
The Role of The fedeRal PRojecT diRecToR:

lessons fRom
The naTional

igniTion
faciliTyThe national ignition facility (nif)  

is home of the world’s largest laser.

With 192 laser beams that can deliver more than 60 times the energy of any previous laser 
system, NIF represents a significant step in enabling the study of high-energy density science, 
and should demonstrate fusion ignition and burn in the laboratory for the first time. The 
design and construction of this unique, highly complex facility posed management challenges 
that the project team overseeing its development could not foresee. 

The national ignition facility's final optics assemblies, shown here mounted on the lower hemisphere of the target chamber, contain 
special optics for beam conditioning, color conversion, and color separation. They also focus the beams from 40x40-centimeter squares of 
light to a spot on the target only 0.2 to 2 millimeters in diameter, as required for each experiment. Photo by Jacqueline McBride/LLNL 



a one-of-a-Kind faciliTy

The Department of Energy (DOE) formally broke ground 
on NIF at the Lawrence Livermore National Laboratories 
(LLNL) in May 1997. The federal government utilized a 
lean management structure for NIF, relying on a small core 
team of civil servants to oversee a contractor organization 
of hundreds. DOE chose to implement this project through 
one of its existing Management and Operating (M&O) 
contracts—broad agreements that provide the government 
with access to the capabilities of its national laboratories. 

NIF, a ten-story building the length of three football fields, 
actually consists of three connected buildings: the Optics 
Assembly Building, the Laser and Target Area Building, and 
the Diagnostics Building. In the Optics Assembly Building, 
assembly of precision-engineered laser components takes 
place under Class 100 clean room conditions. The Laser 
and Target Area Building houses the 192 laser beams in two 
identical bays. Large mirrors direct the laser beams into a 
target bay, where they are focused to the center of a ten-
meter-diameter target chamber. The cleanliness inside the 
beam enclosures typically exceeds that of a semiconductor 
or pharmaceutical manufacturing plant. 

LLNL had built several complex laser systems prior to 
NIF, but nothing approaching its size and scope. “When 
you do work planning and estimating for something 
where there isn’t a direct comparison that provides you 
the basis for a parametric estimate, you go with what 
you understand,” said Scott Samuelson, who began 
working on the project in the mid-1990s. “All the prior 
laser systems at the lab were put together one beamline 
at a time by trained technicians who worked for the 
lab. Our initial thinking assumed we’d use the in-house 
(workforce) and they’d put it together just like the 
previous systems.”

The challenge proved greater than expected. “As we got 
closer to having to start the assembly of the beam path 
infrastructure—as the building was getting finished on 
the inside and you could start to get a physical feel for 
the scale of the laser system and the components we 
would be assembling, and the challenge of doing that 
work in a clean environment—I thought, ‘You know, I 
don’t think we can do it the way the previous systems 
were built, I don’t see how those techniques and people 
can successfully put this thing together.” Samuelson, then 
acting as field director for the project, agreed with LLNL 
management that a new look at the original plan for 
building the laser system should be conducted. 

construction workers install equipment inside the 10-meter 
diameter target chamber at the national ignition facility. The 
chamber, a sphere 10 meters in diameter, was assembled from 
ten-centimeter-thick aluminum panels which were preformed and 
then welded in place. it is covered with 0.3 meters of concrete 
which has been injected with boron to absorb neutrons from the 
fusion reaction. The target chamber is filled with holes that are 
needed to permit the laser beams to enter the chamber and to 
provide viewing ports for all of the diagnostics.



The interior of the national 

ignition facility target chamber. 

The service module carrying 

technicians can be seen on the 

left. The target positioner, which 

holds the target, is on the right.

The 130-ton 

target chamber.

ReseTTing The Baseline
In 1999, one of the largest cranes in the world 
lifted NIF’s 10-meter-diameter target chamber into 
the target bay in a dramatic event attended by 
Secretary of Energy Bill Richardson. Shortly after 
the event, the project team came forward with an 
estimate to complete that identified deficiencies 
in the existing project planning, and projected 
schedule delays and several hundred million 
dollars of cost overruns. When this came to light, 
Secretary Richardson issued a forceful press release 
setting out a six-step approach for addressing 
NIF’s cost and schedule problems. “These are 
project management issues, and we will get 
ahead of these problems and turn them around 
with aggressive and tighter management action 
from this department,” Richardson wrote. This 
action plan led to management changes at LLNL, 
increased and more focused oversight from DOE, 
and reviews by a Secretarial NIF Task Force as well 
as the General Accounting Office.

The reviews resulted in significant revisions to the 
project’s baseline cost and schedule. “Basically 
what happened is the project just didn’t 
understand how hard the job of building that 
ship in the bottle and keeping it as clean as it 
needed to be inside while we were doing it would 
be,” Samuelson said. “The work scope was there, 
but the effort associated with that work scope 
was underestimated.” 

Samuelson attributed the cost estimation errors to 
the lack of a model that could offer a meaningful 
basis for comparison. “The lab did their best 

estimate. We had external reviewers come in,  
we had independent cost estimators come in,  
but in the end, they could only look at what they 
understood, they had to take our word for the 
things they simply had no experience with.  As a 
result, the estimates for the ‘conventional’ parts 
of the facility were pretty much right on, but our 
existing management systems never gave us a 
good independent estimate of the ‘first-of-a-kind’ 
portion of the project. That’s where you end up 
when you’re doing something that nobody’s 
ever done before. The real lesson to me is that 
we proved one more time that the old RAND 
study on mega-projects was right: on these highly 
complex, one-of-a-kind projects, you make your 
best estimate of what it’s going to cost and then 
double it.  Don’t plan on spending the extra, just 
sit on it until you find out what you didn’t know 
and understand what you really need it for. ” 



afTeR The shaKeuP

The multiple reviews led to changes in the management 
approach. “It changed a lot of things,” said Samuelson. 
“It redefined a lot of management relations. It certainly 
redefined the teams that were working on the project, 
and the way we were using the suite of project 
management tools and techniques that we had available 
to us.”

Managers tightened the scope of the project.   “We took 
the opportunity to review our project completion criteria 
and scrubbed them very carefully.  We made some small 
changes based on input from the scientific community 
and incorporated them through the change control 
process.  The final product was included in the project 
execution plan so there wouldn’t be any doubt what we 
were signed up for; it never changed after that.”

The management chain on the federal side shortened. 
“Back when this started, you had a program manager 
in Washington, and you had a project manager in 
Washington who was part of another organization, and 
they had no real contractual authority to direct the 
people at the M&O contractor doing the work. All of 
that came down a separate line through what was then 
the Operations Office Manager to one of his Assistant 
Managers, and then eventually to the guy out in the field, 
which was the job I held back then.  It made for a pretty 
difficult situation when you needed to reach the person 
where all of those lines came together,” said Samuelson. 

The reviews led to the creation of the Office of the 
NIF Project, whose Director reported to the Assistant 
Secretary for Defense Programs. “Anytime you do 
anything that’s this big and this hard, I think that’s what 
you ought to do. You need to focus on the project.  You 
can’t have other priorities.  You can’t have distractions 
from other places.  The person you’re reporting to 
must be able to make decisions and allocate resources 
consistent with the Department’s commitment to the 
success of the project. ”

For the next two or three years, the project continued 
with an Office Director in Washington, D.C., and 
a Deputy who served as the Field Director onsite at 
NIF. There was more formality than in the past in the 
use of external review groups as well as more rigor in 
reporting. The changes in the project management 
approach and tools made a difference. 

composite photo shows all three floors of the national 
ignition facility’s 264,000-pound, 10-meter diameter 
target chamber at lawrence livermore national 
laboratory. diagnostic instruments will be attached 
to the round hatches. Photo montage by Jacqueline 
McBride/LLNL 



“In the earlier time period, we were using an 
Earned Value Management-like system, not a real 
Earned Value Management system, because a full 
EVMS wasn’t required in those days. We probably 
had a little less insight into future performance 
based on what we had observed under that old 
system than we did later in the project, but we 
thought it was adequate at the time.” he said. 

He also noted the forecasting limitations of project 
management tools. “Earned Value Management 
is a great tool, but for better or for worse, it 
measures past performance against your plan. You 
can use that information to project what may 
happen in the future against that plan, but what 
we identified that led to the revised estimate to 
complete  (prior to the 1999-2000 re-baseline) 
wouldn’t have been identified until later through 
an EVMS.   We were performing against the plan, 
the problem was that the plan was under-scoped 
going forward, but what we’d done so far was 
not an indication of that. It was just a matter of 
looking at the work ahead and saying, ‘It’s not 
going to happen that way.’” 

The project also made greater use of external 
reviews than it had in the past. “We really ran the 
reviews using the model the Office of Science uses. 
Dan Lehman has run reviews on their projects for 
years, and he has a pretty specific formula for how 
you conduct them. We would have a group of very 

experienced people who’d come in and turn us 
inside-out, and tell us what they thought, ask us 
what we thought, and then they would leave us 
with their opinions,” Samuelson said. “I’d say 99 
percent of the time, we took care of what they told 
us, It was almost completely embraced, and it paid 
a lot of dividends over the years.”

The Role of The fedeRal 
PRojecT diRecToR

After the retirement of Director of the Office 
of the NIF Project, Samuelson and others 
rotated responsibilities for a time. In 2004, DOE 
established the Federal Project Director (FPD) 
designation, and began the process of certifying 
Samuelson to fill the new position for NIF. 

One of the biggest differences that having a 
FPD made was focusing contact between the 
government and its contractor. “The project 
organization got even tighter, and there was 
increased emphasis on the importance of providing 
direction via the contract. It made it a lot easier to 
keep straight what the government was officially 
saying to the contractor with regard to the project. 
The contractor knew that while program managers 
and other senior managers in HQ made decisions 
and communicated directly with them, project 

With the commissioning and operation of the national ignition facility, lawrence livermore national laboratory is once again 
home to the world’s largest laser. Providing more than 50 times the energy of other operational lasers, nif is a critical resource for 
stockpile stewardship, energy security, and scientific innovation. Photo by Jacqueline McBride/LLNL 



direction implementing those decisions came out 
of my (FPD) office through the contract,” said 
Samuelson. “That really helped on both sides. It’s 
hard to overplay how important that was.”

Samuelson described the FPD’s role as one that 
shapes the reaction that the system will have to 
events that occur. “Project management is about 
solving the hundred problems that come up every 
day. If every time something happens, you just say, 
‘They’re normal, and we’re taking care of them, 
and I know it’s happening—thanks for keeping me 
informed, and let me know if any problem is getting 
bigger,’ then people tell you about them,” he said. 
“If you make a big deal and stir up the whole system 
every time you hear that something didn’t happen 
when it was supposed to you’re going to have a 
hard time finding out about it, and you’re going to 
be too busy with things that the contractor should 
just be handling to pay attention to the stuff you 
need to be paying attention to. That’s especially true 
with something the size of NIF.” 

NIF’s federal employees focused on creating 
a strong team with the M&O office. “For all 
intents and purposes, everything that was going 
on there was transparent,” said Samuelson. 
“We had access to all of their information and 
management systems, and we defined very 
carefully what the thresholds and boundaries were 
on responsibilities.” He emphasized the importance 
of developing a certain level of trust with the 
contractor workforce. “I don’t know any way to 
do that other than to be here (in the field) in the 
middle of what’s going on, being able to have 

the trust of the people so they feel comfortable 
talking to you about what’s really happening and 
they understand that you’re going to be focused 
on helping find a solution and moving things 
forward.”

From Samuelson’s perspective, the oversight 
role revolves around access to information and 
the ability to evaluate it.  “I got lots of numbers 
and pieces of paper and statements of whether 
milestones were being met. That’s all good.  But it’s 
developing the ability to determine whether or not 
what you’re seeing matches what’s really going on. 
Is the system giving you data you should believe?” 
he asked rhetorically. “Then when you look at that 
data and it matches your other observations, and 
you do see something going on, do you understand 
why that’s happening?” 

Most importantly, Samuelson and his team 
focused on eliminating roadblocks and keeping 
the project moving toward completion. “I think 
that one of the things that all of us as a group did 
well for the last nine years was just handle stuff: 
resolve the issues and make sure people were 
aware and informed,” he said.

cRossing The finish line

On March 31, 2009, DOE announced that the 
National Nuclear Security Administration had 
certified the completion of the National Ignition 
Facility. Ignition experiments are scheduled to 
begin in 2010.

(above left) deformable mirrors, located at the ends of the national ignition facility’s main amplifiers, use an array of 39 actuators to create a movable 
surface that corrects aberrations in a beam due to minute distortions in the optics. (center) Technicians on a specially-designed target chamber service 
system lift make adjustments to the target alignment sensor and positioner. (right) systems engineer Richard montesanti operates the precision robotic 
assembly machine. The machine can manipulate five target components at once in a 1-cubic-centimeter operating arena.


