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INTRODUCTION 
This paper discusses the application of IGRIP (Interactive Graphical Robot Instruction 

Program) to assist environmental remediation efforts at the Department of Energy PUREX Plant 
at the Hanford Site. An IGRIP simulation was developed to plan, review, and verify proposed 
remediation activities. This simulation was designed to satisfy a number of unique purposes that 
each placed specific constraints and requirements on the design and implementation of the 
simulation. These purposes and their influence on the design of the simulation are presented. A 
discussion of several control code architectures for mechanical system simulations, including 
their advantages and limitations, is also presented. 

PUREX PLANT 
Background 

The PUREX Plant is located at the Department of Energy Hanford Site in southeastern 
Washington State. The PUREX Plant was designed and built to process irradiated reactor fuel 
elements for the separation and recovery of uranium, plutonium, and neptunium. The plant is no 
longer in operation processing reactor fuel, .and is being readied for environmental remediation 
operations. 

The PUREX Processing Building, the largest building in the plant, is a reinforced concrete 
structure 306.3 m (1,005 ft) long, 36.3 m (119 ft) wide, and 30.5 m (100 ft) high. The major 
feature of the building is the concrete "canyon" in which the equipment for radioactive 
processing is contained in individual cells below grade. The cells are 4.3 m (14 ft) wide and 12.0 
m (39.5 ft) deep. The length of the cells varies from 10.7 to 46.0 m (35 to 151 ft). Each of the 
cells are covered with concrete cover blocks. 

Running nearly the full length of the canyon building, above the cells, is a craneway for three 
gantry-type maintenance cranes used to move the cell cover blocks, remotely remove and replace 
process cell equipment, and charge irradiated fuel into the dissolvers. Two of the cranes are 
master cranes that share the same track. The third crane, the slave crane, operates on a track 
above the master cranes. The master cranes both have a main hoist, an auxiliary hoist, and two 
monorails with two light duty hoists each. There are no robotic or advanced remote systems 
used in this facility. 
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Current Challenges 
A problem currently under investigation is the retrieval and repackaging of approximately 

two dozen irradiated fuel elements lying at the bottom of one of the canyon cells. The fuel 
elements are approximately 6.3 cm (2.5 in) in diameter and 66 cm (26 in) long. The fuel 
elements must be repositioned so that they may be grabbed and retrieved from the cell floor. 
Once retrieved, the fuel elements must be washed, inspected, and packaged in canisters for 
transport out of the PUREX Plant. All operations will be conducted remotely with special 
tooling designed for use by the gantry cranes. 

SIMULATION 
IGRIP Simulation Purpose 

An IGRIP simulation of the PUREX Processing Building was developed to assist the 
engineering activities to retrieve and repackage the irradiated fuel. The simulation was designed 
for five major uses: visualization, basic concept development of equipment, design verification 
of special tooling, development and investigation of the optimum operations sequence, and the 
production of a simulation video tape recording. 
Visualization 

A fundamental use of IGRIP was to model the current condition of several areas within the 
PUREX Processing Building. Personnel access to most areas within the facility is limited to 
qualified personnel in contamination protective clothing or forbidden due to radiation levels. For 
most individuals, then, photographs or drawings provide the only views of the Plant interior. 
There are an extensive number of construction and as-built drawings documenting the facility, 
and also a large number of engineering changes that have been implemented over the thirty year 
life of the facility. This makes reconstructing the current condition of the facility a tedious task. 
The IGRIP model provides a single location to integrate all of the drawings and allows virtual 
"walk-arounds" inside the facility without the restrictions of entering a radiation zone. 
Concept Development 

The conceptual design of the primary equipment to wash and repackage the fuel elements 
was completed using IGRIP. The equipment was required to work with a number of existing 
items, and it was critical to maintain the mechanical interfaces. The parts and devices were 
rapidly constructed from sketches. The conceptual equipment was then included in the 
simulation, and as a result, critical interfaces and dimensions were identified. The simulation 
was then included in the data package provided to the designers and drafters. 
Design Verification 

A number of special tools to retrieve the fuel elements from the canyon cell floor were 
designed prior to beginning the simulation. These tools were modeled in IGRIP and were 
included in the simulation to investigate the deployment and operation of the tools. As a result 
of the investigation using the simulation, one of the tools was modified to avoid a potential 
interference. 
Optimum Operations 

The task of retrieving and repackaging the fuel elements involves many individual 
operations. The simulation was used to investigate the order in which the sequence of operations 
should be conducted. The ability to quantify the time and motion required for each alternative 
provided a method to evaluate alternative approaches and select the most efficient alternative. 
Video Recording 

Periodically video tape recordings were made of the simulation to allow the operators, 
engineers, designers, and other team members to review the simulation. In this way every 
member of the project team was informed of the current strategy and equipment to perform the 
fuel retrieval and repackaging operation. 
IGRIP Modeling 

A large number of items were modeled and included in the simulation. The critical 
dimensions varied from the 306.3 m (1005 ft) length of die building to 25.4 mm (1 inch) 
diameter bolts. The following is a brief description of the major items that were constructed. 
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The building exterior and the interior "canyon" of the PUREX Processing Building were 
modeled. Since all operations are expected to be conducted with only one crane, only one of the 
master cranes was included (see Fig. 1). All hoists were modeled except for the main hoist. The 
cell that contains the fuel elements was modeled in detail (see Fig. 2). Equipment or features that 
could possibly interfere with the planned operation were modeled. 

The tools and equipment designed specifically for the operation included the drag tool, 
grabber tool, and wash station. These items were modeled per the design drawings and were 
given kinematic motion exactly like their real world counterparts. See Fig. 3,4, and 5. 
Simulation Development Considerations 

The model construction and the control code for mechanical system simulations are directly 
influenced by the purpose and end use of the simulation. Careful consideration of the potential 
end uses of a simulation can result in a faster development time by avoiding rework to achieve 
the desired results. In this section, the impact on the model construction and simulation 
programming of each of the five purposes, for which this simulation was developed, are 
discussed. 
Visualization 

For complex environments it is often helpful to alter the appearance of some of the geometry 
to get a particular view. It may be helpful to remove parts that obstruct another part or to make a 
part transparent to see through it Since the visibility and display parameters are controlled (at 
the lowest level) at the part level, the ability to alter these parameters is limited to the number of 
parts. In order to construct a device with an appropriate number of parts, the need for 
visualization should be carefully reviewed before constructing the parts. The part assembly 
hierarchy should also be considered before hand to take advantage of attribute inheritance. 
Concept Development 

During the conceptual development phase of a project there is a need to quickly develop the 
ideas and to quickly modify the concept. The simplest approach is to keep the parts and devices 
relatively simple during the conceptual development period. Once the design has matured, the 
parts can be updated to include additional details and complexity. The control code should also 
be kept simple initially, and should grow in complexity as the design matures. It is often faster 
to conduct the initial concept development in a separate workcell rather than including the 
devices under development in an existing workcell. 
Design Verification of Tooling 

Modeling and verifying mechanical interfaces between equipment can be a challenging but 
very beneficial application of IGRIP. In order to have a high degree of confidence that the 
simulation accurately reproduces the real world environment, the parts must be built to a high 
level of accuracy. Since this often results in extremely large workcells with excessively large 
numbers of polygons, it is usually possible to model areas of lesser importance with less 
accuracy and fewer polygons. It is helpful to keep records indicating how accurately each part 
has been modeled. In some cases it is desirable to create two models of a particular item: one 
with a high level of detail and another with relatively less detail. 
Optimum Operations 

For most tasks there is some flexibility in the conduct of operations. Mechanical system 
simulations can be used to determine the optimum sequence of operations. By structuring the 
code using procedures, the order in which the operations are conducted can be easily altered. A 
review of the task that the simulation is to model allows repetitive sequences to be identified 
which may also be coded as a procedure. The use of procedures that pass parameters is a very 
powerful programming practice and is encouraged. 
Video Recording 

In many cases the widest distribution for a simulation is as a video tape recording. There are 
several implications of producing a video tape that affect the model parts. A fundamental change 
is that the part colors on video tape will differ from those on die computer monitor. The changes 
for some colors are significant. Another implication is that additional parts may be required to 



provide a context for the simulation (i.e., a building to house an assembly line) or to clarify 
particular issues to the audience. 

The creation of a video tape also has a strong impact on the simulation code. The camera 
viewing commands must be placed within the program so that the camera views are 
choreographed with the motion of the devices. Issues regarding the placement of the camera 
viewing commands in the control code are discussed in the following section. 

SIMULATION CODING ARCHITECTURES 
In the previous section it has been shown that the purpose and end use of a simulation has a 

strong bearing on how the parts and devices are constructed and on how the simulation code is 
written. This section focuses on a discussion of several programming architectures for 
mechanical system simulations. 

At issue is how to efficiently structure the GSL (Graphical System Language) and the CLI 
(Command Line Interpreter) commands into a single program to control the simulation. 
Simulation programming has a unique requirement not typically found in other programming 
applications that impacts the coding architecture. Not only must the devices within the workcell 
be controlled, but the camera viewing parameters must also be simultaneously controlled. The 
structuring of procedures, the length and complexity of the procedures, and the placement of CLI 
viewing commands all combine to define the overall coding architecture. The following is a 
discussion of the advantages and limitations of four programming architectures. 
Single Main Program 

The simplest coding style is to place all code in the main program; no procedures are used. 
The code includes both the GSL commands to control the operation of the devices and the CLI 
commands to control the camera viewing parameters. This style works well for short, simple 
simulations, but is not applicable for larger simulations. The disadvantages are many and 
include the difficulty to rearrange the code to test alternative sequences, repetitive coding to 
conduct repetitive tasks, and difficulties in editing and debugging. 
Coding With Procedures 

A more flexible architecture is to simply break the main program into a number of 
procedures. The main program is relatively short and consists of a list of procedure calls. Each 
of the procedures include both the GSL and CLI commands. 

The benefits of this style are that the main program is clear and readable. This style allows 
the simulation sequence to be quickly rearranged by reordering the procedure calls in the main 
program. The use of procedures also allows repetitive tasks to be performed with the same code 
using passed parameters. Another benefit is that the CLI commands can be placed at any 
location in the procedures. This allows very fine control of the camera views throughout the 
execution of the simulation. 

A drawback with this style is that the main program does not include the CLI commands. A 
review of the main program shows the order of each of the procedures, but it is not clear what 
CLI viewing commands are called since each of the CLI viewing commands are found in the 
procedures. Also, if a procedure is called more than once, the same CLI viewing commands will 
be used unless conditional statements are used to modify the execution of the CLI commands. 
The use of conditional statements for this makes the effort to edit and debug the camera viewing 
commands a tedious process. 
Procedures with all CLI Commands in Main Program 

A modification of the previous style is to place all CLI viewing commands in the main 
program with the procedure calls. The beneficial differences are that CLI viewing commands are 
placed in one location for easy debugging and editing. This also allows procedures to be called 
repetitively with different viewing parameters for each instance. 

The disadvantage to this style is that the ability to synchronize complex viewing with a 
motion sequence is limited. The last viewing command called prior to the start of the procedure 
controls the camera viewing throughout the execution of the procedure. Only after the procedure 



is complete will control return to the main program where another viewing function can be 
executed. As a result, the procedures are short and numerous, and the main program is a long 
series of procedure calls and CLI commands. 
Multiple-Tier Procedures 

A more sophisticated architecture is to use procedures that call other procedures. This style 
is similar to the previous with the main program being demoted in the hierarchy to a top level 
procedure. This structure is applicable for large, complex simulations. The main program 
consists of procedure calls to the top level procedures. The top level procedures consist of calls 
to relatively short subordinate procedures and the CLI viewing commands. 

This style is especially effective for evaluating alternative simulation sequences or alternative 
viewing parameters. The top level procedures can all be similar except for the order in which the 
subordinate procedures are called or in the CLI viewing commands. 

The disadvantages are similar to the previous style in that the ability to synchronize complex 
viewing with a motion sequence is limited. 
Practical Considerations 

In practice the use and application of each of these coding architectures is not 
straightforward. In the case of this PUREX simulation, the final architecture most closely 
followed the multiple-tiered procedure style. Other simulations developed to date have been 
based primarily on the multiple-tiered procedure style, but have been altered in some way. 
Bowing to practical considerations, these simulations have been modified to include CLI viewing 
commands in the lowest level procedures. This has involved a tradeoff between the ability to 
finely control the timing of the viewing commands and the ease that the simulation could be 
edited and debugged. 

In almost all cases tradeoffs and compromises have had to be made to produce a simulation 
that meet its intended purpose. It is important to remember that the primary issue is the creation 
of a simulation that satisfies its purpose and fulfills its end use. Strict adherence to a particular 
coding architecture is generally not possible, since exceptions are common. 

CONCLUSION 
The development of mechanical system simulations is a relatively expensive undertaking, 

even though potential cost savings can be several times the development cost. To be efficient 
and cost effective, it is important to structure the simulation models and control code to meet the 
needs of the simulation. This requires a careful review of the purpose and end use for the 
simulation and structuring the models and control code accordingly. Detailed planning before 
developing the simulation can greatly reduce the time and cost associated with revising and 
reworking a simulation. 
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