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From the Commander 

FY95 witnessed a fundamental shift in the way CERL conducts its 
business. It would be an understatement to say that the laboratories 
simply underwent a reorganization because the laboratories' 
organization itself embodies a broader, more fundamental change: 
the Total Quality Management ethic has been infused into the 
organization as a principle of action. COL James T. Scott 

As a result, we are clarifying, defining, and coordinating our Army R&D program and business 
areas across all organizational boundaries-laboratories, divisions, and support offices. We've taken 
a strategic look 5 years into the future to compile a long-range plan for fulfilling our mission in the 
Army. We're committed to accountability to all customers, employees, and the chain of 
command-to a dated schedule for accomplishing technical and management objectives. As an 
Army Reinvention Lab, the ball is squarely in our court; we have a road map of where we need to 
go, a plan prepared with broad staff participation, and new authority to cut the red tape and get 
moving. 

As organizational boundaries are redefined, once "stove piped" activities have been mainstreamed 
into more unified tasks. For instance, at CERL the environmental ethic cuts across organizational 
boundaries. "Concern for the environment" is no longer a watchdog activity; it is an underlying 
principle for construction-related activities. 

Another example of customer care is the program established in 1995 to ensure all CERL work 
meets the customer's requirements for quality, timeliness, and cost. CERL works side-by-side with 
the customer through the entire R&D technology transition cycle. The user is the key partner in 
expressing a technical need, then defining, developing, demonstrating, and ultimately accepting the 
technology. 

The following summary of activities and accomplishments is more than an outline of technical and 
managerial achievement. It is a testament to our organization's ability to directly respond to 
customer needs with leadership, initiative, and creativity. What CERL is doing makes sense; others 
should follow. But it doesn't come without the pain of change. 

/ COL,EN 
Commander and Acting Director 
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1 Leadership 

Adhere to Army Performance Improvement Criteria 

In FY95, CERL management decided to use the Army Performance Improvement Criteria (APIC) 
as the standard against which all CERL management initiatives and objectives are evaluated. APIC 
forms a guideline for creating or refocusing management initiatives or objectives, and to 
quantifiably link organizational performance to overall corporate objectives. The organization of 
this document presents a unified view of our organizational objectives, continuing performance, and 
outstanding achievements by seven APIC categories: 

I. Leadership 
2. Information and analysis 
3. Strategic planning 
4. Human resource development and management 
5. Process management and fiscal control 
6. Business results: technology infusion 
7. Customer focus and satisfaction. 

Reorganization 

During fiscal year 1995 (FY95), CERL initiated a 6-month process in which many committees and 
process action teams, representing the diverse elements of CERL, struggled to build consensus and 
define a new organization to meet our future. We believe this new structure most effectively 
facilitates the CERL's mission. It tailors our people and programs to our customers' needs while 
recognizing today's resource constraints and the future downward trends of people, program dollars, 
and high-grades. 

The most striking changes to CERL are the elimination of management and supervisory positions 
in the technical elements of our organization. There, we eliminated a layer of management (Team 
Leaders). Where our former structure (two large labs) had three organizational layers between the 
front office and principal investigators, we now have only two: Division Chiefs and Lab Chiefs. 
Before, the only way that researchers could get high-grade promotions was to switch over to the 
management side of the house into Team Leader positions. We have eliminated the extra value of 
management experience from the researcher grade evaluation process and created a true "dual track" 
to enable a GS 12 principal investigator (Pl) to attain a Science and Technology PI position (GS 16 ), 
without having a Team Leader side track. 
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We also changed our management philosophy by adopting the private industry management concept 
of Chief Executive Officer (CEO) having an external orientation. and a Chief Operating Officer 
(COO) with responsibility for running the daily operations of the firm. At CERL, our Laboratory 
Chiefs (LCs) have the responsibility of strategic program management, planning and external 
liaison. while our Laboratory Operations Chiefs (LOCs) have responsibility for ensuring work 
execution. The LOCs don't travel; they stay home and tend to business. The LCs. by contrast. are 
often on the road, promoting our research and building partnerships with other Army organizations, 
academia, and private industry. 

We have gathered programs into a four lab structure that addresses the most important business 
areas of our principal customer-the Army installation. Furthermore, we have integrated 
environmental and infrastructure activities throughout the laborato_ries to eliminate the discipline 
stovepipes and to promote the concept of sustainable engineering, in which environmental 
considerations are an integral part of all engineering activity. 

We also absorbed the technical assistance and technology transfer function of the old Technical 
Assistance Center back into the labs that develop our products. This reduces the duplication of 
effort and the inefficiencies of transferring partially completed products from one part of the 
organization to another, as we did in the past. 

On the support side, we took a significant structural action in consolidating two major elements. 
Our studies recommended, with the enthusiastic support of the chiefs of both organizations, the 
combination of the offices of Information and Logistics Management. 

Our old organization was designed in the early 1990s era of rapid growth, and was implemented 
just as the high-grade caps and Department of Defense (DOD) wide personnel reductions became 
the norm. The old organization would have "hard-wired" 57 high-grades into laboratory 
management positions. Our new organization reduces that to 29 high-grade management positions. 
A number of our current high-grade managers returned to research and technical duties, leaving us 
better postured to grant scarce capped high-grade promotions to researchers as those positions 
become available. 

Additionally, our new organization has 37 supervisors, a marked contrast to the 64 in the old 
organization. Our employee/supervisor ratio has been dramatically reduced from 6.1 to 9.5, a 
change that fully supports the spirit and intent of the National Performance Review and the Defense 
Performance Review. 

New Vision 

CERL's previous vision statement was a tad too self serving, with hints of braggadocio and an 
ambiguous focus. We believe our new vision-Technology Infusion for Sustainable Military 
Installations-provides a better sense of purpose to our employees and lets our customers know 
what we're really about. 
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Figure 1. The six-step research, development, and transition process. 
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We also redefined our purpose and·focus from just performing R&D to ensuring that we insert new 
technology into Army systems and provide operational support on a regular basis. The Six-Step 
Process (Figure 1) illustrates R&D and technology transition as a clean, linear process ... in spite 
of the fact that the real-world process is neither clean nor linear. CERL' s business theory interprets 
the Six-Step Process as a cycle rather than a continuum with a beginning and an end. The ultimate 
purpose for all of CERL's research and business activities is to introduce beneficial new 
technologies and applications into daily use on Army installations. We call this process technology 
infusion. Technology infusion refers to a process similar to-but not identical to-technology 
transfer, technology insertion, and technology transition. The differences are subtle but important, 
so a few words of clarification are in order. 

Definition of Terms 

At CERL, technology transfer has historically been used to mean the movement of technology from 
research, development, testing, and evaluation (RDTE) into the hands of end-users. Actually, the 
term technology transfer was coined in the language of the Stevenson-Wydler Innovation Act of 
1980 and the Federal Technology Transfer Act of 1986. The term specifically refers to the moving 
of technology from the public sector to the private sector. CERL's mission is to move technology 
from the lab to the Army customer; subsequent technology transfer is highly constructive and a 
mandated responsibility, but it is not our principal mission. 

9 
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The term technology insertion has long been used in Army R&D circles to describe the process of 
moving weapons systems from the lab to the soldier. Tech insertion may refer to an entire system 
or a component of one. The term suggests a limited scope of activity: the focus is on one 
deliverable at a time rather than a holistically managed process. This, plus the term's inherent 
connection to weapons development, makes it an inappropriate business model for CERL. 

Technology infusion is CERL's term for its business model: a holistic process of managed 
technological change intended to improve military installation operations, land management, 
facilities, the soldiers' quality of life, and other areas within our mission. Note that the term 
"technology transition" may mean many things to many people. Historically the term has been used 
in Army R&D circles to refer to the act of moving a technology from one stage of RDTE to the 
next-for example, moving a product from basic research into development. In the Six-Step 
Process, it refers specifically to Steps 5 and 6--demonstrations and authorization. Others simply 
use it to mean tech transfer or tech insertion. 

Description of the Process 

The technology infusion process manages technological change in partnership between the 
technology provider and the customer. The Technology Infusion Model (Figure 2) illustrates how 
CERL and its customers interrelate throughout the research, development, and implementation 
cycle. The outer square represents the "universe"-the constantly changing strategic environment. 
This environment comprises the drivers of geopolitical, domestic, and economic change that affect 
the customers' (and CERL's) mission and resources. When the change is disruptive and interferes 
with mission-fulfillment, the customer at some point becomes motivated to address the change. In 
other words, the CERL technology infusion process ~gins with a customer that is motivated to 
solve a mission-related problem that affects a military installation. 

The technology providers-CERL, its contractors, and its research partners-work with the 
customer through all stages. Our role is to find the best match between a customer's problem and 
a technology-based solution. The solution may arise through: 

• technology surveillance and "smart buyer" activities, exploiting innovative technologies that 
have already been tested and marketed 

• adaptive research, tailoring a commercial product to meet an Army-specific need 
• innovative research, leading to a new product or an enabling technology for a family of new 

products. 

Our success at technology infusion depends on our ability to excel in all three spheres of activity. 

The Technology Infusion Model focuses on the everyday partnership between CERL and the 
customer (including the customer advocate, or technology proponent). While the real-world 
technology infusion cycle is not perfectly sequential or neatly divided into steps, Figure 2 is fairly 
literal in that successful technology infusion generally progresses "clockwise" through the six-steps. 
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Figure 2. CERL's Technology Infusion Model. 

The arrowhead represents a subset of the national security universe. It may comprise any 
development-new threats, new requirements, new economic pressures-that trigger a new 
technology infusion cycle. For the customer, the trigger is an event that makes it more difficult or 
costly to operate a sustainable, mission-effective military installation. For CERL, the trigger is a 
technology opportunity that can solve the customer's problem. It should be noted that the 
arrowhead also represents external stimuli that require an upgrade of a previously released CERL 
product. 

The two concentric gray bands in Figure 2 represent the research, development, and implementation 
cycle. Both bands are similar shades of gray to emphasize that technology infusion is an integrated 
process executed by CERL and the customer as co-equal partners. The outer band represents 
customer activities; the inner band represents CERL activities. Regardless of which band they 
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originate in, all activities are ultimately partnership activities. To make the partnership work, each 
participant has explicit responsibilities. Customer responsibilities include: 

• clear identification and prioritization of requirements 
• timely internal planning for technology implementation. 

The technology provider's responsibilities include: 

• 

• 
• 

sophisticated understanding of the customer's problem, including potential outside changes that 
may affect the tech infusion cycle in midstream 
complete knowledge of the state of the art and state of the market for applicable technologies 
thorough understanding of the technology end-user, including how the technology will change 
current practices. 

Partnership responsibilities encompass everything else-from early development through user 
training and support. This is not to say that CERL conducts all hands-on work at the direction of 
the customer; it means that successful technology infusion depends on clear two-way 
communication throughout the R&D process, and requires the customer and the researcher to think 
holistically about the whole life-cycle of the product or system. 

Integrated QMB Into BACC and OCLOC Functions 

In March 1995, the Executive Steering Committee (ESC) tasked a subcommittee to recommend how 
the Quality Management Board (QMB) might best be integrated with the newly established "parallel 
management teams" within the CERL reorganization, which include: the Business Area 
Coordinating Council (BACC) and the OCLOC's (Office Chiefs, Lab Operations Chief, and 
Executive Assistant). Until that time, the QMB had been providing day-to-day oversight and 
direction to the CERL 2000 Quality Program. The subcommittee proposed and the ESC concurred 
that CERL's quality program had matured and that it was natural and appropriate to integrate the 
QMB's functions into those of the BACC and the OCLOC's. By May, the transition was complete. 

Total Army Performance Evaluation System 

Through the Total Army Performance Evaluation System (TAPES) process, we are trying to achieve 
an objective, valid evaluation of each individual's performance. Such an evaluation is essential to 
recognizing true excellence and identifying opportunities for improvement. CERL's success 
depends on the exceHent and very successful performance of all CERLites. We will decide CERL's 
future based upon our collective performance. An effective performance appraisal system is critical 
to our collective improvement. 

An honest appraisal system begins with the realization and acceptance that not all individuals will 
perform in an exceptional manner all the time. While it's theoretically possible that all of the 
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approximately 400 employees we will rate this year will have performed at the exceptional level, 
such a level of performance is extremely unlikely. Additionally, any reasonable understanding of 
the word "exceptional" (i.e., being an exception or uncommon) precludes defining the performance 
of even 300 out of 400 people as exceptional year in and year out. In FY93 the performance of 73 
percent of GM 13- l 5s was rated as exceptional while the performance of 55 percent of all GS 
employees was rated as exceptional. 

13 

By comparison with past ratings, FY95 TAPES assessments are 
being more honest and consistent (Table I). The TAPES process 
will help ensure continued improvement in the consistency of 
ratings in the future. Additionally, we have opened up the appraisal 
process to employees by sharing the summary results and com-
municating to greater degree than in the past. We will learn from 
our mistakes. The more meaningful question is "are we 
improving?" not "are we perfect?" Most important is CERL's 
future. We will all benefit as we continually improve and strive for 
excellence. 

Table 1. FY95 breakdown of 
TAPES evaluations by GS grade. 

G 13-15 GS 9-12 

Block 1 35 39 

Block 2 51 51 

Block 3 13 10 

Federal Executive Institute Management Training 

CERL's new senior management attended the Federal Executive Institute team-building session. 
The 4-day resident session was held in Charlottesville, VA and consisted of a number of team-
building activities specifically designed to enhance working relationships and team spirit. We 
worked as a group to define the salient issues needing discussion and to develop resolutions. The 
time was well spent; the management group committed to a new covenant on how we would interact 
with each other and resolve management issues. As part of the retreat, the CERL management team 
also refined our new concept of the Capability Package, which will be used to define and categorize 
our work units. Follow-up sessions are scheduled to ensure that the momentum generated by the 
resident workshop does not dissipate. 

360-Degree Management Feedback 

At the Federal Executive Institute team-building session, CERL's new senior management team 
decided that performance feedback from their peers could help them work together more effectively. 
The instrument chosen for the feedback was the "360-Degree Performance Management System" 
developed by the Army Management Engineering College (AMEC). This automated survey 
enabled the managers to give candid, anonymous feedback to each other on their job performance 
in areas such as customer care, team participation, and organizational vision. The survey results 
were analyzed by AMEC and given directly to each ratee for his/her own use in identifying areas 
of strength and weakness. The use of this instrument continues into FY96, when ratings by 
subordinates as well as peers will achieve full "360-degree" performance feedback. 
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2 Information and Analysis 

The past fiscal year witnessed significant progress in the institution, development, and adaptation 
of CERL's internal information and analysis systems. 

Corps of Engineers Financial Management System Beta Test 

During FY95, CERL served as one of the beta test sites for the Corps of Engineers Financial 
Management System (CEFMS). After a rocky start because of the end-of-the-fiscal-year conversion 
in August 1994, we were able, by year's end and with the help of the CEFMS Project Office at 
Huntsville, AL, to move to a position of near-normal operations. 

In the first year, we've made significant progress toward resolving the inevitable early problems. 
We still have problems to resolve caused by the conversion, but we've worked to adapt ourselves 
to the new system and to solve a host of programming problems. As a result, CERL takes some 
pride in becoming the first CEFMS site to close out FY95 (with reasonably good results) and to 
open its FY96 books. 

Revitalized Use of PSB System 

The FY95 Reorganization sparked a renewed interest in using the Planning, Scheduling, and 
Budgeting (PSB) System (which has existed at CERL for many years) to more effectively manage 
a broad array of laboratory activities. A detailed study was made of the contracting efforts at CERL 
to closer approximate lead times for procurement efforts. New categories of acquisition were 
identified and implemented due to changes in procurement rules. The study identified many more 
improvements, which will be prioritized and used to upgrade the system in FY96. 

Network Access to PP Plans and Data for All Employees 

The CERL Plans and Programs Office (PP) made several of its reports available to the entire 
workforce electronically. Labwide reports available through the network include: 

• approved memorandums of agreement (MOAs), memorandums of understanding (MOUs), and 
interagency agreements 

• proptrak, the specialized program used to log in all actions related to reimbursable proposals 
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• 

• 
• 

• 
• 

spreadsheets showing Construction Productivity Advancement Research (CPAR), Cooperative 
Research and Development Agreement (CRADA), Facilities Engineering Application Program 
(FEAP), Small Business Innovation Research Program (SBIR), LEGACY, and Strategic 
Environmental Research and Development Program (SERDP) work units and their funding 
status 
capability packages and associated work units 
a complete listing of all reimbursable work units and money received during the current fiscal 
year by laboratory 
a historical record of all funding received (by category) for every year of CERL's existence 
a spreadsheet that shows milestones for all laboratories that have either been missed or 
rescheduled. 

Customer Care Survey 

An important component of the process re-engineering of CERL's Reimbursable Program was its 
Customer Care Survey implemented in FY95. A short, easy-to-complete postcard survey was 
developed by a team approach with input from CERL customers. The survey was implemented 
along with the procedures to ensure the results were analyzed and acted on. The survey is sent out 
to customers on the completion of individual reimbursable projects. Individual results are 
forwarded to managers and research team members. Negative comments require a formal follow-up 
by senior management within 30 days. Group results will be analyzed for Division, Lab, and all of 
CERL to help managers track trends in customer satisfaction. Initial results indicate that CERL is 
doing an excellent job of satisfying its customers. 

World Wide Web Access 

In FY95, CERL redesigned and updated its home page on the Internet's world wide web (WWW). 
Each laboratory's assigned "web master" can help individual researchers to link their home pages 
to CERL's home site to give customers direct contact with a broad range of information on the 
laboratories and ongoing work. CERL's home page can be accessed with any web browser at: 

http://www.cecer.army.mil 

15 
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3 Strategic Planning 

Strategic Planning Process 

Figure 3 illustrates the CERL strategic planning process developed in FY95. This continuous four-
phase cycle is patterned after the Army Research Laboratory (ARL) planning cycle. The strategic 
plan (Phase A) addresses how CERL plans to identify an·d meet customer needs in terms of the 
strategic drivers. A 5-year big-picture business plan (Phase B) is maintained and updated during 
each annual planning cycle. The nearest-term aspects of the 5-year plan are broken out and 
addressed in detail as a performance plan for the upcoming year (Phase C). The annual performance 
report (Phase D and also this document), formerly known as the CERL Executive Summary as 
adapted from our annual Lab of the Year submittal, summarizes the outcome of the most recent pro-
gram year for the information of customers, employees, and other stakeholders. Results and lessons 
learned from the previous cycle feed into the following cycle, as do any changes in the global or 
domestic strategic domains. 

Strategy Deployment Through Business Planning 

CERL's strategy is made concrete in an integrated long-term business plan (Figure 3, upper right) 
that includes marketing, execution, and transition to the technology user at the installation. 

The long-term business plan applies CERL's six-step process to well defined business areas through 
which the Army's installation-related problems can be solved. As part of the 1995 strategic 
reorganization, CERL established the BACC, which is charged with the responsibility of providing 
more planning continuity across all R&D units than ever before. The BACC comprises senior 
managers from all four labs, the Executive Office, and the Plans and Programs Office. The group 
is CERL's principal business planning unit. It meets weekly to ensure: 

• more customer involvement throughout CERL's activities 
• coordination of CERL' s infrastructure and environmental R&D to ensure seamless integration 

of infrastructure and environmental products 
• discussion of opportunities for in-house partnerships and leveraging across technical divisions 

and laboratories 
• multidisciplinary dialog on marketing focus, customer-response issues, product life-cycle 

support issues, metrics, and other planning issues of common interest. 
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Figure 3. The CERL strategic and business planning cycle. 

In-Progress Program Restructuring 
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CERL's adaptive planning processes enable the organization to restructure its research program 
proactively. Several conditions have made this type of program restructuring necessary: 

1. The complexity and overlapping of customer problems is more effectively addressed by the 
development of fully integrated products; a rigidly stovepiped business area hierarchy cannot 
truly be customer oriented because it inhibits multidisciplinary R&D 

2. Problem input and program funding is increasingly customer driven, making it essential for 
CERL to institutionalize customer focus formally, not just culturally 

3. Solutions to major problems require R&D efforts that are critically massed in terms of people, 
and adequately funded-often through multiple sources. 

A big-picture view of the current program restructuring effort can be seen CERL's new business 
area hierarchy, which is described in the section that immediately follows. 

The CERL Business Hierarchy 

CERL's revised business area hierarchy consists of five elements: (l) mission, (2) mission area, 
(3) business area, (4) capability package, and (5) work unit. 

17 
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Mission 

• to perform infrastructure and envitonmental sustainment research, development, studies and 
technical assistance leading to a quality trained and ready Anny; to set the standard in 
preserving and protecting its land, water, and natural and cultural resources; to repair, maintain 
and rehabilitate civil works facilities 

• to perform research and development for enhancing engineer capability to deploy rapidly and 
to sustain a full range of military operations. 

Mission Area (MA) 

A mission area addresses chronic problems or requirements for which an Army customer needs a 
technology solution. CERL's mission areas are: 

1. Civil engineering, including ecosystem science and technology, with emphasis on sustainable 
installations 

2. Civil works (specialized). 

Business Area (BA) 

The primary sub-element of a mission area. Business areas categorize large-scale systemic 
problems for the Army. Business areas address multi-year problems, require many products for 
solution, and involve multiple customers and funding stovepipes. The work in each business area 
is, by nature, organizationally cross-cutting. Laboratory Chiefs are directly responsible for business 
areas. CERL's eight business areas are: 

1. Facility Acquisition and Revitalization 
2. Installation Management, Operations, Maintenance, Repair, and Disposal 
3. Industrial Process Modernization 
4. Workforce Effectiveness 
5. Sustainable Military Land Management 
6. Cultural Resources 
7. Soldier Quality of Life 
8. Civil Works (Specialized). 

A ninth mission area sub-element is Enabling Technologies. This area focuses on high-risk/high-
payoff technology areas with widespread potential for application. Enabling Technologies is not 
a regular business area-it may be considered a business area that supports all other business areas. 
Examples include agent-based collaborative computer environments and nuclear quadrupole 
resonance technologies. CERL has made the strategic decision to invest 20 to 25 percent of our 
direct funding in enabling technology research-primarily with Intra-Laboratory Independent 
Research (ILIR), Inter-Departmental Independent Research (IDIR), and 6.1 funding. 
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The major sub-element of the eight business areas is the capability package. The Enabling 
Technologies area has an analogous sub-element called a technology area. Although a technology 
area is not a true capability package, both program elements fall at the same level of the CERL 
business area hierarchy. 

Capability Package 

As part of CERL's recent reorganization, we proposed a strategic plan that would help focus our 
research and development efforts toward the changing Army-to build and focus resources on an 
R&D program to pursue our vision: Technology Infusion for Sustainable Military Installations. 
The strategic plan defined capability packages as integrated descriptions of capabilities that the 
Army will gain through the development and infusion of advanced technology. They are developed 
with a specific customer in mind, address capabilities and not technologies, and identify linkages 
among various funding sources and sponsors. "The concept uses a consumer model," explained 
CERL Technical Director Dr. Michael J. O'Connor. "Instead of pushing technology out, we're 
driven by a customer-based pull. The intent is to solve problems the customers think they have, and 
not try to sell products and systems that the research community wants to push." 

The capability package (CP) represents a new concept in the CERL business area hierarchy. Its 
purpose is to organize our technology outputs into general capability categories (or "packages"). 
These capability packages are defined to offer the customer (or customer advocate) an integrated 
set of technology solutions to systemic problems on the Army installation. The CP offers the 
customer "someplace to go" to find help for big-picture problems; it also enables the customer to 
leverage the resources of others with similar problems. Because a capability package will produce 
a suite of technologies developed with input from a broader customer base, the technology products 
will be more readily "infusible" into everyday use throughout the Army. 

The idea of capability packages represents a departure from R&D programming in years past. Many 
of our customers had their own funding sources for R&D, which we used to conduct a program that 
sometimes topped 1,000 projects a year. We believe this approach was too fragmented and not 
sufficiently focused on critical Army installation needs. Moreover, many of the discretionary 
funding options have evaporated; the Army can no longer afford isolated "standalone systems." 

CPs offer general solutions that CERL can provide specific Army customers through coordinated 
R&D. CPs are multiyear efforts that leverage funding by attracting several sponsors. Each CP is 
targeted at specific sponsors and specific funding sources. Funding levels may range from $0.5 
million to $25 million depending on the nature of the capability needed by the customer, the 
complexity of the solution, and the number of sponsors. A CP includes specific, measurable 
milestones and requires substantial planning and coordination over time. Each CP is clearly defined 
in terms of a customer problem, R&D approach, product, R&D partners, Army benefit, schedule, 
and point of contact. It is this level of the business-area hierarchy for which technology 
implementation plans are prepared. The Project Area Leader oversees execution of the CP. 
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Each capability package comprises a finite work effort that will produce a major technology product 
or system-a tool, an improved process or protocol, an automated system, etc. The capability 
package provides the Army with the capability to do something it previously could not do, or the 
capability to do it better. Each capability package will contain a problem statement, description of 
the solution, approach, technology transfer requirements, benefit/cost analysis, and a schedule of 
activities. Each package will contain full information describing all funding requirements and 
leveraging opportunities from all funding sources. Capability packages will become CERL's 
principal technical management units. Resources allocation will be prioritized to support the 
execution of documented capability packages. High-priority capability packages will be fully 
resourced to ensure technology infusion exactly when our installation customers require delivery. 

Through the capability packages, we will seek appropriate endorsement of our products by senior 
Army leadership, who can request the necessary funds to fully integrate our products into the 
Army's inventory. We believe the capability packages will provide a compelling case for why the 
work is needed and demonstrate the benefits to the Army from using technology developed to 
satisfy a requirement. 

"By focusing the full resources of CERL on critically massed issues, we can make a real difference, 
and we become relevant to DOD," said CERL Commander COL James T. Scott. "Today's high 
level planners need R&D to help them do business. They have to know they're getting their 
money's worth in choosing to spend dollars on a new technology." 

CERL's capability packages result from input we actively solicit from our customers via various 
formal and informal channels. From this information, our top managers will base the R&D program 
on those capability packages selected as most beneficial to the Army. "In recognizing that we can't 
be all things to all people, we will necessarily transition out of some work we have done in the past," 
explained Dr. Michael O'Connor, CERL's Technical Director. "The intent is to pool our resources 
to focus on fewer problems in the interest of more successful technology infusion." 

The change to this way of doing business will probably happen gradually over the next 3 to 4 years. 
By FY97 and beyond, we expect that 75 to 80 percent of our direct-funded and reimbursable work 
will be accepted on the basis of capability package documentation. The remaining 20 to 25 percent 
will be mainly exploratory work in technical areas. 

As the government and Army continue to downsize, as budgets are reduced, and as installations 
close under Base Realignment and Closure, research and advanced technology have never mattered 
more. Our challenge is to make sure critical funds have been programmed in advance to effect 
technology infusion for best benefit to the Army. We believe CERL's capability packages will 
support these efforts successfully. 
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Work Unit 

This fundamental component of a CP represents the execution level of the CERL R&D program. 
Each work unit is sponsor-specific and is executed by a Pl. Many work units will appear in one or 
more CP. 

Developed and Refined Metrics 

In accordance with the Government Performance and Results Act of 1993 (PL I 03-62), which 
provides for the establishment of strategic planning and performance measurement in the Federal 
Government, CERL has focused on reviewing all components of its business theory-from 
conducting strategic planning, developing performance measures or metrics linked to this plan, and 
deploying these metrics throughout the organization. 

In 1993 CERL management developed its draft strategic planning process. It identified five "core 
competencies" or unique CERL capabilities available to the Army: 

• Excellence in Customer Problem Assessment 
• Technology-Based Product Development and Technology Transfer 
• Seamless Integration of Infrastructure and Environmental Support Expertise into CERL 

Products/Systems 
• Excellence in Technical Assistance 
• Leveraging/Partnering Excellence. 

Each competency was broken into Strategic Vision, Goals, and Strategies. A remaining need was 
the capability to measure whether we had arrived at implementing the Strategies to satisfy the Goals 
that attain the Strategic Vision for the individual Core Competency. 

In 1994, CERL reorganized and refined the process for conducting strategic planning. The Anny 
adopted the Anny Performance Improvement Criteria (APIC) to facilitate the adoption of 
leadership-driven strategic planning with a focus on customer and business results in I 995. 
Together, these elements provided CERL with a model to develop objectives, with criteria on how 
to meet these objective, and with metrics to measure when we had achieved the stated criteria. 

The initial development of metrics in 1995 provided management with an immense list of potential 
instances for performance measurement. The task of determining who was responsible for the 
action, who was to measure, and how often this process was to take place was overwhelming. At 
the outset, we envisioned ourselves being so busy measuring that we might have little time to 
accomplish real results. We also had "picked and chosen" from the APIC as opposed to buying into 
the whole process. 

Late in 1995, a small group met to refine these measurements and make them truly useful. We went 
back to the original APIC to define specifically what we were trying to measure-measuring simply 
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as a data-gathering exercise is not useful. The outcome was a refined set of objectives, criteria, and 
metrics to be used by throughout CERL to measure overall performance. 

FY96 Budget 

Tables 2 and 3 display CERL's revenue and expense projections for FY96, with FY95 figures 
included for comparison. CERL's total revenue-ROTE and customer-reimbursable-reflects zero 
growth between FY95 and FY96, mainly due to a 37 percent reduction in our Exploratory 
Development 6.2 ROTE budget. CERL's projected ability to maintain total FY96 funding 
approximately at FY95 levels is based on expectations of receiving additional customer-
reimbursable funding. Table 2 shows funding actually received during the fiscal year while Table 
3 shows the actual expenditure of funds during that same fiscal year. Note that Table 3 labor figures 
reflect charges for both Federal employees and onsite contractors from the University of Illinois at 
Urbana-Champaign (UllJC) and other R&D partners. 

Due to the wide applicability of CERL technologies, CERL's customer base is fairly heterogeneous. 
At the time of this writing, CERL has approximately 123 active customers, but approximately half 
of our reimbursable funding comes from the following eight sources (listed alphabetically): 

• Air Force-$ 2.5 million 
• Army Civil Works-$ 3.2 million 
• Army Environmental Center-'-$ 3.7 million 
• Army Materiel Command (AMC)-$ 1.0 million 
• Corps Districts and Divisions-$ 5.0 million 
• DOD-$ 3.0 million 
• Forces Command (FORSCOM)-$ 4.8 million 
• Training and Doctrine Command (TRADOC)-$ 3.6 million. 

The FY96 labor expense projection is a best-case estimate based on CERL's ability to stay within 
DOD-mandated personnel ceilings. The projected average cost of direct labor charged to a work 
item in FY96 is $63 per hour. The FY95 rate was $61. The FY96 increase may be attributed to 
normal pay increases. 
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Table 2. CERL actual and projected revenues for FY9~Y96. 

CERL REVENUES 
: 

FY95* FY96* 
Actual i Projected 

I 

; 

ROTE: 
Basic Research 7.5 5 .. 8 
Exploratory Development 16.1 10.6 
Advanced Development ! 0.0 0.0 
Management Support ' 7.8 6.9 
Operational Systems Development i 0.0 0.0 

- - -- ---- --- · - .. ·-- --- . - ------- -

Customer Reimbursable 45.6 i 55.5 ! ------ - - - - " ---- - --- -- ----i-------- - -- -- l - - ···- -----
' 

Office, Secretary of Defense ' 0.3 I 0.5 i , -

Advanced Research Projects I 0.2 i 0.3 
i I 

Agency I 
- --- - - ---- ----------~~- -- + I ----

Base Realignment & Closure I 0.0 0.0 I ---------- ----

Other (OMA and PAA) ! 1.1 1.1 
... ---------- -- ----- -- r-78.6 I 

-- - --

Total revenue I 80.7 

*$ Millions 

Table 3. CERL expenses for FY9~96. 

CERL EXPENSES 

! FY95* FY96* 
I 

1 Projected Projected 

Labor ----~ 0.5 11.1 

Other internal costs I 8.3 i 
OGA/contracts 

Indirect 

G&A 

Base Realignment 

Total expenses 

'$ Millions 

! 36.9 50.4 - -----t- - ------ --T - - - -
7,8 I 8,0 

! •. L ___ _ - -------- --- 1 - --

11.7 l - 13.9 

! 

0.0 

75.2 

0.0 

88.7 

FY95 Revenue 

ROTE 
Customer Reimbursable Orders 
Other 

FY95 Expenses 

Indirect O Direct 
G&A Overhead 
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4 Human Resource Development and Planning 

Active Encouragement of Employee Development and Participation 

The value we place on employee education, continuous development, and participation is self-
evident. Within DOD, CERL has long had one of the highest per capita rates of employees holding 
advanced degrees. Continuing formal education is considered an important employee benefit: lab 
policy allows all personnel to study mission-related courses during duty hours at CERL expense, 
and employee participation is always high. Two of the most highly coveted awards are the Year of 
Advanced Study (for research personnel) and the Semester of Advanced Study (for support 
personnel). Also highly prized are opportunities for professional development at other R&D 
organizations or customer organizations; at any time several employees are detailed to other 
organizations for developmental assignments of 3 to 6 months duration. 

Employee development is rewarded through the researcher paneling process, and it is considered 
as a factor in major award programs such as Researcher of the Year and Employee of the Year. 
Also, a number of management objectives, metrics, and standards directly address employee 
development. 

Professional and Community Outreach 

CERL has a long tradition of corporate "good citizenship" that clearly arises from organizational 
and individual values. The value placed on outreach takes many official and unofficial forms. 
Official management objectives include criteria pertaining to contracting with Historically Black 
Colleges and Universities/Minority Institutions and small disadvantaged businesses. Successful 
transfer of CERL technologies and expertise has helped to improve schools and neighborhoods in 
Chicago and East St. Louis. Mentoring and internship programs promote science and engineering 
careers for minority and female students. 

Official outreach activities are a natural extension of such individual values as volunteerism, 
community enrichment, environmental responsibility, and human welfare. These values are widely 
and strongly held by us as an organization, as indicated by the list of individual outreach activities 
that ,continue nonstop from year to year. Examples include extensive participation in the local 
Speakers' Bureau, veterans' and service organizations, science fairs, youth athletics, etc. 
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CERL's Automated Assessment Tool 

CERL's Automated Assessment Tool (AAT) was developed from a survey conducted at CERL's 
1993 Allerton Conference. In FY94-95, it became a valuable measurement tool in determining the 
level of quality implementation in the organization. 

Allerton 1993 Leadership Survey 

In October 1993 at the annual Allerton Conference, a 45-question manual survey was given to 74 
Senior Leaders to assess CERL's perception of its quality initiative. The survey was developed 
using the 1993 Federal Quality Institute's (FQD Criteria for the Presidential Award for Quality and 
the Quality Prototype Award. It also included questions from surveys developed by CERL's own 
Benchmarking and Customer Satisfaction Focus Groups. The Allerton survey contained eight 
criteria, totaling 200 points, which were weighted and scored according to their relative importance 
in an "ideal integrated Total Quality (TQ) system": 

I. Top Management Leadership and Support (20 points) 
2. Strategic Quality Planning (15) 
3. Customer Focus (35) 
4. Training ( l 0) and Recognition (5) 
5. Employee Empowerment and Teamwork (20) 
6. Measurement and Analysis (15) 
7. Quality Assurance (30) 
8. Quality and Productivity (50). 

Question responses on the survey ranged from "Not part of Culture" ( l point) to "Ingrained in the 
Culture of the Organization" (5 points). The levels of TQ implementation are: 

• an undeveloped systematic TQ approach (under 30 points) 
• the beginning of a sound, systematic TQ approach (30-60) 
• a well-planned, sound, and systematic TQ approach (60-90) 
• a well-developed, systematic TQ approach (90-120) 
• a world class TQ approach ( over 120). 

CERL's Senior Leaders had an average overall score of 82.6. The survey categories became the 
foundation for CERL's quality metrics. 

Allerton 1994 Automated Survey 

In FY94, the TQ Staff began the process of automating the survey using Questionnaire 
Programming Language (QPL) and the 1994 Presidential Award Criteria, published by the FQI, 
which were much more in line with the Malcolm Baldrige Award (used in the private sector). The 
survey conducted at Allerton '93 was first automated and tested by the Facility Management (FF) 
Division at CERL to evaluate their team and the organization. A JOO-question survey was then 
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developed and taken by the Quality Management Board (QMB) and TQ Staff in October of 1994. 
It was then revised to 68 questions and given CERL-wide over the local area network in October. 
This survey, known as the Automated Assessment Tool, used the FQI criteria and was guided by 
the following goals and strategies: 

Goal 1. To determine the quality activities of the individual teams. 

Strategy to reach Goal 1. Questions were specifically structured to find out what "quality-
related" measurement activities are taking place within each team, so that the organization could 
be sure that improvements were being made. 

Goal 2. To determine the organization's strengths and weaknesses using Quality Management 
principles within the seven main categories (elements) adopted from the Baldrige Criteria: 

l . Leadership 
2. Information and Analysis 
3. Strategic Quality Planning 
4. Human Resource Development and Management 
5. Management of Quality Process 
6. Operational and Quality Results 
7. Customer Focus and Satisfaction. 

Strategy to reach Goal 2. To find out if teams were developing or currently using "quality-
related" measurement systems in various areas of their everyday activities, various questions were 
asked as outlined by the above seven categories. 

Goal 3. To educate and re-educate teams by helping them identify the areas to which they should 
be applying Quality Management principles. 

Strategy to reach Goal 3. To enhance and strengthen everyone's education in the various areas 
of TQ, the format of the survey was written with an introduction to many of the questions explaining 
how and/or what should be done in respect to the above seven categories. 

Goal 4. To follow through with the goals as outlined during Allerton '93-to conduct an annual 
quality assessment of CERL. 

Strategy to reach Goal 4. To assure that the organization extracted pertinent and specific 
information about everyone's perception regarding CERL's Quality Management efforts, the 
standards of the Presidential Quality Award criteria developed by the FQI were used. 

Of the 849 CERLites, 159 completed the AAT. Results were reported at the 1994 Allerton 
Conference. Labs, divisions, and offices were categorized by composite score. 
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The categories within the tool were weighted to detennine their relative importance so that bottom-
line results can, be measured against the standards of an integrated world-class quality management 
system. The categories and weights, based on a total of 1,000 points, were: 

I. Leadership (125 points) 
2. Infonnation and Analysis (75) 
3. Strategic Quality Planning (60) 
4. Human Resource Development and Management ( 170) 
5. Management of Process Quality (140) 
6. Operational and Quality Results ( 180) 
7. Customer Focus and Satisfaction (250). 

Each question was worth five points. Each question had seven possible responses: Outstanding (5 
points), Very Good (4), Good (3), Fair (2), Poor (1), Doesn't exist (0), and Don't know (X). 

The levels of TQ implementation are: 

• the beginning of quality management awareness or activity in some areas of CERL (under 200 
points, or 20 percent) 

• the beginning of a sound, systematic quality management approach that has been implemented 
in some parts of CERL (200-400 points, or 20-40 percent) 

• a well-planned, sound, and systematic quality management approach that has been implemented 
in many parts of CERL (400-600 points, or 40-60 percent) 

• a well-developed, systematic quality management approach with excellent functional 
integration that has been implemented in most parts of CERL (600-800 points or 60-80 percent) 

• a world-class quality management approach that is systematic, effective, continuously evaluated 
and improved, and innovative. It has been implemented fully across CERL and is ingrained in 
the culture (over 800 points, or 80 percent). 

The following list shows the composite scores, where groups within the organization rank their 
team's overall quality-related activities in the seven categories. The data was analyzed by 
spreadsheets. The individual composite scores of the fourteen labs/divisions/offices varied in 
comparison to CERL's composite score and gave indicators of the quality management approach 
in each of those areas. 

The Labs/Divisions/Offices achieved the following scores: 

CT 226 FE 291 LM 270 
EC 329 FF 455 RM 373 
EL 622 FL 571 TA 351 
EN 340 FM 326 z 571 
EP 334 IM 516 ALL 373 
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Table 4. CERL's TQ Implementation scores by category. 

i Percentage Element I 
Criteria Elements : Points i Weights i Scores 

1 . Leadership 0.51 125 i 64 
··--- - i . -- -· ---- -- -+-- --- - -

2. Information and Analysis 0.27 75 ! 20 
- --- -· -- -- r --- ___ , . ----

3. Strategic Quality Planning 
f-- --- --- --· . . ·-- - . -

0.38 i 60 i 23 ----' --------- t-
4. Human Resource Development 0.37 1 170 ; 63 

_j ___ ----- ··i 
5. Management of Quality Process 0.32 140 ! 45 

6. Quality and Operational Results 
- -0~2-7-- - ,- -180 - -, 49 ---

-- -·,··-
7. Customer Focus and Satisfaction i 0.44 250 I 109 

I 

Composite Score 
·r - ----· ---·----- - + -------

I 1000 : 373 
! 

CERL's composite score of 373 out of 1,000 indicated that the organization was in the beginning 
stages of implementing a systematic quality management approach. 

Each of the seven categories was scored by a percentage that indicated actual relative to potential 
achievement. Table 4 lists the organization's performance in each category by percent and weighted 
score. Category scores were calculated by multiplying the percentage points by the weights. 

CERL did especially well in the areas of Leadership (51 percent) and Customer Focus/Satisfaction 
(44 percent), a range indicating that the organization had a more well-planned, systematic approach 
to quality management within those two categories than the other five. In addition, those who took 
the survey offered many comments, which were categorized into those pertaining to the tool itself, 
and those pertaining to each category of quality-related activity. 

The numeric and comments analysis of the AA T gave CERL a good understanding of what quality-
related activities were talcing place on teams. By using the scoring structure designed by the FQI, 
CERL gained a clearer picture of the strengths and wealcnesses in the seven categories. Each person 
talcing the survey first received a thorough description of the ideal function that should occur within 
those categories. Afterwards, the tool was used to follow through by conducting an annual quality 
assessment of CERL 

Allerton 1995 Automated Survey 

The AA T was again conducted in 1995, with a few changes. The first section of 55 questions was 
directly in line with the Malcolm Baldrige Criteria. The second section contained questions related 
to the management objectives (set forth on p 26). In section two, the TQ Staff put together 16 
CERL-specific questions rating organizational perception of leadership's abilities in the categories 
relating to the APIC. These questions were different from the 55 questions in the first section of 
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Table 5. Composite scores 
for labs and offices. 

Lab/Office : Score 

29 

Table 6. CERL's TQ performance scores by category. 

1 Percentage , category ' 

_ c! __ ----f -~25.43 
Criteria Elements Points 1 Weights i Scores , 

FL , 353.77 1. Leadership 0.43 i 90 i 38.91 
I 

I - --------·-- --- ------·-- .. ------- - -- ~--- -- -------- -- - -- . -- · -t---- . -
LL i 350.91 

-- -- ·-·- ···--t--- - ---

' 2. Information and Analysis 0.35 ! 75 25.98 
- - -- -- - - -----r--- --- --- -· 
3. Strategic Quality Planning 0.37 

' 
55 I 20.16 

' ·---- -- - --- - -1 -·----- - ----- - -• - - -

4. Human Resource Development 0.47 i 140 i 65.47 
PL _ .. _L 3~3.77 

pp ! 399.54 ------ ----- . - . - - ·-- .. -- ----•--- -.-----
I 

RM ! 251.64 ------------ --r~---- ----- -
TR , 368.85 

5. Management of Quality Process 
.. ---------- ----- --- . 

6. Quality and Operational Results 

' 0.36 I 140 i 50.04 
--- - I · ..........-- •• ·- . - ---
0.21 250 I 52.13 

• _ ___________ L_ ___ - -- - --------- -------------- -·-- - . -- - - . - ·-- - ------- - ----
1 -~~----- ~~=~:::, __ 

Z J 363.28 

7. Customer Focus and Satisfaction 0.40 I 250 i 98.84 
~ - --------- -------~ --·-·-· - ~ --- r -1000- r-351~53. Composite Score 

-t-,----- -----
ALL ! 351.53 

the tool, but had the same response format. The results were not part of the official score, but 
helped gather initial baseline data outlined in Chapter 6 of the CERL Strategic and long-Range 
Business Plan: Fiscal Years /996-2002. The average scores of the responses to questions in 
section two were documented and made available to CERLites. 

In 1995, 176 out of 717 CERLites completed the survey. This represented a higher participation 
percentage (24.5 percent) then the previous year (18. 7 percent). Results were reported at the 1995 
Allerton Conference. Labs and offices were divided by composite score and category score. The 
first list shows the composite scores, where individuals within the organization rank their team's 
overall quality-related activities in the seven categories. The TQ Staff analyzed the data using 
Microsoft Excel. The individual composite scores of the nine labs and offices, which were 
reorganized in March 1995, again gave indicators of the quality management approach in each area 
(Table 5). CERL' s composite score of 351.53 out of 1,000 indicated that the organization again was 
in the beginning stages of implementing a sound, systematic quality management approach. Table 
6 lists the organization's performance in each of the seven categories by percent and weighted score. 
This indicates the achievement relative to potential achievement. 

Scores were further categorized into each lab/office's score for each category. CERL did especially 
well in the areas of Human Resource Development (47 percent) and Leadership (43 percent), a 
range indicating that the organization had a more well-planned, systematic approach to quality 
management within those two categories, with a fact-based improvement process in place and no 
major gaps in deployment. From the previous year, the percentages for Management of Quality 
Process Management and Information and Analysis increased; Business Results and Customer 
Focus decreased slightly; and the Strategic Planning category remained essentially the same. 
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As in the previous year, those who took the survey provided many comments, which were 
subsequently categorized. While CERL' s composite score fell slightly compared to 1994, possibly 
a product of the higher percentage of participants in the survey-itself an encouraging factor that 
reflects a more positive outlook for the organization's future. 

Human Resource Development and Management 

Since the Human Resource Office (HRO) that serves CERL is located 120 miles north of the 
Champaign location, we have historically felt distant from the HR Processes. However, since the 
reorganization and institution of a new process by our incoming Commander, we now enjoy a 
scheduled weekly visit by the HR personnel and a new sense of "team." We have access to more 
real-time data since we have also hooked up electronically to HRO. We track and celebrate minimal 
usage of sick-leave. 

CERL has a systematic process by which it ties the human resource planning process to the strategic 
plan. We actively look to the future, examine the future environment, and reallocate human 
resources to fit anticipated needs. FY95 saw an increase in research, and our linked plans allowed 
us to shift internal manpower to conduct this research. Since CERL has a "flexible time/workplace" 
system, in FY95, personnel were able to conduct work from their homes or from off-site locations. 

This successful application of flextime shows a more general desire to seek the proper match 
between human resources and organizational needs. For example, we also combined several 
positions during the summer to provide additional flexibility for the staff to work half-time. We 
continued to provide the continuing education opportunities described in the previous chapters, and 
in FY95 made an effort to not only study the current and potential opportunities, but also to 
incorporate a mandatory "how CERL benefits from these activities" aspect to all such opportunities. 
Were established processes to help detennine who is qualified, how to apply, etc. for each of the 
individual opportunities. 

Defined Project Leader Role 

The role of "Project Leader" was newly created in the recent reorganization so that a Principal 
Investigator designated by his or her Division Chief could lead and coordinate the planning, 
resourcing, development, and transfer to the customer of a capability package. To clarify the Project 
Leaders' responsibilities ("what they do"), the ESC tasked a subcommittee to draft a fonnal 
description of the new role. The draft was critiqued by all of CERL management and then rewritten 
to clearly differentiate the Project Leader's role from the Division Chiefs'. The final description 
was fonnally adopted in July 1995, and disseminated to the workforce by posting to CERL's 
electronic bulletin board. 
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Provided SKAP Preparation Training to Those Participating in the CP-18 
Career Program 

The CP-18 Engineers and Scientists SKAP panels screen engineers and scientists who wish to be 
referred to covered GS-13 to GS-15 openings throughout the Corps. At the request of Dr. 
O'Connor, CERL's Technical Director, a presentation summarizing the lessons learned from the 
Spring 1995 U.S. Army Major Command (MACOM) and Headquarters, U.S. Army Corps of 
Engineers (HQUSACE) panels was delivered on 16 May 1995 to a large group of CERL researchers 
and technical managers. Tips were given to both those paneled and to SKAP process raters and 
reviewers. These tips were put on the electronic Bulletin Board to assist all those involved in 
upcoming cycles of the SKAP process. 

Benchmarked CRREL's Paneling Process 

At the invitation of the U.S. Army Cold Regions Research and Engineering Laboratory (CRREL), 
CERL sent an observer to sit in on the 17-19 July 1995 portion of CRREL's GS-13 paneling 
process. After benchmarking the process, the observer suggested that several aspects of the 
paneling process, described by CRREL's Dr. Link as an "evaluation system, not a promotion 
system," could profitably be transplanted to CERL. The CRREL system was judged to be 
particularly strong in coaching and mentoring researchers and in keeping that lab's researchers 
aligned with the organization's values and culture. These aspects of the CRREL's process were 
later incorporated into CERL's proposed new paneling process. 
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5 Process Management and Fiscal Control 

Continuous Striving for Performance Improvement 

As an R&D organization, it is our basic nature to push for progress, or to put it another way, for 
continuous improvement. In a sense, we are in the business of enabling our customers to 
continuously improve their operations; so the value we put on continuous improvement naturally 
influences how we conduct our own operations. Over the past 4 years, our inherent value of 
continuous improvement has been formalized in activities of the Quality Management Board, 
Quality Subcommittees, and decentralized quality initiatives throughout CERL. The 
implementation of the management objectives listed in our Strategic and Performance Plans will 
provide us the best tools we have had so far to track and assess our internal process improvement. 

Management Objectives 

Peter Drucker, the internationally renowned management expert, has said: 

"You cannot manage what you cannot measure. You cannot measure what you cannot 
define. You cannot operationally define what you do not understand. You will not 
succeed if you do not manage." 

In this spirit, the Federal government and DOD have undertaken various management improvement 
initiatives. The goal is, in the words of President Clinton, for Federal agencies to become "a new 
Government ... for the new economy-<:reative, flexible, high quality, low cost, service 
oriented-just like our most innovative private companies." These high-level initiatives, outlined 
below, provide the basis for the development of CERL's management objectives. 

For the past 7 years, the Federal Quality Institute has administered the President's Quality Award 
Program, which offers two prestigious awards: The Presidential Award for Quality and Quality 
Improvement Prototype. Both awards use the same criteria as the Malcolm Baldrige National 
Quality Award Criteria, with minor modifications tailored to the Federal environment. These 
criteria focus on integrated strategic planning, customer satisfaction, and organizational perfonnance 
improvement process planning. 

The Government Performance and Results Act of 1993 (PL I 03-62) establishes a requirement for 
strategic planning and performance measurement by the Federal Government. Agencies are 
required to develop and submit 5-year strategic plans to the Office of Management and Budget by 
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30 September 1997, including annual performance plans beginning for FY99. Embodied in the 
strategic plans must be outcome-related goals and objectives as well as a description of how they 
will be achieved and measured, how they relate, how key external factors are identified, and how 
they will be evaluated. The performance plans must include measurable performance goals, state 
what is required to meet these goals, identify performance indicators, and provide a basis for 
comparing results against goals. 

On 7 September 1993, the National Performance Review (NPR) report was published. This report 
recommends sweeping changes in Federal bureaucracy during the next 5 years. Along with 
recommendations to cut red tape, put customers first, empower employees to get results, and return 
to basics is the overwhelming commitment to conduct strategic and performance planning in the 
commitment to quality management. 

In June 1995, the APIC were adopted as the basis for the Army Communities of Excellence 
program. APIC also are patterned after the Baldrige criteria, but are enhanced with a suggested 
method of data collection and focus. Using these criteria as guidelines, CERL has developed a set 
of management objectives that will be used to measure organizational performance. These 
objectives are sorted into seven categories: 

1. Leadership 
2. Information and analysis 
3. Strategic planning 
4. Human resource development and management 
5. Process management and fiscal control 
6. Business results: technology infusion 
7. Customer focus and satisfaction. 

A system has been established to quantifiably link organizational performance to overall corporate 
objectives. Each management objective is expressed in terms of four components: ( 1) the objective 
statement, (2) the criterion statement, (3) the metric, and (4) the standard. 

The objective statement, as the name suggests, concisely states what is important to accomplish. 

The criterion statement is a prescription of a method for meeting the objective. It tells how the 
objective will be met. Any number of criteria may be prescribed for a single objective. It is 
important to recognize that two criteria for the same objective statement may actually have 
conflicting requirements, and that balancing these conflicting requirements may be necessary. (In 
such cases it is likely that the need for balance would be stated in its own criterion statement.) 

The metric defines the measure of CERL output or activity addressed by a criterion statement. Any 
number of metrics may be applied to a single criterion. 

The standard defines a quantifiable target determined by management to be a valid indicator that 
the related criterion has been met. 
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Objectives were selected based on management research that recommends focusing on outputs 
significant to the mission of the R&D program-in CERL's case. technology-based deliverables 
effectively used within DOD to enhance installations in support of the military mission. It is often 
easier to use metrics that reflect a research program's inputs, such as overall cost per PI or number 
of PhDs on staff. We have resisted the temptation to focus on this "easy" type of metric precisely 
because it does not necessarily correlate to effective fulfillment of CERL's mission. Consequently, 
we have not yet identified good metrics to support every management objective. Having said that, 
it is important to note that input-type metrics will be used wherever they are considered essential 
for measuring the effectiveness of core processes. 

Improved Timeliness of Funds Acceptance 

During FY95, we decidec;i to look at the timeliness of our acceptance of reimbursable orders. The 
conversion to CEFMS forced major changes in this process, which in tum changed the 
responsibilities of the Plans and Programs Office, the Resource Management Budget Branch (RM), 
and the Lab Offices. We gathered data on the acceptance processes from October 1994 until June 
1995 and found that while the PP/RM acceptance time averaged 19 days, the time until the funds 
were available for execution averaged 31 days. 

The offices involved decided to redouble their efforts to improve both processes. The effort resulted 
in better communication among the offices and a continuing streamlining of the processes. The next 
review of the data for the period July 1995 until September 1995 showed that the PP/RM acceptance 
time averaged 12 days (a 37 percent decrease) and the time until the funds were available for 
execution averaged 22 days (a 29 percent decrease). These changes have made CERL more 
efficient and have better satisfied both our reimbursable customers and our principle investigators 
with our performance. 

Jointly Initiated Improved Acquisition Planning 

In FY95, we coordinated and integrated the efforts of all CERL personnel responsible for 
acquisition in a comprehensive plan designed to fill CERL's needs in a timely manner and at a 
reasonable cost. Acquisition planning now begins as soon as a CERL need is identified, well in 
advance of the fiscal year in which contract award is necessary. The PI forms a team consisting of 
all those who will be responsible for significant aspects of the acquisition, such as contracting, 
budget, and legal representatives. 

Identified and Prioritized Process Improvement for Contracting 

The OCLOC Contracting Subgroup conducted a study to determine the needs and expectations for 
quality contracting as well as recommendations for establishing metrics from representative groups 
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of CERLites who are stakeholders in the contracting process. The top priority process improvement 
areas were determined to be Planning and Coordination. We are now in the process of forming a 
committee to work on process improvement in this area. 

Matrlxed Technical Editors 

In an effort to improve processes and encourage teamwork between research and support elements, 
CERL implemented or augmented matrix approaches to its technical editing shop (as it has with 
several other support functions, e.g., contracting and computer support). To improve service to 
customers, the Technical Resources Center established a matrix relationship between the technical 
editors and CERL's four research laboratories. Each laboratory has been assigned an editor, who 
works with the LOC to set priorities, resolve issues involving technical publications, and serve as 
a conduit for acting on process improvement ideas. In turn, the customer organization has direct 
input into the editor's performance appraisal. The editors also work together as a self-directed team 
to level workload, share ideas for process improvement, and streamline procedures. 

Although the matrix structure is too recent for its impact to be measured, we anticipate the closer 
relationship between researcher and editor-the perception of the editor as an integral part of the 
research team-will ultimately result in better and more efficiently produced publications. The 
editors will be involved earlier in the preparation process, will be more available to authors for 
advice, and will focus on appropriate priorities set by the technical managers. At the same time, 
they will work together as professional peers to enhance each others' performance. 

Obtain Increase in Title X Leasing Authority 

CERL will actively work to get an increase in Title X leasing authority to enable the University of 
Illinois to construct a new building adjacent to CERL's central facilities. The purposes of this new 
construction is to: (I) enable CERL to vacate inefficiently used leases in outlying buildings 
throughout Interstate Research Park, and (2) consolidate resources in one central complex of inter-
connected buildings. The new building will showcase sustainable-facilities technologies produced 
through CERL innovative or adaptive R&D. 

The USACE Directorate of Research and Development, and the MACOM Engineer have already 
validated and endorsed our request for authority to lease a new building. The request is presently 
being staffed through ACS(IM) (Assistant Chief of Staff for Installation Management) for review. 
After their review, the package will be submitted to the Directorate of Real Estate, where it will be 
prep~d for submission to Congress for the actual approval. Unless there is an unexpected delay. 
We may be able to receive final authority to take our request to the University of Illinois in the firs_t 
half of 1996. 
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Powered Down and Streamlined Proposal Approval Process 

FY95 resulted in a streamlined proposal approval process by which CERL researchers gain 
corporate approval to engage in reimbursable research activities with customers in the Army, Navy, 
Air Force, and many other government agencies. Historically, the process required several reviews 
and "sign offs" by people in the management chain. The revised process narrowed the signature 
chain down to only three people (Division Chief, Budget Assistant, and the Lab Chief). Each 
signature authority was given specific responsibilities (Division Chief, Technical Review; Budget 
Assistant, Financial and Editorial Review; and Lab Chief, Fit to Strategic Plan). One final approval 
is required by the Programs Branch which checks for format and consistency with overall CERL 
policies, after which the proposal is sent to the sponsor. 

The new process requires assurance that both the research agent (the Pl) and the sponsor fully 
understand what is being proposed. This assurance is gained by requiring both the PI and the 
sponsor to actually sign the last page of the proposal. This part of the process may be associated 
with some delay; however, the process allows the use of F AXed signature sheets to speed things up. 
This agreement process results in the proposal being treated more like a "contract," which generally 
assures that customers are provided exactly what they've bargained for. Once the research is 
completed, the process allows for a follow-up survey to determine customer satisfaction (cf. p 15). 
Customer responses are tabulated for overall management analysis and detailed comments are given 
to the research team. 

Partnering 

The U/UC Partnership 

An enduring aspect of CERL's strategy is its comprehensive partnership with a complementary 
research university of global stature-the University of Illinois at Urbana-Champaign. The Army 
originally based CERL on a laboratory/university partnership model recommended by the National 
Academy of Sciences (NAS) during the early 1960s. That model may be considered the forerunner 
to the Defense Science Board's Federated Laboratory concept. Through the CERL partnership with 
UIUC, which was reaffirmed in an MOU in September 1994, CERL is granted access to state-of-
the-art UIUC R&D facilities and equipment valued between $300 million and $500 million, 
depending on mission requirements at a specific time. 

CERL and UIUC maintain jointly resourced research and engineering centers in areas of mutual 
interest. The CERL researcher's role is to work with Army customers to: 

• identify problems or user requirements 
• interpret or translate infrastructure and environmental sustainment needs 
• integrate technology developed in-house and elsewhere 
• infuse this technology into the customer's daily operations. 
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The UIUC researcher's role is to provide science and technology depth for R&D, technical 
assistance, and engineering support. While this relationship is CERL's most deeply established and 
far-reaching research partnership, CERL's cadre of other major research partners grows every 
year-and these other partnerships are crucial for our long-term mission-effectiveness. 

Other University, Government, and Industry Partnerships 

CERL also works formally with about three dozen premier research universities nationwide, 
identifying research partners that most effectively complement the core CERL/UIUC alliance. The 
work conducted with these organizations spans the entire scope of CERL's work, from basic 
research through technical support for the end-user. 

Other key R&D partnerships include joint work with other government agencies (for example, the 
Environmental Protection Agency, the Department of Energy, etc.). These alliances are of strategic 
importance because of the opportunities they offer to pool resources and avoid duplication of ~ffort. 
Partnerships with the private sector also have high strategic value, particularly in developing and 
commercializing technologies with the potential for wide application beyond the military domain. 
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6 Business Results: Technology Infusion 

Business Area: Facility Acquisition and Revitalization 

Facility design decisions in the past have provided facilities that were sub-optimal with respect to 
materials of construction, energy efficiency, and their ability to be maintained, repaired, or 
revitalized for reuse. As one of the nation's largest owners of built facilities, the Army must ensure 
that its facilities are cost-effective, durable, environmentally sustainable, and flexible enough to 
support changing missions and to serve as the platforms for military power projection. The Army 
facilities must provide high-quality living, working, and training environments. 

This Business Area provides for the research, development, and delivery of capabilities in design, 
materials, and delivery of facilities. Included are highly specialized capabilities in structural and 
seismic design, advanced construction materials, design for sustainability, specific use facilities, 
electromagnetic shielding, and rehabilitation and revitalization of existing facilities. This fiscal year 
witnessed advances in research in many areas that underscore the direct impact of CERL' s research 
on today's Army facilities. 

Electromagnetic Environment Simulator 

Testing is a vital aspect in establishing the survivability of entire facilities as well as individual 
items of equipment from damaging electromagnetic (EM) effects. Only by using proven technology 
can the Army ensure that Command, Control, and Communications (C3) systems will remain 
operational after being 
subjected to damaging EM 
effects. The Electromagnetic 
Environment Simulator 
(Figure 4) shows a test 
facility that supports multiple 
research and development 
projects. 

The CERL simulator can be 
used in research and develop-
ment studies to improve the 
design, construction, oper-
ation, and maintenance and 
repair of electromagnetic 

Figure 4. CERL electromagnetic environment simulator. 



USACERL Annual Summary, FY95 

shielding facilities for use by USACE Districts and Divisions as well as other Army, Air Force, and 
DOD agencies. The simulator is fundamentally an asymmetric transverse electromagnetic (TEM) 
cell in which the center conductor is vertically offset from the center. It may be excited by a single 
frequency continuous wave (CW) source, a swept frequency CW source, or a transient pulse 
generator. The dimensions of the rectangular test volume are 7.0 m wide by 5.0 m high by 15.0 m 
long. The simulator provides the unique capability of testing intermediate-sized structures, from 
sheet materials to full-sized facilities. 

During FY95, a resistive load and a transition segment to connect a 150 kV pulse source and add 
CW test capability to the simulator were designed, constructed, and installed. Low-level CW testing 
was begun to evaluate the EM characteristics of the simulator. 

Product Emission Test Laboratory 

The Product Emission Test Laboratory (PETL) is being established as a nonprofit corporation to 
lead the testing of building products and systems used to enhance productivity, safety, and health 
in indoor environments. PETL will actively market test results among users (architects, engineers, 
building service contractors, professional societies, Federal agencies, insurance companies, 
purchasing agents, building owners, and others). It will build on the technical capabilities of 
established laboratories, including CERL, with the PETL Network providing the leadership, 
coordination, marketing, and support. 

The information gathered from the testing will help companies produce materials, products, and 
product usage procedures that will reduce or eliminate the emissions of irritating or harmful gases 
and particles. The DOD, as well as private companies and the public, will benefit from the 
information by being able to produce, specify, and procure lower emitting products. The emission 
information is needed to help ventilation designers determine ventilation requirements and 
equipment sizes. A benefit of lower emitting products and materials will be the ability to reduce 
ventilation and air cleaning requirements, thus saving energy and materials. Lower and less harmful 
emissions will also reduce the chance of illness from overexposure to a contaminant. 

The initial concept for PETL was developed and proposed by Dr. James White (USEPA), Dr. Les 
Christianson (University of Illinois), and Mr. Glen Chamberlin (CERL). In September 1995, initial 
funding was authorized by the USEPA to start PETL with long-term funding support to be provided 
by industry testing fees. Dr. David Johnson (CERL) was selected to be a member of the PETL 
advisory board and asked to lead DOD's participation in PETL. Meetings have been held with 
private industry to help identify the goals of the company and the needs of industry and 
organizations, substantially modifying the original concept. Dr. Johnson has been asked to lead the 
development of PETL's business plan, marketing plan, and workflow processes. He has produced 
outlines of these vital plans and developed the approach for CERL's role in PETL activities, 
including research in support of PETL. 
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Advanced Composites and Recycled Materials 

The premature deterioration of military facilities resulting from environmental and/or mechanical 
exposures costs the Army $0.5 billion annually. These exposures cause steel to corrode, concrete 
to spall, and building claddings to crack and delaminate. Deterioration of structures and building 
systems cost not only the Army but the nation billions of dollars on infrastructure decay annually. 
Since they don't corrode like steel or rot like wood, maintenance costs for advanced composites will 
be just a fraction of the costs needed for traditional materials. 

The light weight of many advanced composite materials, often coupled with environmental 
advantages and lower energy consumption during fabrication, offer advantages in erection and 
shipping costs. As a result, even though the cost per weight of these advanced composite materials 
may be appreciably more than the traditional materials being replaced, the cost of the finished 
structure can be lower. The development and adoption of advanced composites and materials 
technologies and techniques for the construction, rehabilitation and repair of Army facilities are 
needed to help the Army: (I) accomplish its mission, and (2) extend the useful life of facilities, all 
within the funds available. Furthermore, advanced/high performance materials and composites have 
been identified by both the Army and the Civil Engineering Research Foundation (CERF) as being 
critical system technologies for the 21st Century. 

The objective of this work unit is to develop and demonstrate Advanced Composite Materials for 
use in Infrastructure and Civil Engineering Applications. The applications for composite materials 
include structural elements, piling systems, and reinforcements for concrete. In addition, material 
standards, specifications, and design protocols will be developed for these advanced composite 
components. 

In FY95, performance target goals fo~ composite piling systems were established. Composite piling 
systems were being designed to meet the established performance goals. Preliminary tests on 
candidate fender pile designs were evaluated at the Naval Facility Engineering Service Center. Two 
existing composite structural shapes were optimized for fiber architecture: ( 1) a l 2x l 2x l /2-in wide 
flange (WF) "f' beam, and (2) an 11 x9x 1/2-in. box (BX) shape. Two new shapes, one for beams 
and one for columns, were theoretically optimized for both shape and fiber architecture. The 
optimized WF beams and columns were manufactured and are currently undergoing laboratory 
testing. The two FY95 CPAR projects on using composites for the reinforcement and repair of 
concrete were initiated. 

Ultra-Light Concrete Masonry Unit 

This project merged high strength concrete and lightweight block technologies to produce a concrete 
masonry unit (CMU) up to 50 percent lighter than normal weight units and maintain the same or 
greater structural characteristics. In addition, the unit was designed to be as compatible as possible 
with existing block-making equipment to facilitate implementation in the market. The new unit 
reduces the overall costs of building construction and improves the working conditions for masons 
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and laborers. It allows a competitive alternative in building construction using established low 
maintenance systems with very little cost of implementation, either in design or construction. 

This new CMU contributes to the Army's goal of sustainable installations by minimizing facility 
acquisition costs using a low maintenance structural system with a low life-cycle cost. All technical 
work on the project was completed by the end of FY95. The final CPAR technical report is 
forthcoming. 

Advanced Construction Technology System 

Developing and establishing an Advanced Construction Technology System (ACTS) will expedite 
the identification, acceptance, and use of new and innovative construction technologies, thereby 
encouraging further technology development. ACTS is intended to provide a direct channel of 
communication between technology proponents or suppliers and construction industry users. In 
FY95, a database of emerging technologies was provided that allows users to make decisions about 
the suitability of the technology, and provide information needed to pursue further inquiry from the 
technology's source. 

STEM Process for Building Commissioning 

The objective of this project was to develop and demonstrate an inexpensive, short-term 
performance test for building energy systems. The test process uses short-term energy monitoring 
(STEM) via monitoring hardware and a PC-based software system to measure, record, and analyze 
critical energy flows to verify the overall building energy system performance. 

A hardware package consisting of sensors and data collecting equipment and a software package 
based on the Building Loads Analysis and System Thermodynamics (BLAST) program was 
completed in June 1995. A report documenting the work done in this project was completed by 
Colorado State University in June 1995. The National Renewable Energy Laboratory (Golden, CO) 
is completing development of an alternative Windows™-based software program, and will send 
it to CERL in early 1996. 

Commissioning is taking an ever more important role in the Army's building production cycle. The 
Corps of Engineers already has a commissioning Guide Specification (CEGS-15995) and an 
Engineering Regulation (ER 1110-345-723). Furthermore, Executive Order 12902, Energy 
Efficiency and Water Conservation at Federal Facilities (March 1994) requires each Federal agency 
to establish and implement a facility commissioning program that will ensure new facilities are 
properly commissioned. The STEM process has the potential to serve as the tool to ensure 
compliance with Army guidance. This procedure also has potential application for several entities 
outside the Army: 

• The Air Force is actively committed to commissioning their new facilities and is seeking tools 
that they can use in commissioning 
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• Several utility groups were involved during the field testing phase of this project and may use 
the procedure for their customers' buildings. 

The General Services Administration is currently developing a Building Commissioning Guide; it 
will be seeking standards and guidelines developed by other agencies 

Upgrade of Shaking Table With Tr/axial Response 

This project upgrades the original biaxial motion configuration of the CERL shaking table into full 
triaxial (3-D) motion capability (Figure 5). It is the first large capacity triaxial shaking table in the 
United States. In FY95, the upgraded system was reassembled, calibrated, and readied for 
operation. System proof testing (to verify that the achieved performance met the performance 
specifications) was begun. The upgraded shaking table, to be known as the Triaxial Earthquake and 
Shock Simulator (TESS) will accommodate more realistic earthquake and shock simulation 
environments than in its older configuration, permitting more detailed and accurate research on the 
response of structures to earthquakes. 

The information that TESS will provide will enable the Army to reduce its vulnerabilities to mission 
disruptions due to future earthquakes and reduce loss of life and property losses in future 
earthquakes. The TESS is completely usable to perform seismic, shock, or vibration research for 
the public and private sectors. (The TESS will be available on a cost-reimbursable basis to non-
Army customers.) 

The TESS can also be used to simulate a variety of dynamic motion environments: earthquakes, 
shock from weapons effects, and in-service vibrations. These simulations can all be used to make 
Army systems and components less vulnerable, by studying strengths and weaknesses, and then 
mitigating the weaknesses that are found. Such studies can be applied to both buildings and 
equipment. 

Commingled Recycled 
Plastics 

In FY95, CERL continued working with 
the American Society for Testing and 
Materials (ASTM) to develop material 
specifications and test methods for 
recycled plastic lumber. Plastics are 
more suited to many harsh environments 
than treated wood, metals, or other 
typical building materials, and reduce the 
need for continual replacement of 
components in wet or corrosive 
environments. Figure 5. CERL'a Trlaxlal Earthquake and Shock 

Simulator (TESS}-readled for operation In FY95. 
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These recycled plastics are expected to be suitable for all construction projects requiring a high 
degree of resistance to moisture, sunlight, or corrosion. This effort could provide the construction 
industry with a high-quality alternative construction material for outdoor and severe-exposure 
applications, with an expected lifetime measured in decades or centuries. They will be useful in 
both military (e.g., training, living, and recreational areas) and civil works (e.g., piling, fenders, 
docks). Furthermore, this use of plastics supports Army environmental stewardship by diverting 
plastic refuse from landfills to mission-related use. 

In FY95, CERL, in conjunction with Rutgers University's Center for Plastics Recycling Research, 
designed a number of demonstration projects. A substructure for a footbridge across a gap of a New 
York City pier was constructed at a lower cost than a similar bridge using different construction 
materials. Seven more demonstration projects are planned with the help of industry partners 
manufacturing recycled plastic lumber construction materials. 

The project has increased an awareness of these materials and the plastic lumber industry is now 
starting to see a healthy growth rate with increased use of these materials in construction 
applications. Success will also encourage new business ventures, which will in tum help ease the 
solid waste crisis by making use of plastic wastes. ASTM test methods and draft standards have 
also been developed. The complete performance standards document should be ready for balloting 
(review for implementation) in early 1996. 

Federal Aviation Administration Control Tower Seismic Evaluation 

CERL was the first to conduct detailed seismic evaluations and to upgrade guidance being 
developed for a Federal agency in response to Executive Orders (12699 and 12941) "Seismic Safety 
for New and Existing Federally Owned, Leased, or Regulated Buildings." The objectives of this 
study directly complement the "Army Seismic Screening and Evaluation of Federally Owned 
Facilities in Response to the Executive Orders." 

This work has already contributed to the earthquake preparedness of Federal Aviation 
Administration (FAA) facilities by developing procedures and evaluating the seismic vulnerability 
of Air Traffic Control Towers (ATCTs). Specifically, this project evaluated retrofit schemes for 
upgrading vulnerable towers (Figure 6). FY95 saw the authorship of draft reports on the structural 
evaluations of three classes of FAA control towers, and on the evaluation and mitigation of 
nonstructural seismic damage of FAA control towers. 

Business Area: Installation Management, Operations, Maintenance, Repair, 
and Disposal 

This business area focuses on improving the installation management process while reducing 
manpower and costs. Technologies developed in this area augment available manpower by using 
automated systems to identify and diagnose problems, schedule preventive maintenance, integrate 
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Federal and contractor workforces, and automate 
manual procedures. Costs are reduced by improved 
staff scheduling, operating efficiently, minimizing 
waste, using more durable materials, contracting out 
limited-use skills, and divesting jobs through active 
partnering with other similar organizations in the 
region. Typical customers supported by this business 
area are those who supply public works services on 
Army, Air Force, Navy, and Marine installations. 
New progress in the following areas help make 
CERL • s DOD customers complete their missions 
while using scarce resources more effectively, 
efficiently, and at lower cost than before. 

Air Compliance Advisor 

Solution strategies for the development of air quality 
compliance strategies at DOD facilities are many and 
complex, and can overwhelm already taxed base-
level DOD environmental personnel. In FY95, 
CERL completed a state-of-the-art, computer-based 
decision-support system-the Air Compliance 
Advisor (ACA) to help environmental personnel 
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Figure 6. Federal Aeronautics Administration 
"Type O" tower damaged In the 17 January 
1994 Northrldge earthquake, Van Nuys, CA. 

determine potential violations and compliance alternatives. This system considers a wide range of 
technical issues including: regulations, air pollution control technologies, and potential versus actual 
emissions. Use of the ACA lends itself to installation-specific, cost-effective air pollution 
compliance strategies. DOD facilities can use ACA to avoid compliance problems, enhance 
relationships with regulatory agencies and surrounding communities, and reduce air pollution. 

CERL developed this system in collaboration with Argonne National Laboratories, the U.S. Air 
Force (AUEQS), and the USEPA's Air and Energy Research Laboratory. In FY96, the ACA will 
be demonstrated at an Army and Air Force facility and will likely be included on a USEPA bulletin 
board system. This integrated effort will continue through FY97. 

DOD Laundry Plant Efficiency Improvement Study 

The DOD Laundry Plant Energy Efficiency Improvement Study was initiated in response to 
Executive Order 12759, which requires a 20 percent increase in industrial/process energy efficiency. 
Initially, laundry personnel at 24 installations were contacted and surveyed to determine energy use, 
annual production, and operating conditions. Site visits were made to several installations for visual 
inspection of equipment and to review current operating practices. To enhance laundry plant 
efficiency and productivity, a variety of recent technologies, plant layout designs, and equipment 
options were evaluated and compared to standard laundry operations. 
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Data collected via the surveys were entered into a spreadsheet · and graphically analyzed. 
Commercial data obtained by Science Applications International Corporation were compared to 
DOD laundry data. Generally, the comparison revealed room for improvement in the operation and 
maintenance of military laundry facilities. The efficiency of DOD laundry facilities would be 
greatly enhanced by implementing modern energy management techniques, obtaining new 
equipment, and providing personnel training. As a result of this project, CERL has developed 
potential plant layouts and designs as well as identified modem equipment can help laundry plant 
managers upgrade, modernize, or build new facilities. 

Value Engineering of Central Vehicle Wash Fac/1/ty at 
Yakima Training Center, WA 

In FY95, CERL assisted the Tulsa and Seattle Districts during their central vehicle wash facility 
(CVWF) design efforts. CERL provided comments on the Fort Sill, OK facility and actively 
participated in the Yakima facility value engineering (VE) study. During the Fort Sill design, a 
concept for a new CVWF structure to facilitate sludge dewatering was devised and incorporated. 
That concept was improved during the Yakima VE study. 

These designs are significant because sludge management is a major problem at all existing Army 
CVWF' s-and that problem may well be eliminated by the design of future facilities. While this 
design detail will have little impact outside the Army, it will decrease down time at 
CVWF's-making cleanup from training exercises more efficient and greatly decreasing resources 
needed to manage CVWF sludge. 

Bar Code Tracking System for Hazardous Waste 

The bar code tracking system for hazardous waste (HW) provides installations a reliable method for 
maintaining HW management information, and can: 

• document the chain-of-custody of HW from the point of generation to final disposition 
• maintain a database of relevant information for HW streams, HW generation sites, and 

personnel involved in HW handling or management 
• use bar code technology to quickly and accurately record HW movement 
• automatically create DD Form 1348-ls (DOD Issue Release/Receipt Document) and U.S. 

Department of Transportation (DOT) shipping labels 
• provide current HW management information through report generation facility. 

Based on the system's proven success (it has been used by Fort Lewis, WA and Yakima Training 
Cen~er, WA for several years}, Fort Drum, NY, Fort Richardson, AL, and Fort Wainwright, AL all 
began using the system in FY95. Other Army installations and Federal facilities have shown 
interest in implementing the system during FY96. 

The average tracking system hardware cost for each installation is around $25K. Other one-time 
costs might include training and identifying the characteristics of an installation's waste stream. A 
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study performed at Fort Lewis showed a cost savings from the automated generation of labels, 
forms, and reports of around $230K/yr. The system provided Fort Lewis other undetermined, yet 
significant savings, through avoided regulatory penalties and the identification of HW minimization 
opportunities. 

Economic Development Conveyances 

In FY95, CERL was called on to assist with the implementation of a newly created surplus military 
property disposal authority called an "Economic Development Conveyance (EDC)" as codified in 
32 CFR 90-92. This program supports the President's Five-Part Plan to fast-track military base 
disposal and the Army's Base Realignment and Closure (BRAC) responsibilities. 

Using CERL-developed technologies such as the Economic Impact Forecasting System (EIFS), we 
developed protocols for facility layaway and a multidisciplinary team of technical experts including 
engineers, community planners, statisticians, and realty specialists, and generated technical reviews 
of EDC applications submitted for Sacramento Army Depot, CA, Lexington Bluegrass Army Depot, 
KY, Jefferson Proving Ground, IN, and Fort Benjamin Harrison, IN. These technical reviews were 
documented and briefed to high-ranking DOD officials, and were a critical component to their 
decisionmaking process. In addition, members of the technical review team participated in several 
conferences and symposia to communicate the CERL approach implementing the regulations to 
both public and private sector agencies and individuals involved in the BRAC process. 

To date, CERL' s approach to the technical review of EDC applications for the Army has helped to 
speed the conveyance of thousands of acres of surplus military property with over 8 million square 
feet of surplus building stock while providing Army and DOD decisionmakers with timely and 
relevant information on which to base their conveyance decision. Moreover, CERL's private-sector 
developer finance models have helped to shape the Army's understanding of the private-sector 
redevelopment opportunities and constraints, thereby enabling Army decisionmakers to capitalize 
on these opportunities with confidence and to avoid financially and politically adverse conveyance 
proposals. 

Outside of the Army, CERL's work on EDC evaluations has been shared with other DOD BRAC 
action officers and decisionmakers who are using the documentation to shape their own process. 
In addition, the CERL technical reports on the EDC review are shared with the community that 
made application and other communities in the process of making application for an EDC so that 
they may better understand the evaluation process and requirements. 

Research and technical support with respect to the EDC evaluation process directly supports at least 
two of the goals outlined in the National Military Strategy document Installations-A Strategy for 
the 21st Century: Decision Aids for Commanders, Business Process, and Function Redesign to 
Reduce O&M Costs. In addition to providing decision models and expertise to aid in the surplus 
military property conveyance process, CERL has used the EDC review process to gather data and 
information needed to adequately evaluate and enhance the Army's facility layaway protocols, 
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economic impact forecasting tools, and to generate new research ideas in the areas of privatization, 
property disposal, and environmental impact assessment. 

Model Energy Installation Program 

The Model Energy Installation Program is a pilot project undertaken to investigate the feasibility 
of instituting energy efficiency on a base-wide scale. The real world goal is to meet the intent of 
Executive Order 12902 in less than 5 years by reducing the energy consumption and utility bills by 
30 percent at Fort Hood, TX. The associated research effort entails discovering problems unique 
to such a base-wide approach and developing solutions that can be exported to achieve 30 percent 
energy and utility bill savings at other military installations and private sector facilities. 

In FY95, the project made significant progress at Fort Hood by replacing all chillers with 
non-chlorofluorocarbon chillers, beginning the motor replacement project, and completing a training 
program developed for operations and maintenance mechanics. 

Desiccant Cooling Technology 

To reduce energy expenditures, consumption, and environmental impact that result from operating 
air-conditioning equipment at DOD installations, natural gas-fired air-conditioning technologies 
have been evaluated and are being demonstrated at DOD facilities. Air-conditioning requirements 
at DOD facilities typically peak when the electric rates are the highest, resulting in high electricity 
demand charges. State-of-the-art natural gas-fired cooling systems can be used to reduce the 
environmental impact and operating cost of cooling equipment, as well as avoid the use of environ-
mentally harmful refrigerants. Hospitals, barracks, and other Army and DOD facilities where large 
cooling loads, high moisture levels, and high outside air requirements exist are prime candidates for 
gas cooling technologies. 

In FY95, CERL developed a desiccant dehumidification technology screening spreadsheet for 
conducting technology applicability screening for potential DOD demonstration host sites. Two-
wheel desiccant dehumidification demonstration sites will be monitored to validate energy and 
economic savings. CERL has been managing the Army, Navy, and Air Force site selection, 
procurement, installation, and performance monitoring. CERL has been collaborating with 
Headquarters, Air Force Civil Engineering Support Agency (AFCESA) and Naval Facilities 
Engineering Service Center (NFESC) in selecting sites, assessing technology, and collecting data. 

The FY95 Defense Appropriations for Operation and Maintenance, Defense-Wide, Federal Energy 
Management Program directs that funds be reserved for energy improvements involving two-wheel 
super high efficiency desiccant dehumidification and cooling systems. This technology will help 
DOD reduce its overall environmental impact and energy consumption through more efficient 
cooling. However, the most beneficial aspects may be the ability to reduce microorganism growth 
and damage to facilities from condensation and corrosion. 
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The application of desiccant-based equipment will vary from add-ons intended to increase the 
capacity of existing conventional systems to complete systems that include the distribution network. 
Their size may range from small commercial to large, complex multizone heating, ventilation, and 
air-conditioning packages. CERL will evaluate potential demonstration sites. At selected sites, 
CERL will work with the installation, local Corps of Engineers (or Army Engineer) District, and 
local utilities to provide tum-key design, installation, commissioning, and training support. These 
field demonstrations will provide a basis for the development of desiccant technology applications 
guidance for DOD. 

Previously, applications of the two-wheel desiccant system were limited by high capital costs 
associated with low production levels and customized construction. This situation will improve as 
the user base expands and unit construction becomes standardized. The best applications will have 
one or more of the following characteristics: 

• critical need for low relative humidity (<50 percent) 
• need for humidity control within a specified range 
• high moisture loads, especially those equal to or higher than sensible heat loads 
• high electric-to-natural gas energy price ratio 
• a need to run dry cooling coils. 

High potential facilities are hospitals, health care centers, supermarkets, restaurants, computer and 
sensitive equipment facilities, laboratories, water and waste water treatment plants, enclosed 
swimming pools and ice rinks, and most commercial and institutional facilities located in humid 
climates or with high latent loads. 

Photovoltaics System Workshop 

The use of photovoltaic (PY) power systems helps the Army meet energy objectives outlined in 
Executive Order 12902, "Energy Efficiency and Water Conservation," which specifically requires 
the development and use of renewable energy systems by Federal agencies. Photovoltaic systems 
are a reliable, cost-effective means to supply electrical power for many Army training and combat 
logistical applications. Because it converts solar energy to electricity, PY technology is also more 
environmentally appropriate than the more conventional power options, like fossil fuel generators 
and disposable batteries. CERL coordinated this workshop to promote the use of photovoltaic 
power system technology for appropriate, cost-effective military and private sector applications. 

CERL collaborated on this work with various engineering departments from the University of 
Illinois and the State of Illinois' Department of Energy and Natural Resources. The U.S. 
Department of Energy's Photovoltaic Design Assistance Center staff from Sandia National 
Laboratories provided a short course on small PY system design and applications. Workshop 
announcement flyers went out to nearly 500 representatives from CERL and local National Guard 
and Army Reserve units, UIUC engineering students and faculty, various State of Illinois 
departments and organizations, PY industry vendors and organizations, and interested private sector 
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parties. Nearly 60 people attended the workshop, about one-third CERUmilitary, one-third UIUC, 
and one-third State of Illinois and private sector representatives. 

Fuel Cell Demonstration Program 

The supply of reliable, cost-effective electric power with minimal environmental impact is a 
constant concern of DOD installation energy personnel as well as facility energy managers in the 
private sector. While electric utilities in the United States have a very good record of reliability, 
there is significant potential for improving the security of electrical power supplied by using onsite 
power generation. Onsite, dispersed power generation can reduce power outages due to weather, 
terrorist activities, or lack of utility-generating capacity. In addition, as increased emphasis is placed 
on global warming, acid rain, and air pollution in general, the development of clean, highly efficient 
power producing technologies is not only desirable, but mandatory. Fuel cells (Figure 7) are 
electrochemical power generators with the potential for attaining very high electrical energy 
conversion efficiencies while operating quietly with minimal polluting emissions. 

CERL gave a field demonstration of Phosphoric Acid Fuel Cell (PAFC) power plants at U.S. 
military installations, with the resultant lessons learned to be applied to the development of 
application guidance for the eventual implementation of Molten Carbonate and Solid Oxide fuel cell 
technologies within DOD. During FY95, PAFC power plants were installed and are operational at 
11 DOD installations. Also, contracts were awarded to ONSI Corporation for the procurement and 
installation of 22 to 23 additional fuel cell power plants and to International Fuel Cells, Inc. to 
promote research activities that address improved component development, system integration, and 
manufacturing processes that have led to reduced production costs for P AFCs. 

ROOFER GIS Interface 

ROOFER GIS Version 1.0, which is a technical tool for displaying roofing inventory, condition 
assessment, and maintenance and rehabilitation (M&R) planning information within a geographic 
information system (GIS), was 
released in FY95. This first 
version links data provided by the 
ROOFER Engineered Manage-
ment System (EMS) to the 
commercial ARCVIEW 2.0 GIS 
package. 

This package makes a variety of 
GIS displays and reports possible 
using data from the ROOFER 
engineered management system. 
The foreseeable impacts on the 
Army are the same for the entire 
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roofing community-the ability Figure 7. Fuel cell power plant Installed at Plcatlnny Arsenal, NJ. 
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to visualize, through GIS, the roofing inventory, condition, and M&R strategies for mission needs. 
This results in an improved application of the ROOFER program, which consequently results in 
better condition for funds expended (short term) and M&R cost savings for desired condition levels 
(long term). This helps the Army meet its strategic goals of ensuring troop "quality of life," 
enbancing mission capability, and reducing the cost of doing business with regards to facility 
operations and maintenance. 

Medical Facility Engineering Technologies 

The CERL Medical Facilities Engineering Technologies Program successfully accomplished a 
number of objectives during FY94-95. In partnership with Madigan Army Medical Center 
(MAMC), CERL installed a state-of-the-art Computerized Maintenance Management System 
(CMMS) using commercially available capabilities. MAMC has successfully implemented a strong 
preventive maintenance program to keep 2 million sq ft of medical facilities in excellent condition 
at a lower cost than most other medical facilities. As FY95 closed, MAMC was designated the 
Medical Facility Engineering Center of Technical Expertise for the Army Medical Command. 
MAMC is continuing to partner with CERL to support this mission through R&D projects and 
technical assistance .. 

Success at MAMC has led to tremendous interest in this program from a variety of DOD agencies. 
CERL is working to duplicate these successes at facilities in the Corps of Engineers, the Medical 
Command, and in support of the DOD Installation Management Office. Continuing Research, 
Development, Test, and Evaluation (RDT &E) programs will examine the application of commercial 
CMMS products to replace the current generation of facility engineering systems in the Anny, Air 
Force, Navy, and Marine Corps. These efforts are a significant part of the CERL Integrated 
Installation Management Business Area. 

Natural Gas 
Cooling 
Program 

To reduce cost and 
environmental impact of 
operating air-
conditioning equipment 
at DOD Installations, 
natural gas-fired cooling 
technologies have been 
evaluated and are being 
demonstrated (Figure 8 ). 
Air-conditioning 
requirements at DOD 
facilities typically occur 
when the electric rates Figure 8. Natural gas-fired air-conditioning unit at Fort RIiey, KS. 
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are the highest. State-of-the-art natural gas-fired cooling systems can be used to reduce the 
environmental impact and operating cost of cooling equipment, as well as avoid the use of 
environmentally harmful refrigerants. Hospitals, barracks, and other Army and DOD facilities 
where large cooling and hot water loads exist are prime candidates for gas cooling technologies. 

CERL has developed a gas technology selection procedure and software tool as a result of 
conducting technology selection screening at DOD sites. Gas cooling implementation sites will be 
monitored to validate economic savings. CERL has been managing the Army and Air Force site 
selection and performance monitoring while the NFESC has been managing the effort at the Navy 
Sites. CERL has been collaborating with AFCESA and NFESC in selecting sites, assessing 
technology, and collecting data. 

Installation Baseline Energy Analysis Module 

The Installation Baseline Energy Analysis Module (IBEAM) is a methodology to develop baseline 
models of Army installation energy consumption, for use as screening tools to detect changes in the 
utility charges paid by an Army installation, and as a tracking tool to determine the extent to which 
Executive Order 12902 (which mandates a 30 percent reduction in Federal energy consumption) is 
being met. In FY95, CERL developed the methodology at one Army installation and applied the 
methodology to seven other Army installations around the country. In addition to providing the 
Army ~ith a means of measuring its progress toward meeting Executive Order 12902, IBEAM 
provides a simple, robust methodology to measure real energy savings in the private sector. 

Facility Layaway Model 

As a consequence of recent downsizing, many active installations have excess permanent facilities 
that are not currently required but which may be needed in the future. The Facility Layaway 
Economic Analysis study develops easy-to-use methods for estimating and comparing the costs and 
economic risks associated with different strategies for handling an excess facility (e.g., demolishing 
the facility now and rebuilding when a future need arises versus laying the facility away under 
various levels of preparation and maintenance and then renovating it when it is needed again). 

The study began in late FY95 and produced a prototype Microsoft™ Excel 5.0® workbook called 
the Layaway Economic Analysis (LEA) model. The LEA model will help facility managers choose 
the most cost-effective actions in deciding what to do with excess permanent facilities. The model 
requires minimal user input, uses embedded cost databases, and provides graphical presentations 
of the expected costs over 20 years for a large variety of excess facility types and locations under 
the three most common strategies. Copies of the LEA model have been given to Directorates of 
Public Works (DPWs) at 16 installations. 
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Quality Assurance Review of 1383 
Documents 

The objectives of this project were to: (1) Quality 
Assurance (QA) review 1383 submissions addressing 
Clean Water Act issues, and (2) to prepare a 
document summarizing the funding requirements to 
address those issues in the years FY98 to FY03. 
During this project, CERL established automated 
methods of summarizing the data on the 1383 
submissions to obtain information needed for the 
program's future environmental funding 
requirements. While these methods have little use 
outside DOD, they could be useful to the Army 
Environmental Center when summarizing future 
1383 submissions, and in developing and prioritizing 
pollution prevention and compliance guidance to 
meet future regulatory. 

Solid Waste Options 

USACERL SR 96153 

Figure 9. The Solid Waste Options program 
helps military users devise sound waste 
management strategies. 

The goal of this project was to provide installation-level environmental managers with a tool to 
assist in solid waste planning decisions (Figure 9). In FY95, CERL reworked and developed a 
military user manual for the "Solid Waste Options" software program, which helps estimate the 
costs and material recovery of potential combinations of solid waste management strategies (e.g., 
recycling, composting). 

Installation solid waste managers will be able to take immediate advantage of this planning tool to 
plan cost effective and environmentally sound waste management strategies. This supports the 
Army's goal of environmental stewardship and avoids draining mission-related funds to 
inappropriate solid waste projects. Solid Waste Options was initially designed for the planning 
needs of local governments, so it will impact local governments as well, especially since it allows 
installation managers to plan cooperative waste management ventures with their host communities. 

RAILER 

RAILER EMS provides a technical tool for railroad trackage inventory, condition assessment, and 
M&R planning. RAILER Version 4.1, which added electronic "clipboard" data collection 
capabilities, M&R prioritization features, and a variety of new reports, was released in FY95. The 
foreseeable impacts on the Army are the same for the entire RAILER niche of military, industrial, 
and short line railroads: a better knowledge of track inventory, a quantified condition assessment, 
and an improved ability to develop track M&R strategies that meet mission needs. The overall 
results are better condition for funds expended (short term) and M&R cost savings for desired 
condition levels (long term). These results, in tum, contribute to the Army's strategic goals of 
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ensuring troop/equipment mobilization via rail and reducing the cost of doing business with regards 
to facility operations and maintenance. 

Micro PAVER 

MicroPAVER is an EMS developed by CERL to optimize the use of pavement repair funds. The 
system, which uses state-of-the art engineering techniques, was developed through funding from 
the Army, Air Force, Navy, FAA, Federal Highway Administration, and the American Public 
Works Association. PAVER calculates a Pavement Condition Index (PCI), ranging from zero (the 
worst) to 100 (perfect), based on observed pavement distresses. The PCI is an ASTM standard for 
airfields, and PAVER is used by many military installations and a number of municipalities, 
airports, and consultants. The past year has seen a host of PA VER accomplishments: 

1. Release of PA VER 3.2G, which includes PA VERGIS, which shows PA VER data on maps 
2. Development and implementation of a function between PCI and Installation Status Report 
3. Development of a handheld electronic clipboard for field inspections 
4. Continued teaching of PA VER workshops. 

Planned improvements to PAVER include a rewrite of the program for Windows™ and 
incorporation of a capability to calculate M&R cost and benefits. 

Storage Cooling Systems 

This project introduced cost- and energy-efficient space cooling technology to the Army by 
incorporating a large capacity chilled water storage cooling system into a central cooling plant. This 
technology can significantly reduce the peak electrical demand for space cooling requirements. 
FY95, achievements included: 

1. Construction of a 2.25 million storage capacity chilled water storage tank at Fort Jackson, SC. 
Interfacing the tank to the Fort's Central Energy Plant #2 will be completed during the winter 
of 1996. The system will provide cooling from the beginning of the 1996 cooling season. 

2. A June 1995 MOU between the South Carolina Electric and Gas Company (SCE&G, Columbia, 
SC) and the Directorate of Engineering and Housing (Fort Jackson) regarding an incentive 
award up to $750K from SCE&G to Fort Jackson on completion of the system. 

An immediate impact of installing this technology is a projected savings of $400,000/year in 
electrical use at Fort Jackson. Long-term benefits include demonstration of a chilled water storage 
cooling system replicable to other Army installations. The Army's annual electrical utility bill is 
about $600 million/year. An earlier market study for the storage cooling systems ("Market Potential 
of Storage Cooling Systems in the Army") showed potential Army-wide savings of $10 million/year 
in the electrical costs. Due to a steady operation of a chiller under more favorable condensing 
conditions (typically at night), one theoretical estimate shows that space cooling with a chilled water 
storage cooling system could yield a 15 percent savings, significantly contributing to the Army's 
energy conservation goal. 
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The chilled water storage cooling system is also applicable to other nonmilitary facilities such as 
university campuses and industrial complexes with central cooling plants. The American Society 
of Heating, Refrigerating, and Air Conditioning Engineers (ASHRAE) is looking for field-validated 
data to establish the load shifting and energy conservation capability of a chilled water storage 
cooling system. ASHRAE is interested in the field performance data of the Fort Jackson system. 

Microwave-Assisted Paint Stripping and Vitrification 

The Army owns more than 100 million sq ft of facilities, 75 percent of which were constructed 
before 1978 and contain lead-based paint. Some of these structures are categorized as "historic 
buildings," which have special requirements for removing the paint with minimum damage to the . 
substrate. The lead-based paint hazard abatement has bee·n rated as the top research requirement 
in the area of Compliance by Army users. CERL is working to develop, transition, and infuse cost-
effective technology for lead-based paint hazard abatement. 

CERL previously obtained a process patent for removing lead-based paint from wood, masonry, and 
concrete structures using microwave coupling compounds. In this process, a slurry of a microwave 
susceptor and designer glass composition developed by CERL is painted on top of the lead-based 
paint coated substrate. The microwave susceptor/enhancer rapidly heats up the top layer softening 
the paint, which is then easily scraped off; the waste is remelted to vitrify it and make it 
nonhazardous. This process involves no airborne lead or lead dust, and produces only nonhazardous 
waste. In FY95, various microwave enhancer ratios were investigated. A mixture of 20 percent 
graphite and iron silicate glass provided enough heat without damaging the wood substrate. 

The process may be applied in Department of Housing and Urban Development housing. (More 
than 50 million homes in the United States contain lead-based paint.) This process can remove even 
nonlead-based paint from plastics and composites used in Army helicopters and other aircraft. 

Underground Storage Tank Corrosion Assessment 

The process of checking the condition of underground storage tanks (USTs) to ensure that they are 
leak-free can be time-consuming and expensive when it involves emptying and disinterring the 
tanks. In FY95, CERL demonstrated the capabilities of robotic, in-situ condition assessment to 
allow better and more cost-effective condition assessment of USTs-without defueling-before 
upgrade, and according to ASTM Emergency Standard 40-94 "Alternative Procedures for the 
Assessment of Buried Steel Tanks Prior to the Addition of Cathodic Protection." The technology 
promises to speed DOD compliance with USEPA mandates covered in 40 CFR, Parts 280 and 281, 
and to help installation managers make better informed UST management decisions. 

Principal FY95 achievements included: 

• 
• 

completing a prototype robotic UST assessment system (Figure 10) 
coordinating participation in a USEPA-directed study of comparative UST evaluation 
technology assessment 
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Figure 10. Fury prototype robotic UST assessment system. 

• negotiating a major contract to: (1) support field validation and verification of the technology, 
and (2) obtain safety agency certification for use in hazardous environments (Class 1, Division 
1, Group D) 

• publishing results in a number of conferences and trade shows as well as briefly on the 
"Discovery Channel." 

This research will allow Army/DOD-wide compliance with 40 CFR 280-281 by the 22 December 
1998 deadline for less total expense than previously projected. In-situ assessment gives more 
reliable condition assessment information than alternative methods, without defueling USTs. 
Similar benefits will accrue to private owners of USTs. It is anticipated that this research will create 
a new, commercially viable inspection technology. 

Lead-Based Paint Abatement and Decision Tree 

This project investigated and provided guidance for the use of effective, environmentally acceptable 
ways to remove lead-based paint from interior and exterior surfaces of military buildings. Methods 
investigated included vacuum abrasive blasting, heat guns, and environmentally compatible paint 
strippers. Guidance on the selection of removal methods was submitted to the U.S. Army Center 
for Public Works (USACPW) for inclusion in a broader lead-based paint (LBP) decision tree under 
development there. Technical investigation (and funding) were completed in FY94. In FY95 a 
draft technical report was completed and will soon be published. 

The products of the research will help Army installations and other agencies to manage LBP in 
housing and other buildings and related structures, reducing the potential exposure to lead, 
especially for children. 
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In FY95, a follow-on reimbursable project allowed CERL to conduct field trials of environmentally 
compatible paint strippers for the removal of lead-based paint from interior and exterior wood 
surfaces of housing. Two products that were successful in laboratory trials were demonstrated on 
a historic 1890s home at Fort McPherson. The products, which contain no toxic methylene chloride 
or caustic agents, removed heavy paint buildup from the wood surfaces with little damage. Much 
of the stripped area was in good enough condition to be refinished with a stain and varnish system. 
Worker exposure was held below the permissible exposure level for lead and all chemical agents. 

Engineered Management Systems 

EMS tools support selection of strategies for maximizing the long-term benefits of facilities' M&R 
investments. Research continues to provide installation DPW mai:iagers with a set of integrated 
M&R resource management tools. 

In FY95, an EMS Development Plan was drafted, and a major joint workshop with ACS(IM) and 
USACPW was conducted. (Specific accomplishments are reported under the specific EMS 
projects.) The EMS tools will enable DPWs to manage installation infrastructure and facilities 
proactively and to develop consolidated and prioritized multiyear M&R project plans based on 
objective condition assessment. The existing EMSs are being used by the other services, and 
Federal, state, and local agencies. 

Business Area: Industrial Process Modernization 

This business area focuses on improving the reliability and performance of the industrial processes 
found on DOD installations. These may be small processes found on troop installations (e.g., 
foundry consolidated maintenance facilities for tactical vehicles) or they may be large and found 
on industrial installations (e.g., foundry operations to produce shell casings). 

Typical customers supported by this business area are the industrial facilities owned by Army 
Material Command, the Defense Logistics Agency, the shipyards owned by the Navy, the airplane 
rework centers of the Air Force and Navy, and the industrial activities that are tenants on many 
Army, Air Force, Navy, and Marine installations. Technologies developed under this business area 
improve the performance of existing equipment through the application of predictive maintenance 
concepts, reduce the need for manpower by applying intelligent process control to automate many 
manual tasks, reduce the pollution potential of industrial processes by identifying and minimizing 
inefficient operations, and clean up the pollution from industrial processes cost effectively. The 
following FY95 accomplishments have already transferred process and technology improvements 
to DOD installation personnel, who now use new-and existing-technologies to better advantage. 
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Defense Air Quality Management System 

The Defense Air Quality Management System (DAQMS) project is a first step in the Environmental 
Management Systems proposed by Defense Environmental Security Corporate Information 
Management (DESCIM). This automated system was part of the migratory systems chosen by 
DESCIM to help transition to a general environmental system that all DOD would use to track 
environmental information and produce standardized reports. Because the major pollution sources 
on DOD installations stem from industrial processes, the work centered around such industrial 
sources as plating, boilers, cleaning with volatile organic compounds, etc. 

This project spanned February to December 1995 and presented many opportunities for partnering . 
within and outside CERL. This first step toward the planned final system was built from the work 
done previously for the Navy and Air Force air systems. Work done on both the Air Force Air 
Emission Tracking System (AQUIS) and the Navy Air Emission Tracking System (NAETS) will 
propagate into the next systems in many ways. Should an off-the-shelf software product be chosen 
for future environmental tracking, much of the work for individualizing it for DOD will already be 
available from the migratory system. 

Demonstration of Anaerobic Fluidized Bed Reactor at Radford Army 
Ammunition Plant 

The objective of this project was to demonstrate removal of dinitrotoluene (ONT) from wastewater 
generated during propellant production at Radford Army Ammunition Plant (RAAP). A small, 
commercially available fluidized bed reactor (FBR) was modified for anaerobic operation and was 
fed wastewater collected from a sewer line near propellant curing operations. This wastewater 
contained high concentrations of ONT, which is a listed hazardous waste and is included in RAAP' s 
discharge permit. During the demonstration, RAAP experienced Notices of Violation (NOVs) for 
ONT, forcing it to cease operation. However, the demonstration unit, which was too small to treat 
all of the wastewater generated, was able to meet the permit limitations, and all wastewater from 
propellant curing was collected during the shutdown and trucked to the demonstration unit, which 
allowed the water to be processed and discharged with no further NOV s. 

This technology better treats ONT in a way that may be also be applied to other nitrated organics 
such as TNT. The process accelerates biotransformation, which appears to happen naturally, but 
at a slower rate. The process also has implications for other chemical production facilities where 
nitrated organics are used, and for other compounds that are degraded anaerobically. Full-scale 
implementation of this technology would allow the Army to maintain readiness in industrial 
production while still meeting environmental regulations, 

Central Energy Plant Operations and Maintenance Improvement 

At Army central energy plants (CEPs), maintenance requirements often grow faster than operations 
and maintenance (O&M) budgets. Regardless of the age and condition of its equipment, the Army 
depends on O&M staff to perform highly skilled work efficiently. New technology can assist O&M 
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personnel to meet growing maintenance requirements. To enhance energy plant efficiency and 
worker productivity, a variety of technologies were evaluated and a tool was produced. 

CERL has developed or identified a series of O&M products including: predictive maintenance 
vibration monitoring programs, maintenance management software, boiler load allocation software 
(CEPLOAD), steam dispatching control system (SOCS), central energy plant expert system and 
editor (CEPES and CEPES Editor), boiler operator training and certification course (OTC), and 
district heating and cooling system analysis software (HEA TMAP). CERL collaborating with the 
NFESC in developing the OTC and with the Washington State Energy Office in developing 
HEATMAP. 

Business Area: Workforce Effectiveness 

The workplace and its occupants-skilled workers-represent a large investment in real property, 
training, and institutional knowledge. The following FY95 projects worked to ensure and 
continuously improve workforce effectiveness. 

Business Process Re-engineering 

Over a building's life cycle.facility costs are dominated by the salaries of the building occupants. 
A l percent increase in the productivity of the white-collar workforce produces savings that far 
outweigh annual operations and maintenance costs (including energy). It is within this context that 
Business Process Re-engineering (BPR) is an extremely critical effort. BPR principles and 
techniques are being widely applied throughout government and private enterprises. The life-cycle 
of an enterprise-wide BPR initiative may be characterized in four cascading stages: 

1. Strategic Planning and Business Process Analysis 
2. Change Management 
3. Information Technology (IT) and Process Change Implementation 
4. Full-scale Implementation and Validation. 

Government, academic, and commercial entities have defined, developed, and adopted many 
methods and tools that address life-cycle stages and activities of a BPR program. Still, no single 
method, computer application, or integration of applications on the market fully addresses the BPR 
life-cycle from developing strategic goals and an enterprise re-engineering plan, analyzing customer 
needs, acquiring "as-is" business process knowledge, modeling alternative processes, selecting best 
processes, developing an implementation plan and training programs, migrating IT systems to fit 
the new enterprise, and implementating and validating the new processes. 
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The Knowledge Worker System 

In FY95, CERL developed the Knowledge Worker System (KWS), 
version 2.1. This project has received broad support from the DOD 
Office of Functional Process Improvement, the Deputy Assistant 
Secretary of Defense for Information Management, and the DOD 
BPR Implementation Laboratory. KWS helps to develop a 
capability to rapidly implement the results of Business Process Re-
engineering and Improvement across a business enterprise. The 
product provides an online model of the business process that is 
used for execution, capture of institutional knowledge, training, and 
business process improvement. 

KWS offers the Army several distinct advantages in the face of 
diminished resources: 
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KWS 
• a more effective workforce that can maintain current 

production with fewer resources. 

Figure 11. The Knowledge 
Worker System enables a 
workforce to maintain production 
with fewer reaourc••· 

• rapid implementation of new business processes . 
• a repository of institutional knowledge that improves current productivity and reduces training 

requirements resulting from turnover and downsizing. 

KWS is applicable to a wide variety of processes and is applicable to the commercial sector. A 
CRADA/Consortium is being pursued to support commercial application. 

Business Area: Sustainable Military Land Management 

For the Army, land is a critical requirement for training troops and testing weapons. With each 
generation of vehicles and weapon systems traveling faster and shooting farther, the available lands 
for testing and training receive increasingly intensive use. These lands are also the habitat of a 
variety of threatened and endangered plants and animals, the site of numerous and varied cultural 
resources, and they support other land uses such as recreation, forest products production, hunting, 
fishing, and grazing. CERL continues to develop tools, technologies, and protocols that support the 
Army's requirements for environmentally sustainable lands. CERL's advances in the following 
technologies will help meet the needs of land users and land managers into the next century. 

Stormwater Management 

Compliance with stormwater regulations under the Clean Water Act and similar state regulations 
is a high priority on a national scale and will continue to be so. This project created a Model 
Stormwater Pollution Prevention Plan that was used on a contract basis by 12 Corps of Engineers 
contractors and several U.S. Geological Survey divisions to produce over 100 Stormwater Pollution 
Prevention Plans for troop and reserve installations. Use of the model plan and implementation of 
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appropriate best management practices will ensure that the Army maintains its high record of 
compliance. The approach and management alternatives are applicable to other military 
installations or industries similar in size and complexity. 

Use of White Rot Fungi for Blodegradatlon of PCP-Treated Ammunition 
Boxes 

To demonstrate the use of white rot fungi for the degradation of pentachlorophenol (PCP) treated 
ammunition boxes as a viable disposal mechanism, this project screened various species, selected 
the best alternative, and, after determining optimal conditions, successfully demonstrated this 
innovative technology on a laboratory and field pilot scale. 

The use of this technology and approach can help the Army reduce its inventory of PCP-
contaminated ammunition boxes in a way that does not require treatment as hazardous waste to a 
permitted landfill or incineration site. Lessons learned from the project will extend to treatment of 
other PCP-contaminated sites by fungal methods. 

PRISM 

The PRISM computer-decision-support technology assists land managers to balance multiple 
objectives to achieve the military mission over the long term. Easy-to-use, "point and click" 
computer menus and interfaces guide computer users through tasks that access powerful GIS map 
analysis tools (such as the map calculator) that are linked to tabular database information. PRISM 
achievements include delivery of the technology to Fort Polk, LA; nomination of PRISM personnel 
for an Army Research and Development award; and recommendation that PRISM serve as a 
migration technology via DESCIM for use throughout DOD. The PRISM technology can facilitate 
the role of any Federal, state, or local agency responsible for sustaining multiple land management 
goals over the long term. 

Carrying Capacity Model 

CERL researchers are working to provide military trainers and land managers with the necessary 
information, technical ability, analytical ability, and decision environments to integrate the art and 
science of doctrinally based training with land constraints and quantify carrying capacity of training 
lands. 

During FY95, prototype simulation models of carrying capacity were developed for Fort Bliss, TX, 
Fort Hood, TX, Fort Riley, KS, and the Yakima Training Center, WA. The simulation models are 
being demonstrated to the natural resource personnel at the installations to validate user 
applications. Military Training and Terrain Analysis modeling was begun and will be used as a 
disturbance submode! to begin validating the predictive capabilities of the core model. 

When completed, the land-based carrying capacity model will provide the Army an ecologically 
based decision support tool to quantify present and predict future impacts and associated risks of 
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potential or planned military training or testing. The core of the model is being developed in 
conjunction with Colorado State University scientists, who are working with other Federal land 
management and funding agencies and private land managers with similar requirements. The result 
will be the ability to predict the impacts of land-based usage, understand risk associated with use, 
and analyze decisions to provide training and testing flexibility, on a sustained basis, versus 
environmental or ecological damage. 

Vetlver Grass 

Vetiver Grass (Figure 12) is often characterized as a thin green line against erosion. This plant 
material has proven to be an excellent barrier to erosion and has already been applied worldwide, 
mostly in tropical areas. The principal objective of the various reimbursable projects involving 
Vetiver Grass is to introduce this erosion control technique to the Army and to define the 
geographical range of its effectiveness. Vetiver·Grass will provide an effective, low-cost, low-
maintenance solution to many of the Army's more difficult erosion control problems. Its ability to 
grow and thrive in poor soil conditions makes it well suited to the conditions found at military 
training and testing areas. The Army's research to define the geographical range of the plant will 
serve the general erosion control interests of the nation. 

Vetiver Grass experimental plantings and demonstrations are ongoing at nearly a dozen TRADOC, 
FORSCOM, ARNG and AMC installations, often in cooperation with local U.S. Soil Conservation 
Service agents. Land rehabilitation and maintenance costs continue to grow. The backlog of 
maintenance and repair of military lands has been estimated as high as $0.5 billion. An effective 
and low-cost solution to erosion control, like Vetiver Grass, makes a significant contribution to the 
sustainment of land for combat training. 

Threatened and Endangered Species Reporting 

As the number of threatened and endangered species (TES) increases, acquiring, maintaining, and 
reporting TES-related information can become a greater burden 
to the military. The TES reporting technology supports the 
Army's environmental strategic goal by enhancing the Army's 
ability to meet compliance and reporting requirements, 
cultivating accountability, improving TES evaluation capabilities, 
and improving mid- to upper management decisionmaking. 

The TES reporting system will provide systematic, cost-effective 
capabilities to track the occurrence, status, trends, mission 
restrictions, and expenditures on these species Army-wide. The 
technology allows installations, Headquarters, and Major Army 
Commands to easily produce summaries and rapidly report TES 
information. 

Figure 12. Vetlver gran can 
provide Army Installations ground 
cover and erosion control. 
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In FY95, CERL researchers completed the TRACKER prototype application for inputting validated 
data, storing TES information from installations, and outputting standardized summaries and ad-hoc 
reports. The project was successfully partnered with the Bureau of Land Management to produce 
the prototype application for Army needs, and the database was documented to archive annual 
tracking information. 

The TES reporting system will enhance the Army's ability to meet environmental compliance and 
reporting requirements under the Endangered Species Act; establish a mechanism for accountability 
to the U.S. Fish and Wildlife Service, Congress, and the public regarding Army stewardship of TES 
and critical habitats; and evaluating constraints placed on the military mission by TES. This 
technology may also be useful to other military services and Federal land-holding agencies, such 
as the U.S. Forest Service and the U.S. Fish and Wildlife for managing their forests and refuges. 

DENIX on World Wide Web (WWW) 

The DENIX system on the WWW was created to serve as a forum for Army and DOD 
environmental managers to quickly and effectively communicate with each other and to receive up-
to-date environmental policy and guidance. Army and DOD environmental managers are already 
incorporating DENIX into their business practice and habits. (A DENIX user "usage profile" shows 
that the typical DENIX user logs into the system 7 or 8 times a month for periods of approximately 
15 to 16 minutes per session.) 

In FY95, CERL expanded the traditional DENIX data domain by creating a "robot" to collect other 
remote environmental WWW site information as part of the DENIX search capability and to make 
this information available to the DENIX user. DENIX also provides a forum for DOD components 
and NA TO members to posture select information to select user communities. 

Camp Grayling, Ml Environmental Impact Statement 

The Environmental Impact Statement (EIS) examined impacts of Master Plan construction projects 
at Camp Grayling, Ml These projects included construction of a state-of-the-art armor training 
facility, the Multi-Purpose Range Complex (MPRC), Mobilization and Training Equipment Site 
vehicle storage buildings, and a bulk fuel facility. Ongoing training activities were detailed, and the 
environmental consequences of three alternatives were examined. 

The EIS was prepared in FY95 by partnering with the Michigan Department of Military Affairs, the 
installation, and U.S. Army Corps of Engineers, Detroit District. It was found that the proposed 
MPRC would better meet the needs of the restructured Army by providing more effective combat 
training than the existing facilities. 

The Camp Grayling EIS contributed to the Army's strategic goal by providing NEPA 
documentation that enabled Camp Grayling to implement an alternative that included construction 
of the proposed MPRC. The MPRC design allows for use of multiple weapons, multiple levels of 
training, and multiple training scenarios that are realistic and vital to the training and combat 
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readiness of the annored, mechanized infantry and attack helicopter units that train at Camp 
Grayling. Combat readiness can only be attained with the best training facilities the nation can 
provide, and Camp Grayling's location, size, and natural environment offers the nation a prime 
military training facility for approximately 165 units that typically train at the Camp. 

Business Area: Cultural Resources 

Army installations contain some of the nation's most significant cultural resources. These cultural 
resources, located in both cantonment areas and the training/testing lands, include historic buildings, 
structures, objects, designed landscapes, historic and prehistoric archeological sites, traditional 
cultural properties, and associated records and artifacts. In these times of base closure and troop 
reductions, Army training and infrastructure requirements demand more flexibility in the use of both 
lands and facilities. CERL is developing the following tools and technologies to support military 
training and testing missions and provide capabilities to comply with national historic preservation 
legislation and Anny regulations. 

Archeolog/cal Survey Standards 

This project is working to: (1) establish standardized definitions and procedures for conducting an 
intensive inventory survey of prehistoric and historic archaeological sites on DOD properties as a 
means of ensuring quality control in the writing of scopes of work, in the development of survey 
designs, and in project monitoring, and (2) develop cost-estimation guidelines to be used by 
installation managers for proposing, budgeting, and scheduling archaeological inventory surveys. 
The overall goal is to provide quantifiable and statistically defensible methods for conducting 
inventory surveys on DOD lands by focusing greater attention on survey intensity and the use of 
appropriate site discovery procedures for given land surface conditions and for given kinds of 
archaeological resources. 

Once regional survey standards have been established for given land surface conditions and 
sedimentary environments, person-hour or person-day estimates for different site discovery 
procedures (e.g., pedestrian survey, shovel test-pit survey, deep coring programs, etc.) can be 
calculated. The project promotes the use of standardized procedures for conducting and evaluating 
intensive archaeological inventory surveys throughout the entire DOD, and provides useful advice 
for DOD archaeologists and cultural resource managers on the contracting process as well as sound 
guidelines for cost-estimation based on published archaeological literature. 

A final technical report on the project findings is currently "in press" in the Tri-Services Cultural 
Resources Research Center CRC Series. This project also organized a small conference, the 
Roundtable Conference on Archaeological Inventory Survey Standards for the Department of 
Defense, which brought together several archaeologists and cultural resources specialists to discuss 
and debate various point raised in the report. 
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Historic Preservation 

Historic Structures. Vandenberg Air Force Base (V AFB), CA contributed significantly to both 
the United State's ballistic missile weapon system programs and military space program during the 
Cold War. This study focused on a holistic approach to Cold War resources identification and 
evaluation. This approach allowed CERL researchers to evaluate the numerous properties in a 
comprehensive, contextual manner versus the more expensive, time-consuming, property-by-
property method. Individual property evaluations do not allow properties to be placed within a 
context to determine their overall significance. The holistic approach identifies facilities possessing 
"exceptional" value as those illustrating critically important programs or missions carried out by 
V AFB during the Cold War. 

Hl.torlc Landscape& The historic landscape team at CERL successfully completed a Landscape 
Master Plan for Fort Sam Houston, TX. The team researched methods for proving planting design 
solutions for post beautification that fulfill four criteria including preserving the historic character, 
enhancing the military and public image, improving quality of life, and conserving water. The plan 
was highly praised by the Directorate of Public Works, cultural and natural resource managers, the 
master planner, and other Fort personnel and the state Historic Preservation Office and local 
preservation groups. Fort Sam Houston has realized the valuable opportunities in the plan and is 
currently implementing design solutions. 

Cold War Site& CERL researchers created this three-part tool for identifying and understanding 
missile sites throughout DOD. Contained within the study are a narrative history of the Army and 
Air Force guided missile program; a description of each major missile system type, including 
missile and site; and a brief history and description of all major missile sites and installations, with 
a cross-referenced listing of all existing DOD and formerly used defense sites related to the missile 
program. 

ProbeCorder 

Systematic subsurface testing procedures are an increasingly necessary solution to the dual 
problems of discovering and assessing archaeological sites that are either deeply buried or obscured 
by dense vegetation. Such procedures are extremely labor-intensive and costly because they often 
involve repeated, closely spaced probing by means of shovel-testing, post-holing, bucket augering, 
deep coring, or back.hoe trenching. To reduce these high costs, field data collection procedures 
(including probe data recording, site recording, sketch mapping, and field specimen management) 
must be as efficient as possible. Development of a one-step automated system for field recording 
and data integration is highly desirable. 

ProbeCorder is a pen-based software tool designed to maximize the logistical efficiency of 
subsurface testing by automating the routine collection, integration, and storage of probe data in the 
field. Pen-based computers function as handheld, battery-powered, "electronic clipboards" for 
maximum portability and rugged outdoor use. The ProbeCorder module (Version 1.0) (completed 
in FY95) will be available for additional beta-testing and technology transfer during the first quarter 
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of FY96. Final product includes the ProbeCorder software module (on two 1.44MB HD diskettes) 
ready for installation in PenMetric's FieldNotes or as a standalone program in Windows-for-Pen. 

The system will have wide applicability outside the Army and DOD in the fields of soil science, 
geomorphology, and archaeology. Potential commercialization of the ProbeCorder module is being 
explored through a CRADA with PenMetrics, Inc. (Corvallis, OR), the developers of the FieldNotes 
"mobile GIS" software environment used to run the ProbeCorder module. 

Business Area: Civil Works (Specialized) 

Research and development is conducted in a few specialized areas in Civil Works. All of the work 
is coordinated through appropriate program managers and usually are joint efforts with other labs 
and Corps Districts and Divisions. The following FY95 accomplishments represent advances in 
work that protects structure components, improves the durability of operating components, advances 
construction productivity, maintains management systems, and analyzes regulatory requirements. 
(A program for research and development of high-performance construction materials is under 
development.) 

Condition Assessment Technology for Civil Works 

The objective of the Repair, Evaluation, Maintenance & Rehabilitation (REMR) Research Program 
is to identify and/or develop technologies that extend the service life of existing USACE Civil 
Works facilities. The resulting product of this research, the REMR Management System, is 
composed of training for personnel in the performance of uniform and objective condition 
assessment inspections, and software that stores, manipulates, and analyzes the inspection data. 

CERL has been producing REMR Management Systems for Civil Works components since 1984. 
As each system is completed (e.g., a system for lock miter gates), software and training is 
immediately delivered for selected personnel from all applicable Districts. Ten systems have been 
fielded, five are near completion, and seven are in early development. In FY95 system development 
continued for coastal and inland navigation and flood control structures. This included: lock and 
dam operating equipment; riverine stone dike and revetment; embankment dams, and coastal 
breakwaters and jetties; seawalls, bulkheads, revetments, and quoins. 

Beside the long-term advantages already described, the Districts report more immediate advantages 
of using these systems. REMR data provides District engineers with base-line data for comparative 
analysis; trends in condition levels are tracked in a consistent manner; unknown problems in Civil 
Works structures can be discovered using these systems; and a consistent means for documenting 
condition is addressed. By mandate of the Corps Directorate of Civil Works, REMR condition 
inspection data is to accompany all major M&R budget requests. 

Interest from outside the Corps has been shown in these systems. The Hydro-Quebec hydropower 
utility is currently engaged in a cooperative effort to produce a condition rating system for 
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embankment dams. BC-Hydro of Vancouver sent two engineers to receive training on dam gate 
inspections. It has also been suggested that the Navy take a look at what has been developed for 
concrete lock chambers because they are similar in construction to dry dock facilities. 

Zebra Mussel-Resistant Coatings 

The zebra and related quagga mussel are nuisance macrofouling organisms that impair the operation 
of fossil, nuclear, and hydropower facilities as well as locks, dams, water plants, and boats. This 
research will identify coatings and materials that are effective zebra mussel deterrents and to 
develop engineering guidance for their use. 

In FY95, CERL initiated tests of nontoxic, foul-release coatings. The release coatings are 
environmentally benign and provide effective protection by reducing the attachment strength of the 
organisms. Both commercial and experimental products developed by the Naval Research 
Laboratory and industry have been evaluated. The results of this research will provide public and 
private water users with an effective and environmentally sound method to prevent fouling of at-risk 
facilities. 

Business Area: Soldier Quality of Life 

This new business area encompasses facilities research aimed at improving the morale of the troops 
and their families. The rationale for this area is as follows: soldier satisfaction contributes directly 
to troop retention and to the warfighting capability of the U.S. Army. This assumption is reflected 
in the structure of ACS(IM)-a significant fraction of the personnel in this organization are devoted 
to issues impacting soldier morale, welfare, and recreation. Current areas include sustainable 
neighborhood design and construction and efforts aimed at re-engineering quality of life assessment 
metrics. Future research will address divestiture options for welfare, recreational, child care and 
religious facilities, and vigorous technology infusion into the planned massive barracks 
improvement program aimed at improving soldier satisfaction. Funding will be a mix of 6.2 and 
reimbursable sources. 

APIC Support for Corps of Engineers 

The APIC substantially change the way the Army Corps of Engineers (ACOE) program is 
implemented at Army organizations. It focuses on the impact of customer satisfaction and 
organizational performance on every aspect of the organization. It demands a change in the culture 
of the organization to focus on process rather than product and on ·demonstrable customer and 
leadership involvement. The development of automated tools to collect appropriate information for 
and to create appropriate criteria and to train Army personnel in their use will significantly change 
the way we use and apply organization-wide information. 
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The APIC process is very nearly the same as the world-class Malcolm Baldrige National Quality 
Award criteria. These have been adopted successfully since 1988 by organizations that have 
demonstrated significant improvement in their performance-in both business results and customer 
satisfaction. 

In FY95, CERL: 

I. Developed and distributed to 380 Army personnel an Automated Assessment Tool that enables 
an organization to conduct an internal self assessment using the APIC process 

2. Developed and conducted APIC training both via video teleconference and in person 
3. Headed the USACE team for MACOM-level assessment of submitted ACOE applications. 

Improving the way an Army organization conducts business both internally and externally will have 
a positive effect on the quality of life of all Army personnel. As a result of adopting the APIC, 
CERL now uses the same "ruler" or measurement tool that other successful companies have used 
to change the way they have done business. Everyone in the organization can understand where 
they fit in and how their accomplishments impact the overall Army strategy. 

Enabling Technologies 

CERL's investment in basic research for enabling technologies is an investment in the future of 
sustainable installations. Such technologies will enable the development of solutions to Army 
installation problems expected in the future. 

Examples of past investments in enabling technologies include geographical information 
technologies and analytical methods, numerical analysis of the physics of fast-field energy, and 'just 
in time" learning mechanisms for adult education and training. These technologies have resulted 
in the Geographic Resources Analysis and Support System (GRASS), the Open Geodata 
Interoperability Specification (OGIS) supported as a standard for geographic information systems, 
noise prediction models to manage training range noise, and severa,l generations of computer-based 
training tools to assist designers and others in using CAD tools. 

CERL is currently investing in smart structural materials for allowing health monitoring of 
structures; nuclear quadropole resonance (NQR) imaging that has applications for finding 
subsurface water, archeological sites, unexploded ordnance, and mines; spatial/temporal modeling 
for scheduling and siting Army training; and collaborative computing to support improved 
communication and integration of teams such as designers, construction managers, and facility 
managers. If successful, the following technologies will enable the development of practical 
systems to solve current and future systemic Army problems. 
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Smart Materials Research 

The deterioration of reinforced concrete structures due to corrosion of steel reinforcing is one of the 
greatest contributors to the billions of dollars of infrastructure decay annually. The Army maintains 
an aging inventory of structures exceeding 190,000 facilities requiring $2.5 billion in building 
maintenance and repair for which no adequate structural health monitoring capability exits. 

This technology area will develop diagnostic tools to quantify the integrity of a structure (or its 
components) and technologies for incorporating adaptive mechanisms to initiate corrective actions 
based on measured response. Advanced composites, such as graphite and fiberglass cables, can be 
used to replace steel reinforcing in civil structures and eliminate corrosion as a deterioration 
mechanism, drastically reducing the cost of maintenance. Acceptance of advanced composites in 
construction necessitates quality control/quality assurance (QC/QA) and in-service monitoring 
techniques to assure reliability. This technology can provide that increased reliability and make 
possible the 20 percent reduction in life-cycle costs that composites promise 

CERL researchers are developing and demonstrating embedded particle ("smart tagged") structural 
composite materials systems and field interrogation techniques that provide information on the 
internal integrity of the structural element. In FY95, CERL's CRADA with the Composites Institute 
was formally instituted. In this past year, the models developed to describe the behavior of 
embedded ferromagnetic tags were tested on glass fiber-reinforced polyester laboratory samples 
produced by the partners. The results clearly show a difference in the signal response for tagged 
composites that contain flaws when compared to those without flaws, indicating that active tagging 
has promise as a technique for establishing the internal structural health of polymer composites. 
Extension of these results to full-scale structural elements will begin this year. 

Resonance Eddy Current Spectronomy (Patent) 

Often in a materials development research program, it is necessary to know a material's 
conductivity and permeability. This typically requires large samples, which may not be available 
in an initial exploratory program. In the course of basic research to investigate the EM shielding 
parameters associated with a new class of materials, CERL researchers found that the demanding 
properties and performance environments of High Critical Temperature (HiTc) Superconductors 
required a new and more efficient method for assessing their EM parameters. The following 
invention (patent applied for) was an outgrowth of this requirement. 

"Resonant Eddy Current Spectronomy" (RECS) defines a method (at an arbitrary frequency) for the 
analytic and numerical quantification of a material's conductivity and permeability, in terms of a 
readily observed measurement. In many instances, the conductivity is derivable directly as a result 
of assuming a given permeability (or vise versa). This information is derived from simple, 
contactless, inductive measurements performed at arbitrary alternating current frequencies, ranging 
between several Kilo Hertz to around 100 Mega Hertz. RECS materially contributes to the Army's 
research effort to develop low cost, reliable shielding against threats posed by damaging 
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electromagnetic effects by significantly reducing the time spent developing and testing viable 
conductive concrete mixture formulations. 

Robotics 

Robotics is used in a number of projects at CERL. Many CERL projects use the robot as a mobile 
video camera for inspection and/or observation in places where access is difficult. Other projects 
may involve the use of robotic arms. For corrosion inspection, CERL developed (in conjunction 
with Red-Zone Robotics) Fury, which carries a video camera and other sensors to detect and 
measure corrosion. Fury runs on magnetic tracks to enable it to crawl around in a UST. By 
modifying the commercial robot "Pnu-Worm," manufactured by Remotec, CERL is developing a 
pipe crawler robot to inspect small diameter pipes for corrosion. 

CERL also has three of the Army's Pointer Unmanned Aerial Vehicles (UAVs) on loan from the 
Joint Project Office for UAVs. One UAV has been modified to carry a second video camera and 
video transmitter. This second camera looks straight down and can be used to create composite 
views of large areas. These aircraft can fly over land, which makes them useful to oversee Army 
training, and to look for environmental damage. The UA V can also fly over inaccessible areas and 
look for sites of historical or cultural interest. 

CERL also developed a Mechatronically Assisted Mason's Aide, which helps to minimize back 
strain by helping masons lift and place concrete blocks. 

Many of these technologies have applications within the civilian sector. However, the main 
limitation to the wide-spread adaptation of robotics is the underlying cost of the vehicles. CERL, 
however, has been able to minimize costs to the Army by using vehicles developed for combat use 
and adapting them to peaceful applications. 

Nuclear Quadrapole Reaonance 

CERL's breakthrough research in closed-loop feedback for nuclear quadrupole resonance (NQR) 
has been highly praised by Craig E. Dorman, DDR&E(LM). In FY93, CERL demonstrated 
closed-loop feedback for nuclear magnetic resonance (NMR) imaging-the first proven application 
of quantum control theory in the United States and only the second in the world. That work feeds 
directly into CERL's new work on NQR control applications. 

The technology is initially being investigated as an enabling technology for highly improved field-
portable devices for contaminant detection in soil and ground water. Feedback control applied to 
NQR can detect nitrogen compounds associated with explosives and explosive residues. Detection 
of calcium suggests applications as a human detecting security tool. Detection of uranium suggests 
applications in detection of depleted uranium ordnance and associated residues. The work unit, 
developed in late FY94, includes theoretical work on nuclear resonance spectroscopy, investigation 
of control designs, and experimental verification of closed-loop feedback of NQR imaging. 
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FY95 accomplishments include: development of computer models for simulation, development of 
various feedback methods for NQR, design, and initial assembly of an NQR test bed. David J. 
Godbey, DDR&E(LM) has said that DOD may realize a strong return on investment for developing 
this technology. Other defense applications he cited include faster high-resolution medical imaging 
of combat casualties, and high speed identification of new chemical compounds. These medical and 
chemical applications are likely spin-offs to the civilian sector, which will reduce the cost of this 
high technology to the nation. 

CRADA With Gold HIii, Inc. 

The Agent Collaboration Environment (ACE) is an agent-based software environment specifically 
designed to support the delivery and sustainment of facilities. Concurrent Persistent ACE (CPACE) 
is a C++ variation of ACE based on a commercially available object-oriented database with similar 
(but not identical) features. The objective of the CRADA with Gold Hill is to jointly develop 
modifications and enhancements to the current pilot versions of ACE and CPACE to commercialize 
these programs so they can be available to both the public and private sectors. The CRADA was 
signed in October 1995. Public domain versions of ACE and CPACE were published then and the 
collaborative initiative between CERL and Gold Hill was initiated. 

The products developed under this agreement will be available to the Corps of Engineers at Gold 
Hill's cost of manufacture. The Army will benefit from having a commercially available product 
specifically tailored to support the delivery and sustainment of facilities. The private sector will 
benefit from these capabilities as well as the products' applicability to other domains. 
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7 Customer Satisfaction and Focus 

CERL's major funding comes from the: 

• Secretary of the Army for Research, Development, and Acquisition (SARDA) 
• Headquarters, U.S. Army Corps of Engineers (HQUSACE) 
• Assistant Chief of Staff for Installation Management (ACS(IM)) 
• U.S. Army Center for Public Works (USACPW) 
• key Army Major Commands (MACOMs) 
• Army Environmental Center (AEC) 
• multi-agency Strategic Environmental Research and Development Program (SERDP). 

These organizations and others are customers, but they are really surrogates (or advocates) for 
CERL's fundamental customer: the garrison commander. The surrogate agencies, while being 
customers in their own right, are ultimately CERL's partners in meeting the installation-related 
needs of the garrison commander. All CERL work units-whether direct-funded or reimbursable, 
whether paid for by the Army, another branch of DOD, or any other division of government-are 
intended for application to real-world problems faced by Army garrison commanders and their 
personnel. 

CERL works side-by-side with the customer through the entire R&D technology transition cycle. 
The dominance of the customer's role was shown in Figure I (p 9). The user-that is, the garrison 
commander or someone working on behalf of the commander-is the only party whose participation 
is considered critical through all six steps of the process. The user is the key partner in expressing 
a technical need, then defining, developing, demonstrating, and ultimately accepting the technology. 

In FY95, we established many new ways to determine if our customers were satisfied with our 
work. The reimbursable customer care program demonstrates our success in developing strategies 
to "listen to our customers," and we continue to solicit information from customers on how to better 
serve them. The BACC is actively pursuing processes that can improve the effectiveness of our 
customer care and how we can involve our customers more in the critical task of strategic planning. 

In an important sense we cannot know whether we have done quality work until the customer 
verifies it. Customer satisfaction defines our success at technology infusion. Quality is confirmed 
when the customer uses our products or expertise with enthusiasm and repeatedly returns to us for 
more. Universal criteria for quality R&D include affordability, timely delivery, good fit to customer 
requirements, ease of use, and rapid, effective customer support. These criteria have been met when 
the customer tells us so, but we can succeed repeatedly at this only by understanding and 
anticipating what the customer needs. Therefore, CERL places the highest value on the employee's 
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rapport with the customer. Good customer rapport is characterized by open communication and the 
employee's ability to become "immersed" in the customer's universe (so to speak). 

This value on customer-driven quality is institutionalized here in several ways. One example is the 
program established in 1995 to make sure that reimbursable customers are satisfied with CERL's 
work. This customer satisfaction program starts with improved communication. The customer's 
expectations are clearly defined at the beginning of the R&D cycle. A series of in-progress reviews 
(IPRs) is scheduled and executed so the final deliverable reflects continuous customer input. 
Finally, after the product is delivered, the customer is surveyed; the results of the customer survey 
are communicated to the researcher so he or she can share any lessons learned. 

We will use our customer care program to hold ourselves accountable for ensuring that all CERL 
work meets the customer's requirements for quality, timeliness, and cost. Customer feedback will 
be solicited through several mechanisms. We will hold quarterly management reviews for the 
highest-priority initiatives. We will gather customer feedback through IPRs, as detailed in our 
customer care process documentation, and through our customer care survey. Customer input 
received will be used to modify CERL activities or performance as appropriate. 
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Acronyms and lnitialisms 

AAT 
ACA 
ACOE 
ACS(IM) 
ACTS 
AFCESA 
AMEC 
APIC 
AQUIS 
ASHRAE 
ASTM 
ATCT 
BACC 
BLAST 
BPR 
BRAC 
c3 
CEFMS 
CEGS 
CEO 
CEP 
CEPES 
CEPLOAD 
CERF 
CERL 
CFR 
CMMS 
coo 
CP 
CPAR 
CRADA 
CVWF 
DAQMS 
DESCIM 
DNT 
DOD 
DOT 

Automated Assessment Tool 
Air Compliance Advisor 
Army Corps of Engineers 
Assistant to the Chief of Staff for Installation Management 
Advance Construction Technology System 
Air Force Civil Engineering Support Agency 
Army Management Engineering College 
Army Performance Improvement Criteria 
Air Force Air Emission Tracking System 
American Society of Heating, Refrigeration, and Air Conditioning Engineers 
American Society for Testing and Materials 
Air Traffic Control Tower 
Business Area Coordinating Council 
Building Loads Analysis and System Thermodynamics 
Business Process Re-engineering 
Base Realignment and Closure 
Command. Control, and Communication 
Corps of Engineers Financial Management System 
Corps of Engineers Guide Specification 
Chief Executive Officer 
Central Energy Plant 
Central Energy Plant Expert System 
Central Energy Plant Load application Software 
Civil Engineering Research Foundation 
Construction Engineering Research Laboratory 
Code of the Federal Register 
Computerized Maintenance Management System 
Chief Operating Offices 
Capability Package 
Construction Productivity Advancement Research 
Cooperative Research and Development Agreement 
Central Vehicle Wash Facility 
Defense Air Quality Management System 
Defense Environmental Security Corporate Information Management 
Dinitrotoluene 
Department of Defense 
Department of Transportation 
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DPW 
EDC 
EIS 
EMS 
ESC 
FAA 
FEAP 
FEI 
FQI 
FlJDS 
FY 
GIS 
GRASS 
HEATMAP 
HRO 
HW 
IBEAM 
IDIR 
ILIR 
IPA 
IPR 
IT 
LBP 
LC 
LEA 
LOC 
M&R 
MACOM 
MAMC 
MCFC 
MOA 
MOU 
MPRC 
NAETS 
NFESC 
NOV 
NPR 
NQR 
OCLOC 
OTC 
PAFC 
PCI 
PCP 
PETL 

Directorate of Public Works 
Economic Development Conveyance 
Environmental Impact Statement 
Engineered Management System 
Executive Steering Committee 
Federal Aviation Administration 
Facilities Engineering Applications Program 
Federal Executive Institute 
Federal Quality Institute 
Formerly Used Defense Site 
Fiscal Year 
Geographic Information System 
Geographic Resources and Analysis Support System 
Heating and Cooling System Analysis Software 
Human Resource Office 
Hazardous Waste 
Installation Baseline Energy Analysis Model 
Intra-Departmental Investigative Research 
Intra-Laboratory Independent Research 
Inter-Agency Personnel Agreement 
In-Process Review 
Information Technology 
Lead-Based Paint 
Laboratory Chief 
Layaway Economic Analysis 
Laboratory Operating Chief 
Maintenance and Rehabilitation 
U.S. Army Major Command 
Madigan Anny Medical Center 
Molten Carbonate Fuel Cell 
Memorandum of Agreement 
Memorandum of Understanding 
Multi-Purpose Range Complex 
Navy Air Emission Tracking System 
Naval Facilities Engineering Service Center 
Notice of Violation 
National Performance Review 
Nuclear Quadropole Resonance 
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Office Chiefs/Laboratory Operating Chief/Executive Assistant Committee 
Operator Training Certification Course 
Phosphoric Acid Fuel Cell 
Pavement Condition Index 
Pentachlorophenol 
Product Emission Test Laboratory 
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PI 
pp 
PSB 
QA 
QC 
QMB 
R&D 
RAAP 
RDT&E 
RECS 
REMR 
RM 
SARDA 
SBIR 
SCE&G 
SERDP 
SOFC 
STEM 
TAPES 
TES 
TESS 
TQ 
TQM 
UilJC 
USACE 
USACPW 
UST 
VAFB 
VE 

Principal Investigator 
Plans and Programs Office 
Planning. Scheduling. and Budgeting (System) 
Quality Assurance 
Quality Control 
Quality Management Board 
Research and Development 
Radford Army Ammunition Plant 
Research, Development, Testing, and Evaluation 
Resonant Eddy Current Spectronomy 
Repair, Evaluation, Maintenance, and Rehabilitation 
Resource Management Budget Branch 
Secretary of the Army for Research, Development, and Acquisition 
Small Business Innovation Research 
South Carolina Electric and Gas Company 
Strategic Environmental Research and Development Program 
Solid Oxide Fuel Cell 
Short-Term Energy Monitoring 
Total Army Performance Evaluation System 
Threatened and Endangered Species 
Tri-axial Earthquake and Shock Simulator 
Total Quality 
Total Quality Management 
University of Illinois at Urbana-Champaign 
U.S. Army Corps of Engineers 
U.S. Army Center for Public Works 
Underground Storage Tank 
Vandenberg Air Force Base 
Value Engineering 
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