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Abstract 
DOE is embarking on a program to store large quantities 
of Pu-bearing materials for up to fifty years. Materials for 
long-term storage are metals and oxides that are 
stabilized and packaged according to the DOE storage 
standard. Experience with PuO, materials has shown 
that gases generated by catalytic and/or radiolytic 
processes may accumulate. Of concern are the 
generation of H, gas from adsorbed water and the 
generation of HCI or CI, gases from the radiolysis of 
chloride-containing salts. 

We have designed instrumented storage containers that mimic the 
inner storage can specified in the standard. The containers and 
surveillance equipment are interfaced with a plutonium glovebox and 
are designed to allow the gas composition and pressure to be 
monitored over time. The surveillance activities and glovebox 
interfaces include Raman fiber optic probes, a gas analysis sampling 
port, corrosion monitors, and pressure and temperature feedthrus. 
Data collection for these containers is automated in order to reduce 
worker exposure. The equipment design and glovebox modifications 
are presented. 
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Full-Scale Study 

Establish baseline behavior of full- scale containers and bound the 
behavior of material in extreme cases. 

05 kg of oxide material in 9 sealed 3013 BNFL inner containers - 2.4 L 

.Methods: Raman, mass, and acoustic resonance spectroscopies; gas 
chromatography; temperature and pressure monitoring; corrosion 
monitoring. 

Small Scale Sample Study 
Small I O  g samples allow a database of DOE material types prepared for 
storage in a variety of ways (fill gas, material) to be compiled. 

Samples include 

.Representative oxide samples prepared under DOE Standard. 

.Large scale study duplication. This also provides experimental data for 
chemical model validity and includes failure mode scenarios. 

.ARIES oxide samples (3 -5 samples) 



Large Scale Experimental Issues 
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Standard 3013 baseline (Can I) 

Specific Surface Area (Cans 1,2,3) 

Calcined at 950% - 2 hours; H20<0.5 wt%; < I 9  watts radiation; >30 wt%Pu 

Surface area; effect of free H20 and gas generation 
*Higher SA (Can 2), 0.5% water bound tightly to oxide in first few monolayers 

*Lower SA (Cans 1,3): 0.5% water - 20 monolayers on -1 m2/g -> H20 in vapor phase 

Water (Cans 1,3,4,5,8) 

Salt (Cans 1,4,5) 

Organics = plastics (Cans 1,6,7) 

Gas generation, self limiting system?, H20 uptake 

HCI generation, corrosion, <50 wt- % oxide, H,O uptake on oxide / salts 

Organics present from process upset or low stabilization T; gas generation - 
H, and CO, 

Gas generation at maximum temperature (2500C) = added H20 

Back reaction to form H,O / air (02) may limit H2 production 

Temperature (Cans 1,8) 

Fill Gas (Cans 1,4,5,6,7) 

Mixed Oxide Baseline (Can 9) 

Does U,O, act as a H, sink with H,O'generation? 



Plutonium Oxide for Long Term Storage 
Items contain a range of compositions. 

PBO 87%Pu 

J 

ARF355 45%Pu 

I- 
HL025 71%Pu 

u 
7242141A 42% Pu 

MgO-I 61% PU 

.I F4 
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MgO-2 31% PU 



Engineering Process at LANL 
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Operations Group prepares a Design Summary 

Operations Group meets with Team Leader for Facilities 
Group and obtains a Design Change Package number 
(DCP#). 

Operations Group schedules a scoping meeting with 
Facility Engineers to obtain detailed information /format 
requirements that are needed for the DCP. 

0 Operations Group develop designs and engineering 
modifications in accordance with Laboratory Design 
Change ManuaVLaboratory Engineering Standards (This 
step can be performed In-house or Sub-contracted Out). 

0 

0 

Operations Group submits all documentation/drawings to 
Facilities Group for 30/60/90/100% Design Review with each 
review, feedback is received and changes are agreed too. 

The DCP package is forwarded to Authorization Basis 
Group for an Un-reviewed Safety Question Determination 
(USQD) and Hazards Analysis (HA). 
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Engineering Process at LANL 

Authorization Basis Group with the operations group 
identify and mitigate hazards and prepares and Un- 
reviewed Safety Screens/Determinations in support of the 
Design Process. 
Authorization Basis Group completes the USQD/HA and 
returns the DCP package to the Facility Group. 
Facility Engineering group reviews the DCP package to 
ensure all design criteria for a Category I Nuclear Facility. 
Facilities and Quality Management provides quality 
assurance review/approval for the Design. 
Facility Engineering authorizes/oversees the release of the 

- DCP package for implementation of design process. 
Operations Groups and/or Craft Sub-Contractors perform 
tonstruction/Post-Modification Testing. 
DCP Package/Post-Modification doc. are provided to 
Facility Group for inspection/closure of the work package. 

0 Operations line management and/or DOE review all 
documentation and authorize the activity for routine 
operations. 



Latge Scale 
Instrumented 
S u we i I lance 

Container 
2300 cc. 

Large Instrumented Pu02 Storage Can 

Raman spectroscopy, gas 
chromatography, mass spec., 

tem perat u re, pressure, 
acoustic resonance 

spectroscopy, general 
corrosion sensor monitoring 

Raman Spectroscopy 
Chamber 

'C.  
;c' 

I 

A I 
Raman Spectroscopy 

Chamber 



' Monitoring system for PuO, containers requires 
specialized glove box interfaces 

'Gas samples drawn for analysis by gas chromatograph and mass 

'Raman spectra can be taken inside the container using fiber optics. 
'All instrumentation is outside of the glove box line. 
'Pressure and temperature continuously monitored. 

spectroscopy . 
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Staging glovebox activities prepare 
container for surveillance rack 3 
material transfer, welding of lid, non- 
destructive assay for Pu count, volume 
calibration, helium leak detection, gas 
exchange, moisture addition (if specified) 

,a $ .... . 7 \ 
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S u we i I lance Glove box 
Glove box is interfaced with gas chromatography, mass 
spectrometer, vacuum system and gas lines for safely 
removing gas samples from containers. 

->- 



Surveillance rack inside glove box contains secured cans 
for material accountability and control 

Continuous gas monitoring (pressure and temperature) allows for uninterrupted 
experimentation due to MC&A requirements. 

I I1 
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Engineering design 
features allow for safe 

sampling of gases inside 
PuO, containers. 

Gas sample removal requires 
HEPA filtration (contamination 
control), 

(quantitative analysis of 
Heating of sample line 

. .  

gases), 
Pressure monitoring, check 

valves, pressure regulators, 
Electrical feed-thrus for data 
acquisition (temperature, 
pressure, corrosion sensor) 



Raman and Data Acquisition Systems 
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Summary for Full-Scale Study 

First PuO, container indicates no pressure changes and no 
detectable gases being generated. 

Multiple gas sampling techniques ensures collection of 
defensible data. 
Complex engineering design required for gas sampling 
from a plutonium glove box is complete. 
Currently preparing for a DOE Readiness Assessment for 
Final Authorization to proceed. 
Additional containers are planned for installation in the new 
Fiscal Year. 
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Small-scale Container Designs - 

Allen et a/. 10 g Small Scale Container Design 

37 - 65 ml internal volume 

Oxide at -23OC 

011 MIS samdes currentlv loaded 

Modified I O  g Container Design 

04.5 ml internal volume 

.Scaled toIl500th of 3013 Storage Can 

.Heated to appropriate T seen in full 
scale containers. 
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Small-scale Container= 4.5 cc 

Gas sample transfer line 

Two embedded 
thermocouples with angled 
point for foil puncture 

transducer 

(contamination control) 

Low volume pressure 

Thin (080005”) foil cap 

Interior oxide container (5 ml tolerance 
for smooth transfer to exterior 
container) 

Nickel gasket (H, resistance) 

Exterior container 
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Small scale Reactor Heated Array 
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Containers are in heated blocks (45 locations) with heated manifold 
Containers and manifold are gas tight 
Heaters are controlled with omega temperature controllers 
Gas Chromatograph has been optimized 
The SCXl, Container Block and containers will be introduced into glove box through a glove 
box window ,i 
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Small-Scale Study Glove Box Assembly Cut Away View 
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Small Scale Sample Study 

All small-scale equipment and data acquisition system have been 
cold-tested. 

SCXI, Heated Can Array have been installed into a glove box. 

Currently going through. the engineering process for glove box 
modification and final equipment installation. 

Post-Modification testinghnspection to be performed. 

Final step is line management approval to begin loading containers. 



C o n c I ‘u s i o n s 
.Baseline calcined oxides prepared according to the 301 3 
Standard are not expected generate significant pressures. 

.Gas surveillance program is needed to bound behavior of 
material in off-normal and extreme conditions (real 
material in real cans) 

.Complex infrastructure required for surveillance of Pu- 
bearing materials. 

.Unique design requirements for sealed Pu containers. 

Large-scale: remote data acquisition; variety of data collection 
techniques (Raman, GA, ACRM, ARS, P, T); passive safety features on 
container 

Small-scale: capacity of 45 samples; miniaturized container/valves/ PT/ 
tubing to minimize gas removal and to scale as a 3013 inner container; 
heated and insulated sample blocks 
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