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ABSTRACT 

In February of 2014, a breach in a waste drum stored at the Waste Isolation Pilot Plant resulted in the 
release of radioactive material into the immediate surroundings and outside of the plant. The waste drum 
contained a mixture of an organic absorbent and nitrate salts that pressurized the drum, eventually causing 
the drum lid to fail, leading to the adverse event. Other waste drums with similar contents exist posing 
both storage and treatment risks. These drums may successfully be treated by an in-drum treatment 
system. 

This paper considers the design and operation of an in-drum treatment system and the characteristics of 
waste containing organics and nitrates to evaluate the viability of treatment. A description of the system, 
how it is operated, and a summary of previous testing performed is provided. Treatment of both liquids 
and absorbed liquids comprised of organics and nitrates is addressed. Viability of treatment is 
demonstrated by presenting operational methods and design strategies to ensure successful treatment of 
the waste drums. 

INTRODUCTION 

In February of 2014, a release of radioactive material occurred at the Department of Energy Waste 
Isolation Pilot Plant (WIPP) near Carlsbad, New Mexico. Further investigation revealed the inadvertent 
mixture of incompatible materials within a transuranic (TRU) waste container, specifically nitrate salts 
and an organic absorbent, was the direct cause of this event. This mixture led to an exothermic reaction 
resulting in pressurization and eventual breaching of the drum, leading to radiological release. 

Ideally, incompatible materials such as nitrates (oxidizers) would always be segregated from organic 
compounds to prevent the creation of volatile mixtures within these waste drums. These mixtures have the 
potential to decompose explosively, leading to both immediate physical damage and radiological release. 
The February 2014 event at WIPP highlights that segregation does not always occur and other waste 
drums with similar contents exist, posing both storage and treatment risks. Drums such as these may be 
successfully treated through an in-drum system, safely converting the organic to steam and carbon 
dioxide and removing the hazardous characteristic of the oxidizer. 

In-drum systems are designed for the treatment of radioactive waste-containing drums that are 
unacceptable for shipping, long-term storage, and traditional methods of disposal. In-drum systems 
present advantages over typical methods of waste treatment, because removing prohibited characteristics 
by sorting and repackaging is costly, time consuming, increases worker radiation exposure risk, and can 
create secondary waste streams that still require treatment.  
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BACKGROUND – THE EVENT AT WIPP 

On February 14, 2014, an airborne radiological release occurred at the Department of Energy Waste 
Isolation Pilot Plant (WIPP) near Carlsbad, New Mexico. Photographic evidence later confirmed that a 
transuranic (TRU) waste drum emplaced in one of the underground disposal rooms had been breached 
(Fig. 1). Further visual evidence indicated the breach was consistent with an exothermic reaction within 
the drum. The reaction resulted in internal heating of the drum leading to internal pressure buildup of 
combustible gases that exceeded the venting capacity of the drum. The increasing pressure led to failure 
of the drum lid and resulted in the rapid release of materials in the drum [1]. 

 
Fig. 1. WIPP drum following breach [1] 

Combustible gases and solids were rapidly released from the drum, ignited, and spread to other 
combustible materials within the waste array including the polypropylene super sacks containing 
magnesium oxide (MgO)a located on top of the containers and onto adjacent waste containers. 
Consequently, seventeen (17) of the MgO super sacks were damaged. The ensuing fire partially damaged 
or destroyed the fabric and stiffener material (cardboard) of the impacted super sacks, which allowed 
MgO to fall between waste stacks and leave partially-sloped piles of material on top of and between the 
waste stacks (Fig. 2) [1]. 

Further investigation revealed the drum originated from plutonium extraction and recovery operations at 
Los Alamos National Laboratory (LANL). The recovery process generated nitrate salts that were vacuum-
dried, placed in plastic bags, and then stored in lead-lined drums. Approximately 30 years after the waste 
was generated, it was processed as part of a LANL campaign to ship TRU waste to WIPP. These kinds of 
wastes were typically mixed with an acid neutralizer and an inorganic absorbent (e.g., zeolite clay kitty 
litter) to inert the mixture matrix, absorb any free liquids, and meet the WIPP Waste Acceptance Criteria 
(WAC). During a revision of the LANL procedure for dealing with this category of wastes, the type of 
                                                           
a The super sacks emplaced in WIPP contain between 3000- and 4200-lb of MgO and are an engineered barrier 

used to consume any carbon dioxide (CO2) produced by the decay of cellulosic, plastic, and rubber materials in 
the waste and waste emplacement materials. Consumption of the CO2 maintains favorable chemical conditions to 
limit the solubility of actinides present in the TRU waste [2]. 
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absorbent was inadvertently changed from inorganic to organic. Subsequent wastes were mixed with an 
organic, wheat-based absorbent, sWheat Scoop® b kitty litter (sWheat) [1]. This process created “a 
complex mixture of nitric acid, various metal nitrate salts, hydrogen and metallic ion TEA 
[triethanolamine] nitrates, and sWheat. This combination of oxidizing nitrate salt residues, organic 
sorbent, and neutralizing agent formed potentially incompatible reactive chemical mixtures” [3].  

 

Fig. 2. Loose MgO following fire caused by breached drum [1] 

The Accident Investigation Board appointed to investigate this event concluded: 

…the direct cause of this accident to be an exothermic reaction of incompatible materials in 
LANL waste drum 68660 that led to thermal runaway, which resulted in over-pressurization of 
the drum, breach of the drum, and release of a portion of the drum’s contents (combustible gases, 
waste, and wheat-based absorbent) into the WIPP underground. [1] 

Although the Accident Investigation Board’s conclusion indicates that a series of administrative errors led 
to the creation of this incompatible mixture, these events could have been avoided by the removal of 
organics and of the hazardous characteristics in a controlled environment. The February 2014 event at 
WIPP highlights that segregation of incompatible materials does not always occur. In addition to the one 
sibling drum (generated from the same parent waste as the breached drum) [1], 60 drums were identified 
at LANL, and another 114 at a site in Andrews, TX, containing nitrate salts remediated with sWheat [4]. 
Drums such as these may be successfully treated through an in-drum system. In the in-drum system, both 
organics and nitrates are thermally decomposed in an inert environment, producing a stable product that 
removes the risk of forming and/or storing incompatible compounds. 

                                                           
b sWheat Scoop® is a registered trademark of Pet Care Systems Inc. in the United States and other countries. 
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IN-DRUM SYSTEM OVERVIEW 

In-drum systems have the capability to convert reactive chemicals into stable compounds without 
removing, handling, or sorting wastes from the source container. Systems are designed for the treatment 
of radioactive waste-containing drums that are unacceptable for shipping, long-term storage, and/or 
traditional methods of disposal. The resultant product is a dry, chemically stable, inorganic waste 
material. The in-drum system can generically be split into four stages (Fig. 3): 

1. Drum Characterization 
2. Drum Treatment 
3. Off-Gas Treatment 
4. Waste Disposal 

Prior to treating, the drums are characterized to confirm and/or determine their contents. Real-time 
radiography (RTR) may be used to look for prohibited items such as compressed gas bottles. RTR can 
determine general physical composition (e.g., the presence of cans, bottles, drums, liners, absorbent, free 
liquids) of drum contents. Nondestructive assay (NDA) may be used to determine radionuclide content. 
Acceptable knowledge (AK)c may additionally be used to determine composition of drum contents. 

Primary treatment of the drums is performed in a heated chamber. The vessel wall is fabricated of a high-
temperature-resistant alloy with electric heaters located outside the vessel walls. Intact drums of waste are 
then placed in the vessel. Once placed, nitrogen is injected into the chamber to provide an inert blanketing 
gas which allows contents to be thermally decomposed without combustion. The drum is then remotely 
vented to allow the drum contents to off-gas as they are generated. The contents of the vessel are then 
heated to a suitable temperature for the wastes, typically 550°C to 650°C. At this temperature, water and 
organics with low-boiling points are evaporated from the waste. Organics with high-boiling points (e.g., 
plastics and other organic polymers) are broken down into volatile organics that are gasified and 
converted to carbon char that remains in the solid wastes. Nitrate compounds within the waste decompose 
to metal oxides and NOx. Following treatment, steam may be injected into the chamber to gasify the 
carbon char into CO and CO2 for further removal. 

During processing, generated off-gas is vented for downstream treatment. In one configuration of off-gas 
treatment, gases would pass through a primary filter, be thermally decomposed in a thermal oxidizer, then 
quenched and scrubbed prior to passing through a final stage of off-gas filtration and exhausted through 
the flue-gas stack. 

The heat-up rate is controlled in a manner to limit the carry-over of any solids through the off-gas; the 
primary filter captures any particulates that may have been carried over during venting. In the thermal 
oxidizer, any volatile organic compounds (VOCs) will be thermally decomposed to carbon dioxide and 
water. Halogens that may be present in the gas will be converted to acid gases. The off-gas is then 
quenched and scrubbed downstream to remove any acid gas from the exhaust and absorb them into the 
caustic scrubber solution generating salt in the solution.  

                                                           
c Acceptable knowledge (AK) is a term used by the U.S. Environmental Protection Agency (EPA) to describe 

process knowledge that is used to characterize hazardous waste. In the context of WIPP, AK is specifically 
defined as “… any information about the process used to generate waste, material inputs to the process, and the 
time period during which the waste was generated, as well as data resulting from the analysis of waste…” [5]. 
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Scrubber solution is collected as waste in drums. These drums are eventually fed back into the process as 
waste to drive off water and generate a solid waste product that can be disposed of as appropriate. Any 
wastes generated from the operation of the in-drum system can be collected in drums and processed 
through the system. Thus, no secondary waste streams are generated by this system.  

Following treatment, drums will be allowed to cool and prepped for disposal. Drums may be compacted, 
placed into containers, and/or treated for further stabilization (e.g., cementation) as appropriate for final 
disposition. 

Completed Testing 

The in-drum system has been tested successfully across four separate tests. In all tests, various mixtures 
containing organics were treated resulting in the organics being thermally decomposed and removed from 
the drum. A summary of completed testing for the in-drum system is shown in TABLE I. Further 
description of Tests 1 and 3 are provided on the following pages. Due to confidential aspects of Tests 2 
and 4, further information is not provided. 
 

TABLE I. Summary of Completed Tests for the In-Drum System 
 

Test 
No. Year Surrogate Waste 

Streams Summary of Demonstration 
No. 

Drums 
Treated 

1[6] 2004 

Debris wastes containing 
organics and prohibited 
items (e.g., liquids, sealed 
containers, and aerosol 
cans) 

Demonstrate organic waste volume 
reduction and that drummed prohibited 
items can be removed/destroyed by in-drum 
thermal treatment.  

All objectives achieved. 

10 

2 2005 
Debris wastes containing 
organics and surrogate 
plutonium metal (cerium) 

Demonstrate organic wastes can be 
removed/destroyed by in-drum thermal 
treatment while retaining surrogate 
plutonium metal (cerium) in drum. 

All objectives achieved. 

2 

3 [7] 2005 

Solidified organic waste 
and chlorinated organics 
including a 
polychlorinated biphenyls 
(PCB) surrogate 

Demonstrate removal/destruction of 
drummed organics and chlorinated organics.  

All objectives achieved. 
2 

4 2009 
Sludge with surrogate 
uranium metal (cerium) 
pieces 

Demonstrate removal of all water, waters of 
hydration from wet sludge, and conversion 
of reactive surrogate uranium (cerium) metal 
to non-reactive oxide form.  

All objectives achieved. 

3 
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Initial testing of the in-drum system took place in 2004 to demonstrate its application as a solution to 
many TRU waste shipping and disposal problems. Objectives included demonstrating the system could 
1) effectively eliminate prohibited characteristics of items such as free liquids, aerosol cans, and sealed 
containers exceeding four liters from drums of simulated TRU waste, and 2) provide volume reduction of 
organics. The main unit of the test system consisted of an electrically-heated chamber. The chamber was 
sized to hold either a 208-liter (55-gallon) drum or a 322-liter (85-gallon) overpack, and designed to be 
capable of heating the drums in excess of 650°C [6]. 

A total of ten, 208-liter (55-gallon) drums were tested. Of these, three drums were each placed in their 
own 322-liter (85-gallon) overpack. Each drum was lined with a 2.3 mm (90-mil) high density 
polyethylene (HDPE) plastic liner. The surrogate waste placed in these drums consisted of typical debris 
wastes (e.g., paper, paint brushes, plastic hose, electrical wiring, mop heads, concrete, gypsum wall 
board) and prohibited items (e.g., free water, empty and partially-full aerosol cans, and sealed 3.8-liter 
[1-gallon] and 18.9-liter [5-gallon] paint cans) that would make the drums ineligible for TRU waste 
shipping or disposal. Weights of the filled drums ranged from 35 to 162 kgs [6]. 

Six thermocouples were placed within the drum contents and on drum surfaces in order to monitor 
temperatures. Each drum was placed in the unit, secured, and heated to a target temperature of 650°C. 
Once all the thermocouples reached the target temperature, the heaters were shut off, and the drum was 
allowed to cool. Following cool-down, the drums were removed from the unit and their physical 
condition and contents were inspected. All test objectives were met including the removal/destruction of 
prohibited items such as free liquids, and achieving mass and volume reduction of waste. Content weight 
reduction ranged from 14 to >99% depending on drum contents [6]. 

In 2005, another demonstration of the in-drum system took place to evaluate if the system could 
successfully treat solidified organic waste (liquid organics absorbed on inorganic material). Additionally, 
a portion of the waste contained polychlorinated biphenyls (PCB). Note that reduction of PCBs is not 
required for shipment to WIPP, but would be required for disposal of drums that are not classified as 
TRU [7].  

Like the previous test, the heated chamber was sized to hold either a 208-liter (55-gallon) drum or a 
322-liter (85-gallon) overpack, and designed to be capable of heating the drums in excess of 650°C. Two 
drums were tested, one partially-full and one full drum containing varying amounts of machine oil, 
chlorinated hydrocarbons, and PCB surrogates (hexachlorobenzene and biphenyl). The contents of these 
drums were mixed with absorbents to form a thick grease- or paste-like material. Total content mass of 
the drums ranged from 95 to 215 kgs [7]. 

Each drum was placed in the unit successively and heated to a core temperature above 600°C. Once the 
target temperature was reached, the heaters were shut off, and the system was cooled. Drums were 
removed when the surface temperature of the drum reached approximately 175°C and then allowed to 
continue to cool in ambient air. All test objectives were met and resulted in a destruction and removal 
efficiency (DRE) of the of organics and PCBs >99 % [7]. 

DESIGNING FOR MIXTURES OF ORGANICS AND NITRATES 

As was the case in the WIPP event, the presence of both organics and nitrates in waste pose risk due to 
reactions that may be both exothermic and cause rapid decomposition. Systems handling various mixtures 
of organics and nitrates may be conservatively designed by designing them to handle red oil. Red oil, 
formed when a mixture of an organic (typically tri-n-butyl phosphate [TBP]) and concentrated nitric acid 
is heated above 120°C, has the capability to decompose explosively and has resulted in three adverse 
events in the US, as well as an explosion at a facility in Russia [8]. 
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The Defense Nuclear Facilities Safety Board (DNFSB) has stated red oil events can be prevented by 
controlling a combination of the following four factors [8]: 

1. Temperature 
2. Mass 
3. Concentration 
4. Pressure 

For red oil specifically, temperature control is achieved by limiting the temperature of solution to 130° C. 
This is adequate for preventing the solution from becoming autocatalytic and decomposing 
explosively [8]. However, this temperature limit is not necessarily applicable to other organic-nitrate 
mixtures. From the event at WIPP, it is apparent other mixtures have the potential to begin self-heating at 
ambient temperatures. Scheele confirms for mixtures containing nitric acid and sWheat it is likely that 
self-heating due to exothermic reactions occurs at ambient temperatures [3]. Additionally, the operating 
temperatures of the in-drum system of approximately 550°C to 650°C precludes temperature control from 
being a viable option for this process. 

Mass control for operations with the potential to generate red oil are generally achieved by limiting the 
amount of organic able to mix with nitrate compounds. This is often achieved by liquid separation using 
decanters or other liquid-liquid extraction equipment prior to processing in heated vessels such as 
evaporators [8]. However, these methods are used for continuous processes and used to prevent the 
accumulation of organics to a degree where they become a risk. Since the in-drum system is a batch 
process, the total mass is already limited by the maximum amount that can be processed at once in the 
unit, typically the contents of a 208-liter (55-gallon) drum. Mass control for in-drum systems are 
inherently achieved by the size of the drum to be processed and the system can be most conservatively 
designed by assuming the entire drum contains a volatile mixture. Conservatism for mass control-based 
restrictions can be reduced based on the expected wastes to be handled and Acceptable Knowledge of 
these types of wastes.  

Concentration control is generally achieved by monitoring density and temperature of constituents and 
controlling their concentration to maintain an environment where reactions between organics and nitrates 
are limited. For example, for red oil, limiting the nitric acid concentration to 10 M is sufficient to prevent 
a runaway reaction [8]. However, this control is mostly applicable to continuous operations with limited, 
liquid-only constituents, such as mixtures of TBP, nitric acid, and uranyl nitrate. Due to the varying 
constituents in the wastes expected to be processed, their material forms, and the nature of operation of 
the in-drum system, concentration control is not a feasible method of control for these systems. 

Pressure control is achieved by adequately venting any excess gas released from the decomposition of 
organics and nitrates and their reactions to prevent conditions leading to a pressure explosion [8]. To 
maintain pressure control in the in-drum system, an appropriate vent size must be determined for both the 
drums to be processed and the in-drum unit itself. By selecting a conservative mass and composition of 
organic-nitrate mixture for design, likely red oil, the vent can be conservatively sized to prevent any 
pressure increases leading to a pressure explosion. The downstream off-gas system must be designed to 
adequately handle any excess flow and heat generated by the volatile mixtures. 

The combination of mass and pressure controls make treatment of organic-nitrate mixtures contained in 
waste drums a viable approach for in-drum systems. The unit, including vents, must be designed to handle 
organic-nitrate mixtures based on limits of total mass capability or less conservative values based on 
Acceptable Knowledge.  
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CONCLUSIONS 

The February 2014 event at WIPP exemplifies the risk of stored drums containing organic and nitrate 
mixtures. In-drum systems have the capability to thermally decompose organics and nitrates in a 
controlled environment into a dry, chemically stable, inorganic waste material. Mass and pressure 
controls make the in-drum system a viable approach for treating these wastes. 

To achieve these controls 1) mass limits must be established based on processing limits or conservatively 
based on Acceptable Knowledge, and 2) appropriate vent sizes must be determined for both the drums to 
be processed and the in-drum unit based on these mass limits. The downstream off-gas system must be 
designed to handle any excess flow and heat generated by decomposition of these mixtures.  

The in-drum system has successfully treated organic wastes across four different tests. The system can be 
designed for use to treat organic-nitrate mixtures and is a viable option for treatment; however, further 
analysis and testing of these types of mixtures is required for confirmation. 
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