
3 4 4 5 6  0 3 6 7 3 3 9  3 

J. J. Hermh 
w. R. Raw1 





Chemical Technology Division 

Feasibili!q Studg.-Computerized Application 
of the Hazardous Material Regulations 

J. J. Ferrsda 
V. M. Green 
R. R. Raw1 

Published: September 1992 

Prepared for the 
Office of Environmental Restoration and Waste Management 

(EM 50 10 01 0)  

Prepared by the 
O M  RIDGE NA'EBNAL LABQMTQRY 

Oak Ridge, Tennessee 3783% 
managed by 

MARTIN MARfEIFTA ENERGY SYSTEMS, IKC. 
for the 

U.S. DEP.4RTMENT OF ENERGY 
under contract DE-ACOS -54QR2 1400 

3 4 4 5 b  0367337 3 





ABSTRACT ........................................................ 1 

1 . INTRODUCTION ................................................. 2 
1.1 STRATEGY ............................................... 4 
1.2 EVALUATION OF COMPUTERIZED TOOLS ................... 5 
1.3 EXPERT KNOWLEDGE ACQUISITION ........................ 5 
1.4 PROTOTYPE DEVELOPMENT ............................... 6 

2 . EVALUATION OF COMPUTERIZED TOOLS .......................... 7 
STATUS OF RELATED COMMERCIALLY AVAILABLE 
COMPUTER PROGRAMS FOR HAZARDOUS MATERIALS 
TRANSPORTATION ..................................... 7 
2.1.1 RegScan ........................................... 7 
2.1.2 The Environmental/Safety Library ....................... 20 
2.1.3 Conclusions Concerning Availability ..................... 31 
ANALYSIS OF COMPUTER TOOLS TO BE APPLIED IN THE 
EXPERT SYSTEM DEVELOPMENT ....................... 32 

2.2.2 SmallTalk ......................................... 34 
2.2.3 GUIDE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 
2.2.4 C++ ............................................. 37 

2.1 

2.2 

2.2.1 PDC Prolog ....................................... 33 

3 . EXPERT KNOWLEDGE ACQUISITION ............................. 37 
3.1 LOGIC DIAGRAM DEVELOPMENT ....................... 37 
3.2 E A T U R E S  REQUIRED FROM THE EXPERT SYSTEM 

PROTOTYPE TO SUFFICE LOGIC DIAGRAM ............... 47 

4 . PROTOTYPE DEVELOPMENT .................................... 48 

ENVIRONMENT ....................................... 49 

4.1.2 Developing a More Sophisticated Windows Hypermedia 
Version Prototype ................................. 50 

ANALYSIS AND IMPLEMENTATION OF REQUIRED 
FEATURES ............................................ 52 
4.2.1 Implementation of Access and Browse Mechanism for Text 

Files ............................................ 52 
4.2.2 Implementation of Graphic Files Access .................. 56 
4.2.3 Implementation of the rule-based mechanism . . . . . . . . . . . . . .  60 
4.2.4 Implementation of a Friendly Interface ................... 75 
4.2.5 Access to Audiovisual Information ....................... 88 

4.1 CHOOSING THE PROTOTYPE DEVELOPMENT 

4.1.1 Developing the Simpler DOS Version Prototype ............ 50 

4.2 

5 . ANALYSIS ..................................................... 90 

6 . EUTURE WORK ................................................ 92 

7 . REFERENCES .............. .... ...................... .......... 92 

... 
111 



IJST OF ACRONYMS 

AI 
AMTS 
BGI 
C W A  
DOE 
DOT 
ECA 
THS 
LSA 
OOP 
ORNL 
OSHA 
PC 
PDC 
RAM 
RCRA 
S A R A  
SCQ 
TSCA 

Artificial Intelligence 
Automated Transportation Management System 
Borland Graphics Interfaces 
Cooperative Research and Development Agreement 
Department of Energy 
Department of Transportation 
Engineering Coordination and Analysis 
Information Handling Services 
Low Specific Activity 
Object-Oriented Programming 
Oak Ridge National Laboratory 
Occupational Safety and Health Administration 
Personal Computer 
Prolog Development Center 
Radioactive Material 
Resource Conservation and Recovery Act 
Superfund Dcvelopments Reauthorization Act 
Surface Contaminated Object 
Toxic Substance Control Act 

iv 



Fig . 1 . 
Fig . 2.a. 

Fig . 2.b. 
Fig . 2.c. 

Fig . 3.a. 

Fig . 3.b. 
Fig . 3.c. 

Fig . 3.d. 
Fig . 4.a. 

Fig . 4.b. 
Fig . 4.c. 

Fig . 5 . 
Fig . 6.a. 

Fig . 6.b. 
Fig . 6.c. 

Fig . 6.d. 

Fig . 7 . 
Fig . 8 . 
Fig . 9 . 
Fig . 10 . 
Fig . 11 . 
Fig . 12 . 

Fig . 13 . 
Fig . 14 . 
Fig . 15 . 
Fig . 16 . 
Fig . 17 . 
Fig . 18.a. 

RegScan main menu .......................................... 9 

Search by UN/NA number ..................................... 10 

Description of UN2080 ....................................... 11 

12 

13 

14 
15 

16 

17 

18 

19 

21 

22 

23 

24 

25 

27 

Search mechanism ........................................... 28 

Image search ............................................... 29 

Stage two of an image search ................................... 30 

Logic diagram €or radioactive materials transportation . . . . . . . . . . . . . . . .  38 

Stage 2 of the logic diagram for radioactive materials transportation 

Additional description for UN2080 .............................. 
Search by proper shipping blame ................................ 

Regulation section for flammable liquids .......................... 
Resulting table for acetone .................................... 

Hazardous material description for acetone ........................ 
RegScan table scan menu ..................................... 
Scanning by the word isotopes .................................. 
Resulting list of isotopes from the search . . . . . . . . . . . . . . . . . . . . . . . . . .  
Downloading a section of a regulation ............................ 
Search for Type A package .................................... 
Section numbers containing string for Type A package . . . . . . . . . . . . . . .  
Text for the search .......................................... 
List of references from which the user can choose ................... 
Main menu of environmental/safety library ......................... 

packaging ............................................... 40 

42 

43 

44 

45 

51 
54 

Stage 3 of the logic diagram for radioactive materials packaging ......... 
Stage 4 of the logic diagram for radioactive materials packaging ......... 
Portion of logic diagram for low specific activity qualification ........... 
Portion of logic diagram for surface contaminated object qualification . . . .  
DOS version prototype architecture .............................. 
PuI1-down menu with main regulations ............................ 

V 



Fig . 18.b. 

Fig . 19 . 
Fig . 20 . 
Fig . 21 . 
Fig . 22 . 
Fig . 23.a. 

Fig . 23.b. 

Fig . 24 . 
Fig . 25 . 
Fig . 26 . 
Fig . 27 . 
Fig . 28 . 
Fig . 29 . 
Fig . 30.a. 

Fig . 30.b. 

Fig . 30.c. 

Fig . 31.a. 

Fig . 31.b. 

Pull-down menu with referenced regulations ....................... 55 

Prolog retrieval oE text files .................................. 57 

GUIDE document with a button representing a regulation . . . . . . . . . . . .  58 

Retrieval of a text file by a GUIDE document . . . . . . . . . . . . . . . . . . . . . .  59 

61 Graphic file of package DOT 7A, Type A. ........................ 
Selection of packages ......................................... 62 

Selection of a package menu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  63 

Main program architecture for the DOS version . . . . . . . . . . . . . . . . . . . .  74 

Interaction between the user and the program ...................... 76 

Regulation selection menu ..................................... 77 

Multiple-choice menu ........................................ 78 

An example of a question-answer interactive window . . . . . . . . . . . . . . . . .  80 

Menu for the selection of packages .............................. 81 

GUIDE pointing to a regulation text file .......................... 82 

Access to text files . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  83 

Navigation through text files . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  84 

Package selection buttons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85 

Package graphic display . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  86 

vi 



FEASJBJLITY STUDY-COMPUTERIZED APPLICATION 

OF THE HAZARDOUS MATERIAL REGULATIONS 

J. J. Ferrada 

R. R. Raw1 

ABSTRACT 

The feasibility of developing a full expert system for transportation 
and packaging of hazardous and radioactive materials was initiated within 
the framework of three subtasks: 1) analysis of commercial packages 
related to regulation scanning, 2) analysis of computer languages to 
develop the expert system, and 3) development of expert system 
prototypes. The strategy to develop the latter subtask was to first, develop 
modules to capture the knowledge of different areas of transportation and 
packaging and second, to analyze the feasibility of appending these 
different modules in one final full package. The individual modules 
development contemplated one prototype for transporting and packaging 
of radioactive material and another For transporting hazardous chemical 
materials. In the event that it is not feasible to link these two packages, 
the modules can always be used as stand-alone tools, or linked as a single 
package with some restrictions in their applicability. The work done during 
this fiscal year has focused on developing a prototype €or transporting 
radioactive materials. 

The analysis of the commercially available software, RegScan and 
EnvironmentaVSafety Library indicated that both packages, although very 
useful for navigating the pertinent regulations, are not particularly suitable 
for the determination of the type of packages required For hazardous and 
radioactive material transportation. However, the regulations can be 
downloaded from these packages and used as the source data base for the 
regulations that will be accessed by the expert system. 

From the analysis of the implementation of the different features 
required for the expert system prototype, it was concluded that the 
developmental efforts should be directed to two versions of the prototype. 
First, a simpler DOS version that could be run on any computer machine 
to accelerate the review process was recommended. Second, a more 
sophisticated Windows Hypermedia version that included every required 
feature was built as a proof-of-concept. The DOS version of the prototype 
was developed using PDC Prolog because it allows more flexibility with the 
different incorporated features. The hypermedia version was developed 
using a combination of GUIDE and Prolog with very good results. 
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GUIDE does not have an incorporated rule-based system that allows the 
development of expert systems. However, LOGiiX (a GUIDE embedded 
language) provides commands that can access rule reasoning mechanisms at 
any point during the consultation. 

The first phase in demonstrating the feasibility of developing an 
expert system prototype has produced interesting results. It is possible to 
represent knowledge about radioactive material transportation packaging 
using a logic diagram that has been translated into a rule-based system. 
The features required to assist a user during a consultation session have 
been implemented in both DOS and Windows 3.0 environments. The 
mechanism to download updated regulatory information from RegScan has 
proven to be technically feasible and within the purview of the license 
agreement. The activities related to the assessment of the required review 
and the validation and verification processes for the operational use of the 
radioactive material transportation prototype is in the planning stage. 
Links with the Automated Transportation Management System (ATMS) 
will begin. One of the subtasks proposed for Ey 1993 is the investigation 
of possible ties of the transportation packaging expert system with ATMS. 
The knowledge gained from this study will indicate the type of tools and 
mechanisms necessary to link the expert system with the ATMS. 

The second phase of the demonstration will include the feasibility 
analysis of the hazardous chemical materials transportation packaging 
expert system prototype. The possibility of developing an expert system for 
the transportation packaging of hazardous chemical materials to be linked 
to the radioactive material transportation packaging expert system will be 
evaluated. The analysis will determine the possibilities of linking the 
program to the ATMS. 

1. INTRODUCI'ION 

Artificial intelligence (AI) is a growing field that is making slow but steady 

progress in various engineering applications. Engineers are directly involved in using AI 

to develop expert systems that will model a wide variety of process systems. Correctly 

applied, AI techniques enable the development of an expert system that is capable of 

representing and manipulating expert knowledge at the same level as a human expert. An 
expert system emulates human expertise by applying the techniques of logical inference to 

a knowledge base. Thus, an expert system contains three components, (1) a knowledge 

base that contains all of the available information about a specific problem, (2) an 

inference mechanism that normally performs reasoning by referring to a set of rules for 
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using that knowledge to resolve a given situation, and (3) a user interface that accesses 

the necessary information. 

The ability of the computer to simulate and make decisions as a subject-matter 

expert has greatly increased potential applications. With this type of computing power 

available in increasingly easy-to-access format (through object-oriented programming and 

hypermedia), the development of an expert system based on hazardous materials 

regulations is possible. 

One limitation that has precluded the development of such a system for hazardous 

material transportation is the data base that is needed to support it (i.e., the regulations 

have not been available in a machine-usable format). Now that the hazardous materials 

regulations are commercially available in PC-compatible formats, the door to developing 

such a system has been opened. It may be possible to develop a system that can take 

initial input (e.g., characteristics of the material being shipped) and provide the user with 

the information necessary to expedite the following decisions: 

making a packaging selection; 

a guiding the loading of the packaging for shipment; 

a preparing the shipping papers or hazardous waste manifest by providing 

information such as shipping name, hazard class, packaging group, and whether the 

material constitutes a reportable quantity or an inhalation poison; 

a identifying further restrictions, such as prohibitions of shipping on a passenger 

aircraft: and 

0 providing additional hazard communication information, such as proper marking 

and labeling for the package and placarding for the transport vehicle. 

Ultimately, it could be possible to generate all of the shipping paperwork this way. The 

expert system would ensure that even the most obscure details of making unusual 
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shipments are readily available to all users, thus emulating an expert quite effectively and 

thereby significantly reducing the likelihood for human error. Broad capability systems 

[e-g., Automated Transportation Management System (ATMS)] as well as personal 

computers could be used to provide access to the system. 

Under the sponsorship of the Department of Energy’s (DOE’S) Offce of 

Environmental Restoration and Waste Management (EM-Slil), the Transportation 

Technologies Group of the Engineering Coordination and Analysis Section (EC&A), 

which is part of the Chemical Technology Division at Oak Ridge National Laboratory 

(ORNL) has investigated the design and development of a computerized prototype 

application of hazardous materials transportation regulations. The objective of this task 

was to evaluate the feasibility of developing a computerized expert system that will ensure 

straightforward, consistent, and error-free application of the hazardous materials 

regulations. The task entailed the analysis of what an expert in hazardous materials 

shipping information could/should do. In addition, the analysis included determining the 

status of commercially available computer software that performs similar functions. This 

information, in conjunction with existing computer tools, was used to determine the 

requirements to produce the expert system and served as the basis to develop preliminary 

prototype modules of the system. 

1.1 STRAWGY 

A structured approach has been used to determine the feasibility of developing the 

expert system. These steps included: 

1. Identification of the system requirements (what it is designed to do, constraints, 

etc.). These requirements consider interactions with potential users. 

2. Identification of existing resources and efforts that may support an expert system. 

Examples of identifiable support include evidence of similar development in 

industry, industrial interest in Cooperative Research and Development Agreements 

(CRADAs), identification of similar efforts underway within DOE, investigation of 

licensing implications for using commercial data bases, etc. 
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3. Interaction with transportation experts to determine the most appropriate logic 

diagram for packaging activities. The resulting logic diagram for radioactive 

material shipments was the source of knowledge acquisition for the expert system 

development. 

4. Development of the proof-of-concept for the system using state-of-the-art 

software, such as object-oriented programming (OOP) and hypermedia, which will 

make future development much easier and less expensive. The proof-of-concept 

was obtained by developing a prototype module of the expert system for 

radioactive materials transportation packaging. The prototype development will 

eventually indicate the procedure of how the full expert system should be 

developed for all hazardous material shipments. 

5. Verificatiordvalidation of the expert system prototype. The prototype must be 

submitted for review by experts in the radioactive materials transportation field. 

Their suggestions and comments will influence the final features of the expert 

system. 

12 EVALUAmON OF COMPWEREED TOOLS 

The evaluation of computerized tools was a two-part task. First, a measure of the 

existing commercial computer programs that assist in transportation activities was 

conducted, Secondly, the available computing tools for development of the expert system 

were ana lyzd  Detailed results of the analysis of these two subtasks are included in Sect. 

2. 

1 3  EXPERT KNOWLEDGE ACQUISITION 

The development of an expert system in any developmental stage requires a close 

relationship between the developer and the subject expert. Accordingly, the knowledge 

must flow from the expert to the developer' in such a manner that the latter can visualize 
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the "branches" and "trunk" of the required knowledge "tree." The expert system developer 

must Oanalyze the problem and select a portion on which to focus. Typically, the initial 

prototype is concerned with only a particular portion of the problem and will not provide 

the full range of ultimate solutions. 

Attempts have been made by Tarnuzzer2 to incorporate the transportation 

packaging knowledge base for radioactive materials into a logic diagram. This logic 

diagram represents the decision-making process that the user may follow when evaluating 

the transport of radioactive materials. In essence, the logic diagram must represent a 

structure of pathways throughout the regulations relevant to radioactive materials 

transportation packaging. Anticipated HM-169A regulatory changes have been included 

in the prototype, which required some changes to the original logic diagram. Details of 

the knowledge acquisition process are described in Sect. 3. 

1-4 PROTOTYPE DEVELOPMENT 

The knowledge extracted from the expert has to be transformed to a rule-based 

system. This transformation constitutes only a portion of the activities involved in the 

prototype development because there are other elements of the program that require 

analysis and testing. User interaction and required features are two relevant 

characteristics of any expert system. Once a decision has been made about these aspects, 

the selection of computer tools needs to be addressed. During the development of the 

prototype, several programming computer tools have been analyzed. Among these tools, 

AI languages (such as Prolog and Smalltalk), object-oriented languages (such as C++), 

and multimedia programs (such as GUIDE), have all proven very promising. Details of 

the analysis and selection of computer languages for the prototype development are 

included in Sect. 4. 
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2 EVALXJATXON OF COMPU'TERIZED TOOLS 

The evaluation of computerized tools consisted of two parts. First, a measure of 

the existing commercial computer programs that assist in transportation activities was 

conducted. Secondly, the computer tools for development of the expert system 

application were analyzed. 

21 STATUS OF RELATED CXMME3RCIALLY AVAIL4BLE CoMPuTER 

PROGRAMS FOR WAzARDOuS MATERIAts TRANSPORTATION 

There are a few computer systems on the market that assist the user in decision 

making for transportation and packaging activities. It is necessary to determine whether 

these systems effectively answer all of the requisite questions for hazardous/radioactive 

materials transportation problems. Consequently, before any attempt was made to 

develop an expert system prototype, the available commercial packages needed to be 

thoroughly scrutinized. 

The evaluation of commercially available programs began with systems involving 

hazardous materials regulations on personal computer (PC)-compatibie formats. Two 

demonstration diskettes related to regulations and requirements for shipping hazardous 

wastes were obtained-RegScan produced by Regulation ScanningTM and the 

Environmentallsafety Library from Information Handling Service (IHS). The results of 

the demonstrations are described in the following sections. 

21.1 RegScan* 

RegScan is a menu-driven application that allows the user to browse through the 

regulations with a search word/phrase mechanism that locates portions of the regulations 

that deal with the subject to be investigated. One of the interesting features of RegScan 

is the forward referencing mechanism that allows the user to follow a path of references 

*Regscan is produced by Regulation Scanningm, Williarnsport, Pennsylvania. 
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through the regulations. Another feature of RegScan is the display of the complete entry 

in the hazardous materials table for the material that the user has selected. Among the 

limitations found in RegScan are the inability to illustrate complex tables and figures and 

the lack of additional information, (e.g., explicit additional information on restrictions or 

prohibitions in shipping, or explicit mechanisms to find these issues). 

As a menu-driven application, RegScan is able to take the users through different 

hazardous materials transportation topics. The Main Menu is the starting point when 

using RegScan. This menu provides access to Regscan’s features from the list of options 

on the right side of the Table of Contents menu items (Fig. 1). The function of the Main 

Menu is to help the user locate needed information within the various titles and parts of 

the Code of Federal Regulations that comprise the data base of the RegScan module. 

Option 2 of the Table of Contents is UN/NA Number. If the user, for example, enters in 

UN2080, the substance which has that identification is shown as illustrated in Fig. 2.a 

(acetyl acetone peroxide in this case). Then the description of the substance is illustrated 

in Figs. 2.b and 2.c. 

Another search procedure of RegScan uses the proper shipping name. Figure 3.a 

illustrates the process of searching for acetone. Figure 3.b illustrates a resulting table with 

hazard class and identification number. Figure 3.c illustrates the hazardous materials 

description and proper shipping name for acetone. Figure 3.d shows the current 

regulation 49 CFR 173.118 (Code of Federal Regulations) €or limited quantities of 

flammable liquids. 

Option 3 of the Main Menu allows scanning of different tables as shown in Fig. 

4.a. Figure 4.b illustrates one search run for isotopes in which a list of isotopes is given to 

the user (Fig. 4.c). 



RegScan 49 Main Menu 
R e g .  110. 0 17 CO 0 - 4 CO 2 A- CO 5 6 B Updated thru Sep 01 1990 

1. Proper Shipping flame 
2. UN/NA Number 
3. Table Scan Menu 
4. 
5. 
6. Exit to DOS 

a. Table  of Contents 
b. Part/Section/Subsection 
c. Word/Phrase Search 
d. Print Section to File 
e. 
f. Aux. Services Menu 

Copyright (c) Regulation Scanning Technology Corp. 1987,1988 

Please enter t h e  Proper Shipping N a m e  as it appears in the Table in 172.101 

Fig. 1. RegScan main menu.  



RegScan 49 Main Menu 
Reg. No. 017C00-4C02A-CO56B Updated thru Sep 01 1990 

1. Proper Shipping Name 
2. UN/NA Number 
3. Table Scan Menu 
4. 
5. 
6. Exit to DOS 

a. Table of Contents 
b. Part/Section/Subsection 
c. Word/Phrase Search 
d. Print Section to File 
e. 
f. Aux. Services Menu 

Copyright (c) Regulation Scanning Technology Corp. 1987,1988 I1 

Please enter the UN or NA number preceded by UN or NA as appropriate 
UN2080 

Fig. 23 .  Search by UN/NA number. 

I 



( 2 )  
Proper Shipping Name 

Acetyl acetone peroxide , [in solution with 
not more than 9% by weight active oxygen. 
S e e ]  Organic peroxide, liquid [or] solution, 

R . O . S .  

Acetyl benzoyl peroxide , [not more than 
4 0 %  in solution]. [See] Acetyl benzoyl 
peroxide solution, [not over 4 0 %  peroxide] 

Acetyl benzoyl peroxide solution , [not 
over 4 0 %  peroxide] 

Acetyl cyclohexanesulphonyl peroxide , [not 
more than 8 2 % ,  wetted with not less than 
12% water. See] Organic peroxide, solid, 
n.0.s.  

Acetyl cyclohexanesulphonyl peroxide , [not 
more than 32% in solution. See] Organic 
peroxide, liquid [or] solution, n . 0 . s .  

( 3 )  
Hazard C l a s s  

r 

Organic peroxide 

( 3 A )  
ID Number 

UN2080 

UN2081 

UN2081 

UN2082 

UN2083 

F i g .  2.b. Description of UN2080. 



(1) (2) Hazardous materials description and proper shipping name 

Acetyl acetone peroxide , [in solution with not more t h a n  9% by weight 
a c t i v e  oxygen. See] Organic peroxide, liquid [or] solution, n.0.s. 

(3) Hazard Class (3A) ID (4) Label (s) Required 

(5a) Exceptions (6b) Cargo Aircraft 
Only 

UN2080 
- 

(5b) Specific (6a) Pass .  A i r  
Requirements or Railcar 

(7a)  

Fig. 2.c. Additional description for UN2080. 

(7b) (7c) Other Requirements 



-~ ~ ___ __ _- -__ 

RegScan 4 9  Main Menu 
Reg. No. 027C00-4C02A-CO56B CJpdated thru Sep 01 1990 

1. Proper Shippiny N a m e  
2. UN/NA Number 
3 .  Table Scan Menu 
4. 
5. 
6. Exit to DOS 

a. Table of Contents 
b. Part/Section/Subsection 
c. Word/Phrase Search 
d. Print Section to File 
e. 
f. Aux. Services Menu 

Copyright (cj Regulation Scanning Technology Corp. 1987,1988 

P l e a s e  enter t h e  Proper Shipping Name as it appears i .n the Table in 172.101 
acetone 

Fig. 3.a. Search by proper shipping name. 



(2) 
Proper Shipping N a m e  

- 
Acetone 

lice t one 

Acetone 

cyanohydrin 

oil 

Acetoni-rile 

A c e t y l  acetone peroxide , [in solution with 
not more than 9% by weight active oxygen. 
See] Organic peroxide, liquid [or] solution, 
n.0.s. 

[Acetyl acetone peroxide with more t h a n  9% 
by weight active oxygen] 

Acetyl benzoyl peroxide , [ n o t  more t h a n  
40% in solution]. [See] Acetyl benzoyl 
peroxide solution, [not over 40% peroxide] 

( 3 )  
Hazard Class 

Flammable liquid 

Poison B 

Flammable liquid 

Flammable liquid 

Forbidden 

( 3 A )  
ID Number 

UN1090 

UN1541. 

lJ~I l .09 1 

N A l 6 4  8 

UN2080  

UN2081 

CL 
P 

Fig. 3.h. Resulting tahlc f o r  acctonc 



4 9  CFR 5173.118 Limited quantities of flammable liquids. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
REGSCAN EDITORIAL NOTE: Changes have been made to this section according to a 

final rule published in the Federal Register. The original version of the 
changed text is presented immediately following this note. The revised version, 
along with effective date information, is presented in highlight immediately 
following the original version. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

( a )  Limited quantities of flammable liquids that do not meet the definition of 
another hazard class in this subchapter and for which exceptions are permitted 
as noted by reference to this section in 5172.101 of this subchapter, are 
excepted from labeling (except when offered for transportation by a i r )  and 
specification packaging requirements of this subchapter when packed according to 
the following paragraphs. I n  addition, shipments are not subject to Subpart F of 
Part 172 of this subchapter, to Part 174 of this subchapter except 5 1 7 4 . 2 4  and 
to Part 177 of this subchapter except §177.817. 

Paqe 1 of 4 

Fig. 3.c. Regulation section for flammable liquids. 



( 1) 

(3) Hazard Class 

Flammable liquid 

(5a) Exceptions 

(2) Hazardous materials description and proper shipping name 

173.118 

(3A) ID 

UN1090 

(4) Label (s) Required 

Flammable liquid 

173.119 

(5b) Specific (6a) Pass. Air 
Requirements or Railcar 

1 quart(s) 

(6b) Cargo Aircraft 
Only 

10 gallon (s) 

(7a) (7b) (7c) Other Requirements 

4 

Fig. 3.d. Hazardous material description for acetone. 
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RegScan 49 Table Scan Menu 
49 CFR 

1. Scan the Hazardous Materials Table (172.101) 
2. Scan the optional Hazardous Materials Table (172.102) 
3. Scan the CERCLA List (172.101 Appendix) 
4. Scan t h e  RADIONUCLIDES List 
5. No Further Display, Return to Main Menu 

Copyright (c) Regulation Scanning Technology Corp. 1987,1988 

Please indicate the starting scan criteria 
isotopes 

Fig. 4. a. RegScan table scan menu. 



RegScan 49 Table Scan Menu 
4 9  CFR 

1. Scan the Hazardous Materials Table (172.101) 
2. Scan the Optional Hazardous Materials Table (172.102) 
3. Scan the CERCLA List (172.101 Appendix) 
4. Scan the RADIONUCLIDES List 
5. No Further Display, Return to Main Menu 

Copyright (c) Regulation Scanning Technology Corp. 1987,1988 

Select your choice by typing its number or use the UP and DOWN arrows 
to h i g h l i g h t  your selection. Then press ENTER. 

Fig. 4.b. Scanning by the word isotopes. 



Radionuel ide  

Krypton-74 

Krypton-76 

Krypton-77 

Krypton-7 9 

Krypton-81 

Krypton-83m 

Krypton-85 

Krypton-85m 

Krypton-87 

Krypton-88 

Atomic Number 

36 

36 

36 

36 

36 

36 

3 6  

36 

36 

36 

F2:Footnotes F10:Exit 

Fig. 4.c. Resulting list of isotopes from the search. 

?Q Curies (Tbq) 

10 (.37) 

10 ( . 3 7 )  

10 (.37) 

100 (3.7) 

1000 (37) 

1000 (37) 

1000 (37) 

100 (3.7) 

10 (.37) 

10 ( . 3 7 )  
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Other important feature of this package is option d in the Main Menu, Print 

Section to File. By selecting "d" on the main menu, the system asks for parthection to 

print to file as illustrated in Fig. 5. Then the system asks for the name of the output file 

where the part of the section of a regulation is going to be printed. The system can also 

send an entire section to an output file. This feature allows the user to have a hard 

(paper) copy of a specific topic that can be easily incorporated in a document. 

A search string can be performed through option c in the Main Menu For 

example, a search for a Type A40 package is illustrated in Fig. 6.a. After the search has 

been conducted, a list of section numbers containing the string or part of the string is 

listed for the user (Fig 6.b). By selecting one of the section numbers, the text is 

immediately shown to the user (Fig. 6.c). In addition, a current chain of references is also 

shown to the user for additional references (Fig. 6.d) from which the user can select. 

RegScan has been purchased by the EC&A through its Transportation 

Technologies Group as a source of regulation information. The program provides a great 

deal of information about 49 CFR to the user. The user interface also permits easy 

navigation through the regulations. Sections or parts of the regulations can be 

downloaded into disk files. This feature makes this program useful because it allows the 

regulations pertinent to transportation and packaging to be updated and downloaded on a 

regular basis. (RegScan updates the product every month.) The package's main 

limitation is that it is not suitable for work directly as an expert system for transportation 

and packaging problem solving. RegScan is capable of delivering information about 

regulations, but it is not capable of helping the user decide how to conduct a consultation 

for determining the type of packaging necessary for shipment of a particular hazardous 

material. 

212 The EnvironmentaYsafety Library 

The Environmental/Sa€ety Library** is a collection of regundory documents on CD- 

ROM (compact disc-read only memory) that helps the user find regulations that apply to 

**The EnvironmentaVSafety Library is produced by Information Handling Servicesm, 
Englewood, Colorado. 



- _- ___._______I____ - -_ 
RegScan 49 Main Menu 

Reg. No. 017CO0-4C02A-CO56B Updated thru Sep 01 1990 

1. Proper Shipping Name 
2. UN/NA Number 
3. Table Scan Menu 
4. 
5. 
6. Exit to DOS 

a. Table  of Contents 
b. Part/Section/Subsection 
c. Word/Phrase Search 
d. P r i n t  Section to F i l e  
e. 
f. Aux. Services Menu 

Copyright (c) Regulation Scanning Technology Corp. 1987,1988 - I[ 
Please enter the Part/Section to print to file 
173.403 

Please name the output file (format xxxxxxxx.xxx) 
173 - 403.reg 

Fig. 5. Downloading a section of a regulation. 

. 



Updated thru Sep 01 1990 
RegScan 4 9  Main Menu 

Reg. No. 017C00-4C02A-CO56B 

1. Proper Shipping Name 
2. UN/NA Number 
3 .  Table Scan Menu 
4. 
5. 
6. Exit to DOS 

a. Table of Contents 
b. Part/Section/Subsection 
c. Word/Phrase Search 
d .  Print Section to File 
e. 
f .  Aux. Serv ices  Menu 

Copyright (c) Regulation Scanning Technology Corp. 1987,1988 

Please enter the desired search string 
package A 
Enter the number of occurences you wish to locate or press ENTER for all 
a l l  
Enter the starting section number for the search or press ENTER for first 

Enter the ending section number f o r  the search or press ENTER f o r  last 

Fig. 6.a. Search for Type A package. 
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RegScan 4 9  
Search Menu 

1. D i s p l a y  T e x t  for Current List 
2 .  Show Next Set of Section Numbers 
3. Show F i r s t  Set of Section Numbers 
4 .  No Further  Display, Return to Main Menu 

Copyright ( c )  Regulation Scanning Technology Corp. 1987,1988 

Search string: 
package A 
Section Numbers Containing String: 
4 9  171.11(c) 
T h i s  is set 1 of 1 sets returned 

Fig. 6.b. Section numbers containing string for Typc A package. 



49 CFR 5171.11 Use of ICAO Technical Instructions. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
REGSCAN EDITORIAL NOTE: Changes have been made to this section according to a 

final rule published in the Federal Register. The original version of the 
changed text is presented immediately following this note. The revised version, 
along with effective date information, is presented in highlight immediately 
following the original version. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Notwithstanding the requirements of Parts 172 and 173 of this subchapter, a 

hazardous material may be transported by aircraft, and by motor vehicle either 
before or after being transported by aircraft, in accordance with the ICAO 
Technical Instructions if the hazardous material: 

shipping paper and otherwise in a condition for shipment as required by the I C A O  
Technical Instructions; 

(b) Is within the quantity limits prescribed for transportation by either 
passenger-carrying or cargo aircraft, as appropriate, as specified in the ICAO 
Technical Instructions; 

of t h e  Table to 5172.101 of this subchapter; and, 

(a )  Is packaged, marked, labeled, classified, described and certified on a 

(c) Is not a forbidden material or package according to 5173.21 or C o l u m n  ( 3 )  

t3 
P 

Page 1 of  7 

Fig. 6.c. Text for the search. 



C u r r e n t  chain of references: 

Return t o  menu 

49171.11(c) 

49172.203 (d) (1) ( v i i )  

49172.402(b) 

49172.402 (c) 

49173.3(c) (2) 

Press F10 t o  r e t u r n  t o  Main Menu o r  use U P ,  DOWN, LAEFT, o r  RIGHT arrows k e y s  
to highlight section then press ENTER. 

Fig. 6.d. I , L t  ot rdcrenccs froin which the uscr citn choose. 
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the specific situation. The system accesses U.S. Environmental Protection Agency (EPA) 

and Occupational Safety and Health Administration (OSHA) Public Lam, 40 CFR, 20 
CFR 1900-End, and 49 CFR 100-199. It accesses this information by part/section number, 

subject, date of publication, or key word. It also has the capability of showing figures. 

The EnvironmentaUSafety Library on CD-ROM is being introduced by IHS 

Regulatory Products (a subsidiary of IHS, Inc.). The disk contains a collection of 

regulations, including EPA, OSHA, and Department of Transportation (DOT) regulations 

and laws. The EnvironmentaUSafety Library contains the full text of the following 

documents: 

EPA and OSHA Public Laws [including the Clean Air Act, the Clean Water Act, 

the Resource Conservation and Recovery Act (RCRA), the Superfund 

Amendments Reauthorization Act (SARA), the Toxic Substances Control Act 

(TSCA), CERCLA, OSHA Act of 1970, etc.], 

40 CFR (complete EPA CFR data base including RCRA, SARA, etc.), 

29 CFR 1900- End [complete OSHA CFR, including the Construction 

Regulations (part 1926)], 

49 CFR 100-199 (DOT CFR on the Transportation of Hazardous Materials), and 

Federal Register Final & Proposed Rules pertaining to the OSHA, EPA, and 

DOT regulations cited above. 

Figure 7 illustrates the main menu of the program while performing one search on 

the demo provided by IHS Regulatory Products. Figure 8 illustrates a word search feature 

of the program. Figures 9 and 10 illustrate a real search for the word "disposal." 



ENVIRONMENTAL/SAFETY LI BRARY 
F1 
flelp 

F2 
Searc 

_-- - 

En 

'l' i 

S u b j  

Pa 
___- 

-___ 

M u l t  

D e m o n s t r a t i o n  Main Menu 

Overv iew of S e a r c h  S c r e e n  
Select Database 
B r o w s e  Table of C o n t e n t s  
V i e w  and  S e a r c h  from Word L i s t  D i c t i o n a r y  
Examine and  Change S e a r c h  O p t i o n s  
S e a r c h  from Main S e a r c h  S c r e e n  
V i e w  R e s u l t  L i s t  
V i e w  Document 
P e r f o r m  Side  S e a r c h  
Bookmark L , i s t  
Notepad F a c i l i t y  
C o n t e x t - S e n s i t i v e  HELP F a c i l i t y  
Images  

E x i  t d e m o n s t r a t i o n  

Press LETTER of y o u r  choice 

F10 
Is Q u i t  

-- 

U s e  a s t e r i s k  ( * )  a s  w i l d c a r d  c h a r a c t e r .  Press F2 t o  S e a r c h .  

Fig. 7. Main  menu o f  envi ronmenlaI !sa l~y  1iIirai-y. 



ENVIRONMENTAL/SAFETY L I B R A R Y  
F1 F2 F 3  F4 F5 F6 S r c h  F8 S r c h  t o  F9 F10 
Help S e a r c h  List Select DB TOC O p t i o n s  Document T o o l s  Q u i t  

S e a r c h  by Keywords 

E n t e r  word ( s )  
o r  

but n o t  
o r  

Title word(s) _. - 

o r  - I H S  S u b j e c t  I n d e x  
You are  i n  t h e  S e a r c h  
S c r e e n .  P r e s s  <DOWN> 

__ 

- _- 
- 

S u b j e c t  word ( s )  
or 

Part/Sect No: ----_______ 

P a r t / S e c t i o n  Date ==- _ _  and 
S t a r t  Date: End Date:  

Multiple words on a l i n e  are AIJD'd. E n c l o s e  p h r a s e s  i n  I' I t .  

Use asterisk ( f )  a s  w i l d c a r d  c h a r a c t e r .  P r e s s  F2 t o  S e a r c h .  



ENVIRONMENTAL/SAFETY LIBRARY 
F1 F2 F3 F4 F5 F6 Srch F8 S r c h  t o  F9 F10 
Help S e a r c h  L i s t  Select DB TOC O p t i o n s  

S e a r c h  by Keywords 

E n t e r  word ( s )  d i s p o s a l  
o r  

b u t  n o t  

N o .  of Documents found = 3 .  
P r e s s  F2 t o  go t o  R e s u l t s  List. 
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Document Tools  Q u i t  
- -___. 

This is t h e  number of 
documents i n  the database 
t h a t  c o n t a i n  t h e  word 
' d i s p o s a l ' .  
P r e s s  < F 8 >  t o  go t o  the 
f i r s t  document .  
I_ -___ 

S u b j e c t  word(s) 
o r  - P a r t / S e c t i o n  No 

P a r t / S e c t  N o :  ~ 
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S t a r t  Date: End Date :  
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Use a s t e r i s k  ( * )  a s  w i l d c a r d  c h a r a c t e r .  Press F2 t o  S e a r c h .  
I_-_I ____- - - 

Fig. 9. Image search. 
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'W 
0 

Fig. 10.  Stage two of an image search. 
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The EnvironmentaVSafety Library was demonstrated by the vendor’s 

representative. The program provides a massive amount of information to the user. The 

user interface allows easy navigation through the regulations. Sections or parts of the 

regulations can be downloaded into disk files. This feature makes the program usefut 

because it allows the regulations pertinent to transportation and packaging to be 

downloaded on a regular basis. (IHS updates the product every two months.) According 

to IHS’s representative, this information could be distributed within the U.S. Department 

of Energy (DOE) without additional costs. The limitations to this package include the 

additional requirement of a CD-ROM drive connected to the IBM-PC compatible, a 

rather long response time for each data base query, and an inability to work as an expert 

system for transportation and packaging problem solving. “he EnvironmentalBafety 

Library is capable of delivering a great deal of information about regulations, but it is not 

capable of assisting the user in the type of hazardous material packaging required. 

213 Conclusions Concerning Availability 

RegScan and the Environmental/Safety Library are two useful commercial 

computer programs for regulation scanning. However, neither program can be used as 

expert systems since they do not contain an inferential algorithm that takes the user 

through the decision-making process for transporting radioactive and hazardous waste. 

However, both programs have the capability of delivering periodically updated versions of 

the regulations that may eventually be consulted in the expert system. RegScan is 

analyzing the possibility of licensing the use of the updated regulations for a wider 

distribution within an expert system. In principle, the developer is interested in discussing 

a joint development agreement with DOE (a CRADA has been mentioned as a 

possibility). It is believed that such an agreement will be mutually beneficial. Regulation 

Scanning would be interested in negotiating a broader licensing arrangement to permit 

regular access to updated RegScan data for a wide base of users. Similarly, the 

Environmental/Safety Library representative stated that the use of updated information 

from their product could be distributed within DOE without additional cost. 

Corroboration of this statement is being obtained from the company’s management. 
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22 ANALYSIS OF COMPUTER TOOLS TO BE APPLIED IN THE EXPERT 

SYSIEMDEVELOPMENT 

There are several tools that are specifically adaptable for developing expert 

systems. Design requirements for the expert system include easy access to data base 

information, the capability to execute complex calculations quickly, graphics display 

facilities, and, most importantly, a user-friendly interface. An expert system may be built 

using a shell, which is a program designed specifically for expert system development, or 

an AI language. 

The expert shell is a computer program that provides a fixed set of features for 

developing expert systems. It has the advantage of having already been developed, tested, 

and debugged. The expert shell can load and consult different knowledge bases and apply 

the same rules of inference to solve a variety of problems. With an expert shell, however, 

the developer is largely constrained by the features that were originally designed into it. 

Another disadvantage associated with using a shell is related to the distribution 

procedures. In order to distribute the application, each user has to purchase a run-time 

version in order to use it. 

On  the other hand, directly building the expert system using an AI programming 

language gives the developer total flexibility in providing features that are specific to the 

needs of a problem. In addition, the application may be distributed as an executable 

version for which no additional fee will be paid. On the negative side, however, a 

considerable amount of code would need to be developed. 

One of the objectives of this project involves analyzing at least two different AI 

languages-PDC Prolog and Smalltalk. Additionally, the analysis of two other computer 

packages- Borland C+ + and GUIDE-will also be considered. PDC Prolog is a 

computer language that is primarily based in predicate logic that uses IF, THEN situations 

to express knowledge (Prolog stands for programming in logic.). This language is available 

for IBM-PC compatible machines. Smalltalk is a computer language that uses object- 

oriented techniques for programming and is available for IBM-PC compatible machines 

that work under Microsoft@ Windows 3.0.3 Borland C++ is a programming language 



33 

available for IBM-PC compatible machines that works under DOS and Windows 3.0. 

GUIDE is a commercial shell that works under Windows 3.0 and offers users several 

interesting features, such as video image handling and hypertext documents. 

' 

2 2 1  PDcProIog 

PDC Prolog*'* is produced by Prolog Development Center. PDC Prolog is a 

declarative language, which means that, given the necessary facts and rules, PDC Prolog 

will use deductive reasoning to  solve programming problems. This type of language is in 

contrast to traditional computer languages, such as BASIC and Pascal, that are procedural 

languages. In procedural languages, the programmer must provide step-by-step 

instructions that tell the computer exactly how to solve a given problem. In other words, 

the programmer must know how to solve a given problem before the computer can do it. 

In comparison, the PDC Prolog programmer only needs to supply a description of the 

problem and the ground rules for solving it. From there, the Prolog system is left to 

determine how to find a solution. 

PDC Prolog has several features that make it very attractive for expert system 

development. The rules can be built using conventional IF, THEN clauses. In order to 

prove a particular hypothesis, the system will backtrack to its original conditions, prove 

them, and then make the hypothesis true; thus, activating the actions that evolve from the 

hypothesis. One example of such a rule could be: 

packageB :- material = special-form and 

total - activity > Al-limits. 

which means: 

IF material = special form and total activity is greater than A1 limits 

THEN 
package type is It;;. 

ttt 
PDC Prolog is produced by Prolog Development Center, Atlanta, Georgia. 
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Other features of Prolog include simple data base handling commands. Data bases 

written in PDC Prolog can be stored in expanded memory, regular memory, or hard disk. 

The last option of keeping the data base in hard disk may represent one of the 

outstanding features of PDC Prolog, although this type of storage does delay the retrieval 

of information €or a few moments. Translating the advantage of this feature into practical 

terms, the amount of information that may be held in the data base is limited only by the 

size of available disk space. 

PDC Prolog can also access text files that may hold massive amounts of 

information. These text files can also reside in the hard disk A word or group-of-words 

search routine can be easily set up to configure the text files. 

PDC Prolog works with a graphical environment and can handle graphics produced 

by Borland Graphics Interface (BGI) commands or bit images with GIM format. 

Presently, one disadvantage of PDC Prolog is the 640K working memory ceiling, 

which is typical for a DOS application. However, the next version of PDC Prolog for 

Windows 3.0 has been extensively beta tested and will be on the market shortly. This new 

version promises to work with the maximum memory available in the IBM compatible 

computers (typically 2-8 MB). Another current disadvantage of PDC Prolog is the type of 

graphics that can be directly accessed by the program. It can access bit images in GIM 

format, which is not extensively used by other software packages or hardware systems 

(such as a scanner). However, a program that takes images directly from a scanner to be 

later translated into Prolog commands, has been written as part of this project. The 

Windows 3.0 version will allow manipulation of bitmap graphic files that are commonly 

used by other systems. 

222 SmaUTalk 

OOP is one of the central programming paradigms to emerge in this decade. The 

scope of its influence can be seen in the introduction of objects into numerous 

programming languages such as Loops, Object-Pascal, C+ +, and Prolog, among others. 
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SmalltalW is one of the most extensively used object-oriented languages. This language 

offers a completely new environment for software development. 

SmalltalW Windows (developed by Digitalk, Inc.) provides pure OOP, a 

revolutionary approach to data abstraction, and a new dimension to organizing the 

elements of a software system.3 The combination of the Windows graphical interface and 

the programming environment of SmalltalkN yields a powerful software development tool. 

Applications developed in Smalltalk are created in terms of objects and methods 

(subroutines) specific to  those objects. The basic environment contains objects and 

methods that make windows and icons easy to create. Because of these features, the 

development of an operator interface is very straightforward. Another benefit of using 

the Smalltalk environment is the presence of all source code. In many instances, a source 

code can be reused when new applications are being developed. Flexibility is provided by 

the presence of a source code since the base system can be enhanced by including slight 

modifications of the existing code. Inheritance is another feature of Smalltalk that 

reduces development time. The objects present are in a hierarchy of parent-child 

relationships, which means that when an object is created as a subclass (child) of an 

existing object (parent), the child inherits all of the parent’s methods. However, if a 

method is created at the child level with the same name as a parent method, that method 

will override the method of the parent. This feature eliminates the need for duplication 

of code. 

There are many advantages for using SmalltalW. Installing and modiEying small 

modules of code can be done without completing the lengthy process of compiling and 

linking the entire program; bits and pieces of the program can be experimented with 

before the entire program is developed, and debugging the program is smoother and faster 

because errors are easier to detect within smaller modules of code. In addition, 

Srnallta1k.N allows the user to reuse as many lines of prewritten code as possible and 

modify them for several different types of programs. SmalltalW allows the access of text 

files containing massive amounts of information, data bases written in SmaIltalk/V, data 

bases written in Dbase 111, and graphic bitmap files. 
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However, there are also some disadvantages of using SmalltalW. The 

disadvantages reside in the preparation of a run-time version for wide distribution. The 

user must have SmalltalW on hisher machine to run the application, and learning to 

program in SmalltallcN is time consuming, therefore when future changes in the 

application are required, only a skillful programmer in SmalltalW can make them in a 

short period of time. 

2.23 GUIDE 

GUIDE'"' is a multimedia software created by OWL International that is 

implemented in Windows 3.0. GUIDE software allows the user to navigate through large 

amounts of material to locate answers quickly. In interacting with information through 

associative links, users can follow their trains of thought and view any level of detail they 

desire. By activating a pointing device (such as a mouse) on specific objects, users access 

cross-referenced materials, footnotes, reports, articles, graphs, full-color illustrations, 

spreadsheets, video and audio messages, etc. 

GUIDE helps the developer create and maintain interrelated documents. A built- 

in programming language, LOGiiX, gives the user control of all GUIDE €unctions, thus 

allowing for the development of "smarter" documents that will simplify reader interaction. 

Features include: comprehensive document formatting; graphical user interface; flexible 

link structures; text, graphics, video, and sound versatility; and search and object 

management tools. 

The applications made with GUIDE look extremely professional-especially those 

packages designed for training purposes. However, the construction of an expert system 

may require additional programming skills from the developer. The distribution of the 

final application will require purchasing the GUIDE Reader, the price of which varies 

depending upon the number of copies desired. If the application includes video images, 

the system owned by the final user must have similar video and graphic interface hardware 

as with the computer where the application was developed. 

**** 
GUIDE is produced by OWL International, Bellevue, Washington. 
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2 2 4  c++ 
Initial efforts were made to put the reasoning mechanism in C++. The use of this 

language did not present any advantage for the development of the expert system 

prototype. Therefore, no further attempts with C+ + were made. 

3. EXPERT KNOWLEDGE ACQUISITION 

Ordinary computer programming is usually characterized as data manipulation. AI 

programming, on the other hand, can be thought of as knowledge manipulation. 

Therefore, the AI programmer must deal with the issue of knowledge representation, 

because the knowledge to be manipulated must be represented in some manner. The 

developer and the expert(s) must be in close interaction in order to converge the 

knowledge base into a manageable set of representation items. 

3.1 LOGIC DIAGRAM DEVELOPMENT 

Work done by Tarnuuer2 demonstrates that knowledge about transportation 

packaging for radioactive materials can be represented using a logic diagram. The logic 

diagram for radioactive materials transportation packaging is represented in Fig. 11. 

Figure 11 illustrates the five different stages necessary to determine the type of 

package required for transporting a given radioactive material. Stage 1 of the logic 

diagram simply represents the data input required from the user. At this point, the user 

must answer if the material conforms with the definition of radioactive material. In 

addition, the user needs to supply information about the isotopes that comprise the 

radioactive material [i.e., how much activity per isotope, the form of the material (special 

or normal), and the physical state of the material (solid, liquid, or gas)]. Along with this 

information, stage 1 of the diagram contains enough data for the program to calculate the 
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Fig. 11. Logic diagram for radioactive materials transportation. 
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fraction of A, (if material is special form) or the fraction of A2 (if material is normal 

form). The fraction of A1 or A2 is calculated using the following formula: 

Fraction(Al or A2) = SUM [(Activity Isotope i)/(Al or A2 isotope i)]- 

Decisions will be based on the value of this fraction and will determine the path for the 

following stages of the logic diagram. 

Stage 2 of the logic diagram determines whether the material to be transported is fissile, 

nonfissile, or fissile exempted. Figure 12 illustrates stage 2 of the logic diagram. The 

double boxes on the logic diagram represent decision points that the system can do by 

itself. Hence, enough information has been provided by the user or enough facts have 

been matched with the rule system to reach a decision. Simple boxes represent points in 

which the user is required to enter some kind of information. Next, a portion of stage 2 

of the logic diagram will be analyzed. The analysis is analogous for the other portions of 

stage 2. 

At the beginning of stage 2, the program is capable of determining if the fissile 

isotopes have been identified explicitly (eg., "no selection of uranium enriched"). Once 

the system determines that fissiles radionuclides have been identified, it performs 

computations to calculate the mass in grams (g) of the respective fissiles. If the m a s  is 

less than 15 g, the material is excepted from the fissile material requirements. If there are 

more than 15 g of fssiles, the system asks the user if the package contains uranium 

enriched in 235U to a maximum of 1% by mass and mixed with a total plutonium and B3U 

content of up to  1% of mass of ='U. A positive answer from the user will prompt the 

system to ask whether the fissile material is distributed homogeneously throughout the 

package contents rather than from a lattice arrangement within a package. An affirmative 

answer will lead the system to determine that the material is excepted from fissile material 

requirements. A negative answer with the knowledge that the material is, for example, 

liquid, prompts the system to ask whether the package contains < 5 g of fissile 

radionuclides in any 10-L volume, and whether the limit will be maintained throughout 
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Fig. 12. Stage 2 of the logic diagram for radioactive materials transportation packaging. 
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transport. A p i t i v e  answer implies an exception of fssile material requirements. A 
negative answer will confront the user with characteristics of the package containing 

homogeneous solutions or mixtures. Also, a positive answer to this last question implies 

an exception from fissile material requirements. A negative answer implies that the 

material is ffisile and has to conform with fissile material requirements. 

Stage 3 of the logic diagram is illustrated in Fig. 13. Ultimately, the system 

determines if the material qualifies as limited quantity. Again, only a portion of this stage 

will be analyzed. Once the system has checked that the material is less than Type A 

quantity, it determines whether the sole radioactive contents are natural uranium, 

depleted uranium, or natural thorium. A positive answer to this last question prompts the 

system to ask if the material consists solely of manufactured articles, in which the outer 

surface of the uranium or thorium is enclosed in an inactive sheath made of metal or 

other durable protective material. A positive answer to this question causes the system to 

determine that the material can be transported as limited quantity and suggest shipment 

per 49 CFR 173.424. A negative answer causes the system to ask if the user is shipping 

instruments or articles. If the user is shipping articles, the system looks for the article(s) 

in Table 7, 49 CFR and determines whether the material meets the limits shown. If the 

limits are met, the material can be shipped per 49 CFR 173.422. If the limits are not met, 

then the system determines that the material has not qualified as limited quantity. 

Stage 4 of the logic diagram is illustrated in Fig. 14. Stage 4 determines, for those 

materials that have not qualified as limited quantity and have been declared as normal, 

whether the material can be shipped as Low Specific Activity (LSA) or Surface 

Contaminated Object (SCO). Once the system has determined that the total activity is 

less than 2-A2, the user is in a position to answer whether the material could be shipped 

as LSA or SCO. The portion of the diagram that determines if the material can be 

shipped as LSA is illustrated in Fig. 15, The portion of the logic diagram that determines 

if the material can be shipped as SCO is illustrated in Fig. 16. Next, the analysis of 

determining if the material can be transported as LSA will be described. The analysis for 

SCO is analogous. 

The logic diagram illustrated in Fig. 15 begins by determining if the material is a 

gas. n e  system searches its memory to see if the material in question is a gas or not. If 
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Fig. 13. Stage 3 of the logic diagram for radioactive materials packaging. 
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Fig. 14. Stage 4 of the logic diagram for radioactive materials packaging. 
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the system finds a positive answer, it asks the user whether the radioactive material is 

distributed throughout the material to be transported, and whether the estimated average 

specific activity does not exceed lo4 A2/g for gases. A positive answer from the user 

causes the system to query itself again as to whether the material is a solid. Since it is a 

gas, the system determines that the material should be shipped as LSA-I1 with IP-2 

package. 

If the material is not a gas, the system checks its memory to determine if the 

isotopes are only U(natural), U(depleted), and or "%(natural). If the answer is yes, then 

it checks whether the material is a solid or a liquid. If the material is a solid, then the 

system suggests that the material should be shipped as LSA-2 in packages IP-1, options 1 

and 2. If the material is a liquid, then the system suggests the material should be shipped 

as LSA-I in packages IP-1 with options 1, 2, and 3. 

If the material is not only U(natural), U(depleted), or "%(natural); the system asks 

the user if the material consists of solid unirradiated natural uranium, depleted uranium, 

or natural thorium (or their solid or liquid compounds, or a mixture thereof). A positive 

answer by the user with a liquid material prompts the system to suggest that the material 

be shipped as LSA-1 in packages IP-1, options 1, 2 and 3. If the material is solid, then 

the system suggests to ship the material as LSA-2 in packages IP-1, options 1 and 2. 

If the material does not consist of an unirradiated solid, the system checks its 

memory to determine whether the material is fissile. If the material is fissile, the system 

checks whether the material consists of ores containing only naturally occurring 

radionuclides and uranium, or thorium concentrates of such ores. If the answer is 

negative and the material is a solid, the system asks the user if the material is 

contaminated soil in a closed transport vehicle for which the estimated average specific 

activity does not exceed 10" A2/g. If the answer is no, the system checks whether the 

material is distributed throughout and the estimated average specific activity does not 

exceed lo4 A2/g €or solids. A negative answer from the user causes the system to respond 

that the material does not qualify as LSA. The procedure to analyze other combinations 

of questions and answers is analogous to what has been mentioned above. 
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3 2  FEATURES REQUIRED FROM TKE EXPERT SysrIEM PROTOTYPE TO 
SATISFY LOGIC DIAGRAM 

The logic diagram will be translated into a computer program that will be accessed 

by the user. The user may or may not have the knowledge necessary to run every portion 

of the program in order to obtain a satisfactory answer. The first concern of the 

knowledge engineer is to develop an interface between the user and all the specific 

program(s) that is transparent regarding the manipulations that are required to  go from 

one set of input data, to calculation programs, to decision maker programs, etc. This 
feature is normally referred to as the "friendliness of the interfacing." One of the main 

characteristics of friendliness is easy access to the main program. Thus, a straightforward 

system of a question-answer relationship between the computer and the user is highly 

recommendable. I t  is advisable to put the questions in one area of the computer screen 

and the answers to  be given by the user in a separate area within the screen. Normally, 

this is obtained through the use of different windows. 

The type of knowledge normally involved in a logic diagram is well represented by 

a rule-based system that uses symbolic logic-particularly first-order predicate logic, which 

is widely used in AI applications today. The AI language, Prolog, is built on predicate 

logic, which means that once the knowledge is coded in logical symbols, the methods of 

reasoning with that knowledge are clearly defined and understood. Every decision point 

in the logic diagram can be represented by an IF, T" rule. Consequently, the expert 

system has to  be implemented in an environment that 'handles rule development. 

Several types of information sources are suggested by the logic diagram. Behind 

every question asked of the user, there is a set of regulatory requirement(s) that will drive 

the answer given by the user to a specific decision point. Thus, it is obvious that the user 

will have to access the regulations in some cases before an answer is given to the question. 

This feature provides the less knowledgeable user enough information to give an 

appropriate response. It is a weli-known fact that regulations normally refer to other 

regulations or parts of regulations, which in turn may refer to other regulations and so on. 

In such complex cases, the expert system not only needs to access regulations, but it must 



have the ability to browse through them. Therefore, a mechanism must be in place to 

access the other referenced regulations. 

Other types of information that the system will access is contained in data bases. 

One of these data bases contains the isotopes of Table of A, and A2 values for 

Radionuclides from 49 CFR 173.435. Every record of this data base contains the isotope 

name, the value of the specific activity in Ci/g, the value of A, and the value of AT 

Consequently, it is no surprise that one of the important features of the system involves 

accessing data bases. 

Once a decision about a package type has been reached, additional information 

will be provided to the user. This information will include a graphical description of the 

specific types of packages. The program has to be able to retrieve explanatory graphics of 

packages that may reside within a data base. 

Additional explanations about regulations, interpretation of regulations, or any 

other aspect of the decision mechanism to determine types of packages may be available 

in a form of video images. It would be most appropriate if this visual information could 

be accessed by the user, since audiovisual help is normally a very efficient way of 

delivering messages or knowledge. The final package would then be required to have 

audiovisual features. 

4. PROTOTYPE DEVELOPMENT 

The feasibility of developing a full expert system for transportation and packaging 

of hazardous and radioactive materials has been initiated within the framework of three 

subtasks: (1) analysis of commercial programs related to regulation scanning, (2) analysis 

of computer languages to develop the expert system, and (3) development of expert 

system prototypes. The strategy for the latter subtask is to: a) develop modules to capture 

the knowledge of different areas of transportation and packaging and b) analyze the 

feasibility of appending these different modules in one final package. The individual 
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modules contemplate one prototype for transporting and packaging radioactive material 

and another for transporting hazardous chemical materials. In the event that it is not 

feasible to link these two systems, the modules can always be used as stand-alone tools, or 

linked as a single tool with some restrictions in their applicability. The subsequent 

sections of this report will address the development of the module to determine 

transportation packaging requirements for radioactive materials. 

The three previously analyzed computer languages (Smalltalk, Proiog, and 

GUIDE) show great development potential for the expert system. Perhaps, the less 

adaptable language, as far as meeting the requirements and features mandated by the logic 

diagram, is Smalltalk. The language is powerful, but the incorporation of new features is 

very slow due to the abstraction of the language. In addition, the learning curve is 

extremely slow. To compound the disadvantages of Smalltalk, the manuals explaining the 

syntax of the language are poorly written. In essence, the computer tools used to develop 

the expert system prototype are the AI language, Prolog, and the hypermedia 

environment, GUIDE. 

The analysis of the commercially available software-RegScan and 

EnvironmentalBafety Library-indicated that both packages, although very useful for 

navigating the pertinent regulations, are not particularly suitable for the determination of 

the type of packages required for hazardous and radioactive material transportation. 

However, the regulations can be downloaded from these software systems and used as the 

source data base for the regulations that will be accessed by the expert system. 

4.1 CHOOSING THE PROTOTYPE DEVELOPMENT ENvlR0"T 

From the analysis of the implementation of the different features required for the 

expert system prototype, it was concluded that the development efforts should be directed 

toward two versions of the prototype. First, a simple DOS version that could be run on 

any computer (thus accelerating the review process) would be desirable. Second, a more 

sophisticated Windows Hypermedia version that includes every required feature must be 

built as a proof-of-concept that the entire software system can be buiIt. 
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The DOS model essentially serves two purposes: 1) the logic reasoning is easier to 

analyze and review with a simpler model, and 2) the same reasoning mechanism can be 

used in the more sophisticated model. The only difference between the two versions is 

the types of features that each model can access. 

4.1.1 Developing the DOS Version Prototype 

The DOS prototype was developed using PDC Prolog, because it allows more 

flexibility with the different features incorporated in it. The distribution of the prototype, 

for revision purposes, may be simpler than with the other programs. The general strategy 

to develop this module has been to use the same logic diagram of the decision making 

process for transporting and packaging radioactive material (RAM) and, second, to place 

the expertise in Prolog code. 

The general sequences of subprograms that comprise the prototype is illustrated in 

Fig. 17. The main program has been linked to other external subprograms. As shown in 

Fig. 17, the user must interact with the program and answer some basic questions. 

4.1.2 Developing a More Sophisticated Windows Hypermedia Version Prototype 

A more sophisticated version using hypermedia features are used to develop the 

prototype. Hypermedia technology usually works as an interactive software system that 

gives PC users the ability to organize, manage, and present information in a number of 

formats-text, graphics, sounds, and full-motion video. The package that has been 

sclected for implementing the prototype is GUIDE from OWL International. The 

GUIDE hypermedia system is designed around an object-oriented information model that 

represents information as a series of linked "objects" and manages the relationships 

between them. Every component in a GUIDE document, whether it's a single word, 

phrase, paragraph o r  graphic, is represented as an object. 
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GUIDE provides a variety of object types that perform different functions, 

including buttons, which enable users to move quickly and easily between related topics in 

a GUIDE document. Using a mouse, readers click on buttons to display linked objects. 

GUIDE may use LOGiiX, an embedded programming language that allows the 

user to perform complex information manipulations. LOGiiX enables the user to add new 

capabilities that are not available in GUIDE’S standard feature set to the hypermedia 

application. One  of these new capabilities would include the possibility of adding the 

reasoning mechanism developed in the DOS version. A rule-based system that permits 

the development of expert systems is not included in GUIDE. However, LOGiiX 

provides commands that can access rule reasoning mechanisms at any point during the 

consultation. The reasoning mechanisms and user interaction will be developed in Prolog 

and accessed through GUIDE LOGiiX commands. 

4 2  ANALYSIS AND IMPLEMENTATION OF REQUIRED FEA- 

The general requirements for the expert system prototype in terms of features can 

be summarized as follows: 

0 access and browse mechanisms for text file regulations, 

accessible graphic files of package descriptions, 

rule-based mechanisms, 

0 accessible audiovisual information, 

0 user-friendly interface, and 

0 accessible data bases. 

4 2 1  Implementation of Access and Browse Mechanism €or Text Fdes 

Determination of the type of package required to transport radioactive materials is 

relied heavily upon knowledge of 49 CFR parts 171 to 177. In order to answer some of 

the questions asked by the computer, the user may need to browse through a particular 
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portion of a regulation. Access to this type of information is usually provided by two basic 

search systerns-menu driven and hypertext, depending on whether the DOS or Windows 

Multimedia version has been implemented. The menu and hypertext mechanism work 

with text files, which means that the regulations have to be downloaded in an ASCII 

format from their original electronic source. Minor changes are required for these files to 

be workable in one of the two search systems. 

' 

The regulations or portions of regulations required by the prototype are 

downloaded from RegScan and used as the source data base for the regulations. RegScan 

downloads the regulations in ASCII format. 

DOS version The DOS version uses a menu-driven mechanism. This is the most 

common mechanism for accessing text files. In general, a menu is presented to  the user 

from which an item can be selected. Every item represents a part or a section of a 

regulation. There will be cases where one regulation section refers to another regulation 

section, in which case another menu would have the referred regulations as choice items. 

To obtain the desired effect, a pull-down menu having at least three submenus will 

provide the desired feature. The first submenu (Regulations) gives the choices for the 

main set of regulations, the second submenu (Related Regs) gives the set of referred 

regulations, and the third submenu (HelplQuit) gives choices for help and exit. Figure 

18.a illustrates the pull-down menu with three options. Figures 18.a and 18.b illustrate the 

principal regulation and the referred regulations menu, respectively. 

The Prolog commands to access text files in ASCII format are straightforward and 

no further changes are necessary to be able to access and read the regulatory information. 

The Prolog command to  access the text files is as follows: 

=g(R?GS):- 

rnakestatus(ll2,TS Zoom Shift-F10 Resize window Ctrl-F Search FlO End') 

m a k ~ d o w ( 6 J  1~,120,",R,C,S,24), 

fiIe-str(S,Datafile), 

display(Datafile), 
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Fig. 18.a. Pull-down menu with main regulations. 
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Fig. 18.b. Pull-down menu with referenced regulations. 
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-dkeyo, 

mmovewindow, 

removestatus. 

where msg(R,C,S) is a Prolog multicommand that carries information about row (R), 

column (C), and the name of the file (S). First, the command draws a status windows (to 

give directions); second, it draws a window where the text is going to be displayed; third, it 

attaches the string value of the file name (e.g., 171234.txt) to a symbolic file name; and 

fourth, it displays the text file. The fifth and sixth commands are for removing both the 

status and display windows. The file name contains information obtained directly from the 

downloading mechanism of RegScan. Figure 19 illustrates the retrieval of the text file 

representing regulation 49 CFR 173.403. 

Windows Hmrmedia version. The Windows Hypermedia version uses a hypertext 

mechanism. This is a novel approach that is becoming very popular for new text search 

mechanisms. This mechanism consists of creating a special area surrounding a text (e-g., a 

word, a sentence, or a paragraph). It is mouse driven, so by clicking on a "hyperarea" that 

represents a regulation, for example, the user is presented with the contents of that 

regulation. These hyperareas not only connect the text with other pieces of text, but they 

can also connect the user with different types of actions, such as running other programs 

or bringing other types of information to the screen. Figure 20 illustrates one GUIDE 

document, including a hypcrtext button that represents a regulation. By clicking on this 

button, the text file containing the regulation is brought into the screen. As noted 

previously, a regulation text file may contain a reference to another regulation. If the user 

clicks on the text within the hypertext that represents the referred regulation, the 

corresponding piece of text is brought into the screen in another window for the user to 

navigate through (Fig. 21). 

4-22 Implementation of Graphic Files Access 

A great deal of information can be obtained by showing a graphic illustration of a 

specific situation. In this particular case, there are a fairly large number of packages that 

meet the qualifications for transporting radioactive materials. For example, the "DOE 

Evaluation Document for DOT 7A Type A Packaging," published in March 1987 covers a 
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( e ) ( l )  Far transport by public highway or rail: any transport vehicle or 1 
( e ) ( t )  For transport by vassal: any vesmel, or any hold, comparun@nt, or d 
(e ) (3 ]  For transport by aircraft: any aircraft. 

49 173.403 
Definitions. 

1 

FS-Zoom FB-Next Shift-F10-Resize window Ctrl-QF-Search FlO-End 

Fig. 19. Prolog retrieva1 of text tiles. 



58 

Does your material meet the DOT 
definition of a radioactive material? 

(According to regulation 49CFRf73403) 

Fig. 20. GUIDE document with a button representing a regulation. 
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Tests for spead form radioactwe matenals. (a) Speaal f o m  
radioactre matenals must meet the test requwements of 
paragraph (b) of thts sect~on Each solid rachoact~~e matenal or 
capsule speamen to be tested shall be manufactured or 
fabricated so that rt is representat~e of the actual sohd matenal 
or capsule whrch wl1 be transported wrth the proposed 
mcboactlve content duplicated as closely as pracbcable. Any 
differences between the matenal to be transported and the tesl 
matenal such as the use of nomadioactrve contents shall be 
taken into amunt In addmon’ (a)( 1 ) A d~ffsrent speamen ma) 
be used for each of the tests: (a)(2) The spaamen must not 
break or shatter when subjected to the impact. perwsson, or 

Fig. 21. Retrieval of a text file by a GUIDE document. 
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wide variety of packages that conform with the definition of a Type A package. Among 

these types of packages are steel drums, steel boxes, wooden boxes, fiberboard containers, 

and UF6 cylinders. Every package in this document is illustrated with a figure. Figure 22 

shows the illustration of package DOT 7A, Type A. 

Electronic copies of the graphic illustrations must be accessible from the expert 

system prototype. The  document mentioned earlier only provides hard copies of the 

diagrams. Onefairly expeditious way of solving this problem is to scan the image of the 

document and save the drawing in a format that allows further retrieval from either the 

DOS or the Windows Hypermedia version. It is possible to obtain a scanned image in 

bitmap format directly from the image scanner device. This electronic image can be sent 

to PaintBrush for improvement of the textual information and the addition of colors that 

highlight details of the drawing. 

DOS version The bitmap file with graphical information has to be accessed by the Prolog 

program. There is not a direct mechanism to retrieve bitmap files with Prolog commands. 

However, Prolog can be linked with a C program that does access bitmap files. During 

the development of this project, a C program was created to read bitmap files in a DOS 

environment. This C program was then linked to the Prolog program that allowed 

instructions to be sent from the Prolog environment and retrieve the bitmap files. 

-media version. The different packages presented to the user are displayed first in a 

menu from where the user can select the one that fits hisher interest. Once the package 

of choice has been analyzed, the user can always return to the menu to analyze a different 

package. This process is illustrated in Figs. 23.a and 23.b. 

4 2 3  Implementation of the rule-bascd mechanism 

The knowledge of acquisition activities for the development of the prototype 

resulted in a series of logic diagrams representing decision mechanisms that convey the 

selection of transportation packages. Every portion of the logic diagram is computerized 

by using a set of rules written in Prolog. These sets of rules are analogous for both the 
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Fig. 22. Graphic file of package DOT 7A, Type A. 



ransportation Expert System 10:45- 

The selected package is Type A package. Next I'll 
show a description of Packages A and graphical description 
of Packages A 

TYPE A PACKAGE DESCRIPTION . . . . . . . . . . . . . . . . . . . . . . . . . .  

F5-Zoom F6-Next Shift-F10-Resize window Ctrl-QF-Search F10-End 

Fig. 23.a. Selection of packages. 



Select P a c k a g e  
1 Type A P a c k a g e  2 

T y p e  A P a c k a g e  3 Type A P a c k a g e  4 
T y p e  A P a c k a g e  5 Type  A P a c k a g e  6 
Type A P a c k a g e  7 Type A P a c k a g e  8 
Exi t  

10:45- 

Fig. 23.b. Selection of a package menu. 
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DOS and Hypermedia versions. A few differences in implementation will be discussed 

later in this section. 

The set of rules that represent the determination of whether a material is ffisiie 

will be described as an example of the transformation of a logic diagram into a rule-based 

system (Fig. 12). The other segments of the logic diagram are similarly transformed. 

The first element that the system must evaluate involves determining whether 

there are potential fwiles in the material to be transported. This is accomplished with the 

rule check-for - Fiss(Answer) 

check-for_Fiss(IsItFi):- 

hasfiss(FjissTruth),FissTru th = "no", 

IsItFii ="Nom",!. 
check - for-Fm(IsItFiss):- 

expfiss(FiiTru th),FwTru th = yes", 
pregysto  - F.xpl(IsItFm),!. 

check-for-Fw(IsItFw):- 

pre~noto-Expl(IsItFiss),!. 

This rule has three instances. The first instance of the rule determines whether the 

material has fissiles with the rule hasljss(Answer) that has four instances of it.. own. 

hask(Fiihas):- 

expfiss(FiiTmth),FiTruth ="no*, 

noexpfiss(NooExpTruth),NonExpTruth="no", 

Fisshas ="no',!. 

hasfk(Fisshas):- 

expfiss(FiiTruth),FmTruth ="yes", 
noexpfiss(Nonr;;KpTruth),NonExpTruth =yes", 

Fmhas=lya",!. 

hasfii(Fimhas):- 

expfiss(FjiTru th),FiTru th = yes", 
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nosrpfiss(NonExpTNth),NonExpTruth ="no", 

Fmhas = yes:!. 

hasb;Ss(Fiihas):- 

expfjss(ElssTruth))FTruth="noa, 

noexpfiss(No&xpTmth),No&xpTruth =yesa, 
Fisshas = w,!. 

The fmt  instance of hasfiss(Fwhas) checks the data bases expfiss(FiiTruth) and 

m e x p ~ o ~ T r u t h )  that tell if these materials are explicit or nonexplicit potential 

fwiles. This first instance of the rule returns a nonfissile answer if there are not explicit 

and nonexplicit ffisiies. The second rule for hasfiss(Fshas) returns a yes for fssiles if the 

materials have explicit and nonexplicit fissiles. The third rule for hasfiss(Fwhas) returns a 

yes for fissiles iE the materials have explicit fissiles. The fourth rule returns a yes to fissiles 

if the materials have nonexplict fissiles. 

Once the hastiss(F3kshas) rules have determined the existence or nonexistence of 

fissiles, the rule instances for check-for-Fm(IsItFks) can continue. The first instance of 

this rule is for those cases where there are not fissiles and the program returns a non 

fissile answer. The second instance of the rule is for those cases in which there are 

explicit fissiles. The third rule is for those cases in which there are nonexplicit fissiles. 

The analysis of the second instance of has€iss(Fiihas) indicates that when an explicit 

fissile exists another rule, questyto-expl(Answer), has to be activated beFore this 

instance of a rule can return an answer. 
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q u a  t~to_Expl(kItFiss):- 

plu~lus(Plut~lusAns),PlutExclusAns = "plutnoexclusive', 

pregyestoqlutnoexc(IsItFii),!. 

ques tJesto-~l(IsItr;Iss):- 

questionP8(Answer), 

Answer=yes', 

IsItFiss ="FISEXC,!. 

q u a  tJesto-EXpl(IsItFiss):- 

questionP4(Answer), 

Answer=yes', 

IsItFs="FlSEXC,!. 

qU~t~~to_Ejrpl(IsItFisS):- 

ques tionP5(AnSwer), 

Answer=yes", 

IsItFiiss="FISExC",!. 

q u ~ t ~ ~ t o _ E K p l ( I s I  tFiss):- 

IsItFiss = "FISSILE",!. 

There are seven instances of the rule q u e s t j a t o  - Expl(Is1tFs) from which an answer can 

be obtained. The first instance of the rule checks in the data base, massexpfiss(MassFw), 

to determine if the mass of fissiles is less than 15 g. If it is less than 15 g, then the rule is 

fired and it returns the value FISEXC (fissile excepted) that goes into the rule 

check - -  for Fiss(IsItFiss), which returns the same value to the rest of the program. The 

second instance of questjcsto_Expl(IsItFiss) for those cases when the mass is larger than 

15 g, asks questionPl(Answer) to the user. 

questionP1 (Answer):- 

shift3_4_rctr,d, 

write(" Does package contain uranium enrichcd in U-235 to a m="),nl, 

write(" of 1% by mass AND mixed with a total plutonium and U-233"),nl, 

write(" content of up to 1% of mass U-235?"), 

shiftwindow( 4),clearwindow,nl, 
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write(. 

readln(Answer). 

(Please, answer yes or no)"),nl,d, 

A positive answer from the user sends the program to the rule 

q.estionrcs_uenr(). 

questionF-Uenr(puesta):- 

questiod?2(Answer l), 

Answer1 ="yes", 
Respuesta="FISEXC",!. 

questionp-Uenr(Rcspuesta):- 

slg(SU;),SLG = "liquid", 

pre~es-toliq(Respuesta),!. 

q u a  tion_yes_tTenr(Respuesta):- 

questionP4(Answer), 

Answer="yes", 

Respuesta=TISEXC",!. 

questionges - Uenr(Respuesta):- 

questionP5(Answer), 

h e r  ="yes*, 

Respuesta=TISEXc,!. 

questionjes-Uenr( Respuesta):- 

Respuesta=T;ISSILE",!. 

This rule has five instances. The first instance asks the questionP2 

questionP2(Respu~ta):- 

shift3_4_retr,& 

write(' Will your fissile radionuclides be distriiuted bomogeneousy),d, 

Writ< throughout the package contents and not form a lattice")& 

write(. arrangement within the package?"), 

shiEtwindow(4),cle&drwindow,nl 
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writer 

readln(Respuesta). 

(Please, answer yes or no)"),nl,nl, 

A positive answer to this question from the user causes the rule to return a value FISEXC 

(fmiie excepted). A negative answer sends the program to the second instance of 

questionjes-Uenr(puesta), which checks in the data base slg(SLG) if the material is a 

liquid. If the substance is liquid, the program goes to rule questjes-toliq(Answer). 

quest jes  - toliq(Answer):- 

ques tionPqAnswer 1 ), 
Answer1 ='yes", 

Answer=TXSEXC",!. 

questyes - t o l iq (he r1 ) : -  

questionP4(Answer), 

Answer="yes", 

Answerl ="FISEXC",!. 

quest jes  - t o l i q ( h e r ) : -  

questionP5(Answerl), 

Answer1 ="yes", 

Answer ="FTSEXC",!. 

quest jes  - toliq(Answer):- 

Answer="FISSILE",!. 

The rule quest jes  - toliq(Answer1) has four instances. The first instance asks the 

questionP6( Answer). 

questionP6(Answerl):- 

sW-4-rctr,d, 

write(. Does your material consist of liquid solutions of uranyl nitrate"),nl, 

write(. enriched in U-235 to a maximum of 2% by mas, with total plutoniurn'),d, 

write(. and U-233 content not e x d i n g  0.1% of the mass of U-235 with"),nl, 

write(" a nitrogen-to-uranium atomic ratio (N/U) of 2?"), 

shiftwindow(4),clearwindow,nl, 
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w r i q  

readh(Answer1). 

(Please, answer yes or no)?,nl,nl, 

A positive answer from the user causes the instance to return a value of FISEXC (fissile 

excepted). A negative answer takes the program to the second instance of the rule that 

asks questionP4(Answer), which returns a value of FISEXC (fissile excepted). 

questionp.2(Answer)):- 

shif't3-4-retr,nl, 

writer Will your package contain no more than 5 gram of fissile"),d, 

w r i q  radionuclides in any 10 liter volume, and will this Limit"),nl, 

write(" be maintained throughout transport?"), 

s~dow(4),clea1wi11dow,nl, 

write(" 

readln(Answer). 

(Please, answer yes or no)"),nl,d, 

A negative answer takes the system to the third instance of the rule and asks 

questionP5(Answer). A positive answer from the user will cause the program to return a 

value of FISEXC (fssile excepted). A negative answer will cause the program to return a 

value of FISSILE. 

If the answer for the second instance of qucstionja-Uenr(Answcr) is not a 

liquid, the program goes to the third instance of this rule that asks questionP4(Answer) 

(shown above). A positive answer returns a value of FlSEXC (fssile excepted). A 
negative answer returns a value of FISSILE. 

This finalizes the second instance of quest_resto-Expl() for the instance of 

questhn~-Uenr(Respuesta) that was activated with a positive answer for 

questionPl(AnsWer). A negative answer to questiodPl(Answer) sends the program to the 

third instance of this rule which checks the data base, plutExci(PlutExc), to determine if 

plutonium is not exclusive. If it is not exclusive, it goes to rule 

pregpstoqlutnoexc@ItFm). 
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pregyestoqlutn0exc~ItFi):- 

questionP6(Answerl), 

Answer1 =w, 
IsItFw=TISEXC",!. 

p ~ ~ t o ~ l u t n ~ ( t F ~ ) : -  

questionP4(Answer), 

Answer='@?, 

IsItFiss =TISExc",!. 
p ~ ~ ~ t o ~ l ~ t n ~ C ( ~ I t F i ) : -  

questionPS(Answer), 

Answer ="yesw, 

IsIWw ="FISEXC'. 

preg_yestoqlutnoexc(ItFs):- 

IsItFisS=TISSILE?. 

The first instance of this rule asks quationP6(Answer) as shown above. A positive 

answer returns a value of FISEXC (fissile excepted). A negative answer sends the 

program to the second instance of the rule that asks questionP4(Answer) as shown above. 

If the answer is positive, it returns a value of FISEXC (fissile excepted). A negative 

answer will take the program to the third instance of this rule where it asks 

questionP5(Answer). A positive answer returns a value of FISEXC. A negative answer 

sends the program to the fourth instance of this rule that returns a value of FISSILE. 

If the system finds that it has a plutonium exclusive material, then the fourth 

instance of quest_yesto-Ekpl(IsItFm) is accessed. It asks questionPS(Answer). 

questionP8(Answer):- 

shifi3-4-retr,d, 

write(. Does 20% or less by mass consist of Pu-230 or Pu-241?'),nl, 

shiftwindow( 4),clearwiodow,d, 

writer  

readln(Answer). 

(Please, answer yes or  no)"),nl,nl, 
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A positive answer returns a value of FISEXC. A negative answer takes the program to 

the fXth instance of quest_yesto-E.pl(IsXtFii) that asks questionP4@nswer) as shown 

above. A positive answer returns a value of FISEXC. A negative answer takes the user 

to the sixth instance of the rule that asks questionP5(Answer) (shown above). A positive 

answer takes the user to the seventh instance oE the rule that returns a value of FISSILE. 

These sets of rules have answered the second instance of check-for-fiss(Fii) for 

those cases in which the material has explicit fisiles. If the material does not have explicit 

fissiles, then the third instance of this rule is accessed. This instance sends the user to 

pm~noto-Ekpl(), which has five instances. 

pregnoto_f;;xpl(rsItFii):- 

questionQ 1 (Answer), 

Answer=>es", 

ISItFiss =I;ISEXC",!. 

pregooto-ExpI(rsItFiss):- 

nonexpk(Enrich),Ech = "less5", 

goforlessS@ItFiss). 

pregnoto-EKpl(IsItFiss):- 

ques tionP4(Answer), 

Answer==yes", 

IiItFrss= TISEX?,!. 
pregnoto-Eqd(IsItFm):- 

questionPS(Answer), 

Answer='+", 

IsI~kS="F1SExC. 

pmg-m to-Expl(IsxtFii):- 

ISItFiss="FISSILE)",!~ 

questioaQl(Answer):- 

sW_4_retr,d, 

write(" Are you carrying 15 grams or"),n.I, 

write(" less oE ki l e  radionuclide?"), 
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shiftwindow(4),clearwindow7nl,nl, 

write(. (Please, answer yes or no)"),nl, 

readln(Answer). 

The first instance asks the questionQl(Answer). A positive answer returns a value of 

FISEXC. A negative answer sends the program to the second instance of the rule. This 

instance checks the data base, nonexpk(NONEXP), if the material is enriched less than 

5%. If this search is true, the program goes on to goforld(IsI tFi i ) ,  which has five 

instances. 

goforlessS(Is1tFim):- 

questionW(Answer), 

Answer ="yes", 

goforUenrl(Is1tFiss). 

goforlessS(Is1tFiss):- 

slg(SLG),SU; ="liquid", 

goforIasSliq(Is1tFiss). 

goforlessS(Is1tFiss):- 

q u a  tionP4(Answer), 

A.nswer="yes", 

IsItFm="FISEXC,!. 

goforlessS(Is1tFm):- 

questionP5(Answer), 

Answer=)es", 

IsItFlss ="FISEXC". 

goforlessS(Is1tFiss):- 

IsItFm="Fl[SSILE". 

These instances and the derived rule instance are handled in the same manner as the 

other rules. The same mechanism of backtracking until it finds an acceptable answer is 

followed throughout the analysis of this and other rule-based systems that represent the 

logic diagram. 
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DOS version. The prototype has been developed in Prolog. Several modules comprise 

the entire program. A main program that has the ability to gather information such as 

isotopes, activity, physical state, etc., is linked to other rule-based modules and a graphic 

retrieval program. Figure 24 illustrates the different segments of the main program and 

the respective rule-based systems that are linked to it. The first rule-based program linked 

to the main program is the fissile determination module. The second linked program is 

the limited quantity determination module. The third program is the LsA/SCO 

determination module. The fourth program is not a rule-based program, but a 

straightforward C program that can read bitmap graphic files and is activated from within 

the main program with the following Prolog command: 

show(Package):- 

initgraph(det=G!Yd~’, 

setviewport( 1,1,438,479, l), 
setbkcobr@lue), 

statusIdne(”Please, wait, when finished press a key to continue?, 

display-bitmap(Package), 

readcharO,closegraph. 

This Prolog command initializes the graphic environment, sets the view port, the color of 

the background, and then, using the command display_bitmap(Package), the bitmap file is 

accessed. The command display-bitmapvariable) is a C function that has been linked to 

Prolog. 
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Fig. 24. Main program architecture for the DOS version. 
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The main program also accesses data bases of isotopes and their characteristics and 

I text files of (1) the transportation regulations, and (2) the package descriptions. 

Hvpermedia - version. The GUIDE document works within a Windows 3.0 environment. 

Xnitial questions start a consultation session. Regulations can be checked and navigated 

using the hypertext mechanism. If required, the GUIDE document can access a rule- 

based module to obtain information about isotopes 3r activities by launching the execution 

of the input data module. Once the program is launched, a user interaction program 

starts working under the DOS environment (even though GUIDE works under Windows). 

The other rule-based modules accessed by the GUIDE document are the fissile 

determination, the limited quantity determination, and the LSA/SCO determination 

programs. These modules are identical to the DOS version. 

4.24 Implementation of a Friendly Interface 

There is a need for a close interaction between the program and the user. The 

system has to be able to present the user with questions in a clean and direct manner. 

The system is also required to provide a simple mechanism for the user to answer the 

questions. In addition, access to additional information such as text files, data bases, or 

graphics has to be invisible to the user. 

DOS version, The interactive mechanism provided by Prolog is mainly comprised of text 

windows and menus. Figure 25 illustrates the mechanism by which the system asks the 

user if the material meets the DOT definition of a radioactive material. It displays the 

question in a text window format. Before the user can answer the question, the system 

provides the user with the regulations. By pressing the return key in Regulations, for 

example, the program pops a menu from which to select a regulation (Fig. 26). 

In order to answer the question about isotopes and activity of each element, the 

system uses a multiple choice scroll-down menu that presents the user with the isotopes 

existing in the data base. The user can select more than one isotope. After selecting 

isotope(s), the program asks €or the activity of the selected isotope(s). Figure 27 shows 



Transportation Expert System 10:45- 

-Que st i on 

Does your material meet t h e  DOT 
definition of a radioactive 
material? 
(i.e.,specific activity > 70 Bq/gm. 
Check Help f o r  more information 
(Reg 49CFR 173.403) 

AnsweP 
(Please type yes or no) 

Yes 

I 

Fig. 25. Interaction between the user and the program. 
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SPECIAL FORM or 
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Fig. 26. Regulation selection menu. 
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dhat isotope do you want to sh ip  

(Select from the following list) 
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Select 

europium-152 
europium-154 
europimu-155 
radium-223 
radium-224 
radium-226 
uranium-232 
uranium-233 
uranium-235 
uranium-236 
cobalt-58 
cobalt-57 
californium-252 
iron-55 

iridium-192 
iodine-123 

h-3 

Please select with the return key, F10 when selection is made 

Fig. 27. Multiple choice menu. 
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the multiple choice menu, while Fig. 28 illustrates the questions concerning the activity 

content. The DOS version also records the path of the decision stages (Le., whether the 

material isradioactive, solid, and a special form material). The system calculates that if the 

fraction of A2 is above 1, determines that it is nonfisile, and that it has not qualified as 

limited quantity. A menu from which to select packages is also used (Fig. 29). 

Hwermedia version. The interactive mechanisms offered by the GUIDE documents 

consist of hypertext buttons that may be attached to text files, commands, or graphic files. 

Each button accesses different features according to what kind of command is attached. 

Figure 30.a illustrates a GUIDE document referring to a specific regulation, Fig. 30.b 

illustrates a GUIDE document accessing the text file representing a specific regulation, 

and Fig. 30.c illustrates the navigation procedure through several referenced regulations. 

In Fig. 31.a, a GUIDE document is illustrated. By clicking on any button in this 

document, the user is able to access a graphics file. Figure 31.b illustrates the display of a 

graphic file with information about a specific Type A package. Most of the features 

pertaining to GUIDE are normally driven by the use of buttons. All of these buttons are 

linked to text files, which can, in turn, be linked to other text, graphic files, or to LOGiix 

commands that order the system to perform a certain action. The next portion of a 

LOGiix command refers to the execution of the first rule-based program: 

#LoGibr 

fwnction main() 

=gin 
LaunchCforguidl.exe',"", 1); 

result := answer(0+64,"Continue',"Press OK to Continue?; 

if (result = 1 ) then 

NartFrame(ButtonDoc()); 

End 

\ 
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-Question 

What total activity of 
europium-152 

do you wish to ship in one 
package? 

RadMt yes  
1 

00 
0 

Fig. 28. An example of a question-answer interactive window. 
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aalect P a c k a g t i  
Strong Containar 1 Strong Container 2 
Strong Container 3 E x i t  

Fig. 29. Menu for the selection of packages. 



The system has to check i f  your material 
qualify for a limited quantity . . . 

Press to continue.. . 

If you want to check €or definitioris press here: 

Fig. 30.a. GUIDE pointing to a regulation text file. 



Is your material Special Form or Normal Form? 

4 torr-11s ( 1  3 X 1 
l0F) and one atmos 

and 1t \e beginning of the next test shall be such that the water 
has soaked-tn to the mwmurn extent wrthout appreciable 

- 
Fig. 30.b. Access to text files. 



(b) "A2" means the max 
other than sped4 form o 

Table of A1 and A2 values for radionuclides 

13432. Mar. 31.1983, as amended at 48 FR 31 21 9, Jub 7. 

[Seg Table # 
481 wdt. 173-1 62.48 FR 10226. M a .  10,1983; 48 FR 

dance with the foll 

most restrictive value 

Fig. 30.c. Navigation through text tiles. 



The system has determined that you can use 
Type A package with your material 

Select to get a description for these packages.. . 

Fig. 31.a. Package selection buttons. 
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Fig. 31.b. Package graphic display. 
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By pressing the corresponding hyperbutton, this LOGii function is initiated. First, it 

executes the rule-based program, forguidl-exe, and by clicking the Continue button, the 

program goes to the next frame. 

. 

The next command is also attached to a button, and depending on the result of the 

selected action, the command will activate other GUIDE documents: 

#LoGibr 

Function main0 

Begin 
Launchrforguid4.txe',", 1); 
r ~ ~ t : = ~ e r ( O + ~ ~ ~ n t i n u e : , ~ ~  OK to continue"); 

if(result = 1) then 

begin 
type := ReadFromFide ("fie7.txt"); 

messagebox("type =*, type; 

dose(ButtonDoc(),l+256); 

if(* = 'typeam) then 

Nameopen(" typeaop.gui") 

else 

if(+ = 'typeb') then 

NameOpen~typcbop.gui"); 

end 

This function will execute the rule-based forguid4.exe. This program will produce a value 

that will be written in tile7.txt Next, GUIDE will read this value from file7-bct, (if the 

value is typea), then GUIDE will open another GUIDE document, typeaop.gui If the 

value is typeb, GUIDE will open the GUIDE document typebop.gui Both of these files 

will show graphics and video files of the respective package type. 
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4 2 5  Access to Audiovisual Information 

Modem days have brought to life extraordinary sources of information. 

Descriptions of objects, as well as actions that need to  be performed on those objects, 

normally required long pieces of text to convey the message. Fortunately, video media 

have been developed for computers. A great deal of information can be put in a piece of 

recording element (such as a video tape). All of this information can be stored in a short 

period of time. However, the video media are not a substitute for the written material 

that accompanies a description, but they are a formidable complement. With both written 

and video documents, a description can be very clear and straightforward. Difficult or 

lengthy explanations can be abbreviated with well-designed sequences of video images. 

The text file can be used to describe the elements that the user has to pay special 

attention to, and the video information can describe everything else in a video-motion set 

of images. 

DOS version- Display of video images with the Prolog DOS version is still in the 

developmental stage. The video-motion card can be acquired with essentially two types of 

software. One type of software allows Windows 3.0 interaction, and the other type has 

utilities that allow access to video images within the DOS environment. The mechanism is 

simple and consists of writing a series of commands to a text file. As soon as these 

commands are written to  the text file, the utilities of the video intercept them and perform 

the commands on the video equipment. The image from the video equipment is neat and 

clear. However, resizing of the video image has not yet been possible. In addition, the 

commands to  control the video equipment have not been established. This means that the 

allocation of a sector within a video tape is not accessible, nor are the features of a video 

player (such as play, stop, or rewind). 

The commands for playing a portion of a video image sequence within a window 

can be simply obtained using the following Prolog commands: 

show_vidm:- 

makewindow(l,87,52,"Tramprtation Expert Systemn,5,5,13,48), 

openwrite(rnyfilel,"mic"), 

writedevice(myf;lel), 
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The first line of this 

to be displayed. The second line opens a file mic in which a few commands are going to 

be written. The third line prepares the file mic. The fourth line writes in the string 

system on in the file. The fifth line writes the string, tran 5, and the sixth line writes the 

command video on. Finally, the seventh line writes audio OIL These are the basic 

commands to turn the system on, make the window transparent to color 5 (magenta), and 

display the video image. Subsequently, the command turns the video on first and then the 

audio. The next step in sending commands to the video equipment is in the 

developmental stage. 

dog rule opens a window where the video image sequence is going 

Hvpermedia versioa A GUIDE document has hyper buttons that send commands to the 

video equipment and to the video card of the computer. The following LOGiix commands 

illustrates this procedure: 

These commands execute the program, vcrwinl.exe, which take the second string, 

tapel.dat5, as running parameters. The first parameter is a text file in which each line 

represents one piece of videotape. Each line contains the number of the piece, length of 
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playing time, length for rewinding, and length for forwarding. The  number 5 represents 

the number of the piece that will play. The program, vcrwinl-are, opens the video 

window to display the video image sequences and sends commands to control the video 

equipment. 

During the development of the video image access, it was necessary to  develop a 

piece of hardware to  control the video equipment, which in this case was a video cassette 

recorder (VCR). Consequently, it was necessary to create the file, tapel-dat, to store the 

video tape information. Once a laser video disc player is acquired, the operation will be  a 

little different. There will be no need to control the equipment with special hardware, 

and the access time to each piece of video image sequence will be much faster. In any 

event, the use of a VCR provides a flavor of what video images can add to an expert 

system in terms of information and friendliness. 

5. ANALYSIS 

The feasibility of developing a full expert system for the transportation and 

packaging of hazardous and radioactive materials has been initiated within the framework 

of three subtasks: (1) analysis of commercial packages related to regulation scanning, (2) 

analysis of computer languages to develop the expert system, and (3) development of 

expert system prototypes. The strategy to develop the latter subtask was to  a) develop 

modules to  capture the knowledge of different areas of transportation and packaging, and 

b) to analyze the feasibility of appending these different modules in one final full package. 

The individual modules contemplate one prototype for transporting and packaging of 

radioactive materials, and another for transporting hazardous chemical materials. In the 

event that it is not feasible to  link these two software modules, the modules can always be 

used as stand-alone tools, or linked as a single package with some restrictions in their 

applicability. The  work done during fiscal year 1992 has focused on developing a 

prototype for transporting radioactive materials. 

The final version of the expert system will be implemented in a computer system 

to allow a better and less expensive distribution to  the final users. The first prototype 



module has been initialized and will capture the expertise for the transportation and 

packaging of radioactive materials. The general strategy to develop this module has been 

to develop a logic diagram of the decision making process for transporting and packaging 

of radioactive materials, and to put this expertise in Prolog code. The logic diagram has 

gone through an extensive revision process, and the user interface has almost been 

defined in its entirety. 

The analysis of the commercially available software, RegScan and 

EnvironmentaVSafety Library, indicated that both packages, although very useful for 

navigating the pertinent regulations, are not particularly suitable for the determination of 

the type of packaging required for hazardous and radioactive material transportation. 

However, the regulations can be downloaded from these software systems and used as the 

source data base for the regulations that will be accessed by the expert system. 

The three computer languages analyzed before show great potential for the 

development of the expert system. From the analysis of the implementation of the 

different features required for the expert system prototype, it  was concluded that the 

developmental efforts should be directed to two versions of the prototype. First, a simpler 

DOS version that could be run on any computer machine to accelerate the review process 

was recommended. Second, a more sophisticated Windows Hypermedia version that 

includes every required feature was built as a proof of concept that the entire package can 

be built. The DOS version of the prototype should be developed using PDC Prolog 

because the language allows more flexibility with the different features incorporated in it. 

The distribution of the prototype for revision purposes may be simpler than with the other 

programs. 

The hypermedia version was developed using a combination of GUIDE and 

Prolog. Hypermedia technology usually works as an interactive software system that gives 

personal computer users the ability to organize, manage, and present information in a 

number of formats-text, graphics, sounds, and full-motion video. GUIDE may use 

LOGiiX, an embedded programming language which allows the user to perform complex 

information manipulations. One of the manipulations is the possibility of adding the 

reasoning mechanism developed in the DOS version. GUIDE does not have a rule-based 
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system incorporated in the system which allows the development of expert systems. 

However, LOGiiX provides commands that can access rule reasoning mechanisms at any 

point during the consultation. 

6. FUTUREWORK 

The first phase in demonstrating the feasibility of developing an expert system 

prototype has produced very promising results. It is possible to  represent knowledge 

about radioactive material transportation packaging using a logic diagram that has been 

translated into a rule-based system. The features required to  assist a user during a 

consultation session have been implemented in both DOS and Windows 3.0 environments. 

The mechanism to download updated regulatory information from RegScan has proven to 

be technically feasible and within the purview of the license agreement. The activities 

related to  the assessment of the required review, validation, and verification process for 

the operational use of the radioactive material transportation prototype is in the planning 

stage. Links with the Automated Transportation Management System (ATMS) will begin. 

One of the subtasks proposed for F Y  1993 is the investigation of possible ties of the 

transportation packaging expert system with ATMS. The knowledge gained from this 

study will indicate the type of tools and mechanisms necessary to link the expert system 

with the ATMS. 

The second phase of the demonstration will include the feasibility analysis of the 

hazardous chemical materials transportation packaging expert system prototype. The 

possibility of developing an expert system for the transportation packaging of hazardous 

chemical materials to be linked to the radioactive material transportation packaging expert 

system will be evaluated. The analysis will determine the possibilities of linking the 

program to the ATMS. 
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