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Over the past two decades, geoscientists have been increasingly engaged in providing 
answers to complex environmental problems with significant societal, political, and 
economic consequences. Today, these scientists have to perform under increasingly 
greater visibility to stakeholders and the general public. Their activities are much more 
scrutinized with regards to economic pressure, litigation support and regulatory 
compliance than in the past. Their current work is built on decades of past work and in 
many cases will continue for decades to come. Stakeholders are increasingly evaluating 
raw data rather than just examining summaries in final reports. They also need assurance 
that proper data control and data quality procedures were followed. 

Geoscientists are now faced with a new paradigm, i.e. with the challenge of cost 
effectively collecting, managing, analyzing, and synthesizing enormous volumes of 
multidisciplinary and complex information. In addition, these data must be processed 
and disseminated in a way that allows the public to make informed and rational 
assessments on decisions that are proposed or have been made. The new paradigm is 
clear - client and stakeholder needs must be better met, and the systems used to store and 
generate data must meet these needs. 

This paper addresses the challenges and the implications of this new paradigm on 
geosciences information management in the 21' Century. It concludes with a case study 
for a successful implementation of the new paradigm in an environmental restoration 
project at the Los Alamos National Laboratory (LANL) that is operated by the 
Depcrtment of Energy (DOE). LANL is upgrading and reengineering its data and 
business processes to better address client, user and stakeholder issues regarding data 
accessibility, control and quality. 
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40.1 Introduction 

Over the past two decades, geoscientists increasingly have been engaged in 
providing answers to complex environmental problems that have significant 
societal, political, and economic consequences. Today's geoscientific community 
faces greater public, governmental, and regulatory accountability. It must cost- 
effectively collect, manage, analyze, synthesize, and disseminate enormous 
volumes of multidisciplinary, complex information that is useful to the scientific 
community as well as an increasingly informed public. Clearly, a new information 
management (IM) paradigm must be established to better meet client and 
stakeholder needs and the systems used to store and generate geoscientific data 
must be reengineered to meet those needs. 

. 

This paper addresses the challenges and the implications of creating a new 
paradigm for geoscientific IM in the twenty-first century. It includes a case study 
of the successful implementation o f  a new IM paradigm for the Environmental 
Restoration (ER) Project at Los Alamos National Laboratory (LANL), which is 
operated by the US Department of Energy (DOE). The project saw a need to 
upgradepd reengineer its data and business processes to more adequately address 
client, user, and stakeholder issues of data accessibility, control, and quality. 

40.2 Challenges Facing the Geoscientific Community 

Risk management decisions have potential environmental, political, and economic 
consequences. These decisions are based on large sets of multidisciplinary data 
that require timely and thorough reporting. In this environment, the geoscientific 
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community faces specific challenges as they learn how to function under the 
Following conditions. 

First, environmental work involves extensive and expensive work processes that 
must follow numerous federal, state, and local regulations. Stakeholders may not 
understand or accept highly technical explanations for remediation methodologies 
or procedures, all of which must be well documented. Addressing multiple- 
decision scenarios requires additional time and expense. All these situations 
frustrate geoscientists who typically are more interested in conducting good 
scientific work than i n  creating paper trails. 

Second, effective tools for disseminating complex scientific concepts are not 
always available to the geoscientific community, nor are they community or 
familiar with these tools. If highly technical information is not presented well to a 
nontechnical audience, the nontechnical stakeholder may interpret the presentation 
as a cover-up, an attempt to hide greater problems than actually exist. The 
response may be a demand for more sampling and data-gathering that does not 
clarify technical conditions but does increase costs and frustration levels for the 
public and geoscientists alike. 

Finally, most geoscientists are not involved in the legal aspects of defending data 
and remediation decisions. Consequently, they may not generate an audit trail that 
would allow rebuilding or defending such decisions. 

Issues of compatibility and integration of work processes and technologies also 
challenge the geoscientific community. At a corporate level, poor communication 
and information exchange between corporate groups results in redundant activities 
and conflicting results. For example, when different organizational units conduct 
the same analyses without knowing of each other’s activities, the result is 
duplicate analytical effort; multiple storage and format and locations (e.g., 
spreadsheets and desktop databases) instead of a common data warehouse; and 
unwanted cost. In addition, inconsistent operating procedures and the use of 
different andor incompatible equipment and software creates a difficult 
environment for integrating data and interpreting results. 

At the group level, daily tasks are impacted if highly specialized applications (Le., 
customized to the group’s internal work processes) limit effective communication 
and information exchange between units. Updating information and establishing 
and documenting audit trails becomes time-consuming, expensive, and difficult. 
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At the corporate level, complimentary, supporting studies often are not conducted 
interactively because inconsistent processes impose technically difficult burdens 
on the personnel. For example, inconsistent data collection, data analysis, and 
quality assessment methodologies can make comparing similar data very difficult, 
and unnecessarily increases the risk of incorrectly interpreting results. This 
situation hinders the integration of multidisciplinary work groups into an effective 
decision-making process. 

Understandably, such situations are less than optimal in light of recent stakeholder 
and economic demands because they make group-level deliveries unacceptably 
high in terms of time, cost, and quality. The lack of formal processes for data 
control and data quality, software standards, and protocols can threaten an 
organization’s credibility and weaken defensibility of results and decision-making. 

40.3 The Need for a New Paradigm 

Today, clients and stakeholders have specific environmental and societal concerns. 
They want cost-effective answers to their questions with real-time access to data 
and an audit trail that ensures sound data control and data quality procedures have 

geoscientific community must shift to a new IM paradigm that examines and 
realigns organizations, coordinates and formalizes work processes, and integrates 
technologies. These efforts must support real-time data access and ensure that data 
control and data quality processes are established. 

been followed (D’agnese and O’Bbrien, 2002). To meet these concerns, the I 

40.3.1 The Challenge 

Typically, organizations provide a range of services and 
products to meet the demands of customers and 
stakeholders. Successful corporations can be 
characterized as organizations of people that use a set 
of work processes and technologies with the goal of 
satisfying the customer inside a specific financial 
perspective (Figure 1). Customers want products that 
meet their time, cost, and quality needs. 

An organization’s challenge is to align itself (create a pragmatic collection of 
people) so as to integrate practical work processes (reengineer existing work 
processes), using appropriate technoEogy (such as an enterprise system)_to ensure 

Figure 1. Paradigm of Pragmatic and 
Practical Organizations 
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that quality products are delivered on time at competitive costs. This people- 
processes-technology relationship is discussed below. 

40.3.2 Organizational alignment to meet stakeholderlclient needs 

Tradilionally, most organizations within the geoscientific community are well 
suited to function at the unit level. For example, a typical geoscientific 
organization includes a geology group, a hydrogeology group, and a chemistry 
group. These people, processes, and technology focus their expertise to meet the 
goals of a specific group, which often is research and development (R&D)-driven. 
Their focus is science, not risk-management decision-making. They may be 
organizationally unsuited to providing the kind of risk-management decisions 
today’s stakeholders and clients expect. 

However, a client may need only a cursory understanding of the geology, 
hydrology, or chemistry inventory of a site. In today’s world, the client or 
stakeholder may be more interested in environmental liability and in supporting 
risk-reduction than in the R&D aspect of an environmental problem. 

In that case, there is an obvious gap between the organization’s goals (fact- 
gathering and -processing in an R&D setting) and the client’s expectations 
(decision-support information ). 

Therefore, closing this gap and providing satisfactory solutions for the 
stakeholders and clients becomes a priority. A shift is needed to a customer- 
centered work mode that focuses on generating comprehensive results multiple 
R&D groups and translating the results into a language that stakeholders 
understand. 

40.3.3 Reenginering work processes 

Existing work processes can be reengineered to meet stakeholder and client needs. 
I According to D’agnese and O’Bbrien (2002), the today’s geoscientists must learn 

to accept reengineered processes and new technology that in turn will better meet 
customer requirements. 

Reengineering work processes is challenging; it can completely transform the 
character of an organization. Reengineering often replaces complex, tedious 
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processes with simple, integrated work processes. Figure 2 shows a complex work 
process. 14gur.e 3 shows a reengineered work process. 

Successful reengineering focuses on developing specific metrics that ensure 
products will meet the customer’s quality, cost, and schedule requirements 
(Darnton and Darnton, 1997). Organizations tend to behave according to 
established metrics. For example, if the metric is to produce 1000 lines of 
computer programming code a day, most employees will focus on producing 
computer code quickly rather than producing quality computer programs. The 
corporation, in this case, risks producing low-quality products that may meet the 
customer’s schedule and cost requirements but most likely will not meet quality 
needs. If the metric is to produce “biig-free” computer programs, most employees 
will focus on producing quality computer programs with less attention to 
production schedule and cost. The corporation, in this case, risks producing high- 
quality computer programs that may not meet the customer’s schedule or cost 
requirements. 

During the reengineering process, organizations must establish their goals 
(metrics) with respect their customer’s requirements. Technology adds value to an 
organization when it tracks and monitors those metrics to support continued 
enhancement of work processes (Information Delivery Incorporated, 2002). That 
is, if the stakeholder is interested in quality data, metrics must be created for 
applicable work processes, data control, and data quality. 
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Figure 2. Schematic of a Complex Work Process 
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Figure 3. Schematic of a Reengineered Work Process 

40.3.4 An Implementation Strategy 

To create a successful new IM paradigm, organizations must evaluate their 
existing processes and develop a solid implementation strategy to realign current 
work models in light of new stakeholder and client demands. Reengineering 
efforts should incorporate new technologies as old processes change. The 
challenges can be summed up in the following ways. 

0 Work process and their associated metrics must be defined before new 
technology is implemented. 

0 New technology must be developed in accordance with corporate and 
regulatory requirements and needs. 
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0 The technology must be designed and implemented cost-effectively. 

e The technology must be understood and accepted by the organization 
and its employees (users). 

e The resultant product must satisfy the needs of the stakeholder and 
clients. 

In the improved paradigm, cost-effectiveness is not synonymous with lowest 
price. Cost-effectiveness is a function of the quality and robustness of the current 
technology combined with organizational acceptance. For example, even the most 
robust system, delivered at a low price, may not be cost-effective if it is not used 
(or worse, is used inappropriately) because it’s perceived as “not good” or not 
fitting into the user’s daily workflow. On the other hand, even if a system is 
developed at a reasonable cost and is accepted by the organization, it may be not 
be cost-effective if it has high maintenance costs and long downtimes. 

Commitment to a well-developed implementation plan is key to introducing new 
technologies that change work processes. A successful new plan considers many 
issues: financial limitations, human-resources, time constraints, development and 
implementation factors that address how to work in the old system while the new 
system is built, and most importantly, cost-effective technologies based on 
customer needs. 

40.4 Case Study-LANL ER Project 

40.4.1 Background 

LANL was founded in 1943 as part of the Manhattan Project to develop the 
United States’ first atomic weapon. DOE established the ER Project in 1989 to 
remedy environmental problems caused by more than 50 years of cold war 
operations. The ER Project is governed by the corrective action process of the 
Resource Conservation and Recovery Act (RCRA), the Comprehensive 
Environmental, Response, Compensation, and Liability Act (CERCLA), National 
Environmental Policy Act (NEPA), and DOE orders. The project also operates 
under extensive legal, public, and stakeholder scrutiny. 
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The ER Project is responsible for the characterization and clean up of 2 124 
potential release sites (PRS). These PRSs resulted predoniiriantly from weapons 
R&D activities conducted since 1942. To meet ER Project goals and deliverables, 
the project conducts field-sampling activities to determine possible contaminants 
as well as the levels and geographic extent of contamination. 

These.sampling activities generate significant amounts of geologic, 
hydrogeologic, geochemical, and contaminant information. To ensure accurate 
environmental analyses, data quality review, analysis, and evaluation are an 
integral part of the project’s business processes. A priority for project management 
was the creation of an infrastructure that would provide cost-effective data 
management and associated activities such as verification and validation. This 
infrastructure ultimately will support a defensible environmental administrative 
record that is generated and maintained with standard extraction, visualization, 
reporting, and information-dissemination tools, and integrated robust tracking and 
control tools. 

40.4.2 ER Project goals and needs 

In addition to supporting the administrative record, ER Project management is 
committed to streamlining existing work processes that support quality 
environmental decision-analysis. One goal of this process improvement is to better 
meet the needs of the non-ER Project stakeholders with respect to the 
environmental decision issues facing LANL and surrounding communities. A 
second goal is to support the requirements and performance standards established 
by LANL, ER Project management, and state and federal regulators. Project 
management determined that improving decision analysis was dependent on 
improving three factors: data availability, data control, and data quality. 

To accomplish these goals, management-level needs were assessed. Extensive 
interviewing identified a need for the following needs: 

a strategy to implement an IM system, 

a qualified IM team to direct IM and reengineering activities, 

an effective IM infrastructure for information storage and retrieval, 

* formal processes to track information flow, 
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robust information audit trail processes, and 

more effective data-sharing with stakeholders. 

40.4.3 Business process analysis 

The next step in meeting improvement goals and fulfilling project needs was a 
business process analysis (BPA). A RPA consists of inventorying and mapping 
existing work processes and data flow throughout an organization. It identi€ies the 
people (roles and responsibilities), data, processes (how data moves through the 
organization), and tools (manual and automated) that allow an organization to 
perform its work. The BPA identifies gaps, inefficiencies, and current 
misalignment with stated goals. The BPA then presents opportunities for 
reengineering these existing work processes. 

The ER Project BPA determined that the following factors prevented the 
organization from fully realizing its goals. 

People 

o Data quality and control functions were spread throughout the 
organization, making effective management difficult. 

o There was no centralized IM leadership. 

Data 

o Data were scattered across the organization in multiple, 
sometimes incompatible, formats. Little technical, regulatory, 
global indexing system (GIS) and management data were 
integrated. 

o Collection and reporting standards were not always followed. 

o The data-collection process, from initial generation to final 
deposit in a document repository, needed improvement. 

o Better documentation of data quality and integrity was needed. 
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Processes 

o Sample management processs were inefficient. 

o Data management processes were not integrated with other work 
processes. 

o Document management processes were not integrated with 
sample and data management processes. 

Tools 

o Current tools for data management activities were insufficient 
and did not effectively support each other. 

40.4.4 Success factors 

An IM team assessed the results of the BPA and extracted several critical success 
factors. While some of these factors may be more important than others, typically 
all are necessary for a successful outcome. The project had to address the 
following: 

development of a management system plan, 

creation of an IM technical team, 

reengineering of business processes, 

hardware/software infrastructure implementation, 

conceptual design development, 

database design and GIS integration, 

data migration and cleanup, and 

software definition (what the software will do) and development. 
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40.4.5 Strategic plan development 

The next step was to develop an IM plan that addressed the needs and goals of the 
project, stakeholders, and regulators. The critical factors indicated a desired 
sequence of accomplishments. Other issues, described below, also had to be 
integrated into the plan. 

For example, the plan had to create a robust data repository that could easily 
provide information, from initial sample collection to final deposit of a final 
report. The repository had to hold not only standard data such as chenlistry results, 
document links, photos, borehole parameters, and the like, but also provide 
management with tracking information. Data needed to be entered into the 
repository in a timely manner (e.g., allowing time for data quality reviews and 
responding to regulator corrective action requests). 

Work processes had to be refined to ensure the hard copy analytical data reported 
from the laboratories was consistent with the electronic versions provided to our 
sample management group. Standard, user-friendly data-extraction tools were 
needed so the data could be published. The new system had to capture 
documented data integrity in order to preserve the quality of the data that support 
decision analysis. Complete document control was needed to support the decision- 
making process 

An IM strategic plan was developed and integrated into the overall ER Project 
strategic plan (Canepa, 1999), which was reviewed and approved by ER Project 
management and DOE. Their support was critical, because large-scale 
reengineering efforts rarely succeed without strong management support and 
commitment. 

The IM strategic plan was developed using a phased approach; the new system 
had to work before the old system could be deleted. System components, new 
processes, and new roles and responsibilities were phased in so as to positively 
impact existing production processes. The strategic plan included some critical 
success factors: the creation of an IM technical team, reengineering work 
processes, infrastructure design and implementation, conceptual design 
development, a technical architecture design for the database, a plan to clean up 
legacy data, and developing new software applications. 
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40.4.6 Creating the IM team 

IM resources were evaluated, inventoried, and centralized into a single team under 
leadership that reports directly to ER Project management. This team was 

responsible for developing and maintaining an IM system that would meet the 
project’s new technical and business requirements. 

Once management approved the IM strategic plan, ER project committed to 
creating a centralized 1M system that would support the transition from the old 
processes to the new. Both systems were to be maintained until the new processes 
were established, tested, and functional. A major reorganization effort was 

initiated to ensure that all IM groups were organized under one person and the 
mission was well-defined. 

Before the reengineering effort was initiated, the decentralized IM structure 
allowed each functional group to maintain and control its own data and IM 
systems and prevented development of a significant 1M center that would was 
responsible for developing and maintaining the kind of il high-caliber IM system 
the project requires. Under the decentralized structure, many i M  functions were 
reclundant: development efforts were hindered, duplicate data were stored and 
maintained in numerous places, and staff skills and training were not coordinated. 
This structure made coordinating efforts difficult and prevented development of an 
integrated system that could meet user, stakeholder, and regulatory needs. 

40.4.7 Reengineering business processes 

ER Project work processes were divided into technical processes and business 
processes. These processes were identified, inventoried, and prioritized under the 
project’s strategic plan. The strategy for process reengineering focused on 
processes critical to the project’s short-term mission and to longer-term planned 
system components. Business processes were integrated through the development 
and update of slandard operating procedures (SOPS), desk instructions, and quality 
procedures (Figure 4). 
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Figure 4. Data-Flow Diagram for Business Processes 

40.4.8 Hardware/software infrastructure implementation 

To better meet stakeholder and ER Project needs, the IM strategic plan called for 
creating an enterprise-wide system that allowed access to tools and data, and 
encouraged communication across the organization, and the elimination of 
independent data groups and incompatible technologies (Canepa, 1999). However, 
to create such a system the hardware and software infrastructure needed to be 
upgraded and standardized. 

The infrastructure consisted of multiple hardware platforms, including Macintosh, 
Windows-based desktop and laptop computers, and Unix-based workstations. 
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Users ran multiple incompatible spreadsheets and database management systems, 
including 4D, Access, SQL Server, and Oracle, with Microsoft Internet Explorer 
and Netscape browsers. The infrastructure also was characterized by multiple 
domains, with data stored on desktops but not captured in the project's main 
database. Some users did not follow standard business practices such as sufficient 
file backup. In short, although everything worked, data accessibility was not 
optimal, development efforts were difficult, and data processes were not well- 
documented. The ER Project concluded that the multiple platforms and legacy 
systems could be accommodated, but the cost of integrating and maintaining these 
systems outweighed the cost of upgrading and developing one integrated system. 

State-of-the-art technology was implemented to create a single domain with a 
uniform, compatible hardware platform. Software options were standardized with 
centralized file and data servers. Daily backups with system redundancies were 
also implemented to ensure reliable system operation. 

40.4.9 ER Project system design 

40.4.9.1 Conceptual system design 
The IM team determined that PRS closure (Le., removing PRSs from LANL's 

operating permit) is the driver for project data and environmental decisions 
(Figure 5).  The orange boxes show the major work processes. The required 
process automation application for each work process is shown in the yellow 
boxes. Figure 6 shows the conceptual design for the overall IM system. 

Figure 5. Work Process and Implementation 
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Figure 6. System Conceptual Design 

The IM system conceptual design consists of a central database repository that 
stores both tabular and GIS data in a relational database management system with 
a spatial database engine (SDE) that serves the spatial data. Needed components 
fall into two categories: data input applications and data output and decision 
applications. 

After the project approved the conceptual design, the system architecture and 
technologies were built and implemented, following an enterprise approach 
(Figure 7). 
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Figure 7. System Architecture and Technologies 

40.4.9.2 ERDB Project database 
The ER Project database (ERDB) was designed to support all project work 
processes. It integrates workflow data, regulatory information, GlS data, and 
technical data into a single data warehouse. Workflow data consist of ER project 
status information, management data, and business rules that support the ER 
workflow process. Technical data include field data, results, and analysis data. 
Regulatory information is tracking information on regulatory decisions and the 
supporting document repository. Spatial data are necessary for data visualization 
and modeling commonly used by geoscientists. 

The resultant database is composed of 300 tables with complex relationships and 
programmed business rules. Figure 8 shows the ERDB database modules. The 
workflow management module integrates work processes. The list management 
module provides output tracking. 
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Figure 8. ER Project Database Modules 

40.4.1 0 Data migration and cleanup 

After the ERDB was deployed, the legacy data were cleaned up and migrated into 
the new database structure. Approximately 2.5 million analytical data records had 
been collected over many years under differerent regulatory requirements, 
standards, and methodologies. These data were moved into the new standard 
structure. 

To migrate data successfully, four questions had to be addressed: 

How much data should be migrated? 
Where are the data located and in which system? 
What data quality standards are required? Is any data cleansing 
required? 
How should data migratiodcleanup be prioritized? 

Data sources were not limited to actual data-processing systems because some 
users maintained files on their own workstations. These data also had to be 
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captured in the ERDB. New processes and applications were developed and then- 
current applications were modified or deleted. Global fixes and “cross-walk‘’ 
tables helped with the migration effort. 

40.4.1 1 Software definition and development 

A conceptual design for each software application was developed based on the 
reengineered work process and a detailed requirements-generation (Jan- 1 think 
this reads ok. The requirements generation is where we create a requirements 
document) and -review process began. After a requirements document is created, 
it is brought under configuration control because any changes to requirements 
could impact budget and/or schedule. Coding, testing, “bug fixing,” and tracking 
then occur. However, even after the application is put into production the 
development process may not be complete as new enhancements and changes in 
requirements occur. Adherence to a development process is critical. 

The software approach was to build an IM system based on an expandable 
framework (Figure 9). An application such as LIST creates lists that in turn creates 
tables, graphs, and maps. This application draws from the ERDB and spatial (ER 
Project GIs) databases, and is accessed only through the enterprise system. 
Instead of developing a monolithic application, the approach was to develop and 
deploy clearly defined software components that could be integrated easily into 
the overall system. 
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Figure 9. User Applications Concept 

In summary, the following categories were identified as user-critical during the 
requirement-generation and -review phases of the development cycle, which 
resulted in the development of the following applications and tools. 

1. Data and information inpul applications, including tools for 

a. sampling event planning 

b. sample tracking 

c. electronic data deliverable and data checkers 

d. data verification and validation 

e. data quality assessment 

2. Data reporting and data dissemination applications, including tools for 

a. data extraction and analysis 
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b. visualization and mapping 

c. decision management 

d. web-based informal portal and reporting 

3. Administration applications, including tools for 

a. workflow management 

. document control system 

c. database administration 

40.5 Conclusion-The Challenges Ahead 

Today’s geoscientists are faced with creating a new paradigm that meets client and 
stakeholder needs and the systems used to store and generate data must meet these 
needs. In response to this challenge, geoscientists must close the gap between 
organizational goals that focus on a fact-gathering or R&D process, and the 
customer’s expectation, which focuses on the need for more and better 
information, tools to retrieve this information easily, and timely delivery. 

The LANL case study presented here i s  an example of successful implementation 
of this new paradigm. The ER Project successriilly reengineered its business 
processes while work ongoing, the project has built new work processes and 
electronic systems that better meet their needs and the needs of internal and 
external stakeholders. Readily accessible data, integrated data types, and improved 
data control and data quality not only satisfies user needs but also creates 
documentation and audit tracking capabilities that also can be used in a legal arena 
to defend management decisions. In today’s budget-conscious environment, 
changing to the new IM paradigm greatly reduces the risk of failure and increases 
stakeholder and client satisfaction. 
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