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ABSTRACT

The purpose of this thesis project was to design an interactive data base

system on a micro computer for management of the data on radioactive waste

stored at the Oak Ridge National Laboratory. The system was designed to

provide managers user-friendly, menu-driven and ad hoc methods of entering and

retrieving data. The system was then designed using Micro Data Base Systems III

(MDBS III). The primary result was the development of a micro computer data

base containing the specified data which is easily and interactively retrievable.

The significance of this work was the design and implementation of on extended-

network data base on a micro computer. This system replaces an antiquated

method of data processing and provides the users with a state-of-the-art method

of information management.
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CHAPTER I

INTRODUCTION

I.I Background

During World Wor II, Oak Ridge was selected as a site to fabricate

weapons-grade uranium under the classified control of the Manhattan Project

(ORNL/CF-82/202 1982, p.2). A necessary result of this activity was the

production of materials which were radioactive or contaminated with

radioactivity. Some of these materials were intentionally radioactive, such as

that found in weapon components, and were used for that purpose. Other

materials such as gloves or tools became contaminated with radioactivity

because they were used to handle radioactive material. Also, chemical residues,

which became radioactive during processing, hod to be segregated from possible

human contact and disposed of.

Since World War II, new, peaceful uses of radioactive materials have been

discovered. Commercial involvement includes the production of electrical power

in nuclear power plants. During this production, uranium fuel slowly breaks down

into radioactive products to a point where the fission process is no longer

efficient for power production. This spent fuel, which is removed and stored in

containers, is still highly radioactive and must also be properly disposed

(DOE/EIS 1980, p.I.I). Other beneficial uses of radioactive materials include the

application of radioactive implants in cancer patients and diagnostic treatment,

but these also result in materials that must be discarded in an appropriate

manner. The term "radioactive waste" is a classification of these radioactive

materials which have served their useful purpose (Jacobs 1984).
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Radioactive waste must be stored in a systematic, well-defined manner.

Safe storage of the waste is necessary for reasons of reducing health risks to

workers and the general public. Radioactive waste may also be of economic

value. These wastes may have future uses, so it is necessary that they be easily

located and retrieved. The waste is also stored because of concern over the

proliferation of nuclear weapons (DOE/EIS 1980, p.I.I). Because of these types

of concerns, the Department of Energy (DOE) accepted the reponsibility of

developing technologies for the management and disposal of radioactive wastes

(DOE/EIS 1980, p.1.1).

Radioactive wastes have been divided into four classifications. One

classification is spent fuel which is removed from commercial nuclear power

plants. This fuel may be stored, reprocessed for recycle of uranium or

plutonium, or disposed. The second category is called transuranic (TRU) waste.

TRU wastes are those wastes that at the end of on institutional control period

ore contaminated with alpha-emitting transuranium radionuclides with half-lives

greater than 20 years and concentrations greater than 100 nCi/g (DOE Order

5820 1983, p.S). High-level waste, the third classification, is defined as any

highly radioactive waste produced directly from the reprocessing of spent fuel

(Public Low No. 97-425). Other waste forms which contain neither TRU nor

high-level wastes are classed as low-level waste.

Throughout the United States, there are several facilities which have been

established as storage facilities for radioactive waste. Some facilities may only

store low-level wastes, while others could possibly store all four types of

wastes. According to Nuclear Regulatory Commission regulations for

commercial producers of waste (Title 10, CFR, Part 61) and DOE orders for



wastes generated by DOE and its prime contractors (DOE Order 5820 1983), the

party which generates waste may ship it to an indicated facility for storage

(ORNL/NFW-8A/IO I98A, p.1.1), it is the responsiblity of these individual

storage sites to develop methods of storage and waste management (DOE Order

5820 1983).

The Oak Ridge National Laboratory (ORNL) serves as one such storage

site. Locating this site at ORNL was a logical consequence of World War II

radioactive waste activities. This facility accomodates the storage of TRU and

low-level wastes. The Chemical Technology Division at ORNL is responsible for

both the storage of the waste and the management of the storage information.

This information is of extreme importance. The public, through political and

regulatory means, demands not only that the waste be stored safely, but also

that records be kept which indicate how much waste of what type has been

stored at a given site. Records must indicate the storage locations and how the

waste was stored within a facility, who generated the waste, and what form it is

in. These requirements dictate significant responsibilities for information

management personnel.

Most recently, the management of this data at ORNL was performed by a

second party delegated by the Chemical Technology Division. The data were

maintained in a sequential, flat file on a large-scale computer system and were

accessed via COBOL programs. Maintenance was performed either by executing

specialized COBOL programs or by editing of the data file. This was once on

accepted, "efficient" method of data processing, especially when compared to

manually maintaining the information. Technology has been developed, however,

which now allows managers to moke inquiries and obtain answers much more



quickly than previous systems Gilowed. This developing technology and the

desire of program managers to implement a more efficient information system

were crucial elements in the initiation of the project reported here.

1.2 Purpose

The purpose of this thesis is to design and implement an interactive data

base system on a micro computer for information management of radioactive

waste stored at ORNL. A primary goal of the system is to provide managers

user-friendly, menu-driven, and ad hoc methods of entering, updating and

retrieving this data.

1.3 Approach

The approach taken involves on analysis of available data base management

systems, the data, and the users' requirements. The Micro Data Base Systems III

(MDBS III) (vended by Micro Database Systems, Inc.) is being used. This system

meets the users' needs through on extended-network data base model.

The overall implementation of the system involves several steps. At first,

data is downloaded from a large computer to a hard disk of on IBM Personal

Computer (IBM-PC). This data is in a sequential, flat file. Next, a program

formats the raw data into a form acceptable for input into the MDBS III data

base. A second program then loads the formatted data into the data base. Once

the data base is loaded, it is accessible via an interactive query language or data

manipulation language, as well as through menu-driven programs. A menu-driven

input program is also available to facilitate additions to the data base.



The remainder of this thesis is organized as follows. Chapter 2 gives an

overview of the previous data processing system, emphasizing the disadvantages

of this system. Chapter 3 begins with an overview of data base management

models and the terminology and language used in data base operations, and

follows with a discussion of the MDBS III software that was chosen to implement

the project. The procedures used in designing the data base and its

implementation are also discussed in Chapter 3. This section includes a

definition of the data, the user requirements, and the design of the new system

to meet these needs. A description of the data base implementation phase

completes Chapter 3. Chapter k summarizes the results of the implementation

and application of the new radioactive waste management information system

and evaluates its performance. This is an evaluation by comparison of the newly

designed data base system to the previous filing system with a look at time

constraints, flexibility, and ease of use. The last section of this chapter

discusses recommendations for further development for both the implemented

system and data base systems for micro computers in general.



CHAPTER 2

THE APPLICATION ENVIRONMENT: THE PROBLEM IDENTIFIED

2.1 The Previous Data Processing System for the Radioactive Waste Stored at

the Oak Ridge NQtionai Laboratory

2.1.1 Overview of the data storage and retrieval methods. ORNL is one of

several sites throughout the notion which serves as a storage facility for

radioactive waste. The Chemical Technology Division (CTD) is responsible for

the physical storage of the waste. The information system associated with this

storage was maintained by another party.

The previous process of recording this information involved several steps.

The Chemical Technology Divison would receive waste to be stored. As this

waste was being stored, there was a form, Figure 2-1, which the CTD personnel

completed. This form described the chemical makeup of the waste, the storage

date, the storage facility where the waste was stored, the type of waste, and any

other required information. An example of a completed form is shown in Figure

2-2. Completion of this form was the first step in the data recording process.

After this form was completed, it was sent to various personnel to be filed

as a hardcopy. The CTD personnel also used it to enter the data onto a second

form shown in Figure 2-3. This was the second step in the process of recording

the information. Figure 2-4 is an example of the input sheet containing the data

taken from Figure 2-2. This input sheet was the information that was to be

keyed into the data file.
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The third step in the process was the entering of this data (Figure 2-k) into

the dote file end the assignment of a unique document number. There were a

total of six eighty-character lines entered for each container of waste stored at

ORNL. These six lines formed the record of each waste storage procedure. The

process of keying in the data was handled by personnel at another plant, the Y-12

Operations Plant, some fifteen miles away. This group of personnel maintained

the data on a large file in sequential format. This meant each additional storage

required the entry of six more lines of data. To process the data, COBOL

programs were developed which read the data file and produced monthly and

bimonthly reports. Any other information obtained required additional COBOL

programs.

2.1.2 Disadvantages of the data processing system. The major

disadvantages of this system were the following;

(1) 0 true data base was nonexistent;

(2) specific ad hoc inquiries were time consuming and costly;

(3) access and efficient use of the computer which contained the data

file was difficult to attain due to a large number of users;

(4) possibility of typographical and interpretation errors; and

(5) Chemical Technology Division lacked complete control over the data

file.

The first and forenrwst disadvantage was that a data base did not exist.

There was only a data file which could be accessed sequentially by programs

written for each specific request. The definition of a data base will be discussed

in detail in Chapter 3.
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The lack of on implemented data base led to the second disadvantage.

Only inquiries for which programs had been written could be answered in a

relatively short time frame, i.e., the monthly and bimonthly reports. This

sequential data file was only accessible via programs designed for specific

inquiries. Thus, each ad hoc inquiry demanded special programming time. Even

the regular reports took some time to run and then to be sent over to ORNL. If

there were any problems, it could possibly take up to two or three days to

receive even the regular reports. Programs for ad hoc inquiries had to be

specifically written, hence the user, the Chemical Technology Division, had to

tolerate delays and additional cost for programmers' time.

The time requirements for developing specific programs were magnified by

the large demand on the computer at the plants. Not only did the programmers

have to write new programs, but they also had to compete with hundreds of users

for computer time.

The physical process of filling out forms (twice), and then keypunching the

data was also a disadvantage. It led to errors because the data had to be handled

three times before actually entering the data file. There were three procedures

(completion of the waste disposal form, the input sheet, and the actual entering

of the data into the file) involved as the data was being entered.

Another problem was the distance between the data and the Chemical

Technology Division. By keeping the data at Y-12 and having it maintained by

another division, it really did not seem as though it "belonged" to CTD. For each

inquiry made, requests had to be submitted to the Y-12 personnel. This situation

did not provide CTD control over their own data. These problems eventually led

to the development of the present system, and to this thesis project.
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CHAPTER 3

THE DEVELOPMENT OF A NEW SYSTEM

3.1 Study of Data Base ManQqement Models

3.1.1 Definition and objectives of a data base. A data base is built up of

different entities. The smallest of these is known as the data item, also called

attribute or field. Data item names refer to different types of information that

will be contained in the data base. A data item contains values. These values

can only be acceptable entries for a data item. This is known as the data item's

domain. For example, STORDATE (a data item which names the type of

information pertaining to storage dates) can only accept certain values (a range

of values). An entry such as "03/01/167G" is not within the domain of the

STORDATE data item. These data items or fields are grouped into records. A

record type is determined by the types of data items contained in a record. For

example, a record type such as WELLIND could contain the data items FULLIND

and FULLAMT. Each of these data items, would hove values that give

information about the waste stored in wells. A record in the data file of the

data processing system is made up of all the data items entered from Figure 2-

4. A record is the collection of the values for such data items. A collection of

these records is called a file. To soy that the file from the data processing

system was a data base is false. A data base is a collection of shared and

integrated files with associations or relationships linking the files (Kroenke 1983,

p. I I).

"Integrated" means the data base contains the data for many users (Date

1977, p.4). In processing sequential data files, often there are requirements for a

13



data file for each user. This is a file which contains only the information for one

particular application (Kroenke 1983, p.2). A data base allows all users to

benefit from sharing one file.

The major objectives of a data base can be grouped into six categories: (I)

ability to represent the inherent structure of the data; (2) reduction of data

redundancy; (3) data integrity; (4) accomodation of changes; (5) performance and

efficiency; and (6) ease of use and flexibility (Martin 1977, pp.35-42 and

Cardenas 1979, pp. 1 1 -14).

Any group of data can be stored in a file and accessed sequentially for

retrieval purposes. However, this method of data processing does not explicitly

represent any of the relationships between data items or record types. Not only

is the representation of this relationship important, but the inherent structure of

the data should be represented as naturally as possible (Martin 1977, pp.35-42).

A data base which represents an inherent structure can form the

relationships without a need for repeating like data values. This may lead to a

reduction of the physical record size. For example, a record from the data file

contains a unique document number which indicates each container of waste

stored at ORNL. All the information concerning this storage is grouped into a

record and connected through the document number. There ore only a few types

of waste (each repeated for every document number it refers to), but there ore

several thousand records each with a unique document number. A data base

allows the user to only store the waste type once and connect it by some method

to all pertaining document numbers.

Reduction of data redundancy helps to accomplish data integrity. If each

type of waste is present only once in the data base, then updating it needs be

14



made only that one time. Compare this procedure versus possibly performing

thousands of repetitive updates (which may lead to errors, either typographically

or through omission). Data integrity also pertains to data as it is entered into

the data base. Some data base management systems check ranges and types of

data input. A data base management system could also hove access codes

allowing only authorized personnel to moke changes to the data base.

The ability to occomodote future structural changes in a data base is a

very important requirement of a data base management system. If a data base

has been designed such that it can never be altered via the addition or deletion

of a field or relationship, then it may quickly become outdated and unusable.

The more adaptable a system is to changing information requirements, the more

powerful this system will be.

The efficiency with which a system performs is certainly a factor with

which all end users are concerned. Performance and efficiency are usually

measured by way of a comparison of one data base management system to

another or to some other method of data processing. Users need to compare the

systems available for their use to realistically evaluate each system's efficiency

and performance.

Finally, the ease of use of a system is on important objective. The user

must be able to use the system to obtain its fullest potential. If a system is

difficult to use, the user may not gain the full benefits of the data base

management system.

By meeting each of these objectives, a data base management system will

give the users control over their data.

15



3.1.2 Data base mQnaqement model types. Data base management

systems may be categorized Into three kinds of models: (I) the hierarchical

approach; (2) the relational approach; and (3) the network approach. These

models differ in how they represent the data (the data base structure), and in the

methods each of them use in storing and retrieving the data through a data base

management system.

3.1.2.1 Hierarchical data base model. A hierarchical model of a data

base refers to a tree-structured relationship among data items. This is a

representation of a parent-child relationship where one value of a data item

(parent) may hove many values of another data item (children) associated with

it. An example of a hierarchy within this application is one building with many

types of wastes that con be stored in it. This is known as a one-to-many (l:M)

relationship.

A hierarchical structure is easy to represent and maintain. However, even

though a hierarchical structure represents l:M relationships, a data item cannot

be shared in two or more relationships. The data item must be physically present

in every relationship it is needed in. To illustrate this restrictive problem,

consider:

(1) For each container of waste stored at ORNL, there is a unique

document number generated that records each storage procedure;

(2) Containers of waste are all classified as a particular nuclide (1-6). If

there are thousands of containers stored, then a particular nuclide

will most probably be stored more than once. Therefore, a document

number is generated to represent each of these storages;

16



(3) There may be several containers of waste stored at a particular

location. Therefore, a document number is generated to represent

each of these storages.

To summarize this example: for one nuclide classification, there may be several

document numbers; for one storage location, there may be several document

numbers. Figure 3-1 denrtonstrates these two relationships.

Figure 3-1 also illustrates the problem associated with hierarchical

structures in that the data item, DOCNO, cannot be shared as a child.

Therefore, the only way to ovoid deletion of one of the relationships is to hove

two disjoint trees (where the DOCNO data item is a child of both trees) and this

is usually a limiting situation (Martin 1977, p.102). One such limitation occurs

when trying to perform updates to the data base. If the document number data

item is a child of both trees, then any modification to a particular value of the

data item would hove to be performed twice. This could quickly lead to data

corruption. For example, the data base programmer may forget to modify both

values, or one value could be modified incorrectly.

There is also a relevant relationship in this application which cannot be

represented. There ore many different nuclides stored at each location, and a

particular nuclide could be stored at many different locations. This type of

relationship is known as a many-to-many (M:N) relationship. There is no

straightforward representation of this type of relationship in a hierarchical

structure. In a hierarchy, it is difficult to obtain what nuclides are stored at a

location and also all the locations where a certain nuclide is stored.

3.1.2.2 Relational data base model. The basic concepts of the

relational model ore easy to comprehend. A relation con be represented as a

17



WASTE

CLASSED
AS

NUCLIDE

q: 00

%M o
O

QT <
4"H

□ •7
4:V-/

u

i (/)CM

DCKTUMENT
WHICH
RECORDS
STORAGE

DOCUMENT
WHICH
RECORDS
STORAGE

DOCUMENT
WHICH
RECORDS
STORAGE

STORAGE
BUILDING

q: 00

M 3bp*»

6
sW

d
<

}.
o o r7

'J

i«o
toCM

DOCUMENT
WHICH
RECORDS
STORAGE

DOCUMENT
WHICH
RECORDS
STOFIAGE

document
WHICH
RECORDS
STORAGE

Fi^re 3-1. Sample data in hierarchical form.
18



table which is mode up of data items, or attributes. Each attribute has a defined

domain, and the collection of these domains are said to be the domains of the

relation. Each row of the table represents one tuple of the relation. The number

of tuples in a relation can be thought of as the number of record occurrences in a

table (Date 1977, pp.73-74). The following criteria describe any table which is in

a relational data base;

(1) each attribute value is atomic (i.e., at every row-and-column position

in the table there must be exactly one value, or null, never a set of

values);

(2) all elements in a column ore token from the domain of that attribute;

(3) each column has a distinct name pertaining to the data item;

(4) each row is distinct, duplicate rows ore not allowed; and

(5) viewing the rows and columns at any time in any sequence will not

affect any context information or the semantics of any function using

the table (Martin 1977, pp.202-206).

Figure 3-2 is an example of one relation which could be used for this

application. This relation represents the type of waste and its isotopic

breakdown for each container of waste stored.

In a relation, the tuples do not have to be ordered, since a relation is a set

of data items and sets are not ordered. However, it is often beneficial to order

the tuples of a relation as has been done in Figure 3-2. An order gives meaning

to commands such as "get next" which in this example would fetch WASTE tuples

in ascending order of DOCNO (Dote 1977, p.7^).

Another important concept in the relational model is the use of keys.

Usually within a relation there is one attribute that uniquely identifies the tuples

19



WASTE

DOCNO WASTETYP ISOTI 1S0T2 IS0T3 IS0T4

37601 CE U-233 U-235 NULL NULL

37602 OD PU-239 U-233 AM-241 U-235

37603 CE U-233 NULL NULL NULL

37604 NC AM-241 PU-239 U-233 U-235

37605 NC PU-239 U-238 U-235 NULL

Fi^jre 3-2. Sample data in a relational table.
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in a relation (Date 1977, p.77). For example, in Figure 3-2, the DOCNO is the

primary key because it alone distinctly identifies each tuple. For some relations,

there may be another attribute, known as the secondary key, that may have this

identification property. Not every relation will hove a single-attribute key as in

Figure 3-2. However, every relation will hove some combination of attributes,

when used together, that identify its tuples. An example of a two-attribute key

is shown in Figure 3-3. Neither BUILDING or STORDATE alone identifies a

tuple because there are duplicate values for each. Only by using BUILDING and

STORDATE together con a tuple be uniquely identified.

3.1.2.3 Network data base model. The network model is similar to

the hierarchical approach in that data records ore related by parent-child

relationships. The main difference however, is that data items may be present

in any number of hierarchies (Date 1977, p.58). In the network model, the data

items that represent parents are referred to as owners, and the data items that

represent children are known as members. The relationship represented between

on owner and its member is called a set. These sets are usually given a name

that represents this relationship. Figure 3-4 illustrates how the nuclides and

locations con both be linked to the some document number.

This model allows for a more strioghtforword retrieval of M:N

information. Recall that a user may want to know all the locations where c

particular nuclide is stored. This could be represented as a l:M set. However,

there may also be a need to know all the nuclides stored at a location. This too

is a l:M relationship, but to ovoid having two sets where DOCNO is the member

of both sets as with a hierarchial model, a network model con be used. By using

Figure 3-5 as an example, one con obtain all the locations for nuclide "I" by
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AMOUNT

BUILDING STORDATE WEIGHT

9019 03/16/1979 100

9019 05/10/1981 200

9019 06/1 1/1982 300

1022 03/16/1979 400

1022 06/1 1/1982 200

1506 05/10/1981 100

1506 06/1 1/1982 200

1506 09/19/1983 300

1410 06/1 1/1982 200

Figure 3-3. Example of a relation with a two-attribute key, BUILDING
+ STORDATE.
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Figure 3-4. Sample data in a network model.
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finding each member, the document number, end then finding its owner of the

location set. This would be storage location "I". For nuclide "2", this would

result in location "I" and "2". To obtain the nuclides stored in storage location

"I", obtain the document numbers that are its member and then their owner.

The results are nuclide "I" and "2". A conceptual view of these two l;M sets is

given in Figure 3-6. Having the document number as a member of both sets is on

instance of intersecting data. It is shared by both the nuclide and the location

owners.

Figure 3-7 demonstrates that when the intersecting data of the l:M sets is

removed, a M:N set is directly represented. In the standard network model the

l:M sets ore the only representations available. They must be used to obtain

M:N set information. However, the data base management system used in this

thesis directly represents M;N sets and will be discussed in detail in the Section

3.2.2.2

3.2 The Choice of a Micro Computer Based System

3.2.1 The advantages of a micro computer system. The previous data

processing system needed improvement. The first alternatives to be considered
V

were whether to keep the system on a large-scale computer and use a data base

system present on this computer, or to implement a new system on a micro

computer. In choosing between these alternatives, the users' system

requirements had to be evaluated. Their needs included:

(1) faster turn-around time for normal requests;

(2) an ability to obtain ad hoc requests without additional time and costs;

and
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DOCUMENT

WHICH
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Figure 3-6. Conceptual view of two l;M sets in a network system.
The nucllde class and storage location ore the owners with the
document number as the member of both sets.
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Figure 3-7. Conceptual view of a M;N network set.
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(3) independence from outside personnel in producing ail the required

information and updating of the information.

Based upon these requirements, the choice was made to implement a data

base system on a micro computer for the following reasons:

(1) 0 large-scale computer still required shared access of a computer

with a large number of users;

(2) 0 micro computer with 10 megabytes of hard disk storage would

occomodote all of the present data plus several years of additional

data;

(3) there are existing micro computer based systems that support

interactive, user-friendly querying of the data base; and

(4) the micro computer could be used for other requirements of the

Chemical Technology staff, e.g. spread sheets and word processing.

3.2.2 The choice of MDBS III for implementation. MDBS III, on extended-

network data base management system, was chosen to implement the micro

computer data base. The other major software consideration was dBASE II

(vended by Ashton-Tate) which was currently the number-one selling micro data

base management system on the market. During comparison of these two

systems, the users' micro system requirements were considered which included:

(1) security of the data through access control;

(2) multi-user option;

(3) user-friendly query language; and

(4) acceptance of scientific notation entries.

3.2.2.1 MDBS III compared to dBASE II. From previous experience

with dBASE II, it was determined that it did not support several of these features
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required by the users. Table 3-1 is a comparison summary between MDBS III and

dBASE II. The lack of these features was the deciding factor for not using dBASE

II.

An advantage of MDBS III is the inherent nature of network systems to use

high-level host languages in design of application programs. This topic is

covered more completely in the following section, but, at this point, it suffices

to soy that programming with a high-level language coupled with a data base

management system provides more programming flexibility than using only the
I

data base management commands provided by the system as is the case with

dBASE II. The next section details other important features that influenced the

choice of MDBS III.

3.2.2.2 MDBS III features. The basic architecture of a data base

management system is composed of;

(1) the physical structure of the data base;

(2) the logical schema of the data base; and

(3) the application programs.

The physical structure of the data base is how the data is organized or

stored on the physical media. The methods employed depend upon the type of

data base management system. The user, and often the data base application

programmer, need not be aware of this physical structure.

The logical schema is the associations among all the data items as

conceptualized by the user. It is the logical description of the data base (Martin

1977, p.60). The examples of Figures 3-6 and 3-7 illustrated a partial schema of

the data base developed for this application.
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Table 3-1. Comparison summery between MDBS III and dBASE II

Features dBASE-l\° MDBS 111^

Cost $700 $2000 +

Security no yes

Multi-user no yes

Validity checking no yes

// rec./file 65,535 unlimited

// fields/rec 32 65,535

// files open 2 unlimited

Record size 1000 65,535

Field size 254 65,535 char type
250 var. length

Fixed/variable
record length variable either

Screen generator programmable option

Acceptance of
scientific notation no yes

Access a file

OS input? yes yes

a (dBASE II Manual), b (MDBS III Manual)
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The application programs are used in retrieving and modifying the data

base values. By using the logical schema, application programs are developed to

transverse through the relationships to obtain or modify information. These

programs could be menu-driven and prompt the users for their retrieval

information, or a program could be developed that prompts the user for entry

values and then makes updates or new entries in the data base. Figure 3-8

illustrates these three concepts of a data base management system.

MDBS III has several software packages that enable the user and the data

base application programmer to incorporate these three levels. The standard

package includes:

(1) Data Definition Language (DDL) - language used to define the data

base schema; and

(2) Data Manipulation Language (DML) - language used in writing

application programs, e.g., read the data from a file and enter it into

the data base, or used to access the data and produce reports.

The DDL is a language that is used to describe the logical data base

schema. By using DDL commands, every data item, record type, and set is

defined. The commands are grouped so as to form a DDL program; and upon

execution of this program, an empty data base is intialized according to the

specified relationships. Figure 3-9 is a partial sample of this application's data

base definition, and Figure 3-10 is a conceptual view of this definition.

The DML is used in the development of the application programs. The

DML is an interface between an application program written in a host language,

such as BASIC, COBOL, or PASCAL, and the physical data base structure. The

DML commands are used as function colls into the data base to execute required
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DEFPCS PHYSICAL
ORGANIZATION

/
DATA BASE

MANAGEMENT

.  SYSTEM

/

oo

STORAGE
LOCATIONS

DEFINES

SCHEMA

NUCUDE

APPUCATION
PROGRAM A

RETRIEVE ALL
NUCUDE TYPES
IN A STORAGE
LOCATION

MANIPULATES
DATA PROCESSING

Figure 3-8. The architecture of dote base management systems. (Taken from
Martin 1977, p.84)
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FILE "WASTE.DB"

USER NAME IS "USER" WITH "PASSWORD"

RECORD is BLDG

ITEM is BUILDING, char 6

RECORD is NUC

ITEM is NUCLIDE, char I

RECORD is DOCUMENT

ITEM is DOCNO, integer 6

SET if SSI type is I :M
OWNER is SYSTEM

MEMBER is BLDG

SET is FROM type is I :M
OWNER is BLDG

MEMBER is DOCUMENT

SET is WHAT type is I :M
OWNER is NUC

MEMBER is DOCUMENT

Figure 3-9. Sample DDL program. This program defines the data base,
WASTE.DB, to contain the records BLDG, NUC, and DOCUMENT. Each
record has only the one data item defined. Two l;M sets ore defined with
the DOCUMENT record as intersecting data and the BLDG and NUC
records as the two owners. There is also a l:M set with the SYSTEM as the
owner and BLDG as the member.
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SYSTEM

(SSI)

BLDG ̂

BUILDING

NUC

(FROM) \ / (WHAT)

DOCUMENT

DOCNO

NUCLIDE

Figure 3-10. Conceptual view of the data base defined in Figure 3-9. The
three I :M sets are SSI, FROM AND WHAT.
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functions. Figure 3-1! is an example of three DML commands and how they

would be used in a BASIC application program. The variable "cmd$" is assigned

the value of the desired DML command (the command is in the double quotes),

and then the command is invoked using the CALL DMS% statement.

These two software packages enable the programmer to define the data

base and then access and modify it. Other features of MDBS III aid in the ease

of programming of application programs and enable a user to do ad hoc querying

of the data base. These optional MDBS III features include;

(1) Interactive Data Manipulation Language (IDML) - the counterpart to

the DML, one IDML command can be executed at a time without the

requirement of writing on application program as with DML;

(2) Query Report System (QRS) - a user-friendly, ad hoc query language

that enables a user to obtain any information with the results printed

in 0 semi-report fashion; and

(3) Interactive Screen Definition Language (ISDL) - an interactive screen

generator that facilitates the development of menu-driven

application programs.

The IDML serves as an excellent debugging tool for a programmer. Each

IDML command can be executed without the framework of on application

program. This ability allows each statement to be checked for correct syntax

and semantics before programming the DML commands into on application

program. Figure 3-12 demonstrates the IDML counterparts of the DML

commands shown in Figure 3-1 1.

QRS con be used by programmers to produce ad hoc results quickly. The

commands are non-procedural, English-like statements that users can learn
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cmd$ = "FFM, set" Find First Member
CALL DMS%

Finds first member connected to the owner of the set which becomes
the current member of the set.

cmd$ = "GETM, set, ibik" GET data from Member
CALL DMS%

All data values in the current member of set are returned in the host
language variables of ibIk.

cmd$ = "FNM, set" Find Next Member
CALL DMS%

If the current member of set is not null when FNM is invoked: The
next member record (connected to the current owner of set) following the
current member of set, becomes the new current member of set.

Figure 3-11. Three example DML commands as they would be used in a
BASIC application program
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FFM, set Find First Member

Finds the first member of the set as the DML command. However, no
BASIC commands are necessary.

get data from Member

Automatically gets the data values of the current member and lists
them on the screen. In the DML command, after obtaining the values in
the ibik, the programmer must use BASIC commands to display the results.

FNM, set Find Next Member

Finds the next member of the current set as the DML command does.

Figure 3-12. IDML counterparts to the DML commands shown in
Figure 3-1 1.
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easily for their own od hoc queries. The results ore produced in tobulor form

with the doto item nomes used os column heodings. Figure 3-13 is on exomple of

one QRS commond ond its results.

ISDL con be used to develop menu-driven opplicotion progroms. ISDL

defines plocement of the screen contents, mopping to the doto bose, ond

produces results on the screen or printer in user-defined reports. The ISDL

enhonces development of specific progroms such os o menu-driven input progrom

thot prompts the user for the input doto ond directly enters the doto into the

doto bose.

Another importont feoture of MDBS III is thot it is on extended-network

doto bose system. This system supports the stondord l:M sets of network

systems; moreover, it supports the direct representotion of M:N sets os discussed

in Section 3.1.2.3. This type of set wos of importonce to the user in the

opplicotion here considered. The Chemicol Technology personnel repeotedly

need informotion on;

(1) whot nuclides ore stored ot o locotion;

(2) whot types of wostes ore stored ot o locotion;

(3) whot isotopes ore stored ot o locotion; ond

(4) whot types of contoiners ore stored ot o locotion.

The opposite four questions ore olso frequently osked (ot whot locotions is

nuclide "X" stored?, ond so forth). MDBS III is copoble of directly representing

these relotionships without the use of intersecting doto. Mony lorge-scole doto

bose monogement systems do not support M:N sets (Kruglinski 1983, pp.20-25).
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LIST BUILDING DOCNO NUCLIDE THRU SSI FROM >WHAT

BUILDING DOCNO NUCLIDE

I  I I

I  2 I

I  3 I

1  4 2

2  5 2

Figure 3-13. Example QRS query. This request asks for all the values of
the data items BUILDING, DOCNO, and NUCLIDE. A path is specified
through SSI, FROM, and to go from the member to the owner of the l:M
set WHAT. This path is needed to pass through all the records that contain
values for these data items. The results are the document numbers and
nuclides associated with a building.
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According to Martin (1977, pp.1 15-1 16), there ore two reasons for this:

(1) it is not a straightforward method to physically represent M:N

relationships; and

(2) in practice, when M:N relationships are needed, there is often

intersecting data present.

While the argument of M:N physical representation may be true for

development of data base management software, it is of little consequence to an

application programmer using MDBS III. This feature has been implemented with

success in the software and the complexity is transparent to the user.

Secondly, Martin states that there is usually intersecting data; and if there

is none initially, it is likely to be added later as the "data base usage evolves".

Therefore, he states, there is no need to represent M:N sets. However, such was

not the cose in this application, where there was a definite requirement for

information from several M:N sets. Even though there was existing intersecting

data, the M:N sets could also be directly implemented and used without

traversing through intersecting data. This ability provided the following

enhancements to the data base designed for this application:

(1) increased speed of access (eliminated one record that had to be

accessed during a M:N information retrieval);

(2) easier programming of application programs; and

(3) enhanced the teaching and understanding of users in performing their

own ad hoc queries.

By using a micro computer coupled with MDBS III, a flexible, interactive

data base could be developed for the user to provide:

(I) fast, user-friendly access of the data;
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(2) a resident, more independent data base; and

(3) one-time entry of the data.

3.3 Design of the New Data Base

This section discusses the general approach to the design of a data base and

focuses on this application. The steps involved in the design ore:

(1) on analysis of the existing data:

(a) to determine the definitions of all data items; and

(b) to determine the definitions of all relationships among data

items;

(2) to determine the users' requirements; and

(3) design of a data base to meet these requirements.

3.3.1 Analysis of the data

3.3.1.1 Definition of the data items. There are two steps in defining

data items. These are:

(1) to define the meaning; and

(2) to define the domain of each data item.

This first step is crucial before any data base can be appropriately

developed (Kruglinski 1983, pp.l-IO). This involves the complete understanding

of every data item's concept. For example, this application has the data item

BUILDING. It is evident that the values accepted as entry represent buildings,

but the data item name could represent several concepts. Such as:

(1) buildings where containers of waste are stored;

(2) buildings where waste is received prior to storage; or

(3) buildings where particular personnel is housed.
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By this example, it is clear that a data item concept must be defined before a

domain is defined and before any relationships to other data items can be

determined.

The second step is the process of determining the data item domains. This

is establishing all the legal entry values (or a range of values) for each data

item. This step is essential for defining the data base field types, writing

application programs, and maintaining data integrity (validity checking upon

entry).

The data item descriptions for this application are summarized in Appendix

A. The first column contains the field name of each item in the data base,

followed by a description of that item concept. Appendix B further describes the

data by listing each data item type and domain. The length column in Appendix

B indicates the maximum number of bytes allowed for each field entry in the

original file.

3.3.1.2 Definition of relationships. The second step in the analysis of

data is to define the relationships among the data items. During this application,

this step was accomplished through interviews with the users. The users knew

how each data item related to another data item. Figures 3-14 - 3-17 are

illustrations of the most relevant relationships for this application.

3.3.2 Definition of users' requirements. An evaluation of the users' most

requested inquiries gave the following results;

(1) what nuclides are stored at a location;

(2) what isotopes and their quantities are stored at a location;

(3) what nuclides are stored in a certain type of container;

(4) what containers are stored at a location;
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LOCATION (SOT

LOCTYPE

MUG

NUCLIDE

WASTE

WASTETYP

DOCUMENT

CONTAINER

ISOTOPE

CNTRTYPE

SITE

SITELOC

BLDG DATE

BUILDING
DOCNO STORDATE%

DOCUMENT ISOT LOCATION

DOCNO

VALUES

ISOTOPE

GRAMS

CURIES

WATTS

LOCTYPE

LOCNUM

LOCNO

Figure 3-14. Most needed l;M relationship information.
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WASTE NUC ISOT CONTAINER

WASTETYP NUCLIDE ISOTOPE CNTRTYPE

LOCATION

LOCTYPE

Figure 3-15. Most needed M:N relationship information.
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DOCUMENT

DOGNO

COMMENTS

CMTSI

CMTS2

CMTS3

DOCUMENT

DOCNO

STATS

NBALES

PREVOL

POSTVOL

PREWT

POSTWT

LOCATION

LOCTYPE

LOCATION

WELLIND

FULLIND

FULLAMT

LOCTYPE

MEASURE

FTTOP

FTZERO

Figure 3-16. Most needed 1:1 relationship information. A 1:1 relationship is
for each occurrence of the owner, there is 0 or I occurrence of the member.
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DOCUMENT

DOCNO

MISCELLANEOUS

REFNO

ID

CODE

COMVOL

NONVOL

WEIGHT

OPERTYPE

TREAT

ORIGSITE

RADIATIN

UPDATE

UPCODE

RPTFLAG

NUMCMT

ATNNO

=>

DOCUMENT

DOCNO

REFNO

ID

CODE

COMVOL

NONVOL

WEIGHT

OPERTYPE

TREAT

ORIGSITE

RADIATIN

UPDATE

UPCODE

RPTFLAG

NUMCMT

ATNNO

Figure 3-17. The development of the DOCUMENT record type. There was o
1:1 relationship between DOCNO and these data items of the record
MISCELLANEOUS. Since these data items had little individual importance,
they were grouped into the record type DOCUMENT with DOCNO.
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(5) what is the quantity of a particular isotope stored for a particular

date; and

(6) what types of wastes are stored at a location.

These requirements were given full attention during the development of

the data base. Its design was intended to provide the user with fast, flexible

access in obtaining these results.

3.3.3 Design of the data base to meet the users' requirements. To attain a

flexible and efficient design for a data base, the procedures discussed in Sections

3.3.1 and 3.3.2 must be completed. By first defining the data items and their

relationships and then incorporating the users' needs, a useful, efficient data

base can be developed.

Figure 3-18 depicts the final data base schema. The major relationships

ore the l;M sets from building, waste type, nuclide, location type, isotope,

location site, and storage date to the document number. Each of the records ore

also members of system sets. A system set allows for quick access to a record

since it is the first step into the data base. As detailed in Section 3.3.2, these

data items were the most important data items required by the users; therefore,

the system sets provide direct access to these data items. There are four M;N

relationships directly implemented between the location type from: (I) type of

waste; (2) the nuclide; (3) the isotope; and (4) the container. This allows the

users to obtain inquiries directly about the types of waste, nuclides, isotopes, and

containers stored at a particular location without processing through the

DOCUMENT record. The M:N sets also easily give the reciprocal information on

the location types where a particular waste type, nuclide, container, and isotope
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is stored. When access for a particular document number is needed, there is fast

access via the system set SI on the DOCUMENT record. The data definition of

Figure 3-9 introduced this concept; the system owned set. This is a set where

any record con be a member and the owner is the system. These sets function as

"gateways" to the data base. The data base is entered (accessed) through the set

owners (the system).

A problem encountered during initial testing of the data base led to a

refinement process. The problem and its solution are detailed below.

As shown in Figure 2-3, there can be four isotopes entered to detail the

makeup of the waste being stored. Each isotope has an associated quantity and

unit. The units can be either grams or curies. The initial phase of the data base

loaded the maximum of four isotopes, their quantities, and their units for each

container of waste stored. In original thinking, the schema was to represent the

l:M set where a particular isotope could be port of several containers of waste

stored (this would mean many documents would record the storage of on

isotope). This concept is true, but the original design did not allow an efficient

method for obtaining any information that users required after the initial schema

was layed out.

The first design established the record type ISOT to contain the data items

ISOTOPE, QUANTITY, and UNIT. These three data items were also array items

and could hove as many as four values each. ISOT was the owner of a l:M set

where the DOCUMENT record was the member. This schema is depicted in

Figure 3-19. The problem with this design is that the relationship actually

represented a 1:1 relationship between ISOT and DOCUMENT. The definition of

a l:M relationship is that for each occurrence of the owner there may be many

49



ISOT

ISOTOPE 1-4

QUANTITY 1-4

UNIT 1-4

(ISOVALUE)

OCXXIMENT

dcx:no

Figure 3-19. Incorrect intia! schema designed to represent an isotope con be
stored many times.
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occurrences of the member. This means every occurrence of on owner record is

unique from another occurrence of on owner record for a set. Therefore, all

twelve data item values ('j values * 3 data items) had to be exactly the same for

each occurrence of its' associated member. Under this arrangement, many

containers of waste were assumed to hove identical isotopic makeup which

conflicts with reality.

The second problem discovered with this design was that it was useless for

providing quantitative results. This was evident in two situations:

(1) to obtain all the information for a particular isotope, all the owner

records (which in essence was the same number of records as the

number of documents) hod to be searched to find all the occurrences

of that isotope; and

(2) because of conversion restrictions, the values in the ISOT record

could not be added conveniently.

The first situation stemmed from the flow in the design of the l:M set.

Any variance in the quantity or unit caused another owner record to be

established. This required the processing of all the ISOT records to obtain the

quantities for one isotope.

The second reason for the difficulty in obtaining quantitative information

resulted from the fact that the quantity values were entered in either grams or

curies. Grams and curies cannot be added together. For example, two grams of

Uranium 235 and two curies of Uranium 235 do not equal four grams or curies of

Uranium 235. There is a specific conversion factor that converts gram

quantities to curie quantities, and vice versa, and only then con the two
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quantities be added together. To complicate this situation, each isotope has its

own conversion foctor.

in refinement of this initioi phose of development, the conversion foctors

were implemented into the doto bose looding progrom. There ore now routines

thot convert grom units to curies ond curies to groms depending upon which unit

is in the originol doto. Then ofter the curies hove been colculoted (or entered),

there is o conversion to wotts from curies. These volues ore importont for

producing reports where there is o need to know the omount of woste in groms,

curies, ond/or wotts.

The new design implements two l:M sets where the record types ISOT (with

doto item ISOTOPE) ond DOCUMENT ore the owners ond the record type

VALUES (with doto items GRAMS, CURIES, ond WATTS) is the member of both

sets. This is on instonce where intersecting doto ploys on importont role.

Recoil thot DOCNO con hove mony (4) volues entered; so, one could soy

there ore mony isotopes thot moke up DOCNO, ond ISOTOPE could be stored

mony times. This reosoning would indicote thot ISOTOPE hos mony different

quontities stored. This could leod to the design in Figure 3-20 which contoins o

grove error. The informotion is ovoiloble os to whot isotopes moke up o

document ond in whot documents on isotope is stored, but there is no connection

to DOCUMENT to represent the correct member of MAKEUP. Therefore, the

design of Figure 3-21 must be used, where the VALUES record is kept os

intersecting doto. With this schemo, obtoining the informotion of on isotope's

totol quontity stored ond the isotopic mokeup of o document is eosily retrieved,

OS seen in the two QRS commonds illustroted in Figures 3-22 ond 3-23.
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ISOT DOCUMENT

ISOTOPE
(ISOVALUE)

DOCNO

(MAKEUP)

VALUES

GRAMS

CURIES

WATTS

Figure 3-20. Incorrect schema to represent the M;N relationship between ISOT
and DOCUMENT.
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SYSTEM

(S6)

ISOT

ISOTOPE

SYSTEM

(SI)

DOCUMENT

DOCNO

(MAKEUP)

VALUES

(ISOVALUE)

GRAMS

CURIES

WATTS

Figure 3-21. Correct schema using Intersecting data.
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LIST ISOTOPE GRAMS CURIES WATTS FOR ISOTOPE = "PU-239 "

THRU S6 MAKEUP

ISOTOPE GRAMS CURIES WATTS

PU-239

PU-239

PU-239

PU-239

PU-239

0.490000

0.015949

0.009000

0.359000

1.000000

0.030723

0.001000

0.000564

0.022509

0.062700

0.000983

0.000032

0.000018

0.000720

0.002006

ISOTOPE GRAMS CURIES WATTS

no of observations:

1.87395
1.00000

0.00900

0.37480

0.1 17496

0.062700

0.000564

0.023499

0.003759

0.002006

0.000018

0.000752

sum

max

min

ave

Figure 3-22. QRS command to obtain the total quantity of PU-239 stored.
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~> LIST ISOTOPE GRAMS CURIES WATTS FOR DOCNO = "37602" THRU

SI ISOVALUE >MAKEUP

ISOTOPE GRAMS CURIES WATTS

PU-239

U-233

AM-241

U-235

0.490000

3.000000

2.000000

57.20000

0.037230

0.284400

6.599999

0.000126

0.000983

0.000824

0.224400

0.000003

ISOTOPE GRAMS CURIES WATTS

no of observations; 4

62.69000

57.20000

0.490000

15.67250

6.92176

6.59999

0.000126

1.730440

0.225468

0.244000

0.000003

0.056367

sum

max

min

eve

Figure 3-23.
document.

QRS command to obtain isotopic makeup of a particular
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3.4 Implementation of the New Data Base

The implementation phase was threefold:

(1) download the data file from a large-scale central computer to the

micro computer;

(2) convert data file to acceptable MDBS III format; and

(3) develop DML application program to load the data into the data base

schema.

The downloading process was a transfer of the data file from the

mainframe to the micro computer by means of a communication software

package. After completion of this step, the data was converted into a format

that a DML application program could read. The last step was the development

and execution of this DML program which read the data file and loaded the data

item values into the data base.
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CHAPTER i\

RESULTS AND CONCLUSIONS

4.1 Results of the Project

The principal result of this project was the implementation of a data base

management system for management of the radioactive waste data stored at

ORNL. This effort provided the user, the Chemical Technology Division (CTD),

with a;

(1) flexible,

(2) easy to use, and

(3) efficient method

of information management. These results are evident as illustrated by Table 4-

I. Through comparison of the previous data processing system to the newly

designed data base management system, it can be concluded that the new system

is superior.

The table illustrates the flexibility of the system by indicating the use of

QRS and menu-driven application programs to obtain results. QRS makes it

possible for a user to query the data base for any combination of data items.

Menu-driven application programs provide the user with a variety of options for

requests.

The QRS software also substantiates that the system is easily used. Simple

QRS statements and the ability to directly implement any conceptualized

relationship enables the user to quickly learn the QRS facility.

This system is providing the users with a much more efficient method of

information management. The time constraints of the previous system in
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obtaining ad hoc requests and the method of going through several procedures for

data entry were both inefficient. Along with the efficiency of the micro based

system, this system also provides the users with their own resident system. This

improves efficiency and gives the users more control over their data.

4.2 Conclusions

Two major conclusions to be drawn from this project ore:

(1) micro computers can be effective information tools; and

(2) the needs of the users ore an important factor in data base

development.

Micro computers can be applied to scientific data base problems with

success. Data base management software available today enables programmers

to develop systems for microcomputers as sophisticated as those running on large

computers (Kruglinski 1983, p.2). Through the use of micro computers, managers

can be provided with capabilities they have never had before as evidenced by the

flexibility of QRS and menu-driven programs.

Another way in which micro data base management systems provide

effective systems is that data base management software can significantly

reduce the costs of software development. This can be done several ways:

(1) the data base management system maintains an internal data

directory (in the DDL), by keeping descriptions of data and

relationships among the data items;

(2) the data base management system lets the programmer access data

values in a method appropriate to the request, rather than forcing the

programmer to write a program that fits the data; and
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(3) a data base approach provides flexibility and economy in altering the

initial system to meet new needs (Gogle and Koehler 1981, p. 122).

The development of a data base is predicated by the needs of the users

(Kroenke 1983, p. 15). These needs must be researched and evaluated before a

data base can be an effective information tool.

4.3 Recommendations

A general recommendation to be made is that the effectiveness and

capabilities of the micro computer and available data base management software

should not be underestimated. Managers need to explore these capabilities for

further scientific and business applications.

Future recommendations for this application include:

(1) establishing an integrated, nation-wide data base of radioactive

waste information; and

(2) performing decay analyses on the waste data stored at ORNL.

There is increased interest for the development of a nation-wide,

integrated data base of radioactive waste data. This system could be modified,

if needed, to integrate an entire national data base. With the advent of hard disk

drives of greater than 60 megabytes, this integrated system could be

accomplished. Another advantage of the micro computer system enables this

system to be transported easily to other sites in the nation for their own on-site

implementation.

The second recommendation for this application involves the development

of decay analyses on the data. This system now reflects management of

radioactive levels (the CURIES data item) as recorded on the storage date, but it
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currently does not hove the capability to calculate and report the actual

radioactive waste level at any other point in time. This results from the fact

that radioactive isotopes decoy over time, and the amount recorded at the time

of storage is not present now. The ability to calculate isotopic decay for each

isotope from its storage date would enhance this data base as a management

tool. This idea is supported by Patterson (1984, p.59) as he states that managers

are now able to provide results for any request, so the emphasis should now focus

on the importance of the request. Users need to fully utilize the data bases that

are provided. Managers should examine the value of the information they

require their staffs to obtain, i.e., are the data necessary, are they being used,

do they mean anything? We now have a tool which should be developed to meet

the real needs of the users.
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APPENDIX A

THE DATA ITEMS DESCRIPTIONS



FIELD DEFINITION

ATNNO

BUILDING

CMTSI

CNTRTYPE

CODE

COMVOL

DOCNO

FTTOP

FTZERO

FULLAMT

FULLIND

Unique number assigned by CTD to waste (nuclide I - 6).

Building where the data may be stored.

General comments on the waste made by CTD. First of
maximum 3 cards (CMTS2 & CMTS3 are also present).

The type of container the waste is stored in.
I - 55 gallon SS drum
2-30 gal Ion SS drum
3 - 4.5" wall concrete cask
4 - 6" concrete cask

5 - 12" cancrete cask

6-55 gallon FE drum
7-30 gallon FE drum
8 - Wood or metal box
9 - Other

A -Gl can

B - Plastic

C - Dumpster
D - None

E - Cask (Shielded carrier)
F - 74.5"L X 50.5"W x 38.5"H Metal Box

G - 68"L X 54"W x 38.5"H Metal Box
H - 88"L X 54"W x 54"H Metal Box

I - I I2"L X 68"W X 77"H Metal Box

A 1 1 1 indicates the record has had no updates made. A
222 means there have been updates made.

Combustable volume of the waste, in cubic feet.

Unique number given each record.

If waste is stored in a trench, LOCTYPE = "T", indicates
the location of the waste in the trench, feet from the top
of the trench.

If waste is stored in a trench, LOCTYPE = "T", indicates
the location of the waste in the trench, feet from the
zero end of the trench.

If FULLIND = "X", this indicates amount in this full well.

If waste is stored in a well, this indicates if it is full
or not. "X" means full, a blank means not full.
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FIELD

ID

ISOTOPE

LOCNO

LOCTYPE

NBALES

NONVOL

NUCLIDE

NUMCMT

OPRTYPE

DESCIPTION

Badge or social security number of the shipper who
authorizes the disposal of the waste.

Up to 4 isotopes con be input for a record. The isotopic
breakdown of the waste, input in decreasing amount.
Principal isotope makeup is first.

Further describes the location.

Type of burial location.
L - Landfill

B - Building
T - Trench

W - Well

R - Ravine

A - Above ground

If the waste is compacted, TREAT = "C", this indicates
the number of bales after compaction. Otherwise, blank.

Noncombustable volume of the waste, in cubic feet.

Radioactivity waste classifications.
0 - Temporary storage
1 - TRU or U-233 ( lOOmCI/Kg) - Retrievable Storage
2 - Uranium/Thorium
3 - Fission product
4 - Induced activity
5 - Tritium
6 - Beta - Gamma TRU or U-233 ( lOOmCi/Kg) -

Retrievable Storage
7 - Alpha TRU or U-233 ( lOOmCi/Kg)

Beta - Gamma TRU or U-233 ( lOOmCi/Kg)
8 - Other

9 - Landfill

The number of comment cords for this record, 0-3.

Operation type.
B - Buried

R - Retrievable
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FIELD DESCRIPTION

ORIGSITE

POSTWT

POSTVOL

PREWT

PREVOL

QTY

REFNO

RPTFLAG

SITELOC

STORDATE

TREAT

UNIT

Organization or site from which the waste was received.
I -ORNL

2-Y-12

3 -ORGDP

4 - 176 - Other seldom used sites
177 - 500 - Off area. Numbers are assigned if there is a

new customer.

If TREAT = "C", indicates weight of waste after
compaction. Else, is blank.

If TREAT = "C", indicates volume of waste after
compaction. Else, is blank.

If TREAT = "C", indicates weight of waste before
compaction. Else, is blank.

If TREAT = "C", indicates volume of waste before
compaction. Else, is blank.

Quantity of each isotope found in the waste. Input with
ISOTOPE and UNIT.

Number assigned to each record before DOCNO has been
assigned.

Not sure of use.

Burial ground used. Burial ground 1-4 not used since
I940*s. Burial ground 5 & 6 used now. Burial ground 7 to
open soon.

Dote storage of waste was performed in the field.

Type of treatment process performed on the waste.
C - Compacted
N - Normal Incineration

0 - Other

Blank - Nothing

Either G for grams or C for curies. This indicates the
unit used in quantity of the isotope.
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FIELD

UPCODE

UPDATE

WASTETYP

WEIGHT

DESCRIPTION

Type of action that has been taken on the record.
A - New action. (Record has had no updates)
C - Updates have been made.
D - Mark the record for deletion.

Date the record was updated. Used only if
UPCODE = "C" and CODE = "222".

Type of waste.
BW - Biological Waste
CE - Contaminated Waste

DD - Decontamination Debris

DS - Dry Solids
SS - Solidified Sludge
NC - Not Classified

Weight of the waste in pounds.
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APPENDIX B

THE DATA ITEMS DEFINITIONS



FIELD TYPE LENGTH DOMAINS

ATNNO

BUILDING

CMTSI

CMTS2,CMTS3

Character

Character

Character

5

6

80

Numeric

Alpha-numeric, with

Alpha-numeric

CNTRTYPE Character 1 Alpha-numeric

CODE Integer 3 Numeric

COMVOL Integer 3 Numeric

DOCNO Integer 6 Numeric

FTTOP Character 3 Numeric

FTZERO Character 3 Numeric

FULLAMT Integer 3 Numeric

FULLIND Character 1 Alphabetic

ID Character 9 Alpha-numeric

ISOTOPE Character 7 Alpha-numeric, with "

LOCNO Character 5 Alpha-numeric

LOCTYPE Character 1 Alphabetic

NBALES Real 4 Numeric with decimal

NONVOL Integer 3 Numeric

NUCLIDE Character 1 Alphanumeric

NUMCMT Integer 1 Numeric

OPRTYPE Character 1 Alphabetic

ORIGSITE Integer 4 Numeric

POSTWT Integer 7 Numeric
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FIELD TYPE LENGTH DOMAINS

POSTVOL

PREWT

PREVOL

QTY

REFNO

RPTFLAG

SITELOC

STORDATE

TREAT

UNIT

UPCODE

UPDATE

WASTETYP

WEIGHT

Integer

integer

Integer

Real

Integer

Integer

Integer

Character

Character

Character

Character

Character

Character

Integer

7

7

7

9

2

I

I

8

2

5

Numeric

Numeric

Numeric

Numeric,
scientific notation

Numeric

Numeric

Numeric

Converted to a dote,
i.e., mm/dd/yyyy.

Alphabetic

Alphabetic

Alphabetic

Converted to a dote,
i.e., mm/dd/yyyy.

Alphabetic

Numeric
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