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THE ENVIRONMENTAL AND MOLECULAR SCIENCES LABORATORY PROJECT 
- CONTINUOUS EVOLUTION IN LEADERSHIP -

D.E. Knulson, PMP and Dr. J.K. McClusky, Pacific Northwest Laboratory 

Introduction 

The Environmental and Molecular Sciences Laboratory 
(EMSL) construction project at Pacific Northwest 
Laboratory (PNL) in Richland, Washington, is a S230M 
Major Systems Acquisition for the U.S. Department of 
Energy (DOE). The completed laboratory will be a 
national user facility that provides unparalleled 
capabilities for scientists involved in environmental 
molecular science research. This project, approved for 
construction by the Secretary of Energy in October 1993, 
is underway. In this paper, PNL's role as the integrating 
contractor, the historical leadership challenges faced by 
the project, the significance of the project's location near 
the DOE's Hanford site, and a forecast of challenges for 
the future are discussed. 

Background 

The United States is embarking on an environmental 
cleanup effort that dwarfs previous scientific enterprise. 
Using current best available technology, the projected 
costs of cleaning up the tens of thousands of toxic waste 
sites, including DOE sites, is estimated to exceed one 
trillion dollars1. That level of expenditure contains no 
guarantee that the sites can be restored to their original 
condition, and no consensus on "how clean is clean 
enough." "Ultimately, the scientific challenge is to 
determine as accurately as possible each term in the path 
that links the source of the contaminant with the 
particular biological end points or health effects and to 
understand the mechanisms that connect them. However, 
the present state of scientific knowledge regarding the 
effects of exogenous chemicals on human biology is very 
limited. Understanding the connections at the molecular 
level is, at best, a blurred picture and often a black 
box2." Long term environmental research at the 
molecular level is needed to resolve the concerns, and 
form the building blocks for a structure of cost effective 
process improvement and regulatory reform. 

The current definition of the EMSL project was initiated 
in 1990 to begin building the scientific base necessary to 
address some of the concerns identified above. 
Capabilities that have been implemented in the EMSL 

and will be brought to bear in developing cost effective 
solutions include: 

• Surface chemistry to understand the interfaces and 
chemical interactions between solid/gas and 
solid/liquid surfaces in the environment. 

• Materials and interphase chemistry to understand 
and expand epitaxial science and application of 
remote sensors in characterization and process 
control efforts. 

• Molecular biology to understand the measurable 
health effects of radiation or hazardous chemical 
insult to the human and natural environment. 

• Massively parallel computing to advance the 
capability of molecular modeling, rational enzyme 
design, plume interaction, very large data set 
manipulation, and rational process design. 

• Advanced process engineering to speed the transfer 
of technology from the laboratory to field 
applications. 

• Environmental dynamics capabilities to understand 
the scale up from nanoscale molecular to macroscale 
environmental solutions. 

• State-of-the-art communications;^ training, and 
interaction systems to provide the link for other 
researchers, national laboratories, industry, and 
academia to extend collaborative capabilities and 
bring EMSL to bear on their needs. 

The background discussion above is provided to show the 
breadth and impact of EMSL. It is important to keep 
this complexity in mind during the following discussion of 
location, integration, planning, and future challenges. 

Location 

The Hanford nuclear site near Richland Washington is a 
560 square mile reservation established in the 1940s to 
produce plutonium for the nuclear weapons programs of 
the United States. Approximately 5% of the Hanford 



site land area is occupied by facilities that contribute to 
the complex contaminant streams identified below. Due 
to disposal practices of the past and leaking storage 
facih'ties of the present, the Hanford site contains some 
of the DOE's most scientifically challenging waste 
cleanup problems: 

• one-third of all DOE's inactive waste sites 
• one-half of DOE's transuranic waste 
• two-thirds of DOE's high-level waste volume 
• one-third of DOE's high-level waste radioactivity. 

A visualization of this statement is provided in Figures 1 
and 2. As shown, the quantities are defined in metric 
tons to illustrate the magnitude and complexity of the 
Hanford cleanup effort. Estimates of this remediation 
challenge alone range from $50 to $100 billion dollars. 
The impact of the challenge is significant, and the hard 
work of the past several decades has led to development 
of technology applications that are sufficient to begin the 
characterization and remediation effort. Where 
appropriate, those efforts are underway3. But, as 
obvious as it seems for getting on with restoration, it is 
equally obvious that existing technology will not be able 
to adequately bring cleanup efforts to closure in either a 

I 

time frame, or at a cost that is acceptable within current 
fiscal and legal constraints . A long range focus is 
needed to provide an infusion of new technology, 
improvements in existing technology, and a scientific basis 
for regulatory change. These challenges must be met to 
bring efficiencies to the restoration effort 
and make the process "better, faster, and cheaper." The 
location of the EMSL, near the Hanford site, was driven 
by the potential ability of this facility to draw the 
scientific talent to the problem and use that talent in 
collaboration with other researchers to have an impact on 
these challenges5,6. 

Integration 

DOE Richland Operations (DOE-RL) manages multiple 
prime contracts responsible for various maintenance, 
operations, and technology functions at Hanford. Pacific 
Northwest Laboratory (PNL) was selected as the 
integrating contractor to pull responsible individuals and 
groups into a functioning team7. The term used to 
describe that teaming effort is an "Integrated 
Management Team (IMT)." Figure 3. illustrates the 
structure of that team. In this effort, PNL has specific 
responsibility for overall project management, 
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Figure 2. Site Contaminants 

development, design, and procurement of research and 
computer equipment, facility and interface design 
coordination, and business management functions. 
Facility design was provided by a fixed-price A/E 
contract with Zimmer Gunsul Frasca (ZGF) Partnership 
from Portland, Oregon. Facility construction is via fixed 
price contract with the Grant/Apollo Joint Venture of 
Richland Washington, and construction management 
services are provided by ICF Kaiser Hanford Company. 
Landlord functions, site services, and the site 
infrastructure systems are provided by Westinghouse 
Hanford Company. At the completion of the project 
PNL will be responsible for start-up and long term 
operation of the facility. 

The external teaming between six corporate entities using 
PNL as the integrator to implement the EMSL project 
was significant and has been a challenge. Effective 
communication between and among contractors, as well 
as clear understanding of roles and responsibilities was 
imperative. Scope definition played a major part in 
achieving that understanding. The success of the EMSL 
project through the start of construction was due in part 

to the willingness of the IMT contractors to participate in 
the organizational structure and foster the teaming 
relationships that were required. Two important lessons 
for the future of IMT contracting are: 1) early definition 
and acceptance of team responsibilities, and 2) 
identification of leadership willing lo,accept those 
responsibilities. The integrating contractor must play a 
central role in information collection and dissemination, 
as well as implementation of work scope. The IMT 
structure must efficiently provide that information and 
foster implementation. Without the teaming relationships 
and role acceptance in place, the management process of 
the IMT devolves to oversight functions, which draw 
resources away from the project's primary task, and adds 
an unnecessary overhead to the project. 

As significant as the IMT organizational structure was, 
the teaming and integration required within PNL was 
possibly the greatest challenge. A matrix organization 
consisting of personnel drawn from 11 research, technical, 
and support organizations was created to handle the 
myriad technical, regulatory, and documentation efforts 
of the project. The combinations of scientific need and 



project constraints were integrated through the design of 
S4 individual laboratories and seven research 
organizations that will occupy the facility. As the future 
unfolds, the integration of the EMSL into tbe broader 
capabilities of the National Laboratory system and 
specifically into the role and vision of the DOE and PNL 
will continue to challenge the leadership skills of 
management. 

The integration of the EMSL extends beyond the 
confines of the Hanford site. Tbe permitting process for 
the facility involves strong interaction with the Stale of 
Washington and the local government of the area known 
as the Tri-Cities. Local and State regulations were taken 
into consideration in the design and planning of the 
EMSL and, as a result, tbe permitting process proceeded 
effectively. An awareness for cultural resource 
preservation resulted in interactive involvement between 
the State Department of Ecology, the regional Native 
American tribes, and the IMT. 

As an example, the formal ground breaking ceremony for 
the EMSL was held Friday, April 8, 1994. Heavy 

equipment was moved to the site Monday, April 11th to 
begin clearing and excavation. On Tuesday, April 12lh, 
a Native American burial ground was uncovered. 
Existing plans required the presence of an archaeologist 
during site excavation and included plans for dealing with 
cultural resources. These were immediately implemented 
and the heavy equipment was moved to another portion 
of the site. On April 13th, another burial site was 
uncovered and the site excavation process was halted. 
This included a suspension of all contractor activities at 
the site. From April 13-18th planning was implemented 
to identify the actions required to move the 
EMSL construction site away from the burial ground. 
The list of actions included three key events. First, the 
selection of a new site which required transfer of private 
property donated by Battelle Memorial Institute to the 
U.S. Department of Energy, with approval by the U.S. 
Department of Justice. Second, a revised Environmental 
Assessment (EA) and Finding of No Significant Impact 
(FONSI) reviewed by the State of Washington and the 
regional Native American tribes. Third, a site and 
foundation redesign to move a tri-level building from a 
sloping river site to a flat farm land site. To minimize 
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construction costs, construction had to be re-initiated by 
mid July and all of the above actions bad to be 
completed within 90 days. Needless to say, the approval 
process bad to be streamlined. 

The U.S. Department of Justice approved the Land 
Transfer within 10 working days following a strong 
teaming effort between the legal staffs of Battelle, DOE-
RL, and DOE-HQ that cut the overall preparation time 
for this transfer to 30 days. The Land Transfer action 
was completed June 16th, pending a FONSI 
determination, when the Secretary of Energy accepted the 
donation of the property. 

The EA and FONSI actions were completed in record 
time by having approval authority for both the EA 
determination and FONSI delegated from DOE-HQ in 
Washington D.C. to the local Richland Field Office. The 
review processes in place with the State of Washington 
and the regional Native American tribes, as well as face 
to face meetings and follow-up, cut the EA process from 
the usual 8-16 months to 2 months. 

Finally, the buildbg redesign was initiated in parallel with 
the Land Transfer and EA approval process. Once the 
decision was made by the Department of Energy to move 
the building site, on April 22nd, the A/E contract was 
modified and redesign began. Most of the existing 
building design was utilized which allowed the 
construction contractor to resume work, and re-start the 
construction submittal process. The remainder of the 
redesign was completed quickly, and a site package was 
issued in mid July. The three key actions were 
completed in 91 days, and the construction contractor was 
shut down for less than one week in that period. The 
cost of this relocation was minimized by the efforts above 
and resulted in a total impact of about 2% of project 
cost. * 

Integration and cooperation between the IMT, DOE-HQ, 
DOE-RL, the Stale of Washington, the regional Native 
American tribes, and the U.S. Department of Justice was 
critical to successful recovery from a situation that could 
have easily stopped the EMSL project completely. A 
lesson for the future is that integration of management 
and review processes is necessary and not easy. Yet, 
effective integration can start with as simple a teaming 
step as inviting a concerned stakeholder to witness key 
events, such as clearing and foundation excavation, to 
ensure that their interests are protected. 

The process of integration for the EMSL project is not 
complete. The fabric representing the collaborative 
nature of the facility is only now beginning to take shape. 

Ties to DOE's Hanford Environmental Management 
programs, industry, academic, and national laboratory 
collaborations have been instituted and must now be 
broadened and strengthened. In its function as a national 
user facility, the EMSL will support interests from around 
the world. The IMT will change as the evolution of 
EMSL continues, and the integration processes in place 
now will set the stage for the future. 

Planning and Controls 

The EMSL has demonstrated a strong management 
control system that complies with the DOE Orders 
governing Major Systems Acquisitions (MSA)8. There 
is a significant review history that resulted in making the 
management systems successful. Multiple reviews 
occurred on this project between conceptual design and 
approval of construction. Within this review process, and 
evolution of the project, the project scope was managed 
to cost and maintained the Total Project Cost (TPC) at 
S21SM. It has only been at the Key Decision No. 3 date, 
where approval and funding delays threatened the entire 
functional capability of the project, that the TPC was 
increased to S230M. A consistent approach to scope 
management, and cost estimate maintenance, is a 
continually reinforced lesson learned for future major 
projects. 

A logical question would be how scope could be managed 
in a research environment to accommodate this 
consistency. A unique occurrence in the research 
environment at PNL was the initiation of a scope 
definition process for the EMSL called the research work 
plan. This process was initiated in 1992 at the request of 
the DOE to reach agreement on the baselines, methods 
for equipment development, and other activities that 
would be provided as part of the EMSL project. It is 
unique to this project that all technical activities, are 
governed by a work plan. For developmental activities, 
the document is written by the individual scientist and 
describes the boundaries to be placed on creative energy. 
These boundaries are described in terms of the scientific 
driver for the equipment development, technical and cost 
risks that would potentially impact completion, and a 
complete description of the thought process and decision 
points to be maintained during development. For the 
project manager it is an opportunity to describe the 
baseline controls and performance measures to be 
implemented in gauging progress. Together, the process 
is useful in allowing the project manager to visualize the 
"end state" of development, and the scientist to visualize 
the controls that will be used to demonstrate completion 
and success. In practice the document is used to resolve 
differences between expectation and intention, and to 



implement the cost, schedule, and technical baselines for 
the project. 

The DOE has been aggressive in its implementation of 
better business practices across the National Laboratory 
and Weapon Complex institutions. Within that 
implementation effort it is important to recognize that 
the scope definition process is the single greatest asset to 
successful project implementation. For the EMSL 
project, in a National Laboratory setting, the 
implementation of the work plans and baseline controls 
demonstrate a useful lesson learned. 

Future Challenges 

The future holds many unknowns, not the least of which 
is the vagaries of administration that govern the National 
Laboratory system. However, the realities of shrinking 
budgets, demand for quantifiable return on investments, 
and competition for resources will continue. The past 
provides insight into dealing with the future. The EMSL 
is one of only a handful of major projects providing 
research capabilities that were supported by the DOE 
through the mid-1990s. Why did EMSL succeed where 
other projects did not? As previously discussed there 
were many reviews critical to the life of the EMSL 
project. There were shifts in DOE sponsorship from The 
Office of Energy Research to The Office of 
Environmental Restoration and Waste Management and 
back to Energy Research. There were critical action 
items to define the basic justification for EMSL, and 
reflect the management practices of the sponsoring 
organization. Each review clarified the EMSL mission 
and validated the fundamental need for its capabilities. 
It is again unique, to this project that the fundamental 
vision, identified in 19S8, has not been significantly 
altered and has withstood the challenges mounted in the 
review, process. In that process lies a lesson for the 
future. The definition and vision of our major projects 
must be clear. Major projects must be visionary in scope, 
and realistic in application. The vision of EMSL 
forecasts a need for significant improvement in process 
efficiency, methods, characterization, and regulatory 
interpretation through the use of molecular science. This 
was realistic and necessary to effectively deal with 
restoration of sites with a complex mixture of 
contaminants such as exists at Hanford. To implement 
that vision required an expanded scientific base. 
Hindsight shows that the vision of EMSL was not in 
alignment with contemporary thinking in 1988. Legal 
requirements of the time requiring application of existing 
technology and demonstrated progress utilizing that 
technology reflect that fact. The challenge that the 
EMSL project met was to define the capabilities of 

EMSL in a way that identified their relevant application, 
fundamental need, and feasibility of completion in a way 
that could be understood and accepted. 

The challenge for the future is to build on the EMSL 
capabilities without allowing ourselves or our customers 
to believe that EMSL will solve all the problems or do 
the job alone. The unique significance of EMSL is in its 
ability to focus talent on a relevant problem. Like the 
magnifying glass that focuses sunlight to create a flame, 
the future success of the EMSL, and the return on 
investment to the taxpayer, depends on the ability to 
funnel the collaborative interests of a broad range of 
scientific talent, much of it external to PNL. To achieve 
this focus, the processes of integration, business practices, 
and planning and controls, that defined success for the 
EMSL project, must evolve into the long term future 
operation of the laboratory. They can not be discarded. 

The EMSL Legacy 

The EMSL project has been, by any quantitative 
measure, very successful. It has demonstrated innovation 
in management structure and creativity in problem 
resolution. The project has taken an aggressive stance by 
implementing baseline controls in a research setting and 
by demonstrating a visionary application for its 
capabilities. The project has minimized risk with most of 
the current or innovative state-of-the-art equipment under 
contract, the building construction underway, and the 
management systems in place to control the project 
outcome with reasonable accuracy. The completed 
laboratory will provide a comprehensive and unique 
capability that does not exist anywhere else in the world. 
If its full potential is achieved, the EMSL will form the 
foundation for a Department of Energy and National 
Laboratory mission that begins to addxess the outcome of 
years of nuclear weapons production. It can establish 
new meaning for "value science" and return on investment 
in the research arena. The EMSL legacy is one of hope 
and intellectual focus that can redirect and stimulate a 
new scientific discipline in environmental molecular 
science. Within that science is the capability to address 
many of the challenges faced by the DOE. The EMSL 
legacy is limited only by its ability to draw from the 
capabilities, and stimulate the interests, of the 
Department of Energy, industry, the National Laboratory 
system, and academia. 
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