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3013 Surveillance and Monitoring Program Review 
January 25 to 27, 2011 

Abstract 
A DOE packaging and storage standard (DOE-STD-3013) is being used for long-term storage of 
excess weapons-grade materials. The DOE-STD-30 13 requires a surveillance program to 
validate technical assumptions used to develop the Standard, and assure the long-term safety of 
plutonium storage in DOE-STD-30 13 compliant containers. Close to five thousand 3013 storage 
containers remain in long term storage at the Savannah River Site (SRS). An Integrated 
Surveillance Program based at SRS assures the safe long-term storage of these materials that 
were processed at Rocky Flats Environmental Technology Site (RFETS), Fluor Hanford Site, 
and SRS, Los Alamos National Laboratory (LANL) and Lawrence Livermore National 
Laboratory (LLNL). The effort includes a site wide integration of the surveillance and 
consolidation activities at SRS, Hanford Site, LANL, and LLNL. These presentations review the 
annual progress and results for the ISP and shelf life surveillance work across the DOE complex. 
The review also considers nuclear material storage in the M441.1-1 and 9975 containers. The 
current focus of the surveillance work is to demonstrate and validate safe storage of DOE-STD-
3013 containers until the material is converted to mixed-oxide fuel or otherwise dispositioned. 



3013 Surveillance and Monitoring Program Review 
Savannah River Site, Building 766-H, Room 2138 

January 25-27,2011 

Tuesday 

8:00AM 0:10 Welcome/Introductions C. McClard 

DE, NDE Results and Update J 

8:10AM 0:40 K Area FY10 and FY11 status A. Reedy, B. Hackney 

8:50AM 0:30 DE Gas Analysis and Pressures in 3013 containers ~> N. Bridges 

9:20AM 0:20 GEST resuHs J. Elkourie 

9:40AM 0:30 Pressures and Gas Analysis of LARIPOs and MIS-STD1 K. Veirs 

10:10 AM 0:15 Break 

10:25 AM 0:40 
Gradients ofThermal conductivity, Relative Humidity and Moisture in 3013 

B. Nguyen, K. Veirs 
Containers 

11:05 AM 0:40 3013 Can analysis from DE J. Ziska 

11:45 AM 1:00 LUNCH 

12:45 PM 0:40 Oxide Analysis in DE G. Kessinger, D. Missimer 

1:25 PM 0:30 DE of H003328, LANL and SRNL resuHs ., L. Worl 

Shelf Life Surveillance Results 

1:55 PM 0:30 SRNL Corrosion Shelf Life Studies Update j J. Duffey, J.Mickalonis 

2:25 PM 0:15 Break 

2:40PM 0:30 Status of Large Scale Corrosion Containers J. Narlesky 

3:10 PM 0:20 Summary Corrosion Test ResuHs and FY11 plans 7 s. Lillard 

3:30 PM 1:00 ICorrosion Working Group Meeting 

Wednesday 

Represented Material, Material Characterization and 3013 Selection 

8:00AM 0:30 Shelf Life Surveillance Gas Generation ResuHs and Future Recommendations K. Veirs 

8:30AM 0:20 DE Analysis reduction G. KeSSinger 

8:50AM 0:30 Prompt Gamma Analysis J. Narlesky 

9:20AM 0:20 Engineering Judgment, FY11 T. Venetz, Berg 

9:40AM 0:30 Break 

10:10 AM 0:20 Database Updates and Queries G. FridaY,B.Cheadle 

10:30 AM 0:30 Selection of 3013 Containers for Field Surveillance - outline E. Kelly 

11:00AM 0:30 Pu Metal Eutectic R. Mason 

11:30 AM 1:00 LUNCH 

Site Updates /' "" 12:30 PM 0:30 LLNL Deinventory: packaging and shipping <-- D. Riley --'./ 

1:00 PM 0:30 LANL 3013 packaging for 00-1 materials and AFS demonstration project J. Rubin 

1:30 PM 0:15 LANL 3013 packaging for ARIES materials S. McKee 

1:45 PM 0:30 3013 Equivalency lLow Temp Stabilization for Metal Oxidation Material .-J-Be-
2:15 PM 0:15 3013 Standard IX "Go Roberson, A. Gunter ) 

2:30 PM 0:30 Break ---3:00 PM 0:30 Status of LANL's M441 .1- 1 container / K. Veirs 

9975 Surveillance Program 

I 3:30 PM 0:30 O-ring surveillance E. Skidmore 

4:00 PM 
I 

0:30 9975 recent surveillance resuHs B. Daugherty 

I 4:30 PM 0:30 Engineering Review of 14 Hanford Items Engineering Review Team , 

Thursday 

8:30AM 3:00 MIS-Working Group Meeting (Meeting Action Items, SRNL and LANL AOPs) MIS-WG 

11:30AM 0:00 Meeting End 
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MIS Presentation 

9975 

Savannah River 
" 

NDE of 9975s 

Beth Hackney 

Material Storage Lead Engineer 
Jan 25, 2011 

3/16/2011 
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3/16/2011 

Overview 

• 9975 NDE Process 
• Example Fi ndi ngs 
• Axial Gap Indications 

• Actions Taken 
• Conclusions 

Savannah River 

Elements of the 9975 NDE 

• Perform post load Leak Check of PCV and SCV 
• Measure dimensions of Celotex and weigh upper assembly 
• Measure thickness of lead shielding 
• Record temperatures of lead shield, SCV and 3013 
• Measure O-rings before and after removal from plug 
• Photograph and record any other unusual conditions 

Savannah River 
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3/16/2011 

9975 Findings 
-Damage to the Celotex 

Savannah River o 

Findings 

-Mildew 

C Savannah River 
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3/16/2011 

Findings 

Lead Carbonate Flakes 

C Savannah River 

Findings 
Excessive Lead Carbonate 

C Savann"h River 
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Findings 
Axial Gap> 1" 

savannah River 

Axial Gap Findings 

• FY'09 a total of 6 NCRs written for failed axial gap. 
- <1" is the SARPCriteria 
- 0.8" nominal 

• Two of these were found by the surveillance program 
• Four were found during annual maintenance 
• Items affected (01729, 01818, 01819, 01836, 01879, and 02287) 

- 01818 had the largest axial gap (1.43") and greatest degradation 
- 01819 very similar 

3/16/2011 
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3/16/2011 

9975-01818 Examination 

C Savan""h River 

9975-01818 Cont'd 

C Savannah RIver 
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3/16/2011 

9975·02287 Examination 

Savannah River 

9975-02287 Cont'd 

Savannah River 
CD 
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Results 

• Axial gap issues found in RFETS drums only 
• Drums affected were packaged within a 3 month timeframe 
• 1818 and 1819 had" significantry higher revers of moisture 

than other drums (estimated to be 2.5 I) 
• Completed a Thermal Analysis for a KAMS fire to show that 

the increased moisture and axial gap was still safe for 
storage in KAMS 

• Completed a statistical analysis that concluded that 8% of the 
RFETS packaged during that period are expected to exceed 
the 1" axial gap. 

• No correlation between a~ial gap and heat load. 

c~ ~h Rlver 

l~ Actions Taken 

• Added the measurement of the humidity in the headspace of 
the drum priorto opentng. 

• Added measurement of the fiberboard moisture WME. 
• Revised the 9915·96 SARP to include the axial gap 

measurement during annual maintenance. 

3/16/2011 
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I~ FY'10 Findings 

• NDE31 I DE·15 9975·02130 failed the axial gap criteria 
- Closer inspection found Small spots of mold 
- Moisture 14-23% WME range which is higher than a compliant package 

but not as high as other axial gap drums. 
- No apparent degradation of the fiberboard 

• 9975·01968 was found during verification measurements 
- No mold found 
- Moisture levels (10-14% WME) just slightly above average 
- No apparent degradation of the fiberboard 

2130 Inspection 

C Savannah River 

3/16/2011 
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) Conclusions 

• Axial Gap can be an indicator for degradation of the 
fiberboard due to migration of moisture within fiberboard 
assembly. 

• Proper Storage of 9975s is critical to the integrity of the 
fiberboard (based on field surveillance & lab studies) 

• (Don't send us your wet ones) 

c~ ~hRivef, 

3/16/2011 
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C Savannah River .-

Overview of the FY10 and FY11 KIS Non-Destructive 
Examination (NDE) and Destructive Examination (DE) Runs 

MIS Working Group Meeting 

766-H 

Outline 

Amanda Reedy 

Manager for the KIS Processing Group 
January 25, 2011 

• FY10 I FY11 KIS NDE and DE Processing Overview 

• Process Improvements 
• Future Surveillance Changes - Digital Radiography 

• Summary 

3/16/2011 
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DE I NDE Overall Performance 
I~· 

YEAR NDE DE 

2005 27 N/A 

2006 24 N/A 

2007 14 7 

2008 27 17 

2009 26 19 

2010 16 18 

2011 N/A 18 (7 of 18 field 
complete) 

C~ ~hRWet 

FY10 • FY11 DE I NDE Summary 

• 16 NDE and 18 DEs were performed in KIS in FY10 
- 29 containers from Hanford, 4 containers from RFETS, and 1 container 

ffomSRS 

- 16 NOEs and 2 DEs were performed for a foreign material evaluation. 

• 18 DEs are scheduled in FY11 
- 9 from Hanford, 5 from RFETS, 2 from SRS and 2 from LLNL 
- No NOEs are scheduled 
- 13 Prompt Gamma measurements were performed due to questionable 

baseline measurements on these containers at Hanford 

• Two SPA Evaluations were completed in FY10 
- DE10: Valving Error 
- DE1-5: 9975 Celotex 
- No 3013 conditions identified requiring SPA evaluation 

( - Savannah River 

3/16/2011 

0 
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3/1-6/2011-

I~ FY10 Surveillance Summary 

Pressure Pressure Innocuous Facility Total 
and 

Corrosion 

Random (NDE) 0 0 0 0 

Random (DE) 0 13 0 8 Hanford, 4 RFETS 13 
1SRS 

Engineering 8 6 2 Hanford 16 
Judgment (NDE) 

Engineering 0 5 0 Hanford 5 
Judgment (DE) 

Total 8 24 2 34 

C~ =hRlver 0 

I~ FY11 Surveillance Summary 

Pressure Pressure Innocuous Facility Total 
and 

Corrosion 

Random (NDE) 0 0 0 0 

Random (DE) 0 13 0 6 Hanford, 5 RFETS 13 
2 LLNL 

Engineering 0 0 0 0 
Judgment (NDE) 

Engineering 0 5 0 3 Hanford, 2 SRS 5 
Judgment (DE) 

Total 0 18 0 18 

C~ =hRlver ,. 0 

3 



~ 3013 Surveillance Process· NDE 

• Receptor 9975 container undergoes inspection. 
• 9975 Containers transported from storage room to KIS Vault. 
• 3013 removed from donor 9975 and Surveillance performed on 

both donor 9975 and 3013 (only one 3013 container allowed at a 
time). 

• 3013 placed into receiver 9975 or prepared for Destructive 
Evaluation. 

• Surveillance Program Authority (SPA) reviews Surveillance Data. 

C~~hRlver , 

~_~ 3013 Surveillance Criteria· NDE 

• Contamination: 
- <20 dpm/1 00 cm2 Alpha transferable contamination 

• 3013 Mass: 

o 

- < 1.0 gram difference between Buoyancy Corrected Baseline Mass 
and Surveillance Mass 

• Vlsuallnspection: 
- Cracking of Container Surface 
- Pitting Corrosion on Container Surface 
- Generalized Corrosion 
- Bulgtng or Buckling 
- Metal discoloration or staining 

c~ ~,::hRlver o 

3/16/2011 
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I ~~ 3013 Surveillance Criteria - NDE (cont.) 

• lid Deflection: 
- Pressure must be less than 100 psig @ 95% confidence interval 

temperature corrected to 412°F. 

• Prompt Gamma: 
- No criteria (data used by SPA to validate the 3013 is binned 

correctly) 

r~ Full Can Radiography - FY10 

• Full can radiography was specified for foreign material in 
fY10 due to instances of tramp I foreign material being 
found in FY09. 
- Hanford containers 
- 16 NOE, 2 DE 

• Radiographs taken at 0 and 90 degrees 
- Initial radiographs taken 
- Material agitated by rolling container 
- Radiographs taken again 
- At least three evolutions 

• No foreign material found. 

3116120-11 

o 

5 



Typical Full Can Radiography Images 

Savannah River 
, 

Prompt Gamma - FY11 
I~ 

• Used to measure impurities within the oxide material 
- The impurity data is used to confirm that the material is in the correct bin 

(innocuous, pressure or pressure & corrosion) 

• 13 prompt gamma measurements were performed in FY11 
- A small group of containers from Hanford did not have a prompt gamma 

baseline 

0- Prompt Gamma Process 
- 60 minute live time count for each 3013 
- Field Surveillance Engineer obtained spectra. 
- Spectra then forwarded to Joshua Narlesky at LANL for verification of 

analysis. 

c~ ~hruver 

3/16/2011 
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3013 Surveillance Process - DE 
I~ 

• The 3013 container is transported to the glovebox by hand and 
introduced to the glovebox. 

• After verifying that the re'lative humidity is below the operational 
setpoint, the 3013 container is loaded into the Can Puncture Device 
(CPO). 

• Once gas sampling is completed, the punctured 3013 container is 
removed from the CPO and transferred to the can cutter and both outer 
and inner cans are opened. 

• The convenience can containing plutonium oxide material is removed 
from the inner container, and the lid is removed. 

.. The piutonium oxide material is poured rnto a pan and weighed. 

I -~ CPO Operations 

• Equipment arrangement - see next slide 
• System evacuation and nitrogen backfill performed three 

tfmes to ensure air is removed. 
• 10-minute leak check performed prior to puncture. 

Acceptance criteria is 0.004 psia/min. Most leak rates (50 
of 58) have been S 0.001 psia/min. 

• CPO Pressure prior to puncture must be S 1.0 psia 
• 4-minute soak time required after puncture to allow for 

mixing and diffusion 
• Purge cylinder used to eliminate "dead" space 
• Gas sample error for OE#10 will be discussed later 

C Savannah River 

"--'" 

3/16/2011 
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CPO Schematic 
N;lrogon PU"9< Supply 
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3/16/2011 

Can Cutter Operations 

• IEquipment arrangement - see next slide 
• Cut location is the key 

- Cut location changed after DE Run FY07-04. No probfems since. 

• All convenience cans have been opened by hand. 
• One point of concern: 

- LANL can design will be problematic 
- NMS needs "test cans" to resolve this issue and determine how the 

cans will be sampled and opened. 

Savannah River 

9 



'j Oxide Sampling and Repackaging Operations 
-

• Samples include "initial moisture", "final moisture" 
"sample of interest", and "representative sample" 

• A "sample of interest" was taken for 5 of 18 DE Runs 
- DE #1,2,13,15, and 16 
- Additional chemical analysis will be performed and the results 

will be evaluated in the Annual SPA Report. 

• Most containers look "clean" and "shiny". A few cases in 
which we have seen surface staining. 
- DE# 3,8 and 13 

• Two or three daughter cans produced per run. 
• Daughter cans stored in 910-8 Storage Vault with hydrogen 

getters. 

C~=hRiver , 

Sample of Interest - FY10 

Oxide Material - DE 16 Oxide Material - DE 15 

C Savannah River 

3/16/2011 
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3/16/2011 

Sample of Interest - FY10 

Oxide Material - DE 13 Oxide Material- DE 2 

Savannah River 

Oxide Material - FY10 

Oxide Material - DE 6 

Savannah River 

11 



311612011 

Inner Can Staining - FY10 

DE3 

C Savannah River 

Inner Can Staining - FY10 

DE13 

C Savannah River 
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'./ 
Future Surveillance Changes· Digital Radiography 

• The ADRIS Software in the DR unit on KIS currently does 
not have an analysis module for LLNL or LANL ARIES 
3013s. The first LLNL can will be process this year. 

• Software modifications to provide the capability for the KIS 
DR Unit to analyze Lid Deflection in LLNL 3013s is currently 
underway. 

• Software modi'fications to provide the capability for the KIS 
DR Unit to analyze Lid Deflection in LANL 3013s will be 
scheduled. First can expected in FY2014, but could be as 
early as FY2012. 

c ~ Savannah River 

~~-

I~~ Future Surveillance Changes - Digital Radiography 

• Software Modifications for LANL include the following: 
- Create ADRIS Software Modifications to measure tid response and 

calculate pressure. 

- Develop standards to verify proper performance of the DR system. 
- Perform acceptance testing at SRNL. 
- load modifications on DR system in the KIS vault and conduct 

startup testing 

• Software modifications for LLNL do not require the 
development of standards 

c~ ~hRlver , 

3/1612011 
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I~ Process Improvements 

• LEAN Initiative 
- Temperature and humidity data collection time reduced from 12 hours 

to 6 hours -Implemented September 2010 
- Eliminated blank gas sample - Implemented August 2010 
- Additional Initiatives are working (automated humidity data transfer 

process) 

• Sample Analysis Reductions 
- Based on SPA evaluation, sample reductions were made resulting in 

a cost savings of approximately $500K 

• Californium Shuffler 
- Provides capability to assay Pu and EU in Pu/EU oxide mixtures 

(~ ~hRlver 

1"-

Summary 

• Overall performance of DE and NDE equipment is good. 
• Process is working well and supporting 3013 surveillance 

schedule and commitments. 
• No foreign material found during FY10 NDE I DE 
• The 13 Prompt Gamma measurements scheduled for 2011 

have been completed. 

(~ ~Vimna~ River , 

3/16/2011 
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We Put Science To Work 

Update on the 3013 Gas Analysis at SRNL 

MIS meeting 

25Jan l1 

Nicholas J. Bridges 

Savannah River National Laboratory 

Gas Processes and Results 

• Captured gas from outer-inner (01) and inner can 
(tC) sent to SRNL for analysis 

• Micro-Gas Chromatography 

• 10 m Fourier-Transition Infrared Red Spectroscopy 

• 1-80 m/z Direct Inlet Mass Spectroscopy 

• Confirmation of non-flammable head space 

• Common observed gasses 

• Helium and Nitrogen 

• Hydrogen seen in cans; sealed with moisture 

• To date, no flammable mixture has been measured 

@ SRNL 

3/15/2011 
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Gas Results Through FY11·DE05 

e SRNL 

He:N2 Concentration 
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• Mostly He & N2 

• Some H2 

• Two cans had 
measurable O2 

• FY10-DE10 
valving error 

• Neither can 
had a flammable 
mixture 

• Hanford cans 
generally have higher 
N2 concentration 

• SRS cans indicating 
the same trend as 
Hanford, low He:N2 

3/15/2011 
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Correlation of H2 to Pressure 
I -

• Assumption that all 
60 Zl can packaged at 

~ • Han/ord 
ambient pressure 

50 ,. -
No pressure lost .. 

,,~ • 
" ! overtime 

40 .' . ". . 
" • Any H2 generation . . . 

# would increase the I 30 I_ Hzl pressure 
N 
J: 

20 • Some of the cans 
follow expected trend , 

10 

II 
but not all. 
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Observed Lower Pressure than Predicted 
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• Hanford cans have 
produced H2 

• Total pressure 
build-up less than 
predicted. 

• Ozconsumption 
would add about 1.3 
psia. 

• Deviation still 
about -2 psia 

.~!.j SRN L Assumed atmospheric pressure of 14.35 pSia 

3/15/2011 
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FY10·DE10 (H002728) Mis-Valving at Sampling 
• After puncturing inner can, an error in valving occurred. 

• 18 s of ambient glovebox air introduced into the CPO. 

• SRNL analysis of head space gas observed elevated O2 and 
N2 (7.4 and 50 mol% respectively). 

• SRNL modeled the system and provided three different 
scenarios: 

He H2 O2 N2 CO2 N20 

Partial Mixing 52 14 0.0 34 <0.1 <0.1 

Diffusion Mixing 49 13 1.2 37 <0.1 <0.1 

Complete Mixing 47 13 2.0 38 <0.1 <0.1 

• SRNL could not discount the possible presence of O2 in the 
inner can of FY10-DE10 (HOO2728). 

• Based on the history of all other containers, it is unlikely that O2 was 
present at the time of sampling 

_~;} SRNL 0 

Equipment Status 
• Four year continuously operating FTIR, Ol-MS, and microGC 

• Failure of all three systems within a three week span 

• FTIR inoperable power supple and laser 

• Failure due to lighting strike 

• Direct replacement purchased and received 

• DI-MS filaments burned out 

• Lost of power due to lighting strike exposed hot filament to air 

• microGC secondary pump failure 

• Installation of back-up, failure within 30min of installation 

• Cannibalized between two microGC to yield operational system 

• New back-up ordered 

• As part of the DE Reduction of Analysis 

• MicroGC and FTIR will be reported for each can 

• DI-MS will be collected on each can, and only reported if FTIR is inoperable, 
or for clarification of results 

~SRNL 

3/15/2011 
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Savannah River 
NUCLEAR SOLUTIONS· 

FWOF! DANiEl. NORTHROP GRUMMAN. HONf'(WCLL 

GEST Results 
Jessica Elkourie 

KIS Process Engineering 
Savannah River Nuclear Solutions, LlC 

January 25, 2011 

3013 Surveill.ance and Monitoring Program Review 

766-H Room 2138 

~ ~ 

Agenda , 
• GEST Purpose 
• GEST Input 
• GEST Results for FY10 and FY11 (preliminary) 

Ii ~SRNS 2 
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GEST Overview 

• GEST (Gas Evaluation Software Tool) Purpose 
- Calculate pre-puncture 3013 conditions 

• Gas composition and pressure 

- Predicts composition of six gases 
• N2 
• O2 

• H2 
• CO2 

• CH4 

• He 

CPD (Can Puncture Device) Operation 

• Gas samples obtained during 3013 puncture 
- Used as input into GEST 

• Pressures and times recorded during CPO operation 
- Used to make graphs to determine if CPO in-leakage 

occurred 

Ii ~SRNS 4 
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Leakage Graphs 

FY10 DE#18lnner Can - Pump Down/Leak Test 
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Leakage Graphs 

FY10 DE#18 Inner Can - Puncture/Sampling 
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GEST Output 

I 
Post-Puncture 3013 Gas Compositions (FY1 0 DE#18) 

Gas CH. CO2 N20 He H2 °2 N2 CO 

Composition 
0.000 0.001 0.109 71 .288 0.000 0.046 28.556 0.000 

(Volume "I.) 

GEST Calculated Pre-Puncture 3013 Gas Compositions (FY10 DE#18) 

Gas CH. CO2 N20 He H2 °2 N2 CO 

Inner Can 
Composition ND Trace 0.1 73.6 Trace <0.1 26.2 ND 
(Volume%) 

Uncertainty (±) N/A N/A 0.0 2.6 N/A N/A 1.3 N/A 

Note: NO = No peak is present 

~ ~~SRNS 
Trace = 0.01 vol % or less 

<0 .1 :::: greater than 0.01 vol%, but less than 0.1 vol% 

7 

, 'I 
FY10 GEST Results - First Quarter 

OE# Pressure 
Can# CH. CO2 N20 He H2 °2 N2 CO (Psia) 

FY10 #1 ~o~~p Trace <0.1 Trace 0.5 0.3 Trace 0.2 Trace 17.5 
H004251 

lJ"""'''''''''l (t) NIl{ N/A N/A 0:0 0.0 N/A 0.0 N/A 0.5 

FY10 #2 ~o7.~P NO NO Trace 0.5 < 0.1 Trace 0.4 NO 11.6 
H002496 

v"""'''''''''1 (t) N/A N/A N/A 0.0 N/A N/A 0.0 NlA 0.4 

FY10 #3 ~;.znp Trace Trace Trace 0.4 0.3 Trace 0.3 Trace 16.6 
H003710 

V""",,,,,,, "1 (t) NlA NlA NlA 0.0 0.0 N/A 0.0 NlA 0.4 

FY10 #4 ~~~p Trace Trace Trace 0.4 0.3 Trace 0.3 Trace 17.6 
HOO3655 , 

I 
UnceflalOty (t) N/A N/A N/A 0.0 0.0 NlA 0.0 N/A 0.5 

FY10 #5 
ICComp 
(Vol%) NO NO Trace 0.5 Trace Trace 0.5 Trace 12.0 

~ H002447 U~"'''"' ", N/A N/A N/A 0.0 N/A N/A 0.0 N/A 0.4 

ftSRNS 8 
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FY 10 GEST Results - Second Quarter 
OE# Pressure 
Can# CH4 CO~ N20 He H2 O2 I Nz CO (Psla) 

IC Comp 
FY10 #6 (VoIO/O) NO Trace NO 0.9 Trace Trace 0.1 Trace 14.7 
R610627 

IUn~"";",, (±) N/A NtA NlA 0.0 N/A N/A 0.0 NlA 0.6 

IC Comp 
FY10 #7 (VoIO/O) Trace Trace NO 0.4 0.3 NO 0.3 NO 17.0 
H003900 

Uncertainty (±) I N/A N/A N/A 0.0 0.0 N/A 0.0 N/A 0.5 

IC Comp 
FY10 #8 (Vol%) NO NO <0.1 52.2 16.9 <0.1 30.9 NO 12.8 
H003650 

Uncertainty (±) N/A N/A N/A 2.3 0.3 N/A 1.3 N/A 0.4 

FY10 #9 ~~p I 
NO NO <0.1 57.9 <0.1 <0.1 42.1 NO 11.7 

H002567 
1.6 I Uncertainty (±) N/A N/A N/A 2.4 N/A N/A N/A 0.4 

Partial Mixing 

FY10 #10 Model NO <0.1 <0.1 54.0 14.7 -0.1 31 .3 NO 11.4 

~ HOO27" Mixing Model NO <0.1 <0.1 48.9 13.3 2.0 35.7 NO 11.4 

. l SRNS 9 --'- -'-

~ 

FY 10 GEST Results - Third Quarter 
OE# Pressure 
Can# CH. C~ N~O He Hz °2 N2 CO (Psia) 

IC Comp 
FY10#11 (Vol%) NO <0.1 <0.1 51.7 10.5 <0.1 37.7 <0.1 12.5 
H002786 

Uncertainty (±) N/A NlA I N/A 2.3 ! 0.2 N/A 1.5 N/A 0.4 

FY10#12 (VO?:::)P NO NO 1.0 52.3 <0.1 <0.1 46.7 NO 12.2 
H0030n 

Uncertainty (±) N/A N/A 0.1 I 2.4 N/A N/A 1.7 N/A 0.4 

IC Comp 
FY10 #-13 (Vol%) NO <0.1 <0.1 61.2 0.8 <0.1 

I 
38.0 <0.1 11.5 

H003367 

I Uncertainty (±) N/A N/A N/A 2.5 0.1 N/A 1,5 N/A 0.4 

IC Comp 
FY10#14 (Vol%) <0.1 <0.1 <0.1 41.3 22.5 <0.1 36.0 <0.1 15.3 
H003704 

Uncertainty (±) N/A N/A N/A 2.2 0.4 N/A 1.5 N/A 0.4 

FY10 #15 (~0lo/~>' NO Trace NO 84.8 0.7 < 0.1 14.5 <0.1 13.9 

~ R"0785 Uncertainty (±) N/A N/A N/A 2.7 0.1 N/A 1.1 N/A 0,5 

It SRNS 10 --.--.-
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FY 10 GEST Results - Fourth Quarter 

Pressure 
OE#Can# CH4 cO2 ' N

2
0 He H2 °2 N2 CO (Psia) 

ICComp 
FY10 #16 
R610826 

(Vol%) NO <0.1 NO 88.5 NO < 0.1 11.5 NO 12.0 

Uncertainty (±) N/A N/A N/A 2.8 N/A N/A 1.1 N/A 0.5 

ICComp 

FY10 #17 (Vol%) NO Trace NO 86.8 NO < 0.1 13.2 NO 12.3 

R610853 

Uncertainty (±) N/A N/A I N/A 2.8 N/A N/A 1.1 N/A 0.5 

ICComp 

FY10 #18 (VoI%) NO Trace 0.1 73.6 Trace < 0.1 26.2 NO 12.0 

8001721 

Uncertainty (±) N/A N/A 0.0 2.6 N/A N/A 1.3 N/A 0.4 

~ ~~SRNS 11 

I~ 

FY 11 GEST Results - Preliminary 
, ga~~ CH. CO2 N20 He H2 °2 N2 CO pr;.s;:~)re 

FY11 #1 ~o~~p NO <0.1 <0.1 35.1 37.5 Trace 27.3 NO 18.1 
H003443 

Un"",,,oi,,,y (±) N/A N/A , N/A 2.2 0.5 N/A 1.2 ' N/A 0.5 

FY11 #2 
IC Comp 
(Vol%) NO Trace 0.4 60.0 Trace Trace 39.7 NO 12.4 I 

8002129 
~ ,~ .. un"l (±) N/A N/A 0.0 2.4 N/A N/A 1.6 NlA 0.4 

~o7.~~p 
I 

FY11 #3 NO NO < 0.1 60.0 Trace Trace 39.9 NO 11.8 
H002592 

Uncerlon "y. (±) N/A N/A N/A 2.4 N/A N/A 1.6 N/A 0.4 

FY11 #4 
IC Comp 
(Vol%) NO Trace Trace 62.8 Trace < 0.1 37.2 NO 12.3 

H003337 
UIo"", .. un"l (±) N/A N/A N/A 2.5 N/A N/A 1.5 N/A 0.4 

FY11 #5 
IC Comp 
(Vol%) NO Trace 0.9 45.0 Trace Trace 54.1 NO 12.0 

8001105 
............ c ... "1 (t) N/A N/A 0.0 2.3 N/A NlA 1.9 N/A 0.4 

IC Comp 

~ FY11" <'1<'%) NO NO 0.5 55.2 Trace < 0.1 44.2 NO 11.6 
H003343 l 

· C±) NJA NfA 0.0 2.4 N/A N/A 1.6 N/A 0.4 

IISRNS 12 -_._,--
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End of Presentation 
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IJ 
FY10 DE#10 Results 

FY10 DE#10 Inner Can - Puncture/Sampling 
15 
14 
13 

_12 
/ Inadvertent manipulation of Valve V-6 

.; 11 
/ S:10 

:!! 9 / 
~ 8 / 
1/1 ~ 
~ 7 ... 
It. 6 

Inner Can SamPle cYlinder 

..-/ Punctured opened 
5 / ~ 4 
3 -----. 
2,~AM U3.51AM Wc52AM ~AM =AM ~AM ~lotiZAM ~151AM Z __ ~153AM ~AM ~AM lj)JoMAM lO1oMAM 
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Normal Leakage Graph 
[ FY10 DE#18 Inner Can - Puncture/Sampling 

10 
Purge Cylinder 

9 ",O","U 

6-

/ 7 
j' --; 6 

Purge~er , I / e 
:::I 

5 Opened / .. 
~ 4 / a.. 

3 Inner Can Sample CylinCier 

2 Punctured /' Closed 

/ SlLmple Cylinder / 1 
~I/ Opened 

0 
10:51 :59 AM 10:53:59 AM 10:56:00 AM 10:56:00 AM 11 :00:00 AM 11 :02:01 AM 11:04:01 AM 

~ ~~SRNS 16 

CPD (Can Puncture Device) 
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Pressures and Gas Analysis of LARI-Pos and MISSTO-1 

O.K. Veirs, Josh Nartesky, Leonard Trujillo, Max Martinez, 
Alex Carillo, Laura Worl, Larry Peppers, and John Berg 

3013 Surveillance and Monitoring Program Review 
Jan. 25-27, 2011 

Savannah River Site 

.(-; 
• los Alamos 

UNCI,..ASStFIED -, 

Introduction 

• Six packages have been opened using the Can Punch system at Los 
Alamos. Measurements induded internal pressure, gas composition, 
relative humidity, and temperatures. Material samples were collected for 
TGA/MS and specific surface area. 

• MISSTO-l was chosen as a test package to demonstrate the can Punch 
system was working properly. 

• The LARI-PO series of containers were being opened by ARIES to use the 
material. Four of these containers went through the LANL opening 
process in order to provide preliminary information on the behavior of 
material from the ARIES process that had undergone low-temperature 
calcination. 

P; 
• los Alamos 

UrcCLAl!!'I!llFlfD 
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MISSTD-l 

MISSTD-1 was blended from five batches of oxalate precipitation from 
nitrate solution after anion exchange. The date of original production 
ranged from Dec. 1988 to Mar. 1992. The Pu content of the batches 
ranged from 87.8% (4) to 82.2% (1). 

• The material was blended on 3/27/97 and packaged in a special container 
in early May of 1997. The package consisted of a welded outer container, 
an inner container with a protected bellows for pressure measurement, 
and a vented aluminum innermost container which held the material. 

• The pressure was been measured for over a decade. Pressure rise 
occurred in the first year followed by a stable pressure. 

p, 

Measurements of the specific surface area range from 32 m2/g to 19 m2/g. 

Moisture measurements range from 0.03wt% and 0.21wt% (Supercritical 
Fluid Extraction) to 1.1wt% (inferred from hydrogen). 

. ~!.\I~~ UNCLASSIFIEC 

Particle size distribution 

10 

i 

! 8 

~ 

J 
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0 .. 1111 

MISSTD-1 heated to 200 O( for 2 hours: mass loss 0.43%. 

A 
• los Alamos 

IHnlo ",AL 1" U O .... TORV UNCLASSIFIED 
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Radiograph of MISSTD-1 

A 
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MISSTD-1 

A 
• LosAlamos 

UNC L ASSIF I ED 

MISSTD·l Pressure from radiographs of bellows 

14 

12 

10 -

! 
; 
i e -

Go 

4-

2 -

0 
111/97 111/99 111101 111103 

Date 

MlSllTl).t 

LOI: 2.13% 

10 pSl=69-kPa 

111105 111107 111/00 

A 
.Pu02; oxalate ppt; 2.85 kg; 32m2/g; moisture 0.2 wt% water 
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Similarity to high purity oxide gas generation 

SSR123 TS707001 
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o 
A 1211/2003 11130/2004 11/30/2005 11/30/2006 121112007 11/30/2008 11/30/2009 

• LosAlamos 

Oper8Ied by Los AAmoe NItIonaI Secwty. U C fa' NNSA 

Gas observations 

MISSTD-l P 
Pressure Uncertainty 

(kPa) (kPa) 
Outer 

MISSTD-10 78.8 5.5 CO2 0.00% 0.01% 0.02 

MISSTD-11 156.6 16.0 Np 0.00% 0.58% 0.91 

He 99.79% 49.91% 78.15 

·Dew point -68C or less than H2 0.07% 0.01% 0.02 

1% RH. O2 0.01% 0.01% 0.02 

N2 0.13% 49.48% 77.49 

CH4 0.01% 0.00% 0.00% 

CO 0.00% 0.00% 0.00% 

A 
• Los Alamos 

U NCLASSIF I ED ..... TION.\l L".O"",ro_ v 

Opented by Los .Aemoe. NCIonII Seady, u c lot NNSA IV .. ~&. 
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TGA-MS: loss -2.3%, H20 -1 .1 %, CO2 -1.2% 

A 
• los Alamos 

UNCLASSifiED ~"'lION"'ll " .lQ . ""TORY 

OpMllled by Los A.IarnoI NMIonaI Sec:uriy, LLC lor NNSA 

Water 

·1 monolayer (ML) of water weight 0.00022 g/m2 

__ -W ' ", 

-~ 

·1 ML water on 32 m2/gram material = 0.007 g/gram material = 0.7wt% 

·Loss of 1 ML water and OH termination = 1.5 ML = 1.15wt%. 

H2O H2O H2O H2O 

OH OH OH OH / 0 .0"",, / 0. 
I I ~ Pu Pu Pu Pu 

Pu Pu Pu Pu 
""0/ ""0/ 0/ ""0/ 0/ ""0/ 

£l, + 6 H2O 
• los Alamos 

UHCLAti-5tFI!D ,. ... nO,."' l l . 'OIl Al 0 Il v 

()periled by l_ A.IarnoI ~ Sec:uty, lie tor NNSA N.~S. 
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Comments on CO2 and N2 

·Residual C20l-; survive 12 years of radiation? 

·Surface adsorbed: material was exposed to air for up to 10 years 
before packaging, CO2 from air can adsorb and radiolysis of air 
can form nitrogen oxides which can adsorb. 

·Carbon oxidized by H20? 

.Why N2 and no CO2 in gas phase? Is carbon oxidized by nitrogen 
oxides on the surface forming N2 and CO2 which subsequently 
adsorbs. 

A 
• los Alamos 

UNCL.ASSlf I ED J,l A I ION"'ll".OI!," ' C R Y 

Opwated by lo& ~ National Seady, ue !or NNSA 

·No H2 in gas phase from monolayer concentrations of H20 is 
consistent with observations of other high purity plutonium oxides. 

·ML of H20 on surface generally associated with RH of greater than 
20%. What might be the role of CO2, which desorbs first as the 
temperature is increased, in reducing the water vapor pressure? 

Ut..lCl.A9S1FIED 

(}p8ntec:l by lo& ~ NationaII SecuIy, lLC!or NNSA 
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LARI-POs 

From ARIES DMO furnace - captured as batches. Batches calcined at low 
temperatures - documentation of the temperature is being sought. 

Packaged in 2002. 

Behavior may be useful to developing the argument for lowering the 
calcination temperature for the 3013 Standard. 

• Three items processed: LARI-PO low 11, LARI-PO low T2, LARI-PO low T3, 
and LARI-PO low T4. 

~ 
• Los Alamos 

N,I,IIO NAll ,l,"O",., l QN V U NCLASSif i ED 

Internal pressure from Can Punch gas expansion 

LARI-PO low T1 

LARI-PO low T2 

LARI-PO Low T3 

LARI-PO low T4 

I 
Pressure Uncertainty 

(kPa) (kPa) 

77.1 

71.0 

72.0 

72.5 

5.4 

5.0 

5.0 

5.1 

Inner I I.lner I Inner Inner 

CO2 0.00% 0.00% 0.00% 0.00% 
Np 0.00% 0.00% 0.00% 0.00% 
He 98.52% 99.77% 99.84% 99.34% 

H2 0.00% 0.00% 0.00% 0.00% 

°2 0.01% 0.06% 0.04% 0.13% 

A N2 1.47% 0.17% 0.13% 0.52% 

• Los Alamos CH4 0.00% 0.00% 0.00% 0.00% 
NAIIO "'-"'I lA.Q~AtOItT 

CO 0.00% 0.00% 0.00% 0.00% 
Opwtid bit LOll AiImoe ~I Searty, LLC '0. .•. ~ 

IIV"'~ 
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Comments on LARI-PO gas composition 

• A high purity oxide with no CO2 and little N2 

- Perhaps this reflects that they were packaged relatively 
soon after production and there was little time to form 
nitrogen oxides or adsorb small gas phase molecules. 

- If true, the shelf-life studies will see more N2 and CO2 than 
DE; future studies with representative materiars wou-kf 
begin studies immediately after calcination. 

~ 
• los Alamos 

UNCL~SSIFletJ 

OperaIed by L.oe AIanos National Securty, LLC for NNSA 

Condition of containers is good . 

.(; 
• los Alamos 

OperaIed by L.oe AIanos N8tIonal Seo.dy, LlC for NNSA 
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Temperatures and RH 

48.0 42.0 -68 

24.8 48.7 42.2 26.8 -68 

24.9 47.5 41.6 28.2 -67 

67.6 25.1 48.9 42.3 27.6 -68 

1. Temperature measured prior to taking container 
2. Temperature measured midway between surface of material and bottom of can 
3. Temperature monitored as a function of time; values above taken at 4 hours 
4. GB Dew point measured prior to placing RH probe inside container 

A 
• los Alamos 

UNCLASSIFIED 

()pnled by t..o. AlIImos N4id0na1 S«u'ity. u c rei' NNSA 

Conclusions 

High SSA oxide with moisture 

pressurized to ~78 kPa with Nz after 12 years. 

Adsorbed water did not radiolyse to Hz. 

Corrosion mainly consisted of discoloration. 

Material from the DMO furnace and batch cakined after 8 years 

Very low RH 

No signicant gases produced. 

Some discoloration of metal. 

0.02 

0.02 -69 

0.02 -69 

0.02 

The DMO and calcined oxalate precipitation methods of producing high-purity 
oxides at low temperatures resulted in very little gas pressure, no 

A flammable gases, and no significant corrosion after 8 to 12 years. 

• h~!~\IA~ml~ UNC1..AS$ IF ' fO 
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• Savannah River 
NUCLEAR SOLUTIONS· 

FLUOR OANIEL • NORTHROP GRUMMAN • HONCfWELL 

Relative Humidity, Moisture & Thermal Gradient 
Part 1: Data Collection 

Binh V. Nguyen 

K·Area Complex Process Engineer 
Savannah River Nuclear Solutions, LLC 

January 2SU', 2011 

3013 Surveillance and Monitoring Program Review 

766-H Room 2138 

Temperature & Relative Humidity 

---RHProbe 

Temp Probe 

----- Side Temp Probe 

--- Outer Wall Temp 
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1 

I ~ 

Instruments 

Relative Humidity 

Vaisala Model HMI4.1 I HMP45 

Accuracy: ± 2% RH 

Temperature 
Omega Model HH1471 J I K 

Accuracy: ± 4°F or 0.4% of reading, whichever greater 

jaSRNS 

3013 Containers Collected To Date (FY09 to present) 

• One Rocky Can (R61 0806) 
• Three SRS Cans (8001721, 8002129, 8001105) 
• 20 Hanford Cans (H003119, H002195, H004251, 

H002496,H003710, H003655,H002447, H00390, 
H003650, H002567, H002728, H002786, H003077, 
H003367, H003704, H003443, H002592, H003337, 
H003343, H003371) 

• Seven more to go in FY11 (5 Hanford, 1 Rocky and 1 
LLNL) 

SRNS --.- .- 4 
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Relative Humidity Over Time 
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Temperatures vs. Heat Load 
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Data (1 of 2) 

301310 Side Wall 

~ 
Data (2 of 2) 

3013 10 Heat Humidity Center Side Wall 
Load (W) (% RH) (OF) i(O F) i(OF) 

H002567 1.2 11 .8 79.2 78.8 77.5 
H002728 4.4 4.2 123.8 102.0 84.1 
H002786 4.3 3.2 115.7 97.4 80.9 
H003077 6.9 4.1 146.4 121 .7 82.4 
H003367 2.7 14.4 99.5 93.6 78.8 
H003704 4.4 3.1 120.8 109.9 86.9 
H003443 4.2 8.0 108.8 100.1 84.9 
H002592 1.8 11 .6 93.1 87.0 79.0 
H003337(9) 3.3 2.3 108.1 98.6 81.2 
H003343 3.7 1.2 112.4 85.6 76.5 

Ii ftSRNS 8 
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Gradients of Thermal Conductivity, Relative Humidity, 
and Moisture in 3013 Containers 

O.K. Veirs and F. Coyne Prenger 

3013 Surveillance and Monitoring Program Review 
Jan. 25-27, 2011 

Savannah River Site 

p, 
• LosAlamos 

UNCLA5Slflt,O - , 
Opeqted by Los AIamoe Nalional SecI.dy, LlC 'Of NNSA 

Introduction 

Goal is to map the temperature and relative humidity within 3013 containers when 
stored in 9975s and to relate the conditions to salt phases and liquid formation . 

- The temperature and water vapor pressure at which salts form liquids has 
been mapped out (see talk last year and INMM articles). 

- Need the thermal conductivity of the material/fill gas system and the water 
vapor pressure. 

- The thermal conductivity of the material/fill gas can be estimated using 
models: Eian-Deissler or Bielenberg. They result in significant differences. 

- Measure the thermal profile and RH of materials before they are removed 
from their Convenience Containers. This provides the required information for 
a smail group of containers. 

Derive the effective thermal conductivity from the temperature 
measurements, compare to models, and evaluate which model can be used 

p., when measurements are not available . 

• loS Alamos 
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Model input 

In order to estimate the effective thermal conductivity of a material/fill 
gas system, the models require the gas composition and the void space. 

The gas composition is assumed to be air for the DE temperature 
measurements. 

The void space can be calculated from the bulk density and the pycnometer 
density. 

The bulk density is determined from radiographs and the mass of the 
contents. 

The pycnometer density is calculated from the actinide percentage assuming 
theoretical density of the Pu02 and an average salt density. 

UNCl"'SS I FIEC 

OpefBled by Los AIIImoe National s.cwty, LLC for NNSA 

... , 
b. 

C. 
. lo 

Fill Height Predictlon using Dtsk Model for Material Surface 

B. Spedal Cas • r=R; 9=0; Z=Zo 
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Thermal profile 

·The shape of the thermal profile is constant assuming the material is 
homogenous, the temperature measurements are made well below the 
surface of the material, and the placement of the temperature sensors is 
accurate. 
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Some measurements do not appear to meet the assumptions 
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Results 

Results for k....eff and Prediction of T_offset 

IDS 
T_G D_be l..-bo mbe< rho_bul 

rno Dye 
Q_be 

Ie. elf IlLdlm Thud T center offset Tw B d d bed k yold d 

r{;~ fel leI reI leI Ilnl Ilnl 11cm31 lal 
(g/~ 

l'a/an31 rw, (Wi','"" 
00311 l • 54.3 48.4 34.2 25.0 4 .175 4.49 959 2429 2.53 7.47 0.661 5.53 0.165 0.943 

00425 1 28.9 46.2 4 1.4 30.0 24.1 4 .175 7.07 1538 25711 1.68 ' .92 0.659 3.75 0 .096 0 .964 

00249 24 .' 35.1 2.9.5 25.2 23.8 4 .175 5.71 1235 1887 1.53 ~6 0.748 2.41 0 .127 0 .958 

003710 29 .4 "7.8 37.5 29.0 Z4.7 4.115 4.88 1047 2499 2.39 6.84 0.651 4 .46 0 .137 0.948 

003655 32.2 48.0 38.5 129. 23.6 ' .175 6.00 1299 2589 1.99 6.6. 0.698 4 .54 0.120 0.960 

003900 26.7 38.6 35.1 28. 1 24.3 4.175 5.40 1164 2480 2.13 5.43 0.608 3.66 0.184 0.958 

003650 25.0 39.2 37.3 21.7 23.0 ' .175 4.79 1027 12483 2.42 7.n 0.689 4.62 0.234 0.953 

H002728 27.2 51 .0 38.9 28.9 24.7 ' .175 4 .97 1067 2'75 2.32 6.64 0.651 4.35 0.111 0 .947 

00278 26.1 46.5 36.3 21.2 23.0 4 .175 4 .97 1066 2505 2 .35 6.65 0 .641 4.29 0.126 0 .949 

H00307 27.2 63.6 49.8 28.0 23.4 4.175 5.86 1266 333J 2.63 10. 18 0 .741 6.86 0.095 0 .955 

00336 Z • •• 37.5 34 .2 126.0 23.' 4.175 5.56 1200 2052 1.71 6.04 0 .717 Ul 0.119 0 .956 

003704 27.2 49 .3 43.0 30.5 4.4 4 .175 5.35 1153 12489 2.16 6.34 0.660 .... 0.12" 0 .953 

~ Inpu( to onllym 

. l~Alamos 
HA llONAl _",tO Il AT OII'" UNC L ASS I FIE[} 

Conclusions 

Have made progress analyzing observed temperatures to obtain thermal 

conductivity. 

Some of the data produced unusual results that may arise from 
measurements not meeting the assumptions. 

Work to do includes: 

Compare measured effective thermal conductivity to models. 

Develop a detailed description of the temperatures and local material RH for 
the DEs completed to date. 

A 
• los Alamos 

UNCl.A5S l FII;;C NAUO"All A.o t" 'OIl '" 
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We Put Science To Work 

SRNL DE - Can Analysis 

Josh Ziska, Zane Nelson, Kerry Dunn, Robbie Garritano, 
Thaddeus Reown, Vickie Timmerman 

January 25-26. 2011 

3013 Surveillance & Monitoring Program Review 

Annual Meeting 

Summary of Can Visual Analysis FY10 N/A = No Additional 

3/16/2<J11 
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3/16/2011 

FY100E2 H002496 Information I. 
I 

Packagelnfonnation DE Data 

He-:>4.;J 

Gas Analysis 
N2-44.4 

Bin Pressure & Corrosion (GESn 
H2-1.3 

(Vol%) 
O2-<0.1 
CO2-NO 
CH4-ND 

Engineering Judgment 
Gas Pressure 

Type (GESn 11.6 
Foreign Material 

(psia) 

TGA 0.252w1"1c> TGAIMS 
I uA(U.;j4u/o) M:> (U.1 f'Yo) 

t--f:! 

Total IC(\lg/mL) 
CI-3465 

51.80% N03-960 
Actinides (Leach) 

P04-<30 

S04-1305 
(.;a-:!t;\iU 

Prompt 
Chlorides Not Detected 

ICP/ES (\lg/mL) K-538 

Gamma (Leach) Mg-<8.6 
Na-587 

_ SRNL • 

FY100E2 H002496· S866e Inside Top 

~SRNL o 
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3/1-612-0·1·1-

FY10DE2 H002496 · 6866C Inside Top 

• 

FY10DE2 H002496· 6866C Inside Top 
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3/16/2011 

FY10DE2 H002496· 6866C Inside Top 

FY10DE2 H002496 · 6866C Inside Body 
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3/16/2011 

FY10DE2 H002496 - 6866e Inside Body 

FHJTQ.95J SRJT·l EG2A2 8&55C 

0 

"" 

l 
0 

J!../\ \..A. AA N 

, , 3 , , , , , 
ft,.Scalt5963o;IaQnor:0-2S3 288~) '" 

FY10DE3 H003710 Information 

Package Information DE Data 

He-39.1l 

Gas Analysis 
N2-34 

Bin Pressure & Corrosion· (GESl) 
H2-25.7 

(Vol%) 
°2-<0.1 
CO2-O.4 

CH4 - <0.1 

Random Gas Pressure 
Type ARF - Highest Water (GEST) 16.6 

by Mass Spec (psia) 

TGA O.34wt% TGAIMS 
TGA(O.55%) MS \u:;j\J'Yo) 

~-<1ti4 

Total IC(lIg/mL) 
CI-63350 

72.45% N03-374 
Actinides (Leach) 

P04-<150 
504-479 

(:;a-l<! 

Prompt 
8.6% Chlorides 

ICP/ES (lIg/mL) K-33200 
Gamma (Leach) Mg-1745 

Na-19850 

J~;})SRNL • 
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3/16/2011 

FY10DE3 H003710 80118 Inner Can 

FY10DE3 H003710 80118 Inner Can 
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3/16/2011 

FY10DE8 H003650 Information 

Package Information DE Data 

He-52.2 

Gas Analysis 
N2-30.9 

Bin Pressure & Corrosion (GEST) 
H2-16.9 

(Vot%) °2-<0.1 
CO2-NO 
CH.-NO 

Engineering Judgment Gas Pressure 
Type ~h MOisture-Storage (GESn 12.8 

. Gain (IAEA swap) (psia) 

TGA- 0: 34wt% T"GAIMS 
TGA(0.38%) MS (0.16%) 

T-7O 

Total Ie (jJglmL) 
CI-37400 

75.63% NO)-<150 
Actinides (leach) 

PO.-<150 

I SO.-331 

I. 
I 

~a-265 

Prompt ICPIES (jJg/mL) K-20450 
Gamma 

4.4% Chlorides 
(leach) I 

Mg~54 

I Na-12200 

~SRNL -. 

FY10DE8 H003650 6870C Convenience Can 

~SRNL 
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FY10DE8 H003650 6870C Convenience Can 

FY10DE8 H003650 FTIR 6870C Convenience Can 

The area of the sample that had the "white" rods contains fluoride (like BF4) and organic material (like 
oxidized paraffin). There are possible amines in this sample. A phosphate could not fit the 1039 cm-1 peak. 

3/16/2011 
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3/16/2011 

FY10DE13 H003367 Information 

Package Infonnatlon DEDala 

t1EH:)1.~ 

Gas Analysis 
N2-38 

Bin Pressure & Corrosion (GEST) 
H2-0.78 

(Vol%) 
°2-<0:1 

CO2- <0.1 
CH.-ND 

Gas Pressure 
Type Random (GEST) 11.5 

(psla) 

TGA 0.26wt"/o TGAfMS 
rGA(0.40'1o) M~ (u.a"fo) 

t-<IlIl.0 

Total Ie (lIg/mL) 
CI-8355 

52.47% N03-222 
Actinides (Leach) 

PO.-<30 
80.-2500 
t;a-{\/1 !) 

Prompt 
0.52% Chlorides 

tCP/ES (lIg/mL) K-3090 
Gamma (Leach) Mg-<12.3 

Na-2240 

~SRNL .. 

New Capabilities Borescope 

e SRNL 
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3116/2011 

FY10DE13 H003367 7431C New Capabilities 

FY10DE13 H003367 7431C Convenience Can 
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Summary of Can Visual Analysis for FY10 

• Analyses performed with Zero Incidents and No 
Contamination Cases 

• Total of 18 Cans examined in FY10 

• No evidence of stress corrosion cracking seen 

• No corrosion on any outer can 

• No reason to doubt 50 year life for package 

3116/2011 
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UNCLASSIFIED 

~i>SRNl ~ 1.I_1t'IIII __ ~~ _ .. ____ UL 

We Put Science To Work 

Analytical Tests Summary 

D. M. Missimer 

Principal Engineer 
January 2011 

3013 Surveillance and Monitoring Program Review 

UNCLASSIFIED 

UNCLASSIFIED 

Analytical Tests 

Powder 

• Scanning Electron Microscopy with X- ray Fluorescence (SEM/EDS) 

• X-ray Diffraction (XRD) 

Leachate Solutions 

• Inductively Coupled Plasma Emission Spectroscopy (lCP-ES) 

• Ion Chromatography (IC) 

Acid Digestion Solutions 

• Inductively Coupled Plasma Emission Spectroscopy (ICP-ES) 

• Inductively Coupled Plasma Mass Spectrometry (ICP-MS) 

• Radiochemistry 

{~jl SRNL 
UNCLASSIFIED 

3/t6/2011 
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3/16/2011 

UNCLASSIFIED 

SEMIEDS 

Particle Size Distribution 

• Very heterogeneous materials 

Particle Size Particle Size 

H004251 1-5701Jm HOO2728 1-2491Jm 

HOO2496 1-5201Jm HOO2786 1-2641Jm 

HOO3710 1-2231Jm HOO3077 1-2181Jm 

HOO365S 1-2041Jm HOO3367 1-340IJm 

HOO2447 <1-110IJm HOO3704 1-2091Jm 

R610627 1-6571Jm R610785 1mm-1.3mm 

HOO3900 1-5351Jm R610826 1-5121Jm 

HOO3650 1-8881Jm R610853 1-2161Jm 

HOO2567 1-6041Jm 5001721 <1-927IJm 

I 

~SRNL :IIIItl~""~""'-~ • UNCLASSIFIED 

UNCLASSIFIED 

SEM/EDS 

UNCLASSIFIED 

2 



3116/2011 

UNCLASSIFIED 

SEM/EDS 

UNCLASSIFIED 

UNCLASSIFIED 

SEM/EDS 

, l ~ 4 ~ e , I , • II 

_ ."" .... ~IUIa c::n>_ 

UNCLASSIFIED 
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SEM/EDS 

SEM/EDS 

UNCLASSIFIED 

III • I • , •• 10 " 11 1) 

s.."'<IIIo.r-:Om!,112. 

UNCLASSIFIED 

UNCLASSIFIED 

Pu02 (Spot 7) 

, . . 
_ ZSI1ctr.a.--.Wt "''''' 

UNCLASSIFIED 

6) 
." .. - "'" . ..."., 

.. -

.. -

3/16/2011 
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UNCLASSIFIED 

SEM/EDS 
NaCI 

.. 

UNCLASSIFIED 

UNCLASSIFIED 

X-ray Diffraction 

Oxide Powder 

• XRD LOD: -o.2wt% 

• Depends on mass absorption coefficient & symmetry 

• Actinides 

· PU02 

• Salts 

• NaC! - DEl , DE:I- DE9, DE12, DE13, & DE1B 

· KC! - DEl , DE3 - DE9, DE12, DE13, & DE18 

· CaF2 - DE2 and DE13 

• Corrosion/Oxidation Products 

• NiO, NiCr20., & Fep.- 10 cans 

• Mise 

· Tungstates - DE13 

• Ca, Ta20 7 - DE9 

• MgO - DEl · 2, DE4 -7, DE10, DE13, DE16 

• Ca.Si207F2 - DE2 

I 

~Fl SRNL :MI13 ~ MdMonldtil'lgPtogrMl ~ • UNCLASSIFIED 
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X-ray Diffraction 

7000 

5000 

X-ray Diffraction 

rooo 

2000 

1000 

UNCLASSIFIED 

H002496 

UNCLASSIFIED 

UNCLASSIFIED 

H003367 

\104rI1·I'lO-P.oIOl·I'I~DIdR 

~""a..WiID 

Co.Ol5.o1t. Ot# 
CJO.04Ql"e.!IIIIIIWO • . ~~'t......,c.. 

r 
~.~~~~~~~~-r~~ __ ~.~~~ ~r+~~-r~~-r~ 

10 .. ,. .. 
Two-Theta (deg) 

UNCLASSIFIED 

3/16/2011 

6 



UNCLASSIFIED 

X-ray Diffraction 

R610826 

"00 

'000 

60 
=, ,""1-, , i • I , ,-0 ' , , :'0 .. .. ,. 

Tv.o-Theta (deg) 

UNCLASSIAED 

UNCLASSIFIED 

Ion Chromatography 

leachate Solution 

Oxide leached for 3-hr at 90°C in deionized water 

• p. CI-. N03-. P04~' & S04-2werereported 
• COOH-, Sr, NOz-, & CZ0 4-z were also analyzed, but not detected 

40D 

3jD 

30D 

1.lD 

'!l. laD 

IjD 

laD 

SD 

UNCLASSIFIED 

1. Fluoride L_. 
3.Chtoride .. -L_ .. ,.... 
1._ 
•. S ... 

• . 0:1 .... 

3/16/2011 

,. 
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UNCLASSIFIED 

Ion Chromatography 

• Fluoride 

• Water soluble only 

· <-150 (LOD) 

• The limit of detection is dependent on the Chloride concentration . 

· 164-j.lglg (H00371) 

• Chloride 

• <-150-J.lg/g (LOD) 

• 211-J.lglg H002567 -17.6 wt% R610627 

• Nitrate 

· <-150 (LOD) 

• 80-J.lglg R610826 - 2690-J.lg/g H003900 

• Phosphate 

· < -150-J.l9/g (LOD) 

• 240-J.lglg in H004251 

• Sulfate 

· All cans had detectable sulfate: 60 - 2500-J.lglg HOO3367 

• Many sulfates don't decompose until 900 - 1000 DC 

~"'~ SRNL ~.,.~ )lt3S~MdIokJnlti:wtngPn;lrlgnm~ 

- UNCLASSIFIED 

UNCLASSIFIED 

ICp·ES 

Although 25 elements were analyzed only the following were 
checked & reported for the DE program: 

• SaJts 
• Ca, Mg, K, & Na 

• Corrosion/Oxidation Products 
• AI , Cr, Fe, & Ni 

• RCRA 
• Ag. Sa, Cd, & Pb 

UNCLASSIFIED 

3/16/2011 

., 
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UNCLASSIFIED 

ICP-ES 

HOO2496 HOO3367 R610826 

Leach Di8llOIutlon Leach Di8llOIutlon Leach DI8IIOIutlon 
lIg/g lIg/g lIg/g pglg lIg/g lIg/g 

Ag <12.0 <160 <2.22 <68.6 3.56 <120 

AI 2530 2265 364 
Sa 4.835 45.85 2.17 100 50.55 <95 

Be <0.994 66.45 <0.0832 76.8 <1 .32 1305 

Ca 5690 89900 7915 75050 4340 5865 

Cd <0.731 <80.0 <0.994 <134 <1 .00 <134 

Cr 1297 8190 3720 7205 <1.26 870 

Fe <0.760 12700 <1.25 6550 <2.52 3685 

K 538 <198 3090 2830 72450 65250 
Mg <8.56 19900 <12.3 24550 3855 12800 

Na 588 1030 2240 3990 42200 42400 

NI <4.99 18850 <2.80 30150 1300 8960 
Pb <42.4 <640 <8.69 648 <8.77 <470 

UNCLASSIFIED 

UNCLASSIFIED 

ICP·MS 

• Limitations 
• 1-amu resolution for quadrupole mass spectrometer 
• Can't separate PU23a from Una, Pum from Am2.41 , etc 
• Isobaric interferences from gas species, doubly charged ions, 

oxides, chlorides, etc. 
• Only masses >80 and above routinely measured 

• Strengths 

CIIF. 

NiCr.O, 
F ... o, 
KCI 
MgO 
N8C1 
NIO 

• Excellent sensitivity, especially for heavy masses (Ag. Ba, & Pb) 
• Isotopes with half lives >200,OOO-yr half life (Th232, U2~, U238, 

Np237, & PU2.42) 

• Masses 80 - 243 were analyzed and are available. 

• Masses from 230 - 243 (actinides) were quality checked and 
reported for the DE program. 

r;~ SRNL 
UNCLASSIFIED 

311612011 
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UNCLASSIFIED 

ICP·MS 

HOO2496 HOO3367 R610826 

Mass J.lglg J.lglg J.lglg 

230 <3.99 <4.01 <6.03 

232 15.85 <16.0 9.11 

233 <3.99 <8.02 <4.02 

234 23.3 41 .8 36 

235 1505 3165 2620 

236 114 130 100 

237 61 .8 58.0 54.2 

238 646 548 158 

239 437500 328000 456000 

240 29500 21750 30350 

241 1725 1235 1680 

242 136 96.35 156 

243 <3.99 <4.01 <6.03 

i;;}' SRNL 
244 <5.99 <4.01 <4.02 NU __ " ___ • UNCLASSIFIED 

UNCLASSIFIED 

Radiochemistry 

HOO2496 HOO3367 R610826 
Gross Alpha 7.25E+10 dpm/g 7.12E+10 dpm/g 8.42E+10 dpm/g 

Alpha PHA 
PU238 + Am241 13.5% 12.5% 12% 
PU239 + PU240 86.5% 87.5% 88% 

Gamma Scan 
PU238 0.008% 0.009% 0.010% 
PU239 94% 94.2% 94.1% 
PU240 

5.86% 5.71% 5.82% 
PU241 

0.086% 0.072% 0.088% 
Am241 1380- I 1135- I 1330- I 

~;J SRNL 
UNCLASSIFIED 
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UNCLASSIFIED 

Comparing Radiochemistry and ICP·MS 

RadChem 
Total Pu ICP-MS 

wt"lo wt"t. 

DE1 58.27 53.68. 
DE2 41 .80 46.70 
OE3 52.90 60.13 
DE4 43.85 51.79 
DE5 66.73 60.30 
DE6 49.40 47.18 
DE7 39.20 39.79 
DE8 53.42 52.42 
DE9 48.87 52.68 

DE10 58.80 58.87 
DE11 53.23 49.27 

I 
DE12 72.83 73.06 

I 

DE13 41 .59 44.20 
DE14 60.99 58.13 
DE15 61.96 60.38 
DE16 49.39 48.64 
DE17 74.35 74.75 , 

UNCLASSIFIED 

UNCLASSIFIED 
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We Put Science To Work 

3013 - Destructive Examination 
Oxide Analyses 

G. F. Kessinger 
Separations & Actinide Science Programs 

SRNL 
January 2011 

3013 Surveillance and Monitoring Program Review 

S&ASP FY10 Destructive Examination Activities 

• Received 18 DE Oxide Samples 

• Performed suite of analyses 

• Pycnometry 

• Bulk & Tapped Density 

• Surface Area Analysis 

• Carbon/Sulfur Analysis 

• Thermogravimetric Analysis-Mass Spectrometry 

• Acid Dissolution 

• Aqueous Leaching 

_~~ SRNL 

3/16/2011 
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3/16/2011 

Pycnometry 

RP Sample Density vs Actinide Fraction 

12 . -

10 ~ 
~ ~ 

tl B 

~. 
u [] 

~~. S 
[] 

:E- 6 n 

'ii ~ •• 
c:: .,+ •• !!l 4 

~ 2 

0-
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Actinide Fraction/(wt"lo) 

_ SRNL 3Ot)S~ItId""'cmg~~ 

Bulk & Tapped Density 

Density vs PSDR Actinide Content 

5.5 

5 H • Bulk Density I 
::J 4.5 

• Tapped density I 

E 4 

§ 3.5 •• • 
~ 3 

.,. 
"iii • • • , . • c:: 2.5 • • • •• • Q) 
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.. .. ,,9 
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Surface Area Analyses 

BET Surface Area 

1.60 - + 750C 
c::» 1.40 

• >750C - • N + .. 1.20 o 950C .. + 
E 0 >950 C 

0 

::::- 1.00 
., 

co 0 
II) 0.80 

+ ... l c:( 
II) 0.60 + ~ U 

~ 0.40 .. 
::::I 0.20 C1J 0 

0.00 

0 100 200 300 400 500 600 700 800 900 1000 

Stabilization T/degrees C 

.[@PJ SRNL ]o1:! ~ md MI:IntdMG PfCIGIW'I R....-w 

Carbon-Sulfur Analyses 

• [C] > 400 ~g/g 

• H004251 (RF oxide) - 540 ~g/g 

• H002496 (PFP scrap<80%) -1200 ~g1g 

• R610627 (screenings from Pu oxidation) - 970 ~g/g 

• H002567 (RF oxide) - 81 00 ~glg 

• SiC in XRD 

• R610826 (screenings from Pu oxidation) - 2300 ~g/g 

• [S] > 400 ~g/g 

.~PJ SRNL 

• H002496 (PFP scrap<80%) -1400 ~g/g 

• sulfate in leachate 

• H003367 (RF oxide) - 2100 ~g/g 

• sulfate in leachate 

3/16/2011 
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TGA·MS Moisture Measurements 
Moisture Content 

7 ~----------------------~--------------~ 

:J 6 +-------------.---.---------------------------------i 
c. 
e :l 5 -1--------1 
~ 

~ 4 -/- --,----,------1 
~ ..... 
;;... 
~ 3 - 1-... 
o .. 

1:1 2 - 1-

e 
= 
Z : -t---Lt-I ~--'----'---,--'-----l---.--'--I -"--I r--U---r-----1 

0-0.10 0.11 - 0.20 0.21 - 0.30 0.31 - 0.40 0.41-0.50 > 0.50 

~SRNL 
Moioiture content, wt % 

TGA·MS Moisture Measurements 

• 1M measurements of all items below 0.50 wt% 
H20 

• One item (H003704 , RF oxide) in 0.41 - 0.50 wt% range 

• 0.41% H20 

• 9% CI-

• One item (H003655, RF oxide) in 0.31 - 0.40 wt% range 

• 0.31% H20 

.7%CI-

~SRNL 

3/16/2011 
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Dissolution Flowsheet 

• No changes to dissolution flowsheet in FY10 

• Two duplicate dissolutions 

• 12 M HN03-O.2 M HF dissolution media 

• Heated for 3 hours at -95°C 

• H3B03 added near end of heating cycle (-165 min.) 

• Analyses 

• Aqueous fraction: ICP-ES. ICP-MS. Radiochemistry 

• Insoluble fraction: XRD. SEM (sometimes) 

_~!1 SRNL 

Complexed Dissolution 

Radiochemistry 
ICP-ES 
ICP-MS 

@ SRNL 

Insoluble Solids 
XRD. SEM 

3/16/2011 
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Aqueous Leach Flowsheet 

• No changes to leaching flowsheet in FY10 

• Two duplicate leaches 

• OI-H20 dissolution media 

• -18 MO H20 

• Heated for 3 hours at -90°C 

• Analyses 

• Aqueous fraction: IC, ICP-ES 

• Insoluble fraction: no analysis 

• solids are retained until aqueous results are reviewed 

Leaching Flowsheet 

Solution 

Ie 

Insoluble 
Solid 

3/16/2011 
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Dissolution Results 

Complexed Dissolution 

20.00 
18.00 
16.00 -

~ 0 14.00 .... .c 12.00 • Cl "; • 10.00 

• 
• • • - 8.00 

(/). • • • . 
0 6.00 
::J • 4.00 

2.00 • • 
0.00 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

DE Can # 

?iiiil~ SRNL -~'!!~ 
;»13 ~ra _ MrIrIIlOMO PIognm IWritw 

Dissolution Results 

• Three dissolutions resurted insoluble fraction of 10% or 
more of initial sample mass 

• H002447 (RF oxide) -10% insoluble 

• Pu02 and Pu3F 12oH20 

• -1 wt% H20-soluble CI-

• R610627 (screenings from Pu oxidation) - 12% insoluble 

• PU3F 12"H20 in XRD 

• -17 wt% H20-soluble CI-

• H002786 (RF oxide) - 11 % insoluble 

• Pu02 and PU3F 12"H20 

• -7 wt% H20-soluble CI-

~SRNL 

3/16/2011 
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Mass Balances 

Mass Balance 

100.00 

• • 95.00 
~ • 0 

90.00 -'"' l • • 85.00 • 
~ 
Q) 80.00 
> 75.00 • 0 . • g 70.00 • • a::: 
1/1 65.00 
1/1 

60.00 nI 
:E 55.00 

50.00 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

DE Can # 

O SRNL JC ' 3~MdMonlllrlrog~AIIMW 

Mass Balances 

• Five below 75 wt% 

_~~ SRNL 

• H002496 (PFP scrap<80%) 

• 52% actinide, 9% Ca, 1 %> CI 

• H003655 (RF oxide) 

• 71 % actinide, 7% CI 

• R610627 (screenings from Pu oxidation) 

• 54% actinide, 17.5% CI 

• H002567 (RF oxide) 

• 55% actinide, 2% Fe, 2% Na, 1 % C, 0.02% CI 

• H003367 (RF oxide) 

• 52% actinide, 8% Ca, 2% Mg, 1% CI 

3/16/2011 
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Conclusions 

• Densities fall in the expected range and measurements 
appear to be internally consistent 

• Surface areas appear to be a function of stabilization 
temperature 

• High carbon content is not always traceable 

• 1M results for all items below 0.50 wt% H20 

• Complexed dissolution appears adequate 

• Mass balances generally good 

• Based on these (and previous 3 years of results), some 
analyses were slated for reduction or elimination (to be 
discussed during upcoming presentation) . 

. ~;] SRNL 
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Initial DE of H003328 
Hanford High Water Can 

--------- ------------
Laura Worl, Kirk Veil'S, Josh Narlesky, John Berg, Matt Jackson, 

Dennis Padilla, Lynn Foster, Leonardo Trujillo, Alex Carrillo 
Plutonium Science and Manufacturing (PSM) Directorate 

Ted Venetz, Hanford Site 
Suzanne Clarke, DOE·RL 

3013 Surveillance and Monitoring Program Review 
Savannah River Site, 
January 24-25, 2011 

A • los Alamos 

Hanford Can H003328 
Material: 
Stabilization End Date: 
Packaging RH 
Duration in boat (A) 
Duration of storage wt gain (8) 
Wt. Gain 
Convenience Can 
Package Date: 
Inner Can Weld Date: 

Assay: 

Moisture (Hanford TGA): 

Prompt Gamma: Hanford% (LANL %): 

Rocky Flats Oxide, C-Line, ARF, 7500C 
9/25/2003 
33% 
64 hrs 
51 hrs 
09 

9/28/2003 
9/30/2003 

Pu 
Am 

74.9% 
0.22% 

0.48-0.53% 

CI 
Mg 
Na 
K 

4.38 (3.26) 
0.56 (0.29) 
0.89 (0.67) 
nd (1.84) 

Venetz, T.J.; Berg, J.M.; Narfeksy, J.E; Veirs, O.K., McClard, J . W , "Evaluation of Hanford Item 
/" Potentially Packaged in Excess of OOE-STD-3013 limit for Moisture A review by Subject Matter 

.....---, Experts, Sept. 2008, HNF-39080 
• Los Alamos 

HA1Ul/'lll! ~"' O"'TO~V N .. "9f. 
The WOfI(f'~ Gtl'..ltl1t St!encrfTotl'CL.ng Amf'nw 
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Processing Flow Diagram 
---------------- --------

A 
• Los Alamos 

,,"' !I OllloirolUIOU TO. " 

The! Workt's Gn.lte1t Socna:o Protecting ~ 

NDE: Temperature of 3013 container in a 9975 

H003328 in 9975. Lids of PVC, SCV. and 9975 set 
in place allowing egress of TC wire. 

Position 48 hours 
Thermal 
model 

/, Center top 33 

I Center bottom 39 

Side wall tOP 34 38 

Side wall midpoint 36 40 

Side wall bottom 36 38 

Mass 
Total thermal output 

Material specific wattage 

Pu content 

Pu02 content 

Salt content 

Density (estimated) 

Side wall between 

midpoint and bottom 

997S outside wall 

37 

20 

Location of 
thermocouples on 
outer 3013 
container 

9975 outside lid 20 

Berg. J.M .. N. K. Gupta, B. Nguyen, J. E. Narlesky, F. C. Prenger, L.E. 
Traver, and D.K Veirs. 2010. Thennal Gradients and the Potential 
to Fonn Liquids in 3013 Containers. Journal of Nuclear Material 
Management 37. 

Analytical equations yield conservative 
wall temperatures in this test. 

A 
• Los Alamos 

2.4 kg 

5.0W 

2,7W ky;' 

76% 

86% 

14% 

3gcm" 

" ... TlOII,,\ L .... OIMOl'f 

-----------------------------------IV~~ n..WorId·$cGrfJtrn~Prot«tlngA~1UI 

3116/2011 
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Kenn Gibbs and Lynn Foster developed a method at LANL 
to coHect lid deflection information such that the baseline 
radiograph and LANL radiograph could be compared to 
estimate an internal pressure (± 20 psig or ±..2 mils) 

Variations Hanford vs. LANL include: 
400 kV xray vs. 225 kV 
Source to can: 50 in vs. 25 in 
Frequency of images and averages of values 

A 
• Los Alamos 

IO ATlO III ... l Ulo. ",lo n 

---------------------------------------IV~ The:! Wor4d', Gf"f'.lten ~n« $IrCitectJn'1 Amet"i<oi 

Gas Sample 
-Completed practice test with empty Hanford 
assembly (H003282) welded at SRS on 9/7/10 

Inner and outer containers had -10% He, detectable H2 
(0.01 and 0.06%) and balance of air 

- H003328 gas sample of inner and outer 3013 
on 9/13/10 

CP-H003382-11 CP-H003382-I.l CP-H003382- 01 
CO2 0.00% 0.00"1< 0.00% 
He 14.18% 14.23°1. 91.87% 
H2 74.34% 74 .42"1< 0.10% 
02 0.13% 0.02"1< 0.15% 
N2 11 .35% 11 .33% 0.80% 

CH4 0.0% 0.0°1. 0.0% 

Can Pressure 43.4 psia 13.4 psia 

MIS Prediction ... "The most likely total pressure within 
container is between 29-65 psig .... The most likely estimate of the 

A hydrogen pressure is between 60 and 24 psia. " 
. I!.os 

/ltA I W.!Iot.l l ".O' ATOl1' 

3/1612011 
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Material Evaluation 

LANL Analysis 

TGNMS; (two @ 3gs) 

PSA. Density, 
SSA Sample (30g) 

Archive Surveillance 
Sample (45g) 

A 
• LoS Alamos 

Material 
Evaluation 

.. 
Open Convenience 

Container 

.. 
Initial Moisture 

.. 
Container 
Hwnidity 

.. --
Weigh and photograph 

material 

Sample, 
(material talcen 

Jrom each quadrant 
Jor sampling) 

.. 
Bulk for 
storage 

SRNL Analysis 

Convenience Can (CC) 
Visual Inspection and 

Photograph 

Chemistry 
Sample (20g) 

Material from 
lidandCC 

sampled 

Ship to 
SRS 

Ship CC and 
scrapings to 

SRS 

N .... rl.:Ht ... L U H I .. _ .. _O. _. ___ _ _________________ N."s;A 
The- Wg,rO',.: GrNh'st sc .... "'c PIO{~ lno AirtbllCJ 

Cutting the outer and inner 3013 container and initial 
measurements were time sensitive. 

13013 Container Cutting Equipment Relative Humidity and Temperature readings 

4.70" 

cxxx 

CONVENIENCE Ci\N ASSEMBLY 
c:arIU POt IRDI 

R-R!-F -!l0'l8-A 

Centerline: 60.4 °C 
Side wall: 55.2 °C 
RH: 22.IJOAI 

3116/2011 
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H003328 Material Images and Sampling -
• Initial moisture samples: 

4 grams collected quickly 
from middle and side 
locations, stored in gas 
tight containers 

Oxide in Hanford CC 

A 
• LosAlamos 

N",nOIl"l Luo . .... ro n 

• Representative samples collected 
from four quadrants of material 
spread into pan, stored in gas tight 
containers 

Oxide in pan before leveling and sampling 

--------------------------IV~~ 

Outer 3013 Images 

A 
• Los Alamos 

1UIo· 'DIf" ~ , " J I;I ,.",TOI Y 

3/16/2011 
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............ __ Ud crevice '!I~~~ 

Convenience Can Images: outside lid showing filter 

Filter region where tape was used at LANL to seal container before RH 
measurement, Residue was removed with tape 

--------------IV~~ 

311612011 
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Convenience Can: inner images 

Lid thread region Bottom of CC lid 

-----------------------------------IV~~ 1"hc!o WoIkt'.I c;,~iJ~t St~ Pn,tl!tlmg Amero 

Convenience 
Can 

-Inside bottom 
image with Pu 
oxide removed 

-0.3 g Pu 
measured with 
tong neutron 
multiplicity 
count 

A 
• Los Alamos 

NA, rl OB' l l ... . 0 . ... 'o.y 

3116/2011 

7 



Particle Size Analysis 

Multi-modal distribution with higher 
particle size changing with time. 

7.000 - - -

O.(J20 (j. 100 10.00 

Form of Distribution :Manual 
o.stnbution Base :Volume 
Sampling Times(U 

~'edian: 5.8305(~m) 
Mean : 8.284O(~m) 
Mode : 9.4197(~m) 
Span 2.6605 

Diameter on % :(1)5.000 (%)- 1.1232(~m) 
(2)10.00 (%). lA232(~m) 

(3)20.00 (%)- 2.019O(~m) 
(4)30.00 (%). 2.7704(~m) 
(5)40.00 (%). 4.0138(~m) 
(6)60.00 (%)- 7.6326(~m) 
(7)70.00 (%). 9.59S8(~m) 
(8)80.00 (%)- 12.1935(~m) 
(9)90.00 ('!o). 16.9351(~m) 
(10)95.00 ('!oJ' 24.1S82(~m) 

100.0 10002000 

OiaJnt!tcr (Min) 

--------------------------------IV~~ The Worlch GsNtt!S1 Sc: nee Protecting AmftJ(';] 

H003328 TGA-MS 

Two Samples: one taken along wall (H003328-TGA2) and one from top 
center of material (H003328-TGA 1 ) 
TGA1, wt.% H20: 0.34% (TGA) and 0.24% (MIS for mass 18) 
TGA2, wt.% H20: 0.50% (TGA) and 0.44% (MIS for mass 18) 

" 

..... .,.,..,. .. : 0.34% 

'I 

-I 

-----N.'SA 

3116/2011 
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Summary 

• Significant Hanford, LANL, SRNL efforts were critical for success; 

• Results from Shelf-Life Surveillance materials allowed successful 
prediction of the total pressure and the hydrogen pressure; 

• Successful demonstration of LANL's 3013 can punch equipment 

• Highest RH and pressure observed in packaged 3013s 

• Large amount of general corrosion observations in convenience can (CC) 

• Evidence of corrosion seen outside of CC on filter and inner can lid crevice 
region 

• Pending at LANL: specific surface area, pycnometer density, small scale 
surveillance loading, MIS-WG determination for loading in large scale or 
3013 for SRS shipment; report on LANL results. 

• Received ac, IC, CC and 20g oxide at SRNL last week. 

A 
• Los Alamos 

NJlTfQJI"\ 1. ... 0 ... '0..,· 

-------------------------------------1V~~4 The Wl>rkt" GrNtat ~nce ProteclJng AmNICAI 
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f~SRN~ ~ YVa.AM1MI ...... ~ ~~ _ .. ---_UL 
We Put Science To Work 

SRNL Corrosion Shelf Life Studies Update 

Jon Duffey and John Mickalonis 

January 25, 2011 

3013 Surveillance and Monitoring Program Review 

January 25-27, 2011 

SRNL Radioactive Test Matrix 

0;55 - 0-.60- 7"5 max NlA 

2 0.55-0.60 75 max N/A 

3 0.55- 0.60 75 max N/A 

4 0.10-0.11' 20 -45 15 

5 0.18-0.19 20 -45 20 

6 0.22- 0.25 20 -45 25 

7 TBD TBD TBD 

8 TBD Teo Teo 

9 TBD TBD TBD 

~SRNL 

25-30' 75 

25-30 <150 

25- 30 <225 

25-30 TBD 

25-30 TBD 

25-30 TBD 

TBD TBD 

Teo Teo 
TBD TBD 

3/16/2011 
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New Test Configuration 

Use existing test container dimensions 
for existing heater slots 

• Lid modified for RH probe 

• SS probe 0.25" o.d. by 3"long 

• 5% to 95% RH, -20°C to 115 °C 

• Probes modified to disconnect 
probe from electronics 

• Most probes leaked around wires 

• Improved by sealing with epoxy 

Limited volume for tear drop coupons 
only; no flat coupons 

Solid contact and heads pace 

~SRNL 

Sensor Calibrations 

Pressure sensor and 
thermocouple response 
verified agai"nst calibrated 
M& TE instrumentation 

RH probes calibrated using 
a programmable RH 
calibrator with chilled 
mirror moisture sensor 

'" 

'" 

Glass container for visualization only 

'I_ e.1a. · 13.4 
~ . Q-

o 

Additional calibration 
checks planned using 
saturated salt solutions 

20 

" / 
" " 

3/16/2011 
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Material Preparation for First Rad Test Series 

Pu02 heated to >300 °C 

Cooled to -125°C 

Added salt mixture and mixed 

Heated oxide-salt mixture to -825 °C and held for 15 min 

Cooled to -125°C, transferred to screw-lid glass jar, placed jar in 
plastic jar with 4A mol sieve 

~SRNL 

Status of SRNL Radioactive Test Matrix 

Ready to load first test series in early December, but 
delayed by lab contamination issues 

• Equipment ready for first six tests 

• Material ready for first three tests 

• Humidity control system and glove bag in place 
and ready for use 

Lab just returned to active status this week 

Plan to load first three test containers week of Jan 31 

3/16/2011 

o 

• 
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.!~~~! 
We Put Science To Work 

SRNL Corrosion Shelf Life Studies Update 

John Mickalonis 
Jon Duffey 

Savannah River Natlonal Laboratory 
January 25, 2011 

3013 Surveillance and Monitoring Program Review 

January 25-27, 2011 

Integrated Stress Corrosion Cracking Test Plan 

• Goal is to resolve stress corrosion cracking (SCC) issues 
within 3013 storage containers 

• SRNL Corrosion Shelf Life Studies involve: 

• Measuring relative humidity (RH) for conditions that caused 
SCC in previous SRNL small scale tests with oxide/salt mixture 
of 98% Pu02 - 0.85% NaCI, 0.85% KCI, 0.3% CaCI2 

• Evaluating threshold RH conditions required to cause SCC 
for same oxide/salt mixture 

e SRNL 

3/16/2011 
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3/16/2011 

Integrated Stress Corrosion Cracking Test Plan 

O.4%Cac~ 

0.2%CaCl, 

UQukl f 

NOlIQUld1 
'---------

0.1 01 U 1 lt4 O.b 

Ml)rs t Uft~ ortH'nt ( 1 

• 

Integrated Stress Corrosion Cracking Test Plan 

Table A·l . Deliquescent relative humidrty of chloride salts at 25'C (unless othecwise indicated). 

Compound R Compound RH 

H 

KCI' 54 MgCI; cH,o (70'C)' L1 

NH,CI' 79 KCaCl, (70'C)' 21 

NaCl' 75 CaCI;4H,O 20 

SrCl;6H,o' 71 CaCI,2H,O (70'C) 17 

KMgCI,6H,O 57 KCaCI: 16 

MgCI; 6HP' 33 LiCI·H,O· 11 

CaCI;6H,O' 29 

a. Lide 2COJ pag .• 15-25 add to ref, Table Constant Humidity Solutions 

b. Joyce in press add to ref., Table 1. Data for magnesium chloride also in Garcia e/ s/ 2007. 

_ SRNL 

2 



Integrated Stress Corrosion Cracking Test Plan 

• Goal·is to resolve stress corrosion cracking (SCC) issues 
within 3013 storage containers 

• SRNl Corrosion Shelf Life Studies jnvolve: 

• Measuring relative humidity (RH) for conditions that caused 
SCC in previous SRNL small scale tests with oxide/salt mixture 
of 98% Pu02 - 0.85% NaCl, 0.85% KCI, 0.3% CaCI2 

• Evaluating threshold RH conditions required to cause SCC 
for same oxide/salt mixture 

• Conducting non-radioactive, short-term tests to 
determine water loading conditions to achieve target RH 
in radioactive test containers (Non-rad humidity tests) 

~SRNL 

Non-Rad Humidity Testing 

• Test Plan Scope 

• Oxide/Salt Preparation 

• Test Cell Configuration 

• Loading Procedure 

• Test Findings 

• Conclusions 

~SRNL 
>ItIl_""' ___ _ 

3/16/2011 
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Non-Rad Humidity Testing - Defined Scope 

• Specified non-radioactive salt/oxide - 98 wt % Ce02• 0.85 
wt % NaCI, 0.85 wt % KCI, and 0.3 wt % CaCI2 

• Test cells similar to SRNL radioactive small scale tests 

• Test protocol: 

• Load test cells to different water contents at constant RH or 
to constant water content at different RH 

• Monitor closed cells with RH probes and thermocouple 

• Conduct test at both room temperature and elevated 
temperatures 

_ SRNL 

Non-Rad Humidity Testing - Oxide/Salt Preparation 

• Multi-step process for preparing salt mixture then 
combined oxide/salt mixture 

• Salt mixture prepared in dry argon atmosphere glovebox 
and furnace using anhydrous salts 

• Salt mixture was prepared for both rad and non-rad testing 

• Chloride salts fused (825°C) prior to combining with Ce02 
and heating. 

• 500 g of cerium oxide/2% chloride salt mixture prepared 
(2-4% loss on heating) 

• Chemical analysis of leached (ICPES, ICA) and dissolved 
solution (ICPES) 

3/16/2011 
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Non-Rad Humidity Testing - Oxide/Salt Preparation 

• Leached Sample of fused salt mixture - ICPES and IC 

• Good agreement between calculated (assuming all salts 
dissolved) and measured 

Sample CI* CaW Na* K* 

Fused CI- salts 26500 2960 8730 11500 

Calculated 27787 2709 8360 11145 

* Units in mg/L 

Non-Rad Humidity Testing - Oxide/Salt Preparation 

• Leached and dissolved sample of oxide/salt mixture 

CeU Ca" CeO Ns" K" CI-IC*" 

1-1 1050 712000 1720 NO 4547 

1-2 1240 703000 2070 NO 12055 

1-3 1090 711000 NO NO 11844 

3-1 1100 715000 NO NO 11501 

3-2 1070 739000 NO NO 11858 

3-3 1210 783000 2060 NO 11898 

6-1 1040 696000 1510 2280 11770 

6-2 1070 758000 NO NO 11662 

6-3 1140 747000 NO NO 11535 

Expected 1080 798000 3340 4460 11100 

• ICPES data (lIgfg) from dissolved sample in sulfuric acid and hydrogen peroxide 
.. IC data (1I9/9) from leached sample; calculated from measurement (mglL) using total weight of 

sample 

_i~ SRNL 

3116/2011 
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Non-Rad Humidity Testing - Test Cell Configuration 

• Similar in dimensions to 
the test cells used in the 
small scale hot test 

• Cell components were 
tested for leak tightness by 
a helium leak check 

• Body - 10-9 cclHe-s @ 1 atm 

• Probe - 10-3 to 10-9 cclHe-s 
@1 atm 

• Attempts were made to 
seal humidity probes with 
epoxy - limited- success 

Cell consist of stainless steel body and 
top with a flanged fitting, o-ring and 
chain clamp for sealing, humidity probe, 
thermocouple, and glass dish for 
oxide/sart mixture 

Non-Rad Humidity Testing - Calibrations 

R 

• Thermocouples response 
"' 

verified against M& TE g " .!.j " ' -

dry-well calibrator over 
~ • :1:1'1.' __ .' ..... -.. 

I ~ 
the temperature range of , 

""-11 1 _ 

10-90 DC i - .'.a_ 
I 
l~ 

. 0.3-0.6 °C variation in .. 
range of 20-30 °C .. 

.. 
Dooooh ' __ '<"\ 

• Humidity probes were calibrated using a programmable chilled 
mirror chamber with a RH accuracy of 5% over the RH range of 
5-95% 

• Probes were checked both before and after testing 

~SRNL 

3/16/2011 
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Non-Rad Humidity Testing - Loading Procedure 

• Mixture was weighed (20 g) into glass dishes in an argon-inert 
glovebox and transported to helium-inert glove bag for water 
loading 

• Weights checked in dry glove bag prior to water loading 

• Humidity in the glove bag controlled by independently 
adjusting the flow rate of a moist and dry helium stream 

• Humidity of stream and glove bag monitored independently 

• Maximum number of cells loaded was four; same cells/probes 
were used for all testing 

• Control cells (no mixture) used during some tests 

• Weight changes of mixture monitored at loading relative 
humidity (1"5-60%) untif desired weight change obtained (O.1-
0.5%), cells immediately sealed 

_ SRNL 

Non-Rad Humidity Testing - Test Findings 

15'4 Loading Relative Humidity 

O.O~ r---------------------, 

0.04 

... 
:' 0.03 
!!' e 
~ 
~ 0.02 

0.01 

I 0 .. ' ""'" 
- 021,,0\1% 

y = O.OOO3x • 0.0028 

~ = 0.9369 

100 

nn.fmh.) 

y = -t;;€-07~ • O.OOO2x • 0.02 

~ = 0.9879 

200 2~O 

3/16/2011 
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Non-Rad Humidity Testing - Test Findings 

60% Loading Relalive Humidity 

0.1 ,----------------------, 

0.08 

3 
:.. 0.06 

= e 
f> 
~ 0.04 

0.02 '1:::00021:-:-0.0006 

R' = 0.9400 

y ::: -JE-(}6)(I ~ O.()()t)6x'" 0,0627 

R' = 09948 

o~~~~~~~~~~~~~~~~~~~ 

o 20 40 60 80 100 

Thor (min) 

Non-Rad Humidity Testing - Test Findings 

• Time for water loading depended on humidity and water loading . 

• Variability in loading characteristics for "identical cells". 

~SRNL 

3/16/2011 
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Non-Rad Humidity Testing - Test Findings 
40 % Loading Rolative Humidity 

0.045 ,.----------- -----

0.04 

0.035 

O.OJ 

:e 
~ 0.025 

~ 
v 

~- 0.02 

~ 
0.015 

0.01 

0.006 

e SRNL 

-ru-P1 - 0.06 Y/t% 

10 20 JO 40 

Tlm./mln) 

60 

Non-Rad Humidity Testing - Test Findings 

70 .. 

• Time for water loading depended on humidity and water loading. 

• Variability in loading characteristics for "identical cells". 

• For a given test condition (humidity, water loading), variation 
occurred among cells in the resulting humidity 

e SRNL 

3/16/2011 
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Non-Rad Humidity Testing - Test Findings 

.. ~. Lo"cUl\e Rtlatin H~y 

60 r=======--------------------------------~ 30 

~RHP~ 29 
-RHPl 

~ " Tel" 
28 

10 

21 

o w 
o 2000 ~ooo 6000 8000 10000 12000 UOOO 16000 18000 20000 

nn. (mln4",,) 

J~;] SRNL 

Non-Rad Humidity Testing - Test Findings 

• Time for water loading depended on humidity and water loading. 

• Variability in loading characteristics for "identical cells". 

• For a given test condition (humidity, water loading), variation 
occurred among cells in the resulting humidity 

• Humidity in the cells reached a plateau in approximately 30 
minutes 

• Control cells showed no change in humidity over course of test 
- indicating good seal 

~SRNL 
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Non-Rad Humidity Testing - Test Findings 

40-.4 Loading A.talive Ht.nidity. 0.1% Wnrer Conient 

60 rT-,---------------------------------, 

so 

~ ~~------------------~ 

§§.]' - RW2 

- _ 3 
_ Sst 

10 

O ~~--~~--~~--~~~~~--~----~ 

o 100 200 300 400 soo 
Time (minutes) 

.[@;} SRNL 

Non-Rad Humidity Testing - Test Findings 

• Time for water loading depended on humidity and water loading. 

• Variability in loading characteristics for "identical cells". 

• For a given test condition (humidity, water loading), variation 
occurred among cells in the resulting humidity 

• Humidity in the cells reached a plateau in approximately 30 
minutes 

• Control cells showed no change in humidity over course of test 
- indicating good seal 

• Increasing temperature lead to an increase in the relative 
humidity 

~SRNL 
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Non-Rad Humidity Testing - Test Findings 

T.mpe' ..... Change 10 35 and 50 C .. 40'1. RH 

35 .----------------------------------------------, 60 

rn - rK'1 

- -. 
-RH" 

Te , 

50 
30 

25 
40 

; 
30 ! 

20 
10 

10 

o L-__ ~L_ ____ ~ __________ ~ ________ ~~ ________ ~ 0 

7000 7500 8000 8500 9000 

Time (minutes) 

_~;] SRNL 

Non-Rad Humidity Testing - Test Findings 

H2O Loed 3O-min 
Load Tlmo InltRH RH Oiff 

0.115 12 45.8 16.2 29.6 

010 112 2U 17.2 8.4 

0.10 215 30.0 11.2 12.8 

0. 11 16 .... 17.5 27.1 

0.15 14 50 18.2 31.8 

0.11 2111 21 .7 20.11 1.1 

0.20 68 43.8 24.1 19.7 

0.22 48 42.9 215.1 16.8 

0.25 154 28.1 27.4 0.7 

025 46 47 28.2 '8.8 

0.28 4VU 32.5 31 .3 1.2 

0.215 10 60.7 33.6 27.1 

0.31 47 51 .5 38.8 14.7 

0.38 278 472 45 2 .2 

0.34 306 46.6 45.6 1.0 

0.31 32 65.1 47.7 17.4 

0.45 131 56.9 50A &.5 

.~;] SRNL 

. 
~ .... 
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Non-Rad Humidity Testing - Test Findings 

i­
i;. 

,. -.----------- -

1" 01 
~ 

" .. 
~3D~-------~~~---------1 
• • .3 
j,.r-----~~~-------------I 
:* 

KCaCI.: 
10 

~SRNL 

Non-Rad Humidity Testing - Conclusions & Future Work 

• Humidity in the small scale test cells reaches an quasi-steady 
state value in a short time period 

• Small scale humidity values bracket the deliquescence relative 
humidity values of calcium and magnesium chloride salts 

• Determine the error associate with measured relative humidity 

• Need to perform non-rad humidity test at same loading 
conditions as used in the rad test 

_~~ SRNL 

3/16/2011 
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Non-Rad Humidity Testing - Acknowledgements 

For Experimental Assistance: 

Vickie Timmerman 

Gregg Creech 

Wanda Matthews 

Diane Scott 

For Technical Assistance: 

Chuck Coleman 

Status of SRNL Radioactive Test Matrix 

Ready to load first test series in early December, but 
delayed by lab contamination issues 

• Equipment ready for first six tests 

• Material ready for first three tests 

• Humidity control system and glove bag in place 
and ready for use 

Lab just returned to active status this week 

Plan to load first three test containers week of Jan 31 

_~~ SRNL 
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Status of Large-Scale 
.------___ Corrosion Containers 

Joshua Narlesky, John Berg, Alex Carrillo, Dave Harradine, 
Dallas Hill, Scott Lillard, Max Martinez, Rhonda Mcinroy, 

Leonard Trujillo, Charles Williams, Laura Worl, Kirk Velrs 

Los Alamos National Laboratory 

A 
• los Alamos 

NAt i O NAL l"'ORATO~'" 

Outline 

• Active Containers 

• Review of Moisture 
Absorption Behavior 

• Packaging Conditions: 
• Relative Humidity 

Moisture Absorption 

• Storage Conditions: 
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Status 

• 6 containers loaded; 2 available slots 

Material 

PMAXBS 

Material Description 

12-14% NalK CI with 0.09 wt"/o added moisture 

0.016% soluble Mg and 0.006% soluble Ca 

Known to cause corrosion; (5th reload) 

Base material Scrap oxide from electrorefining process: 
-14% NalK CI calcined in moist air 

LowCa 

LowMg 

High Ca 

High Mg 

(Does not have alJ(aline earth chloride) 

Base material + 0.34 wt"1a KCaCI J (0.28 wt% 
added moisture) 

Base material + 0.34 wt% KMgCIJ (0.28 wt"1a 
added moisture) 

Base material + 3.4 wt% KCaCIJ (0.39 wt% 
added moisture) 

Base material + 3.4 wt"1a KMgCI J (0.55 wt"1a 
added moisture) 

Stress Corrosion Cracking Test Plan 

Load Date 

August 2009 

September 2009 

November 2009 

March 2010 

August 2010 

September 2010 

• see can occur under conditions allowed by DOE-STD...J013. 

• see is influenced by various factors including: salt content, salt 
composition, absorbed moisture, packaging RH, container RH, and 
material temperature throughout the container. 

• Want to establish means of estimating upper bounds for RH inside 
containers in storage from available data and determine likelihood of 
see from internal environment at bounding conditions. 

• Specifically, the large scale see experiments address the following: 
1. What is the RH and how does it change inside the container given its 

process/loading history? HAVE OAT All 

2. What is the threshold RH that will support SCC? TBD FY11-12 

3. What containers have the residual stress exceeding Kscc? TBD FY11-12 
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Magnesium Chloride Salt Behavior During Packaging 
75.-----------------------------------------, 

o 
30 

GB& 
Material Surface 

Deliquescence Relat/ve Humidity 

KMgCI,-6~O (meas) 

Inside 
Material 

- Hanford (C-Line) 
_ Savannah River (FB-Line) 
- Rocky Flats 
- Los Alamos and 

Lawrence Livermore 

60 70 80 

Temperature (0C) 

Calcium Chloride Salt Behavior During Packaging 
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Simulating the Worst-Case Packaging Conditions 

• Dry material placed in metal 
pan and exposed to high 
RH (-50% RH) inside an 
enviro.nmentally controlled 
enclosure 

• RH controlled with 
saturated solution of NaBr 
(DRH = 58%) 

• Instrumentation: T, RH, 
weight 

• Material removed when 
Absorption reaches 0.5 wt% 

OR 
Absorption stops 

'~Alamos 
H.HIO"' ... l l .... O MII TOII Y 

------------------------------------------------~-
N .. "&"I. 

Moisture Absorption Observations 

• Magnesium-based salts 
Absorb moisture at very low RH (-2% RH) 

Absorb moisture at a faster rate than Ca-based salts 

• Calcium-based salts 
Absorption requires higher RH (-15-20% RH) 

Moisture absorption below 15% RH suggests that CaCI2 is present in the salt 

wt% Exposure Enclosure Enclosure Material RH%ln 
Malerial Moisture Tlme(h) Temp"C RH% TempC Materiallealc.) 

PMAXBS 0.09 1000 27 53 40 26 

BaBe Malerial 0.05 138" 26 56 39 27 

LowCa 0.28 42' 26 53 42 22 

LowMg 0.28 26' 26 52 48 16 

HlghCa 0.39 21" 25 30' 47 9 

HighMg 0.55 17" 24 8" 43 3 

Notes; •. AI equilibrium. b. Removed material from enclosure, c. Enctosure did not reach equilibrium RH due to high rate of absorption 

. ·i~Alamos 
"' ''' TlO ItAL 1.".O U 10fllY 

~ed by I..ce ABmoe NItIoMI Secuty, Ll.C t« NNSA 
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Moisture Absorption-Exposure Time 
---------------------

0.5 ,...----r------.-..... -..... -..... ~DO-=-=-e.s:":":m.3O.1=-"':""':":.3_~L\mIt.O':"""":'"-:--,.5.-. wt':-:':4~ 
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0' 0.4 +-__ -,jf-_~'-",,· ·· ·r:·-rc_.':':0r:·nn"'--ri-.0c.;I'f:J:· ··:_::· .-=-,. - 0.34 wt% Added KCaCl3 

cs: ...... !J!J!L ~_ ...... IL .@J;.!!. _ 0.34 wt% Added KMgCI3 !:: _ 3.4 wt% Added KCaCI
3 

~ . _ 3.4 wt% Added KMgCI
3 

.3 0.3 +--+--I-...!.!::!!!!!=:!...f==~--------~---'I 
en 
·0 
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Time (hr) 

Storage Conditions (first 30 days) 

40 50 60 

wt% Headspace Headspace Sidewall Sidewall RH 
Material Moisture Condition Temp·C RH(%) Temp·C (%) (calc.) 

Bare 3013 36 23 41 18 
PMAXBS 0.09 

Insulated 49 20 47 22 

Bare 3013 30 35 29 37 
Base Material 0.05 

Insulated 36 31 33 37 

Bare 3013 30 49 32 44 
LowCa 0.28 

Insulated 39 34 35 42 

Bare 3013 37 37 35 41 
LowMg 0.28 

Insulated 45 28 37 37 

Bare 3013 41 18 43 17 
High Ca 0.39 

Insulated 43 17 45 16 

Bare 3013 33 0 35 0 
High Mg 0.55 

Insulated 38 0 41 0 

The measured material temperature for insutated containers ranged from 40 to 55°C 
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Relative Humidity 

• PMAXBS 
Base Material 

• LowGa 
• LowMg 
• High ca 

High Mg (0%, not shown) 

10~------.------.-------.-------­

o 100 200 300 400 500 
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35r-----------------~------------~ 
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30 
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HighMg 
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, 
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0.90 kPaJday 0.23 kPaJday 
,.-
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10~0------~------.------.-------.------J 
100 200 300 400 500 

Time (days) 
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Gas Composition 

• ER scrap oxide materials: (PMAXBS and Base Material) 
Both generate H2 
O2 is depleted in both container in the first 30 to 60 days 
Minor gas species: CO2 and NP (PMAXBS) 

• ER scrap oxide materials with added AEC salts 
Generate H2 and O2 and require venting 

Low Ca: 2 vents 
Low Mg: 1 vent 
High Ca: 2 vents 
High Mg: 1 vent 

Minor gas species 
Low Ca & Low Mg generate CO2 and N20 simultaneously 
High Ca generates CO2 initially. NP grows in after about 2 weeks and the CO2 
becomes depleted 
High Mg generates CO2 

A 
• LoSAlamos 

Hydrogen Generation 
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Oxygen Generation 
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Low Mg: H2 and O2 Concentrations (%) 
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High Mg: H2 and O2 Concentrations (%) 
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• Corrosion is possible where liquid phases are present 

• Where do we expect liquid phases? 

Material Packaging Conditions Storage Conditions 

LowCa Yes Yes 

LowMg Possible (on MgCI2) Possible (on MgCI2) 

High Ca Yes Yes 

High Mg No No 

• Liquids phases possible even for short exposure to high RH 

• Gas generation: O2 being generated in all materials with AEC added 

A 
• los Alamos 

()penIted by Los AJarnoe. National SecurIy, LLC ror NNSA 
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FY11 Activites 

• Maintenance: 
Repair of Peter-Paul valves that control solenoid valves on manifold 

Calibration of Heise Pressure Transducers (March 2011) 

• GC fractionation issue 

• Removal I DE of containers that are 2-years old? 
PMAXBS (August) 

Base Material (September) 

• Reports 
Moisture absorption 

A 
• Los Alamos 

Additional Information 

A 
• LosAlamos 

.... zr 

~jA HO",l,[ I A. ~ O h' A I OA Y SIde Z2 

------------------------------------------------~-
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Hydration behavior of calcium chloride salts 
40.------------------------------------------, 
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Hydration behavior of magnesium chloride salts 
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Hydration behavior of magnesium chloride salts 
75 
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occurs above -2% RH MgCI2~H,O FOlTl1atlon 

"'-
o ------------~-------------------------

20 30 40 50 60 70 

Temperature (0C) 

Moisture Absorption-Effect of Relative Humidity 
0.5 T"""-_ ---------_____ -------r 

........................ ·····.DO£..sW..JO.13..LImIU).5.wt"1o 

............ - Base Material (NaCII KCI) . 
. ......... _ 0.34 wt% Added KCaCI

3 

~ 0.4 +--+--.... -.... -... U:-:-qul--:-:'d.P-= .. :-ba-s-e.s..- .-I. t-.-. -.... -.... --1 ... . _ 0.34 wt% Added KMgCI
3 

:§, .......... -F.otm.on..... .. ... .. .. ................................ _ 3.4 wt% Added KCaCI
3 _ .... .. .... -Materiel .. StHfe 

Q) ..... _ .................. .... ... .... . . ................ _ 3.4 wt"~ Added KMgCI
3 2 O.3+-~~------~~--L-----------~~ 

CJ) 

'0 
::2 

K-Mgetj'~H~ · 

.:::: f iiimiiiioii::··········· 
~ O.2+--.-------~---.~~~---~~--~~---~ 
.0 

o 
CJ) 

.0 

« 0.1 n~"':::::::::::::;~~~iiiiiiiiiii~~===::""'====J 
J.I!::::;;;;;. ; ... !i! .... iii ... ~ ... ~ .... iiii::::iiii·IIi·M.iiii ..... iiii .... ~ .... ~ .... ~ .... ~ .... iiii ... iiii .. .. iiii .... iiii ..... iiii ... iiii .... iiii .. 1111 ................ .. '":r-t:!...: ......................... . 

0.0 -jIE------r------,-------.------' 

o 20 40 60 

Relative Humidity (%) 

80 

13 



Insulation 
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Thermocouple Locations ------------------------------1 
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Low Mg: H2 and O2 Partial Pressures 
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High Mg: H2 and O2 Partial Pressures 
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High Ca: Temperatures 

50,----------------------------------------------, 

45 

25 

• T1 Material 
• T2 Headspaca 
• T4 Bottom 

T3 Side 

• Sensirion 
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Stresses in Teardrop Specimens __ _ 

Michael B. Prime, W-13 

Hunter Swenson, MST-6 

~ I This document cJc;emcd Unclassified by I 
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see Test Plan Milestone 

til. What containers have the highest residual stress? 

B. Residual Stress 
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UNCLASSIFIED 

Introduction 

• Teardrop specimens used in see testing 

• Stress levels apparently only quantified by 
FEM analysis 

• Based on cracking, we care about hoop 
stress in weld region 

/'I ==-..:.'=. 
.-:-J '-.-~-
• LosA.:eSa=-

... ", r IOIll '" , •• ~ ..., ~ .. , ... ", 

.:::~ 

.::=-~~ 
Opentlld ~ lo!I Aiamoa National Sec:uriry. llC for NNSA UNCLASSIFIED 

UNClASSIFIED 

Previous stress estimate 

• FE model including plasticity 

• Assumes no initial welding residual stress 
Actually OK since large plasticity during bending will 
wipe out most welding stress 

• Peak hoop stress at apex estimated at 106 ksl 
(= 730 MPa) 

Figura 10 The Mis" stress distribution during the fabrtcatlon of the tear drop specimen: 
(a) Undeformed state, (b) Maximum stnt$$ at the apex, Ie} Maximum streu deviating from the apex 
when the strip continues to deform. (d) Specimen forming completed, and (e) Stress re-equlllbrium A upon completion of specimen fabrication . 

• Los Alamos 

Opertlled ~ Los Alamos National Sec:urf'y, ue lor NNSA UNCLASSIFIED 

·3/15/2011 
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UNCLASSIAED 

Selected Method: Incremental Slitting 

• Also known as crack 
compliance 

• Mount one or more strain 
gauges 

• Incrementally cut a slit 
Prefer wire EDM cutting for metals 

• Back-calculate stress profile 
All the way through-thickness 

• Why? 
This slit approximated the SCC 
cracks, so measures right stresses 

Good resolution 

A Gives K, - so good for SCC 

surface strain gauge 

... //~------------------- ---

back strain gauge 

• Los Alamos 
'U"I O II"' l l " IIIQIII::.,~a,:, ____________ ~~~~~~~~~~~~~~ 
ap.r;JIed !JII Loa AIamI» ~I SecuiIy, LLC lor NNSA UNCl.ASSIFIED LA-UR-xx-'JOOOf.!tN-x-}()(->OOOI.. 

UNCLASSIFIED 

Testing plan - two pronged 

• 1: Get accurate stress measurements without plasticity issues 
Step 1: split ring and release bending moment 

- Measure deformation 

- Calculate bending stress 

Step 2: slitting 

- Measure remaining stresses 
Now low enough for no plasticity 

Superimpose these two stress contributions 

• 2: Slitting tests with full stress 
See if we can interpret what we get 

- There are plasticity corrections available 

• Try to repeat each test at least once 

Operated !JII Loa AanoI. fQIiooal Secuty, LLC rot NNSA UNCLASSIFIED 

_. 
lA-UR-xx-XlOOCIW-x-XX-)()()()( N;.'f~ 

·3/15/2011 
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UNCLASSIFIED 

Split then slit, 304LW-02 

• Strain gauge on inner surface 

• Sprung open 
e = 4490)..Le 

• Irn:remental slitting from 00 inward 
Unfortunately, waterproof coating failed at 
cut depth 0.16 mm (0.006") 

About 12% of the way through-thickness 

40 

30 . 

20 

lU 

o C) 
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() 

0.05 

() 

C) 

() 

() 

0.1 0.1:; 0.2 

cui depth (mm) 

• 

Anti-clastic bending 

Operated by lo. AJItnoI National S«uty, LlC klf NNSA UNCLASSIFIED UI·UR·xx·XJO()(/W.x·xx-lOOO( 1\I .. "SJ!Ji 

UNCLASSIFIED 

Stress, 304LW-02 

• Data analysis 

1000 

800 - bend stress 

Bending stresses from elastic curved 
beam formula and measured 4490 )..Le 

Standard slitting analysis, Curvature 
ignored since Rlt = 9.7 600 - remaining stress 

Results: 

• Large bending G, as expected 

• Smaller G remaining after teardrop 
was sprung open 

• Total stress on outer surface 
680 ± 50 MPa (= 99 ± 7 ksi) 

• Higher than FEM at apex 
FEM ignored welding stress and used 

A just a handbook cr-e curve 

• los Alamos 
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UNCLASSIFIED 

Slit without splitting open, 304LW-11 
----------------------------------------------

• EDM cut without 
springing open first 

• Expect large 
stresses/strains 

p, 
• los Alamos 

NAjlOIt A l l .... O/l .. 'g;. 'r 

_. 
--------------------------------------------~~~= 

LA-UR-xx-~x-)()C-!OOOC N""lSJl!'. OperaIed by L~ AIIrrM» NatIorwI ~. u.e 'or NNSA UNClASSIFIED 

UNCLASSIFIED 

Strain data l JJJ - - - - - --- - - --, 

-
• For unsprung specimen, 

strains rapidly diverge to very 
large magnitudes 

For two reasons. cannot analyze 
with usual analysis: 

• Need custom coefficients 
• Usually use flat plate coeffs 

• For a connected loop, 
reinforcement gives extra stiffness 

• This stress level will have cut 
tip plasticity 
• Nonlinear 

A 
• los Alamos 
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UNCLASSIFIED 

Repeat slitting test, unsprung teardrop, 304LW-33 

,coo --------------, 

First look at repeatability of strain vs. 
cut depth data 

• Agrees within uncertainty 
·:':00 

Ii ·1.COO 

Because of curved surface of teardop, 
cut depth is ± 0.001" 

~ 
E 3(00 I '-'- II-o,-pn-""-I""-'''-' --' 

·4(00 : 
SV· .I~1304'()J.! 

-6COO 

0.> 0 .\ 0.4 

cut Mpth Imm) 

A 
• los Alamos 

_11 
,.. ... f l() IU·l l .... OIl ... TO ~ ... 

---------------------------------------------------
Operated boJ loa AIamoII NMIIonIII security. llC for NNSA UNCLASSIFIED 

UNCLASSIFIED 

Metallography 

Cross-section in half to examine 

• Location and depth of cut 

• Profile of weld 

• Any indication of cut tip 
phenomena 

Cracking 

Rupture 

Plasticity 

? 

A 
• los Alamos 

UNCLASSIFIED 

..... " 
LA-UR-xx-XX>C><!W-x-xx-"""" N .. "&"l". 

o . ~ 

.3/15/2011 
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304LW-11 

• Slot is well centered in 
weld 

• Weld profile is much 
different than published 
results from see testing 

j 

A 
• LosAlamos 

H A I IO!<l"L t.A.OII"' 1 0. ~ 

UNCLASSIAED 

"""13 
--------------------------------------------~~~= 

LA·UR·""·)()C)(X/W-X-lO<-lCOO' N .. "SP:. ()pdted by t..o. AIIfnGe NatioN! s.cuty, u.c b NNSA UNCLASSIFIED 

UNCLASSIAED 

304LW-11 - cut tip high mag 

• No obvious clues 
of phenomena at 
cutlip 

A 
• Los Alamos 

NATIOH AI • "'OIl" ' OIlV -" --------------------------------------------~~~= 
LA-UR·""-Xl<Xl</W-x-""-"",,,, N .. "9.. UNCLASSIFIED 

·3/15/2011 
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304LW-33 

• Still no evidence of 
much going on at 
cutlip 

A 
• Los Alamos 

Conclusions 

UNCLASSIFIED 

UNCLASSIFIED 

UNCLASSIFIED 

• Spring then slit gives good measurement of stresses 
• 680 MPa (99 ksi) on outer surface at apex 

• Slitting unsprung specimen gives intriguing data 
• Time dependent strains 

• No proven explanation 

A 
• LosAlamos 

UNCLASSIFIED 

·3/15/2011 
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UNCLASSIFIEO 

Studies of Ca-Rich Surrogate Material Using 
Teardrop Specimens 

p., 
. lo5Alamos 

NA I IO W,o. l l A. O_~TO R '" 

Scott Lillard, MST-6 

Josh Narlesky, Kirk Veirs MET-1 

Laura Worl IMP-2 

..... " 
------------------------------------------~-

LA-UR-xx-)()OO(/W.x-XX-XlOC)( N .. ~SJ4 OpInted by loe A1amoI ~, Seady, LlC fof NHSA UNCLASSIFIED 

UNCLASSIFIED 

SCC Test Plan Milestone 

• II. What is the threshold RH that will support see, that Is, what is 
RHscc? 

• II B 2. Baseline surrogate-oxide experiments to determine 
threshold RHscc 

• IV. What configuration is needed for see initiation and 
propagation? 

.12, 
• LosAlamos 

foI ... lI O N oII l l. ... Y O ~ATOR ... ..... " 
Opnled by l.oe AIaf'rooI NatIoNI Secury, LlC lor NNSA UNCLASSIFIED LA-UR-xx-xxxxlW-x-xx-xxxx N .~SJI. 

·3/15/2011 
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·3/15/2011 

UNCLASSJFIED 

• SRS Material In 4-series cans 

Table 1. Test Series Solid Mixillre Comp,,,jtions 

::'\0. or Compo~irioD (wI Va) 
S(lri(l'5 n(l"clipriOD 

CODt;linlP-l~ 
PUO, :".CI KCI ~1,CI, C.Cl, 

10 ~iSa1t 100 

Ib LANL mas~r blend 72 11.7 14.8 11 0.4 

2a IW. NaCllKCI 90 50 5.0 

3a 1~' ERSa/. 90 4.5 4.5 1.0 

Jb 5% ER Salt 95 2.25 2.25 0.50 

3c 14!.~ ER$.a1t 9S 0.90 0.90 0.20 

4., 20/. ell. Salt 98 0.90 0.90 0 20 

4b 2'~ 115895.11 98 0.54 0.54 0.92 

5. 5% ERSa/. 95 2.25 2.25 0.5 

~ 
• loSAlamos -" MAflO"'AL l.JI.'OIl .. tO ~'" 

0per'Ited by a.o....,.".. ~ Secuty, L.lC far NNSA UNCLASSIFIED LA-UR-xx-XXJOI.fN-x-xx-xxxx "" .. "9. 

UNCLASSIRED 

Surrogate Composition 

• CaCI2 - 3.33 9, 0.3%wt% 

• KCI- 9.42 9, 0.94 wt% 

• NaCI - 9.42 9, 0.94 

• Ce02 - 9809,97.8 wt% 

~ 
• Los Alamos _20 

H"rIOHM I... ... 'O~ "' O A ... 

------------------------------------------------~~ 
LA-UR-xx-)()()()(/W-x-xx-"""" N .. "SJ4 UNCLASSIFIED 
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UNCLASSIFIED 

Surrogate Preparation - Chloride salt mixture (Narlesky) 

• 1) Mixed salts (NaCI, KCI, CaCI2 (anhyd) in inert Ar atmosphere 
glove box 

• 2) Removed mixture from Glove Box and placed in hot furnace 
in Lab. Calcined at 820 C for 2 hours. 

• 3) Allowed to cool to 350 C in furnace. 

• 4) Placed mixture back in inert glove box to cool. 

• 5) Ground salt mixture. 

• 6) Store in conflat. 

.~Alamos 
!1 .,T IO"Al l. " ' O.A10 " V 

---------------------------------------------------
OpnIed by u. AIImoI fUtioMl S«uty. llC for NNSA UNCLASSI FI ED 

UNCLASSIFIED 

Surrogate Prep - Ce02 salt mixtures 

• Seven 140g batches ... limiting factor was the size of the boat that would 
fit in our furnace. 

• 1) Combined Ce02 and required amount of salt in inert Ar atmosphere 
GB, placed in a shaker bottle, and shook vigorously for 1 minute. 

• 2) Poured Ce02-salt mixture in crucible. 

• 3) Removed mixture from GB and placed in hot furnace in lab. 

• 4) Heated mixture at 850C for 2 hours. 

• 5) Allow mixture to cool in furnace. 

• 6) Returned mixture to inert Ar atmosphere GB. 

• Once all of the batches were prepared, they were mixed together and 
poured into the conflats 

_22 

UNCLASSIFIED LA·UR·xx-lOOOC!W-x-xx-XXlOC N .. '~ 

·3/15/2011 
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UNCLASSIFIED 

Estimation of RH in SRS 4a Containers (Veirs) 

• Estimation of the relative humidity in SRS 4a Series Corrosion 
containers 

• 4a Series containers was 0.90 wtOfo NaCl, 0.90 wt% KCI, and 0.20 wt"10 
CaCI2. SRS best estimate of the water content for the three containers 
was 0.58 wt%, 0.63 wt%, and 0.55 wt% for containers 4a-1, 4a-2, and 4a-
3 respectively. 

• Steve Joyce Graphs ..... Used EQ3/6 of the chloride molality and water 
mass in the resulting solution as a function of humidity started with OA 
moles of CaCI2, 2 moles of NaCl, and 2 moles of KCI 

• Assume CaCI2 is dissolved, the graphs can be scaled to any actual 
amount of CaCI2 

A 
• LosAlamos SIdon 

ap.ahKl by La. Aamos NlOOnal SecuJty, uc for NNSA UNCLASSIFIED LA-UR-xx-xxxx/W-x-XX-)()()()( 1V .. "SJf4. 

UNClASSIFIED 

Temperature of Exposure 

• Measure "near" containers? 

O~.-d by los ~ ~r Seariy. lLC for NNSA 

~0r-------------------------.~ 

100 w...~~~~~~~~~~~,--,-,--, 5 

100 200 300 

TImo(.oys, 

400 500 600 

Figure Al-4. Container p~ .. ure and ambient tempc:rnturc trrud<. for ScriC"j, 4b COfTOS.LOn 
<amples 

-" 
UNCLASSIFIED LA-UR-xx-xxxx/W-x-XX-)()()()( 1V .. "&;f!,. 

·3/15/2011 
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UNCLASSIFIED 

Duration of SRS Exposure 
Table 7. SlUnmary ofCOOU\,iou otxctvatio~ 

Tes. 0.)" 
Coolniner 

Sah Cootent 
Sealed 

1 ... 1 None 32j 

~ 2~ ...... h 489 
11>-1 150 

3c-l 2~. ERSalt 274 

4. .. -1 S06 

r------ 20/. Salt 
with 0.2". 

43·2 caC~ 331 

t--
40·3 166 

41>-1 193 
I--- 2"/. Salt 

41>-2 """ith O,ge/o 340 

I--- eaCh 

41>-3 496 A 
• LosAlamos 

NI\. I IQlila ' lA,.OIlAI0.y 

Coao\ioo. Oxc:r.-abom 

T=Drop FIa1 Coupom 
COUDOtlS 

.!i ... ...u, \Iiah· ..... 
sliablsram ·liabt ..... 
.. ligbt .... in ,tiaht ..... 
Slain. local ~81o ill 304L to corr®:: bonoro c.oltd cootact 

fCaiOO 

p;~""".lyin 
pitting. DO 

.. 011<1 cootad cracl:ins in 

n:gioo..~ 
316Lins.olid 
eon.tact rci:ioo 

Pittini ond 
yittin,whcachp;lfX 

"""king in regioo.. edge attack 304Lmsolid in .. olid contac1 
contact rerOOQ 

pittin:s:fDO'jtlyw pittinSond 
hcadsplC< r.po.. cr.>ckingin 
edi:c attack in '>Olid 304L in solid 

"",tac' contact region 
pitting ooly in solid pilliui in JOIL 

contact reaioo in wtid cont-Jet 

pitting ooIy in ",tid pL~iu304L 
contact reW"icn in wtidwn.t3ct 

pittin~. no 
pitting ooly in sol~ cr..:kinjin 

cootBct rction J04L,olid 
coatacl ~ioo 

Maximum 
Pi'Depth 

mfUl1 

lobe 
e .... aluated 

lobe 
evaIua.ed 

100 

60 

lobe 
cvalwtted 

'0 be 
ewluated 

--------------------------------------------~~~= 
N.'SA UNCLASSIFIED 

UNCLASSIFIED 

Estimation of RH - cont. 

• For the three containers the mass 
of water is 

• 4a = 128.7 

• 4b = 139.8 

• 4c=122.1. 

• From the graph of mass of water 
the relative humidities of the 
solutions range from 57% to 58% 
RH. The range for pure CaCI2 for 
comparison is 69% to 71% RH. 

0.17S 

O . '~ 

~. 1 

01.,. 
"0 

l05 • 
0.025 

LA-UR-)OC-XXXJI.!IN..x-XX-XlOO( 

0.1 0.25 0.3 0.35 0.<4 0.<45 0,5 0,55 O.d 0.65 0.7 0.75 O.t 
.w 

A • LoSAlamos _ .. 
N,a,rIOHAI t" ... " Ot. ... TORY 

UNCLASSIFIED 
--------------------------------------------~~~= 

1V .. '!SJf\ OpeRlIed by loI. Aillmoa Nmonal Sec.i.rty. L.LC '01 NNSA 

·3/1512011 
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UNCLASSIFIED 

Surrogate I Teardrop Experiments 

• SS 304L weld & SS 316L 
weld tear drops 
(autogenous) 

• 25 grams surrogate in 
alumina boats, 5 mm deep? 

• two orientations 

·30 C, 57.5% RH 

• planned 30, 60, 90 days 

A 
• LosAlamos 

IIiM IO" 41 l .... c Il Aro,." 

_27 

------------------------------------------~~~= 
LA-UR-lOI-xxxxJW.x-lOI-)OOO( N"SJr. 0per.rw:I bV Loe. AIImoe Nmon.l Sectriy, LlC for NNSA UNCLASSIFIED 

UNCLASSIFIED 

Experimental - cont. 

A 
• Los Alamos -" 
~acI by to. Aillmoa ~I Securty, LlC lot NNSA UNCLASSIFIED 

·3/15/2011 
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Shelf Life Surveillance Gas Generation Results and 
Future Recommendations 

O.K. Veirs, Max Martinez, Leonard Trujillo, Josh 
Narlesky, Alex Carillo, John Berg, and Laura Worl 

3013 Surveillance and Monitoring Program Review 
Jan. 25-27, 2011 

Savannah River Site 

A 
• Los Alamos 

U Ne l ASSIF I ED -, t.I .\ r rO."'Ai LAIORAI O ~ '( 

Introduction 

• Trends in oxygen partial pressure from MIS material 011589A. 

• The high hydrogen gas producing materials. 

• MIS represented materials removed from Small-Scale Surveillance. 

• MIS represented materials added to Small-Scale Surveillance. 

• RH sensor added to Small-Scale Surveillance container lid to investigate 
the RH for various materials, for example the RH at which ARF-85-223 
causes corrosion. 

A 
• LosAlamos 

lINClASS I FI~a 

Operated by U» A)Mnos ~I Storiy. ue for NNSA 

·3/15/2011 
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MIS Represented Sample 011589A 

SSR137 11589 
I - Pr--.. ~C02 H2O H:2 - 02 -+-- N2 - c.... co He I 
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• Los Alamos 
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Oxygen trends in 011589A 
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Prior to a temperature controller failure, two models were fit to the data. 
One in which the oxygen plateaus and one in which the oxygen is 
consumed. 

Since the temperature excursion, the total pressure and the hydrogen and 
oxygen partial pressures appear to have recovered their original trajectory. 

The oxygen now appears to be on a path to be completely consumed. 

A 
• Los Alamos 

UHCI.A$SIFlIE:O NA TION Al LAIQ I ""TOII V 
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The high hydrogen producing MIS represented materials 

SSR130 C06032A 
p," sure _ CO2 N20 -t+- H2 ___ 02 -+-N2 CH4 co --+- He! 
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A 
• los Alamos 

N ." IO~U.l L" UU"" O I!V U NCDate 1F1 E 0 

SSR155 ARF-102-85-295 
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High hydrogen partial pressure producing materials 

Both high hydrogen producing materials show continued increase in 
hydrogen partial pressure. 

Hydrogen partial pressure is approaching 5 atmospheres. 

Previous observations of small amounts of oxygen likely due to incomplete 
pumpout of capillary tubing prior to sampling. 

UNCLAS& I FIEO 

0pwaIt1d by La. .......,...,. Nationel Securty, uc tor NNSA 

Materials removed from Small-Scale Surveillance 

• Seven MIS represented materials were removed from Small-Scale 
Surveillance: 

- TS707001 
- 5501579 
- 7242141 

- ARF-102-85-3SS 
- CAN92 

- COOO24A 
- PuF4-1 

RFETS High-purity oxide 
RFETS High-purity oxide 

RFETS 63% Pu 
Hanford 70% Pu 

RFETS Mixed oxide 85.4% actinides 

RFETS 73.4% Pu 

LANL 72% Pu 

Removal procedure includes RH measurement, moisture loss to 200 C, and 
pictures of inner buckets. 

A 
• Los Alamos 

N ... 1l 0 IVAl L •• Olun QII Y UNCLASS i fiED 

~ bt lOll Alarno& NatIonal Secuity. llC IOf NNSA 

.3/15/2011 
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Material measurements 

Material Date removed RH T 

SSR123 TS707001 3-2-2010/ 7 vrs 25% 

SSR124 5501579 3-2-2010/ 7 Vrs 24% 

SSR141 7242141 5-19-2010/6 vrs 25% 

SSR143 ARF-102-85- 3-2-2010/6 Vrs 12% 
355 

SSR147 CAN92 5-19-2010/5 Vrs 75% 

SSR148 COO024A 5-19-2010/5 vrs 32% 

SSR156 PuF4-1 5-19-2010/5 Vrs 11% 

.p.., 
• los Alamos 

UNCLASSIFIE D 

()perIitH by Loa AIIWno& National Secuty. u e ,... NNSA 

RFETS High purity oxide 
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• los Alamos Date 
NAT IONA l ~ I\ 'O ~I>.IORY UN C L A S S I F ' E 0 

Operated b'/ lOll A.Iarnos N!tionIiI Secl.tity, LlC for NNSA 
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.SSR123(E7001 S1 0) 
·Date of Install: 12/1612003 
.Starting water:0.17% 
·Water addition:0.24% 
-Date of removal:3I212010 
·Measured RH:24.7% 
.Weight loss after termination:0.1 0% 

.SSR123(E7001S10) 

-Continued-

·3/15/2011 

_II 
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·SSR123(E7001S10) Continued 
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RFETS High purity oxide 

SSR124 5501579 
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Hanford 70% Pu 

SSR143 ARF-102-85-355 
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RFETS Mixed oxide 85.4% actinides 
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RFETS 73.4% Pu 

SSR148 COOO24A 
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LANL 72% Pu 
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LANL material loaded 

Pu CI Pvc. Den. Bulk SSA Moisture 
(%) (%) (g/cm~) (g/cml) (m2/g) Added 

CXlPROD091901 203 87.6 0.03 11.2 2.2 7.9 

CXlPROD021202C 204 87.9 0.02 11.5 2.6 4.4 

CXlPROD091802A 205 77.2 2.2 1.6 

04272-CC-220-AS 207 (Th) 

04272-CC-220-AS 208 (Th) 

UNClASrttFIEO 

0penUd by l.o8 AIemoe NatIoN! ~. LLC ret NNSA 

Temperature excursion changed behavior 
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Materials to be reviewed for removal 

· SSR 125 MT-1490 RFETS 86% Pu 

· SSR128 7242201 RFETS 63.5% Pu 

· SSR132A BLO-39-11-14-004 Hanford 87.5% Pu 

· SSR139 520610020 RFETS 33.7% Pu 

· SSR150 TS707013 RFETS 69.7% Pu 

· SSR151A 7032282 RFETS69.4% Pu 

· SSR153D 63-88-06-121 Hanford 35% Pu 

· SSR155HT ARF-102-85-295 Hanford 39.7% Pu (leaked) 

Indicated Pu content but represented class is more relevant 

A 
• los Alamos 
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Opanted by Loe AIImO$ ~I Secuity, LLC for NNSA 

Humidity sensor for small sc·ale lid 
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Work to do 

Reports on each material (or should it be a composite report? Or a 
composite summary report with all details in individual reports) 

Use empty slots to repeat materials with corrosion potential with RH 
measurements. 

A 
• Los Alamos 
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W Put Science To Work 

DE Analysis Reductions 

G. iF. Kessinger 
Separations & Actinide Science Programs 

SRNL 
January 2011 

3013 Surveillance and Monitoring Program Review 

UNClASSIFIED 

UNCLASSIFIED 

Introduction 

Continuous Improvement Process 

• "Traditional" suite of DE analyses 

• Pycnometry 

• Bulk & Tapped Density 

• Surface Area Analysis 

• Carbon/Sulfur Analysis 

• Thermogravimetric Analysis-Mass Spectrometry 

• Acid Dissolution 

• Aqueous Leaching 

• Reviewed all aspects of DE analyses 

• Results from FY07 - FY1 0 

_~Pl SRNL 
UNCLASSIFIED 

3/16/2011 
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I ntrod uction 

Continuous Improvement Process 
• Determined that some analyses/results were: 

• Redundant 

• Not necessary 

• Concluded that some analyses could be reduced or eliminated 

.~~ SRNL 

• Blank Gas analysis - eliminated 

• Direct Inlet MS - eliminated 

• Bulk & Tapped Density - eliminated 

• Carbon/Sulfur Analysis - eliminated 

• Acid Dissolution - some aqueous solution analyses 

• ICP-MS - reduced 

• RadChem - eliminated 

• SEM/EDX - reduced 

UNCLASSIFIED 

UNCLASSIFIED 

Continuous Improvement Process 

Gas Analyses 

• Blank Gas analysis - eliminated (data not needed) 

• The blank gave a measure of the effectiveness of the last flush 
of the CPO with N2 (not the actual background present just prior 
to puncturing). 

• Four years of results indicated that the flushing procedure was 
adequate 

• Direct Inlet MS - eliminated (redundant) 

. [@;] SRNL 

• The species of interest detected via DIMS can also be 
determined via FTIR and IJGC 

• The instrument is still present and available for data collection 
when additional data are required . 

UNCLASSIFIED 
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UNCLASSIFIED 

Continuous Improvement Process 
Solids Analyses 

• Bulk & Tapped Density - eliminated (redundant) 

• Redundant information - pycnometry is used for GEST calculations. 

• Carbon/Sulfur Analysis - eliminated (data not needed, 
redundant) 

• It does not appear that the carbon and sulfur content are related to 
package performance. 

• H20 - soluble sulfate is detectable by IC 

• Crystalline carbon phases are detectable by XRD 

• The instrument is present and available for data collection. 

• SEM/EDX - reduced (data not needed) 

_~;] SRNL 

• When no corrosion or anomalous conditions exist, these results are not 
needed. 

• The instrument is available for data collection when additional data are 
required. 

UNCLASSIFIED 

UNCLASSIFIED 

Continuous Improvement Process 

Solids Analyses 
• SEM/EDX - reduced (data not needed) 

~SRNL 

• Data collected on five cans (of seven) this year: 

• S002129 and S001105 - engineering judgment items 

• H003337 - high CI-, small amount of coating on 
heads pace of convenience can (no can analysis) 

• H003343 - high moisture, small amount of coating on 
headspace of convenience can (no can analysis) 

• H003371 - corrosion-looking product on convenience 
can (extra analyses of can will be done) 

• Expect more SEMs early in FY (engineering judgment 
cans) 

UNCLASSIFIED 

3/16/2011 

3 



UNCLASSIFIED 

Continuous Improvement Process 

Aqueous Solution Analyses 

• Analysis of Acid Dissolution Product 

• ICP-MS - reduced 

SRNL 

• The primary reason for collecting these data was mass 
balance (for actinide content) . 

• Pu & Am content determined by a superior method (Cal­
Gamma) prior to packaging. 

• The instrument is available for data collection when 
additional data are required (when U is present). 

• ICP-MS data have been requested for three cans 

H002592 - U03 and NaUOiOH)oH20 in XRD 

S001105 - engineering judgment 

H003371 - corrosion-looking product on convenience can 

UNCLASSIFIED 

UNCLASSIFIED 

Continuous Improvement Process 

Aqueous Solution Analyses 

• Analysis of Acid Dissolution Product 

J@Fi SRNL 

• RadChem - eliminated 

• The primary reason for collecting these data was 
mass balance (for Pu & Am content). 

• Pu & Am content determined by a superior method 
(Cal-Gamma) prior to packaging. 

• This technique is available for data collection when 
additional data are required. 

UNCLASSIFIED 

3/16/2011 
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UNCLASSIFIED 

Conclusions 

• Reviewed all aspects of DE analyses, including 
four years of experimental results 

• Concluded that some analyses could be 
reduced and/or etimlnated 

• Instrumentation is available to perform these 
analyses (as needed). 

• Cost savings = $500K 

_ SRNL 

Collaborators 

Kerry Dunn 

Chip McClard 

Dave Missimer 

_~;] SRNL 

UNCLASSIFIED 
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..-------_FY10 Prompt Gamma Update 

Joshua Narlesky 

January 26, 2010 

A 
· losAJamos 

,. .... TIO H ... l l, ... . Olllo l O"'I' 
_. 

UNC~A$S l ftfO 

FY10 Activities 

• Routine Analysis 
• LLNL 
• LANL 

• Surveillance Data Review 

• Hanford File 10 Matching 

• Analysis of New Hanford Data 

• PG Software Updates 

_2 
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Prompt Gamma Analysis (a-Particle Induced) 

Capability SO-Minute Detection Limits* 

• NDA method to detect low-Z elements 
(Z < 20) present in Pu bearing 
materials. 

Uses self.interrogation: gamma rays 
produced in (a,ny) , (a,py), and (a,a'y) 
reactions 

Requires 5+ MeV a·particles from Pu & Am 

Cannot detect Ca 

• Uses 
Semiquantitive analysis for some elements 

Screening tool 

Representation 

Binning of 3013 containers 

Element 

LI 

Be 

S 

N 

0 

F 

Na 

Mg 

AI 

Sl 

P 

CI 

K 

Isotope 
00_ 

d 

'LI 

'Be 

"s 
"N 

''0 

''F 

"Na 

"Mg 

"AI 

as; 

"P 

"<:1 

"K 

Isotopic Element 
Abundance LLO ...... 

('110) ('110) 

92.5'110 0.026'110 

100.0'lI0 0.0.08'110 

19.9'110 0..046'110 

99.8'110 No dala 

0..2'110 13.0'lI0 

100.0.'110 0.200'110 

100.0'lI0 0.0.14'110 

10..0'lI0 0..058'110 

100.0'lI0 0..130'lI0 

92.2'110 Nod"'" 

100.0'lI0 O.82Q'II, 

15.6'110 0.640'lI0 

93.3'110 2.0'lI0 

'Can determine as a function of count lime 

UNClASSlFIED 

Routine Data Analysis 

• LLNL-completed 40 
Results: 

7 Chlorides: 0.5 to 2.5 wt% CI 

7 Fluorides: 0.01 to 0.3 wt% F 

13 Other: Be, Na, Mg 

13 No impurities detected 

Notable results: 2 cans with high AI-11 wt% and 15 wt% 

• LANL-completed 27 
Results 

3 Chlorides: 2.5 to 5.5 wt% CI 

3 Fluorides: 0.03 to 0.2 wt% F 

10 Other: Be, Na, Mg 

12 No impurities detected 

Notable results: None 

A 
• LosAlamos 

/oI i\TIO HAI l A,O."'O,"V 

UN CLASS I FIED 

Semi· 
Quantitative 
AMlys~ 

No 

Ves 

No 

No 

No 

v •• 

Vo. 

V •• 

Vo. 

No 

Ves 

Ves 

Ves 

SIdo , 

2 



Review of Surveillance PG (FY10) 

• Following review, surveillance results match baseline for all DE items 

10 301310 CI%PC 
Bewt% Clwt% I Fwt% Mgwt% Nawt% Kwt% 

BL FS Bl FS LBL FS Bl FS Sl FS Bl FS 
10DE01 HOO4251 14.7-15 11.3 10.0 2.2 1.6 3.9 3.4 4.0 2.9 

10DE02 00:>2496 0.27'{).42 0.9 3.7 3.2 1.<1 0.6 0.1 0.1 

10DE03 HJ03710 6.3-6.4 0.02 8.5 6.6 0.1 0.1 1.5 0.8 2.6 2.2 3.3 3.1 
10DE04 HJ03655 6.3-7.1 8.2 6.6 1.4 0.7 2.7 2.1 3.3 3.2 

10DEOS 00:>2447 10.7-11.2 0.04 0.02 1.5 1.3 1.3 0.8 0.5 0.4 

10DEOS R610627 16.7-18.5 O.OS 0.03 10.2 8.8 0.1 2.1 1.0 2.8 2.7 5.4 1.9 

10DE07 H003900 12.3-12.5 13.5 8.6 0.2 0.2 2.2 1.1 4.7 3.2 5.6 3.9 

10DE08 H003650 3.7-3.8 4.4 3.7 0.7 0.4 1.3 1.2 2.0 2.1 

1ODE09 HOO2567 <0.03 0.16 0.07 1.1 0.2 1.7 1.4 

10DE10 00:>2728 6.5-7.3 7.8 6.2 1.6 0.6 2.3 1.8 2.7 4.1 
10DE11 00:>2786 7.3-7.4 9.4 7.8 1.5 0.8 3.0 2.4 3.6 2.5 
10DE11 H002786 7.3-7.4 7.3 7.8 1.0 0.8 2.5 2.4 3.5 2.5 
10DE12 HJ03077' 0.46.{).48 0.6 0.8 1.0 0.6 0.3 0.3 
10DE13 H003.367 0.82'{) 86 0.5 1.4 2.1 2.9 0.8 1.3 0.1 0.2 
10DE14 HJ03704 8.6-8.8 9.3 7.3 1.3 0.6 2.8 2.4 3.8 3.6 

10DE15 R610785 9.6-10.0 0.05 0.03 7.6 7.8 1.4 0.8 3.1 3.1 2.9 3.5 
1ODE16 R610826 14.3-15 O.OS 0.04 9.9 8.8 0.3 0.2 1.7 0.9 3.0 3.0 4.2 3.2 

10DE17 R610853 5.2-5.7 7.0 6.2 1.5 0.7 1.9 2.0 1.6 

10DE18 S001721 0.61.{).62 2.3 1.9 0.2 0.1 0.2 00 0.0 

• LosAlamos 
,';'\ 110l1li", II, "".O*_TC • .,. ..... 
Operated by L.oe ~ National Sectrty, LLC for NNSA NIJ.."sP.. U NC LA S S I FIE D 

Review of Surveillance PG (FY11) 

ID 301310 
14wt% Bewt% Clwt% Fwt% Mllwt% Nawt% Kwt% 

BL FS Bl FS BL FS Bl FS BL FS Bl FS BL FS 
11DE01 : HOO3443 
11DE02 S002129 0.10 0. OS 0.4 0.3 0.5 0.4 O.OS 0.03 
11DE02 SOO2129 0.10 O.OS 0.4 0.3 0.5 0.3 O.OS 0.05 

11DE02 S002129 0.10 0.04 0.4 0.3 0.5 0.4 o.os 0.04 
11DE02 S002129 0.10 O.OS I 0.4 0.2 0.5 0.4 O.OS 0.04 
11DE03 00:>2592 
11DE04 H003.3.37 14.8 9.7 2.6 1.2 4.8 3.0 4.7 5.1 
11DE04 HOO3.3.37 14.8 9.6 2.6 1.0 4.8 3.2 47 2.3 
11DE05 S0011 OS 0.20 0.4 0.3 0.2 0.3 0.3 0.03 0.03 
11DEOS H003.343 

A 
• LoSAlamos 
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Hanford Spectrum 10 Corrections 

• A counting system issue resulted a set of Hanford PG spectra being 
labeled with incorrect spectrum IDs 

Affected measurements on counting systems #1 and #2 from 11/20/2003 to 
3f412004 
Result: IDs for the items systems #1 & #2 were swapped 

• 258 Items affected (250 oxide & 8 metal) 

• Matching corrected for 230 spectra (A7B & B7A) 

• Containers without PG anal sis: 34 
A-?NDA STD & NDA STD-? r 
A -? Bkg & Bkg -? it ~ 

• Example 
301310 Type _ ............ trype tMte AnI> Be"" CI'lIo 

H003t128 ARF " Original 
, 

QtI.Oec..03 0.16 
HOO3t128 ARF 11lIIVI11em SO'ee!Wla 19-N0Y-03 0.12 3.76 
HOO3t28 ARF 11¥I\II11em Sa1IIIning 18-Nov-ll3 8.92 
HOO4O" PFPSgap OrIgNi QtI.Oec..03 6.52 

I HOO401I8 PFP scrap Surveillance 10-Sep-06 0,24 
r ,IOU 

<>p«.Ied by Lo& AIaf'noe; Nm:>nal Searty, llC for NNSA 

UNC L ASS I F I ED 

-
Schematic --

.... -

--
~ 

• los Alamos 

Opnled by los JUamoI. Natbnal Seady, lie for NNSA 

UNCLASS I FIED 

~"" Mil"" 
Q31 0.11 

1,38 
0,89 
1.36 

0.3' 0,05 

Na'lIo ,,% 
0.03 
0,44 
2.62 3.55 
1.72 3.30 
0.03 

~""'''I.AW'' fO- ..... .v) 

C~r .......... 
fIIi-tfOOM'I) 

CeI'IIaIrwr.1'O ..-.... ..--.. 

Ce.--wAN 
to-lOOOleV) 
fl,IMfHC.....,.,. ... 

~.JtIttt ... 
fO-tOOOt.V) 

C~CI.AWIIH 

fI-"'_¥) 
~C ....... 
fI-'.oooDY) 

--

4 



Impact 

• Surveillance Binning (70 affected) 
Innocuous -7 Engineering Review (no PG result): 15 
Innocuous -7 Pressure and Corrosion 1 
Pressure -7 Engineering Review (no PG result): 1 
Pressure -7 Pressure and Corrosion 13 
Pressure and Corrosion -7 Engineering Review 22 
Pressure and Corrosion -7 Innocuous 3 
Pressure and Corrosion -7 Pressure 15 

• Items represented by 011589A (Mismatching: 4, PG updates: 12) 
Not Similar -7 Most Similar: 3 
Not Similar -7 Potentially Similar. 5 
Most Similar -7 Not Similar: 2 
Potentially Similar -7 Most Similar 3 
Potentially Similar -7 Not Similar: 3 

• Actions 
Update surveillance binning 
8 new items repreSented by 011589A, but none are expected to generafe ffammable 
gases (less than 0.3 wI% mOisture) 

A . Obtain PG meas. for 4 remaining ·outllers" and 9 ARFIHNF scrap items without PG 

• LosAlamos 
""". 

UNClA$5 tr U;; O 

New Hanford PG 

"""'0 
Opnted b'J' l.o8 AiImoe NItiomIl SecurIIy, lLC for NNSA 
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PGA Software and Database Updates 

• Released PGA v 4.7 a,b,c (minor updates to v 4.7) 
Fixed issue with startup for some OSs (a) 

Added automatic baseline- correction for Be peaks (b) 

• Added redraw button for main plot window 

Added "Save PGR" button and fixed issue with unreadable PGR files (c) 

Added rename button (allow user to change spectrum file name) (c) 

Revised code for calculating concentration (allow greater user control) (c) 

• Impact to user: more flexible & more robust 
Program is more robust for different OSs 

More flexibility in selecting the element to display, the calibration parameters, and 
type of data (ego detection limit only or concentration) 

Allows user to calculate concentration from a peak other than primary 

• Impact to database: None, but it is important that configuration fiTe is set 
properly to feed correct data fields into database . 

.£; 
• LosAlamos 

U ATIOlO,\I. l A'I () .... ' Q !l y SIde " 
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FY11 activities 

• Routine analyses-LLNL & LANL 

• Issue final reports 

• Support surveillance activities 
Review surveillance data 

Software maintenance as necessary 

A 
• Los Alamos 
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Engineering Judgment 
Selection Process for FY11 

DE Surveillance 

Summary for MIS Annual Program Review, 

Savannah River Site, Jan. 25-26, 2011 

Presented by John Berg, LANL 

July 2010 discussions in Baltimore at INMM 

• Participants 
- Chip McClard, L. Worl, K. Veirs, J. Duffey, K. Dunn, E. Kelly, J. 

Narlesky, T. Venetz (in spirit) 
- Three full afternoons of discussions in Baltimore 
- Input from database queries by Gary Friday 

• Pick containers in storage that are most likely to show 
some corrosion using packaging, shelf-life and DE data. 

• Items packaged at Savannah River Site were included for 
the first time. 

/"I 
---':I 
• ~~fc\Y~m~ ---- ------------- ­

N.'&f!r. 

3115/2011 



Selection criteria have evolved each year 

• Initial focus on pressurization risk from high moisture shifted to a 
focus on corrosion risk in recent years. 

• Early engineering judgment samples included containers produced at 
Rocky Flats that showed acid gases during the TGA moisture 
measurement. 

• FY10 focused on packaging moisture content in conjunction with data 
on exposure to humid atmosphere between stabilization and 
packaging. 

• For FY11 included the refinement that if moisture is present, liquid 
phase formation and hence corrosion would be more likely if the salt 
content is relatively low. 

A 
~ ~~~~m~~-----------------------------------IV--~-~~ 

Factors leading to liquid phase in contact with 
container walls in sealed package. 

• Hydrate formation during 
packaging. 

• Temperature gradient 
may cause H20 
migration to walls. 

• Total H20 may exceed 
hydrate formation 
capacity of MgCI2 and 
CaCI2 and related salts. 

A 
· ~~~~m~---------------------------------------­

N .. 'SA 
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FY11 selection process 

Calculate H20 I chloride (PG) ratio 

J 
, 

J 
Pick the containers with highest ratio from 
those packaged at Hanford and SRS. 

- - -

Pick highest-moisture containers from those 
with chloride below detection threshold -
these probably have the highest actual ratio. 

A • los Alamos 
NATIONAL L"' I OIIA10Il'1' 

N~"SJf4. 1"'''1 

Moisture estimated by mass loss in TGA below 
temperature where salt evaporation dominates. 

100.0 

iii 
-;:; 
:~ 99.9 .... 
0 .., 
c: 
Q) 

~ 
Q) .e 99.B 
U) 
<II 
OJ 
E 
Q) 

a. 
E 

99.7 '" Vl 

200 400 600 BOO 1000 

.-QAlamos 
Temperature (,el 
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Necessary simplifications 

• Mg and Ca chloride concentrations assumed proportional 
to total CI. 
- Clearly not true - there is much variation. 

• Prompt gamma can measure chloride low chloride 
accurately. 
- Hedge bets by including containers with non-detectable chloride. 

• Despite shortcomings, we believe this selection method is 
better than moisture content alone. 

A 
• ~~t\I~T.~ ---------------------=--::-=:-:= "'."SA 

Hanford RMC moisture (tga to 650°C) vs. chloride (PG) 

0,6 

0.5 

"if'. 0,11 

a 
'" I 0.3 . . 

... ,: .. '. : . ..:. '\. :. . .. .,.,\ . . 
0,2 •• 1'; ··1 

0: • ""J.~~~~.o....... . 
0,1 =.: _ .. : ,;:";t;t.-;.· •. : :.::fi~'" .;J~ 0 • ..... ..... .iII,... .... ..... .~ •. 

•• • ~, •• •• or ..... ,.:-. -.. ." 
o 
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Hanford RMC moisture (TGA to 650°C) vs. chloride (PG) 

0.6 

0.5 

;ft 0.4 
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'" 

I 1 0.3 .. . " ... . ..... .. . ... .... .. . .. .., .. . 
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~~I~~.~ _____ C_h_lo_ri_de_ °Ic_o _b_y_p_ro_m_ Pt_9_a_m_m_ a _ _____ _ 
N,,'Si 

Hanford RMC moisture (TGA to 650°C) vs. chloride (PG) 
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3013 Container 
10 

DuraUo 
Glove n...A 
Box (hIS) 

~= 
Stab" 

3013 Surve~Uance Eoote 
container 10 woe I y I'l10) Fir>lwl 
anforcS candl_ wtth non·dolocl CI PO 

HOO:I311 
H002570 
H002103 
H002766 
HOO2831 
H003870 
H002103 

30 109 
27 18 
25 
25 20 
20 22 
21 

' 25 

Moislure 
TGAstart to (%) ;PC( 

850 value Ci% PiI> 
,.nked by molmu.. TGA to 660 or TGA~ 

0,18 
0.10 
0.13 
0.13 
0,12 
0.12 
0,11 

0.21 
0.20 
0.22 
0.17 
0,28 
0.22 
0,22 

1.180 
0.385 
0.186 
3.3f9 

0.153 
0,166 

MIl'll> 

1.587 
1.385 
1.038 
1.104 
1.096 
0.4113 
1.038 

K'II> 

ralloof 
moisture 
(TGAlo 

No'll 850lIoCI 

'DIV/OI 
0.110#DIV/ 0! 
3.053 #DIV/OI 
0.093 #DIV/OI 
0.094 #DIV/OI 
0.335'DlV/01 

. 3.053 #DIV/OI 

HenfOfd cond_ ranked bY rOtio 01 mol ....... (TGA 10 _ Of TGA-M8) 10 CI (PO) - red Indleo ... FYl0 DE 
HOO201111 IODE2 41 28 017 0.25 0300 ' 3894 1.4119 0094 0.581 
_3 HOE 2008 34" 0.11 0.39 0.578 0.", 0.308 0.180 0 .296 
HOO394ll NDE 2008 30 17 0.14 0.33 0.490 0.385 0.850 0.110 0 .295 
H002543 40 0.18 0.19 0.570 0.139 0270 0 .277 
HOO3387 IODEI3 28'0 012 0.28 0485 2'03 0831 0118 0.262 
H003128 22 28 0.05 0.05 0.235 0.528 0.118 0 .209 
HOO30n lDOEI2 21 241 011 0.13 0817 1012 0285 0.172 
HOO2288 28 108 0.07 0.27 0.453 0.210 0.897 0.223 0.164 
HOO339O 30 145 0.12 0.18 0.8t1 0.599 2.158 11:208 0.152 
HOD3328 L»a. to DE :13 84 0 52 0 23 0 389 0.894 0.545 0.881 0 .117 
HOO2288 26 108 0.04 0.27 0.453 0210 0.897 0.223 0.099 

HonIOfd cand_ ....,,.In'''lIlrom FYIO liSt ... nked by ""'_ .. (TGA 10880 or TGA-MS) 
~3 35 28 0.28 0.37 8.41)0 1.213 
H002575 38 28 028 0.38 5.821 1 ..... 
HOO3388 32 99 0,28 0.38 5.798 1.:147 
H003737 NDE 2005 09 20 0,26 9.116 1.520 
H00251!O 24 155 026 0.33 7.494 1.303 
H003895 NOE 2008 38 27 0.25 0.35 7,275 1,076 
HOO3896 Nee 2005 22 07 0.Z4 0,35 10,529 2,079 
H002557 NDE 2005 24 70 0.24 0.33 5.563 0206 0.824 
HOii3eiii 38 23 0,23 0.Z7 3,879 0.134 0,619 
HOO2468 NDE Z006 43 ZO 0.Z3 0.29 6.723 1,174 

Glove puratior 
Box A (hrs) 

Relative Stab MOisture 
Surveillance ~umidit) End to TGA ,tart to (%);PCD 

!ype (%) Fimwt 650 value CI% F% Ma% 

3.742 1.8118 
3.480 1.680 
3.091 ; ,751 
3.671 2.970 
2.970 2.:143 
2,827 2.196 
0,033 3.293 
2.715 1.460 

0.835 
3,317 2.069 

o.~ 
0 .050 
0.048 
0.029 
0.035 
0.034 
0.023 
0.1l43 
0.060 
0 .034 

ratio of 
moisture 
(TGA to 

K% Na'll 65O)toCI 

~anfOrd candidates with non-<lMKt CI (PO) ranked by moisturs (TGA to 650 or TGA.·lIS) 

~71 30 109 0.18 0.27 1.180 1,587 'OIVIOJ 
HOO2574 27 .18 0. 14 0.24 4.365 1,385 0 .110 #Dlv/Ol 
HOO2103 25 0 .13 0.22 0.166 1.038 3.053 #DIV/OI 

Hanfordcandidal •• ronked by ~o Of mOiatUr. (iGA 10 650 or TGA.lIS) to CI (PG) - red Indlcltu FYl0 DE 
HOO2496 10DE2 41 29 0.17 025 0.300 3694 1,409 o os. 0.581 
/'1003343 NOE2008 34 19 0.17 0.39 0.579 0.894 0,308 0 .180 0.296 
H003940 NDE2006 30 17 0.14 0.33 0.490 0.365 0 .650 0.110 0.295 
HOO2543 40 0.16 0.19 0.574 0.139 0.270 0 .277 
HOO3367 'ODE13 28 14 0.12 0.26 0.465 2.103 0831 0118 0 .262 

Hanford can_lea remalnJnll from FYI 0 list ronked by moiature (TGA 10 650 or TGA.MS) 
HOO3443 36 28 0.29 0_37 6 ,4()() 1.213 3.782 1.866 0 .046 
H002575 36 26 0.28 0.36 5.621 1,444 3,480 1.680 0 .050 
H003368 32 99 0,28 0 .36 5.798 1,347 3.091 1.751 0.048 
H003737 NDE200S 49 20 0.26 9 ,116 1.520 3.671 2.970 0.029 

Hanford Candidates on FY10 list for other fe.lons 
H003352 . NDE 2006 34 71 0.27 0,38 6 .169 0,336 0,962 2,532 1.625 0.044 
H004226 20 112 0.12 0.20 10,690 2.248 3.937 3.151 0.011 
H004194 28 20 0,13 0,24 11 .199 0.061 2.034 4,370 3.601 0.012 

SRS candidates wttn non-<letect CI (PG) ronked by moleture (TGA. to 650) 
8002129 0,24 0.29 0.408 0.505 O.ose tOIVlOt 
8002146 0.21 0 .24 0,166 WIV/OI 

SRS candidates ronked by rollo of moisture (TGA to 650) to CI (PO) 
5001105 020 0.23 0 .413 0,308 0,279 0.029 0.47e 
SOO22n 0.22 0.29 0.508 0,327 0,187 0.056 0.441 
S002167 0,21 0,23 0.625 0.657 0.599 0,058 0.341 

N.' • 

3115/2011 
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Summary of selections for FY11 

Engineering judgment selection of containers for DE in FY20 II sought to 
identifY containers likely to be at the greatest risk for internal corrosion based 
on packaging conditions and material composition that couJd have led to 
formation of liquid water films or droplets within the container. The relevant 
packaging data available for this selection process are the total moisture and 
total chloride content. A high ratio of moisture to chloride was deemed to be 
the highest risk based on shelf-life studies. Two containers were selected based 
on having the highest such ratios from the Hanford and SRS packaging 
campaigns (H003343 and SOOIl05). Two additional containers were selected 
based on high moisture but undetected chloride under the assumption that 
chloride is probably present but below the detection threshold of prompt 
gamma (H003371 and S002129). A fifth container was selected based solely 
on having the highest total moisture at the time of packaging (H003443) of the 
containers remaining in the surveillance program. 

A . ~~e-,I~~~ ------------------------"'=-c:-: .... ::cs::l=-:c=-

Selections transmitted via letter 8/10/2010. 

Augusl 10. 2010 

FM: G.D. Ro~on. Program Manager, MIS Working Group 

RE: FYI! Suneillance Recommended Destructive ELOminaUoD Items. 

This ICller i!i being scnl on behalf of the Materials Idenlification and Swvcillaocc Working 
Group (MIS WG). nle MlS WG recommends the following JOlJ conlainers as Ihe minimum 
Destruclive Examinalions (DE) for FYI I. The MIS WG does nOI request any Non Deslructive 
Elffiminatioos(NDE) of 3013 conrain." for FYI!. 

EighlCCtl k>lal DEs are specified in FY I I where five are selected for Eoginreriog Judgmenl 
and thirtceu are selected as part of the Random Sample for the Inll.-grated Surveillaot< 
Program. The "uacbed table:: lists the specific conLaincrs Ihat bave been selech:d by the MIS 
WG for surveillaoce. 

Should you have any questions. please contact me al (202) 58(,,%81 

G.D. Robe,,"n 

/'I Nuclear Malcriallnlegral ion, PMP 
" 

• ~~e-,~'!~ -----------------------­
N .... S/4. 

3JJ5/2011 
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Selections transmitted via letter 8/10/2010. 

IT I J Destructive Evaluation SuatiUMDCf SamPles 

S Un' Su ... ISP BIn Su ... Sile 
Ye., Type St>lecdon (hcuKed) 

2011 DE Pr~ure3Dd Judgmental Haaforrl 
COTT()f;ion 

SRS 

Random Hanford 

LLNL 

RPETS 

2011 Total 

3013 
Containu 

SUrniU. .... COCKlin'" In 
Non-dch::c1 CI ",i lh biiili mOC6tun: HOO3J71 
Hi h ralio ufwalcr 10 Cl HOO3343 
hi8,ha.:t rcmllining TGA 10 6S.0 deg HOO3443 

Noo-OC1 CC1 CI with h!gb moisture 5002129 

SOO l 105 

R6 I 0960 

~ 
~ 
~ 

18 
18 

.~Alamos 
", ... nO"' ... l l A.OIIJH ORY - -------------------------- -----N-=--::-: .. "=-SM-== 

3115/2011 
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.!~~£ 
We Put Science To Work 

Update on ISP Database Queries/FY2011 Binning 

Gary Friday 

26 January 2011 

3013 Surveillance and Monitoring Program Review 

Savannah River Site , Aiken , South Carolina 

ISP Database 

• Query Update 

• FSM Data Dictionary 

• FY2011 Binning Protocol 

I;] SRNL 

3/16/2011 

8 1 
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ISP Database Query Protocol 

Case Number 

Date Received 

Customer 

Statement of the Problem 

Resolution 

Status 

r@~ SRNL 

ISP Database • Query Update 

r;~ SRNL 

Completed Queries 

2006 - 8 

200_1-22 

2008 - 21 

2009 - 22 

2010 - 27 

Total-100 

3/16/2011 

• 

• 
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ISP Database Conceptual Model 

~SRNL 

SRNL-STI-2010-00538 

Data Dictionary for the Integrated Surveillance 
Program (ISP) Field Surveillance Module (FSM) 

G.P. Friday 

T.J. Paul 

~;} SRNL 

3/16/2011 

• 

• 
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Field Surveillance Module (FSM) 

SRNL Elemental Isotopic Analysis 

SRNL Solid Oxide Analysis 

SRNL TGA Analysis 

SRNL Gas Analysis 

3013 Contents Radiography 

3Ot3 lid Deflection 

DE 3013 Photos 

DE Cutting 

DE Gas Sample 

DE Sample Vial 

NDE Surveillance 3013 

SRNL Microhardness 

SRNL Attachments 

SRNL Photos 

DE 3013 Surveillance 

Survey Photos 3013 

DE Misc Documents 

Survey Document Number 

FTIR Other Gases 

Pressure Surveillance 

• 

Table 21. FSM Predicted Gas Values 

Field Name Data Size D8lICription n Non" Zero's Null 

Type Zero 

301310 Number 10 Identification number on the 3013 container 43 43 None 0 

GasN2 Number SO Calculated percentage 01 nitrogen in the inner 3013 43 43 None 0 
prior to puncturing as determined by GEST 

GasN2EOR Text SO Explanation 01 result lor nitrogen; < symbol signifies 43 0 None 43 
that the result was "less than the limit 01 
quantifICation"; trace - visually a peak was graater 
than three times the background noise and 
integrated to 0.01 vol% or less 

Gas02 NUI11ber SO' CalCulated percentage of oxygen in the inner 30"13 43 4 None 3!J 
prior to puncturing as determined by GEST 

Gas02EOR Text SO Explanation 01 result lor oxygen; < symbol signifies 43 8 None 35 
that the result was "less than the limit 01 
quantification"; trace - visually a peak waB greater 
than three times the background noise and 
integrated to 0.01 vol% or less 

GasH2 Number 5Q Caiculated.percentage.oI hydrogen. ;Q. the. inner 43 lQ Nona. 33 
3013 prior to puncturing as determined by GEST 

~NL fl-

3/16/2011 
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Binning 

Why is binning performed? 

.. Statistical Selection of 3013's for DE and NDE 

• New Data Becomes Available 

• Existing Data is Revised 

• New Containers are Produced 

I 
I · 
I 
I 
I 

a ••• ., O ft" _ ,' •• I nl l a at"'''p 
R o,~ , II , . , . 111 Dt 2E 

~t:t'''' ~~ .O;.~81t~';.°tO) 
$R 6 "RFII. ", . 

~~:~ ; :::g: 
. .. . l 0 . 10 '" 
81" "1 ~1 ... til b l ' " •• 01 "n "9 1. ' 
... .. U. " . · .. tltlur .,.. ul'. ( ... ' 
"' . , ,nc , .. d l .. " g ~ 1 Ol l ~ 0 . "'" .. .. .. .. ' II .. . to ' ,." . ... ' •• ".,' "I • • ,. .. ... r. , .. ' UIII ... . e" .. """" .. ) 

··It .. ,,1 \00 tI~"", p U. ~ l g . .. ", . 
In a II. "" . 111> F l u . n n . < 0 .8 '" 
: ~!:.g: , 1>' 0 "1" ."" ..... , .. 0 

I 7' '' --- ' nn oc oJ o ul 

I 
I 
I 
I 
I 
I 
I 

;z---: 
;Z-----
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Binning Protocol 

Initial Binning Phase 

• Physical Form 

• Chemistry 

• Prompt Gamma 

• Process Knowledge 

• Moisture 

• Purity (Am + Np + Pu) 

Final Binning Phase 

• Engineering. Review 

r;;} SRNL 

Bin and SubBin Hierarchy 

Bins 

• Innocuous 

• Pressure 

• Pressure and Corrosion 

SubBins 

• BDT-2-CI 

• ER-C1-P (No PG) 

• ER-C2-E-P 

3/16/2011 

.. 

• 
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Binning Macro 

r;;] SRNL 

qry-MT _Binning_Data 

qry-BDT-1 

qry-BDT -2-CI 

qry-BDT -3-F 

qry-BDT -4-RF-2B 

qry-BDT -4-SR-ARF 

qry-BDT -5-P 

qry-BDT -6-1 

qry-BDT -6-ER 

Advantages of the Macro 

• Faster 

• Reduces Potential for Error 

• Can Be Used for Future Rebinning Exercises 

~;] SRNL 

311B/2011 

• 

• 
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Annual MIS Meeting 

SRS. 766-H 

Site Status 

• Rocky Flats 

MIS DATABASE UPDATE 

Jesse "Buzzy" Cheadle 

Technical Advisor 
January 26, 2011 

- 1888 of 1895 less 7 sent to Los Alamos 
- PCD Records for all 1895 
- 7 sent to Los Alamos have been mar1<ed as destroyed 
- 27 DEs and mar1<ed as destroyed 
- 1861 Active records 

3/16/2011 

SRNS-STI-2011-OOOOO 

o 
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3/16/2011 

Site Status Cont. 

• SRS 
- 9.18. less 16 unpackaged and marked as destroyed 
- 16 were not supposed to be packaged 
- peD Records for all 918 
- 2 DEs and one marked as destroyed 
- 44 3013s have been sent to H-Area for processing. and have been marked 

as destroyed 
- 857 Active records 

• 

Site Status Cont. 

• Hanford 
- Received 2257 of 2257 
- peD records for all 2257 
- 33 DEs and marked as destroyed 
- 2224 Active records 

SaViinnah River 

2 



3/16/2011 

. ') Site Status Cont. 

• Livermore 
- Received 164 of possible 285 
- Complete PCD records for all 164 
- 164 Active records 

I~~ Site Status Cont. 

• Los Alamos 
- Received 12 of possible 268 
- PCD records for all 12 
- 12 Active records 

c~ ~::h River , o 

3 



I~~~ Surveillance Update 

• Non-Destructive 
- Thmugh FY10 222 NDEs, 9 done twice. 
- Data still to be added 

• Destructive 
- Through FY10 62 DEs, 20 had previous NDE 
- Data. still to be added 

~~ ~hRiver 

IJ Prompt Gamma and Moisture Data 

• Prompt Gamma data in the ISP is data provided by Josh 
Narlesky. Josh identifies the best PG record 

• Moisture data comes from Los Alamos where the data is 
analyzed to provide the best and certified moisture values. 

3/16/2011 

• 

o 
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Selection of 3013 Containers 
for Field Surveillance - 2011 

Update 

Elizabeth Kelly, John Berg and Larry Peppers, 
LANL, Gary Friday and Chip McClard, SRS; David 

Riley, LLNL; Ted Venetz, Hanford 

(LA-UR 11-00421) 
A 
• los Alamos 

I'f..,flO,.AL l AIOI'lA'O!\:V 

----------------------------------------~ 

N;,.T&'I. 

Surveillance Sampling Approach 

• Combines random and judgmental sampling 
- Random selection based on bins (groups) defined by potential 

degradation mechanisms (or lack thereof) - Pressure Only, 
Pressure and Corrosion (P&C) and Innocuous 

- Pressure and P&C sampling criterion - 99.9%/5% 
- Innocuous - check assumption of no pressurization and minimal 

variability in measurements 
- Judgmental: MIS working group and other experts select containers 

deemed to have the greatest potential for degradation 
- Random sampling better at finding surprises, judgmental sampling 

better at finding "worst case" 

• Key component of random sampling is binning process 
- CI and F (chemistry, prompt gamma, process knowledge), 

moisture content, purity, engineering review) 

A 
· ~~~~m~~ --------------------------------------~ 

N"",TSA 

311512011 
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Background (Checkered Past) 

• 2005 
- Three reports documenting (1) binning approach, (2) sampling 

approach and (3) items in statistical and judgmental samples 

• 2007 
- Three 2005 reports combined into one document (LA-14310) and 

binning and sampling information updated 

• 2009 
- Revision 1 of LA-14310 (LA-14395). This report contains all of the 

14310 report plus new binning and sampling information 

• 2011 
- LA-1431 0/14395 Update. This report will contain new binning and 

sampling (both statistical and judgmental) information only 

A 
' ~~~~m~~----------------------------------------~~~~~~== 

What's Changed 
• Focus is now on P&C bin sampling, since the Pressure and 

nnocuous Insampling was compfeted in 2009 
- Over 320 containers have had NDE pressure measurements (132 

randomly sampled from Pressure bin and 10 from Innocuous bin) 
Approximately 70 have had DE pressure measurements 

- No significant pressurization in any container 
- Shelf-life studies will guide future sampling 

• Changes affecting binning 
- Hanford mismatch (250 containers with incorrect prompt gamma information) 
- Prompt gamma calibration curves changed 
- New items from LANL and LLNL 
- Other new information (e.g., washed I not washed info from LLNL, ARF 

assignments) 

• New judgmental sampling criteria 

A 
• h~~~~~R~ -----------------------------------------N--.... -Sl-

3/15/2011 
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How Changes Affect Binning 

Hanford LANl llNl RFETS SRS 
2008 2011 2008 2011 2008- 2011 2008 2011 2008 2011 

Innocuous 928 939 25 525* 117 84 808 809 744 724 
Pressure 778 769 83 83 9 9 718 721 103 95 
PiC 551 549 160 160 159 108 362 358 71 83 
Total 2257 2257 268 768 285 201 1888 1888 918 902 
*500 ARIES 

2008 2011 
Grand Total 5616 6016 

A 
' h~~~~----------------------------------------

"" .. '9. 

Details for 2011 Binning 
Pressure 

and 
Site Innocuous Pressure Corrosion Total 

~FETS 80S 721 3511 1,88E 

~anford 9311 770 s4S 2,257 
I'-LNL Shipped as of Dec, 
12010 

57 ~ 101 

lFuture 27 ( 7 
h"otal planned 84 9 1011 201 
ISRS 724 Sf 83 9~ 
~NL Shipped as of Dec, e 3 1 
12010 
lFuture 517 Be 15~ 

h"otal Planned 52f 8~ 16( 768 
~ontainers packaged as of 
pecember, 2010 

2,537 1,597 1,09~ 5,226 

TOTAL PLANNED 3,081 1677 12511 6,016 
LLNL innocuous were shipped to 
~NL 10 be archived ~NL Innocuou 

~:e Lhal 2 items '" the bID are neludes 500 ARIES 

i ding a final ER deciSion ~Q"taine". 

Alamos 
IO "A l l .... Oft ... f OIlI' 

"" .. 'SA n"on 
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What is the Impact On the Statistical Sample 
Allocation Between Sites? 

Site Pressure and Corrosion Sample Size Difference* 

2008 2011 

RFETS 35 36 1 

Hanford 54 56 2 

LLNL 16 11 -5 

SRS 7 9 2 

LANL 16 16 0 
*Select 5 LLNL randomly and replace . 

• -QAlamos ____________________ _ 
I4M IOHAl lA80RATO lt Y N .. '&' 

Other Impacts on Samples 

13I13Con11nr1 mI. FYMI'tII I c-II I mlWlllln IMIISI'UIII o.n,od I ..., l Sono!fY I ~ ISImIaocoR I 
Pmson IIId Cor.- -.. Now om BOT+WI.· ER-C3 

lIII5 N _ 

WASHED 
HelllI9I Pmson IIId c..ro.m - - BOT.J.F ER-C3 211116 Rondom 

SOIII&l _IIIIfCor.- Pmson Now Data BOf.4.SR·ARF BDT-5 lOOI -HII03119 I'rtssur.llldc..ro.m -. PGUpdatI BDT·~I BDT-5 2009 ·RoIidam 

R!;I(l;4I P!esan l'ImnilllCcrnlliorl PG~ iIOT-H iIOHHiCI lOO5 EnJ.iIldgIm!I'< 
Rill1l91 - _aodCcrnlliorl PGUpd!I!o BOT~ IIOT~ 2IID5 f"l~ 
RSIIl9II - _andCnsotl PG~ BOT~ BOT~ Y 211116 f"l.llllglmn 
RSIIllI fImln _nC4PolO\ PG UpdIIo BDT-5f BO»GItC1 Y m f"l~ 
1(0009 -... _andCcrnlliorl - BDT~ BOT·Ul 21110 Efll~ 
I'OOIIl99 -... -... -.I Comloon PG UpdIIo BOT~ BOT-s-a 211116 """''''910 
HOOIC!iEI - PmsInIlllfCcrnlliorl PG \.IpdII! BOT~ BOT~ lDl9 0 ~ 
RIOI215 ,.,.... PmIln ond Ccmoion PGUpojl1l BDT·W IIOT-I-CI 

, 
lOIIl -,.,15l PmIln 

_ ond C4nvoIon 
PGUi>d* BDToW BDToH 

, 
21)01 -"'115 ""'"'"' Pntolll..t~ PGUpdoIt BDToW BOT.J.CI lOll!! -

RIII!!1 moc.ollS Pmson IIIIf ComIIIon PGUpojl1l BDT4I IIOT-l-tI 11»1 -A 
• loS Alamos 

N"fIO jot .. ~ lAIIORATO II Y 

N;.lSJit 

3115/2011 
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Items Needing Replacement in P&C Statistical 
Sample 

• 4 DE sample items need to be replaced (added on in 
2017?) 

Container 10 2011 Bin 2008 Bin DE Year Reason for Change 
Pressure and 

R601S57 Innocuous Corrosion 2007 PG Update 
Pressull! and 

H002195 Pressure Corrosion 2009 PG Update 
Pressure and 

HOO3157 Pressure Corrosion 21108 PG Update 
Pressure and 

R601285 Pressure Corrosion 2007 PG Update 

• One future (2015) DE sample item needs to be replaced -
H002862 (now in Pressure Bin) 

A 
. h~!:\I~~ --------------------::1</::-::-::;.,:-::&'1\= 

Issues for Discussion 

• May need to adjust LANL sample items 
- Sampling plan calls for 2 LANLP&C items in 2014 - 5th and 10th 

(do these exist? / packaged in '09?) 
- LANL sample items in 2016 and 2017 (packed by 2011 and 2012) 

- 2016 calls for 18th, 27th, 34th , 35th, 41 st, and 44th 
- 2017 calls for 54th, 6?lh, 71 8t, 74th, 78th 84th, 90th 148th 

• Need to determine bins for H001863 and H002543 (Josh's PG 
outliers/wrong spectrum) 

A 
• ~~!;\,I~m£~ ------ --------------::::-::-:::-== 

N;.'ISA 
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Additional Info for "Update" 

• S001721 (scheduled for DE in 2011) was switched for 
R611131 in 2010) 

• Change binning diagram for LANL / Oxalate Precipitation - Aqueous 
Chloride, Dissolution Residuals - Chloride heel, and any Pyrochemical process group 
material are suspected to contain chlorides from process knowledge and should be 
assigned BOT -4 even if PG does not show chloride. 

• In 2010 there were also 16 foreign material inspection 
containers (all with NDE and some with DE and NDE 

• Please provide suggestions for additional content for 
the "update." 

A 
. ~~~~~~ ------------------------------------------­

", .. "SA 
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Understanding Interactions Between 
Stainless Steel and Plutonium Metal 

r-

Savannah River Site 
January 2011 

A 
• los Alamos 

UNCLASSlFIE[) II An OIf"' L LAI O" "' tO Il Y 

()peJ8I~ by L.oa Alamo. NMkInal S«urity. LLC lot the U,S. Department 01 Energy's NNSA 

Plutonium metal - steel interactions 

Safety issue addressed: 
• Plutonium metal is stored across the DOE complex in stainless 

steel containers. Temperatures could exceed the Pu-Fe 
eutectic temperature of 410°C yet remain below the melting 
point of plutonium metal at 640°C during a fire. 

• A DOE review of 2005 and 2006 ORPS reports concluded 
"While concerns about the potential Pu-Fe eutectic failure mode 
have been around for years, there appears to be no DOE 
consensus on what conditions (e.g., temperature, duration, and 
oxidation) Pu-Fe eutectics will realistically form and cause 
failure." 

A 
• los Alamos 

UIIICLAS5tFItO 

·3/21/2011 
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·3/21/2011 

Contributors 

• Pu metal - Kane Fisher 

• Test design and test conduct - John Dunwoody 

• Metallography - Fred Hampel 

• Microprobe - Angelique Neuman 

• AnaJysis - John, AngeJique, Kirk, Laura, and Ric 

A 
• los Alamos 

UNCLASSIFIED 

OpeiMed by I.Ds Aamos National Secuity, LlC for Itle U.S . Departmenl 01 EnMgy'w NNSA 

Presentation Outline 

• Test Description 

• Phase Diagrams 

• Post Test Results & Analysis 
• Component Condition 

• 304UPu interactions 

• 316UPu Interactions 

• Plutonium Condition 

• Scoping Test Results Summary 

• Proposed Future Work 

A 
• los Alamos 

",,,nO HAl LAIOf!ATO RV UNCLAsSff l E D 

()penIt1Hl by los AIam~ National Secuity, U C ror !he U.S . Oeptttmeni 01 EllIIlJY's NNSA 
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Sponsorship 

• Testing by SRS 

• Examination of post test material by NNSA 

• Analysis and reporting SRS & NNSA 

A 
• los Alamos 

UNCLASS I FIED ~Ar J O"A l tA..OI,.a. TO !\Y 

---------------------------------------------=-=~~ 
OpefiJIed b'f L06 Atarnoa Natiooil Secu"Iy. lie 101' the u.s. [)epa"trIt", oK E/leJgy's NNSA N .... SIf4 

Test Conditions 

• Test components 

• Scoping Test Configuration 

• Test Profile 

A 
• los Alamos 

UNClAS~lr'ED 

OperMed by los Alamos NaIIooal S«:uty. llC fOf the u.s. Department 01 Energy's H"SA 
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Physical Configuration Of Stainless Steel Pieces 
Pre-test Dimensions 

316 SS bar Plutonium 304 SS bar 

rength - mm 26.92 4.95 25.65 

Diameter - mm 6.36 5.073 6.36 

Mass - 9 6.76 1.96 6.39 

55 length lost if all of the Pu 
is converted to Pu6Fe 

0.30 (mm) 

55 length lost if all of the Pu 
is converted to PuFe2 

3.61 (mm) 

...: 
• loS Alamos 

UNClASS IF IEt::I P'iATIOP'iAl lAIJOKATOF!Y 

----------------------------------------~~~ 

"" .. 'SA 
Operated by los AAtmo8 Nillional SecurVy, llC for the u.s. o.p.tmenl 0( Energy'a NNSA 

Steel- Plutonium Diffusion Couple 

• Left side: 316L ss annealed cold drawn 

• Center: machined a-Pu metal 

• Right side: 304l ss annealed cold drawn 

• Furnace ramp: 25°C/min in purified Ar 
atmosphere 

• Furnace holds: 380°C Y, hr; 525°C 1 hr 

A 
• los Alamos 

NAnONAL LAIJO:.:.'R"'_T:'.O"~ __________ ____:=~=:.:.:..---==============-_::_::=~ 
Operaled bV los AAtmo8 Nllltk:lnal Seosfty, LlC for !he u.s. Oepertmenl 0( Energy'& NNSA 
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Scoping Test Furnace Profile 

Temp. (.C) 

600 

/ 
500 

400 

/ 
/ 

/ \ 
/ "-----

300 

200 

100 

o 
o 20 40 60 80 100 120 140 160 

A 
• LoS Alamos 

,..,flON .. l L ..... OR ... rORY UNCLA5SlFIEO 

Composition of Stainless Steel 
304L(%) 316L(%) 

C 0.03 0.03 

Mn 2 2 

Si 0.75 0.75 

P 0.05 0.05 

Si 0.03 0.75 

Cr 20 18 

Mo 3 

Ni 12 14 

N 0.1 0.1 

Fe 65.0 61.33 

A 
• los Alamos 

U NCLASSIFIED 

Oper1IIed by La. Alamo. National s.cwty, lLC for h u.s. ~nl 01 Energy's NNSA 
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Equilibrium Phase Diagrams 

• Iron - Plutonium 

• NickeJ - Plutonium 

• Chromium - Plutonium 

• Molybdenum - Plutonium 

A 
• Los Alamos 

N "'I!O ~"'L L".O Ill"'- TORY U N C L..ASSI FI I;D 

--------------------------------------------~~~~ 

N~~~ 

A 
• Los Alamos 

Plutonium-Iron Phase Diagram 
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Ni-Pu Phase Diagram 
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Molybdenum-Iron Phase Diagram 
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Post Test Results & Analysis 

• Component Condition 

• 304UPu interactions 

• 316UPu Interactions 

• Plutonium Condition 

A 
• los Alamos 

HAlI O H"'~ lA' OMATORY U NCU\S SI F1E O 

Oplnlled ~ Lee A.Iarnot NaDooaI Secwty, llC for 1M u.s. DepertmenI. or Energy'. NNSA 

.3/21/2011 

·8 



Preliminary Results; Steel - Plutonium Diffusion Couple 

A 
• Los Alamos 

Reaction 
zone; Pu/316 

Reaction 

7
Pol304 

UNCLAS S I fiED 

Preliminary Results: 304UPu Interface 

Pu 304L 

John Dunwoody, Steve 
'MIlson, Ric Mason 

.Q Alamos 
N"'T I O NA~ ~A I O,. __ 'O,_ , _________ U_ N_C_L_A _5 5_ 1_" I_E_" ____________ -_ ,. 

N JJ..'S1f4. 
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Preliminary Results: 316UPu Interface 

316t Pu 

'~Alamos 
N ... TIO,. .... l L ... ~O R ... 'OR'( U .. H~LA5S I FI£ D -" --------------------------------------------~~~= 
Ol*aled by l.C* A!amo8 fatIonal Seclny, LLC 10I'!he u.s. oap.tment of Energy's NNSA N .. 'tSJl't. 

304UPu Interactions 

• Significant corrosion of the steel face 

• Wetted surface 

• Iron movement into the plutonium 

• Iron/Plutonium/Chromium dense layer 

• Chromium metal found in reaction layer 

• PuFez 

• PusFe 

A 
o los Alamos 

UNCLASS I FIE D 

Operated by lo& A.IarnI» NatIonal Seculy, llC IClIhe u.s. Departl1:lent of Energy's NNSA 
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304L Face 

304l SS 

A 
• los Alamos 

NA TtO "'A ~ LAIIOR"rOIlY UNCLASSIF-IEO 

Three Sections of the 304L Face 

About 330-JJfTl (O.3mm) of SS dissolved 

A 
• los Alamos 

UNClASSIFlED 
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Metallograph of 304 L Face 

304L 

A 
• Los Alamos 

NAT IOHAL ~ "' " 0 ~ "'TO " Y UNCL.,ASSrfIED _23 
OpInded by lr». ~ National Secwty, llC'Of the u .s. Depwtment 01 Eragy"a. NNSA 

340L Corrosion Interface 

A 
• Los Alamos 
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Reaction Layer Composition 

.Q Alarnos 
,.. ... TlO~"l l AIIOii .... 10lii v UNClAS51 If 

------------------------------------------------~-
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3 Chrome Scans 
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• LoS Alamos 

UNCLASSIFIED 

·13 



·3/21/2011 

Reaction Layer on 304L Stainless Steel 

.-QAlamos 
/f AllON ... , lA.OttATOII¥ UNCLASSIF I ED 

----------------------------------------------~~~ 

N .. "S1f4 

Reaction Layer 

A ... . ~ 
• Los Alamos 
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Wetted Surface Interaction Layers on 304L 

OpenIted bot 1..01 Aamos NaIional Secuty, LtC for !he u .s . DeI*tment 01 E1wgy"s NNSA 

Chromium Metal in Pu/Fe 

A 
• Los Alamos 

HAfiONAL L4'O JlA rQ R 'I' UNCLASSIFIEO 

-------------------------------------------------
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Chromium Metal in Solidified Liquid Matrix 

316 Interactions 

A 
• Los Alamos 

IIAII DN...,L LA.CIIATQII' UNCLASS I FIED 

---------------------------------------------------Operaled by L.CII AMnoI NIIkInaI SeQdy, LLC for 1M u.s. erep.tmInC d EtMrgy ... NNSA N .. 'SA 
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316L Face 

A 
• los Alamos 

U NCL.ASS'FlfD N AT IO NA l l"aOIlAr OIlV 

----------------------------------------------~~~ 
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316L Reaction Layers 

A 
• los Alamos 
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Plutonium Condition 

• 304UPu reaction layer 

• 316UPu reaction layer 

• Iron/Nickel/Chromium throughout the matrix of the plutonium piece 

• The entire plutonium piece was probably liquid 

• Gases in the plutonium formed bubbles and the bubbles floated to the 
top of the plutonium liquid 

A 
• Los Alamos 

UNCLASS IFIEO 

0peRled by Loa ~ NiOon .. s.cuty, LLC rot ~ u.s. o..-trMnl '" Energy's NNSA 

Melted Plutonium 

A 
• Los Alamos 

UNCLA$slrIEO "..TIOltAl lA,1IOR./)TOR V 

------------------------------------------------~-
OpnIIed by Lort ~ ~ SewrIy, llC POI ~ u .s . DepMrnem of Energy's NNSA N6'9. 
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A 

Plutonium Near the Bottom of Plutonium Piece 
Area 1 (back scatter image) 

• los Alamos 
UNC\..A.SSII="IEO N ATIONA L l ABO IlA,Ofty 

----------------------------------------~~~ 
OpnIed by u. AUmoe NIItoneI Searty, u.c tor 1M V.S. ~ 01 Energ(s NNSA N A.'~ 

Plutonium Near the Bottom of Plutonium Piece 
Area 1 

A 
• los Alamos 

UN CL ASSIFIED 
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Plutonium Near the Bubbles in the Plutonium Piece 
Area 2 

A 
• loS Alamos 

U NCLASS I FIED N-'I' IO,,"l l .... O It ... TO It V 

------------------------------------------~ 
N .. "SlIt. Opereted ~ L..OIt AlamOIi Nelion.II Sea.dy, LtC Iw!he u .S, DepIWtmtnI 01 E'*O)"s NNSA 

Matrix Near the Middle of the Plutonium Piece 
Area 3 

fly 
• los Alamos 
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Scoping Test Results Summary 

• 1 hour at 525C is sufficient to convert most of a -2-g cylinder of Pu Into a liquid 

• The 304L was more wetted with the liquid than the 316L 

• A boundary layer of CrlFeJPu forms but it does not stop iron diffusion into the 
Pu/Liquld 

• The eutectic liquid is iron rich because the iron diffuses more rapidly Into the 
plutonium than the plutonium into the iron. 

• Next to the steel, the liquid freezes forming PuFez precipitates and then PlleFe 
precipitates as the entire matrix freezes when temperatures drop below the 
eutectic temperature. 

• Chromium was fournfin the interaction zone and the chromium forms crystals In 
the eutectic liquid 

• In the plutonium, plutonium dendrites freeze In the liquid until the matrix 
temperature drops below the eutectic temperature and then the PUsFe liquid 
freezes. 

• In the plutonium, some chromium and nickel agglomerations are apparent. 

A 
• LoS Alamos 

II"'l IOHA ~ L ... . OIII ... 'Oll.y U~CLA$SlrIEO 

Openled by l.Oe .....".,. NdonaI SIct.dy, u.c 'Of lhI u.s . Oepertment 01 EneJvy's NNSA 

Questions to be Answered 

• Did the reaction go to completion? 

• Was the diffusion of the Fe or Pu beginning to slow the reaction? 

• Would the Hquid continue to dissolve the iron until all of the Plutonium 
had reacted to PuFe2? 

A 
• Los Alamos 

~"'T I O "' All ... tOMAIO RV UNCLASSIFIED 

---------------------------------------------------()peraIed by La. AiItnos H*rnat Stariy. llC !Of lhII u.s. DIIpMrn«II: 01 Energy'. NNSA 
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Future Tests 

• Future Tests 
Only use 304l SS 

Iron diffl.lsion is so rapid that contribution from both steels make the results less certain. 

Scoping teslprofile with 1 hour hold temperature at 4200 C 

Eliminates. melting of the PuF~ 

Scoping test profile with 1 hour hold temperature at 4500 C 

Evaluates the reaction above 4280 C but significanlly below the 5250 C scoping test 
temperature. 

long test to. determine how far the dissolution will go 

Time & Temperature will be determined based on the tests above 

• Future analysis 
Complete both tests and then evaluate how much analysis is required on each piece. 

• Report findings in a Journal 

A 
• LoSAlamos 
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LANL 3013 Packaging for 00-1 
Materials & AFS Demo Project 

A 
• Los Alamos 

.. ATIOIf M "" U OIt"" Oh 

MIS Working Group 
SRL, Savannah River, SC 

January 25-26,2011 

Jim Rubin 
Technical Project Manager 

Actinide Process Chemistry Support Group (MET-1) 

Manufacturing Engineering & Technology Division 

Los Alamos National Laboratory 

MaH Stop E511 , Los Alamos, NM 87545 

------------------------------IV~~ Tile World", G.utr'Iot Sllcnc:c Proteclir19 IMnU 

LANL 3013 Packaging - Current Status 

• In FY10 seventeen 3013 containers were fabricated 

• In FY11 we intend to ship ten of these containers 

• Data packages are currently under Project-level QA 
evaluation, to include 

• Traveler completion and consistency against requirements 
• PCD checktists for completion and accuracy 
• Path forward for any identified discrepancies, for example 

- LOI used for items < 80% total Pu 
- Training records 
- Negative Pu value from a neutron multiplicity measurement! 

------------------------------------- IV~~ ~ 'NOlId's Grlto.l tt'!il Xtrntll! PmIPrtll'1g AITU'!'IIU 
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AFS Demo Project 

• In most cases, material destined for 3013 containers & 
long-term storage requires aqueous processing to 
establish a process history. 

• The majority of the excess material to be processed 
(>90%) is chloride-based salts and residues. 

• The storage site (SRS) is requesting that future material 
sent by LANL be of MOX-able grade, meeting the 
Alternate Feedstock (AFS) specification. 

• AFS specification requires ~80% Pu assay for optimal 
loading of 3013 containers. (Note : ~72% Pu assay is 
permitted, but with reduced 3013 loading.) 

------------------------------IV~~ ""'- WorJd'~ Gru.tett SatrK1!I' Protramg Aml!flLI 

Possible oxide products for LANL 3013 packaging 

Total Impurities 
(Max impurity basis) CI- (max, ppm) 

1) Polished MOX1 0.35% 220 

2) ARI ES/PGDP 1.6% 220 

3) DOR :5: 1 % (desired) 100 (nominal) 

4)AFS3 :5:28% 176,211 (as Ct) 

5) 3013 (minimum)4 :5:70% 400,000 (as NaGI) 

I. CharacI<rlstics oJrh, PI.roni.", Dloxlfk Powder. DCS02FQJ PU SPE W 00001 A, u.s. Departmcot or Eoesgy. CJUca&o Operalioas Office 
2. Pllllonilim [);oxide Puwkr /nlu.fa« Con/Tol DOCJllnenl. NariooaJ Nuclear Sccuriry Admini1tra1ioo. fC~-OOl~l . (M~h. 2008) 
3. Interface Confrol Document: Alternate FeedslOdc (AFS) Pllllonlurn Oxide Tron.fjtrs From The K-Ano Complex (KAC) 10/tlFFF, Natiooal 
Nuclear Security Administratioo. G·ESR-K.oo<lIlICD-07.j)25.j)I. (March 2008) 
4. Slabillzo(;on. Packaging. and Slorage o/Plutonlum-Bearing Materials. DOE-STD-3013 -2004, U.S. Dcpart:rncnt of Eocrg)', Washi.ngton , IX: 
(2004) 

A 
• Los Alamos 

"' ''· '0 .... ' ' 1.'10 .... '01., 

------------------------------------ IV~~ n", ~d·~ G/'"NtC'n ~Ie PtatKtlng ~ 
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TheAFS Spec 

AFS Specification 1 

238pU ~ 0.05 wt.% 

90% :s; 239pU :s; 95 wt. % 

5%:s; 240pU:S; 9 wt.% 2 

241PU < 1 wt.% 

242pU ~0.1 wt. % 

{241}Am :s; 6,167 I-Ig/g Pu02 

DU,NU :s; 440,528 I-Ig/g Pu02 

Packaging must meet DOE-STD-3013 

1. The total impurities are calculated by subtracting actinides (Pu, U, Np, Am) as oxides 
from the net weight and counting all unexplained mass as impurity. 

A 2. Note that 240PU limit does not allow for fuels grade material 

· ~~~l~m~ 
-----------IV~~ 

Can we make AFS grade from residues? 
The traditional aqueous chloride flowsheet, which includes solvent 
extraction and calcination to 850oC, easily satisfies the AFS spec: 

3013 outer MASS conc.(ppml 

con 0 '!ISNM/NET Fe U Am Np ( F (I 

tIOQb99 iRSl<SfYOS-l 87.57 .18 liJ IOC 4O 

000684 ~8XSf'I05-1i 87.0. 178 115 120 150 

>000839 ~17 • .c(.o7' 86.87_ ~ .. 10' 50 30 

AOOO6!1S ~fY05·3 87.05 liS 102 40 70 

00079, ~SJ<5fY""' 1 oS.S7 <90 <90 

AOOO6~O \'9XSfYOG·l 87.66 <90 14() 

000758 H8X5FY084 97. 13 150 170 

iAOOO534 R8XSfYIJ6.5 87.64 60 150 

iAOOO71 1 R8XSfY06·6 116.S0 60 90 

iADOOall R8XSfY05-8 84.75 9'l 112 50 30 

iAOOO755 RlIXSfY05-15 8718 66 120 60 

At present, however, aqueous chloride processing is being conducted 
without the solvent extraction step, due to failure of the (18 year old) 
centrifugal contactors. Critical replacement parts are no longer available from 
the manu.facturer. 

Question : Can we meet the AFS specfflcation without solvent 
A extraction? 

• LosAlamos 
_ i IO'l -'l " uQ .... ro ... 
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Can we make AFS grade from residues (cont) ? 

• New centrifugal contactors have been fabricated and are 
currently undergoing cold testing. 

• These new contactors are expected to be introduced in­
line in FY11. 

• However, the absence of solvent extraction capability has 
given us the opportunity to examine and optimize the 
dissolution and oxalate precipitation processes . 

.p, 
• Los Alamos 

"'.'IOI\'.I ( ",.to ' ", IO IoY 

------------------------------------------------------,IV~~ The WO,lel ... G~ton S6tnce PrO'Il"Ct lng ~ 

Standard Aqueous HCI Flowsheet 

A 
• Los Alamos 

II ,U IO"Al U .IOIIAJOIY 
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Calcination 

(PuOJl 
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CalcInation 

(PuOJl 

Crushing 

Liquid 
Waste Plant 

Solid Waste 
WIPP 
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Can we make AFS grade from residues (cont) ? 

• At the 3013 Surveillance and Monitoring Program Review 
(February, 201 O), the analytical chemistry results for an 
MIS item was presented, which was assumed to 
represent the processes and output product we are 
evaluating: Analyte Cone. 

F 15,0001Jg/g 

CXLOX091802A CI 22,0001Jg/g 

(Item created 10102) AI 698IJg/g 

Be 1 IJg/g 

Ca 29,0001Jg/g 

Fe 3,430 IJg/g 

K 24,0001Jglg 

Y 3,43O lJg/g 

----------------------------IV~S. The Wurh::i\ Gtt.ltei t Stlmtll:! Prot~t1nQl AIl'Itfl(.l 

Typical Chloride Feed Items 

ER salt ER Crucible 

A Anode heel 
• Los Alamos 

MSE metal and salt 
'. Jl f JO~ "'L l",.tUAro • ., 

--------------------------------IV~~ TIw "Nor1d\ Grc.ltc·U Sdem;r frolmAng ~Ia 
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Dissolution- Refining the Technique 

• Traditionally, dissolution has used 6M HCI 

• As ER salts are highly-concentrated, equimolar 
NaCIIKCI, we have looked at increasing the HCI 
molarity (decreasing the water content), taking 
advantage of the common-ion effect: 

Concentrations are in g/100 9 T,OC [HCI] [NaCI] T,OC [HCI] 

R. W Po#er 11 and /.f.A. Clynne. 34.70 3.97 20.56 24.86 4.02 
'Solubility of NaCI and KCI in 

35.29 8.61 13.94 23.89 8.70 Aqueous HCI from 20 to 8S"C', 
J. Chern. Eng. Data (1980) pp. 

32.90 13.79 8.08 24.88 13.88 SO-51. 

36.26 19.26 3.68 25.93 19.21 

[KCI] 

19.61 

12.97 

7.49 

3.93 

-This has shown positive results in the dissolution of 
some ER crucible feeds 

/"\ 

. ~Alamos 
" ... T'bIU,~ ~"'il O R_"'hJiI_' _ 

Dissolution- Refining the Technique (cont.) 

• In FY11, we are pursuing the installation of PTFE 
dissolution pots, to assist in the dissolution of the more 
intractable residues, i.e. 

- Previously leached resides 
- Partially-oxidized ER salts 
- Low-assay, calcined oxides 

- Will aHow for heated dissolution and the addition of - O.1M 
HF additions 

• PTFE dissolution pots are operating within the Aqueous 
Nitrate flow sheet, and this can be used as a basis, but must 
be made robust for the more corrosive HCI environment. 

--------------------------------.v~~ n. Wor\(fl Gr~.ilh:'St X)'Imc Pro!ectl"9 AmentI 
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Oxalate Precipitation - Refining the Technique 

• In the past, the product was washed with 60 g of 
oxalic in 2 L of water after precipitation. 

• Currently, we are washing with 150 g of oxalic acid 
in 3 L of water. 

• So far, with good operator technique and our new 
method of washing, we have been able to achieve 
> 80% Pu assay, relatively independent of 
incoming feed assay. 

• Can we further increase our Pu assay by further 
optimization of the oxalate washing recipe ? 

---------------------------------IV~~ Thll!! 'Nuf~ Grt!',)t~\ Sc:lI~n(:lr PrOtecting America 

Low-T Calcination - Refining the Technique 

e Criticality safety and MC&A requires a post-precipitation 
calcination. 

e This post-precipitation calcination utilizes the following 
recipe 

Step #1: 2 hour ramp time to 200·C 

Step #2: 3 hour soak time at 200·C 

Step #3: 2 hour ramp time to 400·C 

Step #4 : 3 hour soak time at 400·C 

Step #5: 2 hour ramp time to 650·C 

Step #6: 4 hour soak time at 650·C 

Step #7: All Off 

roe Is there an opportunity here? 
• LoS Alamos 

HA·rO "l''''~ ..... 01:,.,0.' -------------------------------------------------------IV~~J T'ht Woitd"s GIC!.dlbt Socnce PrOlKtmg AmcnUo 
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Aq. CI- Ops -Input vs Output Pu Assay 

:af 0.88 
Z 
~ 0.86 

~ 0.84 

iU' 0.82 
(/) 

~ 0 .80 

U 0.78 
::l -g 0.76 
L.. 

c.. 0.74 
...... 
i5. 0.72 -

•• •• 
• 

• 

::l o 0.70 +--T--'~~""""""""----'-----' 
0.00 0.60 0.80 

Input Product Assay (NM/Net) 

Data spans 211 0 to 9/ 10 

Input items come from 
I} ER salts (NaCIIKCI) I 
2) ER crucibles (NaCIIKCI)1 
3) MSE salts (PuCI,/24IAm)1 
4) Coalescence crucible 

Output product is calcined only to 
650°C for approximately 4 hrs . 
Subsequent 30 13-type calcination 
(? 950°C for? 2 hrs) should 
further increase output product 
assay. 

-----------------------------IV~~ Tnt! Wt.XId"t. Grt'oltdt So~nc.e: Ptotet1lng ArnI!!flu 

Next, High-T Calcination as Purification -----
• Oxide produced from the traditional aqueous chloride 
flow sheet has been calcined at 850°C for 12 hrs (for 
DOR use). 

• Recent DOR calcination experience with CXLOX has 
produced significant weight loss. 

• Subsequent 3013 calcination (> 950°C) of the same 
items resulted in "bricking". 

• This suggests that opportunities exist for assay 
enhancement through a controlled pre-treatment. 

-----------------------------------IV~~ nw Woold", Gtt.tel' Surf'l(t! Prot.rt1~g Amrnu 
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Next, High-T Calcination as Purification (cont.) 

-Therefore, we will look at a set ofT-t calcination 
parameter combinations to determine an optimal pre­
treatment profile. 

(i.e. , PuSPS Feed Oxide Pretreatment Activities, PRQ-1605-PuSPS Pretreat-
371) 

- Which temperature removes the most chloride, and does it change for 
each input feed type, and how long does it take? 

- This should be guided by a knowledge of what is being removed 
during calcination and approximately by how much, i.e. 

-+ Development of an at-line, semi-quantitative analysis technique 

- Finally, how do chloride-based oxide produced with and without 
solvent extraction and nitrate-based oxide products compare? (We do 
have nitrate-compatible residues, albeit to a far tesser extent) 

c, 
• LosAlamos 

We plan to look at combinations of 750°C < T < 950°C 
8 < t < 16 hrs 

.... lll)lI .. l UoloaA ro • ., 

N .. 'S 

Analytical Scheduled for FY11 ... 
r. During FY11, analytical samples will be taken of the oxalate product 

and will be analyzed for the following: 

• Metals: Fe, Ga, AI, B, Cr, Zn, Ni, Ca, Mg, K, Na, Nb, Be, Cd, 
Cu, Si, Li, Mo, Pb, Ru, Sn, Ta, Ti, W, Zr 

Non-metals: C, F, CI Comments? 
• Actinides: (Pu by assay), Am, Np, Th, U 

Be, Cd, Cu , Si, Li, Mo, Pb, Sn, Ta, Ti, W, U are expected to be relatively 
efficiently removed by a PU2(C204h precipitation only (without SX) 

ii. Fe, Ga, AI, B, Cr, Zn, Ni, Ca, Mg, K, Na are known to be less well removed 
by PU2(C20 4h precipitation only 

iii. Am, Th, Np, Zr, Nb, Ru and the lanthanides are not efficiently removed by 
PU2(C20 4h precipitation only 

iv . C pass through will depend on form (organic/inorganic) 

v. CI is expected to act as a "bystander" ion in PU2(C204h precipitation 

vi . F, even if added as dissolution aid, is not expected to produce mixed metal 
A fluoride/oxalate species during PU2(CP4h precipitation, at the low levels 

• ~~~.I~~ that would be used. 
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Los Alamos Oxide Production Campaign 

Steven McKee 
Technical Project Manager 

MET-1, Manufacturing Engineering and Technology Division 

3013 Surveillance and Monitoring Program Review 
January 26,2011 

Plutonium Science and Manufacturing 
Los Alamos National Laboratory 

-P-, 
• Los Alamos 

HAT!QP-I Al l"' . O.,IHQRY 

0perIile0d by Lo& ~ N8tionaI Securty, lLC for NNSA UNCLASSIFIED 

Oxide Production 

I 
Los Alamos will produce 2 MT of unpolished plutonium as 

plutonium oxide to support MFFF start up. 

• Joule Metrics - cumulative annual amounts 
in kgs Pu converted to certified oxide. 

• FY2010, Los Alamos converted 52 kgs Pu 
into Pu02 . 

• In FY2011, Los Alamos has converted 61 
kgs Pu into Pu02 (30% of our target of 200 
kgs). 

• Working to certify 37.6 kgs of FY2010 
material with MOX services and awaiting 
analytical chemistry on 43.2 kgs of FY2011 
material. 

A 
, Los Alamos 

Operalld by Lo& AMImo8 NaHonal Secuty, LLC for NNSA UNCLASSIAED 

2011 225 

2012 375 
2013 675 
2014 975 
2015 1275 
2016 1575 
2017 1875 

2018 2000 

·3/15/2011 
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Oxide Production 

• Schedule Requirements - Production Targets defined in the ICD 

Milestone ICD Date Schedule Date Note 

500 kg Pu Production 6/30/2015 412212013 ICD defined 
Target milestone 

1500 kg Pu Production 12/31/2017 711112016 ICD defined 
Target milestone 

12000 kg Pu Production 1213112018 71212018 ICD defined 
Target milestone 

~ 
• LosAlamos 

~"'TIO " "" l l A' O Il_"_O'_' ______________________ -==-::3 
OpInIed Uj l.o& AIImaI ~I ~. LLC lOr NNSA UNCLASSIFIED 

Product Oxide 
• unmilled DMO product 

• 80% greater than 200 11m 

• milled and blended DMO product 

100.0 % less than 200 11m 

• surface area = 0.28 m2/g 

• tap density = 6.4 g/cm3 

• moisture = 0.007 wt% (by TGA) 

.. AflOHll l L"'O._A'_O'_y ______________________ =-:...:' 
Oper&ed try t..o. ~ NttioAII ~. u c tOf NNSA UNClASSlFlED 
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Blend Lots #1 - #8 
Blend Lots #1 - #7 consists of 20 3013 
containers, with each can holding less 
than 4800 g Pu02 . 

Blend Lot #8 will be packaged this 
week. 

Completion of FY2011 production 
campaign will yield an additional 36 
containers by early August. 

Expectation is to have the material in 56 
containers certified and accepted by 
MOX services by September 30, 2011 . 

Blend Lot #3 ... ? 

Draft shipper-receiver agreement in 
review and comment period. 

No plans to ship material in FY2011 . 
NA1!OIP.l l ..... O._ .. _O._. _______________________ ---:-~' 

"";.'SA UNCLASSIFIED 

DMO Furnace Auger 
DMO-2 furnace currently installed in 
PF-4. 

Current equipment uses an alonized 
Inconel 600 auger for the calcination 
furnace for the processing of Blend 
Lots #1 - #7. 

September 2010 

Auger replaced with Inconel 600 in 
December 2010 for processing of 

A Blend Lot #8 . 

• LosAlamos 
"0\1'0".1" , .101_.,_0'_' ________________________ -:...-.' 

N;.'SlS'. UNClASSIAED 
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DMO Furnace Auger 
• Flakes appear to be oxidized, 

alonized material. 

• Flakes are easily broken up. 

• Microprobe shows that one 
face of the flake is primarily 
aluminum and oxygen and 
that the other side is 
primarily chromium, oxygen, 
iron and nickel. 

• Flakes are about the 
thickness of alonized layer 
(- 0.010"). 

Plutonium Oxide Product 
Measured Product (jJg/g Pu) 

Blend Blend Blend Blend 
lot #1 lot #2 lot #3 lot #4 

Cr 268 223 471 237 

Fe 1047 957 1508 660 

Ni 1081 746 5916 873 

AI (AES) 60 57 71 55 

AI (MS) 61 60 53 49 

Be (AES) <0.6 <0.6 < 0.6 6.1 

Be (MS) <2 .3 <2.3 < 2.3 7.7 

Total 9405 7087.5 16147 9838 
impurities 

ICD 

Maximum Maximum 
exceptional 

100 500 
500 2500 

200 2500 

150 10000 

150 10000 

100 2000 

100 2000 

18600 n/a 

• Product meets all other specifications identified in the ICD. 
A 

• LoSAlamos 

UNC~FlEO 
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Dissolution 
Some small amount of material 
remained undissolved for Blend Lots 
#1 - #3; Blend Lot #4 dissolved 
completely. 

Lot 1: 0.4 mg of 250 mg = 0.16%. 

EDS indicated that the material 
was analogous to dissolved 
material (Pu plus Fe, Cr , Ni). 

SEM data points to undissolved 
material as oxide and not metal. 

Chemical analysis indicates that 
sample has same composition as 
dissolved sample. 

A • los Alamos _. 
~ tJy t.o. Alamoe NatIoNI Secu'ty. Ll C kit NNSA UNClASSIFIED 

Final Thoughts 
Oxide production underway at Los Alamos. 

Working issues as we transition from an R&D mentality to a production 
mentality. 

On target to deliver oxide product per our committed schedule. 

Looking forward to ship certified product from Los Alamos to K Area in 
FY2012. 

Executing most of the processes for pit disassembly and conversion. 

-A 
• los Alamos 

"' .AIlO,, " " I "'.OIl;. TOIIY Sidt fO 

------------------------------------------------~-
()pet'8ted by lDe AIImoa NaHona!~. LLC (til NNSA UNCLASSIFIED N.'Sif4 
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Low-temperature Stabilization 
Alternative for Oxide Produced 

by Metal Oxidation 

A • LosAlamos 
H.A7ION4l V •• O".t.TORY 

John Berg, LANL 

MIS Program Annual Meeting 

SRS, Jan. 27-28, 2011 

Background 

• Oxide for storage is currently stabilized to 950 C. 

• Lower temperatures may achieve the same technical 
goals. 

• Potential time and cost savings in stabilization and future 
processing after storage. 

• LANL was requested to develop a test plan and to 
conduct tests pending plan approval. 

• Scope of tests is to determine whether 3013 stabilization 
criteria are met at lower temperatures, and what 
temperatures and stabilization times are sufficient. 

.-QAlamos 
NArION"LLABOMATOflY ---------------N-.l&i~'I 
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3013 Stabilization Objectives for Oxides 

• DOE-STD-3013-2004, Section A.6.1.2.1 : 
1. eliminate reactive materials such as finely divided metal or sub­

stoichiometric plutonium oxides; 
2. eliminate organic materials; 
3. reduce water content to less than 0.5 wt.% and similarly reduce 

equivalent quantities of species such as hydrants and 
hydroxides that might produce water; 

4. minimize potential for water re-adsorption above 0.5 wt.% 
threshold; and 

5. stabilize any other potential gas-producing constituents. 

A . 
. ~~~~-----------------------------------~--~~~~ 

3013 Stabilization Objectives for Oxides 

1. eliminate reactive materials such as finely divided metal 
or sub-stoichiometric plutonium oxides; 

2 . eliminate organic materials; 

3 . reduce water content to less than 0.5 wt.% and similarly 
reduce equivalent quantities of species such as hydrates 
and hydroxides that might produce water; 

4 . minimize potential for water re-adsorption above 0.5 
wt.% threshold; and 

5 . stabilize any other potential gas-producing constituents . 

• ~Alamos 
HAr I OItAL t .IOIll A'Ofl'f --------------------------------------,::--:-=-:=_::_ 

N;.'SI'.. 
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3013 Stabilization Objectives for Oxides 

1. eliminate reactive materials such as finely divided metal 
or sUb-stoichiometric plutonium oxides; 

2 . eliminate organic materials; 

3. reduce water content to less than 0.5 wt.% and similarly 
reduce equivalent quantities of species such as hydrants 
and hydroxides that might produce water; 

4 . minimize potential for water re-adsorption above 0.5 
wt.% threshold; and 

5 . stabilize any other potential gas-producing constituents. 

A 
a ~~~~~----------------------------------IV--~~---

Performance criteria for eliminating reactive 
materials? 

• 3013 Standard requires measurement of moisture. 

• Qualitative criterion to stabilize to "avoid energetic events 
... when storage containers are opened". 
- Complete oxidation of metal is presumed assured by 

- 950°C stabilization temperature for at least 2 hours 
- Requirement for an "oxidizing atmosphere" 

• Could a lower temperature stabilization be as effective in 
fully oxidizing metal? 

• Would the product oxide behave the same in subsequent 
processing (dissolution)? 

A 
. ~~~~------------------------------------~ 

N;.'SA 
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What are "reactive materials" in the context of 
oxide from metal oxidation? 

• Un-oxidized metal 
- Thermodynamically capable of reacting with air to release heat. 

• Finely divided 
- Kinetically capable of reacting fast enough to release heat at a 

rate that might be of concern. 

• Sub-stoichiometric oxide - Pu02_x 
- How large could average x be in DMO product? 

- Thermodynamic and kinetic factors. 
- Importance of stabilization temperature and stabilization time. 

- How much of a deviation from average of Pu02 is of concern? 
- Could it react rapidly upon exposure to air? 
- Would it generate significant H2 upon dissolution? 

.~Alamos 
NATIONAl LA I ORATOR.Y -------------------N- .-",Sltlt---:---

What makes a good stabilization process? 

• Stabilization conditions thermodynamically favor oxide. 

• StabjJjzation time is sufficient for compJete reaction. 

• Sufficient delivery of oxidizer so as not to limit reaction. 

• Minimal effect of process upsets - a robust process. 

• Product testing and performance criteria? 
- 3013 Standard only requires measurement of moisture 
- Complete oxidation of metal is presumed, and the control is the 

950°C stabilization temperature and the specification of an 
"oxidizing atmosphere". 

A 
· h~~~m~--------------------­

N .. 'SJf4. 
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Proposed test plan 

• Sample ARIES DMO product oxide. 

• Measure the product oxide average stoichiometry to 
establish bound for trace unreacted metal. 

• Measure specific surface area to assess the capacity of 
the product oxide to adsorb moisture from credible 
atmospheric exposures. 

• Sample intermediate product after oxidizer stage. 

• Repeat measurements to determine effect of calcination. 

• Batch catcine at other temperatures and repeat 
A measurements. 

· ~~~m~~-----------------------------------.v--~-~--

Outline of approach 

• Define tests to verify adequate stabilization. 

• Benchmark tests on available pure oxide samples 
- Material stabilized to 950 °c. 
- Material only fired to lower temperatures. 

• Obtain ARIES metal oxidation product prior to calcination. 
- Split and batch calcine portions at intermediate temperatures. 

- 600 °C, 675 °C and 750 °C 

- Size reduce as necessary. 
- Run samples through the same tests for completeness of 

oxidation and moisture uptake behavior. 

A 
. ~~t\~~~~~ -----------------------------------.v--.... -SI\-
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Baseline tests (Task 1) 

• Conduct proposed measurements on recent ARIES 
product and on well-characterized oxide in MIS program. 

ARIES final plutonium oxide, 
9S()oC,2h, Baseline material 

Two (2) MIS high purity oxides. 
9500c, 2b, Baseltne MIS Material. 
forO/M 

Surface area, O/M, Water 
content 

O/M 

A 
. ~~~~~-----------------------------------------------­

N .. "1SPi. 

Batch calcine DMO oxidizer intermediate 
product at different temperatures and measure . 

.-------------1 Surface area, O/M, Water content 1 

Sieve/mill/sieve 

Sieve/mill/sieve 

~Alamos 

SSA, watercootent. 
readsorptlon rate, O/M 

SSA, water conten~ 
readsorption rate, O/M 

SSA. water content. 
readsorption rate, 0/101 

SSA. water content. 
readsorption rate, O/M 

SSA, water cont.n~ 
readsorptlon rate, O/M 

... ... flO .. " L l ... BO ... "T Ol\ V -----------------------------

N .. "9t. 

3/1512011 

6 



Oxygen-to-metal ratio (DIM) measurement 

• Propose to use ASTM Standard Test Method C697-10 
- Designed to measure adherence of powders and pellets to 

nuclear fuel specifications. 
- Section 106 is gravimetric method for O/M. 
- Expose oxide to flowing Ar + H20 + H2 at 800°C. 
- Mass change indicates deviation of the OIM ratio from 2.000. 

• Details 
- Powder samples are dried before initial and final weights to 

exclude adsorbed moisture from the measurements. 
- Hold time at 800°C is 6 hours. 
- Thermodynamically. conditions are less oxidizing than air. 

A 
• ~~~LI!~~ -------------------N-~'-~-

Oxygen-to-metal ratio (O/M) measurement 
ASTM Standard Test Method C697-10 

Initial mass 

'- • 1.5 - 2 gm 
sample 

• Dry at 150·C 
• Cool and 

weigh 

Oxidize any 
residual to Pu02 

'- •• .hIeabto.SQO..'!C 
• Flow Ar/H2/H20 

6hrs 
• Cool and re-dry 

at 150·C 

tinalmass 

• Cool and hold at 
150·C under 
flowing Ar to re­
dry 

• Cool toRT in dry 
atmosphere 

• Re-weigh 

Solve for x in Pu02_x• x = ( 1 - minitia/mfinal) x (239+32)/f6 

'~Alamos 
NATIO N A l ~"'OIlATOflY ---------------------

N .. 'SJ14 
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Oxygen-to-metal ratio (O/M) measurement 
ASTM Standard Test Method C697-10 

Initial mass 

,-_ , 1 .5"", 2~ 

sample 
, Dry at 150 ·C 
, Cool and 

weigh 

tXidize any 1 
residual to Pu02 

, Heat to 800 ·C 
, Flow Ar/H2JH20 

6hrs 
, Cool and re-dry 

at 150·C 

Final mass 

, CooI~oJd at 
150·C under 
flowing Ar to re­
dry 

, Cool to RT in dry 
atmosphere 

, Re-weigh 

Solve for x in Pu02_x1 x = ( 1 - minitialmfinal) x (239+32)116 

'~Alamos To determine x to 0.01 . need < 1 ppt uncertainty in mass ratio. 

' .... TtOH.A l LA a olt .... TORY 

N .. 'SJl!4. 

Ellingham diagram provides a useful summary of oxidation thermodynamics 

ASTM method uses H20 + H2 to oxidize 
Diagram allows us to compare with O2 
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Trace CO and CO2 measured in DE gas analysis may indicate redox potential 
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Trace CO and CO2 measured in DE gas analysis may indicate redox potential 

j 
j 
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O/M measurement status 

• Equipment in place at LANL and approved for use by 
Fuel Fabrication Team. 

• Expect baseline results this month on DMO product. 
- Short delay to replace tube furnace heating element 

• Initial results will provide benchmark for results from later 
tests on lower stabmzat~on temperatures. 

• Discussion of acceptable result for storage is needed. 
- Acceptable range of deviation of measured value from OIM = 2 
- Acceptable uncertainty 

~Alamos 
N"'fl O HA ~ L.IOII~TOIIV - ---------------------,.:-:-:::-== "".'SA 

~. 
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Pre-packaging TGA of ARIES blend batch 

Mass loss = 0.02 % 

. . . 
o 20 40 60 80 100 

.~Alamos Time (minutes) 
NATIONAL lAIIOII.ATOFlY ---------------------------::--

IV~~ISA 

Pre-packaging TGA of ARIES blend batch 

UPOPLOTOOO6-TGAl 

Mass loss = 0.02 % ,.0" 

-~ .... 
,-

...u!Il. QIoI I)QOoC= .. : .. :,----~\---------_ 
'. 

o 20 40 60 80 100 

Time (minutes) 

.A 
· ~~~~m~--------------------------------------------~~ 
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TGA of MISSTD-1 sample after opening 

I----=-------~------------------------~' u 

Mass loss = 2.3 % 

o 
. 
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' ~~~~m~--------------------------------------~~ 

"" .... SA 

Mass Intensities for a Pure Pu02 Sample 
(GEO-110-2) Stored 20+ Years 
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G. Scott Barney, Hanford, 2003 
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Weight Percent CO2 in Stabilized 
Hanford Oxides (Analyzed by TGA-MS) 

1.0 GEOSamples 

cf 0.8 / \ u 

~ 0.6 
" A-

i 
~ 0.4 

G. Scott Barney, Hanford, 2003 

Mass intensities for C+ and CO2 + during 
heating of activated carbon in argon after 
exposure to air for 5 minutes 
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TGA of empty crucible 
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Status of LANL's M441.1-1 container 

O.K. Veirs 

3013 Surveillance and Monitoring Program Review 
Jan. 25-27, 2011 

Savannah River Site 

A 
• los Alamos 

U NCLASS i f i ED "ATION "" l,o, . O il " TORY 

()pIfated by l~ Alamoe. NDln:al Security, u.c for NNSA 

SAR Submitted to LASO 

1392 pages!!! (main report 78 pages with over 
1300 pages of Appendices) 

LASO determined they did not have expertise to 
evaluate container design, requested help from 
Packaging Certification Division (PCD), PCD 
provided guidance document QA-lO-lOS-ABL 
(Feb. 2010) Nuclear Material Packaging and 
Storage Review Plan. 

Review Plan requires 10 Chapters including 
Design Criteria, Structural Analysis, Thermal 
Analysis, Containment Analysis, Operating 
Procedures, Maintenance Program, Surveillance 
Program, and QA. 

A 
• loS Alamos 

UNCLASS IF I ED 

Op«aI:ed by La. Alam08 NaDon.II Securty, llC rot NNSA 

-, 

Sllf'ir~ R.tp.1f .. :'(~r~I'xbM"'SsanI"' 
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Table 1-2. Summary Table of Allowable Material Contents 

Non-actinide material identification 

Specification of the non-actinide materials is difficult because there are so 
many of them. 

Identified material not allowed using the LAN MAS Item Description (IDES) 
codes. 

Content Bounding Case 

Identification and Heat source ptutonium oxide 
maximum quantrtyof Arty actinide material with A, quantity in grams greater than heat source plutonium oxide is 
radioactive material allowed up to 25 watts or by other existing limits (container weight crrticalrty, extemal dose 

limit) 

Maximum heat load 25 waltS 

Chemicat fonn Allowed: All materials unless specifically not allowed 
Allowed with restrictions: metals that can undergo oxidative expansion are required to be in 
hermetically sealed inner containers 
Not Allowed: Materials with IDES codes CO2, C19, C39, C4Q, C61, GXX, KXX, lXX, N69, 
R12, and R59 (X is generic for any number or letter, see Appendix B). 

Physical form Allowed: Solids; Prohibited: liquids and gases 

Maximum Normal Differential pressure across container boundary of 1 kPa for quart-size containers 
Operating Pressure 

~:Ximum payload See Table 1-1 
.L eight 

• LosAlamos 
UNCLAss l F I EO 

OpenIed by los AIemos NadoMI Seady, LLC for NNSA 

New Container Qualification, Production and Deployment 

Qualification 

Submit quart-size Safety Analysis Report to DOE (Jan, 2011) 

Submit gaHan-size Safety Analysis Report addendum (May, 2011) 
L..-_ _ ___ _ 

DOE-LASO approval of quart-size container Safety Analysis Report (July, 2011) 

DOE-LASO approval of gallon-size Safety Analysis Report addendum (Aug, 2011) 

Deployment 

EstablishTA-55 handling procedures for initial production lot (February, 2011) 

Receive 5-QT production at risk (Mar 2011) 

Manufacture first production lot - low rate initial production (May, 2011) 

Establish surveillance testing and maintenance procedures (June, 2011) 

Procure/install surveillance testing equipment (August, 2011) 

Deptoydatabase tracking system for containers (September, 2011) 

/"' Manufacture second production lot - full rate initial production (September, 
-':I 2011) 
• Los Alamos 

~lI rIO N "' L U ... ORllfOIiV U'-IClASSIF I ED 

Opfnted ~ los AiafTMM, National Sectriy, LLC for NNSA 
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Weld issues 

Evaluation by Edison Welding Institute found the laser welder to be 
inadequate for reliable production operation -laser beam intensity too 
low. 

Drop tests described in SAR done with this laser welder. Production will be 
using a new, more powerful laser welder with slightly modified weld. 

Drop tests on product from new laser welder anticipated along with a SAR 
addendum. 

Gallon size containers failed drop test and were redesigned. New test 
units will use the new laser welder. 

New laser welder has been received at NucFil and is being setup by 
manufacturer. 

p, 
• los Alamos 

UNCLIISSI.,ED NA1 .0Jf"'l l •• O~ A rOIlV 

New Laser Welder at NucFiI 

A 
• los Alamos 

",M IO HAI Z .... O.A IO .... UNCLA!l5 I fH. D 

~ed IJ¥ loa AIwnos NaIIonII Secuty, LLC fOt NNSA 
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lifetime issues 

• Design life in SAR specified as five years; desired 
Hfetime of forty years. 

• Two design elements are of concern: polymers and 
the filter. 

• LANL has added a polymer SME (Mike Blair) and a 
filter SME (Murray Moore) to the team to assist in 
design and execution of Surveillance Program with 
the goal of extending the lifetime. 

~ 
• los Alamos 

OpeRlled br LOI A8mos N!IdonaI Seady, LlC kIr NNSA 

Polymer (o-ring) status 

• Procurement 

- High-temperature accelerated aging testing completed on special Viton 
formulation. 

- World-wide Viton shortage resulted in inability to procure o-rings in a timely 
fashion. 

- Considering commercial grade Viton as well as other materials such as 
ethylene propylene (EP) in addition to special formulation Viton. 

- Commercial grade o-rings would require additional high-temperature 
accelerated aging testing. 

• Lifetime extension - Laboratory studIes 
- Need tests that can be conducted at in-service temperatures to validate the 

high-temperature tests. Considering room temperature oxygen consumption 
tests. 

- Need to consider radiation and the synergy between radiation and room 
temperature aging mechanisms. 

- Currently o-ring replaced each time container is opened. Develop approach to 
..(; justify multiple opening and closings . 

• ~~~,I~m£~ UNCLAS~IF IH 

OJ*1ll.ed by Los AmfnoI; N.tIon.II s.ct.ity, LLC for NNSA N.'~ 
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Survellance Program 

Completed to date 
Statistical sampling plan for 3 different container populations 

Procured mostly automated leak test system and procedures 

f~ntjfied key components and tests required to extend service life 

• Fifter in PF-4: flow and effiCiency 

• O-ring in PF-4: Visual inspection, Shore M hardness, and compression set 

• O-ring special tests: FTiR and tensile properties 

Near Term Plans (FYll) 
Establish Surveillance and Maintenance to include: 

• Visual inspection, helium leak testing and key component tests 

• Database tracking of containers (history, content, usage statistics, etc.) 

Procure additional testing equipment and establish surveillance testing 
capability 

long Term Plans (FY12-16) 
- Gather and analyze surveillance data 

p., - Adjust surveillance testing as appropriate 

• losAIa.-blish justification for long term service life 
~ .... nOW"'ll..OO.""10. '" U >,jCl A:j:S j "-llc P 
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We Put Science To Work 

O-Ring Surveillance and Life Prediction 

T.E. Skidmore, E.N. Hoffman, W.L. Daugherty, K.A. Dunn 

Materials Science & Technology 

January 26, 2011 

3013 Surveillance & Monitoring Program Review 

Plutonium Storage at SRS 

• DOE-STD-3013, shipped in Model 
9975 shipping packages (Type B) 

• 9975 packages stored in KAMS 

• Nested stainless steel containment 
vessels (PCV, SCV) sealed with 
dual O-rings 

• Outer O-rings credited as leak 
tight per ANSI N14.5 (~1E-07 ref 
cc/s) 

• Initially approved for 10 yrs, 
recently extended to 15 yrs 

PCV = primary containment vessel 
SCV = secondary containment vessel 

3/16/2011 
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O-Ring Compound 

• Parker Seals V0835-75, based on 
Viton® GLT, introduced -1976 

• GL T = peroxide-cured, low 
temperature fluoroelastomer (FKM) 

• Service temperature: - 40 to +204 °C 

• Hardness: 75+1-5A 

• Size AS568 2-244 (PCV), 2-252 (SCV) 

• Meets AMS-R-83485 

• 2006: GL T replaced by GL T -S, 
new Parker compound (VM835-75) 

• 2008: SRNL approved GL T -S O-rings 
for transportation and storage 

8 SRNL 

STORAGE CONDITIONS 

• Normal ambient: 

• Normal O-ring temp (19W): 

• Peak recorded ambient: 

• Peak O-ring temp: 

• At 106 of ambient, 19W 

• Peak O-ring temp: 

• At 130 of ambient, 19W 

• Loss of ventilation: 

• Fire condition bounded by storage 

9975 primary containment lid 

o 

13 - 29°C (55 - 85 OF) 

52 - 68 °C (124 -155 OF) 

41°C (106 OF) 

80 °C (176 OF) 

93°C (200 OF) 

116 °C (240 OF) 

• Dose Rate (gamma): 20 mGy/hr (2 rad/hr) 

8 SRNL 
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GENERAL APPROACH 

• Field Surveillance 

• Examination of actual O-rings 

• Simulated laboratory tests 

• Sealed mock-9975 vessels aged at 
bounding temperatures 

• Purpose: to bound storage and loss 
of ventilation scenarios, advanced 
notice to facility 

• Periodic He leak tests to verify 
performance 

• Accelerated-aging methodology 

• Compression stress relaxation 

• Time-temperature superposition 

e SRNL 

Field Surveillance Results 

• - 780 O-rings examined (195 packages, 4 O-rings 
per package) 

• O-ring profile (instaUed) and thickness measured in 
field afte,r removal (within 30 minutes). Thickness 
also measured in SRNL. 

• Average compression set - 23%, based on nominal 
initial dimensions 

• Thickness slightly reduced due to 10 stretch (18-
20% vs. 3-5% manufacturer) 

• O-rings exhibit no degradation 

_~;] SRNL 
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Laboratory Leak Tests 

• 62 fixtures assembled with GL T 0-
rings, aged at 93°C or 149°C. 
Additional fixtures at 177,204,232 °C. 

• Modified to allow testing of either 
upper or lower O-rings. 

• Stainless steel tubing attached to leak 
test port via welded high pressure 
fitting. Threaded hole machined in 
the bottom of the fixture. 

• Wire heaters around the fixture, 
insulated with fiber batting. 

• LabView™ software monitoring with 
feedback from a type-K thermocouple 
attached to the PCV body. 

Leak Test Approach 

Sealed Mock-PCV in aging storage rack 

• He leak tests every -3 to 6 months, 93°C and 149°C 

• Leak tests on fixtures> 177 °C every - 3 weeks . 

• Leak rate recorded at 3 min (same as for shipping) 

• All fixtures tested once to show permeation (proves He flow) 

• one fixture not showing permeation after - 1 hour 

• Fixture variables: 

• Temperature 

• Radiation Dose 

• Lubricant 

• Backfill 

93, 149, 177,204, 232°C 

2 kGy - 12 yr dose (0.2 Mrad) 

silicone, none, KrytoX® 240AC 

none, >75% CO2 

3/16/2011 
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leak Test Results 

• No failures at 93°C after -4.5 years 

• 8 O-rings in 6 GL T fixtures aged at 
149°C have failed within 3 - 4 yrs. 
Other O-rings remain leaktight 
after up to 4.5 yrs. 

• Both GL T and GL T -S failures after 
aging at 177, 204, and 232°C 
(several days to <1 year) 

• At higher temps, O-rings adhere 
to metal surfaces, leaving residue 
and oxidized grease. Significant 
compression set observed. 

Flirt O-rtng profile, 45 days It 204 °C 
(oxidized Vlto/le/sillcone gre.,.e residue' 

Compression Stress Relaxation (CSR) 

• Industry standard for elastomeric 
seals (ASTM 06147, ISO 3384) 

• Seal is compressed to fixed strain 
(25% per standard or as-installed) 

• Measures force to deflect the seal 
0.001" -0.002" at constant 
compressive strain 

• Tests at isothennal conditions 

• Inserts designed to mimic 9975 
design (10 stretch, squeeze) 

Shawbury-Wallace jig 

Mark IV Relaxometer 

3/16/2011 
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Preliminary CSR Aging Model 

• Assume failure criterion (90% loss) 

• Detennine time to failure at 
multiple temperatures 

• Use time-temperature superposition 
based on WLF principles to develop 
"master curve". 

• Uses all experimental data, allows 
translation to any temperature 
desired using shift factors 

1.2 

j 
r OB 

1 0." 

I 0.' 

02 

~ 
· 235 
·250 
· 300 . ,.., 

-25 yrs 

10 100 1000 1(0)) 100000 1000000 

Time (Hours) 

• Activation energy is less than typical 
for oxidation processes (80-120 
kJ/mol). Indicates physical 
relaxation is dominant. 

Superposed CSR dlllllllt T,.r 175 of (80 OC) 

• Non-Arrhenius aging behavior 
possible due to: 

• Diffusion-limited oxidation 

• AnUoxidant depleUon 

• Change in degradaUon mechanism 

~SRNL 

SEAL LIFE PREDICTION 

• CSR model :predicts shorter seal 
life than leak test data (no 
failures yet below 149 °C) 

• At 93 oC, CSR seal life is -12 
years. Leak test data suggests 
-150 years. 

• At 80 oC, CSR life is - 25 years. 
Leak test data suggests - 300 
years. 

• Average storage temperatures 
and reduced payloads further 
Increase seal life. 

• Assumptions: 

• seal temp is continuous 

• single degradation mechanism 

'~1<Jhno1 " / 

! 
! , 

Extrapolated from leak tests 

::j 
J::: j'. 

I .E+OO +-- -----.----~---____, 

o 50 100 150 
TempenobJro (OC) 

Estimated Seal Lifetime 
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CONCLUSIONS 

• 9975 O-rings are not challenged in storage. No degradation 
has been observed in field-aged O-rings. 

• Storage temperatures are well bounded by aging 
temperatures. Peak temperatures are transient. 

• Viton® GL T and GL T -S O-rings are expected to show similar 
aging behavior. 

• No leak failures in -4.5 years at 93°C. Recent failures at 149 
°C after -3-4 years. Failures within days to 1 year at 177-232 
oC, some at or below vendor "continuous" limit (204°C). 

• Relationship between CSR and leak rate is unknown. Leak 
rate depends on many factors. CSR aging model is believed 
to be conservative. 

_[@~ SRNL 

PATH FORWARD 

• Additional leak tests at higher aging temperatures 

• Validation of mock-PCV leak tests with full-size PCV tests 

• Continue CSR tests - failure criterion not reached at lower 
temperatures (only -20% loss at 80 

!"""""-----::--~ 
• Is there a "cliff'? 

• Evaluate non-Arrhenius behavior 
via oxygen consumption analysis 
(baseline data in progress) 

• Possible change in the 
degradation mechanism? 

• Long-term effect of ID stretch? 

- - ... ,. ~ 
VJI:!IiI 

--- .-.-

Ullrasensltive oxygen analyzer 
(Dxzllla II ..... pirometer. Sable Systems) 
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We Put Science To Work 

9975 Surveillance Program - Fiberboard 

W. L. Daugherty 

Materials Science & Technology 
January 26. 2011 

3010 Surveillance & Monitoring Program Review 

9975 Surveillance (Specific to SRS) 

The 9975 shipping package is part of the 
approved storage configuration at SRS 

KAMS credits the 9975 package to perform 
several safety functions and provide 

{ 

• Criticality control ---. Weight, Density 
Fiberboard • Impact resistance ~ 

• Fire resistance Energy absorption (compression). 

O 
. { ~ Fiberboard layer buckling strength 

-rmgs • Containment 

Thermal conductivity, 
Specific heat capacity 

~SRNL • 
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Scope 

• Laboratory testing of fiberboard samples (SRNL) 

• Field surveillance of 9975 packages (KAMS) 

• Destructive examination of 9975 packages (SRNL) 

• Integrated testing of instrumented packages (SRNL) 

• Goal - service life prediction for long-term storage 
of 9975 packages in KAMS, with intention to extend 
approved storage life from 10 years to 15 years or 
beyond 

J@I SRNL 

Small·Scale Laboratory Testing 

1.1 
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Small·Scale Laboratory Testing 
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Laboratory Testing - Trends to Date 

• up to >4 years conditioning in several environments 

• Significant change in mechanical and thermal 
properties only in environments bounding to KAMS 

• Modest change in properties in environments closer 
to actual KAMS conditions, not yet a threat to 
functional requirements 

~SRNL 

Field Surveillance 

-Package data following storage at actual 
storage conditions 

-Verify key parameters and develop trends 
Dimensional measurements of fiberboard and shield 
Fiberboard moisture content 

_~;] SRNL 

Visuat examination of components 
Component temperatures 
Post-load leak test of containment vessels 
Dimensional measurements of O-rings 
O-rings sent to SRNL for further examination and 

measurement 

o 
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Field Surveillance 

• 195 packages over FY05 - 27 pkgs 

the last 6 years FY06 - 24 pkgs 

FY07 - 21 pkgs 

FY08 - 44 pkgs 

FY09 - 45 pkgs 

FY10 - 34 pkgs 

• Only 1 finding with potential to impact fiberboard 
integrity: 

• Mold - upper and lower assemblies 

• Higher rocar moisture levels 

~SRNL 

Destructive Examination 

• 

• 6 packages (1 per year) following up to 7 years storage 

• Provides a sanity check by comparing laboratory test 
results to full package data 

• Destructive examination of fiberboard: 

• Visual, weight and dimensions 

• Thermal properties 

• Compression test 

@ SRNL 

3/15/2011 

5 



Destructive Examination . Thermal Conductivity 

Fiberboard thermal conductivity measured during DE and after 
laboratory aging 

0.12 ·.--------------, 

~ b. 
Cii 0.10 .-------==---,II;-----fr---l 

.~ 
'fi qO.08 +---"~---------­
-6 Eo c:!: 8 ~0.06 ..... --J.;.~~:k_---I.~="=--L:>.......-l 

n; ~~++_++C.p.o 00 
Axial E 0 00 OO<>oooco 85C 

~ 0.04 +-------'-:''"'''2'':-:;1 C~ .......... >---- ---l 

I-

0.02 +----...,....------,------,------i 

o 100 200 300 400 
Aging TJrre (week) 

Destructive Examination Conclusion 

• Results comparable to lab samples with minimal 
environmental aging 
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Full-Scale Integrated Tests -Instrumented Packages 

Modify and instrument 9975 packages for real time 
measurements 

• Bounding conditions 

• Monitor material changes and validate against models 
developed from small scale accelerated aging tests 

• Continuous monitoring - temperatures, moisture 
accumulation 

• Periodic monitoring -fiberboard dimensions, humidity, 
weight and moisture, lead shielding, other components 

LE1 - 12 watt internal, 142F 80%RH external 

LE3 at 15 weeks 

LE2 -19 watt internal, -250F max fiberboard temperature 

LE3 - 19 watt internal, -160F max fiberboard temperature 

_~~ SRNL 

Full-Scale Integrated Tests 
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Full-Scale Integrated Tests 

Moisture segregation due to 
temperature gradient 

Axial shrinkage 1 settling of fiberboard 
- axial gap at top of package 

Mold growth in high moisture, 
moderate temperature regions 

Consistent with field experience 

Leaching of minerals, etc from 
fiberboard 

LE2 

-250F max. 
fiberboard temp. 

LE3 

-160F max. 
fiberboard temp. 

Full-Scale Integrated Tests - Validation of Lab Data 

Fiberboard weight loss comparable to lab samples 

Thermal conductivity change comparable to lab samples 

1.1 

. 5 
Q) -ci 1 
Cl!: 
C 0 
~(,) 
(,) iii 0.9 

~ E 
• - Q) 1O.c: 
Q; I- 0.8 
0:: 

0.7 

• L!: I e~l ~ 

. .... 00826R ..... .. A A ~(215F) A • •• A A A 

• • 
• • Diamonds - LE2 data normal i:zed ", . 

to day 64 val ue • 
Triangles - normalized laboratory "2234-R 

.' data (25Of) 

o 100 200 300 400 500 
Time at Temperature (days) 

3/15/2011 

8 



Cane Fiberboard vs Softwood Fiberboard 
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Summary 

Lab-scale tests - basiS for aging models and service life 
predictions 

Field surveillance - no significant degradation to date for 
nominal storage conditions (caveat for elevated moisture 
levels) 

80 

Destructive examination - fiberboard properties consistent with 
non-degraded material 

Full scale integrated tests - correlates with lab-scale data and 
field experience, confirms potential for several degradation 
scenarios 

~SRNL 
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Summary 

The 9975 package is robust 

Continuing goals include 

- models for service life prediction 

- continue aging tests to validate models and 
conclusions 

- extension of approved storage period beyond 10 
years 

Questions? 

J@~ SRNL 
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