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1 PURPOSE OF REPORT

Staff of the U.S. Nuclear Regulatory Commission (NRC) will be expected to evaluate geologic data and
models provided by the U.S. Department of Energy (DOE) during the licensing review process for the
first high-level radioactive waste (HLW) repository, the potential site for which is located at Yucca
Mountain, Nevada. Because of this expectation, the NRC requested that the Center for Nuclear Waste
Regulatory Analyses (CNWRA) review the software currently being used by the U.S. Geological Survey
(USGS) for DOE's Yucca Mountain Project Office (YMPO) in development of a three-dimensional
geological framework model for Yucca Mountain. The specific software being used by the USGS for
this purpose is the Lynx Geoscience Modeling System (GMS) designed and marketed by Lynx
Geosystems, Inc., Vancouver, British Columbia, Canada.

The directive for this review was established by a memorandum, dated February 18, 1993, from K.
McConnell (NRC) to L. McKague (CNWRA). The purpose of the review was to evaluate Lynx GMS
software in relation to several factors - capability to integrate surface and subsurface borehole and
geological data into a three-dimensional solid geometric model, limitations, and adaptability to NRC
needs. The directive required review results to be presented as an administrative item related to major
milestone 20-5702-003-330-034. This report (AD 20-5702-003-340-001) is not a tutorial on how to use
Lynx GMS, but an assessment of the capabilities, limitations, and adaptability of the software.

Information contained in this report was developed, in part, from knowledge gained during an NRC/DOE
Appendix 7 exchange on three-dimensional geological modeling software currently in use by DOE and
its contractors. Therefore, the report also serves to summarize the important points discussed at this
exchange. The exchange was held in Denver and Las Vegas on August 10-1 1, 1993, and addressed
DOE's use of Lynx GMS software as well as Dynamic Graphics (DGI) Earthvision software. Information
was also obtained from demonstrations of Lynx GMS software presented by staff from Lynx Geosystems.
Inc. at CNWRA in San Antonio, Texas (June 15, 1993) and at NRC in Rockville, Maryland (August
19, 1993).
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2 GENERAL FEATURES OF LYNX GMS SOFTWARE

GMS is the interactive, menu-driven computer software system designed by Lynx Geosystems, Inc. for
management, analysis, modeling, interpretation, and visualization of geological data. Capabilities of the
software system include management, review, and analysis of spatial data; geological and geostatistical
modeling and interpretation in two and three dimensions; volumetrics analysis; and three-dimensional
visualization. The software system incorporates vector techniques to model hard geologic boundaries and
raster techniques to model distribution of variables having a spatial variation. It uses two-dimensional
visualization for interactive graphics operations involving significant input data (e.g., geological
interpretation is first done with two-dimensional cross sections, the medium in which geologists
commonly work for analyzing subsurface geology and structure). Results can be produced as cross-
sections, fence diagrams, and fully three-dimensional solid models.

GMS provides a range of import/export options for interfacing with external systems. The principal
vehicles for import/export of data are GMS ASCII file formats for borehole and map data. Flexibility
of these formats in GMS accommodates a wide variety of geological data. For example, it is possible
to import seismic information as borehole trace data, profiles, and contours. Lynx GMS uses free-
format, self-defining ASCII files for data import, allowing source data to be taken from Geographic
Information System (GIS) storage in ARC/INFO and GENAMAP, Structured Query Language (SQL)
database systems such as ORACLE and INGRES, spreadsheet systems, and Computer-Aided Design
(CAD) sources. Information can be exported into these systems after processing by GMS. In addition
to GMS ASCII files, export facilities include Data Exchange Format (DXF) files (for storing vector data
in ASCII or binary files), Wavefront-formatted files (for enhanced visualization), Adobe Systems
PostScript Image files (for driving laser printers), and Hewlett-Packard Graphics Language (HPGL) plot
files (for driving H-P plotters and object-oriented drawing). An enhanced three-dimensional visualization
option is required for use of Wavefront-formatted files. This option makes it possible to export
information to the Wavefront Data Visualizer for displaying three-dimensional geological relationships
and grid models of geostatistical distributions of properties. Any screen view can be output from GMS
in any chosen orientation in three-dimensional space. Color print-outs can be produced if a compatible
color printer is available.

An optional engineering component makes it possible to consider aspects of surface and underground
engineering and excavation control. All GMS modeling, analysis, and visualization capabilities are linked
to the engineering component for free import/export of information.
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3 CAPABILITIES OF GMS SOFTWARE

3.1 BENEFITS OF GMS AS A TOOL FOR REGULATORY REVIEW AND
ANALYSIS

Based on information from the Appendix 7 meeting in Denver, DOE and its contractors are
presently using two software systems: Lynx GMS (used by USGS, Sandia, Morrison-Knudsen,
Woodward-Clyde Consultants, EG & G, and YMPO) and DGI Earthvision (used by EG&G and YMPO)
for data analysis, three-dimensional geological modeling, and visualization. DOE currently plans to use
Earthvision as the software for management visualization because of its graphics capabilities, and GMS
as the scientific software for development of geological and engineered facility three-dimensional models.
DOE appears to recognize it may be difficult to completely merge these two different software systems
because each is set up with a distinct approach to three-dimensional modeling. Lynx GMS is oriented
towards modeling discrete bodies (a strong point for its use in modeling complex geological situations),
while DGI Earthvision is configured for modeling continuously varying properties.

GMS was chosen by the USGS for use in construction of the three-dimensional geologic
framework model of Yucca Mountain for two principal reasons. First, since the software is set up to
model complex geology in three-dimensions, modeled faults could be terminated within blocks as they
are observed to do in the field at Yucca Mountain. This is an important consideration for construction
of detailed models of faulting based on field data, since extraneous planes are not required. Second, this
software will interface directly with the engineering excavation models to be assembled by staff at
Morrison-Knudsen who are using the Lynx engineering module in connection with underground design
and construction activities. Location of shafts and ramps and the intersection of geological elements with
the engineered facilities can be modeled and analyzed in three-dimensions using Lynx GMS and the Lynx
engineering option application module.

Potential usefulness of the modeling software in a regulatory arena is related to providing
capability for NRC staff to assess and manipulate geological data and models provided by DOE for the
first HLW repository during both the pre-licensing phase and the licensing review process. Timeliness
and efficiency of reviews would be enhanced for site suitability and other pre-licensing issues, as well
as for license application acceptance. Modeling software would provide for cost-effective use of NRC
staff resources in evaluation of data and models. To assure data need not be re-entered prior to conduct
of any evaluations and models can be directly assessed, it is important that NRC staff have access to the
same modeling software for judging the quality of both data and models and assessing the need for more
data or alternative models. Furthermore, NRC staff may also need to construct viable models as
alternatives to what DOE has proposed, and use of the same software should make it easier to compare
models constructed by NRC staff with those provided by DOE. Hence, adaptability to the NRC's needs
in relation to timely regulatory review, analysis of data and models, and assessment or construction of
alternative models will be enhanced if the modeling software is the same as that used by DOE.

3.2 SYSTEM AND APPLICATIONS MODULES OF GMS SOFTWARE

GMS is comprised of system modules and four major application modules which are accessed
by the user through a menu system and a graphical interface. System modules are the minimum "core"
system configuration and are essential for operation of Lynx GMS. The system module on which GMS
is based is a three-dimensional volume modeling technology, initially designed for the mineral industry
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to provide capabilities for supporting mine excavation planning and ore deposit evaluation. It is
specifically designed to handle irregularities and discontinuities of geologic volumes and contains
interactive facilities which allow analysts to exercise professional judgment in construction of two-
dimensional cross-sections and three-dimensional solid models.

Application modules are linked with the system modules by a menu and an interactive graphics
interface within the system modules. The following four application modules available in GMS make it
possible to address the key modeling functions necessary in development of three-dimensional geological
framework models and geostatistical modeling.

* Geoscience Database Management Module: The GMS database management module provides
tools for entry, storage, retrieval, and manipulation of data. The database management system
accommodates data from both borehole drill log and map formats -two principal formats for
data compiled from geoscientific investigations. Geoscience information stored in the database
structure is accessible to all other GMS application modules and comprises the information
source for subsequent GMS operations. Data management facilities allow for specification of
project-related information such as titles, descriptions, and units for all variables. Borehole data
management capabilities permit borehole information to be entered using the keyboard or by
directly importing data from external ASCII files. For map data management, data entry is
accomplished using the keyboard, interactive graphics, and a digitizing table. It is also possible
to import map data files in ASCII format. Information generated for any graphics screen
display is stored in map data format. Map data import/export is the principal vehicle for
exchange of information between GMS and external systems. Map data files can be exported
in ASCII format and as plot files in DXF or PostScript format. Additional facts on GMS
database management capabilities are provided in Lynx product information sheets (Appendix
A).

* Geoscience Data Analysis Module: The GMS data analysis module provides tools for visual,
statistical, and geostatistical inspection of project data. It allows for visual inspection, analysis,
and interpretation of borehole and map data prior to definition of geological, geostatistical, and
engineering models which may be constructed using other appropriate GMS application
modules. The data analysis module has the capability to display borehole and map information
on planes of any orientation in three-dimensional space for viewing by the analyst. It is
possible to perform two-dimensional interpolations of variables directly on the selected planes
of view, or viewplanes, and display them as line contours or color-coded maps for both
borehole data and map data. Statistical analyses are used to provide an understanding of data
distributions and relationships. Analysis options include generation of scattergrams for data
correlation analysis, development of histograms and cumulative frequencies for data distribution
models, and determination of data confidence limits. All of the options are accessed through
the interactive graphics interface. Also, geostatistical analysis can be applied to all defined
attributes to determine the spatial relationships between isolated observed values and to develop
semi-variogram models for spatial interpolation of values. Additional details of Lynx GMS data
analysis capabilities are provided in the product information sheets (Appendix A).

* Geological Modeling Module: The GMS geological modeling module permits an analyst to
fully use geological information and judgment interactively in construction of three-dimensional
geological volume models for visualizing and interpreting the subsurface character of the
volume of rock being modeled. Geological components are first geometrically represented by
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defining data on a single plane as a geological cross-section. This plane becomes the midplane
cross-section of the three-dimensional volume being modeled. Based on existing data and
geological judgment, the analyst assigns a distance over which data in the midplane section can
be reasonably extrapolated to planes in front of and behind (the foreplane and backplane
sections of the volume, respectively) that plane in three-dimensional space. This distance
represents a thickness through which the data can be extrapolated in the volume model, and the
foreplane and backplane sections can be interactively modified based on geological judgment
of the analyst. The derived foreplane, midplane, and backplane sections are then linked through
capabilities inherent to Lynx GMS technology to form three-dimensional representations of the
geological features in the cross-sections. The volume of the model is extended by consecutively
working with cross-section data as described and linking the planes together. The interactive
function makes it possible to generate viewplanes of any orientation within the constructed
three-dimensional volume. The vector-based approach allows for increasing levels of detail to
be added to the model as new data become available.

The integrated three-dimensional visualization capability of GMS permits all data to be
selectively viewed (or exported) in section (or projection) from a viewplane of any orientation.
Perspectives may be generated from any viewpoint. Volumetrics capabilities of the Lynx three-
dimensional volume modeling technology comprising part of the core system modules of GMS
make it possible to determine volumes of geological units, irregular shapes, and engineering
excavations as required. The volumetrics capabilities are fully integrated with the geological
modeling module, including the ability for generation of three-dimensional isosurfaces of
geological variables. Further information about GMS geological modeling capabilities are
provided in the product information sheets (Appendix A).

* Geostatistical Modeling Module: The GMS geostatistical modeling module provides the
capability to predict, represent, and visualize three-dimensional variation of numerical attributes
in a geologic model, based on spatially-isolated attribute observations in and around the model,
by attribute interpolation. It interpolates values between groupings of spatially-isolated
information using kriging or inverse distance interpolation. As often pointed out (e.g., Davis,
1986), kriging has the advantage of providing a measure of statistical uncertainty associated
with each estimated value. (Triangulation methods may also be used for manipulation of
gridded data.) Both borehole and map format information can be accessed. The module
provides facilities for three-dimensional array manipulation of grid models using interpolated
values for each attribute of interest, and for intersection of geological (vector-based) models
with grid (raster-based) models. Geostatistical models can also be used to visualize volumes
with values exceeding a certain threshold value (e.g., a potential preferred ground-water
pathway) in three-dimensional perspective. Three-dimensional visualization of gridded models
is best accomplished using the optional Wavefront Data Visualizer discussed in Section 3.3.

Volumetrics capabilities of the Lynx three-dimensional volume modeling technology are fully
integrated with the geostatistical modeling module. More information on geostatistical modeling
capabilities is provided in the product information sheets (Appendix A).
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3.3 OPTIONAL APPLICATION MODULES FOR GMS

Useful application module options include an engineering module and an enhanced three-
dimensional visualization module.

* Engineering Module Option: The optional GMS engineering module permits design and
modeling of underground excavations and excavation control as well as design, modeling, and
control of surface excavation and fill. A capability for interactive excavation of tunnels and
ramps is included. Engineering boundaries representing excavation limits, cutoff barriers, or
any analytical volume of interest are able to be defined and modeled interactively using the
three-dimensional volume modeling technology of the Lynx GMS. Useful interactive
capabilities include viewplane manipulation, zooming, and perspective viewing. The
volumetrics analysis capability allows determination of volumes within irregular boundaries.
Defining surface excavations relative to a specified excavation level is also achievable.

Because the three-dimensional volume -modeling system module is fully integrated with
geological modeling, geostatistical modeling, and other GMS modules, the intersection of three-
dimensional underground and surface excavation designs with modeled subsurface geology can
be displayed and analyzed. Engineering boundaries and surfaces may be defined interactively,
digitized from plans and sections, or imported in map data format as surveyed points and
traverses and as drawing files from external technologies such as GIS and CAD systems.
Three-dimensional perspective visualization allows display of spatial relationships between
engineered facilities and geological units. Other details about the engineering module option
are provided in the product information sheets (Appendix A).

* Enhanced Three-Dimensional Visualization Module Option: Through the enhanced three-
dimensional visualization module option, GMS provides the capability to export information in
ASCII format to the Wavefront Data Visualizer. This makes it possible for the user to display
volume models showing geological relationships and three-dimensional grid models illustrating
geostatistical distributions of properties. The displays can be altered with a full suite of tools
for cut-aways, cutting planes, translucency, illumination source positioning, and generation of
iso-surfaces and iso-volumes. The enhanced three-dimensional visualization assists with
verification of models and provides displays for presentation purposes. Draping facilities are
available through the Wavefront Data Visualizer. The degree of interactivity for three-
dimensional visualization depends upon power of the hardware being used.
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4 PERCEIVED LIMITATIONS OF GMS SOFTWARE

Bearing in mind that no single software system will be able to do everything for everyone, certain
concerns have been voiced by GMS users. As indicated by statements made by users during the
Appendix 7 meeting, topmost on the list is the fact that the current version of the software does not have
an on-line help facility as other software systems (e.g., DGI Earthvision) do. Because the system is
driven through a series of menus and there is no interactive dialogue to lead the user, some have
commented that it is not always obvious what the next procedural step should be. This fact makes the
initial use of GMS somewhat difficult and produces a steep learning curve for the new user. However,
some regular users who are geologists argue that the menu-driven system provides for versatility and
more direct interactive involvement in that the process is not automated, but follows logically the manner
in which a geologist might analyze borehole or cross-section data. Based on information from Lynx
Geosystems, Inc., an on-line help facility is currently being developed as a user interface capability and
should be released by the end of 1993. This help facility will supplement the toolkit approach rendered
by flexibility in choice of solution pathways.

Comments were made during the Appendix 7 meeting that GMS is less user-friendly than other software
systems (e.g., DGI Earthvision) because it cannot run in batch mode via a command file or shell script.
Additionally, its operation across a network is considered awkward by some due to the use of function
keys. These two concerns are also related to user interface complexities of GMS. It should also be noted
that no capability currently exists in GMS for superimposing (i.e., draping) photographs over map data.

A generic concern for acquisition of any software system, no matter how potentially useful it may be,
is the requirement for a staff person to maintain the software on a continuing basis. This maintenance
aspect is separate from continuous use of the software by a technical analyst for construction and
interpretation of three-dimensional geological models. If a single dedicated staff person is assigned for
both maintenance and use of the software, that person must either have an adequate geological
background, or be able to work closely with a geologist in construction and analysis of the models. If
the dedicated staff person is a geologist, he/she may find maintenance of the software to be a task which
reduces the time available for technical efforts. This concern may require that the present staffing
situation at the NRC be assessed to determine who would maintain and who would use Lynx GMS
software - should it be acquired.
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5 HARDWARE REQUIREMENTS AND ADAPTABILITY TO NRC
HARDWARE

5.1 HARDWARE CONFIGURATION REQUIREMENTS

The Lynx system is designed to take full advantage of processing and graphics capabilities of
technical workstations using the UNIX operating system. It is written in industry standard languages
(Fortran 77 and C) with the X windows graphics standard. The system runs on a variety of Silicon
Graphics (SGI), Hewlett-Packard (H-P), Sun, and IBM workstations, and a minimum configuration can
be assembled to run on hardware less powerful than that currently possessed by NRC. However, the
McConnell to McKague memorandum requesting review of Lynx GMS specifically directed that hardware
requirements for the software be addressed in relation to adaptability to existing NRC hardware. Hence,
although other factors (e.g., multiple-user considerations and configuration needs of other software
packages) will affect final decisions on choice of hardware, the following information provides general
configuration guidelines. The guidelines may be used to aid in the assembly of an optimal installation
for the Lynx software system using existing NRC hardware systems identified below, each of which
meets or exceeds the Lynx requirements. The guidelines are presented with hardware in order of
decreasing power and increasing run-time.

For the SGI IRIS Crimson, the following facilities are needed to complement the workstation:
19-inch color display, 32 Mbytes RAM, 1.2 Gbyte fixed disk storage, 1/4-inch cartridge tape drive; 2.0
GB DAT tape drive, CD-ROM drive, locating device (mouse), and IRIX (SGI's version of UNIX) system
software.

For the Sun SPARCStation 10, the following facilities are needed: 19-inch color display, 32
Mbytes RAM, 600 Mbyte fixed disk storage, 1/4-inch cartridge tape drive, locating device (mouse or
tablet), and SunOS (Sun's version of UNIX) system software.

For the Sun SPARCStation IPX: 16-inch color display, 16 Mbytes RAM, 600 Mbytes fixed
disc storage, 1/4-inch cartridge tape drive, locating device (mouse or tablet), and SunOS system software.

For a complete Lynx installation, a plotter, a printer, and a digitizer are recommended
peripheral devices. Lynx software supports the HPGL pen plotter language, so HP plotters are supported
by default. Other types of plotters may be compatible through the use of HPGL emulation. Any line
printer supported by the UNIX workstation could be utilized by the Lynx system for report generation.
Lynx software also has the ability to dump report quality graphics to PostScript printers. Acceptable
digitizers currently include GTCO, CALCOMP 9500, or KURTA.

5.2 ADAPTABILITY TO NRC HARDWARE

The demonstration of Lynx GMS software conducted at the NRC on August 19, 1993 was run
on the SGI IRIS Crimson, thus, clearly showing GMS is compatible with this existing workstation in the
NRC computer facility. NRC's Sun SPARCStation 10 and SPARCStation IPX can also be used to run
GMS software if the facilities specified in Section 5.1 are made available. For a complete, fully
supported Lynx installation, it would be necessary to obtain appropriate peripheral devices for plotting,
color printing, and digitizing of data.
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6 COST OF SOFTWARE AND ASSOCIATED ITEMS

6.1 SOFTWARE LICENSE AND RENTAL FEES

Lynx Geosystems, Inc. provides a range of licensing arrangements covering single-site,
multiple-site, and multiple-user/networked configurations. GMS is offered on a license-to-use basis
through a licensing agreement with all rights to the software reserved by Lynx Geosystems, Inc. The
following license fees indicate current list prices for a single-site license for GMS with the enhanced
visualization and engineering option modules. Installation, training, and related expenses (e.g., time,
travel, and accommodation for Lynx personnel) are additional and charged separately.

Geoscience Modeling System (GMS) $25,000.00
Enhanced Wavefront Visualization Option 9,500.00
Engineering Option 10,000.00

Multiple-site licensing fees for Lynx software are discounted as follows:

First site 100 percent of list price
Second and third sites 75 percent of list price
Fourth, fifth, and sixth sites 50 percent of list price
Seventh sites and beyond 30 percent of list price

For multiple-user, networked configurations, software is licensed on a per CPU basis. Charges
include a 30 percent premium (i.e., 30 percent of list price) for graphics processors and a 5 percent
premium (5 percent of list price) for each terminal or PC.

GMS may be rented at a monthly rate of 10 percent of list price. The rental fee includes
documentation and maintenance, but does not include installation, training, and associated travel and
living expenses for Lynx Geosystems, Inc. staff- these are additional and charged separately. Minimum
GMS training periods are mandatory in the case of GMS rental. Purchase credits will be awarded for
50 percent of the rental payments made in the ten months preceding purchase, up to a maximum of 50
percent of purchase price.

6.2 MAINTENANCE AND SUPPORT

Software maintenance includes periodic software and documentation upgrades and access to
hotline support. Maintenance and support are provided at a rate of 15 percent per year of the current
software list price, on condition that users have received adequate training. Maintenance is mandatory
for the first year and automatically renews on an annual basis. Three months' written notice is required
for cancellation of the maintenance agreement.

For single-site maintenance fees, the rate is 15 percent per year of the current listed license fees.
Multiple-site maintenance fees are normally charged at the full rate for each site unless coordinated
through a single site; then, a 10 percent discount is allowed on total maintenance charges. This option
requires the user's system administrator to complete a five-day GMS system administration course.
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Maintenance fees for multiple-user, networked configurations are charged at 15 percent of the
applicable license fee. As an example, the software license fee for a second networked processor is 30
percent of list price - thus, the maintenance fee would be 15 percent of 30 percent of the list price, or,
4.5 percent.

6.3 INSTALLATION AND TRAINING

Lynx Geosystems, Inc. provides turnkey or partial installation services which may be required
as a result of software and hardware implementation. A minimum of one day for a Lynx staff person
to perform the GMS installation is $750.00 per day, plus associated expenses. Alternatively, users may
avail themselves of the five-day GMS system administration course and perform the installation
themselves.

A minimum amount of GMS training is mandatory for the first site license. The minimum
training period for GMS is three days, plus one day for the engineering option and one day for the
enhanced visualization option. GMS training in courses organized and scheduled by Lynx Geosystems,
Inc. at selected locations is available at a rate of $500.00 per person per day. GMS on-site training is
charged at $1,000.00 per Lynx professional per day, plus associated travel and accommodation expenses.

User training in courses and seminars organized periodically by Lynx Geosystems, Inc. in its
Vancouver corporate headquarters is available for $2,000.00 per five-day week for the first attendee, plus
$1,000.00 per week for each additional attendee. A five-day training course is recommended, with a
five-day advanced user course six months after installation of the software.

6.4 EXAMPLES FOR PRICING MULTIPLE-USER/NETWORKED AND
SINGLE-USER CONFIGURATIONS

Based on information provided by Lynx Geosystems, Inc., Table 6-1 indicates license fees for
GMS software and the engineering and enhanced visualizer options for a hypothetical networked site
configuration consisting of six operators using existing NRC workstation platforms as previously
discussed, and three PC terminals. That is, this hypothetical configuration is comprised by one SGI IRIS
Crimson workstation with the Wavefront Data Visualizer, two additional processors (one Sun
SPARCStation 10 and one SPARCStation IPX), and three PC terminals. In addition to license fees,
Table 6-1 presents charges for maintenance and support and installation and training to help clarify the
pricing information discussed previously. By way of comparison, Table 6-2 illustrates license fees and
associated costs for a single-user configuration for the SGI IRIS Crimson workstation.
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Table 6-1. Hypothetical Multiple-User/Networked Configuration

Software License Fees

GMS Software $25,000.00

TOTAL GMS Software (Base System) $25,000.00

Optional Software

Engineering Option 10,

Wavefront Data Visualizer 9,'

TOTAL Optional Software

Multiple-User License Fees

Two Networked Processors @ 30%
(2 x 30% x $35,000) 21

Three Networked PC Terminals @ 5%
(3 x 5% x $35,000) 5.,

TOTAL Multiple-User License Fees

TOTAL License Fees (Software & Multiple-User)

Maintenance and Support

TOTAL Annual Maintenance and Support
(15% of total license fees = 15% x $70,750)

Installation & Training (One Lynx Professional)

Two Days Installation @ $750/day 1,

Ten Days On-Site Training @ $1,000/day 10

Travel and Living Expenses 6,

TOTAL Installation & Training

GRAND TOTAL (License Fees Plus Costs for Maintenance,
Support, Installation, Training, Associated Expenses)

000.00

500.00

19,500.00

,000.00

,250.00

26.250.00

70,750.00

10,612.50

500.00

,000.00

000.00

17.500.00

$98,862.50
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Table 6-2. Hypothetical Single-User Configuration

Software License Fees

GMS Software $25,000.00

TOTAL GMS Software (Base System)

Optional Software

Engineering Option IC

Wavefront Data Visualizer 9

TOTAL Optional Software -

TOTAL License Fees

Maintenance and Support

TOTAL Annual Maintenance and Support
(15% of total license fees = 15% x $44,500)

Installation & Training (One Lynx Professional)

One Day Installation @ $750/day

Ten Days On-Site Training @ $1,000/day 10

Travel and Living Expenses 6,

TOTAL Installation & Training

GRAND TOTAL (License Fees Plus Costs for Maintenance,
Support, Installation, Training, Associated Expenses)

$25,000.00

0,000.00

,500.00

19.500.00

44,500.00

6,675.00

750.00

1,000.00

,000.00

$67.925.00
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7 USE OF LYNX GMS SOFTWARE BY THE USGS IN THE
YUCCA MOUNTAIN PROJECT

Using Lynx GMS software without the Wavefront Data Visualizer option, the USGS has constructed a
three-dimensional, lithostratigraphic demonstration model for the area at Yucca Mountain extending from
Yucca Wash to Borehole G-3 north to south and from the Solitario Canyon Fault to the Bow Ridge Fault
west to east (Buesch and others, 1993). This area includes the Ghost Dance Fault and the repository
block. Only faults with a total displacement of 20 feet or greater have been incorporated into this
preliminary model. Currently there is a single dedicated user who conducts essentially all modeling for
the USGS using GMS software, although a total of four professional staff are familiar with the software
and its use.

A discussion of the USGS geological framework model ensued at the Appendix 7 meeting in Denver on
August 10, 1993, with the purpose of providing meeting attendees (see Appendix B) information on status
of the USGS efforts using GMS software. The paper by Buesch and others (1993) provides details of
this modeling effort. During the Appendix 7 meeting, USGS staff summarized their thoughts on the
importance of three-dimensional computer modeling by presenting the following anticipated uses of the
resulting model:

* To spatially define, for project-wide use, a geological framework model based on all pertinent
geological data;

* To check and confirm the three-dimensional consistency of stratigraphic and structural data as
these data are acquired. Based on new data, the model will be modified as appropriate;

* To predict spatial variability of geological units and features;

* To visualize complex geometry of rock units and structures in three-dimensions;

* To aid in planning site characterization (e.g., placement of boreholes and other testing); and

* To directly interface geological information with the engineering model(s) produced by Morrison-
Knudsen.

Future modeling to be undertaken by the USGS using GMS will have as its goal refinement of the three-
dimensional lithostratigraphic model by determination and incorporation of the following information:
(i) all faults within the defined area which have a total displacement of 10 feet or greater; (ii) subunits
of the lithostratigraphic units; (iii) alteration facies; (iv) hydrostratigraphic units; (v) thermal-mechanical
units; and (vi) geophysical properties and parameters.

Statements from USGS staff on anticipated uses of GMS and future modeling plans indicate the
importance they place on GMS software for construction of a three-dimensional lithostratigraphic model
of Yucca Mountain acceptable for project-wide use.
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8 SUMMARY

Potential usefulness of the modeling software in a regulatory arena is related to providing capability for
NRC staff to assess and manipulate geological data and models provided by DOE for the first HLW
repository during both the pre-licensing phase and the licensing review process. Modeling software
would provide for cost-effective use of NRC staff resources in timely evaluation of data and models for
site suitability and other pre-licensing issues, as well as for issues related to license application
acceptance. To assure data need not be re-entered prior to conduct of evaluations and models can be
directly assessed, NRC staff require the same modeling software used by DOE for judging quality of data
and models and assessing the necessity for more data or alternative models. If NRC staff wish to
construct viable models as alternatives to what DOE has proposed, use of the same software should make
comparison with models provided by DOE easier. Adaptability to the NRC's needs in relation to timely
regulatory review, analysis of data and models, and assessment of alternative models will be enhanced
if the modeling software is the same as that used by DOE.

While it is unlikely that any single software system will manage all possible types of geological and
engineering information, Lynx GMS is well suited to modeling complex geological environments since
the software is oriented towards modeling discrete bodies. Lynx GMS can generate models in faulted
terrains in which faults are properly terminated within blocks. It also possesses an engineering option
module for interfacing geology and engineering facilities.

Just as with any other software, Lynx GMS is regularly updated to address developing user needs.
Although the current version of Lynx GMS (Version 2) does not have on-line help, this feature is
forthcoming. Based on information from Lynx Geosystems, Inc., an on-line help facility is being
developed and should be released by the end of 1993 in Version 3. Users have considered lack of this
feature a distinct disadvantage.

A new managerial module is being developed which has a viewing facility with a query option permitting
non-technical managers to track modeling progress and results. This option will be available at a price
lower than the full modeling software system, but exact cost and availability have not yet been
determined.

Concern about availability of staff to maintain and use GMS, and any other similar software system.
remains. A staff person is essential for maintaining the software on a continuing basis, and this aspect
is separate from continuous use of the software by an analyst for construction and interpretation of
geological models. If a single staff person is assigned for both maintenance and use of the software, that
person must either have an adequate geological background or work closely with a geologist in
construction and analysis of the models. A single staff person may find maintenance of the software to
be a task which drastically reduces the time available for technical analysis.
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LYNX GMS: DATA MANAGEMENT febntry 1992)

GMS FEATURES

GMS Data Management offers a toolkit of facilities for
efficient management of the range of data types common
to geoscience projects. The flexible database structure
accommodates two principle data formats, drill-log
format and map format, in addition to basic project
information. All data is project related. The geological
attributes relevant to a project are specified at the start
and the project database is structured accordingly. The
geoscientist is provided with numerous options for
formatting, entry maintenance, reporting and display of
data. These facilities, combined with efficient data
access, provide the geoscientist with the tools with which
to manage the variety and quantity of information which
form the knowledge base of any geoscience project.

GMS Data Management stores all geoscience
information in a database structure that is readily
acccssible to other GMS modules, thus ensuring data
intezritv and now throughout the system. Facilities for
efficient back-up, retrieval and re-structuring of project
databases are provided. The size and number of active
GMS projects is limited only by available disk space.
Numerous options for data import and export are
provided to facilitate the flow of information between the
GMS and other technologies such as GIS, CAD,
database and analytical systems.

GNIS FUNCTIONALITY

Project Information
GIMS Data Management provides facilities for
specification of all project related information, including
titles, descriptions, units and data structures for all

The geoscientist has full control over the specification of
attributes, including number (from one to 1O), sequence,
identifiers field length, type (numeric, alpha or function)
and number of reporting decimals These facilities allow
the geoscientist to tailor the application of the GMS to the
particular requirements of each and every project. The
flexibility is such that the GMS can be applied to a wide
range of geoscience project types, including geological site
characterization, environmental investigation and
remediation, hydrogeological studies, petroleum reservoir
engineering, rock mechanics studies, and tunnel and
excavation enginemng.

The project database is the information source for
subsequent GMS operations which utilize the data in
different ways. Firstly to provide a visual reference for
interactive interpretation and design, and secondly as a
data source for analysis, interpolation and modelling.

Drill-Log Data Management
The GMS drill-log format accommodates data associated
with exploratory drillholes. Each observation or sample
value is associated with a drillhole intersection interval

project variables.

MO-
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PRODUCT INFORMATION

LYNX GMS: DATA MANAGEMENT (Cantdmue a

defined by dowahole distances. The location of each
interval in 3D space is defined by the drillhole trace
geometry, which is in turn defined by collar coordinates
and downhole survey measurements. Drillhole traces can
be both non-vertical and curved. Values for any of the
defined attributes can be associated with every drillhole
interval. These values are assumed to be representative
of, or constant throughout, the length of the interval. In
addition to drillhole information, the drill-log format also
caters for any information in similar "string" format,
eg. trench or face sampling information. Each drill-log
has a unique identifier and a category classification.

Drill-log data can be entered via the keyboard, or
imported directly from externally generated ASCII files.
The GMS provides a comprehensive range of keyboard
data entry and edit facilities, including all of the standard
keyboard functions as well as vertical and horizontal
scrolling, data keep/recall, data verification and store.
Other drill-log data management facilities include
drill-log selection (by identifier, category or coordinate
limits), summary or detailed drill-log reports, and
delete/rename facilities.

Map Data Management
All other geoscience information is catered for by the
GINIS map data format. A map plane can be defined at
anv orientation in 3D space by specifving a coordinate
origin, an azimuth rotation, and an inclination. All data
associated with a map is referenced to this plane and

-ir 4. 1r. ,

W I
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hence to3D coordinate space. Values for anyofthe project
variables can be associated with various types of map
features, which can exist in the plane of the map, or offset
from its Feature types include isolated points, contours,
traverses (with varying offsets) and simple line information.
Thus map data format can accommodate values for any
geological attribute or property in addition to geological,
geophysical and topographical surfaces, geophysical and
geochemical surveys, geological mapping, soil and
groundwater contaminant sampling, property boundaries
and site plans, engineering survey information, data logger
output from monitoring devices, and so on.

Map data entry and maintenance facilities utilize the
keyboard, interactive graphics and the digitizing table.
Other map facilities include transformation, overlays,
merging, clipping figures (icons), contouring and point
thinning The map overlay facilities allow the simultaneous
display of up to fourteen layers of information for visual
reference and analysis.

The GMS also provides import facilities for map datafiles
inASCII format In addition, the information generated for
any graphics screen display can be stored in map data
format. Map data format is the principle medium for
information exchange with other technologies. Map
datafiles can be exported in ASCII format, or as plot files
in DXF or POSTSCRIFT formaL

Map data import/export is the principal vehicle for GMS
interfacing with external technologies.
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P ODUCT INFORMATIA

LYNX GMS: DATA ANALYSIS (Febmary 1992)

GMS FEATURES

GMS Data Analysis provides the geoscientist with a
toolkit of visual, graphical, relational, statistical and
geostatistical facilities for analysis and interpretation of
geoscience project information. All information stored in
the project database, in drill-log or map format, can be
sorted, selected, reported, displayed in a range of
graphical formats, overlayed, and analyzed. For visual
analysis any combination of drill-log and map data can
be overlayed and displayed. The analytical options
include univariate statistics and spatially dependent
geostatistics. These facilities can be applied to any
selection or subset of the project data. Hard copy printer
and plotter output is available.

The principle objective of GMS Data Analysis is to
provide the geoscientist with the necessary analytical
tools for three-dimensional data inspection, analysis and
interpretation prior to definition of geological,
geostatistical and engineering models. 3D visualization
of data is a key feature of the GMS.

GNIS FUNCTIONALITY

Drill-Log Data Visualization
The GMIS provides a range of display formats for
visualization of drill-log information, transformed and
projected ontoviewvplanesat anyorientationin3D space.
The display formats include alphanumeric value, colour
coded intervals and value histograms, all of which are
displayed against the drillhole trace. Two-dimensional
interpolations of projected values may be performed
directly on the viewplane; these can be displayed as line
contours or colour-coded maps. The upper and lower
surfaces of geological volumes, or the volumes defined by
a threshold value for one of the project variables (eg. a
contaminant plutme) can be determined directly from

drill-log data and stored in map format. Interactive
interpretation of geology on sectional viewvplanes, using
familiar geological techniques, provides a means of
building 3D fence diagrams and verifying precise 3D
models. This information can be interpolated and
displayed directly, or subsequently be accessed for
three-dimensional modelling purposes.

Map Data Visualization
Map information can be displayed on viewplanes at any
orientation in 3D space; the GMS automatically transforms
and projects the data from the map plane to the current
viewplane. Points of intersection between the viewplane
and map features are identified. Two-dimensional
interpolations of map data variables can be displayed as
line contours or colour-coded maps.

Data Selection
Comprehensive data selection facilities allow the
geoscientist to isolate subsets of the project data prior to
further analysis. Drill-log and map data may be selected,
and reported, on the basis of drill-log or map identifier or
category, 3D coordinate limits, numeric attribute limits,
and alpha attribute lists, in any combination.
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LYNX GMS: DATA ANALYSIS (Carinued)

Statistical Analysis
The GMS statistical analysis options include
scattergrams for data correlation analysis, histograms
and cumulativefrequencies for data distribution analysis,
fitting of distribution models, and determination of data
confidence limits. All of these facilities are accessed
through the interactive graphics interface and include
graphical and tabular reporting. They provide the
geoscientist with an appreciation of data distributions
and data relationships. J=M - M.. - M 'T -

Geostatistical Analysis
To account for the three-dimensional spatial distribution
of data, and variations in data density, the GMS provides
comprehensive facilities for geostatistical analysis of
data. Geostatistics is based on the assumption that
isolated values are related to one another in a way which
depcnds on their distance apart. The advanced
geostatistical capabilities of the GMS are the result of
joint development by LYNX Geosystems and Dr.LClark
of Geostokos Ltd. Dr. Clark is a leading international
exponent of the practical application of geostatistics.

The basic tool of geostatistical analysis is the
semi-variogram, which shows graphically the differences
between isolated measured values vs. the distances between
the values. The GMS facilities are fully three-dimensional
and provide control of all spatial and directional
parameters for semi-variogram analysis. Both underlying
data trends and three-dimensional anisotropy are provided
for. The principle objectives of geostatistical analysis are
firstly to determine the spatial relationships between
isolated observed values, and secondly to determine
semi-variogram models which can subsequently be used for
spatial interpolation of values by geostatistical modelling
The GMS provides a range of semi-variogram model
options, including linear, generalized linear, spherical,
exponential and hole-effect models. These are determined
interactively with reference to the data analysis resul4 and
can be subsequently cross-validated against the observed
values. Trend surface analysis using linear, quadratic and
cubic polynomial models is also available.

The geostatistical analysis capabilities can be applied to all
of the defined attributes, including geological surfaces, soil
and rock properties such as strength and porosity, and soil
and groundwater contamination samples.
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LYNX GMS: GEOLOGICAL MODELIING (Feuary 1992)

GMS FEATURES

GMS Geological Modelling provides the geoscientist
with three-dimensional facilities for interpretation,
modelling, maintenance and visualization of soil and rock
geology for a geoscience projecL The interactive facilities
for geological interpretation and modelling are designed
by geologists for geologists. The GMS methodology
parallels the manual methods familiar to all geologists.
The geoscientist can work interactively on any viewplane,
orientation which best suits the available information and
the geological structure. The finished geological model is
fully compatible with all GMS facilities, including
geostatistical models and engineering models. Once
complete, the geology can be viewed in section or
perspective, in part or in its entirety, from anyorientation.
3D visualization of geology is a key feature of the GMS.

GMS Geological Modelling is based on LYNX's
implementation of 3D Volume Modelling Technology,
developed originally for the mineral industry, and
designed to provide the precision modelling capabilities
required to support ore deposit evaluation and
rnine-planning. 3D Volume Modelling is a modelling
approach which is designed for the irregularities and
discontinuities of real geological volumes. The GMS
toolkit has reduced geological interpretation and
modelling to simple interactive procedures which allow
geoscientists to fully exercise their geological judgement
and intuition. The geoscientist's appreciation of the
complex geological environment is greatly improved by
the GMS visualization facilities and real-time
interaciveness.

Whether the application is to modelling a
hydrogeological aquifer system, geological site
characterization of a waste storage facility, definition of
an oil reservoir, investigation of soil and groundwater
contamination, excavation costing on a civil engineering
project, tunnel alignment, or evaluation of a mineral
deposit, the procedure is essentially the same. With the
GMS Geological Modelling toolkit, geoscientists have
the necessary facilities at their fingertips to handle
complex geological situations.

GMS FUNCTIONALITY

Geological Interpretation
All project information, or subsets of it, can be viewed from
any orientation. Drill-log or map format data, or esting
models, are automatically transformed to the coordinate
system of the cmrent viewplane. nTe geoscientist selects
the information relevant to an interpretation and uses the
background display for reference during the interactive
process. A typical background display might contain an
intersection with the topographic surface, and drillhole
traces with colour coded lithological intersections;
subsurface geological contacts from a reduced seismic
survey could also be displayed.

An interactive interpretation is performed by defining
geological boundaries and discontinuities on the
viewplane. Geological boundaries already contained in
map format can be incorporated directly into these
geological interpretations. Alternatively, existing
geological sections and plans on paper can be digitized
directly. The 3D volume modelling facilities store these
interpretations as geological fence sections. Subsequent
interpretations can be performed at different orientations
which intersect these sections. In this way a set of
compatible, interlocking geological sections can be rapidly
created and visually verified. These sectional
interpretations can subsequently be extended and
interpolated to create a fully three-dimensional geological
model.
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LYNX GMS: GEOLOGICAL MODELWING (Crdn e)

Geological Modelling
3D volume modelling is a technique of representing
irregular volumes with sets of contiguous, flexible volume
elements termed components The flexibility derives
from the unique geometric characterization of
components, which allows them to assume highly
irregular shapes, and to be defined from any orientation.
Components are defined initially on a mid-plane,
assigned thicknesses, and modified on a foreplane and a
backplane to suit variations in geology. Interactive
facilities for geometrical interpolation of irregular shapes
are provided. Components are linked to form sets,
representing geological units of soil or rock types, by the
assignment of material (and colour) codes and
identifiers.

Using this straightforward technique, familiar to
geologists, virtually any degree of geological complexity
and detail can be modelled; including fault
discontinuities and displacements, geological
unconformities and relationships, bifurcations and
pinch-outs, facies changes, thin seams and multi-layered
situations.

3D volume modelling is not a raster technique, and does
not deal with rectangular discretization and
approxiMations. It represents geology, exactly the way
the geoscientist defines it, with precise,
three-dimernsional, vector geometry.

In addition to these interactive facilities, GMS
Geological Modelling also provides powerful surface
handling capabilities. These include triangulation,
clipping, surface intersections, truncation, manipulation,

and automatic generation of triangulated components
between specified surface Geostatistical interpolations of
geological surfaces from isolated obsemdons can also be
generated and accessed by the surface handling facilities.
In these cases, the uncrtainty associated with a surface
interpolation can be modelled as upper and lower bounds
based on conflience limits and geostatistical varance.

Other features offered by GMS Geological Modelling
include the following.

* Flexible database facilities which allow the geos-
cientist to specify geological naming conven-
tions which are relevant to the project, and pro-
vide powerful wildcard sorting capabilities.

* A wide selection of display format options,
viewplane manipulations, scaling, zooming,
coordinate tracking and snapping.

* 3D perspecive views to assist the geosdcntist in
rapid visual appreciation, presentation and
verification of the spatial relationships and in-
tegrity of the geological modeL

* Printer and plotter graphics hardcopy of any
viewplane display, and export to external tech-
nologies via map file utilities

* Geologicalvolumes, and their intersecionswith
geostatistical and engineering models, can be
determined precisely with the integrated
volumetrics capabilities of 3D volume modell-
ing.

The geoscienist may create as many geological models as
required for a project, limited only by available disk space.
These can represent, for example, different levels of detail,
alternative interpretations, or different qualities of interest.
Geological models can subsequently be accessed during
geostatistical modelling to apply spatial geological control
to the interpolation process.

I
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PRODUCT INFORMATION

LYNX GMS: GEOSTAIISTICAL MODELUNG (Febvay 1992)

GMS FEATURES

GMS Geostatistical Modelling provides the geoscientist
with three-dimensional facilities for the interpolation
(estimation) of values from spatially isolated
information. All relevant project information, in drill-log
or map format, can be accessed by the geostatistical
modelling routines. Geoscientists recognize that
subsurface exploration is a costly operation, as a result
investigation, analysis, modelling, and design must be
based on spatially isolated observations and samples.
Geostatistics is a proven and accepted methodology for
spatial interpolation, based on the differences between
isolated values and their distance apart.

GMS Geostatistical Modelling is fully integrated with
geological modelling. Geological models can be used to
apply spatial control to the interpolation process. That is,
the interpolation of values associated with a geological
unit can be limited by the volume of the unit, and based
only on isolated values within the unit. Geostatistical
modelling can be applied to any of the defined attnibutes,
including interpolation of geological surfaces, geological
properties such as porosity, strength, quality and
mineralization, and degree of soil and groundwater
contamination or pollution. Attributes with different
distributions can be interpolated independently in
separate models and subsequently combined by
three-dimensional array manipulation.

The GMS also provides the geoscientist with the ability
to analyze and visuaize these interpolated distributions,
for example a groundwater contamination plum; or
analysis of leachate from a landfill, or volumes of
contaminated soil and groundwater and the mass balance
of a contaminant. In a hydrogeological context,
geostatistical and geological models can be used to define
preferred groundwater pathways and contaminant
rugration routes.

GMS Geostatistical Modelling is equally applicable to
investigative and to monitoring situations. It is also fully
integrated with the GMS Engineering Option for surface
and underground monitoring, remediation, prevention
and excavation design.

GMS FUNCnIONALITY

Geostatistical Modeling
Geostatistical modelling is acknowledged to be particularly
useful for site assessment and monitoring situations. The
following specific advantages of spatial interpolation by
geostatistical kriging have been noted.

* Smoothing - Kriging smooths, or regresses, es-
timates based on the proportion of total sample
variance accounted for by random 'noise". The
noisier the data set, the less individual observed
values represent their immediate vicinity, and
the more they are smoothed

* Declustering - The kriging weight assigned to
an observed value is lowered to the degree that
its information is duplicated by nearby, highly
correlated values. This helps mitigate the effects
of over-sampling "hot spots".

* Anisotropy - When observed values are more
highly correLated in a particular direction, then
kriging weights will be greater for values in that
direction. In addition, directional control can be
applied to the interpolation process

* Precision - Given a semi-variogram repre-
sentative of the area and variable to be interpo-
lated, kriging will compute the most precise
estimates possible from the available data. How-
ever, in practice this is approximated, since the
semi-variogram model must itself be estimated
from the available data (refer GMS Geostatisti-
cal Analysis).

Another advantage of GMS Geostatistical Modelling is
that the standard errors of the interpolated values are also
available. These can be combined with the interpolated
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LYNX GMS: GEOSTATIST1CAL MODEWLNG (CoarinLu

values by array manipulation, to obtain solutions with a
known confidence limit. For example, in a site assessment
of subsurface contamination, the worst case scenario with
a confidence of (say) 95%, can be used for the design of

remediation measures.

GMS Geostatistical Modelling provides both ordinary
kriging and, in cases involving underlying data trends,
universal kriging. Linear, quadratic and cubic polynomial
trends can be applied. In addition, for applications where
kriging may not provide acceptable results, conventional
inverse distance (to the Nth power) interpolation is

available. The geoscientist has full control over the
selection of observed values (by position and type) which
are to be used in the interpolation pross.

The result of a geostatistical modelling exercise is a
three-dimensional grid of interpolated values for each

attribute of interest. The dimensions of the grid, its
orthogonal spacings, and its spatial orientation, are
under the control of the user. The geostatistical model

may be rotated and inclined to suit geological structure
and anisotropy.

Model Manipulation
GMS Geostatistical Modelling provides facilities for

three-dimensional array manipulation of grid models

using a toolkit of arithmetical, logical and comparative
operators. An array of the different geological volumes
associated with each interpolated value is also available
for manipulation, as is an array of geostatistical standard
errors. Thus, for example, geostatistical models of
contaminants with different distributions can be

interpolated independently and then combined by suitable
formulae to obtain a model for total contaminant
ass&ssment

3D Volumetrics Analysis
The volumetrics capabilities of 3D Volume Modelling are
fully integrated with geostatistical modelling. The partial
volumes of all geological units with a defined attribute
exceeding a threshold value can be determined with
precision. Thus the volume of a soil layer associated with
contaminant values exceeding an acceptable limit can be
obtained, together with the average value of the
contaminant above the limit. The mass balance of a
contm7in ant can also be determined in this fashion.

3D Visualization
Viewplane sections at any orientation through a
geostatistical model can be displayed in different formats,
optionally overlayed on a geological model and/or
transformed project data Display format options include
numeric values, line contours and colour-coding. These
provide a reference for engineering design for
contaiment, in-situ remediation and excavation.

Geostatistical models can also be used for 3D perspective
vksualization of volumes with values ecceding a threshold,
for ezample, a contaminated groundwater plume, or
contaminated soil volumes, or preferred groundwater

flowpaths. GMS visualzation capabilities are the key to an
improved appreciation of the geological environment, and
to the presentation and understanding of site assessment
and characterization studies and remedial solutions.
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LYNX GMS: ENGINEERING OTION (tba'y 1992)

GMS FEATURES

The GMS Engineering Option provides the engineer

involved in a geoscience project with the ability to design

and quantify engineering boundaries, volumes,

excavations and alignments. The Engineering Option is

fully integrated with the geological and geostatistical

modelling capabilities and utilzs the same 3D volume

modelling technology. This ensures a smooth flow of

information between the different disciplines involved in

a geoscience project. In addition, the GMS Engineering

Option provides many facilities tailored to geological

engineering design and analysis, ensuring efficient and

precise solutions.

All of the standard GMS features for interactive

graphics, 3D visualization, volumetrics analysis, database

operations and import/export of information are

available to the engineer. With the GMS Engineering

Option the engineer has the ability to define, for example,

remediation boundaries and volumes for subsurface

contamination, and to design subsurface containment,

cut-off barriers and caps. In addition the GMS offers a

range of interactive and semi-automated design aids for

surface fill design, foundation engineering, surface and

underground excavation and tunnel engineering, and for

the tracking of excavation progress.

GMS FUNCTIONALITY

Engineering Boundaries And Volumes

The GMS Engineering Option provides, in addition to a

toolkit of design aids, all of the functionality of 3D volume

modelling. Thus any engineering boundary, limit, surface

or volume can be defined interactively, in three

dimensions, with reference to project information,

geological models, geostatistical models and existing

engineering models. Engineering boundaries and

surfaces can also be digitized directly from paper plans

and sections, and imported in map data format as

surveyed points and traverses, DTM's, and drawing files

from external technologies such as GIS and CAD. The

I

degree of detail incorporated in an enging modl is
entirely at the egineers discretion; the GMS handles any
level of detail, and its analysis, with precision. Principal
features of the Engineering Option include the following

* Selection of design viewplane orientations
which suit the requirements of the G g
methodology and the availabilit of information.

e- Selection of backgrountd reference displays of
geological models and/or geostatistical models,
engineerin models, and drill-log and map data
overlays in appropriate formats and an

* Flexible model database facilities which alow
specification of appropriate, project related,
naming conventions for e g units, and

powerful wildcard retrieval capabili
. A wide range of interactive display format,

viewplane manipulation, scalin zooming grid-
ding. coordinate tracking and snapping options
available through the GMS graphics interface.

* 3D perspective visualization of engineering
models to assist engineers in rapid visual ap-
pxwation of the spatial relationships of en-
pneering geometries, geological units and
project variable interpolations. These facilities
are particularly applicable to the presentation of
environmenta engineering solutions.

* 3D volumetrics analysis capabilities which allow
the precise determination of volumes within ir-
regular boundaries, and their intersection with
irregular geological volumes. The values of in-
terpolated project variables contained by
engineering volumes are also provided.
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* The availability of design templates which can

be interactively scaled, positioned, rotated

and incorporated into an engineering design.

* The ability to interactively edit engineering
models to allow for new project information,
to create as many engineering models as re-

quired and to perform rapid evaluations and

comparisons of alternatives.
* Printer, plotter and plotfile output of any

viewplane and perspective display, and export

of engineering information to external tech-

nologies via the GMS map file utilities.

Surface Engineering

The GMS Engineering Option provides interactive

facilities for the design of surface excavation and fill. The

algorithm utilizes a conical expansion technique which

handles irregular boundaries and interacts with

geological and topographical surfaces- The engineer can

apply a top-down or bottom-up approach to design and

has full control of design parameters such as slope angle

and berm width. These parameters can be varied by

sector, or domain, around the perimeter. The design

template facilities can be used to significant advantage in

the design of excavation and fill ramps. The result of this

exercise is a map defining the excavation or fill surface

and its intersection with topography. The GMS surface

handling facilities can be applied to creation of a

corresponding volume model for volumetrics analysis-

Simple excavation design for environmental remediation

is performed interactively on the viewplane and extended

to the third dimension, as in geological modellin. Te

geological modelling and excavation design capabilities of

the GMS are particularly applicable to heavy foundation

eginrig (C& hydr-ctric schemes) and large scale

highway excavation. If the Mengincering qualities of the

excavation materials have been defined in a geological

model then the results of a volumetrics analysis can lead

directly to excavation costing The GMS capabilities are

also applicable to the invetgation of natural geotechnical

hazards and excavation stability.

Underground & Tunnel Engineering

The GMS Engineering Option provides similar capabilities

for the design and modelling of complex underground

excavations. If geological structure and rock qualis have

been defined in geological and/or geostalistical models

then a volumetrics analysis can be applied to the estimation

and costing of excavation as well as rock reinforcemenL In

particular, the GMS offers a selection of interactive

egineering tools for tunnel, ramp and shaft design and

alignmenL The design template facilities can be used

efficiently in the determination of drill and blast patterns

Excavation Control
Reduced survey information for surface and underground

excavations can be imported into project map files in the

form of survey traverses and points- The GMS provides

facilities for transforming this information interactively into

excavation surfaces and volumes. These can be overlayed

on excavation design information for reconciliation, and

analyzed volumetrically for contract payment purposes.

A-10



APPENDIX B

ATTENDEES AT THE NRC/DOE APPENDIX 7
MEETING



* 16
APPENDIX B

ATTENDEES AT THE NRC/DOE APPENDIX 7 MEETING

Denver, Colorado and Las Vegas, Nevada

August 10 - 11, 1993

August 10, 1993 - Denver, Colorado

David Brickey
David Buesch
Don Chery, Jr.
Bob Dickerson
Ron Drake
Tracey J. Felger
John Gauthier
Daniel J. Gockel
Brett Gracely
Clay Hunter
Steve Le Roy
Steve McDuffie
Jim Nelson
Darrell Porter
Chris Rautman
Ardyth Simmons
Rick Spengler
Gerry L. Stirewalt
John S. Stuckless
Mark C. Tynan

EG&G/EM
USGS
NRC
SAIC
SAIC
SAIC/USGS
M&O
USGS
SAIC
USGS
M & O/Duke Eng.
NRC
SAIC
SAIC
Sandia
DOE/YMPO
USGS
CNWRA
USGS
DOE/YMPO

(702) 794-7581
(702) 794-7195
(301) 504-3461
(303) 279-7242
(303) 273-1206
(702) 794-7195
(702) 794-1866
(303) 236-1418
(303) 279-7242
(303) 236-1123
(702) 794-7836
(301) 504-3460
(303) 273-1271
(303) 236-0532
(505) 844-4584
(702) 794-7998
(303) 236-1266
(703) 979-9129
(303) 236-7889
(702) 794-7940

August 11, 1993 - Las Vegas, Nevada

Tom Bjerstedt
David Brickey
Don Chery, Jr.
Tracey J. Felger
John Gauthier
Steve McDuffie
Ardyth Simmons
Gerry L. Stirewalt
Mark C. Tynan

DOE/YMPO
EG&G/EM
NRC
SAIC/USGS
M & O
NRC
DOE/YMPO
CNWRA
DOE/YMPO

(702) 794-7581 A
(301) 504-3461
(702) 794-7195
(702) 794-1866
(301) 504-3460
(702) 794-7998
(703) 979-9129
(702) 794-7940
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