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Abstract 

 

Stockpile Reduction: The Key to Transition and Infrastructure 

Management at Los Alamos  

 

 

 

 

David Charles Gubernatis, MSE 

The University of Texas at Austin, 2010 

 

Supervisor:  Steven P. Nichols 

 
Since the end of World War II the United States has grown and maintained a 

stockpile of nuclear weapons in the interest of preserving world peace, and with the 

specific intent to provide unparalleled national security to its citizens.  It was a commonly 

held view during this time that a large diverse stockpile was a fundamental key to 

national security.  However, in today’s ever-changing environment, Los Alamos National 

Laboratory finds itself with an infrastructure unable to quickly adapt to new national 

security needs and threats. Burdened by the management of a Cold-War-era stockpile, 

nuclear operations at Los Alamos will benefit from a reduced stockpile initiative. 

Contrary to previously held beliefs, Los Alamos can be the prime beneficiary to such an 

approach, and use such a monumental shift in strategy to modernize infrastructure, 

revitalize critical staff, and effectively manage critical materials and facilities while 

simultaneously reducing waste and environmental impacts to better support national 

security needs. 
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INTRODUCTION 

Since its inception, the United States’ nuclear stockpile has required a massive 

infrastructure to support management of such an unparalleled national security 

component.  Starting during the days of the Manhattan Project and continuing through the 

Cold War, developing new weapons for the stockpile required a specialized staff and 

unique equipment and facilities to manage the materials required for such complicated 

systems.  The culmination of this effort was the creation of a nationwide complex of 

specialized sites to handle and manage these weapons.  With the end of the Cold War and 

the dissolution of adversaries, the need for such capabilities declined and the 

infrastructure created by continual growth stagnated, eventually languishing critical 

capabilities.       

 Today the nuclear weapons stockpile is supported by an infrastructure that is 

unable to carry the massive undertaking of managing weapons created during a different 

era. This burdened infrastructure is slow to adapt to new national security needs and 

threats.  However, the end of Cold War has not reduced tensions in the global political 

forum.  Developing nations express the constant desire to join the list of countries with 

nuclear capability, and existing allies want a guarantee for defense through continual 

deterrence.  These factors reinforce the need for attention to stockpile management and 

the infrastructure that supports it. 

For facilities that support stockpile management the mission is changing.  Aging 

materials and a lack of performance testing require a flexibility and adaptability that was 
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not needed in previous years.  A central component to the infrastructure that supports 

management of the stockpile is this country’s ability to process plutonium metal.  

  Once supported by several facilities at different sites across the nation, 

plutonium processing was and remains a core capability of nuclear weapons 

management.  Today this capability is being reduced to a single processing plant for all 

national security and science missions.  Faced with the reality that the processing floor 

space is fixed, entire capabilities are forced to be constructed with no contingency for 

failure, and the specialized staff knowledgeable in this unique field are aging and retiring.  

Compounding this problem, the regulatory environment associated with nuclear material 

processing is increasing.  These constraints have the potential to create a scenario where 

the remaining capability could be completely lost. Such a scenario destroys the ability to 

ever inflate the stockpile yet it also surprisingly prevents its dismantlement. 

The management of these weapons and their materials is often times a contentious 

political issue; yet if lost, the monetary and political cost for rebuilding plutonium 

processing capability in the future is incalculable.  To prevent this from occurring, the 

focus of plutonium processing needs to be on the management of infrastructure.  Such an 

approach secures the capability, and the mechanism to enable this change will not be 

development of new weapon systems but instead Stockpile Reduction. 
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BACKGROUND 

AN IDEA THAT CHANGED THE WORLD 

The underlying principles for nuclear weapons were born starting with an idea 

that Hungarian physicist Leo Szilard had regarding sustaining a chain-reaction of 

neutrons in special nuclear materials.1   At the insistence of Szilard, world renowned 

physicist Albert Einstein co-authored and signed a letter to President Franklin D. 

Roosevelt drawing attention to recent advancements in nuclear physics. In his letter 

Einstein highlighted the potential for such advancements to be applied toward 

development of a weapon of unparalleled destruction, and noted the interest that Nazi 

Germany had in acquiring materials (uranium) that might be used in the construction of 

such a weapon.2  As a result of the Einstein-Szilard letter President Roosevelt 

consolidated the university efforts to produce sustained nuclear reactions under the 

Manhattan Engineering District creating the Manhattan Project.3 

THE MANHATTAN PROJECT 

The Manhattan Project’s sole mission was to develop the science and technology 

of nuclear physics to create a weapon of destruction so powerful that its use against Nazi 

Germany might bring about the end of World War II.  Manhattan Project activities under 

the direction of Robert Oppenheimer and General Leslie Groves were centered in the 

remote mountains of New Mexico on the grounds of a government-acquired boys’ ranch 

                                                 
1 Rhodes, Richard. The Making of the Atomic Bomb. New York: Simon & Schuster, 1995. 292. Print. 
2 Elert, Glenn. "Einstein's Letters to Roosevelt." Hypertextbook.com. Web. 10 July 2009. 

<http://hypertextbook.com/eworld/einstein.shtml>. 
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school in the area known as Los Alamos.4  As World War II progressed, Allied forces 

brought a close to the war in Europe against Nazi Germany without use of the weapon in 

development at Los Alamos, but because of continued fighting and significant casualties 

in the Pacific theatre war against Imperial Japan, work at Los Alamos continued. On July 

16, 1945 after two years of development at Los Alamos, the first “atomic” bomb was 

tested outside of Alamogordo New Mexico.5  (The term “atomic” is somewhat of a 

misnomer in that it uses nuclear reactions to achieve its large energy output; however, the 

term is generally accepted as an extension of the colloquialism “splitting the atom,” 

which refers to the process of nuclear fission.)  Less than one month later on August 6th 

and August 9th, President Harry S. Truman ordered two atomic bombs dropped on the 

Japanese cities of Hiroshima and Nagasaki respectively.6  Shortly after, Imperial Japan 

surrendered thus ending World War II, but the use of this weaponry ushered in the 

nuclear age and inadvertently started a nuclear arms race that persists to this day.   

THE COLD WAR 

In the years after World War II, major world powers strove to develop and 

advance nuclear weapons production with a commitment unprecedented in size and 

scope. This arms race propagated a “Cold War” between the United States and the Union 

of Socialist Soviet Republics (USSR) in which stockpiles of nuclear weapons were 

developed in preparation for a massive exchange of nuclear weapons between nations.  

                                                                                                                                                 
3 Loeber, Charles R. Building the Bombs: A History of the Nuclear Weapons Complex. SAND2002-0307P. Albuquerque NM: Sandia 

National Laboratories, 2002. 19. Print. 
4 Loeber, Charles R. Building the Bombs: A History of the Nuclear Weapons Complex. SAND2002-0307P. Albuquerque NM: Sandia 

National Laboratories, 2002. 21. Print. 
5 Loeber, Charles R. Building the Bombs: A History of the Nuclear Weapons Complex. SAND2002-0307P. Albuquerque NM: Sandia 

National Laboratories, 2002. 32. Print. 
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After World War II ended, President Truman signed into law the Atomic Energy 

Act of 1946 (McMahon Act) creating The Atomic Energy Commission (AEC) whose 

mission statement was to foster and control the peace-time development of atomic 

science and technology.7  In 1975 the AEC became The Energy Research and 

Development Administration (ERDA) until 1977 when the ERDA was dissolved and 

reformed into the present day Department of Energy (DOE).8  Today the National 

Nuclear Security Administration (NNSA) manages atomic science and technology as a 

semi-autonomous agency within the DOE.  Starting at the end of World War II, 

continuing through the Cold War, and up to today Los Alamos has played a lead role in 

the development of weapons systems, designing and fabricating hundreds of weapons 

tests, and fielding dozens of different weapon designs.   

BIRTH OF THE NUCLEAR WEAPONS COMPLEX 

With the passage of the McMahon Act and the Atomic Energy Act of 1954 came 

government oversight for the management of nuclear material and atomic science and 

technology work.  This in turn would subdivide activities associated with stockpile 

manufacturing and management between various subcontractors at unique locations 

around the country.  The Nuclear Weapons Complex (NWC) was born with Los Alamos 

National Laboratory (LANL) at the core.  The NWC divided design and prototype 

activities between LANL, Lawrence Livermore National Laboratory (LLNL), with 

Sandia National Laboratory (SNL) providing engineering design to incorporate the 

                                                                                                                                                 
6 Loeber, Charles R. Building the Bombs: A History of the Nuclear Weapons Complex. SAND2002-0307P. Albuquerque NM: Sandia 

National Laboratories, 2002. 36. Print. 
7 "United States Atomic Energy Commission -." Wikipedia, the free encyclopedia. Web. 13 July 2009. 

<http://en.wikipedia.org/wiki/United_States_Atomic_Energy_Commission>. 
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nuclear “physics package” into deliverable weapons. Production of nuclear materials and 

fabrication of components and weapons assembly took place at the Rocky Flats Plant 

(RFP), Oak Ridge National Laboratory (ORNL)/Y-12/K25, Hanford Site, Pantex, 

Savannah River Site (SRS), Kansas City Plant (KCP) as well as others.  Testing of 

weapon systems initially occurred at the Pacific Proving Grounds in the Marshall Islands 

but was eventually moved to the Nevada Test Site (NTS).9  At its peak, the NWC 

employed tens of thousands of people and was a national leader in the advancement of 

science, technology and engineering for many decades.     

In recent years, the NWC has seen a consolidation and reduction of capabilities 

partly because of the end of the Cold War and the dissolution of the USSR, but also 

partly because of the environmental impacts that weapon production sites have had on 

their surrounding areas.  Because of changing world politics and shifting national 

priorities the United States has deemphasized its focus on nuclear weapons design and 

production. As a result, production and maintenance capabilities have been scaled back 

leading to the closures of entire sites such as Rocky Flats Plant (complete), and Hanford 

(closure in progress), while active sites have tolerated the decommissioning and 

demolition of critical buildings and facilities.  With the closure of non-redundant weapon 

facilities in the late 1990’s the NWC began seeing gaps in its ability to manage, maintain, 

or produce some nuclear weapon components.  In some cases closure of NWC sites and 

downsizing of individuals responsible for design, fabrication and testing left some 

weapon systems and components with no capacity for maintenance or replacement.  

                                                                                                                                                 
8 "United States Atomic Energy Commission -." Wikipedia, the free encyclopedia. Web. 13 July 2009. 

<http://en.wikipedia.org/wiki/United_States_Atomic_Energy_Commission>. 
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Other NWC sites and facilities continued to operate at minimum levels with the funding 

needed to maintain their existing capabilities reduced, or not continued at adequate levels 

to keep up with the ever growing cost of regulatory compliance, maintenance, or 

equipment replacement. This confluence of increasing operating cost and stagnant 

funding levels has resulted in reduced capability.  

LANL’s TA-55 – The Last Plutonium Facility 

Los Alamos nuclear operations are currently spread between many different 

buildings at several different technical areas.  Plutonium operations primarily occur at 

two different locations, The Chemistry and Metallurgy Research Building (CMR) which 

was commissioned in 1952, and Technical Area 55 (TA-55) Plutonium Facility building 

4 (PF-4), which became operational in 1978.10 The primary mission for the CMR 

building is to provide analytical chemistry and material characterization services in 

support of TA-55 operations. For cost, safety and security purposes the quantity of 

nuclear material allowed for processing in building operations is significantly limited. 

Because of the age of the CMR building and the systems that support it, a major 

reinvestment activity was planned to upgrade the building.  However during the 

reinvestment planning phase, a seismic fault line was found under part of the building’s 

foundation and reinvestment activities were scaled back and a replacement facility 

planned.11  Today the affected areas of the building have been decommissioned and 

significant nuclear operations remain in only three of the eight building wings.  There is 

                                                                                                                                                 
9 "Nuclear weapons and the United States – Weapons Production Complex." Wikipedia, the free encyclopedia. Web. 13 July 2009. 

<http://en.wikipedia.org/wiki/Nuclear_weapons_and_the_United_States#Weapons_production_complex>. 
10 Kniss, Brett R., Mark S. Dinehart, Drew E. Kornreich, and Matthew M. Nuckols. Options for Plutonium-Related Missions and 

Associated Facilities Between 2007 and 2022. Rep. no. LA-CP-06-0957. Rev 2. 74. Print. October 10, 2006. 
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now an effort under way to replace the CMR building with a new complex that will be 

adjacent to TA-55.  This new complex will continue to provide the analytical chemistry 

and material characterization services in support of TA-55 operations but will have the 

added efficiency of being connected to TA-55, thus significantly reducing security costs 

for shipments of nuclear material between facilities and reducing the potential hazard to 

the public or environment while material is in transit.  Because of decommissioning and 

planned closures at other sites in the NWC, currently TA-55 stands as the last fully 

operational multi-purpose plutonium facility in the United States capable of handling 

significant quantities of special nuclear material.  

A History of Changing Missions 

Plutonium operations at TA-55 are fundamental to LANL’s mission of stockpile 

management. When first commissioned, the plutonium processing building at TA-55 (PF-

4) had a mission that was one of research and development for nuclear materials 

processing techniques. Starting in the mid 1980s TA-55 refined significant quantities of 

weapons-grade plutonium metal for shipment to the RFP, to support production of new 

nuclear weapon components known as “pits.” TA-55 also maintained a limited amount of 

prototype manufacturing equipment to support LANL design agency tests conducted at 

NTS.  One of the ongoing missions for TA-55 during this time was the extraction of 

americium.  Americium, which is a daughter product of plutonium, had widespread use in 

commercial ionizing smoke detectors and continues to be used in oil and gas well-

logging equipment.  Starting in the late 1980s and continuing in early 1990s changes in 

                                                                                                                                                 
11 Kniss, Brett R., Mark S. Dinehart, Drew E. Kornreich, and Matthew M. Nuckols. Options for Plutonium-Related Missions and 

Associated Facilities Between 2007 and 2022. Rep. no. LA-CP-06-0957. Rev 2. Print. 17. October 10, 2006. 



 9

world politics, and increased concerns about the environment led to a diminished need for 

plutonium processing capability. The Rocky Flats Plant, the nations pit manufacturing 

site was shut down because of environmental violations in 1989,12  the world saw the end 

of the cold war with the collapse of the USSR in 1991,13 and the United States conducted 

its last full scale nuclear weapons test “Divider” at the NTS in 1992 entering shortly 

afterwards into a self-imposed nuclear testing and new design moratorium.14    

In the early 1990s the focus of TA-55’s mission transitioned from metal 

production for stockpile support to fabrication of plutonium-238 oxide components for 

use in Radioisotope Thermoelectric Generators (RTGs).  Some of these RTG’s were used 

by the National Aeronautics and Space Administration (NASA) in deep space missions, 

most notably the Cassini-Huygens Saturn orbiter.15  Additionally, Los Alamos received 

the mission to perform pit surveillance, which examines pits to ensure the stockpile is in a 

well-understood state to support the annual stockpile certification performed by the 

design laboratories.   

Lost Capabilities Regained 

By the mid 1990s the DOE became concerned that the United States was the only 

declared nuclear power without the ability to fabricate new pits, and that sufficient 

capability did not exist to disassemble legacy pits from the stockpile that had exceeded 

their useful life.  In response to these capability concerns, missions for demonstrating the 

                                                 
12 "Rocky Flats Plant -." Wikipedia, the free encyclopedia. Web. 16 July 2009. <http://en.wikipedia.org/wiki/Rocky_Flats_Plant>. 
13 "Soviet Union -." Wikipedia, the free encyclopedia. Web. 17 July 2009. <http://en.wikipedia.org/wiki/USSR>.  
14 Office of Public Affairs and Information - National Nuclear Security Agency Nevada Operations Office. Nevada Test Site Guide. 

Rep. no. DOE/NV – 715. Las Vegas, NV: November 2001. 74. Print. 
15 "Cassini–Huygens - Plutonium power source and controversy." Wikipedia, the free encyclopedia. Web. 19 July 2009. 

<http://en.wikipedia.org/wiki/Cassini-Huygens#Plutonium_power_source_and_controversy>. 
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necessary manufacturing techniques to rebuild existing pit designs, as well as techniques 

for disassembly and reclamation of the nuclear material from legacy pits were initiated at 

TA-55. At this time, the Pit Rebuild Program was commissioned to demonstrate the 

technology and processing techniques for pit manufacturing until a new nuclear facility 

specifically designed for large-scale pit production could be built.  Also initiated was the 

development of processing systems and techniques for pit disassembly. The Advanced 

Recovery and Integrated Extraction System (ARIES) was designed to demonstrate the 

ability to handle the decommissioning of legacy pits so that old weapons could be 

completely disassembled and the plutonium from these systems could be reclaimed, 

purified, and used as Mixed Oxide (MOX) fuel in light water commercial power reactors.  

In parallel, DOE/NNSA initiated efforts for new plutonium facilities to support 

manufacturing activities: the Modern Pit Facility (MPF) to produce new pits, a Pit 

Disassembly and Conversion Facility (PDCF) to handle legacy pits from the stockpile, 

and a MOX Fuel Fabrication Facility (MFFF) to process and reuse the plutonium from 

legacy pits.16   

By 2003 TA-55 had demonstrated all of the necessary technology and processing 

techniques required by DOE/NNSA to 1) create a pit that could be certified for War 

Reserve (WR) use, and 2) the capability of the ARIES line for disassembly of existing 

stockpile pits. Partly because of the success that was demonstrated by TA-55 in pit 

activities and also because of the looming cost estimated for new construction and 

certification, plans for new plutonium facilities around the United States not already 

under construction, namely the MPF, and PDCF were canceled or put on hold.  

                                                 
16 Kniss, Brett R., Mark S. Dinehart, Drew E. Kornreich, and Matthew M. Nuckols. Options for Plutonium-Related Missions and 
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Consequently, the responsibility has been left to TA-55 for the indefinite future to carry 

the capability for all of the nation’s national security and science programs that involve 

the use of significant quantities of plutonium.  

An Infrastructure in Distress  

Originally TA-55 was built to produce refined metal and serve as a research and 

development facility.  But because of the limited capability and closures of other 

processing facilities coupled with changing national priorities, TA-55’s plutonium 

processing building, PF-4, is now a multi-user facility serving a myriad of programs.  

Critical space and services are limited, and priorities can differ significantly between 

customers and user groups.  Programs and equipment not in the original design basis for 

the facility create considerable strain on the infrastructure for posthumous inclusion.  

Because of the limits on infrastructure and the need for continued plutonium program 

support for the indefinite future, it is in LANL’s (and the nation’s) interest to develop a 

plan for infrastructure revitalization based upon a reduced stockpile environment to limit 

the burden placed on its aging infrastructure, and secure the indefinite sustainability of 

processing capability.  Because of limited plutonium processing capability nationwide, 

there is a needed emphasis of infrastructure revitalization to cement the ability to manage 

the stockpile in the future.  As such better infrastructure management will help 

manufacturing activities gain flexibility for limited throughputs and small lot 

manufacturing production; this solid infrastructure base will facilitate efficiencies for 

plutonium metal reclamation and isolation needed to disassemble the thousands of pits 

retired from the stockpile in greater quantities.  A TA-55 infrastructure enhanced by a 

                                                                                                                                                 
Associated Facilities Between 2007 and 2022. Rep. no. LA-CP-06-0957. Rev 2. 33. Print. October 10, 2006. 
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stockpile reduction initiative will be able to support a diversity of programs and provide 

the nation with a better national security capability, but this enhanced infrastructure will 

only come with a focus on the critical components that hold together this nation’s 

plutonium processing capability.  
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ALTERNATIVES – THE CASE FOR CHANGE 

CHANGING NATIONAL PRIORITIES 

Today Los Alamos National Laboratory finds itself in a unique position. World 

politics, environmental regulations and changing national priorities have thrust nuclear 

operations at LANL into a role of unmeasured responsibility.  However this 

responsibility is being carried by an infrastructure which was not designed for such a 

mission.   

THE RELIABLE REPLACEMENT WARHEAD 

This disparity however has not gone unnoticed by LANL management, 

DOE/NNSA, and Congress.  In 2002 a program was initiated for the design of a “new” 

stockpile weapon; the Reliable Replacement Warhead (RRW).  The intent of RRW was 

not to add any additional military capabilities to the United States nuclear arsenal, but 

instead, was to take previously or newly designed components and combine them in such 

a way to provide wider performance margins, high performance predictability and 

increased safety and security features, while being easier and more environmentally 

friendly to manufacture.17  Some saw this program as the archetype for a modern 

stockpile, while others saw it as the United States restarting the arms race of the 20th 

century.  However many in the NWC saw it as a new and clearly defined mission for 

transforming the aging infrastructure.  Part of the emphasis for the RRW system was to 

                                                 
17 Perry, William J., and James R. Schlesinger, et all. America’s Strategic Posture: The Final Report of the Congressional 

Commission on the Strategic Posture of the United States. ISBN 978-1-60127-045-0. Advanced Copy. 41. Print. 
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train a new generation of scientists, engineers and technicians in the business of nuclear 

weapons.  

The RRW program was eventually terminated by Congress because there were 

political concerns that a “new” weapon might eventually require full scale underground 

testing for certification, and that the appearance of starting a “new” design might 

politically compromise the United States efforts with other nations on nonproliferation.18  

Looking back at the RRW initiative, it is understated to say that for better or for worse 

the current political will does not exist for the United States to begin active development 

of a nuclear weapon system that can be considered “new” under any definition of the 

word.   

Continued Commitment for a Safe and Effective Arsenal 

In the same regard it is clear that the United States is committed to stockpile 

stewardship for the foreseeable future.  Outlining his plans for the nation’s nuclear 

stockpile during a speech in Prague, President Barack Obama stated the following: 

To put an end to Cold War thinking, we will reduce the role of nuclear weapons 
in our national security strategy, and urge others to do the same. Make no 
mistake: As long as these weapons exist, the United States will maintain a safe, 
secure and effective arsenal to deter any adversary, and guarantee that defense to 
our allies... But we will begin the work of reducing our arsenal.19 
 

In previous decades the NWC infrastructure was maintained by building and testing the 

plethora of new weapon component designs emanating from LANL, LLNL, and SNL on 

                                                 
18 Perry, William J., and James R. Schlesinger, et all. America’s Strategic Posture: The Final Report of the Congressional 

Commission on the Strategic Posture of the United States. ISBN 978-1-60127-045-0. Advanced Copy. 41. Print. 
19 "Remarks By President Barack Obama In Prague As-Delivered." The White House - Office of the Press Secretary. Web. 26 July 

2009. <http://www.whitehouse.gov/the_press_office/Remarks-By-President-Barack-Obama-In-Prague-As-Delivered/>.  
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a regular interval. Examining the RRW initiative shows a continual underpinning to the 

Cold War management of the NWC:  Infrastructure revitalization occurring only with 

development of new weapon designs.  Putting in context the failure of the RRW program 

for political reasons, combined with the assertion by President Obama to, “maintain a 

safe, secure and effective arsenal to deter any adversary, and guarantee that defense to 

our allies,” creates a technical stalemate between the need for nuclear operations to 

support stockpile stewardship and the definitive lack of will to support initiatives that 

enhanced stockpile objectives for infrastructure management.  This paradox has the 

ability to cripple nuclear operations in the United States, resulting in an inability to 

manage this nation’s nuclear arsenal.  It is possible that this paradox can create a scenario 

where an overwhelmed TA-55 infrastructure is no longer able to support stockpile work, 

or even plutonium-based science and technology programs.  Furthermore losing the 

nuclear processing capabilities at TA-55 because of poor infrastructure management has 

the ability to render the United States unable to survey the existing stockpile, 

remanufacture components from existing weapon systems as necessary, or disassemble 

and reclaim nuclear materials as weapons are retired from service. In this scenario the 

stockpile would exist un-maintained without the potential for growth, but also without the 

potential for final disposition.  Components and materials used in weapon assemblies 

would decay constantly in an unmanaged environment and create potentially dangerous 

and hazardous conditions for their future management.   
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Lessons Learned from RRW 

LANL should gather “lessons learned” from the RRW effort. If the political will 

does not exist to begin a major “new” weapons initiative, even if the underlying goal is 

infrastructure revitalization, then the major initiative for maintaining a credible deterrent 

should be infrastructure management and transition based on a plan for stockpile 

reduction.  A program based in effective management of a credible stockpile supported 

by overall smaller numbers will make future management and surveillance more effective 

and within reasonable cost. Failure to embrace an infrastructure revitalization plan in 

tandem with stockpile reduction will cause NWC capabilities to linger or become 

overloaded until they are impossible to keep within regulatory compliance. Fundamental 

to such a plan is the need to establish a well endorsed mission for employees.  This 

concept of mission cannot be to provide a “lay away” capability. Failure to communicate 

a well-defined mission will be a hindrance to transition just as deleterious as any 

relegation or political inhibition. Effective stockpile management while planning for 

reduction can provide the needed mission for the NWC complex and nuclear operations 

at LANL. 

NUCLEAR CAPABILITIES REQUIRED 

Because of the potential for impacts to national security posture, congressional 

district funding, the environment, or even negotiated deals between heads of state, 

stockpile management is a hotly debated issue.  Tensions in the global political forum, 

coupled with the constant desire of developing nations to join the list of countries with 

nuclear capability force continued attention to stockpile management.  Congressional 
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commissions, citizens’ groups and analysts all have opinions about required nuclear 

capabilities and their impacts.  Because of constant changes in global politics and reduced 

presence of the traditional Cold War adversary such analysis helps pinpoint changing 

requirements that should outline the capabilities at TA-55. 

Perry/Schlesinger Congressional Commission Report  

A recent bi-partisan congressional commission headed by William J Perry, 

Secretary of Defense under President Bill Clinton, and James R. Schlesinger, Secretary of 

Defense under Presidents Richard Nixon and Gerald Ford, recently completed a review 

of the strategic posture of the United States. At the request of Congress, their final report 

contained chapters on the Nuclear Weapons Stockpile and the Nuclear Weapons 

Complex.  In regard to the nuclear weapons stockpile, the congressional commission 

recognized that current stockpile management requires the use of materials or 

technologies that are no longer available.20  The commission acknowledged that directors 

of the design laboratories (LANL, LLNL, and SNL) have uncertainties with the current 

stockpile and that those uncertainties are increasing.21 This commission also establishes a 

spectrum of options for management of current weapon systems ranging from 

remanufacturing of existing war-heads with existing components, to complete redesign 

and new production of all system components.22  The commission recommended a 

graded approach for the management of the various fielded weapon systems to fall at 

different points along the spectrum.  

                                                 
20 Perry, William J., and James R. Schlesinger, et all. America’s Strategic Posture: The Final Report of the Congressional 

Commission on the Strategic Posture of the United States. ISBN 978-1-60127-045-0. Advanced Copy. 41. Print.   
21 Perry, William J., and James R. Schlesinger, et all. America’s Strategic Posture: The Final Report of the Congressional 

Commission on the Strategic Posture of the United States. ISBN 978-1-60127-045-0. Advanced Copy. 41. Print. 
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Future of the NWC  

In regard to the Nuclear Weapons Complex, the commission identified in its 

findings three primary concerns.  First, the physical infrastructure of the NWC is in 

serious need of transformation. Second, the intellectual infrastructure is in more serious 

trouble than the physical infrastructure, and third, that the governance structure of the 

NNSA is not delivering the needed results and should be changed.23  Knowing these 

shortcomings, one of the commission’s primary findings on the nuclear weapons complex 

was “once the plutonium pit production facility at Los Alamos (TA55/PF-4) is fully 

operational, it should be sufficient for the expected U.S. needs.”24  In addition to this 

recommendation the only other specific capability mentioned in the commission Findings 

and Recommendations section regarding the NWC was recommending the needed 

priority over other DOE/NNSA construction projects for the CMR replacement to be 

built adjacent to, and in support of TA-55. 

The commission’s report clearly emphasized the need for continued stockpile 

management, but in the same breath condemned the infrastructure that would undertake 

this task. The recommendation that TA-55 is sufficient for the country’s plutonium 

manufacturing needs in the foreseeable future is simply an additional voice in the call for 

better infrastructure management to support this national security effort.  In fact, the 

majority of the commission’s findings and recommendations in regard to the NWC speak 

specifically to management of infrastructure, and its transition to a better state. The 

                                                                                                                                                 
22 Perry, William J., and James R. Schlesinger, et all. America’s Strategic Posture: The Final Report of the Congressional 

Commission on the Strategic Posture of the United States. ISBN 978-1-60127-045-0. Advanced Copy. 42. Print. 
23 Perry, William J., and James R. Schlesinger, et all. America’s Strategic Posture: The Final Report of the Congressional 

Commission on the Strategic Posture of the United States. ISBN 978-1-60127-045-0. Advanced Copy. 47. Print. 
24 Perry, William J., and James R. Schlesinger, et all. America’s Strategic Posture: The Final Report of the Congressional 

Commission on the Strategic Posture of the United States. ISBN 978-1-60127-045-0. Advanced Copy. 62. Print. 
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commission’s report however falls short of identifying the mechanism or mission that 

would enable transformation of infrastructure.  

NWC Consolidation Policy Network 

A recent review by a consortium of six independent citizens’ groups, called the 

Nuclear Weapons Complex Consolidation Policy Network, also examined the United 

States strategic posture and the NWC.  This review was written with the intention of 

advocating a significantly reduced stockpile size and downsizing the NWC from eight 

sites to three over the next two decades.  Fundamental to this independent review is 

advocating for a new policy of “curatorship” in place of stockpile stewardship.25   This 

network of independent citizens’ groups is willing to make recommendations for 

substantial cuts in the NWC infrastructure and budget, but they too are willing to cast 

TA-55 the mission of pit manufacturing for the foreseeable future. 

NNSA recently certified replacement pits for the W88 warhead, which it 
produced at LANL, and it is working to demonstrate that capability for other 
types of warheads in the existing stockpile. The existing pit production facility at 
LANL [TA-55] is approved to produce up to 20 pits per year. That capacity is 
more than sufficient to meet any production needs that we foresee.26 
 

Furthermore the group is recommending that CMR operations be added to TA-55 but 

without the construction of an additional facility to carry the load.  The recommendations 

of the network of independent citizens’ groups for further consolidation of the NWC, and 

                                                 
25 Civiak, Robert L., et all. Transforming the U.S. Strategic Posture and Weapons Complex for Transition to a Nuclear Weapons-

Free World. Rep. April 2009 ed. Nuclear Weapons Complex Consolidation Policy Network. 71. Print. 
26 Civiak, Robert L., et all. Transforming the U.S. Strategic Posture and Weapons Complex for Transition to a Nuclear Weapons-

Free World. Rep. April 2009 ed. Nuclear Weapons Complex Consolidation Policy Network. 94. Print. 
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additional programs to be conducted at TA-55, would create even a greater burden on an 

already overwhelmed infrastructure. 

While both the congressional commission and the network of independent 

citizens’ groups make similar recommendations for the future of TA-55, neither takes 

into consideration the effects on an infrastructure that multiple programs have, nor that 

modern programs exceed the design basis for that infrastructure. Fundamentally both 

reviews work with the expectation that nuclear operations at TA-55 will be able to 

support all programs and infrastructure challenges that are expected of it. 
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STRATEGIC INFRASTRUCTURE COMPONENTS  

Regardless of recommendations made by various strategic review committees, 

TA-55 needs to be able to support all plutonium programs until such time when a viable 

replacement is constructed.  With no replacement on the horizon, operations will have to 

continue with enhanced efficiency and effectiveness.  The lack of a replacement coupled 

with no alternative processing area in the United States will force more and more 

missions to call TA-55 home.  Because of this discontinuity the only way to secure the 

unique capability TA-55 represents is to focus on the components that build the 

processing infrastructure.  

 To evaluate infrastructure, an approach will be taken from the world of quality 

control.  For years engineers have been using Ishikawa Diagrams to identify the potential 

factors causing an effect.27 Such analysis is useful for analyzing the components of 

manufacturing defects or for creating the inputs required in design.  Ishikawa Diagrams 

can reveal key relationships among variables, and the possible causes of undesirable 

effects, which provide additional insight into process behavior.28 

Introduction to Quality Control – The Ishikawa Diagram 

 Ishikawa Diagrams enable all of the cause and effect relationships to be 

summarized.29 For quality control of processes typical causes of defects include the 

following (Figure 1):  

                                                 
27 "Ishikawa Diagram." Wikipedia, the Free Encyclopedia. Web. 01 July 2010. <http://en.wikipedia.org/wiki/Ishikawa_diagram> 
28 "Ishikawa Diagram." Wikipedia, the Free Encyclopedia. Web. 01 July 2010. <http://en.wikipedia.org/wiki/Ishikawa_diagram> 
29 Ishikawa, Kaoru, and John H. Loftus. Introduction to Quality Control. Tokyo: 3A Corporation, 1990. 229. Print. 
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• Man Power: the personnel performing the operation.   

• Machines: the plant and equipment where the process is performed.  

• Methods: the techniques and technology being used.  

• Materials: raw materials and parts.  

• Measurements: sampling and instrumentation for verification.  
 

 

 

 

 

 

 

 

 

Figure 1: Standard Ishikawa Diagram30 

To understand defects and the relationship between variables these branches are 

continually sub-divided until a Cause that can be acted upon is eventually reached.  It is 

important to think of the diagram in terms of the branches of a tree, or following a river 

back to its source.31 

                                                 
30 Ishikawa, Kaoru, and John H. Loftus. Introduction to Quality Control. Tokyo: 3A Corporation, 1990. 56. Print. 
31 Ishikawa, Kaoru, and John H. Loftus. Introduction to Quality Control. Tokyo: 3A Corporation, 1990. 231. Print. 
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Modified Ishikawa Diagram Applied Toward Infrastructure 

Now employing the Ishikawa Diagram not towards defect mitigation or design 

inputs but toward Infrastructure, the cause and effect relationships are modified to 

become components that provide capability. The capability desired is a sustainable 

infrastructure for national security missions, and the components that build this capability 

are the following (Figure 2):  

• Men (& Women): the intellectual infrastructure and unique Human Capital.   

• Machines: the capital equipment systems that provide processing capability.  

• Methods: the business systems which enable operations.   

• Materials: the tangible inputs and outputs of the infrastructure.  
 

 

 

 

 

 

 

 

 

Figure 2: Modified Ishikawa Diagram Applied Toward Infrastructure 

These components are the pillars of infrastructure management that build 

capability at TA-55 and enable the execution of national security work. Analyzing the 
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existing infrastructure capability, this manuscript will explore the components of Men (& 

Women) and Machines, and relationships between them.  These are the two components 

that LANL has the most ability to influence; Materials are essentially a predefined 

quantity (plutonium and other related nuclear and non-nuclear inputs and outputs), and 

Methods are in many respects driven by the Men (& Women) and Machines that are 

employed. 

MEN (& WOMEN) – INTELLECTUAL INFRASTRUCTURE 

As identified in the Perry/Schlesinger congressional commission report, the 

intellectual infrastructure for nuclear operations needs revitalization.  After years of 

reduced-capacity programs, the experience and intellectual understanding needed to 

support stockpile management needs revitalization. Because of the uniqueness of the 

technical challenges involved in working with nuclear material and nuclear weapon 

components there does not exist an available college degree or training program to arm 

new technicians, engineers, or scientists with the necessary knowledge required to 

support TA-55 operations.  While this unique problem is desirable from a national 

security and nonproliferation standpoint, it creates a massive burden on LANL’s 

infrastructure to provide workers with the Human Capital necessary for plutonium 

operations.  This unique situation prematurely settles the “make versus buy” decision for 

Human Capital management at TA-55.  For revitalization of the intellectual 

infrastructure, TA-55 will need to first understand the constraints that prohibit effective 

growth of necessary Human Capital, and then provide avenues available to manage those 
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constraints.  Only once this is understood can the proper organizational capabilities be 

established to address LANL’s strategic goals. 

Investment in Human Capital 

For an organization to revitalize its intellectual infrastructure it must first 

understand that people possess innate abilities, behaviors, energy, and time. These 

elements make up Human Capital, and are the resources that people bring to their jobs 

specifically the knowledge, skills, talents, and behaviors (KSTBs)32 of the workers within 

an organization. But workers and not organizations own this capital and they decide 

when, how, and where it should be used.33  For organizations to build Human Capital 

they have only two options. Organizations can purchase new capital through recruiting 

and hiring, or they can create new capital through training and development.34  

Tacit and Explicit Knowledge    

To build Human Capital organizations must understand from where their 

employee’s capital stems, whether it be from tacit or explicit forms of knowledge.   Tacit 

knowledge encompasses what people know but cannot readily express, explicit 

knowledge is information that people pass through formal systematic language.35  In the 

context of TA-55’s nuclear operations tacit knowledge can be defined as the intuition, 

know-how, common sense, and judgment required to perform work. While explicit 

knowledge is more readily defined as the training and procedures that authorize work.  

                                                 
32 Lewis, Kyle. "Hiring: Recruitment & Selection." Managing People & Organizations. The University of Texas, Austin. 16 Jan. 

2010. Lecture. 
33 Davenport, Thomas O. Human Capital What It Is and Why People Invest It. San Francisco: Jossey-Bass Inc Pub, 2008. 7. Print. 
34 Lewis, Kyle. "Hiring: Recruitment & Selection." Managing People & Organizations. The University of Texas, Austin. 16 Jan. 

2010. Lecture. 
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Nuclear facilities, organizations and regulatory entities generally mandate knowledge 

transfer through explicit forms.  Explicit knowledge has valuable characteristics; once 

captured in a tangible manifestation explicit knowledge can remain with an organization 

long after the people who created it have left.36 This characteristic is extremely useful for 

communicating hazards, providing operating instructions, or documenting system 

configurations.   But for all the benefits that explicit knowledge brings, without the 

context or the experience that tacit knowledge provides when accompanying the tangible 

manifestation, the actual functional understanding is often found lacking. 

To embark on a program of intellectual infrastructure revitalization, internal 

training and development needs to be focused on the KSTBs necessary to build Human 

Capital. Concurrently this program will have to optimize the transfer of tacit and explicit 

forms of knowledge between workers, while managing the external constraints that 

prohibit effective growth. 

Human Capital: Make Versus Buy 

When evaluating the practical and business aspects of investing in Human Capital 

development for intellectual infrastructure revitalization, managers must decide whether 

they can buy Human Capital by recruiting and hiring employees who already have the 

KSTB’s required for organization core capabilities, or whether Human Capital should be 

developed within the organization through training.  For nuclear operations at TA-55, 

acquisition of resources that already possess the proper Human Capital is mostly not a 

possibility, because there are no longer similar operating facilities within the United 

                                                                                                                                                 
35 Davenport, Thomas O. Human Capital What It Is and Why People Invest It. San Francisco: Jossey-Bass Inc Pub, 2008. 149. Print. 
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States, and therefore there is no readily available market for fissile material experts.  

Some Human Capital could be obtained from other DOE plutonium operations like those 

at LLNL and SRS, but the scale and multi-user type of operations is somewhat different 

than at these sites and from an overall DOE perspective this would simply transfer a lack 

of Human Capital from one site to another.  The extreme nature of specialized knowledge 

needed to support stockpile initiatives, coupled with the national security requirements 

for protecting such information, drives a program of intellectual infrastructure 

revitalization immediately towards the prospect of developing employee knowledge 

internal to the organization.  These constraints drive the mechanism for investment in 

Human Capital, and they quickly settle the “make versus buy” decision for TA-55 

Human Capital development. 

Hiring and Recruiting New Employees 

Buried within the findings of the Perry/Schlesinger congressional commission 

report for needed revitalization of the intellectual infrastructure is the reality of an aging 

LANL workforce.  Internal analyses by laboratory officials show significant portions of 

the Laboratory population in excess of fifty years of age, and still more troubling are 

figures showing employees currently capable of entering retirement. While the 

population of workers at TA-55 might show a different distribution of potential retirees 

than the Laboratory as a whole, no site at LANL is immune from this problem.  To 

address this gap, organizations need to begin by analyzing their needs for core 

competencies and recruiting new employees to fill these positions.  Although this seems 

                                                                                                                                                 
36 Davenport, Thomas O. Human Capital What It Is and Why People Invest It. San Francisco: Jossey-Bass Inc Pub, 2008. 157. Print. 
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to be a straight-forward approach, there are many uncontrollable external constraints 

associated with hiring that affect Human Capital management. 

Constraints for Human Capital Management 

Once hired a new employee’s effectiveness is considerably hampered by the 

duration it takes to obtain the proper security clearances required before they can enter a 

LANL secure area, or handle nuclear material. As an organization LANL does not 

manage or issue security clearances.  All security clearances necessary for national 

security positions at LANL are issued by the Department of Energy, and investigated by 

either the Office of Personnel Management or the Federal Bureau of Investigation.  Being 

capable of obtaining a clearance is a condition of employment for workers at TA-55.  

However, the investigation process is considered a confidential matter between 

individuals and the DOE - officials at LANL are not involved and cannot exert any 

influence over the clearance process.  To be able to obtain a clearance from the DOE, 

workers must not have any felony convictions and they must report the following: 

residence information, education information, previous employment activities, federal or 

military service, selective service compliance, marital or cohabitant status, a list of direct 

relatives, any foreign contacts or activities, a history of mental health treatment, all police 

records, financial records including credit history, non-criminal court actions levied 

against them, and a record of their finger prints.37 There is no set length of time it takes to 

issue a clearance, but in extreme cases the process has shown to take years.  In general, 

individuals with more life experiences to report often take longer to be issued a clearance.  

                                                 
37 "Electronic Forms: Standard Forms." US Office of Personnel Management. Web. 24 June 2010. 

<http://www.opm.gov/Forms/html/sf.asp>. SF-86. 
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 Once a worker has been issued a clearance, if their job function requires them to 

enter nuclear material access areas, such as PF-4, they are required to be enrolled in the 

DOE Human Reliability Program (HRP). The HRP was established to further control 

access to areas that manage attractive quantities of nuclear material or high explosives, 

and to verify the individuals that have access to such areas meet the highest standards of 

reliability and physical and mental suitability.38  Entrance into the HRP requires: a 

supervisory review, a yearly medical assessment, a yearly psychological evaluation, 

management evaluation, DOE personnel security review, and a counter-intelligence 

polygraph evaluation.39  Once enrolled in the program workers must consent to an initial 

drug and alcohol test, then to a random drug and alcohol test at least once in every twelve 

month period.  Workers must also report all prescription drug use, and aberrant or 

unusual behavior.  In addition to reporting requirements, workers must receive a medical 

evaluation when returning to work after prolonged sick leave.  From a procedural 

standpoint workers cannot enter the HRP until they have been issued a clearance.  The 

administrative process for acceptance into the program is typically on the order of six to 

twelve months.  Albeit necessary for safety and security reasons, the combination of 

clearance and enrollment in the HRP greatly extends the time interval between when a 

new worker is hired for a TA-55 position and when they can begin direct training for that 

position, thus lengthening the process for matriculating new employees. 

                                                 
38 "HRP Handbook." DOE | Office of Health, Safety and Security. Web. 24 June 2010. 

<http://www.hss.energy.gov/DepPersonnelSec/hrp/flash/handbook/handbook.html>. 
39 "HRP Handbook." DOE | Office of Health, Safety and Security. Web. 24 June 2010. 

<http://www.hss.energy.gov/DepPersonnelSec/hrp/flash/handbook/handbook3.html>. 
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Training for Safety, Security and Compliance 

 Central to LANL’s ability to operate unique national security missions is the 

institutional focus on safety, security and compliance to federal, state, and local 

regulations.  A major component of LANL’s safety, security and compliance approach is 

the institutional and site-specific training programs.  As a condition of employment all 

LANL workers are required to take institutional level training courses to familiarize 

workers with policy specifics in the areas of: integrated work management, charging 

practices, ethics, substance abuse, export control requirements, sexual harassment 

prevention, computer security, and classified matter protection. These courses are offered 

as a self study reading or video tutorial available over the internet.  Once workers have 

obtained their clearance and have been enrolled in the HRP they can begin the site 

specific training required for access to TA-55.  Workers at TA-55 are required to take a 

plethora of site-specific training including the following courses: nuclear facility Conduct 

of Operations, authorization basis, technical safety requirements, electrical safety, 

chemical hazard communication, hazardous waste generation, vault usage, air purifying 

respirators usage, radiological worker safety, glovebox configurations and auxiliary 

systems, glovebox worker, performing glovebox glove inspections, fissile material 

handler, contamination monitoring, radiation control and protection, fire fighting 

procedures (including pyrophoric metals), criticality safety, emergency evacuation 

procedures, and a auditable alarm cognition test.  Site-specific training is offered as a 

self-study reading with a multiple choice assessment.   

The intent of the TA-55 site-specific training is to prepare workers for the 

operating conditions and hazards that they might possibly encounter in performance of 
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their job duties. While the site specific training effort is unprecedented in its 

identification of safety, security and compliance regulations, the sheer volume of 

procedures and related training required is immense.      

Job Specific Training 

Once a worker has been issued a clearance, been enrolled in the HRP, taken all of 

the necessary institutional level training and site specific training they can begin on their 

job specific training.  Job specific training at TA-55 might include the following: 

manufacturing procedures outlining requirements for products produced, work 

instructions for various production processes, integrated work documents for specific 

tasks, standard procedures for day to day activities, and administrative procedures for 

specific tasks involving business operations that support nuclear material or classified 

information processing. Job specific training is typically a written procedure that requires 

a signature for verification that the document has been read and is understood.  Job 

specific training is administered at the working group level and is specific to the 

equipment, gloveboxes or other operating spaces of the group. Once the worker has 

completed their job specific training they are finally qualified to begin work. 

Clearance processing, enrollment in the HRP, institutional required training, site 

specific training and job specific training create a significant barrier between hiring new 

employees and filling a resource gap needed for meeting the demands of national security 

programs.  While individually justifiable, the combination of these requirements acts as a 

massive constraint for the revitalization of the intellectual infrastructure at TA-55. 
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Human Capital Assessment and Development 

Fundamentally the value of any organization lies in its ability to use resources to 

execute strategic goals.  Therefore the value of resources to any organization exists in 

their ability to enable the core competencies of the organization.  Accordingly the value 

of Human Capital is dependent upon its potential to contribute to the core competence of 

the organization.40  Human Capital being a fundamental resource to any organization 

must be managed effectively if the organization is to succeed. To aid in the management 

of Human Capital organizations must first understand the current state of their Human 

Capital. This is done to better understand the skills that workers possess and the value 

that those skills bring. Once this assessment is understood, managers can then determine 

where the needs of the organization lie. Only after first understanding the state and needs 

of the organization can alignments be made to capabilities and strategic goals.    

UV Matrix 

In an attempt to analyze the roles and relationships that different types of Human 

Capital have within an organization the dimensions of Strategic Value and Skill 

Uniqueness are used to form a matrix of Human Resources Architecture (Figure 3).   

The UV Matrix is created for managers to evaluate the strategic benefit of 

individuals to the organization as a function of skill.  This analysis is made to establish 

the value of the individual to the organization, which in turn should determine the proper 

employment relationship, compensation plan, and investment back from the organization. 

                                                 
40 Lepak, David P., and Scott A. Snell. "The Human Resource Architecture: Toward a Theory or Human Capital Allocation and 

Development." The Academy of Management Review 24.1 (1999): 35. Print. 
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Figure 3: Human Resources Architecture – Uniqueness Value Matrix41 

In the top right hand corner of the matrix (Quadrant 1 – Figure 3) individuals here 

have a high strategic value and high degree of unique skill.  These workers are defined as 

Core Knowledge Workers.  Workers within this quadrant are characterized by their job 

specific knowledge.  They are compensated typically through an equity stake, and the 

organization is happy to invest in training and development to help increase their 

strategic value and skill uniqueness.  What makes the core knowledge workers different 

is their firm specific skills are not available in the labor market;42 their skills can only be 

developed internally. Their strategic benefit to the organization exceeds the managerial 

and bureaucratic cost associated with their development and deployment.  The 

                                                 
41 Lepak, David P., and Scott A. Snell. "The Human Resource Architecture: Toward a Theory or Human Capital Allocation and 

Development." The Academy of Management Review 24.1 (1999): 37. Print. 
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relationship that these employees have with the organization is by nature one of long term 

duration and mutual benefit.   

In the bottom right hand corner of the matrix (Quadrant 2 – Figure 3) individuals 

here have a high strategic value but with more generic skill. These workers are Job Based 

Employees.  Workers within this quadrant might still be valued contributors but their 

skills are less unique. They are compensated typically through short term performance 

achievements, and the company is less inclined to invest in training and development 

unless it definitively increases their skill uniqueness and value creating potential. The 

mode of employment for these individuals is acquisition, as there are most likely other 

workers with the same skills and abilities available on the job market. In many 

organizations these employees possess skills that are not unique enough to prevent the 

employee or employer from terminating the relationship when the cost of maintaining the 

relationship exceeds its benefits.   

In the bottom left hand corner of the matrix (Quadrant 3 – Figure 3) individuals 

here have low strategic value and generic skills. These workers are Contract Labor.  

Workers within this quadrant have skills that can be purchased easily on the open labor 

market and therefore can be treated essentially as a commodity.43  They are compensated 

based on explicit performance requirements.  In many organizations these employees 

increasingly are outsourced.  The mode of employment for these individuals is 

contractual; job duties typically only include discrete tasks.  These jobs are typified by 

lower level positions such as administrative, clerical, and janitorial work. 

                                                                                                                                                 
42 Lepak, David P., and Scott A. Snell. "The Human Resource Architecture: Toward a Theory or Human Capital Allocation and 

Development." The Academy of Management Review 24.1 (1999): 36. Print. 
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The last quadrant, in the top left hand corner of the matrix (Quadrant 4 – Figure 

3) individuals here have low strategic value but high unique skill. These workers are 

Partners. Workers within this quadrant have skills that may require years to develop but 

are not within the core competency of the organization. These jobs are typified by upper 

level positions such as consultants, architects, and attorneys. The mode of employment 

for these individuals is an alliance; both parties can capitalize on the others specialized 

knowledge, gaining value from the Human Capital as well as transferring knowledge.44 

To understand an organization’s needs, employees should be evaluated in 

accordance with the Human Resources Architecture UV Matrix and their skills and value 

to the organization should be tracked over time. Employee development, promotion and 

compensation should then be managed in accordance with the individual’s ability to add 

value to the organization.  Understanding employee roles and relationships as a function 

of skills and strategic value, should also dictate procedures for training and development 

as well as hiring and recruitment. 

TA-55’s Workforce on the UV Matrix 

When applying the UV Matrix to a traditional corporate structure one will most 

likely find that the distribution of employees varies between the four quadrants.  A 

typical corporate structure has a balanced approach to Human Capital management.  

Workers are distributed associated with their job function; services that can be performed 

by Contract Labor such as janitorial work or payroll typically are filled as such, and 

                                                                                                                                                 
43 Lepak, David P., and Scott A. Snell. "The Human Resource Architecture: Toward a Theory or Human Capital Allocation and 

Development." The Academy of Management Review 24.1 (1999): 39. Print. 
44 Lepak, David P., and Scott A. Snell. "The Human Resource Architecture: Toward a Theory or Human Capital Allocation and 

Development." The Academy of Management Review 24.1 (1999): 41. Print. 
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alliance Partners such as attorneys provide services only when needed, often times under 

the auspices of a retaining agreement.  Combinations of Core Knowledge Workers and 

Job Based Employees operate primarily in the revenue generating divisions and anchor 

the strategic position of the company.  While some companies and industries might differ 

slightly in application of the Human Resources Architecture the basic approach is one of 

matching Human Capital needs with resources that have the proper strategic value and 

skills.    

 Analyzing the existing position for Human Capital at TA-55 there is a different 

structure in the Human Resources Architecture.  Workers at TA-55 who would normally 

be Contract Labor such as janitorial services are required to have the same security 

clearance, institutional training and site specific training as Job Based Employees and 

Core Knowledge Workers.  These unique requirements force a massive investment in an 

employee group that would not normally occur in a traditional structure.  As a result the 

strategic value of these employees is artificially inflated, shifting that group along the 

axis of strategic value out of Quadrant 3 into Quadrant 2.  Because of the specialized job 

knowledge and the lack of an available training program for specialized national security 

topics, workers at TA-55 who would normally be Job Based Employees have a higher 

value along the axis of unique skills making them more similar to Core Knowledge 

Workers.  The unique nature of skills required at TA-55 shift some of those workers out 

of Quadrant 2 into Quadrant 1.  The net effect of security clearance requirements, 

training requirements, and the unique nature of the work, TA-55’s Human Capital sits 

shifted to the positive on both the strategic value axis and on the unique skills axis when 

compared to a traditional corporate structure (Figure 4).  
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This nonstandard location of TA-55’s Human Capital on the Human Resources 

Architecture alters the proper employment relationships between the employee and the 

organization. 

 

Figure 4: UV Matrix Comparison between Traditional Companies and LANL TA-55 

Controlling the Shift of Workers Strategic Value 

Managers at TA-55 need to be aware of how their employees’ skills and values 

shift over time.  Failure to understand the changing positions of employees within the 

Human Capital Architecture will allow holes to develop in capabilities and misfit workers 

to step into positions they do not have the skills to perform.    

Evaluating this phenomenon, there is the case of a worker who would normally be 

Contract Labor such as a janitor (Point “A” Figure 5) who receives much more 

investment from the organization than normal, and as a result has a tremendous increase 

in their strategic value without a corresponding increase in skill level.  Because of this 

workers’ strategic value, often times programmatic groups who are short on employees 
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are tempted to hire this individual to fill a position which they are not reasonably 

qualified to perform.  The programmatic organization has deliverables and deadlines to 

meet, and cannot wait the time that it takes to fill a needed position with a new hire who 

possesses the proper skills for the position.  As a result the organization compromises on 

the position’s required KSTBs in favor of the convenience of immediate strategic value, 

the justification being that the organization will be able to provide the worker with the 

necessary job-based training to fulfill the requirements of the position.  For the worker 

this will mean moving from their existing position, which might mean transitioning from 

hourly pay to salary or perhaps off-shift work to day shift, or maybe just an increase in 

wage or wage potential by entering a new employment class.  Without the corresponding 

increase in the workers skill level to accompany the added strategic value, this situation 

disproportionally brings benefit to the worker.  

In the short term this situation might benefit the organization, but in the long term 

it hinders the organization’s capabilities and ability to meet strategic goals.  To prevent 

this situation from occurring there are only two possible fixes. Either the organization can 

be much more selective, requiring a greater level of skills for any position, or the 

organization can become much more proficient at training and internal development. 

While increasing the required skills for every job might sound appealing, it will have the 

counter effect of making lower end jobs impossible to fill or compensate correctly and 

will impact the ability to produce deliverables.  The only option for controlling the shift 

of workers is to be cognizant of its occurrence and attempt to counteract its effects with 

training and internal development.  
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The phenomenon of TA-55 workers shifting across the UV Matrix is not confined 

to employees with low unique skills.  Also is the case of Core Knowledge Workers with 

advanced degrees that are high on both the axes of skill uniqueness and strategic value, 

which lose their strategic value over time (Point “B” Figure 5). 

 

 

 

 

 

Figure 5: TA-55 Workers Shift across the UV Matrix 

These workers might be hired to fill a position that is of critical importance to a 

specific program.  They excel in their position for many years, gaining more specialized 

skills over the course of time.  However if their program ends due to political, budgetary 

or life cycle reasons their strategic value to the organization may drop significantly.  As a 

result of the individual’s overly unique skills, it becomes difficult to move this employee 

to another program or group the net effect being a leveling of the employee’s strategic 

value until it is essentially equivalent to that of workers with significantly less skill. This 
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is a difficult problem for the organization; this individual has advanced education and 

unique skills yet now their strategic value is in question.  To prevent this situation from 

occurring, the organization can either try to prevent overspecialization in job positions, or 

the organization can become more proficient at training and internal development to re-

equip this worker for future job duties. 

The notion of preventing overspecialization is all but impossible because of the 

nature of the work, so again the only option for controlling a worker’s shift is to provide 

them with training and internal development for new job duties. Also, at this point their 

unique skills are too high to simply end the employment relationship.  

Enable Organization Strategic Goals 

To understand the state of the intellectual infrastructure at TA-55, analysis is 

needed to evaluate the alignment between Human Capital, organizational capabilities and 

the organizations strategic goals.  To perform this analysis the Human Capital 

Framework is used.    

Human Capital Framework  

The Human Capital Framework45 is a tool to help managers establish the 

necessary organizational capabilities, and subsequent Human Capital levers to enable 

strategic goals. The Human Capital Framework can also be used to cross check the 

performance and applicability of existing Human Capital levers toward strategic goals.  

                                                 
45 Lewis, Kyle. "Introduction to Managing People." Managing People & Organizations. The University of Texas, Austin. 15 Jan. 

2010. Lecture. 
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The Human Capital Framework establishes Organization Strategic Goals as the needed 

efforts for organizational success. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: Human Capital Framework46 

These goals can only be accomplished if the organization has aligned capabilities 

that directly enable the goals. Organizational Capabilities are the collective 

organizational level abilities, critical for strategy implementation, built and enhanced 

through levers. The Implementation Levers which enable capabilities can be human 

capital, organization structure, work processes, programs, and technology47 (Figure 6). 

                                                 
46 Davenport, Thomas O. Human Capital What It Is and Why People Invest It. San Francisco: Jossey-Bass Inc Pub, 2008. 50. Print. 
47 Davenport, Thomas O. Human Capital What It Is and Why People Invest It. San Francisco: Jossey-Bass Inc Pub, 2008. 47. Print. 

 



 42

Analyzing Existing Levers 

New capabilities and levers are required within the Human Capital Framework to 

perform an analysis of organizational capabilities and human capital levers around the 

strategic goal of intellectual infrastructure revitalization.  To enable this goal operating 

groups at TA-55 need the organizational capability to recruit and retain new staff.  With 

new staff comes the additional needed organizational capability to provide efficient and 

effective internal training and development. To create these capabilities within the 

organization the needed implementation levers are: 1) a training program that transfers 

explicit and tacit knowledge as well as best practice techniques, and 2) a student program 

focused on capability gaps (Figure 7).   

 

 
 
 
 
 
 
 
 
 
 
 

Figure 7: Human Capital Frame Work for Intellectual Infrastructure Revitalization 

The levers created in this framework have good alignment to organizational 

capability; fundamentally they enable the organizational strategic goal of intellectual 

infrastructure revitalization.  However when this alignment is analyzed against existing 

TA-55 implementation levers there is a lack of congruency.  The existing training 
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program at TA-55 has significant room for improvement with regard to the transfer of 

explicit knowledge and fundamentally tacit knowledge transfer is not formally addressed.  

In regard to the existing student program at TA-55, there is no formal alignment to the 

gaps that exist in operating group’s strategic staffing plans. 

Boot Camp – The Trilogy Approach  

The training and internal development of employees is not a problem unique to 

nuclear operations at TA-55.   Many corporations need to keep their competitive edge, 

while rapidly bringing new hires into the work place.  To do so, these companies have 

resorted to establishing a corporate “boot camp.”  As implied, corporate boot camp is 

modeled after the approach used by the armed forces to educate new recruits, and prepare 

them for military life.  The military uses boot camp to train new solders on policy and 

procedures.  Recruits are then placed in realistic combat situations to learn how to react 

under pressure.  Boot camp gets new solders into fighting shape and gives them the 

training to perform once deployed.  The goals of corporate boot camp are the same.  

Corporations want to inform employees about company policies and procedures, or how 

to access key resources within the organization.  They want to quickly get new 

employees up to speed about their product lines, markets, and customer base.  Companies 

want their employees to quickly get into fighting shape for the competitive market place.   

One notable example of corporate boot camp is Trilogy University.  Trilogy 

University is the boot camp for Trilogy Enterprises of Austin, Texas. Trilogy is a 

software company founded in 1989 serving primarily automotive and communication 
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industry clients.48  In 1995 Trilogy’s President/CEO and Vice-President for marketing 

saw the need for a new employee orientation program because of extremely rapid 

corporate growth, and as a result Trilogy University was created.49  Trilogy University is 

run twice a year for typically between 60 and 200 new hires.  The program lasts twelve 

weeks, and is structured to take students through a process to develop skills, 

relationships, and values, which they then apply in intense research and development 

projects before joining the rest of the organization.50 This approach for growing 

employees in-house gives Trilogy the control to provide new workers not only the skills 

that will be needed in their jobs but also the vision and values that should guide their 

work.51 This approach has the added benefit of creating a high level of investment 

between the recruits and the company.  Once joining Trilogy recruits dedicate 100% of 

their time to the university where they are constantly measured and evaluated. 

Assignment grades and instructor comments are tracked in an online data base.  At the 

end of the third month program graduates who don’t meet performance expectations or 

who are not able find a position from a sponsoring manager are let go from the 

company.52  

The first month of Trilogy University is devoted to developing skills and 

relationships.  Employees are divided into sections of twenty, and assigned a section 

leader who is an experienced Trilogy employee that serves as their mentor for the 

duration of the program.  Sections are then assigned challenges that closely mimic real 

                                                 
48 "About Us." Trilogy. Web. 01 July 2010. <http://www.trilogy.com/about.php>. 
49 Tichy, Noel M. "No Ordinary Boot Camp." Harvard Business Review At Large 70.4 (2001): 6. Print. 
50 Tichy, Noel M. "No Ordinary Boot Camp." Harvard Business Review At Large 70.4 (2001): 7. Print. 
51 Tichy, Noel M. "No Ordinary Boot Camp." Harvard Business Review At Large 70.4 (2001): 6. Print. 
52 Tichy, Noel M. "No Ordinary Boot Camp." Harvard Business Review At Large 70.4 (2001): 9. Print. 
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business problems, but with dramatically compressed time frames.  The intent is to foster 

creativity and innovation, encouraging recruits to become a force for creating positive 

change.53  Through this process recruits learn that Trilogy values creativity, team work, 

and risk taking.   

In the second month of Trilogy University recruits are divided into teams of three 

to five people and challenged to develop a new product idea and a business model to 

support it. Implementation of their idea is required on an accelerated time frame; however 

these new product ideas are not hypothetical - they are real and teams are required to 

propose their idea to the president/CEO for funding approval.  While this seems like a 

risky approach to research and development, between 1995 and 2001 Trilogy claims that 

Trilogy University projects have produced revenues of $25 million for the company and 

$100 million in new business.54   

In the third month recruits are focused on finishing projects and finding their 

place within the Trilogy organization.  Recruits leave the university on a rolling basis 

once they are picked up by sponsoring managers willing to hire them permanently.  Key 

to this transition process is a meeting between the recruit, the section leader, and the new 

manager where a final evaluation is performed, and a list of career objectives is 

generated.  From these career objectives the new manager will develop goals.  These 

goals include a skill development goal, a mainline execution goal, and an organizational 

goal.55 The development of a recruit’s career objectives and the manager’s goals helps 

assure a smooth transition from the university into the organization.   

                                                 
53 Tichy, Noel M. "No Ordinary Boot Camp." Harvard Business Review At Large 70.4 (2001): 8. Print. 
54 Tichy, Noel M. "No Ordinary Boot Camp." Harvard Business Review At Large 70.4 (2001): 9. Print. 
55 Tichy, Noel M. "No Ordinary Boot Camp." Harvard Business Review At Large 70.4 (2001): 9. Print. 
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Running such an intensive boot camp is a tremendous financial expense to 

Trilogy.  Many companies would find it prohibitively expensive to hire 200 new 

employees twice a year and having them dedicated to training for twelve weeks.  

Additionally, many companies would also not be able to bear the cost of pulling 

experienced employees from their regular jobs for twelve weeks twice a year to become 

section leaders to mentor recruits. Yet Trilogy continually invests in their boot camp 

using it as a recruiting tool to attract top graduates.  Trilogy University graduates become 

the next generation of leaders for the company by learning how to inspire others, mentor 

talent, evaluate performance, and communicate vision and strategy.56 In addition to 

providing leaders Trilogy University now serves as the company’s primary research and 

development engine and is a force for organizational renewal and transformation.57        

Refocused Approach to Human Capital Management  

To embark on a campaign of intellectual infrastructure revitalization for TA-55’s 

nuclear operations, an active program of Human Capital management is needed.  The 

fundamentals of such a program would empower organizations to evaluate their 

employee’s skill uniqueness in relation to the strategic value it provides.  Such an 

understanding would allow organizations to better align the KSTBs of individuals with 

the needs of the organization.  After taking this first critical step the emphasis would then 

be on finding and filling the needed capabilities around existing workers.  Filling these 

positions could perhaps be from other (non-nuclear) LANL organizations or more likely 

from new hires.  To efficiently bring new workers into the nuclear operations at TA-55 

                                                 
56 Tichy, Noel M. "No Ordinary Boot Camp." Harvard Business Review At Large 70.4 (2001): 10. Print. 



 47

requires LANL’s infrastructure to provide the Human Capital necessary for plutonium 

operations, and better management of the constraints that prohibit its growth.  To 

accomplish this strategic goal, the campaign of intellectual infrastructure revitalization 

needs to have implementation levers that create the organizational capabilities of hiring 

and recruiting, and training and development.   

Hiring and Recruiting 

To begin addressing the need for intellectual infrastructure revitalization, efforts 

need to be focused on the hiring and recruiting new employees.  Part of the revitalization 

effort should be aimed at transitioning the TA-55 work force from one that is ready for 

retirement to a workforce that is well balanced in early stages of career growth and 

experience.  One of the primary ways that this can be accomplished is by redesigning the 

TA-55 student program.  A modified TA-55 student program would endeavor to build 

relationships with colleges and universities that have departments that are nationally 

recognized experts in areas that align with core competences needed.  These relationships 

should begin with the student chapters of professional societies or other student 

organizations within those departments. The purpose of establishing such connections 

would be to conduct face-to-face recruiting with students in their sophomore year of a 

bachelor’s degree program, or in the first year of master’s or PhD curriculum.  This early 

connection to students would give TA-55 operating groups at a minimum one full year to 

evaluate the performance and potential for future hiring, and if enough potential exists 

there would be at least an additional year available to begin the clearance investigation 

                                                                                                                                                 
57 Tichy, Noel M. "No Ordinary Boot Camp." Harvard Business Review At Large 70.4 (2001): 10. Print. 
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process before hiring occurs.  Starting the process two years before the intended hiring 

date would help mitigate the impact that clearance processing has on the attrition of new 

employees.  Such an approach would have the additional benefit of establishing a joint 

feeling of mutual investment between the recruit and the Laboratory. The risks to this 

approach would be ensuring a commitment from recruits that would be honored upon 

their graduation. However this could be easily overcome by assisting recruits with tuition, 

and sponsoring research or project work required for degree completion.  Along with 

financial and technical assistance would be contractual obligations for time commitments 

or subsequent restitution.  When managed properly, this approach would strengthen the 

investment between the recruit and the Laboratory. 

This approach for early identification of potential workers, and mitigation of the 

impacts associated with clearance processing can be applied to technical/vocational 

training centers and major universities alike.  In either case the key is establishment of 

pipeline programs that align with core competences needed for TA-55 operations.  Once 

recruits are identified, cleared and at LANL, the process of knowledge transfer and 

creating organizational specific Human Capital through training and development begins.  

Plutonium Boot Camp 

 Once recruits are identified by operating groups at TA-55 and their clearance is 

approved, they need an accelerated program for training and development.  Often times at 

TA-55 institutional and job specific requirements overwhelm new employees.  While 

many of these requirements are explicitly identified in training courses and procedures, 

the intuition, the know-how, the common sense and judgment needed in high hazard 
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operations also needs to be communicated.  It is widely recognized that organizations 

succeed not only from their stores of knowledge but also from the efficiency with which 

they produce and distribute it.58 This need requires a program structured around the 

transfer of explicit and tacit forms of knowledge.  To provide the internal training and 

development of new employees in a manner which satisfies all requirements, new 

workers at TA-55 need Plutonium Boot Camp (PuBC). 

 Looking to Trilogy University as a model, PuBC would be structured to take 

recruits through a process to develop skills, behaviors, relationships, and values. The 

program would then help recruits acquire explicit and tacit knowledge that can be applied 

to research and development projects, which will help in the transition to their sponsoring 

operating group.  PuBC recruits would be fully dedicated to the program until they 

complete all requirements.  Their performance on assignments and projects would be 

constantly measured and evaluated, and if recruits failed to meet outlined expectations 

their relationship with the Laboratory would be ended.   

The modules of PuBC would be created to educate recruits on LANL history, core 

Laboratory missions including the basics of nuclear weapons operations and 

manufacturing, it would inform them about the places to access key resources within the 

organization/institution, it would provide them instruction on safety, security and 

compliance of institutional and job specific policies and procedures, and Systems 

Engineering fundamentals. A system of rotations between processes and programs would 

be conducted to provide recruits with firsthand knowledge of working conditions and in-

depth experience of capabilities, designs, and processes needed to support all TA-55 

                                                 
58 Davenport, Thomas O. Human Capital What It Is and Why People Invest It. San Francisco: Jossey-Bass Inc Pub, 2008. 166. Print. 
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operations.   This rotation would bring diversity in problem solving by simply providing 

a fresh set of eyes to look at old problems.  During rotations operating groups would 

provide recruits with real technical challenges that need solutions so that PuBC projects 

would have direct applicability toward national security missions.  In short Plutonium 

Boot Camp would be an engine for growing the KSTB’s needed for organizational 

specific Human Capital. 

To achieve this lofty goal the program would need to formalize the transfer of 

explicit knowledge.  Instead of reading a myriad of procedures or watching web-based 

videos, training would be conducted by an instructor who has context and experience as 

in a university classroom setting.  By formalizing the transfer of explicit knowledge, 

PuBC would facilitate the transfer of tacit knowledge.   

Such an intensive training program would become a center for “communities of 

practice” at LANL, a facilitator for knowledge sharing, and a clearing house for best 

practices.  PuBC would serve as a model for LANL training and development.  

MACHINES – CAPITAL EQUIPMENT SYSTEMS FOR PROCESSING CAPABILITY  

Part of TA-55’s backbone for supporting national security and programmatic 

work is the unique capital equipment capabilities that have been established over the 

years of changing missions. These systems can range from lathes, milling machines, 

welders, furnaces, aqueous processing lines, and materials characterization equipment.  

What makes these systems unique is that they all function in a controlled atmosphere 

environment contained within stainless-steel gloveboxes; the gloveboxes at TA-55 are 

intended to provide a confinement boundary between the worker and nuclear material.  
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The glovebox system has three primary functions: 1) to provide an engineered barrier to 

protect the worker and environment; 2) to provide a controlled environment so as to 

maintain quality and purity standards in the material; and 3) to provide positive control, 

making the material easy to inventory but difficult to lose or steal.  Plutonium is naturally 

toxic to humans if ingested or inhaled, but it is also pyrophoric, capable of reacting with 

the oxygen in the atmosphere and igniting. These factors make glovebox processing of 

plutonium a necessity; it therefore also becomes a necessity that most capital equipment 

systems intended for use in plutonium processing must also be contained within 

gloveboxes. This makes for an extensive engineering challenge to encapsulate lathes, 

furnaces, or aqueous chemistry tanks entirely within a system of interconnected stainless-

steel gloveboxes.  While there are engineering difficulties associated in confining 

advanced material processing equipment into gloveboxes, the task of doing so is very 

time intensive and extremely expensive.  The cost of installing a new glovebox 

containing a piece of programmatic equipment under the existing Systems Engineering 

approach can be on the order of millions of dollars and take several years to complete.   

Once a glovebox is introduced into the radiological controlled area at TA-55, by 

law it is never released - it can only be disposed of as nuclear waste.  Workers must wear 

special gloves and anti-contamination clothing to handle and work with equipment in 

gloveboxes.  Once a piece of equipment is introduced to a contamination area such as the 

inside of a glovebox or when a new glovebox is connected to the existing processing line, 

activities can only be conducted through the gloveboxes gloves, or through access panels 

or windows with workers in protective suits wearing respirators or supplied air masks.  

Working with such controls is a necessity for safety reasons; however it is time 
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consuming, expensive, and generates significant quantities of waste.  These regulatory 

controls make glovebox systems and the equipment they contain extremely difficult to 

maintain or modify.  Capital equipment systems chosen for installation at TA-55 need to 

have a design life of several decades and be capable of meeting not only today’s mission 

requirements but also anticipated future missions.  

These factors make the capital equipment systems at TA-55 indispensable 

national security resources.  The various programs that TA-55 has been asked to support 

have in many cases required one-of-a-kind systems.  The legacy of past missions is one 

of equipment that might no longer be needed or existing systems that are extremely 

outdated and in some cases unserviceable. With floor space at a premium, the machines 

at TA-55 need management with a new approach to Systems Engineering.  

Systems Engineering Life Cycle Management  

Systems Engineering is an interdisciplinary engineering management process that 

evolves and verifies an integrated life-cycle balanced set of system solutions that satisfies 

customer needs.59  In short, Systems Engineering is a structured process for managing 

engineering efforts typically associated with capital equipment systems. Many companies 

and corporations might view such a process as an unnecessary expense when evaluating 

benefits based only on expected implementation costs versus returned value; however the 

costs and durations for equipment installation and management at TA-55 are so pervasive 

that without a newly structured approach for installing new systems or performing 

upgrades, TA-55’s equipment infrastructure might be pushed to a breaking point because 

                                                 
59 Defense Dept., Defense Acquisition University. Systems Engineering Fundamentals: January 2001. Fort Belvoir: Defense 

Acquisition UP, 2001. 3. Print. 
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of critical equipment failing.  This process will be accelerated without active lifecycle 

management plans or redundant systems for single point failures.   

Because of the scale and cost associated with failures, Systems Engineering 

Management has been identified by the United States Department of Defense (DoD) 

Systems Management College as a requirement in the development and acquisition 

processes of military systems.60  While the consequences for failures in a military context 

can truly be life and death, the approach for civilian national security infrastructure 

management is no less critical.  National security systems that support troops in the field 

or the development and maintenance of strategic capabilities at national laboratories 

cannot afford failures due to insufficient planning or poor management.  

The Systems Engineering Process 

The Systems Engineering process used by DoD structures development through 

distinct phases.  Phases are defined starting with Concept Studies progressing into System 

Definition, then Preliminary Design, and Detail Design61 (Figure 8). 

 

                                                 
60 Defense Dept., Defense Acquisition University. Systems Engineering Fundamentals: January 2001. Fort Belvoir: Defense 

Acquisition UP, 2001. 9. Print. 
61 Defense Dept., Defense Acquisition University. Systems Engineering Fundamentals: January 2001. Fort Belvoir: Defense 

Acquisition UP, 2001. 5. Print. 
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Figure 8:  Development Phasing62 

 In the DoD model the Systems Engineering Process is applied to each phase of 

development in an attempt to establish baselines.  As the design progresses, baselines at 

each level are then expanded upon by modifying and re-establishing their design 

definition.  The revised design definition is then implemented at the start of each new 

phase.  Within each phase activities occur in a structured manner for Requirements 

Analysis, Functional Analysis, and Design Synthesis. All of which are balanced by 

techniques and tools collectively called System Analysis and Control63 (Figure 9).   

This structure is intended to take process inputs such as customer needs and 

overall project constraints and transform them into a usable customer product.  Designing 

the system should be viewed as an iterative loop.  Process Inputs are gradually converted 

to Process Outputs passing through the Systems Engineering Process.  Establishing 

                                                 
62 Defense Dept., Defense Acquisition University. Systems Engineering Fundamentals: January 2001. Fort Belvoir: Defense 

Acquisition UP, 2001. 5. Print. 
63 Defense Dept., Defense Acquisition University. Systems Engineering Fundamentals: January 2001. Fort Belvoir: Defense 

Acquisition UP, 2001. 6. Print. 
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design requirements during the Requirements Analysis stage and then evaluating those 

requirements in a Functional Analysis should occur several times.   

 

 

 

 

Figure 9:  The Systems Engineering Process64 

Once a Functional Analysis of the design requirements is complete, the process 

enters the Design Synthesis stage. The Design Synthesis stage is an iterative process with 

the Functional Analysis.  Important to the Systems Engineering Process is the constant 

presence of System Analysis and Control, occurring at every stage.  System Analysis and 

Control is used to track decisions and requirements, maintain technical baselines, manage 

interfaces, manages risks, track cost and schedule, track technical performance, verify 

requirements are met, and review/audit the process.65 

                                                 
64 Defense Dept., Defense Acquisition University. Systems Engineering Fundamentals: January 2001. Fort Belvoir: Defense 
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Acquisition UP, 2001. 6. Print. 



 56

Fundamental to the Systems Engineering process is Requirements Analysis and its 

iterative loop.  Each phase of the design process is dependent on the systems engineer’s 

ability to transform customer needs, organizational objectives, environmental conditions, 

and regulatory standards into a requirements document that is understandable, 

unambiguous, comprehensive, complete, and concise.66  Without good requirements 

accompanying every phase of the development process, it is unlikely that the final 

process output will be able to fully meet its intended purpose.  To mitigate this risk, the 

product of the Design Synthesis stage needs to be constantly verified against 

requirements. Each requirement at each level must be verifiable.67  Systems Engineers 

then use examination, demonstration, and testing to verify that the product of the Design 

Synthesis meets requirements.68  

Life Cycle Integration in Systems Engineering 

While the system engineering process is primarily focused on development and 

deployment concurrent consideration needs to be given to the system life cycle.  Life 

cycle can be defined as all activities the system will encounter from conception to 

dismantlement and decommissioning.  These activities cover the “cradle to grave” use of 

the system and are associated with major functional groups that provide essential support 

to the life cycle process.69  The primary functions in the life cycle management process 

are the following: development, manufacturing/production, deployment, operation, 
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support, disposal, training, and verification.70  It is these life cycle functions which 

become the basis for requirements in the Systems Engineering process. Careful 

consideration must be given to each life cycle function so that necessary requirements 

might be planned and incorporated into the Design Synthesis and then verified through 

testing. Only with incorporation of life cycle functions into requirements will the 

designed product be manageable and meet customer expectations.  

LANL Approach to Systems Engineering Life Cycle Management  

Engineering procedures at LANL have in recent years been revised to resemble a 

process similar to the DoD Systems Engineering process.  Implementation of this 

program at the Laboratory falls to the Associate Director for Engineering and 

Engineering Sciences (ADE) the LANL Site Chief Engineer, and the LANL Design 

Authority.71   

Institutional Conduct of Engineering 

The Systems Engineering process at LANL is one component of an overall 

Conduct of Engineering (CoE) program. The primary components of the CoE program 

are Engineering Processes (including Systems Engineering), Engineering Standards, and 

Engineering Training and Qualification (Figure 10).  

The combination of these Program Description (PD) documents with their 

supporting functional series of documents is on the order of hundreds if not thousands of 
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pages of printed text. The CoE program at LANL calls forth the requirements that the 

Systems Engineering process must include (PD341 5.4 Systems Engineering).    

 
 
 
 
 
 
 
 
 

Figure 10:  LANL Conduct of Engineering Hierarchy72 

Most major steps from the DoD Systems Engineering process have an equivalent 

in the LANL Engineering Processes Manual.  Furthermore, the engineering processes 

manual describes at length the metrics for evaluating risk associated with engineering 

activities. 

These documents outline a risk-based graded approach taking into consideration 

such factors as worker safety, environmental safety, impacts to national security or 

classified information, and consequences to programmatic missions.73 Structures, 

Systems or Components (SSCs) whose risk has been evaluated are assigned a 

Management Level (ML) determination number. The numbering system ranges from one 

to four, with one designated as the highest level.  ML’s are intended to help process 
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engineers understand if SSCs are safety-class, safety-significant, important for defense in 

depth, or whose failure has no significant impact.74  

 Implementation of requirements set forth in the LANL CoE program is outlined 

by various applicable administrative procedures detailing every step of the process. These 

procedures are intended to assure program customers, Congress and the public that 

LANL’s institutional engineering standards and practices are conducted with the utmost 

rigor and that there is no question about the products and services that the Laboratory 

provides.  As thorough and extensive as the CoE program at LANL is, it strangely draws 

a line between the authorities for the program’s implementation.  The PD clearly states 

that the formality of engineering set forth applies to weapons and weapons products that 

the Laboratory produces, but the processes and procedures are not the responsibility of 

the ADE, the LANL Site Chief Engineer, or the LANL Design Authority.   The 

responsibility for implementing the Systems Engineering process for weapons design 

resides with the Associate Directorate for Weapons (ADW).75  This subtle distinction 

between authorities creates a situation for TA-55 where the Systems Engineering 

procedures for manufacturing LANL weapons is different from the Systems Engineering 

procedures used to manage the unique capital equipment capabilities that perform 

programmatic missions with those weapons.   

Pit Manufacturing Program Equipment Life Cycle Guide  

 To help bridge the gap between Systems Engineering procedures, the Pit 

Manufacturing Program at TA-55 has created a procedure specifically to manage the 

                                                 
74 DOE/NNSA. Los Alamos National Security, LLC. Program Description – Engineering Processes Manual. Rev. 1. PD341. 2010. 

28. Print. 
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capital equipment under its control.  The Pit Manufacturing Program Equipment Life-

Cycle Guide (PMP-CCB-0003 R0) is intended to complement LANL’s CoE program and 

integrate intuitional requirements with those of weapons manufacturing. The procedure 

outlines roles and responsibilities, the same graded approach to risk analysis (ML level), 

and a program-specific Systems Engineering frame work.  The Systems Engineering 

frame work outlined in the Pit Manufacturing procedure closely follows the LANL 

institutional CoE procedures and the DoD Systems Engineering process. This document 

states that its intended scope is to cover the most complex systems with the most amount 

of risk (ML-1).76  

While the Pit Manufacturing Program procedure has many positive components in 

place for applying a Systems Engineering approach, it falls short in many other areas.  

Organizationally the document applies to Pit Manufacturing operations, which is only a 

fraction of ongoing programs at TA-55.  Yet within Pit Manufacturing this integrated 

approach for installing a new glovebox containing a piece of programmatic equipment 

still costs millions of dollars, and takes several years to complete.  Furthermore, 

conducting lower risk small-scale upgrades and minor system changes is now burdened 

with the same excessively inefficient system that high risk complex projects are subject 

to, making the two almost indistinguishable from a cost and schedule standpoint.  With 

all the documentation and rigor that LANL’s Systems Engineering approach provides, 

engineering efforts at TA-55 often stumble because of late incorporation of requirements, 

                                                                                                                                                 
75 DOE/NNSA. Los Alamos National Security, LLC. Program Description - Conduct of Engineering. Rev. 1. PD340. 2010. 2. Print. 
76 DOE/NNSA. Los Alamos National Security, LLC. Pit Manufacturing Program Equipment Life-Cycle Guide. Rev. 0. PMP-CCB-

0003. 6. Print. 
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continual design changes, and performance uncertainties because of unanticipated or 

untested scenarios. 

The NASA Approach to Systems Engineering 

NASA employs a prodigious approach to System Engineering and Life Cycle 

management. At the Johnson Space Center in Houston Texas, NASA manages The 

Sonny Carter Training Facility – Neutral Buoyancy Laboratory (NBL). NASA’s NBL is 

essentially an extremely large swimming pool for simulating the weightless environment 

of space.  The pool of water at the NBL is 202 feet in length, 102 feet in width, 40 feet in 

depth, and it holds 6.2 million gallons of water.77  It is large enough to contain mockups 

of the Space Shuttle cargo bay, flight payloads, modules of the International Space 

Station, and a mockup of the Hubble space telescope.78  The NBL was sized so that two 

activities could be performed simultaneously, each using mockups sufficiently large to 

produce meaningful training content.79  Activities at the NBL center on flight hardware 

development, procedures development, training, and real-time flight support.80 NASA 

considers the NBL an essential tool for the design, testing and development of the 

International Space Station and future programs. For the astronaut, the facility provides 

important pre-flight training for Extravehicular Activities (EVA).81  Development and 

testing in a neutrally buoyant environment is the closest substitute on earth to the 

weightless environment of space and having such a capability is extremely advantageous, 

                                                 
77 NASA. "NASA - Neutral Buoyancy Lab." About the NBL. Web. 11 June 2010. <http://dx12.jsc.nasa.gov/about/index.shtml>. 
78 "Neutral Buoyancy Laboratory." Wikipedia, the Free Encyclopedia. Web. 11 June 2010. 

<http://en.wikipedia.org/wiki/Neutral_Buoyancy_Laboratory>. 
79 NASA. "NASA - Neutral Buoyancy Lab." About the NBL. Web. 11 June 2010. <http://dx12.jsc.nasa.gov/about/index.shtml>. 
80 NASA. "NASA - Neutral Buoyancy Lab." Products. Web. 11 June 2010. <http://dx12.jsc.nasa.gov/about/products.shtml>. 



 62

but it should be noted that training in this environment is not perfect. A suited astronaut 

in the NBL is not truly weightless; while it is true the suit/astronaut combination is 

neutrally buoyant, the astronauts feel their weight while in the suit. Furthermore, water 

drag acts to hinder motion; this makes some things easier to do at the NBL than in orbit, 

and some things more difficult. Both effects are unlike the conditions of space and must 

be recognized during EVA training. However, even with these limitations NASA 

recognizes neutral buoyancy as currently the best available method for simulating the 

weightless environment of space.  

It can be assumed that NASA’s procedures for engineering development and 

flight certification of hardware are immense, but even requirements are still overlooked, 

credible scenarios go untested, and failures still occur even with such administrative 

controls.  However, it is reasonable that failures in NASA’s engineering processes are 

significantly reduced by such an overwhelming commitment to testing and verification.  

Technical dissimilarities and the likely exorbitant cost to operate and maintain the facility 

and staff pale in comparison to the impacts that would be endured from high profile 

disasters involving possible loss of life.  The investment that NASA makes in the NBL 

for development operations, flight support, training, and verification of life cycle 

functions shows a fundamental understanding of the Systems Engineering process and 

verification feedback loop. Having such a facility is a tremendous resource for NASA 

and is a case study for imitation. 

                                                                                                                                                 
81 NASA. "NASA - Neutral Buoyancy Lab." About the Sonny Carter Training Facility. Web. 11 June 2010. 

<http://dx12.jsc.nasa.gov/about/SCTF.shtml>. 
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Refocused Approach for Systems Engineering and Life Cycle Management 

Capital equipment systems at TA-55 might be one of LANL’s most valuable 

resources because of the time and cost constraints required for replacement.  If not 

managed correctly, critical programmatic capabilities could see long interruptions in 

operations or be lost entirely. Such a scenario would begin to cripple the United States’ 

capability to manage the stockpile.  To prevent this from occurring, a refocused approach 

on System Engineering and Life Cycle management is needed. 

Graded Matrix Approach to the Systems Engineering Process 

It is clear that LANL institutional procedures and guides produced by federal 

agencies can outline every step for implementing a Systems Engineering Life Cycle 

process. To make a Systems Engineering process truly effective, its implementation must 

be sized properly in proportion to the customer need.  LANL procedures attempt to 

address this with the risk-based ML determination, the assumption being that all large 

engineering projects evaluated from the standpoint of cost and duration carry a large 

amount of risk, and small SSCs carry small amounts risk. Thus large-scale projects 

warrant a large Systems Engineering effort and small SSCs do not. These options are 

neither mutually exclusive nor collectively exhaustive. It is certainly likely in plutonium 

operations that a failure of small components or systems can carry tremendous risk, and 

conversely cutting edge scientific development can carry enormous cost and carry 

minimal risk for failure. To address this shortcoming, the Systems Engineering approach 

at TA-55 should be one of a truly graded matrix.  Engineering efforts should be evaluated 

based upon the standard risk qualifiers of worker safety, environmental safety, impacts to 
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national security or classified information, and consequences to programmatic missions 

so as to determine Management Level.  In addition to the evaluated strategic risk, 

engineering efforts should have a quantifiable expected implementation duration and 

cost. Together these qualifiers would position the engineering effort on a matrix that 

would assign a pre-prescribed detailed Systems Engineering procedure (Figure 11).     

 

 

 

 

 

 

Figure 11:  Graded Matrix Approach to the Systems Engineering Process 

Engineering systems with low risk and small expected implementation durations 

and cost would be assigned a managed procedure for Systems Engineering, incorporating 

only the necessary engineering controls (see block 1 in Figure 11). Engineering systems 

with either increasing risk or increasing expected implementation duration and cost 

would be assigned a more rigorous procedure for Systems Engineering (see block 2 in 

Figure 11). Engineering systems with high strategic risk and increased expected duration 

and cost would be subject to full scale Systems Engineering management (see block 3 in 
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Figure 11). Implementing such a system will help focus engineering rigor where it’s 

needed and reduce resource requirements and shorten implementation durations 

elsewhere. 

Planning for Obsolescence 

In addition to implementation of a graded matrix approach to Systems 

Engineering, considerable time and effort must be given for Life Cycle considerations, 

specifically in the area of planning for obsolescence.  Not to be confused with 

dismantlement and decommissioning, planning for obsolescence specifically pertains to 

the process that determines when a system or technology has exceeded it useful life.  

Unique systems and hard-to-replace capabilities would benefit from having a system-

specific evaluation procedure that outlines the tactical approach, with metrics, for 

evaluating when a system can just be continually maintained, when the system can be 

upgraded to provide enhanced or expanded functionality, or when the system needs 

replacement.  Implemented with a progressive approach, an excessively long duration for 

system replacement would be mitigated by regularly evaluating the obsolescence status 

of equipment and preemptively beginning the Systems Engineering Life Cycle process 

for implementing redundant systems.  Planning for obsolescence would ideally take into 

consideration such factors as the manufacturer’s service and spare parts availability, as 

well as industry-specific trends and new product/technology analysis.  Obsolescence 

planning would be closely tied to a systems maintenance plan but would continually 

complete the loop of requirements verification throughout the life of the system.  Systems 

Engineers would have pre-established thresholds on critical requirements for making life 
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cycle decisions about the system. Management could then use such information about a 

systems performance to evaluate risk to Laboratory missions. 

Enhancing the Process for Outlining Requirements 

 Planning for obsolescence helps fortify the end of the Systems Engineering Life 

Cycle; concurrently LANL’s engineering efforts at TA-55 also need attention at the 

beginning, the process of Requirements Analysis.  LANLs’ CoE procedure prescribes in 

detail the procedure for reviewing design content as a verification of requirements. 

LANL’s procedures also clearly describe the various sources of inputs that need to be 

considered for creating requirements documents.  However unlike the mandated reviews 

required for verifying that design content is consistent with requirements, the process for 

creating requirements relies on the ability of the system engineer to analyze the needs and 

desires of the customer and applicable regulations while forming requirements 

documents. Such a system has the potential to leave the completeness of any design 

requirements document in the hands of individuals.  For designs and systems that carry 

low strategic risk and low implementation duration and cost, it might be acceptable to 

rely upon the ability of a well-qualified subject matter expert to outline requirements.  

When the strategic risk and implementation duration and cost begin to climb this practice 

has the potential to become over simplified. The value of having a thorough design 

review and requirements verification process is quickly eroded during implementation if 

requirements are missed or omitted up front.  As is the case with most engineering efforts 

it is extremely difficult to outline all necessary design inputs at the start of a project.  This 

task becomes more critical to the success of a project when combined with the high cost 
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of nuclear-grade regulations and political implications from embarrassments because of 

projects that are constantly adding scope and routinely over budget.  To best control the 

scope and budget of a project, understandable, unambiguous, comprehensive, complete 

and concise requirements must be established at the beginning. To prevent this first most 

critical step from potentially falling short, engineering efforts at TA-55 should have their 

design inputs analyzed by an Engineering Requirements Committee (ERC) that is 

established for each effort. The role of the ERC would be to assist in the generation and 

review of System Engineering Life Cycle requirements documents, and testing and 

verification plans.  This committee should be selected by the responsible Systems 

Engineer for the project but must be approved by the customer group. The ERC would 

vary in size depending on an effort’s strategic risk and the anticipated implementation 

duration and cost.  Once chosen the committee would remain intact throughout the 

duration of a project performing periodic reviews, making sure that design intent is 

captured, and that performance testing will actually meet customer requirements.  While 

the addition of another committee to the planning stages of a project means more 

meetings and approvals are required before anything is built and tested, the additional 

cost and time at the beginning of effort’s has the potential to pay itself back several fold 

if it prevents late incorporation of requirements, late design changes, and performance 

uncertainties. 

Performance Testing – A Page from NASA  

The single largest weakness in TA-55’s Systems Engineering Life Cycle process 

is the lack of rigorous requirements verification, and performance testing before 
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installation.  The durations for implementing new systems or redundant capabilities is so 

long that the programmatic need often catches and surpasses the implementation 

schedule, forcing impatient project managers to routinely compress schedules by cutting 

requirements verification, performance testing, and benchmarking.  For nuclear facility 

operations this is clearly a mistake because the consequences of failure are so large.   

LANL should take a page from NASA’s Neutral Buoyancy Laboratory.  Space 

flight is considered by some to be one of the greatest human achievements, the conditions 

and hazards faced are literally foreign to the surface of the earth.  Space flight must be 

considered one of the most difficult engineering challenges ever faced.  Conventional 

thinking would assume that there is no way to replicate significantly relevant conditions 

when not in orbit around the earth.  But NASA actively rejects this train of thought.  To 

address this rather large problem NASA employs a relatively simple solution.  While the 

solution of neutral buoyancy testing has difficult and complicated challenges for 

implementation, it is a fundamental component of the Systems Engineering Process 

applied on a unique scale.  Neutral buoyancy testing is clearly not a perfect solution, it 

has shortcomings that are openly admitted, but it stands as a vanguard for assuring that 

design requirements are properly outlined and verified.       

  Nuclear operations, much the same as space flight, introduce conditions and 

hazards normally never encountered.  For nuclear operations at TA-55 conventional 

thinking would assume that the differences between a radioactive and non-radioactive 

environment, or differences between plutonium metal and possible surrogates would 

relegate testing as meaningless towards actual applications.  Yet nuclear operations at 

LANL must also reject this train of thought. Fundamental to the Systems Engineering 
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process is the confirmation that designed components must be constantly verified against 

requirements, and that each requirement at each level must be verifiable.  To employ this 

system, TA-55 Systems Engineers must simply understand the differences and 

shortcomings between nuclear material and surrogates then examine, demonstrate, and 

test to complete the verification loop.  Furnaces can be tested on materials with similar 

melting points, machine tools can fabricate components with materials of similar 

hardness and shear strength, aqueous processing lines can be assembled and pressure 

tested for leaks, and electronics and shielding can be tested with non-ionizing sources of 

radiation.  While there may be shortcomings with surrogates and non-radioactive 

environments, every glovebox function, every programmatic system, every piece of 

tooling can be verified with a non-nuclear test that is relative and meaningful.  

To accomplish this effort, TA-55’s nuclear operations need a non-nuclear 

counterpart for examining, demonstrating, and testing capital equipment systems.  To 

address this need calls for the creation of a Plutonium Processing Technology Center 

(PPTC).  This center would be a radiological cold environment with all the traits and 

functions to simulate nuclear facility conditions.  Much like NASA’s Neutral Buoyancy 

Laboratory the PPTC would need to support hardware development, procedures 

development, training, and real-time support of operations such as manufacturing, 

surveillance, and maintenance.  The center would have to be sized so that multiple 

activities could be performed simultaneously, new equipment and systems could be 

tested, and existing operations would have mockups that would be sufficiently similar to 

produce meaningful results.  Such an initiative would require a full scale implementation 

of material handling and transfer systems, ventilation and facility services.  Because of 
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the diverse missions and processing at TA-55, creating a center for the testing and 

verification of systems might require laboratory space between one eighth and one 

quarter the size of the actual nuclear facility floor plan.  While creating such a center 

would require a significant initial investment the dividends that would be realized, would 

be immeasurable in terms of avoided risk and better ability to plan for equipment 

installation. 
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CONCLUSION 

Although the Cold War may have ended, tensions in the global political forum 

coupled with the constant desire of developing nations to join the list of countries with 

nuclear capability force continued attention to stockpile management. For the NWC 

facilities that support stockpile management the mission is changing.  New hazards and 

threats combined with aging materials and a lack of performance testing require 

unparalleled excellence in operations. Such is the paradigm for LANL’s TA-55.  Entering 

this new era, plutonium processing is faced with the reality that the floor space is fixed, 

the intellectual infrastructure is aging and retiring, the regulatory environment is 

becoming continually more restrictive, and yet more and more missions will be calling 

TA-55 home.   

Regardless of recommendations made by various strategic review committees, 

TA-55 needs to be able to support all plutonium programs until such time when a viable 

replacement facility is constructed.  With no time line on the horizon for such a 

replacement, there exists a growing discontinuity between available capability and need.  

Because of this discontinuity the only way to secure the unique ability to handle such 

material is to focus on the Components that provide the infrastructure Capability. 

COMPONENTS THAT PROVIDE THE CAPABILITY 

Men (& Women) – Intellectual Infrastructure 

To address the needs of the intellectual infrastructure, the organizational 

capability for Hiring and Recruiting needs to be created. The focus of this effort needs to 
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be the early identification of potential workers to mitigate the impacts associated with 

clearance processing.  A prime method for accomplishing this is to first solidify expected 

personnel requirements and then establish a pipeline program with technical/vocational 

training centers and universities that have departments that align to core competences 

needed for TA-55 operations. 

 Once those recruits have been identified the next challenge is their internal 

Training and Development.  Instead of relying on the aptitude of individuals, the creation 

of a Plutonium Boot Camp is needed to internally develop Human Capital.   Plutonium 

Boot Camp will give recruits the ability to acquire TA-55 specific Tacit and Explicit 

knowledge, and then transition them into the organization with research and development 

projects in direct support of their operating group.  

Machines – Capital Equipment Systems for Processing Capability  

To speed the installation, modification, or upgrade of capital equipment systems 

TA-55’s Conduct of Engineering needs a truly graded matrix approach for determining 

controls for engineering efforts.  Engineering efforts should be evaluated based on 

Management Level and a quantifiable expected implementation duration and cost.  Then 

the Conduct of Engineering level of effort should be tailored to the corresponding cell in 

the matrix.   

Because of regulatory requirements, much of the existing Conduct of Engineering 

will always be required for expensive high hazard systems.  While it is not be possible to 

ignore these requirements, they will still affect installation of capital equipment systems; 

Systems Engineers must simply accept them but plan for their impact.  Instead of 
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developing replacement systems because failures occur or needs arise, the only way to 

truly shorten implementation time is to conduct planning that takes into consideration the 

potential obsolescence of existing systems.  Excessively long durations for system 

replacement would be mitigated by regularly evaluating the obsolescence status of 

equipment and preemptively beginning the Systems Engineering Life Cycle process for 

installing replacement or redundant systems. 

 While approaching engineering controls with a graded matrix and planning for 

obsolescence attempt to manage the implementation duration for capital equipment 

systems, the process of Systems Engineering itself needs refocusing.  All of the 

procedures and controls outlined in Conduct of Engineering manuals and Systems 

Engineering guidelines will fail unless tremendous attention is given at the beginning of 

engineering efforts to Requirements Analysis, and at the end to Verification Testing of 

those requirements.  Attention to these two stages alone has the ability to make the most 

impact on the Systems Engineering Process.     

To best control the scope, schedule and budget of TA-55 engineering efforts, 

complete and concise requirements must first be established. To do this Design 

Requirements need to be created and analyzed by Engineering Requirements Committees. 

These committees should assist in the generation and review of System Engineering Life 

Cycle requirements documents and testing and verification plans. Once such committees 

have been formed, the process for examining, demonstrating, and testing capital 

equipment systems needs to be formalized by creating a Plutonium Processing 

Technology Center.  Testing capital equipment systems in a hazard free environment to 
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simulate nuclear facility conditions is the only way to produce results that are relative and 

meaningful.  

ALIGNMENT BETWEEN COMPONENTS 

By analyzing the Components that are needed to create infrastructure Capability, 

it is clear that challenges exist and dysfunctions must be overcome.  However, while the 

most effective way to perform analysis of infrastructure Components is to subdivide, it 

should be stated that solutions need and have synergies.   

To revitalize the intellectual infrastructure at TA-55, organizations need a 

capability of Hiring and Recruiting new workers.  These recruits need Training and 

Development to build organizational Human Capital.  To address this need, organizations 

need a Plutonium Boot Camp for recruits.  One of the core modules of Plutonium Boot 

Camp needs to teach recruits the Systems Engineering Process.  The Systems 

Engineering module at Plutonium Boot Camp should drill recruits in Requirements 

Analysis and Verification Testing, which should then be implemented on research and 

development projects.  Along with experienced staff, different sections of recruits would 

form Engineering Requirements Committees to evaluate these projects.  Having recruits 

with different expertise review requirements and assist in the verification of requirements 

alongside experienced staff would help build and transfer Tacit and Explicit knowledge.   

To form this type of synergy Plutonium Boot Camp should be conducted at the 

Plutonium Processing Technology Center.  In practice they are one and the same.  The 

primary mission for the Plutonium Processing Technology Center should be the 

implementation of the Systems Engineering Process for TA-55 capital equipment systems 
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and the Recruiting, Hiring, Training and Development of TA-55 workers.  The needs that 

exist for Human Capital and Capital Equipment are tied together.  Without a solution that 

helps satisfy both, each will struggle alone.  

CONSEQUENCE FOR INACTION 

Without a refocused approach towards the infrastructure for plutonium processing 

at TA-55, there is a significant likelihood that the growing regulatory environment, the 

increasing cost of maintenance, and the increased dependence on processing constructed 

with no contingency for failure, could create a scenario where entire programs or even 

the entire capability could experience long periods of incapacitation or could even be 

completely lost. Such a future scenario has the potential to leave stockpile components 

and weapon systems unmanaged.  The irony of such a situation is that it destroys the 

ability to ever inflate Stockpile numbers back to Cold War levels, yet it also prevents 

analysis and dismantlement of components, including reclamation and isolation of 

materials.  Without the capability to analyze the materials used in weapon assemblies, 

their constant decay in an unmanaged environment creates dangerous and hazardous 

conditions for their future management or disposition.   

While the current management of these weapons might seem politically, socially, 

or environmentally distasteful, the ever present “not in my back yard” mentality for  

nuclear facilities will make the monetary and political cost for rebuilding plutonium 

processing capability in the future unpalatable.  If nuclear weapons exist, they need to be 

managed, and as it stands today the United States is tied to these weapons for the 

foreseeable future, therefore management and disposition capability for their materials is 
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also needed.  Losing the Capability, the Human Capital, the Capital Equipment for 

plutonium processing because of poor management is a threat to national security.  

Managing the infrastructure secures the capability, and the mechanism to enable this 

change, unlike in the past, is not going to be development of new weapon systems, but 

instead it should be a focused approach to manage the Men (& Women), Machines, 

Materials, and Methods in the existing infrastructure under the umbrella of Stockpile 

Reduction. 
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