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Abstract 
Providing un 

dew points is of para 
are developing and integrating four types of gas sampling systems for use throughout the 
weapons complex. We are utilizing chemometric tools to extract time/age information from 
the gas analysis of weapon internal atmospheres. 

weapon internal atmosphere samples and measuring 
ance for enhanced surveillance and accelerated aging. 

Introduction 
Clear evidence exists that .the “Blue Goose” gas sampling apparatus used at Mason & 

Hanger yields inaccurate dew point measurements that are much drier than those measured 
by water uptake from desiccants in the weapons. The “Blue Goose” uses long gas sample 
lines and antiquated gas handling technology which contribute to these erroneous 
measurements. Further, the gas handling system in the “Blue Goose” could contribute 
organic contaminants to the gas sampling system. An improved gas sampling system, the 
“Phoenix”, has been developed and fabricated at Pantex and Sandia as a replacement for the 
antiquated “Blue Goose” gas sampling apparatus. This paper describes the status of efforts 
aimed at developing the “Phoenix” and developing and integrating three other types of 
improved gas sampling systems for use throughout the weapons complex. 

We also describe the use of chemometric tools to extract time/age information from the 
gas analysis of weapon internal atmospheres. The ultimate goal of this project is to develop a 
set of tools that, when integrated into the core surveillance program, will enable age-related 
problems to be identified with high sensitivity at the earliest possible moment. Non-intrusive 
gas sampling coupled with chemometric data analysis is much easier and less costly than 
disassembly and inspection of components and subsystems for obtaining age-related 
information. 

Gas Sampling Systems 

the antiquated “Blue Goose” gas sampling apparatus. The W80 field portable gas analyzer 
(FTGA) was developed from the “Phoenix” concept and was fabricated at Sandia for 
measuring the dew point of W80 internal atmospheres in the field while providing the 
capability for capturing gas samples that could be further analyzed at Pantex or Sandia for 
oxygen, nitrogen, argon, and other gases of interest (e.g. organic compounds). The AAU 
gas sampler was designed at Pantex and Sandia, is currently under fabrication, and will be 
used for obtaining internal dew points and weapon gas samples during the testing of 
Accelerated Aging Units (AAU’s). The comprehensive multigas analysis system, which 
has the capability to support solid phase microextraction (SPME) to enhance analysis 
sensitivity,was designed at FM&T, Pantex, and Sandia, has been fabricated at FM&T, and is 
being used to support the identification and measurement of gas constituents in the internal 

The “Phoenix” was developed and fabricated at Pantex and Sandia as a replacement for 

atmospheres ofsealed weapon components (e.g. AF&F’s).- 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United 
States Government. Neither the United States Government nor any agency thereof, nor 
any of their employees, make any warranty, express or implied, or assumes any legal liabili- 
ty or respomibility for the accuracy, completeness, or usefulness of any information, appa- 
ratus, product, or process disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, process, or service by 
trade name, trademark, manufacturer, or otherwise does not necessarily constitute or 
imply its endorsement, recommendation, or favoring by the United States Government or 
any agency thereof. The views and opinions of authors expressed herein do not necessar- 
ily state or reflect those of the United States Government or any agency thereof. 
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The “Phoenix” gas sampling apparatus at Pantex yields accurate dew point 
measurements from static environments like those encountered from weapon internal 

atmospheres. 

Using modern gas handling technology (electropolished stainless steel components, 
metal seal valves and connections, etc.), dry pumping systems, and very short gas sample 
lines, we have shown that the ‘‘Phoenix” replacement (shown at left in the figure above) for the 
“Blue Goose” can accurately measure dew points from static volumes. This is illustrated by 
the data shown at right in the figure above. In this experiment, a 5 liter volume was 
equilibrated with a flowing stream of nitrogen with a known dew point (measured using a 
chilled mirror hygrometer traceable to NIST ). After equilibration, the volume was sealed to 
simulate the static environment of a weapon. The “Phoenix” was then used to sample the 
static environment and measure the dew point of the internal atmosphere. As seen in the figure 
above, the sampled dew point was within +3 C of the known dew point over the range from 
-50 to -3 C (the range of interest for measuring dew points of weapon atmospheres). 

FPGA, the AAU gas sampler, and the FM&T multi-gas analysis system The fabrication, 
procurement, assembly, testing, and qualification of components for 4 W80 FPGA’s is on 
schedule for delivery October, 1997 and for 2 “Phoenix” gas systems delivery is on schedule 
for January, 1998. As of this writing, components have been procured for 2 AAU gas 
samplers (delivery schedule still to be determined). The FM&T multi-gas analysis system has 
been fabricated and tested and is currently being used to sample atmospheres from sealed 
weapon components. 
Chemometric Analysis of Weapon Atmospheres 

has experienced will be encoded in the composition of its internal atmosphere. Through 
application of advanced modeling and pattern recognition techniques that chemometrics 
supplies, the diagnostic sensitivity of surveillance measurements made on a weapon’s 
internal atmosphere will be enhanced. This, in turn, will enable a weapon’s history to be 
deciphered yielding information of increased value to the surveillance program. The 
combination of surveillance measurements with the chemometric models should be able to 
provide a general indicator of an individual weapon’s “state of health.” 

figure below. The data in the first panel were taken directly from the existing surveillance 

These same design principles have been incorporated into the designs of the W80 

The fundamental hypothesis is that the integrated timehemperamre history that a weapon 

An example of extracting age-related information from gas analysis is shown in the 



database from appoximately 135 units of a particular weapon type. These were combined 
using chemometric techniques into a single, coherent, predictive model (second panel) that 
compares actual unit age with model predicted age. The third panel shows age predictions 
for about 50 more units whose data were not used in the model development. These data 
show that most of the units correlated well with the age model. The two exceptions are 
labeled on the third panel as “Atmosphere - air“ and -25X drier than the next driest”. These 
two units have atmospheres that are strikmgly different from the other units analyzed. 
Further analysis of the atmospheres of these two units would be warranted. The foregoing 
analysis shows the feasibility of obtaining meaningful age-related information from the gas 
composition of a weapon internal atmosphere. In addition, it demonstrates the power of 
outlier detection to identify units that fall outside of the normal variation band. 
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Weapon system age model based on 0,, CO,, and H,O surveillance data. 

Conclusions/Recommendations 

provide immediate benefits to DOE stockpile surveillance programs since they address a 
serious problem that has long hampered surveillance efforts, namely, the lack of accurate 
information on the vapor phase moisture level (dew point) of weapon internal atmospheres. 
Further, the advanced chemometric statistical methods for treatment of not only the dew 
point information, but also the gas analysis data for the numerous other vapor phase 
components in the weapon gas samples is expected to provide a wealth of information about 
aging, compatibility, and reliability issues for weapons in the enduring stockpile. 

The recent advances in gas sampling hardware and methodologies are expected to 
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