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Annex 6a 

US DOE Idaho national laboratory reactor decommissioning 

by Andrew Szilagyi, US Department of Energy 

Abstract 

The United States Department of Energy (DOE) primary contractor, CH2M-WG Idaho 
was awarded the cleanup and deactivation and decommissioning contract in May 2005 
for the Idaho National Lab (INL). The scope of this work included dispositioning over 200 
Facilities and 3 Reactors Complexes (Engineering Test Reactor (ETR), Materials Test 
Reactor (MTR) and Power Burst Facility (PBF) Reactor). Two additional reactors were 
added to the scope of the contract during the period of performance. The Zero Power 
Physics Reactor (ZPPR) disposition was added under a separate subcontractor with the 
INL lab contractor and the Experimental Breeder Reactor II (EBR-II) disposition was added 
through American Recovery and Reinvestment Act (ARRA) Funding. All of the reactors 
have been removed and disposed of with the exception of EBR-II which is scheduled for 
disposition approximately March of 2012. A brief synopsis of the 5 reactors is provided 
below. 

Engineering Test Reactor (ETR): ETR was the largest and most advanced materials 
test reactor in the world at startup in September 1957. The 175 megawatt thermal test 
reactor evaluated fuel, coolant and moderator materials. In 1972 the ETR was modified by 
the addition of a Sodium Loop Safety Facility into the reactor core which supported the 
DOE breeder reactor safety program. The ETR was deactivated almost immediately after 
its shutdown in December 1981. The reactor was removed and disposed of in September 
2007.  

Materials Test Reactor (MTR): The MTR was the second reactor operated at the INL 
(National Reactor Testing Station in 1952). The reactor operated at 40 megawatts. MTR 
contributed to the design of pressurized water, organic moderated, liquid metal cooled 
and other reactors. The material test reactor was shut down in April 1970. The reactor 
was removed and disposed of in November 2010.  

Power Burst Facility Reactor (PBF): Reactor start-up in September 1972 was part of the 
reactor safety testing program. It was designed to simulate various kinds of imagined 
accident scenarios caused by rapid power changes within milliseconds. It simulated 
severe fuel rod burst tests and loss-of-coolant accidents. Data from its tests were used to 
develop and validate fuel behavior codes for the Nuclear Regulator Commission. The 
reactor was shut down in 1985 and removed and disposed of in 2008. 

Zero Power Physics Reactor (ZPPR): Reactor start-up in April 1969. The ZPPR is a low 
power physics reactor that provided reactor physics data for any type of fast neutron 
spectrum reactor. The reactor consisted of two separate honeycomb lattice core 
assemblies. Fuel was loaded into the two lattice work halves and moved together to 
achieve a low power critical condition. Data was then easily extrapolated into full power 
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conditions. The reactor was placed into standby in April 1992. The reactor was removed 
and disposed of in 2009.  

Experimental Breeder Reactor No. II (EBR-II): The EBR-II reactor was built and started 
operations in September 1961 to demonstrate the feasibility of on-site fuel reprocessing 
as an adjunct to a liquid metal cooled fast-breeder -reactor power plant. These objectives 
were met within the first few years of operation. The reactor operated at 62.5 megawatts 
and supplied electricity to the power grid at the site until its shutdown in 1994. The 
reactor is currently undergoing D&D with the first phases of the sodium treatment being 
completed. Expected completion of reactor disposition is March 2012. 

For the purpose of this paper the ZPPR reactor due to its unique design as compared 
to the other four reactors, and the fact that is was relatively lightly contaminated and 
irradiated will not be discussed with the other four reactors. The ZPPR reactor was readily 
accessible and was a relatively non-complex removal as compared to the other reactors. 
Additionally the EBR-II reactor is currently undergoing D&D and will have limited 
mention in this paper. 

Prior to decommissioning the reactors, a risk based closure model was applied. This 
model exercised through the Comprehensive Environmental Response, Compensation 
and Liability Act (CERCLA), Non-Time Critical Removal Action (NTCRA) Process which 
evaluated several options. The options included; No further action - maintain as is, long 
term stewardship and monitoring (mothball), entombment in place and reactor removal.   

Prior to commencing full scale D&D, hazardous constituents were removed including 
cadmium, beryllium, sodium (passivated and elemental), PCB oils and electrical 
components, lead, asbestos and mercury among others.  

Each reactor required isolation in order to be removed. Due to activated metal within 
the reactor vessels, dose rates above the cores ranged from 50 R/hr to 1200R/hr. 
Subsequent dose rates outside the vessels varied from 60mR/hr to greater than 50R/hr. 
Due to the elevated dose rates, the project team decided to fill the ETR and MTR reactor 
vessels with grout to a level above the core region to reduce dose.  

To remove the ETR reactor, access to the support shoes was required. These shoes 
were encased in the high density concrete biological shield approximately 8’ below grade. 
The project team used explosives to remove the biological shield. The demolition had to 
be controlled to prevent damaging the reactor vessel and to limit the seismic impact on a 
nearby operating reactor. Upon completion of the blast, the concrete was removed 
exposing the support shoes for the vessel. 

Two reactor buildings (ETR and PBF) had to be removed to accommodate lifting 
systems for the reactor vessels. Two reactors (PBF and MTR) were removed via mobile 
cranes, two reactors were sized and removed in pieces (ZPPR and MTR), and ETR reactor, 
due to its weight, was removed via a twin gantry lifting system. 

1. Introduction 

1.1 Contaminants 

Although all the reactors had been defueled, they contained significant amounts of 
highly radioactive cobalt, strontium, caesium. tritium and transuranic contamination as 
well as irradiated beryllium in the case of ETR. Each facility contained several hundred 
thousand of pounds of lead with a high of approximately 1.5 million pounds in the case 
of ETR. They also contained vast amounts of asbestos-lined piping with a high of over 
1.5 linear miles in the case of EBR-II. 
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2. Demolition approach 

2.1 Environmental characterisation and documentation 

The final disposition of the reactors was of primary concern for two agencies, the 
Idaho Department of Environmental Quality (DEQ) and the U.S. Environmental Protection 
Agency (EPA). The final end state of each facility/reactor was determined through the 
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) Non 
Time Critical Removal Action (NTCRA) process. This process uses the Engineering 
Evaluation/Cost Analysis (EE/CA) to present alternatives and evaluate these alternatives 
and features input and oversight by the agencies and the public. The alternatives that are 
presented in the EE/CA are evaluated for protectiveness (risk) for the public, the worker, 
and the environment; technical feasibility; and cost. While cost and technical feasibility 
were important for selecting the alternatives for the final disposition of the reactors, in 
the end, it was risk to the worker and protectiveness of public health that most 
influenced the selection of the final disposition of each reactor vessel. 

During the EE/CA process, interfacing early and often with the agencies was key to 
determining the disposition of each vessel. Biweekly status meetings and tours kept the 
agencies informed and allowed an atmosphere of trust to develop between the agencies 
and the project team. An excellent working rapport was established that allowed both 
sides to communicate concerns and issues in a timely manner and to resolve the issues 
without impacting project schedule and milestones.  

One of the most important and time and cost intensive issues involved is determining 
the radiological and chemical source term of each vessel. This information was key for 
identifying the disposal path for the vessels. Each vessel was a research vessel that 
experimented with effects of neutron fluxes on materials. The information that was 
gained from these experiments was used to develop models of the influences of neutron 
fluxes on materials. The models were further refined as more experimental data became 
available. As a result, modelling of the processes in a nuclear reactor has become an 
accepted method of characterizing radiological inventories in reactor vessels. As an 
example the characterization of the ETR vessel employed the use of two models, the 
Origin II Code and the MCNP4C Codes. Using these modelling codes, an expert nuclear 
physicist on the project team determined isotopic concentrations of activated metals 
within the reactive core region of the vessel.  

The radiological inventory in the vessels was used to determine the suitability for 
disposal at various waste disposal sites. Through the alternative analysis, all but two 
disposal sites were eliminated for each vessel. Only the disposal area at the Nevada Test 
Site and the Idaho CERCLA Disposal Facility (ICDF) were considered viable alternatives 
because the vessels did not exceed inventory or concentration limits specified in the 
Waste Acceptance Criteria (WAC) of these two facilities. Determining the concentrations 
of isotopes in the vessels components became crucial in determining whether the vessel 
met these WACs. To determine the concentrations, it was important to understand 
requirements and limitations to concentration averaging. The project team proposed and 
received concurrence from the agencies on the ETR, MTR and PBF reactor vessels that the 
proper “waste package” for the purpose of concentration averaging was the entire reactor 
vessel. The walls of the vessel were both part of the waste and functioned as the package. 
Therefore, the concentrations of ETR, MTR and PBF vessels (waste package) was 
determined by averaging the isotopic inventory in the vessel over the entire mass of the 
vessel internals and walls. The weight of the grout that was introduced into the MTR and 
ETR vessels was not used as part of the mass of the waste package for the purpose of 
concentration averaging.  

The agencies and the public were extremely interested in the ETR vessel in particular 
from the transuranic waste classification aspect. Transuranic waste is defined as waste 
that contains more than 100 nanocuries per gram of transuranic isotopes. In addition, the 
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waste acceptance criteria for the ICDF limited transuranic concentrations to less than 10 
nanocuries per gram.   

Generally, the characterization of the ETR vessel was determined by developing the 
inventories and determining concentrations of constituents by the project team, 
independent of any past characterization activities. In other words, to ensure accuracy, 
the project team developed its own source terms based on sampling and analysis data it 
generated. In the case of the transuranic inventory in the vessel, it was necessary to 
obtain a sample of the beryllium reflector that surrounded the active core. Beryllium ore 
when mined contains naturally occurring uranium (U 238) as an impurity. The neutron 
flux present during reactor operations activates (adds neutrons) to the U 238 nucleuses 
and converts these to transuranic isotopes. Transuranic isotopes are of a concern for 
disposal due to their extremely long half-lives.   

Sampling the beryllium reflector in the vessel required intense preparation. The ETR 
vessel was drained of coolant and sealed in 1982. With no coolant water in the vessel, 
radiation dose uptake by the sampling team was the primary concern. The beryllium 
reflector was 25 feet below the top opening of the ETR vessel. Many obstacles such as 
experiment tubes between the vessel opening and the beryllium sample location 
prevented direct access for the sampling effort. The project team developed remote 
sampling techniques and tools. Cameras and monitors were used so samplers would not 
be directly exposed to radiation emanating from the reactor core. A mockup of the 
sampling activity, set up on the main floor of the ETR building and extended through a 
hole in the floor to the basement below, was used to simulate working in the vessel. The 
sampling crew spent many hours practicing obtaining a sample. D&D management 
required a readiness review to be conducted to ensure that activities could be performed 
safely. Even with all the planning and practice, it was the sample team’s ability and 
ingenuity that overcame unforeseen obstacles and successfully obtained a sample with 
far less than expected exposure to the workers.   

Analysis of the beryllium sample provided the modeller with the data necessary to 
model the total inventory of transuranic isotopes in the reflector. From the modelling, it 
was determined the transuranic concentration in the ETR vessel to be less than 2 
nanocuries per gram well below the ICDF WAC.   

The transuranic data as well as the total radionuclide and non-radionuclide 
inventories were presented in the EE/CA. Besides using the inventories for waste 
determination of the vessel it was also used in the human health and environmental risk 
assessments. Because the ETR vessel met the WAC, had the least risk for the public and 
the workers, and cost the least, the alternative for disposal of the ETR vessel at the ICDF 
was the selected alternative by the agencies and generally supported by the public. The 
final end state of the ETR facility and disposition of the ETR vessel was documented in 
the CERCLA NTCRA Action Memorandum for Decommission the Engineering Test Reactor 
Complex under the Idaho Cleanup Project, January 2007 (DOE/ID-11303). 

2.2 Radiological characterization and mitigation 

From the start of each reactor D&D, the project team desired to know the dose rates 
associated with each reactor vessel to help determine source term. Direct radiation 
measurements of the external surfaces at that time were not possible since in each case 
the reactors were enclosed within high density concrete biological shields where such a 
small gap between vessel and shield prevented the insertion of a detector probe. To 
perform the initial dose rate characterization, sets of thermoluminescent dosimetry (TLD) 
chips, and remote detectors such as AMP-100's were utilized through available 
experiment and access ports to the reactors.  Information was processed and modelled to 
determine dose rates in the reactor interiors. As D&D progressed on each reactor and 
previously inaccessible areas opened, additional dose rate characterization information 
was obtained as necessary.  
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Due to relatively high dose rates in both MTR and ETR reactor vessels a method to 
shield the dose was necessary to remove the reactors. The most practical way to reduce 
the dose rate was to shield the radiation at its source. An analysis was performed which 
analyzed various grout densities for their shielding effectiveness, flow ability (i.e. ability 
to fill the void spaces around the core), and the grout contribution to the total weight of 
the lifted load when the reactor was removed. A final grout density of 1.5 g/cc was chosen 
for both vessels. Calculations and modelling using this grout density determined a 
maximum contact dose rate with the reactor vessels of less than 500 mrem/hr.   

The grout was more effective than anticipated in the case of the ETR vessel. The dose 
rate at the primary outlet piping was reduced from 135 R/hr to 300 mrem/hr and the 300 
mrem/hr was the highest measured dose rate on any of the vessel external surfaces. 
Inside the reactor at the grout fill line, the dose rate was reduced from 160 R/hr to 62 
mrem/hr. Dose rates in the nozzle trench were reduced from the 150 mrem/hr contact 
dose rate to 1 mrem/hr. See Figure 1 for the pre- and post- grout dose rates. 

Figure 1: ETR Vessel Dose Rates 

Pre-Grout Dose Rates Post-Grout Dose Rates  

The dose savings from grouting the ETR reactor were substantial. For example, 
preliminary dose estimates for the cutting of the primary piping from the vessel were as 
high as 15.62 R. The actual dose received by the workers who cut these pipes following 
grouting of the reactor was less than 400 mrem. 

Grouting in the MTR vessel was less effective. Due to the design of the reactor with 
the base plate of the core on the bottom of the reactor grout did not reduce the dose rate 
as expected. Doses in excess of 50 R/hr still existed on the MTR vessel base area. 
Additional shielding was utilized to shield the workers during removal.  

The PBF reactor vessel did not require grouting due to relatively lower dose rates as 
compared to the other reactors. The PBF reactor was grouted when it was placed into the 
disposal cell.  

2.3 Reactor vessel removal preparations 

In order to remove each reactor access to the mounting plates/shoes was required. 
These plates/shoes were encased in the reactor biological shields. For the PBF reactor 
these mounting plates were readily accessible. For MTR the reactor was located primarily 
above grade and the biological shield was readily accessible and was removed with heavy 
equipment, which provided a level of shielding for the workers. In the case of ETR which 
was primarily below grade and closely encased in a high density concrete biological 
shield some innovation was required. In this case several of the above grade biological 
shielding pieces could be removed to support reactor refuelling and maintenance. These 
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pieces averaging 50,000 pounds were removed and disposed of. The remainder of the 
biological shielding primarily below grade was constructed of approximately 6 feet of 
poured high density, reinforced magnetite concrete with ¾”carbon steel forms. Figure 2 is 
a cross section of the ETR reactor vessel model. Initially the method for removal involved 
using a large excavator with shear and hammer attachments and plasma cutting for the 
forms. This method due to concrete density (225 lbs/ft3) proved to be both highly 
hazardous and time consuming. The project decided to use explosives to remove the 
biological shield. A subcontractor was selected to drill into the primary shield and 
subsequently perform a controlled demolition of the shield to just above the shoes. The 
demolition had to be controlled to prevent damaging the reactor vessel and to limit the 
seismic impact on the Advanced Test Reactor (ATR) and support facilities. Seismic impact 
had to be less than 0.25 in/sec peak particle velocity (PPV) as measured at three separate 
facilities. Two separate blasts were performed successfully with PPV readings all less 
than 0.114 in/sec. Upon completion of the blast the concrete was removed exposing the 
support shoes for the vessel. 

Figure 2. ETR model cross section 

 

2.4 Reactor containment facility removal 

In order to facilitate the lifting equipment to remove the ETR and PBF reactor vessels 
the reactor containment facility had to be removed. The larges of these two reactor 
containment facilities (TRA-642) measured 90’ wide by 136’ long and 56’ high. The PBF 
containment facility was smaller in comparison, but a similar path forward was used. 
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The first step was to isolate all utilities supporting the facility. Exterior siding was then 
removed to expose the structural support members. The structural steel was then 
weakened to facilitate a controlled demolition of the building. The ETR facility was 
located adjacent to operating facilities supporting the operating Advanced Test Reactor 
(ATR), which required pulling the facility over in a specific direction. When weakening of 
the facility was completed, each facility was pulled over using Heavy Equipment (See 
Figure. 3). Upon completion of the demolition of the facility, the debris was sized and 
hauled to on-site disposal. The MTR vessel did not require its containment facility to be 
removed due to adequate access and the size of the reactor.  

Figure 3: Building TRA-642 pullover 

 

2.5 Reactor removal 

The ETR reactor vessel estimated weight with the grout was approximately 135 tons. 
Additionally the vessel dimensions were 36’ tall by 13’ in diameter. Due to size and 
weight constraints of the reactor, a twin gantry system was chosen as the method to lift 
the vessel from its location and place it on a transport vehicle for disposal. This is a 
similar approach used to install the vessel in 1956 (see Figure 4). The reactor support 
shoes were attached to the lower biological shield with studs and nuts. The studs, which 
were anchored into the lower biological shield, were cut and removed thus freeing up the 
reactor vessel from its supports. The shoes then rested on the lower biological shield. The 
reactor was lifted with jacks from the shoe area approximately 20” to verify no 
interferences and then lowered and placed on its support shoes.  

The twin gantry system was placed on the reactor floor and a haul road for the 
reactor was built/improved between ETR and the disposal facility. Due to the weight of 
the vessel and transport vehicle, 95 percent compaction was required on the haul road. 

The project team commissioned and completed an independent self-assessment prior 
to lifting the vessel to evaluate readiness for this evolution. 

Due to the age of the vessel and the uncertainty of the installed lifting fixtures, 
specialty lifting lugs were designed, fabricated and load tested for the reactor. Lifting lugs 
were installed on the top and bottom of the vessel. The top of the vessel was rigged to the 
gantry and lifted upwards. The second gantry tower was attached to the rigging on the 
bottom of the vessel and the vessel was rotated from a vertical position to a horizontal 
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position. A special purpose Goldhoffer multi-axle trailer with cradles was driven under 
the vessel. The vessel was lowered onto the trailer and then secured with tie-downs. The 
vessel was transported to the disposal facility approximately 2-3 miles. The gantry was 
re-assembled at the disposal facility and the vessel was placed in its burial location. 

Figure 4: Installation and removal of the ETR vessel 

 

The PBF reactor was removed using two hydraulic all terrain cranes. The primary 
hydraulic crane was a 550 ton mobile crane which lifted the vessel vertically and a 
second 120 ton hydraulic crane was utilized to down end the reactor for transport (see 
Figure 5). 

Figure 5: Removal of the PBF vessel. 

 

The MTR vessel due to its segmented design was sized and removed inside the MTR 
containment facility and transported to the on site disposal facility.  
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3. Conclusion 

Removal of the ETR, PBF and MTR reactors were a significant success from many 
aspects. The Idaho Cleanup Project calls for the disposal of the three reactors between 
May 2005 and September 2012; ETR was the first reactor completed under the CH2M-WG 
Idaho contract and was removed 2 years ahead of the baseline schedule. PBF the second 
reactor removed was removed 4 years ahead of the baseline schedule and the MTR 
Reactor was removed 18 months ahead of the baseline schedule. 

CH2M-WG Idaho used a combination of innovative demolition techniques to protect 
workers and nearby operating facilities. Finally, the approval for onsite disposal set a 
precedent for the remaining reactors to be disposed of onsite, saving millions of dollars in 
disposal costs. 

The following critical metrics were used to demonstrate the success of this 
demolition project: 

• Outstanding safety record for the entire duration of the project. TRC rate of 4.55 in 
2005 to a current rate of 0.29. 

• Removed all reactors significantly ahead of schedule and at a significant cost 
saving. 

• Cost performance index for the project is 2.38, which equates to a $308M positive 
cost Variance at Completion (VAC) on a $512M project. 

• Schedule performance index for the project was 1.51, which equates to 51 percent 
ahead of schedule. 


