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ABSTRACT 

The National Ignition Facility (NIF) is a U.S. 
Department of Energy inertial confinement laser 
fusion experimental facility currently under 
construction at the Lawrence Livermore National 
Laboratory (LLNL). To ensure that decontamination 
and decommis-sioning (D&D) issues at the end-of-life 
are manageable, this subject has received attention 
from an early stage. This paper summarizes the NIF 
D&D issues, and the status of the D&D plan. 

I. INTRODUCTION 

The NIF mission is to achieve inertial 
confinement fusion (ICF) ignition, access physical 
conditions in matter of interest to nuclear weapons 
physics, provide an above ground simulation 
capability for nuclear weapons effzcts testing, 
contribute to the development of inertial fCon fcr 
electrical power generation, and to support basic 
science and technology. To achieve this mission, 
the facility will require a 1.8 MJ laser at 500 TW. 
192 identical beamlets will be focused and directed 
onto a target suspended in the center of the spherical 
aluminum alloy target chamber. After ignition is 
achieved, approximately 25% of the 1200 annual 
experiments will involve tritium fuel and will 
actually achieve fusion yield, releasing neutrons, 
charged particles, x-rays, and debris. Unburned 
tritium will be exhausted from the target chamber to 
the tritium processing/ collection system. Fusion 
and secondary neutrons will activate the target 
chamber itself, the supporting structure for the target 
chamber, the concrete and rebar in the target bay 
walls, and the gases in the air. Consequently, some 
level of residual radioactivity will exist in some 
parts of the facility. 

To better understand this issue, and to 
minimize its impact at end-of-life, the initial 
decommissioning plan was prepared for NIF.’ The 
plan addressed the entire facility, including the laser, 
the target area, and auxiliary systems. We have 
updated the plan to match Title II design. The 

assessment was prepared to ensure that features and 
measures are incorporated into the NIF to facilitate 
the decontamination and decommissioning at the 
end of life. The minimum goal is to return the NIF 
to restricted DOE use. This paper summarizes the 
key features of the decommissioning plan. 

II. TARGET AREA DECOMMISSIONING 

A. Assumptions 

Several assumptions about overall NIF facility 
operations are the basis for this assessment. The NIF 
will operate for 30 years, more than 10,000 laser 
experiments will be conducted, and a sqall portion of 
these will produce fusion yield, as shown in Table I. 

After 20 11, we assume NIF will continue at the 
level of 1200 MJ per year. Table II shows the 
assumptions concerning the maximum annual 
number of shots, tritium throughputs, and yields EC 
the remainder of the NIF lifetime. Note that all yield- 

Table I. Assumed NIF tritium use and fusion yield 
erformance durin the first ten ears of o eration. 11 

2001) 0 101 0 I 0 I 0 I 

1 1 375 1 0.1 1 25 [ 2006 1 250 1.5 
2007 250 1.5 375 0.2 50 
2008 280 1.5 420 55.0 200 
2009 >300 1.5 >450 90 500 
2010 >300 1.5 >450 30 1025 
2011 >300 1.5 >450 -30 1200 

’ Work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory under Contract 
W-7405-Eng-48. 



Table II. Assumed D-T experiments during NIF lifetime, with phased achievement of ignition and gain. 

aThe maximum credible yield [for accident analyses] is 45 MJ. CTritium annual total rounded up to 1750 Ci. 
bTritium content per indirect drive target is 1.5 Ci (15 Ci for direct drive). dAssumes only indirect drive during this time. 

producing shots employ cryogenic targets and 
deuterium-tritium (D-T) fuel contained in small 
capsules within the indiiect-drive (or direct-drive) 
targets. Direct-drive fusion is not a basic capability cf 
the NIF; however, the capability is not precluded by 
the NIF design. Direct-drive operations, if 
implemented, are assumed to begin afler 10 years cf 
NIF operation. Direct-drive targets contain 15 Ci cf 
tritium, compared to 1.5 Ci in indirect-drive targets. 

Two radiological issues dominate decommis- 
sioning at the end-of-life: the extent of tritium 
contamination, and the contact dose rate due to 
long-lived activation products induced in 
components and large structures. Some facility 
features will minimii these issues at the end-of-life: 
0 confmement barriers and ventilation control will 

prevent or minimize the spread of tritium 
throughout the facility, 

0 special surihce coatings, such as the use cf 
epoxy paints on walls, ceilings, and floors will 
provide an effective barrier against tritium 
sorption, 

. use of low activation materials. 

Operational procedures will also minimize the 
extent of contamination, for example: components 
removed from the target chamber will be properly 
packaged, and personal protective equipment will be 
used in contaminated areas. Experimenters will be 
instructed to minimize the total target mass and to 
carefully select target materials. In addition, 
periodic cleaning of equipment exposed to tritium 

and activated debris will maintain low contam- 
ination levels throughout the facility lifetime. These 
practices will significantly reduce, if not virtually 
eliminate, the need for major end-of-life decontam- 
ination. Cleaning and decontamination technologies 
have been developed to meet NIF decontamination 
needs. Cleaning methods are likely to include: 
. vacuum bake-out, water rinse, dilute acid wash 

for debris shields, 
l high pressure water spray, ultra-sonic bath in 

water and surfactants, oven dry for fmt wall 
panels, 

. aqueous wipe-down of small diagnostics, 
l COz snow cleaning for large diagnostics with 

complex geometries. 

NIF decommissioning operations will make 
every effnt to reuse and recycle all portions of the 
target area. We assume that a tritium contamination 
level less than 100 dpm/cm2 of removable or fixed 
tritium2 will allow material to go to uncontrolled 
reuse or to conventional disposal (scrap yard). We 
also assume a contact dose rate level that will allow 
material with induced radioactivity to go to 
uncontrolled reuse. This level is deflned as follows: 
the contact dose rate that results in a TEDE to the 
average member of the critical group not exceeding 
25 mremfyr? For estimating purposes, we 
conservatively assume 2000 hours per year cf 
exposure, and the contact dose rate of interest 
becomes I 0.0125 mrem/hr above background. 
Activated material above these levels would be held 
in storage at the NIF site until disposed of as 



radioactive waste or transferred to controlled reuse. 
We further assume that semi-permanent facility 
features that contain materials of concern for neutron 
activation, such as cable runs and diagnostics, will be 
maintained such that contact dose rates will support 
their reuse in other facilities, or they will be disposed 
of as operational waste prior to reaching an activation 
level of concern. This will be achieved through a 
combination of periodic change-out, radioactive decay 
time, and shielding. 

B. Neutron Activated Wastes 

Residual dose rates have been calculated for NIF 
Target Bay components. During decommissioning CE 
the facility, workers would receive an effective dose 
that would depend upon the radiation intensity from 
components and the time required for disassembly CE 
each component. Table III gives the residual dose 
rates from major components at 30 days and 3 years 
following 30 years of NIF Expanded Baseline (1200 
MI/year) operation. These dose rates are used in 
conjunction with estimates of the time required to 
decommission each component to determine the dose 
that would be received. 

Table III lists components in approximate order 
of removal. Some credit has been taken for the 
removal of key components. For example, the final 
optics assemblies make significant contributions to 
the residual dose rates in many areas of the NIF 
Target Bay. Once they are removed, however, 
subsequent doses do not include their contribution. 

We have assumed that the delicate components, 
such as foal optics assemblies and diagnostics, 
would be removed early in the process before “dirty” 
processes am begun. The target chamber and gunite 
shielding, for example, must be removed prior to the 
removal of the pedestal. Considering these factors, we 
have taken credit for the fact that some components 
will not be present when others are being removed. 

C. Tritium Contaminated Wastes 

At the end-of-life, components exposed to 
tritium throughout NIF operations, will be tritium 
contaminated. This includes the target chamber and 
fust wall, vacuum system, the tritium processing 
system, and the decontamination area gloveboxes/ 
hoods. Tritium is not anticipated to be a significant 
contaminant in the structures outside the chamber, 
such as the concrete walls, floors, and support 
structures. The average surface concentration cf 
tritium in walls and floors afler NIF decommis- 
sioning is expected to be be < 100 dpmlcm2. 

We do not yet have good predictive capability 
for estimating tritium contamination levels. 
However, our measurements on Nova indicate that 
~99% of the tritium not consumed in shots is 
removed through the vacuum system. A small 
amount is expected to diffuse into the chamber itself 
or be deposited at some depth due to ion 
implantation we estimate this quantity to be I lO- 
100 Ci. In addition to the cleaning methods noted 
earlier, first wall surface ablation as a result of shots 
will release some fraction of the deposited tritium. 

Concrete (average) I 0.07 I 0.003 I 
* Dose rates are averaged over several individual tasks. 



Table IV. Labor requirements and occupational doses for decommissioning of the NIF Target Bay. 
I Labor required Dose equivalent (person-mrem) 

At end-of-life, residual tritium removal from the 
target chamber, first wall, vacuum system, tritium 
processing system, and decontamination gloveboxes/ 
hoods can be accomplished through a combination cf 
the cleaning techniques identified earlier. In addition, 
pump down of the chamber using warm, moist air 
may aid in removing tritium from the target chamber. 
Thus, titium levels in components are expected to 
be low, and a significant tritium decontamination 
effort at end-of-life is not expected. 

D. Worker Dose During Decommissioning 

Estimates have been made of the time required to 
decommission each of the key systems within the 
NIF Target Bay. We assume that a team of 20 
workers is employed. The dose rate and the duration 
for each task are used to determine the total 
occupational dose and the average dose per worker. 
Table IV gives these estimates. 

The duration for the removal of each component 
has been estimated starting Corn the estimates of the 
time required for initial assembly and/or installation 
of the component. In general, it is reasonable to 
expect that disassembly can be expected to require 
less manpower. The target chamber, for example, will 
be cut into pieces using a plasma torch. This process 
is inherently quicker than the exacting precision 
required for the initial target chamber assembly and 
installation. Where appropriate, the duration includes 
time required for additional handling associated with 
packaging of the component. 

If the task of decommissioning the NIF were to 
begin only 30 days afler the cessation of operations, 
the total occupational dose would be unacceptably 
high at 37 person-rem. If, however, decommissioning 
does not begin until 3 years afler the final yield 
experiment, the total dose would be only about 4 
person-rem. Based upon these results, it is 
recommended that decommissioning of the major 
components begin no earlier than 3 years afler 
operation cease. (Note that this is based upon an 
assumed operation of 30 years at 1200 MJ/year.) In 
this case, the average decommissioning worker would 
receive a dose of about 190 mrem. 

Our occupational doses are conservative as we 
have assumed that workers are in close proximity to 
the component of interest during the entire 40-hour 
work week. In addition, we have neglected 
radioactive decay during decommissioning. Table IV 
estimates the total effort required at about 148 pemon- 
months. For a crew of 20 workers, this suggests that 
the entire process would take less than 8 months. 
Since most doses am dominated by the decay cf 
s4Mn, which has a half-life of 3 12 days, the final dose 
rates only would be about 60% of the initial levels. 

E. Comparison to Other Facility Wastes 

Radioactivity induced in beam transport 
systems and structural materials experienced at 
major particle accelerators used in medicine, basic 
research, and industry in many respects is 
comparable to that projected for the NIF. Although a 
number of the major accelerators, such as the 



Bevalac at LBL, have been shutdown during the 
past decade, there is very little documentation on 
decontamination or dismantling plans for these 
facilities. On the other hand, there is a substantial 
amount of information on decommissioning of 
research and commercial nuclear power plants. Cost 
to decommission a reactor is about $200M. Reactors 
undergoing decommissioning show no correlation 
between waste amounts and power capacities.4 
Radioactive waste per reactor is about 20,000 
tonnes. The amount of work needed to 
decommission a plant, for instance the Loviisa 
Powe: Plant in Finland, is about 2900 person- 
years. And the dose to workers fbr 
decommissioning such a plant would be 2300 
person-rems. The dose to workers for 
decommissioning the NIF target bay in comparison 
is less than 0.2% of this value. The estimated 
quantity of NIF target bay waste is less than 1,000 
tonnes. Non-reactor facilities such as the uranium 
enrichment plants and Y-12 Plant will generate 
substantial amount of waste, over a million kg cf 
chemically contaminated building materials and 
equipment. Decommissioning of these facilities will 
cost in the billions. The cost estimate to 
decommission NIF is less than $30M. 

III. DECOMMISSIONING THE NIF LASER 

At the end-of-life, the NIF laser and associated 
equipment will be removed from the facility. Many 
of the specialty components, such as the amplifier 
assemblies, some of the mirrors, spatial filters, 
optical pulse generation system, and beam 
control/laser diagnostics will be packaged and 
stored, until needed by some other current or Wure 
project. Other items, such as laser support systems, 
lnterstage beam transport system, control systems, 
and cabling will be salvaged. 

One hazardous waste stream derived tiom the 
laser system will be from the oil filled capacitors. 
The oil is considered hazardous waste. 
Approximately 3 10 m3 (660 kg) of oil would require 
disposal as hazardous waste at the end-of-life. 

IV. TECHNICAL UNCERTAINTIES AND 
FUTURE WORK 

A. Experimental Validation of Activation 

Calculation of neutron activities and residual 
dose equivalent rates requires use of neutron 
transport, neutron activation, and photon transport 
models. Each of these models may introduce 
uncertainties into the overall results, and thus, it is 
important to consider the overall uncertainty and, 
where possible, obtain experimental validation of the 

computer codes and data. During recent experiments 
at the Rotating Target Neutron Source (RTNS-I) at 
the University of California at Berkeley, samples CE 
low-activation concrete, which will be used in 
selected locations within the NIF Target Bay, were 
irradiated and the residual dose rates were measured.6 
Although the experiments concentrated on the short- 
lived radionuclides, which will dominate 
occupational dose rates during routine operations, the 
results validate the computer code system and several 
of the cross sections (for production of 2~a, 27Mg, 
and ‘?vin). Figure 1 shows the measured and 
predicted exposure rates for the irradiation of low- 
activation concrete. 

During decommissioning of the NIF, occupa- 
tional dose rates will be dominated by 54Mn (t,n = 
312 days), @Co (trn = 5.27 years), and “Zn (tin = 
244 days). Future RTNS-I experiments will validate 
the cross sectional data for the production of these 
radionuclides in the 5083 alloy of aluminum. Cross 
sections for the key reactions, however, am well 
known, and thus, good agreement with calculations 
is expected. Uncertainties in the calculated residual 
dose rates are expected to be less than 30%. 

B. Uncertainty with Shot Schedule 

Residual dose rates have been calculated for 30 
years of NIF operation and an annual yield d? 
1200MJ/year. While the actual annual yields may 
vary, 1200 MJ/year will be the maximum allowable. 
Thus, the dose rates presented are for the bounding 
case. 
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Figure 1. Excellent agreement has been obtained 
between measured and predicted exposure rates in the 
irradiation of low-activation concrete. 



C. Decontamination efficiency 

A number of decontamination techniques have 
been considered for routine and end-of-life cleaning of 
NIF components. Early on, CO2 pellet cleaning was 
considered the prime method. However, testing 
found that this technique was ineffective ti 
removing metal deposits from some of the more 
fragile objects (e.g., debris shields). CO2 cleaning is 
still planned for use, however, for some other 
components, such as diagnostics. Bead blasting 
was considered for fmt wall cleaning, where small 
metal pellets impinge upon the surface to be cleaned. 
This was abandoned for fust wall cleaning because it 
was found to warp the fmt wall panels. More 
recently, simpler techniques have received more 
attention. For example, the use of vacuum bake-out, 
water rinse, and dilute acid wash for debris shields, 
and high pressure water spray, ultrasonic bath and 
oven drying for first wall panels. The effectiveness 
of these techniques at removing contamination will 
be evaluated in the near future. 

D. Confidence in volume/mass estimates 

Lifetime estimates have been made for various 
components and systems that will operate within the 
NIF Target Bay. Using these estimates, specific and 
total activities have been calculated for each waste 
stream. Ifactual material lifetimes are different from 
those estimated for this work, then the quantity d 
radioactive materials may increase or decrease. While 
the quantity and spec$c activity of material may 
change, the total activity is a conserved quantity. For 
example, if a particular component has an estimated 
lifetime of 10 years, then three components will be 
required during the 30-year facility lifetime. If these 
components each contain 1 pCi of activity at the end 
of their lifetime, then the total activity will be 3 pCi. 
If, however, the actual lifetime is 15 years, then only 
two components will be required. Due to their longer 
lifetime, they will each contain 1.5 pCi at the end CE 
their lifetime. This results in 50% less waste by 
volume, but the specific activity of the waste will he 
50% greater. The total activity of the waste would 
remain constant at 3 pCi. 

E. Tritium behavior 

There is uncertainty in the tritium contam- 
ination levels expected for various components at the 
end of NIF’s operating life. We are in the process of 
developing a tritium tracking “model” to provide 
insight in this area. This tritium predictive 
capability will calculate “realistic” steady-state 
tritium quantitites for components that could be 
tritium sinks. As we develop this model, we will 
work towards a better understanding of some of the 

phenomena involved, e.g., the behavior of highly 
energetic tritons as they impact the first wall and 
debris shields. The model will allow us to perform 
“what if’ calculations to assess the impacts of 
different operating modes on tritium management 
and safety. In addition, it will estimate end-of-life 
tritium inventories and be useful for predicting 
decontamination needs. The model is currently in a 
very early stage of development and takes the form of 
a spreadsheet. We plan to have a useful model 
available over the next several months. 

V. SUMMARY AND CONCLUSIONS 

NIF D&D issues have he considered from an 
early stage in the design. Features, such as low 
activation materials, confinement barriers, ventil- 
ation control, and use of protective coatings, will 
facilitate decontamination and decommissioning at 
the end-of-life. Periodic cleaning of components 
throughout the lifetime will minimize endof-life 
contamination levels. In addition, operating 
procedures will be developed to minimize the spread 
of contamination. Based on the current 
understanding and analysis, decommissioning the 
NIF will not present any major difficulties. It 
should be possible to return the facility to 
unrestricted use. 
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