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INTRODUCTION

Under the sponsorship of the U.S. Department of Energy (DOE) Transportation
Management Division (TMD), Oak Ridge National Laboratory (ORNL) has designed and
developed an expert system application of the hazardous materials transportation
regulations. The Hazardous Materials Transportation Expert System (HaMTES) was
developed to provide straightforward and error-free application of hazardous materials
transportation regulations. The interactive system is designed to give users access to
knowledge and skills that previously could be obtained only from a highly trained and
experienced expert in the hazardous materials shipping regulations.

The HaMTES, Version 1.0, was based on the 1995 regulations. It was not officially
released by DOE for use by the governmental community. HaMTES, Version 2.0,
includes the U.S. regulatory changes recently enacted to align the U.S. regulations with
1985 International Atomic Energy Agency (IAEA) Safety Series (SS) 6. Version 2.0 also
includes several other enhancements suggested during the beta testing of Version 1.0.

The TMD has several different software applications under development. Joint
Application Development (JAD) sessions are being held to analyze, improve, and discuss
the integration of these transportation-related software packages. As DOE funding
allows, it is anticipated that HaMTES will be the core of the hazardous materials module
of the Automated Transportation Management System (ATMS), which was also
developed under the sponsorship of the TMD to provide field offices and site contractors
with the automated tools necessary for transacting the increasingly complex
transportation management tasks. The ATMS provides the mechanism for using
technological advances to reduce DOE's current reliance on labor-intensive, manual
processes. Thus, through the application of this technology in operations, the potential for
human error when applying the transportation regulations can be virtually eliminated, and
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the costs associated with the packaging and transportation of hazardous materials can be
reduced significantly.

DEVELOPMENT OF HaMTES

Version 1.0 of HaMTES was completed in May 1995. Although DOE did not officially
release Version 1.0 for general use by the DOE community, the system was beta-tested by
staff at several DOE and contractor sites. In addition, the HaMTES software was
demonstrated for the U.S. Nuclear Regulatory Commission (NRC) and the U.S.
Department of Transportation (DOT). These regulators were sufficiently supportive of
the system's development to assist in the verification of the logic. The overall flow of the
decision process used in HAMTES as well as the detailed logic of the supporting
subroutines were reviewed in detail to ensure that the regulations were applied
consistently in the manner that they should be applied as defined by the regulators. Some
revisions to the logic were suggested and subsiquently implemented. There were also
examples of literal applications of the regulations, as they were written, not matching the
desired outcome. The regulators are formulating clarifications and respective changes to
the regulations. Overall, during demonstrations and beta testing of Version 1.0,
significant confidence was gained that HaMTES applies the complex sets of requirements
accurately.

HaMTES OPERATING ENVIRONMENT AND ARCHITECTURE

The HaMTES software was developed in a Windows"™ multimedia environment which
gives designers the ability to organize, manage, and present information in a number of
formats: text, graphics, sound, and full-motion video. Graphics and text are used to
describe the requirements for transporting hazardous materials. Users will be able to
obtain visual information from full-motion pictures of topics related to the transportation
of hazardous materials as the full range of multimedia capabilities are implemented. Asa
major time-saving feature, users of the expert system can access the text of the
regulations and navigate quickly and easily through a series of regulation references. This
feature is provided by a link to a commercial software package (RegScan "™) which
supplies the textual source of the regulations.

HaMTES was designed as a modular system so that specific areas of expertise could be

easily added or enhanced. Figure | illustrates the general architecture of HaMTES and
the various interactions of the system with sources of information.
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Figure 1. HaMTES architecture.

ENHANCEMENTS TO HaMTES - DEVELOPMENT OF VERSION 2.0

The coding of HaMTES, Version 2.0, was completed in November 1995. The HaMTES
software now includes the capability to print, in a generic form, the Straight Bill-of-
Lading, Declaration of Dangerous Goods, and the Uniform Hazardous Waste Manifest.
Continuation sheets are automatically included for each as necessary. In developing
Version 2.0, the architecture has been modified to facilitate its integration into the ATMS.
Version 2.0 has been updated to include all of the applicable changes to the DOT
regulations, including HM-215 and HM-169A.

Because these changes required major modifications to the system, HaMTES will be
released as Version 2.0, beta. The operational release of Version 2.0 is expected to be
ready in 1996. Upon authorization from DOE, Version 2.0 could be distributed to the
DOE shipping community and other government agencies which request a copy.
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USE OF HaMTES

The use of HaMTES offers a consistent and an error-free methodology to prepare
hazardous material shipments. During each HaMTES consultation session, the user is
presented with a set of initial inquiries which is used by the system to obtain the final
determinations. Figure 2 illustrates some of the initial questions asked of the user by the
software. Some major problems which HaMTES solves are: (1) elimination of
mathematical errors for radionuclide mixtures and A,/A; calculations, (2) proper
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Figure 2. Sample input screens.

classification of multiple hazard materials, and (3) automatic Reportable Quantity
determination required for transport in the U.S.

HaMTES provides the user access to large databases of radionuclides and hazardous
chemicals so that the user can choose from the list rather than type in long and easily
misspelled names. Figure 3 shows the HAMTES screen from which the radionuclides for

a given package are to be selected.
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“ Hazardous Materials Transportation Expert System - [Input Isotopes)
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' Figure 3. Isotopes input screen.

| When the user has entered the basic information for the specific contents (e.g.

' radionuclides and their quantities), HaMTES processes the information through many
logic paths and presents the following outputs to the user: the classification, the proper
shipping name, the markings, the required placards, the package type, and the shipping

| papers. Figures 4 and 5 illustrate the format of the labeling and shipping papers delivered
: by HaMTES.
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" Hazardous Matenals Transportation Expert System - [Labeling]

File Nayigation Edit Information Qptions  Help
[«]~] H

DONE PRINT

49 CFR 172403 |

imary Hazard Label: POISON |
[Subsidiary Hazard Label: FLAMMABLE LIQUID |
POISON
6
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Figure 4. Labeling screen.

Bill of Lading =] E3
File Edt Page Hep

SimprriTin,
Shipper hereby certifies that he is familiar with all the Bill of L ading terms and conditions in the governing classification and the said terms and cor;||
a fot himself and his assigns.

Consignee Their Company 1§\|DPH 'Your Company Name
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[No. Pkgs.JHM | DESCRIPTION OF MATERIAL
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TYPE > |Physical and Chemical Form: Solid, OXIDE
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Transport Index: 0.45

TYPEA USA DOT 7A

Labels Required: RADIOACTIVE YELLOW-II

Figure 5. Bill of Lading screen.
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Another feature of HaMTES Version 2.0 is the ability to save a consultation session and
return to it quickly at a later date. This offers a timesaving advantage because the user
does not have to answer the questions again for repeat shipments. The user is given the
opportunity to change a few inputs such as radionuclide quantities and net mass of the
shipment. The user selects the session to rerun, and HaMTES reevaluates the shipment
according to the most current rules, which may have changed since the last shipment.
Figure 6 shows the HAMTES screen from which a previous session can be chosen.

To Load a Saved Run. click on one and click '0OK’

Shioma B
® Domestic

O International

QRailroad ONo
QWater

Figure 6. Previous session selection screen.

CONCLUSION

User inputs to the HAMTES system are simple, straightforward, and easy to use. The
system evaluates the inputs and classifies the material, assigns the proper shipping name,
assists in the selection of the proper packaging, determines the required markings and
labels, selects the placards which must be offered to the carrier, and prepares the shipping
papers with the shipping description, as required by the regulations.

The feedback from beta test sites indicates that the positive impacts on actual operations
can be substantial. As with any new system, a learning curve is involved. Most users are
able to see preparation times for a given consignment drop substantially after using the
system for only one or two days. Shipment classification and preparation time was
reduced in some cases from 45 to 10 minutes. The added benefit of having computerized
checking of the shipment preparation, including the descriptions on the shipping papers,
is invaluable. HaMTES virtually eliminates the potential for human error.
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