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(509) 376-4995 

Abstract 

An on-line system to manage work procedures is being developed to support radioisotope thermoelectric 
generator (RTG) assembly and testing in a new production facility. This system implements production work 
procedures as interactive electronic documents executed at the work site with no intermediate printed form. It 
provides good control of the creation and application of work procedures and provides active assistance to the 
worker in performing them and in documenting the results. An extensive prototype of this system is being 
evaluated to ensure that it will have all the necessary features and that it will fit the user's needs and 
expectations. This effort has involved the Radioisotope Power Systems Facility (RPSF) operations organization 
and technology transfer between Westinghouse Hanford Company (Westinghouse Hanford) and EG&G Mound 
Applied Technologies Inc. (Mound) at the U.S. Department of Energy (DOE) Mound Site. 

INTRODUCTION 

The Procedure Manager (PM) is a major component of the Production Integration and Certification System 
(PICS), which provides on-line information support for the assembly and testing of space and terrestrial RTGs. 
The PICS system is part of a new facility, the Radioisotope Power Systems Facility (RPSF), which currently is 
being developed at the Hanford Site in soulhea.stern Washington State. The PICS is a distributed 
computer-based system with redundant server computers and portable field workstations. A local area network 
(LAN) provides communications between workstations and servers (Kiebel 1991). 

The PM implements RPSF production work procedures as interactive electronic documents. Authors prepare 
or revise the originals on word processors and transfer them to the PICS system, which translates them into a 
format that is directly usable by the system. Procedures are used directly from the field workstation; 
instructions are read from the screen, and results are entered via the keyboard. A record copy is printed when 
the procedure is complete. 

DESCRIPTION 

Benefits of Procedure Manager 

Manufacturing and handling of RTGs produces a large volume of quality records (paperwork). Record copies 
of the work procedures make up much of this volume. The RTG production work must be performed correctly 
and good records must be kept in order to certify each RTG. The computer-based PM handles this information 
as electronic data more efficiently and more accurately than a paper-based system and can apply active checking 
and verification at many places throughout the process. Correct and legible quality records are produced with 
all the required information in the proper place. Work flow is controlled to ensure that work steps are not 
inadvertently skipped or performed in the wrong order. The correct version of a procedure is available instantly 
wherever it is needed on the process fioor. 

The PM also interfaces directly with other on-line systems within PICS. It communicates with the material 
tracking system and ensures that the correct material is used by a particular procedure and that all operations on 
the material are entered automatically. The PICS also maintains a list of training records for PICS workers and 
a list of training requirements for signature authority. The PM electronic signatures are cleared through this 
central authority, which ensures that work is authenticated only by properly qualified people whose training is 
current. 



Evolution of Prototype 

It was recognized during the conceptual design that the PM would be developed in-house because no 
commercial products could be found. 

A successful development approach should answer several needs. Detailed and correct requirements are 
needed to make (and certify) good software. 
Application experience is needed, especially by end users, to know whether requirements are correct and 
complete. The people with the most appropriate production experience (Mound) are not using an on-line 
computer based system. The Westinghouse Hanford operations people are not experienced yet with RTG 
production or on-line computer systems. The people with computer expertise at Westinghouse Hanford had no 
significant operations experience. 

The PM prototype was undertaken as a way to bring the right knowledge and people together. Prototype 
software simulates important features of the software being developed and provides users and other affected 
parties with some 'hands on' experience. They then may make educated comments and ensure that the 
requirements and design for the proposed software properly address their needs. Prototype software also is 
usefiil for assessing the human factors provisions of the user interface. Prototype software is implemented 
quickly and cheaply. It does need not need to be complete, or durable, or maintained beyond its initial use. 

The prototype fit well info an existing technology transfer program of Mound production expertise to 
Westinghouse Hanford. 

Features of Procedure Manager 

The PM is modeled on Mound procedures and leavened with Westinghouse Hanford nuclear fuel fabrication 
experience, which is the closest relevant local equivalent. The RPSF production procedures also must comply 
with Westinghouse Hanford Qualify Assurance and other company policies. 

A procedure is identified uniquely by its procedure identification (ID) and its version number. Only one 
master copy of a procedure with a given procedure ID and version number is allowed, but successive 
generations of a procedure with different version numbers all can be on the system at once because they are 
considered to be completely separate entities. The PM carries master copies of a procedure both in the original 
text form, as written by the author, and in the translated form used by the computer. When a procedure is to 
be used for actual work, a specific copy is created from the master. This copy carries its own serial number 
and is called a Procedure Record (PR). Many PRs may be made from a single master. 

The master can be thought of as the 'generic' form of a work procedure; it deals with the elements of the 
procedure in abstract terms (e.g., kinds of material, types of people, types of events, etc.) as opposed to 
specific terms. The PR, on the other hand, deals with actual elements. It provides for recording the serial 
numbers of material items, instrument readings actually taken, names of people performing and authenticating 
work, actual time and date of events, and so forth. 

Because the procedure must be understood by the computer, it must be written in a special format. In effect, 
it is a computer program but looks more like a typical work procedure than a typical computer program. 

A procedure is divided logically info the following sections. 

Procedure Identification Section specifies the procedure ID, its version number, and a title. 

Configuration Control List Section lists the documents that control the procedure. Each PR records the 
specific revision and engineering change notice (ECN) level that pertain to it. 

Materials List Section specifies the part numbers of all material to be used by the procedure. The serial or lot 
number of the actual materials used by a particular instance of the procedure is recorded in the PR. 



Location List Section specifies all the locations in which the material defined in the materials list section will 
reside during the execution of the procedure. This is needed because the PM interfaces with the material 
tracking system to record material movements. 

Data Definition Section specifies the data items to be taken during the performance of the procedure. The 
actual data values are recorded in the PR. Each data item is given a unique identifier by which it is referenced 
from other sections of the procedure. 

Signature Definition Section lists the signature categories that are valid for the procedure. The PM uses 
'electronic signatures,' which are entered by workers to authenticate work steps and to close out the procedure 
when completed. These electronic signatures are defined by category. Each signature category corresponds to 
a body of qualifications that a person must have on record in order to be allowed to sign. 

Step Definition Section describes the required work and permitted activities for a single work step. Each step 
definition section is composed of the following subsections. 

Opening Constraints Subsection defines the conditions that must be satisfied before the step is allowed to be 
opened for work. These conditions are defined by expressions that test the state of other work steps or data. 
Opening constraints typically require that some combination of previous steps be completed or that specific data 
be available. 

Drawings and Specifications Subsection lists which of the drawings and specifications listed in the 
configuration control list apply to this particular step. 

Worker Cautions Subsection describes any special precautions that the worker or workers must be aware of 
for that step. 

Worker Instructions Subsection describes the work that is to be performed by the worker or workers in order 
to complete that step. 

Step Operations Subsection specifies a set of operations that the PM will perform for the worker for that step. 
These operations are presented in menu format, and the worker can select any operation. A typical step 
operation prompts the worker to enter a specific reading or observation that is recorded in a data item. Math 
functions on data and interaction with the material tracking system also are done in this subsection. 

Signature Subsection lists the signature categories that are required to authenticate the work done by this step. 

Closing Constraints Subsection defines the conditions that must be satisfied before the step is allowed to be 
closed, that is, marked as completed. These conditions are similar to the ones for the opening constraint 
subsection. 

As may be inferred from the sections and subsections described above, an author must do the following things 
in order to write a procedure acceptable to the PM: 

• Identify and name the work procedure, 
• Specify the documents that control the work or product, 
• Break the work down into manageable work steps, 
• Define the materials to be used during the procedure, 
• Define the locations involved in material operations, 
• Define the data to be recorded during the procedure, 
• Define valid signature categories for the procedure, 
• Detail the work to be done at each work step, 
• Define the work flow rules for each work step, and 
• Define signature categories for each work step. 



The PM cannot apply judgment or make loose interpretations of the rules and conditions that are specified in 
the work procedures that it manages; it enforces these rules rigorously. Therefore, a burden will fall upon the 
authors of RPSF work procedures to think them through thoroughly and remove inconsistencies and errors, 
particularly in the overall organization. Also, procedures will need to be verified by dry runs before 
committing actual production work to them. This is the perception of how the process works at Mound, and it 
is in keeping with the high level of quality required for RTG production. The PM supports and controls 
procedures that are in a provisional status (while undergoing verification) and an approved status (when released 
for production operations). 

I CorrectiTe Procedures 

What happens when things go wrong with production operations and the procedure cannot be carried forward 
as written? The procedure cannot be changed simply on the spot with the differences penciled in the margins 
because changes to the master would create an entirely new revision of the procedure. There would be no way 
to connect the PR that contained the work already done to such a new revision. Somehow, the work necessary 
to correct the operation must be captured in a procedure that the worker can use, the affected parts of the 
original PR marked, and a connection between the two made. 

The mechanism that the PM provides is the corrective procedure. This is a work procedure that can designate 
an existing procedure as its target and 'reach into' a PR made from that procedure to mark (but not change) the 
affected parts. The corrective procedure itself describes all the work necessary to correct the problem that the 
target procedure encountered. It will mark as 'superseded' those work steps and data items in the target PR that 
are replaced by the corrective work. This is a 'lab notebook' model, where everything is written in ink and 
mistakes can be crossed out but not erased. In some cases, the original PR will be able to resume work beyond 
the superseded areas, and in some cases it will not. Cross-references between the corrective PR and target PR 
are maintained. 

Evaluation Process 

The main thrust of the evaluation process has been to have RPSF operations people use the PM prototype to 
prepare, verify, and perform work procedures. These procedures are part of mock-up testing of the process 
equipment (predominately assembly equipment for hot-cell operations). A draft user's manual was prepared 
when the effort began. The software development staff is consulted whenever a problem is encountered by the 
operations staff. Resolution of the problem may require the modification of the prototype, revision of the user's 
manual, or changes to the PICS software requirements specification. 

The prototype also is demonstrated frequently to various individuals or groups whose opinions or comments 
are wanted (quality assurance is an important example). 

CONCLUSIONS 

The prototype largely has accomplished its goals. It has been an excellent vehicle for soliciting comments. A 
number of design oversights have been identified and corrected at relatively low cost. The general human 
factors of the user interface also have improved (such as better screen layout, more menu selections, and more 
understandable commands). There also has been a pervasive improvement in the design of the product, which 
might be described as having the operator's point of view become more dominant in the organization and 
behavior. 

I Applications for transfer of the technology to other Hanford Site facilities are being considered as a result of 
the many prototype demonstrations. 
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