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ABSTRACT 
 
A fast, safe, and cost-effective method for obtaining headspace gas samples has been developed and 
implemented at Los Alamos National Laboratory (LANL). A sample port is installed directly into a drum 
lid using a pneumatic driver, allowing sampling with a side-port needle. Testing has shown that the 
sample port can be installed with no release of radioactive material. Use of this system at LANL has 
significantly reduced the time required for sampling, and eliminates the need for many safety precautions 
previously used. The system has significantly improved productivity and lowered radiation exposure and 
cost. 
 
INTRODUCTION 
 
All containers of Transuranic (TRU) waste sent for disposal at the Waste Isolation Pilot Plant (WIPP) 
must have a headspace gas sample analyzed for volatile organic compounds (VOC’s). The WIPP facility 
has strict limits on the allowable VOC emissions and therefore the waste containers are also limited on 
VOC levels within the container. The flammable VOC’s must also be analyzed to ensure the containers 
meet the shipping requirements of the TRAMPAC. The WIPP Waste Analysis Plan (WAP) prescribes 
strict requirements for obtaining this sample in order to assure its representativeness. TRU waste drums 
must be vented and then must complete the Drum Age Criteria (DAC) prior to being sampled. Sampling 
headspace gases at the time the filter vent is installed may be performed if a facility has the appropriate 
equipment and is able to meet the WIPP RCRA permit requirements.  For vented drums, sampling 
methods have included the need to destructively or non-destructively remove the filter vent, thus 
involving potential contamination release and personnel exposure.  In addition, this process is time 
consuming and generates secondary wastes. 
 
Nuclear Filter Technology, Inc. (NucFil) has developed, and the Los Alamos National Laboratory 
(LANL) has fully implemented, a fast, safe, and cost effective method for obtaining the mandatory 
headspace gas sample.  The improved sampling method involves installing a small sample port into the 
lid of the TRU waste drum using a remotely activated pneumatic driver.  The NucFil Sample Port is 
manufactured with an aluminum bronze housing to prevent sparking during penetration of the drum lid.  
The drum lid is never open to the environment at any time during sample port installation or subsequent 
sampling.  A fully representative headspace gas sample can be obtained at any time following installation 
by inserting a side-port needle through the septum contained in the Sample Port.  Testing has shown that 
drums with sample ports installed continue to meet DOT 7A/Type A package certification requirements 
  
This paper presents a detailed summary of the LANL experience in implementing production use of the 
system, and the subsequent operational results with the system.  A comparison of the former LANL 
method of obtaining a headspace gas sample with this improved method, throughput, and other relevant 
factors is included. This paper also presents a summary of the development and testing by NucFil to show 
full compliance with all WIPP requirements. 
 



 

SAMPLE PORT AND INSTALLATION SYSTEM DESCRIPTION 
 
Figure 1 shows a picture of the NucFil® Sample Port.  Each aluminum bronze Sample Port housing 
contains a sharp point temporarily held in place with a elastic band.  Upon penetrating the drum lid, the 
elastic band shears off and the point detaches and falls into the drum.  With removal of the closure screw, 
a pathway is made for penetration of a septa with a side port needle.  An o-ring compresses against the 
drum lid following installation to provide an effective gas tight seal between the Sample Port and drum 
lid. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1 – NucFil® Sample Port 

 
Figure 2 shows the NucFil® pneumatic driver. The driver is securely attached to the drum lid with the 
three locking clamps.  A fixture positions the unit on the drum lid approximately 14 cm from the inner 
edge of the ring clamp.  A safety switch in the base of the unit must be depressed for the unit to operate, 
and thus prevents inadvertent operation when not attached to a drum.  The power line and gas line 
connect the unit to the Mobile Workstation (see Figure 3).  A remote radio transmitter then is used to 
activate the unit to install a sample port into a drum lid using high-pressure gas. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 – Pneumatic Drive Equipment 
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System operating pressure is varied based on the drum lid thickness.  The maximum system operating 
pressure is approximately 830 KPa.  A pressure relief valve in the Mobile Workstation assures that an 
unsafe operating pressure cannot be obtained.  For drum lid thickness ranging from approximately 1.1 
mm to 1.4 mm, optimal system operating pressures range from 480 KPa to 760 KPa. Los Alamos 
eliminated the gas line from the workstation and used plant air. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 – Workstation and Pneumatic Driver Setup on a Drum 
 
SYSTEM DEVELOPMENT TESTING 
 
System development testing was conducted to demonstrate (1) safety of installation without contaminant 
release, (2) optimal installation parameters, and (3) acceptability for subsequent package transport.   
 
Installation without Contamination Release 
 
Two types of tests were performed.  First, installations were conducted on drums containing a fluorescent 
dye.  Absolutely no release of dye material was observed, even when installed into a drum pressurized to 
1.45 KPa.  Secondly, test installations were accomplished at the maximum possible system operating 
pressure (830 KPa) on the thinnest drum lids available (1.1 mm), in order to assure that a sample port 
could not completely pass through a lid. The testing proved that the design parameters of the system 
prevented such an occurrence. In addition, a positive stop is included in the driver to prevent driving the 
sample port through the lid.  
 
Optimal Installation Parameters 
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Because drum lids can vary substantially in thickness, the sample port installation system operating 
pressure must be varied accordingly for proper installation.  Thus, extensive test installations were 
accomplished on mild steel drum lids having a nominal thickness of approximately 1.12 mm, 1.27 mm, 
and 1.40 mm.  For each thickness of lid, system-operating pressure was varied in successive installations 
by approximately 35 KPa.  For the three lids tested, resultant optimal installation pressures of 450 KPa, 
620 KPa, and 760 KPa, respectively, were determined.  Installations in thin (i.e., 1.12 mm) lids at 
significant overpressure did result in a partial stripping of sample port threads, thus leading to an 
unacceptable installation.  For all lids tested, installations at less than an optimal pressure resulted in a 
sample port that was not fully installed.  However, in each such case complete installation was achieved 
by tightening the sample port with a torque wrench. 
 
Package Transport Testing 
 
Drums with installed sample ports were subjected to a compliment of tests mandated by the U.S. 
Department of Transportation (DOT) for DOT Type 7A certification.  Specific testing included a water 
spray test, a 1.2 m free drop of a drum loaded to its maximum capacity, and a penetration test involving 
dropping a 6 kg bar a distance of 1 m onto the installed sample port in the drum lid.  In the drop tests, 
drums were repeatedly dropped at different orientations until failure occurred.  In this testing (more 
challenging that the DOT requirements), the installed sample ports were fully resistant to any damage that 
would affect their seal to the drum.  The presence of the sample port in the drum lid did not cause or 
contribute in any way to the lid/drum ring failure that eventually occurred in this repeated testing.  Thus, 
drums with installed sample ports have been certified as DOT 7A certified for transport. 
 
System Acceptance 
 
LANL technicians performed initial system testing at the NucFil manufacturing facility in Golden, CO. 
This testing resulted in some design improvements to the remote control device and development of a 
positioning attachment for the driver. The technicians reported that they were satisfied with the 
operational characteristics and safety features of the system. 
 
The system was delivered to LANL for implementation into their HGAS sampling program, during the 
summer of 2002. Two technicians were designated as Subject Matter Experts (SME) and performed a 
receipt inspection and operational testing of the system to ensure that the equipment operated as designed. 
Based on this testing and receipt inspection, one deficiency (possibly LANL specific) was identified: the 
gas bottles provided with the system were not DOT compliant and unable to be filled by the LANL Gas 
Plant, this was easily corrected. The SME’s developed an operating procedure and a qualification 
program based on the documentation provided by NucFil and hands-on experience obtained during the 
operational testing. 
 
The procedure development took into account the laboratory safety requirements, WIPP Waste Analysis 
Plan requirements and the Safety Basis of the facility. The approved procedure was submitted to DOE 
Carlsbad Field Office for approval to begin using the system. The procedure requires that RTV be used to 
seal any Sample Port that does not make an air-tight seal on the drum lid.  Prior to receiving this approval, 
the DOE required that the DOT 7A requirements were still met if a sample port was stripped and the port 
was sealed with RTV. NucFil was informed of this requirement and performed the DOT 7A compliance 
testing to verify that a sample port using RTV to provide the seal between the drum and the sample port 
still met the requirements of zero leakage after drop testing. After successful completion of this testing, 
the test document was presented to the DOE and the procedure was approved for use.  
 



 

The final step prior to starting normal operations was obtaining facility approval. This approval required 
satisfactory completion of a Management Self Assessment (MSA) and a Laboratory Readiness 
Assessment (LRA). These assessments were completed satisfactorily and were observed by 
representatives of Laboratory Management and the DOE. Upon completion of the assessments, the 
sample port injection system was placed into production. After production began, one deficiency was 
noted with the power cord to the pneumatic driver: the power cord was not designed for industrial 
operations and was difficult to connect with the gloves required for HGAS sampling operations. This 
problem has been corrected by installing a heavy-duty power cable. 
 
Normal Operations 
 
The initial method of performing HGAS sampling required the removal of the filter cover in order to 
access the filter medium for inserting the sampling needle. This removal process required cutting or 
grinding tools, which decreased the level of safety of the process. After the sampling was completed, the 
filter had to be replaced which required operations under a HEPA filtration system and personnel were 
required to wear full anti-contamination (anti-C) clothing with respirators. The best method of ensuring 
safe operation is to use engineered systems and PPE should be used as a last resort. The NucFil system 
provides the engineered controls necessary to eliminate the need for respirators, reduces the required level 
of anti-C clothing, eliminates the need to use cutting tools on the filters in order to obtain a sample, 
reduces the potential for airborne contamination due to grinding activities and since changing the filter is 
no longer required, the waste drum is not open to the environment. The Table 1 below provides a 
comparison to the previous and present requirements.  
 

Table 1 – HGAS Operational Times 
Drum Process HGAS Sampling Through the 

Filter 
HGAS Sampling Through a 
Sample Port 

Drum Preparation Time 2 hours (20 Drums) 2 hours (60 Drums) 
Sample Time 4 hours (40 Drums) 4 hours (60 Drums) 
Filter Replacement Time 2 hours (20 Drums) N/A 
 
The information above indicates that during the drum preparation and post sampling activities, 
productivity increased by three times and exposure to the drums was reduced by two hours. Obtaining the 
sample through the sample port septum reduced clogging of the sample head and also provided an 
increase in sampling rate. One additional benefit is that if a drum needs to be re-sampled, the sample can 
be drawn immediately from a drum with a sample port but if the filter has been changed out, the drum 
must meet the DAC before a new sample can be taken. The current DAC, depending on packaging 
configuration and the waste matrix, can be over 200 days. The cost of a filter and a sample port are 
comparable but the real cost savings are gained by increased efficiency, elimination of respirator 
requirements and a person-hour reduction by eliminating the filter replacement. By reducing the time 
required to perform sampling operations radiation exposures are also reduced. Using the sample port 
injection system, drums can be prepared far in advance of the actual sampling time. If the filter 
replacement method is used, the filter operations must be performed at the time of sampling and the filters 
must be replaced before waste containers can be returned to storage. 
 
The benefits to using the NucFil sample port injection system can best be summarized as follows: 
 
 Increased Productivity and Efficiency 
 Radiation Exposure Reduction 
 Reduced Clean-up Time 
 Increased Flexibility 
 Reduced Cost per Sample 
 



 

After the initial startup of the sample port injection system, the reliability of the system has been excellent 
and the LANL HGAS operations team has been extremely satisfied with the performance. NucFil has 
been very responsive and has worked closely with LANL to ensure satisfactory implementation of the 
sample port injection system. 
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