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Environmental Management
Los Alamos Field Office

1200 Trinity Drive, Suite 400P
Los Alamos, New Mexico 87544

(240) 562-1122

Date: May 12, 2023

National Nuclear Security Administration 
Los Alamos Field Office
3747 West Jemez Road, A316
Los Alamos, New Mexico 87544
(505) 667-5105/Fax (505) 667-5948

Mr. Ricardo Maestas, Acting Chief
Hazardous Waste Bureau
New Mexico Environment Department 
2905 Rodeo Park Drive East, Building 1 
Santa Fe, NM 87505-6313

Subject: Response to the Request for Additional Information Fiscal Year 2022 Nonconformance 
Report, Los Alamos National Laboratory, EPA ID #NM0890010515

Dear Mr. Shean: 

The United States Department of Energy (DOE) and its field offices, the National Nuclear Security 
Administration-Los Alamos Field Office (NA-LA) and the Environmental Management-Los Alamos 
Field Office (EM-LA), along with Triad National Security, LLC (Triad) and Newport News Nuclear 
BWXT-Los Alamos, LLC (N3B), collectively the Permittees, submit this response to the New Mexico 
Environment Department-Hazardous Waste Bureau’s (NMED-HWB) March 30, 2023, Request for
Additional Information Fiscal Year 2022 Nonconformance Report Los Alamos National Laboratory EPA 
ID #NM0890010515. The attached enclosures address the information requested in the above-referenced 
letter.

Enclosure 1 includes copies of Nonconformance Report (NCR) packages for NCR-LANL-0003-22, NCR-
LANL-0285-21, and NCR-LANL-0289-21 providing the additional information provided to the Central 
Characterization Project (CCP) used to closeout characterization and documentation of CCP’s approval or 
acceptance of the additional information for containers LA00000069506, LA00000073668,
LA00000074392, LA00000074720, LA00000074722, LA00000073611, LA00000073442,
LA00000073650, and LA00000074382. Also included in Enclosure 1 is a summary table providing the 
location of the requested information within each of the NCR packages and the requested information. 

Enclosure 2 includes copies of NCR packages for NCR-LANL0050-22 and NCR-LANL-0343-21
providing the additional information provided to the CCP used to closeout characterization and 
documentation of CCP’s approval or acceptance of the additional information for containers 68273, 
68278, 92536, and 92773. Also included in Enclosure 2 is a summary table providing the location of the 
requested information within each of the NCR packages and the requested information.

If you have questions or comments for NA-LA/Triad concerning this submittal, please contact Karen E. 
Armijo (NA-LA) at (505) 665-7314 or Jessica Moseley (Triad) at (505) 412-9362. 

If you have questions or comments for EM-LA/N3B concerning this submittal, please contact Arturo 
Duran (EM-LA) at (575) 373-5966 or Christian Maupin (N3B) at (505) 695-4281.

U.S. DEPARTMENT OF 

ENERGY 

N .. "'Si1 
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Sincerely,

Karen E. Armijo
Permitting and Compliance Program Manager
National Nuclear Security Administration
Los Alamos Field Office
U.S. Department of Energy

M. Lee Bishop, Director
Office of Quality and Regulatory Compliance
Environmental Management
Los Alamos Field Office
U.S. Department of Energy

Enclosures: (1) Response to the Request for Additional Information on Identified Containers in Fiscal 
Year 2022 Nonconformance Report, U.S. Department of Energy, National Nuclear 
Security Administration, Los Alamos Field Office and Triad National Security, LLC

(2) Response to the Request for Additional Information on Identified Containers in Fiscal
Year 2022 Nonconformance Report, U.S. Department of Energy, Environmental
Management, Los Alamos Field Office and Newport News Nuclear BWXT-Los
Alamos, LLC

Copy w/enclosures: 
Ricardo Maestas, NMED-HWB, Santa Fe, NM, ricardo.maestas@env.nm.gov
Neelam Dhawan, NMED-HWB, Santa Fe, NM, neelam.dhawan@env.nm.gov 
Siona Briley, NMED-HWB, Santa Fe, NM, siona.briley@env.nm.gov 
Mitchell Schatz, NMED-HWB, Santa Fe, NM, mitchell.schatz@env.nm.gov 
Theodore A. Wyka, NA-LA, theodore.wyka@nnsa.doe.gov
Stephen Hoffman, NA-LA, stephen.hoffman@nnsa.doe.gov
Jason Saenz, NA-LA, jason.saenz@nnsa.doe.gov
Silas DeRoma, NA-LA, silas.deroma@nnsa.doe.gov
Stephen Jochem, NA-LA, stephen.jochem@nnsa.doe.gov
Karen E. Armijo, NA-LA, karen.armijo@nnsa.doe.gov
Adrienne L. Nash, NA-LA, adrienne.nash@nnsa.doe.gov
Robert A. Gallegos, NA-LA, robert.gallegos@nnsa.doe.gov
Michael Mikolanis, EM-LA, michael.mikolanis@em.doe.gov
M. Lee Bishop, EM-LA, lee.bishop@em.doe.gov
John Evans, EM-LA, john.h.evans@em.doe.gov
Arturo Duran, EM-LA, arturo.duran@em.doe.gov
Cheryl Rodriguez, EM-LA, cheryl.rodriguez@em.doe.gov
Jesse Kahler, EM-LA, jesse.kahler@em.doe.gov
Steven A. Coleman, Triad, ALDESHQ, scoleman@lanl.gov
James D. Coy, Triad, ESHQSS-INT, jcoy@lanl.gov
Jeannette T. Hyatt (Jnette), Triad, EWP, jhyatt@lanl.gov
Sylvia de la Sancha, Triad, EWP, sdelasancha@lanl.gov
Jennifer E. Payne, Triad, EPC-DO, jpayne@lanl.gov
Kristen A. Honig, Triad, EPC-DO, khonig@lanl.gov
Andie McLaughlin-Kysar, Triad, EPC-DO, andiek@lanl.gov
Deepika Saikrishnan, Triad, EPC-DO, deepika@lanl.gov

R. Maestas, NMED 
EPC-DO-23-144

Sincerely,
KAREN 
ARMIJO

Digitally signed by KAREN 
ARMIJO
Date: 2023.05.10 13:42:17 
-06'00'

M Lee 
Bishop

Digitally signed by M Lee 
Bishop
Date: 2023.05.11 
14:21:41 -06'00'

N .. "S7!./s 
National Nuclur Security Administration 
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Jessica L. Moseley, Triad, EPC-WMP, jmoseley@lanl.gov
Oral Saulters, Triad, EPC-WMP, osaulters@lanl.gov
Cecilia Trujillo, Triad, EPC-WMP, ceciliat@lanl.gov
Catherine Juarez, Triad, EPC-WMP, cjuarez@lanl.gov
Kristen Van Horn, Triad, EPC-WMP, klv@lanl.gov
Maxine McReynolds, Triad, GC-ESH, mcreynolds@lanl.gov
Cristina Mulcahy, Triad, GC-ESH, mulcahy@lanl.gov
Lauren Beers, Triad, GC-ESH, lbeers@lanl.gov
Kim Lebak, N3B, kim.lebak@em-la.doe.gov
Joseph Legare, N3B, joseph.legare@em-la.doe.gov
Dana Lindsay, N3B, dana.lindsay@em-la.doe.gov
Erik Loechell, N3B, erik.loechell@em-la.doe.gov
John H. Evans, EM-LA, john.h.evans@em.doe.gov
Robert Reine, EM-LA, robert.reine@em.doe.gov
Ellen Gammon, N3B, ellen.gammon@em-la.doe.gov
Jared Francis, N3B, jared.francis@em-la.doe.gov
Sean Caniff, N3B,sean.caniff@em-la.doe.gov 
Christian Maupin, N3B, christian.maupin@em-la.doe.gov
William Alexander, N3B, william.alexander@em-la.doe.gov
eshqs-dcrm@lanl.gov
locatesteam@lanl.gov
epccorrespondence@lanl.gov
lasomailbox@nnsa.doe.gov
n3brecords@em-la.doe.gov
emla.docs@em.doe.gov
interface@lanl.gov
n3binterface@em-la.doe.gov



eENERGY 
National Nuclear Security Administration 
Los Alamos Field Office 
3747 West Jemez Road, A316 
Los Alamos, New Mexico 87544 
(505) 667-5105/Fax (505) 667-5948 

Mr. Ricardo Maestas, Acting Chief 
Hazardous Waste Bureau 
New Mexico Environment Department 
2905 Rodeo Park Drive East, Building I 
Santa Fe, NM 87505-6313 

Environmental Management 
Los Alamos Field Office 

1200 Trinity Drive, Suite 400P 
Los Alamos, New Mexico 87544 

(240) 562-1122 

Date: May 12, 2023 

Subject: Response to the Request for Additional Information Fiscal Year 2022 Nonconformance 
Report, Los Alamos National Laboratory, EPA ID #NM0890010515 

Dear Mr. Shean: 

The United States Department of Energy (DOE) and its field offices. the National Nuclear Security 
Administration-Los Alamos Field Office (NA-LA) and the Environmental Management-Los Alamos 
Field Office (EM-LA), along with Triad National Security, LLC (Triad) and Newport News Nuclear 
BWXT-Los Alamos. LLC (N3B), collectively the Permittees. submi t this response to the New Mexico 
Environment Department-Hazardous Waste Bureau's (NMED-HWB) March 30. 2023, Request for 
Additional lnfonnation Fiscal Year 2022 Nonconformance Report Los Alamos National Laboratory EPA 
ID #NM0890010515. The attached enclosures address the information requested in the above-referenced 
letter. 

Enclosure 1 includes copies ofNonconformance Report (NCR} packages for NCR-LANL-0003-22, NCR
LANL-0285-2 1. and CR-LANL-0289-2 1 providing the additional information provided to the Central 
Characterization Project (CCP) used to closeout characterization and documentation ofCCP's approval or 
acceptance of the additional information for containers LA00000069506, LA00000073668, 
LA00000074392, LA00000074720, LA00000074722. LA000000736 I I, LA00000073442, 
LA00000073650. and LA00000074382. Also included in Enclosure I is a summary table providing the 
location of the requested information within each of the NCR packages and the requested infom1ation. 

Enclosure 2 includes copies of NCR packages for NCR-LAN L0050-22 and NCR-LANL-0343-21 
providing the additional infonnation provided to the CCP used to closeout characterization and 
documentation ofCCP's approval or acceptance of the additional information for containers 68273, 
68278. 92536, and 92773. Also included in Enclosure 2 is a summary table providing the location of the 
requested information within each of the NCR packages and the requested information. 

If you have questions or comments for NA-LA/Triad concerning this submittal, please contact Karen E. 
A rm ijo (NA-LA) at (505) 665-7314 or Jessica Moseley (Triad) at (505) 412-9362. 

If you have questions or comments for EM-LA/N38 concerning this submittal. please contact Arturo 
Duran (EM-LA) at (575) 373-5966 or Christian Maupin (N3B) at (505) 695-4281. 

An Equal Oppoltumty Employer I Managed by Triad Nabone/ Securil'/ LLC for the US Department of Energy's NNSA 



EPC-DO-23-144 LA-UR-23-24384

ENCLOSURE 1

Response to the Request for Additional Information on 
Identified Containers in Fiscal Year 2022 Nonconformance 

Report

U.S. Department of Energy, National Nuclear Security 
Administration, Los Alamos Field Office and Triad National 

Security, LLC

Date: May 12, 2023

U.S. Department of Energy,

National Nuclear Security Administration Los Alamos Field Office, and

Triad National Security, LLC



Response to Request for Additional Information Fiscal Year 2022 Nonconformance Report

EPC-DO-23-144 LA-UR-23-24384 Page 1 of 5 

NA-LA/Triad

Reference Container 
ID

(1) Information provided to Central Characterization
Project (CCP) for Close Out (Close Out Information) (2) CCP Acceptance or Approval of Close Out Information Reference Attachment

*LA0000006950
6
53700 (Parent)
11-08-1994

NCR-LANL-0003-22

Page 9 of 16 (Attachment 4 Page 4 of 11) – 
Calculation for 69506 showing it meets BoK 
Criteria

3 ounces (89 ml) of liquid was observed during 
repackaging, and RTR identified 3 kg of
homogeneous solids (AKA08). Sorbent is the 
only potential source of homogeneous solids in 
the container. The composition of the liquid is 
unknown but can be bounded by 70% (16M) 
HNO3, which is technical grade nitric acid often 
used in lab work; at higher concentrations of 
HNO3, the nitric acid is unstable and volatilizes. 
Assuming the acid is fully converted to KNO3 
(the most conservative metal nitrate that could 
form from the available cations), the 
concentration of KNO3 in organic kitty litter
would be 4.7 wt. %

NCR-LANL-0003-22

Page 4 of 16 (Attachment 3 Page 1 of 6) – Containers 69044 and 
69506 Meet the BoK Criteria

In BoK20, containers 69044 and 69506 were determined to be non-
compliant with the BoK criteria due to the Inclusion of organic kitty 
litter used which could have Included oxidizing chemicals (AKAOB, 
BOK20). The use of organic kitty litter to sorb liquids that Include 
oxidizing chemicals Is prohibited by the BoK.

Resolution:
As stated above, during the initial evaluation In BOK20, containers 
69044 and 69506 were determined to be non-compliant with BoK 
criteria. However, In the testing used to support the BoK, a 
concentration for oxidizing chemicals sorbed in organic kitty litter 
was found that produced a non-oxidizer result. Using this 
concentration (11 wt. %) with the documented volume of liquid 
added to the containers (AKA08), the amount of homogeneous 
solids Identified through RTR, and a conservative assumption for 
the composition of the sorbed liquid (70% HN03), a mass balance
calculation can be performed that shows that the sorbed masses In 
these containers do not contribute to an oxidizing hazard. Therefore, 
containers 69044 and 69506 were re-evaluated and determined to 
be compliant with the BoK criteria (BOK20Addendum 5). Therefore,
the above containers can be resolved from NCR-LANL-0003-22.

NCR-LANL-0003-22

Page 4; (Attachment 3 Page 1 of 6) – 
Containers 69044 and 69506 Meet the BoK 
Criteria

Page 9; (Attachment 4 Page 4 of 11) – 
Calculation for 69506 showing it meets BoK 
Criteria

Page 15; Attachment 1 – Approved Containers

Page 16; (Attachment 4 Page 11 of 11) – TA-
55 Information Release Form 



Response to Request for Additional Information Fiscal Year 2022 Nonconformance Report

EPC-DO-23-144 LA-UR-23-24384 Page 2 of 5 

Reference Container 
ID

(1) Information provided to Central Characterization 
Project (CCP) for Close Out (Close Out Information) (2) CCP Acceptance or Approval of Close Out Information Reference Attachment

LA00000073668

NCR-LANL-0285-21

Page 3 of 46 (Attachment 1 Page 38 of 48) –
Final Disposition:

An evaluation performed by NWP Packaging 
Engineers and documented in source document 
D339, calculated that pyrophoric titanium waste 
contents in a 4-mil bag contained within a 55 
gallon drum would sufficiently oxidize within 236 
days.

NCR-LANL-0285-21

Calculation Cover Sheet Attachment 3 Page 2 of 43 and ongoing

Calculation Sheets:
An evaluation performed by NWP Packaging Engineers and 
documented in source document D339, calculated that pyrophoric 
titanium waste contents in a 4-mil bag contained within a 55 gallon 
drum would sufficiently oxidize within 236 days. Based off of that 
evaluation and the containers in Block 3 having been packaged for 
more than 236 days, it has been concluded that these containers do 
not have pyrophoric titanium waste components and are therefore 
compliant.

NCR-LANL-0285-21

Page 3; (Attachment 1 Page 38 of 48) – Final 
Disposition

Page 5; Calculation Cover Sheet Attachment 3 
Page 2 of 43 and ongoing

Container was shipped and emplaced at the 
WIPP on 10-25-2022

LA00000074392

NCR-LANL-0285-21

Page 3 of 46 (Attachment 1 Page 38 of 48) –
Final Disposition:

An evaluation performed by NWP Packaging 
Engineers and documented in source document 
D339, calculated that pyrophoric titanium waste 
contents in a 4-mil bag contained within a 55 
gallon drum would sufficiently oxidize within 236 
days.

NCR-LANL-0285-21

Calculation Cover Sheet Attachment 3 Page 2 of 43 and ongoing

Calculation Sheets:
An evaluation performed by NWP Packaging Engineers and 
documented in source document D339, calculated that pyrophoric 
titanium waste contents in a 4-mil bag contained within a 55 gallon 
drum would sufficiently oxidize within 236 days. Based off of that 
evaluation and the containers in Block 3 having been packaged for 
more than 236 days, it has been concluded that these containers do 
not have pyrophoric titanium waste components and are therefore 
compliant.

NCR-LANL-0285-21

Page 3; (Attachment 1 Page 38 of 48) – Final 
Disposition

Page 5; Calculation Cover Sheet Attachment 3 
Page 2 of 43 and ongoing



Response to Request for Additional Information Fiscal Year 2022 Nonconformance Report

EPC-DO-23-144 LA-UR-23-24384 Page 3 of 5 

Reference Container 
ID

(1) Information provided to Central Characterization 
Project (CCP) for Close Out (Close Out Information) (2) CCP Acceptance or Approval of Close Out Information Reference Attachment

LA00000074720

NCR-LANL-0285-21

Page 3 of 46 (Attachment 1 Page 38 of 48) – Final 
Disposition: 

An evaluation performed by NWP Packaging 
Engineers and documented in source document 
D339, calculated that pyrophoric titanium waste 
contents in a 4-mil bag contained within a 55 gallon 
drum would sufficiently oxidize within 236 days.

NCR-LANL-0285-21

Calculation Cover Sheet Attachment 3 Page 2 of 43 and ongoing

Calculation Sheets:
An evaluation performed by NWP Packaging Engineers and documented 
in source document D339, calculated that pyrophoric titanium waste 
contents in a 4-mil bag contained within a 55 gallon drum would sufficiently 
oxidize within 236 days. Based off of that evaluation and the containers in 
Block 3 having been packaged for more than 236 days, it has been 
concluded that these containers do not have pyrophoric titanium waste 
components and are therefore compliant.

NCR-LANL-0285-21

Page 3; (Attachment 1 Page 38 of 48) – Final 
Disposition

Page 5; Calculation Cover Sheet Attachment 3 
Page 2 of 43 and ongoing

LA00000074722

NCR-LANL-0285-21

Page 3 of 46 (Attachment 1 Page 38 of 48) – Final 
Disposition: 

An evaluation performed by NWP Packaging 
Engineers and documented in source document 
D339, calculated that pyrophoric titanium waste 
contents in a 4-mil bag contained within a 55 gallon 
drum would sufficiently oxidize within 236 days.

NCR-LANL-0285-21

Calculation Cover Sheet Attachment 3 Page 2 of 43 and ongoing

Calculation Sheets:
An evaluation performed by NWP Packaging Engineers and documented 
in source document D339, calculated that pyrophoric titanium waste 
contents in a 4-mil bag contained within a 55 gallon drum would sufficiently 
oxidize within 236 days. Based off of that evaluation and the containers in 
Block 3 having been packaged for more than 236 days, it has been 
concluded that these containers do not have pyrophoric titanium waste 
components and are therefore compliant.

NCR-LANL-0285-21

Page 3; (Attachment 1 Page 38 of 48) – Final 
Disposition

Page 5; Calculation Cover Sheet Attachment 3 
Page 2 of 43 and ongoing

Container was shipped and emplaced at the 
WIPP on 10-25-2022



Response to Request for Additional Information Fiscal Year 2022 Nonconformance Report

EPC-DO-23-144 LA-UR-23-24384 Page 4 of 5 

Reference Container 
ID

(1) Information provided to Central Characterization 
Project (CCP) for Close Out (Close Out Information) (2) CCP Acceptance or Approval of Close Out Information Reference Attachment

LA00000073611

NCR-LANL-0289-21

Page 3 of 53 (Attachment 1 Page 38 of 48)

An evaluation performed by NWP Packaging 
Engineers and documented in source document 
0399, calculated that pyrophoric titanium waste 
contents in a 4-mil bag contained within a 55 
gallon drum would sufficiently oxidize within 236 
days. Based off of that evaluation, and the fact 
that the containers in Block 3 have been 
packaged for more than 236 days, it has been 
concluded that these containers do not have 
pyrophoric titanium waste components and are 
therefore compliant.

NCR-LANL-0289-21

Page 3 of 53 (Attachment 1 Page 38 of 48)

An evaluation performed by NWP Packaging Engineers and 
documented in source document 0399, calculated that pyrophoric 
titanium waste contents in a 4-mil bag contained within a 55 gallon 
drum would sufficiently oxidize within 236 days. Based off of that 
evaluation, and the fact that the containers in Block 3 have been 
packaged for more than 236 days, it has been concluded that these 
containers do not have pyrophoric titanium waste components and 
are therefore compliant.

NCR-LANL-0289-21

Page 3; (Attachment 1 Page 38 of 48)

Page 6; (Attachment 5 Page 3 of 44) and 
ongoing

Container was shipped and emplaced at the 
WIPP on 10-25-2022

LA00000073442

NCR-LANL-0289-21

Page 3 of 53 (Attachment 1 Page 38 of 48)

An evaluation performed by NWP Packaging 
Engineers and documented in source document 
0399, calculated that pyrophoric titanium waste 
contents in a 4-mil bag contained within a 55 
gallon drum would sufficiently oxidize within 236 
days. Based off of that evaluation, and the fact 
that the containers in Block 3 have been 
packaged for more than 236 days, it has been 
concluded that these containers do not have 
pyrophoric titanium waste components and are 
therefore compliant.

NCR-LANL-0289-21

Page 3 of 53 (Attachment 1 Page 38 of 48)

An evaluation performed by NWP Packaging Engineers and 
documented in source document 0399, calculated that pyrophoric 
titanium waste contents in a 4-mil bag contained within a 55 gallon 
drum would sufficiently oxidize within 236 days. Based off of that 
evaluation, and the fact that the containers in Block 3 have been 
packaged for more than 236 days, it has been concluded that these 
containers do not have pyrophoric titanium waste components and 
are therefore compliant.

NCR-LANL-0289-21

Page 3; (Attachment 1 Page 38 of 48)

Page 6; (Attachment 5 Page 3 of 44) and 
ongoing

Container was shipped and emplaced at the 
WIPP on 6-23-2022
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EPC-DO-23-144 LA-UR-23-24384 Page 5 of 5 

Reference Container 
ID

(1) Information provided to Central Characterization 
Project (CCP) for Close Out (Close Out Information) (2) CCP Acceptance or Approval of Close Out Information Reference Attachment

LA00000073650

NCR-LANL-0289-21

Page 3 of 53 (Attachment 1 Page 38 of 48)

An evaluation performed by NWP Packaging 
Engineers and documented in source document 
0399, calculated that pyrophoric titanium waste 
contents in a 4-mil bag contained within a 55 
gallon drum would sufficiently oxidize within 236 
days. Based off of that evaluation, and the fact 
that the containers in Block 3 have been 
packaged for more than 236 days, it has been 
concluded that these containers do not have 
pyrophoric titanium waste components and are 
therefore compliant.

NCR-LANL-0289-21

Page 3 of 53 (Attachment 1 Page 38 of 48)

An evaluation performed by NWP Packaging Engineers and 
documented in source document 0399, calculated that pyrophoric 
titanium waste contents in a 4-mil bag contained within a 55 gallon 
drum would sufficiently oxidize within 236 days. Based off of that 
evaluation, and the fact that the containers in Block 3 have been 
packaged for more than 236 days, it has been concluded that these 
containers do not have pyrophoric titanium waste components and 
are therefore compliant.

NCR-LANL-0289-21

Page 3; (Attachment 1 Page 38 of 48)

Page 6; (Attachment 5 Page 3 of 44) and 
ongoing

Container was shipped and emplaced at the 
WIPP on 10-11-2022

LA00000074382

NCR-LANL-0289-21

Page 3 of 53 (Attachment 1 Page 38 of 48)

An evaluation performed by NWP Packaging 
Engineers and documented in source document 
0399, calculated that pyrophoric titanium waste 
contents in a 4-mil bag contained within a 55 
gallon drum would sufficiently oxidize within 236 
days. Based off of that evaluation, and the fact 
that the containers in Block 3 have been 
packaged for more than 236 days, it has been 
concluded that these containers do not have 
pyrophoric titanium waste components and are 
therefore compliant.

NCR-LANL-0289-21

Page 3 of 53 (Attachment 1 Page 38 of 48)

An evaluation performed by NWP Packaging Engineers and 
documented in source document 0399, calculated that pyrophoric 
titanium waste contents in a 4-mil bag contained within a 55 gallon 
drum would sufficiently oxidize within 236 days. Based off of that 
evaluation, and the fact that the containers in Block 3 have been 
packaged for more than 236 days, it has been concluded that these 
containers do not have pyrophoric titanium waste components and 
are therefore compliant.

NCR-LANL-0289-21

Page 3; (Attachment 1 Page 38 of 48)

Page 6; (Attachment 5 Page 3 of 44) and 
ongoing
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Controlled 
Copy CCP-QP-005, Rev. 28 

CCP TRU Nonconforming Item Reporting and Control 
Effective Date: 09/27/2021 

Page 35 of 47 

Attachment 1 - CCP Nonconformance Report (NCR) 

CCP NONCONFORMANCE REPORT (NCR) 
(Use NCR Continuation. Attachment 3, if necessarv! 

NCR No. NCR-LANL-0003-22 Revision 0 
1. Lot No,, Heat No., or Serial No. (if 2. Process (e.g., NOA, NOE, VE, 3. Batch Data Report #(s). 

applicable)' N/A Other)· AK 
NIA 

4. Order/Work Order/Job Control Number 5 PO# (If appHcable) NIA 
(if applicable): NIA Container #(s): 

69044 

6. Supplier (if applicable)· NIA 
69506 

DESCRIPTION OF NONCONFORMANCE 
7a NCR Description: 0 < 100 nCilg 0 Prohibited Item 0 E-Flag 

D Receipt lnspectlon D Transportation Dww1s1WDS ~ Other 

7b. Requirement(s) (Enter Implementing Procedure No .. Revision, Section No .. & Quoted Text): 
DOE/WIPP-17-3589, Revision 1, U.S Department of Energy Carlsbad Field Office Basis of Knowledge for Evatuallon 
oxidizing chemicals fn TRU Waste. 
Section 4,5, Organic Sorbents states in part, "Oxidizing chemicals sorbed Into polysaccharide sorbents are not acceptable at 
the WIPP without treatment, testing, or a technical justification supporting compliant shipment and receipt at WIPP '' 

7c Actual Condition: 
BoK 20 for LA-MHD03.001 rejects the containers identified in Block 3 for the potential to contain polyol organic sorbents 
(i.e polysaccharide sorbents) wilh oxldlzing chemlcals. 

7d. Have the CCP HOLD TAGS associated with this NCR been applied? ~ YES D NO If no 1s checked. explain. 

k'llo , ... 1s-;2.~ 

8. NCR Originator. 

DAVID FRY (Affil iate) :::::;-;;,,-~,•~,:v~~•~~t ""' 
1/17/2022 David F~ 

orintoo name siqnature date 

9 Does the identffied condTtion have the potential to impact AK? 
~ YES □ NO 0 INDETERMINATE 

If YES or INDETERMINATE. enter Trend Code L in Block 10. 

10, Trend Code; L 
12, Recurring Condltlon? □YES ~ NO 

(If Yes, list NCRs and Issue Notices) 

14, QA Engineer or QA Designee 

,alidatioa ~ , G J, ahe. e 
pnnted name 

11 _ Responsible Ul.U1ZlTu.Il'er Manager/Individual. 

13 Significant Condition? □ YES ~ NO 
Programmatrc Condition? □ YES ~ NO 
(If Yes, enter Issue Notice No.): 

hihi .. ,@~ l-l1--'.:Um 
date 

CCP RECORDS On'G'r,_AL 
DATE REC'D 03 0 ~t'v 

I• 
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Controlled 
Copy CCP-QP-005, Rev. 28 

CCP TRU Nonconforming Item Reporting and Control 
Effective Date: 09/27/2021 
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Attachment 1 - CCP Nonconformance Report (NCR) (Continued) 

NCR No. NCR-LANL-0003-22 Revision 0 
INTERIM DISPOSITION 

1 Sa. Interim Disposition (Check Only One) 
D NIA (See Final Dfsposltion) ~ Hold D Conditionally Accept D Conditionally Use 

0 Sort D Reinspect or Retest D Remediate 

15b. Instructions for Completion of the Interim Dfspositlon 

The AKE will evaluate host site provided information and, along with the SPM, determine a path forward. 

I NTERIM DISPOSITJON APPROVALS 
16a Responsible Manager/lndividual/SPM/VPM: 

DAVID FRY 0,gO"IY "9"°" by DAVID FRY 

(Affiliate) 
lAfOllatol 

David F!Y Dau,: 2021.01 'I 09:26,l0 01'00 1/17/2022 
pnnted name signature dale 

16b. QA Engineer or QA Designee. 

~t~f½ ~*11 .G.£~ t-\J-aoo~ 
date 

COMPLETION OF INTERIM DISPOSITION 
17. lnlerirn Disposition Complete - Responsible Manager/lndivictual/SPM/VPM: 

Oo.l(.,) F(k ~P-4~ pJ f~f/a,,J,1-
11nnted name smnature dale 

18. Interim Dispos1t1on Verified - QA Engineer: 

~lbe~ 
pnntedna~ ~-Gier¼ - - --signature - --

3-- 1-, c1ooa 
dale 
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Effective Date: 09/27/2021 
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Attachment 1 - CCP Nonconformance Report (NCR) (Continued) 

NCR No. NCR-LANL-0003-22 Revision 0 
FINAL DISPOSIT ION 

19. Final Disposition (Check Only One: Use-As-ls, Repair, Reject, Rework, or Scrap): 
IZ] Use-As-ls D Repair 

19a. Technical Justification - Required for Use-As-ls or Repair dispositions. [ D NIA for Reject, Rework, or Scrap] 

The containers identified in Block 3 have been evaluated by the AKE, as evidenced in DR193. Additional information 
from the Host Site demonstrates compliance of the container with BoK criteria, documented in BoK 20 Addendum 5. 

D Reject D Rework D Scrap 
19b. Instructions for Completion - Required for Reject, Repair, Rework, or Scrap [ IZ] NIA for Use-As-ls] 

-------------------------------------------------------------------------------------------------------------------~·--------------19c. Corrective Actions (Actions to Prevent Recurrence - For Repair or Rework, if applicable. 
[ IZ] N/A if not applicable, and for Use-As-ls, Reject, and Scrap] 

FINAL DISPOSIT ION APPROVALS 
20. Responsible Manager/lndividual/SPMNPM: 

OtJ.vtd ffy PH ~ 01/P=l-/'J., l-2. 
pnnted name' date 

21 . QA Englneer or QA Designee: 

~(l~A Ko.,~~bet\ta 3-1--J.02~ 
printed name-~ date 

CLOSURE 
22. Final Disposition Complete - Responsible Manager/lndividual/SPMNPM: 

Oo.w'# fry p-~~ () 3/11:f!P 2-'1-
printed name signature date 

23. Attachments: l. fuld~ ~plif& ~ .~-\t;.b'-l't\t ~ 3 . .:I:r,.,\en:m Clo~ 
4-~f\C.11 Clo~ txx:uM~ 5. \1cl& 1'19 ':Pemcva.O 
24a. HOLD TAG removal has been verified and reconciled for all nonconforming items on the NCR: lk'.J. 
24b. If HOLD TAG is not applicable, check: 0 and explain: 

25. Final Disposition Verffled - NCR Closed QA Engineer: 

~~ed{ii~ ~~~tu 3--:1-:io~a 
- ----sign;-- t;" dale 
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CCP-TP-005, Rev. 32 Effective Date:. 06/09/2020 
Page 1 of 2 CCP Acceptable Knowledge Documentation 

Attachment 3 - Acceptable Knowledge Source Document Summary 

Slte(s): Los Alamos National Laboratory Source Document Tracking Number: DR193 

Waste Stream Number(s): LANL Non-Specific Library Flies 

(Applicable only when site library ls not In use) 

Acceptable Knowledge Documentation Type: Category: 

~ TRU Waste Management Program Information 0 C - Correspondence 

0 D - Documents ~ Waste Stream-Specific Information 

D Additional Information 0 M • Miscellaneous 

D P • Procedures 

~ DR - Discrepancy Resolution 

0 U - Unpubllshed Documents 

D AKA - Acceptable Knowledge Assessment 

D CCE - Chemical Compatibility Evaluation 

0 BOK - Basis of Knowledge 

0 TEC - Technical Paper 

Title or Description of Source Document ~ Containers 69044 and 69506 Meet the BoK Criteria 

Source Document Reference Information (c!Uthor(s), document and revision number, date, publisher): B. Ams, NA, 
Rev. NA, 01/19/2022, AK-TASS-22-035 

AK# b 

PR6, 
wss, 
WS8, 
WS9, 
WS11 

Source 
Doc. AK Information Summary 

P,age#c 

All In BO1<20, containers 69044 and 69506 were determined to be non-compliant with the BoK 
criteria due to the inclusion of organic l\itty litter used which could have included oxidizing 
chemicals (AKA08, BOK20). The use of organic kitty litter to sorb liquids that 
jnclude oxidizing chemicals is prohibited by the BoK. 

Resolution: 
As stated above, during the in1tial evaluation in BOK20, containers 69044 and 69506 were 
determined to be non-compliant wit), BoK criteria, However. 1n U,e testing used to support lhe 
BoK, a concentration for oxidizing chemicals sorbed in organic kitty Htter was found that 
produced a non-oxidizer result, Using (his concentration (11 wt. %) with the documented volume 
of liquid added lo the containers (AKA08), the amount of homogeneous solids identified through 
RTR, and a conservative assumption for the cornpositlon of the sortied llqu1d (70% HNO3), a 
mass balance 
calculatlon can be performed that shows that the sorbed masses in these containers do not 
contribute to an oxidizing hazard. 

Therefore, containers 69044 and 69506 were re-evaluated and determined to be compliant with 
the BoK criteria (801<20 Addendum 5). Ttierefore, the above containers can be resolved from 
NCR-LANL-0003-22. 

NCR-LANL-0003-22, REV. 0 
ATTACHMENT 3 Page 1 of 6 

CCPRECORDS:P~~~>,d 
DATE REC'D·-4,0u,.~:..,l4,;,q_µtj l1...+-s,-.st...l7([_,_r ( 
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CCP-TP-005, Rev. 32 

CCP Acceptable Knowledge Documentation 

Effective Date: 06/09/2020 

Page 2 of 2 

Attachment 3 - Acceptable Knowledge Source Document Summary (continued) 

Slte(s): Los Alamos National Laboratory I Source Document Tracking Number: DR193 

Source Document Data Limitations (If any): 

1. Nooe. 

Acceptable Knowlege Expert 

8!Jll!.!ohns '~·~Qomp Data: 

Print 

• Provide description for non-titted Information (I.e., container paperwork, MSDS sheets, etc) 

b Obtain from Acceptable Knowledge Documentation Checklist 

• For microfilm or microfiche, identify box, tape, reel number and location. 

NCR-LANL-0003-22, REV. 0 

ATTACHMENT 3 Page 2 of 6 

\bol.;2ou 
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AK-TASS-21-856 

BOK for Waste Stream LA-MHD03.001 801<20 Addendum 5 

Basis of Knowledge Evaluation 

To: Tania Guardado, CCP SPM 

From: Bridget Ams, Acceptable Knowledge Expert 12 · t. 1 
Date: December 15, 2021 L)JA~Ct<A-,,- c.-\~~ 
Subject: Basis of Knowledge Criteria Evaluation for Containers i~'Waste Stream LA-MHD03.001, 

Addendum 5 

1.0 Introduction 

This memorandum presents an eva luation of characterization data for waste stream LA-MHD03.001 

containers based on the evaluation criteria in the HBasis of Knowledge for Evaluating Oxidizing 
Chemicals in TRU Waste", DOE/WIPP-17-3589, Rev. 1, hereafter referred to as the BoK. The purpose of 

this evaluation is to determine whether the targeted containers meet the criteria of the BoK for the 
treatment and management of oxidizing materials. This is being conducted as part of the effort to 
support the Department of Energy Carlsbad Field Office in making decisions regarding the appropriate 
disposition path for the LA-MHD03.001 waste stream. 

The BoK criteria focus on the physical and oxidizing chemical contents of the waste stream as described 

in the approved Chemical Compatibility Evaluation Memorandum {CCE11), the approved Acceptable 
Knowledge Assessment {AKA0S), and the data sheets generated during real-time radiography (RTR) 

and visual examination (VE). The CCEM provides a detailed analysis of the chemicals that can be 
present in any given container. The AKA provides a detailed description of the management and 

packaging of the waste containers, with a description of the contents of each container derived from 
various sources, which are cited in the AKA. The RTR/VE data sheets provide the most recent certified 
evaluation ofthe individual container contents. 

There are 4 containers from the LA-MH D03.001 waste stream that are part of this evaluation. Of those 

containers, all four have been determined to be compliant with the BoK criteria and are identified in 

Attachment 1. 

2.0 Waste stream description 

As described in CCP-AK-LANL-009, Central Characterization Program Acceptable Knowledge Summary 
Report for Los Alamos National Laboratory Chemistry And Metallurgy Research {CMR) Facility, 

LA-MHD03.001 is a TRU-mixed debris waste stream originating from the Chemistry And Metallurgy 
Research (CMR) Facility located in Technical Area (TA)-03 and is composed predominantly of mixed 
heterogeneous debris and lesser quantities of homogeneous solids {less than 50 percent by volume}. 
The heterogenous debris includes combustible (e.g., wipes, plastic, rubber) and non-combustible 
materials (e.g., small tools, cans, metal debris}. 

Page 1 of 10 

NCR-LANL-0003-22, REV. 0 
A TT A CHM ENT 4 Page 1 of 11 

CCP RECORO¥'/)G~if;-//fH 
DATEREC'D / U . , 
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BOK for Waste Stream LA-MHD03,001 BOK20 Addendum 5 

3.0 Evaluation of waste to Basis of Knowledge. criteria 

The following sections address the criteria defined in Section 4 of the BoK that must be met prior to 

acceptability at the WIPP. 

4.0 Criteria for evaluating TRU waste with oxidizing chemicals 

4.1 Evaluation and review 

Waste containing one or more oxidizing chemicals has been evaluated to the criteria in section 4.0 of 
the BoK. 

4.2 Oxidizing chemical verification 

"Waste streams with oxidizing chemicals, whether listed on Table 4-1 or 
not, must be reevaluated by the AKE to determine if oxidizing chemicals 

are actually present in the waste." 

The ident ification and evaluation of the oxidizing chemicals were performed using information from 
the CCEM and the AKA. The following chemicals are listed in Attachment 1 of CCEll as either RGN 2 

(oxidizing acids) or RGN 104 (strong oxidizing agents) : 

• Metal Nitrates 

• Nitric Acid 

• Rad-Release II Step 1 Surface Prep 

• Rad~Release Rinse Solution 

The predominant metal nitrates present are dependent on the products used for neutralization, 

cementation, and sorption. In this waste stream, sodium, potassium, and magnesium could be 

available to form metal nitrates. All of these are included in Table 4-1 of the BoK and are therefore 

bounded by the formal testing performed to support the BoK. 

Nitric acid in its liquid form would be expected to evaporate after sorption. However, for the purpose 

of this evaluation, the more conservative assumption, that any nitric acid in the waste is fully 

converted to a metal nitrate, is used. As discussed above, any metal nitrate salts that could form from 

the available cations are bounded by the crit eria in the BoK. Both Rad-Release II Stepl Surface Prep 

and Rad-Release Rinse Solution are listed in Attachment 1 of the CCE because they Include nitric acid. 

Page 2 of 10 

NCR-LANL-0003-22, REV. 0 
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BOK for Waste Stream LA-MHD03.001 BOK20 Addendum 5 

4.3 Distribution of oxidizing chemicals within waste components 

"Personnel performing the AK characterization must determine how well 
the oxidizing chemicals are distributed as well as the concentration of 

oxidizing chemicals within each waste component that contains oxidizing 

chemicals." 

liquid is added to the sorbent, and the mixture is mixed until homogeneous (P159, P356). Any oxidizing 

chemicals would be evenly distributed in these components. 

4.4 pH adjustment of oxidizing acids, bases, and solutions 

"Oxidizing acids and aqueous solutions with oxidizing chemicals in 
containers and as free liquids separated from the solid portion of the 

waste generated or treated and repackaged should be pH adjusted prior 

to sorbing or solidifying." 

At the CMR, liquids were neutralized as necessary (P356). At the Waste Characterization Reduction and 
Repackaging Facility, pH testing was required to identify liquids outside of the pH range of 2 to 12, and 

the liquids were neutralized as necessary (P159). These neutralization processes would have resulted 
in the presence of metal nitrates, as identified in Section 4.2. 

4.5 Organic sorbents 

"Oxidizing chemicals sorbed into polysaccharide sorbents are not 
acceptable at the WlPP without treatment, testing, or a technical 
justification supporting compliant shipment and receipt at WIPP." 

Two containers in this population (69044 and 69506) include organic kitty litter that was potentially 

used to sorb a liquid containing oxidizing chemicals (AKA08). 

For 69044, 6 ounces (178 ml) of liquid was observed during repackaging, and RTR identified 10 kg of 

homogeneous solids (AKA08). Sorbent is the only potential source of homogeneous solids in the 

container. The composition of the liquid is unknown but can be bounded by 70% (16M) HNO3, which is 
technical grade nitric acid often used in lab work; at higher concentrations of HNO3, the nitric acid is 

unstable and volatilizes. Assuming the acid is fully converted to KNO3 (the most conservative metal 
nitrate that could form from the available cations), the concentration of KNO3 in organic kitty litter 

would be 2.9 wt. %, as shown below: 

178 ml liquid* 16 mol HNO3 per 1000 ml liquid= 2.8 mol HNO3 

2.8 mol HNO3 ➔ 2.8 mol KNO3 

Page 3 of 10 

NCR-LANL-0003-22, REV. 0 
ATTACHMENT 4 Page 3 of 11 
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BOK for Waste Stream LA-MHD03.001 

2.8 mol KN03 * 101 g per mol KN03 = 290 g KN03 

290 g KN03 / 10000 g total * 100 = 2.9 wt. % KN03 

BOK20 Addendum 5 

For 69506, 3 ounces (89 ml) of liquid was observed during repackaging, and RTR identified 3 kg of 
homogeneous solids (AKA08). Sorbent is the only potential source of homogeneous solids in the 
container. The composition of the liquid is unknown but can be bounded by 70% (16M) HN03, which is 
technical grade nitric acid often used in lab work; at higher concentrations of HN03, the nitric acid is 

unstable and volatilizes. Assuming the acid is fully converted to KN03 (the most conservative metal 

nitrate that could form from the available cations), the concentration of KN03 in organic kitty litter 

would be 4. 7 wt. %, as shown below: 

89 ml liquid* 16 mol HN03 per 1000 ml liquid= 1.4 mol HN03 

1.4 mol HN0.3 ➔ 1.4 mol KNQ3 

1.4 mol KNQ3 • 101 g per mol KN03 = 140 g KN03 

140 g KNQ3 / 3000 g total * 100 = 4.7 wt. % KN03 

The testing that supported the BoK, as reported in LA-UR-16-27276, Results from Preparation and 
Testing of Sorbents Mixed with Potassium Nitrite, found that 11 wt.% was the maximum concentration 
of potassium nitrite that produced a non-oxidizer result in dry sWheat Scoop kitty litter (D334). 

Therefore, these containers are compliant with this criterion. 

4.5.1 Engineered organic polymer sorbents with oxidizing chemicals 

"Table 4-3 lists the wt. % of oxidizing chemical allowed when well mixed 

in a tested EOPS." 

There is no evidence that these containers include EOPSs (AKA08, M244). Therefore, this criterion does 

not apply to these containers. 

4.5.2 Organic rags. wipes. sorbent pads, and pillows 

"When the TRU waste site or WIPP Certified Program determines that 
waste rags, wipes, sorbent pads, and pillows contaminated with ·oxidizing 
chemicals would yield oxygen readily to cause or enhance the 
combustion of organic materials, the following criteria shall apply: 

• Rags, wipes, sorbent pads, and pillows shall be treated to the 
criteria contained in Section 5.1; or 

• The TRU waste site may treat the waste by a method that can be 
approved by the CBFO Manager." 

Page 4 of 10 
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BOK for Waste Stream LA-MHD03.001 BOK20 Addendum 5 

The presence of rags, cloth wipes, and pads potentially contaminated with nitric acid or neutralized 

solutions of nitric acid could not be ruled out in all four containers in this population (AKA08, M244}. 

• 69044 
• 69506 
• 72861 
• 72887 

In M367 and M391, LANL has documented that these containers are not EPA ignitable, described In 

part in 40 CFR 261.21 as "a substance ... that yields oxygen readily to stimulate the combustion of 
organic matter." CCEll has documented that in these containers, nitric acid and nitrate salt mixtures 

with polyols will not cause an adverse reaction, such as generating fire (i.e., causing combustion). 
Therefore, these containers are also compliant with this criterion, and no treatment is required for 

rags, wipes, and pads. 

4.5.3 Ion exchange resins 

"Ion exchange resins with oxidizing chemicals that are stabilized with 

Portland cement are not oxidizers when the resins are well mixed in the 

cement and do not exceed 10 wt. % in the set cement monolith. When 
the cement monolith is intact based on visual observation, it is 
acceptable to conclude that the 10 wt. % limit for the ion exchange resins 
has been met. 

Ion exchange resins that do not meet the criteria above, organic solvents, 
and other miscellaneous organic materials containing oxidizing chemicals 

are not acceptable at the WIPP without a verifiable basis that can be used 

to determine the waste will be safe and compliant for receipt and 
emplacement in the WIPP." 

Two containers in this population include resins (AKA08, M244): 

• 72861 
• 72887 

The resins in these containers were either unspent or were rinsed with hydrochloric acid or 

hydrobromic acid and do not have nitrate loadings (C450, M244). Therefore, these resins do not 
contain oxidizing chemicals. There is no evidence that the containers in this evaluation contain organic 
solvents or miscellaneous organic materials containing oxidizing chemicals (AKA08, M244). Therefore, 
this criterion does not apply to these containers. 

Page 5 of 10 
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BOK for Waste Stream LA-MHD03.001 BOK20 Addendum 5 

4.6 Inorganic materials with oxidizing chemicals 

4.6.1 Oxidizing chemicals sorbed in inorganic sorbents 

"Table 4-4 provides the maximum concentration of oxidizing chemical 

acceptable at the WIPP when it is sorbed in a listed inorganic sorbent. 

NOTE: The CBFO will not grant equivalency for Hydromatrix, Micro-Ce! E, 

perlite, or vermiculite." 

One container (72887) in this population includes an acidic solution sorbed with zeolite in a ratio of 4 
parts (by weight) zeolite to 1 part liquid (M244). The liquid contains trace amounts of nitric acid 

(M244), which can be bounded by 70% (16M) HNO3, which is technical grade nitric acid often used in 

lab work; at higher concentrations of HNO3, the nitric acid is unstable and volatilizes. Assuming the acid 
Is fully converted to KNQ3 (the most conservative metal nitrate that could form from the available 

cations), the concentration of KNO3 in zeolite would be 22 wt. %, as shown below: 

1 g liquid per 4 g zeolite • 70 g HNO3 per 100 g liquid = 0.175 g HNO3 per g zeolite 

0.175 g HNO3 / 63 g per mol HNQ3 = 0.0028 mot HNO3 

0.0028 mol HNQ3 ➔ 0.0028 mol KNO3 

0.0028 mol KNO3 * 101 g per mol KNO3 = 0.28 g KNO3 per g zeolite 

0.28 g KNO3 / (1 g zeolite + 0.28 g KNO3) * 100 = 22 wt. % KNO3 

This is below the 35 wt.% oxidizing chemicals allowed by the BoK to be sorbed in zeolite. Therefore, 

this container is compliant with this criterion. 

4.6.2 Inorganic sludges with oxidizing chemicals not mixed with sorbents 

"Inorganic sludges with up to 30 wt. % oxidizing chemical that have not 
been mixed with sorbent are acceptable at the WIPP." 

There is no evidence that these containers include sludges (AKAOB, M244). Therefore, this criterion 

does not apply to these containers. 

Page 6 of 10 
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BOK for Waste Stream LA-MHD03.001 BOK20 Addendum 5 

4.6.3 Oxidizing chemicals solidified in a cement or grout matrix 

"Wastes with oxidizing chemicals, whether listed in Table 4-1 or not, that 
are cemented or grouted are not considered oxidizers when the following 

criteria are met. 
• No more than 20 volume percent of the set material has 

external dimensions less than 2 centimeters; and 

• No free liquid is present." 

There is no evidence that these containers include oxidizing chemicals solidified in a cement or grout 

matrix (AKA08, M244). Therefore, this criterion does not apply to these containers. 

4.7 Mixtures of organic and inorganic materials with oxidizing chemicals 

"When the waste is a mixture of inorganic sorbent listed in Table 4-4 and 
organic sorbent listed on Table 4-3, the maximum wt. % of oxidizing 

chemicals allowed is determined by the lowest concentration allowed of 

any of the sorbents in the mixture." 

These containers do not contain mixtures of inorganic and organic sorbents (AKA08, M244). Therefore, 

this criterion does not apply to these containers. 

"Sorbents that are not found in Table 4-3 or Table 4-4 are not acceptable 

for disposal at WIPP until the TRU waste site or AKE has requested an 
equivalency determination and the CBFO has determined that the 

sorbent is equivalent to one of the sorbents listed in Table 4-3 or Table 4-
4." 

There is no evidence of sorbents in these containers that are not included in Tables 4-3 or 4-4 of the 
BoK (AKA08, M244). Therefore, this criterion does not apply to these containers. 

4.8 Oxidizing chemicals that are the sole component of waste 

"Oxidizing chemicals that are the sole waste component(s) (e.g., metal 
nitrate salts with or without free liquid) are not acceptable for disposal at 
WIPP without treatment." 

There is no evidence that containers in this population include oxidizing chemicals that are the sole 
component of the waste (AKA08, M244). Therefore, this criterion does not apply to these containers. 

Page 7 of 10 
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BOK for Waste Stream LA-MHD03.001 801<20 Addendum 5 

4.9 Surfaces contaminated with oxidizing chemicals 

"Waste components with low porosity and impermeable surfaces that 
have been exposed to liquid or solid oxidizing chemicals are surface
contaminated only. These types of waste .components will not exhibit 
oxidizing behavior regardless of the distribution of the oxidizing 
chemicals when there is no observable adhesion of the oxidizing chemical 

to the surface." 

The packaging paperwork for two containers in this population (72861 and 72887) identifies waste 
components that had t race contact with nitric acid and could retain surface contamination of oxidizing 
chemicals {M244). These materials are items that have low porosity and impermeable surfaces, such as 
glass vials and plastk bottles (M244). The packaging paperwork does not identify observable adhesion 
of oxidizing chemicals on the surface. These containers are compliant with this criterion. 

4.10 Oxidizing chemicals spilled or released into soils 

"Soils containing up to 30 wt. % oxidizing chemicals are allowable without 
treatment provided they are not also contaminated with organics 
released in bulk liquid form (excludes natural organic matter content of 
the soil)." 

This waste stream does not contain soils (CCP-AK-LANL-009). Therefore, this criterion does not apply to 
these containers. 

4.11 Oxidizing chemicals in waste retrieved from earthen disposal pits 

"The total concentration of oxidizing chemicals in waste retrieved from 
earthen pits will be <30 wt. % provided the waste is not also 
contaminated with liquid organics. 

TRU waste sites with burial pits where oxidizing chemical salts were 
disposed must remove salt crystals other than small visible crystals that 
are impractical to pick out from the excavated soil/waste mixture. The 
dissolved salt in the soils plus the remaining visible crystals cannot exceed 
30wt. %." 

This waste stream does not contain waste retrieved from earthen disposal pits (CCP-AK-LANL-009). 
Therefore, this criterion does not apply to these containers. 

Page 8 of 10 
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BOK for Waste Stream LA-MHD03.001 BOK20 Addendum 5 

Conclusion: 

Of the 4 containers included in this BoK evaluation, it has been determined that all four containers are 

compliant with the BoK criteria . These containers are listed in Attachment 1, 

SOURCE DOCUMENTS 

Tracking 
Title 

Number 

AKA08 
Acceptable Knowledge Assessment of Containers from Acceptable Knowledge 
Summary Report CCP-AK-LANL-009 Waste Stream LA-MHD03.001 

C450 Email RE: CMR FacilityTRU Resins· 

CCEll Chemical Compatibility Evaluation for Waste Stream LA-MHD03.001 

D334 Results from Preparation and Testing of Sorbents Mixed with Potassium Nitrite 

M154 Miscellaneous MSDSs 

M244 NUGEN TWSRS for LA-MHD03.001 

M367 TA-50/54 Repackaging Waste Profile Forms 

M391 TA-03 Waste Profile Forms 

P159 WCRRF Waste Characterization Glovebox Operations 

P356 Absorption of Non-Hazardous Liquid Waste 

REFERENCES 

1. DOE/WIPP-17-3589, Basis of Knowledge for Evaluating Oxidizing Chemicals in TRU Waste 

2. CCP-AK-LANL-009, Central Characterization Program Acceptable Knowledge Summary Report for 
Los Alamos National Laboratory Chemistry And Metallurgy Research (CMR} Facility 

3. LA-UR-16-27276, Results from Preparation and Testing of Sorbents Mixed with Potassium Nitrite 

Page 9 of 10 
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BOK for Waste Stream LA-MHD03.001 BOK20 Addendum 5 

Container 10 

1 LA00000069044 

2 LA00000069506 

3 LA00000072861 

4 LA00000072887 

ATTACHMENTl 

APPROVED CONTAINERS 

Container Type Closure Date 

55G 12/21/2013 

55G 03/02/2014 

Applicable Criteria 

Section 4.5 - Organic Sorbents 
Section 4.5.2 - Wipes 

Section 4.5 - Organic Sorbents 
Section 4.5.2 - Wipes 

Section 4.5.2 - Wipes 
55G 09/23/2020 

Section 4.9 - Contaminated Surfaces 

Section 4.5.2 - Wipes 
55G 11/18/2020 Section 4.6 - Zeolite 

Section 4.9 - Contaminated Surfaces 
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1.0 INTRODUCTION 
An energy release event at Los A1amos National Laboratory (LANL) on February 26, 2021, was 
experienced during a TRU waste drum loading process. The initial investigation conjectured that 
the event was initiated by breaching of a previously-inerted 4-mil polyethylene inner bag 
containing two HEPA filters laden with titanium and tantalum fume dust [Ref. l]. Potential 
further evaluation of the event may require estimation of the time required for atmospheric air to 
infiltrate the 4-mil polyethylene inner bag in order to assess the degree to which the bag waste 
contents may have been exposed to ox.ygen as an inert gas atmosphere was displaced. 

The time-dependent air concentration within the initially inerted 4-mil polyethylene inner bag, 
both for conditions of direct exposure to atmospheric conditions or when located within multiple 
layers of confinement initially containing air within a filtered 55-gallon TRU waste drum, can be 
determined through the solution of mass transport differential equations that model the transport 
of gases in the layer resistance network via diffusion and permeation mechanisms [Ref. 2]. 

NCR-LANL-0285-21, REV. 1 
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2.0 SUMMARY OF RESULTS 
A summary of the times to achieve a greater than 10, 20, 30, 40, 50, 60, 70, 80, and 90 percent 
air concentration within an initially inerted 4-mil polyethylene inner bag subject to conditions of 
a) direct exposure to atmospheric conditions and b) when located within multiple layers of 
confinement initially containing air within a filtered 55-gallon TRU waste drum is given in Table 
1. Figure 1 provides the inner bag air concentration profiles for the two exposure conditions. 
The layer of confinement descriptions, modeling methodology, assumptions, and detailed 
modeling results are provided in Section 4.0. Additional solution sensitivity results associated 
with variable inner bag void volwne assumptions for the directly exposed bag case are provided 
in Appendix A. I. 

Table 1 - Summary of Time to Greater Than 90% Air Concentration in Inner Bag 

Exposure Duration 
Exposure Condition (days) 

5 

9 

14 

20 

Bag ( direct exposure) 27 

36 

47 

63 

89 

5 

11 

18 

27 

Bag within 55-gal drum layers 38 

55 

83 

134 

236 

Air Concentration 
(%) 

12.164 

20.821 

30.452 

40.476 

50.359 

60.695 

70.452 

80.489 

90.060 

10.549 

20.910 

30.804 

40.838 

50.089 

60.066 

70.143 

80.106 

90.047 
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3.0 METHODOLOGY 

3.1 Method 
Following the A1tMeth methodology defined in the CH-TRU Payload Appendix3.10 [Ref. 2], 
the mass transport of air across serial layers of confinement via diffusion through the various 
closure types or filter vents and permeation through plastic bag layers are defined generalty as 
follows for i = I, n layers: 

dX; ~ C,RT(86 400sec)- Q;(X. - X. ) 
dt VP ' day V- ' ''"1 

I I 

dXi+I =-9L(x -x. )- Q; ... , (x -x. ) 
dt v. I t+I V ,., ,+2 

1+l r-+I 

dXD = Qn-l(X -X )- Qn(x - v/0) 
dt V n-1 n V n }"n+I 

n n 

where: 

Cg 

Qi 

Vi 

Xi 

p 

R 

T 

= 

= 

= 
= 
= 

= 
-

innermost layer gas generation rate (mole/sec) 

release rate of gas across layer i (liters/day) 

void volume inside layer i (liters) 

mole fraction of gas within the void space [ayer i (rnf) 

pressure (atin) 

gas constant = 0.08206 atm-liter/mole-K 

temperature (K) 

This system of equations are solved simultaneously by numerical integration through the use of 
an ordinary differential equation (ODE) solver (Python Scipy ODEINT) to determine the 
transport of air from the ambient environment across the defined layers of confinement. 

Note that a tnore general form of the above equations are implemented in the Python script and 
solved numerically utilizing a nodal network model that allows for the solution of the mass 
balance as defined by the serial and/or parallel communication of gas between the interconnected 
nodes without the necessity to have the resistance factor and gas generation rate of parallel nodes 
identical. 

NCR-LANL-0285-21, REV. 1 
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3.2 Inputs 

3.2.1 Layers of Confinement 

The layers of confinement that are modeled are based on the two general cases defined (i.e., bag 
directly exposed to environment and bag within 55-gallon drum layers). Table 2 lists the 
prescribed layers of confinement and closure/filter attributes that were prescribed by Bush [Ref. 
3]. 

Table 2- Layer of Confinement Descriptions 

Exposure 
Condition 

Bag (direct exposure) 

Bag within 55-gal 
drum layers 

Qescription 

Layer 1 (innermost layer): Inner bag (catch bag) is 4 mil LDPE with a 
size of 13'' x 12" x 24'' that is twist, tie, taped (TIT) before being 
removed from the inert (argon) box. This is moved into the drop box 
on a regular air box and will stay there until there is enough waste to 
perform a bag out. 

Layer 1 (innermost layer): Same as above. 

Layer 2: LANL SPVC filtered bag-out bag that is also TTT when it 
goes into the drum. This bag is assumed to be an inner bag with a 
filtration of l .075E-05 mol/s/rnf, meeting the minimum requirement of 
the CH-TRAMPAC [Ref. 2 and 4]. 

Layer 3: A 5-mil liner bag (fold/tape) [Ref. 2 and 4]. 

Layer 4: A 12-mil filtered drum liner bag. This bag is assumed to 
have a filtration of l .075E-05 mol/s/mf, meeting the minimum 
requirement of the CH-TRAMPAC [Ref. 2 and 4]. 

Layer 5: A 90-mil rigid liner. This rigid liner is assumed to include a 
0.3-inch diameter hole in the rigid liner lid. meeting the minimum 
requirement of the CH-TRAMPAC [Ref. 2 and 4]. 

Layer 6: 55-gallon drum with a NucFil-019 filter. The NucFil-019 
filter has a minimum hydrogen diffusivity value of l .85E-05 mol/s/mf 
(Ref. 5]. 

NCR-LANL-0285-21 , REV. 1 
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3.3 Significant Assumptions 
The modeling assumptions used to implement solution of the governing equations defined in 
Section 3.1 are as follows: 

1. The directly exposed bag or drum has been modeled inside a very large enclosure of air 
(i.e., outside). 

2. Only the innermost bag is initially purged of all air, and the remaining layers have a 
regular air atmosphere. 

3. Transport ignores pressure-induced flow from barometric pressure or diurnal temperature 
changes (i.e., diffusion and permeation are the only transport mechanisms modeled). 

4. Hydrogen diffusion-only resistance factors are taken from CH-TRU Payload Appendix 
2.2 [Ref. 21, with the liner bag closure diffusion equal to the inner bag cJosure diffusion. 
Hydrogen permeation release rates are calculated from INEL-95/121 equation 2 [Ref. 6]. 

5. Air diffusion release rate is proportional to hydrogen release rate (i .e., assumed 
proportional to the square root of the inverse ratio of molar masses per Graham' s Law of 
Diffusion). 

6. Hydrogen permeation through polyethylene is given by CH-TRU Payload Appendix 6.13 
[Ref. 2], normalized via the methods of Van Krevelen [Ref. 7] to oxygen bounding dry 
air. 

7. Layer 1 (innermost layer) is assumed to be 25% full with a volume defined by lts 
dimensions, the volume of Layer 2 is estimated to be 10% larger than Layer 1, and the 
volumes of Layers 3 and 4 are estimated as l 0% progressively smaller than the r igid liner 
volwne. 

8. All diffusion mass transport coefficients utilized are minimum values. For the purposes 
of deriving a minimum wait time for a given quantity of air to infiltrate the inner bag 
under the prescribed environmental conditions, this is a conservative modelling 
assumption. 

3.4 Acceptance Criteria 
There is no explicit acceptance criteria for this calculation report. 

NCR-LANL-0285-21 , REV. 1 
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4.0 ANALYSIS 

4.1 Model Input Parameters 

4.1.1 Initial Conditions 

12. System Number: 

I PT00 
5. Page: 

11 of 42 

Initial conditions for the concentration of air within the inerted inner bag is zero, with any other 
layers non-inerted having an initial air concentration of 100%. There is no air generation term 
within the inner layer of confinement, so Cg= 0. The simulation is conducted under ambient 
conditions of 1 atm pressure and 77 °F (298.15 K) utilizing an ideal gas constant 
R = 0.08206 (atm L)/(mol K). 

4.1.2 Diffusion and Permeation Coefficients and Physical l'nput 
Parameters 

Reference values for hydrogen diffusion in air and hydrogen permeation through low-density 
polyethylene bag layers are obtained from the CH-TRU Payload Appendix 2.2 in the form of 
resistance factors and from CH-TRU Payload Appendix 2.13 in the form of a hydrogen 
permeation coefficient [Ref 2 and 4]. The hydrogen values are corrected to equivalent air 
release rates by two methods. To convert the resistance-based diffusion coefficient from a 
hydrogen basis to air basis, the diffusion release rates are correlated based on the molecular 
weight of hydrogen vs air by assuming they are proportional to the square root of the inverse 
ratio of the molar masses (Graham's Law). With the molecular weight of hydrogen = 2.01588 
g/mol and air = 28.964 7 g/mol, the conversion factor is given as follows: 

o:Rh2 = ~ = 1 
1 

3.79 
_ air MWhZ 2.01588 

MWai, 28.9647 

The hydrogen to air correction factor for permeation through low-density polyethylene is based 
on a comparison of established non-dimensional comparative permeability ratios for nitrogen = 
1, oxygen= 3.8, and hydrogen= 22.5 [Ref. 7]. To ensure a conservative permeation transport 
estimate with respect to oxygen, which is the oxidizing constituent of interest in air, selection of 
the oxygen permeability factor is utilized in comparison with the hydrogen permeability factor to 
result in the following hydrogen to air (oxygen) permeation coefficient correction factor: 

PR = 22
·
5 = 5.92 h2_ air 3_8 

Hydrogen-based diffusion resistance factors for various twist and tape bag closures and various 
filter specifications are provided in CH-TRU Payload Appendix 2.2 [Ref. 2]. Because twist and 
tape inner bag closures were experimentally evaluated and corrected to isolate the release 
mechanism to only consider diffusion, inner bag resistance factors for twist and taped closures 
are applied to all applicable confinement layers (i.e., drum liner bags) employing that closure 
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method to obtain a diffusion-only resistance factor. The relevant hydrogen diffusion-only 
resistance factors are summarized in Table 3. 

Table 3- Diffusion Resistance Factors 

Resistance Factor Layer Description 

17922 TIT inner bag closure 

931 1.075E-5 rnol/s/mf bag filter 

197 0.3 in. hole in rigid liner 

541 1.85E-5 mol/s/mf bag filter 

Determination of the hydrogen release rate and associated resistance factors for penneation 
through bag layers is possible as a function of the bag surface area, bag thickness, gas pressure, 
and permeability coefficient [Ref. 6]. The requisite volwnes of the layers of confinement can be 
ascertained from the layers of confinement description of the size of the inner bag and the known 
fixed sizes of the drum and rigid liner. The confinement layers were previously provided in 
Table 2. 

The volume of the innermost inner bag (Layer 1) is calculated from the 4-mi] inner bag 
dimensions along with the specified thickness as follows: 

IV,= (13inx12inx24in)( lL 3J = 61.35L 
61.0237in 

xp1 = (0.004in)(
2

·
5
i:cm) = 0.010cm 

Assuming the next layer (Layer 2) is l 0% larger to surround the previous inner 1ayer, the volume 
of the filtered inner bag is calculated along with the assumed 5-mil standard bag thickness as 
follows: 

1V2 =(IV1)(1.1)=67.49L 

xpi = (0.005in)(
2

·
5
:cm) = 0.013cm 

The internal volurne of a 55-gallon drum (Layer 6) has been previously established as follows 
[Re£ 8]: 

IV6 = 216L 

Using dimensional data for the rigid liner (Layer 5), its internal and external volume is given as 
follows (note that diffusion-only release through the lid hole is credited, not permeation through 
the liner body/lid or diffusion release at the lid to body interface)[Ref. 9]: 

IV5 = 198.77L 

OV5 =203.18L 
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The 12-rnil filtered liner bag (Layer 4) and the 5-mil twist and tape drum liner bag (Layer 3) are 
asswned lo be progressively 10% smaller than the next outer layer such that the volumes and 
specified permeation thicknesses are as follows: 

IV4 = IVS = 180.701 
1.1 

xp4 = 0.012in(
2

·
5
:cm] = 0.030cm 

Im ) 

IV = IV4 = 164.27L 
3 1.1 

xp3 = 0. 005 in( 2-~~m J = 0.013 cm 

With the volumes of each layer established, the surface area of bag layers can be determined 
through an assumption that each bag takes on the shape of a stub-cylinder ( diameter and length 
equal) and the void volumes within each layer can also be determined conservatively by ignoring 
interim layer waste components as follows, along with the corresponding characteristic diameter 
that correlates volwne to surface area: 

Layer 1 

d, =(! N,)'" =42.75cm 

V1 = 0.75IV1 = 46.0lL inner bag assumed 25% full of waste 

ap
1 
= 311' (ct1)2 = 86ll.38cm2 

2 

Layer 2 

( 4 ) "' d2 = 1r IV2 = 44.13cm 

V
2 
= IV

2 
- IV

1 
= 6.14 L bag thickness asswned sufficiently small to ignore 

ap2 = 311' (d2)2 = 9176.30cm2 

2 

Layer 3 

( 4 )
113 

d3 = ;IV3 = 59.36cm 

V
3 
= IV

3 
- IV

2 
= 96. 78 L bag thickness asswned sufficiently small to ignore 

31l'( )2 2 ap3 = 2 d3 = 16604.46cm 
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Layer4 

( 
4 )l/3 

d4 = 7l'JV4 =61.28cm 

V4 = IV4 - N 3 = 16.43L bag thickness assumed sufficiently small to ignore 

37?'( )2 1 ap4 =- d 4 =17693.75cm 
2 

Layer 5 

V5 =N5 -IV4 =18.07L 

Layer 6 

V6 = IV6 -OV5 = 12.s2L 

Layer 7 

V7 =1x 107 L 

bag thickness assumed sufficiently small to ignore 

liner thickness incorporated due to 90-mil thickness 

assumed large exterior for ambient 

With the values established above, the permeation resistance factors for the plastic bag layers can 
be established, first for hydrogen release and later corrected for air release, and combined with 
the diffusion resistance factors in parallel (as applicable for the layer). The hydrogen permeation 
release rate (Qph2_bag) and resistance factor (Rph2_bag) for each bag layer is calculated from 
Leikhus [Ref. 6] using the established hydrogen permeation coefficient through polyethylene 
(8.60£ -10 cm3 [STP] crn/cm2 s cmHg) given in the CH-TRU Payload Appendix 6.13 [Ref. 2] as 
follows: 

Q h2 = (4.46136x w-s molJ[s.60xl0-10 cmJ [STP]cmJ(phg ap) 
P _1,ag cm3 cm2 s cmHg 'Xp 

= 2_ 92 x 10_12 cmmol ,. ap ) 
cm2 s , xp 

where 

p = p[ 76 cmHg) 
hg 1atm 

and 

R -( l ] ph2_bag - } OQ Q 
ph2 _bag 

Utilizing the parameters and equations previously defined, the hydrogen diffusion and 
penneation resistance factors for each layer are determined below, converted to equivalent air 
resistance parameters, and then combined in parallel (where applicable) to result in a total air 
resistance factor. Finally, the air resistance factors (R) ate converted to air release rates (Q) at 
the specified temperature and pressure conditions (2.1139E6 (L/day)/(mol/s) at 77 °F and 1 atm). 
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Layer l 

Q h
2 1 

=2_92 x io-12Cm~ol 8611.38cm = 2.4?xl0-6mol ,, 2 J 
P - cm s , 0.010cm s 

R = -----=404615 
( 

1 ] 
phi_l 100(2.47x10-6) • 

Rpair_ l =(5.92)(4046.15)=23957_45 

Rdair_l = (3.79)(17922) = 67934.23 
,. 

Layer 2 

' 

Q = 2_92x 10_, 2 cmmol r 9176.3lcm
2J=2_11x 10_6 mol 

ph2._i cm2 s , 0.013cm s 

R =( l ]=474631 
phi_l 100(2.llx}0-6) . 

Rpa;r_i = (5.92)(4746.31) = 28103.18 

Rdair 2 = (3.79)(931) = 3529.00 
I 

5 l'age: 
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Layer 3 

Q = 2_92x 10_,2 cmrnol(l6604. 73cm 
2 J == 3_81 xl0_6 mo] 

Ph
2
-

3 cm2 s 0.013cm s 

R = ( l J = 2622 97 
ph

2
-

3 100(3.Sl x l0-6) · 

R . = (5.92)(2622.97) = 15530.72 pair_:, 

Rdai,_3 = (3 .79)(17922) = 67934.23 

l 
R3 = Roundup = 12641 

( 155;0.72) + ( 679;4.23) 

Q3 =( ( l )J(2.1139xl0
6
)=1.67J:_ 

100 12641 day 

Layer4 

Q = 2_92x 10_12 cmmol / l 7694.03cm
2 J = 1_69x 10_6 mol 

ph
2

-
4 cm2 s 0.030cm s 

' 

R =[ ( l ]=5907.57 
phZ_ 

4 100 1.69 X 10-6) 

Rpair_4 =(5.92)(5907.57)=34979.02 

Rdwr_4 = (3.79)(931) = 3529.00 
/ \ 

5. Page: 
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Layer 5 

Qph2_5 = 0 

Rph2_5 = NIA 

assumed zero due to thickness of liner 

Rpw,_s = NIA 

Rdair_s = (3.79)(197) = 746.74 

R 5 = Roundup(746.47) = 747 

Q5 =( / ))(2.1139x 106
) = 28.30__!:_ 

100 747 day 

Layer 6 

1

2. System Number: 

PT00 
S. Page: 

17 of 42 

Qph2_6 = 0 

Rph2_6 = NIA 

assumed no permeation through drum gasket 

Rpwr_6. = NIA 

Rdair_6 = (3.79)(541) = 2050.69 

R6 = Roundup(2050.69) = 2051 

Q6 =( / )J(2.1139xl0
6
)=10.31__!:_ 100 2051 day 

Layer 7 

R7 = l x 1020 assumed large resistance due to no losses to ambient 

Q7 =( ( l 20 )](2.1139x l0
6
)=0.00_.!::__ 

100 l x l0 day 

4.2 Analysis and Results 
The input parameters calculated in Section 4.1 were configured as text input decks for use by the 
Python 3.7 script provided in Appendix A3, which were executed on a Windows 10 workstation 
(S028540) to solve the governing equations defined in Section 3.1 The input decks and 
associated output files are provided in Appendix_ A.2 for the analysis cases. The analyses were 
set up to evaluate the air concentration due to infiltration from the ambient environment through 
the layers of confinement into the initially inerted innermost bag layer (Layer 1 ). [Note that the 
layer and node references in the input deck are script-specific and generally inverted from those 
presented in the main body of the report]. Table 1 and Figure 1 in Section 2.0 summarize the 
results of the primary evaluations for a) the inerted bag exposed to ambient air and b) the inerted 
inner bag placed within the defined layers of confinement to provide the air concentration as a 
function of time up to 90% air concentration. The duration of time to reach the minimum 

NCR-LANL-0285-21, REV. 1 
ATTACHMENT 3 Page 18 of 43 



22

Calculation Continuation Sheet 

L Document Title: 

Infiltrated Air Concentration Profile for an Inerted 4-mil Polyethylene Bag 
3. Document Number: 4. Document Revision: 5. Page; 

PLD-CAL-0003 0 18 of 42 

concentration thresholds of 10 to 90% (in increments of 10%) were summarized. The bag 
exposed directly to the ambient environment reached an air concentration of at least 90% in 89 
days whereas the bag within the drum layers of confinement required 236 days to achieve the 
same. 

In addition, a series of sensitivity studies on the assumed waste fill percentage of the inerted bag 
was also performed utilizing the same inputs but without Layers 2 thru 6 present in the system of 
equations (i.e., bag exposed to ambient air). The purpose of the sensitivity study was to evaluate 
the effects of air concentration on bags that were filled with waste at percentages which deviated 
from the assumed 25% fill. As shown in Appendix A 1, and as expected, the concentration of air 
within the initially inerted bag is hastened by a greater fill percentage, with the 25% fill 
considered a reasonably conservative lower-bound for the LANL waste drums under 
consideration. The assumed waste fill percentages of 1, 25, 50, 75, and 99% resulted in 118, 89, 
60, 30, and 2 days, respectively to achieve a minimum 90% air concentration. 

4.3 Summary and Conclusions 
The analyses described herein and associated results indicate that diffusion plus permeation air 
transport from the ambient environment through one or more layers of confinement into the 
initially inerted inner bag will occur within a time frame that is generally less than a year in 
duration. Particularly, neglecting the effects of pressure-induced flow present a'i a result of 
temperature fluctuations and barometric pressure changes tend to make the included calculations 
conservative in estimating the time duration to achieve air infiltration. 
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APPENDIX A 

A.1 Void Volume of Inner Bag Sensitivity Evaluation 
The time to achieve 90% air concentration in an initially inerted inner bag exposed to the 
ambient environment was evaluated for various assumed waste fill percentages to determine the 
sensitivity of results to this assumed parameter. As shown in Figure 2, the time duration to reach 
90% air concentration is very sensitive to the assumed percentage of waste fill of the inner bag. 
In the absence of specific waste fill data, the base case analysis selection of 25% is considered a 
reasonable general assumption. 
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Figure 2 - Waste Fill Sensitivity Results for Directly Exposed Bag 
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A.2 Computer Run Listings 

A.2.1 Bag (direct exposure) - 25% waste fill 
Input File: Bag_directi 

Bag (direct e xposu re) - 25% waste fill 
Tl,T2,R, e,nday, lconc,ltest, sta rt , end 
298 . 15,298.15,0.08206, 1 . 0,0, 90 , 2,2,0 
node , parent,descr,vvol , lqty,rfac,rqty,cg,xci 
l ,0,0UTSIDE, l . OE+7 , 1,1 . 0E+20,1,0 . 0000E+OO,l00.0 
2,1,TTIB,46.0l ,1,17712 .0, 1,0,0000E+OO,O.~ 

Output File: Bag_ direct.a 

Code: COBAA2.l for Python - executed@ 2021- 03-17 07:5B: 55.347202 

Tit.le: Bag (direct exposure) - 25% waste fill 

I ni tia l Conditions - as prescribed with outermost layer present (2) 

T r ansient Duration : 89 days to i ncrease above 90l in layer 2 

In_put Swnmary --- ----- ---- - - - ------
node par ent layer descrip tion vvol lqty rfac rqty 

1 0 l OUTSIDE le+07 1 le+20 l 
2 1 2 TTIB 

Resul ts SUJnma ry -------- ----------
node description xci 

1 OUTSIDE 100 . 000 
2 TTIB 0.000 

Run compl ete d (elapsed time) : 0:00 : 01.762114 

Network Map: 

1 

2 

46 1 

Xe XZ 
0.000 100.000 
0 . 000 90 . 060 

l . 77e +04 1 

pss 
i n f 
inf 
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cg 
0 
0 
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Transient Plot: 
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A.2.2 Bag (within 55-gal drum) - 25% waste fill 

Input File: Bag_indrum.i 

Bag (within 55- gal drum) - 25% waste fill 
Tl , T2 , R, P,nday,lconc,ltest , statt,end 
298.15, 298.15,0 . 08206,1.0,0,90,7, 2,0 
node,parent,descr,vvol,lqty,rfac,rqty,cg,xci 
l,0,0UTSIDE,l. OE+7, 1,l . OE+20,1,0.0000Et00 , 100.0 
2,1,SSGD,12,82 , 1,2051.0,1, 0.0000E+00,100 . 0 
3,2,RLH,18 . 07,l,747.0 , 1, 0 . 0000E+OO,lOO.O 
4,3,FDLB,16.43,1,3206.0,1,0.0000E+00,100.0 
5 ,4, TTDLB,96.79,1 , 12641.0,1,0.0000E+00, 100.0 
61 5,FIB,6 .14,l,3136. 0,1,0.0000E+00,100.0 
7,6,TTIB,46.0l,l,17712.0,1,0.0000E+OO,O.O 

Output File: Bag_indrum.o 

Code: COBRA2.l for Python - executed@ 2021-03- 17 13:31:53.310400 

Title: Bag (within 55-gal drum) - 25% wa.ste till 

Initial Conditions - as prescribed with outermost l ayer present (2) 

Transient Duration: 236 days to increase above 90i in l ayer 7 

Input Summary --~------------------
node parent layer description vvol lqt y rfa c 

1 0 1 OUTSIDE: le+07 l le+20 
2 1 2 SSGD 12.8 1 2 . 05e+03 
3 2 3 RLR 18 . 1 l 747 
4 3 4 FDLB 16 . 4 l 3.2le+03 
5 4 5 TTOLB 96 . 8 l l. 26e+04 
6 5 6 HB 6.14 1 3. 14e+03 

7 6 7 TTIB 46 1 l. 77e+04 

Results Summary - - --------- - --------
node description xci XC .,,2 pss 

l OUTSIDE 100.000 o. ooo· 100.000 inf 
2 SSGD 100.000 0.000 99.206 inf 
3 RLH 100.000 0.000 98.920 inf 
4 FDLB 100 . 000 0.000 97.709 i nf 
5 TTDLB 100 . 000 0.000 93 .085 inf 
6 FIB 100 . 000 0.000 92 . 590 i nf 
7 TTIB 0.000 0.000 90.047 inf 

Run completed (elapsed time): 0 : 00:03.265302 

Network Map: 

5. Page: 
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rqty cg 
l 0 
l 0 
1 0 
1 0 
1 0 
1 0 
1 0 
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Transient Plot: 

Bag (within 55-gal drum) - 25% waste fill 
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A.2.3 Bag (direct exposure) - Sensitivity with 1 % waste fill 
Input File: Sensitivity_l.i 
Bag [direct exposure) - Sensitivity with 1% waste fill 
Tl ,T2,R,P,nday,lconc ,l test,sta rt,end 
298.15,298.15,0.08206,l.0,0,90,2,2,0 
node,parent,descr,vvol, lqty,rfac,rqty, cg,xci 
l,0,0UTSIDE,l . OE+7,l,l . OE+20,l,0 . 0000E+00,100 . 0 
2,l,TTIB,60.74,1,17712 . 0,1,0.0000E+OO,O.O 

Output File: Sensitivity_} .o 
Code: COBRA2 . l tor Python - executed@ 2021-03-17 07:59:00.894972 

Title: Bag (direct exposure) - Sensitivity with 1% waste fill 

Initial conditions - as prescribed with outermost layer present 12) 

Transient Duration: 118 days to increase above 90% in layer 2 

Input summary 
node parent 

1 0 
2 1 

layer descri ption 
1 OUTSIDE 
2 TTIB 

Results Summary----------------
node description xci 

1 OUTSIDE 100.000 
2 TTIS 0.000 

Run completed (elapsed ti.me}; 0:00:00,835379 

Network Map: 

1 

l 

XC 
0.000 
0 . 000 

vvol lqty 
le+07 1 

60. 7 l 

:<Z 

99.999 
90 , 158 

rfac 
le+20 

1.77e+04 

pss 
inf 
inf 

rqcy 
1 
1 
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Transient Plot: 

Bag (direct exposure) .. Sensitivity with 1% waste fill 
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A.2.4 Bag (direct exposure) - Sensitivity with 50% waste fill 

Input File: Sensitivity _50.i 

Bag (direct exposure) - Sensitivity with 50% waste fill 
Tl,T2 , R,P,nday,lcon c , ltest, star t,end 
298.15,298.15, 0 . 08206,1.0, 0,90, 2, 2,0 
node,parent,descr, vvol,lqty,rfac , rqty, c g ,xci 
l,O,OUTSIDE, 1.0E+1 , l,l . OE~20, l , O. OOOOE+00,100.0 
2 , l , TTIB, 30.68 , 1,17712.0,l , O.OOOOE+OO,O . O 

Output File: Sensitivity _50.o 

Code: COBRA2.1 for Python - executed@ 2021 - 03- 17 07:59:02.651919 

Title: Bag (direct exposu_re) - Sensitivity with 50% wa s t e fill 

Initial Conditions - as prescribed with outermost layet: pcesent (2) 

Transient Duration: 60 days to increase above 90% in layer 2 

Input: summary 
node parent 

l 0 
2 1 

layer description 
1 OUTSIDE 
2 TTIB 

Results Summary----------------
node de$eription xci 

l OUTSIDE 100.000 
2 TTIB 0.000 

Run completed (elapsed time): 0:00:00.861170 

Network Map: 

1 

l 

)(C' 

0. 000 
0.000 

vvol lqty 
le+07 l 

30. 7 1 

)(2 

100.000 
90.309 

rfac 
le+20 

l.17e+04 

pss 
inf 
inf 

rqty 
1 
1 

PTOO 
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cg 
0 
0 
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Transient Plot: 

Bag (direct exposure) - Sensitivity with 50% waste fill 

100 

80 

-~ 0 

C: 
0 60 :p 
ltl .... .... 
C: 
Q) 
I.I 
C: 40 0 u 
.... 
~ 

20 

0 

0 

Transient Duration: 60 days to increase above 90% in layer 2 
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I. Document Title: 2. System Number: 

Infiltrated Air Concentration Profile for an Inerted 4-mil Polyethylene Bag 
3. DocumcntNumbcr: 4. Document Revision: 5. Page: 

PLD-CAL-0003 0 

A.2.5 Bag (direct exposure) - Sensitivity with 75% waste fill 
Input File: Sensitivity_75.i 
Bag (di rect exposure) - Sensitivity with 75% waste f ill 
Tl,T2,R,P, nday,lconc, ltest,start,end 
298.15,298 . 15 , 0 . 08206, l.0,0,90,2,2,0 
node,parent,descr,vvol,lqty,rfac,rqcy,cg,xci 
l,0,0UTSIDE,l . OE+7,l , 1.0E+20,l,O . OOOOE+00,100.0 
2,l,TTIB, 15.34, 1,17712.0 , 1,0.0000E+OO,O.O 

Output File: Sensitivity_75.o 
Code: COBRA2.1 for Python - executed@ 2021-03- 17 07 : 59:04 . 938941 

Title : Bag (direct exposure) - Sensitivity with 75% waste till 

Initial Conditions - as prescribed with outermost layer present (2) 

Transient Duration : 30 days to increase above 90% i~ layer 2 

I npu t Summary ---------------------~ 
node parent layer description vvol lqty 

1 0 1 OUTSIDE le+07 1 
rfac rqt.y 

le+20 1 
2 1 2 TTIB 15.3 1 1.77e-t04 1 

Results Summary----------------------
node description xci 

l OUTSIDE 100 . 000 
2 TTIB 0 .000 

Rlln completed (elapsed time): 0: 00 :.00, 882 689 

Network Map: 

1 

2 

XC JIZ 

0.000 100.000 
0 . 000 90.310 

pss 
inf 
inf 

PTOO 
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cg 
0 
0 
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Transient Plot: 

Bag (direct exposure) - Sensitivity with 75% waste fill 

100 

80 

~ 0 

C 
0 60 :.::; 
(0 ... ...., 
C 
QI 
u 
C 40 0 u ... 
~ 

20 
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0 
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A.2.6 Bag (direct exposure) - Sensitivity with 99% waste fill 

Input File: Sensitivity_99.i 
Bag (direct exposure) - Sensitivity wi th 99% waste fill 
Tl,T2 , R,P, nday, lconc,ltest,start,end 
298 .15,298.15,0 . 08206, 1.0, 0 , 90 , 2,2,0 
node,parent,descr,vvol,lqty,rfac,rqty,cg,xci 
l,O,OUTSIDE,l . OE+7 , l, l. OE+20,1,0 . 0000E+OO,JOO . O 
2,l,TTIB,0.61,1 , 17712 . 0,1,0.0000E+00,0.0 

Output File: Sensitivity _99.o 
Code: COBRA2.l f or Python - executed@ 2021-03- 17 07:59:06.767903 

Title ; Bag (direct expos u re ) - Sensitivity with 99% waste fill 

Initial Conditions - as prescribed with outermost :!.ayer present (2) 

Transient Dura tion: 2 days to increase above 90% i n layer 2 

Input Summary ---------------------
node parent layer description vvol lqty 

1 0 1 OUTSIDE le+07 1 
i::fec 

le+20 
2 1 2 TT!B 0.61 1 l .17e+04 

Results Summery ----------------------
node descri pti on xci 

1 OUTSIDE 100 . 000 
2 TTIB 0.000 

Run completed [elapsed time): 0:00: 00.B7B876 

Network Map: 

1 

l 

XC XZ 

0 .000 100.000 
0.000 98 . 002 

pss 
i n f 
inf 

cqty 
1 
1 

PTOO 
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cg 
0 
0 
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Transient Plot: 

Bag (direct exposure) - Sensit ivity with 99% waste fill 
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A.3 Python Script Listing 

1.mport: 1J::qpa!"$'! 
import. cat":!t .. :r.-.::: 
import. os 

import r.unp/ as ~9 
import. .::.c .p/. op,;. ... m. z~ 
from sc .. p'J lmpo:t't n"'>?:lri-1 '"' 

import n~:..;o:. ,;.; ~s nx 
import rn.,,:pLt ~b . pyplot a.s pl.t:. 
from doc;; import _ oc1l~~n-
frorn doo: . .51}:-~o import r.cr':~3 

def 

c11"":;-3r,e = ofno1:::i. .,_ 

dfo • op";!n (ou"r::1~>? , > 
for _ 1n :-~::ge ( , ."?'n ( rii:e-.,\1 )): 

0:0 . ... ·:- ..... ~ 1 $>:i1"<"!c.;-.• ( ... J + 
drc . -,~- • I) 

return 

t'1.n • np- . :'!!ro (1.n ... r ) 

fc•~t • np . :':!:O.i (nnil:-- l 
~z • np. -"3ros ( -.ml::, ) 

tor _ in !.' 1.rrn-? ( , n:.1.a:ri ) ! 

Cor in p1rg~ ( , r.nr...:n) : 
.1! ... ~y-H ( i] l a r.1; . 3:'n~% ( .. :iiy~_:-): 

J.f p;1r"!'n-. [ J ] == r.o,je r ~ J: 
r '-"- [ . I = nn [ - l + r. on I J I • 1.<I I - x t. I ) 

it 1- ~t l - l """"' n~ . ,UtJ/. { _-:1yo:.>: I : 

: ~ t - I = . 

for l 1.n :-"J:,.,;;e { ,nn1...:n ) : 
Cor , 1-n t'"'Jn:::J~ ( ,rn;~ ) : 

oest Available Copy 

2. System Number: 

PTOO 
5. Page: 
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PLD-CAL-0003 
if lsiy"!.r(i J != np.4miri(l.ay"!r>: 

il parent (iJ :=,,a node.Ij J: 
fou<(i J = (con{iJ •(x(iJ - >lj)) 

i'f ~aye.r;- l iJ = r11;1_an,in(1~yer): 
fou t I i J ~ <cc,n [ , I • c, [ 1 I ) 

tx =- c:::ggr • fin - fout 
return !x 

- :,!'"."' i?ib.i'S :.:-,c:.-.;,:-:1 • .:,,• .:-,_:: :;c·;~ 
- f:01.!-:. ;n-ls.> ! .r:.;::1:1:.n :_,:i.. ~ :· o: :wd-• 

4. Document Revision: 

0 

fj,. ~!;1.la~- ~c-:: :-c:- " ;,-':.ii i Cl!OS.; ::.;..:::._c:. : l ,1., . ~/~1.!". ~= i) r.e·fe-, ::.;::•~rl : :!g ; ::':.C•l.:l;d ~J~t':'!: ::.•_,-:,r:. 

f 1 n - np. Zet"os (nnum) 
faut "" np. ieros (nt1um) 
c~l:u:~:0 1:-t:to-... 
for 1. in range (O,noum>: 

for j 10 range ( 'l , onum) : 
iC layl'!r l1l ! - np.amax(layer): 

if p•:•ntlil = node l i ), 
r1n(11 = t!n(il ,- rcon(j]• C>l i l -x(1J)/vvoll1l 

if L,yerfi] = np.amax(layec ) :.. 
iinti l ~ o, 

~:~~,:-•;! ~i.i":- o·;:;.fio-..: 
for l in nmge 10 , nnum) : 

for j in r .ange (0 , nnUJn) : 
if l aye-r l i. ) I= np. a.min {l ay'!r) : 

if Pi=lr~nt{1] = notit?(j): 
tout [ ! )~ rconli J•(s(i J - <lj ])/vvol [ t) 

if layerflJ ai.i: np.arni.~ (1ay~ r ) : 
fou t U} :.:a rcon.( l l•(:.c( i J) /Vvol (1 l 

~~~~-=-~t-= r,ia..i~ .00 I3:1-:~.;: :.:i:r:.s 
;,:p - c-gg:-/vvol + fin - fo11t 
return xp 

:--~t~.r111i : .F.: .!i~ .... .t.d-,i-J-:-!a •-3- .:~:--t...i l:e>.6 ..... :i ~,11 st.u .:· ···~1:!!~ 1.l':Jt't. i} ~ ':l'U':.~:~c-.; ·: :-J:J•H r...Jr J.'!"'"1,3-?n.:-. 

l ~!: ::. = t;ut'!:.T.:03"; i.ayll!!' rre:s~;:- · g:,J ..J~"- tri:.• nd .:ow..:l • 1,.::,n=1 t:,:u : -: ~t~l->:'tt ·-l __ .,;_,1..:-lor:!I b-"J$'"!J 

5. Page: 

-:m :!:.Jt.r: co~ :: : : :or. 1 · - .;.=.:.;:;!I. r,~; hi,r_ ..=.u:--"!!'lf'IP3': 11'/~ !:", t -=- ,:-e!"!> ~:..J t..Jt ~: - 1-,_-~:.7, .; ;._ ::i."" c.!'.:.<='.:-r i c7~ 

if" star-: .==:a: 0 : 
,: ini t -= r.p. zero.s (hnum) 
:<c z np. zeto5 (nnulti) 
t mp!con :a. rccn (CJ 
t r.1pvvol = vvo l { Q) 
c-con(O] = l .. P.1::. 
vvol[O ) a: 1~"31-
ols:atos • ' 
.xc .1:. ! 00. -t-.::icipy , opt1mi: z"!.f..!lol ve(f-6s, ,-;inft . ~rgs-z,tnode, p a r ent., laye.t , cg:gi:-r rcon , nn(JID)) 
r-con{OJ ; tmpt"C<m 
vvol ( Ol ::a. cnu,vvcl 
:.d t1i t ..- xc/100. 

elsi!!: 
x ini l =- np. 1:P. rO:i (m10m) 
:<c "" np. zero,;; (nnum) 
1~ start . .. l: 

olstacus =- ·• 
else: 

olstatus ~ ·· 
xc = t fJ0 .111scipy. opt imi ze.fsol velf.:.s; x1 n i C - acg5"•lnode, pclc-eat 1 layer, cggr, rc¢n, J1n utn)) 

i-etu['h xc , ol1it.atus, :.cini t 

de.f :z ., _; i·. ( ifnam~): 
; 
➔ ~~.=.d ino•.P. t.?::lt:- ~,?j-::; :_~£ .:.p~.:::!' . ~J e:,1 ":'.-:: 1J:mr,a11: n ~ 

Y;;1!' t~i,;.l~-= : 
- fl 1.op!.!!;. fl l--! n r,i~-"!l""; 

- t!-;.le: use: -Gi-:"lr~s ~ •• :..;...-,.. .J:! ~\·iJ : ... ~-:-..r; 
- .T~• ._.. ':<!r."PO!"-il!':( 'v"".J !'!'IIO!.._..i ._O f3'::-ll.!:il ... "'!' ::-.~•·..,1 .. L:,.;~ ~-., .,i,L; 

- fl ::. ':i!l!lp<l!t~.,,~:-~ !~t {;1':1-- ~_; ,...~~:-io';.l-C~ ttJ " ,J.:. ,;.• 

- r:- = :.""1;;lf-"";::-~---·J:-':t :J~ :.-! . '"!Ii.;": !;J: .-.:-.a: •¥: 

- E ~ ,:;t~-=.iU!":. -'l::n' 
r:d!ly nwribe: :o' d~/~ eeq_u~j•.e-d : o: ·.::i:~ . .:.ri~' \':.·• •• J,.:·• ~•,:,- !t' . .. ~ .. :~ •. , .•·. --: •.t.·.e.,• .;j~::..-r .1-'!::• 

- 1:-~n= - ~Qnc.'~n1tra:1i:i!\ : , try .,E-!. :ts .s: ....... r ..:•r. ... --:.·.:J:· ~":!.' ·. !~:\..!-.-;-:,,. ! .!. 

- l i:~~ ~ l.-1.~·e: :- 'ti :- i"Vat ... .;:~ ·-:~': :-=-'"···::-":"': 1
1· _ -:,:1 '" 0

,::•. :,,;;.; .. ~;,1> 
- .H . .:.r: f;;,-;i :.c ! ~O.~ii-1 ::ar~,5; ~r:-. : n ~ .. ~-.a-: . ..Jn·i~~:c :· ~JP·~ -1 ... - 1:- ., . ;.·.-:1'.•,·-~·J',=; ·::i· , :. , .,~ ._,r.-. ;. , 

J , c•.Jr-:~?:::-.c:;·~ ~~!/~~ i-;nc:~dr ~ ,:- ~·.):; !;:' .:e-:..:. :~: 7 · .r'j~,~ ~----• 
la.;; -:c 1n:cl.::~:.~ ... '!•~':~-"='! ;'.l.i :,1n,J:•·: ,~: . .:: J'""~.~ _;:'.·•·-; . , ~ ";?:--.s·. 1J,! 

~•_:r,~:::,J-... • .~1_-c,l" p;;:o..;1~n1., 

·c, > ; .-"- :;,-e ,.f-e~>: C •.j '.c·,:,r.~ 

System Number; 

PTOO 
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- r,cJ!:! ~ : ~;:.:; c! ~ode n•mb,:r-5 -;. = ::,., :=,~.,;;;-. 

- 9.ac! e"'. '!'.:::: !ts-:. o: pil ;·en: r:ajf! ;;+..:.!'!J~l".:5 s-st:..:...-:~t-±:. .-.1:·_h ei'l .. ·h :i..>~1-: , i. ... t: , n.btl:rr-! 
- !aye-.: .., tLi" ct !ap!!.i num.c..-!r.i co~..i1::lrt.; <. ::i)::1 o·~· . .:..d~ in 11 • ~rl:a .Un::>s·., _ ~~r . ;::1,...· ~r,rc0..,.,~ . 

J'~s::: : = .i.::-!:q .:,eos.-:,! !bir:~ nc:i'l c-ha r~ ::.~: ~:.r.::.:., 1 ~-JY•••.i _; ~! t::'.'ln!i.n,;,m~a-. , ~:.·. ,l "' ) 1 nn'...:i-: 
- VV:;,~ ~ 1.0 :-:! · •oJ'.L.."ne f•.)~ r .':lde ll : J_j , "t?nUnl-~' 
- !~':\" ~ r:u::ic~-r -:::it dup h;-":! :1;. h .v,t-!> 01 ~on l 1:,.,<;:1ri.-;ri~ r~r, r.:>:!l!ni::e..-J by the ::;.iri-1 1 t "" r. , r"rr;:,-:! 
.. :!-J.t." = te..iJ,5~"1:lK--:' f -l~':o:. f-:;;r !~Cd-e, .;~e CH- tfl" ?i.lylc,Dd Ap9')1t:;b:< :._ i i ,,.. ·J, r.r...:.c.- i 
- t-;i:~ = .:tu~nr.H.y -ot ·rt'J.:- 13i:;:p.!1;;..d to no~~i -?,l1- s 1;11mb~.:. crl !llt.~ts/t,u'1cr-u1~.,, !~ J.,. r.n•..::rL- 1 
- .. g = c..i.-e. ,1oenc::-~~!•Jn 1-n-e ~ir:-': i n ~1c-h ncA.tc- ~:;ial/.~e!"• • l V, ~r1cm-"'i l 
- ;.,~ ~ 1:"!: !.<t; ::-onc:-~:i':.=-a•.l-:'l:'"i w:.t:h111 e.':i-:-h nodo:c., , i J =- ,, nmm.-!i 

l~.,,n--.:J'..n:p - •_!::::i,pt,t-s)l'J ·.;ut::rble :_o Jete!'mtn-'! 1~ c-ondl,.t..Jn 1.i i=-t'.::~: •~.J ;;,s .;;it S.i v~:-~ 
p~t.:~.3 - L-'t;J :~ Sp"!.-1:.i !~v"· l::cJ'tC J.~ t.J ci:_ ~r,t:~zp:..~t-'?'CI (;:, ~ ".:.:. i:-::.:-:~~:::!'.lt:.:.:1r, , • 

( i = op'!Q(i fname, ' · " ) 
tit l e = f .L roadl1ne (). r:Stri):J(" ' J 
sit.-.:. !1..t~a.dl1ri.1: o . .s t:.t"lp() • .sp lit. C 
.5l.2 ~ fi.t:ead l.u1eO .stcip () .split ( ' , ' ) 
Tl M float (s i~ [ OJ) 
T2 ~ t.toat (:Si:![1)) 
~ c floac 1s r z 1: 11 
P • tloat(s i2!31J 
nday 2 float: (5 i 2" t-t}) 
lconc:ttrip - str- (s i 2 { t )) 
if lconct.rnp [-1] = ·• ·1 

::-

lconc a t'loattlccnct,mp[ -;-1]) / 1t.o. 
per-css: a J 

else: 
le.one = f lo~t (.si2 (51 ) 
percss "- 0 

ltcst. ~ int(.s i2 ( :..l) 
sta c-t = int.(-!>i2(7l) 
end .. 1 n t ($12 ( 8 1) 

, delimiter~" 
. l 

data ~ np . loodt r.t U fnat11e, d type.~· 
node = np . arr~y ldata. (:., !>], dtype=· 
parent=, np.ar-ray(da.t --a{:,l ], dtype=' 
descr ..- np .ar.ray(dait.a (: , ;: J, dt_ype• ' 
vvo l "" np.at-r-.ay (data[:,J ], dtypl:!:;:::" ; 
lqty -= np. a.c r.ay fda la. (: , ~], dtyp~• · 

- . ) 

tfac c:, np . a rc:ay (dat~ (: , 5 ] 1 dtyp~,,._ 
t-qty -=- n_p _array(data[:, 01 , dtypc• · 
cg a np.c,tt"aY {d &1r.~[:, i J , dt.YP°'!'-" • 
lf :s~ar,: = Z : 

x c.i = np. aruy(dota[, , ? J, dcyp-.= 
1!ls1!: 

XCl 2 np • :"!.t'OS (len (nod@)) 
ti _clo:S~() 

') 
') 

r11turn t itle, 1'1 , t:,, R, P1 nd,,__y, l conc, lt.~.sr., ..sto r t , "!nd, nod~ 1 r:rar"?nt., d~sc..t., \"\·o1 1 lqty, \ 
rfac, rqty , cq, xci .- p~tcss 

- nu.;~: = :-:!C':~ !:j ! · -·~:-: tc.~- $ 0 3 :- .:!\ 

~ f.- •J t,c; ;')~ ;..;j.jO~l?J-~d p~!-?~:: :,.~.j~ -;~\<?~: j., ,s;:~-,..""!:: 

for 1 1n cdnge CO, nnum) ! 
if ne,de [ i ) """""nask: 

parans = par~nc-(1] 
roturn pa rans 

daf -•· "" -•E (nm.lm , p,are.lJ.t, nod~, n pa,r-, o fna,ae, plot.(la tfl : 

L1 -= :1-t.":' :--,1;:....-e.t:.~ ~~lct,.."'t;-,t·y i . :-!"", t "!"iJ tt.,f ~:-<tp:: , ,,:d µit>': 
, -•J! :.,;ab.1,zs :, 
- hd:.t, h:! ', .-: ~ ':9':°~-!L>:.1;-,. ':..;. .;---~:- ~ !d- ::'ll~ d . . ·1~ ~.:!-:::>: .. ~•i':~"n c.! nt:. 'V.:!i ~:,,;:. 9'?:<~:-.t:=: 

hds ; [l 
for f ..in rat1ge (O,nnum,: 

t mp ; [ ] 
k '2 -:, 
tor j 1n .-~ng~ (.:) ,nnuml: 

i.f panrnt [ j J .F.1. nodE:( l J : 
1-f k - 0 : 

trnp.append(parenc [ J l ) 
l mp. append Cr.ode [ j J ) 
t,: =-= .k +- l 

el.se : 

unp. append IMcd-. [J) J 
hds. <1,ppend ( t ,np) 

hd! = (c, !or '! i n hds 1.f '!] 

if- plotUaq ==- ' · o:c. plotClaq = · or p lottlag av 

tc =- open C" " , " •· , 
Lor I in tanqe (O,-np.tr-) ; 

t• . . wri t• <•tr (hdf!i}J {l:-1) .r~place(' ·· 1 • 
ft .close.() 
fhiopen (.. , · 1 
G • 11:< .re a d adjlist~ fh,cre~te us1l1g;a~u( . OLl.i"r~ph0 1 
~h.clOSi;t() - -

System Number: 

PTOO 
5. Page: 
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os.remove. C' · ' l 
nodechart • nx.nx aqt:aph.to agntp.1(G) 
nodec.har-t . layout t'· · · ) -
nodechart . dr.awlofnam.e + ". '} 

r11turn 

def , .. ~- !.' .. .., .· L 1 , ,. {1.fna.m"!), 

~ 

- ph~s~:-:;rr. "'" c:::u:1:~:-- .:c.:: num,;~:- :l: pr.as'!S .:~:"'I~~::-:'!.:: .:: p:-:.::to:-y ~::p~::. .: . l ·.? 

0 

- pha.s~!lli.g ... n~~ \..:i udic,:,Ot'.: wh~':hl.?: ~ulr..t_p!~ pr.~.,~-=> J:°'! r~;it.J1t~-:i .; ~ :-::,..·,, 

pha.sc!Lig -= '1 
p~~:S~UID, ::a 0 
ti • ope" (i tn~e , 
line -"" fi.r1?a.dlin11? () 
i f' l i ne(: ~) = •·. 

' ) 

phasefln~ = l 
phasenum = phasenu:n + 

fo - open C' ' + lfname. t 

whl l.e lln~: 
:tne = fi.rca dlinc-f) 
i£ lin~[,SJ = '' · 

fa. close() 
phasenum .. phas~num • 

♦ st.t fph-asenum), " ) 

to = open C" " • if name + 
else: 

+ st.t (phc1s~nurn), ', ·• ) 

lo.write ( I i ne-) 
lf" pha3'!fL,g :=.a.. 1 ! fo.clost:_:- 0 
t" L closa-0 
ret.u.rn phas~nurn, p h dsefldg 

def \ : 0 : 

,;:;i~ c--,~~I'"~ .:i : ~~c1-.s:-1:•.!! .:-=-::=-:;";: ~,:;::. .:.:'.:>.u dTr '= ~-:~:~.s:~~~- c-4 1 . d1.1r: 
;•,,.r: :.tll'!? : 
- "'- :,9.5 = l ~..>i. Of a t' 'liJm~n.~ ... 9a.53,e d t!".o:;,~ ~'W\lllArm ! !t'l-~ tn~J': 

- 1!~3!C:-! • ! O p -.: ... fil~ flC.l1'l~ 
- c :r.a~~:; ca:p11I'". f1 !-e •:.;.;!;~ 

- r.nu:r. ..,. t:O•Jnt ~r. =,uml;J<:?r .:it- :a.:, j f:!.ii 

- npar = i;-r,nn ~ o( 11umL~t ~:! 1Jn1:t1Jl! _~nt•~fl'..::,r 
- .:-c-r.•1 = ~on·~·'¼r..;1cn _ .. c.mH ~n~ t? :,m tri~l.t.":--~r ;,~ ._I-==~~-

·;io;::: -= q,:3 .;:~:--. '!!"ii: r.! •.:ir. !',;i.!:"! w! ... h!.!l '?:.er, r:::~..j·,:: L 1dty 1: 
- ;: .. n~'. - i ::it.i.~1 ;'?!'. C'-t:::.it1:'l.!>:". S- • :·:,: H-:"f-. :'lo--"'J~ ·J , 
- >:c • fi:10:l .it.-?ady- .i:::a~~ t;.:>n{;e!l1_r~l'.;.lV~.<:: i • f-,: ':!a-.:•:-- :u,J~ i • , ! - , :rnam-~ J 

fl.;_).J 'lpf.'ll~ •r : .m to 5~e,:)•'ly- ~~:,-:.:: 4-Hl'J -,:'" :ci, 
- ,1:::.i: ( :::: .p:,u:-_ -:~::-;":! 1-:ia_rt 1 ,., 

5. Page: 

- !"lci:)j'! • t:.nj.;, C:;/ :';c ~•i"4; .a• ~O!: , !a~ .. ': .', 1.. !! ~u~·f • .> •• • 2r .. _1 ":r.~~ -~=:.~.'•?:-::~·, ;:~: ._ :_ =or::'::l ... !.-,:. :r:~t 
- :;.~nrl -:IE flT'i.J~ :.1-:;ie ,~hri 
- t:m~ = ilr'!.JY J~!lntrHJ : l.m"= •.-:th cuq:.u:;. ; n.: cem-?n'; ndi:iy ... 
- ;.:p = der1 v~~1v~ -::,. t ;:z -:.t.":ti.$1.~r:: :cr1cen::.•:jtt?n.s ; ·~1t.h ? 4 -?-PF.cC-' t.o "'.ir;:e 1vr <='u:.:, n;:;t~ n nnll!n- 1: 
- ,,.z :sc ~.r~~eant ~n:e-ir:~~: ; f~n~ ' !!~ e:it!!. tt?d~~ J ~ :, . n~•z,-:.; :!.:ri£--
- ~1 •..;: ~ ~~rc~n: ::lf J1:r" .. ..!~·-..!:~--~ =--=31 i.:-~-=d t-', ;,: i a: :r.~ 1.:-:lf~ t.::"'~ 

!:r.ic·, .!rn;i:-: · ~ -:~~~or:t:. _; ·13~:.-,h .. e.s !'_C J ~!.~:"t\1!"', 'C rn~,,;::-·.m- :c.r .. - ~~:.!'~~ !..J•; u,<S-::,"'..,:-;: ;;s.· r; :I!: !tr.~-:-:' ~ui:~ 
fc t ~h""' l ~ye~ be i n g 1:. : ,3ck~d 

- ,en.;:U = U~p to in-!~!"-"~-r. ~n.l o~ tl~C'.t.!ln""/H..fl'l_g "iaJs 
- 1 :--p.:m ~rr~ ;· :.r!•:Je;,;; -1!,5~~:c;, :.~.;! <"'1 Jf'h ;.n";;" ! ~ ;,..Jf v~ncu · . .!.~H 
- ;-_rjW "" ,:;:,.! t·~::.:: d.a':~ :.,n-1 t:.r.:":l' a · . ..S ':.ii!· ·_ c- '." .! '~r 
- ~-:•.-;: = ,=!,J.!!~:~--- Ci ~~ ·):.;: -::--:~ 1i.:;.1,.! e.~::i :-.. : r _:;: 

~:-::.nc:~:-=' :i'lY'?!.· -~;-.;~r.·:-a· • .:.?r. -.~..;--
.. -:..1.m~ni..31:.o-r11 - co:,,..-ll ► e.nil!r:0:1 ~= T:1::-ie- r.~t ... ~:"J 
- -:-on ~hLH"'.l:: .=· - .::o:,-::~t"!~!a.-:.:v.: :>f t'OI\C"~rt .. t ll'" in:~ :l .:.s .. -:>: / 

- p~-:;..:.$ui:.: ~il'!. - p-::t..: st..L~~ ! :. ; -:= 
- m.:-:4:--"!!p - max1::-r.:r:: .lrH!'-L'"l: .:i : , ;_ •~;r:~:.1~:._ &~~ :>,n ..... i.-:;.:•:,..: 

~--:.: - ➔L.io! ·r~:i :.n 1 ~q :-71-•:.:>!"" ~n.':):- -:~~ ➔:-G~ :-~ ~ ~: .; o ; \.'-?-:-
- ~lcl'l - c":'l~r.1.·~·'l! ltH.~-=,i t-.1'.ic:1_ ~rr::>r ~-oi~~nn~e f a :- .lo-ln.:t~ 
- ~min - rr~il : n:;:r -;bq\ • . 1i ..... ·::::~ :i·."'!F- ":: '-lt' 1~ tv"'!: 
- -.i'!":l..,, - ::ts1 x 1r:-•~;;. ~c.5.:,.!·r .... • . .:..-:- '!. .=;', •Jt rtJ: :S-, t v ~r 

1~-!'l'. 1,1,1T"'!" rl.!"i ~L -. l;r.-=! 

now,. datetime.d'1Cettme.,now t) 

~~-3<.J •. )l';" .. -:"Ar,-J ~ :.r:-! ~! !_f': ;"i"!-~: ;! 

pars~ r "" argpa rs~. Argument.:P~l'ser <d~cdpc ion= · 
p.in::.e:r .add argument~' ' · , help-== · 
par-s~r. add- argum~nt.4' • ,.help• 
parser.add-argum~ntt' · ',hel~' 
parser .add argtJment ( · - · ., hel~-
patser , add-dFgument l ,help~ 
patse::_ndd argum.~nt l ' - ' , h~l~' 
p<Jt-st:.'Ladd-.argumtmt( " ' ,help· 
paCSec-~add - .a.r9um!'!nt ( - ' ,help• ' 
pai:-:;;er ... add .argument( '~ , • ·,help""' ' · 
ar.gs .., par$ ~r _par..::Jt!_args () 

' ) 
1 , requi re.d!::lTrue.) 

· , c~qlli r~d=T.rue) 

1 roquj red-=True) 
1

, r'!qui r;~d=Fa l.e.e.) 
, !"equ t r~d=Fals~) 

, r~qu i r~d=False) 
· , r eqUi red=Fa.lse) 

requ1 t'-!d•False) 
requi r etfaf"al.se.) 
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if.nam~ =- args ~i nput 
ofaalDP = args.outpuc 
plotflaq • arg.s.ptoLling 
1. f cirg.;.legend. - tfone: 

legendloc = o 
el.se~ 

le.gendloc • int(args.l.egend) 
mxsl:ep ,:a args.mxstep 
rtol cs- args. rtol 
atol = arg:s.-3tol 
t .min = t1rgs .t.1ain 
cmax = arg..s. tmax 
,;~~ i:;reJt:(tt.t.:>:t c;J.) '.tC-114- ba~~. ! o ?: :::-~:1"-":-1-,.~!·1 ~!.: . ....- .:p 
iC mY.St~p ~ Nona: 

11\X.:i!:.ep ::. O 
else: 

m.xstep ""' Lht (tn..:sl ep) 
i.f rtol .. None: 

rto.1,., l.490 1 J ~-;; 
else: 

r tol-.::: floa.tCr-toJ) 
if c1,it;ol Q£I Nono: 

atol • l.'19(,)1!-'!-3 
else: 

alol '=' tloa.t(al;oJ ) 
1. t tmin = None: 

tn,.in .la'. 0 
e.lsE!.: 

tmin -- float Ct.min ) 
i-f tma;c = None: 

tma,:. • O 
else: 

tmax :=c float ttm1n ) 

•~r;e.n rL~.:: f -::1- •,,,1-i~--!n,1 !~u:: t _; 
fo """ o_pen 1o fna;r.~, " . ·1

) 

d(i ::a. OJ:l"!:O (i (na:n'!, !• ' ' ) 

dto ""- op~ri(otnaqi.~, 1•-t1J 

Read -Jn·"' , i 1~ r o ;i':! "~!t1tn"" ~h,;as~ ·-Y?•.! 
pha;Senu:n, ph-asefl .ag -= phas1?filepr!!p(1fnam,e) 

if phas!!l lag = 0: 
p ha..senum ; ;l 

R~.;iJ in~•.1t ~r ::m c1.·~ fi l t: 
i.f pha.s'!ilaq - l: 

4. Document Revision: 

i.lpna.mc. = •1 " + i(namc. ,.. ·• . . 11 -t .:;tr ( phis.se-.;+1) 

0 

title, Tl, T2, ", ? 1 nOa.y., lOonC: , lr~~..3t , 3tar-t_, -3nd , nod.e 1 par"'!:nt., d~scc, vvol, lqt_y, 
r(<Jc, rqty, i;g 1 .zc:i, per-c~s = r-~adin{ifJJr.arnl!) 

else: 
title, Tl, T2, R, ?, uday, l e-one, l:.te-st, stilct, end, nod'!, par'!nt;, d'!scc, ... 1\"cl., lqt.y, 

rt.ac, -rqty, r.g, xei, pet..:.s.s =- ceadud l!nam~ ) 

::"•e'.e:rri.:. n"" tiur,h.e::- :if , :;...!e_;. ~:-;u ~r._..:1_~ !=-"" ! ... :::.:a 
n,num. ""' Lett ( nod~) 
npa~: l<!1'\(t1P-Uhi £;.U':!: (!)ar~nt))-! 

C'e•_e:::r.i ne; . 5 )'~!. ! o ,f~: .:, ;, ~ "id·. r:cd~ 
tmplayet a np. z-e-r-o.s (nnun,) 
f'or i in ra.ng'!.(O,r.n\.lll\)-; 

cask : nod~ (1 I 
while True: 

par"=tris ::=c !indpa:-h,a.sk, nm.1«1, nod!?, p,u-•.:nq 
i ! paran,s =¢, I): 

b4ealt 
nasl.. 5 parans 
trnp l ay'!'r I 1 ) :m t.lTlp lay~r [ i I + ! 

layer: = l:mp l ,jy~c • 1 

: •e t ern,::. :-,~ ~:-,::e;1, o: ; -::- ~.:- t "!..i: ~'/~: ';1"'".:;: .J:;;-__.~ :;!..:.:1 :-.F.. 1 

l co:,cts:t = lconc-
for i in range(01nnum) ; 

i!" layer(i.] ~ ltest~ 
lnum e1 i 

~ onv~!'.:, L'J!'l t~t" ;p.; g-:?ntt: ,,n . .:,,r: r~r.~.:s. (t~ CP ::t-.J ! , z; r_r;. 1./ tHy ift. t! 
convl -= R • T l - P.6400 / P 

-=-cr.\.""!:.s .:.. :-~ .:~~ :.~ : -?!15e. ;:a~ '!..ii ! ro!"" molt'.:.:.~ :/ .J-t~ ~ ... 'r_ 
convl = R • T:: • a-o,1r;o ? 

rcon = np • .:.er.os(nnum) 
for i .1. n tattq-t ( Cr,nttUm); 

if rfae(l ] - o . , 
tcon(1.J = 0. 
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else : 
re.on Ii l .::. C (! . / (lqt.y Ii] • r fac{ i 1 • ! 110. ) ) • r-qty,( i J) • conv2 

o!!rid C = I} 

whi le 'true : 

~c.n\0 :?:: t gas ·~~n£raT,ior. :at;~ ~!".O:.i f'll.~./;ie~ t--0 Llda.y ;;JP T1 
i:gg r = cg • convl 

C~ ~.:1;!c-":.! ..s:~~idy-5- i:"? :!';!-,:J.::.-~:-;-

0 

xc, olsc.atu5, x1n,t =- c:-~lc.s.s (:s:tan:, vvol, nod!:!, -parent, l~yer- , cggt, rcon, nmJm) 

ln!~l.l.i!Z~ ,.f:r,t?. "H!.-aU1~~ 
Uni,; ~ 0 . 
if" nday ~ il.: 

nday! = 1. 
else;: 

odayf. ;,: pday 
tend ca. nday':'. 

O\o·~ t...,·n .i:.~ i.~1:,;,,:;it "J:>:u:±!:i~n:;. ,;,: .::::>n.:::c::.:t:-,li r»rl'!! $-p~i;-,:1~ ,-:. ir.- t.'"!f,~: :: 5 1-:- ;::J:ar"- C:' 
:;i1':~l'{:..;i:, ph::1..se.--. tlt!"t·H~ us!nq, p:-P.:· .. ·1~1..~ r':J.t: ilr, d-1 •. r~r,.'i t!'!-!'~r . .:::or:,Jit.ton~ !I➔ . 0: 1 t .:,i. ,.,,nj:IUo~; 
s~': un',l¢l co!".'.l:.t.!:>:?3 (~:!" .,:::.:r:-!~.;l "'!~:;~. :.~ :nos'= i'!:I:. .1:r- .3_,.:; :.:alciu.:i.~ • .:..c-.," (:;;.:&-:.';" =- J 

if $ tar t = .:' and pha ser l.1g = 'J a nd ph,l,:i~ 0: 
.:dntt = .xcl/Plfi. 

if" star t - a a nd phas~f laq = O a nd phas~:s ...- o: 
:.cci .,_ xinLt • l00 . 

i f' ph,a;.sef l ag = I and phoJ::>':?S > ·') : 
-::-;ta~t = : 
xc1 ._ np. 2.~ r os Cnnum) 
! 0 1: i i n tange ( QI ttn\.ltn) = 

~ci!i J - x?. (nf\nal , il 
zi n i t :a "-Ci/~00 .. 

wh ile Tr u e: 
t.1me O np.linspace t tini:;. 1 cend, inc (ndayf + l ) ) 
XP a np.zer-os {nnum) 
X4 a lnt.egr-~te.odeint (.<pri,111e: 1 x.1nlt. 1 t1m~, \ 

arg.s ... {xp, node, par'?nt, vvo::., 1-!yer, cqg(, rccn., nn-um), 
m:t.st~p = m>:sr:ep , rr;:ol ~ c-tol, 1Jt-ol ,t.ol , hmin :::i:. t.mln, t,m;s.;.: 

X?. =. 100. *X? 

,~;i~-·•lca. ...... h:.o:,:: <t.1' 1',~ .! !'~r. ... -:i! 0:-3 :C" • ..;t,~:!:'i ... : - ~·.·c,,.: '"'f.i 1 d~ 1 ~:-::if:-,'! :::01~1.-e-ri-:r-.!.t~>r. ~i?~~ 
1.f ndayf <= l. ot nday Je 1,: 

1.E lt~5t. = 0 : 
cone,.;; l o_pe = x-z.(int (nday f> , O) - xz{int (ndayf )-1 , :>] 

itl S e !. 

cones lope c ..:zl int (nd.a.yt), lnum) - x~Unt (ndayf) - 1 , ln1Jm•] 
i f cones lo!>'? > C. and '!nd ( =at= a and percss ~ 1: 

l conc • xcl l nu.m]•Jconct.sr: 
il cones lop~ < 0. and endf a:z ,J a n d p'!cCss == 1 : 

l conc: ~ xc:{ LnumJ/lC!onci:st. 

~e•~~~1n-e. ;! ::o~tcn:.n . ..: . .:>r. J~ ~P':::"!°~:-i -'!d· :~:,·-•~ ~, • ..: 6:~d :)t -;h~ r'"lri:~""~:._; re-~..::-.~ .. _; ·.:.4! .L~ ;.:-:~c ,~~:.:~. 
U i.-t. =~n c~ -has !' ~?:h•:d ~he: .SP-?•"" ~: ;ei ~i-.J!J ~·c: . .:;: ;b;i.,;: 

it nday '-""' O. and ~lld == 0 : 
ll cuncslop,: > (j . : 

i .f xz l l n t:: (nd.ayf') , lnum) >;;, lconc.-: 
print. ( ' ' ) 
break 

if xcllnt.llD ] < 0.~99• lconc a..n d .start ..._.. I: 
pr-1.ot( ' 
break 

i..f xz t i n t (ndoyfJ , ln)Jm] > 1 _iJ{1.: • :.tc- l lnu.rnJ i;lind si:.art. :::.a l: 
p.i:1.nt.("' 

breilk 
i f conC"slop~ < Q-,: 

.i f xz [1nt {nddiyf) ,LnurnJ <J:I lconc:: 
pri n t ( " •> 
btea.k 

if :-i:c(tnumJ > l.001 • Lcottc and :St~rt-= i: 
pr i n t ( " 
b.r-ealc 

i f xi {int (ndayO, !.num I < 0. ?9°• :<c { lnum) and :St~rt 1: 
p1:1.nt ( " -
b.tell 

i.f nda..yf = nday-: 
pri n t I '" 
b r e ak 

ndayf ,_ :J.d,.yl -+ lUO. 
t end • m:iaYf' 

1.C r.d a,y = fl. and "md == 
print( " 
break: 

iC r.d~y fm 0.: 
break 

' ) 

' ) 

') 
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print(' ndoyfl 

:~-..~r:r-,:1,: ': l!f'I~ !L: ""'ht::";; ~~l-.;:.:.-c.•:~ :.t,~t!:.s ':..t;.f: ..!t:,>p ~o::-::::::.r.:.,:,r. 
i£nday= O ~: 

.f"or. J. .1.n raiHJetC, rnt(:)da yf)): 

l!Jse; 

.1.L co:ic.slop'! :,. Q_ and X.Z l i, l nu.-n.J > Leone: 
ttfl:i.al = i 
break 

el1.f conc5lope < U. and zz[ i , lnu.mJ < lconc: 
nfi:,al : 1 

b.re~k 
else: 

n final .. -1nt (r.dayt' J 

nfinal = in: (ndayt) 
print(" r:t i 11a:l I 

5. Page: 

0 40 of42 

C :J l•:Ut-€1:te '. !;::.:,-:;;;~r,r ""!':.":'.! -:::,.r\t'..,!'l":! ':i '_ :-:m Q.J ~ t-e:-:--·ml ~= s•e,,hi~/--.:n:a:.~ · t,~;~\.i ,t, .it:-1;--• :-..1r. ~,r~r.:.:..~ ··i,~·I 
iE .:Jtart == O: 

rrss ..a np. ieros (nnum) 
Cor J. in r.ange ( 1., nnuml : 

i..f concslopt! > O: 

else: 

p:ss ( i] .:.: (x z (nf inal, 1 J/xc [i 1) •I ()J 

e.11!' concslop1;t < O: 
pss f i 1 71!' {xc {l}/x-zlnfinal ,.i ]) ~ 10::, 

i! concslope >-=- Q: 
p-s.s ..._ (x:z (n final)/xc)•LO(,. 

if concslop~ < 0-: 
pss = (Xc/;.c z [ntinalJ) • 1ou . 

• .::.~ !Ji~ ;a:,:.. Q~~·1:-~- !O:", ! 1:~.:; 1;-1.:i !'!"3·H!"!C 

1.f" nday ~ a. or "?nd( t w .1 : 

break 
if nday t = 1) . a.nd encl ... V : 

bre.ak 
1.! ntfoy !:!IC C. and enci ,.,,_ !: 

lsc-a l ':!.;; lconc/x.::;(1:1l (n t1.:;aJ ) , l num) 
cg = cq • lsc:al<!. 
end( ""' end f t l 
p r int(.. • ~ 

:·:r!::!. !' ... .!> 'J;t.:. : ~ :...;i:_p·r_ : ii.r. 
iC phas~.s. > Y. : 

f"o.wr i'!4!'.{ 1 
• + 

else: 
to.write('' 

!o. writc,C" '"+-t;lt.l"!+ • ' ' ) 
fo.wdtetolstatus. • ' ' + ' l 

print(" • 
print('' 
pdnt(" 
pt-int('' 
i ! lt~,: = 0 : 

print<" 
print( '' 

el$e: 

··, nday) 
", s t act) 

l test) 
loooc) 

.. , ::.c:i. [1nt.{n t ~.na 1), '1 ), 
·• , xc(O] ) 

" , X?[ in':.Ct~t!nd l},lnnmJ> 
'' 1 xc{lnllml) 

., , n.final ) 

print( " 
print( '' 

pr.int.( '" 
pciht ( 1

' 
1
' end) 

' t str: fnowJ • 

iC ndi:IY - 0 ilC'Jd cone.slope> rJ and ~i(ntina1.,J no.n.) > lconc and @ttd = 0:. 
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Fry, David - NWP 

From: 
Sent: 
To: 

Papp, Michael John <: papp@lanl.gov> 
Wednesday, March 16, 2022 10:56 AM 
Fry, David • NWP; McCabe, Diana 

Subject: Containers Generated from an Inert Glovebox Evaluation 

WARNING - EXTERNAL EMAIL 

This message does not originate from a known WIPP email system. 
Use cau t ion if tbis message contains attachments, links or r eques t s 
for infor mation. 

Hi David, 

Containers 73442, 73611 , 73650, and 74382 were originally evaluated and conservatively NCR'd due to the 
presence of filter material generated in an inert glovebox environment (reference NCR-LANL-0289-21, R2). 
This was done in an effort to identify any waste containers with potential pyrophoric material after the filter 
sparking event at LANL on 02/26/2021 . Since that event, it has been determined the maximum time it would 
take for waste previously packaged in a drum to be exposed to at least 90% air is 236 days (i.e., at 236 days any 
potential pyrophoric materials are expected to have oxidized). The containers referenced above were packaged 
on 12/12/2018, 9/ 17/20 I 9, 3/ 12/2020, and 2/2 I /2020, respectively. Therefore, they have all exceeded the 236 
days and are acceptable to ship. Please let me know if you have any questions. 

Hi Diana, 

Please delete "Contains HEPA filters which may have been used in an operation that generated a prohibited 
waste form which could be trapped in the HEPA filter matrix" from the Special_lnfo column of containers 
73611 and 74382. 

Thank you. 

Michael J. Papp, CCP AKE 
Technical Specialists 
Nuclear Waste Partnership, LLC 
Contractor for the U. S. Department of Energy 
Office#: 303-254-7959 
Cell #: 303-994·6067 
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1.0 INTRODUCTION 
An energy release event at Los Alamos National Laboratory (LANL) on February 26, 2021, was 
experienced during a TRU waste drum loading process. The initial investigation conjectured that 
the event was initiated by breaching of a previously-inerted 4-mil polyethylene inner bag 
containing two HEPA filters laden with titanium and tantalum fume dust [Ref. I]. Potential 
further evaluation of the event may require estimation of the time required for atmospheric air to 
infiltrate the 4-mil polyethylene inner bag in order to assess the degree to which the bag waste 
contents may have been exposed to oxygen as an inert gas atmosphere was displaced. 

The time-dependent air concentration within the initially inerted 4-mil polyethylene inner bag, 
both for conditions of direct exposure to atmospheric conditions or when located within multiple 
layers of confinement initially containing air within a filtered 55-gallon TRU waste drum, can be 
detennined through the solution oftnass transport differential equations that model the transport 
of gases in the layer resistance network via diffilsion and permeation mechanisms [Ref. 2). 

NCR-LANL-0289-21. REV, 2 
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2.0 SUMMARY OF RESULTS 
A summary of the times to achieve a greater than I 0, 20, 30, 40, SO, 60, 70, 80, and 90 percent 
air concentration within an initially inerted 4-mil polyethylene inner bag subject to conditions of 
a) direct exposure to atmospheric conditions and b) when located within multiple layers of 
confinement initially containing air within a filtered 55-gallon TRU waste drum is given in Table 
I. Figure 1 provides the inner bag air concentration profiles for the two exposure conditions. 
The layer of confinement descriptions, modeling methodology, assumptions, and detailed 
modeling results are provided in Section 4.0. Additional solution sensitivity results associated 
with variable inner bag void volume assumptions for the directly exposed bag case are provided 
in Appendix A. I. 

Table 1 - Summary of Time to Greater Than 90% Air Concentration in Inner Bag 

Exposure Duration 
Exposure Condition (days) 

5 

9 

14 

20 

Bag (direct exposure) 27 

36 

47 

63 

89 

5 

1 I 

l8 

27 

Bag within 55-gal drum layers 38 

55 

83 

134 

236 

Air Concentration 
(%) 

12.164 

20.821 

30.452 

40.476 

- 50.359 

60.695 

70.452 

80.489 

90.060 

10.549 

20.910 

30.804 

40.838 

50.089 

60.066 

70.143 

80.106 

90.047 
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3.0 METHODOLOGY 

3.1 Method 
Following the AltMeth methodology defined in the CH-TRU Payload Appendix 3.10 [Ref. 2], 
the mass transport of air across serial layers of confinement via diffusion through the various 
closure types or filter vents and permeation through plastic bag layers are defined generally as 
follows for i = I, n layers: 

dX; = CBRT(86400sec)-Q,(x -X ) 
dt VP ' day V. 1 •+• 

I I 

dXi., = . ..9L(x.-x. )- Q; .. '(x -x. ) 
dt V. I 1+1 V. l+I 1+2 

l+I 1+1 

dXn = Q"-' (X -x )- Qn (x - V /0) 
dt V n-1 n V n jYn t i 

n n 

where: 

Cc = innermost layer gas generation rate (mole/sec) 

Qi = release rate of gas across layer i (liters/day) 

Vi = void volume inside layer i (liters) 

Xi = mole fraction of gas within the void space layer i (mf) 

p - pressure (atm) 

R = gas constant= 0.08206 atm-liter/mole-K 

T = temperature (K) 

This system of equations are solved simultaneously by numerical integration through the use of 
an ordinary differential equation (ODE) solver (Python Scipy ODEINT) to determine the 
transport of air from the ambient environment across the defined layers of confinement. 

Note that a more general form of the above equations are implemented in the Python script and 
solved numerically utilizing a nodal network model that allows for the solution of the mass 
balance as defined by the serial and/or parallel communication of gas between the interconnected 
nodes without the necessity to have the resistance factor and gas generation rate of parallel nodes 
identical. 
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ATTACHMENT 5 Page 10 of 44 



14

Calculation Continuation Sheet 

( _ 0ocU(llent TiUe: 

Infiltrated Air Concentration Profile for an lnerted 4-mil Polyethylene Bag 
r- System Numb~ 

PT00 
3. Document Number: 4. Document Revision: s_ Page: 

PLD-CAL-0003 0 9 of42 

3.2 Inputs 

3.2.1 Layers of Confinement 

The layers of confinement that are modeled are based on the two general cases defined (i.e., bag 
directly exposed to environment and bag within 55-gallon drum layers). Table 2 lists the 
prescribed layers of confinement and closure/filter attributes that were prescribed by Bush [Ref. 
3]. 

Table 2 - Layer of Confinement Descriptions 

Exposure 
Condition 

Bag (direct exposure) 

Bag within 55-gal 
drum layers 

Description 

Layer 1 (innermost layer): Inner bag (catch bag) is 4 mil LOPE with a 
size of 13" x 12" x 24" that is twist, tie, taped (TTT) before being 
removed from the inert (argon) box. This is moved into the drop box 
on a regular air box and will stay there until there is enough waste to 
perform a bag out. 

Layer I (innermost layer): Same as above. 

Layer 2: LANL SPVC filtered bag-out bag that is also TIT when it 
goes into the drum. This bag is assumed to be an inner bag with a 
filtration of l .075E-05 mol/s/mf, meeting the minimum requirement of 
the CH-TRAMPAC [Ref. 2 and 4]. 

Layer 3: A 5-mil liner bag (fold/tape) [Ref. 2 and 4]. 

Layer 4: A 12-mil filtered drum liner bag. This bag is assumed to 
have a filtration of I .075E-05 mol/s/mf, meeting the minimum 
requirement of the CH-TRAMPAC [Ref. 2 and 4]. 

Layer 5: A 90-mil rigid liner. This rigid liner is assumed to include a 
0.3-inch diameter hole in the rigid liner lid, meeting the minimum 
requirement of the CH-TRAMPAC [Ref. 2 and 4]. 

Layer 6: 55-gallon drum with a NucFil-019 filter. The NucFil-019 
filter has a minimum hydrogen diffusivity value of l .85E-05 mol/s/mf 
[Ref. 5]. 

NCR-LANL-0289~21 , REV. 2 
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3.3 Significant Assumptions 
The modeling assumptions used to implement solution of the governing equations defined in 
Section 3. 1 are as follows: 

I . The directly exposed bag or drum has been modeled inside a very large enclosure of air 
(i.e., outside). 

2. Only the innennost bag is initially purged of all air, and the remaining layers have a 
regular air atmosphere. 

3. Transport ignores pressure-induced flow from barometric pressure or diurnal temperature 
changes (i.e., diffusion and penneation are the only transport mechanisms modeled). 

4. Hydrogen diffusion-only resistance factors are taken from CH-TRU Payload Appendix 
2.2 [Ref. 2), with the liner bag closure diffusion equal to the inner bag closure diffusion. 
Hydrogen permeation release rates are calculated from INEL-95/121 equation 2 [Ref. 6]. 

5. Air diffusion release rate is proportional to hydrogen release rate (i.e., assumed 
proportional to the square root of the inverse ratio of molar masses per Graham's Law of 
Diffusion). 

6. Hydrogen penneation through polyethylene is given by CH-TRU Payload Appendix 6.13 
[Ref. 2], normalized via the methods of Van Krevelen [Ref. 7] to oxygen bounding dry 
air. 

7. Layer I (innermost layer) is assumed to be 25% full with a volume defined by its 
dimensions, the volume of Layer 2 is estimated to be I 0% larger than Layer I, and the 
volumes of Layers 3 and 4 are estimated as 10% progressively smaller than the rigid liner 
volume. 

8. All diffusion mass transport coefficients utilized are minimum values. For the purposes 
of deriving a minimum wait time for a given quantity of air to infiltrate the inner bag 
under the prescribed environmental conditions, this is a conservative modelling 
assumption. 

3.4 Acceptance Criteria 
There is no explicit acceptance criteria for this calculation report. 
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4.0 ANALYSIS 

4.1 Model Input Parameters 

4.1.1 Initial Conditions 
Initial conditions for the concentration of air within the inerted inner bag is zero, with any other 
layers non-inerted having an initial air concentration of I 00%. There is no air generation tenn 
within the inner layer of confinement, so Cg = 0. The simulation is conducted under ambient 
conditions of I atm pressure and 77 °F (298.15 K) utilizing an ideal gas constant 
R = 0.08206 (atm L)/(mol K). 

4.1.2 Diffusion and Permeation Coefficients and Physical Input 
Parameters 

Reference values for hydrogen diffusion in air and hydrogen penneation through low-density 
polyethylene bag layers are obtained from the CH-TRU Payload Appendix 2.2 in the form of 
resistance factors and from CH-TRU Payload Appendix 2.13 in the form of a hydrogen 
permeation coefficient [Ref. 2 and 4]. The hydrogen values are corrected to equivalent air 
release rates by two methods. To convert the resistance-based diffusion coefficient from a 
hydrogen basis to air basis, the diffusion release rates are correlated based on the molecular 
weight of hydrogen vs air by assuming they are proportional to the square root of the inverse 
ratio of the molar masses (Graham's Law). With the molecular weight of hydrogen= 2.01588 
g/mol and air= 28.9647 g/mol, the conversion factor is given as follows: 

I I 
OF'. = -== =-;:::::== = 3.79 

kl_alr JMWhl /2.0 I 588 

MWa;, 28.9647 

The hydrogen to air correction factor for penneation through low-density polyethylene is based 
on a comparison of established non-dimensional comparative permeability ratios for nitrogen = 
1, oxygen= 3.8, and hydrogen = 22.5 [Ref. 7]. To ensure a conservative permeation transport 
estimate with respect to oxygen, which is the oxidizing constituent of interest in air, selection of 
the oxygen permeability factor is utilized in comparison with the hydrogen permeability factor to 
result in the following hydrogen to air (oxygen) penneation coefficient correction factor: 

Pfh2 aor = 22.5 = 5.92 
- 3.8 

Hydrogen-based diffusion resistance factors for various twist and tape bag closures and various 
filter specifications are provided in CH-TRU Payload Appendix 2.2 [Ref. 2]. Because twist and 
tape inner bag closures were experimentally evaluated and corrected to isolate the release 
mechanism to only consider diffusion, inner bag resistance factors for twist and taped closures 
are applied to all applicable confinement layers (i.e., drum liner bags) employing that closure 
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method to obtain a diffusion-only resistance factor. The relevant hydrogen diffusion-only 
resistance factors are summarized in Table 3. 

Table 3 - Diffusion Resistance Factors 

Resistance Factor Layer Description 

17922 TTT inner bag closure 

931 I .075E-5 mol/s/mf bag filter 

197 0.3 in. hole in rigid liner 

541 I .85E-5 mol/s/mf bag filter 

Determination of the hydrogen release rate and associated resistance factors for permeation 
through bag layers is possible as a function of the bag surface area, bag thickness, gas pressure, 
and permeability coefficient [Ref. 6). The requisite volumes of the layers of confinement can be 
ascertained from the layers of confinement description of the size of the inner bag and the known 
fixed sizes of the drum and rigid liner. The confinement layers were previously provided in 
Table 2. 

The volume of the innermost inner bag (Layer 1) is calculated from the 4-mil inner bag 
dimensions along with the specified thickness as follows: 

IV1 = (13inx 12inx24in)( IL . )=6l.3SL 
61.0237in' 

( . )(2.54cm) xp1 ;-: 0.004m in = 0.010cm 

Assuming the nex.t layer (Layer 2) is I 0% larger to surround the previous inner layer, the volume 
of the filtered inner bag is calculated along with the assumed 5-mil standard bag thickness as 
follows: 

1V1 = (IV1)(t .1) = 67.49L 

( . )(2.54cm) xp2 = 0.005m in = 0.013cm 

The internal volume of a 55-gallon drum (Layer 6) has been previously established as follows 
[Ref. 8): 

TV6 =216L 

Using dimensional data for the rigid liner (Layer 5), its internal and external volume is given as 
follows (note that diffusion-only release through the lid hole is credited, not permeation through 
the liner body/lid or diffusion release at.the lid to body interface)[Ref. 91: 

lV5 = 198.77 L 

OV5 =203.18L 
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The 12-mil filtered liner bag (Layer 4) and the 5-mil twist and tape drum liner bag (Layer 3) are 
assumed to be progressively I 0% smaller than the next outer layer such that the volumes and 
specified penneation thicknesses are as follows: 

rv 
JV4 =-5 = 180.70L 

I.I 

x,p~ = 0.012in(
2

·
5
~cm)= 0.030cm 

ltn 

IV3 = rv4 = 164.27L 
1.1 

xp3 = 0.005in(
2
·
5
~cm) = 0.013cm 

Im 

With the volumes of each layer established, the surface area of bag layers can be determined 
through an assumption that each bag ta1ces on the shape of a stub-cylinder (diameter and length 
equal) and the void volumes within each layer can also be determined conservatively by ignoring 
interim layer waste components as follows, along with the corresponding characteristic diameter 
that correlates volume to surface area: 

Layer I 

( 4 ) "
3 

d1 = 7t IV, = 42.75cm 

V, = 0.75 TV1 = 46.0 IL inner bag assumed 25% full of waste 

3,r( )2 3 2 ap1 ;=2 d1 =861 I. 8cm 

Layer 2 

(
4 )") 

d2 = ;TV2 =44.13cm 

V
2 

= IV2 -IV, = 6.14 L bag thickness assumed sufficiently small to ignore 

ap2 = 
3

.1r (d2 )2 = 9176.30cm2 

2 

Layer 3 

( 4 ) "
3 

d3 -= 1t TV3 = 59.36cm 

V3 = IV3 -IV2 = 96. 78 L bag thickness assumed sufficiently small to ignore 

ap3 = 
3

1t (d3 )
2 = 16604.46cm2 

2 
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Layer4 

( 4 )"
3 

d 4 = tr TV4 = 61.28cm 

V4 = TV4 - lV3 = 16.43 L bag thickness assumed sufficiently small to ignore 

ap4 = J,r (d.}2 = I 7693.75cm 2 

2 

Layer 5 

V5 = 1V5 - rv. = t 8.07 L 

Layer 6 

V6 = IV6 -OVs = 12.82L 

Layer 7 

V7 = I xl07 L 

bag thickness assumed sufficiently small to ignore 

liner thickness incorporated due to 90-mil thickness 

assumed large exterior for ambient 

With the values established above. the penneation resistance factors for the plastic bag layers can 
be established, first for hydrogen release and later corrected for air release, and combined with 
the diffusion resistance factors in parallel (as applicable for the layer). The hydrogen penneation 
release rate {Qph2_bag) and resistance factor (Rph2_bag) for each bag layer is calculated from 
Leikhus [Ref. 6} using the established hydrogen permeation coefficient through polyethylene 
(8.60E-I O cm3 [STP] cm/cm2 s cm Hg) given in the CH-TRU Payload Appendix 6.13 [Ref. 2) as 
follows: 

Q hl =(4.46l36xto-s mol)(s.60xl0-10Cml [STP]cm)(ph11 ap), 
P _ba& cm3 cm2 s cmHg xp 

= 2_92 x 10_12 cm mot ap) 
cm2 s xp 

where 

P. =P(76cmHg) 
hg latm 

and 

R,,,_,.. -(IOOQ~,_J 
Utilizing the parameters and equations previousJy defined, the hydrogen diffusion and 
permeation resistance factors for each layer are determined below, converted to equivalent air 
resistance parameters, and then combined in parallel (where applicable) to result in a total air 
resistance factor. Finally, the air resistance factors (R) are converted to air release rates (Q) at 
the specified temperature and pressure conditions (2.1 I 39E6 {L/day)/(mol/s) at 77 °F and I atm). 
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Layer I 

Q = 2_92xl0_12 cmmolj 8611.38cm =2.4?xl0_6 tnol / l) 
phz_i cm2 s I, 0.010cm s 

R = ---,----....,..=404615 
( I J ph2_1 100(2.47x 10-6

) • 

Rpa;u = (5.92)(4046.15) = 23957.45 

Rdai,_l = (3.79)(17922) = 67934.23 

[ 
I l RL = Roundup = 17712 

(239;7.45)+(679;4.23) . 

Q,=·( ( I ))(2.l 139xl0
6
)=1.19~ 

I 00 17712 day 

Layer2 

Q = 2_92x 10_12 cm mot, 9176.31cm = 2_ 11 x 10--6 mol / 2) 
P"

2
-

2 cm2 s 1 0013cm s ' . 

R = ---,---....,.. = 4746.31 
( I J phl_l 100(2.l lx)0--6) 

Rpa;,_z = (5.92)(4746.31) = 28 I 03.18 

Rdair 2 = (3.79)(931) = 3529.00 

[ I l R 2 = Roundup --e-------,----,----e- =3136 

(2s1 ~3.1 s)+(3s2~.oo) 

Q2 = ( / ))(2.l 139x l0
6
)=6.74~ 

100 3136 day 

S. Page: 
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Layer 3 

Q hl 
3 
= 2_92 x 10_,2 cm mol I 6604. 73cm = 3_81 x 10-6 mo! / 2) 

P - cm2 s 1
, 0.013cm s 

Rp11 2 3 = ( ( I -6)] = 2622.97 
- 100 3.81 x l0 

Rpair_3 = (5.92)(2622.97) = 15530.72 

Rc!ai,_,1 = (3.79)(17922) = 67934.23 

[ 
I l R 3 = Roundup -,------=----=----=- = 12641 

( 155;0_72)+(679;4.23) 

Q3 =( ( I ))(2.1139xl0
6
)=1.67_..!:__ 

100 12641 day 

Layer 4 

Q ◄ =2_92x 10-12 cmmol117694.03cm =l.69x l0-<>mol / 2) 
phi_ cm2 s I, 0.030cm s 

R = ---,----~ = 5907 57 
( 

I ] 
phl_

4 !00(1.69x)0-6) • 

Rpai,_4 = (5.92)(5907.57) = 34979.02 

Rc!ai,_• = (3.79)(931) = 3529.00 

[ 
I l R 4 = Roundup = 3206 

c49;9,02) + (352~.oo) 

Q4 =( / ))(2.l 139xl0
6
)=6.59_..!:__ 

100 3206 day 

S. Page: 
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Layer 5 

Qph2_i:: 0 

Rpb2_5 = NIA 

assumed zero due to thickness of liner 

Rpair_S = NIA 

R.i.,r_s =(3.79)(197) =746.74 

R5 = Roundup(746.47) = 747 

Q5 =( (I ))(2.l l39xl0
6
)=28.30__!::_ 

100 747 day 

Layer6 

S. Page: 

Qph2_6 = O 

Rph2 6 = NIA 

assumed no permeation through drum gasket 

Rpai,_6 = NIA 

R,w,_6 =(3.79)(541)=2050.69 

R6 = Roundup(2050.69) =2051 

Q6 =( / ))(2.1139x I 0
6

) = 10.31_!:._ 
100 2051 day 

Layer 7 

17 of 42 

R7 =Ix 1020 assumed large resistance due to no losses to ambient 

Q1 =( ( I 20 ))(2.1139xl0
6
)=0.00_!:_ 

100 I x !O day 

4.2 Analysis and Results 
The input parameters calculated in Section 4.1 were configured as text input decks for use by the 
Python 3.7 script provided in Appendix A.3, which were executed on a Windows IO workstation 
(S028540) to solve the goveming·equations defined in Section 3.1 The input decks and 
associated output files are provided in Appendix A.2 for the analysis cases. The analyses were 
set up to evaluate the air concentration due to infiltration from the ambient environment through 
the layers of confinement into the initially inerted innermost bag layer (Layer 1 ). (Note that the 
layer and node references in the input deck are script-specific and generally inverted from those 
presented in the main body of the report]. Table I and Figure 1 in Section 2.0 summarize the 
results of the primary evaluations for a) the inerted bag exposed to ambient air and b) the inerted 
inner bag placed within the defined layers of confinement to provide the air concentration as a 
function of time up to 90% air concentration. The duration of time to reach the minimum 
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concentration thresholds of l Oto 90% (in increments of I 0%) were summarized. The bag 
exposed directly to the ambient environment reached an air concentration of at least 90% in 89 
days whereas the bag within the drum layers of confinement required 236 days to achieve the 
same. 

In addition, a series of sensitivity studies on the assumed waste fill percentage of the inerted bag 
was also performed utilizing the same inputs but without Layers 2 thru 6 present in the system of 
equations (i.e., bag exposed to ambient air). The purpose of the sensitivity study was to evaluate 
the effects of air concentration on bags that were filled with waste at percentages which deviated 
from the assumed 25% fill. As shown in Appendix A. I, and as expected, the concentration of air 
within the initially inerted bag is hastened by a greater fill percentage, with the 25% fill 
considered a reasonably conservative lower-bound for the LANL waste drums under 
consideration. The assumed waste fill percentages of l, 25, 50, 75, and 99% resulted in 118, 89, 
60, 30, and 2 days, respectively to achieve a minimum 90% air concentration. 

4.3 Summary and Conclusions 
The analyses described herein and associated results indicate that diffusion plus permeation air 
transport from the ambient environment through one or more layers of confinement into the 
initially inerted inner bag will occur within a time frame that is generally less than a year in 
duration. Particularly, neglecting the effects of pressure-induced flow present as a result of 
temperature fluctuations and barometric pressure changes tend to make the included calculations 
conservative in estimating the time duration to achieve air infiltration. 
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APPENDIX A 

A.1 Void Volume of Inner Bag Sensitivity Evaluation 
The time to achieve 90% air concentration in an initially inerted inner bag exposed to the 
ambient environment was evaluated for various assumed waste fill percentages to detennine the 
sensitivity of results to this assumed parameter. As shown in Figure 2, the time duration to reach 
90% air concentration is very sensitive to the assumed percentage of waste fill of the inner bag. 
In the absence of specific waste fill data, the base case analysis selection of25% is considered a 
reasonable general assumption. 
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Figure 2 - Waste Fill Sensitivity Results for Directly Exposed Bag 
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A.2 Computer Run Listings 

A.2.1 Bag (direct exposure) - 25% waste f ill 
Input File: Bag_direct.i 

Bag (direct exposure) - 25\ waste fill 
Tl,T2 1 R,P,nday,lconc,ltest,start,end 
298.15,298.15,0.08206,I.0,0,90,2,2,0 
node,parent,descr,vvol,lqty,rfac,rqty,cg,xci 
l,0,0UTSIDE,1.0E+7,1,1.0E+20,1,0.0000E+00,100.0 
2,1,TT1~1 46.0l,1,11112.0,l,O.OOOOE+OO,O.O 

Output File: Bag_direct.o 

Code: COBRA2.l for Python - executed@ 202 1-03-11 07:S8: S5.347202 

Title; Bag (direct exposure ) - 25\ waste fill 

Initial Conditions - as prescribed ~ith outermost layer ptesen~ (2) 

•rransient Duration: 89 days t o increase above 90% in l ayer 2 

Input· Summary ----------------
node parent layer description 

l O l OUTSIDE 
2 l 2 TTIB 

Results Summary ------------------
node description xci 

1 OUTSIDE 100 . 000 
2 TTIB 0 . 000 

Run completed (elapsed time): 0:00:01. 76211 4 

Network Map: 

1 

XC 

0.000 
0 . 000 

vvol. lqty 
let01 l 

46 1 

xz 
100.000 

90.060 

rfac rqcy 
1~20 l 

l. 77e+04 1 

pss 
i nf 
inf. 
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A.2.2 Bag {within 55-gal drum) - 25% waste fill 

Input File: Bag_indrum.i 

Bag (within 55-gal drum) - 25\ waste fill 
Tl,T2,R,P,nday,lconc,ltest,start,end 
298.15,298.15, 0 . 08206,l . 0,0,90,7,2,0 
node, parent,descr,vvol,lqty,rfac, r qty,cg,xci 
l,0,0UTSIDE,l.OE+7,1,l,OE+20,l,O.OOOOE+OO, l00.0 
2, l,55G0,12.82,l,2051.0,l,O.OOOOE+00,100.0 
J,2,RLH,18.07,1,747.0,1,0.0000E+00,100.0 
4,3,FOLB,16.43,1,32~6.01 1,0.0000EtOO,lOO.O 
5,4,TTOLB,96.79,1,12641.0,l,O.OOOOEtOO,lOO.O 
6,5,FIB,6.14,1,3136.0,l,O.OOOOE+00,100.0 
7,6,TTIB,46.0l,l,17712.0,1,0 . 0000E+00,0 . 0 

Output File: Bag_indrum.o 

Code: COBRA2.l for Python - executed~ 2021-03-17 13 : 31:53. 310400 

Title: Bag (within 55-gal drum) - 25\ waste fill 

I nitial Conditions - as prescribed with outermost layer present (2) 

Transient Duration: 236 days to increase above 90\ in layer 7 

Input Summary---------~----------
node parent layer description 

i O l OUTSIDE 
2 l 2 55GD 
3 2 3 RLH 
4 3 4 FOLB 
5 4 5 TTDLB 
6 5 6 FIB 
7 6 7 TTIB 

Results Summary---- - - --------------
node description xci 

l OUTSIDE 100.000 
2 55GO 100.000 
3 RLH 100.000 
4 FOLB 100. 000 
5 T'l'DLB 100.000 
6 Fia 100.000 
7 T'l'IB 0.000 

Run co~pleted (e l apsed time) ; 0:00; 03.265302 

Network Map: 

XC 
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0.000 
0.000 
0.000 
0.000 

vvol lqty rfac 
l e+07 l le+20 
12.8 l 2 . 05e+03 
18.l l 747 
16.4 l 3.21e+03 
96.8 l l.26e+04 
6 . 14 1 3.14e+03 

46 1 1. 77e+04 

Xl. pss 
100. 000 inf 

99 . 206 inf 
98.920 inf 
97.709 inf 
93.085 inf 
92 . 590 inf 
90.047 inf 

S. Page: 
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Transient Plot: 
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A.2.3 Bag (direct exposure) - Sensitivity with 1 % waste fill 

Input File: Sensitivity_ l .i 
Bag (direct exposure) - Sensitivity with 1\ waste fill 
Tl,T2,R,P,nday,lconc,lt:est,start,end 
298.15,298.15,0.08206,1.0,0,90,2,2,0 
node,pacent,descr, vvol,lqty,rfac,rqty,cg,xci 
l,O,OUTSIDE,1.0E+7,1,l.OE+20,l,0.0000E+00,100.0 
2,l,TTIB,60.74,l, 17712.01 1,0.0000E+00,0 . 0 

Output File: Sensitivity_l .o 
Code: COBR/\2.1 for Python - executed@ 2021-03-17 07:59:00.894972 

Title: Bag (direct exposure) - Sensitivity with 1% waste fill 

Initial Conditions - as prescribed with outermost layer present (2) 

Transient Duration: 118 days to increase above 90l in layer 2 

Input Summary-- -------------------
node parent: layer description 

1 0 l OUTSIDE 
vvol 

le+07 
lqty 

1 
rfac 

le+20 
2 1 2 TTIB 60.7 l 1. 77e+04 

Results Summary ----------------
node description xci l<C x-z pss 

l OUTSIDE 100.000 0.000 99.999 inf 
2 TTIB 0.000 0.000 90.156 inf 

Run completed (elapsed time) : 0 : 00:00 . 835379 

Network Map: 

1 

rqt y 
1 
1 

26 of42 

cg 
0 
0 

NCR-LANL-0289-21, REV. 2 
ATTACHMENT 5 Page 28 of 44 



32

Calculation Continuation Sheet 

I. Document Title: 2. System Number; 

Infiltrated Air Concentration Profile for an lnerted 4-mil Polyethylene Bag PTO0 
3. Document Number: 4. Document Revision: 5. Page: 

PLD-CAL-0003 0 27 of 42 

Transient Plot: 

Bag (direct exposure) - Sensitivity with 1 % waste fill 
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A.2.4 Bag (direct exposure) - Sensitivity with 50% waste fill 
Input File: Sensitivity_S0.i 
Bag (direct exposu_re) - Sensitivity with 50\ waste fill 
Tl,T2,R,P,nday,lconc,ltest,start,end 
298 . 15,298.15,0.08206,l.0,0,90,2,2,0 
node,parent,descr,vvol,lqty,rfac,rqty,cg,xci 
l,0,0UTSIOE,l.OE+7,1,l.OE+20,l,O.OOOOE+00,100.0 
2,l,TTIB,30.68,1,17712 .0,1,0.0000E+OO,O.O 

Output File: Sensitivity_S0.o 
Code: COBRA2.l for Python - ~ecuted@ 2021-03-17 07:59:02.651919 

Title: Bag (direct exposure) - Sensitivity with 50% waste fill 

Initial Conditions - as prescribed with outermost layer present (2) 

Transient Duration: 60 days to increase above 90% in layer 2 

Input Summary-------- ------ ----- ---
node parent layer desc r iption vvol lqty 

l O l OUTSIDE le+07 l 
rfac 

le+-20 
2 2 TTIB 30.7 l l. ??e+O~ 

Results Summary -~-------·--
node description xci XC xz pss 

l OUTSIDE lOQ.000 0.000 100.000 inf 
2 TTIB 0.000 0.000 90. 309 inf 

Run completed (elapsed time!: 0;00:00.867170 

Network Map; 
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A.2.5 Bag (direct exposure) - Sensitivity with 75% waste fill 

Input File: Sensitivity_75.i 
Bag (direct exposure) • Sensitivity with 75% waste fill 
T1,T2,R,P,nday,lconc,ltest,start,end 
298.15,298.15,0.08206,l.0,0,90,2,2,0 
node,patent,descr,vvol,lqty,rfac,rqty,cg,xci 
l, 0,00TS!DE, l .. OE1-i, 1, 1. OE+20, 1, 0. 0000Ef00, 100. 0 
2,1,TTIB,15.34,l,17712.0,l,O.OOOOE1-00,0 , 0 

Output File: Sensitivity_75.o 
Code: COBRA2.l for Python - executed @ 2021·0·3-17 07:59:04.938941 

Title: Bag (direct exposure) - Sensitivity with 751 waste fill 

Initial Conditions - as prescribed with outermost layer present (2) 

Transient Du.ration: 30 days to increase above 90% in layer 2 

Input Summary ------------------
node parent layer description 

l O l OUTSIDE 
vvol 

let07 
lqty 

1 
rfac 

le+20 
2 1 2 TTIB 15.3 1 1. 7ie+04 

Results Summary---------------------
node description xci XC KZ pss 

l OUTSIDE 100.000 0.000 100.000 inf 
2 TTIB 0.000 0 . 000 90.310 inf 

Run completed jelapsed time): 0:00:00.882689 

Network Map: 
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A.2.6 Bag (direct exposure) - Sensitivity with 99% waste fill 
Input File: Sensitivity_99.i 

Bag (direct exposure) - Sensitivity with 99\ waste fill 
Tl,T2,R,P,nday,lconc,ltest,start,end 
298.15,298.15,0.08206,l.0,0,90,2,2,0 
node,parent,descr,vvol,lqty,rfac,rqty,cg,xci 
l,0,0UTSIDE,l.OE+7,l,1.0E+20,l,O.OOOOE+00,100 . 0 
2,l,TTIB1 0.61,1,17712.0,1,0.0000E+OO,O.O 

Output rile: Sensitivily_99.o 
Code: COBRA2.l for Python - executed@ 2021-03-17 07:59:06.761903 

Title: Bag (direct exposure) - Sensi tivity with 99% waste fill 

Initial Conditions - as prescribed with outermost layer present (2) 

Transient Duration: 2 days to increase above 90% in Layer 2 

Input summary - ------------ --------
pode patent layer description 

1 0 1 OUTSIDE 
2 1 2 TTIB 

Results Summary----------------
node description xci 

L OUTSIDE 100.000 
2 TTIB 0.000 

vvol lqcy 
le+07 l 
0.61 1 

XC XZ 

0.000 100.000 
0.000 98.002 

Run completed (elapsed time): 0:00:00.878876 

Network Map: 
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Transient Plot: 

Bag (direct exposure) - Sensitivity with 99% waste fill 
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A.3 Python Script Listing 

1.mport. H jp,:1.rae 
.import d11:.et1r.;e 
.1.mport. 
l.lll.port .• .s 
.import n~"I' ~ a.s r.p 
unport ~ .... py .. -p ... rr 1. ::.•· 

fran . •P~ unport r1te:;tcJ":e 
.unport ni•t·,.,,od:x aa n:-: 
import r.'t,H~.~•tl1b . pypl t as plt 
f rem ::i:., l.tlport !' ur n t 
frc,:n j .-.. s~.:1:-e..i l.r.iport. :nr.hes 

def 

... : . .:,~• • v~:.J:-t" + 
:.!!o • upe~ ( ;,;.•n1:-e, 
for 1 1.n r:i:i.oc C lPn (tirr::ecsvJ } : 

1f' . ·~rite ( .\tll'!'..ecsv ( .i ) + 
Jtc. L ,;e () 
return 

t!r, • r.p . =ero:., lm,1:n) 
t 111 • np. =e-t ,s ( rinG.'!l ) 
f·< • nr,. :er s (nntw) 

for 1.n !: ].r.--;e- ( , t,r. .~) : 
f o r 1.n rdn J>? ( ,:'l.:'ll.L-) : 

l. f .j"•!? { . ] 1• :tF.'.U!","t.:< ( ::lJ'etJ : 
l. f" l'ller.t [ J ] - fa• 1~ [ 1 ] : 

f'~n [ i ] "" f _r\( l ) + t.:on ( } • ( '1: ( j J- ·.: ( i )) 
1! ,3yer { ) - np.ama:< ( . 1 ·,•:. ) : 

ttn ( : l • 

f o r 1.n r3:-:J~ ( , r,:-. .:.-,) : 
for 1.n r .1n ;• C , n::~~, : 

2. System Number: 
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def 

def 
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if •.t')·~r {i l •• np . .sr,-.~n ( !.J/•·r) : 
if po:er,: [ 1 ) - node [ l l : 

to·;• [ , ) • rcon [ l ) ' I [ 1)- <l l ll 
1.! lr~r [ 1J - r r . .irun ( lj,••-·: ) : 

!out [ l ] • rcon ( 1 ] • ( :< { 1 ) ) 
I ,Jr. 

r • - c:qcg .. t ln - t out 
retu.rn (x 

!in• nf.,.':,·ros {nnu~) 
fot!t. • np.:~11G {nnum) 

for i 1n r.inr;~• { , nnu."t', ) : 
for 1.n r,1ng"! C , nn:Jr.) : 

.1! • .J.y,.:: ( . J •· np.a::-.. H ( • .tro:::- } : 
.if p,3r,e,:,:_ [ , J - r.nJ'!' ( :. J : 

:in [ 1 J • f.n [ . J • , ·or, [ ) • l< [ Jl - .·. [ . 1) /•",ol [ 1 ) 
1.! ... '3/-eH t J - r:p.a.-.a:-: (:11::e: ) : 

r.n ( 1 I • 

for 1 1n .. 1:, !' ( ,nnun} : 
for ) .1. n r.1n1.1,.. ( ,nni.Jm) : 

1.C by"' r ( 1 1 t 2=: np.am1n (1 J'J•!r ) : 
1.f po r P.nr ( i ) - nod'? ( ) : 

::out[ i ] .. r-o.:.-n ( i J"' ( • ( 1 J- ( j I) / •.nol ( i ) 

1.! l<Jy,~r ( l ) - np.c.irr.in {l:;tr•-1 1) : 
tt1:.i· ( 1 ) • tcon ( i J• (:<(i l l / v 1, ( a.] 

x~ • -:J:Jr / ··w,.. + C .n - :-c1;• 
rat.urn xp 

1.f .. t,rt: 
:-:1:-i!t • np.=""t"'S (~n~-) 
>:i- • np. :•.!! (nn·1-':'!) 

'""''"•'· • « ' [ I •-p .. \.'O. • •·:--1 { J 
,. n [ I • • 
. ,,,,1 C I • 
jls:.n;s • 

n • 1 

0 

:-c,: • . • ~~1py . ::p:ir-.:.::'::".f1 l"•• (! s-; , ;anlt , .ar.ls• ( n ,!, , r1c:,:nl , tir-="r , c:::ig:-- , re n , nnwn)) 
rc,;;n { I - r.mpr :-0:1 

vvol ( I • crrp .. •101 

:dni l • ... ; / 

alsa: 
:-:1n1 t • np. ::er"'s ( r:1'~-:- J 

=- • r.p.: :.J ( :-.n'.lr.'1 ) 
1.! .;tar• -

Jh•· 1• :s • 
elaa: 

' -r eturn 

'1• •J'I • 

• 5 .• pj".ep-::.:--.:e.r.s~.s. •oa ( t.s 
~ :.Jt.; .. , x1:a: 

n , nn .. r- ) > 
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ENCLOSURE 2 

Response to the Request for Additional Information on 
Identified Containers in Fiscal Year 2022 Noncompliance 

Report

U.S. Department of Energy, Environmental Management, 
Los Alamos Field Office and Newport News Nuclear BWXT-

Los Alamos, LLC

Date: May 12, 2023

U.S. Department of Energy,

Environmental Management Los Alamos Field Office, and

Newport News Nuclear BWXT-Los Alamos, LLC



Response to Request for Additional Information Fiscal Year 2022 Nonconformance Report

Page 1 of 1 

EM-LA/ Newport News Nuclear BWXT Los Alamos (N3B)

Reference Container ID
Information provided to Central 

Characterization Project (CCP) for 
Close Out (Close Out Information)

CCP Acceptance or Approval of Close Out 
Information Reference Attachment

68273 Document C380 provided to CCP from 
N3B TRU Programs.

Closed NCR and email from Christina Poulos to 
David Fry concerning container status as it 
relates to BOK34 Addendum 1. 

C380 and
NCR-LANL-0343-21

68278 Document C380 provided to CCP from 
N3B TRU Programs.

Closed NCR and email from Christina Poulos to 
David Fry concerning container status as it 
relates to BOK34 Addendum 1. 

C380 and
NCR-LANL-0343-21

92536 Document M443 provided to CCP from 
N3B TRU Programs.

Closed NCR and BOK23 Addendum 32 serve as 
documentation of CCP’s approval.

Appropriate pages from M443 
and NCR-LANL-0050-22

92773 Document M443 provided to CCP from 
N3B TRU Programs.

Closed NCR and BOK23 Addendum 32 serve as 
documentation of CCP’s approval.

Appropriate pages from M443 
and NCR-LANL-0050-22
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T A-55 Information Release Form 

This form is to be completed and submitted to the Package for review must include: 
Records Management Coordinator with copies 
BEFORE you present or submit for release any 1. Copy of submission 
technical work. 

2. Completed TA-55 Information Release 
Form and Cover sheet on each submission 

3. Completed Records Submittal Form for 
AK-TA55-20-111 each submission submitted to RMDC. 

1. Author(s} name(s) 

Last First Middle 2# Group (or 
affiliation) 

Sheltoll St1:v1; 

2. Title of Article (in caps: speU out all symbols}: 

CJ80 - Emails RE: Containers with Rad-Release and Wastelock 770 Absorbent 

3. Type of Information: 4. Intended For: 

X Acceptable Knowledge (AK) reports. radioisotope data, and/or CCP & Public Release 
source documents -

D Other (Must be TA-55, specific): 5. Particulars: NONE 

I 
6. 2 number, Name and Phone of contact for notification of release I Mail Stop 

224089, Amy Johns, 575-302-8669 (cell) J962 

7. Typed/Printed Name of Derivative Classifier Signature t1d Date 

j~; 5t4M- 5 bv<-l~v'\ .>-t--_)7 _1,-U. . -u, ZD 

l5j1 Unclassified □ Unclassified, Limited 
Explain: 

8. T A-55 Public Release Official Signatur1l°1: !Iii-NPl-6 Authorized Reviewer - See Certified Signature 3 · l-0 --2/)zt> 
I 

9. Typed/Printed Name of Responsible Signature and Date 
Author/Requestor 

Amy Johns Dlq,tJ!IY signed oy A.-ny Jorot,, 

Amy Johns Date :1020,03 9 I l'29cl)/ -06'00 ' 

10. NPl-6 Group Leader Signature and Date: 
Rebecca Hollis REBECCA HOLLIS Digitally signed by REBECCA 

HOU.IS (Affiliate) 
(Affiliate) Date: 2020.03.271 l:48:08-06'00' 



AK-TA55-20-111 

• Frotn: Bridget Ams <bridgetams@alumni.nd.edu> 
Sent: Thursday, October 3, 2019 3:25 PM 
To: Shelton, Steven Scott <sshelton@lanl.goV>; Mike Papp <MJ_Papp@msn.com> 
Cc: Hollis, Rebecca Vincent <rhollis@lanl.gov>; Ellen Gammon <ellen.gammon@em
la.doe.gov> 
Subject: Re: LA-MHD01 BoK 

Steven, 

That Is very helpful. At that ratio, these containers are compliant with the BoK criteria. 

Thank you, 

Bridget Ams 
Technical Specialists, LLP/Nuclear Waste Partnership LLC 
Contractor for the U.S. Department of Energy 

On Thu, Oct 3 , 2019 at 3:08 PM Shelton, Steven Scott <sshelton@lanl.goV> wrote: 

Bridget-

After many interviews and some more investigation into the 4 containers with this Rad-Release 
and Wastelock 770 absorbent these are our findings. 

Hie Rad-Release II step 1 (acid with nitric acid) was sprayed into glovebox and then the Rad
Release II step 2 {base NaOH) was added after it to neutralize the pH at about 7. Then 3 cups 
of Waste lock 770 would be added to a i liter pool in the glovebox absorbing the majority of the 
spent rad-release solution. Some remaining liquid would be wiped up with Pig wipes (gray 
polypropylene). The ratio was actually 1.4: 1 to 2:i solution to absorbent. Since this decon 
operation would have been run multiple times using the same amounts, we have confidence in 
this ratio. These GB remediation would have been done in Dome 4 i 2, 231 and 375 with a date 
range of 9-30-i 3 to 4-2014. Please use this ratio with your BOK calculation of these containers 
and not the 100:1. 

Thank you and let me l<now if you have any other questions 

Steven S Shelton 
Hazardous Materials Management 
Nuclear Process Infrastructure (NPl-7) 
AK Specialists, ALDWP EMS POC and TA55 FOD RWMB POC 
Los Alamos National Laboratory 

From: Bridget Ams <brrdgetams@alumnl.nd.edu> 
Sent: Thursday, September 26, 2019 1 :09 PM 
To: Shelton, Steven Scott <;sshelton@lanl.goV> 
Subject: Re: LA-MHD01 BoK 

Accounting for them in what way? 

As far as their contribution to the oxidizing hazard, I have never taken them into account. I Just 
determine the most conservative dominant oxidizing chemical that could form - usually NaNO3 
but occasionally KNO3 - and base my calculations on that. For example, for LA-MHD03, nitric 

CCP RECORDS ORIGINAL 
DATE REC'D fJ'jl{ ., /;J..() ff/ 

r • 



acid wa,s Input to the waste, and Na, K, Mg, and Al were all available from neutralization 
agents. I calculated the concentration of ox1dizing chemical in the sorbent (in this case, both the 
amount of liquid and sorbent were known) for NaN03, KN03, Mg(N03)2, and Al(N03)3. KN03 
resulted in the highest concentration (by a very slight margin; they were all similar), so I used 
that in my calculations as the most conservative option. 

As far as whether they're covered by the BoK, most are; Table 4-1 of the BoK includes 
plutonium nitrate, cesium nitrate, uranyl nitrate, etc. 

Bridget Arns 
Technical SpeciaHsts, LLP/Nuclear Waste Partnership LLC 
Contractor for the U.S. Department of Energy 

On Thu, Sep 26, 2019 at 7:52 AM Shelton, Steven Scott <sshelton@lanl.goV> wrote: 

Bridget-

How are we accounting for radioisoptes that may be nitrated? 

Thanks for the information. I hope to have more specifics to you soon. 

Steven S Shelton 
Hazardous Materials Management 
Nuclear Process Infrastructure (NPl-7} 
AK Specialists, ALDWP EMS POC and TA55 FOD RWMB POC 
Los Alamos National Laboratory 
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CCP-QP-005, Rev. 27 
CCP TRU Nonconforming Item Reporting and Control 

Effective Date: 07/30/2020 
Page 36 of 48 

Attachment 1 - CCP Nonconformance Report (NCR) 

CCP NONCONFORMANCE REPORT (NCR) 
(Use NCR ConUnuallan. Attachment 3, ff necessaNJ 

NCR No. NCR-LANL-0343-21 Revision 0 
1. Lot No .. Heat No., or Serial No. (if 2. Process (e.g., NOA, NOE, VE, 3. Batch Data Report #{s): 

applicable): NIA Other): AK 
N/A 

4. Order/Work Order/Job Conttol Number 5. PO # (if applicable): N/A 
(If applicable): NfA Container #{s): 

68273 

6. Supplier (If applicable): NIA 68278 

DESCRIPTION OF NONCONFORMANCE 
7a. NCR Description: U < 100 nCi/g ~ Prohibited Item □ E-Flag 

D Receipt Inspection D Transportation 0WWIS/WDS D Other 

7b. Requirement(s) (Enter Implementing Procedure No., Revision, Section No., & Quoted Text): 

DOE/WIPP-17-3589, Revision 1, U.S. Department of Energy Carlsbad Field Office Basis of Knowledge fo Evaluating 
0 1<idi2ing Chemicals In TRU Waste 
Section 4.5.1, Engineered Organic Polymer Sorbents with Oxidizing Chemicals, "Table 4-3 lists the wt% of oxidizing 
chemicals allowed when well mixed in a tested EOPS. • 

CCP-TP-005, Rev. 32 CCP Acceptable Knowledge Documentation 
Section 4.16.12 "Place the containers that fail the BoK criteria and are listed on an Attachment 2 of the BoK on an NCR." 
7c. Actual Condition: 

Containers in Block 3 are rejected in BoK 34 Addendum 1 for containing EOPS used to absorb potential oxidizing liquid with 
a calculated weight percent above the maximum concentration allowed by the BoK. 

7d. Have the CCP HOLDT AGS associated with th1s NCR been applied? D(I YES LJ NO lfno is checked , explain: 

for lofil :J--5 ) ~~ n er 082-=J-B iM-cc.esitbl-e 

8. NCR Originator. 

j)~p~~ Priscilla Patterson 09/27/2021 
onnted name siQnalure dale 

9. Does the identified condition have the potential to impact AK? 
[ll_YES □ NO 0 INDETERMINATE lfYES or INDETERMINATE enter Trend Code Lin Block: 10. 

10. Trend Code: 
,_ 11. Responsible Manager: l ll l lJ1l Tu.f r.u--

12, Recurring Condition? □ YES IJLNO 13. Significant Condition? □ YES ~o 
(If Yes, list NCRs and WIPP Forms ): (If Yes, enter WIPP Form No.): 

14. QA Engineer or QA Designee 
validation: Kcx:h 

¥-at£ .@! ..:h1 q /;;._ -=r IOOJf eGe~ • • prlt\l.ed name- - dale 

CCP RECORDS ORIGINAL 

DATE REC'D QQ-~1.)3)-



CCP-QP-005, Rev. 27 
CCP TRU Nonconforming Item Reporting and Control 

Effective Date: 07/30/2020 
Page 37 of 48 

Attachment 1 -CCP Nonconformance Report (NCR) (Continued) 

NCR No. NCR-LANL-0343-21 Revision 0 
INTERIM DISPOSITION 

15a. Interim Disposition (Check Only One): 
0 NIA (See Final Disposition) 18] Hold 0 Conditionally Accept D Conditionally Use 

0 Sort D Reinspect or Retest D Remediate 

15b. Instructions for Completion of the Interim Disposition: 

The AKE will evaluate host site provided information and along with SPM determine a path forward . 

INTERIM DISPOSITION APPROVALS 
16a. Responsible Manager or Individual: 

~:z-~-Priscilla Patterson 09/27/2021 
printed name sJgnalure dale 

16b. QA Engineer or QA Designee: 

~~G~ tnht ~!~ qJ11/amJ 
COMPLETION OF INTERIM DISPOSITION 

17. Interim Disposition Complete - Responsible Manager or Individual: 

0(1\v l'J f v-y jrqy' \IU / 22 
prinled name siona,ture date 

18. Interim Disposition Verified - QA Engineer: 

~~le~~ ~~~ ;-;;"ature • ~ l -2,l,-;J.002 
date 



Controlled 
Copy CCP-QP-005 1 Rev. 27 

CCP TRU Nonconforming Item Reporting and Control 
Effective Date: 07/30/2020 

Page 38 of 48 

Attachment 1 -CCP Nonconformance Report (NCR) (Continued) 

NCR No. NCR-LANL-0343-21 Revision 0 

FINAL DISPOSITION 
19. Final Disposition (Check Only One: Use-As-ls, Repair, Reject, Rework, or Scrap): 

[X] Use-As-ls D Repa ir 
i 9a. Technical Justification - Required for Use-As-ls or Repair dTspositions. [ D N/A for Reject, Rework, or Scrap] 

The containers identified in Block 3 have been eva luated by the AKE, as demonstrated ln BoK34 Addendum 1 Based 
on the evaluation presented In BoK34 Addendum 1, the containers identified in Block 3 now have suffidenl Information 
to demonstrate they are compliant with the BoK criteria. 

--□ Reject □-- Rew ork O Scrap 
19b. Instructions for Completion - Required for Reject, Repair, Rework, or Scrap ( !81" NIA for Use-As.-ls] 

19c. Corrective Actions (Actions to Prevent Recurrence -For Repair or Rework, if applicable. 
[ [8J NIA if not applicable, and for Use-As-ls, Reject, and Scrap] 

FINAL DISPOSITION APPROVALS 
20. Responsible Manager or Individual: 

David Fry 
pnnted name 

21 QA Engineer or QA Designee: 

Ka¾~d(k~~ 
CLOSURE 

22. Final Disposition Complete - Responsible Manager or Individual: 

1/26/2022 
date 

nnled name 1 

£~ &v ((U/'2-,6µ_ 
si nature dale 

23. Attachments. \ . ~¾tbt~ ~ ~-rt)u;{ Tas A-ppUd 3, ~ till~ 
4, tit) {d ~ ovof)_ 

24a. HOLD TAG removal has been verified and reconciled for all nonconforming l1ems on the NCR: 
24b. If HOLD TAG is not appl icable , check: D and explain: 

25 



Controlled 
Copy CCP-QP-005, Rev. 28 

CCP TRU Nonconforming Item Reporting and Control 
Effective Date: 09/27/2021 

Page 35 of 47 

Attachment 1 - CCP Nonconformance Report (NCR) 

CCP NONCONFORMANCE REPORT (NCR) 
(Use NCR Continuation, Attachment 3, if necessary) 

NCR No. NCR-LANL-0050-22 Revision 0 
1. Lot No., Heat No., or Seria l No. (if 2. Process (e.g., NOA, NOE, VE, 3. Batch Data Report #(s): 

applicable): other): N/A 
N/A Other 

4. Order/Work Order/Job Control Number 5. PO# (if applicable) 
(if applicable)· 

N/A 
Container#(s): 

N/A 92536 (Overpack ID: LASB02173) 
6. Suppl ier (if applicable): 92773 (Overpack ID: LASB02149) NIA 

DESCRIPTION OF NONCONFORMANCE 
7a. NCR Description. 0 < 100 nCi/g 0 Proh ibited Item 0 E-Flag 

D Receipt Inspection D Transportation OWWIS/WDS [8] Other 

7b. Requ irement(s) (Enter Implementing Procedure No., Revision, Section No., & Quoted Text) : 

DOE/WIPP-02-3122 Transuran ic Waste Acceptance Criteria for the Waste Isolation Pilot Plan, Rev. 10, Section 
3.5.2 states in part, "Wastes exhibiting the characteristic of ignitability, corrosivity, or reactivity (EPA hazardous 
waste numbers of 0001 , D002, or D003) are not acceptable al the WIPP." 

7c. Actual Condition: 

During the AKA review of the containers in Block 3 it was found that they may contain unknown salts which 
could be nitrate salts, (0001 waste) . Containers in Block 3 were originally addressed in NCR-LANL-0461-19 . 

. 
7d. Have the CCP HOLD TAGS associated with this NCR been applied? 0 YES l,2S1 NO If no is checked, explain. 

u.se,<AS..-i s 1:>,s~o~d-.-o-n 

8. NCR Originator· 

PRISCILLA 
D1g1tally s,gned by PRISCILLA 
PATTERSON {Affiliol8) 

Priscilla Patterson PATTERSON (Aifi liale) ~~-~0~022 01 12 1.1 30 10 07/12/2022 
printed name signature date 

9, Does the identified cond ition have the potentia l to impact AK? (8] YES 0NO 0 INDETERMINATE If YES or INDETERMINATE, enter Trend Code Lin Block 10. 

10. Trend Code: L 
11 . Responsible 

Manaqer/lndividual : DAVID FRY 

12. Recurring Condition? □ YES [gj NO 13. Significant Condition? □ YES (8] NO 
(If Yes, list NC Rs and Issue Notices): Programmatic Condition? □ YES ~NO 

(If Yes, enter Issue Notice No.): 

14. QA Engineer or QA Designee 
validation: KATELYN 

Digllaliy s,gned by KIi TELYN 
GENTRY (Alfo,a101 

KATIE GENTRY GENTRY (Affiliate) ~~~0~022 o1 i2 t,1 ,13 55 07/12/2022 

printed name signature date 

CCP RECOR:;;;;~ 
DATEREC'D 
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Page 36 of 47 

Attachment 1 - CCP Nonconformance Report (NCR) (Continued) 

NCR No. NCR-LANL-0050-22 Revision 0 

INTERIM DISPOSITION 
15a, In terim Disposition (Check Only One): 

D NIA (See Final Disposition ) [81 Hold 

0 Sort 

0 Conditionally Accept 

D Reinspect or Retest 

D Conditionally Use 

D Remediate 

15b. Instructions for Completion of the Interim Disposition: 

AKE to evaluate host site information, and coordinate with SPM on a path forward . 

INTERIM DISPOSITION APPROVALS 
16a. Responsible Manager/lnd1vidual/SPM/VPM: 

Priscilla Patterson 
PRISCILLA 0 ,9 ,ta ys,gnl!d byPR!SCIUA 

PATTERSON (Af-filiale) ~~~~0
0~ 1~':~•:!35 .06-00, 07/1 2/2022 

printed name sfgnature date 

16b. QA Engineer or QA Designee: 

Katie Gentry 

pnnted name 

KATELYN 01g1tally s,gnl!d oyK/l fELYN 
GENTRY (Aff hate) 

GENTRY (Affiliate) oa,e 202207 12 14<A27-06'0<1' 

signature 

07/12/2022 

dale 

COMPLETION OF INTERIM DISPOSITION 
17. Interim Dispos ition Complete - Responsible Manager/l ndividual/SPM/VPM: 

Prisci lla Patterson 
PRISCILLA ~i~~R~~i~~,::~~fCILLA 07/12/2022 
PATTERSON (Affi liate) oa,e 2022 0112 1so, 22 -0&·00· 

printed name signature date 

18. Interim Dispos ition Verified - QA Engineer: 
KATELYN D1g,1a11y sgneocy KA [ELYN 

GENTRY (Aff1lla1e) 
KATIE GENTRY GENTRY (Affiliate) □ate 20220112 ,s 102a -aaw 07/12/2022 

prin ted name signature date 
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Attachment 1 - CCP Nonconformance Report (NCR) (Continued) 

NCR No. NCR-LANL-0050-22 Revision 0 

FINAL DISPOSITION 
19 Final DIspos1t1on (Check Only One Use-As-ls Repa ir Reject. Rework or Scrap) 

IBJ Use-As-ls D Repair 

19a Tecnnical Just1ficat1on - Requ ired for Use-As-ls or Repair d1spos1tIons [ D NIA ·or Reject Rework or Scrap] 

As evidenced in AKA01 Addendum 73 for LA-MH D0 1.001, the con tainers in Block 3 have 
been evaluated by the AKE and have been determined to be acceptable as they do not meet 
the definition of an oxidizer. 

--- -
0 ReIect D Rework D Scrap 

190 Instructions for Completion - Required for ReIect Repair, Rework or Scrao [ ~ NIA for Use-As-ls] 

,gz-c;r·r-ective·Actions- (Actions toPrevent .Recurreri"ce - For Re-pa1ror Rework 11 appl1cati1e- -

[ ~ NIA 1f not applicable . and for Use-As-ls Reiect. and Scrap] 

FINAL DISPOSITION APPROVALS 
20 Responsible Managerllnd1v1dual/SPMNPM 

Priscilla Patterson 

printed na111e 

P~L ~ 07/12/2022 
s,gnature date 

1-11.-2012. 
oale 

CLOSURE 
22 Fmal D1spos11ion Comple1e - Responsible Manager/lnd1v1duallSPMNPM 

23 Attachments l . D\..\-en.M ~ 1 na.O C.lO¥.i..,t-e. t:cc.u.YV\e.v-..~ DY\ 

l . Ke.far~ ~<nr.u..0 
24a HOLD TAG remova l has been verified and reconciled for all noncon·orrmng 11erns on !he NCR D 
24b If HOLD TAG IS not applicable chec~ ~ and explain ~Q.:e,LocJ:. °10 

25 Final Disposition Verified - NCR Closed QA Engineer 

~~- hrtt~-~ 
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