubl e precision strike(nf),dip(nf),alen(nf),blen(nf)
doubl e precision atrace(nf), btrace(nf),trace(nf)
doubl e precision trlen,fnesf,frint,fgrpl,fgrp2,fsiz
doubl e precision trcnax, di pm n, di pmax, aperture

doubl e precision avgsp, frcint, varsp, sdspac

doubl e precision freq, sdfreq,frcvol, frcrad, frcpor, bl kht, bl kdp
doubl e precision sdlen,varlen, avgl en,frarea, frcp2d
character*1 ansl, ans2

c MAC V1.1
doubl e precision intarea, gnlen

c
C __________________________________________________________________________
C Bel ow added by MAC 4/98 - 5/98
c Data statenents added to identify subunits and | ater conbi ne
c subunits for each nodel |ayer
c Moved to include MAC 6/98 so that various conmbi nations could be
c used by sinply using a different file for include
c Note that al cove stations are entered with Al cove # in the
c ten thousandth | ocation
c Assi gnnment for nodel |ayers based on CRWSM M&O, 1998.
c For npbst recent assignment see
c Scientific Notebook YMP-LBNL-GSB-MC-1.1 pages 36-39.
c
c Include file 'databl k.f' includes data statenents for
c uni t name, nodl ayer, unitsta, unitend, and | ogairk
c MAC V1.1
i ncl ude ' dat abl k11. f'
c
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c For testing, instead of 'datablk.f', include file 'uznodel 97.f
c for conparison with calcul ations performed for the July 97
c nmlestone (Chapter 7, Sonnethal et. al, 1997) or include
c "sweet kind.f' for conparison with calculations in
Cc Sweetkind et. al (1997). Use the data files ericdls.dat and
Cc sweetdl s. dat, respectively.
c i ncl ude 'uznodel 97.f
c i ncl ude ' sweetkind. f
c MAC 7/ 98 For the nore detailed PTn nodel |ayers use
c i ncl ude ' ptnbl k. f*
C ..........................................................................
c Bel ow added MAC 4/98 - 6/98
c ntotal is the total nunber of UZ nodel |ayers
c nlayers is the total nunmber of segnents along the ESF
c Both are used for the data statenents and are defined in the
c file 'databl k. f
c npar is the nunber of paraneters saved for calcul ating properties
c for entire nodel |ayer
c variables with "int' are for calculating fracture properties for
c i nterval s
c variables for data statenents [integer nodl ayer(ntotal);
c doubl e precision |ogairk(nlayers), unitsta(nl ayers),
c uni tend(nl ayers)] are in file 'datablk.f
i nt eger | ayer, first,|ast, npar
c MAC V1.1 changed npar from16 to 18

par anet er ( npar =18)

doubl e precision spac, frcpld,trcmn, conbine, kzzkxx, kyykxx, kzzkyy,
+ al pha, | oga, | ogf, sdal pha

di nensi on conbi ne(nl ayers, npar)

character*5 outfile

integer intn,intmax,intnfr,intlayer

par anmet er (i nt nax=10000)

doubl e precision intfreq,intspace, intlength, inttrace

di nension intfreq(intmax),intspace(intmax),intnfr(intmx),

+ i nttrace(i nt max)
C...lnput file name
2 print *, '"Enter fracture data filenane: '
read (*,*) fnane
open(unit=12,fil e=f name, status="old', err=5)
go to 7
5 write(*,*)"File not found
go to 2
7 conti nue
¢ Renoved call to station file -- all in one file MAC 4/13/98
c revised MAC 4/13/98 - starting and end points for nodel |ayers
c now determi ned internally
c revised MAC 4/17/98 - changed i nput process
dipmin = 0.dO
di pmax = 90. d0
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uoo75

¢ Added MAC 7/8/98 -
wite(*,*)" Enter

c

c...

n

y
wite(*,*
)

)" Enter

read(*, *)fm n, f max

read(*,*)intlength

Read station file -

nm ni mum and maxi mum fracture |l ength to use'

query user for interval length
i nterval

length (in neters)’

Renmoved MAC 4/13/98

MAC 4/98 open output files

open(13,file="alll. par', status="unknown")
open(14,file="all 2. par', status="unknown')
write(13,441)
write(1l4,442)
open(18,file="interval.par', status="unknown')
wite(18,1999)
open(20,file="tnp.par')

¢ Rev MAC 4/13/98
read (12, %)

1
c
c
c

9

[N o]

i =0
0 i =i +1

rev MAC 6/29/98 -
read(12, *, end=99)di st (i), strike(i),dip(i),atrace(i),
& btrace(i), height (i)

read(12,*,end=99)dist(i),strike(i),dip(i),atrace(i),

& btrace(i)

go to 10
9 ns =i - 1

di st (ns+1) =99999. 9

cl ose(12)

Added MAC 6/ 25/ 98
initialize conbine

do j =1, npa

do i =1, nlayers

r

end do

end do

Don' t

Read fracture data file

combine(i,j)

Added NMAC 4/17/98

Loop t hrough nodel

Defi ne endpl

DO | ayer =
endp
endp

nsl
ns2
do i

1
2

1, nl ayers

0
0

if (((dist(i).ge.endpl).and.(dist(i-1).1t.endpl))

endp2,

nsi,

read in height

= 0dO

| ayers, assiging station ranges

ns2

uni tsta(l ayer)
uni tend(Il ayer)
write(*,*)unitnane(l ayer), endpl, endp2

1, ns+1
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& .or.((dist(i).ge.endpl).and.(i.eq.1)))
& nsl =i
if ((dist(i).gt.endp2).and. (dist(i-1).1e.endp2))
& ns2 =i -1
end do
c MAC V1.1 - changed 0.0 to O
if ((ns2-nsl).le.0) go to 999
wite(*,*)' ', dist(nsl), dist(ns2)
c outfile = unitnane(layer)

outfile = "dunmy’

c if ((layer.eq.48).or.(layer.eq.27)) then
c outfile = unitname(l ayer)
c write(*,*)" Tecplot file for', unitnanme(layer),
Cc + uni tsta(l ayer), unitend(Il ayer)
c end if
C... Find size distribution for all fractures
if(ans2.eq.'y')then
fmesf = 0.3d0
frint = 0.2d0
do i = nsl,ns2
trlen = atrace(i) + btrace(i)
do k = 1, ni
fgrpl = frmesf + dble(k-21)*frint
fgrp2 = frmesf + dble(k)*frint
if(trlen.ge.fgrpl.and.trlen.lt.fgrp2)
& nfrint(k)=nfrint(k)+1
enddo
enddo
endi f
c

¢ Added MAC 4/98 find mininumtrace | ength before excluding
trcmn = fmax
do i = nsl,ns2
trcmin = mn((atrace(i)+btrace(i)),trcmn)
enddo

Cc... Find fractures that are within range if given
n=2~0
nfr =0
do i = nsl,ns2
i f(dip(i).ge.dipnin.and.dip(i).!le.dipmx.and.atrace(i)+
+ btrace(i).ge.fmn.and. atrace(i)+btrace(i). |l e.fnax)
+ t hen
n=n+1
nfrc(n) =i
nfr = n
endi f
enddo
if (nfr.le.1l) go to 999

c

c... Calculate proportion of total fractures
proptf = dble(nfr)/(dble(ns2-nsl+l))

c
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c... Find total trace length
don =1, nfr
nn = nfrc(n)
trace(n) = atrace(nn) + btrace(nn)

enddo
c
c... Find maxi mumtrace |ength
trcmax = -1.d5
don =1, nfr
trcmax = max(trace(n),trcmax)
enddo
c
Cc... Length of fracture segnment for plotting is 0.15 inch/neter
don =1, nfr
nn = nfrc(n)
al en(n) = atrace(nn)*0.15d0
bl en(n) = btrace(nn)*0.15d0
enddo
c
C... Calculate blocksize (interval |ength)
bl ksiz = endp2 - endpl
bl kht = 6.d0
bl kdp = 6.d0
c

(o]

Rev MAC 4/17/98 - noved perm frac volume, porisity to after
paraneters

(¢]

c Rev MAC 4/98 - zero sum paraneters

total ht = 0dO
totaltr = 0dO
ssght = 0dO
ssqtr = 0dO
sspac = 0dO
ssqgsp = 0dO
ssql sp =0d0
sl gsp = 0dO
c MAC V1.1
gm en = 0dO

intarea = 0dO

¢ Added MAC 5/98
do n =1, intmax
i nt space(n) = 0dO
intfreg(n) = 0dO
intnfr(n) =0

inttrace(n) 0do
end do
intn =0
intlayer =0
c
c... Calculate fracture paraneters - loop through fractures

don =1, nfr
nn = nfrc(n)
totaltr = trace(n) + totaltr
ssqtr = trace(n)**2 + ssqtr
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c MAC V1.1
gmMen = gmMen + dloglO(trace(n))

if(n.gt.1)then
nml = nfrc(n-1)
c rev MAC 4/13/98 - put in if
spac = dabs(dist(nn)-dist(nml))
if (spac.eq.0.0) then
write(*,*)"station overlap',dist(nn),nn, nm
end if
2099 format(1x, a5, 3(1x,f9.2))

sspac = spac + sspac
c correction MAC 4/13/98

c put in '+ slgsp' in place of '+ sspac’
c put in dlogl0 and if-then

if (spac.ne.0.0) then

sl gsp = dl oglO(spac) + slgsp
c correction MAC 4/98
c put in '+ ssqglsp’ in place of '+ ssqgsp'
c put in dlogl0
ssqgl sp = (dl ogl0(spac))**2 + ssql sp

el se
c rev MAC 4/98 for zero spacing use 0.005 mwhich is 1/2
c of the neasurenent precision

sl gsp = dl ogl0(5d-3) + slgsp
ssqgl sp = (dl 0g1l0(5d-3))**2 + ssql sp
end if

SsSqQsp = spac**2 + ssqsp

c added MAC 5/98 - for determ ning frequency and intensity over interva
added MAC 7/98 - if-then statnment to prevent from
c overextendi ng i nterval boundary
intn = INT((dist(nn)-endpl)/intlength)+1
if ( (endpl+(intn*intlength)).le.endp2 ) then
if (intn.gt.intnax) then
write(*,*)" Max nunber of intervals exceeded -',
+ ' program st opped
wite(*,*)' Resize intmax -

(¢

intmax,intn',intmax,intn

stop
end if
i ntspace(intn) = intspace(intn) + spac
intnfr(intn) = intnfr(intn) + 1
inttrace(intn) = inttrace(intn) + trace(n)
intlayer = intn
end if
endi f
300 conti nue
enddo

avgsp = sspac/dbl e(nfr-1)
freq = 1.d0/avgsp
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c added MAC 5/98 - for determ ning frequency and intensity over interva
do intn = 1,intlayer
if (intnfr(intn).gt.1) then
i ntspace(intn) = intspace(intn)/dble(intnfr(intn)-1)
intfreg(intn) = 1d0/intspace(intn)

el se
intfreq(intn) = 1d0/intlength
end if
inttrace(intn) = inttrace(intn)/intlength/blkht
end do
c MAC 5/98 added if-then for small # of fractures
if (nfr.gt.2) then
Cc nfr-1 is the nunber of pairs used to cal cul ate spacing

varsp = (ssqgsp - ((sspac**2)/dble(nfr-1)))/(dble(nfr-2))
if (varsp.gt.0.0) then
sdspac = sqrt(varsp)

¢ added comrent and put in varsp rather than sdspac**2 by MAC 5/98
c V[f]= V[s]*(-E[s]**-2)**2
sdfreq = sqrt((((-avgsp)**(-2))**2)*varsp)
el se
sdspac = 0dO
sdfreq = 0dO
end if
el se
varsp = 0dO
sdspac = 0dO
sdfreq = 0dO
end if
frcint = totaltr/Dblksiz/bl kht
avglen = totaltr/dble(nfr)

varlen = (ssqtr - ((totaltr**2)/dble(nfr)))/dble(nfr-1)
if (varlen.gt.0.0) then
sdlen = sqrt(varl en)
el se
0do

sdl en
end if

c Rev MAC 4/17/98 - calculate b (in um fromairk
aperture = 1d6*(12d0*(10**I ogai rk(l ayer))/freq)**(1.0/3.0)

c... Calculate perneability of each fracture and pass to ktensor
don =1, nfr
aper(n) = aperture*l.d-6
kfrc(n) (aper(n)**3)/12.d0
enddo

c Rev MAC 4/98 - zero sum paraneters

frcvol = 0dO
frarea = 0dO
doi =1,9
ktens(i) = 0dO
end do
c... Calculate fracture volune based on penny-shaped fractures

don =1, nfr
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frcrad = trace(n)*0.5d0
frcvol = pi*aper(n)*frcrad**2 + frcvo
frarea = aper(n)*frcrad*2.d0 + frarea

c MAC V1.1 - will divide by block volune after conbining
intarea = pi*frcrad**2 + intarea

enddo

C... Calculate fracture porosity
frcpor = frcvol/ (bl ksi z*bl kht * bl kdp)
frcp2d = frareal/ (bl ksi z*bl kht)

¢ Added MAC 4/22/98 - include 1-D porosity
frcpld = freq*aperture*1d-6

Cc... Calculate components associated with each fracture, then sum
radi an = pi/180.d0
don =1, nfr
nn = nfrc(n)
i f(strike(nn).le.90.d0)then
stkrad = strike(nn)*radi an
di prad = di p(nn)*radi an
el seif(strike(nn).gt.90.d0.and.strike(nn).le.180.d0)then
stkrad = strike(nn)*radi an
di prad = (180.dO-di p(nn))*radi an
el seif(strike(nn).gt.180.d0. and. strike(nn).le.270.d0)then

stkrad = strike(nn)*radi an

di prad = (180. dO-di p(nn))*radi an
el se

stkrad = strike(nn)*radi an

di prad = di p(nn)*radi an
endi f

sdsqg = (dsin(diprad))**2

kxx = 1.d0 - ((dcos(stkrad))**2)*sdsq
kxy = 0.5d0*dsi n(2. d0*st krad) *sdsq
kxz = -0.5d0*dsi n(2.d0*di prad) *dcos( st krad)
kyx = kxy
kyy = 1.d0 - ((dsin(stkrad))**2)*sdsq
kyz = 0.5d0*dsi n(2.d0*di prad) *dsi n(st krad)
kzx = kxz
kzy = kyz
kzz = sdsq
kf = kfrc(n)*freq
ktens(1) = kxx*kf + ktens(1)
ktens(2) = kxy*kf + ktens(2)
ktens(3) = kxz*kf + ktens(3)
ktens(4) = kyx*kf + ktens(4)
kt ens(5) = kyy*kf + ktens(5)
ktens(6) = kyz*kf + ktens(6)
ktens(7) = kzx*kf + ktens(7)
ktens(8) = kzy*kf + ktens(8)
ktens(9) = kzz*kf + ktens(9)
enddo

c Added MAC 4/21/98

kzzkxx = ktens(9)/ktens(1)
kyykxx = ktens(5)/ktens(1)
kzzkyy = ktens(9)/ktens(5)
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¢ Added MAC 4/21/98
Cal cul ate al pha (see equation 7)
al pha = aperture*1d-6/2d0/72d-3

c

(¢

(o]

OO0 00

OO0OO0OO0O0O0O0O0O0O0O0OO0

Comment ed out MAC 7/98
Open and wite perneability conponents of fracture networks
open(11,file=outfile//'.prm , status="unknown')

write(l1ll,*)' Perneability Tensor for: ',outfile
write(11,450)" kxx', "' kxy','kxz','kyx','kyy','kyz',K'kzx',

"kzy', ' kzz'
write(1ll, 460)ktens(1), ktens(2), ktens(3), ktens(4),
kt ens(5), ktens(6), ktens(7), kt ens(8), ktens(9)
write(1ll,*)" kzz/ kxx= "', ktens(9)/ktens(1)
write(1ll,*)' kyy/ kxx= "', ktens(5)/ktens(1)
cl ose(11)

Cal cul ate orientations and open and wite GMI plot file

open(11,file=outfile//".plt', status="unknown')

don =1, nfr

nn = nfrc(n)
if(strike(nn).le.90.d0)then
adi p = di p(nn)
bdip = di p(nn) + 180.d0
el seif(strike(nn).gt.90.d0.and.strike(nn).le.270.d0)then

adip = 180.d0 - dip(nn)

bdi p = 360.d0 - dip(nn)
el se

adi p = di p(nn)

bdip = di p(nn) + 180.d0
endi f

write(1ll1,404)di st (nn), adip, al en(n), unitname(l ayer)
write(1ll1,404)di st (nn), bdip, bl en(n), unitname(l ayer)

enddo

cl ose(11)

Bel ow by MAC 4/ 98

Conpl etely changed output file formatting

now 'alll.par' and "all2.par' which |ist data for each subunit
Deleted E.S. output file witing

if (endp2.1t.9999.0) then

write(13,443)unitnane(layer), endpl, endp2,trcmin,fmn,

+ trcmax, nfr, avgsp, sdspac, freq, sdf req, avgl en, sdl en, frci nt
write(1l4, 444)uni tnane(layer),fmn,nfr,freq,
+ aperture, frcpor, frcp2d, frcpld, al pha, kzzkxx, kyykxx, kzzkyy
wite(13,443)" ', dist(nsl), dist(ns2)
el se
al cove data & ECRB dat a
ECRB is read in as if it is alcove 9 MAC 3-23-99
if (endpl.lt.90000.0) then
write(13,2443)unitname(layer), | NT(endpl/10000.0),trcmn,fmn,
+ trcmax, nfr, avgsp, sdspac, freq, sdf req, avgl en, sdl en, frci nt
el se
write(13,2445)unitnanme(layer),trcmn,fmn,
+ trcmax, nfr, avgsp, sdspac, freq, sdf req, avgl en, sdl en, frci nt

end if
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write(1l4,444)unitnane(layer),fmn,nfr,freq,
+ aperture, frcpor, frcp2d, frcpld, al pha, kzzkxx, kyykxx, kzzkyy
write(13,2444)(dist(ns2)-dist(nsl))

end if
441 format (1x,' Unit', 1x,'<---Station--->", 1x,
+ " Mn-m,1x,' M nUse', 1x,"' Max-m, 1x,' #Frac', 1x,
+ ' Spac-m , 1x, ' SDSpac', 1x,"' Fq-1/m ,
+ 1x,' SDFreq', 1x, ' Leng-ni, 1x, "' SDLeng', 1x,"' I ntens")
442 format (1x,' Unit', 1x,
+ "M nUse', 1x,' #Frac', 1x, ' Fg- 1/ n
+ , 1x, " Apr-um , 1x, "' Por-3D , 1x, "' Por-2D , 1x, "' Por - 1D
+ ,Ix, ! al pha', 1x, ' kzz/ kxx", 1x, "' kyy/ kxx', 1x, "' kzz/ kyy")

443  format (1x, a5,2(1x,f7.2),3(1x,f6.2),1x,i6,7(1x,f6.2))
444  format (1x, a5, 1x, f6. 2, 1x,1i 6, 1x, f 6. 2, 1x, f 6. 0, 4( 1x, es9. 2),
+ 3(1x,17.2))
2443 format (1x, a5, 4x, ' Al cove' ,i 2, 4x, 3(1x,f6.2),1x,i6, 7(1x,f6.2))
2444 format (7x,f7.2,1x, ' neters')
2445 format(1x, a5, 4x, "' ECRB ', 2x, 4x, 3(1x,f6.2), 1x,16, 7(1x, f6. 2))

c Save results for conbi ned out put

c added MAC 4/98
conbi ne(l ayer, 1) =endpl
conbi ne( |l ayer, 2) =endp2
conmbi ne(l ayer, 3)=trcnin
conbi ne( |l ayer, 4) =t r cnax
conbi ne(l ayer, 5) =dbl e(nfr)
conbi ne(l ayer, 6) =avgsp*dbl e(nfr-1)
conbi ne(l ayer, 7) =ssqgsp
conbi ne( |l ayer, 8) =avgl en*dbl e(nfr)
combi ne(l ayer, 9) =ssqtr
conbi ne(l ayer, 10) =f r cpor *bl ksi z/ (aperture*1d- 6)
conbi ne(l ayer, 11) =f rcp2d*bl ksi z/ (aperture*1d- 6)
conmbi ne(l ayer, 12) =ktens(1)/freq
conmbi ne(l ayer, 13) =kt ens(5)/freq
conmbi ne(l ayer, 14) =kt ens(9)/freq
conbi ne(l ayer, 15) =sl gsp
conbi ne(l ayer, 16) =ssql sp

c MAC V1.1
conbi ne(l ayer, 17) =i nt ar ea
conbi ne(l ayer, 18) =gm en

¢ Added MAC 5/98 - Qutput interval results to '"interval.par'
do intn=1,intlayer
write(18,2000)unitnane(l ayer),

+ (endpl+(intn-1)*intlength),

+ (endpl+(intn)*intlength),

+ intnfr(intn),intspace(intn),intfreq(intn),

+ (dble(intnfr(intn))/intlength),inttrace(intn)

end do
1999 format(1x,' Unit',2(1x," Station'), 1x,' #Frac' , 4x,

+ ' Spaci ng', 2x, ' Frequency', 3x,"' #/ Length', 2x," ' Intensity')
2000 format(1x,a5,2(1x,f9.1), 1x,i 8, 4(1x, f10. 2))
C _____________________________________________________________________
C... Wite fracture size distributions

if(ans2.eq.'y')then
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c rev

c

open(12,file=outfile//"'.szd ,status="unknown')
do k =1, ni
fgrpl = fnesf + dble(k-1)*frint
fsiz = fgrpl + frint*0.5d0
MAC 5/12/97 wite(12,470)fsiz,dble(nfrint(k))/dble(ns)
write(12,475)fsiz, nfrint(k)
enddo
cl ose(12)
fsum = 0.dO
write cunul ative size distributions
open(12,file=outfile//"'.csd ,status="unknown')
ftot = 1.d0
write(12,470)fmesf, ftot
do k = 1, ni
fgrpl = frmesf + dble(k)*frint
fsum = dble(nfrint(k))/dble(ns) + fsum
wite(12,470)fgrpl, 1.d0 - fsum
enddo
cl ose(12)
endi f

¢ Added MAC 4/17/98

999

conti nue
END DO

cl ose(13)
cl ose(14)

Below is all new code added by MAC 4/98
Conbi ne results for single values for each nodel |ayer

Qutput to files 'conmbl. par' & 'conmb2.par’ - conbined results of
alll. par & all 2. par
Qutput to file 'calibrate.par' - data to be used for inversion

open(13,file=" conbl. par', status="unknown")
open(14,fil e=" conb2. par', status="unknown")
open(15,file="calibrate. par’', status="unknown')
wite(13,1441)
write(14,442)
write(15,2501)
DOi = 1,ntotal

trcmn = 1d6

trcmax = 0dO

nfr =0

avgsp = 0dO
sspac = 0dO
sdspace = 0dO
ssgsp = 0dO
avgl en = 0dO
sdl en = 0dO
ssqtr = 0dO
frcpor = 0dO
frcp2d = 0dO
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bl ksi z = 0dO
kxx 0do

kyy 0do

kzz 0do

sl gsp = 0dO
ssl gsp = 0dO

c MAC V1.1

i ntarea = 0dO
gnm en = 0dO

first = nodlayer (i)
if (i.ne.ntotal) then
last = nodlayer(i+1) - 1

el se

| ast = nlayers
end if
n =1last - first + 1

DO |l ayer = first, | ast

trcmin = mn(trcem n, conbi ne(l ayer, 3))
trcmax = max(trcnax, conbi ne(l ayer, 4))
nfr = nfr + N NT(conbi ne(l ayer, 5))
sspac = sspac + conbi ne(l ayer, 6)
ssgsp = ssqgsp + conbi ne(l ayer, 7)
avgl en = avgl en + conbi ne(l ayer, 8)
ssqtr = ssqtr + conbine(l ayer, 9)

frcpor = frcpor + conbi ne(l ayer, 10)
frcp2d = frcp2d + conbi ne(l ayer, 11)
bl ksiz = blksiz + conbi ne(layer,2) - conbine(layer, 1)
kxx = kxx + conbi ne(l ayer, 12)
kyy = kyy + conbi ne(l ayer, 13)
kzz = kzz + conbi ne(l ayer, 14)
c
sl gsp = slgsp + combi ne(l ayer, 15)
ssql sp = ssqgl sp + conbi ne(l ayer, 16)
c MAC V1.1

intarea = intarea + conbi ne(layer, 17)

gm en = gmen + conbine(l ayer, 18)

if ((layer.eqg.last).and.(nfr.gt.(n+l))) then
avgsp = sspac/ dbl e(nfr-n)
freq = 1.d0/avgsp

c nfr-n is the nunber of pairs used to cal cul ate spaci ng
varsp = (ssqgsp - ((sspac**2)/dble(nfr-n)))/(dble(nfr-n-1))
if (varsp.gt.0.0) then
sdspac = dsqgrt(varsp)

el se
sdspac = 0dO
end if
varlen = (ssqtr - ((avglen**2)/dble(nfr-n))) /

> (dbl e(nfr-n-1))
avgl en = avgl en/ dbl e(nfr)
if (varlen.gt.0.0) then
sdl en = dsqgrt(varlen)
el se
sdl en = 0dO
end if
if (sdspac .gt. 0.0) then
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sdfreq = dsqrt(varsp/ (avgsp**4))
el se
sdfreq = 0dO
end if
aperture = 1d6*(12d0*(10**| ogai rk(l ayer))/freq)
& **(1.0/3.0)

al pha = aperture*1d-6/2d0/ 72d- 3

frcpor = frcpor*(aperture*1d-6)/bl ksi z
frcp2d = frcp2d*(aperture*1ld-6)/ bl ksi z
frcpld = freq*aperture*1d-6

Cc calculate k ratios (note freq cancel s)
kzzkxx = kzz/ kxx
kyykxx = kyy/ kxx
kzzkyy = kzz/ kyy

Cc calulate fracture intensity
frcint = avgl en*dbl e(nfr)/ bl ksi z/ 6e0

c MAC V1.1
gm en = 10**(gnl en/ dbl e(nfr))
intarea = intareal/bl ksi z/ (gm en**2)

write(13,1443)unitnane(layer),trcmn,fmn,

+ trcmax, nfr, avgsp, sdspac, freq, sdf req, avgl en, sdl en, frci nt
write(14, 444) unitname(l ayer),fmin,nfr,freq,
+ aperture, frcpor, frcp2d, frcpld, al pha, kzzkxx, kyykxx, kzzkyy
c
ssqgl sp = (ssqlsp - slgsp**2/dble(nfr-n) )/ dble(nfr-n-1)
slgsp = slgsp / dble(nfr-n)
logf = - slgsp
| oga = (1d0/3d0) *(dl ogl0(12d0) +l ogai r k(! ayer) -1 ogf)
> - dl 0gl10(2d0*72d- 3)
sdal pha = sdfreg*dsqrt(1d0/ 72d-3) *
> ( (10**| ogairk(layer)) /18d0/(freg**4) )**(1.0/3.0)
if (ssqglsp.le.0.0) then
write(*,2500)uni t nane(l ayer), sl gsp, ssql sp
ssqlsp = 0.0
end if
c MAC V1.1 add new paraneters gnmen (genetric nean |ength) and
c intarea (fracture areal/block volume where block volunme is
c bl ock length * gmen™2). Al so changed output for calibrate. par
write(15,2500) unit nane(l ayer), fmin, frcp2d, (aperture*ld-6), freq,
+ i ntarea, gm en, al pha, sdal pha, | oga, dsqrt (ssql sp/ 9d0)
2500 format(1x, a5, 5x,f9.2,2(3x,es9.2),3x,f9.2,2(3x,f9.3),
+ 2(3x,es9.2),2(3x,f9.2))
2501 format(1x,' Unit',1x,'Mn-Fr-Length', 1x,' Fr-Porosity', 4x,
+ "Aperture', 3x,' Frequency', 2x,'Inter-Area',3x,'Gnlength',
+ 4x, ' Fr- Al pha', 4x, "' SD- Al pha', 4x, "' LogAl pha', 1x, ' SD- LogAl pha')
c2500 format (1x, a5, 2(1x,f7.2),2(1x,es9.2),3(1x,f7.2),1x,f7.3,1x,f7. 2,
c + 1x,i5,2(1x,f7.2))
c2501 format (1x,' Unit', 4x,' Freq', 2x,' SDFreq', 5x, "' al pha', 3x, ' sdal pha'
c + 4x, 'l oga', 2x, 'l ogsda', 2x, ' <l oga>',
c + 1x, ' s<l oga>', 2x, 'gnfreq', 1x, ' #Frac', 3x, ' Bl ock', 3x, ' #Freq")
c added el se statenment - MAC 6/ 25/98

el se
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if (layer.eq.last) then
write(13, 2500) unitname(l ayer)
write(14, 2500) uni t name(l ayer)
write(15, 2500)unit nanme(l ayer)

end if
end if

END DO

END DO
1441 format(1x,' Unit', 1x,

+ " Mn-m,1x,' M nUse', 1x,"' Max-m, 1x,' #Frac', 1Xx,

+ ' Spac-m , 1x, ' SDSpac', 1x,"' Fq-1/m

+ 1x,"' SDFreq', 1x, ' Leng-m , 1x,"' SDLeng', 1x, ' | ntense')
1443 format(1x, a5, 3(1x,f6.2),1x,i6, 7(1x,f6.2))

cl ose(13)

cl ose(14)

st op

400 format (a200)

404 format (f13.2, 1x, 8.4, 1x,f9. 5, 1x, ab)
408 format (alo)

410 format (i 2, 1x,f5.2)

415 format (a21, 2(1x,f7.2))

420 format(a48, 2(1x,f7.3), 1x,i5, 1x, f5. 3)
425 format (a78)

430 format (f8.4,5(2x,f8.4),2(2x, el0.4))
440 for mat (a40)

450 format (9(4x, a4, 3x))

460 format (9(1x, el0. 3))

470 format (f10. 3, 1x, f 8. 4)

475 format (f10. 3, 1x, 1 8)

st op
end
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Source code for Software Routine Read TDB, Version 1.0

program Read_TDB

c This programreads the data files fromthe
c Techni cal Database. Qutput are witten
c unfornmatted to selected output file. Al nmessages are
c recorded to the screen and file 'index.txt
c Mar k Cushey 4/98
c Qutput is limted to 10 nunerical datatypes
c It is assumed that the maximumline length is |l ess than 250
real anum bnum val ue(10),Iinmval ue(10, 2), | octype
character*4 first
character*25 fil enane
character*250 al
character*250 datastring
character*8 astat, bstat, aval ue, |i m ext (10)
character*1 onestring(250), onedata(8), plus(8), ans
character*8 datanane(10),1i m tnane(10)
i nteger row, i nane,istring,idata,icolum(10),i,!l oc, rowsed,
+ imlimumlintxt
C ________________________________________
c open out put files
wite(*,*) Enter nane of output file:'
read(*, 1000)fil enane
open(uni t=20,fil e=fil enane)
open(unit=21,file="index.txt")
wite(*,*) ' Details on data retrieval are in index.txt
C ________________________________________
Cc query for different data types to be stored
c
wite(*,*)'List nanes of data types to be retrieved - up to 10
wite(*,*)' Enter only the first 8 letters for each’
wite(*,*)' Enter the word end for last entry
i =0
40 i =i +1

read(*, 1010) dat anane(i)
if ((datanane(i).ne.'end').and.
& (datanane(i).ne."END )) go to 40
iname =i - 1
write(*,1040)i name
write(21, 1040)i nane
write(20,1041) (dat anane(i),i=1,iname)
write(*,*)" Shoul d header be printed in output file - Y or N
read(*, 1011) ans
if ((ans.eq."Y').or.(ans.eq.'y"))
& write(21,1041) (datanane(i),i=1,iname)
1010 fornmat(a8)
1011 fornat(al)
1040 format(1x,i7,' datatypes selected')
1041 fornmat (10(2x, a8))
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c query for linmts on outputting data
[i mum = i nane
[intxt = inane

wite(*,*)"Are there |linmts for the output - Y or N?
read(*, 1011) ans
if ((ans.eqg.'Y').or.(ans.eq.'y')) then

i = inane
c write(*,*)"Enter the paraneter nanmes for numerical limts'
c wite(*,*)' Enter only the first 8 letters for each’
c wite(*,*)' Enter the word end for |ast entry'
c45 i =i +1
c read(*, 1010) dat anane(i)
c if ((datanane(i).eq.'end).or.
Cc & (datanane(i).eq. ' END )) go to 46
c write(*,*)" Enter upper and | ower value for limt'
c read(*, *)linmvalue(i,1),limval ue(i, 2)
c wite(*,*)"' Enter next limt or end
c go to 45
c46 i =i -1
c [imum = i
wite(*,*)' Enter the paranmeter names for text-defined limts'
wite(*,*)' Enter only the first 8 letters for each’
wite(*,*)' Enter the word end for |ast entry'
47 i =i +1
read(*, 1010) dat anane(i)
if ((dataname(i).eq.'end").or.
& (datanane(i).eq.'END )) go to 49
write(*,*)" Enter text to exclude - up to 8 characters’
read(*, 1010) I i mext (i)
write(*,*)"Enter next limt or end
go to 47
49 linmxt =1 - 1

do i=(iname+l), |imtxt
if (i.le.linmum then
write(*,1045)datanane(i),limvalue(i,1),!limalue(i,?2)
write(21, 1045) dat anane(i), |l imvalue(i, 1), limnmval ue(i, 2)
el se
write(*,1046)datanane(i),lintext(i)
write(21,1046)datanane(i),linmext(i)
end if
end do
end if
1045 format(1x,'Limts on', a8, 1x,f9.3,1x,f9.3)
1046 format(1x,'Limts on', a8, 1x, ' excl ude', 1x, a8)

C ..........................................
c qguery for input filename and open
50 write(*,*)"Enter next data filename (use M5-DOS fil enanme) or quit'

read(*, 1000)fil enane
if ((filenane.eq.'quit').or.(filenane.eq.' QU T ))go to 990
open(uni t=10,fil e=fil enane, acti on=" READ ,

& for m=' FORMATTED , status='ol d', err=75)
wite(*,*)filenane
Wite(21,*) mmmmmmmmmmmmmmm s :

wite(21,*)filenane
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wite(21,*) --------mmmmeaa oo '
1000 format(a25)
go to 80
75 write(*,*)"File does not exist
go to 50
C ........................................
c If one of the paranmeters is LOCATION, determnine type.
c If LOCATION is station nunber along DLS, |octype =0
C If LOCATION is along alcove, loctype = alcove # (can be #.1, #.2)
Cc If other, then loctype = -1
80 | octype = -1.0
Do i = 1,inane
if (datanane(i).eq.' LOCATION ) then
write(*,*)"'Is LOCATION a station nunmber al ong the'
+' DLS, alcove, or other - d, a, or o
read(*, *) ans
if ((ans.eq.'d").or.(ans.eq.'D)) then
| octype = 0.0
el se
if ((ans.eqg."a').or.(ans.eq.'A")) then
wite(*,*)" Wiich al cove #'
read(*, *) !l octype
el se
| octype = -1.0
end if
end if
end if
End Do
C ________________________________________
c find header line (between rows of asteriks)

82 read(10, 1001)first
if (first.ne."****') go to 82
1001 fornat(ad)

C ........................................
c find |l ocation where different data starts (use header)
do i=1,1imtxt
i col um(i)=0
end do
read( 10, 1020) dat astri ng
read(datastring, 1021) (onestring(istring),istring=1, 250)
doi = 1,lintxt
read(dat ananme(i), 1022) (onedat a(i dat a), i dat a=1, 8)
do istring = 1,250
do idata = 1,8
i f( (onestring(istring+idata-1).ne.onedata(idata)) )
& go to 98
end do
98 if (idata.eq.9) go to 99
end do
99 if (istring.ne.251) then

i colum(i)=istring
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1003
1020
1021
1022
1023

105

1002

200

el se
write(*, 1023) dat ananme(i)
pause
stop
end if
end do

wite(*,1003) (icolum(i),i=1,inane)
write(21,1003) (icolum(i),i=1,iname)
format (1x, ' Col utm headers at', 10(1x,i5))

f or mat (a250)

format (250(al))

format (8(al))

format (1x,a8," not found in file -- stopped')

nove forward to first data row

read(10, 1001)first

if (first.ne."****') go to 105
ski p blank Iine
read( 10, 1002) al

format (a72)

read data lines fromfile and get val ues
rowsed = 0

row = 0

read( 10, 2001, err =900, end=900) dat astri ng

if (datastring.eq.'End of Report') go to 900
if (datastring.eq.' ') go to 200
row = row + 1

write(*,*)row

first see if data is within text-defined limts
do ii=(limumtl),!|intxt
loc = icolum(ii)
read(datastring, 1999) al
if (all.eq.lintext(ii)) then
write(*,2025)row, datananme(ii),linmext(ii)
write(*,2026)datastring
write(21,2025)row, datananme(ii),linmext(ii)
write(21,2026)datastring
go to 200
end if
end do

do i=1,inane
loc = icolumm(i)
read(dat astri ng, 1999) aval ue

first check to see if any are not recorded (NR) or
special (*) -- exclude NR and use *

read(aval ue, 2002) (onedat a(i data), i dat a=1, 8)

do idata=1, 8

MDL-NBS-HS-000002 REV00 Attachment 111-19 February 2000



Title: Seepage Model for PA Including Drift Collapse uoo75

(¢]

215

216

2001

1999
2002
2005
2010
2011
2020

2021
2024

if ((onedata(idata)).eq.'N) then
the entire line is excluded
write(*, 2020) row, onedat a(i dat a), onedat a(i dat a+1),

& dat aname(i)
write(21,2020)row, onedat a(i dat a), onedat a(i dat a+1),
& dat anane(i)
go to 200
end if

if (onedata(idata).eq.'*') then
write(*,2021)row
write(21,2021)row
read(aval ue, 2024) aval ue

end if

end do

check if entry is a station nunber -- if loctype =0
LOCATION is station nunber along DLS, if l|octype = +#

LOCATION i s al ong al cove (nunber | octype)

If ((loctype.ge.0.0).and. (datananme(i).eq.' LOCATION )) then

get station nunber
read(aval ue, 2005) (pl us(i p),ip=1, 8)
do ip=1,8

if (plus(ip).eq.'+) go to 215
end do
read(aval ue, 2010) ast at, al I, bst at
read(astat, *)anum
read(bstat, 2005) (plus(im,inFl, (8-ip))
doim=1, (8-ip)

if (plus(im.eq."-') go to 216
end do
read( bstat, 2011) ast at
read(astat, *) bnum

if (loctype.eq.0.0) then
val ue(i) = anunt100 + bnum

el se
val ue(i) = loctype*10000 + anunt100 + bnum
end if
el se
read(aval ue, *) val ue(i)
end if
end do

f or mat (a250)

change a8 to larger value if nunber is nore than 8 digits
format (<l oc- 1>x, a8)

format (8(al))

format (8(al))

format (a<i p- 1>, al, a8)

f or mat (a<i m 1>)

format (1x,'Row ,i5,' has a ',al,al,' for ', a8,

& ' - this data row is not used')
format (1x,' Row ,i5,' has a * - printed value will be used')
f or mat (a<i dat a- 1>)
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2025
2026

3000

900

990

999

format (1x,"' Row ,i5," excluded ',a8,"' is ', ad8)
f or mat ( 5x, a40)

write data to output file and read next |ine
write(20,3000)(value(i),i=1,iname)

format (10(f 10. 3))
rowused = rowused + 1
go to 200

cl ose(10)

wite(*,*)row," rows read and',rowised,' used
write(21,*)row,’ rows read and' ,rowused,' used
ask for next file

go to 50

cl ose(20)

cl ose(21)

pause

stop

wite(*,*) ' Error in file formatting -- stopped'
write(*,*) " Error in file formatting -- stopped
cl ose(20)

cl ose(21)

cl ose(10)

pause

stop

end
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Source code for Software Routine Meshbd.f, Version 1.0

program Meshbd

c
¢ change nesh order
¢ change z direction from"-" to "+"
¢ change interface at top boundary
c
inplicit double precision (a-h,o-2)
i nt eger nc, ne
i nt eger e, nt, nh
paranmeter (me = 88500)
paranmeter (nc =310000)
paraneter (nh = 1000)
doubl e precision voll (nt), aa(nt)
character*5 dddd, ccc, cccc
character*5 texte
character*1 text
character*5 wrd, wd2
nx=12
ny=30
nz=42
c
open(unit=2,file=" MESH , st at us=" unknown')
rew nd(2)
t ext e=' ELEME'
wite(2,'(a)')texte
c
open(unit=1,file="meshm nes',status="old")
rewi nd(1)
read(1,' (a)',end=40) wd
if(wd .ne. "elene’ .and. wd .ne. 'ELEME ) then
stop 'no elenme in MESH
endi f
c
ne =0
nesum = 0
locat =1
do i=1, nx
do j=1,ny
do k=1, nz
ne=ne+1
read(1,"' (a, 10x, a, 2e10. 4, 10x, 3e10. 4) ', end=40)
& dddd, texte, voll (ne), vl, x1,y1,z1

nesum = nesum + 1
i f(k.eqg.nz)then
t ext e=" BUNOF'
el sei f(k.eq. 1) then
texte=' DRAI N
vol | (ne) =1. 0e+50

el se
texte="' SO LF
endi f
wite(2,'(a, 10x, a, 2e10. 4, 10x, 3e10.4)")
& dddd, texte,voll (ne), vl, x1,y1,-z1
enddo
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enddo
enddo

read(1,*)

read(1,' (a)')cccc
wite(2,*)

cccc=" CONNE'
write(2,'(a)"')cccc

nc=0
| ocat =1

30 read(1, "' (2a,19x, a, 4e10.4)"',end=40) wd, wd2, text,vl, v2,aa(nhc+l),v3

i f(wd. ne.

nc=nc+1
goto 30
endi f

texte='
wite(2,'(a)')texte
cl ose(1)

cl ose(2)

st op

40 stop' Premature End of File'

end
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uoo75

Source code for Software Routine mninipresf.f,

Version 1.0

program mi ni ni presf

make i ncon bl ock from
MESH

O000

for 12x30x42 nesh (5.23x15x20 m)

implicit double precision(a-h,o-2)
character nane*5, head* 80

di mensi on xfiel d(100, 100, 100, 20), cl ass(100)

c read nod.in

nz=42

ny=30

nx=12

ndual =1

do i =1, nx

do j =1, ny
do k=1, nz
do kk=1, ndual

xfield(i,j,Kk,kk)=4.e-18

enddo
enddo
enddo
enddo

c read kfield

open(unit=1,file=" perncut.dat', status="old")

rew nd(1)
read(1,*)
do k=1, nz
do j=1,ny
do i=1, nx

read(1, *)xfield(i,j,k, 1)

enddo
enddo
enddo
cl ose(1)
¢ check input field
do k=1, 100
cl ass(k)=0.0d0
enddo

wite(*,*)' nunber

read(*, *)i nums

xm ns=1. 0e+30

xmaxs=-1. 0e+30
do k=2, nz-1
do j =1, ny
do i=1, nx

if(xfield(i,j,k,1).1t.xnins)xnns=xfield(i,j,Kk,1)
if(xfield(i,j,k,1).gt.xmaxs)xmaxs=xfield(i,j,Kk, 1)

enddo

enddo

enddo

write(*,*)" mn=

write(*,*)" max=
xmeans=0. 0d0
sss=0. 0d0
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12

dxs=(xmaxs- xm ns)/ dbl e(i nuns)
i out s=0
do kk=2,nz-1
do j=1,ny
do i =1, nx
do k=1, i nuns
x1=xm ns+( k- 1) *dxs
X2=xm ns+k*dxs
i f(xfield(i,j,kk,1).ge.x1l.and. xfield(i,j,kk,1).le.x2)then
cl ass(k)=cl ass(k)+1. 0d0
goto 12
endi f
enddo
enddo
i out s=i out s+1
enddo
enddo

do k=2, nz-1

do j=1,ny

do i =1, nx

xmeans=xmeans + xfield(i,j,k,1)
enddo

enddo

enddo

xmeans=xmeans/ dbl e( 12* 30* 40)

do k=2, nz-1
do j=1,ny
do i =1, nx

sss=sss+(xfield(i,j,k,1)-xmeans)*(xfield(i,j,k,1)-xmeans)
enddo
enddo
enddo

sss=sss/ dbl e(12*30*40)
sssd=sqrt (sss)

do i=1,inumns
class(i)=class(i)/dble(12*30*40)
enddo
open(unit=3,file="permtec', status="unknown')
rew nd(3)
write(3,*)" MEAN I N Logl0 ', xnmeans
write(3,*)" STANTARD DI VIATION I N Logl0 and Ln ', sssd, 2. 3026*sssd
wite(3,*)' TI TLE=" FREQUENCY OF PERMEABI LI TY"'
wite(3,*)' VARI ABLES = "LOGLO PERM', " FREQUENCY"'
wite(3,*)"ZONE, | ="', 2*%i nuns
do k=1,i numns
write(3,'(2el1l5.6)")xm ns+(k-1)*dxs, cl ass(k)/dxs
wite(3,'(2el15.6)"')xm ns+k*dxs, cl ass(k)/dxs
enddo
cl ose(3)

c read and wite incon

open(unit=1,file="MESH ,status="o0ld")
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rewi nd(1)

open(unit=2,file="inconsf.out', status="unknown')

rew nd(2)

read(1,' (a)')dddd
wite(2,*)' I NCON - -
do i=1, nx

do j =1, ny

do k=1, nz

do kk=1, ndual

I NI TI AL CONDI TI ONS FCR DUAL PERMBI LI TY '

read(1, "' (a, 14x, a, 2el10. 4, 10x, 3el2. 6)"' ) nane

sat =si ni

i f(k.eqg.1)then

c perneability of top el enment equa

i f(kk.eq.1)then

next el enent

xkf =(10. 0**xfiel d(i,j, 2, kk))

por m=0. 000124
sat =0. 011

al fa0=0.

el se
xkf=xfield(i,j,1,kk)
por m=0. 089

sat =0. 92

al fa0=1562500.
endi f

goto 99

endi f

i f(k.eqg.nz)then

c perneability of top el enment equa

i f(kk.eq.1)then

next el enent

xkf =(10. 0**xfiel d(i,j, nz-1, kk))

por m=0. 000124
sat =0. 011

al fa0=0.

el se

xkf=xfield(i,j,nz,kk)

por m=0. 089
sat =0. 92

al f a0=1562500
endi f

goto 99

endi f

i f(kk.eq.1)then

xkf =(10. 0**xfiel d(i,j, k, kk))

por m=0. 000124
sat =0. 011

al fa0=0.

el se

xkf=xfiel d(i,j, k-1, kk)

por m=0. 089

sat =0. 92

al f a0=1562500.
endi f

MDL-NBS-HS-000002 REV00

Attachment I11-26

February 2000



Title: Seepage Model for PA Including Drift Collapse uoo75

99 conti nue

por =por m
write(2,'(ab, 2i5,el5.9,5el10.4)")nane,idumidum porm xkf, al fa0
wite(2,'(2e20.14)')sat

enddo
enddo
enddo
enddo
texte='
wite(2,'(a)')texte
wite(2,*)

cl ose(1)

cl ose(2)

st op

end
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Sour ce code for

Sof tware Routine nddf.f,

Version 1.0

OO0OO0O0O0O0OO0

cut

program nddf
round tunnel

with radius Rin 3D FD nesh

truncate el enents and connections within R

cut for refined nmesh
wite connectivity list for tunnel bound elenents to tunne
file: "drift3d.con'
wite list with coordinates of tunnel bound elenents in
file: "drift3d.coor’

inplicit none

i nteger ne,ixyz

i nteger ne, nt, nh

paranmeter (ne =160000)

parameter (nt =700000)

paranmeter (nh = 128)

character*5 ,id(me)

doubl e precision
doubl e precision
i nt eger ec(ne)

i nteger e(2,nt)

i nteger cc(2, nt)
i nt eger hsh(nh)

i nt eger i nd(me)
doubl e precision
doubl e precision
doubl e precision
doubl e precision
character*5 wrd,
i nteger i

nt eger i hash

nt eger | ocat

nt eger nc

nt eger nel

nt eger nel

nt eger ne2

nt eger nul

nt eger nu2

x(3, me)
a(nc), rdrift, dx, dz

vol

x1, yl, z1
xhi, yhi, zhi
xlo, ylo, zlo
wr d2

write(*,*)"'radius tunnel

read(*,*)rdrift
cal l
stop
end

el ement

rmesh(rdrift, ne,id,x,ec,e,a,cc, hsh,ind, me, nt, nh,ixyz)

subroutine rnesh(rdrift,ne,id,x,ec,e,a,cc, hsh,ind, me, nt, nh,ixyz)

none
ne, i xyz
ne, nt, nh

inmplicit
i nt eger
i nt eger

character*5 id(nme)

character*5 irock

character*1 text
doubl e precision
doubl e precision
i nt eger ec(ne)
i nt eger e(2,nt)
i nt eger cc(2, nt)
i nt eger hsh(nh)
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x(3, me)
a(nc),rdrift,rr,vl,v2,v3,dy,dz

Attachment I11-28

February 2000



Title: Seepage Model for PA Including Drift Collapse

uoo75

c

Cc
Cc

10

i nt eger ind(me)

doubl e precision vo

doubl e precision x1, y1, z1

doubl e precision xhi, yhi, zhi

doubl e precision xlo, ylo, zlo

character*5 wd, wd2

i nteger i

nt eger ihash

nt eger | ocat

nt eger nc, neall, nz

nt eger nel

nt eger ne2

nt eger nul

nt eger nu2

open(unit=1,file="MESH , status="old")

rewi nd(1)

read(1,'(a)', end=40) wd

if(wd .ne. "elenme’ .and. wd .ne. 'ELEME ) then
stop 'no elene in MESH

endi f

open(uni t=10, fil e=" MESHsf. new , st at us=" unknown' )

rewi nd(10)

wite(10,'(a)') wd

open(unit=3,file="driftff.con', status="unknown')

rew nd(3)
open(unit=9,file="driftff.coor', status="unknown')
rew nd(9)
open(unit=7,file="driftff.tec', status="unknown')
rewi nd(7)

wite(3,*)' CONNE
wite(9,*)' COOR

ne =0

neal | =0

nz=42

locat =1

read(1,"' (a, 10x, a, 2el10. 4, 10x, 3e10. 4)"' , end=40)
& id(ne + 1),irock,vol,vl, x1,y1,z1
neal | =neal | +1

x(1, ne+tl) = x1

x(2,ne+l) =yl

x(3,ne+l) = z1

if(id(ne+l) .ne. ' ') then

if(vol .eq. 0.) goto 10

dy=dabs(yl-7.5)

dy=i di nt (dy/ 0. 5) *0. 5+0. 25
dz=dabs(z1- 7.75)

dz=i di nt (dz/ 0. 5)*0. 5+0. 25

¢ check radius

rr=sqrt (dy*dy+dz*dz)

if(rr.lt.rdrift) goto 10

wite(10,' (a, 10x, a, 2el10. 4, 10x, 3e10.4)")
& id(ne + 1),irock,vol,vl, x1,vy1,z1

ne = ne +1

i nd(ne) = ne
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20

end
cal
i f(

end
if(

end
i Xy
nel
ne2
do

if(x1 .ne. 0.0 .or. yl .ne. 0.0 .or. z1 .ne. 0.0) locat =0
goto 10

if

I hash(id,ind, hsh, ne, nh, ec)

| ocat .ne. 0) then

doi =1, ne
x(2,i) = -999.d0
X(3,i) = -999.d0
enddo

open(unit=2,file="locat',status="old")

read(2,' (a)', end=50) wd

if(wd .ne. '"locat' .and. wd .ne. 'LOCAT' ) then
stop 'no locat in |ocat'

endi f
read(2,' (ab, 5x, 2f20.0)', end=50) wd, yl, zl
if(wd .ne. ' ") then

nul = i hash(wd, id,ind, hsh, ne, nh)
if(nul .eq. 0) then

x(2, nul)
x(3, nul)
goto 20
endi f
write(10,*)
if
ne .ge. ne) then
stop ' Exceeded maxi num nunber of el enments
if
z=3
=0
= ne
while(nel .1t. ne2)
x1 X(1, nel+l)
yl X(2, nel+l)
z1 X(3, nel+l)
if(yl .ne. -999.d0 .or. z1 .ne. -999.d0) then
if(nel .eq. 0) then

yl
z1

xhi = x1
xlo = x1
vhi =yl
ylo =yl
zhi = z1
zlo = z1
el se
xhi = max(xhi, x1)
xlo = mn(xl o, x1)
yhi = max(yhi,y1)
ylo = mn(yl o, yl)
zhi = max(zhi, z1)
zlo = min(zlo,zl)
endi f

nel = nel + 1

else if(x(2,ne2) .eq. -999.d0 .and. x(3,ne2) .eq. -999.d0) then
ne2 = ne2 - 1

el se
wd = id(nel+l)
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x(1, nel+l) x(1, ne2)
x(2, nel+l) x(2, ne2)
x(3, nel+l) x(3, ne2)
i d(nel+l) = id(ne2)
x(1, ne2) x1
x(2, ne2) yl
x(3, ne2) z1
id(ne2) = wd
endi f
enddo
if(ixyz .eq. 0) then
xhi xhi - xlo
yhi yhi - ylo
zhi = zhi - zlo
if(zhi .le. mn(xhi,yhi)) then
ixyz = 3
else if (yhi .le. min(xhi,zhi)) then
i xyz = 2
el se
ixyz =1
endi f
endi f
if(ixyz .eq. 2) then
doi =1, nel
x(2,1) = x(3,i)
enddo
el seif(ixyz .eq. 1) then
doi =1, nel
x(1,1) x(2,1)
x(2,1) x(3,1)
enddo
endi f
call hash(id,ind, hsh, ne, nh, ec)
read(1,' (a)',end=40) wd
if(wd .ne. '"conne' .and. wd .ne. 'CONNE ) then
stop 'no conne in NMESH

endi f
wite(10,*)
wite(10,'(a)')wd
nc =0
doi =1, ne
ec(i) =0
enddo
30 read(1, ' (2a,19x, a, 4e10.4)', end=40) wd, wd2,text,vl, v2,a(nc+l),v3
if(wd .ne. ' " .and. wd .ne. '"+++ ') then

nul = i hash(wd, id,ind, hsh, ne, nh)
nu2 = i hash(wd2,id,ind, hsh, ne, nh)
if(nul .eq. 0) then

c write(6,60) wd, nc+l
i f(nu2 .ne. 0)then
wd='DRl 1'
text="3'

C no gravity
write(3,'(2a,19x, a, 4e10.4)")

& wrd2, wd, text,v2,1.0e-08,a(nc+1),0.0!/v3
wite(9,'(a,bx,4el2.6)' )wd2, x(1,nu2), x(2, nu2),
& x(3,nu2),v3
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endi f
goto 30
else if(nu2 .eq. 0) then
c write(6,60) wd2, nc+l
i f(nul .ne. 0)then
wd2="DRl 1'
text="3'
wite(3,'(2a,19x, a, 4e10.4)")
& wrd, wd2, text,vl, 1. 0e-08, a(nc+1),0.0!v3
wite(9,'(a,bx,4el2.6)' )wd, x(1, nul), x(2, nul),
& x(3,nul), v3
endi f
goto 30
endi f

write(10,'(2a,19x, a,4e10.4)') wd,wd2,text,vl, v2,a(nc+l),v3

nc=nc+1
e(1,nc) = nul
e(2,nc) = nu2

if(nul .gt. nel .or. nu2 .gt. nel) goto 30

cc(1l,nc) = ec(nul)
cc(2,nc) = ec(nu2)
ec(nul) = nc
ec(nu2) = nc
goto 30

endi f

if(nc .ge. nt) then

stop ' Exceeded maxi mum nunber of connections

endi f

cl ose(unit=1)

cl ose(unit=10)

cl ose(unit=3)

cl ose(uni t =9)

ne = nel

return
40 stop 'Premature EOF on MESH
50 stop 'Premature ECF on | ocat

60 format(' Unknown elenment "',a,'" at connection',i8)

end

subrouti ne hash(id,ind, hsh, ne, nh, h)
inplicit none

i nteger ne, nh
character*5 id(ne)

i nteger ind(ne)

i nt eger h(ne)

i nt eger hsh(nh)
character*5 wil
integer i,il,i2,j,k,n
doj =1, ne

wl = id(j)
if(wl(4:4) .eq. '0") wi(4:4) ="
n=20
doi =1, 5
n=n+i * ichar(wl(i:i))

enddo
h(j) = nmod(n,nh) + 1

enddo

i1 =1
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doi =1, nh
i2 =il
doj =1i2, ne
k = ind(j)
if(h(k) .eqg. i) then
h(k) =0
ind(j) = ind(il)
ind(il) =Kk
i1 =i1+1
endi f
enddo
hsh(i) = i1
enddo
return
end

i nteger function ihash(wd,id,ind, hsh, ne, nh)

inmplicit none

i nteger ne, nh
character*5 id(ne)

i nt eger ind(ne)

i nt eger hsh(nh)
character*5 wd, wl, w2

integer i,il,i2,n
wl = wd
if(wl(4:4) .eq. '0") wi(4:4) ="
n==~0
doi =1, 5
n=n+i * ichar(wl(i:i))
enddo
n = nmod(n,nh) + 1
i1 =1

if(n.gt. 1) i1 = hsh(n - 1)
i2 = hsh(n) - 1

doi =1i1, i2

sh = ind(i)

i ha
w2 i d(i hash)

W2(4:4) .eq. '0") w2(4:4) ="

f(
if(wl .eq. w2) then
if(ihash .gt. ne) ihash =0
return
endi f
enddo
i hash = 0
return
end
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Source code for Software Routine nk gener.f, Version 1.0

program nk_gener
¢ makes gener block for heater in drift and wi ng heaters

inplicit double precision (a-h,o-2)
i nteger ne,ixyz

i nteger ne, nt, nh

paranmeter (me =160000)

paranmeter (nt =700000)

paraneter (nh = 2500)

character*5 id(nme)

character*5 tfel d(nme)

doubl e precision x(3,nme)

doubl e precision a(nt), voll (ne)

i nt eger ec(ne)

i nteger e(2,nt)

i nteger cc(2, nt)

i nt eger hsh(nh)

i nt eger i nd(nmne)

call rnmesh
&rdrift,ne,id, tfeld,x,ec,e,a,cc,hsh,ind, ne, nc, nh,ixyz,voll)
stop

end

subroutine rnesh
&rdrift,ne,id, tfeld,x,ec,e,a,cc,hsh,ind, ne, nt, nh,ixyz,voll)
implicit double precision (a-h,o-2)
character*5 id(nmne)

character*5 texte

character*5 tfel d(ne)

doubl e precision x(3,nme)

doubl e precision a(nt)

i nteger ec(ne)

i nteger e(2,nt)

i nt eger cc(2, nt)

i nt eger hsh(nh)

i nteger ind(me)

doubl e precision voll (ne)
character*5 wd

write(*,*)"Infiltration Rate in mia
read(*, *)rinf

open(unit=2,fil e=" GENERsf', st at us=" unknown')
rew nd(2)

t ext e=' GENER

wite(2,'(a)')texte

i wl=0

i w2=0

open(unit=1,fil e=" MESHSF' , status="o0ld")

rew nd(1)

read(1,'(a)', end=40) wd

if(wd .ne. "eleme’ .and. wd .ne. 'ELEME ) then
stop 'no elene in MESH

endi f
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ne =0
nesum = 0
locat =1
10 read(1,"' (a, 10x, a, 2e10. 4, 10x, 3el10. 4)"' , end=40)
& id(ne + 1),texte,voll (ne+l),vl, x1,y1,z1
nesum = nesum + 1
if(id(ne+l) .ne. ' ') then
c if(vol .eq. 0.) goto 10
if(texte.eq." BUNOF' )ne = ne + 1
goto 10
endi f
c
vol sum=0. 0
do i=1, ne
vol sumevol sumtvol | (i)
enddo
c
do i =1, ne
fakt=voll (i)/vol sum
wite(2,'(2a,i4, 25x,a,el0.4)")
&d(i),"I",i,"WATE ', fakt*rinf*78.45*3. 171e-08
enddo
c
cl ose(1)
cl ose(2)
stop
40 stop' Premature End of File'
end
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Source code for Software Routine nk scale k.f, Version 1.0

program nk_scal e_k
c for 12x30x42 nesh (5.23x15x20 m)

inplicit double precision(a-h,o-2)

character nanme*5, head*80

di mensi on xfiel d(100, 100, 100, 20), cl ass(100)
c read nod.in

nz=42

ny=30

nx=12

ndual =1

c read kfield
open(unit=1,file="pernd5_r3.dat’',status="o0ld")
rew nd(1)
read(1, *)
do k=1, nz
do j=1,ny
do i=1, nx
read(1, *)xfield(i,j,k,1)
enddo
enddo
enddo
cl ose(1)

do k=1, nz

do j=1,ny

do i =1, nx

xmeans=xneans + xfield(i,j,k,1)
enddo

enddo

enddo

xmeans=xneans/ dbl e(12*30*42)

do k=1, nz

do j=1,ny

do i =1, nx
sss=sss+(xfield(i,j,k,1)-xneans)*(xfield(i,j,k,1)-xneans)
enddo

enddo

enddo

sss=sss/ dbl e( 12*30*42)
sssd=sqrt (sss)

open(unit=3,fil e='perm new , status="unknown')
rew nd(3)
write(3,*)" MEAN I N Logl0 ', xmeans

do k=1, nz

do j=1,ny

do i =1, nx

scal ek=(xfield(i,j,k,1)-xmeans)*0. 860+xneans
wite(3,*)scal ek
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enddo
enddo
enddo

cl ose(1)
cl ose(3)
stop
end
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Source code for Software Routine mninipresf ir.f,

Version 1.0

program mini ni presf_ir

make i ncon bl ock from
MESH

O000

for 12x30x42 mesh (5.23x15x20 m with rock fall)

implicit double precision(a-h,o-2)
character nane*5, head* 80

di mensi on xfiel d(100, 100, 100, 20), cl ass(100)

c read nod.in

nz=42

ny=30

nx=12

ndual =1

do i =1, nx

do j =1, ny
do k=1, nz
do kk=1, ndual

xfield(i,j,Kk,kk)=4.e-18

enddo
enddo
enddo
enddo

c read kfield

open(unit=1,file=" perncut.dat', status="old")

rew nd(1)
read(1,*)
do k=1, nz
do j=1,ny
do i=1, nx

read(1, *)xfield(i,j,k, 1)

enddo
enddo
enddo
cl ose(1)
¢ check input field
do k=1, 100
cl ass(k)=0.0d0
enddo

wite(*,*)' nunber

read(*, *)i nums

xm ns=1. 0e+30

xmaxs=-1. 0e+30
do k=2, nz-1
do j =1, ny
do i=1, nx

if(xfield(i,j,k,1).1t.xnins)xnns=xfield(i,j,Kk,1)
if(xfield(i,j,k,1).gt.xmaxs)xmaxs=xfield(i,j,Kk, 1)

enddo

enddo

enddo

write(*,*)" mn=

write(*,*)" max=
xmeans=0. 0d0
sss=0. 0d0
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dxs=(xmaxs- xm ns)/ dbl e(i nuns)
i out s=0
do kk=2,nz-1
do j=1,ny
do i =1, nx
do k=1, i nuns
x1=xm ns+( k- 1) *dxs
X2=xm ns+k*dxs
i f(xfield(i,j,kk,1).ge.x1l.and. xfield(i,j,kk,1).le.x2)then
cl ass(k)=cl ass(k)+1. 0d0
goto 12
endi f
enddo
enddo
i out s=i out s+1
enddo
enddo

do k=2, nz-1

do j=1,ny

do i =1, nx

xmeans=xmeans + xfield(i,j,k,1)
enddo

enddo

enddo

xmeans=xmeans/ dbl e( 12* 30* 40)

do k=2, nz-1
do j=1,ny
do i =1, nx

sss=sss+(xfield(i,j,k,1)-xmeans)*(xfield(i,j,k,1)-xmeans)
enddo
enddo
enddo

sss=sss/ dbl e(12*30*40)
sssd=sqrt (sss)

do i=1,inumns
class(i)=class(i)/dble(12*30*40)
enddo
open(unit=3,file="permtec', status="unknown')
rew nd(3)
write(3,*)" MEAN I N Logl0 ', xnmeans
write(3,*)" STANTARD DI VIATION I N Logl0 and Ln ', sssd, 2. 3026*sssd
wite(3,*)' TI TLE=" FREQUENCY OF PERMEABI LI TY"'
wite(3,*)' VARI ABLES = "LOGLO PERM', " FREQUENCY"'
wite(3,*)"ZONE, | ="', 2*%i nuns
do k=1,i numns
write(3,'(2el1l5.6)")xm ns+(k-1)*dxs, cl ass(k)/dxs
wite(3,'(2el15.6)"')xm ns+k*dxs, cl ass(k)/dxs
enddo
cl ose(3)

c read and wite incon

open(unit=1,file="MESH ,status="o0ld")
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rewi nd(1)
open(unit=2,file="inconsf.out', status="unknown')
rew nd(2)

read(1,' (a)')dddd
wite(2,*)"' INCON -- INITIAL CONDI TI ONS FOR DUAL PERMBILITY '
do i=1, nx
do j =1, ny
do k=1, nz
do kk=1, ndual
read(1, "' (a, 14x, a, 2el10. 4, 10x, 3el2. 6)"' ) nane
c sat =si ni

i f(k.eqg.1)then
c perneability of top elenment equal next el enent
i f(kk.eq.1)then
xkf=(10.0**xfield(i,]j, 2, kk))
por m=0. 000124
sat =0. 011
al f a0=1000.
el se
xkf=xfield(i,j,1,kk)
por m=0. 089
sat =0. 92
al f a0=1562500.
endi f
goto 99
endi f

i f(k.eqg.nz)then
c perneability of top elenment equal next el enent
i f(kk.eq.1)then
xkf=(10.0**xfield(i,j,nz-1,kk))
por m=0. 000124
sat =0. 011
al f a0=1000.
el se
xkf=xfield(i,j,nz,kk)
por m=0. 089
sat =0. 92
al f a0=1562500
endi f
goto 99
endi f

yyy=(j-1)*0.5+0. 25
zzz=(k-2)*0.5+0. 25

i f(kk.eq.1)then
if((yyy.gt.3.0.and.yyy.It.11.5). and.
j (zzz.gt.3.5.and. zzz.1t.12.0))then

xkf=10.0*(10. 0**((xfield(i,j,k, kk)+13.05)*0.860-13.05))
al f a0=100.

el se

xkf=(10.0**xfield(i,],k,kk))
al f a0=1000.

end if
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por m=0. 000124

sat =0. 011

el se
xkf=xfield(i,j,k-1,kk)
por m=0. 089

sat =0. 92

al f a0=1562500.

endi f

99 conti nue

por =por m
wite(2,'(ab,2i5,el5.9,5e10.4)"')nane,idumidum porm xkf, al fa0
wite(2,'(2e20.14)')sat
enddo

enddo

enddo

enddo

texte=' '
wite(2,'(a)')texte
wite(2,*)

cl ose(1)

cl ose(2)

stop

end
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Sour ce code for

Software Routine nddf CC8.f, Version 1.0

OO0OO0O0O0O0OO0

MDL-NBS-HS-000002 REV00

program nddf _cc8

round tunnel with radius Rin 3D FD nesh and rock fal
truncate el enents and connections within R

cut for refined nesh

wite connectivity list for tunne
file: '"drift3d.con'

wite |list with coordi nates of tunne
file: "drift3d.coor’

inplicit none

i nteger ne,ixyz

i nteger ne, nt, nh

paranmeter (ne =160000)
parameter (nt =700000)
paranmeter (nh = 128)
character*5 ,id(me)

doubl e precision x(3,nme)
doubl e precision a(nt), rdrift, dx, dz
i nt eger ec(ne)

i nteger e(2,nt)

i nteger cc(2, nt)

i nt eger hsh(nh)

i nt eger i nd(me)

doubl e precision vo

doubl e precision x1, yl, zl
doubl e precision xhi, yhi, zhi
doubl e precision xlo, ylo, zlo
character*5 wd, wd2

i nteger i

nt eger i hash

nt eger | ocat

nt eger nc

nt eger nel

nt eger nel

nt eger ne2

nt eger nul

nt eger nu2

write(*,*)"'radius tunnel
read(*,*)rdrift

call rmesh(rdrift,nne,id,x,ec,e,a,cc, hsh,ind, e, nt, nh,ixyz)

stop
end

bound el enents to tunne

bound el enents in

fromthe crown

el ement

subroutine rnesh(rdrift,ne,id,x,ec,e,a,cc, hsh,ind, me, nt, nh,ixyz)

inplicit none

i nteger ne,ixyz

i nteger ne, nt, nh
character*5 id(nme)
character*5 irock
character*1 text

doubl e precision x(3,nme)

doubl e precision a(nt),rdrift,rr,vl, v2,v3,dy,dz

i nt eger ec(ne)

i nt eger e(2,nt)
i nt eger cc(2, nt)
i nt eger hsh(nh)
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c

Cc
Cc

10

i nt eger ind(me)

doubl e precision vo

doubl e precision x1, y1, z1

doubl e precision xhi, yhi, zhi

doubl e precision xlo, ylo, zlo

character*5 wd, wd2

i nteger i

nt eger ihash

nt eger | ocat

nt eger nc, neall, nz

nt eger nel

nt eger ne2

nt eger nul

nt eger nu2

open(unit=1,file="MESH , status="old")

rewi nd(1)

read(1,'(a)', end=40) wd

if(wd .ne. "elenme’ .and. wd .ne. 'ELEME ) then
stop 'no elene in MESH

endi f

open(uni t=10, fil e=" MESHsf. new , st at us=" unknown' )

rewi nd(10)

wite(10,'(a)') wd

open(unit=3,file="driftff.con', status="unknown')

rew nd(3)

open(unit=9,file="driftff.coor', status="unknown')

rew nd(9)

open(unit=7,file="driftff.tec', status="unknown')

rewi nd(7)

wite(3,*)" CONNE

write(9,*)" COOR

ne =0

neal | =0

nz=42

locat =1

read(1,"' (a, 10x, a, 2el10. 4, 10x, 3e10. 4)"' , end=40)
& id(ne + 1),irock,vol,vl, x1,y1,z1
neal | =neal | +1

x(1, ne+tl) = x1

x(2,ne+l) =yl

x(3,ne+l) = z1

if(id(ne+l) .ne. ' ') then

if(vol .eq. 0.) goto 10

dy=dabs(yl-7.5)

dy=i di nt (dy/ 0. 5) *0. 5+0. 25
dz=dabs(z1- 7.75)

dz=i di nt (dz/ 0. 5)*0. 5+0. 25

¢ check radius

rr=sqrt (dy*dy+dz*dz)
if(rr.lt.rdrift) goto 10

if(xl.gt.2.2.and.x1.1t.3.0)then
if(yl.gt.7.1l.and.yl.1t.7.9)then
if(z1l.gt.10.20.and.z1.1t.11.30)then
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20

go to 10
end if

end if
end if

write(10,' (a, 10x, a, 2e10. 4, 10x, 3e10. 4) ")

& id(ne + 1),irock,vol,vl, x1,vy1,z1

ne = ne +1
i nd(ne) = ne
if(x1 .ne. 0.0 .or. y1 .ne. 0.0 .or. z1 .ne. 0.0) locat =0
goto 10
endi f
cal |l hash(id,ind, hsh, ne, nh, ec)
if(locat .ne. 0) then

doi =1, ne
x(2,i) = -999.d0
x(3,i) = -999.d0
enddo

open(unit=2,file="1ocat', status="old")

read(2,'(a)', end=50) wd

if(wd .ne. "locat’ .and. wd .ne. 'LOCAT' ) then
stop 'no locat in |ocat’

endi f
read(2,' (a5, 5x, 2f20.0)"',end=50) wd, yl1, z1
if(wd .ne. ' ') then

nul = i hash(wd, id,ind, hsh, ne, nh)
if(nul .eq. 0) then

x(2, nul)
x(3, nul)
goto 20
endi f
wite(10,*)
endi f
if(ne .ge. ne) then
stop ' Exceeded maxi mum nunber of el ements’
endi f
i Xyz=3
nel =0
ne2 = ne
do while(nel .It. ne2)
x1 X(1, nel+l)
yl x(2, nel+l)
z1 x(3, nel+l)
if(yl .ne. -999.d0 .or. z1 .ne. -999.d0) then
if(nel .eq. 0) then

yl
z1

xhi = x1

xlo = x1

yhi =yl

ylo =yl

zhi = z1

zlo = z1
el se
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30

xhi = max(xhi, x1)

xlo = mn(xl o, x1)

yhi = max(yhi,y1)

ylo = mn(ylo,yl)

zhi = max(zhi, z1)

zlo = min(zlo, zl)
endi f

nel = nel + 1
else if(x(2,ne2) .eq. -999.d0 .and. x(3,ne2) .eq. -999.d0) then
ne2 = ne2 - 1
el se
wd = id(nel+l)
x(1, nel+l) = x(1,ne2)
x(2, nel+l) = x(2,ne2)
x(3, nel+l) = x(3,ne2)
i d(nel+l) = id(ne2)
x(1, ne2) x1
x(2, ne2) yl
Xx( 3, ne2) z1
id(ne2) = wd
endi f
enddo
if(ixyz .eq. 0) then
xhi xhi - xlo
yhi yhi - ylo
zhi = zhi - zlo
if(zhi .le. min(xhi,yhi)) then
ixyz = 3
else if (yhi .le. mn(xhi,zhi)) then
ixyz = 2
el se
ixyz =1
endi f
endi f
if(ixyz .eq. 2) then
doi =1, nel
X(2,i) = x(3,i)
enddo
elseif(ixyz .eq. 1) then
doi =1, nel
x(1,1) x(2,1)
x(2,1) X(3,1)
enddo
endi f
cal |l hash(id,ind, hsh, ne, nh, ec)
read(1,' (a)',end=40) wd
if(wd .ne. 'conne' .and. wd .ne. 'CONNE ) then
stop 'no conne in MESH

endi f
write(10,*)
wite(10,'(a)')wd
nc =0
doi =1, ne
ec(i) =0
enddo
read(1,' (2a,19x, a, 4e10.4)',end=40) wd, wd2,text,vl, v2,a(nc+l),v3
if(wd .ne. ' ' .and. wd .ne. '+++ ') then
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c

40
50
60

nul i hash(wd, id,ind, hsh, ne, nh)
nu2 i hash(wd2,id,ind, hsh, ne, nh)
if(nul .eq. 0) then
write(6,60) wd, nc+l
i f(nu2 .ne. 0)then
wd='DRl 1'
text="3

no gravity

write(3,'(2a,19x, a, 4e10.4)")

& wrd2, wd, text,v2,1.0e-08,a(nc+1),0.0!/v3
wite(9,'(a,bx,4el2.6)' )wd2, x(1,nu2), x(2, nu2),
& x(3,nu2),v3
endi f
goto 30

else if(nu2 .eq. 0) then
write(6,60) wd2, nc+l
if(nul .ne. 0)then

wrd2="DRl 1'

text="'3'

write(3,'(2a,19x, a, 4e10.4)")
& wrd, wd2, text,vl, 1. 0e-08, a(nc+1),0.0!v3

wite(9,'(a,5x,4el12.6)' )wd, x(1, nul), x(2, nul),
& x(3,nul),v3

endi f

goto 30

endi f

wite(10,'(2a,19x, a,4e10.4)') wd, wd2, text,vl,v2,a(nc+l),v3
nc=nc+1
e(1,nc) = nul
e(2,nc) = nu2
if(nul .gt. nel .or. nu2 .gt. nel) goto 30
cc(1,nc) = ec(nul)
cc(2,nc) = ec(nu2)
ec(nul)
ec(nu2)
goto 30
endi f
if(nc .ge. nt) then
stop ' Exceeded maxi mum nunber of connections
endi f
cl ose(unit=1)
cl ose(uni t =10)
cl ose(unit=3)
cl ose(unit=9)
ne = nel
return
stop 'Premature ECF on MESH
stop 'Premature EOF on | ocat
format (' Unknown el enent "', a,
end
subrouti ne hash(id,ind, hsh, ne, nh, h)
inmplicit none
i nteger ne, nh
character*5 id(ne)
i nt eger ind(ne)
i nt eger h(ne)
i nteger hsh(nh)

= nc
= nc

at connection',i8)
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character*5 wl
integer i,il,i2,j,k,n
doj =1, ne
wl = id(j)
if(wl(4:4) .eq. '0") wi(4:4) ="
n=20
do i
n
enddo
h(j) = nod(n,nh) + 1
enddo
i1 =1
do i =
i2 =
do j i 2, ne
k ind(j)
if(h(k) .eq. i) then
h(k)

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

1, nh
1

return

end

i nteger function ihash(wd,id,ind, hsh, ne, nh)
inplicit none

i nteger ne, nh

character*5 id(ne)

i nteger ind(ne)

i nt eger hsh(nh)

character*5 wd, wl, w2

integer i,il,i2,n
wl = wd
if(wl(4:4) .eq. '0'") wi(4:4) ="
n =20
doi =1, 5
n=n++i * ichar(wl(i:i))
enddo
n = nod(n,nh) + 1
il1=1

if(n.gt. 1) i1 = hsh(n - 1)
i2 = hsh(n) - 1
doi =1i1, i2
i hash = 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
endi f
enddo
i hash = 0
return
end
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Source code for Software Routine nddf CS8.f, Version 1.0

program nddf _cs8
c cut round tunnel with radius Rin 3D FD nmesh with rock fall around the spring
line
truncate el ements and connections within R
cut for refined nmesh
wite connectivity list for tunnel bound elenents to tunnel el enment
file: "drift3d.con
wite list with coordinates of tunnel bound elenents in
file: "drift3d.coor’
inmplicit none
i nteger ne,ixyz
i nt eger e, nt, nh
paranmeter (ne =160000)
parameter (nt =700000)
paraneter (nh = 128)
character*5 ,id(me)
doubl e precision x(3,nme)
doubl e precision a(nt), rdrift,dx, dz
i nt eger ec(ne)
i nteger e(2,nt)
i nteger cc(2, nt)
i nt eger hsh(nh)
i nt eger i nd(nmne)
doubl e precision vo
doubl e precision x1, y1, z1
doubl e precision xhi, yhi, zhi
doubl e precision xlo, ylo, zlo
character*5 wd, wd2
i nteger i
nt eger ihash
nt eger | ocat
nt eger nc
nt eger nel
nt eger nel
nt eger ne2
nt eger nul
nt eger nu2
write(*,*)"'radius tunnel
read(*,*)rdrift
call rmesh(rdrift,ne,id,Xx,ec,e,a,cc,hsh,ind, nme, nt, nh,ixyz)
stop
end

OO0 0O0O0

subroutine rnesh(rdrift,ne,id,x,ec,e,a,cc, hsh,ind, me, nt, nh,ixyz)
inmplicit none

i nteger ne,ixyz

i nt eger me, nt, nh

character*5 id(nme)

character*5 irock

character*1 text

doubl e precision x(3,nme)

doubl e precision a(nct),rdrift,rr,vl,v2,v3, dy,dz
i nt eger ec(ne)

i nteger e(2,nt)

i nteger cc(2,nc)
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i nt eger hsh(nh)

i nteger ind(me)

doubl e precision vo

doubl e precision x1, yl1, zl

doubl e precision xhi, yhi, zhi

doubl e precision xlo, ylo, zlo

character*5 wd, wd2

i nteger i

nt eger i hash

nt eger | ocat

nt eger nc, neall, nz

nt eger nel

nt eger ne2

nt eger nul

nt eger nu2

open(unit=1,file="MESH , status="old")

rew nd(1)

read(1,'(a)', end=40) wd

if(wd .ne. "eleme’ .and. wd .ne. 'ELEME ) then
stop 'no elene in MESH

endi f

open(unit=10, fil e=' MESHsf. new , st at us=' unknown')

rewi nd(10)

wite(l10,'(a)') wd

open(unit=3,file="driftff.con', status="unknown')

rew nd(3)
open(unit=9,file="driftff.coor', status="unknown")
rew nd(9)
open(unit=7,file="driftff.tec', status="unknown')
rew nd(7)

wite(3,*)" CONNE

wite(9,*)' COOR

ne =0

neal | =0

nz=42

locat = 1

10 read(1, "' (a, 10x, a, 2e10. 4, 10x, 3e10. 4) "', end=40)

& id(ne + 1),irock,vol,vl, x1,y1,z1

neal | =neal | +1

x(1, ne+l) x1

Xx(2, ne+l) yl

X(3, ne+l) z1

if(id(ne+l) .ne. ' ") then
if(vol .eq. 0.) goto 10

dy=dabs(yl-7.5)
c dy=i di nt (dy/ 0. 5) *0. 5+0. 25
dz=dabs(zl1l- 7.75)
c dz=i di nt (dz/0.5)*0. 5+0. 25
c
¢ check radius
rr=sqrt (dy*dy+dz*dz)
if(rr.lt.rdrift) goto 10

if(xl.gt.2.2.and.x1.1t.3.0)then
if(yl.gt.3.9.and.yl.1t.4.9)then
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i f (

zl.gt.7.5.and. z1.1t.8.5)then

go to 10

end if
end if
end if

end
cal
if(

end
i f(

end
i Xy
nel
ne2
do

wite(10,' (a, 10x, a, 2e10. 4, 10x, 3e10.4)")
id(ne + 1),irock,vol,vl, x1,vy1,z1

ne = ne +1

i nd(ne) = ne

if(x1 .ne. 0.0 .or. y1l .ne. 0.0 .or. z1

goto 10

if

I hash(id,ind, hsh, ne, nh, ec)

| ocat .ne. 0) then

doi =1, ne
x(2,i) = -999.d0
X(3,i) = -999.d0
enddo

open(unit=2,file="1ocat', status="old")
read(2,' (a)', end=50) wd

. he.

0. 0)

if(wd .ne. '"locat’ .and. wd .ne. 'LOCAT' ) then

stop 'no locat in |ocat’

endi f
read(2,' (a5, 5x, 2f20.0)', end=50) wd, y1,
if(wd .ne. ' ') then

nul = i hash(wd, id,ind, hsh, ne, nh)
if(nul .eq. 0) then

x(2, nul)
x(3, nul)
goto 20
endi f
wite(10,*)
if
ne .ge. nme) then

z1

stop ' Exceeded maxi mum nunber of el ements’

if
z=3
=0
= ne
while(nel .It. ne2)
x1 x(1, nel+l)
yl x(2, nel+l)
z1 X( 3, nel+l)

if(yl .ne. -999.d0 .or. z1 .ne. -999.d0) then

if(nel .eq. 0) then

xhi = x1
xlo = x1
yhi =yl
ylo =yl
zhi = z1
zlo = z1
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el se
xhi = max(xhi, x1)
xlo = mn(xl o, x1)
yhi = max(yhi, y1)
ylo = mn(ylo,yl)
zhi = max(zhi, z1)
zlo = min(zlo,zl)
endi f
nel = nel + 1
else if(x(2,ne2) .eq. -999.d0 .and.
ne2 = ne2 - 1
el se
wd = id(nel+l)
x(1, nel+l) = x(1,ne2)
x(2, nel+l) = x(2,ne2)
x(3, nel+l) = x(3,ne2)
id(nel+l) = id(ne2)
x(1,ne2) = x1
x(2,ne2) =yl
x(3,ne2) = z1
id(ne2) = wd
endi f
enddo
if(ixyz .eq. 0) then
xhi = xhi - xlo
yhi = yhi - ylo
zhi = zhi - zlo
if(zhi .le. mn(xhi,yhi)) then
ixyz = 3
else if (yhi .le. mn(xhi,zhi)) then
ixyz = 2
el se
ixyz =1
endi f
endi f
if(ixyz .eq. 2) then
doi =1, nel
X(2,i) = x(3,i)
enddo
elseif(ixyz .eq. 1) then
doi =1, nel
x(1,i) = x(2,i)
X(2,i) = x(3,1)
enddo
endi f

cal |l hash(id,ind, hsh, ne, nh, ec)
read(1,'(a)', end=40) wd

if(wd .ne. 'conne' .and. wd .ne.
stop 'no conne in NMESH

endi f

write(10,*)

wite(10,'(a)')wd

nc =0

doi =1, ne
ec(i) =0

enddo

30
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if(wd .ne. ' " .and. wd .ne. '"+++ ') then
nul = i hash(wd, id,ind, hsh,ne, nh)
nu2 = i hash(wd2,id,ind, hsh, ne, nh)
if(nul .eq. 0) then
Cc write(6,60) wd, nc+l
i f(nu2 .ne. 0)then
wrd="DRl 1'
text="3'
C no gravity
write(3,'(2a,19x, a, 4e10.4)")
& wrd2, wd, text,v2, 1. 0e-08,a(nc+1),0.0!/v3
wite(9,'(a,5x,4el12.6)"')wd2, x(1, nu2),x(2, nu2),
& x(3,nu2),v3
endi f
goto 30
else if(nu2 .eq. 0) then
c wite(6,60) wd2, nc+l
if(nul .ne. O0)then
wd2="DRl 1'
text="3'
write(3,'(2a,19x, a, 4e10.4)")
& wrd, wd2, text,vl, 1. 0e-08, a(nc+1),0.0!v3
wite(9,'(a,5x,4e12.6)' )wd, x(1, nul), x(2, nul),
& x(3,nul),v3
endi f
goto 30
endi f
wite(10,'(2a, 19x, a,4e10.4)') wd, wd2, text,vl,v2,a(nc+l),v3
nc=nc+1
e(1,nc) = nul
e(2,nc) = nu2
if(nul .gt. nel .or. nu2 .gt. nel) goto 30
cc(1,nc) = ec(nul)
cc(2,nc) = ec(nu2)
ec(nul) = nc
ec(nu2) = nc
goto 30
endi f

if(nc .ge. nt) then

stop ' Exceeded maxi mum nunber of connections

endi f

cl ose(unit=1)

cl ose(uni t=10)

cl ose(unit=3)

cl ose(unit=9)

ne = nel

return
40 stop 'Premature ECF on MESH
50 stop 'Premature ECF on | ocat
60 format (' Unknown el enent "', a,

end

subroutine hash(id,ind, hsh, ne, nh, h)

inmplicit none

i nteger ne, nh

character*5 id(ne)

i nt eger ind(ne)

i nteger h(ne)
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i nt eger hsh(nh)
character*5 wl
integer i,il,i2,j,k,n
doj =1, ne
wl = id(j)
if(wl(4:4) .eq. '0") wi(4:4) ="
n=2~0
do i
n
enddo
h(j) = nmod(n,nh) + 1
enddo
i1 =1
doi =1, nh
i2 =il
doj =1i2, ne
k = ind(j)
if(h(k) .eq. i) then

1, 5
n+i * ichar(wLl(i:i))

return

end

i nteger function ihash(wd,id,ind, hsh, ne, nh)
inplicit none

i nteger ne, nh

character*5 id(ne)

i nteger ind(ne)

i nt eger hsh(nh)

character*5 wd, wl, w2

integer i,il,i2,n
wl = wd
if(wl(4:4) .eq. '0') wi(4:4) ="
n=2~0
doi =1, 5
n=n+4+i * ichar(wl(i:i))
enddo
n = nod(n,nh) + 1
il1=1

if(n.gt. 1) i1 = hsh(n - 1)
i2 = hsh(n) - 1
doi =1i1, i2
= ind(i)
i d(i hash)
f(wW2(4:4) .eq. '0") w2(4:4) ="
if(wl .eq. w2) then
if(ihash .gt. ne) ihash = 0
return
endi f
enddo
i hash = 0
return

i
i hash
W2 =

MDL-NBS-HS-000002 REV00 Attachment 111-53 February 2000



Title: Seepage Model for PA Including Drift Collapse uoo75

end
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Source code for Software Routine nddf _cc.f, Version 1.0

OO0OO0O0O0O0OO0

program nddf _cc
cut round tunnel with radius Rin 3D FD mesh with 3-mrock failure in the roof
truncate el ements and connections within R
cut for refined nmesh
wite connectivity list for tunnel bound elenents to tunnel el enent
file: "drift3d.con'
wite list with coordinates of tunnel bound elenents in
file: "drift3d.coor’
inplicit none
i nteger ne,ixyz
i nteger ne, nt, nh
paranmeter (ne =160000)
parameter (nt =700000)
paranmeter (nh = 128)
character*5 ,id(me)
doubl e precision x(3,nme)
doubl e precision a(nt), rdrift, dx, dz
i nt eger ec(ne)
i nteger e(2,nt)
i nteger cc(2, nt)
i nt eger hsh(nh)
i nt eger i nd(me)
doubl e precision vo
doubl e precision x1, yl, zl
doubl e precision xhi, yhi, zhi
doubl e precision xlo, ylo, zlo
character*5 wd, wd2
i nteger i
nt eger i hash
nt eger | ocat
nt eger nc
nt eger nel
nt eger nel
nt eger ne2
nt eger nul
nt eger nu2
write(*,*)"'radius tunnel
read(*,*)rdrift
call rmesh(rdrift,nne,id,x,ec,e,a,cc, hsh,ind, e, nt, nh,ixyz)
stop
end

subroutine rnesh(rdrift,ne,id,x,ec,e,a,cc, hsh,ind, me, nt, nh,ixyz)
inplicit none

i nteger ne,ixyz

i nteger ne, nt, nh

character*5 id(nme)

character*5 irock

character*1 text

doubl e precision x(3,nme)

doubl e precision a(nt),rdrift,rr,vl, v2,v3,dy,dz
i nt eger ec(ne)

i nt eger e(2,nt)

i nt eger cc(2, nt)

i nt eger hsh(nh)
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c

Cc
Cc

10

i nt eger ind(me)
doubl e precision
doubl e precision
doubl e precision
doubl e precision
character*5 wrd,
i nteger i

nt eger ihash

nt eger | ocat

nt eger nc, neal |,
nt eger nel

nt eger ne2

nt eger nul

nt eger nu2

open(unit=1,file="MESH , status="old")

rewi nd(1)

read(1,'(a)', end=

vol
x1, yl, z1
xhi, yhi, zhi

xlo, ylo, zlo
wr d2

nz

40) wd

if(wd .ne. "elene’ .and. wd .
stop 'no elene in MESH

endi f

open(uni t=10, fil e=" MESHsf. new , st at us=" unknown' )

rewi nd(10)

wite(10,'(a)') wd

open(unit=3,file="driftff.con', status="unknown')

rew nd(3)

open(unit=9,file="driftff.coor', status="unknown')

rew nd(9)

open(unit=7,file="driftff.tec', status="unknown')

rewi nd(7)
wite(3,*)" CONNE
write(9,*)" COOR
ne =0

neal | =0

nz=42

locat = 1

read(1,"' (a, 10x, a, 2el10. 4, 10x, 3e10. 4)"' , end=40)
& id(ne + 1),irock,vol,vl, x1,y1,z1
neal | =neal | +1

x(1, ne+tl) = x1

x(2,ne+l) =yl

x(3,ne+l) = z1

i f(id(ne+l) .ne.
if(vol .eq. O.

dy=dabs(yl-7.5)

dy=i di nt (dy/ 0. 5)
dz=dabs(z1- 7.75)
dz=i di nt (dz/ 0. 5)

¢ check radius
rr=sqrt(dy*dy+dz*dz)

if(rr.lt.rdrif

if(xl.gt.2.2.and.x1.1t.3.0)then

if((yl.gt.7.0.and.yl.1t.7.5).and.(z1.gt.8.0.and.z1.1t.11.0))then
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go to 10
elseif((yl.gt.6.5.and.yl.1t.7.0).and.(z1.gt.8.0.and.z1.1t.11.5))then
go to 10
elseif((yl.gt.6.0.and.yl1.1t.6.5).and.(z1.gt.8.0.and.z1.1t.12.0))then
go to 10
elseif((yl.gt.5. 5.and.y1.1t.6.0).and. (z1.gt.8.0.and.z1.1t.13.0))then
go to 10
end if

end if

wite(10,' (a, 10x, a, 2e10. 4, 10x, 3e10.4)")
& id(ne + 1),irock,vol,vl, x1,vy1,z1
ne = ne +1
i nd(ne) = ne
if(x1 .ne. 0.0 .or. y1 .ne. 0.0 .or. z1 .ne. 0.0) locat = 0
goto 10
endi f
cal |l hash(id,ind, hsh, ne, nh, ec)
if(locat .ne. 0) then
doi =1, ne
x(2,i) = -999.d0
x(3,1) = -999.d0
enddo
open(unit=2,file="locat',status="old")
read(2,'(a)', end=50) wd
if(wd .ne. '"locat' .and. wd .ne. 'LOCAT' ) then
stop 'no locat in |ocat’

endi f
20 read(2,' (a5, 5x, 2f20.0)', end=50) wd, yl, zl
if(wd .ne. ' ') then

nul = i hash(wd, id,ind, hsh, ne, nh)
if(nul .eq. 0) then

x(2, nul)
x(3, nul)
goto 20
endi f
write(10,*)
endi f
if(ne .ge. ne) then
stop ' Exceeded maxi mum nunber of el ements’
endi f
i xyz=3
nel =0
ne2 = ne
do while(nel .It. ne2)
x1 X(1, nel+l)
yl xX(2, nel+l)
z1 x(3, nel+l)
if(yl .ne. -999.d0 .or. z1 .ne. -999.d0) then
if(nel .eq. 0) then

yl
z1

xhi = x1
xlo = x1
yhi =yl
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.and. x(3,ne2)

ylo =yl
zhi = z1
zlo = z1
el se
xhi = max(xhi, x1)
xlo = m n(xl o, x1)
yhi = max(yhi,y1)
ylo = min(ylo,yl)
zhi = max(zhi, z1)
zlo = min(zlo, zl)
endi f
nel = nel + 1
else if(x(2,ne2) .eq. -999.d0
ne2 = ne2 - 1
el se
wd = id(nel+l)
x(1, nel+l) = x(1,ne2)
x(2,nel+l) = x(2,ne2)
x(3, nel+l) = x(3,ne2)
i d(nel+l) = id(ne2)
x(1,ne2) = x1
x(2,ne2) =yl
x(3,ne2) = z1
id(ne2) = wd
endi f
enddo
if(ixyz .eq. 0) then
xhi = xhi - xlo
yhi = yhi - ylo
zhi = zhi - zlo
if(zhi .le. mn(xhi,yhi)) then
ixyz = 3
else if (yhi .le. min(xhi,zhi)) then
ixyz = 2
el se
ixyz =1
endi f
endi f
if(ixyz .eq. 2) then
doi =1, nel
x(2,1) = x(3,i)
enddo
el seif(ixyz .eq. 1) then
doi =1, nel
x(1,1) = x(2,i)
x(2,1) = x(3,i)
enddo
endi f
cal |l hash(id,ind, hsh, ne, nh, ec)
read(1,' (a)',end=40) wd
if(wd .ne. 'conne' .and. wd .ne.
stop 'no conne in MESH
endi f
write(10,*)
wite(10,'(a)')wd
nc =0
doi =1, ne
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ec(i) =0
enddo
30 read(1, ' (2a,19x, a, 4e10.4)"',end=40) wd, wd2,text,vl, v2, a(nc+l), v3
if(wd .ne. ' ' .and. wd .ne. '"+++ ') then

nul = i hash(wd, id,ind, hsh, ne, nh)
nu2 = i hash(wdz2,id,ind, hsh, ne, nh)
if(nul .eq. 0) then

c wite(6,60) wd, nc+l
i f(nu2 .ne. 0)then
wd='DRl 1'
text="3'

C no gravity
wite(3,'(2a,19x, a, 4e10.4)")

& wrd2, wd, text,v2, 1. 0e-08,a(nc+1),0.0!/v3
wite(9,'(a,bx,4el2.6)' )wd2,x(1,nu2), x(2, nu2),
& x(3,nu2),v3
endi f
goto 30
else if(nu2 .eq. 0) then
c write(6,60) wd2, nc+l
i f(nul .ne. 0)then
wrd2="'DRl 1'
text="3'
write(3,'(2a,19x, a, 4e10.4)")
& wrd, wd2, text,vl, 1. 0e-08, a(nc+1),0.0!v3
wite(9,'(a,bx,4el2.6)' )wd, x(1, nul), x(2, nul),
& x(3,nul),v3
endi f
goto 30
endi f
write(10,'(2a,19x, a,4e10.4)') wd,wd2,text,vl, v2,a(nc+l),v3
nc=nc+1
e(1,nc) = nul
e(2,nc) = nu2
if(nul .gt. nel .or. nu2 .gt. nel) goto 30
cc(1l,nc) = ec(nul)
cc(2,nc) = ec(nu2)
ec(nul) = nc
ec(nu2) = nc
goto 30
endi f

if(nc .ge. nt) then
stop ' Exceeded maxi mum nunber of connections

endi f

cl ose(unit=1)

cl ose(unit=10)

cl ose(unit=3)

cl ose(uni t =9)

ne = nel

return
40 stop 'Premature EOF on MESH
50 stop 'Premature EOF on | ocat
60 format (' Unknown el ement "', a,

end

subrouti ne hash(id,ind, hsh, ne, nh, h)

inplicit none

i nteger ne, nh

at connection',i8)
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character*5 id(ne)
i nteger ind(ne)

i nteger h(ne)

i nt eger hsh(nh)
character*5 wil

integer i,il1l,i2,j,k,n
doj =1, ne
wl = id(j)
if(wl(4:4) .eq. '0") wi(4:4) ="
n=2~0
doi =1, 5
n=n+i * ichar(wl(i:i))
enddo
h(j) = nod(n,nh) + 1
enddo
il1=1
doi =1, nh
i2=i1
doj =1i2, ne
k = ind(j)
if(h(k) .eqg. i) then
h(k) =0
ind(j) = ind(il)
ind(il) =Kk
il=i1+1
endi f
enddo
hsh(i) = i1
enddo
return
end

i nteger function ihash(wd,id,ind, hsh, ne, nh)

inmplicit none

i nteger ne, nh
character*5 id(ne)

i nt eger ind(ne)

i nt eger hsh(nh)
character*5 wd, wl, w2

integer i,il,i2,n
wl = wd
if(wl(4:4) .eq. '0") wi(4:4) ="
n =20
doi =1, 5
n=n+4+i * ichar(wl(i:i))
enddo
n = nmod(n,nh) + 1
il1=1
if(n.gt. 1) i1 = hsh(n - 1)
i2 = hsh(n) - 1
doi =i1, i2
i hash = 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
endi f
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enddo

i hash = 0
return
end

MDL-NBS-HS-000002 REV00 Attachment 111-61 February 2000



Title: Seepage Model for PA Including Drift Collapse

uoo75

Source code for Software Routine m nrefine3df.f,

Version 1.0

program ni nrefi ne3df

¢ make incon block frominconsf. out
¢ and MESH (refined new nesh)
c
c
implicit double precision(a-h,o-2)
character*5 nane, wd
character head*60
character*1 text
character*5 irock
di mensi on x(160000), y(160000), z(160000)
di mensi on por (70,45, 55,5), xpern(70, 45, 55, 5),
i xal fa(70, 45, 55, 5)
di mensi on xsat (70, 45, 55, 5)
character*5 id(160000)
character*5 iinc(70,45,55,5)
c

c read refined nesh

ndual =1

open(unit=1,fil e=' MESHsf. new , status="old")

rewi nd(1)

read(1,' (a)',end=40) wd

if(wd .ne. "elene’ .and. wd .ne. 'ELEME ) then

stop 'no elenme in MESH

endi f
ne =0

10 read(1, ' (a, 10x, a, 2e10. 4, 10x, 3e10. 4) ', end=40)
& id(ne + 1),irock,vol,vl, x1,y1,2z1

if(id(ne+l) .eq. '
ne =ne +1

') goto 100

open(unit=1,file="inconsf.out', status="old")

x(ne) = x1
y(ne) =yl
z(ne) = z1
goto 10
100 cl ose(1)

c

c read incon (not refined)
nx=12
ny=30
nz=42

c
rew nd(1)
read(1,' (a60)') head
do i=1, nx
do j=1,ny
do k=1, nz
do kk=1, ndual

read(1,' (ab, 2i5,e15.9, 2e10.4)")

& inc(i,j,k,kk),idumidum por(i,j,Kk,kk),xpern(i,j,k, kk),

i xalfa(i,j,k, kk)

read(1,' (e20.14)" )xsat(i,]j,k, kk)

enddo
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enddo
enddo
enddo

open(unit=2,file="I NCONsf', status="unknown')
rew nd(2)
wite(2,'(a60)"')head
do i=1, nx
do j=1,ny
do k=1, nz
do kk=1, ndual
do nn=1, ne
if(id(nn).eq.iinc(i,j,k,kk))then
wite(2,'(ab,2i5,e15.9,2el10.4)")
& id(nn),idumidumpor(i,j,k,kk),10.0*xpern(i,j,k, kk),
& xal fa(i,j,k, kk)
wite(2,'(e20.14)" )xsat(i,]j,k, kk)
endi f
enddo
enddo
enddo
enddo
enddo

wite(2,*)
cl ose(1)
cl ose(2)
stop
40 stop 'Premature ECF on MESH
end
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frac_calc V1.1
Routine/Macro Documentation Form* Page1 of 2

Note: All relevant scientific notehook (SN) pages are included In this records package. In some instances, the
Included SN pages cross-reference other pages that are not included here because these were not essential to
the decumentation of this routine. :

1.

03/01/00

Name of routine/macro with version/OS/hardware cmfirpnment:
frac_cale / Version 1.1/ DOS (or Windows with DORS) / PC

Name of commercial software with version/OS/hardware vsed to develop routine/macro:
FORTRAN 77/ FORTRAN Powerstation 4.0 (see SN YMP-LBNL-GSB-MC-1.1, p. 105)

Description and Test Plan.

*  Explain whetkher this is a routine or macro and describe what it does: (frac_cale is a routine)

The software routine frac_cale is a FORTRAN code which performs simple calculations using
Detailed Line Survey (DLS) data including fracture location, strike, dip, and trace lengths above and
below the traceline to compute fracture hydrologic properties. The user can select o minimum and
maXimum fracture length to include in the calenlations. Version 1.1 is a minor revision of Version
1.0 and calculates additional fracture properties from the same data. The fracture properties
calculated Include fracture frequency, aperture and other properties. These properties are listed and
the computation methods are described on pages 60-65 in YMP-LBNL-GSB-MC-1, pp, 102-104 in
YMP-LBNL-GSB-MC-L.1, and p. 14 in YMP-LBNL-GSB-MC-1.2. To install the software, copy
frac_calcl1l.f and datablk11.f from a disk onto the hard drive of a PC. Then, compile frac_calc using
a FORTRAN 77 compiler and run executable,

Changes between Version 1.1 and 1.0 are discussed on p. 14 in YMP-LENL-GSB-MC-1.2 for the
source code (filename: frac_calcll.l) and on pp. 12-13 in YMP-LBNL-GSB-MC-1.2 for the
parameter dimensions file (filename: datablk11.f).

This software routine is documented in the following scientific notebook pages (the order helow
provides a chronology of the documentation from Version 1.1 back to Version 1.0%:

YMP-LBNL-GSB-MC-1.2 rp. 14-16, 12-13

Reference Binder YMP-LBNL-GSB-MC-1.2A pp. 67-87, 63-66
YMP-LBNL-GSB-MC-1.1 pp. 114-115, 105-109, 101-104
YMP-LBNL-GSB-MC-1 pp- 60-65

Inputs:

The code is designed to use un ASCI] input file. The first row is a header and s not read.
Each row represents a single fracture. It must have five coluams of data for each fracture -
location (in meters), strike (in degrees), dip (in degrees), length above (in meters), and length
below (In meters) — in that order. The fractures must be in increasing order of location
(distance along the ESF, an alcove, or the ECRB). All values must be numbers (no text, except
the first row). All values must be positive. The limit on size of the input values is that the
strike must be less than 360 degrees and the dip must be less than 90 degrees. For other
values, there are no limits except those for double precision parameters and computations.

¢ Source code: (including equations or algorithms from software setup (LabView, Excel, etc.):
pp- 72-87, in Reference Binder YMP-LBNL-GSB-MC-1.2A for frac_calc.f, the source code.
pp. 63-66, in Reference Binder YMP-LENL-GSB-MC-1.2A for datablk11.f, the include file
that sets parameter dimensions and values.

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

A sample case using site data will be used to test the routine. The test case for Version 1.0 is
rerun for Version 1.1 te test the new features as well as confirm that the previous computations

Hi =6
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are still performed correctly. The Version 1.0 test case included selecting a minimum fracture
length of 1 meter to confirm that fractures smaller than 1 meter in the sample case will be
excluded from the computations (the Version 1.0 test case is on pp. 105 - 108 in YMP-LBNL-
GSB-MC-1.1). All new output from the ouiput files alll.par and all2.par will be compared with
computations performed using a calculator (previous output will be compared to Version 1.0).
The acceptance criterion is that the values computed by hand and from the routine are the same
within the round-off difference between the code and the calculator,

s Specify the range of input values to be vsed and why the range is valid:
The input values are a direct sample from the TDMS (see p. 105 in YMP-LBNL-GSB-MC-1)
after pre-processing using the routine Read TDB. The sample input includes small and large
fracture lengths and a range of strikes and dips that ure representative of the fracture
parameters found at Yucca Mtn.

4, Test Results.

«  Output from test :
Test results are shown on p. 15 in YMP-LBNL-GSB-MC-1.2 and in Reference Binder YMP-
LBNL-GSB-MC-1.2A, pp. 67-71.

»  Description of how the testing shows that the results are correct for the specified input:
Values from Version 1.1 maiched exactly with those from Version 1.0 (regression testing), see p.
15 in YMP-LBNL-MC(C-1.2. Calculated values for new fracture calculations (gmlen and intarea)
matched with rounding to 3 decimal places (the output format of frac_calc),

=  List limitations or assumptions 1o this test case and code in general:
Ag noted above the fractures must be listed in order of their locations with increasing distances
along a survey line.

«  Electrenic files identified by name and location (include disc if necessary):

See pp. 15-16 in YMP-LBNL-GSB-MC-1.2. No electronic files submitted.

s. Supporting Information. Include background information, such as revision te a previous routine or macro,
or explanation of the steps performed to run the software. Include listings of all electronic files and codes
used. Attach Scientific Notebook pages with appropriate information annotated:

See attached pages for technical review forms, referenced sclentific notebook pages and other
supporting decumentation. Pages from YMP-LBNL-GSB-MC-1.1 and YMP-LBN-GSB-MC-1
are for Version 1.0 and provide the necessary background information for Version 1.1, The
original qualification and references for Version 1.0 are provided on pp. 114-115 of YMP-LBNL-
GSB-MC-1.1.

MAINTAIN PAGES IN THIS ORDER:
This 2 page “Routine Documentation” summarization form

YMP-LBNL-GSB-MC-12 pp. 14-16,12-13

Reference Binder YMP-LBNL.GSB-MC-1.2A pp. 67-87, 63-66
YMP-LBNL-GSB-MC-1.1 pp. 114-115, 105-109, 101-164
YMP-LBNL-GSB-MC-1 pp. 60-65

*Note that this supplement includes:
-Addition of this 2-page “Routine Documentation” summarization form
-Addition of pp. 63-66, Reference Rinder YMP-LBNL-GSB-MC-1.2A
-Addition of pp. 12-13, §/N YMP-LBNL-GSB-MC-1.2
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File ‘datablk1l.f’
File with data blocks for
frac_calc Version 1.1
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Cmam———— s ama s am——————- .t A e maE i At ——————

E < Ihcludés datalstateﬁents for assigning model layers for use in
[ "the program frac_calc.f ) '
c Created by Mark Cushey
c Made into a separate file 6/98
c Criginal data statements created by MAC 4/98 - 5/98
c Data statements added to identify subunits and later combine
c subunits focr each model layer.
c
c MAC 6/16/98
< The follewlng assignment of stations for PIN (new UZ madal layers)
c is based my analysis of data in Table 2, CRWSM M&0, 1998.
c See Scientific Notebook YMP-LBNL-GSE-MC-1.l1 pages 5-3
¢ MAC 6/25/98
c Statione. reassigned for TCw and TSw (new UZ model layers)
c based on my analysis of data In Table 2, CRWSM M&O, 1398.
c Also reassigned alcoves.
c Sae Scientific Notebook YMP-LBNL-GSB-MC-1.1 pages 38-39, 47
c MAC 7/98
¢ Most recent fractura permaabilities are in d:\permeabilicy\
< properties\airk.xls which 1s linked to other data spreadsheets
¢ See Sclentific Notebook YMP-LBNL-GSB-MC-1.1 pagas 34, 61
o MAC V 1.1
= Version 1.1 - reevaluated station assignments, assigned values
¢ to 1999 Model layers, and added ECRB
C Alcove statlons are entered with Alcove # in the
c tan thousandth lccaticn. ECRB has a '3' in the ten
c thousandth location.
e Firsec, set up arrays
c nteotal is the total number of UZ model layers and
c nlayers is the total number of segments along the ESF
c for the data statements
integer nlayers,ntotal
parameter (nlayers=57.ntctal=16}
integer modlayer (ntotal)
double pracision logairk({nlayers),unlitsta(nlayers),
+ unitend(nlayers)
character*5 unitnams(nlayers)
data unitname /'tcwll'!
+ ,'Eewl2!, ‘tewl2!, ftewld!, 'towl2 ', 'towl2!
+ ,tecwll! I1Alcove 3
+ Lttowld !, 'teowlld!, ttewlld ', 'tewl3d?
- ,'ptn2l’, 'ptn2l -, 'pen2l’
+ . 'pEn22 | no fracture data
+ ,'ptn23’ ! no fracture data
- ,'ptn24°, *ptn24’, ‘ptn24d’
- ,‘ptn25', ‘ptn2s*
+ ,'ptn2é', ‘ptn26', 'ptn26', 'ptn2é’
Tr/22/99 datablkll. £ L
. N o .
/{/ —éﬂq 7£2ﬁ? g%ZLO/k{/
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data modlayer / 1,2,8
,12,15,16,17,20,22
,28,32,37,44,54,56,57

+

+
+
+

.58
/

,‘pfnZG',jpthE' ! ARlcove 4
S 'tew3l’, 'tsw3l’, ‘tswll', "tswil®
LTSWI2', "tsw32Y, Eawl2', ‘tswi2', ‘tsw32’
W3R, ftswd3 ', "teswdld!, ‘tsw3lt, 'tswld', ‘tsw3ld
, 'bswil: . 'ECRB
T, 'tew3d, 'tsw3d', 'tswdd', 'taw3d ’ )
Ltswld', 'tewldd’', 'tswid', ‘taew3d’, ‘tswid’ fAlcave 5 & 6
, 'Eswld: {ECRB
L'tsw3is!
, 'tswls! tECRB
s 'Eewi6! 'ECRB
, ‘tswiT! 'ECRE
, ‘bursc*
/

station for start and end of unit in meters & log airk (m2;

data unitsta /348.8 Itewll

+ ,61.7,441.9,6725.5,6769.4,7514.2 'tcwl2

+ ,30003.00 Itcwl? alcove 3
+ (776.5,6718 .5,6761.4,7507.8 ttcwll

+ ,793.6,6697.5,7495 .4 'ptn2l

+ ,0.0 Iptn22

+ ,0.0 'ptn23 - no data
+* ,875.8,6680.7,7481.3 tptn2d

+ ,894.6,7476.12 'ptn2s

+ ,102t .0,6637.5,6996.5,7451.9 tptn2é

+ ,40000.0,40029.55 Iptn26 alcovae 4
+ ,1075.7,6632.8,6990.3,7440.0 'tswil

+ .1191.0,6507.7,6527.4,6885.0,7341.5 Itsw3i2

+ .1716.0,6308.0.6327.5,6791.8,7167.5,7290.0 Itswild

+ ,90000.0 'tsw33 ECRB

+ ,2720.0,5878,3,7057.4,7143 .0 ltsw3d

+ .50000.0,51000.0,52000.0,60000.0,61000.0 ‘t:sw34 alc 5 & 6§
+ ,81015.0 Itsw3d ECRB

+ ,5729.2 ltswi5s

+ ,91444.0 ttswdS ECRB

+ ,92326.0 'tsw36/37 ECRB

+ . 92326.0 'tsw3b6/37 ECRB

+* ,4000.0

+ /

data unitend /435.2 ttowll

+ ,198.6,776.5,6761.4,6787.5,7875.0 trowl?

+ ,30035.0 ttewl2 alcove 3
+ ,793.6, £725.5,6769.4,7%14.2 ftowlld
+ ,869.3,6718.5%,7507.8 iptn2l

+ ,0.0 'ptnd2

+ ,0.0 'ptn23 - no data
+ ,894.6,6694.0,7494 .0 ‘ptn24

- ,1021.0,7481.3 'pLn2s

+ ,1075.7,6680.7,7057.4,7476.3 'ptn2e

+ ,40022.2,40051.0 !'ptn2é alcove 4
* ,1191.0,6637.5,6596.5,7451.9 Teswil

* ,1716.0,6525.2,6632.8.6990.3,7440.0 'tsw32

datablkll.f 2
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? + ,3720.0,6324.2,6507.7,6885.0,7255.0,7341.5 !tsawd3
+ ,91015.0 - ltgwid3 ECRB
+ ,5729.2,6308.0,7100.0,7167.5 1tswidg
+ ,50012.0,51015.0,52140.0,60024.0,61175.0 - '!tsw34 alc 5 & 6
+ .91444 .0 1tswlid ECRB
* .5878.3 ttsw3h
+ ,92326.0 {Lsw3t ECRB
+ ,92583.0- 'tswlt ECRB
+ ,92583 . 0 1tsw3? EBCRB
c + ,5200.,0
+ /
data logairk /-10.%2 ltewll
+ ,=11.28,-11.28,-11.28,~-11.28,-11.28 ltewl2
+ .-11.28 Ttewl? alcove 3
+ ,-11.24,-11.34,-11.34,-11.34 1cewl3l
+ ,~11.49,-11.45,-11.49 ptn2l
+ ,~12.52 pen22
+ ,~12 .82 'ptn23
+ ,-11.53,-11.5%3,~-11.53 'pkn24
+ ,~12.78,-12.78 1ptn2s .
+ ,~12.66,-12,.66,-12.66,-12.66 1ptn2é
+ .-12.66,-12.66 Iptn26 alcove 4
E + ,~12.20,-12.20,-12.20,-12.20 ftswil
f + ,-12.15,-12.15,-12.15,-12.15,-12.15 1tsw32
- ,=12.11,-12.11,-12.11,-12.11,-12.11,-12 .11 Itswil
+ ,-12.11 ltsw33 ECRB
+ ,—-12.80,-12.80,-~12.80,-12.80 ltswld )
+ ,—-12.80,-12.80,-12.80,-12.80,-12.80 ttsw3i4 alc 5 & ©
+ ,~12.80 {tsw3id ECRB
+ , =12 .04 ' ttswl5s
+ ,=12.04 ltsw3iS ECRB
+ ,=11.87 ttswié ECRB
+ ,-11.87 'tswld7 ECRB
c + ,—-12.80
E Y
1/22/99 datablkll £ 3
bl
(=71 2pH Hfatjoe
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yEY'S'IOﬂ 11 of fmcocalc - 1 /2.1/99

The  €follning c.‘nam:xes were Yrade B Version 1.0

/46&05! N4 i Y MP-LRNL - GSB-Mc =L\

o BA-GT In YMP- LBNI~ESR-E -1IA )

R

* _kf= kfre(n)% ?req_

LS Y‘QDM‘-C(" 4 su\'*:h

ke = kfde (n) T apec

<or dlSC.US‘SIOn oh P03 {n YMP~1 BNL-GS8-MC-1]

+ Tl pacamedecs  inkared & qmlen were added,

omlen - den mebric  wean. of Yhe Fracture,

’lmath
nc 2198 N

ny '7/?1/19‘ ﬂfﬂﬁﬁ%—*ﬂﬂd— 7

me "uzll':l‘i oonlen o amlpn-!-J%éﬁi&ﬂd;
)

Y

iogfgmlexﬂ = z \03(-1::)

L=
Yy

£l trace lenadl) e frachure ¢
o= number pf fracivres

inkareq fmd'vrﬁ lnkrﬁca 3!“8’3

inkarea = 2“1\'1"

‘ll-u;,qﬂ qtﬂ“ﬁ w“’g‘e xwuc‘

essenbiaffu Yo -Fra e area.

Afyided the block wunlumée,

Gm\m is vsed vecticad .Qemq% £

dem'h ino vl sinee

U kyown .

M= cadius of fracture. &

» The output fle calibrade pv” was  revised

4o _inclode “emlems £ " nlarea’ amd wael

refo rmatie
X - A s rhed  cwith
mac VLl in B comments .
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PROJECT NAME ____ L _____ NOTEBOOK NO. @C_IL

Keran —\4-—‘)‘:1(: 1/21/44 tcs-& CaAsEe. . -Fbr Versign 4.0

( pages 101-10R  YMP-LBNL - GSB-MC ). 1)

=

F slng setting. +hat limts caloylahons 1o 4m dr Ingrr_J_

_ ‘Jc.rsfan 1. 1 ' Version 1,..0
[ min-m 0.43 0,43
Min Vse [ 00 ' .00
Max -1y g.00 _8.00 it
¥ Crac 5 5 33
S e - 2.6/ 3.6/ '.7'
5 Spac. 2.78 2-78 I
Fgq - ¥Ym 0.28 0. 2% [N
SDEreq 0. 2.1 o 24 g
Leag - ¥ 3.8 2.¢8 w
SDbeng 2.9/ 2.91 ‘.-_.*
Tntens 01 0. /b
Apr=ym 509, 504.0 i
Por - 2D 552 [5°° 5.92 x /0°5 .
Por - 2D 8. 2/xi6"2 g1 x/0-5 K
Poc -2D /40 20”7 140 xin-f A3
alpha 3.50 x/0°2 3 8¢ x =3 Findt
K2z /KXy [ . &9 [T oy
ey fkxx /Ry (B
k?l%} kvv 0.93% o932
—6—\-?-\-? Versird -3 &
ﬂt&a{,.a hfndm::_x m
Fr -porosity %.21x10°5 221 yI0™® ?or-E' ’-?4-
Aperture, ‘ s 04y0°Ym checks 504. 0 Feyrm % “
Erequency J.28 0.28 "V I '
Z‘Y.nkr ~Area 6547 N A - f
-~ tengthy 278 4 A& » !
Fr‘ Mpha 356 ,/0°> 250 x10~3 3lpha 4 M
SD - Alchn 2. 4 x /6-7 241 x /077 gdalpha %
LOG! A‘lol\a - .54 ﬂfﬂfqr"i'—% -2.5% 1psa
3p Lag Aiph 0.34 226 0.291 lag da

The ou*tm:t Fles & mpu+ Gles - this test cese

ave i Peferonce  Pinder YR L BN G.sB- Mc—-1.24 Lt
op 7= 7| Tleet ant 1n 4 y 4 frac-talzf] Ry :'

. o ﬂ!ﬁL v ..r.;)‘k_'
The above jadicals Wat Yo calcolohiong foc Versin .1 5 34
SIGNATURE DATE 19 ’W W
READ AND UNDERSTOOD DATE 19 Jf* ;

[11-73 gen d4fz)je0
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The Fwo hew comoy ‘ T
(formolas on o 14) b 1T
N f‘_ T "':'-d_
inc?[{%rfﬂ\eq\':-[‘_lqaﬁaﬂ--k\oq (5.17)+ Jaq(l.\\)+l£%-m5) o T
J . Y log (L3N V\oa (228)A 7/ I vpiy YT
a. ¥ a- ¥ 7 = / 7 b 4";&-— — v
gwlen = 2,7830 p o
intarea = T l:(‘ﬂz-!-* (Z. 585)" + (0.5859)% 4+ e
* (0. 63)*+ (1L4)*] // (eR) 283 T
= 00,5472 Y in® _

frac.calc.  Version 1.1 gives

gmlen = 2. 784 m

wlareaz= 4.547 L P

frac  cale Vevgion 4.1 check s

dhe code  fme. ralc Versigm A1 (< included 4

tererce i X MP- { BN —Cel-mic—1 24 o 77-87 2% '
- ”— rgk_,:(m&"

e Lile o o0 nud-cuskey” in d:)\code\ facah)
Evac  calc Ad 4

- The_filenames ace fime-calc 114 ¢ fmr calclere
ne '
92379
-7 //7 o/ 1, :
SIGNATURE /" / /od /4 (. A DATE _7 /21 19 9%
READ AND URDERSTOOH i DATE _ ~ 19
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£leramesare.
frac_cadc £ amd

frac_calc]l.en
Input and Output files for tesJ a%g/qq
case for frac_calc Version 1.1

Input: test.dat

Output: alll.par, all2.par, &
calibrate.par

(st e isi oop.
M. ;3/])

[~ 7§ i ?/2//(7& el




test

- LOCATION STRIKE DIP LENGTH A LENGTH B
SN 875.700  20.000 8.000 2.000 6.000 :
. 882.370 184.000  78.000 3.500 1.670 For test ase run,
- 887.300 299.000 - 78.000 . 600 1.110 . [ ‘
893,860  20.000  49.000 .100 330 &—— pregram &xc Udes
893.920  22.000  80.000 .680 620 +his becavse
894.130  20.000  67.000 1.200 1.600 imimum Fractore
\evrgth cotoff Is settfo
Am (sée ped pag)
s
]
Page 1
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Jed y jorath
se ot jer? %l ‘ﬁ:q
Unit <---Station---» Min-m MinUse Max-m #Frac Spac-m $DSpac Fg-1/m S5DFreq Leng-m SDLeng Intens *
ptnz4 875.80 8%4.60 43 1.00 8.40 5 3.61 2.78 .28 .21 3.88  2.91 .16 _‘:‘_‘
879.70 8%4.13 (m) () (n,m) (m} “-:6
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Unit MinUse #Frac Fg-1/m Apr-um
ptn24  1.00 s .28 504.

Por-3D
5.93E-0%

Por-2D
8.21E-05

Por-1D
1_40E-04

alpha Kzz/Kxx kyy/kxx kzz/kyy
3.50E-03 1.69 1.81 .93

R

70 7
e Yok

all Q—Pm’

=6 Jes 4/a1/ee




Unit Min-Fr-Length Pr-Forosity Aperture Frequency Inter-Area OCm-length Pr-Alpha SD-Alpha LogAlpha sSD-LogAlpha
Eewll . ' '
‘bowll
towll |
rtndl
ptn22
ptn23 .
prn2d 1.00 8.21E-05 5.04E-04 .28 . 547 2,784 3.50B-03 Z.41E-04 -2.54 .34
ptn2s
pEn28
Exwdl .
 kawdl
tawll
taw3d
tewis
tsw3é
Lsw3?

71 mi 7/22%

cal: Lr«l’,fvaf
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program Frac Calc

c Version 1.1 )

c All changes for Version 1.1 are indicated by MAC Vi.l

[ Saa Scientific Notebook YMP-LBNL-GSB-MC-1.2 pagas 14-1%6

e Discussion for Version 1.0

c

c The purpose of this program is to calculate means and variancas

c for fracture proparties for UZ model layers based on detalled

c line survey (DLS) data for the Exploratory Studies Facility (ESF)
c that has been downloaded from tha Technical Database [TDB).

c This program was originally writtan by Eric Sonnenthal with

c revisions and additiens by Mark Cushey (4/98 to 7/58) which are

c labeled MAC and dated. Major additions include using data

c statements and ¢oeding to combine subunits for model layers

[ internally in the program; calculating additional parameters;

c program recalculates all numbars for each modael layer each ‘time

c it is executed; calculate apertures; calculate alpha & log alpha
c and its statistics; calculates spacing, frequencies and intensity
c for selected interval lengths; new input format for direct reading
[ of data from TDBE after procassing through read_tdb.f; and new

c output formats.

-] MAC V1.1 - updated pages below for references for Versien 1.0

c See Scientific Notebook YMP-LBNL-CSB-MC-1 pagaes 60-69, 124-125. 137
c See Scientific Notebock YMP-LBNIL-GSB-MC-1.1 pages 98, 101-108, 114-115
= See Reference Binder YMP-LBENL-GSB-MC-1.lA pagas B8-97, 33-104

c - Mark Cushey 7/98

o m m o e e e
[t Below comments by E.Sonnenthal

c. Program to read USCS ESF data and calculate fracture geomaetries
c. and densities for plotting (11/4/96: E. Sonnenthal) .

c. Camponants of hydraulic conductivity taensor (de Marsily, 1986)

c. 11/11/96 E. Sonnenthal

c. ravised 2/6/97 for a fracture size range

[ nf = Number of fracturas

c blksiz = Block size (m)

c kfrc = Hydraullc conductivity of each fracture (m/s)

c aper = Aperture of each fracture (m)

c strike = Strika of each fracture {azimuth in radlans)

c dip = Dip of each fracture (dip in radians)

c ktens = Conductivity tensor (9 component)

c k(%) = (kxx, lory, kxz, kyx, kyy.kyz. kzx, kzy, kzz}

e | oo ky  kxz |

c | kyx kyy kyz |

¢ | Xzx kzy kzz |

c ______________________________________________________________________
¢ Commentad out variables no longar used MAC 7/98

c lnteger nil.ni2
integer i,k,ni,n,nn,nml.nfr,nf,nsl, ns?
parameter (nf = 50000)
rarameter (pi=31.141592653640)
parametar (ni = 199)
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N c Added MAC -4/13/98
. character*32 fnama

¢ Commented out varjiables no longar used MAC 7/98
c charactar*B outfila, header2, fstat

c character*200 header

c integer distl

c doubla precision height{nf}.dist2

integer nfrint{ni),ns

double precision blksiz,kf, sdsq,stkrad,diprad,proptf
double pracision fmin, fmax

double precision kfrc(nf),aper{nf)

double precision ktaens|{9)

double precision kxx,kxy,kxz,kyx. kyy.kyz.kzx, kzy, kzz
double precision endpi, andp2,totaltr,totalht,adip,bdip
double praecision disc{nf},nfrc{nf)

double precision strike(n{),dip(nf),alen(nf),blan{nf)
double precision atrace(nf),btrace(nf),trace{nf)
double precision trlen, fmasf, frint, fgrpl, fgrp2, fsiz
double precision tremax,dipmin,dipmax.apesrture

double precision avgsp, freint,varsp, sdspac

double precision freq,sdfreq,frcvol, frorad, frepor.blkht,blkdp
double precision sdlen,varlan,avglen,frarea, frcp2d
character*l ansl,ans2

c MAC V1.1
double praclision intarea, ¢gmlen

00

Q Below added by MAC 4/98 - 5/98
c Data statements added to identify subunita and later combina
o] subunits for each model layer.
c Meved to include MAC 6/98 sc that various combinations could be
c used by simply using a different file for include
c Note that alcove stations arae entered with Alcove # in tha
[+ ten thousandth location.
c Assignment for model lavers based on CRWSM MiO, 1998
o For most recent assignment see
c Scientific Notebook ¥YMP-LENL-GSB-MC-1.l pages 36-39.
[
c Include file ‘datablk.f® includes data statemaents for
c unitname, modlayer, unitsta, unitend, and logairk
= MAC V1.1
include ‘datablkli.f*
c
© For testing, instead of ‘datablk.f', include file ‘uzmodels7.f'
< for comparison with calculations performed for the July 97
c milestona {Chapter 7, Sonnethal =t. al, 15%7) or include
c 'swaatkind.f' for comparison with calculations in
c Sweetkind et. al {1997). Usae the data files sericdls.dat and
c sweatdls.dat, respectively.
- c include ‘uzmodel9?.f:
} c include 'sweetkind.f*
7/22/9% frac_calctl.f
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c MAC 7/98 For the more detailed PTn modal layers use
c include ‘ptnblk.f*

B e e e

c Below addad MAC 4/9%8 - 6/98

ntotal is the total number of UZ model layers

nlayers ls the toetal number of segments along the ESF

Both are used for the data statements and ars defined in the
fila "datablk.f' .

npar is the number of parameters saved for calculating properties

ftor entire model layar

variables with 'int' are for calculating fracture properties for
intervals

variables for data statements (integer modlayer(ntotal);
double precision legairk(nlayers).,unitstainlavers),
unitend{nlayers}] are in file *datablk.f"

To0oa0o0oao0annnaon

integer layer,first,last,npar
c MAC V1.1 changed npar from 16 to 18
parameter (npar=18)
double precision spac,frepld.tremin, combine,kzzkxx, kyykxx, kzzkyy,
+ alpha, loga,logf, sdalpha
dimension combine(nlayers,npar)
character*S outfile

integer intn,intmax,intnfr,intlayer

paramater {intmax=1000Q}

double precision intfreq,intspace, intlength., inttrace
dimension intfreg(intmax)},intspace(intmax).intnfriintmax)
+ inttrace(intmax)

c...Input fila nams

2 print *, ‘'Enter fracture data filename: '
read (*,*} fname
open{unit=l2, file=fname, status=‘o0ld’', err=5)

go to 7

5 write(*,*})'File not found*
go to 2

7 continue

c Removed call te station file -- all in one file MAC 4/13/98

< ravised MAC 4/13/98 - starting and end points for modsl layars
c now determined intermally

¢ revised MAC 4/17/98 - changed input process
dipmin = 0.40
dipmax = 90.40
ansl = 'n!
ang2 = 'y
writa{*,*) 'Entar minimum and maximum fracture length to use'
read(*,*)fmin, fmax

¢ Added MAC 7/8/%8 - query user for intaerval length

writa(*, *) *‘Enter interval length {in meters}’®
read(*,*)intlength
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c... Read station fila - Bemovéd ﬁAC 4/13/98

c MAC 4/98 open output files ,
open(13,file='a111.par',status:'unknown'f
open(i4,file='allZ.par’, status='unknown') .
write{13,441}
write{l4,442)
open{ls,file='interval .par', status="unknown'}
write{l8,1959)
cpan{20, file='tmp.par"')

c
¢... Read fractura data file
c Rev MAC 4/13/98

read {12,*}

i=20
10 i=1+1
c rev MAC 6/29/98 - Don't read in height

read {12, *,end=99)dist (1), ,strike (i), dip(i), atrace(i},

c & btrace(i) height{i)
read(1z,*,end=99%)dist (i), strike{i) . dip(i}.atrace(i),
& btraca(i)
go to 10

99 ns =1 -1

dist{ns+1)=99999.9

close(l1l2)

0

c
Added MAC 6/25/98
c initialize combine
do j=1.npar
do i=1,nlayers
combine(i,j) = 0dO
end do
end do

]

c Added MAC 4/17/98

o] Loop through model layers, assiging stationh ranges
<] Daefine endpl, endp2. nsl. ns2
[+

DO layer = 1,nlayers
endpl = unitsta({layer)
endp2 = unitand(layer)
write{*, *}unitname(layer}, endpl, endp2
nsl =0
ns2 = 0
do 1 = 1,n8+1
if (((dist(i}.ge.endpl).and. {dist{i-1).lt.endpl)]

& .or.({dist(i) .ge.andpl}.and.(i.eq.1}))
& nsl = i
if ((dist{i).gt.endp2).and. (dist(i-1).le.endp2))
& ns2 =31 -1
" end do
[ MAC V1.1 -~ changed 0.0 to O
1f {({ns2-nsl).1¢.0) go to 999
write(*,*}" ',dist(nsl).dist(ns2)
7722799 frac_calecll.f
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0

neananan

=]

ouffile = unitnanma({layear)

outfila * dumny * _
if (({layer.eq.48).or.{laver.eqg.27)) then
outfile = unitname{layer)
write(*,*) ‘Tecplot file for’,unitname(layer],
* unitsta(layer),unitend{layer}
end if .

. Find siza distributioh for all fracturas

if(ans2.eq.'y') then
fmest = 0.340
frint = 0.2d0
de 1 = nsl,ns2
trlen = atrace{i) + btrace!i)
do k = 1, ni
fgrpl = fmesf + dble(k-1}*frint
fgrp2 = fmaesf + dblae(k)*frint
if{trlen.ge.fgrpl.and.trlen.lt.fgrp2)
& nfrint{k)=nfrint(k)+1
enddo
enddo
endif

c Addaed MAC 4/98 find minimum trace length baforae excluding

trcmin = fmax
de 1 = nsl,ns2

tremin = min((atracefi)+btrace(i)},trcemin)
anddo

. Find fractures that are within range if given

n =20
nfr = 0
do 1 = nsl.ns2
if(dipii) .ge. dipmin.and.dip({i).le.dipmax.and.atrace{l}+
+ btrace(i).ga.fmin.and.atrace(i)+btraca(i).le. fmax)
- then
n=n+1
nfre{n)
nfr = n
endif
anddo
if {nfr.le.l1l) go to 999

H
[

. Calculate proportion of total fractures

proptf = dble{nfr)/(dble(ns2-nal+l1})

. Find total trace length

don=1, nfr

m = nfrcinl

trace(n) = atrace{nn} + btracae{nn)
anddo

. Find maximum trace length

cremax = -1.d45

7/22/99 frac_calcll.f
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do n = 1, nfr
trcmax = max(trace{n),trcmax)
enddo

Length of fracture segment for plotting is 0.15 inch/meter
don = 1, nfr

nn = nfrc(nl

alenin) = atrace(nn)*0.15d40

klen{n} = btraca(nn)*0.15d40
enddo

Calcsulate blocksize (interval length)
blksiz = endp2 - endpl

blkht = 6.d40

blkdp = &.d0

¢ Rev MAC 4/17/98 - moved perm, frac velumsa, porisity to after
€ parameters

c Rev MAC 4/98 - zaro sum paramoters

totalht = 040
totaltr = 040
asght = 040

ssgtr = 0do
sspac = 040
ssgsp = 040
s5sqlsp =040
slgsp = 040
MAC V1.1

gmlen = 040
intarea = 040

¢ Added MAC 5/98

do n = 1, intmax

intspace(n) = 040
intfreq{n) = 040
intnfr(n} = 0
inktracain) = 040
end do
intn = 0

intlayer = 0

. Calculate fracture parametars - loop through fractures

do n = 1, nfr
nn = nfre(n}
totaltr = trace(n) + totaltr
ssqtr = tracein)**2 + ssqtr

MAC V1.1
gmlen = gmlen + dlogif{trace(n))

ifin.gt.1)then
nml = nfrc(n-1)

c rev MAC 4/13/98 - put in if

spac = dabs{dist{nn)-dist(nml}}
1f {spac.aqg.0.0) then

1/22/99 frac_calcll.f
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write(*,*) 'station overlap’,dist{nn).nn.nml
end if R
2099 format(lx,a5.3(ix, £9.2}})

sspa¢ = spac + sspae
¢ correction MAC 4/13/98
c ' put in '+ s=lgsp’ in place of ‘+ sspac’
c put in dlogl0 and if-then

if {spac.ne.0.0) then

slgsp = dloglO(spac) + slgsp

¢ correction MAC 4/08 :
put in '+ ssqlsp' in place of '+ ssgsp'

n

o] put in dloglo
ssqlsp = (dloglQ(spac)}**2 + ssglsp
alsa
¢ rev MAC 4/98 for zero spacing use 0.005 m which is 1/2
c of the measurament precision

slgsp = dlogl0{5d4-3) + slgsp
ssqlsp = {dlogl0(54-3))**2 + ssqlsp
and if

384sp = spac**2 + asqgsp

o]

added MAC 5/98 ~ for detarmining frequency and intenslty over interval
added MAC 7/98 - if-then statment to prevent from
c overextending interval boundary
intn = INT((dist(nn)-endpl)/intlength)+1
if { {endpl+{intn*intlength)).le.endp2 } than
if {intn.gt.intmax) than
write(*,*) 'Max number of intervals exceaeded -',
+ ' program stoppad’
write(*,*) ‘Resize intmax - intmax,intn’,intmax, intn
ELop
end if
intspace{intn} = intspace(intn} + spac
intnfr(intn)} = intofr(intn) + 1
inttrace(intn) = inttrace{intn) + trace(n)
intlayer = intn
end if
endt £
300 continue
enddo

¢}

avgsp = sspac/dble{nfr-1)
freg = 1.d0/avgsp

c added MAC 5/98 - for dastermining frequency and intensity over interval
do intn = 1, intlayer

if {intnfr(intn) .gt.l) then
intspacel{intn) = intspace(intn) /dble{intnfr {inktn) -1}
intfreq{intn) = 1do/intspacef{intn}

alsea
intfreg(intn) = 1d406/intlength

and if

inttracelintn} = inttrace{intn)/intlength/bikht

1/22/99 frac_calcll.f
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end do

¢ MAC 5/98 added if-then for small # of fractures
if (nfr.gt.2) then’ g
c nfr-1 is the number of pairs used tc calculate spacing

varsp = (ssgsp - {(sspac**2)/dble(nfr-1)}}/{dple(nfr-2)}
if (varsp.gt.0.0) then
: -sdspac = sgrt({varsp)
added comment and put in varsp rather than sdspac**2 by MAC 5/58
VIfl= V(s]*(-E[s)**-2)**2
sdfreq
else
sdspac = 040
sdfreq 0do
end if
alsa
varsp = 040
sdspac = 040
sdfreg = 040
end 1f

00

sgre((({-avgsp) **(-2]}**2) *varsp)

f

frecint totaltr/blksiz/blkht
avglen totaltr/dble{nfr)
varlan = (ssqtr - {(totaltr**2)/dble{nfr)))}/dble{nfr-1)
if (varlen.gt.0.0) than
sdlen = sgrt{varlan)
else
sdlen = 0do
end if

it

¢ Rav MAC 4/17/%8 - calculate b (in um} fyrom airk
aperture = 1d6*{1240* (10**logairk(layer))/freq)**(1.0/3.0)

C... Calculate parmeability of each fracture and pass to ktensor
don = 1, nfr .
aper (n) = aperture*l.d-§
kfrei{n) = (aper{n)**3)/12.40
enddo

< Rev MAC 4/98 - zero sum parameters
frevel = 040
frarea = 0d0

do {1 = 1,9
ktens{i} = 040
end do
¢... Calculate fracturs vcluma based on penny-shaped fractures

do h = 1, nfr
frerad = trace(n)*0.5d0
frevol = pi*aper(n!*frerad**2 + frovol
frarea = aperin)*frcrad*2.40 + frarea
e MAC V1.1 - will divide by block volume after combining
intarea = pi*frerad**2 + intaraa

enddo

€... Calculata fracture porosity
frepor = frevol/(blksiz*blkht*blkdp)

7/22/99 frac_calcll.f 8
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frep2d -'frarea/{blksiz*blkht)

¢ Added MAC 4/22/98 - include l-D porosity -
frcpld = freg*apertira*ld-é
e .
... Calculate components associated with éach’ fractture, then sum
radian = pi/180.40
don =1, nfr
nn = nfxrc{n)
if(strike(nn) .le.90.d0)tnen
stkrad = strike{nn)*radian
diprad = Qip({nn)*radian
elseif(strike(nn) .gt.90.40.and.strike(nn).le.180.40) then
stkrad = strike{nn)*radian
diprad = (180.d40-dip(nn)) *radian
elseif(strike(nn).gt.180.d0.and.strike{nn) .1le.270.40) thsn

stkrad = strike(nn)*radian
diprad = (180.d0-dip{nn)} *radian
else
stkrad = gtrike(nn) *radian
diprad = dip(nn)*radian
endif

3dsq = (dsin(diprad))**2

kxx = 1.40 - ({dcos(stkrad))**2)*sdsq

kay = 0.5d0*dsin(2.d40*stkrad) *sdsq

kxz = -0.5d0"dsin{2._d0*diprad)*dcos (stkrad)
kyx = kxy

kyy = 1.d40 - ((dsin(stkrad))**2)*sdsg

kyz = O.SdO*dsin(Z.dO'diprad)‘dsin(stkrad)
kzx = kxz

kzy = kyz

kzz = sdsq

kEf = kfrc(n)*fracg

ktens (1) = kxx*kf + ktans(l)

ktens {2} = kxy*kf + ktens{2)

ktens {3} = kxz*kf + ktens(3)

ktens{4) = kyx*kf + ktens {4}

ktens{S) = kyy*kf + ktans(s)

ktens{6) = kyz*kf + ktens(6)

ktens(7) = kzx*kf + ktens(7)

kcens{8) = kzy*kf + ktens(8)

ktens {9} = kzz*kf + ktens (9}

enddo

< Added MAC 4/21/98
kzzkxx = ktens(9) /ktena{1)
kyykxx = ktens(5) /ktens (1)
kzzkyy = ktens(9) /ktens (5}

¢ Added MAC 4/21/498
c Calculate alpha (see equation 7)
alpha = aperture*ld-6/2d40/724-3

Commentad out MAC 7/98
- Open and write permeability components of fracture networks
open(ll,file=outfile//' .prm',status="unknown*)
write{ll,*}'Permeability Tensor for: ',outfile

aaaann
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. I+ write(11,450) ‘koxx*, ‘kxy’', ‘kxz', 'kyx’, 'kyy’. 'kyz', 'kzx*,
) ¢ + . ‘kzy', 'kzz' _ 7
- c writa(11,460)ktens (1), ktens{2),ktens({3) ,ktens(4},
c + ktens(S},ktens(S),ktensl?),ktens(B},ktgns{S)
c write(ll, *) 'kzz/kxx= ', ktens{9)/ktens({l)
c write(ll.*) 'kyy/kxx= ‘', ,ktens(5}/ktens(1)
c close(ll)
€... Calculate orientations and open and write GMT plot fille
open{ll, file=outfile//' .plt",status="unknown')
don = 1, nfr
nn = nfrc(n)
1f(strike(nn).le.90.40} than
adip = dipinnj
bdip = dip{nn) + 180.d40
elseif{strika(nn).gt.QO.dG.and.strike[nn).le.270.d0)then
adip = 180.40 - dip!{nn}
bdip = 360.40 - dip(nn)
else
adip = dip(nn)
bdip = dipi{nn) + 180.40
endif i
write(1l1,404}dist(nn},adip,alen(n),unitname (layer)
wrlte(ll,404)distlnn).bdip,blan(n),unitnama(layer}
enddo
closa(ll)
B e e e e e e m e — e .

c Balow by MAC 4/98

e Complstely changed output file formatting

< now ‘alll.par' and 'all2.par' which list data for each subunit
c Deleted E.S. output file writing

if (endp2.1t.%99%.0) then
write{lS,443}unitname¢layar),endpl,endpz,trcmin,fmin.

+ trcmax.nfr,avgsp,sdspac,freq,sdfreq.avglen,sdlen,frcint
Urite(l4.444)unitname{1ayer),fmin,nfr,fraq,

+ aperture,frcpor,frcpZd,frcpld,alpha,kzzkxx,kyykxx.kzzkyy

writa(13,443)" ',dist(nel) ,dist(ns2)
elss
c alcove data & ECRB data
c ECRE is read in as if it is alcove 9 MAC 3-23-99

if (endpl.lt.50000.0) then
WTitG(13,2443]unitnamellayer),INT(endplllODOO.O),trcmin.fmin,

+ trcmax,nfr,avqsp.sdspac.freq,sdfreq,avglen,sdlen.frcint
alse
write(13.2445)unitnama(1ayer}.trcmin,fmin,

+ trcmax,nfr.avgsp,sdspac.freq,sdfreq,avglam,sdlen,frcint
end 1if

write(14,44d)unitnameilayer],fmin,nfr,freq,
+ aperture,frcpor,frcp2d,frcpld,alpha.kzzkxx,kyykxx,kzzkyy
writa(l3.2444} {dist(ns2)-distc{nsl}}

end 1f
441 format (1lx,* Unit',lx, ‘<---Station--->',1x,
+ ' Min-m',1x, 'MinUse’,lx, ' Max-m',1x, " #Frac',1x,
. + ‘Spac-m',1lx, 'SDSpac’,1x, 'Fg-1/m"*,
) + 1x. *SDFreq’,1x. 'Leng-m',1x, 'SDLeng', 1x, 'Intens ‘)
7/22/99 frac_calell.f 10
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442 format(lx,* Unic',1x,

- ‘MinUse',1x,' #Frac’,lx, 'Fq-1/m’
+ 1x, ‘Apr-um',1ix,’ Por-3pD',1ix,* Por-2D°,1x,' . Por-1D* .
+ L1, alpha’, 1x, 'kZz/Kxx' ., 1x, 'Kyy/kxx',1x, ‘kzz/kyy ')

443 format (1x,a5,2(1x,£7.2), 3(1x,£6.2),1x,16,7{1x, £6.2})
444 format (1x,a5,1x,£6.2,1x,16,1x,£6.2,1x,£6.0,4{1x,e89.2}),

+ 3{1x,£7.2}) } ‘ )
2443 format(lx.as,ax,'Alcove‘,iz.dx,S(lx,f6.2).1x,i$,7(1x,£6,2))
2444 format(?x,.£7.2,1x, 'maters’)
2445 format(lx,a5,4x.'ECRB ',2x,.4%,3(1x,£6.2},1x.16,7(1x,£6.2) )

c Save rasults for combined output

c added MAC 4/88
combine{layer, 1} =endpl
combina(layaer, 2} sendp2
combine (layer,3}=trcmin
combine (layer, d) =trcmax
combine({layer,5)=dbla{nfr)
conbine(layar, 6) =avgsp*dbla(nfr-1)
combine(layar, 7)=ssgsp
combine (layer, 8)=avglen*dbla(nfr)
combine(layer, 9)=ssqtr
combine {layer, 1¢) =frcpor*blksiz/ (aperture*1d-6)
combina(layar,11) =frcp2d*blksiz/ (aperture*1d-6)
combina{layer, 12)=ktens (1) /freq
combine{layer, 13)=ktens (5) /freq
combine{layer,l14)=ktens (9) /freq
combine(layer,15)=slgsp
combina(layer,16)=ssqlsp

c MAC V1.1
combine {layer,17)=intarea
combine {layer,18)=gmlan

¢ Added MAC 5/98 - Output interval rasults tao 'inturval . par’
do intn=1,intlayer
write(18,2000)unitnams(layar),

+ {endpl+(intn-1) *intlength),

+ {endpl+{intn) “*intlength),

+ intnfr(intn), intspace(intn),intfreq(intn),

+ (dble (intnfr(intn))/intlength).inttraca{intn}

end do

199% format(lx,' Unit',2(1x,° Station').lx," #Frac’, ix,

* ‘Spacing‘, 2x, "Frequency',3x, '#/Length’,2x, 'Intensity '}
2000 format(lx,a5,2{1x,£9.1),1x,18,4(1x,£10.2)}
B m mm e e e ——— _
C... Write fracture size distributions

if (ans2.eq.'y')then
open{12,file=outfile//*.szd",status="'unknown')
do k = 1, ni
fgrpl = fmesf + dble({k-1)*frint
fsiz = fgrpl + frint*0.5d0 .
¢ rev MAC 5/12/97 write(12,470)fsiz,dble{nfrint(k))/dble(ns)
write(12,475) Esiz, nfrintc{k)
anddo
closa(l2)
fzum = 0.40

/22799 frac_calell.f 11
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c write cumulative cize distributions
. opan{l2,file=cutfila//'.esd’;status="unknown"}
ftot = 1.40 -
write(12,470) Emesf, frot
do ¥ =1, ni
fgrpl = fmesf + dble(k)*frint
fsum = dblae(nfrint(k))/dble(ns) + fsum
write(12.470) fgrpl.1.40 - fsum
anddo :
cloee({l2}
andlf
<

¢ Added MAC 4/17/98
999 continue

END DO

closa{l3)

closa{l4)
o = o ot e o e
< Below is all new code added by MAC 4/98
[ Combine results for single values for each model layer
c
c Output to files "combl.par' & 'comb2.par’ - combined results of
c alll.par & all2.par
[ Output to file ‘calibrate.par' - dacta to be used for inverslon
C

open (13, fila="'combl.par’, status="'unknown’)
open(14,file="combZ.par’,k status="unknown')
open (15, file="'¢alibrate.par'. status="'unknown"'}
write{13,1441)
writa({ld, 442)
writa(l15,2%01)
DG 1 = 1.ntotal

tremin = 1d6

tremax = 040

nfr = 0
avgsp = 040
sspac = 040
sdspace = 0d0
ssgsp = 040
avglen = 040
sdlen = 040

ssqgtr = 040

frepor = 040
frep2d = 040
blksiz = 040

kxx = 040
kyy = 040
kzz = 040

slgsp = 0d0
sslgsp = 040
o] MAC V1.1
intarea = 0d0
gmlen = 040

7/22/99 frac_calcll.f 12
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first = modlayer (i)
if (i.na.ntotal} then
last = modlayer(i+i) - 1
elsa
last = nlayers
end if
n = last - first + 1

DO layaer = first.last

7/22/9%9

tremin = min(tremin, combine{layer,3)}

trcmax = max{trcmax,combine{layer.4})

nfr = nfr + NINT(combine(layer,h5))

sspac = sspac + combina(layer,6}

ssgsp = ssgsp + conmbine(layer,7)

avglen = avglen + combine(layer,8}

ssgktr = ssgtr + combine{layer, 9}

frepor = freoper + combinae(layer,10)

frep2d = frep2d + combine(layer,11)

blksiz = blksiz + combina{layer.2) - combins(laver.l)

kxx = kxx + combine(layer,12}
kyy = kyy + combine{layer,13}
kzz = kzz + combine(layer, 14}

slgsp = slgsp + combine{laysr,15)
ssqlsp = ssglsp + combine{layer,16)

MAC V1.1
inctarea = intarea ¢ combine(layer.l7)
gmlen = gmlen + combine(layer,18)

if ({layer.eq.last).and.{nfr.gt.(n+l))) then
avgsp = sspac/dbla(nfr-n)
freq = 1.4d0/avgsp
nfr-n is the number of palrs used to calculate epacing
varsp = (ssgsp - ({sspac**2)/dble(nfr-n}))/{dble{nfr-n-1))
if (varsp.gt.0.0) then
sdspac = dsqgrt{varsyp)

else
sdspac = 0d0
end if
varlen = (ssqtr - ({(avglen**2)/dbla{nfr-n})) /

{dblae(nfr-n-1))

avglen = avglen/dble(nfr)
if {varlen.gt.0.0) then

sdlen = dsqrt{varlen)
elsea

sdlen = 040
end if
if {(sdspac .gt. 0.0) then

sdfreq = dsdrc(varsp/{avgap**4})

else
sdfreq = 040
end if
aperture = 1d6* (12d40*{10**logalirk{layar))/freq)
**(1.0/3.0}

alpha = aperture*1d-&/240/72d-3
frepor = fropor* (apertura*ld-6) /blksiz

frac_caicll.f
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et

frep2d = frep2d* (aperture*ld-6) /blksiz
frcpld = ffeq*apertura*ld—s
c calcéulate k ratios [nete freq cancels)
kzzkxx = kzz/kxx i
kyylxx = kyy/koxx
" kzzkyy = kzz/kyy

c calulate fracture intansity
froint = avglen*dble(nfr}/blksiz/6el
c MAC V1.1

gmlen = 10** (gmlen/dble{nfr})
intarasa = intarea/blksiz/{gmlen**2)

writa{ll,1443)unitnama{laver),tremin, fmin,

- trcmax, nfr, avgsp, sdspac, freq, sdfreq, avglen, sdlen, freint
write({1l4,444}unitnama({layer), fmin,nfr, freq,
+ aperture, frcepor, frop2d, frepld, alpha, kzzkxx, kyykxx, kzzkyy

ssglsp = (ssqlsp -~ slgsp**2/dble(nfr-n) )/ dble{nfr-n-1)
slgsp = slgsp / dble(nfr-n)
logf = - slgsp

loga {1d0/340) *{dlegl0{12d0) +1lcgairk{layer} -logf}
> - dlogl0(2d0*72d-3}

sdalpha = sdfreq*dsqrt(1d0/72d4-31) *
> ( {L0**logairk(layer}) /18Bd0/{freg**4) )**{1.0/3.0}

if (ssqlsp.le.0.0} then
write{*,2500)unitnama(layer},slgsp, saglsp
sseglsp = 0.0

end if
[+4 MAC V1.1l add new parameters gmien [(gemetric mean length) and
c intarea (fracture area/block volume whers block volume is
C block length * gmlen~2}. Also changed output for calibrate.pa:

write(15,2500)unitname(layar),fmin, frcp2d, {apercura*1d-6), fraq,
+ intarea,gmlen, alpha, sdalpha, loga,dsqrt (ssqlsp/9d0}

2500 format{lx.a5,6%x,f9.2,2{3x,es9.2),3x,£9.2,2(3x,£9.3),
+ 2(3x,e39.2),2{3x%x,£3.2)}

2501 format(lx,' Unit',lx, 'Min-Pr-Length', 1x, ‘Fr-Perosity',4x,

+ ‘Apercure’, 3X, 'Frequency’,2x. 'Inter-Area’',3x, 'Gm-1length’,

+ 4x, 'Fr-Alpha‘, 4x, 'sD-Alpha‘, 4%, 'LogAlpha’', 1x. '$D-LoghAlpha '}
c2500 format(1x,a%5,2{1x,£7.2).2(1X,059.2),3{1x,£7.2),1%,£7.3,1X,£7.2,
c + 1x.15.2(1x,£7.2))
c2501 format{lx,* Unit',4x, ‘Freq',2x, 'SDFraq’', 5x, 'alpha’',3x, 'sdalpha’,
c + 4x, 'loga’,2x, *logsda‘’, 2x, '<loga>"'.

<3 - 1x. 's<loga>',2x, 'gmFreq’', 1x, '#Frac', 3x, '‘Block', Ix, ' #Freq")
[ added else statement - MAC &/25/98
else

if {layer.eg.last] then
write{13,2500}unitnama(layar)
write(l4,2500}unitname{layar)
write(15,2500)unitname (layer)

end if
end if
END DO
END DO
7/22/99 frac_calcll.f

11)-74 _ped 4z

14

go




1441 format{lx,* Unit',ix. .
* Min-m*',1x, 'MinUse’',1Xx,* Max-m',1x,' #Frac',1x,
*Spac-m',1lx; 'SDSpac',1x, 'Fg-l/m', )

1x, 'SDFreq’', 1x, 'Leng-m',1x, *SDLeng ', 1x, 'Intense')

-
+
*

1443 format{lx,a5,3(1x,£6.2},1x.16,7(1x,£6.2))"
closa{l3) '
closelld)
sTop

400 format(a200]

404 format(f13.2,1x,fB.4,.1x,f9.5,1x, a5}
408 format(al0}

410 formart{i2,1x,f£5.2)

415 format(a2l,2(1x.£7.2))

420 formac(ad®,2(1lx,£7.3),1x,15,1x,£€5.3)
425 format{a7®)

430 format{fA.4,5(2x,f8.4}.,.2(2x,el0.4}}
440 format{ad0)

450 format(92(4dx,ad,3Ix))

460 format(9{lx,el0.3})

470 format(f10.3,1x,f8.4)

475 format (£10.32,1x,18)

-
stop
and

7/22/99
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The large-scale saturated fracture permeability is dependent on the fracture connectivity and the perme-
ability of individual fractures. Although the connectivity of the fractures is difficult to ascertain, over a
large scale the ration of the permeability companents can give some indication as to the preferred flow
directions. Assuming an array of infinite fractures in three dimengions, the permeability tensor for a frac-
ture network modified from the conductivity tensor in de Marsily (1986) is given by:

%
p AeqpAl
e &y e
ke Ky K =ﬁ‘,b,,~i
ke ko ky

T (16)

il

The parmeability of each fracture is given by the cubic law (Equation (5)), assuming uniform apertuses.
The tenwor R, relates the strike (d;) and dip () of each fracture to the components of the permeability ten-
aor,ufdlown:

J (17

‘The permeapilities in the principal directions would have to be derived from this matrix; however as the
UZ model does not at this time incorporate the off-diagooal tecns, and because our fracture perineabilities
are basad on -:.r-nqlmon measurements, this is not necessary &t present
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c... Calculate components associated with each fracture, then sum
radian = pi/184.40
do o = i, nix
mn = nfxcin}
if{strike(nn).le,.90.d0}chen
atkrad = strike(nn}*radian
diprad = dip(nn) *radian
alsaif(strike(nn) .gt.90.30.and.strike{nn}, le.180.40) chen
stkrad = strike(nn)*radian
diprad = (180.40-dip{nn))*radian
slmeif(serike (nn}.gc.130. d0.and.strike(nn) -1e 27¢. 40 then
atkrad = strike(nn)*radian
diprad « (180.40-41p(nn)) *radian
olse
stkrad = ptrike(on)*radian
diprad = dip{nn}“*radian

endif

sdsq = {dein(diprad}) r2

e = 1.30 - {(dcosa{stkrad))=+*2)*adaq

Ty = 0,%d0*dsin(2.40"stkrad)*sdsq

jocz = -0.540*Aain(2.10*diprad) *dcos {stkrad}
kyx = locy

kyy = 1.40 - ((dsin(stkrad})*~2)*sdsq

kyz = 0.5d07dsin(2.d0 diprad) *dsin(stkrad)
kzx = locz

kzy = kyz

kzz = adag

MC B/21/9¢
aper” P

*f = kfrein)® vi does not
krens(l} = “%f + ktena(l) effect mftas
ktang (2) = looy*kE - ktans{2) 5;’}‘{8 H..
xtans (3} = Joxz*kf + ktans(3) CQ.QJ ao.r
ktans(4) = kyx*kf + ktane (4} Cam
ktans(5) = kyy*kf + ktens(S) !
ktena(6) = kyz*kf + ktena(é) f
ktans(7) = kzx"kf + krens{7}
keans(B8) = kxy*kf + krena{8} . 9/21/?
ktens(9) = xzz*kf + kreos(9)

unddo

¢ Added WAC 4/21/38
Kz2kx = ktans {9) /xCtens(l}
Kyyioxx = ktena{5) /ktana{l}
kzzkyy = ktanz{3]/ktans(5)
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For example, in two dimensions, two fracture gystems with the same
directional conductivily give 1he principa) azes of anisotropy shown in
Fig. 46. Maini and Hocking (1977) give the following expressions lor
caleulating the directions of unisotropy and the principal hydrautic conductiv-
ilies of the equivaleat mediam:

ﬂ'- i‘zm'] . dl}}i,,
2 cos 26 K /K,
U]
K K K, sn* 8

K, sin® g + K,sin{f - )
where K, and K, are the equivalent directional hydranlic conductivitios of the
fraclure networks a and b, as showa in Fig 4.7,

In three dimensions, Feuga (1981) gives the [ollowing expressions for
deterraining the hydraukic conductivity tensor of a fractured medium with
several fracture directions:

I »
K= ]’; bR,

where lis the arbilrary dimension of the side of a square block of the lractured
medium, large enough 1o statistically sample ali the families of fractures, N the

Fricesrs b hipdram e condudtichy K
- —_

eonouctivity K

ng_u.r'  of the principad ae of P in 2 fractered wedison in twg
mgxr-ud Hocking (I91) Reproduced wilk permimion from the Craslogical
| . .
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sumber of fractures in the block of side I, ; the aperture of cach individual
fracture, and k; ihe hydraudic conductivity of each individual, fricture

| —costdsin?p, 4sin2dsia*p, —3sin2p,005d,
R, =" {sin2dginlp, 1 —sintd,sintp, Luin 2 p, winn d;
~4sin2peosd; 4sin2p sind, sinp,
To the matrix R, the direction o, and the 4ip p, of each fracture are defined na

in Fig 48
Once the ieoeor K bas been determined, the principal axes of anisotropy

and tbe diagonal components of K in these directions can be determined by

calculating the cigenvalucs and the cigenvectoss of the matrix K. )

Thi hod of (he continuous mediun approximation ks valid for a certain
scake of obscrvation: the flow velocities or the hydraulic heads in each fractuee
aze notdescribed with pracision, but a mean valne of these magnitudes is taken
over all the fractures.

The defanition of the hydraulic conductivities of each family of fractures.
may be approached in two ways: ¢ither (1) by measuring (or estimating) the
mean goometric properties of the fractures (aperture, distance fiow cach other,
roughness, te.) and uting the expressions givca above, or {2) through bn situ
Le#ls by injecting water and measuring the hydraulic condwctivities X, of the
clementary fractres dicectly.

The drawhack of both methods is that they assume the fractures (o be
infinite and to have the same propertics evacywhere. Their results must be
taken with caution. The directions of the priacipal axes of the conductivity
ienzor are probably more securate than the value of the conductivitics; these

o Emnh

Fig- AF, Directivn and dip of a fractare in fume dimtoston
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~ Read_TDB V1.0 _ ‘
Routine/Macro Documentation Form* - Page1 of2

Note: All relevant scientific notebook (SN) pages are included in this records package. In some instances, the
included SN pages cross-reference other pages that are not included here because these were nat essential to
the documentation of this routine.

1. Name of routine/macro with version/OS/hardware envirenment:
Read_TDR / Version 1.0 / DOS (or Windows with DOS) / PC

2. Name of commercial software with version/OS/hardware used to develop routine/macro;
FORTRAN 77 / FORTRAN Powerstation 4.0 {see SN YMP-LBNL-GSB-MC-1.2, p. 48)

3 Description and Test Plan.

«  Hxplain whether this is a routine or macro and describe what it does: (Read_TDE is a routine)
The software routine Read_TDB is a FORTRAN code that reads a text file (ASCII format)
downloaded from the Technical Data Management Systems (TDMS), extracts the selected
columns and rows of data for use in standard spreadsheet packages, and converts stations into
linear meters. It excludes any rows that have incomplete or missing information and notes the
rows excluded with a print out to the screen, It Is described on pages 52 and 58 in YMP-LBNL-
GSB-MC-1. To install the software, copy frac_calcll.f and dutablkl1.f from a disk onto the hard
drive of a PC. Then, compile frac_calc using 8 FORTRAN 77 compiler and run executable,

This software routine is documented in the following scientific notebook pages:

YMP-LBNL-GSB-MC-1 pp- 52, 58, 82-87
YMP-LBNL-GSB-MC-1.2 pp. 48-50
Reference Binder YMP-LBNL-GSB-MC-1.24 pp. 120-124
Inputs:

The code is designed to use fracture property data text flles as directly downloaded from the
TDMS. The test input which is in this very specific TDMS format is provided on pp. 120-124,
Refercnce Binder YMP-LBNL-GSB-MC-1.24,

»  Source code: (including equations or algorithms from software setup (LabView. Excel. ete.):
The FORTRAN code is included on pp. 82-87 in YMP-LBNL-GSB-MC-1

«  Description of test(s) to be performed (be specific):
A test case is to use a downloaded file from the TDMS that has stations to be converted to linear
distance and includes some columns with incomplete data (that are to be excluded by the
routine). The test case downloaded flie is DTN: GS5951108314224.005. It was saved as test.dat
and Is included as pages 121-122 in Reference Binder YMP-LBNL-GSB-MC-1.2A. This routine
is primarily used for processing of Detailed Line Survey (DLS} data and the test case uses a DLS
file. The acceptance criteria are that it (1) extract the proper columns, (2) print the correct
values for the selected columns, (3) exclude rows that have incomplete data, and (4) convert
stations into linear distance.

*  Specify the range of input values to be used and why the range is valid:
The input is a direct sample from the TDMS and includes the columns with incomplete data and
station values to be converted to lincar distance. It is considered valid because it is the type of
the data that the routine was designed to use.

4. Test Results.
e Qutput from test (explain difference between input range used and possible input):

WS- Jft Yerfoo



, Read_TDB V1.0
Routine/Macro Documentation Form* Pagez of 2’

Test results are shown on pages 49-50 in YMP-LBNL-GSB-M C-1.2 and in Reference Binder
- YMP-LBNL-GSB-MC-1.24, pp. 120-124. ’

=  Description of how the testing shows that the results are correct for the specified input:
The routine correctly (1) extracted the proper columms (see columns/datatypes selected on p. 50
in YMP-LBNL-GSB-MC-1.2 and output on pp. 123-124 in Reference Binder YMP-LBNL-GSB-
MC-1.2A, (2) printed the correct values for the selected columns in output file frac.dat (compare
values in output with input pp. 123-124, 121-122 In Reference Binder YMP-LBNL-GSB-MC.
1.2A, respectively (3) excluded rows that have incomplete data (see p. 50 in YMP-.LBNL-GSB-
MC-1.2 and cutput which excludes these rows on pp. 123-124 in Reference Binder YMP-LBNL.-
GSB-MC-1.2A, and (4) converted stations into linear distance (compare values under
LOCATION in output as a linear distance in meters with input as stations on pp. 123-124, 121.
122 in Reference Binder YMP-LBNL-GSB-MC-1.2A, respectively).

s List limitations or assumptions o this test case and code in general:
The input file must he a downloaded file (ASCII or text) from the TDMS. It also assumes that
the TDMS will not change its formatting of having the column heading align divectly with the
value or text within the column. It also assumes that station measurements correpsond to meters
(which has been used for the ESF, ECRB and their alcoves)

e Electronic files identified by name and location {include disc if necessary):
test.dat and frac.dat (input and output) listed on pp. 120-124 in Reference Binder YMP-LBNL-
GSB-MC-12A. File sizes and other informatien given on p. 49 of YMP-LBNL.GSB-MC-1.2.

Supporting [nformation. Include background information, such as revision to a previous routine or maceo,
or explanation of the steps performed to run the software. Include listings of all electronic files and codes
used. Attach Scientific Notebook pages with appropriate information annotated:
See attached pages [or technical review forms, referenced sclentific notebook pages and other
supporting documentation.

MAINTAIN PAGES IN THIS ORDER:
1) This 2 page “Routine Documentation™ summarization form

2) YMP-LBNL-GSB-M(C-1 pp. 52, 58, 82.87
3) YMP-LBNL-GSB-MC-1.2 pp. 48-50
4) Reference Binder YMP-LBNL-GSB-MC-1.2A pp- 120-124

*Note that this supplement includes:
-Addition of this 2-page “Routine Documentation” summarization form

3/, /2000
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PROJECT NAME

v

o o
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- OTEBOOK NO.
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This cbd.e s a 5irv}[e oser
maus e

program Read TDBE i
This program reads the data files from the
Technical batabase. Qutput are written
unformatted to selected cutput file. All messages are
recorded to. the screen and file 'index.txt'

Mark Cushey 4/98

naono

~Ooutput is limited to 10 numerical datatypes
It is assumed that the maximumm line length is less than 250

0o

real anum,bnum,value(10),limvalue(10,2}

character*4 first

character*25 filename

character*250 all

character*250 datastring

character*8 astat,bstat,avalue, limtext(10)

character*l onestring{250),cnedata(8),plus(8),ans
character*8 dataname (10), limitname {10}

integer row,iname,istring, idata,icolumn{10)},1i, loc, rowused,
im, limpum, limtxt, loctype

c open output files
write{*,*) 'Enter name of output file:'
read(*, 1000} filename
open{unit=20, file=filename)
aopen{unit=21, file='index._txt'}
write(*, *} 'Details on data retrieval are in index.txt'

o]

query for different data types to be stored

write{*,*}'List names of data types to be retrieved - up to 10°
write(*,*)' Enter only the first 8 letters for each’
write(*,=)"' Enter the word end for last entry’
i=20
40Q i=14+1
read{*,1010)dataname (i}
if ((dataname(i).ne.'end').and.
& {dataname(i) .ne.'END'}) go to 40
iname = i - 1
write(*, 1040) iname
write(21,1040)iname
write{20,1041) {(dataname(i),i=1, iname}
write{*,*)'Should header be printed in output file - Y or W'
. read{*,1011)ans .
if {{ans.eqg.'Y').or.(ans.eq.'y"')]
& writei2l,1041} (dataname(ij, i=1, iname)
format {aB})
format {al)
format {1x,1i7,' datatypes selected')
format {10{2x,a8))

1010
1011
1040
1041

e
e -
e v, T e

SIGNATURE
READ AND UNDERSTOOD

DATE
DATE
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PROJECT NAME

c query for limits on outputting data
limnum = iname
limtxt = iname ' . h 1
write{*,*) 'Are thera limits for the cutput - ¥ or N 2' __

read{*,10il}ans . X
if {{ans.eq.'Y'}J.or.{(ans.eq.'y')} then - 1
i = iname ——
c write(*,*) 'Enter the parameter names for mmerical limits ~ 3
1 ’
< write(*,*)' Fnter only the. first B letters for each' ——————qw.
c write(», *)"' Enter the word end for last entry' o
cd5 1 =1i+1 :
c read(*,1010)dataname(i) — ¥
c if {{dataname{i).eq.'end').or. T
c & (dataname{i) .eq. 'END')) go to 46
c write(*, *)'Enter upper and lower value for limit'
c read(*®,*)limvalue({i,1),limvalue(i,d)
c write(*,*) 'Enter next limit or end’
c go to 45
cdé6 i=1-1
c limoum = 1 P
write{*,*) 'Enter the parameter names for text-defined lim n
its'
writel{*, *)' Enter only the first B8 letters for each® ﬁ!'
write{+*,*)" Enter the word end for last entry' v‘iﬂ
47 i=1+1 ———— !
read(*,1010)dataname (i)
if (({dataname({i}.eqg.'end'}.or.
& (dataname{i) .eq. 'END')) go to 49
write(*,*) 'Enter text to exclude - up to 8 characters’ SEN————,
read(*,1010) limtext (1) At
write{*, *) 'Enter next limit or end' —
go to 47 . B J

49 limext = i - 1 “u
do i-{iname+1),limtxt T
if (i.le.limnum) then
write({*,1045)dataname{i), limvalue{i,k 1), 1i
mvalueii, 2)
write(21,1045)dataname (i), limvalue(i,1).1

imvalue (i, 2)
else
write(*, K 1046)dataname (i), limbtext {1}
write(21,1046)dataname (i), limtext (i)
end if
end do
end if
1045 format (1x, "Limits on',a8,1x,£9.3,1x.£9.3)
1046 format {1x, 'Limits on',a8,1lx, ‘exclude’', 1x,aB)
€ e imm A —————————
c guery for input filename and open
50 write{*, *) 'Enter next data filename {use MS-DOS filename) or quit
read(*.1000) filename

if [(filename.eq.‘quit'l.or.(filename.eq.:QUIT'))go to 930

SIGNATURE DATE
READ AND UNDERSTOOD___ | _ DATE
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84 l'PHoJECT' NAME _

NOTEBOOK NO.

R :‘l =

I
E .
; & form=*FORMATTED' , status='6ld’', err=75)
i write(*,*)filename
i' write (21, *) 'c=uas S i e *
; _ write(21,*)filename
} . write(2l,*)'-——m—mmm e e v
Ew 1900 format (a25)
Y go to &0
}ﬁj| 75 write(*,*) 'File does not exist'
‘;Ig' go to 50
3 € e .
c 1f one of the parameters is LOCATION, determine type
c If LOCATION is station number along DLS, loctype =0
C If LOCATION is along alcove, loctype = alcove #.
c If other, then loctype = -1,
80 loctype = -1
Do i = 1, iname
if {dataname(i).eq.'LOCATION') then
v[': write({*, *}'Is LOCATION a statlion number along the
I +' DLS, alcove, or other - d, a, or o'
[ read(*, *)ans
] if ({ans.eq.'d'} . or.{ans.eq.'D'}) then
' 1 loctype = O
I alse ‘
I if ((ans.eqg.'a‘'}.or.(ans.eg.'A')} then
1] writa{*, *) ‘Which alcove #°
lrl read(*, *}loctype
l. else
|1 loctype = -1
l|l| end if
I i end if
il end if
|-~|| End Do
|.,!| © ST
II c find header line (between rows of asteriks)
[ 82 read(10,1001) firat
I ‘ if (first.ne.'****'} go to 82
|: ; 1001 format (a4)
I € TTTTTTTTTTTmmemsooooomomooooomooosoees
lﬁli c find location where different data starts (use header)
i
| do i=1,limtxt
lh icolumn(i)=0
m end do
Nl
I;H read(10,1020)datastring
Hl ‘ read(datastring,1021) (onestring(istring),istring=1,250)
Iﬂ do i = 1, limtxt .
3 read{dataname(i),1022) (onedata(idata}, idata=l, 8)
Hl" do istring = 1,250
‘|;1 do idata = 1,8
N—
1l
i SIGNATURE DATE
READ AND UNDERSTOOD DATE

open(unit=10, file=filename, action=‘READ’

*
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PROJECT NAME ___ 'NOTEBOOK NO.

'if{ (onestring(istring+idata-1) .ne.onedata(idata)) )

& go to 98 .
end do ’
98 ) if {idata.&g.9) go to 99
end do
99 if (istring.ne.251) then
icolumn(i)=istring
elae
write(*,1023)dataname (i}
pause
stop
end if

end do

write{*,1003) {(icolumn{i), i=1, iname)
write{21,1003) {icolumn{i),i=1, iname)

1003 format (1x, 'Column headers at',10{1x,i5))

1020 format (a250)

1021 format (250(al})}

1022 format (& (al))}

1023 format(1x,a8,' not found in file -- stopped'}

€  mmmmme—mmmmmmm e — =
[+ move forward to first data row
10% read(10,1001) first
if {first.ne.’'****’) go to 105
c skip blank line
read(10,1002})all
1002 format {a72}
£ mmemmmmmm e e
o read data lines from file and get velues
rowused = 0
row = {
200 read (10,2001, err=900, end=900}datastring
if (datastring.eq.'End of Report') go te 900
if (datastring.eq.' '} go to 200
row = row + 1
write{*, *lrow
C first see if data is within text-defined limits
do ii=(limnum+1}, limtxt
loc = icolumn(ii)
read{datasatring,199%)all
if (all.eq.limtext(ii)) then
write{* 2025)row,dataname(ii), limtext(ii)
write{*,2026)datastring
write{21,2025)row,datanatme (ii), limtext (ii)
write{21,2026)datastring
go to 200
end if
end do
l
SIGNATURE DATE 19
READ AND UNDERSTOOD DATE 19
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PROJECT NAME _ NOTEBOOK NO.

do i=1, iname .
loc = lcolumn{i)
read(datastring,1999)avalug_

o first check to see if any are not recorded (NR) or
c special (*) -- exclude NR and use *
read(avalue, 2002) {(onedata (idata),idata=1, 8}
do idata=1,8
if ((onedata(idata}).eq.'N’') then
c the entire line is excluded
write{*,2020)row,onedata{idata},cnedata{idata+1}

& dataname (i)
write{21,2020}row,onedata(idata), onedata{idata+l

& dataname {i)
ge to 200
- end if
Sl if {onedata(idata).eg.'*') then
% write(*,2021)row
1| write(21,2021)row
b readf{avalue,2024)avalue
1 end if
p—————— end do
: c check if entry is a station number ~- if loctype = 0
! c LOCATION is station number along DLS, if loctype = «+#
B c LOCATION is along alcove (number loctype)
r— If {(loctype.ge.0).and. {dataname(i)}.eq. ‘LOCATION')} then
- o] get station number
' read (avalue, 2005) (plus{ip}.ip=1, 8}
| ﬁg*ﬁ_d“____"' do ip=1.,8
S if (plus(ip).eq.'+') go to 215
1 end do
215 read(avalue,b 2010)astat,all, bstat
read{astat, *}anum
read(bstat,2005) (plus{im),im=1, (8-ip))
do im = 1, (8-ip)
if {plus{im).eq.'-') go to 216
end do
216 read{bstat,2011)astat
| read{astat, *)bnum
i if (loctype.eqg.0) then
' ' value{i) = anum*100 + bnum
else
| value{i) = real(loctypea}*10000 + anum*100
| + bnum
—— end if
: alse
7 read{avalue, *)value{i)
end if
end do
SIGNATURE DATE 19

READ AND UNDERSTOOD DATE 19
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PROJECT NAME ___ PQCJTTEEND(DEQIQC).'

2001 format (a250})

c change a8 to larger value if number is more than 8 digits
1993 format (<loc-1>x, aB)

2002 format{8(al))

2005 format(8{al)} -

2010 format (a<ip-1>,al,aB)
2011 format {a<cim-1>) .
2020 format(lx, 'Row',i5," has a ',al,al,' for ',a8,
& * - this data row is not used’'}
2021 format (1lx, 'Row',i5," has a * - printed value will be used'}

2024 format (acidata-1>)

2025 format {1x, '‘Row',15, ' excluded *',a8,' is ‘', a8)
2026 format {5x,ad40)

c write data to ocutput file and read next line
write(20,3000) (value(i}, i=1, iname)

3000 format (10(£10.3))
rowused = rowused + 1
go to 200

9040 close(10}
write{*,*)row,' rows read and',rowased,' used’®
write (21, *)row, ' rows read and’,rowused,*® used'
c ask for next file
go to 50

990 close (20)
close(21)
pause g
stop ——d

999 write(*,*) ' 'BError in file formatting -- stopped’ iy
write(>,.*) 'Error in file formatting -- stopped’ -1
close (20) — 3l
close(21) Y &
close (10) 3
pause
stop

e ——
end e
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}1

. NOTEBOOK NO. __ -

| PROJECT NAME |
. iles, = teocting Pead . TDR_ \Versiw .
— ‘1 in G ead, Vers! n 1.0 '%/Z'@
:""’_— TP revi ted (see YMP-f BAL = _
_.__\/ﬁ GSR- MC- 1 s 58 ) L0 oyipwed. The +test case '
" thovah  woas not includad In dhg nojeboo K Hhovah . The
- 4 + are. alven be_lpt:.x )
e q, - T -
S ~ose was  riun on 4 /13 /98
" ol 7 7
S ——
__-"‘-1"_.—"‘_'_———_'- P
~4— | volume in drive D is YMP —_—
—_—— Volume Serial Number is 0758-CADO
I e Directory of D:\code\read_tdb
B T <DIR> pa-13-98 1l:1lia . ——
—_—t .. i <DIR> 04-13-98 11:11a ..
READ_TDB F 8,675 05-21-98 4:31p read tdb.f
R READ_TDE MEK 4,797 04-13-98 2:36p read_tdb.mak —
g . DEBUG <DIR> 04-13-98 12:16p Debug —_—
inputl £ ile.—~~——>resr TXT 49,900 04-13-98 12:48p test.txt -
ootppt |file — ¥ FRAC DAT 7,488 04-13-98 2:56p frac.dat
pIR TXT 0 12-02-99 3:22p dir.txt —
READ_TDB MDP 13,792 06-11-98 2:41p read_tdb.mdp ——
DUMMY 24,800 04-20-98 3:19p dummy
DLS DAT 16,596 04-29-98 3:19p dls.dat -
ALCOVE3 DAT 4,960 05-04-98 3:16p alcove3d.dat _—
- 9 file(s} 151,008 bytes -
] 3 dir(s) 1,693,548,544 bytes free
i
. The fles Test, dat  and frac.dat are in Reference.
TPander ymP- LENL-MCo 1.2A pp. 120-124
- fect . dgt 1o Fha inpud — i3 g direck exomgk Gum Hu TDMS
Lac. dat (= Vs ouffu‘l-
Theze cam ke vsed 4o fest Read . TDB_on othor
— ‘Pe('sdmj cmfujﬁfs
S The [ ok 15 _saved o Vindex.dxt’
—— s on t% pext page,
— \
e
i SIGNATURE DATE 19
AREAD AND UNDERSTOOD 19
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X 50 ' | PROJECT NAME | —__ NOTEBOOK NO. ;
3, l . . ! : "
x| -
7 datatypes selected . : N
'_‘Er————-— LOCATION STRIKE DIP LENGTH A LENGTH B HEIGHT WIDTH N
:J d:\code\read_tdb\test.txt T
T Column headers at 28 70 87 104 121 138 1S5 E
- Row 2 has a NR for LENGTH A - this data row is not used . L. o
4 Row 4 has a * - printed value will be used i
; Row S has a NR for LENGTH B - this data row is not used N
‘?}-—— Row 18 hag a NR {or LENGTH B - this data row is not used P
] Row 19 has a NR for LENGTH B - this data row is not used L
v Row 20 has a NR for LENGTH B - this data row is not used L
',ﬂ"——— Row 24 has a NR for LENGTH B - this data row is not used r
we— Row 26 has a NR for LENGTH B - this data row is not used e
40 Row 29 has a NR for LENGTH B - this data row is not used .-
' Row 30 has a NR for LENGTH B - this data row is not used .
Row 31 has a NR for LENGTH B - this data row is not used T
Row 34 has a NR for LENGTH A - this data row is not used o
Row 63 has a NR for LENGTH A - thiz data row is not used =
Row 70 has a NR for LENGTH B - this data row is not used _‘.' .
Row 72 has a NR for LENGTH B - this data row is not used DA
Row 81 has a NR for LENGTH B - this data rew is not used g",
Row B2 has a NR for LENGTH B - this data row is not usad L -
Row 24 has a NR for LENGTH B - this data row ls not used ki 8
Row 86 has a NR for LENGTH B - this data row is not used Sl
Row 87 has a NR for LENGTH B - this data row is not used =~
Row 95 nas a NR for LENGTH B - this data row is not used
123 rows read and 103 used .

1
[ Gom €ile ‘indextxt’

bkl
s

a5
/
/
/

BRSNS

eMaghn
/
/
/

4

144 1/{7/}/ . 5
2774017
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Files used in  chocki

(6 @oftuwarr vou
test.dok —
‘Fvu.c..dai-—

Read _TDR Verson 1.0
e )

inpolt test (e
ovtpit test Sle

Twese Lles were creaded on 4/13/98
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LOCATION
801.360
802,580
803.180
804.150
804.640
804.820
805.600
806.290
806.420
806.860
807.750
808.340
808,650
808.900
805.840
814.960
815.310
816.180
817.880
819.450
819.730
B24.180
829.830
836.650
839.950
843.31¢
B844.580
845.000
849.920
857.380
857.610
859,370
859 620
859.810
862.840
863.770
864.180
864.700
865.370
865.420
865.450
865.600
868.550
868.650
873.970
874 .030
874 .410
874.580
875.220
879.700
882.370
833.860
893.920
894.130
896.120

STRIKE
200,000
.000
325.000
220.000
255.000
15.000
170.000
220.000
215.000
220.000
2106.000
225.000
230.000
225.000
230.000
30.000
235.000
200.000
180.000
230.000
170.000
176.000
225.000
195.000
15.000
225.000
133.000
300.00¢
197.000
.000
230.000
216.000
13.000
20.000
i2.000
24.000
212.000
21.000
172.000
28.000
180.000
20.000
5.000
15.000
176.0G0
97.000
14.000
345.000
.0GO
20.000
184.000
20.000
22.000
20.000
225.000

DIP
86.000
90.000
83.000
73.000C
a5.a00
78.000
§0.000
84 .000
84.000
85.000
74.000
80.000
83.000
83.000
75.000
84.000
75.000
80.000
48.000
75.000
85.000
56.000
77.000
85.000
78.000
77.000
80.000
84.000
65.000
40.000
60.000
55.000
71.000
73.000
82.000

7.000
61.000
15.000
68.000

4.0090
64.000
10.000
66.000
20.000
68.000
84.000
66.000
69.000
74.000

8.000
78.000
49.000
80.000
67.000
50.000

‘frac.Adif

ULENGTH A LENGTH B HEIGHT

2.450
.700
. 850
2.500
.750
.270
2.500
1.400
4.000
1.500
2.200
4.000
6.000
1.800
.660
1.200
4_000
5.000
1.%00
2.500
.950
.650
4.000
1.200
1.790
3.000
2.15¢0
5.400
2.900
.700
.550
.470
1.110
.730
1.020
.340
.570
.600
2.750
.030
-150
1.600
4.500
5.000
4.500
.560
L230
.570
2,800
2.000
3.500
-100
. 680
1.200
2.660

. 700
200
3.000
.900
1.300
.900
.500
1.100
1.000
.750
2.500
1.300
1.000
-900
.350
-700
.100
.200
.150
1.200
.500
. 600
2.000
.170
2.330
2.100
1.600
1.900
1.600
.850
1.250
1.500
.210
1.020
.220
2.800
.800
-490
.490
.030
.560
.200
2.500
.100
1.650
.350
. 600
.120
.030
6.000
1.670
.330
.620
1.600
1.480

Page 1

3.100
.900
.500
.000
.900
-100
.000
.500
.00C
2.250
4.500
5.000
6.000
2.400
1.000
1.900
3.500
5.000
2.000
1.500
1.400
1.250
5.500
1.33¢0
3.850
4.800
3.500
7.000
4.400
1.500
1.750
1.970
1.300
1.700
1.170
3.000
1,200
1.000
3.000

.060

.650
3.400
6.500
5.000
6.000

.850

.780

.6%0
2.400
8.000
4.000

.400
1.250
2.700
3.800

N WP R WW

.WIDTH
.400
.100

2.600
400
.060
.030
.400
.100
.500
.080

1.500
. 600

3.000
.150
.030
.100

3.000

4.000
.100
.B00
. Q50
.050

1.500
.050
.900
.300
.100

8.000
L2400
.050
-050
.350
-100
.750
.200
.a50
.080
.030
.250
.010
.050
-030

2.500
L300

4.000

.100 °

.060
.050
.400
1.500
2.000
.010
. 050
.900
.350
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899.0%0
904.670
911.550
916.700
921.670
922.000
$23.570
%23 .850
926.550
927.000
$27.100
929.570
931.760
938.700
938.900
939.900
940.610
942.050
942.430
944.780
9S5.800
956.430
958.020
962.000
963.230
965.390
965.490
969.7590
970.030
970.070
970.210
973,600
973.74¢
974.670
983 .47¢C
984.760
985.140
986.450
986.850
$87.860
991.280
991.610
991.870
994.150
995.940
996.270
997.570
998.430

220.000
220.000
240.000
300.000
165.000
205.000
5.000
30.000
15.000
15.000
175.000
195.000
220.000
165.000
180.000
185.000
210.000
215.000
210.00C0
215.000
170.000
188.000.
330.000
200.000
150.000
160.000
180.000
340,000
190.000
15.000
.000
1%0.000
1%0.000
210.000
200,000
350.000
210.000
340.000
210.000
1%0.000
355.000
5.000
215.000
340.000
195.000
210.000
.000
340.000

61.000
82.000
58.000
49.000
76.000
$0.000
85.000
80.000
83.000
§5.000
§0.000
87.000
90.000
73.000
82.000
60.000
70.000
64.000
65.000
64.000
74.000
66.000
82.000
90.000
84.000
66.000
59.000
83.000
75.000
B8S5.000
80.000
70.000
75.000
78.000
58.000
88.000
75.000
78,000
87.000
74.000
84.000
85.000
88.000
82.000
64.000
47.000
82.000
76.000

frac,dat

4.500
3.000
15.000
5.000
15.000
1.000
1.700
6.000
2.700
.400
.500
13.000
2.700
7.500
3.200
18.000
8.000
.700
5.000
1.800
1.000
18.000
4.000
.600
3.500
1.000
5.000
7.000
.500
.700
4.000
1.200
3.300
2,200
5.000
.500
6,000
.700
.050
.400
1.700
.900
4.000
2.000

2.500

2.400
2,700

Page 2
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1.500
2.300
.200
2.500
2.000
1.800
1.800
1.650
1.400
.200
.600
10.000
1.500
2.300
.800
5.000

. 3.000

.500
-800
.800
1.100
5.000

"1.400

1.600
1.800
1,200
1.800
2.000

.200

.140
1.900
1.100

.220
1.800
1.%00
2,000
2.000
2.300

.200

.600
2.450
2.400

2.400-

2.200
2.000

.400
2.600
3.200

5.500
5.000
6.000
7.200
8.000
2,500
3.100
7.000
3.500
.500
1.000
8.000
3.500
7.000
3.000
12.000
9.0040
1.200
5.500
2.600
1.700
12.000
5.000
2.190
5.000
2.000
&.500
7.800
700
.800
5.900
2.200
3.o000
3.900
6.000
2.400
7.000
2.200
.900
1.000
4.00¢
3.000
6.000
4.000
2.500
2.700
4.500
4.500

1.000
1.500
10.000
9.000
7.000
1.400
1.300
2.700
.800
-200
-150
8.000
. .700
7.000
-390
8.000
2.500
.1580
1.000
.400
.300
8.000
2.200
.200
1.000
-300
1.000
3.800
.050
.050
1.000
.500
.300
.900
1.000
1.400
3.800
1.900
.300
.100
2.000
2.000
1.500
2.100
1.000
.300
2.200
2.200
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test.dat

View Unit Descriptions
Sittaistt g Reportc 5

INGRES REPORT Copyright (c) 1981, 1995 Computer Assbciatés oovells ool
Reading report specifications and preparing query
Retrieving data’ :

CBABEESRESCRIFPIRECN: :

Fracture Type data from North Ramp Tunnel - ESF, and Yucca Mountain
Project Detailed Line Survey-Data from Station 8+01.36 to 9+98.43;
collloarech tacleis ©P-5% = N0« e Shuchy Numears &.3 1.4 2.2 A - Q5/02/1595 o
Q621071 995

WRIE . 305055
DTN: GS$951108314224.005

FOOTNOTES: Traceline is generally 0.9 meters below right wall springline;
BED-Bedding; F-Fracture; FLT-Fault; SH-Shear; RK-Ends blindly in rock
mass; ST-End not visible behind ground support; IN-Fracture extends under
precast invert segments; Air-Fracture (usually subparallel to tunnel)
termination has been excavated; CR-Crown; P-Planar; I-Irregular;
U-Undulating; NR-Not recorded; R1-Stepped, Near-normal steps and ridges
occur on the fracture surface; R2-Rough, Large, angular asperities can be
seen; R3-Moderately rough, asperities are clearly visible and fracture
surface feels abrasive; R4-Slightly rough, small asperities on the
fracture surface are visible and can be felt; R5-Smooth, no asperities,
smooth to the touch; R6- Polished, extremely smooth and shiny;
Ja.11-Tightly healed, hard filling; Ja.l2-unaltered surface stain only;
Ja.13-slightly altered, non softening coating, sandy particles;

ga il —n ey or sandys el contas s i eElle el avs o Hiss se ftening or clay
mineral coatings;

ADDNL FOOTNOTES: Ja.31l-zones of disintegrated or crushed rock;
Ja.32=zones of silty or sandy clay.

1131 = et

TECTONIC CHARACTERISTICS DATA REPORT




EE R R R R R R R R R R R R R R R R R E R R R R R R R R R R R R R

FRACTURE TYPE LOCATION

ROWH = O

LR R R R R R R R R R R R R R R R R R E R R R R R R R R R R o R R R

1 o E
2 Lo n
3 e
4 ¥
5 s
6 e 5
7 e o
8 v s E
9 "=
10 %, ©
il Ve mET
i % BT
= ¥ suE
14 e =
15 e
16 b

8+01.
.40
2518
S8
Gl
8+04.
8+04 .
8+04.
.60
8+06.
8+06.
8+06.
75
8+08.
8+08.
8+08.

8+02
8§+02
8+03
&+03

8+05

8+07

36

15
64
83

29
42
86

34
65
90

L J
®
®

DATE

|

06/02/95 06/20/95
06/02/95 06/20/95
06/02/95 = 06/20/55
B6/02/95 = BE/20/95
06/02/95 = 06/20/5S

056/02/95 = 06/20/95
0e/02/95 = 06/20/55
06/02/95 = 06/20/95
05 /02/95 = U6/20/95
06/ 02 /95 = 0E/20/55
06 /02/95 = 06/20/95
06/02/95 = 06/20/95
06/02/95 = 06/20/95
06/02/95 = 06/20/95
06 /02/95 = Q&/20/95
06/02/95 = Q6/20/55

(Abridged version of file included here.

Full printout can be found on pp.

107
108
1es
LG
JEIL L
L2
Lig
114
A5
HHIEG)
L7
1L
119
120
121
122
123

KoK KK KKK KKK

(o) (eg) Ls] tea) s lzg) leg) gl s e s | R BBl 5 B o [Siteg | L2 aliiles A o]

KK K KKK

End of Report

9+73
9+73
9+74
9+83
9+84
9+85
9+86
9+86
9+87

948

9+95
9+96
9+97
9+98

.60
o 114
;67
ALY
S0
o LA
S
S35
.86
218
9+91 .
9591k
9+94 .
< 94
G AT
57
<43

61
87
L5

06 /02/95 = Q6/20/95
06/02/95 = 06/20/95
06/02/95 = 06/20/95
06/02/95 = 06/20/85
06 /02/85 = 06/20/95
©6/02/95 = B6/20/95
06/02/95 = 06/20/95
06 /02/95 = B6/20/95
06 /02/95 = 06/20/95
06/02/95 = ©6/28/95
06/02/95 = 06/20/95
06/02/95 = 06/20/95
06 /02 /395 = 06/20/95
06402795 = QE/Z0/95
Q6 /02/95 = C6/20/95
06402/95 = 06/20/93
06 /02/95 = B6/20/9S

1] =132 fe# Joqpee

STRIKE
{29 -

200
10
0
325%
2iL0
220
2155
15
170
220
245
220
230
2215
230
225

190
190
210
200
350
210
340
230
190
355

SIS
340
195
210

340

DIP
("o

86
83
90
83
7
73
85
78
50
84
84
85
74
80
83
83

121-122 of Reference Notebook YMP-LBNL-GSB-MC-1.

70
S
78
58
88
7S
78
87
74
84
85
88
82
64
47
82
76

)
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test.dat
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test.dat

LOWER -TERMINATI PLANARITY JOINT ALTERATIC FRACTURE ROUGHN MINIMUM APERTUR MAXIMUM APERTUR

N NUMBER

ON

(mm)

(o)

ESS

(@)
(D@ (D) @ (@) @ @ )R ) O e SR ©

o) o) (@) @) () (S (O)(e) (O] (@) D), @) @ (@) (e

14
14
15
15
15
15
15
il
15
13
15
13
14
i
15
L5

RK
RK
RK
IN
RK
RK
RK
RK
RK
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RK
RK
RK

L X N J
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(SO0 o)l (o) @) (@), (@) i) He) (o) (o] (o), (D) @) ()

i

Efsiile o) el Ol @ @ @ @ © © © © © ©
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RK
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N
IN
IN
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IN
IN
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: 'test.da{

COMMENTS

upper termination in stratigraphic pumice bed, 1 to 2mm clay coating, mostly in middle of fractuyre

upper termination at trace line, has small finger fracture coming off which intersects fractuyye at sta. 8+02.58, finger comes off at 0.15m below trace line, 1 to 2mm clay coating
at 0.65m above trace line fracture has finger that comes off with change in azimuth to 170, dip 90 degrees, this fracture can be traced from 3m to fracture
upper termination in fracture 8+03.60, fracture thinning at bottom, 2 to 3mm clay infilling

2 to 3mm altered clay infilling, zone of alteration on fracture sides, ends in highly altered zone

up to 2mm soft orange colored clay infilling

dip varies + or - 5 degrees along trace

no coatings

amplitude 0.04m, wave length 0.7m, up to 10mm orange clay infilling, fracture surface slicken sided, rake 70 degrees

clean to local patches of up to lmm thick orange clay infilling

this has movement with 0.1lm offset, west side down, up to lmm clay infilling

0.15m offset, west side down, locally clean, local lmm clay infilling, unable to determine amplitude and wave length

0 to 10mm orange clay infilling

lmm to 3cm orange clay infilling

0 to 10mm clay (average approx. 4mm) infilling

1 to 3mm orange clay infilling

see next fracture 9+73.74, upper termination has apparent curves into 9+73.74, while the lower termination dies, next fracture is subparallel
see 9+73.60, the lower termination curves near tapeline to intersect 9+73.60

hard to see ends

bottom 1.0m (plus or minus) is in an altered, discolored zone, in local zones, especially at the bottom are up to 15mm mineralized infilling
upper termination is faint, dies out, lower termination is in altered, discolored zone, bottom of fracture anastomoses, has mineralized infilling
local mineralized infilling, especially in bottom altered zone

mineralized infilling, especially in bottom altered zone, up to 30mm (plus or minus)

mineralized infilling, up to 1S5mm thick, extending about 0.3m above altered zone

mineralized infilling along total height, thickness of mineralized infilling up to 10cm

mineralized infilling 0 to Sem thick

mineralized infilling 0 to 3.5cm, becomes very faint towards SW invert

mineralized with dark minerals, varies from 0 to 3cm

mineralized with dark minerals, varies from 0 to 4mm

slightly mineralized 0 to 3mm

slightly mineralized 0 to 2mm, fracture is faint and hard to trace in some locations

mineralized 4 to 10mm, fracture terminates at top of hydrothermal alteratiocns

mineralized 3 to Smm

)11 =134 Jett Hoe
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YMP-LBNL-QIP 6.1, REV.4, MCD. 0

Attachment 2

Page 1 of 3

YMP-LBNL DOCUMENT REVIEW/COMMENT RESOLUTION (DRCR) FORM ’

Document No. and Title: Software Macro Read_TDB Version 1.0 - Page _ 1_of _1___
Date of Document / revision no./ draft revision no. (as applicable); Version 1.0 Author: Mark Cushey

Are Setenlific Notebuoks or other background documents/data included in the scope of this review? E Yes [:] No (If yes, |dent|fy oh Attachment 3)

Specific Review Criteria or Goveming Procedure: AP-SI.1Q, Rev 1, ICN 0 and YMP-LBNL-QIP-6.1, Rev. 4, Mod. 0 __
General Review Criteria: {identify relevant criteria on Attachment 4): Section 5.1 of AP-SI. 1Q and Software Re\new Criteria S-7 to S-10

DCheckar ETechmcal Reviewer DEA Reviewer DOQA ReweWer

Name: C.F. Ahlers Signature: / & _ Date: __9/23/99 .
REVIEWER’S COMMENTS AUTHOR S RESPONSE Moy Eoattion far

COMMENT NO. | SECT. ACCEPT REJECT Aesponse required for all lechnical mandatory and ACCEPT REJECT
MAN%)TORY PA%DE COMMENTS InftialDate | InitialData non-mandatoty cormments InittalDate | Initial/Date

NON- N,
MANDATORY

{NM)

Ao Comments

May be on separate sheets to be attached, in which case the comments shall ba numbered and this form will be used tc track the comments and their resolution accotding
to such numbers. .
Resalution of Disputed Comments

Office of Quality Assurance Date

YMP-LBNL Management Approval (Peoject Manager or Designes)
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YMP-LENL-QIP 6.1, REV.4, MOD. 0
Attachment 3
Page 1of 1

APPLICABLE REFERENCE INFORMATION

Document No. and Title: Soltware Macvo : Read-TPB  Version 1.0

Date of Document (or revision, draft revision number, as applicable):
Version 1.0

Pertinent sections of the scientific notebook(s) or other backup documents/data identified below, support the decument which is the
subject of this review. These documents/data shali be included in the scope of this review.

Document(s) Title/Data Relevant Sections/Pages

Y WP - LBNL- M- | pr- 52,58 , 82-87




mddf_cc.f v.1.0 .
Routine/Macro Documentation Form Page 1 of 2

The following information can be included in the scientific notebook. Artach and reference notebook pages
and diskettes with files as needed when submitting routine/macro to records.

1. Name of routine/macro with version/OS/hardware environment:
mddf _cc.f v.1.0 (routine) / UNIX SUNOS Solaris 5.5.1/Sun workstation

2. Name of commercial software with version/OS/hardware used to develop routine/macro:
FORTRAN 77/UNIX SUNQOS Solaris 5,5.1/5un workstation

3. Test Plan.

»  Explain whether this is a routine or macro and describe what it does:
This routine is based on the routine mddf.f v1.0 and is used to cut cut a 3 x 2 meter
rock-fall around the crown of the drift in 2 ITOUGH2 v3.2_drift MESH file, The new
MESH file as saved with a new filename.

e  Source code: (including equations or algorithms from software setup (LabView, Excel, etc.):

pp. 118-123 from §/N YMP-LBNL-CFT-GL-1A Reference Binder

o Description of test(s) to be performed (be specifick:
First, the MESH will be cut with a cylinder with radius R through the center of the
orlginal 3D MESH, Second, the code will then remove a 3 x 2 x Tmeter set of elements
representing a “rock-fall” at the crown of the drift. Third, the elements that are
within the removed area will be renamed to indicate their position. The connections
will then be defined for those elements on the drift/rock-fall wall. The connection
information for the drift and rock-fall neighboring elements will be used to form a
new MESH file named MESHSF_cc. The test will be checked by successfully running
the code without error messages and hy visually checking the MESH file as well as a
3D rendering of the output MESH to verify that the changes in formatting are correct.
The visunl check will consist of verifying that the elements at the XYZ coordinates
specified in the input are in fact removed correctly from the output. The 31 visual-
check method is also used because the output data is very large and it is most effective
to visually check the results in 3D rather than check the output data line by line.

*  Specify the range of input values to be used and why the range is valid
The input is the original MESH file, a radius value of 2.75 and the rock cut dimensions
given on pp. 153-154, /N YMP-LBNL-CFT-GL-1. This test case input range is
deemed valid because the input data set is the data set used to model the drift scale
problem.

4. Test Results.

e Queput from test (explain difference between input range used and possible input)
The output from the test Is the file MESHSF. A graphic display of this MESH is
printed on p. 154 , S/N YMP-LBNL-CFT-GL-1 and file MESHS¥_cc is provided on
the accompanying CD entitled YMP-LBNL-CFT-GL-1 (routines) in directory
/mddf_cc/. Any ITOUGH2 V.3.2_drift MESH file of comparable size to this model
could possibly be used. Any radius or rock-cut size used for a problem would have to
be small encugh so that the cylinder or drift would not intersect the outer boundary of
the MESH.

/////‘}'7/;/ Vo100




‘mddf_ccf v.1.0 |
Routine/Macro Documentation Form Page 2 of 2

»  Description of how the testing shows that the results are correct for the specified input.
Visual inspection of both the input and output data files provided on the
accompanying CD, as well as a 3D visualization of the final output (MESHSF _cc)
shows that the routine successfully removes the elements represented by the
drift/rock fall and that all connections and elements are redefined properly. In
addition, the test was successful beciuse the routine successfully ran without error
messages and the new MESHSF _cc was saccessfully imported into ITOUGH2
V3.2_drift without errors. Therefore, the test case and reutine are acceptable.

¢ List limitations or assumptions to this test case and code in general
The routine was tested using an input data set that is comparable to that of 3D
ITOUGH2 V3.2_drift models necessary to model drift scale type problems. The
routine is oaly valid for files compatible with ITOUGH2 V3.2_drift. This routine
assumes that the drift is perfectly cylindrical and straight and that the rock fall
occurs as a square 3 x 2 x 1 meter block at the crown of the drift.

¢  Electronic files identified by name and location (include disc it necessary)
The routine, test files and its description can be found on pp. 153-154, frem S/N
YMP-LBNL-CFT-GL-1 and pp. 118-123 from SN YMP-LBNL-CFT-GL-1A
Reference Binder. The routine (mddf_cc.fV1.0), input file (MESH) and output file
(MESHSF_cc) are provided on the accompanying CD entitled YMP-LBNL-CFT-GL-
1 (routines) in directory /mddf_cc/

Supporting Information. Include background information, such as revision (o a previous routine
or macro, or explanation of the steps performed o run the sofiware. Include listings of all
electronic files and codes used. Attach Scientific Notebook pages with appropriate information
annotated.
See attached pages for technical review forms, referenced scientific notebook pages
and other supporting documentation

MAINTAIN NOTEBOOK PAGES IN THIS ORDER:
pp. 153-154 for S/N YMP-LBNL-CFT-GL-1; and pp. 118-123 from S/N YMP-
LBNL-CFT-GL-1A Reference Binder

/138 Jet 4/ jee
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YMP-LBNL
REVIEW RECORD )
1. QA
2. Page ( ¢t Lo
3. Originator; Guowuw L MialielEE.
4. Document Title: C,o\p AdeiT M"-‘-L\_&.{x . _page ASY  for Macro/latinve mdd £ — ce. t vid
5. Document Number: YMPw LBAL ~CET—GL- 4§ RevisionMod.: A 7. Draft: NIB
8. Governing Procedure Numbar: ' AP-5T.10 9. Revision/Mod: 2/t
REVIEW CRITERIA
10, Standard Review Criteria Te chuieal 11, Specific Review Criteria:
{Taken from Attachment &) O Source:
12 Comment Documentation:
Comment Sheets X1 Atached: IMP-LBVL Seftwarvs Rouline/Maty? PocumentaNin
L] Raview Copy Mark-up K  Scientific notebook/data assoclated with this ravi ster am Atischment 3
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M. Lvw LBNL_/ H\{Jﬂk- Technieal
COMMENTS DUE: REVIEW BY: . CONCURRENCE:
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Date of Document (or revision, draft revision number, as applicable):

Pertinent sections of scientific notebook(s) or other backup documents and/or data DTN# arc identified below,

supporting the document which is the subject of this review. These documents/data shall be included in the scope of this
review.

Document(s) Title/Data Relevant Sections/Pages
YMP-LBNL-CFT-GL-1 Scientific Notebook pp-153-154
YMP-LBNL-CFT-GL-1A Scientific Notebook for Reference Binder pp-118-123

Bitn Docernsm Frfro  Slae + e e




mddf_cc8.f v.1.0
Routine/Macro Documentation Form ' Page 1 of 2

The following information can be included in the scientific notebook. Attach and reference notebook pages
and diskettes with files as needed when submitting routine/macro to records.

1. Name of routine/macro with version/OS/hardware environment:
mddf_cc8.f v.1.0 (routine) / TNTX SUNOS Solaris 5.5.1/Sun workstation

2. Name of commercial software with version/OS/hard ware used to develop routine/macro:
FORTRAN 77/UNIX SUNOS Solaris 5.5.1/Sun workstation

1. Test Plan.

»  Explain whether this is a routine or macro and describe what it does:
This routine is based on the routine mddf.f v1.0 and is used to cut out a 1 cubic meter
rock-fall around the crown of the drift in a ITOUGH2 V3.2_drift MESH file. The new
MESH file as saved with a new filename.

¢ Source code: {including equations or algorithms from software setup (LabView, Excel. etc.):
pp- 106-111 from S/N YMP-LBNL-CFT-GL-1A Reference Binder

e Description of test(s) to be performed (be specific):
First, the MESH will be cut with a cylinder with radius R through the center of the
original 30 MESH. Second, the code will then remove a 1 x 1 x 1meter sef of elements
representing a “rock-fall”’ at the crown of the drift. Third, the elements that are
within the removed area will be renamed to indicate their position. The conneclions
will then be defined for those elements on the drift/rock-(all wall, The connection
information for the drift and rock-fall neighboring clements will be used to form a
new MESH file named MESHSF _cc8. The test will be checked by successtully
running the code without error messages and by visually checking the MESH file as
well as a 3D rendering of the output MESH to verify that the changes in formatting
are correct. The visual check will consist of verifying that the clements at the XYZ
coordinates specified in the input are in fact removed correctly from the output. The
3D visual-check method is also used because the output data is very large and it is
most effective to visually check the results in 3D rather than check the output data line
by line.

= Specify the range of input values to be used and why the range is valid
The input is the original MESH file, a radius value of 2.75 and the rock cut dimensions
given on pp. 153, S/N YMP-LBNL-CFT-GL-1. This test case input range is deemed
valid because the input data set is the data set used to model the drift scale problem.

4. Test Resulis.

*  Output from test {explain difference between input range used and possible inpun)
The output from the test is the file MESHSF_cc8. A graphic display of this MESH is
printed on p. 125, SN YMP-LBNL-CFT-GL-1 and file MESHSF_cc8 is provided on
the accompanying CD entltled YMP-LBNL-CFT-G1-1 (routines} in directory
/mddf_cc8/. Any ITOUGH2 V.3.2_drift MESH flle of comparable size to this madel
could possibly be used. Any radius or rock-cut size used for a problem would have to
be small enough so that the cylinder or drift would not intersect the outer boundary of
the MESH.
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mddf_cc8.f v.1.0 .
Routine/Macro Documentation Form Page 2 of 2

+  Description of how the testing shows that the results are correct for the specified input.
Visual inspection of both the lnput and output data files provided on the
accompanying CD, as well as a 3D visualization of the final output (MESHSF_cc)
shows that the routine successfully removes the elements represented by the
drift/rock fall and that all connections and elements are redefined properly. In
addltion, the test was successful hecause the routine successfully ran without error
messages and the new MESHSF_cc was successfully imported into ITOUGH2
V3.2_drift without errors. Therefore, the test case and routine are acceptable.

»  List limitations or assumptions to this test case and code in general
The routine was tested using an input data set that is comparable to that of 3D
ITOUGH2 V3.2_drift models necessary to model drift scale type problems. The
routine is only valid for files compatible with ITOUGH2 V3.2_drift. This routine
assumes that the drift Is perfectly cylindrical and straight and that the rock fall
occurs as a square 1 x 1 x 1 meter block at the crown of the drift.

« Electronic files identified by name and location (include disc if necessary)
The routine, test files and its description can be found on pp. 153 and 125, from 8/N
YMP-LBNL-CFT-GL-1 and pp. 106-111 from S/N YMP-LBNL-CFT-GL-1A
Reference Binder. The routine (mddf_cc8.0V1.0), input file (MESH) and output file
(MESHSF _cc8 are provided on the accompanying CD entitled YMP-LBNL-CFT-
GL-1 (routines) in directory /mddf_cc8/

5. Supporting Information. Inclhsde background information, such as revision to a previous routine
or macro, or explanation of the steps performed to run the software. Include listings of all
clectronic files and codes used. Attach Scientific Notebook pages with appropriate information
annotated.

See attached pages for technical review forms, referenced scientific notebook pages
and nther supporting documentation

MAINTAIN NOTEBOOK PAGES IN THIS ORDER:
pp. 153 and 125 for §/N YMP-LBNL-CFT-GL-1; and pp. 106-111 from 8/N YMP-
LBNL-CFT-GL-1A Reference Binder
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YMP-LBNL
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Document No.and Title: Notebook pages for Routine Documentation for mddf cc8.f V1.0

Date of Document (or revision, draft revision number, as applicable):

Pertinent sections of scientific notebook(s) or other backup documents and/or data DTN# are identified below,

supporting the document which is the subject of this review. These documents/data shall be included in the scope of this
review

Document(s) Title/Data

Relevant Sections/Pages
YMP-LBNL-CFT-GL-1 Scientific Notebook

_pp.153 & 125 -
YMP-LBNL-CFT-GL-1A Scientific Notebook for Reference Binder pp. 106-111
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mddf_cs8.f v.1.0
Roiutine/Macro Documentation Form Page 1 of 2

The following information can be included in the scientific notebook. Attach and reference notebook pages
and diskettes with files as needed when submitting routine/macra to records.

1. Name of routine/macro with version/OS/hardware environment:
mddf_cs8.f v.1.0 (routine) / UNIX SUNOS Solaris 5.5.1/Sun workstation

2. Name of commercial software with version/OS/hardware used to develop routine/macro:
FORTRAN 77/UNIX SUNOS Solaris 5.5.1/Sun workstation

3. Test Plan.

¢  Explain whether this is a routine or macro and describe what it does:
This routine Is based on the routine mddf.f v1.0 and Is used to cut out a 1 cubic meter
rock-fall around the spring-line of the drift in a ITOUGHZ V3.2_drift MESH file. The
new MESH file as saved with u new filename.

*  Souarce code: (including equations or algorithms from software setup (LabView, Excel, etc.):
pp. 112-117 fram S/N YMP-LBNL-CFT-GL-1A Reference Binder

s Description of test(s) to be performed (be specific):
First, the MESH will be cut with a cylinder with radius R through the center of the
original 3D MESH. Second, the code will then remove a 1 x 1 x Tmeter set of elements
representing a “rock-fall” at the spring line of the drift. Third, the elements that are
within the removed area will be renamed to indicate their position. The connection
information for the drift and rock-fall neighboring elements will be used to form a
new MESH file named MESHSF _cs8. The test will be checked by successfully
running the code without error messages and by visually checking the MESH file as
well as a 3D rendering of the output MESH to verify that the changes in formatting
are correct. . The visual check will consist of verifying that the elements at the XYZ
coordinates specifled in the input are in fact removed correctly from the output. The
3D visual-check method is also used because the output data is very large and it is
most effective to visually check the results In 3D rather than check the output data line
by line.

= Specify the range of input values to be used and why the range is valid
The input is the original MESH file, a radius value of 2.75 and the rack cut dimensions
given on pp. 153, S/N YMP-L.BNL-CFT-GL-1. This test case input range is deemed
valid because the input data set is the data set used to model the drift scale problem.

4, Test Resulis.

«  Output from test (explain difference between input range used and possible input)
The output from the test is the flle MESHSF. A graphic dispiay of this MESH is
printed on p. 126 , S/N YMP-LBNL-CFT-GL-1 and file MESHSF_cs8 is provided on
the accompanying CD entitled YMP-LBNL-CFT-GL-1 (routines) in directory
fmddf_cs8/. Any ITOUGH2 v.3.2_drift MESH file of comparable size to this model
could passihly be used. Any radius or rock-cut size used for a problem would bave to
be small enough so that the cylinder or drift would not intersect the outer boundary of
the MESH.
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mddf_cs8.f v.1.0
Routine/Macro Documentation Formr Page 2 of 2

Description of how the testing shows that the results are correct for the specified input.

Visual inspection of both the input and output data files provided on the
accompanying CD, as well as a 3D visualization of the final output (MESHSF_cs8)
shows that the routine successfully removes the élements represented by the
drift/rock fall and that all connections and elements are redefined properly. In
addition, the test was successful because the routine successfully ran without error
messages and the new MESHSF_cs8 was successfully imported into ITOUGH2
Vv3.2_drift without errors. Therefore, the test case and routine are acceptable.

List limitations or assumptions to this test case and code in general

The routine was tested using an input data set that is comparahle to that of 3D
ITOUGH2 V3.2_drift models necessary to model drift scale type problems. The
routine is only valid for flles compatible with ITOUGH2 V3.2_drift. This routine
assumes that the drift is perfectly cylindrical and straight and that the rock fall
occurs as a square 1 X 1 x Imeter block at the spring line of the drift.

Electronic files identified by name and location (include disc if necessary)

The routine, test files and its description can be found en pp. 153 and 126, from S/N
YMP-LBNL-CFT-GL-1 and pp. 112-117 from S/N YMP-LBNL-CFT-GL-1A
Reference Binder. The routine (mddf _cs8.1vV1.0), input file (MESH) and output file
(MESHSF_cs8) are provided on the accompanying CD entitled YMP-LBNL-CFT-
GL-1 (routines) in directory /mddf_cs8/

Supporting Information. Inciude background information, such as revision 10 a previous routine
or macTo, or explanation of the steps performed 1o run the software. Include listings of all
clectronic files and codes used. Attach Scientific Notebook pages with appropriate information
annotated.

See atiached pages for technical review forms, referenced scientific notebook pages
and other supporting documentation

MAINTAIN NOTEBOOK PAGES IN THIS ORDER:
pp- 153 and 126 for S/N YMP-LBNL-CFT-GL-1; and pp. 112-117 from S/N YMP-
LBNL-CFT-GL-1A Reference Binder
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mddf.f v.1.0
Routine/Macro Documentation Form : Pagel of 2

The following information can be included in the scientific notebook. Attach and reference notebook pages.

1.

and diskettes with files as needed when submitting routine/macro to records.

Name of routine/macro wi.th version/OS/Mhardware environment :
mddf.f v.1.0 (routine) / UNIX SUNOS Solaris 5.5.1/Sun workstation

Name of commercial software with version/OS/hardware used to develop routine/macro:
FORTRAN 77/UNIX SUNOS Solaris 5.5.1/Sun workstation

Test Plan.

=  Explain whether this is a routine or macro and describe what it does:
This routine takes an existing [TOUGH2 V3.2_drift MESH file and remnves model
elements within a defined radius and XYZ location (i.e. cuts out a cylindrical drift) to
create an updated MESH file.

¢  Source code: (including equations or algorithms from software setup (LabView, Excel, etc.):
pp- 92-97 from S/N YMP-LBNL-CFT-GL-1A Reference Binder

e Description of test(s) to be performed (be specific):
First, the MESH will be cut with a cylinder with radius R through the center of the
original 3D MESH. Second, the elements that are within the radius will be renamed
to indicate their position, Third, the connections will be defined for those elements on
the drift wall, This connection information for the drift neighboring elements will be
used to form a new MESH file named MESHSF. The test will be checked by
successfully running the code without error messages and by visually checking the
MESH flle as well as a 3D rendering of the output MESH to verify that the changes in
formatting are correct. The visual check will consist of verifying that the elements at
the XYZ coordinates specified in the input are in fact removed correctly from the
output. The 3D visual-check method is also used because the output data is very large
and it is most effective to visually check the results in 3D rather than check the output
data line by line.

*  Specify the range of input values to be used and why the ranpe is valid;
The input is the original MESH file and a radius value of 2.75. This test case input
range is deemed valld because the input data set Is the data set used to model the drift
scale problem.

Test Results.

= Qutput from test (cxplain difference between inpul range used and possible input):
The output from the test is the file MESHSF. A graphie display of this MESH is
printed on p. 146 , S/N YMP-LBNL-CFT-GL-1 and file MESHSF is provided on the
accompanying CD entitled YMP-LBNL-CFT-GL-1 (routines) in directory /mddf.
Any ITOUGH2 V.3.2_drift MESH flle of comparable size to this model could possibly
be used. Any radius used for a problem would have to be small enough so that the
cylinder or drift would not intersect the outer boundary of the MESH.

¢ Description of how the testing shows that the results are correct for the specified input:
Visual Inspection of both the input and output data files provided on the
accompanying CD, as well as a 3D visualization of the final output (MESHSF) shows
that the routine successfully removes the elements represented by the drift and that

[ -l6T J24 %ot Jero



mddf.f v.1.0
Routine/Macro Documentation Form = Page2 of 2

all connections and elements are redefined properly, In addition, the test was
successful because the routine successfully ran without error messages and the new
MESHSF was successiully imported into ITOUGH2 V3.2_drift without errors.
Therefore, the test case and routine are acceptable. )

+  List limitations or assumptions to this test case and code in general:
The routine was tested using an input data sct that is comparable to that of 3D
ITOUGH2 V3.2_drift models necessary to model drift scale type problems, The
routine is only valid for files compatible with ITOUGH2 V3.2_drift. This routine
assumes that the drift is perfectly cylindrical and straight.

s  Electronic files identified by name and location (include disc if necessary):
The routine (mdd£.fV1.0) and test flles (MESH and MESHSF) are provided on the
accompanying CD entitled YMP-LBKL-CFT-GL-1 (routines) in directory /mddl/,

Supporting Information. Include background informatien, such as revision to a previous routing
or macro, of explanation of the steps performed to run the software. Include listings of all
electronic files and codes used. Atrach Scientific Notebook pages with appropriate information
annotated: :
See attached pages for technical review forms, referenced sclentific notebook pages
and other supporting documentation

MAINTAIN NOTEBOOK PAGES IN THIS ORDER:
pp. 146 for S/N YMP-LBNL-CFT-GL-1; and pp. 92-97 from 5/N YMP-LBNL-CFT-
L-1A HReference Binder
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meshbd f v.1 0
RoutinelMacro Documentation Form Page 1 of 2

The following information can be included in the scientific notebook. Attach and reference notcbook pages
and diskettes with files as needed when submitting routine/macro to records.

1.

Name of routine/macro with version/OS/Mhardware environment:
meshbd.f v.1.0 (routlne) ! UNIX SUNOS Solaris 5.5. IISun workstation

Name of commercial software with version/OS/hardware used to develop routine/macro:
FORTRAN 77/UNIX SUNOS Solaris 5.5.1/Sun workstation

" Test Plan.

¢  Explain whether this is a routine or routine and describe what it dues:
This routine reformats the ITOUGH2 v3.2_drift MESH file by doing 3 things. In the
ELEM section of the MESH file it renames the boundary condition term fur each
element and changes the “Z" direction. In the CONN section of MESH file it changes
the top boundary layer area value te a number in the routine. The new MESH file is
saved to a new filename which is the output.

s  Source code: (including equations or algorithms from software setup (LabView, Excel, eic.):
pp- 86-87 from S/N YMP-LBNL-CFT-GL-1A Reference Binder

¢ Description of tesi(s) to be performed (be specific):
During the test the routine will take one of 3 element type names (DRAIN, SOIL and
BUNOF) and assign a term to the proper ITOUGH2 element based on the element’s
boundary condition. The test will also change the sign of the “Z” direction from
positive to negatlve by adding a “~* sign. Lastly, the test will replace the “arca” valuc
for each element at the top boundary interface to “0.1E+03". The routine test will be
checked by visually comparing a sampling of rows from the output with the input to
verify that the changes in formatting are correct.

e  Specify the range of input values to be used and why the range is valid:
The range of input values includes several lines of the ELEM section of the MESH file.
These lines of text are printed on p. 129, S/N YMP-LBNL-CFT-GL-1. This test case
input range is deemned valid because the routine’s formatting changes can be
successfully inspected using only a small sampling of lines from the very large input
and outpat files.

Test Results.

»  Output from test (explain difference between input range used and possible input):
The output from the test is printed on p. 129, S/N YMP-LBENL-CFT-GL-1. Since this
routine oaly performs administrative formatting of the MESH file it is assumed that
the routine is valid for use with any ITOUGII2 MESH file as input provided the Z
values of the input file are positive,

s Description of bow the testing shows that the results are correct for the specified input:
By visusal inspection of the formatting of the input and output flles, it can be seen that
the routine successfully replaces the boundary condition term, changes the “Z”
direction and modifies the top boundary layer area. Therefore, the test case and
routine are acceptable,

¢ List limitations or assumptions to this test case and code in general:

J-1TT pedt e




meshbd.f v.1.0

Routine/Macro Docuimentation Form ~ Page2 of 2
The routine was tested using an input data set that is comparable to that of 3D
ITOUGH?2 V3.2_drift medels necessary to model drift scale type problems. The
routine is only valid for files compatible with ITOUGH2 V3.2_drift.

» Elcctronic files identified by name and location {include disc if necessary):
The routine Is printed on pp. 86-87 fram S/N YMP-LBNL-CFT-GL-1A Reference
Binder and is provided on the accompanying CD entitled YMP-LBNL-CFT-GL-1
(routines) in directory /meshbd/. The test input and output are printed on pp. 129,
S/N YMP-LBNL-CFT-GL-1.

Supporting Information. Include background information, such as revision to a previous routine
or macro, or explanation of the steps performed to run the software. Include listings of all
electronic files and codes used. Attach Scientific Notebook pages with appropriate information
annotated:
See attached pages for technical review forms, referenced scientific notebook pages
and other supporting documentation

MAINTAIN NOTEBOOK PAGES IN THIS ORDER:
pp. 128-12¢ for S/N YMP-LBNL-CFT-GL-1; and pp. 86-37 from 8/N YMP-LBNL.-
CFT-GL-1A Reference Binder

WI=178 pe# dfojec
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c
¢ change mesh corder _——
¢ change z direction from "-" to "+7 -
¢. change interface at top boundary » L
C
implicit double pracision {a-h,o-2Z!} o
integer nc.ne —_——
integer me,mc,nh —
N parameter [(me = 88500)
parameter {mc =310000}
parameter (nh = 1009Q) —_—
double precision voll(nc) ,aa(mc) S —
character*5 dddad, cce.ccce —
character*5 texte
character*1l text A
character*5 wrd,wrd2
nx=12
ny=30 .
nz=42
- I
open(unitaZ,fi1e='MESH',status:'unknown') —
rewind (2} e
rexte="'ELEME'
write(2,'({a)'')rtexte -
c
open(unit:l,File=‘meshm.mes',status='old') ———
rewind(1) e
read{1l, ' (a)',end=40} wrd
if{wrd .ne. 'eleme’ _and. wrd .ne. ‘ELEME'} then -
ctop ‘mo eleme in MESH* T —
endif ——————
e —
ne = 0
nesum = 0 T
igcat = 1 e
do i=1l,nx e _
deo i=1l.ny e
do k=1,nz
ne=ne+1i T T
. read(l.'la.10x,a.2e10.4,10x,3elﬁ.4)',end=40] ——
e & daddd, texte,volltne) ,vl,x1,yl.z1 i
- nesum = nesum + 1 .
. if(k.eg.nz)then -
i texte= ' BUNOF' T
T elseif(k.eq.1l)then e
texte="DRAIN' e ——
voll (ne)=1.0e+50 .
‘ else - -
T texte='SOILF' —
1 endif ——
LR write(2,'(a,10x,a.2e10.4,10x,3el0.4)") — e
} & addd, texte.voll(ne) vl x1,yl, -zl .
SIGNATURE < DATE _ -\ f mMateme
READ AND UNDERSTOOQD. 1e/f . DATE 19 ,

T et
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enddo

e

: - enddo ——— - -— - e
o — enddo e -
; c o T
read({l,*) _..:
read(l, ' (a)')cccc N
write(2, *} -
cece="'CONNE" ="
write{2, '{a) 'jccce .
nc=0 T
locat =1 s
in read(l, '(2a,19x,a,4el0.4) "' ,end=40)wrd,wrd2, text,vl,v2,aa{nc+l},v3 -
if(wrd.ne. ° ' Land.wrd.ne.'+++ ’')then A
if{wrd{1:2).eq.'B7'.and.wrd2(1:2).eqg. 'B7')aa{nc+1)=100.0
write(2, '(2a,19x,a,4el0.4) ' Ywrd,wrd2, text,vl,v2,aa(nc+l},v3 T
nc=nc+1 —"
goto 30 -k
endif .
C —_—a
textes"' ’ e
. . write{2,'{a)")raexte’ —
- : close{l} L
* B close (2} <
+ - stop s
. : 40 =top’'Premature End of File’
. end
- i
i
— ! Y
— ? LL\L— C-'OOLk 3 -\-24‘-‘201 51/1 cliecic ~\—L.n.h_!._ﬁ{)y_\i*‘
— l‘ ke 1A Tle s
: " ELEME = NX= 12 Ny= 30 NZI= 42 _ 06
?._____ U ATl 1 10.1150E-070.5750E-01 0.5750E-010,2500E+00 -1000E-0
| S S - 0.5750E-010.2500E+00~, 2000E+02
4___;3_ ! pi :-l :g'ﬂgggngggé;:g;gi 0.5750E-D10.7500B+00~.1000E-06
. ALpZ . -070. - o
m._%dw.ltﬁv— r) A2 1 10.2875E-01C, 0000E+0Q0 0.5750E-010.7500E+00-.25008+0
o P
2
— — iﬁuln1 2 10.5750E-010.25008+000 . 1000E-06
R D I S I - -
——— s 10_51,03-010_2503&0@
R SIS - — Z 4 -
- ) Gr. L. - —ew .
P —— -+ ELEME '——‘/ \ z
S e All 1 DRATNO. 1000E+510.575S0E-01 0.5750E-010.2500E+000,1000E-06  ——— o X,
N - - f e e e ‘ ‘-
R S RV [L:K_ 871 1 BUNOF0 . 1150E-060.5750E-01 0.5750E-01§.25005+000.2000E+02 ~—~— W
o Alz 1 DRAING.LOD0E+510.5750E£-01 0.5750E-010\. 750084000 1000E~D€ ) e
— - a“bﬁt—‘ A22 1 S0TLF0.2875E-010.0000E+0D0 0.5750E-010_7500E+000 . 2500E+00 g
- N \ - ¥
S - CONNE —
“__ ) N All 1a11 2 10.5750E-010,2500E+000 . 1000E- 060/ 0000E+D0 . i
- 1 e s
e ———— et p———rey e = B
4 B71 1B71 2 m.57503-010.2soor:+oo6_mooz»’nao?goomzwo -
k\-— ----- ".;,
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The documentation for this routine was reviewed and
it was found to meet the requirements of AP-
S1.1Q/Mav. 2/ICN4. Tha test case was checked by
both hand calcutation and by running the code as
needed to fully check the test case. The test case fully
checks the routine for the input specified and proves
that the routine produces acceptable resutts.
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‘ YMP-LBNL
APPLICABLE REFERENCE INFORMATION

Document No.and Title: Notebook pages for Routine Documentation for meshbd.f V1.0

Date of Document (or revision, draft revision number, as applicable):

Pertinent sections of scientific notebook(s) or other backup documents and/or data DTN# are identified below,
supporting the document which is the subject of this review. These documents/data shall be incdluded in the scope of this

review,

Document(s} Title/Data Relevant Sections/Pages
YMP-LBNL-CFT-GL.-1 Scientific Notebook p. 129
YMP-LBNL-CFT-GL-1A Scientific Notebook for Reference Binder pp. 86-87
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, mininipresf.f v. 1.0
L- ‘ Routine/Macro Documentation Form ~ ‘Pagel of 2

The following information can be included in the scientific notebook. Attach and reference notebook pages
and diskettes with ﬁles as neaded when submitting routine/macro to records.

1. Name of routine/macro with vcrsion!OS/hardware environment :
mininipresf.f v.1.0 (routine) / UNIX SUNOS Solaris §.5.1/Sun workstation

2. Name of commercial software with version/OS/hardware used 10 develop routine/macro:
FORTRAN 77/UNIX SUNOS Solaris §.5.1/Sun workstation

3. Test Plan.

+  Explain whether this is a routine or macro and describe what it dogs:
This routine creates a portion of the ITOUGH2 V3.2_drift INCON file by taking input
from the MESH file and a second file containing permeabllity values. The routine
takes data from the two files and reformats it into the INCON file. The only
calculation that takes place is converting the log,4k values in the input permeability
file to non-log numbers in the final INCON file.

=  Source code: (including equations or algorithms from software setup (LabView, Excel, etc.}:
pp- 88-91 from S/N YMP-LBNL-CFT-GL-1A Reference Binder

¢ Description of test(s) 10 be performed (be specific):
The routine will merge the permeability data inte the INCON file in the appropriate
column and the values will be converted from log to nen-log to 4 units of precision,
The routine will be checked by visually checking the certain lines of the output
INCON file against the input MESH and permeability file to verify that the changes in
formatting and log to non-log calculation is correct.

¢ Specify the range of input values to be used and why the range is valid:
Since the rontine reformats text and performs one inverse log calculation, the routine
will be verified using a sampling of the input and output files. This sampling is printed
on p. 145, S/N YMP-LBNL-C¥T-GL-1 under the headings of “part of input file”. This
test case input range is deemed valid because the routine’s formatting changes can be
inspected using only a small sampling of lines from the very large output file.

1, Test Results.

s Qurpur from test (eaplain difference between inpul range used and possible input):
The output from the test is printed on p. 145, S/N YMP-LBNL-CFT-GL-1 under the
heading “part of output file”, This output is a sampling of the INCON flle. Since this
routine only reformats text and does one inverse log calculation, it is assumed that the
routine is valid for use with any range of values acceptable as a ITOUGH2 V3.2_drilt
MESH file and any set of log,(k permeability values as input.

¢  Description of how the testing shows that the results are correet for the specified input:
By visual inspection of the formatting of the input and output files and a hand
calculation of the log to inverse Jog calculation to 4 point precision (see p. 145), it can
be seen that the routine successfully creates the portion of the INCON file as
designed. Therefere, the test case and routine are acceptable.

¢ List limitations or assumptions to this test case and code in general:

W17 gedt o)
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_ - mininipresf.f v. 1.0 ‘
Routine/Macro Documentation Form * -~ = Page2 of 2

The routine was tested using an input data set that & comparable to that of 3D
ITOUGH? models necessary to model drift scale type problems. The routine is only
valid for files compatible with ITOUGH2 V3.2_drift. The log to non-log conversion
was only carried out to 4 point precision. :

e Electronic files identified by name and location {mclude disc if necessary):
The input and output test data are printed on pp. 145, /N YMP-LBNL-CFT-GL-1.
The routine is printed on pp. 88-91 from $/N YMP-LBNL-CFT-GL-1A Reference
Binder and is provided on the accompanying CD entitled YMP-LBNL-CFT-GL-1
{routines) in directory /mininipresf/. The test input and output are printed on pp.
145, SN YMP-LBNL-CFT-GL-1.

Supporting Information. Include background information, such as revision to a previous routine
or tnacro, or explanation of the steps performed to run the software. Include listings of all
clectronic files and codes used. Anach Scientific Notebook pages with appropriate information
annotated:
See attached pages for technical review forms, referenced sclentific notebook pages
and other supporting documentation

MAINTAIN NOTEBQOOK PAGES IN THIS ORDER:
pp. 145 for S/N YMP-LBNL-CFT-GL-1; and pp. 88-91 from S/N YMP-LBNL-CFT-
GL.1A Reference Binder
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1. Document Titte:

Routine Documentation for mininiprest.f V1.0

3. Docurnant Ma.
N/A

4. Revision/ Changa/Mod:
N/A

5. Draft
N/A

6. [Q/O O NQ

7. Reviewer:
Randall F. Hedegaard

8. NO. 9.
CODE SECT.PARA./P#

10. COMMENT

: 12.
11. RESPCONSE _ ACCEPT

--NOC COMMENTS—

The documentation for this rautine was reviewed and
it was found to meet the requirements of AP-
51.1Q/Rev. 2/ICN4. The test case was checked by
both hand calculation and by running the code as
needed to fully check the test case. The tes! case fully
checks the routine for the input specified and proves
that the routine produces acceptable results.
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YMP-LBNL
APPLICABLE REFERENCE INFORMATION

Document No.and Title: Notebook pages for Routine Documentation for mininiprest.f V1.0

Date of Document (or revision, draft revision number, as applicable):

Pertinent sections of scientific notebook(s) or other backup documents and/or data DTN# are identified below,

supporting the document which is the subject of this review. These documents/data shall be included in the scope of this
review.

Document(s) Title/Data Relevant Sections/Pages
__ YMP-LBNL-CFT-GL-1 Scientific Notebook pp. 145
YMP-LBNL-CFT-GL-1A Scientific Notebook for Reference Binder pp. 88-91
Roovkind Docvam Fo fiop Shec £ oz 42




mininipresf_ir.f v1.0
Routine/Macro Documentation Form Pagel of 2

The following information can be included in the scientific notebook. Attach and reference notebook pages
and diskettes with files as needed when submitting routine/macro 1o records.

1. Name of routine/macro with version/OS/hardware environment :

mininipresf_ir.f v1.0 (routine) / UNIX SUNGS Solaris 5.5.1/5un
workstation
2. Name of commercial software with version/OS/hardware used to develop routine/macro:

FORTRAN 77/UNIX SUNOS Selaris 5.5.1/5un warkstation

3. Test Plan.

s  Explain whether this is a routine or macro and describe what it does:
This routlne creates a portion of the ITOUGH2 V3.2_drift INCON by taking input
from the MESH file and a file containing permeability values. The routine takes data
from the property set and the MESH and reformats it into the INCON file. The code
takes the original permeability set (A) and multiplies it by a factor to create a second
(B) property set. The routine applies the A and B property sets such that property set
B is applied to the elements nearest the drift and property set A is applied to the rest
of the model elements, The routine also converts the property values (permeability)
which are log;¢k values to non-log numbers in the final INCON file,

=  Source code: {including equations or algorithms from software setup (LabView, Excel, cte.):
pp. 102-105 from S/N YMP-LBNL-CFT-GL-1A Reference Binder

&  Description of test(s} 1o be performed (be specific):
Flrst the test will enable the routine to merge the permeability data into the INCON
file in the appropriate column based on the elements XYZ coordinate. Secondly, the
cade will create 2 sets of permeability values from the input permesability file, Next the
B permeability property set will be applied to the elements nearest the drift and
property set A Is applied to the rest of the model elements. The values will be
converted from log to non-log to 4 units of precision. The routine will be checked by
visnally comparing the output INCON flle against the input MESH and two property
sets files. The permeability data will also be visualized in 3D to inspect completeness
and to verify that the changes in formatting and log to noo-log calculation is correct.

*  Specify the range of input values to be used and why the range is valid:
The 2 distinct permeability sets are applied to 2 distinet spatial areas of the model, so
the entire input (MESH and the property file) will be used as the test input range so
that correct spatial distribution of properties Is accomplished. Since the routine also
reformais text and performs one inverse log calculation, the routine will be verified
using a sampling of the input and output files. This sampling is printed on p. 145, S/N
YMP-LBNL-CFT-GL-1 under the headings of “pact of input file”. The input flles
(MESH and permcut.dat) are provided on the accompanying CD entitied YMP-
LBNL-CFT-GL-1 (routines) in directory /mininipresf/. This test case input range is
deemed valid because the routine’s formatting changes can be inspected using only a
small sampling of lines from the very large output file.

4, Test Results.

»  Qutput from test (explain difference between input range used and possible input):

- 1L gk Popec



mininipresf_irf vl.0
Routine/Macro Documentation Form Page 2 of 2

A portion of the output from the test is printed on p, 145, &N YMP-LBNL-CFT-GL-1
under the heading *“part of output file” -and Is provided in the INCON file
(inconsf.out) on the accompanying CD entitled YMP-LBNL-CFT-GL-1 (routines) in -
directory /mininiprest_ir/. The output on p. 145 is a sampling of the INCON file.
Since this reutine only reformats text and does one inverse log calculation, it is
assumed that the routine is valid for use with any range of values acceptable as a
ITOUGH2 MESH file and any set of log)4k permenbility values as input.

»  Description of how the testing shows that the results are correct for the specified input:
By visual inspection of the formatting (see p. 145) of the input and output flles and a
hand calculation of the log te inverse lug calculation to 4 point precision {see p. 145,
S/N YMP-LBNL-CFT-GL-1), it can be seen that the routine successfully creates the
portion of the INCON file as designed. The 3D visualization of the final INCON file
results on p. 152, /N YMP-LBNL-CFT-GL-1 demonstrates that the 2 permeability
data sets are properly assigned to the model elements by observing that the lower
liquid saturation values (therefore higher permeability) of set B are nearest the drift.
Therefore, the test case and routine are acceptable.

e List limitations or assumptions to this test case and code in general:
The routine was tested using an input data set that is comparable to that of 3D
ITOUGH?2 models necessary to model drift scale type problems. The routine is only
valid for files compatible with ITOUGH2 V3.2_drift or greater. The log to non-log
conversion was only cartied out to 4 point precision.

» Electronic files identified by name and location {include disc if necessary}):
The routine (mininipresf_ir.f¥1.0) and test files (MESH, permcut.dat) are provided
on the accompanying CD enfitled YMP-LBNL-CFT-GL-1 (routines) in directory

/mininiprest_ir/.

Supporting Information. Include background information, such as revision 1o a previous routine
or macro, or explanation of the steps performed to run the software. Include listings of all
electronic files and codes used. Attach Scientific Notebook pages with appropriate information

annotated:
See attached pages for technical review forms, referenced scientific notebook pages

and other supporting documentstion

MAINTAIN NOTEBOOK PAGES IN THIS ORDER:
pp- 145 and 152 for S/N YMP-LENL-CFT-GL-1 and pp. 102-105 from S/N YMP-
LBNL-CFT-GL-1A Reference Binder

I1-197 /M,éyw/@.
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supporting the document which is the subject of this review. These documents/data shall be included in the scope of this
review.
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YMP-LBNL-CFT-GL-1A Scientific Notebook for Reference Binder pp. 102-105
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minrefine3d.f v.1.0
Routine/Macro Documentation Form - Page1 of 2

The following information can be included in the scientific notebook. Attach and reference notehook pages
and diskettes with files as needed when submitting routine/macro to records.

1. Name of routine/macre with version/OS/bardware environment:
minrefine3df.f v.1.0 (routine) / UNIX SUNQOS Solaris 5.5.1/Sun workstation

2. Name of commercial software with version/OS/hardware used to develop routine/macro:
FORTRAN 77/UNIX SUNOS Solaris 5.5.1/Sun workstation

3. Test Plan.

s  Explain whether this is a routine or macro and describe what it does:
The routine will reform the [TOUGH2 V3.2_drift fite INCONsf and remove the grid
cells in the cut “drift” domain. Two input files will be needed: MESHsf.new generated
from the routine mdd(.f v1.0 inconsf.out generated from the routine mininipresf.f
v1.0.

¢  Source code: (including equaticns or algorithms from software setup (LabView, Excel, etc.):
pp- 124-125 from S/N YMP-LBNL-CFT-GL-1A Reference Binder

+  Description of test(s) to be performed (be specific):
The test or running of the routine will reform INCONSsT and remove the grid cells in
the cut “drift” domain. Two input files will be needed: MESHsf.new generated from
the routine mddLf v1.0 and inconsf.out generated from the routine mininiprest.f v1.0,
This is done by slmply ldentifying the elements removed in the MESH file and
ensyring that the same elements are removed from the INCON information. The
routine will be verifled by visually checking raw data files as well a5 the 3D plot of the
ITOUGH?2 V3.2_drift output. If the macro has any problem, the simulation will
produce an error result. The visual-check method is preferred because the output data
is very large and it is most effective to ¥isually check the results in 3D space rather
than check the autput data line by line. The visual check will consist of verifying that
the elements at the XYZ coordinates specified in the input are in fact removed
correctly from the output.

s  Specify the range of input values to be used and why the range is valid:
The range of input values are the input files: MESHsf.new generated from the routine
mddf.f v1.0 and inconsf.out generated from the routine mininipresf.f v1.0 which are
provided on the sccompanying CD entitled YMP-LBNL-CFT-GL-] (routines} in
directory /minrefine3df, Ne special range of input values is necessary to perform the
macro. This macro is used to reform a new INCON file from two existing [TOUGH2
V3.2_drift files.

4, Test Results.

s  Qutput from test (explain difference between input range used and possible input):
The resulting INCON data is written to the file INCONsf which is provided on the
accompanying CD entitled YMP-LBNL-CFT-GL-1 (routines) In directory
Jminrefine3d[/. Since this routine simply reformats the INCON data, it is assumed that
the routine is valid for use with any range of values acceptable as a ITOUGH2
V3.2_drift MESH file and any set of similar model characteristics,

1} = 28, SEd é//_:)//(fo




. minrefine3d.f v.1.0
Routine/Macro Documentation Form Page 2 of 2

Description of how the testing shows that the results are correct for the specified input:
The running of the routine and then Importing the INCON file into ITOUGHZ
successfully shows that the routine does not produce errors. Secondly, a line by line
visual inspection of the output was conducted and it can be seen that the routine
successfully produced the INCON properties for the for the cut out “deift”, Thirdly,
The 3D visualization of the model results on pp. 147, /N YMP-LBNL-CFT-GL-1
indicates that the routine is successfully removed the “drift”* properties. Therefore,
the test is valid and the routine s acceptable.

List limitations or assumptions to this test case and code in general:
The routine was tested using an input data set that is comparable to that of 3D
ITOUGH2 V3.2_drift models necessary to model drift scale type problems. The
routine is only valid for files compatible with ITOUGH2 V3.2_drift.

Electronic files identified by name and location (include disc if necessary):
The input files (MESHsf.new and inconsf.out) and cutput (INCONs) are provided
on the accompanying CD entitled YMP-LBNL-CFT-G1.-1 (routines) in directory
/minrefine3df/.

Supporting Information. Include background information, such as revision 1o a previous routine
or macro, or explanation of the steps performed to run the software. Include listings of all
clectronic files and codes used. Attach Scientific Notebook pages with appropriate information
annotated:

See attached pages for technical review forms, referenced scientific notebook pages
and other supporting documentation.

MAINTAIN NOTEBOOK PAGES IN THIS ORDER:

pp. 146-147 for S/N YMP-LBNL-CFT-GL-1; pp. 124-125 from S/N YMP-LBNL.-
CFT-GL-1A Reference Binder
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A NOTEBOOK NO.

147 | PROJECT NAME

implicit double precisloa{a-h,¢-z}
character*S nawe.wed

churacter haadred

charactertl text

chatactar's lrock -
dimemision K{160000], ¥ (160000}, £1160000)
dimansion par{70,45,%%,5} . xperni¥o. 45.55.51,
i ®alEatT0_ 45,55, 5) )
dimension xmac{70,45.55,5)

chagacter®s id{160000)

chacacter*3 iimc(79,45,55,5)

< .
c read rafined mwah

ndual =i

opan{unir=l, Eiles'MESHAE .neow' _status="alat)
rawind{lr
read{l, (s} end=40} wrd
ifiwrd .ne. ‘eleme .and. wrd .npe. CELERE') then
atop ‘no slems in MESH'
andif
e = 4
10 rwad{l. ' (a.10x.a,2e10.4,10x, Jeld . 4) ", enxded0)
» fdina <« 1), irock.vol . vi.Kl.¥yl. 3l
iflidinaskl .0q. '] goto LOD
na = ne 1
wlnel + %1
¥inel =yl
z(Nel = 1
gore 10
100 close{l}
c
r resd ineon (mer rafined)
nu=12
ay=3e
Azedl

opanilunital tiles' inconsf_ out" . starucx’old’)
rewind{l)

reaad(l, * {ab®) ' head

do i=sil.nx

40 jul ny

do k=1, ,nz

do kk=1.ndusl

rwad(l, ' {e5,2i5,215.9.3010.4) "1

3 ®alEali.j. K, kk}

SLANG (L, 3. K. KKD , idum, Ldum, por (i, J. k. hk}, xpaoemii, j ok ikl ,

erxido
enddo

opea [unicad, Ciles"IHCOML ", statues: unknown )

1ewindi)

write (2 ‘ (060} ) haad

d iel, nix

4> j=l.ny

du kelonx

0 kikzl. ndaal

45 nn=l.ne .

iflidinol . aq.linc(i, §.&, kk! 1 then
wokter2, (a5, 2i%. w15 .9, 2ell. 4} ")

& Ldlnn].iM.idu-.pdtl:.),k.kkl.-mrnli.j)k.kk!.

h Xabfafi, j.k, kk)
write (2, (e20.14) " bxaat{i.j, K, ki|

———— endif
b

RRARETAD)

wnddo
wndd.x
anddo
anduo
endda

writagy, *}
close(l]
closmil)
stop
4¢ st;g ‘Prewaturs EOF on WESH'
&n

T

read(). " te20. 34} Jxsatii.j, k. kk)

SRR R AR AR AR AR AR AR AR AR AR AR AR

on vicacak  plokes
3D bladk

Ty e, 3
Drvobwu_d £ePw b

_ Aeke flla. roamed
oo &‘Hr( D.r)\’v

o Aamday o d\w\ﬂ‘
cwm PC.

AN o‘m‘)}\i (X

A it

RFAN AND HINNDFRSTOOD

SIGNATURE e AL . DATE %

NATE 9
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12, Comment Documentation:
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review,
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3. Originator: Guomin LY

4, Document Title;

Documentation for Routine minrefine3df.f V1.0 {Option 1 per AP-51.1Q/Rev. 2ACN4, Sec. 5.1}

5. Document Number: N/A

€. Revision/Mod.:

8. Goveming Procedure Number: AP-SL1Q

9. RevisionMod. 2/4

N/A 7. Draft:  N/A

REVIEW CRITERIA
10. [1 Standard Review Critoria WA

11. [ Specific Review Criteria:

{Taken from Attachment 5)

12. Commeant Documentation:
¥ Comment Sheets
[0 Review Copy Mark-up
13. YMP-LBNL Project Manager (PM): Gudmundue S. Bodvarsson
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AP-S1.1Q/Rev. 2/ICN4, Sec.
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A N/A
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7. Reviewer:
Randail F. Hedegaard

8. NO, 8.
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10. COMMENT

-

1

12
. RESPONSE ' ACCEPT

ovief waf sle=il

~NO COMMENTS—

The documentation for this routine was reviewed and
it was found to meet the requirements of AP-
SI.1Q/Rev. 2/ICN4. The test case was checked by
both hand calculation and by running the code as
needed to fully check the test case. The lest case fully
checks the routine for the input specified and proves
that the routine produces acceptable results.
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YMP-LBNL
APPLICABLE REFERENCE INFORMATION

Document No.and Title: Notebook pages for Routine Documentation for minrefine3d{.{ V1.0

Date of Document (or revision, draft revision number, as applicable):

Pertinent sections of scientific notebook(s) or other backup documents and/or data DTN# are identificd below,

supporting the document which is the subject of this review. These documents/data shall be included in the scope of this
review.

Document(s) Title/Data Relevant Sections/Pages
YMP-LBNL-CFT-GL-1 Scientific Notebook pp. 146-147, 131
YMP-LBNL-CFT-GL-1A Scientific Notebook for Reference Binder pp. 124-125

Caronct  Pogort fu fron Shae f pPr. 142

YA i oy




_ ~ mk_gener.f v1.0
~ Routine/Macro Documentation Form Page 1 of 2

The following information can be included in the scientific notebook. Attach and reference notebook pages
and diskettes with files as needed when submitting routine/macro to records.

l. Name of mutindﬁmcm with version/OS/hardware environment :
‘ mi_gener.f v1.0 (routine) / UNIX SUNOS Solarls 5.5.1/8un workstation

2. Name of commercial software with versionfOthard;ware used to develop routine/macro:
FORTRAN 77/1INIX SIINOS Solarls 5.5.1/Sun workstation

EX Test Plan.

»  Explain whether this is a routine or macro and describe what it does:
The routine produces percolation flux values for every node at the top boundary of the
3D model. This routine creates a portion of the ITOUGH2 V3.2_drift input (the
GENER data} by taking input from the MESH file and a user defined percolation flux
value,

»  Source code: (including equations or algorithms from software setup (LabView, Excel, ew.):
Pp. 93-99 from S/N YMP-LBNL-CFT-GL-1A Reference Binder

s Description of test(s) to be performed (be specific):
The test will run the routine and produce individual percolation flux values for nodes
at the top boundary of the 3D model given a single average percolation flux. The code
will take the top boundary area for the each element and multiply this area by the
average percolation flux to come up with element specific percolation flux value. This
routine will create a portion of the [ITOUGH2 input (the GENER data} by taking
input from the MESH file and the user defined percolation flux value. Since the
routine’s calculations can be successfully checked using sample data that do not cover
the full range of possible top boundary aress, only a select number of elements will be
tested.

¢  Specify the range of input values to be used and why the range is valid:
The input range is an overall percolation flux of 5 mm/yr and 3 sample elements from
the orlginal MESH (see left margio p. 148, S/N YMP-LBNL-CFT-GL-1). This test case
input range is deemed valid because the routine’s formatting changes can be inspected
using only a small sampling of lines from the very large output file.

4. Test Results.

= Qutput from test (explain difference between input range used and possible input):
The output from the test is printed on p. 148, S/N YMP-LBNL-CFT-GL-1 under the
beading “TESTING”. These test case input ranges are deemed valid because the
routine’s calculations can be successfully checked using sample data that do not cover
the full range.

s Deseription of how the testing shows that the results are correct for the specified input:
Hand calculation confirms that the oulput is correct to the significant figures given
(shown on p. 148, S/N YMP-LBNL-CFT-GL-1}).

» List limitations or assumptions to this test case and code in general:

M- pgb Yo fer




mk_gener.f v1.0,
Routine/Macro Documentation Form Page 2 of 2

The input percolation Mux is vatid from O to infinity. The rontine was tested using an
{nput data set that is comparable to that of 3D models nccessary to model drift scale
type problems. The routine is only valid for files compatible with ITOUGH2

V3.2_drift.

e Electronic files identified by name and location (include disc if necessary):
The routine is printed on pp. 98-99 from S/N YMP-LBNL-CFT-GL-1A Refcrence
Binder and is provided on the accompanying CD entitled YMP-LBNL-CFT-(GL-1
(routines) in directory /mk_gener/. The test input and output are printed on pp. 145,
S/N YMP-LBNL-CFT-GL-1.

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

annotated:
See attached pages for technical review forms, referenced scientific notebook pages

and other supporting documentation

MAINTAIN NOTEBOOK PAGES IN THIS ORDER:
pp. 148 for S/N YMP-LBNL-CFT-GL-1; and pp. 98-99 from S/N YMP-LBNL-CFT.

GL-1A Reference Binder

W=7 224 for)em
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PROJECT NAME

NOTEBOOK NO.

il

_M.!&._g&u@

(S&L-‘b-b. d%mpi—\s-. o Mﬂ ’\31)

‘(Versiedio) G.L. s foo

T\N\‘v wm.‘r\? 3

o _add -»L.Lm-mo\muw\

wadery g
¥ LY 3 i
:L‘kr Ca., L;J?
iwmplicit doubie precimion {a-h,w-z) &
integer ne, ixyz open{unit=1, f1le="MESHSP' , status="old")
integes we, mc, nh rewind (1)
parammrar (me =180000] read{l, ' (a)".end=d0) wrd
La paramgtar (mc  =70000G) ifiwrd .ne. “slems’ .and, wrd .ne. "ELEME’) then
m paxasater {nh = 2300] atop ‘oo aleme in MESH'
chacacter=% id{es) endll
tn-——--——? charactar*d Ciwld {mw} s
- doyble precisien x(3 el LN
Fooy - double precimion almc).vall(ma) neaum & B
Lag integer scime} locat & 1
m:-gn ."i-“ 10 read{l,‘(s, 10x.a, 2el0.4,10x,.3410.4)"  ood=i0)
: integar c&§l me) [} idine » L},taxce vollina+l),vi nl .y, x1
S integer hahinb] NUBUR B THESAEE T
- u\:;ﬂ.l’ i:dt—' KE(id {mee1) _na_ ° *) than
Ly call reeal i R ta 18
. ¥ L(rdrite. ne.ld, tteld, n,uc,v, 8. cC heh, ind, me. mc. nh, ixyz, voll} :::::nlsu.:qom' co':.: “me sl
s atop wcta 18
v 2 wod it
subroutine rmesh e
.. Y G{rdeilt.ne, id, tleld. x eC, ¢, 8. cc, heh, Ind, wa . mc, nh, dayz, wall) :l:‘: :;o
: impllcit’ double precision la-h.o-1} volsunsvoleuns voll [it
character*$ §dimet suhda
characces*d texte
rharacter*s tieldime] do 1=1,ne

Jw

b

B

T

0.3650E+000 .3250!}(;10.100081»02

BUNOF0 ., 5000B-060. 25008+00

0.36508+000.3750B+010.2000E+02

BUNOFO.5000E-060. 2500E+00

double precislen =3 me)
double precidion &time)
integec wcimel

integer «(1,m}

Lnteger ool mo|

intager hah(nhi

integer ind{mef

double precimion vall{mel
Sharsctarss wrd

writei{=,*) 'Infiltration Mate in masa‘
cwad{*, *Irinf

opentunit=1. [ilas GEMIASE " . mtetus='unknown')
rawind{d)

CaNtes GENER

wrira(2, (s} ltente

iwl=0

iw2=¢

Caksrvell li} /voisum
weital2. " (e, 14,350 4 810,40

SEdLLY, "IV, B THATE
enddo

clowe il
clousi?}
top

40 stop' Frematura Knd of Pile’

rnd

Eake'sin™78,.4%5%) . 1T1e-00

N

M\»

POV = VI YT PO SR 2%

/gy
/

0,3650R+000.4250B+010. 3000E+93‘_‘
.

Fad Y t ——
For o fxid wih a Siacfalr oves 05 K0.L v
¢ wm/Yr X 0.2 \w ]

— o.00f % 25 () /;csvcw X3boo (g) |

= o.3q¢a¥ (ky/s)

e

"% |o~

Z-/M[eo

Tle Ml'}vJC -@«-L:_

hoo Glaewn o onfv-e.uk'_,»{

BUNQF{O.5000E-080._2500E+00

B78 2I 38
B79 2I 39

v s uhEs. -
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L

1 a7 WATE 0.3964E-07
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WATE 0.3964E-07
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review,
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checks the routine for the input specified and proves
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The following information can be included in the scientific notebook, Attach and reference notebook pages
and diskettes with files as needed when submitting routine/macro to records.

L. Name of routine/macro with version/OS$/hardware environment:
mk_scale_kf v.1.0 (routine) / UNIX SUNOS Solaris §.5.1/Sun workstation

2. Name of commercial software with version/OS/hardware used to develop routine/macro:
FORTRAN 77AINIX SUNOS Solaris 5.5.1/Sun workstation

3. Test Plan,

¢  Explain whether this is a routine or macro and describe what 1t does:
This routine is used to scale a heterogeneous field by changing the parameter A in the
following formula: K'=(K-K)A+K
where, K » old log permeability; K = old mean Jog permesbility; K’ = new log
permeability; A = scaled factor. Special conditions for A: unchanged heterogeneous
field when A =1, K’ = K; homogeneous field when A =0, K* = K; higher
heterogeneous ficld when A>1; or a lower heterogeneous field If A <1,

+  Source code: (including equations or algorithms from software setup (LabView, Excel, etc.):
pp- 100-101 from S/N YMP-LBNL-CFT-GL-1A Reference Binder

»  Description of test(s} to be performed (be specific):
The routine is checked by taking a set of permeability values as input, and then
compuring the results with a hand calculation of standard deviation. These results will
be checked by hand calculating the output and input data to verify that the standard
deviation of log permeability has been correctly scaled.

o Specify the range of input values to be used and why the range is valid:
The range of input values are the permeability values in file (permd5_rl.dat) which is
provided on the accompanying CD eatitled YMP-LENL-CFT-GL-1 (routines) in
directory /mk_scale_k/.

4, Test Results.

s Output from test (explain difference between input range used and possible input):
The output file from the test Is saved as perm.new on the accompanying CD entitled
YMP-LBNL-CFT-GL-1 (routines) in directory /mk_scale k/. Since this routine does
one standard deviation calculation that Is valid on real numbers, it is assumed that the
routine is valid for use with any range of values acceptable as a ITOUGH2 V3.2_drift
MESH file and any set of similar permeabilities.

+  Description of how the testing shows that the results are correct for the specified input:
When the value of the input parameter A Is 1.292, the standard deviation of the log
permeability is 2.503 (see p. 149, S/N YMP-LBNL-CFT-GL-1, from the output file
perm.ocw). By hand calculation of the standard deviation it is appurent thut the code
correctly scales the permeability values, Therefore, the test case is vulid.

¢  List limitations or assumptions ta this test case and code in general:
The limitation of the input value of the scale factor: A >= 0.0,
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e Electronic files identified by name and location (include disc if necessary):
The output file (perm.new) and input file (permdS_r1.dat} are saved on the
accompanying CD eatitled YMP-LBNL-CFT-GL-1 (routines) in directory
fmk_scale_k/. .

Supporting Information. Include background information, such as revision to a previous routine
of macro, or explanation of the steps performed to run the software. Include listings of all
electronic files and codes used. Attach Scientific Notebook pages with appropriate information

annotated:
See attached pages for technical review forms, referenced scientific notehook pages

and other supporting decumentation,
MAINTAIN NOTEBOOK PAGES IN THIS ORDER;

pp- 149, 123 for /N YMP-LBNL-CFT-GL-1; pp. 100-101 from S/N YMP-LBNL-
CFT-GL-1A Reference Binder
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