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ABSTRACT 
Macroencapsulation is currently available at facilities permitted by the U.S. Environmental 
Protection agency for the treatment of radioactively contaminated hazardous waste.  The U.S. 
Department of Energy is evaluating the use of high-density polyethylene containers to provide a 
simpler means of meeting macroencapsulation requirements.  Macroencapsulation is used for the 
purpose of isolating waste from the disposal environment in order to meet the Land Disposal 
Restriction treatment standards for debris-like waste.  The containers being evaluated have the 
potential of providing a long-term reduction in the leachability and subsequent mobility of both 
the hazardous and radioactive contaminants in this waste while at the same allowing treatment by 
the generator as the waste is being generated.  While the testing discussed in this paper shows 
that further developmental work is necessary, these tests also indicate that these containers have 
the potential to reduce the cost, schedule, and complexity of meeting the treatment standard for 
mixed waste debris.   
 
INTRODUCTION 
Macroencapsulation as specified by the U.S. Environmental Protection Agency (EPA) is 
designed to isolate hazardous waste from the disposal environment.  The macroencapsulation 
process uses inert or non-reactive materials to achieve this isolation.  The purpose of this 
research was to simplify and standardize the macroencapsulation process in order to promote the 
appropriate use of this technology.  
 
Treatment Standards for Debris 
The U.S. Environmental Protection Agency (EPA) began developing treatment standards for 
hazardous wastes in the late 1980’s.  EPA developed these treatment standards based on the Best 
Demonstrated Available Technology for broad categories of waste.  By 1992, EPA realized that 
wastes such as debris were not amenable to the treatment standards established for process 
wastes.  At that time EPA promulgated alternative treatment standards for debris.  They provided 
several options, one of which was macroencapsulation.  EPA had previously established 
macroencapsulation as the treatment standard for radioactively contaminated lead solids.  EPA 
defined macroencapsulation as the “application of surface coating materials such as polymeric 
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organics (e.g., resins and plastics) or use of jacket of inert inorganic materials to substantially 
reduce surface exposure to potential leaching media.”       
EPA went on to describe a performance standard for macroencapsulation of debris.  This 
performance standard requires that the “encapsulating material must completely encapsulate 
debris and be resistant to degradation by the debris and its contaminants and materials into which 
it may come into contact after placement (leachate, other waste, microbes).  
 
Currently Available Macroencapsulation Technologies 
There are three primary methods of macroencapsulation commercially available as this paper is 
being written.  The first of these technologies developed at Brookhaven National Laboratory is 
polymer extrusion.  Essentially the waste is placed in a mold and molten polyethylene is 
extruded around the waste.  This technology is principally available at the Envirocare facility in 
Utah.  The second technology is the Arrowpack.  Waste is compacted in drums and placed in the 
large high-density polyethylene (HDPE) pipes approximately 20 ft. long.  When the container is 
full, an endcap is sealed to the unit using standard pipeline technology.  This technology has 
been demonstrated at Hanford and Oak Ridge.  The third technology employs the use of stainless 
steel boxes and grout.  Waste is placed in the box and a flowable grout is then added to the 
container.  More specialized examples of macroencapsulation can also be found at DOE sites 
where stainless steel or polystyrene have been used to macroencapsulate specific wastes.   
 
Motivation for Pursuing Alternative Treatment Technology 
All of these technologies work for the macroencapsulation of waste.  The purpose of the work 
described in this paper is to determine whether or not standard HDPE containers can be made 
that can be used by the waste generator without the requirement for expensive equipment or 
permitting.  This paper describes the efforts to demonstrate the simplicity, reproducibility, and 
robustness of the sealing technology developed by the UltraTech International, Inc.  Testing was 
done at the Western Environmental Technology Office by MSE Technology Applications, Inc 
(MSE-TA), in Butte, MT under contract #DE-AC22-96EW96405 to the Department of Energy to 
determine the efficacy of using this technology.  A further motivation for pursuing an alternate 
technology is that, the Department of Energy (DOE) generates waste that cannot be shipped to 
commercial treatment facilities.  This may be due to high radiation fields, classified nature, or 
that disposal facilities are not currently available.    
 
Technology Selection 
The DOE sponsored TRU & Mixed Waste Focus Area reviewed several potential 
macroencapsulation technologies that might provide an alternative to the existing 
macroencapsulation technologies.  These included spin welding, concrete, polystyrene, and 
polyethylene.  In the end polyethylene was chosen for a number of reasons.  Polyethylene 
containers are routinely used for packaging and shipment of wastes.  Polyethylene is easily 
worked and can be formed in numerous configurations.  The excellent chemical resistance of 
polyethylene is common knowledge.  Initial evaluations also indicated that a simple method of 
welding the lid to polyethylene containers was available.  This mechanism for sealing hazardous 
waste containers was developed by Mark Shaw of UltraTech and was granted patent 4,586,624 
on May 6, 1986.  UltraTech was contacted and agreed to participate in the demonstration to 
prove the usability of these containers in the mixed waste debris treatment process.  The 
UltraTech process relies on resistance wires that are embedded in the lid of a polyethylene 
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macroencapsulation unit to create the sealing phenomenon.  While the UltraTech process was 
used in this demonstration, there is no reason to believe that other sealing processes might not 
also be sufficient.   
 
Potential Macroencapsulation Container Configurations 
One of the primary benefits of using polyethylene containers is the flexibility in container design 
and capacity.  Containers can be manufactured in almost any shape or size imaginable.  In 
addition, polyethylene liners can be molded to the inside of a DOT pre-approved steel drum or 
box, offering additional performance, handling features, and fire protection.  Currently the 
inventory of container sizes under evaluation includes 60 ft3 tubes, 100 ft3 boxes, and 110-
gallon overpack drums.  The 60 ft3 tubes will hold either loose debris or four 55-gallon drums.  
The 100 ft3 boxes were designed to hold 6 drums, loose debris, or a standard B-25 metal box.  
The 110 gallon drum can hold a 55 gallon drum, loose debris, or compacted drums.  Newly 
generated waste can be added as loose debris to the macroencapsulation container as it is 
generated.  In addition these containers have the flexibility to manage drummed waste or even a 
full B-25 box allowing legacy waste that may have been in storage for years to be treated without 
repackaging all of the waste.  Again because funding has been limited, the testing to date has 
been limited to the 60 ft3 tubs.  The 110 gallon drums and the 100 ft3 boxes were both developed 
by molding a polyethylene liner to the inside of existing standard issue containers.  By using pre-
approved containers that have been shown to meet existing DOT specifications, these containers 
will require only minimal testing prior to use.  Relying on this outer metal container reduces the 
testing requirements proving that the waste has been successfully isolated from the environment.  
It is anticipated that the other configurations will be tested in the near future.   
 
Macroencapsulation Working Group 
The EPA, DOE, and several state regulatory agencies formed a working group to oversee the 
testing of these containers.  The purpose of this oversight group was to ensure that the testing 
would not only meet the regulatory needs of the agencies, but would also meet the waste 
acceptance criteria at the disposal facilities.  EPA and several key states were invited to 
participate to ensure that the final product would meet the regulatory requirements.  In addition, 
treatment and disposal facilities were encouraged to participate to facilitate the eventual 
acceptance of these containers into their units for disposal.   Bi-weekly conference calls were 
held to monitor the progress of the testing.   
 
Macroencapsulation Procedure 

1. Waste is loaded into the macroencapsulation container. 
2. Void space is filled with inert material to help address structural integrity issue.  
3. The lid is placed onto the containment unit. The lid contains embedded wires that are 

now in contact with both the lid and the flanged area at the top of the unit. 
4. A compression weight is placed onto the lid. 
5. The macroencapsulation control unit is plugged into a 120 V power source and attached 

to the connector on the lid. 
6. An operator pushes a button to start the process.  The control unit allows a specific 

current to flow through the wires for a specific amount of time based on the wire 
resistance, length, melt index of the polyethylene, etc.  The wires heat up and begin to 
melt the localized area of polyethylene on the lid and containment unit welding them 
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together.  Once the process time is completed, the Control Unit shuts down and a green 
indicator light notifies the operator the process has been successfully completed. 

7. Disconnect the power cord from the lid, remove the compression weights and allow the 
unit to cool before moving. A quick spin weld of a two inch polyethylene plug seals off 
the connection area from corrosion concerns. 

 
Establishing the Test Plan 
The first step in developing a test plan was to identify the criteria that would be used to 
determine the acceptability of these containers.  The working group identified appropriate 
criteria from the EPA guidance, LDR treatment standards, the Department of Transportation 
(DOT) regulations, disposal facility waste acceptance criteria, existing permits for 
macroencapsulation, as well as the operating experience of disposal facilities.  The regulatory 
criteria are shown in Table I.  The disposal facility criteria are shown in Table II.  This produced 
quite an extensive set of requirements that might be applicable to any one situation.  One of the 
working group’s first challenges was to isolate the minimum set of requirements necessary to 
utilize these containers on a broad set of waste.  Based on limited funding, it was decided that 
meeting the criteria for higher radiation levels or other unique situations would not be 
appropriate.  Once the containers were proven acceptable and being used, then further funding 
could be sought to meet other specifications.    
 
The testing criteria broke down into two major areas.  First, the test plan sought to prove that 
containers in general met the criteria for use as both macroencapsulation and for DOT shipping 
containers.  Secondly, the test plan sought to prove that the UltraTech sealing mechanism 
provided an acceptable seal.   
 
Testing Results Summary 
Testing of the containers began late in 2002.  Testing initially revealed issues with obtaining a 
consistent seal.  The EPA standard simply requires that macroencapsulation processes must 
substantially reduce the surface exposure of the waste to potential leaching media.   This 
standard was clearly being met, but the working group agreed that it was important to eliminate 
any variables in the sealing process.    
 
As testing proceeded there was an effort to standardize the sealing method.  Most sealing to this 
point had been conducted by the technology developer.  The working group thought it was 
important to ensure that acceptable seals could be obtained by anyone capable of following a 
simple procedure.  To ensure this simplicity, the controller, the sealing surfaces, and clamping 
system were refined to ensure a consistent process that would produce consistent seals.  Working 
together, the group was able to develop a state of the art welding unit that enhanced the ability to 
closely control current and voltage, thereby increasing the quality and reliability of the welds. 
 
Testing of the 63 inch diameter tubes was completed in January of 2003.  The latest round of 
testing with the improved design and equipment indicated a consistent seal capable of holding up 
to 3 psi for an extended period of time.  During the demonstration of this equipment for the 
workgroup, it was concluded that this provided a high level of confidence regarding the 
performance and consistency of the seal.  Other testing showed the macroencapsulation container 
passed the Nitrogen Internal Pressure Test, Stack Test and the Handling and Transportation test. 
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Table I.  Regulatory Testing Requirements for Macroencapsulation Containers  
Testing Requirement Demonstration Methodology 
RCRA 
40 CFR 268.45(a)(1) Table 1 
 
The container must substantially 
reduce the surface exposure of the 
waste to potential leaching media 
by completely encapsulating the 
debris and by being resistant to 
degradation  

The top and bottom of the container are welded to the tube, 
creating a fully encapsulated waste form.  Integrity of the seals 
is tested using low-pressure (3 psig) nitrogen.  Ability of seal 
to withstand typical container handling during loading, 
transport and disposal operations also tested by pressure 
testing loaded container following a simulation of these 
operations.  Finally, metal electrode used to transfer power to 
the wiring is isolated from the environment by through the 
placement of a HDPE patch that is applied at the time the 
waste is treated, using spin weld technology.  HDPE 
packaging and liners are commonly used for transporting, 
storing and/or disposing of radioactive, mixed and hazardous 
wastes, primarily based on its recognized resistance to 
chemicals, corrosive leachates and radiation. 
Significant data exist on HDPE resistance to chemicals, all of 
which demonstrate high levels of resistance to almost all forms 
of chemicals [Bibby-Sterilin, 2002].  Biodegradation has been 
found to be virtually nonexistent, and significant data are also 
available demonstrating that HDPE piping is resistant to 
gamma irradiation levels up to 39 Mrad [Farnsworth, 1994].   

The container is structurally 
sound. [Letter from Richard 
Kinch, EPA OSW Waste 
Treatment Branch, to Kevin Igli, 
Chemical Waste Management, Inc. 
(September 19, 1995)] 

The DOT Stacking Test requirement of 5 times the weight of a 
loaded package was applied as a best management practice, 
and modeling was used to demonstrate the container met the 
requirement.  Less or more stringent requirements may be 
specified in a disposal facility’s Part B permit or interim status 
document (see below under “Disposal Facility WAC”). 

DOT  49 CFR 173.410(a-h) 
The macroencapsulation tubes are 
designed as IP-1, or “strong tight” 
containers.  The requirements 
include: 
-Capable of withstanding effects 
of acceleration or vibration arising 
from normal handling. 
-Materials of construction are 
compatible, and behavior of 
packaging under irradiation is 
accounted for. 

 
 
 
 
 
Modeling conducted on the container with a standard steel 
pallet demonstrated the combination passed the requirement.  
Additional modeling will be required when a final decision is 
made on the pallet and method of attachment. 
 
Significant data available demonstrating no deleterious effects 
at gamma irradiation levels up to 39 Mrad [Farnsworth, 1994]. 

Farnsworth 1994 Farnsworth, R. K. Demonstration and Evaluation of Arrow Construction’s 
ARROW-PAK as an Alternative Macro and Improved Container for Mixed Waste Storage and 
Disposal.  Prepared by EG&G Idaho for the Department of Energy.  April 1994 



WM ’03 Conference, February 23-27, 2003, Tucson AZ   

 

Table II.  Disposal Facility Specific Requirements 
Testing Requirement Demonstration Methodology 
Hanford 
WAC Section 3.3.6 
Package is constructed of fire-
retardant materials having a 
maximum flame-spread index 
of 25 when tested under 
ASTM E-84-96 

 
The macroencapsulation tubes do not meet this requirement as 
currently designed, due to the presence of a HDPE exterior.  The 
macroencapsulation boxes and overpacks will meet this 
requirement because they have a steel exterior.     
 

Envirocare 
Part B permit, Attachment II-
1-9, Section 2.i. 
The closure mechanism must 
be capable of withstanding the 
effects of normal conditions of 
storage and transport without 
any deterioration in the 
effectiveness of the closure 
mechanism. 

 
Vibration/acceleration modeling, in combination with putting the 
container through the test plan handling protocol, demonstrates the 
container meets this criterion. 
 
 

Part B permit, Attachment II-
1-9, Section 3.c.iv. 
The encapsulating material 
shall have long-term integrity 
such that potential leaching 
media within a hazardous 
waste cell would not cause the 
encapsulating material to 
deteriorate. 

See response to general RCRA requirement under “RCRA” above. 

Structural integrity.  The 
Macro Containers shall be 
rated by the manufacturer as to 
the maximum weight capacity.   

Will be calculated via modeling at MSE. 

 
 
Testing Details 
The overall objective of this work was to evaluate whether the macroencapsulation units 
developed by UltraTech met requirements outlined by the working group for seal and container 
integrity during normal handling, storage, and disposal of the macroencapsulated waste.  
 
Accordingly, under the direction of the DOE Transuranic and Mixed Waste Focus Area 
(TMFA), MSE-TA tested and evaluated 63-in.-diameter HDPE macroencapsulation units 
developed by UltraTech.  In all, six 1-ft-high units were evaluated to determine seal integrity, 
and six 3-ft-high units were evaluated to determine the impact that normal handling of the units 
had on unit and seal integrity.  Structural testing and modeling was also performed to determine 
if the units met the criteria established by the DOE. 
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Specific objectives of the macroencapsulation unit testing and evaluation were: 
• set up a macroencapsulation unit testing laboratory to provide on-site testing and 

evaluation 
• determine the seal integrity of both the temporary mechanical and permanent thermal seal 

macroencapsulation units; and  
• determine the integrity of the sealed macroencapsulation units and seals when subjected 

to normal handling and storage conditions. 
 
Modeling 
The integrity of the macroencapsulation units were modeled using software and loads equal to 
the stack test criteria specified in the test plan, and the containers were modeled to demonstrate 
compliance with vibration criteria established in 49 Code of Federal Regulations (CFR) 178.608.  
The model testing included structural integrity modeling using RISA-3D software.  Models and 
structural analyses were completed for exterior loads for the macroencapsulation containers.  
Load direction was a uniform axial compression loading on the lid.  The magnitude of both the 
uniform axial compression load was five times and nine times the estimated gross weight of a 
single macroencapsulation unit, respectively. On an overview basis, the RISA-3D model 
indicated that for these loading conditions, the member forces, member stresses, and member 
deflections were not being exceeded.  In fact, the member forces and stresses were very low for 
the loading conditions.  
 
Vibration integrity modeling was completed using ANSYS Structural Analysis software.  This 
software determined deformations, strains, stresses, and reaction forces based on loading criteria 
in accordance with 49 CFR 178.608.  The peak dynamic stresses (1,700 psi) were well within the 
minimum allowable stress of 2,600 psi. The packing material assumed has a very low cohesive 
strength of 0.2 psi; consequently, the container stresses are not likely to change much with 
different packing.  
 
Seal Testing 
The macroencapsulation units that were evaluated were subjected to a nitrogen pressure test, a 
handling/transport test, and a stack test.  These tests are shown in Table III.  Sealed units, as 
indicated in the test matrix, were carefully cut at the pipe/lid sealed joint interface location.  This 
sectioning exposed the cross-sectional area of the fused HDPE joint of the container unit for 
visual examination of the fusion that occurs during the UltraTech macroencapsulation welding 
process.  Visual examination consisted of inspecting the base materials adjacent to the welded 
joint, as well as the filler material of the welded joint itself.  The visual examination intended to 
look for inadequate fusion, consistency of fusion, amounts of voids, density difference between 
base material and fused material, and possible development of any type of crystalline areas.  
 
The inside of each unit was pressurized 3 to 5 psig and isolated from the nitrogen pressurizing 
source.  The pressure was monitored for 1 hr using a calibrated gauge to verify this pressure and 
any changes in the pressure within the unit.  If a loss in pressure was observed, a solution of soap 
and water was applied to the outside of the seal, and this joint was visually inspected for signs of 
bubbles to identify the location of the leak(s).  Once the soap bubble test was complete, a 
calibrated oxygen monitor with a sensing probe was applied to also identify the location of any 
leak(s).    
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This test was generally performed to 49 CFR 173.465 (d) and the project criteria of five and nine 
times the gross weight of a 3-ft-high macroencapsulation container.  The estimated gross weight 
of a 3-ft container is 6,615 lb, which means that the containers subject to this test will have a 
uniformly loaded lid to approximately 33,076 lb and approximately 59,537 lb.  Loading was 
applied to the filled 3-ft-high macroencapsulation containers by a structural steel loading frame, 
hydraulic pressure, and load distribution platform with a maximum loading capability of 80,000 
lb.  Load cells or similar devices were incorporated into the loadframe for measuring axial 
compressive loads placed on the macroencapsulation container.  In addition to the postvisual 
examination and container measurements prescribed by this standard, MSE repeated a soap 
bubble/nitrogen pressure test after completion of this test to determine the effect that the loading 
had on seal integrity.  
 
No visual signs of surface cracking, deformations, or misalignments were noted.  The average 
axial compressive deflection of the container when loaded to 33,075 lb. ended up being 
approximately 1/16 in.  The average axial compressive deflection of the container when loaded 
to 59,535 lb. was approximately 3/32 in.  Both these deflections are well within the material 
properties elastic limits, which mean these imposed loads should have no negative structural 
impact on the containers.  
 
Using a forklift, overhead crane, and heavy-duty truck, MSE handled and transported two 3-ft-
high macroencapsulation containers to determine how well the seal stands up to normal handling 
practices.  Specifically, the container was manipulated with the forklift and overhead crane, 
loaded on a truck, transported as part of the handling protocol, and then unloaded from the truck.  
The 3-ft macroencapsulation containers were filled with appropriately weighted solid materials 
to simulate the gross weight.  At that point, the container was closed and sealed mechanically 
and put through the handling/transportation test.  The purpose of this test was to confirm that 
shipment of a loaded container using only mechanical sealing does not cause damage to the 
thermal sealing surface.  With completion of the handling/transportation test, the container was 
thermally sealed and tested for integrity using the nitrogen pressure test.  For the second test, a 3-
ft container was similarly loaded with simulated waste, thermally sealed, and put through the 
handling/transportation test.  At completion of the handling protocol, in addition to the postvisual 
examination and container measurements prescribed by this standard, MSE completed a nitrogen 
pressure test to determine the effect that the handling/transportation test had on seal integrity.  
 
Fire Safety 
One disposal facility was concerned over the potential combustibility of these containers in their 
disposal facility.  Unlike most disposal facilities that bury their waste soon after it arrives, this 
particular facility leaves the disposed waste open for up to a year.  There was concern that if a 
fast moving prairie fire swept through the area that the polyethylene containers would provide 
additional material for combustion.  Several methods were discussed to address this situation.  
The facility could limit the use of these containers to those with metal exteriors or require the 
application of a flame retardant material.  The facility also provide the opportunity to seek an 
exemption to allow specific management approaches that would allow these containers to be 
covered in the disposal pit on a more timely basis.    
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Table III.  HDPE Tests for 63-in. Diameter Macroencapsulation Test Units.  
Test Name  Item 

Tested 
Test 
Objective 

Length 
of Test 

Test 
Frequency  

Test Standard Comments  

Nitrogen 
Pressure 
(Internal) 

Seal  Determine if 
nitrogen 
passes 
through seal  

1 hr Three 
around total 
perimeter of 
seal  

Normal 
industrial 
procedure  

Pressurize to 3 psig with 
nitrogen and monitor 
pressure for 1 hr.  If drop 
in pressure, use bubble 
test and/or oxygen meter 
to identify location of leak 
and to gauge extent of 
leak. 

Stack Test Unit 
and seal 

Determine 
deformities 
and leak rate 
after stack 
test 

24 hr  
 

One each Load tested to 
49 CFR 
173.465 (d) 
and five times 
gross weight 
(5xGW) and 
nine times 
gross weight 
(9xGW)  

Complete visual 
examination for 
deformities and complete 
soap bubble/nitrogen test 

Handling/ 
Transport 
Test  
 

Unit 
and seal  
 

Determine 
deformities 
and leak rate 
after test  
 

16 hr One each As described 
in Section 4.2 
of the test plan  
 

Complete visual 
examination for 
deformities, 
documentation handling/ 
transportation issues, and 
complete soap 
bubble/nitrogen test 

 
Macroencapsulation of Radioactive Lead Solids 
The treatment standard for radioactive lead solids is very similar to the macroencapsulation 
treatment standard for debris.  The standard for lead requires macroencapsulation but specifically 
prohibits the use of tanks for containers.  This standard was already in place when EPA 
established the debris standard.  In that standard EPA stated that they wanted to provide more 
flexibility for debris than was being allowed for lead.  DOE is now petitioning EPA to go back 
and modify the lead standard to match the debris standard.  Over the years it has been extremely 
confusing to have two macroencapsulation standards only varying by whether or not they utilize 
containers and tanks.   
 
Further Testing 
The sealing mechanism has been shown to be effective for macroencapsulation tubes.  This 
testing should lead to a standardized sealing procedure that will allow the use of these containers 
by reasonably trained waste treatment facility technicians.  Further testing of other container 
configurations should be conducted to obtain the same confidence in other sizes of containers.   
 
Current Status 
On January 29, 2003, eighteen members of the working group-- from the Idaho National 
Engineering and Environmental Laboratory (INEEL), the State of Utah, the U.S. Environmental 
Protection Agency, Pantex, the Nevada Test Site, Permafix, the Los Alamos National 
Laboratory, Duratek, Performance Development Corporation, and UltraTech International, Inc. 
(UltraTech) were on site to witness the 63-inch diameter high-density polyethylene (HDPE) 
container (Figure 1) macroencapsulation demonstration.  The work was sponsored by the U.S. 
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Department of Energy (DOE)-Office of Science and Technology, working through Bechtel 
BWXT Idaho, LLC and the INEEL.  The vendor of the technology is UltraTech of Jacksonville, 
Florida.  MSE Technology Applications, Inc. (MSE), working with UltraTech International, Inc, 
and the INEEL group, designed the test, provided the test setup, executed the test demonstration, 
and will provide a final report. 
 
The macroencapsulation demonstration was successful and met most of the test objectives.  
Macrotubes were found to be 
structurally sound for stacking five 
high.  A new controller was 
designed, fabricated, and 
successfully used.  Reduction of 
power level resulted in dramatically 
improved welds.  Seven of nine 
attempted welds were successfully 
completed.  Reasons for the two 
failed welds were documented and 
lessons learned were incorporated 
into the latest weld procedure.  A 
spin weld methodology was 
developed for sealing the terminal 
entrances. 
 
 
 
Conclusions 
Testing has shown that these containers meet the requirements of EPA and DOT for use as 
macroencapsulation containers. The testing and evaluation also indicate the following features 
and benefits may be available with this specific process as well: 

• Ability to temporarily seal the units for storage or shipping and permanently 
macroencapsulating the unit at a later date or location after inspection or shipment. 

• Macro seal designed to hold 3 psi and meet site specific performance criteria. 
• Flexibility in design; units can be available in 55 gallon, 85 gallon, 110 gallon drums,  

63” diameter and smaller polyethylene pipe of any length, B-25 size and oversized to 
allow overpacking of existing containers. 

• The design allows top or vertical loading to assure maximum loading and minimal void 
space.  Void spaces can be easily filled prior to closing. 

• The potential for the polyethylene to be molded directly into steel drums, overpacks, 
boxes and other containers to offer the additional protection of steel for handling, 
stacking and fire rating. 

• The Macro units can be designed to meet strong, tight container regulations and 
potentially designed to meet IP-2, Type A packaging standards, even High Integrity 
Container (HIC) standards.   

• Custom sizes and shapes can be made available to meet specific-site needs. 
 

Figure 1.  Sixty-three-inch HDPE macroencapsulation 
containers. 
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Testing has shown that these containers meet the requirements of EPA and DOT for use as 
macroencapsulation containers. Outstanding items that may need to be completed include 
repeatability weld testing for new container configurations, vibration analysis, development of 
hoisting and rigging procedures for the macrotubes, improvement of the electrical terminals, and 
designing the connecting pallet.  Immediate follow-on work to complete these items is being 
estimated and will be negotiated.  The working group believes that these macroencapsulation 
containers will be ready for use, when the additional work mentioned above is completed and are 
working with various DOE sites to establish an opportunity to conduct a demonstration on real 
waste.  Negotiations are currently underway to ship demonstration models to appropriate DOE 
facilities for their evaluation.    
 
Preparation of this document was supported by the U.S, Department of Energy, Assistant 
Secretary of Environmental Management, under DOE Idaho Operations Office contract DE-
AC07-99ID13727  


