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1. INTRODUCTION 

1.1 SCOPE 

This introductory document presents the rationale, resources, and methodology behind 
the development of the interim information management architectures for the Environmental 
Restoration (ER) Program. These interim architectures are expressed in the accompanying 
distribution set: the Information Management Architecture for an Integrated Computing 
Environment for the Environmental Restoration Program, Volume 2. Interim Business Systems 
Guidance (ES/ER/TM-120/V2), and the Information Management Architecture for an 
Integrated Computing Environment for the Environmental Restoration Program, Volume 3. 
Interim TechnicalArchitecture (ES/ER/TM-120/V3). The relationship these architectures have 
to related Martin Marietta Energy Systems, Inc. (Energy Systems), guidance documents 
is presented. 

This document also proposes a management philosophy and infrastructure for 
implementing and maintaining these interim computing architectures, as well as for guiding 
the further development of the architectures. 

L2 BACKGROUND 

In July 1993, the Program Integration and Administration Department (PI&A) of Martin 
Marietta Energy Systems' (Energy Systems) ER Program requested that the Energy System 
Computing and Telecommunications Services (C&TS) develop a technical architecture, or 
blueprint, against which PI&A could assess individual project funding requests for information 
technologies such as computer systems, database management software, and networks. Thus, 
the ER Technical Architecture Planning Project was chartered. 

The decision was made to use Information Engineering Methodology* (IEM) as the 
primary process for the development of the technical architecture. Both PI&A personnel and 
the project team were aware of the successful use of IEM in the development and subsequent 
use of this type of architecture, as well as the existing use of IEM by various project teams 
working in support of ER Program projects. An overview of this methodology is presented 
in Chap. 2.0. 

The project team, in conjunction with ER Program management, as represented by the 
ER Information Resource Management (IRM) Management Steering Committee, understood 
from the beginning that, ideally, the technical architecture should be based on the needs of 
the specific information systems it is called upon to support and that the needs of the 
information systems are in turn shaped by the business requirements of the ER Program 
itself. Thus, in theory, the technical architecture should logically be created after the 
development of business requirements (or the IEM information architecture) and information 
systems plans (or the IEM business systems architecture). However, because a pressing need 
for guidance existed in the computing architecture arena, it was felt that an interim technical 
architecture should be developed that could be relatively general purpose and less dependent 
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on the information and business systems architectures. The scope of these architectures is 
discussed in more detail in Sect. 2.2.2. 

Development of the ER Program interim architectures was influenced by regulatory 
drivers, existing plans, standards, strategies, current environments, and existing Energy Systems 
specifications, as shown in Fig. 1. 

Energy Systems Network Migration 

Energy Systems Administrative 
Computing Environment 

p l a n Strategy (ACES) Industry Standards 

yv V j . Industry Trends 

Energy Systems Trends >. 
^ 1 Energy Systems \ ^ 

( Technical Architecture] 
V Specification / 
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•^•""^ Environment 
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^ ^ / Restoration Program \ ^ 
1 Interim Business Systems j 
\ Guidance and / 

\Technical Architecture/ 

V| ' 
Current ER Program Technical 

Environment 

Fig. 1. Influences on the Interim Business Systems Guidance and Technical Architecture. 

To avoid redundant data collection and analysis, when possible, the project team 
collected and reviewed existing documentation from previous and ongoing project teams as 
sources of information. These sources included available strategic plans, such as the Energy 
Systems Long Range Automated Data Processing (ADP) Plan and the Energy Systems 
Business Model, and data collected by the annual Personal Computer Software Audit. Below 
is a list of the information resources used to prepare this report. 

COMPREHENSIVE ENVIRONMENTAL RESTORATION 
MANAGEMENT INFORMATION SYSTEM (CERMIS) 

System Requirements Analysis of CERMIS, May 19, 1993. 

ENVIRONMENTAL AND WASTE INFORMATION STRATEGY TEAM (EWIST) 
EWIST Current Systems Inventory. 
EWIST Presentation, July 23, 1992. 
EWIST Project Report, August 1992. 

MANAGEMENT CONTROL INFORMATION SYSTEM (MCE) 
ER Program Management Control System, System Specification, April 15,1991. 

file:///Technical
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Functional System Design/Requirements Definition (FS/RD) for ER MQS, 
February 20, 1992. 

MCIS Status Report, June 9, 1993. 
MQS Status Report, June 25,1993. 

OAK RIDGE ENVIRONMENTAL INFORMATION SYSTEM (OREIS) 
Data Management Plan for OREIS, Version 2.0, July 21, 1993. 
OREIS Functional System Design, April 16,1993. 
OREIS Implementation Plan for System Development, July 20,1992. 
OREIS Phase I—System Definition, October 3, 1991. 

WASTE AREA GROUPING (WAG) 6 
Data Management Plan for WAG 6 at ORNL, July 1993. 
Quality Assurance (QA) Plan for WAG 6, Revision 0, December 1993. 
Surface Water Monitoring Work Plan for WAG 6, March 15, 1993. 

OTHER 
Energy Systems Business Model, October 1992. 
Energy Systems Comprehensive Environmental Response, Compensation, 

and Liability Act (CERCLA) Process Documents (by Functional Phases). 
Energy Systems 1993-1997 Long-Range Operating Plan. 
Environmental Management Information System Base Object Tracking System 

Functional Requirements, September 1993. 
ERD/P Preliminary Information Strategic Plan, September 15, 1991. 
ER Program Division Organization Chart, April 1993. 
Federal Facility Agreement (FFA) for Oak Ridge Reservation (ORR), January 1992. 
FY 1995 Long Range Plan (LRP) and Information Strategy Plan (ISP) Input from 

C.T. Neal, Waste Management Information Resource Manager, January 17, 1993. 
K-25 ER Program Procedures, April-May, 1993. 
Organization Charts for ER and Waste Management, March 1,1993. 
ORR Site Management Plan for the ER Program, June 1992. 
Project Plan for Background Soil Characterization Project, August 1992. 
Requirements for Quality Control (QC) of Field Methods, April 1991. 
Technical Architecture Specification, September 1993. 
Telecommunications Network Migration Plan, May 24,1993. 
Uranium Enrichment (UE) Environmental Safety & Health (ES&H) Information 

Systems Strategy ER, October 1991. 
UE ES&H Information Systems Strategy Management Report, October 1991. 
Y-12 Business Management Integration Project, February 8,1993. 

In addition to using existing sources of information, discussions were held with various 
representatives of the ER Program and key service providers. Questionnaires were used to 
gather information for characterizing existing information systems as well as the current ER 
desktop computing environment Results of these surveys are presented in the Information 
Management Architecture for an Integrated Computing Environment for the Environmental 
Restoration Program, Vol 2 Interim Business Systems Guidance (ES/ER/TM-120/V2), and the 
Information Management Architecture for an Integrated Computing Environment for the 
Environmental Restoration Program, Vol 3 Interim Technical Architecture 
(ES/ER/TM-120/V3). 
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In addition to the above sources of information regarding the ER Program's information 
environment, the team drew heavily from the Energy Systems Technical Architecture 
Specification. The architecture's relationship to this and other key guidance documents is 
discussed at more length in Chap. 3.0. 
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2. INFORMATION ENGINEERING METHODOLOGY 

2.1 OVERVIEW 

IEM is a complete and integrated approach to the progressive development and 
subsequent maintenance of automated data snaring systems. This approach is centered around 
the organization's objectives, inherent data relationships, and business practices. 

IEM provides the Information Systems community with a tool kit of disciplined 
techniques supported by automated tools. It includes seven stages: 

1. Information Strategy Planning (ISP). This first stage is based on two premises: 
(a) information is a resource and (b) an enterprise's (or organization's) opportunities for 
success are enhanced by using its resources effectively. The objective of the ISP is to 
identify the organization's goals clearly and create a plan to achieve them. This is 
discussed in more detail in Sect. 2.2. The following six stages are based on definitions 
developed in the ISP stage. 

2. Business Area Analysis (BAA). The BAA is a detailed analysis performed on a particular 
segment of the business. 

3. Business System Design (BSD). The BSD defines an application system or set of systems 
designed to support a business area. 

4. Technical Design (TD). The TD is a Business System Design tailored to a specific 
computing environment that specifies the hardware, database management system, user 
interface, etc. 

5. Construction. The construction stage involves constructing and delivering the components 
of a system. 

6. Transition. The transition stage involves replacing the existing systems currently in use 
with the newly constructed and installed application system. 

7. Production. The production stage involves use of the application system to satisfy some 
portion of its business needs identified during the ISP. 

Stages 2 through 7 implement the concept of "Divide and Conquer" by addressing 
successively smaller components of the total information requirements of the business 
identified during the ISP, as demonstrated in Fig. 2. Each task is reduced to a manageable 
size, and increased detail is added. 

22 ISP STAGE 

The primary objective of ISP is to identify an organization's goals clearly and create a 
plan to achieve them. Within this overall objective, immediate benefits can be realized by 
ensuring timely systems development in support of organization goals and establishing the best 
possible basis for detailed analysis, design, and implementation. 
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The Principle of "Divide and Conquer" 

Information Strategy Planning 

Business Area Analysis 

Business System Design 

Technical Design 

Board Level View 

I 
elect i 

Select 

Select 

Essential Relevant Detail 

Fig. 2. The principle of "Divide and Conquer." 

The approach of the ISP stage is based upon the following principles: 

• Build on a stable foundation. 
• Use an engineering approach. 

• Conform to architectures. 
• Involve users. 
• Optimize productivity through automation. 

The ISP stage is driven by the information needs of the organization and is based upon 
analysis of the organization's objectives, data structures, and key functions. The ISP stage uses 
the principle of "Divide and Conquer" to proceed from the general to the particular. The 
results of the ISP are plans and architectures that provide a blueprint upon which individual 
projects can base the analysis and design involved in the successive IEM stages. The three 
computing architectures defined in the ISP stage are identified in Fig. 3: 
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Requirements 

Physical View of Processors, 
Networks, Software and 

Databases 

Fig. 3. Information Engineering Methodology computing architectures. 

1. The Information Architecture is a conceptual model of the organization and provides a 
basis for sharing of data, consistency among systems, flexibility of data and systems 
design, management of information systems, and establishment of user priorities. 

2. The Business Systems Architecture is a logical model of the systems and data stores that 
support the organization and its Information Architecture. This architecture provides the 
basis for planning development and ensuring integration. 

3. The Technical Architecture is a physical model of the technology (hardware, software, 
communications, and their interrelation to each other) on which to run the data stores 
and systems. Technical Architecture is required to support the Business Systems 
Architecture and provides the basis for compatibility and integration of components, 
distribution of systems and data, and data input/output and storage needs. 

In addition to the above architecture definitions, the ISP stage produces the following 
deliverables: 

• Mission statement. 
• Strategic plan, indicating overall goals and strategies. 
• Main functions related to the organizational structure. 
• Objectives established for each function. 
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• Critical success factors and inhibitors. 
• Technology impact statement 

23 METHODOLOGY APPLICATION FOR THE ER PROGRAM 

The ISP supports business objectives through information technology by providing a way 
to plan and manage the use of information. During an ISP, planners build the framework for 
satisfying an organization's information requirements. This blueprint is then used in successive 
IEM stages to provide the computerized systems needed to manage the information resource. 

Due to time constraints and the limited availability of the ER Program representatives 
(factors critical to the success of an ISP effort), a fully developed ISP is not being pursued 
at this time. However, the beginning steps for identifying and organizing business 
requirements and resources have been initiated through the interim documents contained in 
this distribution set 
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3. RELATED GUIDANCE DOCUMENTS 

The ER computing architectures exist in support of other guidance documents, both with 
the ER Program and Energy Systems as a whole. The ER architectures take their lead from 
ER Program and Energy Systems strategic policy statements and provide more detailed 
interpretation and implementation of those strategies. In turn, the ER architectures must be 
supported by more detailed program and project-specific requirements, models, and designs. 
The relationship between a selected set of key guidance documents and the ER architectures 
is discussed in this section. 

3.1 RELATIONSHIP OF ER TECHNICAL ARCHITECTURE 
TO THE ENERGY SYSTEMS TECHNICAL ARCHITECTURE SPECIFICATION 

The ER Technical Architecture (ER TA) can be thought of as an ER-specific 
implementation of the Energy Systems Technical Architecture Specification (TAS). The TAS 
was created by a diverse group of Energy Systems technical specialists and integrated into a 
consistent specification. ER TA was sponsored by the Energy Systems Information 
Management Task Team (IMTT) in early 1993 and is based upon the prior work of the 
C&TS Administrative Computing Environment Strategy (ACES) project team. The ACES 
team involved over 100 Energy Systems representatives from various technical backgrounds 
throughout the course of several months. The TAS and ACES initiatives considered such 
factors as industry standards and directions, Energy Systems business drivers, and the current 
Energy Systems technical environment (Refer to Fig. 1.) 

The TAS is general in nature, but pertains solely to technologies that will have wide 
interest and application throughout Energy Systems. In many cases, the ER Program is a 
reflection of the more general Energy Systems environment and requires no special treatment 
regarding the techmcal information infrastructure. In other aspects, however, the ER Program 
is a unique entity, with unique drivers and specialized needs that must be addressed by 
the ER TA 

In adapting the recommendations of the TAS to the ER Program at Energy Systems, the 
ER TA project team examined existing documentation of ER systems and technical 
infrastructure; conducted interviews with key managers and project members; and assessed 
the existing environment via walk throughs, interviews, surveys, and the recent Energy 
Systems PC Hardware/Software Audit Specific issues were also reviewed individually with 
various Energy Systems support groups. The result is a technical architecture that is tailored 
to the specific business needs of the ER Program and to its current status and direction. 

As the TAS is updated to reflect changes in Energy Systems directions or technological 
advances in the industry, the ER TA should be reviewed for potential impact 
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3.2 RELATIONSHIP OF THE INFORMATION ARCHTTECrURE 
TO THE ENERGY SYSTEMS BUSINESS MODEL 

To accomplish the goal of managing information effectively, the Energy Systems IRM 
committee has developed a business model for Energy Systems. Managing information 
effectively requires understanding, at a high level, about the manner in which information is 
created, used, and shared within and among Energy Systems components. The business model 
provides a basis for evaluating the information requirements of the company. 

Development of the business model required the following basic steps: 

1. A comprehensive functional model was created to capture the activities of the company. 
These functions were considered independently of organizational involvement at this 
point The intent was to identify, at a high level, the major activities that define the 
Energy Systems mission. 

2. The major elements of information required for the above activities were identified. 
These elements were cataloged at the same high level of abstraction as the business 
functions. Additionally, an analysis of which business functions create, update, or 
reference each information element was performed. 

3. Once the relationships between functions and information were documented, the 
business functions were divided into groups based on their informational use. Functions 
that tend to create, use, or reference the same information were considered, along with 
that information, as one group. These groups, also know as support areas, enable the 
planning of corporate databases and information systems within each business area and 
identify needs for data to be shared across support areas. 

The IRM committee identified five mission areas recognized as strategic for Energy 
Systems. Mission areas are those central functions for which Energy Systems receives 
funding—as opposed to overhead functions. ER is one of these mission areas. Twelve support 
areas were identified that cover the operational areas at the site level The following is a full 
list of both mission and support areas: 

Mission Areas 
• Environmental Restoration 
• Manufacturing and Defense Technologies 
• Nuclear Materials Accountability 
• Research and Technology Application 
• Waste Management 

Support Areas 
• Analytical Laboratory Services • Human Resource Management 
• Business Management • Information Resource Management 
• Business Process Management • Materials and Equipment Management 
• Facility, Site, and Reservation • Quality and Compliance Management 

Management • Site Security and Emergency 
• General Management Management 
• Health, Safety, and Environmental • Technology Transfer/Work for Others 

Management Administration 
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The business model provides a baseline of the company's information requirements 
necessary for implementing a comprehensive IRM Program—a program that will allow an 
evolution toward improved information resource sharing both within each business area and 
across the entire company. 

The ER Program Information Architecture, when developed, should be viewed as an 
extension of the Energy Systems Business Model. This viewpoint will prevent (or at least 
highlight) functional overlap between the ER Program and other Energy Systems 
organizations and will facilitate the ER Program's use of Energy Systems' corporate 
information resources. 

33 RELATIONSHIP OF ER TECHNICAL ARCHITECTURE 
TO THE ER DATA MANAGEMENT PLAN 

To facilitate the management of information effectively, the ER Program Information 
Architecture must also be supported through appropriate planning of hardware and 
networking components, as well as application software components of its data systems. The 
ER TA will serve as a basis for the computing support requirements of new data systems, 
both developed and purchased, within the ER Program. 

Data systems fulfill many data management requirements while carrying out their primary 
functions. Within the ER Program, data management includes planning, organizing, entering, 
storing, updating, retrieving, evaluating, and maintaining data. 

The ER Data Quality Program is responsible for directing the data management activities 
for environmental measurement data generated by, or for, the ER Program. The Data Quality 
Program has defined a comprehensive approach to data management in the Data 
Management Plan (DMP) for the Environmental Restoration Division, ES/ER/TM-88. The 
DMP will reference this set of ER Interim Information Management Architecture documents 
for guidance when assessing or planning data systems for use within ER. 
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4. IMPLEMENTATION AND MANAGEMENT 
INFRASTRUCTURE 

An architecture represents a vision of the desired future state of the entity or 
environment it represents. For that vision to become reality, plans must be formulated and 
carried out to transform the environment from its current state to that state represented by 
the architecture. 

Therefore, for the ER computing architectures to have significance to the ER Program, 
implementation plans must be formulated and executed. Additionally, as a result of changes 
in technology and the needs of the ER Program, it should be expected that the architectures 
themselves will require an update mechanism. This section discusses the mechanisms required 
to manage the implementation and update of the architectures. 

4.1 IMPLEMENTATION PHILOSOPHY 

Architectures such as these can be implemented in a variety of ways, ranging from a strict 
mandate for compliance with an elaborate audit and enforcement mechanism, all the way to 
a "use it if you like" approach. The implementation philosophy for the ER TA should be 
consistent with the overall ER Program management philosophy and with Energy Systems 
philosophy as a whole. For example, if the management priority is to give maximum autonomy 
to project managers within a coordinated structure, an implementation philosophy of 
voluntary compliance with mandatory review may be appropriate. On the other hand, 
if a more centralized management philosophy is desired, an implementation philosophy 
of mandatory compliance with a centralized exception approval process may be 
more appropriate. 

It cannot be overemphasized that the implementation philosophy must be consistent with 
management controls for spending authority. The budgets for information technology 
acquisition must be allocated in a manner consistent with the granting of decision-making 
authority regarding compliance with the architectures. 

To facilitate discussion, the following "strawman" implementation philosophy is offered: 

The fundamental mission of the Environmental Restoration (ER) Program is the remediation 
of the contaminated sites for which it is responsible. Information technology is a necessary tool 
used to accomplish that mission. The effective coordination of the use of information technology 
is a key technique to minimize the cost of that tool 

In this context, it is appropriate that programmatic influences (Le. effective remediation) retain 
priority over the coordination and integration of information resources. Yet the acquisition and 
use of information resources has a significant impact on the total cost of any remedial action 
or decontamination and decommissioning project Given this impact, it b also appropriate that 
ER Program-level coordination of information resources be mandatory for any ER Program 
activity considering the acquisition of new information resources or significant modification to 
existing ones. Such activities are required to assess these plans against established architectures 
and to justify any deviations to the satisfaction of program management. 
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42. IMPLEMENTATION OF POLICIES AND PROCEDURES 

The development of implementing policies and procedures will be required to 
institutionalize the maintenance and utilization of the ER computing architectures. These 
policies and procedures will be an extension of the implementation philosophy described 
above and should define the following: 

• The scope of the architectures. 

• The process to ensure the appropriate degree of compliance by the affected information 
technology providers. 

• The appropriate roles and responsibilities required to carry out that process. 
• The mechanism for maintaining configuration control of the architectures themselves. 

4 3 CONFIGURATION CONTROL MECHANISM 

The ER Program Interim Business Guidance and the Interim Technical Architecture 
were developed under the sponsorship of the Environmental Restoration Division Program 
Integration and Administration (PI&A) group, subsequently reorganized as Remedial Action 
Integration. Until such time as stewardship of these documents may be reassigned, 
configuration control will remain with Remedial Action Integration. 

Three major categories of change will influence the architectures over time. First, 
changes in technology are certain to occur, and, just as certainly, revisions to the technical 
architecture will be required to continue to effectively fulfill the original needs of the ER 
Program. Second, changes in the needs of the ER Program will occur. The program must 
respond to a wide variety of internal and external forces, and these forces are not themselves 
static over time. These changes in requirements will need to be reflected in the information 
and business systems architectures. Finally, even if one were to assume that technology and 
the needs of the organization were to remain constant, the technical support community's 
understanding of those needs and of the technology will imdoubtedly grow and 
stimulate change. 

Because the configuration control process is an extension of the implementation 
philosophy, the details of the process cannot be described until that philosophy is in place. 
However, the major requirements of such a process can be described: 

• The process must provide for the recognition of a potential need to revise the 
architectures. Such recognition may result from a specific event, such as new requirement 
from the Department of Energy (DOE), a change in contractors, a review of a particular 
project's plans, or a dramatic change in technology. Just as likely, the need for change 
may occur slowly over a period of time, and to recognize such a need, the configuration 
control process should include a periodic, systematic reassessment of the architectures. 

• Once a potential need for revision of the architectures is recognized, they must be 
evaluated. Alternative modifications must be formulated and assessed. Preliminary 
recommendations must be made and communicated to stakeholders for review, impact 
assessment, and feedback. Decisions regarding the appropriate modification, if any, must 
be made. 
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• Once the decisions are made as to the appropriate revision, implementation plans must 
then be formulated and executed. 

It should be noted that the impact of change at the architectural level can be extensive. 
While the information infrastructure must remain sufficiently dynamic to effectively support 
the evolving needs of the ER Program, it must also remain sufficiently stable to allow for 
orderly planning and cost-effective support. Maintaining this balance is a key responsibility 
of the architectures' stewards. 

4.4 PROPOSED MANAGEMENT INFRASTRUCTURE 

As stated above, implementing policies and procedures should be formulated only upon 
the adoption of an overall management philosophy regarding the coordination of ER 
information resources. Just as a strawman implementation philosophy was offered in sect 4.1, 
a strawman management structure is offered here. 

An ER Program Information Resource Manager (IRM) position should be established 
as a focal point within the ER Program for the coordination and integration of the Program's 
information resources. The IRM will require input from the ER Program, in the form of a 
Management Steering Council, and will require technical support in the development, 
implementation, and configuration control of the computing architectures. The IRM should 
also serve as the "information steward" for the ER Program and on the Energy Systems 
Corporate Information Management (CIM) Steering Council. For maximum effectiveness, the 
IRM should control the budget for cross project/program information resource initiatives. 

The three computing architectures are very distinct in their foci. The Information 
Architecture is a very business-oriented picture of the ER Program's business processes and 
information needs. The Business Systems Architecture is focused on the information systems 
required to support the ER Program's activities and information needs. The Technical 
Architecture deals with the various technical components required to support the information 
systems. The three architectures should be developed and maintained by three distinct groups 
of stakeholders, or advisory councils, interacting with each other under the overall guidance 
of the ER IRM. 

Managers of ER activities that involve the acquisition or modification of information 
technology (custom or commercial information systems, workstations, networks, database 
management systems, etc.) should require their service providers to have requirements, plans, 
specifications, and designs reviewed by the appropriate architecture advisory council. Should 
significant inconsistencies be identified during the course of the review, the two parties should 
attempt to resolve them to their mutual satisfaction by modification to the proposal, 
modification to the architecture, or approved deviation. If no mutually agreeable solution 
is identified, each party has a well-defined mechanism with which to elevate the issue. 
Ultimate authority should rest with the ER Director, ensuring the dominance of the 
programmatic influence. 

This proposed management infrastructure is summarized in Fig. 4: 
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Fig. 4. ER Information Resource Management infrastructure. 


