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NOTICE TO READERS 

This document, Revision 3 of the Transuranic Waste Baseline Inventory Report (TWBIR), has 
been prepared to document the transuranic (TRU) waste inventory data to be used in the Sandia 
National Laboratories/New Mexico (SNUNM) calculations for the Waste Isolation Pilot Plant’s 
(WIPP’s) performance assessment (PA). The TWBlR Revision 3, is comprised of previously 
published information found in Revision 2 of the TWBlR and supplemented with information and 
data that were specifically requested by the U.S. Department of Energy (DOE) Carlsbad Area 
Office (CAO) for the SNUNM PA calculations. 

The data contained in this document will also be used as the inventory basis for the WlPP 
Compliance Certification Application (CCA) to be submitted to the US. Environmental Protection 
Agency. The site information requested in the January 1996 data call has not been included in 
Revision 3. Future editions of the TWBlR will be identified by the year of data origin. 
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EXECUTIVE SUMMARY 

The Transuranic Waste Baseline lnventory Report (TWBIR) establishes a methodology for 
grouping wastes of similar physical and chemical properties from across the U.S. Department 
of Energy (DOE) transuranic (TRU) waste system into a series of "waste profiles" that can be 
used as the basis for waste form discussions with regulatory agencies. 

The purpose of Revisions 0 and 1 of this report was to provide data to be included in the Sandia 
National LaboratoriesINew Mexico (SNUNM) performance assessment (PA) processes for the 
Waste Isolation Pilot Plant (WIPP). Revision 2 of the document expanded the original purpose 
and was also intended to support the WIPP Land Withdrawal Act (LWA) requirement for 
providing the total DOE TRU waste inventory. The document included a chapter and an 
appendix that discussed the total DOE TRU waste inventory, including nondefense, commercial, 
polychlorinated biphenyls (PCB)-contaminated, and buried (predominately pre-1970) TRU wastes 
that are not planned to be disposed of at WIPP. 

Revision 3 of the TWBIR is based on the TWBIR Revision 2 data which are supplemented by 
data in several memaranda issued during early calendar year (CY) 1996. These memoranda 
summarize additional data requested by the U. S. Department of EnergyICarisbad Area Office 
(DOEICAO) to support the SNUNM PA modeling. The primary purpose of Revision 3 is to 
provide the summary data from TWBIR Revision 2 and the supplemental information used by 
SNUNM in the development of the Compliance Certification Application (CCA) to be delivered 
to the Environmental Protection Agency (EPA), and to support the LWA (Public Law, 1992b). 
The supplemental information was generated from specific data requests to the TRU waste sites 
since the publication of Revision 2. The supplemental data discussed in detail in Chapter 3 and 
Appendices A and B are listed below: 

Radionuclide data in support of the Compliance Certification Application. 

Estimate of complexing agents in TRU solidified waste forms scheduled for disposal in 
WIPP. 

Estimate for SNUNM PA calculations of nitrate, sulfate, and phosphate content in 
transuranic solidified wastes destined for disposal in WIPP. 

Estimate of cement content in TRU solidified waste forms scheduled for disposal in 
WIPP. 

Revision 2 of the TWBIR included both the TRU waste that is allowed to be disposed of in WIPP 
and the DOE TRU waste that is not currently allowed to be disposed of in WIPP (Public Law, 
1992b). Because the primary purpose of this Revision 3 TWBIR is to support the CCA and PA, 
it includes only the DOE TRU waste that is currently allowed to be disposed of in WIPP. 

Revision 3 of the TWBIR is different from previous revisions in that it provides the TRU waste 
inventory information developed for Revision 2 along with supplemental data. It is necessary for 
the reader to be familiar with Revision 2 of the TWBIR to understand this TWBIR Revision 3 
document. Much of the TWBIR Revision 2 information is referenced, rather than repeated, in 
this document, resulting in an abbreviated document. Revision 3 of the TWBIR consists of one 
volume having five chapters and four appendices. There is not a new electronic database for 

ES - 1 
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TWBIR Revision 3 because the data in the Revision 2 database are unchanged; therefore new 
database diskettes are not being published with this document. 

The WlPP anticipated (stored and projected) inventory of TRU waste is defined as the sum of 
retrievably stored waste plus currently projected TRU waste volumes. Current projections do not 
include waste generated as a result of future environmental restoration (ER) and 
decontamination and decommissioning (D&D) activities and have only been developed over a 
25 year period, consequently the anticipated inventory for CH-TRU waste is not sufficient to fill 
the maximum CH-TRU disposal inventory for WlPP (calculated to be approximately 168,500 
cubic meters or 5,950,000 cubic feet). Scaling has been developed as a means for SNUNM to 
model the impacts of a full repository. Scaling has not been applied to the RH-TRU inventory 
since the sites have reported sufficient RH-TRU waste to fill the RH-TRU disposal inventory 
(approximately 7,080 cubic meters or 250,000 cubic feet). 

The TWBlR also estimates the WlPP disposal inventory in terms of 12 waste material 
parameters and additional packaging materials that have been identified by SNUNM as 
necessary for PA. The 12 waste material pafameters and additional packaging materials are 
constituents of TRU waste and are input parameters for one or more PA models or are required 
to adequately describe the waste form. 

The 12 waste material parameters and additional packaging materials are listed below: 

Waste Material Parameters 
Iron-base metal/alloys 
Aluminum-base metal/alloys 
Other metal/alloys 
Other inorganic materials 
Vitrified 
Cellulosics 
Rubber 
Plastics 
Solidified inorganic material 
Solidified organic material 
Cement (solidified) 
Soils 

Packaging Materials - Steel - Plastic - Lead (for RH-TRU waste only) 

The waste material parameters are expressed on a weightlvolume (kilograms per cubic meter) 
basis. The occurrence of more than one waste material parameter at the maximum value within 
a waste stream is highly unlikely. If required by PA calculations, the sampling statistics must be 
controlled so that several waste material parameters do not get sampled all at their maximum 
value (weightholume), thereby exceeding the average weightkolume. 

Attached to this Executive Summary are several summary tables from the body of the TWBlR 
Revision 3 which are frequently requested by TWBlR users: 

E S - 2  
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Table ES-1. WlPP CH-TRU' Waste Material Parameter Disposal Inventory 

Table ES-2. WlPP RH-TRU Waste Material Parameter Disposal Inventory 

Table ES-3. WIPP CH-TRU Waste Anticipated inventory by Site 

Table ES-4. WlPP RH-TRU Waste Anticipated Inventory by Site 

Table ES-5. Summary Radionuclide Inventory 

E S - 3  
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Table ES-1. WlPP CH-TRU Waste Material Parameter Disposal Inventory* 

Waste Material Panmaen CKp/m31 

Iron B w  MetluAlloys 

Aluminum Base Mctal/AUoys 

Other Metal/AUoys 

Other Inorganic Materiala 

Vitrified 

Ce!lIulosics 

Rubber 

Pipstics 

Solidified Inorganic Materill 

Solidifed Organic Material 

Cement (Solidifkd) 

soils 

Container Materials - Kg/m3 

steel 

Pipstid Linen 

2 6 E 9 3  

8 . 0 E 9 2  

1 . 6 E 9 3  

1 . 4 E 9 3  

2 5 E 9 3  

9.6E+02 

6 . 3 E 9 2  

89E+02 

1 .e93 

1.2E93 

1 . 6 E 9 3  

6.7E91 

3.1 EM1 

5 . 5 E 9 1  

5.4EM1 

1.OEMl 

3.4E91 

. 5.4EM1 

5 . 6 E 9 0  

5.OE91 

4.4E91 

139 

26 

* This table is identical to Table ES-1 of TWBlR Revision 2, page ES-4 (DOE, 1995~). 
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Minimum 

0.OE90 

O.OE90 

0 .OE90 

O.OE90 

0 .OE90 

0 .OE90 

0 .OE90 

0.0e- 

0.OE40 

O.OE9D 

O.OE90 

O.OE90 
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Table ES-2. WlPP RH-TRU Waste Material Parameter Disposal Inventory* 

Waste Material Parameters Wdm3 Maximum Averwe Minimum 

Iron Base MWAlloys 1 .?E93 1 . O E 9 2  O.OE40 

Aluminum Base MeWAlIoys 1 . 7 E 9 2  . 7 . 1 E 4 0  O.OE40 

Other MWAHoys 9.1 E 4 2  2 5 E 9 2  O . O E 4 0  

Other Inorganic Materials 2 0 E 9 3  6 . 4 E 4 1  O.OE40 

Vitrified 25E93  4 . 7 E 4 0  O.OE40 

Cellulosics 5.7E92 1 . 7 E 4 1  O.OE40 

Rubber 4 . 4 E 9 2  3 3 E 4 0  O.OE40 

Plastics 6 . 2 E 9 2  1 S E 9 1  O.OE+W 

Solidified Inorganic Material 6.1 E 9 2  .E91 O . O E 4 0  

Solidified Organic Material 

cement (Soliaired) 

soils 

Container Materials - K g h 3  

Stwl 

PlaStic/Lmen 

Lead 

Steel Plug 

8.1 E 9 2  9.3E-01 0.OE40 

O.OE40 5 . 8 E 9 2  1 . 9 E 9 1  

2 4 E 9 1  1 .OE- 0.OE40 

446 

3.1 

465 

21 45 

*This table is identical to Table ES-2 of TWBlR Revision 2. page ES-5 (DOE, 1995~). 
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Table ES-3. WlPP CH-TRU Waste Anticipated Inventory By Site* 

(Cubic Meters) 

StoragdGencrator Site Stoml Projetted Anticipated 
VO~UmM Volumes Volumes 

Ams Laboratory - Iowa state univ. 
Argonne National Laboratory - East 
Batis Atomic P m r  Laboratory 
Energy Technology EnginFxing Center 
Hauford (Richland) Site 
Idaho National Engineering Laboratory 
Lawrence Livemorc National Laboratoxy 
Los Alamos National Laboratory 
Mound Plant 
Nevada Tcst Site 
Oak Ridge National Laboratory 
Paducah Gaseous Diffusion Plant 
PantCxPlant 
Rocky Flats Environmental Technology Site 
Sandia National Laboratory - Albuquerque 
savannah River Site 
Tclcdpc Brown Engineering 
U.S. Army Material Commnnd 
University ofMissouri Research Rcactor 

ArgOMe National Laboratory - West 

O.OE+OO 
l.lE+01 
6.5E+OO 
0.OEW 
1.7E+OO 
1.2E+04 
2.9E+04 
2.3EM2 
l.lE+04 
2.7EM2 
6.2E+02 
1.3EM3 
O.OE+OO 
6.2E-01 
7. IE+02 
6.7E+OO . 
2.9E+03 
2.1E-01 
2.5EW 
2.1E-01 

4.2E-01 
1.3EM2 
7.4Ei-02 
1.2E+02 
O.OE+OO 
3.3E+04 
O.OE+OO 
7.1EM2 
7.4EM3 
O.OE+OO 
9.OE+OO 
2.&+02 
1.9E+OO 
O.OE+OO 
4.4E+03 
7.5E+OO 
6.8E+03 
O.OE+OO 
O.OE+OO 
8.3E-01 

4.2E-01 
1.4E+02 
7.5EM2 
1.2EM2 
1.7E+OO 
4.6Em 
2.9E+04 
9.4EM2 
1.8EM4 
2.7E+02 
6.3E+02 
1.6EM3 
1.9E+OO 
6.2E-01 
5.1E+03 
1.4E+01 
9.fm-03 
2.1E-01 
2.5E+OO 
1.OE-I-O 

Total CH Volumes 5.8EiQ4 5.4EiM l.lE+OS 

*This table is identical to Table ES-3 of TWBlR Revision 2. page ES-6 (DOE, 1995~). 
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Table ES-4. WlPP RH-TRU Waste Anticipated Inventory By Site* 

(Cubic Meters) 

StongdGeoerator Site Stored Projected Anticipated 
Volumes Volumes Volumes 

@ O M C  National L a b o ~ t O ~  - west 1.9E+01 1.3Ei-03 1.3Ei-03 
Baltclle Columbus Laboratories 5.8EUI2 O.OEUt0 5.8Ei-02 
Bettis Atomic Power Laboratory O.OE+OO 6.7EUt0 6.7E+OO 
Energy Technology Engineering Ctntcr 8.9E-01 0.0EW 8.9E-01 
Hanford (Richland) Site 2.0E+02 2.2E04 2.2Ei-04 
Idaho National Engineering Laboratory 2.2E+02 O.OE+OO 2.2Ei-02 
Los Alamos National Laboratory 9.4Ei-0 1 9.9E+O1 1.9Ei-02 
WRidge National Laboratory 2.5EUI3 4.5E4-02 2.9Ei-03 

Tatal RH Volumes . 3.6EH3 23EW x7E+04 

TOW TRU Waste Volumes 6.2E+04 7.7E+04 1.4E+iK 

*This table is identical to Table ES4 of TWBIR Revision 2, page ES-7 (DOE, 1995~). 
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~ ~ 

Am241 

Bal37m 

Cm244 

Table ES-5. Summary Radionuclide Inventory" 

~~ 

2.62E + 00 8.42E-0 1 

4.5 3 E-02 2.89E+01 

1.87E-01 4.45E-02 

Nuclide I CH-TRU Waste ( ~ i / r n 3 1  I RH-TRU Waste (ci/rn3) 

Pu238 

Pu239 

Pu240 

Pu241 

Sr90 

Y90 

1.55E + 01 2.05E-01 

4.66E + 00 1.45E + 00 

1.25E + 00 7.1 5E-01 

1.37E + 01 2.00E+01 

4.07E-02 2.95E + 01 

4.07E-02 2.95E + 01 

11 Co60 I 3.83E04 1 1 . 4 7 E +  00 ~ II 
11 Cs137 I 4.78E-02 I3.05E+01 II 

*This table is an update of Table ES-7. of M I R  Revision 2, page ES-10 (DOE, 1995~). 
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1. INTRODUCTION 

1.1 BACKGROUND 

Transuranic (TRU) waste is defined as waste that is contaminated with alpha-emitting 
radionuclides with an atomic number greater than 92, with half-lives greater than 20 years, and 
concentrations of TRU isotopes greater than 100 nanocuries per gram of waste at the time of 
assay (DOE, 1988). TRU wastes are classified as either contact-handled (CH) waste or remote- 
handled (RH) waste, depending on the dose rate at the surface of the waste container. CH-TRU 
wastes are packaged TRU wastes with an external surface dose rate less than 200 millirems 
(mrem) per hour, while RH-TRU wastes are packaged TRU wastes with an external surface dose 
rate of 200 mrem or greater per hour (Public Law, 1992b). Unless othewise indicated, for the 
purposes of this document, all references to TRU waste include TRU waste and mixed TRU 
waste (waste that contains both radioactive and hazardous components, as defined by the 
Atomic Energy Act [Public Law, 19541 and the Resource Conservation and Recovery Act [RCRA] 
as codified in Title 40 Code of Federal Regulations [CFR] Part 261.3 [EPA, 19801). 

The Waste Isolation Pilot Plant WIPP) is a TRU waste management facility operated by the U.S. 
Department of Energy (DOE). The WlPP is currently identified as the permanent disposal site 
for TRU wastes (in retrievable storage or projected) generated at various DOE sites from 
defense-related activities of the United States government. The WlPP is scheduled to receive 
and dispose of TRU defense wastes from 8 major and additional minor DOE TRU waste sites 
(see Figure 1-1). 

The DOE is committed to demonstrating compliance with all applicable regulations prior to 
permanent disposal of TRU defense wastes in the WlPP repository. These regulations are the 
environmental standards for management and disposal of TRU defense wastes as mandated in 
40 CFR Part 191 (EPA, 1993) and Part 194 (EPA, 1996), and the RCRA regulations. 
Compliance demonstration through Sandia National Laboratories/New Mexico (SNUNM) 
performance assessment (PA) calculations will be based on the inventory of existing and 
currently projected waste streams compiled in this document and the Transuranic Waste 
Baseline Inventory Report (TWBIR) Revision 2, as reported by the DOE TRU waste sites. 
Revision 3 of the TWBIR is different from previous revisions in that it provides the TRU waste 
inventory information developed for Revision 2 along with supplemental data. It is necessary for 
the reader to be familiar with Revision 2 of the TWBIR (DOE, 1995c) to understand TWBIR 
Revision 3. 

1.2 PURPOSE 

The purpose of the TWBlR is to document the total inventory of DOE TRU waste as defined by 
the DOE TRU waste sites. This document is based on the TWBlR Revision 2 data 
supplemented by several memoranda prepared during early calendar year (CY) 1996 that 
summarize additional data requested by the U. S. Department of EnergyKarlsbad Area Office 
(DOE/CAO) to support the SNUNM PA modeling. The primary purpose of this document is to 
provide the summary data from TWBlR Revision 2 and the supplemental information used by 
SNUNM for the development of the Compliance Certification Application (CCA) to be delivered 
to the Environmental Protection Agency (EPA), and to support the Land Withdrawal Act (LWA) 
(Public Law, 1992b). The supplemental information was generated from specific data requests 

1 - 1  



.I. : 
I . .  

' .: 

. - .  

- .  

- __ . . . - u L ~ ~ ~ ~ o  ~vrrmotr N ~ I W L O ~ M O I ~ ~ V  
L 

Figure 1-1. US. DOE Transuranic Waste Sites' 
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to the TRU waste sites since the publication of Revision 2. 

Revision 2 of the TWBIR included both the TRU waste that is allowed to be disposed of in WlPP 
and the DOE TRU waste that is not currently allowed to be disposed of in WlPP (Public Law, 
1992b). Because the primary purpose of this Revision 3 M l R  is to support the CCA and PA, 
it includes only the DOE TRU waste that is currently identified by the sites as being allowed to 
be disposed of in WIPP. 

The TWBlR has been developed from the best available information and acceptable knowledge 
provided by the DOE TRU waste sites. In support of PA, the TWBIR describes a process for 
grouping individual waste streams with similar physical and chemical properties into waste 
profiles, based on their waste matrix code (WMC) (DOE, 1995a) assigned by the DOE TRU 
waste sites. The individual waste streams are also evaluated to estimate the occurrence and 
quantities of nonradioactive waste material parameters (WMPs) listed in Table 1-1 (e.g., 
cellulosics, plastics, iron-base metal/alloys, etc.) that have been identified by SNUNM as being 
potentially important to the performance of the WlPP repository. Waste profiles with similar 
WMCs are then combined across the DOE TRU waste system to provide estimated total volumes 
and total WMPs. 

1.3 WASTE INVENTORY TERMINOLOGY 

All terminology in this document is unchanged from the TWBIR Revision 2. A summary of 
terminology used in this document is provided in this section and in Chapter 5 (Glossary). A list 
of acronyms and abbreviations used are provided in the front of the document. 

Stored Inventory -The part of the TRU inventory currently in retrievable storage at the time of 
the TWBlR Revision 2 data call for inventory information is known as "stored inventory" in this 
document. Retrievably stored waste includes waste stored since approximately 1970 in buildings 
or in berms with earthen cover and does not include any waste that was buried (predominately 
prior to 1970) (DOE, 1990). 

AsGenerated Waste - The chemical and physical status of waste when it is generated. The 
"as-generated" term applies to both stored and projected waste. 

Projected Inventory - The part of the TRU waste inventory that has not been generated but is 
currently estimated to be generated at some time in the future by the TRU waste sites is known 
as "projected inventory." 

Anticipated Inventory - For the TWBIR, this is the sum of the stored and projected inventories. 
calculated as: 

Stored 
Inventory 

+ Projected 
Inventory 

Anticipated 
Inventory 

Scaling - The process for adjusting, if needed, the projected inventory to the design limit 
(disposal inventory) of the WlPP repository is called "scaling." 

Stored Inventory + Projected Inventory (scaled as needed) = Disposal Inventory 

1 - 3  
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TABLE 1-1. TECHNICAL DATA NEEDS FOR PERFORMANCE 
ASSESSMENT WASTE MATERIAL PARAMETERS 

Waste Material 

Waste material parameter corresponding to treatment, identified by some sites that plan to treat 
waste in the future. 
Only one-half of materials assumed to generate gas. 
Percentage of material to generate gas is unknown at the present time. 
Information on this waste material parameter is needed for non-PA scoping calculations for 
assessment of its importance. 

1 

3 

4 

' May impact colloids. 

Disposal Inventory - The inventory volume defined for WlPP emplacement to be used for PA 
calculations is the "disposal inventory." The LWA defines the total amount of TRU waste allowed 
for disposal in the WlPP as approximately 175,600 cubic meters (6,200,000 cubic feet) (Public 
Law, 1992b). The "Agreement for Consultation and Cooperation" (C&C Agreement) limits the 
RH-TRU inventory to approximately 7,080 cubic meters (250,000 cubic feet) (DOE and State of 
New Mexico, 1981). Therefore by difference, the CH-TRU inventory will be limited to 
approximately 168,500 cubic meters (5,950,000 cubic feet) if all of the RH-TRU allowance is 
filled. 

1 - 4  
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Waste Matrix Code (WMC) - The WMCs were developed by DOE in response to the Federal 
Facilities Compliance Act (FFCAct) (Public Law, 1992a) as a methodology to aid in categorizing 
mixed waste streams in the DOE system into a series of five-digit alphanumeric codes (e.g., 
531 00; Inorganic Process Residues) that represent different physicakhemical matrices (DOE, 
1995a). 

Final Waste Form - Final waste form of a waste stream refers to the expected physical and 
chemical form of that stream once the waste has been processed, treated, or repackaged (if 
necessary) and is ready for disposal. This consists of a series of WMCs that are grouped 
together. The use of the final waste form helps to group waste streams that are expected to 
have similar physical and chemical properties at the time of disposal. The final waste form 
applies to both stored and projected waste. An example of combining three waste streams which 
either contain particulates or are cemented particulate waste is presented below: 

Solidified Inorganics 1 WMC S3100 (inorganic process residues) 
WMC S3110 (inorganic particulates) 
WMC S3150 (solidified process residues) 

Particulate waste may be immobilized prior to shipment to WPP. If so, all three of these waste 
streams would be the same basic waste form when emplaced in WPP and have similar physical 
and chemical properties. The final waste form for this example is solidified inorganics. Table 
1-2 presents all anticipated WMCs for TRU waste and indicates the final waste fqrm typically 
assigned to each WMC for the NVBIR. There are 11 final waste forms used in this TWBIR. The 
last two rows in Table 1-2, Excluded and Unknown Waste Streams, group WMCs that will not 
be accepted at WPP until additional characterization and/or processing occurs to meet the WPP 
Waste Acceptance Criteria (WAC) (DOE, 1996). 

Waste Material Parameter - This is one (or more) nonradioactive waste constituent(s) that 
occurs in a TRU waste stream that is an input parameter into one or more PA models or is 
required to adequately describe the waste form. The waste material parameters and additional 
packaging materials that are reported in weight/volume (kg/m3) and included in the TWBlR are: 

WASTE MATERIAL PARAMETERS - Iron-base metal/alloys 
- Aluminum-base metaValloys - Other metal/alloys - Other inorganic materials 
- Vitrified - Cellulosics - Rubber 
- Plastics 
- Solidified inorganic material 
- Solidified organic material 
- Cement (solidified) 
- Soils 

PACKAGING MATERIALS 
- Steel 
- Plastic - Lead (for RH-TRU waste only) 

WlPP Waste Profile -The WlPP waste profile represents a summary of TRU wastes at all DOE 
TRU waste sites that have an identical final waste form. 
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Final Waste Form 

TABLE 1-2. WASTE MATRIX CODES AND THEIR ANTICIPATED FINAL WASTE FORM 

Waste Matrix Codes 

11 Combustible 

Solidified lnorganics 

S5O0O9, S5300, S5310, S5311, S5312, S5313, S5319, S5320, 
S5330, S5390,Z1130, Z1190,Z1200 

LlOOO', L1100'. L l l lO' ,  L11201, L11301, L1140', L11901,1200', 
L12101, L12201, L12301, L12401, L12901, S3O0O2, S31OO3, S31 lo3, 
S31113, S31123, S31133, S311!j3, S31183, S311g3, S31201, S3121', 
S3122', S3123', S3124l, S3125l. S312g1, S3130' Or3, S3131' Or3, 

S3132l Or3, S3139' Or3, S3144', S3150, S31603, S3190' Or3, S39OO2, 
X60004, X62OO5, X63OO6, X64005, X69OO4, X73OO3, X75OOB, X751 OB, 
X75208, X75308, X75908, L90002, Z1 1 1 0, Z1190 

Filter 

Excluded Waste Streams" 

Unknown13 

11 Salt I S3O0O2, S3140, S3141, S3142, S3143, S3149, S39002, L90002 

S5O0O9, S5410 

X7000, X7100, X7600, X7700 

S5190, X7900, L9000, S9000, 29000, U9999 

Solidified Organics L20001, L21001, L21101, L212O1, L219o1, L22oo1, L2210', L222O1, 
L22901, L29001, S30002, S31 143, S32OO3, S32103, S321 13, S32123, 
S321 g3, S3220'. S32211, S3222', S3223', S322g1, S32303, 
S3290' Or3, S39OO2, S53403, X6O0O4, X61OO5, X61 904, X69OO4, 
L90002, z 1  1 1 0,21190 

11 soils 1 S4000, S4100, S4200, S4300, S4900, 

Uncategorized Metal (Metal 
Waste Other Than Lead 
and/or Cadmium) 

~ ~~ 

S3116, S5O0O9, S51OO7, S5110, S5111, S5119, S5190, X6200, 
X700010, X7290, X7400", X7430, X7490", X75208, 21140, Z1190, 
22100'o 

Lead/Cadmium Metal S5O0O9, S51OO7, S5110,'S5112, S5113, S5119, S5190, X62208, 
X700010, X7200, X7210, X7211, X7212, X7219, X7220, X7290, 
X74OO1', X7410", X7420"; X7490", 22100'o 

S3117, S3118, S3160, S5O0O9, S51OO7, S5120, S5121, S5122, I S5123, S5124, S5125, S5126, S5129, S5190,Z1120,Z1150, 21190 
Inorganic Non-Metal 

11 Graphite I S5O0O9, S5126 

S5O0O9, S51OO9, S5400, S5420, S5440, S5450, S5460, S5490, I X75208, 22900 
Heterogeneous II 
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TABLE 1-2. WASTE MATRIX CODES AND THEIR ANTICIPATED FINAL WASTE FORM 
(CONTINUED) 

Liquid waste streams are assumed to be solidified prior to being sent to WIPP. 

WMCs S3000, S3900, and L9000 are placed in "solidified inorganics," "salt," or "solidified 
organics," depending on the information provided by the TRU waste site. 

Particulate waste streams are assumed to be solidified prior to being sent to WIPP. 3 

' WMCs X6000 and X6900 are placed in "solidified organics" or "solidified inorganics" depending 
on the information provided by the TRU waste site. 

Liquid lab pack waste is assumed to be solidified prior to being sent to WIPP. 

Solid lab packs are assumed to be solidified prior to being sent to WIPP. 

' WMC S5100 is placed in "uncategorized metal," "lead-cadmium metal," or "inorganic non-metal" 
depending on the information provided by the site. 

* Waste stream is assumed to be treated prior to being sent to WIPP. 

WMC SO00 is placed in "uncategorized metal," "lead/cadmium metal," "inorganic non-metal," 
"combustible," "graphite," "heterogeneous," or "filter," depending on the information provided by 
the site. 

9 

WMC 22100 is placed in "uncategorized metal" or "lead/cadmium metal" depending on the 1D 

.information provided by the site. 

WMCs X7400, X7410, X7420, and X7490 are assumed to be drained of liquid and contain only 
metal waste. 

l2 These waste streams are excluded from disposal in WlPP at this time, e.g., PCB and elemental 
mercury. 

l3 If adequate information is provided by the TRU waste site, these WMCs are changed. If there 
is not enough information, these waste streams remain as "unknown" and are excluded from 
disposal in WIPP until characterized. 

1-7 
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1.4 METHODOLOGY FOR DEVELOPMENT OF DISPOSAL INVENTORY 

Development of the WlPP TRU waste disposal inventory is accomplished by a series of steps 
starting with the individual waste stream profiles submitted by the TRU waste sites. These waste 
stream profiles are grouped together, based on similar physical and chemical properties, into 
common 'WIPP waste profiles," which should facilitate discussions with regulatory agencies and 
stakeholders concerning the disposal waste inventory. The process of grouping similar waste 
streams is exemplified in Figure 1-2. The waste profiles also contain information on waste 
material parameters that could affect the performance of the WlPP repository and that may be 
direct inputs to the PA models. 

The CH-TRU anticipated inventory consists of up to 11 overall CH-TRU WlPP final waste forms 
based on the physical and chemical properties of the waste streams. Because the volume of 
the CH-TRU anticipated inventory is not sufficient to fill the maximum calculated CH-TRU 
capacity of WIPP, scaling of the projected CH-TRU inventory is necessary to attain the maximum 
calculated WlPP CH-TRU disposal inventory of approximately 168,500 cubic meters (5.95 million 
cubic feet). The scaling factor for CH-TRU waste is computed as follows: 

maximum calculated CH-TRU inventory - stored CH-TRU inventory = CH-TRU scaling factor 
projected CH-TRU inventory 

The WlPP disposal inventory is the inventory to be used in PA calculations. To calculate the 
disposal inventory by final waste form for CH-TRU waste, the projected inventory is multiplied 
by the scaling factor, added to the stored inventory for each final waste form, and summed 
together. 

The RH-TRU anticipated inventory is greater than the WlPP C&C Agreement limit (DOE and 
State of New Mexico, 1981) of approximately 7,080 cubic meters. DOE will abide by the WlPP 
C&C Agreement for RH-TRU waste volumes and the LWA, which limits the curies of RH-TRU 
waste allowed in WlPP to 5.1 million curies (Public Law, 1992b). As stated earlier, one purpose 
of the TWBlR is to report the DOE TRU inventory in such a way that it will facilitate performance 
assessment by SNUNM and support development of compliance applications to the appropriate 
regulatory agencies. Since this is not a WlPP load management document, the RH-TRU 
inventory has not been scaled back in this document to the regulatory limit. The RH-TRU 
inventory for WlPP will be averaged across all RH-TRU waste sites and reported as 
kilograms/cubic meter for the waste material parameters and curies/cubic meter for 
radionuclides. 

1.5 DOCUMENT ORGANIZATION 

The TWBlR Revision 3 is organized into chapters of text, figures, tables, and supporting 
appendices. The contents of remaining chapters in this document are summarized below: 

Chapter 2 provides a summary of the WlPP disposal inventory information previously 

Chapter 3 presents supplementary disposal inventory information. 
Chapter 4 provides the document references. 

presented in TWBIR Revision 2. 
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WlPP 
Waste 
Profile 

WlPP 
Inorganic 
Nonmetal' 

See Table 1-2 for WMCs that can occur in each Final Waste Form 
Waste Matrix Code 

Figure 1-2. Schematic of Waste Stream Profile Methodology* 

7his figure is identical to Figure 2-3 of TJVBIR Revision 2. page 2-10 (DOE, 1995~). 
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Chapter 5 provides a document glossary. 
Appendix A provides the SNUNM memoranda requesting information to supplement the 
TWBlR Revision 2. 
Appendix B includes DOE and SNUNM memoranda that provide information to 

Appendix C provides the site-specific stored radionuclide inventories decayed to 

Appendix D provides the correction received from SNUNM for Cf-252 decayed inventory. 

supplement the TWBlR Revision 2. 

December 1995. 
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2. SUMMARY OF WlPP DISPOSAL INVENTORY INFORMATION 

2.1 INTRODUCTION’ 

The DOE TRU waste sites have assigned an overall final waste form to each waste stream 
based on the expected physical and chemical form of the waste after the sites process, treat, 
or repackage the waste (if necessary). Each site provides the stored and projected inventory 
for each waste stream. The TWBIR generates the WlPP TRU waste inventory by rolling-up the 
waste stream volumes that have the same final waste form within a site to generate site profiles 
(see TWBIR Revision 2 [DOE, 1995~1 for waste stream and site-specific waste profiles). Then 
the site-level volumes with the same final waste form are rolled-up to generate the WlPP TRU 
waste inventory by final waste form (see TWBIR Revision 2 for detailed information on the roll-up 
methodology). 

This chapter summarizes the WIPP-level information for the disposal inventory. The data 
provided in this chapter are identical to those provided in TWBIR Revision 2. These are the data 
used by SNUNM in the WlPP performance assessment to demonstrate regulatory compliance. 
This chapter will include the following TWBlR Revision 2 information: 

WlPP disposal inventory volumes for each final waste form - taken from Table 3-1 

WlPP disposal inventory waste material parameters - taken from Tables 3-2 and 3-3 

Summary of WlPP anticipated inventory from each site -.taken from Tables 4-1 and 4-2 

(unchanged) in Section 3.2 of TWBlR Revision 2. 

(unchanged) in Section 3.3 of TWBIR Revision 2. 

(unchanged) in Chapter 4 of TWBlR Revision 2. 

2.2 WlPP DISPOSAL INVENTORY VOLUMES FOR EACH FINAL WASTE FORM 

The disposal inventory is defined by the LWA (Public Law, 1992b) and the WlPP C&C 
Agreement (DOE and the State of New Mexico, 1981) as follows: the maximum allowable WPP 
capacity is approximately 175,600 cubic meters, of which RH-TRU disposal inventory is limited 
to approximately 7,080 cubic meters resulting in a calculated CH-TRU disposal inventory limit 
of approximately 168,500 cubic meters. 

Using volumes for all the retrievably stored and projected defense TRU waste streams (including 
the mixed and nonmixed TRU waste volumes) a disposal inventory of TRU waste has been 
developed using the methodology described in Chapter 3 of Revision 2 of the TWBIR. This 
inventory is presented in Table 2-1 (by final waste forms) and depicts both the anticipated and 
disposal inventory volumes. 

The anticipated CH-TRU inventory volumes are the sum of the stored and projected volumes. 
Scaling of the disposal inventory is for PA purposes to enable SNUNM to model a capacity 
waste load based on currently anticipated profiles. 
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TABLE 2-1. TRANSURANIC WASTE DISPOSAL INVENTORY FOR WIPP* 
Contact Handled Wute (Cubic Meters) 

Fiid Waste Fonns stored Projecaed Anticipated WIPP Disposal 
Volumu Volurues Volumes Volumes 

Combustible 5.8EM3 4.GM3 1 .OE#4 1.4E4-04 

Inorganic Non-Metal 
Ltad/cadmiumMetal Waste - 
Salt waste 
soils 
solidificdInorgallics 
solidificdorganics 
uncattgoriz#lMeral 

T0t.l CH Volumes 
Remote Handled Waste 
Combustiilt 

2.2EM2 

5.1Ei-02 

2.7Ei.04 

3.1E+03 * 

3.5EM1 

2.1E+01 

4.1EM2 

9.6EM3 

9..lEM2 

1.1EtO4 

5.1E.M2 

4.8E.tOl 

1.3E.W 

7.3EM2 

5.6EM2 

4.OEi-04 

4.1EM3 

3.7EM2 * 

3.SEM2 

6.4EM3 

1.4Ei-04 

9.8Ei-02 

3.4Ei-04 

1.2Ei-03 

6.0Et02 

5.1E+04 

4.9EM3 

6.6€+02 

6.4EM2 

1.2Ei.04 

1.8Ei-04 

l.lEi-03 

5.4EH4 
~~ 

5.8E+O4 S.4E.104 . l.lE+Os L6E* 

3.6EtO1 4.9E.101 8.5Ei-01 
2.3EM3 5.5E.103 7.8Ei-03 
4.6€+01 2.1E.101 6.8Ei-01 
7.1E+Oo 6.7Et01 7.4Ei-01 
1.lEi-03 2.3Et02 1.3E+03 
3.6E+Oo O.OE+OO 3.6E4.00 
1.2Ei-02 1.7E+O4 1.SEi-04 

3.6Ei-03 23E+D4 27Eto4 

Total TRU Waste Voiumcs 6.2E-W 7.7E#4 
*This table is identical to Table 3-1 of TWBlR Revision 2, page 3-2 (DOE, 1995~). 
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Applying the formula given in Chapter 1 : 

a 1.685 x 105~3 5.8 x I O 4  m3 
= 2.05 (CH-TRU disposal inventory) - (stored inventory) 

5.4 x l o 4  m3 (projected inventory) (scaling factor) 

Multiply the CH-TRU waste projected inventory volumes by the scaling factor for all the 
final waste forms, and add the stored volumes (which results in the numbers in the 
"Disposal Inventory" column of Table 2-1). 

The CH-TRU waste stream volume on a system-wide final waste form basis is increased by 
approximately 50 percent to account for the difference between the anticipated inventory and the 
maximum calculated WlPP CH-TRU disposal inventory. 

The RH-TRU WlPP inventory has not been scaled. The RH-TRU anticipated inventory is greater 
than the amount of RH-TRU waste allowed in the WlPP by the C&C Agreement (DOE and the 
State of New Mexico, 1981). DOE is committed to abide by all agreements and laws regarding 
RH-TRU limitations. DOE and SNUNM will evaluate this inventory to determine the disposal 
options for all DOE RH-TRU waste. This inventory has not been scaled back to the limit 
imposed by the C&C Agreement so that all available data are presented to DOE and SNUNM 
to conduct modeling and other evaluations to determine the disposition of this waste. 

2.3 ROLL-UP OF WlPP WASTE MATERIAL PARAMETERS BY FINAL WASTE FORM 

The roll-ups of waste material parameters by final waste forms are developed from the volumes 
presented in the TWBIR Revision 2. The roll-ups by final waste forms require combining data 
from several waste streams. A weighted average value for the waste material parameters is 
calculated from the average densities provided by the TRU waste sites modified by the volume 
fractions and summed as follows: 

*where i is an index representing individual waste streams of the same final waste form 

The minimum density is chosen as the smallest minimum density of a particular waste material 
parameter in the M l R  Revision 2. The maximum density is chosen in a similar manner, 
except that the largest maximum density is chosen. Thus, the maximum and minimum values 
reported in Tables 2-2 and 2-3 are the absolute extreme values reported across the system, and 
in many cases they only apply to a very small volume of waste. If required, the user can use 
the data in the TWBIR Revision 2 database to calculate a "weighted average maximum" value 
to obtain a maximum value that may be more representative of the total inventory. 
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The waste material parameters that are inputs to the PA models are presented in Table 2-2 for 
CH-TRU waste and Table 2-3 for RH-TRU waste. These tables represent the waste material 
parameters for the WlPP disposal inventory. 

2.4 SUMMARY OF WlPP ANTICIPATED INVENTORY FROM EACH SITE 

Each WlPP waste stream from each TRU waste site is characterized in a waste stream profile 
in TWBlR Revision 2. Summary tables of CH-TRU and RH-TRU WlPP waste volumes by site 
are provided in Tables 2 4  and 2-5. 
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Table 2-2. WlPP CH-TRU Waste Material Parameter Disposal Inventory* 

Waste Material Parameters W h 3 )  Maximum Averape Minimum 

Iron Bue Metal/Alloys 2 6 E a  1 .EM2 0.OE40 

Aluminum Bue MetlvAuoys 

Other MWAlIoys 

Other Inorganic Materhh 

vitrified 

CclIuloria 

Rubber 

Plutia 

solidified Inorganic Matem 

Solidified org8nic Material 

Cement (sonaarta) 

soi 
.Container Materials - K g h 3  

Plastid Linen 

8.oE+o2 

1 . 6 E 9 3  

1 . 4 E a  

2 5 E a  

M E 9 2  

6.3E91 

8SE+o2 

22Ea 

1 . 8 E 9 1  

6 . E 9 1  

3.1E91 

5SE91 

5 . 4 E 4 1  

l .OE91 

3.4E91 * 

5.4E91 

0.OE40 

0.OE40 

O.OE40 

O.OE40 

O.OE*OO 

0.OE40 

O . O E 4 0  

0 .OE40 

1.4Ea 5.6E40 0.OE40 

1 2 E a  5.OE91 O.M+Oo 

1.6Ea 4.4E91 0.OEdO 

139 

26 

*This table is identical to Table 3-2 in TWBlR Revision 2, page 3-4 (DOE, 1995~). 
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Table 2-3. WIPP- RH-TRU Waste Material Parameter Disposal Inventory* 

. Waste Material Parameters W / m 3  

Iron B w  MetrYAUoys 

Aluminum Base MetivAlloys 

Other MWAlIoys 

Other Inorganic Materials 

vied 

CelIplOSiCS 

Rnbber 

PMCS 

Solidifid Inorganic Material 

SOliWlCd organic Material 

cemcnt (Soli Wlea) 

soh 

Container Materials - Kg/m 

Stetl 

Plastic/Liners 

Lead 

Steel Plug 

Maximum 

1 .E93 

1 .E42 

9.1 E 4 2  

20E93 

=E93 

5.7E42 

4.4E42 

6 Z 4 2  

Averape 

1 .OE42 

7.1 E90 

2 5 E 4 2  

6 . 4 E 9 1  

4.E90 

1 . 7 E 9 1  

3 . 3 E 9 0  

1SE91 

Minimum 

0.OE90 

0.OE90 

0.OE90 

0.OE90 

O . O E 9 0  

0.OE90 

0.OE90 

0.OE90 

6.1 E42 22301 O . O E 9 0  

8.1E92 , 9.3E-01 O . O E 9 0  

5.UE92 l S E 9 1  0.OE90 

2691 1 .E90 0.OE90 

446 

3.1 

465 

2145 

*This table is identical to Table 3-3 in M l R  Revision 2, page 3-5 (DOE, 1995~). 
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Table 2-4. WlPP CH-TRU Waste Anticipated Inventory By Site* 

(Cubic Meters) 

Storage/GcneratOr Site  S t O d  Projected Anticipated 
Volumes Volumes Volumes 

Ames Laboratory - Iowa state univ. 
Argo= National Laboratory - East 
Argonnc National Laboratory - West 
Bcttis Atomic P m r  Laboratory 
Energy Ttchnology Engineering Center * 

Hanford (Richland) Site 
Idaho National Engineering Laboratory 
Lawrence L i v m o r e  National Laboratory 
Los Alamos National Laboratory 
Moundplant 
Nevada Test Site 
OakRidgc National Laboratory 
PaducahGaseousDiffusionPlant 
pantexplant 
Rocky Flats Environmental Technology Site 
Sandia National Laboratory - Almnq~e 
Savannah River Site 
Tclcdyne Brown Engineering 

UnivcrsityofMissouriRtscarchReactor 
U.S. Army Material Cglnmand 

O.OE+OO 
1.1EHl 
6.5EW 
O.OE+OO 
1.7EW 
1.2E+04 
2.9€+04 
2.3E+02 
l.lE+O4 
2.7Ei-02 
6.2E+02 
1.3E+03 
O.OE+OO 
6.2E-01 
7.1Ei-02 
6.7EW 
2.9Ei-03 
2.1E-01 
2.5EW 
2.1E-01 

4.2E-01 
1.3Ei-02 
7.4E+02 
1.2EM2 
0.OEW 
3.3E+04 
0.OEW 
7.1Ei-02 
7.4E03 
O.OE+OO 
9.OE+OO 
2.6E+02 
1.9E+OO 
O.OE+OO 
4.4Ei-03 
7.5E+OO 
6.8E+03 
0.OEW 
O.OE+OO 
8.3E-01 

4.2E-01 
1.4Ei-02 
7.5Ei-02 
1.2Ei-02 
1.7E+OO 
4.6E-m 
2.9E+04 
9.4E+02 
1.8E+04 
2.7Ei.02 
6.3Ei-02 
1.6E+03 
1.9E+OO 
6.2E-01 
5.1Ei-03 
1.4E+0 1 
9.6Ei-03 
2.1E41 
2.5E+OO 
l.OE+OO 

TOW CH Volumes S E W  5.43+04 1.1Ei-05 

This table is identical to Table 4-1 in W I R  Revision 2, page 4-2 (DOE, 1995~). * 
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Table 2-5. WlPP RH-TRU Waste Anticipated Inventory By Site* 

(Cubic Meten 

StorrgtlGenentor Site S t o d  Projected Anticipated 
Volumes Volumes Volumes 

Argo= National Laboratory - Wtst 1.9E+O1 1.3€+03 1.3€+03 

Banelle coiumbus Laboratories . 5.8E+02 O.OE+OO 5.8E+02 
Bmis Atomic Poam Laboratory O.OE+OO 6.7EUN 6.7EiiM) 

Energy Ttchnology Engineering Center 8.9E-01 O.OE+OO 8.9E-01 
I-Ian€ord (Richland) Site 2.0€+02 2.2E04 2.2E+Q4 

O.OE+OO 2.2Ei-02 
. 9.9E+O1 1.9€+02 Los Alamos National Laboratory 9.4E+01 

Oak Ridge National Laboratory 2.SE+03 4.5€+02 2.9E+03 

Total RH Voiumes 

Idaho National Engineering Laborato~y 2.2EM2 

3.63+03 23Ei.04 27Ei.04 

6.23- 7.7Ei.M 1.4E+05 Total TRU Waste Volumes 

This table is identical to Table 4-2 in TWBlR Revision 2, page 4-3 (DOE, 199%). * 

2-8 



DOUCAO-95-1121. Rev. 3 
June 1996 

3.. SUPPLEMENTAL DISPOSAL INVENTORY INFORMATION 

3.1 INTRODUCTION 

This chapter summarizes supplemental information about the WlPP disposal inventory that was 
requested by SNL/NM in support of WlPP PA either after the publication of Revision 2 of the 
TWBIR or that was not available from the TRU waste sites at the time of publication of Revision 
2 of the TWBIR in December 1995 (DOE, 1995~). Appendices A-I through A-3 are the three 
memoranda from SNUNM requesting supplemental information about the WlPP TRU waste 
inventory. 

The first memorandum from SNUNM (dated November 6, 1995), entitled "CH and RH-TRU 
Waste Parameters Potentially Important in WIPP PA" (Appendix A-I ), was included as Appendix 
B in Revision 2 of the TWBIR. This memorandum requested information on certain 
nonradioactive materials present in the TRU waste (nitrates, sulfates, phosphates, cement, and 
organic ligands), and also requested information on residues present at TRU waste sites other 
than Rocky Flats Environmental Technology Site (RFETS). The information on residues was 
provided in Revision 2 of the TWBIR. However, the remainder of the requested information had 
to be obtained from the sites after the publication of Revision 2 and is presented in this 
document. 

The second and the third memoranda from SNUNM (dated January 11 and January 30,1996), 
both entitled "Information Needed from TWBIR (Revision 2/Addendum)" (Appendices A-2 and 
A-3), requested additional information about the WlPP disposal radionuclide inventory. This 
information is also presented in the main body of this document. 

The supplemental information provided to SNUNM in response to the memoranda 
above is discussed in the following sections: 

referenced 

Supplemental Radionuclide Information (Section 3.2) 
Supplemental Information for Other Constituents (Sedion 3.3) 

3.2 SUPPLEMENTAL RADIONUCLIDE INFORMATION 

In response to the memoranda requesting radionuclide information (Appendices A-2 and A-3), 
two sets of radionuclide information were provided in support of WlPP PA (Appendices B-1 and 
B-2). Appendix B-1 is an update of the WlPP disposal radionuclide inventory presented in Table 
3-4 of Revision 2 of the TWBIR, while Appendix B-2 presents preliminary activity calculations for 
seven radionuclides on a waste stream basis. The memoranda reporting these supplemental 
data and the details of the methodology for calculations are included in Appendices B-1 and B-2. 
A summary of the information provided by DOE to SNUNM and the major assumptions used in 
deriving portions of the data are presented in Sections 3.2.1 and 3.2.2. 

3.2.1 
A revised estimate of the WlPP disposal radionuclide inventory (Le., Table 3 4  in TWBlR 
Revision 2) was not specifically requested by SNUNM in the memoranda included in Appendices 
A-I through A-3. However, after the publication of TWBIR Revision 2, new and updated 

Revised WlPP Disposal Radionuclide Inventory 
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radionuclide information became available from four sites (Hanford, Oak Ridge National 
Laboratory [ORNL], RFETS, and Savannah River Site [SRS]). A review of the new information 
indicated that it may result in considerable changes to the WlPP disposal radionuclide inventory 
published in Revision 2 of the TWBIR. Therefore, the disposal radionuclide inventory was 
recalculated on the basis of the new information and the results provided to SNUNM in a format 
identical to Table 3-4 in TWBIR Revision 2 (see Table 3-1). The methodoloqv and the 
assumptions used for recalculation of the radionuclide inventory are identical to those described 
in TWBlR Revision 2, except that the new radionuclide information from the four sites was 
incorporated. The new information from the four sites is summarized below: 

Hanford Site reported corrections to the values for Cf-252, Cm-244, and Cm-245 from 
their earlier submittals for the Integrated Data Base (IDB) (DOE, 1995b). 

a 

a 

a 

Preliminary sludge sampling data were obtained for the ORNL RH-TRU sludges, which 
showed that the primary uranium isotope present in these sludges is U-238 (not U-235, 
as reported in their previous IDB submittals). The uranium curies reported for RH-TRU 
waste in previous ORNL IDB submittals were redistributed based on the preliminary 
sludge sampling data. This corrected the previously high estimates of U-235 in the 
ORNL RH-TRU inventory. 

The RFETS provided undecayed yearly activity data for the radionuclides present in the 
RFETS residues, which enabled activity decay calculations for these radionuclides. This 
was not provided for in TWBIR Revision 2; therefore the radionuclide activity from these 
residues could not be decayed. 

The SRS provided a break-up of radionuclide activity data for SRS waste between on- 
site and off-site waste (Le., waste from other sites that was shipped to SRS for storage 
in the early 1970s). The activity from the off-site waste was included in the WlPP 
disposal radionuclide inventory but excluded from any extrapolations for SRS projected 
waste under the assumption that there would be no future accumulation of off-site Pu- 
238 dominant waste at SRS. 

Based on the above information, Table 3-1 provides the revised WlPP disposal radionuclide 
inventory estimated in curies per cubic meter and total curies for each radionuclide for both CH- 
TRU and RH-TRU waste. The revised stored radionuclide inventory for each site in decayed 
curies is provided in Appendix C for both CH-TRU and RIi-TRU waste. Appendix C includes the 
effect of all corrections, additions, or revisions to the site radionuclide inventories used to 
develop Table 3-1 and is an update of Appendix D in TWBlR Revision 2. All numbers in 
Appendix C are decayed to December 1995 using the Oak Ridge Isotope Generation and 
Depletion Code (ORIGEN 2) (Croff, 1980; 1983). 

Based on the total curies shown in Table 3-1 , it is estimated that approximately 98.9 percent of 
the total CH-TRU curies is contributed by Pu-238, Pu-239, Pu-240, Pu-241 , and Am-241. In 
contrast, approximately 96.5 percent of the total RH-TRU curies is contributed by Cs-137, Sr-90, 
Ba-l37m, Pu-241 , and Y-90. Thus, the remaining radionuclides contribute a very small fraction 
of the total curies for the repository. 

In comparison to NVBlR Revision 2, the most significant change in the revised disposal 
radionuclide inventory shown in Table 3-1 is the decrease in the estimated concentration of Pu- 
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Nuclide 

Table 3-1. WlPP DISPOSAL RADIONUCLIDE INVENTORY FOR THE CCA'* 

CH-TRU Waste RH-TRU Waste CH-TRU Waste RH-TRU Waste 
(Ci/rn3) (Ci/m3) (Total Curies2) (Total Curies2) 

NR = Not reported by sites. 
'Decayed to December 1995. 
2Total curies estimated by assuming a volume of 1 68,500 cubic meters for CH-TRU waste and 
7,080 cubic meters for RH-TRU waste. 
3The values for Cf252 and Cm248 are different from the values reported in Attachment A in 
Appendix B-1 because these incorporate the corrections received from SNL/NM for these 
isotopes (see Appendix D) after Appendix B-1 was finalized. 

This table is an update of Table 3-4, of TWBlR Revision 2, pages 3-30 through 3-36 (DOE, 1 9 9 5 ~ )  * 
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Table 3-1. WlPP DISPOSAL RADIONUCLIDE INVENTORY FOR THE CCA 
(continued) 

CH-TRU Waste CH-TRU Waste I RH-TRU Waste I (Total Curies2) (Total Curies') 
Nuclide 

NR = Not reported by sites. 
'Decayed to December 1995. 
'Total curies estimated by assuming a volume of 1 68,500 cubic meters for CH-TRU waste and 
7,080 cubic meters for RH-TRU waste. 
3The values for Cf252 and Cm248 are different from the values reported in Attachment A in 
Appendix B-1 because these incorporate the corrections received from SNL/NM for these 
isotopes (see Appendix D) after Appendix B-1 was finalized. 

This table is an update of Table 3-4, of W E I R  Revision 2, pages 3-30 through 3-36 (DOE, 199513 * 
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Table 3-1. WlPP DISPOSAL RADIONUCLIDE INVENTORY FOR THE CCA 
(continued) 

NR = Not reported by sites. 
'Decayed t o  December 1995. 
'Total curies estimated by assuming a volume of  1 68,500 cubic meters for CH-TRU waste and 
7,080 cubic meters for RH-TRU waste. 
3The values for C f252  and Cm248 are different f rom the values reported in Attachment A in 
Appendix B-1 because these incorporate the corrections received from SNL/NM for these 
isotopes (see Appendix D) after Appendix B-1 was finalized. 

This table is an update of Table 3-4, of TWBlR Revision 2, pages 3-30 through 3-36 (DOE, 1 9 9 5 ~ )  * 
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Table 3-1. WlPP DISPOSAL RADIONUCLIDE INVENTORY FOR THE CCA 
(continued) 

NR = Not reported by sites.' 
'Decayed to  December 1995. 
'Total curies estimated by assuming a volume of 1 68,500 cubic meters for CH-TRU waste and 
7,080 cubic meters for RH-TRU waste. 
3The values for Cf252 and Cm248 are different from the values reported in Attachment A in 
Appendix B-1 because these incorporate the corrections received from SNL/NM for these 
isotopes (see Appendix D) after Appendix B-I was finalized. 

This table is an update of Table 3-4, of TWBlR Revision 2, pages 3-30 through 3-36 (DOE, 199513 * 
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Table 3-1. WlPP DISPOSAL RADIONUCLIDE INVENTORY FOR THE CCA 
(continued) 

NR = Not reported by sites. 
'Decayed to December 1995. 
*Total curies estimated by assuming a volume of 1 68,500 cubic meters for CH-TRU waste and 
7,080 cubic meters for RH-TRU waste. 
3The values for Cf252 and Cm248 are different from the values reported in Attachment A in 
Appendix B-1 because these incorporate the corrections received from SNL/NM for these 
isotopes (see Appendix D) after Appendix B-1 was finalized. 

This table is an update of Table 3-4, of TWBIR Revision 2, pages 3-30 through 3-36 (DOE, 1995c) * 
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Table 3-1. WlPP DISPOSAL RADIONUCLIDE INVENTORY FOR THE CCA 
(continued) 

NR = Not reported by sites. 
'Decayed to  December 1995. 
'Total curies estimated by assuming a volume of 168,500 cubic meters for CH-TRU waste and 
7,080 cubic meters for RH-TRU waste. 
3The values for Cf252 and Cm248 are different from the values reported in Attachment A in 
Appendix B-1 because these incorporate the corrections received from SNL/NM for these 
isotopes (see Appendix D) after Appendix B-1 was finalized. 

This table is an update of Table 3-4, of M B l R  Revision 2, pages 3-30 through 3-36 (DOE, 1995c) * 
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Nuclide CH-TRU Waste RH-TRU Waste CH-TRU Waste 
(Ci/m3) (Ci/rn3) (Total Curies') 

Table 3-1. WlPP DISPOSAL RADIONUCLIDE INVENTORY FOR THE CCA 
(cont inued)  

RH-TRU Waste 
(Total Curies') 

~ 3.96E+01 I 1.05E+01 II 
~ 6.07E-01 I 7.56E-04 II 
1 9.73E+00 2.65 E-02 

1 6.22E-02 2.53E-03 

2.58E+01 NR 

1.79E + 03 1.58E + 02 
4.65E + 02 4.27E + 01 
1.28E+01 4.63E + 00 
3.33E-0 1 I 9.68E-02 II 
5.66E + 0 1 I3.48E+00 

1.50E-06 
~ ~~~~~ ~ 

6.85E + 03 2.09E + 05 
5.63E-03 1.32E-03 

1 .15E-09 3.02E-01 

6.42E + 06 1.02E + 06 

NR = Not reported by sites. 
'Decayed to December 1995. 
'Total curies estimated by assuming a volume of 168,500 cubic meters for CH-TRU was te  and 
7,080 cubic meters for RH-TRU waste. 
3The values for Cf252 and Cm248 are different from the  values reported in Attachment A in 
Appendix B-1 because these  incorporate the  corrections received from SNL/NM for these 
isotopes (see Appendix D) after Appendix B-1 w a s  finalized. 

* . This table is an update of Table 3-4, of TWBlR Revision 2, pages 3-30 through 3-36 (DOE, 1995~)  
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238 for the CH-TRU waste in the repository. This is primarily due to the exclusion of the SRS 
off-site waste from any future extrapolations. Since this off-site waste has a high concentration 
of Pu-238, excluding it from the extrapolations decreases the amount of Pu-238 in the projected 
portion of the inventory. It should be noted that this off-site waste & included in the stored waste 
portion of the disposal radionuclide inventory. The decrease in the Pu-238 also causes a 
decrease in the total estimated curies for CH-TRU waste in the repository. 

Based on the data corrections from Hanford Site to the Cm-244 and Cm-245 inventories, the 
estimated concentration of Cm-244 has increased, while that of Cm-245 has decreased. 
Similarly, based on the correction to the reported value of Cf-252 from the Hanford Site, the 
revised concentration of Cf-252 has decreased significantly from the values estimated in Revision 
2 of the TWBIR. The effect of decaying the activity from the RFETS residues has resulted in a 
minor decrease in the estimated concentration of Pu-241. Since Pu-241 decays to Am-241, the 
decrease in the Pu-241 concentration is also accompanied by a corresponding increase in the 
concentration of Am-241. 

The major change for the RH-TRU waste from TWBlR Revision 2 is the decrease in the 
estimated concentration of U-235 and an increase in the concentration of U-238. Both are a 
result of the preliminary sludge sampling data from ORNL mentioned earlier. 

3.2.2 Activity Calculations for Waste Streams 
As documented in the SNUNM memoranda in Appendices A-2 and A-3, data on radionuclide 
activity on a waste stream basis was requested for 21 radionuclides. However, the request was 
subsequently limited to seven radionuclides by SNUNM WlPP PA staff (Am-241, Cm-244, Pu- 
238, Pu-239, Pu-240, Pu-241, and U-234). Appendix B-2 presents the results provided to 
SNUNM by DOWCAO in response to this data request. 

Since many sites did not have the ability to provide radionuclide data on a detailed waste stream 
basis for every waste stream in TWBlR Revision 2, the radionuclide activities for many individual 
waste streams (especially for projected waste) were not reported by the sites for TWBlR Revision 
2. Therefore, the radionuclide activity data for the WPP disposal inventory cannot be directly 
obtained on a waste stream basis by running queries on the TWBlR Revision 2 database. Due 
to the unavailability of detailed radionuclide data on a waste stream basis for many waste 
streams, the WPP disposal radionuclide inventory presented in all revisions of the TWBIR has 
always been developed on the basis of the site-level radionuclide inventories reported by the 
sites in the IDB. 

For the sake of consistency with the revised WPP disposal radionuclide inventory in Attachment 
A of Appendix B-1 (which is also based on the site-level IDB data), assumptions were required 
in order to estimate the waste stream radionuclide activities presented in Appendix B-2. These 
assumptions can be found in Appendix B-2 and are not reproduced here. Thus, it should be 
noted that the data in Appendix 8-2 are derived on the basis of assumptions and not directly 
obtainable from the TWBIR Revision 2 database. Because of the unavailability of the 
radionuclide data on a waste stream basis, some of the waste streams from small sites are not 
included in the activity table in Appendix B-2. Efforts are currently underway to ensure that the 
sites will be able to provide radionuclide data on a waste stream basis for most waste streams 
in future updates of the NVBlR so that radionuclide activity data for the WlPP disposal inventory 
can be directly obtained from the TWBIR database. 
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3.3 SUPPLEMENTAL INFORMATION FOR OTHER CONSTITUENTS 

SNL/NM and DOE/CAO requested supplemental information on several constituents in TRU 
waste (see Appendix A-I) that were not able to be estimated based on the information reported 
by the TRU waste sites in Revision 2 of the TWBIR (DOE, 199%). The information requested 
can be divided into three general categories which were requested on solidified waste forms 
destined for disposal in WIPP: 

Complexing Agents 
Nitrate, Sulfate, and Phosphate 
Cement 

The TWBIR team worked with those major sites that generatektore most of the solidified waste 
forms: Los Alamos National Laboratory (LANL), RFETSIINEL, and ORNL. A summary of the 
results of these supplemental information requests is provided in Section 3.3.1, 3.3.2 and 3.3.3 
and the memoranda reporting the data are located in Appendices B-3 through 8-7. The detailed 
methodology for calculating the estimates of these physical/chemical constituents are provided 
in each memorandum in these Appendices. 

3.3.1 Estimate of Complexing Agents in Transuranic Solidified Waste Forms Scheduled 
for Disposal in WIPP 

The information on complexing agents in the waste was provided in a series of three memoranda 
to DOEICAO. The initial memorandum, entitled "Preliminary Estimate of Complexing Agents in 
TRU Waste Forms Scheduled for Disposal in WIPP," provided in Appendix B-3, represents the 
earliest estimate of complexing agents in the TRU Waste. The Appendix B-3 memorandum was 
superseded by the second estimate, entitled "Current Estimate of Complexing Agents in 
Transuranic Solidified Waste Forms Scheduled for Disposal in WIPP,'' provided in Appendix B-4. 
After the Appendix B-4 memorandum was issued, preliminary information from the January 1996 
data submittal from INEL was received. The data submittal indicated that over 90% of the stored 
waste at INEL would be vitrified, a process that should destroy complexing agents in TRU waste. 
Based on the preliminary data from INEL, the estimated amount of complexing agents due to 
RFETS waste stored at INEL could be reduced from that reported in Appendix 8-4. A synopsis 
of the INEL information is reported in the third memorandum that estimates complexing agents 
in the waste, entitled "Revision of Current Estimate of Complexing Agents in Transuranic 
Solidified Waste Forms Scheduled for Disposal in WIPP," provided in Appendix B-5. 

Table 3-2 provides a summary of the anticipated mass (in kilograms) of complexing agents in 
TRU waste reported by RFETSIINEL, LANL, and Hanford. The estimates in Table 3-2 include 
the anticipated reduction in mass of complexing agents reported from RFETSANEL based on the 
preliminary data for proposed vitrification of waste at INEL (Appendix B-5). In addition to the 
mass of complexing agents reported in Table 3-2, ORNL has provided an estimate of total 
organic carbon (TOC) in their RH-TRU sludges (Table 3-3). ORNL does not have any analytical 
data to quantitatively estimate which organic chemicals are responsible for the TOC content of 
the sludges. However, ORNL has provided a list of chemicals, summarized in Table 3-3, that 
could contribute to the TOC value reported (see Table 1 in Appendix B-4). It is estimated that 
most of the TOC in the tanks is not associated with complexing agents, but that has not been 
verified at this time. As a conservatism, PA calculations can assume that any complexing agents 
listed in Table 3-3 could form the bulk of the TOC in the ORNL RH-TRU tanks. 
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Compound 

Ascorbic Acid 

Acetic Acid 

Sodium Acetate 

Citric Acid 

Sodium Citrate 

Oxalic Acid 

EDTA 

8-Hydroxyquinoline 

Tributyl Phosphate 

1 ,I 0 Phenanthroline 

Dihexyl-n,ndiethyl 
carbamoylmethyl 
phosphonate 

Table 3-2. Estimates of Complexing Agents in Transuranic Waste 
from RFETS, INEL, LANL, and Hanford* 

Low Estimate Recommended 
(kg) Estimate (kg) 

18 30 

27 44 

141 282 

1110 1120 

51 102 

13700 13700 

3 6 

6 12 

102 111 

0.03 0.06 

9 18 

High Estimate 
~ (kg) 

34 

50 

333 

1130 

120 

13700 

7 

14 

115 

0.07 

22 

Refer to Appendices B-4 and 8-5 for methodology of calculated estimates. 
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Table 3-3. Estimate of Total Organic Carbon (TOC) in ORNL Transuranic Sludge Tanks and 
Possible Complexing Agents that can Contribute to TOC. 

Total Organic Carbon in ORNL Transuranic Sludge = 3691 kg 

Possible Complexing Agents and Other Organic Compounds* in ORNL RH-TRU Sludges: 

Acetic Acid 
Acetone 
Adogen-364-HP (- triluarylamine) 
Carbon tetrachloride 
Deodorized mineral spirits (Amsco) 
2,5di-tert-butylhydroquinone (DBHQ) 
Diethylbenzene (DEB) 
Diethylenetriaminepentaacetic acid (DPTA) 
Di (2-ethylhexyl) phosphoric acid (HDEHP) 
Di-isopropylbenzene (DIPB) 
Ethanol 
Ether 
Ethylenediaminetetraacetic acid (EDTA) 
2-ethyl-I -hexanol 
a-hydroxyisobutyric acid 
Isopropanol 
Methanol 
n -d o d e ca ne 
n-paraffin (NPH) 
Oxalic Acid 
Thenoyltrifluoroacetone (lTA) 
Tributylphosphate (TBP) 
Trichloroethylene (TCE) 
Xylene 

*Adapted from Table 1 in Appendix B-4. 
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3.3.2 Estimate of Nitrate, Sulfate, and Phosphate Content in Transuranic Solidified 
Wastes for Disposal in WIPP 

Estimates of nitrate and sulfate in solidified TRU final waste forms were provided in the 
memorandum entitled "Preliminary Estimate for SNUNM Performance Assessment Calculations 
of Nitrate, Sulfate, and Phosphate in Transuranic Solidified Wastes Destined for Disposal in 
WIPP," provided in Appendix B-6. In that memorandum, it is estimated that densities for the 
overall disposal inventory are as follows: 9.2 kilograms/cubic meter for nitrate and 3.6 
kilograms/cubic meter for sulfate. No estimate of phosphate was reported due to lack of 
sufficient information. 

3.3.3 Estimate of Cement in TRU Solidified Waste Forms for Disposal in WlPP 
An estimate of cement (portland-based) in solidified TRU final waste forms was calculated in the 
memorandum entitled "Estimate of Cement Content in TRU Solidified Waste Forms Scheduled 
for Disposal in WIPP," provided in Appendix B-7. The estimated density of cement over the 
entire disposal inventory is 48.6 kilogram/cubic meter. This estimate includes both CH-TRU and 
RH-TRU final waste forms. The portland cement reported is both reacted and unreacted cement 
in the waste. There. are no data available to estimate the percentage of reacted versus 
unreacted cement in the waste. 
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5. GLOSSARY 

40 CFR Part 191, Protection of Environment. €PA: Environmental Radiation Protection 
Standards for Management and Disposal of Spent Nuclear Fuel, High-Level and 
Transuranic Radioactive Wastes - The EPA's environmental standards for the storage 
(Subpart A) and disposal (Subpart B) of spent nuclear fuel, and high-level and TRU radioactive 
wastes. This is the primary post-closure standard that applies to WIPP. 

Anticipated Inventory - The sum of the stored and projected inventories, as defined in this 
document. 

As-Generated Waste - The chemical and physical status of waste when it is generated. 

Buried Waste - TRU waste buried in shallow trenches prior to the 1970 Atomic Energy 
Commission policy that required TRU waste to be retrievably stored. 

Code of Federal Regulations (CFR) - (1) A codification of the general and permanent rules 
published in the Federal Register by the department and agencies of the federal government. 
The CFR is divided into 50 titles that represent broad areas subject to federal regulation. It is 
issued quarterly and revised annually. (2) All federal regulations in force are published annually 
in codified form in the CFR. 

Contact-Handled (CH) TRU Waste - Packaged TRU wastes with an external surface dose rate 
of less than 200 mrem per hour. 

Defense Waste - (1) Radioactive waste from any activity petformed in whole or in part in 
support of DOE atomic energy defense activities; excludes waste under purview of the Nuclear 
Regulatory Commission or generated by the commercial nuclear power industry. (2) Nuclear 
waste derived mostly from the manufacture of nuclear weapons, weapons-related research 
programs, the operation of naval reactors, and the decontamination of nuclear weapons 
production facilities. 

Department of Energy Site - A DOE-owned or -controlled tract used for DOE operations. 
Either a tract owned by DOE or a tract leased or otherwise made available to the federal 
government under terms that afford to DOE rights of access and control substantially equal to 
those that DOE would possess if it were the holder of the fee (or pertinent interest therein) as 
agent of and on behalf of the government. One or more DOE operations/program activities are 
carried out within the boundaries of the described tract. 

Disposal - Emplacement of waste in a manner that assures isolation from the biosphere for the 
foreseeable future with no intent of retrieval and that requires deliberate action to regain access 
to the waste. For example, disposal of wastes in a mined geologic repository occurs when all 
of the shafts to the repository area are backfilled and sealed. 

Disposal Inventory - The inventory volume defined for WIPP emplacement to be used for PA 
calculations is the "disposal inventory." The LWA defines the total amount of TRU waste allowed 
in the WIPP as 6,200,000 cubic feet (approximately 176,000 cubic meters) (Public Law, 1992b). 
The "Agreement for Consultation and Cooperation" (C&C Agreement) limits the RH-TRU 
inventory to 250,000 cubic feet (approximately 7,080 cubic meters) (DOE and State of New 
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Mexico, 1981). Therefore by difference, the CH-TRU inventory is limited to 5,950,000 cubic feet 
(approximately 168,500 cubic meters). 

Final Waste Form - Consists of a series of WMCs that for PA purposes have similar physical 
and chemical properties. 

Integrated Data Base (IDB) -The latest version of the IDB, the Integrated Data Base for[7995]: 
U S .  Spent Fuel and Radioactive Waste Inventories, Projections, and Characteristics 
(DOE, 1995b). 

Land Withdrawal Act - The 1992 legislation passed by the US. Congress withdrawing the 
surface land and underlying minerals at the WlPP site from public use, transferring the property 
from the DO1 to the DOE, and enabling the start of the WlPP Test Phase. The LWA sets 
prerequisites to be met before the start of the Test Phase, such as the repromulgation by EPA 
of 40 CFR 191 and the concurrence of EPA with the Test Phase Plan (Public Law, 1992b). 

Mixed TRU Waste - TRU waste that contains both radioactive and hazardous components as 
defined by the Atomic Energy Act and the RCRA as codified in 40 CFR Parts 261.3 (EPA, 1980). 

Newly Generated Wastes - See Projected Inventory. 

Performance Assessment (PA) - (1) A systematic analysis of the potential risks posed by 
waste management systems to the public and environment and a comparison of those risks to 
established performance objectives. (2) An analysis that (a) identifies the processes and events 
that might affect the disposal system, (b) examines the effects of these processes and events 
on the performance of the disposal system, and (c) estimates the cumulative releases of 
radionuclides, considering the associated uncertainties, caused by all significant processes and 
events. These estimates shall be incorporated into an overall probability distribution of 
cumulative release to the extent practicable. (3) A term used to denote all activities (qualitative 
and quantitative) carried out to (a) determine the long-term ability of a site/facility to effectively 
isolate the waste and ensure the long-term health and safety of the public and (b) provide the 
basis for demonstrating regulatory compliance. 

r 

Projected Inventory - That part of the inventory that has not been generated but is estimated 
to be generated at some time in the future by the TRU waste generatorlstorage sites. The 
estimated timeframe may vary, but is usually between 20 and 30 years. "Newly generated 
waste" also is sometimes used as a synonym for the projected inventory. 

Radioactive - Term used to refer to an unstable atomic nucleus that decays with the 
spontaneous emission of ionizing radiation (also see "radionuclide"). 

Radionuclide - (1) A species of atom having an unstable nucleus, that is subject to 
spontaneous decay or disintegration and usually accompanied by the emission of ionizing 
radiation. (2) Any nuclide that emits radiation. A nuclide is a species of atom characterized by 
the constitution of its nucleus and hence by the number of protons, the number of neutron, and 
the energy content. 

Remote-Handled (RH) TRU Waste - Packaged TRU wastes with an external surface dose rate 
equal to or exceeding 200 mrem per hour. 
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Resource Conservation and Recovery Act (RCRA) - (1) Establishes a system for controlling 
hazardous waste from generation to disposal. (2) A Federal law passed in 1976, and amended 
under the HSWA of 1984, that established a structure to track and regulate hazardous wastes 
from the time of generation to disposal. The law requires safe and secure procedures to be 
used in treating, handling, transporting, storing, and disposing of hazardous substances. RCRA 
is designed to prevent new uncontrolled hazardous waste sites. The law also regulates the 
disposal of solid waste that may not be considered hazardous. (3) Specifically, Subtitle D of 
RCRA governs the management of solid waste. (Note: 40 CFR Parts 260-272 are the 
regulations for complying with RCRA with respect to hazardous waste and hazardous waste 
treatment, storage, and disposal facilities.) 

Scaling -The process for adjusting the anticipated inventory to equal the maximum authorized 
disposal inventory of the WlPP repository for the purposes of WlPP performance assessment 
modeling. 

Stored Inventory - That part of the TRU waste inventory currently in retrievable storage as of 
the time of the last data call for inventory information. Retrievably stored waste includes waste 
stored in buildings or in berms with earthen cover since 1970 and does not include any waste 
that was buried prior to 1970. Stored inventory can be in the "as-generated" form or Vinal waste 
form." 

. 

Transuranic - Pertaining to elements that have atomic numbers greater than 92, including 
neptunium, plutonium, americium, and curium; all are radioactive, are not naturally occurring, and 
are members of the actinide group. 

Transuranic (TRU) Waste - (1) Waste containing alpha-emitting radionuclides with an atomic 
number greater than 92 and half-lives greater than 20 years, at concentrations of TRU isotopes 
greater than 100 nanocuries per gram of waste. This core definition appears in modified 
form in various relevant documents as follows: (a) For purposes of management, DOE 
Order 5820.B: (i) considers TRU waste, as defined above, l'without regard to source or form" 
(The proposed revision to the Order [DOE Order 5820.2A Major Issues for Revision, May 6, 
19921 contemplates removing this clause); (ii) allows head of field elements to determine that 
wastes containing other alphaemitting radionuclides must be managed as TRU waste; and (iii) 
adds "at time of assay," implying both that the classification of a waste as TRU waste is to be 
made based on an assay, and that such classification can be superseded only by another assay. 
(b) For purposes of setting standards for management and disposal, 40 CFR 191.02(i) adds 
"except for: (i) high-level wastes; (ii) wastes that the DOE has determined, with the concurrence 
of the EPA Administrator, do not need the degree of isolation required by this part; or (iii) wastes 
that the Nuclear Regulatory Commission has approved for disposal on a case-by-case basis in 
accordance with 10 CFR 61 .'I (2) Waste materials contaminated with U-233 (and its daughter 
products), with certain isotopes of plutonium, or with other nuclides with atomic numbers greater 
than 92. In order to be classified as TRU waste, the long-lived alpha activity from subject 
isotopes must exceed 100 nanocuries per gram of waste material independent of the level of 
beta-gamma activity. These wastes are produced primarily from reprocessing spent fuel and 
from the use of plutonium in the fabrication of nuclear weapons. (3) Wastes that are 
contaminated with radioactive elements heavier than uranium, thus the name trans-(or beyond) 
uranic. 
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Waste Acceptance Criteria (WAC) - The criteria used to determine if waste packages are 
acceptable. For the purposes of this document, WAC refers to WIPP WAC. 

Waste Form - The ptiysical form of the waste such as sludges, combustibles, metals, etc. 

TRU Waste Sites - The 8 major DOE facilities and several smaller sites throughout the U.S. that 
generate and store TRU waste. 

Waste Isolation Pilot Plant (WIPP) - (1) The project authorized under Section 213 of the DOE 
National Security and Military Applications of Nuclear Energy Authorization Act of 1980 (Public 
Law, 1979) to demonstrate the safe and environmentally sound disposal of radioactive waste 
materials generated by atomic energy defense activities. (2) A research and development facility 
located near Carlsbad, New Mexico to be used to demonstrate a practical, long-term solution to 
a complex problem: the safe disposal in deep geologic repositories of TRU waste resulting from 
DOE activities. 

Waste Material Parameter - A waste material that occurs in TRU waste that is an input 
parameter into one (or more) current PA model@) or is required to adequately describe the 
waste form. 

Waste Matrix Code (WMC) -A DOEdeveloped coding system for grouping waste streams that 
have similar matrix constituents, especially for treatment objectives. This coding system allows 
waste streams within the DOE TRU waste system that have similar physical and chemical waste 
form properties to be categorized together. WMCs also have been called ''waste treatability 
codes" in other DOE documents. An example of a WMC for "heterogeneous waste" is 5400 
(DOE, 1995a). 

Waste Stream - A  flow of waste materials with specific definable characteristics that remain the 
same throughout the life of the process generating the waste stream. 

Waste Stream Profile - A description of a CH-TRU or RH-TRU waste stream destined for 
shipment to and disposal in WIPP, if authorized under permits and certifications by appropriate 
regulatory agencies for disposal in the WIPP repository. The waste stream profile is presented 
in tabular format and is intended to provide a summary of the important information about a 
particular waste stream. 

WIPP Waste Profile - Represents a summary of TRU waste at all DOE TRU waste 
generatorktorage sites that have an identical Final Waste Form. 
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CH and RH-TRU Waste Parameters Potentially Important in WIPP PA 

Requested PA Data From TWBIR 

Below you will find an updated list of waste material parameters that have been 
identified as being potentially important to the performance analysis of the WIPP 
repository. It is requested that these parameters be be supplied in Rev. 2 of the 
Transuranic Waste Baseline inventory Report (TWBIRI. Itemized beiow you will 
find the two categories of requested waste parameter data. 

Non-radioactive Materials 
The non-radioactive materials are those which influence gas generation poten- 
tial and those that are needed for mechanical models which predict waste con- 
solidation and shear stren-mh properties. The list of the non-radioactive materi- 
als is shown in Table 1. 

Radionuclide 
At this time there are no new requests for additional radionuclide inventory 
data beyond those previously reported in Rev. 1 of the WlWBIR. If there are 
significant inventory increases in radionuclides due to special circumstances 
(such as inclusion of residues to the TRU inventory), sufficient footnote expla- 
nations should be supplied. 

Excepuond Service in the National Interest 
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I (a) Future mode1 for PA does not include aluminum. 
(b) Only one-half of material is assumed to generate gas. 
(c) May impact colloids. 

(e) Percentage of material to generate gas is unknown at the present time. 



B) Specid Request Non-PA Items 

Also wanted at this time is additional information for several waste material 
charactenstics. Although these cnaracteristics have not been identified as waste 
material parameters to be used for WIPP PA. they are needed for non-PA scoping 
calculations to assess their influence on P.4. Since these items are not currently PA 
parameters. inventory estimates or' these characteristics as "additional information" 
in the TWBIR or suppiied outside o i  the TWBIR via wntten correspondence. 
Below you will find an itemized list of these special request items. 

Non-radioactive Materiais 
Additional information is needed on the five waste material characteristics (see 
Table 2): I )  vitrified wastes. 2) niuates (NO;), 3) sulfates GO?-), 4) phos- 
phorus. and 5 )  cement. Of these waste panmeters. the last four are needed for 
the gas generation modeling. The nitrates and the sulfates are involved in the 
denitrification and sulfate reduction processes which breakup the cellulosics. 
while the phosphorus is a nument for biodecay of cellulosics. The estimate of 
the mass quantities of cement in the waste inventory should include both the 
cement that is contained in the waste as cement itself (due to D&D activities, 
etc..) and the cement found in various sludges. Cement consumes COz due to 
its content of Cu(ON)*. The estimates for this non-radioactive waste consti- 
tuent need only be "best estimates'' at this present time so that non-PA scoping 
calculations can be made to determine their importance on overall repository 
performance. (Do not generate upper-bound estimates that .are overly conserva- 
tive.) 

Residues 
"Best estimates" are needed for residues. in addition to those already identified 
at the Rocky Flats Plant (RFP). that have the possibility of being changed 
from a resource category to a TRU waste category. 

Organic Ligands (Cheiating Agents) 
"Best estimates", from currently available information, are needed for major 
water-soluble organic ligands which are under consideration for the actinide 
source tern (see Table 3). If it is not possible to obtain data from major 
waste generating sites then supply guidance on how a firstsrder estimate may 
be made (from existing information such as process knowledge etc.,) so that 
non-PA scoping calculations can be performed to identify if the presence of 
these ligands would have any significant impacts. (Do not generate estimates 
that are overly conservative.j Requested data is for final form "process-level" 
quantities used in production only for the key sites. If information on the 
"process-level" values does not exist at the key sites, then "laboratory-scale" 
values should be used in the requested assessment of the inventory. Should it 
be determined that more detailed information on organic ligands will be 
needed, you will be given a specific written request at a future time. This 
effort should be performed in parallel with the " B I R .  Technical data should 
be supplied in memorandum form by the end of February 1996 with SUPPOK- 
ing documentation by the end of March 1996. 
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Justification of Special Request For Info 
On Organic Complexing Agents. (a) 

The most valuable information at this time is a "best estimate" of the 1) Total 
Cornpiexants total amount of water soluble complexing asents (ligands) in the 

I TRU waste matrix. 

I 
Ligand (b) ! Discussion (c) :I 

I 

1 
I 2)  Citrate I 
I 
I 

5 )  EDTA /j 

~~ ~ ~ ~~~ ~ 

Preliminary information indicates that c i n t e  (citric acid) may be the 
largest used ligand at TRU waste generatin5 sites. Hence. inventory 
quantities are vety important. 

This is an important ligand that is mxiuced by bacteria as part of its 
own metabolism. What is requestea here is a "best estimate" of the 
quantity of lactate that actually exists in the TRU waste mamx (not 
just an initial amount suppiied as part of a waste stream). However. 
if this information cannot be developed. then supply informatior on 
the initial amount. 

This is an important ligand that is produced by bacteria as part of its 
own merabolism. What is requested here is a "best estimate" of the 
quantity of oxalate that actually exists in the TRU waste mamx (not 
just an initial amount supplied as part of a waste stream). However, 
if this information cannot be developed. then supply information on 
the initial amount. 

This ligand (ethylenediaminetetraacetic acid 1 is also of major impor- 
tance due --) its common use as a cleaning solvent. 

(a) Information on these additional waste materials are needed for non-PA scoping calculations 
for assessment of their importance. The presence of these complexing agents are important 
for the actinide source term, with respect to increasing the solubility of radionuclides. 

(b) These items are ranked in the order of their importance in the actinide source term. 
(c) Also supply any available information that TRU was-;: generation sites may have on the 

degradation or decay rates of ligands in current (ami expected) waste matrixes if possible. 
In cases where no information is available. supply guidance on estimating fistsrder 
quantities. 

I' 

LCS:6741 :lcd(95-2082) 

copy to: 
P.E. Drez [Drez Environmental Associates] 
D. Bretzke (Science Applications International Corporation] 
S. Chakraboni [Science Applications International Corporation] 
MS-1320. C.F. Novak [Dept. 61 191 
34s-1328, H. Jow [Dept. 6741) 



MS-1328. &M.S. Tirrney [Dept. 6741) 
MS-1328. D.R. Anderson [Dept. 67491 
.LIS- 1328. ,M.E. Fewell [Dept. 6749) 
11s-1328. J.D. Schreiber (Dept. 67491 
MS-1328. P. Vaughn IDept. 67491 
MS-1341. L.H. Brush [Dept. 67483 
MS-1341, B.M. Butcher (Dept. 67481 
MS-1341. A.C. Peterson [Dept. 67481 
.MS-1341, LJ. Ston [Depr. 67481 
,MS-1341. A. Reiser [Dept. 67471 
MS-1341. R.F. Weiner (Dept. 67471 
MS-1495. P.E. Sanchez [Dept. 67001 
MS-1328. Day File [Dept. 67411 
iMS-1328. L.C. Sanchez [Dept. 67411 
File - SWCF-A WBS 1.1.6.2: PA. PBWAC 
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Sandia National Laboratories 

date : January 11, 1996 

from : 

subject : Information Needed from TWBIR (Rev. WAddendum) 

.. *y., :,:::: :.. . .:,e 

I have read Paul Drez's memo [Ref. DEA-I] about the Rev. 2 of the TWBIR [Ref. BIR-I]. 
When updated values are available, please send me a memo with the WIpp-sCaie values 
(CH & RH waste material parameters - Tables 3-2 & 3-3 and CH & RH disposal radionu- 
clide inventary data - Table 34). [Note - because the anticipated volume of RH waste 
is much greater than the WIPP disposal volume, the proper volume that should be 
used to d e t k i n e  the average waste mattrial parameters- should be a "tr'irncated 
volume", Le., the trancated volume is equal to the existing stored waste plus only the 
necessarg amount of projected waste necessary to reach the WIPP dkposal volume 
limit.] When regenerating Table 3-4, please add extra columns which also display the 
"total curies" (in addition to the data displaying the curie volumeCric densities) for both CH s: prEJ cr' 
& RH radionuclides. The volumcs to be used for these conversions arc: 1) 62EitM c c  ------.- . cam. for CH-TRU wasfe and 2) 0.2SEi-06 C U . ~  = 7,080. cum. [the unit 

for volume were done with the factor 1.0 cufr = 2.832E-02 cum. taken from 
Ref. SNLl]. 

<&S /-/.-9g 

A second request, which should be documented in a separate memo, is that CH & RH 
activity loading tables be generated on a per-waste stream basis. 3hgformat for the data 
should look as close to that shown in Table 1 below. It is also n& that the informa- 
tion be made into an ASCII file and placed on a 35" diskette (IBM formatted). Thert are 
three versions of this table that are need& 1) values comsponding to stored w m  only, 
2) values comsponding to projected waste only, and 3) values comsponding to WIPP 
disposal volume mote - nmcmbcr to use tht mcated volumes for the RH waste]. 

REFZRENCES 

Memo from: P. Dnz (Drez Environmental Associates, DEA) to: LC. Sanchez (Sandia 
National Laboratories), subject "BIR Error", dated. January 7.1996. 

DOE (U.S. Department of Energy); Transuranic Waste Baseline Inventory Report; 
DOECAO-95-1121; Revision 2; printed December 1995. 

Sandia WIPP Project. 1992. Preliminary Pe@o-e assess me?^ for rhe Wprtr Isohion 
Pilot Plant, December 1992. Volume 3: Model Parameters (SAND92-0700/3), section: 
Conversion Tables For SI and C o m n  EngZish UniU, Table 5, pg. Conversion Tables - 4. 
SAND92-070QB. Albuquerque, NM: Sandia National Laboratores. 
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TRU 
Type 

CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 

CH 
CH 
CH 

CH 

CH 
- - 
RH 
RH 
RH 
RH 
RH 
RH 
RH 
RH 

RH 
RH 
RH 

RH 

Table 1. Radionuclide ActiviQ Loadin Table 
(to be used for human mtrusion c s culations) 

Site 
ID 

LANL 
LANL 
IANL 
LANL 
LANL 
LANL 
L4NL 
LANL 

RFm 
RFm 
RFm 

3. 
Total 

LANL 
LANL 
L4NL 
LANL 
LANL 
IANL 
LANL 
LANL 

RFETS 
RFm 
RFm 

3. 
Total 

Wpste 
StreamID 

LA-?oo1 
LA-?002 
LA-?003 
LA-?oo4 
LA-?OoS 
LA-?006 

3. -- 
RF-?OOI 
1. - 
3. 

RF-?oOI 
3. - 
3. 

Volume of 
Waste Stream 

XYXXX 
X X m X  

3. c- 
xxxxx 

3. c- 
I 

c- 

xxxxx 
I c- 

Curie Loading 

[E%] 

XXxE-KK 
XXXE-KK 
XXXE-KK 
XXXE-KK 
XXXE-KK 
XXYE-KK 

3. - 
XXXE-KK 

' 3 .  

3. 

- 

0- 

XXXE-KK 
XXXE-KK 
XXXE-KK 
XXXE-KK 
XXXE-KK 
XXXE-KK 

3. 

XXxE-KK 
I 

I 

0- 

- 

0. 

copy to: 
MS-1328, H. JOW [Dept. 67411 
MS-1328, RP. Anderson [Dept. 67491 
MS-1328, Day Fde Pept 67411 
MS-1328, L.C. Sanchtz bt. 67411 
File - SWCF-A WBS 1.1.62;PA;PBWAC - WipP ACTIVITY 
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[curies] 

XXXE+KK 
XXXE+KK 
X.XXE+KK 
XXXE+KK 
XXXE+KK 
XXXE+KK 

3. 
~ x x x E + K K  

X?XE+KK 
X.XXE+KK 
XXXE+KK 
m + K K  
XXXE+KK 
xxxE+KK 

3. 
cKxxE+KK 



APPENDIX A-3 



Sandia National Laboratories 

date : 
to : 

from : 

subject : 

January 30,1996 
borti [Science App tions International Corporation] 

&$&-=8-O685, Fax-848-OXl5 

Information Needed from TWBIR (Rev. 21Addendum) 
With regards to the two requests previously made (Ref. LCS-I), the first is no longer 
needed and an update is needed for the second. 

Since the data in the TWBIR (Ref. BIR-1) for projected waste material parameters and 
radionuclide inventory is based on data for stored waste (Ref. SC-1), the first request for 
data values to be volume averaged using truncated volume is not necessary (La, it would 
yield the same values). 

For the second request from Ref. LCS-1, it has been identified that not all the radionuclide 
data in the TWBIR are incorporat#l in the radionuclide activity loading tables which arc 
used for the human intrusion calculations @fs. SNLl & JG-1). Instead, an abbreviated 
list of 21 radionuclides is all that should be used to generate the curie loading table (see 
Table 1 of Ref. LCS-1). The list of the 21 radionuclides (for both CH and RH) are shown 
in Table 1 below (this list is based on Table I of Appendix of Ref. EPA-1). Also, Since 
the projected waste data is based on stored data, values gentrated are needed only for 
WIPP disposal volumes (data separated for stored and projected data would have yielded 
the Same values). 

REFERENCES 
IBJR-11 

DOE (U.S. Department of Energy); Transuranic Waste Baseline Inventory R e p o ~  
DOE/cAo-95-1121; Revision 2; printed December 1995. 

“Environmental Standards for the Management and Disposal of Spent Nuclear Fuel, High- 
Level and Transuranic Radionactive Waste: Fmal Rule,” 4OCFR191, Federal Regisfer, 50, 
38066 (1985). 

rnA-11 

[JG1]Communications urth J. Gamer [piru Assoc., SNL/Dtpt 67493. dare: January 30,1996. 
[LCS-II 

Memo from: L.C. Sanchez @e@ 6741) to: S. chakrabortl * (Science Applications Intuna- 
tional Corporation), subject: “Infoxmation Needed from TWBIR (Rev. ZAddendun)”, 
dated: January 11,1996. 

[SC-1]Communications with S. chakraborti [Science Applications International Corporation], 
date: January 25,1996. 

Exceptional Smice in tht National Inrerest 

A3- 1 



.... 

[SNLII 
Sandia WlPP Project. 1992. Preliminary Pe~ormance Assessment for the Watte lsolarion 
Pilot Plant, December 1992. (SAND92-0700), 

~ ~~~ ~~~~~~~~~ 

Tablel. Radionuclides That Should Be Usec 
To Generate Curie Loading 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

. hdionurlide 

Am-N.1 
Cm-248 
Cs-137 
Np237 
Pa-231 
Pb-210 
Pu-238 
Pu-239 
Pu-240 
Pu-242 
pu-244 
Ra-226 
5r-90 
Th-229 
Th-230 
lll-232 
U-233 
U-23% 
U-235 
U-236 
U-238 

LCS:6741 :lCs1(9&2O98) 

copy to: 
MS-1328, H. Jow mpt. 67411 
MS-1328, R.P. Anderson [Dept. 67491 
wE1328; .'Day Fdt 67413 
MS-1328. L.C. Sanchez [Dept.' 6741 ] 
File - SWCF-A WBS 1.1.62;PA;PBWAC - W P  ACTIVTIY 
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United States Government Department of Energy 

memorandum Carisbad Area Office 
Carlsbad, New Mexico 88221 

DATE: June 4 ,  1996 
REPLY TO CXO:NTP:RLB:96-1174 
ATTN OF / 

S U ~ ~ ~ m :  Revised Radionuciide Data in Support of the Compliance Certification Application 

Les E. Shepnard. Director. Nuclear Waste Management Programs Center. S W N M  

Please find attached the revised WIPP disposal radionuclide inventory which was 
previously transmitted to your staff for their use. This inventory has been recalculated on 
the basis of new radionuclide information recently available from four TRU waste sites: 
the Hanford site (Hanford), the Oak Ridge National Laboratory (ORNL), the Rocky Flats 
Environmental Technology Site (RFETS), and the Savannah River Site (SRS). The revised 
WIPP disposal radionuclide inventory is provided in Attachment A in a format similar to 
Table.3-4 of Revision 2 of the Transuranic Waste Baseline Inventory Report (TWBIR). 

TO: 

The values in Attachment A were originally based on the extrapolation of the results of 
preliminary radionuclide decay calculations that were completed by Sandia National 
Laborarories (SNL) s t a g  on April 8. These preliminary calculations have recently 
completed the formal quality assurance/quality control (QNQC) review process by the 
SNL QA/QC group, and an approved version of these calculations was obtained on 
Tuesday, April 17. The QNQC review process produced some changes in the preliminary 
values. and these changes have been incorporated in Attachment A. 

Since the WIPP Performance Assessment (PA) group at SNL required the revised data as 
soon as possible in support of b e  Compiiance Certification Application (CCA), 
Attacfimenr A is being supplied as the most current update until the publication of Revision 
3 and should be used by the W P  PA in support of the CCA. As agreed with the SNL 
WIPP (PA) staff during the videoconference meeting on March 3, 1996, the revised data 
shown in Attachment A are based on the final waste fonn volumes published in Revision 2 
of the TWBIR. The information in Attachment A will be included in the TWBIR, Rev. 3. 
as well as that previousiy supplied on complexhg agents, cement content, and 
nitrarelsulfateiphosphate content. which will be inciuded as an appendix to the TWBIR. 

In su~1111li l~y, the revised data in Attachment A incorporates the effect of the following 
information received from four sites during the past two months: 

0 Corrections to the values for Cf-252, Cm-244. and Cm-245 reported in earlier 
Hanford submittals for the IDB. 



Lrs E. Shephara June 4 ,  ;996 

0 Preliminary sludge samuiing data from ORNL for the RH-TRU sludges showing 
the distribution of different urmum isotopes in the siudge: this enabled the 
redistribution of the uramum curies from previous Oak Ridge IDB submittals 
and corrected the previousiy high estmtes of U-235. 

Break-up of radionuclide data ror SRS waste between on-site and off-site waste 
(Le., waste from Los Alamos and Mound that was shipped to SRS for storage in 
the eariy 1970s); this enabled more realistic extrapoiation of the amount of Pu- 
238 and Pu-239 in SRS waste. 

A description of the step-by-step methodology used KO incorporate the new information 
from the four sites and KO develop the revised inventory is provided in Attachment B. 

If you have any questions concerning the enclosed information. please confact Mr,. Russ 
Bisping of my staff at (505) 234-7446. 

Don Watkins 
Manager 
National TRU Pr6gram 

cc wiattacfimenrs: 
R. Bisping, CAO 
G. Basabilvazo, CAO 
J. Mewhinney, CAO 
S. Chakraborti, CTAC 
P. Drez, CTAC 
J. Harvill, CTAC 
R. Anderson. SNL 
L. Sanchez. SNL 
M. Chu, SNL 
M. Marietta, SNL 
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WlPP Disposal Radionuclide Inventory for the CCA' 

Nuclide CH-TRU Waste RH-TRU Waste ' CH-TRU Waste 
ICi/m3) (Ci/m3) (Total Curies') 

2.88E +00 Ac225 1.71 E-05 1.66E-05 

Ac227 3.61 E-06 1.07E-07 6.08E-0 1 

Ac228 4.43E-06 1.1 OE-05 7.47E-0 1 

Ag 7 09m 9.32E-05 NR 1.57E+Ol 

RH-TRU Waste 
(Total Curies') 

1.17E-01 

7.57E-04 
7.77E-02 

NR 

NR = Not reported by sites. 
'Decayed to December 1995. 
'Total curies estimated by assuming a volume of 168,500 cubic meters for CH-TRU waste and 
7,080 cubic meters for RH-TRU waste. 
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ATACHMENT A 

Cm243 

Cm244 
Cm245 

Cm246 

Cm247 

Cm248 

Co58 

C060 

Cr5 1 

Csl34 

Csl35 

C s l 3 7  

WlPP Disposal Radionuclide Inventory for the CCA (continued) 

1.61 E-05 6.99E-03 2.72E + 00 4.95E +01 

1.87E-01 4.45 E-02 3.1 5E +04 3.1 5E+02 
6.81 E-08 2.07E-10 1.1 5E-02 1.46E-06 

6.06E-07 NR 1.02E-01 NR 

1.91E-14 NR 3.21 E-09 NR 

5.31 E-07 2.89E-08 8.95E-02 2.05E-04 

1 .8 1 E- 1 8 1.75E-15 3.05E-13 1.24E-11 

3.83E-04 1.47E + 00 6.46E+01 1.04E + 04 
NR 4.29E-10 NR 3.04E-06 
7.97E-08 2.60E-03 1.34E-02 1.84E +01 

2.98E-09 1.66E-08 5.02E-04 1.1 7E-04 
4.78E-02 3.05E +01 8.06E +03 2.1 6E + 05 

NR = Not reported by sites. 
'Decayed to December 1995. 
2Total curies estimated by assuming a volume of 168,500 cubic meters for CH-TRU waste and 
7,080 cubic meters for RH-TRU waste. 
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AlTACHMENT A 

t 

Nuclide CH-TRU Waste RH-TRU Waste CH-TRU Waste 
(Ci/rn3) (Ci/m3) . (Total Curies') 

2.5 1 E-16 NR 4.24E-11 

2.08E-10 NR 3.5 1 E-05 

Es254 

Eul50 

Eul52 7.46E-06 1.73E-01 1.26E +00 
Eu154 6.80E-06 8.34E-02 1 . 1 5 E  + 00 

WlPP Disposal Radionuclide Inventory for the CCA (continued) 

RH-TRU Waste 
(Total Curies2) 

NR 

NR 

1.22E + 03 

5.91 E +02 

NR = Not reported by sites. 
'Decayed to December 1995. 
'Total curies estimated by assuming a volume of 168,500 cubic meters for CH-TRU waste and 
7,080 cubic meters for RH-TRU waste. 
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AlTACHMENT A 

WlPP Disposal Radionuclide inventory for the CCA (continued) 

NR = Not reported by sites. 
'Decayed to December 1995. 
'Total curies estimated by assuming a volume of 168,500 cubic meters for CH-TRU waste and 
7,080 cubic meters for RH-TRU waste. 
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AlTACHMENT A 

WlPP Disposal Radionuclide Inventory for the CCA (continued) 

NR = Not reported by sites. 
'Decayed to  December 1995. 
2Total curies estimated by assuming a volume of 168,500 cubic meters for CH-TRU waste and 
7,080 cubic meters for RH-TRU waste. 
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ATACHMENT A 

> 

CH-TRU Waste RH-TRU Waste 
(Total Curies') (Total Curies') , 

r 
3.16E-05 1.35E-04 

- 9.65E-04 2.25 E-04 

- 4.3 5 E-04 1.02E-04 

- 1.47E + 00 3.57E-0 1 

- 4.1 4E-06 9.5 9E-07 

- 2.66E-02 6.69E-03 

9.65 E-04 2.25E-04 

r 

- 6.85E +03 2.09E +05 

- NR 4.2 1 E-08 

- 2.52E +01 5.85E-03 

- 2.95E-02 4.65E-0 1 

1.30E-07 1.71 E-09 

- 1.33E-07 1.75E-09 

6.01 E-01 7.47E-04 

2.71 E +01 7.36E-02 . 
2.88E +00 1.1 7E-01 

8.06E-02 7.56E-03 

I 1.28E+01 4.63E + 00 - 
- 9.1 3E-01 9.25E-02 

- 3.96E +01 1.05E + 01 

WlPP Disposal Radionuclide lnventa 

1.49E-04 8.26E-07 I Tc99 

, i e 1 2 7  7.72E-13 2.41 E-1 3 

Tel27m . 7.88E-13 2.47E-13 

Th227 3.5 6 E-06 1.06E-07 

Th228 1.61 E-04 1.04E-05 

Th229 1.71 E-05 1.66E-05 

Th230 4.78E-07 1.07E-06 

Th231 7.59E-05 6.53E-04 

Th232 5.42E-06 1.3 1 E-05 

Th234 2.35E-04 1.48E-03 

11 Te125m I 1.75E-07 I 6.57E-05 
1 

NR = Not reported by sites. 
'Decayed to December 1995. 
2Total curies estimated by assuming a volume of 168,500 cubic meters for CH-TRU waste and 
7,080 cubic meters for RH-TRU waste. 
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WlPP Disposal Radionuclide Inventory for the CCA (continued) 

TI207 
TI208 

TI209 
U232 

U233 

U234 

U235 

U236 

- U237 

3.61 E-06 

5.77E-05 
3.69E-07 
1.53E-04 

1.06E-02 

2.76E-03 

7.5 9E-05 
1.98E-06 

3.36E-04 

RH-TRU Waste 

9.73E +00 

6.22E-02 
2.58E +01 

1.79E + 03 

(Ci/m3) 

2.6 5 E-02 
2.5 3E-03 
NR 

1.58E+02 

1.07E-07 

3.74E-06 

U238 

U240 

Y90 

2 9 3  

2 9 5  

TOTALS 

3.5 8 E-07 
NR 

2.3 5 E-04 ' 1.48E-03 3.96E + 01 1.05E +01 
8.91 E-12 3.12E-15 1.50E-06 2.21 E-1 1 

4.07E-02 2.95E+Ol 6.85E +03 2.09E +05 
3.34E-08 1.86E-07 5.63 E-03 1.32E-03 
6.80E-15 4.27E-05 ' 1.15E-09 3.02E-0 1 

1.43E + 02 6.42E + 06 1.02E + 06 3.81E+01 

2.23E-02 

6.03E-03 

6.53E-04 

1.37E-05 

4.9 1 E-04 

CH-TRU Waste RH-TRU Waste 

6.07E-01 7.5 6E-04 

4.65E +02 I 4.27E+01 
I 

3.48E +00 5.66E+01 

NR = Not reported by sites. 
'Decayed to December 1995. 
'Total curies estimated by assuming a volume of 168,500 cubic meters for CH-TRU waste and 
7,080 cubic meters for RH-TRU waste. 

' I  
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This attachment summarizes the major changes to the undecayed radionuclide data based on the 
new information obtained from four sites since the publication of Rev. 2 of the TWBIR. It also 
summarizes the methodology used to develop the revised WIPP disposal radionuclide 
inventories shown in Attachment A. 

The major changes to the undecayed radionuclide data from the four TRU waste sites (Hanford, 
Oak Ridge, Rocky Flats, and Savannah River) are summarized below for each site: 

_Changes to the Banford Dau - There were a few errors in the undecayed curies 
reported by the Hanford site for Cf-252, Cm-244, and Cm-245 in their previous IDB 
site submittals for CH-TRU waste. The corrected estimates of yearly activity for 
these radionuclides that were provided by the Hanford site have been used for the 
revised radionuclide inventory calculations. The previous and revised undecayed 
activity values are shown in Table B-1. . .  

0 Changes to the Oak - In previous IDB submittals, Oak Ridge reported a 
very conservative (high) inventory for U-235 in the Oak Ridge RH-TRU waste due to 
the absence of any sampling data. Recently available mass spectrometry analytical 
data for the evaporator feed tank sludges at Oak Ridge have provided new 
distributions of the different uranium isotopes in the RH-TRU sludges showing that 
the primary uranium isotope by mass is U-238 (not U-235). Since the original IDB 
data are reported in terms of curies (i.e., not on a mass basis), the TWBIR team used 
the mass spectrometry data to develop new yearly estimates of activities for each 
uranium isotope. The previous and revised undecayed activities for UianiUm isotopes 
in Oak Ridge W-TRU waste are shown in Table B-2. 

0 _Changes to the W , T S  - The RFETS residues were not included in any 
of the previous IDB submittals because they were not categorized as waste. 
Therefore, no break-ups were available for the yearly undecayed activity contributed 
by each radionuclide in the residues and consequently, no radionuclide decay 
calculations could be performed for the residues in Rev. 2 of the TWBIR. Based on 
recent estimates provided by RFETS, it was possible to divide the total undecayed 
curies for each radionuclide present inthe residues into yearly activities. The yearly 
break-up of undecayed curies from each of these radionuclides is shown in Table B-3 

0 _ChanPes to the SRS data - In previous IDB submittals, SRS had reported the total 
yearly undecayed curies contributed by each radionuclide in SRS CH-TRU waste and 
therefore no information was available from the IDB regarding the contribution from 
off-site waste stored at SRS versus on-site waste that was generated at SRS. Based on 
recent information available from SRS regarding the on-site versus off-site break-up, 



. .  

the TWBIR team has divided the total yearly undecayed activities reported in previous 
SRS IDB submittals into yearly undecayed activities from on-site and off-site waste. 
The original.CDB data and the break-ups are shown in Table B-4. 

These new estimates of undecayed radionuclide activities for the four sites and unchanged data 
for all other sites were provided to SNL staff to perfonn radionuclide activity decay 
calculations. The undecayed activity data were decayed by SNL staff to the end of 1995 using 
the code ORIGEN2. The new decayed radionuclide inventory received from SNL staff has been 
used to develop the revised WIPP disposal radionuclide inventory shown in Attachment A. 

h 
The methodology used for development of the revised radionuclide inventory is the same as that 
described in Section 3.6 on pages 3-27 through 3-29 of Revision 2 of the TWBIR with the 
following exceptions: 

Decayed curies have been used for the WETS residues (instead of the undecayed 
curies used in Rev. 2 of the TWBIR) 

Unlike Rev. 2 of the TWBIR, the estimated concentration of U-235 in RH-TRU waste 
in Attachment A is well within transportation limits for Pu-239 FGE and.therefore 
does not require any adjustments. 

The curies and volumes contributed by TRU waste generated off-site but stored at 
SRS have been excluded from the process of estimating radionuclide activities for 
SRS waste to be generated in the fume. Only the data for waste that has been 
generated and stored at SRS since 1970 has been used for this estimation. The curies 
conmbuted by the off-site waste stored at SRS are added to the WIPP radionuclide 
inventory (in a manner similar to the RFETS residues) but they are not included in 
any data extrapolation for future SRS waste. 
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TABLE B - 1 
Hanford Site 

PREVIOUS UNDECAYED CURLES FOR Cf-252, Cm-244, and Cm-245 IN CH-TRU W A m  AT THE HANM)RD SITE 

Cf252 0 0 0 ~ + ~  0 mE+m 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.07E+03 

c m 2 a  0'00E+00 OWE+W 0.00E+00 O.WE+M) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 

cd45 O:OOE+MI O:WE+W 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.42E-01 0.00E+00 O.WE+OO 0.00E+00 7.54E+00 

1970 1971 1972 1 1973 1974 1975 I 1976 1977 1 1978 1979 1980 I 1981 1982 

i 



TABLE B - 2  
Oak Ridge National Laboratory 

PREVIOUS VALUES OF URANIUM ISOTOPES IN TEE IDB (CURIES) 

U232 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

u234 O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+00 O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+00 O.OOE+OO O.OOE+OO O.ODE+OO O.OOE+OO 0.00E+00 

1970 1971 I 1972 I 1973 I 1975 1975 I 1976 I 1977 1978 I 1979 I 1980 I 1981 1982 

U233 1.25E+00 1.25E+00 1.25E+00 1.26E+00 1.56E+00 1.76E+00 1.29E+00 3.36E+00 1.25E+OO O.OOE+OO 1.00E.01 0.00E+00 1.00E+00 

U235 O.OOE+OO 0.00E+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 2.01E44 2.84804 O.OOE+OO 0.00E+00 0.00E+00 O.OOE+OO O.OOE+OO 
U238 3.74E-01 3.74E.01 3.74E-01 3.74001 3.74E.01 3.74001 3.74E-01 3.74E.01 3.74E-01 0.00E+00 O.OOE+OO O.OOE+OO O.OOE+OO 

_ .  
'. > 

. 
1983 1984 I 198s I 1986 1 1987 

U232 0.00E+00 O.OOE+OO 9.28E-02 9.28E-02 9.28E-02 
U233 O.OOE+OO O.OOE+OO 6.37E+00 6.37E+00 6.37E+00 
u235 . O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
U235 O.OOE+OO O.OOE+OO 1.75E+Ol 1.75E+01 1.75E+01 
U238 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+00 

. I  .. . . . I  

1995 WOTAL 1988 1989 1990 1991 1992 I 1993 

6.37E+00 6.37E+00 6.37E+00 6.37E+OO 6.37E+00 6.37E+00 6.37E+00 B.gOE+Ol 
O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+00 O.OOE+OO 0.00E+00 O.ODE+OD O.OOE+OO 
1.76E+01 1.75E+Ol 1.75E+01 1.75E+01 1,76E+01 1.75E+01 1.75E+01 1.75E+02 
0.00E+00 O.OOE+OO 0.00E+00 O.OOE+OO 0.00E+00 O.OOE+OO O.OOE+OO 3.37E+00 

8.26E-02 8.28E-02 9.28E.02 9.28E.02 9.28E.02 9.28E-02 0.28E-02 9.28E-01 

1970 1971 1972 1973 . 1974 1975 1976 1977 1978 1 1979 1980 1981 1982 
U233 6.58E+00 5.58E+00 6.58E+00 6.68E+OO 6.76E+00 6.88E+00 6.60E+00 6.86E+00 6.68E+OO O.OOE+OO 6.09E.02 O.WE+OO 6.08E.01 
u234 1.25E-01 1.25E-01 1.25E.01 1.26E.01 1.25E.01 1.25E.01 1.26E.01 1.25E.01 1.25E.01 0.00E+00 4.56E.07 O.OOE+OO 4.55E-06 
U235 5.69E-03 6.6OE-03 5.69E.03 6.69E43 6.89E.03 6.69E.03 6.6gE.03 6.89E-03 6.6BE.03 O.OOE+MI 2.07E.08 O.OOE+OO 2.07E-07 
u236 3.45E-03 3.45E.03 3.45E.03 3.46E.03 3.45E.03 3.45E.03 3.45E.03 3.45E.03 3.45E-03 O.OOE+OO 1.26E.08 O.OOE+OO 1.26E-07 
U238 3.73E.01 3.73E.01 3.73E.01 3.73E.01 3.73E.01 3.73E.01 3.73E.01 3.73E.01 3.73801 O.OOE+OO 1.36E.06 O.OOE+OO 1.36E.05 

1983 I 1985 I 1985 I 1986 I 1987 I 1988 I 1989 1990 1991 1992 I 1993 I 1994 TOTAL 
U233 O.OOE+OO O.OOE+OO 3.83E+01 3.83E+01 3.83E+Ol 3.83E+01 3.83E+01 3.83E+01 3.83E+01 3.83E+01 3.83E+01 3.63E+01 4.36E+02 
u235 O.OOE+OO O.OOE+OO g.lOE-01 g.lOE.01 g.lOE.01 9.1OE.01 g.lOE.01 9.1OE.01 9.10E-01 g.lOE.01 g.lOE.01 g.lOE-01 1,02E+01 
U235 O.OOE+OO O.OOE+OO 5.01E.02 5.01E.02 6.01E.02 5.01E.02 5.01E.02 5.01E.02 6.01E*02 5.01E-02 6.01E.02 5.01E.02 5.53E.01 
U236 O.OOE+OO O.OOE+OO 2.51E-02 2.51002 2.6lD02 2.51E.02 2.51E.02 2.51002 2.51002 2.51E-02 2.51E-02 2.51E.02 2.62E-01 
U238 O.OOE+OO O.OOE+OO 2.71E+00 2.71E+00 2.71E+00 2.71E+00 2.71E+00 2.71E+00 2.71E+00 2.71E+OO 2.71E+00 2,71E+00 3.05E+01 



TABLE B- 3 
Rocky Flats Environmental Technology Site 

Am-241 
1982 I 1983 I 1984 I 1985 I 1986 1 1987 1 1988 

2.06E+04 I 222E+03 I 6.81E+03 I 1.56E+04 I 92OE+03 1 7.81E+03 I l.O3E+04 
Pu-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 

Am-241 
PU-238 
h-239 
Pu-240 
Pu-241 
PU-242 * 

1.64E+03 1.77E+02 5.43E+M 1.24E+W 7.34E+M 6.23E+02 8.19E+02 
3.50E+04 3.77E+03 1.16E+W 264E+04 1.56E+W 1.33E+W 1.75E+W 
8.01E+03 8.64E+02 2.65E+W 6.05E+03 3.58E+03 3.04E+03 4.00E+03 
2.05E+05 221E+04 6.77E+04 1.555+05 9.15E+04 7.77E+04 1.02E+05 
1.01E+00 1.09E-01 3.35E-01 7.65E-01 4.52E.01 3.84E-01 5.05E-01 ~ 

1989 1990 1991 1992 1993 1994 lToTALs 
1.74E+04 1.57E+04 9.38E+02 1.04E+02 3.47E+01 1.81E+03 l.UgE+OS ' 
1.39E+03 . 1.25E+03 7.47E+01 8.30E+00 2.77E*00 1.44E+02 8.66E+03 
2.96E+04 2.67E+04 1.59E+03 1.77E+02 5.90E+01 3.07E+03 1.84E+05 
6.78E+03 6.10E+03 3.65E+M 4.05E+01 135E+01 7.02E+M 4.22E+O4 
1.73E+05 1.56E+05 9.32E+W 1.04E+03 3.45E+02 1.80E+04 1.08E+06 
8.57E-01 7.72E-01 4.61E-02 5.12E-03 1.71E.W 8.88E-02 6.33E+00 ~ . 



3.37E-01 4.64-1 
731E+03 7.ME+O3 
2dOE+02 2.WE+02 
6.67E+Ol 620E+O1 
2.17E+O3 ZYE+03 
1.07M2 3.10E-02 
201- 6.83- 
l S l M 3  634E-03 
6.28l30 3.07M6 

1.04E+00 6.70E-01 634E-01 8.23E-0' 
2AOE+04 3.41E+04 3.61E+04 4.71E+O 
1.03€+02 3JZE+02 6.76E+O2 4.WE+O 
419E+OI OJOE+Ol  1.42E+02 1.16E+O 
l.ISE+03 4.00E+03 6.61E+03 4.71E+O 
6.UE-02 3.11E-03 6.16E-03 O.WE+O 
130E-03 7.48E-06 1.10- 4.70E-01 
1.16E-02 6.72E.04 1.0603 O.M)E+O 
4.01M6 2.33E-00 3.01E-06 3.6OE-01 

1970 
OWE+OO 
O.OOE+OQ 
O.OOE+W 
O.OOE+00 
O.OOE+OO 
OXK)E+W 
O.OOE+W 
0.OOE+00 
O.OOE+W 
O.OOE+00 

1971 1972 I973 1974 197s 
OWE+00 4.32E-01 6.28E+W' 1.07E+01 l.OOE+Ol 
O.OOE+OQ 1.33503 1JOMl 2.89501 4.01E-01 
OWE+OO 4.00E+01 1AdE+03 3.67E+03 4.31E+03 
0.00E+00 2.41E+00 3.06E+01 l.l3E+O2 1.14E+02 
O.OOE+OO 6 3 6 M l  7.47E+00 2.73E+Ol 2.71E+Ol 
O.OOE+OO 2.16€+01 286E+02 lOIE+03 138€+04 
O.OOE+00 O.OOE+OO OXK)E+OO 2.11M2 3.ZZE-02 
OSO€+W 0.00E+W O.OOE+W 3.81- 0.66- 
O.OO€+W 0.00E+W O.OOE+OO 3.60M3 IUE-03 
0.00E+00 OXK)E+OO OAOE+W 1.2OE-06 3.80E-03 

3.76E-02 
6.61E+03 
8.(IOE+OZ 
2.04E+02 
7.76E+03 
9.14-3 
1.7ZE44 

- ~~ 

3.38-2 1.31E+00 8.33E-02 1.81E-03 O.OOE+W 6.17M3 
1.73E+QS 3.OOE+03 ZJlE+03 lAOE+03 4.#9E+03 1.70E+01 
4.BOE+02 3.60E+02 S.bOE+Ol l.WE+Ol 4.27E+00 3.06E+Ol 
1.14E+02 8.47€+01 2.32E+Ol ZIlE+OO 1.83E+00 1.17€+01 
4.30E+03 322E+03 0.01€+02 1.12E+02 1.14E+02 6.11E+OZ 
2.27E-04 7.00E-04 0.00E+00 2.26E-04 2.10E02 1.00M2 
4.20E-00 1.30M'S 4.32E-09 4.23E-00 4.14604 3.63604 

2.76-3 O.OOE+00 
2.71504 7.72E-00 

1.27E-03 I 3.11E-03 2.06E-03 1.64503 3.83-0 1.18604 0.00E+00 3.80E-06 42OEOE 3.21M3 
7.60E-06 1.lOE-06 7.14-6 0.70E-00 1.33E-07 3AOM6 3.36E.97 1.32E-07 7.09E-07 4.21- 

TABLE B -  4 
SAVANNAH RIVER SITE - 

Is FOR SI 

0.OOE+00 
O.OOE+OO 
2.01t+06 
1.27E+02 
@.UE+Ol  
4SOE+03 
O.C4E+00 
O.OOE+00 
0.OOE+00 
0.OOE+00 

Inl 

- 

- 
)RED WA 

4.32601 
1.53MS 

5ASE+04 
2.37E+01 

ln2 

1.17E+O1 
7.76E+02 
0.OOE+00 
O.OOE+ 00 
0.00E+00 
0.00E+W - 

- 
"EAT= 

6.28E+OO 
1.10M1 
lAOE+05 
SXME+Ol 
7.47E+00 
2S6E+02 
O.OOE+OO 
O.OOE+OO 
O.OOE+00 
0.00€+00 

1Qn 

- 

;SAVANNAH RNER s m  (ONBrCE + OFF-Srn WASTE) I 
I974 I 1975 I 1976 I 1W7 I 1978 I I 979 I 1 980 I 1981 I 1982 

l.O7E+OI I l.OOE+Ol I Z.K1E+Ol I4.OOE+01 1 6.14E+01 1 7.06E+Ol I 7.14E+D1 1 1.04E+OZ I S.OOE+O 

ut38 

3iE 
4.01E+01 
2.34E-01 
4ME+04 
WJE+02 
O.O4E+O1 
2JOE+03 
1.0KE-02 
3.13604 

2.71M4 
2 . 7 1 ~ 3  - 

1984 
1.02E+02 
1.77E+00 
1.33€+04 
4JZE+02 
l.l#€+02 
4.61 E + 03 
O#)E+OO 
O . u W M 1  

0.OOE+00 
7.7ZE-08 - 

iE 
1.60E+OZ 
7.64-2 
1UE+04 
@.ME+Ot 
21)8E+02 
7JIE+03 
1.22E.02 
2.2SW 
Z.0KM3 
7.14E-00 - 

IE 
3.798+00 
l.SIE-03 

1 AOE + 03 
l.OOE+OI 
2.6lE+00 
l.lZE+OZ 
2.26604 
433E-00 
3.80M6 
1.32E-07 - 

19n, 
7.27Ml 

0.00E+00 
4.70E + 03 
O.ME+OO 
ZAOE+OO 
1.38E+02 
2.12E-02 
4.11- 
3.68506 
4.11E-06 - 

2.71E-02 

ld#E+O3 
2.1 #E + 04 

326E+02 
1.24E+04 
7.WM3 
1.42E.04 

1.4oE.02 
8.UE+O3 
l.UE+OS 
4.46E+02 
1.09E+04 
1.ME-02 
3.47604 I 3.31E-02 

1.73E+OS 
4#E+02 
l.l4E+02 
4JQE+03 
Z l 7 E 4 4  
4.20HM 
3 u 5 0 1  
1.33E-07 - 

3.76E-02 

8.14E-03 

6.70E-06 

REVISED p 
ut38 

- 
E w m  
1978 
6.14E+01 

- - 1979 
7.06E+01 
1.04E+00 
2ASE+04 
ld3E+02 
439E+Ol 
l.86E+03 
O.MEO2 
1.21-3 
l.llE-02 
4.01E-06 - 

1980 
7.14E+01 
6JOM1 

3.48E+04 
3J2E+02 
DSOE+Ol 
4.00E+03 
338M3 
7 . a ~ ~  
0.72E44 
2.33E-00 - 

lQIL 
2.68E+O1 
2.72E-01 
OSJE+OZ 
1.4OE+02 
3JKE+Ol 
Z.21E+OS 
2.17501 
4.23- 
3.80503 
8.mW 

-I 

3.37H)l 
710E+03 
2.3OE+O2 
6.67E+Ol 
2.171+03 
1.07M2 
2.01 E4b 
1 .a1 E43 
620Ml - 

4.64-1 
7.84E+03 
Z.WE+O2 
6.20E+01 
2A4E+O3 
3.10E-02 
6.83E-04 

3.97E-06 
6 . 2 4 ~ ~  - 

1985 
2.48E + 02 

i!!z 
3.37E+02 

1987 I 198s I 198) I 1 990 I 1991 I 1992 I 1 S n I 1  994 ITWI'AJ, 
lbOE+OZ I 6AOE+02 I 863E+01 I 6AZE+Ol I 1;72E+01 1 3.7OE+00 1 2.62E-01 1 6.0EE+00 I 2.11E+0 

1.46E-02 
8.M€+03 
1.88E+03 
4.461+02 
1 .ODE+ 04 
1.ME-02 
3.47- 

7.64E-02 
IUE+04  
8.6OE + 02 
Z.OOE+OZ 
7JOE+O3 
l.2zE-02 
2.20- 

-. - 
8.61E+O 
3.14E+O 
0.13E+O 
ZAE+O 
l.OOE+O 
3.WE-01 
6.73E-03 

h238 4ME+04 1.33E+04 
2lOE+02 4.82E+02 - I.StE+Ol l.lOE+OZ 

-1 263E+03 4.6lE+03 
u234 1.04502 O.OO€+00 
ufjg 3.11E-04 O.ME-08 

- 
'E W r n  

1978 
0.WE+00 
0.00E+00 
0.00E+00 
0.00E+W 
0.00E+00 
0.00E+W 
0.00E+00 
0.00E+W __ ~~ 

- 
O.OOE+M . 
O.WE+Oc 
O.WE+O 
O.WE+Oc 
O.WE+O 
O.WE+O 
O.WE+O 
O.OOE+O 

I 

I 
I 
1 
I 

I 
I 
I 
I 
I 

I 
I 

1 

! 

UNDECAYED CURES FOR srO1 
I I970 I I971 I 1 972 

- 
1980 

O W E + O O  
0.00E+00 
0.00E+W 
O.OOE+W 
0.00E+00 
0.00E+00 
O.00E + 00 
0.00E+00 



Department of Energy 
Carisbad Area Office 

P. 0. Box 3090 
Carlsbad, New Mexico 88221 

June 12, 1996 

TO: Dr. Les E. Shephd, Director, SNL 

Subject: Preliminary Activities for Selected Radionuclides for CH-TRU Waste Streams 

The following information from the Transuranic ('IRU) Waste Baseline Inventory Report 
(TWBIR) team was requested.during a meeting with SNL representatives on April 23, 1996. 
The TWBIR team was requested to calculate the radionuclide activity (total curies) for seven 
radionuclides (Am-241, Cm-244, Pu-238, Pu-239, Pu-240, Pu-241, and U-234) on a waste 
stream basis for contact-handled ( 0 - T R U  waste to be disposed of at the WPP. 

During this meeting, it was agreed that since the radionuclide data used by SNL WIPP PA 
were based on the site-level radionuclide data from the Intepted Data Base O B ) ,  the 
waste stream radionuclide data in curies per cubic meter provided by the DOE sites in 
Revision 2 of the Transuranic Waste Baseline Inventory Report (TWB3R) would be 
normalized to the extent necessary for consistency with the IDB data. This letter 
summarizes the methodology for normalization of the waste stream radionuclide data from 
the TWBIR Rev. 2 and subsequent scale-up of the normalized data to obtain estimates of the 
total curies of each of the seven selected radionuclides on a waste stream basis. The results 
of these calculations are presented in Table 1. Please note that the results in Table 1 are not 
directly obtainable from the TWBIR database; but all of the data in Table 1 are derived from 
TWBIR Rev. 2 on the basis of the methodology and assumptions discussed later in this 
memorandum. 

for N m  of the Waste -Radionuclide D m  . .  

The waste stream radionuclide data provided by the sites in TWBIR Rev. 2 were first 
normalized to be consistent with the site-wide values reported for CH-TRU waste in the IDB 
using the following step-by-step approach: 

. .  
0 on of V o l w  A c W  Deem the TWBIR Re v. 2 Databa  e -  

For each CH-TRU waste stream, the stored and projected final waste form 
volumes as well as activities in curies per cubic meter (Cum3) reported by the 
sites for the seven selected radionuclides were obtained from the database. 
All RH-TRU waste streams, non-WIPP waste streams, and waste streams for 
which no data were reported by the site were excluded. 

CA0:NTF':RLB 96-1 199 
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Dr. Les E. Shephard, SNL - 2 -  June 12, 1996 

0 Estimation of Undecaved To@ Act1 'V' 1ty for E& Radmclide at 
The Ci/m3 value reported for each radionuclide for each waste stream was 
multiplied by the stored waste volume to obtain the total undecayed activity of 
each radionuclide for each waste stream. Next, the total undecayed activity 
for a given radionuclide (e.g., Pu-238) for all waste streams at a given site 
were added together to obtain-the total undecayed activity for each 
radionuclide at each site. 

- 

0 w o n  with D B  Values . .  - The total undecayed 
activity estimated above for a given radionuclide at a given site were 
compared with the values reported for the same radionuclide by the same site 
in their IDB submittal. Based on this comparison, a normalization factor 
(NF) was developed for each radionuclide at each site as follows: 

Total mrip-fewrted bv D B  . .  NF= 
Total curies estimated from "WBIR Rev. 2 waste stream data 

The NFs calculated in this fashion are shown in Table 2. The total activity for 
each radionuclide for each waste stream was then multiplied by the 
normalization factor to obtain the total normalized undecayed stored curies on a 
waste stream basis. 

- For each radionuclide at each site, a ratio of 0 stirnation of Decaved ActlvltleS . .. . .  
the activity decayed to the end of 1995 to the undecayed activity for each of 
seven selected radionuclides was calculated based on the ORIGEN2 activity 
decay calculations performed by SNL staff in support of the development of the 
WIPP disposal radionuclide inventory for the Compliance Certification 
Application (CCA). The total normalized undecayed stored curies were then 
multiplied by this calculated ratio to estimate the decayed curies of each 
radionuclide that are present in the stored volume of each waste stream. 
Subsequently, the curies fiom the stored volume were multiplied by the ratio of 
the projected to the stored volume to obtain the estimated curies for the 
projected volume of each waste stream. 

Methodolow for Scale-up of Waste Stream D ecaved Activity to WIPP Repos itory Volume 

This step involves scale-up of the estimated decayed activity for each radionuclide present in 
the stored volume of each waste stream to the WIPP disposal volume for CH-TRU waste, 
which is 168,500 m3. Since the total WIPP activity for CH-TRU waste for each radionuclide 
has already been estimated in an earlier memorandum prepared in support of the CCA, it was 
assumed that the total WIPP activity in curies for each of the seven radionuclides would be 
equal, for the sake of consistency, to the values reported in the earlier memorandum. For each 

CA0:NTP:RLB 96-1199 
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June 12, 1996 Dr. Les E. Shephard, SNL - 3 -  

radionuclide, a scale-up factor for activity was calculated as follows: 

SF, = Total WIPP Activitv from CCA memo - Total Estimated Activitv for Stored Volume fall waste streams) 
Total Estimated Activity for Projected Volume (for all waste streams) 

These SF,'s are shown in Table 3. The estimated activity in curies for the projected volume 
for each radionuclide for each waste stream w e  then multiplied by the appropriate scale-up 
factor derived above, and the result added to the corresponding estimated stored activity in 
curies to obtain the "Scaled Curies" at a WIPP level for the waste stream. These are the values 
reported in Table 1. 

Methodolow for Scale-up of Waste Stream Volumes to WIPP Repository Volume 

The summation of the total stored and projected volumes for all CH-TRU waste streams is less 
than the WIPP disposal capacity for CH-TRU waste (i.e., 168,500 m'). However, since the 
WIPP PA modeling is based on the effect of a full repository (i.e., 168,500 m3 for CH-TRU 
waste), it is necessary to scale-up the total volume of each waste stream in order to be 
consistent with the WIPP PA assumptions. This step involves the scale-up of the total volume 
of each waste stream to the WIPP disposal capacity for CH-TRU waste. A scale-up factor for 
volume (common to all waste streams) was calculated as follows: 

This. factor is shown in Table 4. The projected volume for each waste stream was then 
multiplied by the scale-up factor derived above, and the result added to the corresponding 
stored volume to obtain the "Scaled Volume" at a WIPP level for each waste stream. These . 
are the values reported in Table 1. , .  

* If you have any questions concemhg the enclosed information, please contact Mr. Russ 
Bisping of my staff at (505) 234-7446. 

Manager 
National TRU Program 

Enclosures 

CA0:NTP:RLB 96-1 199 
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Dr. Les E. Shephard, SNL - 4 -  June 12, 1996 

cc w/enclosures: 
M. McFadden, CAO 
R. Bisping, CAO 
S. Chakraborti, CTAC 

J. Harvill, CTAC 
R. Anderson, SNL 
L. Sanchez, SNL 
M. Chu, SNL 
M. Marietta, SNL 

YP. Drez, DEA 
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Table 2 
NORMALIZATION FACTORS (NF) 

I TOTAL, CURIES ESTIMATED FROM BIR REV. 2 WASTE STREAM DATA i 

Page 1 
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Table 2 (continued) 
NORMALIZATION FACTORS (NF) 

I CALCULATION OF IDB/BIR RATIOS (NF) I 

NOTE: NC -a Cannot Be Calculated Due to Data Discrepancy 

Page 2 
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Table 3 
RADIONUCLIDE SCALING FACTORS @Fa) 

TOTAL ESTIMATED ACTNITY FOR PROJECTED VOLUME (Without Scale-up) 
Proj. Am-241 PrOj. cpl-2441 Proj. Pu-2381 Proj, Pu-239) Proj. Pu-2401 Proj. Pu-2411 Pmj. U-234- 

5.05Ei-04 3.35E+03 I 4.94E.t05( 2.16E051 3.75EW1 2.96E053 * 3.64E4-W 

TUI"I' WIPP ACTWITIES (Based on CCA Radionuclide Table) . 

Am-241 I Cm-2141 h-2381 Pu-2391 Pu-210( Pu-211 u-234 
4.65Ei-02 4.42EM5 I 3.15€+04 I 2.61Ei-061 7.85E+05l 2.10E+05] 2.3 lEM6 

CALCULATED SCALING FACTOR FOR'EACH NUCLIDE , 
Am-2411 Cm-2441 Pu-238 I Pu-2391 Pu-2401 Pu-241' U-231 

4.011 8.6 1 I 3.75) 1.971 3.761 4.17 106.94 



TabIe 4 
VOLUME SCALING FACTOR (SF,) 

IWIPP CAPACITY FOR CH-TRU WASTE 1 I 1685001 

]TOTAL STORED VOLUME FOR ALL WASTE STREAMS 
I 58533.25 I 

]TOTAL PROJ. VOLUME FOR ALL WASTE STREAMS WITH RAD DATA 
I 16865.15 

VOLUME SCALING FACTOR (SF.) 1 
J 6.521 

Note: ( 168500 - 58533.25 ) / 16865.15 = 6.52 
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United States Government Department of Energy 

memorandum Carlsbad Area Office 
Carlsbad, New Mexico 88221 

~~~~~ CA0:NTP:RLB 96-0687 

SUBJECT: Preliminary Estimate of Complexing Agents in TRU Solidified Waste Forms Scheduled for 
Disposal in W P  

TO: 
Les E.Shephard, Director, SNL/NM 

Attached is a copy of the report containing the preliminary estimates of complexing agents in 
transuranic (TRU) solidified waste forms scheduled for disposal in the Waste isolation Pilot Plant 
(WIPP). This information was requested from the Transuranic (TRU) Waste Baseline Inventory 
Report (TWBIR) team in support of the Performance Assessment (PA) being conducted by Sandia 
National Laboratory (SNL). Information has been received from the Rocky Flats Environmental 
Technology Site (RFETS), the Los Alamos National Laboratory (LANL), and the Oak Ridge 
National Laboratory (ORNL) on potential complexing agents in their solidified waste forms. 

The original scope of this request was to ask the TRU waste generatorlstorage sites about 
potential “aqueous-soluble chelating agents” in their solidified waste forms. As this subject was 
researched, two things were realized. First, in lieu of the term “chelating agent,” the term 
“complexing agent” should be used. “Chelating agents” are a subset of “complexing agents” and 
as such a more complete assessment would cover the presence of potential “complexing agents.” 
Secondly, it was recognized that “aqueous-soluble” is a relative concept in that essentially 
everything is “aqueous-soluble” at some concentration level. Therefore, the data provided here are 
for all complexing agents reported by the sites. These data will allow SNL personnel to determine 
the cutoff of solubility where certain compounds are no longer considered to be of interest for PA 
calculations. 

The find report at the end of March will contain the necessary attached documentation, references, 
and elaborated text summaries. 

If you have any questions concerning the attached information, please contact Mr. Russ Bisping of 
my staff at (505) 234-7446. 

Manager 
National TRU Program 

Attac hrnent 



Les E. Shephard 

cc w/attachment: 
K. Hunter, CAO 
M. McFadden, CAO 
R. Bisping, CAO 
P. Drez, CTAC 
J. Harvill, CTAC 
L. Sanchez, SNL 
M. Chu, SNL 
M. Marietta, SNL 
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Complexing Agents 
Site Summaries 

ORNL has provided a list of organic compounds which contain some aqueous-soluble compounds 
that are apparent compiexing agents. A copy of the fist of all compounds reported by ORNL to 
the BIR team is attached for completeness (Table 1). The list in Table I is from an ORNL report 
on low-level waste, but the Same compounds are anticipated to occur in the TRU waste based on 
process history. ORNL cannot quat@ these compounds in their solidified wastes, but have 
provided an estimate of Total Organic Carbon (TOC) for each TRU waste tank (Table 2). The 
sum of the TOC from all the transuranic RH-TRU tanks is approximately 3691 kg. It is 
anticipated that most of the TOC in the tanks is not associated with complwdng agents, but that 
has not been verified at this time. As a consenratism, SNUNM can assume that any complexing 
agents listed in Table 1 could form the bulk of the TOC in the 

- LANL 

Los Alamos Nati 
anticipated to occur 
decontamination debris wastes). The 
quantities of th 

RFETS/INEL 

The information 
agents in the RFETS 
'(INEL). Attached is 
basis for potential co 
W P .  This same list 
State of Nevada t 
low-level "saltcrete" waste 

e the amount of complexing 

The list was provided as a yearly estimate of complexing agents used on site at RFETS. It is 
conservative to assume that all of these compleziing agents would reside in the TRU waste. Based 
on the authors understanding at this time, the inventory of RFETS complexing agents is across 
the entire site, so this shouid include material expected to occur in the debris wastes (this will be 
verified for the f h I  v d o n  of this memo). The mass of complexing agents reponed in Table 3 
for RFETS results fiom multiplying the yearly estimates (in kilograms) by 20 years of production 
at RFETS (1970-1989), which includes RFETS waste in storage at INEL. 

1 
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Table 1. Organic chemicals used regularly in the TPP (7920) and TURF (7930) and 
subsequently discharged to the ORNL LLLW system 

Chemical Approximate 

. Acetic acid 
Acetone 
Adogcn-364-HP (-triluarylamine) 
Carbon tcmtchloride 
Deodorized mineral spirits (Amsco) 
2J-di-tcrt-butylhydroquinone (DBHQ) 
Dicthylbenzerre (DEB) 
Diethylcnetriamincpcntaacctic acid 
Di (2-ethylhexyl) phosphoric acid 
Di-isopropylbenzene (DIPB) 
Ethan01 
Ether 

2ththyi-l-€lexanol 
a-hydroxyisobutyric acid 

ndodecane 

Oxalic acid 
Thenoyltrifluoroacetone (TT’A) 
Tributyiphosphate (TBP) 
-Trichloroethylene (TCE) 
Xylene 

n-paraffm 0 

ma 
loo L 
100 L 
m 
lo00 L 
m 
800 L 
m 
200 L 
loo L 
100 L 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m .  
m 

’m = minimal usage: $10 kg/ycaror &year. 
Bates, 1988 
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Table 2. ORNL Total Organic Carbon Estimates 

W-30 46 64383 353 I 227.34 
W-3 1 26.3 36828 U 7 0  164.62 

3690.69 . TOW TOC 
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Table 3. RF'mvEL and LANL Complexing Chemicals Estimate 

]Compound LANL Mus ( 

90 
132 

1110 
90 
400 
90 
23 
46 
74 

1 

1 loo.. 

13701 

L 

1. * 

11 
1 I! 
4 

137! . 
4 

4 
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United States Government Department of Energy 

memorandum Carlsbad Area Office 
Carisbad, New Mexico 8822: 

March 29. 1996 
REPLY TO 
AnNoF: NTP:DW:96-1111 

SUBJECT: 
Current Estimate of Complexing Agents in Transuranic Solidified Waste Forms Scheduled 
for Disposal in WIPP 

Les E. Shephard. Director. SNL/NM 
TO: 

Attached is a copy of the report containing the preliminary estimates of complexing agents 
in transuranic (TRU) solidified waste forms scheduled for disposal in the Waste Isolation 
Pilot Plant (WIPP). This information was requested from the TRU Waste Baseline 
Inventory Report (TWBIR) team in support of the Performance Assessment (PA) being 
conducted by Sandia National Laboratory (SNL) and is based on input from the following 
TRU waste sites: Rocky Flats Environmental Technology Site (WETS), Los Alamos 
National Laboratory (LANL), Oak Ridge National Laboratory (OWL), Savannah River 
Site (SRS), Hanford Operations (Hanford). and Lawrence Livermore National Laboratory 
(LLNL) . 
The complexing agent inventories provided in this letter are in response to a Sandia 
National Laboratory (SNLI request for information from the U. S. Department of Energy 
(DOE) Carlsbad Area Office (CAO). A copy of the original request for this complexing 
. -  agent information is contained in Appendix B of Revision 2 of the TWBIR (DOEKAO-95- 
1121. December 1995). The documents attached represent the final information requested 
for this input to the Performance .4ssessment (PA) and satisfy the commitment on this 
subject contained in the March 15. 1996. memorandum (CA0:NTP:RLB 96-0687) to 
respond to SNL before the end of March. It should be specifically noted that all waste 
inventory volumes quoted are derived from Rev. 2 of the TWBIR. ' 

Tables 1 and 2 provide a summary of Total Organic Carbon (TOC) in the remote-handled 
(RH)-TRU sludges from ORNL and a list of possible complexing agents that may 
contribute to the TOC in the sludges. Table 3 provides a summary of specific complexing 
agents that may be present in the TRU waste for SNL use. 

Table 4 summarizes the volume of stored and projected TRU waste that contributes to the 
estimate of complexing agents in the waste. For contact handled (CHI-TRU waste. greater 
than 91% of TRU stored and projected final waste forms. greater than 98% of the 
Solidified Organic final waste forms. and greater than 92 5 of the Solidified Inorganic final 
waste forms contribute to the complexing agent estimate. For RH-TRU waste. greater 
than 86 7c of TRU stored - 2d projected final waste forms. 100% of the Solidified Organic 
final waste forms. and 100% of the Solidified Inorganic final waste forms contribute to the 
complexing agent estimate. 

B4-1 



March 29. 1996 Les E. Shephard - 7 -  

The attached site summary. tables. and background references contain greater detail about 
the basis for these estimates. 

I f  you have any questions concerning the enclosed information. please contact Mr. Russ 
Bisping of my staff at (505) 234-7446. 

Manager 
National TRU Program 

Attachment 

cc wlattachment: 
R. Bisping, CAO 
G. Basabilvazo, CAO 
P. Drez, CTAC 
L. Sanchez. SNL 
M. Chu. SNL 
M. Marietta. SNL 
J. Hamill, CTAC 
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Information has been received from all sites that were requested to provide data on potential 
complexing agents in their solidified waste forms: Rocky Flats Environmental Technology Site 
(RFETS), Los Alamos National Laboratory (LANL), and Oak Ridge National Laboratory 
(ORNL). Several transuranic (TRIJ) waste sites which either generate no solidified waste 
forms or small quantities have also responded. A copy of the Carisbad Area Office (CAO) 
memorandum requesting the complexhg agent information from the sites is included 
(Attachment 1). 

The term "complexing agent" is being used in lieu of "chelating agents" in this memo, since 
chelating agents usually have a certain structure (chelating comes from the Grtek work "chele" 
for claw, as in a crab) and are considered a subset of complexing agents. That is, the acetate 
ion will "amplex" with some metals and increase their solubility but does not have the 
smcture that would label it as a chelating agent. A "commonly" hown chelating agent is 
EDTA (ethylenediaminetetraacetic acid), which contains functional (acetate) anion groups 
a g e d  in parallel which resemble a "claw"-like structure for complexing the cations. EDTA 
has two claw structures at either end of the molecule. 

The original scope of this task was to ask the TRU waste sites about "aqueous-soluble" 
complexing agents in their solidified waste forms. As this task was researched, the authors 
realized that the term "aqueous-soluble" is only a relative term, since everything is aqueous- 
soluble at some concentxation level. Therefore, every potential chemical compound that has 
been reported from the TRU waste sites is included and the task of selecting aqueous-soluble 
compounds is left to the Sandia National Laboratory (SNL) personnel in charge of 
Performance Assessment (PA) calculations. 

Oak Ridge National Laboratory (0-1 

ORNL has provided a list of organic compounds that contain some aqueous-soluble compounds 
that are apparent complexing agents. A copy of the list of all compounds reported by ORNL 
to the TRU Waste Baseline Inventory Report (?wBIR) team is attached for completeness 
(Table 1). The list in Table 1 is from an ORNL report on low-level waste (Kaiser, 1988), but 
the Same compounds are anticipated to occur in the TRU waste based on process history (but 
not necessarily at the same concentrations). ORNL cannot quantify these cornpounds in their 
remote-handled O - T R U  solidified wastes, but have provided an estimate of Total Organic 
C d o n  (TOC) for each FtH-TRU waste tank (Table 2). The sum of the TOC from all the RH- 
mu tanks is approximately 3691 kg. It is anticipated that most of the TOC in the tanks is not 
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associated with compiexing agents, but that has not been verified at this time. As a 
conservatism, SNL can assume that any complexing agents listed in Table 1 could form the 
bulk of the TOC in the OFWL RH-TRU tanks. 

Los Alamos National Laboratory (LANL) 

LANL has provided estimates of four complexing agents that are anticipated to occur in their 
TRU solidified waste streams and as materials used in decontamination and spill clean-up 
operations (that would occur with the debris wastes) (Attachment 2). The quantities of these 
compounds are summarized in Table 3. 

Rocky Fiats Environmental Technology Site -/INEL) 

The information provided by RFETS has been used to estimate the amount of complexing 
agents in the RJ?ETS retrievable waste (post 1970) at Idaho National Engineering Liboratory 
(INEL). Attached is a listing of chemicals from RFETS that was provided to the 'IWBIR team 
as a basis for potentid complexing agents in TRU waste scheduled for shipment to and 
disposa~ in WIPP (Table 3).  his same list Was originally put together as part of the 
documentation requested by the State of Nevada to document that less than 1 % "complexing" 
agents occur in RFETS solidified low-level "saltcrete" waste that would be shipped to the 
Nevada Test Site (NTS) for disposal (Attachment 3). 

The list was provided as a yearly estimate of complexing agents used on site at RFETS. It is 
conservative to assume that all of these complexing agents would reside in the TRU waste. 
The inventory of complexing agents is the best estimate for all TRU.waste generated across the 
entire RFETS site, which includes debris wastes. The mass of complexing agents reported in 
Table 3 for FGETS are arrived at by multiplying the ywdy estimates (in kilograms) by 20 
years of production at RFETS (1970-1989), which includes RFETS waste in storage at INEL. 
The yearly estimates can be found in Attachment 3. 

Savannah River Site (SRS) 

The SRS has provided information (see letter included as Attachment 4) on three complexing 
agents used on site in connection with their operations: eributyl phosphate (TBP), tri-octyl 
phosphine oxide (TOPO), and tri-is0 octylamine (TiOA). As discussed in the SRS letter, none 
of these compounds are expected to be found in SRS TRU waste. 

Hanford Operations 

Hanford Operations has provided a listing from their database of potential chemicals in their 
TRU waste. The only chemical that appears on the list that might act as a chelating agent in 
aqueous solutions and has a reportable quantity associated with the waste is tributyl phosphate 
(TBP). TBP is reported under three different spellings with a total of 92.5 kg. This value is 

Page 2 of 3 C - A W - a d O v r v l t t u  
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summarized in Table 3. The entire list of chemicals and the associated quantities (in kg) 
reported by Hanford are included in Attachment 5. 

Lawrence Livemore National Laboratory (LLNL) 

LLNL submitted the letter included as Attachment 6 which documents that no chelating agents 
occur in the LLNL TRU waste streams. 

Column 2 of Table 4 contains a list of the total TRU waste destined for disposal in W P  
(stored plus projected to 2022). Column 3 estimates the volume of waste from each major site 
that has contributed to the estimate of complexing agents in TRU waste. Columns 4 and 5 
provide the Same data for Solidified Organics and Solidified Inorganics final waste forms. The 
two rows labeled "PERCENTAGE" provide an estimate of the percentage of waste for which 
the TRU waste sites have provided data used in estimating the complexing agents in the waste. 
It should be specifically noted that a l l  waste inventory volumes quoted are derived from Rev. 2 
of the TWBIR (DOE, 1995). 

Kaiser, L. L., 1988, "ORNL Inactive Waste Tanks Sampling and Analysis Plan," 
ORNL/RAP/LTR-88/24, Apd 29, 1988, Oak Ridge National Laboratory, Oak Ridge, 
Tennessee. 

U. S. Department of Energy, 1995, "Transuranic Waste Baseline Inventory Report (Revision 
2)," DOWCAO-95-1121, December 1995. Carlsbad, New Mexico. 
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Table 1. Organic Chemicais Used Regularly in the TPP (7920) and 
TURF (7930) and Subsequently Discharged to the ORNL LLLW System 

Chemical Approximate 
Annual Usaqe 

Acetic acid 
Acetone 
Adogen-364-HP (-triluarylamine) 
Carbon tetrachloride 
Deodorized mineral spirits (Amsco) 
2.5-di-tert-butylhydroquinone (DBHQ) 
Diethylbenzene (DEB) 
Diethylenetriaminepentaacetk acid (DPTA) 
Di (2-ethyfheql) phosphoric acid @DE€€P) 
Di-isopropylbenzene (DIPB) 
Ethanol 
Ether 
Ethylenediamhetetraacetic acid (EDTA) 
2-ethyl-I-hexanol 
a-hydroxyisobutyric acid 
Isopropanol 
Methanol 
n-dodecane 
n-paraffin (NPH) 
Oxalic acid 
Thenoyltrifluoroacetone (TTA) 
Tributylp hosp hate (TBP) 
Trichloroethylene (TCE) 
Xylene 

rn' 
100 L 
100 L 
rn 
1000 L 
m 
800 L 
m 
200 L 
100 L 
100 L 
m 
m 
rn 
m 
m 
m 
rn 
rn 
rn 
rn 
m 
rn 
rn 

'm = minimal usage: I 10 kg/year or sliterdyear. 
Bates, 1988 
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Table 2. ORNL Total Organic Carbon Estimates 

w-03 5.3 5670 
W-04 18.2 24527 

w-07 37.5 457 15 
W-08 11.4 14080 
WU9 0.8 833 
w-10 28 3 1650 

T-01 3 4845 
T-02 4.6 7328 
T43 7.7 14829 
T-04 5 6242 
TU9 1.9 2%7 

Nonh Tank Farm 

South Tank Farm 

Old Hydrofracture Facility 

5300 30.05 
200 4.91 

13 00 59.43 
8400 118.27 
2900 2.42 
4900 155.09 

18600 90.12 
28000 205.18 
9140 135.54 
4620 28.84 
7620 22.6 1 

+ 
ACTWE TANKS I==== 1 

c-2 45.6 63853 328 1 209.50 
w-2 1 27.5 38524 6480 249.64 
W-22 43.5 60939 22.1 1.35 
W-23 64.2 89818 4120 370.05 

W-24 52 72861 2940 214.21 
W-25 90.7 12691 1 2330 295.70 
W-26 59.2 82930 6220 515.82 
W-27 69.1 96707 3 135 303.18 
W-28 16.5 23051 2500 57.63 
W-29 46.4 64913 353 1 229.21 
W-30 46 643 83 353 1 227.34 
w-3 1 26.3 36828 4470 164.62 

Total TOC 3690.69 
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' I )  Lxtter From W.F. Weston to E.S. Goldberg, No. 89-RF-3055, d a t d  September I ,  I989 (Attachment 3) 
(*I Memorandum from C.L. Foxx to P. Drez dated March 12, 1996 (Atkchment 2) 
''I Memorandum from F.M. Cmny and M.R. Kerns to L.C. Sanchez through S. Lott, dated January 25, 1996 (Attachment 5) 
* 

Talile 3. RF/INEL and LANL Complexing Chemicals Estimate 
POTENTIAL COMPLEXING AGENTS IN ROCKY FLATS (WCLUDINC STORED AT INEL), LAW, HANFORD TRU WASTE 

COMPOUND 

Ascorbic Acid 
Acetic Acid 
Sodium Acelule 
Cilric Acid 
Sodiinn Cilrule 
Oxulic Acid 
EDTA 
8-1 Iydroxyqiiirioline 
Tribully Pliosphute 
I ,  IO Mieniinlliraline 
Diliexyl-n,n-diethylcllrbuinayl- 
metbylphosphonute 

RF MASS (kg)'" 

90 
I32 

1110 
90 

400 
90 
23 
46 
74 

0.24 
72 

7 
IO 

I100.5 

I3706 

92.5 

TOTAL MASS (kg) 

97 
142 

1110 
1190.5 

400 
I3796 

23 
46 

166.5 
0.24 

72 



Table 4. Calculation of Amount of Waste Covered 

Major Sites I TotalTRU 

45515.43 
28606.74 
941.13 

18405.15 
627.91 
1560.42 
5107.92 
9648.15 

Total M o r  Sites1 110412.85 
Total CH-TRIJ 111721.43 - 

PERCENTAGE (”) 

RL e) 21729.35 
INEL*’ 220.72 
LANL 193.13 
ORNL“ 2915.64 

Total Major Sibs 25058.84 
Total RH-”RU 26930.88 

PERCE.YTAGE “‘)l 

Accounted For In 
Complexing Agent Estimate 

cm? 

45515.43 
25657.4 
941.13 

18405.15 
627.91 

0 
5107.92 
9648.15 

105903.09 
111721.43 ’ 

94.79 z 

21729.35 
196.98 
193.13 
1243.33 

23 3 62.79 
26930.88 
86.75 5% 

Solidif. Org 
(m3 

0 
789.67 

0 
30.58 

0 
0 

140.93 
0 

961.18 
980 

98.08% 
- 

0 
3.56 
0 
0 

3.56 
3.56 

100.00% 

Solidi€. Inorg. 
rm3 

23.39 
3349.6 
20.18 

6922.02 
5.67 

0 
1423.01 
1369.8 

13113.67 
14108.51 
92.95 % 
- 

0 
65.27 

0 
1243.33 

1308.6 - 1308.6 
100.00% 

) Table 4-3 to 4-23, Rev. 2 TWBIR ’ Non RFETS Waste Subtracted 
’) Letter from K. Hainebach to J. Teak dated March 7. 1996 (Attachment 6) 
’) Memorandum from C.L. Foxx to P. Drez dated March 12, 1996 (Attachment 2) 
5, NTS waste is derived from LLNL only, see (4) 
a) ORNL was only asked to estimate complexing agents in solidified 

RH-TRU WEXC per DOE M m O M d U  dattd Jm~ary 5.19% (A-mt 1) 

dated September 1, 1989 (Attachment 3) 
Letter from W.F. Weston to E.S. Goldberg, Letter No. 89-RF-3055, 

‘ Letter from J. D’Amelio to J. Teak. SWE-SWE-96-0106. dated February 28. 1996 (Attachmer- 
9, Memorandum from F.M. Coony and M.R. Kerns to L.C. Sanchez through S. h t t .  

lo) Volume petcentage of total TRU waste, Solidified Organics. and Solidified Inorganics 
dated January 25, 1996 (Attachment 5) 

accounted for in complexins agent memorandum. 

4) 
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memorandum Carisbad Area Gffics 
Sris~aa. New Mexlco 8822: 

70: Disinbuuon 

Thank you for your mntinum coopcnuon. 

A ttrt ciuiicnt 



- A -  

.. 
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Los Alamos 
N A T I O N A L  L A B O R A T O R Y  

memorandum 
C. L. FOXX. NMT-7, MS E5O1 eds 
7-23 281 7-920 I 
N MT-7-WWEC-96-035 

FromfMSr 

Phon riFA X. 

sy''dd' March 12, 1996 
h i a t  

SUBJECT: CHELATING AGENTS IN LANL WASTE 

I amcatain that I have not captured aii chelating agtsly but I bdieve that1 have 
idcntifiied and quurtifiai roughly the important materillr. The thdrtom ~f t  found in thmt 
w t r r e s u ~ :  1) Cemented tvrpomor bottoms h m  TA-55 

2) ccmcntd sludge h m  the TA-SO phaertmem Pknt d 
. dewatered sludge fiom the TA-SO U p i d  Waste Treatment 

Plvu 
3) Combustible waste f?om'TA-SS 

T h e t h r c c s t r e a m 8 8 r e ~  - bdow. 

It shwld be noted that wtstegmtration data and andpu exist ovathttimefipnre of 
1 9 8 0 t t r r o u g h 1 9 9 5 o r s h o r t a ~ t 6 s q p o 1 1 t h a ~ ~ .  In-& 
qaaitative datais rlnrostnoncrdstcntmd tht resuitstfc quali#tivttt bca LiiteRodry 
Fhl8, pkrtoaium proas@ u LANL a u q u  lo avoid cbh lbg  tgmU whicb can 
intmkrc with r#oycTy opdons .  From your list of wmparpdr of herest, I am unaware 
of any significant usagc of lactatc or WTA, so thcy hrvc bccn d i n a t c d  from dcuiicd 
considention. I have added ascorbate which b m  uscd as a reducing agcnt in HCl 
sdutians, but nat m nitric acid which 2ttacks and decomposes asahate. One of the 
above streams is not to i m m o b i i  stream, but I bdim that it iS an imponant 
contxibutor of a soluble chehng agent m the form of a m g .  If& infbrmatiOn is 
effnn#nu to your purposci, just ignore h 

Cemented emporntar bottoms fmm TA-55. T ~ E  evqm!or bottoms are daivai &om 
nitric acid solutiont some of which (27%) contrin miate reding from the pr#ipitrtion 
of plutonrum oxalate. Because of the p d v e  usage of oxahe, it is COW at lower 
concumatinm ~ Y Q I  in those solutions that do not arise fiom fdterirrg an oxdate 
precipitate. Those mrmben are based on mdytial rdu .  In addition the drunu contain 
on the average, 3.2 liten of d y t i u l  solution reicluu. Thost safutions contribute a 
negligible additional quantity of oxdate and small quMthies of secorbate, Citrrte and 
acetate. We have semi-quantitative values iiom the d y r i a i  or-on for those 
chelators, based on the quantities used in the analyaicai processes that &e rise to the 
residues. \Ve know that 28 liters of soiution went into a drum of cemented waste on the 
averape horn 1980 tluough June of 1988. Since that time, the average has been 43 liters 
of soiution. In addition we have infomation regarding the number of drums gentrated 
from May, 1987 through April, 1995. The dmm numbers and ahernate cemented forms 
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Pad Drcz 
NMT-7-wM/Ec-96-03 s 

?vinrch 12, 1996 
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Paul Drer 
W-7-WM/EC-96-03 5 

March 12,1996 
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3RRES. CCNlROL 
JTGOING LTA. NO. 

-. - *  R a y  Flab Plrm 
A o r o s M ~  Oowrllom 

Rac~m~l Inlmmruocul Cornorram 
P 0. aox 464 

Golden. Calonao 80402-016r 
1303) 966-7000 

Contractor to U.S. Deoartment of Energy 

- .-- . -  
X N I .  OJ. 
:a. C.P 
mi. R J. 
n. EA.  
I. R.C. 
iiL EN. 
IR. J.E. I '. W A  I 

- 
Edward S. Goldberg 
Acting Area Hanager, RFO . .  

Attn: Mark Van Der Puy 

APPLICATION TO SHIP SALTCRR'E 

Attached is a copy of the re-formatted Application t o  S h i p  Waste 
for sal tcrete .  This  application addresses a l l  the comments from 
the Nevada Operations Office document attached t o  your l e t t e r  
1245-RF-89. I 

?lease refer  any questions reaarding t h e  attached application t o  
E.L. D'Amico a t  (303) 966-5362 or P.H. Arnold a t  FTS 320-2056. 

W.F. Weston, Director 
P1 utoni  urn Operations 

Orig. and 3 cc - E.S. Goldberg 
Enc. 

B4-17 



Gases 

Stabilization 

Eti 01 ogi c Agents 

Table 8 (continued) 
Reference Oocument;/Results Outlining Compliance 

io the  General Waste Form Criteria 

Boxes." specifies Waste 
Operations personnel to 
visually inspect for and 
remove any excessive 
particulate from each 
stored sal tcrete box. 

'Chelating Agents 

Not Appl i cab1 e 

WO-5004 

Not Appl i cab1 e 

Quantity and type o f  
compl exi ng agents 
used per year at 
Rocky F1 ats.: 

Ascorbic Acid: 
4.5 kg 

Acetic Acid: 
6.6 kg 

Sodium Acetate: 
55.5 kg 

Citric Acid: 
4.5 kg 

Sodium Citrate: 
20.0 kg 

Oxalic Acid: 
4.5 kg 

EDTA : 1.15 kg 

Saltcrete is not a gaseous 
waste and does not contain 
radioactive gases. 

As described in WO-5004, 
nWaste Treatment Spray 
Dryer and Saltcrete 
Process," cement is added 

' to the salt waste stream 
to immobilize the 
particulate, solidify the - 
liquids and moderate 
oxidizing characteristics . 
Saltcrete does not contain 
pathogens, infectious 
wastes or other etiologic 
agents. 

1 

Between 5/15/87 and 
5/7/88, 917 triwall boxes 
of sal tcrete were 
produced. The estimated 
saltcrete generation for 
any given year is between 
1200 to 1600 triwalls. 
The average net weight o f  
one triwall box of 
saltcrete is approximately 
1600 pounds. Total weight 
of sal tcrete produced 
between 5/15/87 and 5/7/88 
is 917 boxes * 1600 pounds 
* 1 kg/2.2 pounds = 
6;67*105 kg. As a worst 
case, if it is assumed 
that all 106.36 kg of 
compl exi ng agents are 

APPLICATION TO SHIP WASTE Page 20 
SALTCRETE - August 1989 
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GCD Waste 

Bulk LLW 

T a l e  8 (continued) 
Reference OocumentsiResuits Outl ining Compliance 

to the General 'rlaste Form Criteria 

8-Hyaroxyquinol ine: 
2.3 kg 

Tri butyl PhosDhate: 
3.7 kg 

1,lO Phenanthroline: 
0.012 kg 

di hexyl -n n- 
diethyl carbamoyl 
methyiphospnonate: 

3.6 kg 

Total: 106.36 kg 

Not Appl i cabl e 

Not Appl i cabl e 

disposed of with the 
sal tcrete, then, 
106.36/6.67*10'=1.59*10-* 
is the weight fraction of 
the complexing agents with 
respect to the saltcrete. 
Therefore, Rocky Flats' 
total yearly usage o f  
complexing agents amounts 
to only 0.0159 weight 
percent of the total 
sal tcrete production 
between 5/15/87 and 
5/7/88. Thi s extreme1 y 

. conservative estimate is 
we17 under the NTS limit 
of 1 weight percent. 

Saltcrete does not meet 
any of the guidelines to 
be identified as a GCD'  
waste. 

Saltcrete is not a bulk 
LLGI. 

4 .  Additional Hixed Waste Form Criteria 

Tab1 e 9 references the documents (procedures, specifications 
etc.) or test/analysis results that specify compliance to the 
Additional Mixed Waste Form Criteria outlined in Section 2.2 .2  
o f  NVO-325. 

Table 9 
Reference Documents/Resul ts Out7 ining Compl i ance 

to the Additional Mixed Waste Form Criteria 

Criterion 
Treated Waste 

Compl i ance 
Documents or Results 

Not Appi icable 
Comments 

Saltcrete is a treated 
waste that meets the land 
disposal restrictions and 

APPLICATION TO SHIP WASTE Page 2 1  
SALT CRET E August 1989 
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A T T A C H M E N T  4 

West! ngh o us e 
Savannah Rlver Company 

February 28. 1996 

SWE-SWE-96-0 106 
FIWSWWXXXARNR 
Response Required: N/A 
Key Words: TRU Waste 
Record Retenuon: Permanent 

Jim Teak 
Advanced Sciences. Incorporated 
6739 Academy Road. N. E. 
Albuquerque. New Mexico 87106-3345 

Dear Mr, Teak: 

The S3vannah River Site (SRS) has reviewed its waste practices to determine whether chelating 
tgenB are present in  remevably stored TRU waste. SRS also has reviewed these practices to 
ditermine whether concrete has been used to solidifv/stabilize TRU waste. These reviews 
revealed that SRS TRU waste s t e m s  do not currently contain chelating agenWcomplexanrs 
nor has SRS used concrete to solidify/sKabilize TRU waste. 

The Separaaons processes and the mal~CavreSearch laboratories at SRS have used chelating 
agens in the separation of plutonium from irradiated uranium and other materiais. For 
e&mDle. ai-butyl phosphate (TBP) is the complexing agent used in SRS's PURUC process 
and m a y  other laboratory processes. Also. agents such as Ui-octyl phosphine oxide (TOPO) 
and ui-is0 octylamine (XOA) have been used or investigated through the years. However, 
none of these chelating agenWcomp1exants has entered. SRS TRU waste. The complexants 
are dissoived in orsanic solvents for use as liouidniquid extractants in the separation process. 
These solvents are recycled until depleted and then discarded to SRS's solvent waste tmks in 
the Waste Disposal Facility. 'This means that SRS Organic liquid streams have not entered the 
production lines (e.g., HB and FB-Lines) where most of SRS TRU waste is generated. 
Funher. a small amount of liquid TBP Containing TRu nuclides is generated by SRS 
laboratories. This laboratory waste is discarded to liquid waste streams. which are eventually 
disposed in SRS's High Level Waste Tanks. SO. none of these liquid streams that contain 
complexants have entered SRS solid l R U  waste streams. 
SRS has not used concrete to solidify/stabilize mu waste. The processes that generate 
slurries. which require stabilization. do not contain TRU radionuclides (e.g.. plating of 
depleted urmum). For other processes that generate slurries. the waste is disposed in SRS's 
High Level Waste Tanks. Even the LOW Level Waste (LLW sludge senerated by SRS's 
Effluent Tremnent Facility t E m  is disposed in the High Level IL'asre Tanks and is eventually 

- 
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icd io SRS's Salutone Fxi i i iv  or the Ilclense Waste I'rncessine Faciiitv ( DWPFl. Finally. SRS 
,NCS not cxpect to generarc TRU waste conrunin! chclmny. agents nor anucrpare using 
ioncrcrc IO solrdify/st;rblllzc I R U  w m c  in  lhc near-Iuturc. 

I'lcase dlrcct your quesuons io L. ?Villiams (803) 557-6759, 

Sincerely. e7' 
Joseph A. D'Amelio 

JAD:lw 

V T R U  Engineering Manaeer 

cc: A. Gibbs. 724-21E 
W. T. Goldston 705-3C 
F. H. Gunnels. 705-3C 
S. J. Mackmull. 703-;\ 
S. J. Menuup. 724-21E 
D. Ormond. 7034 
L. Williams. 705-3C 
Records Management. 705-3C 
S W E  Fils.  705-3C 
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A T T A C H M E N T  5 

To: L c. Sanchez. SNL January 25,1908 

Thru: Shsllr Loa. CTAC 

From: F. M. Coony rind M. R. Kerns, Hinford sffs 
3 *C.  

RE Addltlanrl TRU Wuts Ddr Raquost for Sand8 Nallonil Laborrtorlor' Waste lsalrtlon Pilot 
Plan Psrlonnrnu Amaasmam 

84-22 



~ I . _  

12-BUTOXETHANOL . I 0.02 I I -. 
ACETONE * I o.ao I 
ACID I 0.141 
ALUMINUM NITRATE I 0.10 I 
ALUMINUM NITRAfE MONOHYDRATE I 3-80 1 
AMERCOAT 234 ' I O.OS( 

AMMONIUM CHLORIDE I 0.01 1 
ARSENIC I 0.02 1 
ASBESTOS 27.00 I 

I 

I 

4 

M U M  . 1.861 
BERYUlUM 0.1 7 I 
s l m E % n ) P H €  I ) 0.62 I . 818PHENOL A RESIN I 0.54 I 

BLIML GLYCIOYL ETHER I 0.11 I 
B t m L A L C O ~  1 0.41 1 i 

COPPER I 0.00 1 
COPPER SULFATE \ O . S \  
CIIESYUC ACID I 0.00 1 
CUPROUS CYANIDE 0.21 I 
CYANIDE 80LUnON6 I 021 I 
CYCLOHEXANE 0.QO 1 
D I ( Z - E I H Y W ~ ) P ~ T E  0.08 I 
'DbOClYLPHTHAUlE 0.40 I 
oiocm PHTWATE I 0.20 I 
OIOClYl. PHTHALATE (OOP) I 8.47 \ 
ETHANOL 0.20 1 

CHLOROFLUOROPHd6PHATE 1 
CMCIUM HYDROXIDE I 0.061 

FeRRlC N I T W E  
FORMIC ACID 
HEXONE 

4.38 I 
0.21 I 
0.lOl 

. -  . .... ,- .. * . .. 
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M A S S  

.. = . -  . - -  . .  

TRIISaOCTIUMINE 2 031 
TRIMETHYLBENZENE I :.a1 I 
TRlOCTnPHOSPHINE OXlOE I 9.00 I 

SOL I I 

- 

I VANADlUM PENTOYJQE AQUEOUS 0.21 I 

XYLENE n 4.231 
t 4 
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Lawrence livennore National Laboratory . 
\VASTE CERTIFICATION PROGRAM 

WCP96-055 

‘March 7, 1996 

Jim Teak 
Advanced Sciences Incorporated 
6739 Academy Road NE 
Albuquerque, NM 87109 

Dear Jim. 

This is in response to the CAO rcqucst concaning the presence of organic 
ligands (chelating agents) in TRU waste. I have consulted with Joe Magana, a 
chemist working in LLNL’s Plutonium Facility. He tcils me that there are no 
chelating agcnts in LLNL’s TRU waste. 

Sincerely yours, 

Kem Hainebadr, Ph. D. 
Waste Cenification Engineer 
Environmental Protection Department 

KH.lh 
c: Robcrt Fischcr 

84-26 
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United States Government Department of Energy 

memorandum 
DATE 

REPLY TO 
ARN OF: 

SUBJECT: 

June 26, 1996 

CA0:NTP:DW 96- 1528 

Carlsbad Area Office 
Carisbad, New Mexico 88221 

Revision of Current Estimate of Complexing Agents in Transuranic Solidified Waste Forms 
Scheduled for Disposal in WIPP 

TO: 
Dr. Les E. Shephard, Director, Nuclear Waste Management Programs Center, SNL 

The mass of potential complexing agents in transuranic (TRU) waste generated at the Rocky 
Flats Environmental Technology Site (WETS) and currently stored at WETS and Idaho 
National Engineering Laboratory (INEL) was previously estimated in our March 29, 1996 
memorandum, CA0:NTP:DW 96-1 11 1, (Subject: "Current Estimate of Complexing Agents 
in Transuranic Solidified Waste Forms Scheduled for Disposal in WIPP"). Per our May 3, 
1996 discussion, this information has been revised based on assumed or anticipated activities 
to be performed on the waste prior to final waste form generation. 

The assumed or anticipated activities upon which these revisions were made are based on the 
preliminary submittal by INEL for Revision 3 of the TRU Waste Baseline Inventory Report 
(TWBIR). From this submittal, a very high percentage of INEL waste will be thermally 
.treated and most complexing agents should therefore be destroyed by the treatment. A 
methodology is presented for estimating the amount of complexing agents that will be 
destroyed by the proposed thermal treatment at INEL. Using Ethylene Diamine Tetraaccetic 
Acid (EDTA) as an example, the original estimate of 23 kg in WETS waste (stored at INEL 
and WETS) has been reduced to a recommended value of 5.9 kg with a high range estimate 
of 6.9 kg and a low range estimate of 2.9 kg. All other complexing agents reported fkom 
WETS (including that in storage at INEL) in the previous letter should also be reduced by 
the same methodology. 

The original inventory estimates provided in the above referenced letter were based on the 
following information contained in the original transmittal: 

Estimates provided by the TRU waste sites on the amount of anticipated 
complexing agents in TRU waste which are summarized in Tables 1,2, and 3 
from TRU waste site memoranda in Attachments 1 through 6. 

Volumes fiom Revision 2 of the Transuranic Waste Baseline Inventory Report 
(TWBIR) used in Table 4. 

In Revision 2 of the TWBIR, the volumes used for waste stored at the INEL were assumed to 
be unprocessed through any type of treatment (i.e., thermal) that would destroy potential 
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Dr. Les E. Shephard June 26, 1996 

complexing agents. There was a small percentage of WETS waste (-33%) stored at INEL 
scheduled for processing by thermal treatment in the TWBIR, Revision 2. Because these 
percentages of waste scheduled for thermal treatment were low, no credit was assumed in the 
original letter for the destruction of potential complexing agents occurring in WETS TRU 
waste stored at INEL. This assumption also provided a conservative estimate of the potential 
complexing agents in TRU waste. 

However, the INEL preliminary submittal received for Revision 3 of the TWBIR contains a 
much higher percentage of waste that will be processed thermally prior to shipment to WIPP 
for disposal. This much higher percentage of WETS TRU waste that will be thermally 
processed will make a significant impact on the calculated amounts of potential compiexing 
agents in TRU waste. 

As stated in the original letter, most of the complexing agents were expected in the solidified 
waste forms, particularly in the solidified inorganic waste forms, since Sandia National 
LaboratoqdNew Mexico (SNL/NM) was only requesting information on "aqueous-soluble" 
complexing agents. 

The WETS estimate (Attachment 3 of the original letter) included all known sources (as of 
the time f i m e  of the WETS memo) of complexing agents regardless of what waste forms 
the chemicals occurred in the waste. Discussions with WETS indicate the most likely 
occurrences of compiexing agents in the waste would be: 

Solidified Lab Waste> Solidified Inorganic Sludges> Debris Wastes 

Based on the above relative occurrence for complexing agents, three estimates of the effects 
of extensive planned thermal treatment of WETS waste at INEL can be made to modi@ the 
mass of chelating agents estimated in the original letter. 

Tables AD-1, AD-2, and AD-3 summarize the calculations of the amount of decrease of 
complexing agents for WETS in storage at INEL using EDTA as an example: 

ASSUMPTIONS 

0 

0 

As stated in the original letter, WETS was in production for 20 years (1 971 - 
1990) during which retrievably stored (post 1970) production waste would 
have been generated. Buried waste is not part of the WIPP inventory in the 
TWBIR. 

WETS stopped shipments of waste to INEL initially in October 1988, then 
shipped additional quantities of waste from March to August 1989. 

B5-2 



Dr. Les E. Shephard - 3 -  June 26, 1996 

0 Assuming that WETS essentially caught up on their backlog of waste during 
the second shipping period and a modest lag of 2 months fiom date of closure 
to actual shipping, effectively provides the beginning of July 1989 as the date 
for TRU waste accumulation at WETS. 

Therefore, it is assumed that 18 months (1.5 years) of production waste still 
exists at WETS in storage and 18.5 years of post 1970 production waste is in 
storage at MEL. 

CALCULATIONS 

As shown in Table AD-1 (for Solidified Lab waste - Content Codes 004 and 113), using 
EDTA as an example: 

347.7 m3 of CH-TRU waste is in storage at INEL, 

280.1 m3 will be vitrified, and 

67.5 m3 will be set aside for direct shipment to WIPP (including 0.33 m' for 
macroencapsulation) 

Therefore, 80.58% Will be vitrified 

WETS provided an EDTA generation rate of 1.15 kg/year (Attachment 3 of 
Original Complexing Agent Memo) 

1.15 kg/yearx 18.5 years = 21.3 kg EDTA at INEL in storage 

1.15 kg/year x 18.5 years generation in storage at INEL x 80.58% vitrification 
of waste = 17.1 kg of EDTA destroyed by vitrification 

Therefore, 4.1 kg of EDTA (2 1.3 minus 17.1 kg) will be left in the untreated 
waste at INEL scheduled for shipment and disposal in WIPP 

The total EDTA in WETS waste (both in storage at INEL and WETS) = 4.1 
kg (untreated waste at INEL) + 1.15 kg/year x 1.5 years (in storage at WETS) 
= 5.9 kg 

Since Content Codes 004 and 113 are the waste forms most likely to have the complexing 
agents, 5.9 kg of EDTA is the RECOMMENDED VALUE for performance assessment. 
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Dr. Les E. Shephard - 4 -  June 26, 1996 

Using similar methodology in Tables AD-2 and AD-3, estimates of EDTA (after treatment at 
INEL) are 6.9 kg (assuming the distribution of treatment for all inorganic solidified waste 
forms - 75.68% treated) and 2.9 kg (assuming the distribution of treatment for all WETS 
waste in storage at INEL - 94.44% treated). 

The value of 5.9 kg of EDTA is the recommended value, since Content Codes 004 and 113 
are the waste forms expected to contain the majority of the complexing agents. The other 
two values, 6.9 kg for inorganic solidified waste and 2.9 kg for all treated WETS waste, 
should be considered lower and upper bounds on this analysis. In particular, the 2.9 kg is a 
nonconservative estimate because INEL is planning to vitrify almost all their debris waste, 
particularly the organic debris waste, which may contain some EDTA fiom wipeup of spills, 
but is expected to be the least contributor to the overall complexing agents in the waste. 

All other complexing agents fiom WETS should be reduced by the same percentages for 
those values reported in Table 3 of the original complexing agent letter. 

If you have any questions concerning the attached information, please contact Mr. Russ 
Bisping of my staff at (505) 234-7446. 

Manager 
National TRU Program 

Attachment 

cc w/attachment: 
R. Bisping, CAO 
S. Chakraborti, CTAC 

--*.J. Harvill, CTAC 
P. Drez, DEA 
R. Anderson, SNL 
L. Sanchez, SNL 
M. Chu, SNL 
M. Marietta, SNL 
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TABLE 

FFCA-ID WS-ID CC Total Vol CH Vol RH Vol 
~ 4 ~ 5 7  ID-RFO-004T 4 226.8 226.8 0.0 
1 ~ - ~ 1 9 5  ID-RFO-I 13 113 2.5 2.5 0.0 
IN-W221 IDRFO-113T 113 14.4 14.4 0.0 
1 ~ 4 ~ 2 2 9  lD.RFO-004 4 103.9 103.9 0.0 

347.7 347.7 0.0 , 

AD-1 

UNPROCESSED WASTE VOLUMES (m') 

54.3 0.0 172.3 0.0 0.2 
0.0 0.0 2.5 0.0 0.0 
12.9 0.0 1.5 0.0 0.0' ' 

0.0 0.0 103..8 0.0 0.1 
67.2 0.0 280.1 0.0 0.3 

CH-Direct Ship RH-Direct Ship Vitrified Amalg Macro 

L 

DETAILS OF EDTA CALCULATIONS 
(BASIS: ROCKY FLATS WASTE AT INEL WITH IDCs 004 AND 113) 

TOTAL EDTA IN RF WASTE AT INEL-> 
(1.15 kg/yr for 18.5 years) 

m PERCENT VITRIFIED -> 
AMOUNT VITRIFIED (80.58% of 21.3 kg)-> 

yl 
AMOUNT IN UNTREATED INEL WASTE-> 

TOTAL EDTA IN RF WASTE AT RF-> 
(1.15 kg/yr for 1.5 years) 

21.3 kg 

80.6% 
17.1 kg 
4.1 kg 

1.7 kg 

NEW EDTA ESTIMATE-> 5.9 kg 



TABLE AD-2 

7 .  
Q) 

FFCA-ID ws-m 
IN-W216 ID-RFO-001T 
IN-W190 ID-RFO-00 I 
IN-W221 ID-RFO-I 13T 
IN-W I95 ID-RFO-113 
IN-W228 ID-RFO-002T 
IN-W191 ID-RFO-002 
IN-W I57 ID-RFO-004T 
IN-W229 ID-RFO-004 
IN-W218 ID-R F0-007T 
IN-W 192 ID-RFO-007 
IN-X001 ID-RFO-095N 
IN-W375 ID-RFO-995TN 

ID-RFO-995N IN-X002 
I I I TOTA LS 

DETAILS OF REVISED EDTA CALCULATIONS 
(BASIS: ALL ROCKY FLATS SLUDGES AT INEL) 

TOTAL EDTA IN RF WASTE AT INEL--> 
(1.15 kglyr for 18.5 years) 

PERCENT VITRIFIED ---> 
AMOUNT VITRIFIED (75.68% of 21.3 kg)-> 
AMOUNT IN UNTREATED INEL WASTE--> 

TOTAL EDTA IN RF WASTE AT RF---> 
(1.15 kglyr for 1.5 years) 

21.3 kg 

75.7% 
16.1 kg 
5.2 kg 

1.7 kg 

NEW EDTA ESTIMATE-> 6.9 kg 



TABLE AD--3 
DETAILS. OF EDTA CALCULATIONS 

(BASIS: .iLL'ROCKY FLATS WASTE AT INEL) 

i 

\ ._ , 

I 

4 
. I  

I 



. , . . .  



TABLE AD-3 
DETAILS OF EDTA CALCULATIONS 

(BASIS: ALL ROCKY FLATS WASTE AT INEI,) 

1 w 0 - 4 1 1 m  411 1.3 1 3  0.0 0.0 1.3 o n  no 
JN-wnsd ID-RF0-4 12TN 4 J.2 0 2  0 2  0.0 on n o  0 2  n o  n o  

314 ID-RFO-4 14T 414 1 . 1  1.1  0.0 n o  n o  1 1  n o o n  
NW37 1 I D - R F 0 - 4 m  4J6 n.2 0.2 n.n n o  n o  n.2 n o  n o  

1- 420 2.3 2 7  no 0.0 n o  2 3  o n  o n  

lbl-w2 18 ID-RF0-QWl' 7 
JN-W 192 IO-BEQ-OO~ 7 464~3 464.3 n~n n~n 1) 0 464.3 o n 0 

461 5 461.5 0.0 461 5 o n  n o  II n.o 
Page 3 
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United States Government Department of Energy 

memorandum Carlsbad Area Off ice 
Carlsbad, New Mexico 88221 

SUQJECt: Preliminary Estimate for SNL/NM Performance Assessment Calculations of Nitrate, Sulfate, 
and Phosphate Content in Transuranic Solidified Wastes Destined for Disposal in WIPP 

TO: 
Dr. Les Shephard, S N L M  

Attached is a copy of the report containing the preliminary estimates for the nitrate, 
sulfate. and phosphate contents in solidified transuranic (TRU) wastes destined for the 
Waste Isoiation Pilot Plant (WIPP). This information was requested by your staff from the 
Transuranic (TRU) Waste Baseline Inventory Report (TWBIR) team in support of the 
Performance Assessment efforts. 

Briefly, the enclosed document provides estimates of the average density and total mass of 
nitrate and sulfate in TRU waste to be disposed of at the WIPP. These values have been 
estimated based on data obtained from the TRU waste generator/storage sites during the 
TWBIR preparation process. From these data, the average densities scaled over the entire 
WIPP disposal inventory are 9.2 kg/m' for nitrate and 3.6 kg/m3 for sulfate. The total 
masses scaled over the entire WIPP disposal inventory are 1.6E+06 kg for nitrate and 
6.3E+05 kg for sulfate. These densities and masses are for combined CH and RH TRU 
waste inventories. No value for phosphate has been proposed due to the lack of suficient 

sludges and solidification agents. but no supporting analytical data are available to support 
a specific value. This is discussed in the enclosed report. 

, information. Trace quantities of inorganic phosphate might be expected in some of the 

If you have any questions concerning the attached information. please contact Mr. kuss 
Bisping of my staff at (505) 234-7446. 

Manager 
National TRU P r 0 - m  

Attachment 
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L. Shephard 

cc w/enclosure: 
J. Mewhinney, CAO 
R. Bisping, CAO 
P. Drez, CTAC 
J. Harviil, CTAC 
L. Sanchez, SNL 
M. Chu. SNL 
M. Marietta. SNL 

2 FEB 2 0 1p96 
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Preliminary Estimates of Nitrate, Sulfate. and Phosphate Content 
in T r V  Wastes . 7 . .  

r. 
This repon provides preiiminary estimates of the amount of nitrate. sulfate. and phosphate 
ex~ected to be in the transuranic tTRU) inventory that will be transported to and disposal of at 
the Waste isolation Pilot Plant (WIPP) (Appendix B: DOE. 1995). Tables 1 and 2 of this 
report provide the voiumetnc basis for the nitrate :-:a sulphate estimates, and Tables 3, 4, and 
5 provide the caicuiationai methodology. No quantifiable sources of phosphate have been 
identified in the Inorganic Solidified final waste forms at present. Trace quantities might be 
expected in some of the sludges ana soiidification agents. but no data currently exist to support 
this. 

II. 

These PRELIMINARY estimates are made based on’the following: 

0 

e 

Values presented are those expected for the h a i  waste forms to be disposed of at 
WIPP. 

Information has  been requested from sites based on Solidified Inorganic and Solidified 
Organic waste forms only, and is the best available data from the TRU waste 
generator/storage sites: 

The main source of nitrate is anticipated to be from the Solidified Inorganic 
waste forms. Y. 7icn in most cases. are sludges produced from the neutralization/ 
solidification or nitric acid-based solutions used at the TRU waste 
genentor/stonge sites. Nitrates are very soluble in aqueous solutions and 
generally do not produce precipitates in the sludges. The nitrates are generally 
thought to be present as ions sorbed on precipitates or as interstitial solution 
trapped in the precipitated sludges prior to solidification. 

Minor amounts of nitrate. as evaporites, are anticipated in the debris waste 
forms that will be acceptable for WIPP disposal, but insufficient dam are 
available to estimate the amount of such TRU waste at this time. 

The main sources of sulfates are anticipated to be: 1) chemicals (e.g. iron 
sulfates) added to the inorganic solutions at the time of flocculation and 
precipitation of sludges. and 2) the use of Envirostone [a gypsum (CaSO,) based 
solidification material] for solidification of inorganic and/or organic solutions/ 
siudges at some TRU waste generator/storage sites. 

Baseline hentory Repon Dam. Fcbnury 1996 
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No quvltiriabie sources of pnospnate have been identified in the Solidified 
Inorpnic rind waste forms at present. Trace quantities might be expected in 
some ot the sludges and solidification agents. but no supporting analytical data 
are available. The quantities of inorganic pnospnate are anticipated to be low in 
inorganic sludges based on process histories at TRU waste sites. 

Analytical data in Attacnment 2 provide oniy "?ess than 0.0025" weight percent 
values for pnosunate. which are srmiiar to the 0.001 weight percent estimate 
provided by LANL in Attachment 1. These values are too low to make any 
reliable estimate of phosphate in TRU waste. but indicate that the quantities will 
be very small. compared with the nitrate and sulfate values reponed. The 
pnosuhate value of "40%" reponed on page A2-7 is an analytical error. Based 
on process knowledge and the lack of cations to support such a large value oi 
phosphate in that particular anaiysis. no sucn vaiue is possible. 

A. 

1. Nitrate Assumptions 

The amount of nitrate is estimated on the basis of the volumes of Solidified Inorganics, 
which are calculated as explained below: 

0 

0 

Table 1 lists (in Column 2) the final waste form volumes of Solidified 
Inorganics for Contact-Handled (CHI TRU and Remote Handled (RH) TRU 
from Figures 3-9 and 3- 16 oi  Rwision 2 of the TWBIR (DOE. 1995) for the 
anticipated WIPP inventory (stored pius projected volumes until 2022). 

Footnotes in Columns 3 and 4 indicate why certain volumes of waste have been 
eliminated from further consideration in the calculations: 

Footnote 1 eliminates those volumes of chemically precipitated Solidified 
Inorganics for which no nitrate estimates in the waste are available. An 
estimate of the nitrate contribution fmm these Solidified Inorganics will 
be accounted for in the scaling process. 

Footnote 2 eliminates the volume of Solidified Inorganics from SRS 
from further consideration because it is a "vitrified" waste form which 
should not contain any significant amount of nitrates due to the thermal 
treatment proposed for that waste form. 



- Footnote 3 eliminates from further consideration those volumes of 
Solidified Inorganics which represent non-precipitated particulates (e.g., 
incinerator ash, graphite fines, etc.) which have been cemented to meet 
the WIPP WAC; nitrates are not expected to be present in these 
particulates. 

Rocky Flats Environmental Technology Site (RFETS) and Los Alamos National 
Laboratory (LANL) have provided analytical datalestimates for nitrate in 
Solidified Inorganics. The RFETS data has been used also for the WETS 
waste stored at INEL. 

2. Nitrate Mass Calculations 

Table 3 contains in Column 1 a list of those waste streams that contain the volume of 
waste from each TRU waste generator/storage site listed in Column 4 of Table 1. The 
additional data provided are: 

Column 2 lists the Item Description Codes WCs) for waste streams produced at 
RFETS and/or stored at INEL. The RF111 designation is for Content Code 11 1 
from RFETS, where the IDC is not specified. 

Column 3 lists the stored + projected volume for each waste stream. 

Column 4 lists the sum of the waste material parameters (WMP) for each waste 
stream from the individual Waste S t r m  Profiles in Revision 2 of the TWBIR. 
Exceptions to this rule are listed in footnotes in Table 3. 

Column 5 lists the mass of the waste for each waste stream which is the product 
of multiplying Columns 3 and 4. 

0 Column 6 lists the values of nitrate used for each waste stream. The sources of 
the these values are: 

- For RFETS, the nitrate values are from Appendix I of Revision 2 of the 
TWBIR. The 8% values for IDC 001 has also been applied to IDCs 002 
and 007 at both RFETS and INEL. All these IDCs represent "older" 
methods of solidification where the sludges contain portland cement 
mainly as a sorbent interlayered with sludge which did not contain 
diatomaceous earth (see Clements, 1982 for drawings). 

Bascline Inventory Repo~t Dam. February 1996 
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The 4% value listed in Appendix I of the TWBIR for IDC 807 represents 
a "newer" method of solidification where diatomaceous earth i s  used as a 
vacuum filtration agent and portland cement is mixed with the resulting 
sludge to form a "monolithic" solidified final waste form. The dilution 
with diatomaceous earth and additional portland cement lowers the 
overall nitrate value of the final waste form. 

- For waste stream IN-w315.601, Clements (1982) indicates that the 
waste stream is made up of approximately 60% NaN03 and 30% KN03 
(assumed weight percents). This calculates as 62% nitrate. 

- Attachment 1 represents a memo from LANL that provides estimates for 
nitrates in the waste streams. Note that the Envirostone process only 
accounts for a small percentage of stored volume for 3 of the waste 
streams. The values quoted in Column 6 are based on the small 
percentage of Envirostone solidification agent in the overall waste 
streams. 

Column 7 represents the mass of nitrates in kg which is the product of 
multiplying Columns 5 and 6. 

B. Slllfate 

1. Sulfate Assumptions 

0 To determine the amount of solidified wastes that need to be considered for 
calculating the sulfate content of the WIPP inventory (Table 2), the volume of 
Solidified Organics must be added to the volume of Solidified Inorganics from 
Table 1: 

- The Solidified Organics from Figures 3-10 and 3-17 of Revision 2 of the 
TWBIR (DOE, 1995) have been added to Table 1 (above) to produce 
Table 2 

- LANL has used an Envirostone (gypsum-based) process for solidification 
of inorganic sludges in the past (approximately 9% of 4888 m3 in storage 
at LANL) but plan to eliminate the process in the future and only use 
portland-based cement for solidification (as was used in the past prior to 
usage of the Envirostone) 

Bascline inventory Repon Dam. Febnrary 1996 
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- Since the mid 1980's, RFETS has used an Envirostone solidification 
process for their organic sludges. Therefore, some of their waste in 
storage and projected contain large amounts of sulfate, as well as some 
Solidified Organics in storage at INEL. 

- LLNL is the only other TRU waste site known to be using Envirostone 
for the solidification of organic Iiquids/sludges (approximately 7 m3 
stored/projected). 

2. Sulfate Mass Calculations 

The sulfate calculations presents in Table 4 follow the same format as the nitrate 
calculations in Table 3. The origin of the values used for sulfate in the RFETS, INEL, 
LLNL, and LANL waste streams are summarized below: 

0 RFETS/INEL - The 0.11 % sulfate value is an average of the three analyses marked 
"7412 Sludge" in Attachment 2 which are applied to IDCs 001 and 002, 
and at half that value for IDCs 800 and 803 (as explained in the nitrate 
section). 

- The sulfate value of 0.02% is derived from the Attachment 2 analysis 
marked "374 Waste Sludge - Dried Sludge". This value is used for IDC 
007 and at half value for IDC 807. 

- The sulfate value (25.1 %) for the Envirostone solidification of organic 
sludges (IDC 801) is derived from an average value in Attachment 3, 
which represents guidelines for mixing constituents together for IDC 801 
and IDC 700 (at INEL only in storage). 

0 LANL 
- The values for sulfate quoted in Column 7 are derived from data 

provided in Attachment I. As with the nitrate calculations, the 
percentage of waste in each waste stream solidified by Envirostone 
versus portland cement is used to calculated the overall sulfate value for 
each waste stream. 

0 LLNL - No value for sulfate was requested from LLNL for their one Solidified 
Organic waste stream. The same value for Envirostone-solidified waste 
at WETS (25.1 %) was assumed for the LLNL waste stream. 

5 Baseline Inventory Repon Data. February 1996 
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Table 5 presents the summary calculations for determining the density (kg/m3) of nitrate and 
sulfate in the overall WIPP inventory and scaling of the density to take into account those 
chemically precipitated waste streams for which data was not available. SNUNM should use 
the scaled densities for their calculations. The last column in Table 5 provides the estimated 
mass of nitrate and sulfate if the design capacity of W P  for CH-TRU and RH-TRU are fully 
utilized based on the scaled densities for nitrate and sulfate. 

Clements, 1982, "Content Code Assessments for INEL Contact-Handled Stored 
Transuranic Wastes," WM-F1-82-021, Idaho Falls, Idaho. 

U. S. Department of Energy, 1995, "Transuranic Waste Baseline Inventory Report 
(Revision 2), " DOWCAO-95- 1 12 1, Carisbad, New Mexico. 

Baselie Inventory Repon Dam. Febnury 1996 
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TABLE 1. TRU VOLUMES FOR NITRATE CALCULATIONS 
(SOLIDIFIED INORGANICS ONLY) 

TRU WASTE TOTAL VOLUME VOLUMES WITH 
SITE (STORED + NITRATE DATA OR 

PROJECTED) WITH PARTICULATES 
(d (d 

Hmford (CH) 23.39 (TO BE SCALED)' 

ANL-E (CH) 5.20 (TO BE SCALED)' 

NTs (CH) 5.67 (TO BE SCALED)' 

SRS (CH) 1369.8 1369.8 

WETS (CH) 1423.01 1389.52 

INEL (CH) . 4344.44 3900.39 

Mound (CH) 6.03 (TO BE SCALED)' 

LANuCH) 6922.02 6922.02 

AL (CH) 0.42 (TO BE SCALED)' 

LLNL (CH) 20.18 (TO BE SCALED)' 

CH TOTAL 14120.15 13581.73 

VOLUMES OF 
SLUDGES WITH 
NITMTE DATA 

(m3 
(TO BE SCALED)' 

(TO BE SCALED)' 

(TO BE SCALED)' 
2 

229.633 

3598.84' 

(TO BE SCAkD)' 

6922.02 

(TO BE SCALED)' 

(TO BE SCALED)' 

10750.49 

ORNL (RH). 

INEL (RH) 

ANL-E (RH) 

RH TOTAL 

TRU TOTAL 

Eliminates thore volumes of chemically precipitated solidified inorganics for which no nitnte utimrtes in the waste a n  available. An estimru 
of the nitrate contribution from them solidified inorganics will be r c c d  for in the scaling procur. 
Eliminates the volume of Solidified Inorganics from SRS from furrher consideration because it is a 'vitrified' waste form which P w l d  not 
contain any signifim amount of nitntes due to the themvl treatment pfoposd for.chrt waste form. 
Eliminates from further consideration thow volumes of Solidified Inorganics which rrpnrnt nowprecipitated paniculter (c.g.. inchentor 
a&. graphite fines. etc.) which have been cemented to m e t  the W P  WAC and nitrates are uot expected to be present in the particulates. 

I 

2 

3 

1243.33 (TO BE SCALED)' (TO BE SCALED)' 

65.27 65.27 65.27 

30.26 (TO BE SCALED)' (TO BE SCALED)' 

1338.86 65.27 65.27 

15459.0 1 13647.0 108 15.76 

JANUARY 1996 
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TABLE 2. TRU VOLUMES FOR SULFATE CALCULATIONS 

No sulfite data available fmm thcx sites for any waste strums. 1 
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TABLE 3 : NITRATE CALCULATION 

LA-MOO2 
LA-TOO6 I LA-WOO3 

001 3.74 781.9 2924.31 8 233.94 

807 115.02 819.6 94270.39 4 3770.82 

800 104.42 775.2 80946.38 4 3237.86 
803 4.99 635.2 3169.65 4 126.79 

800/803/807 0.62 7%. 1 493.58 4 19.74 
228.79 181804.31 7389.14 

001/007, 1478.88 819.6 1212090.05 8 96967.20 
001/002 43.91 571.4 25090.17 8 2007.21 
001/002 555.65 726.6 403735.29 8 32298.82 

RF111 122.80 725.6 89103.68 4 3564.15 
RFlll 443.04 819.6 3631 15.58 4 14524.62 

002 287.33 317.3 91169.81 8 7293.58 
002 608.82 -358.0 217957.56 8 17436.60 
002 21.36 249.6 5331.46 8 426.52 

2463342.09 179129.19 

3606.81 12%.0 4674425.76 8.8 411349.47 
86.53 1004.8 86945.34 8.8 7651.19 

1836.58 1339.3 245973 I .59 8.7 213996.65 
1392.10 1004.8 1398781.08 . 8.7 121694.04 
6922.02 86 19884.78 754691.35 

94 1209.68 

007 101.91 544.3 55469.61 8 4437.57 

005 0.42 664.0 278.88 62 172.91 
. 3664.12 

- 
I 

1 126503 1.18 I I 
* DIEL did not report waste matend parameters for this waste stream. The value for this IDC at RFETS was assumed. 
** This waste stream was reported in Clements (1983) to be 60% NaN03 and 30% KN03. 

for this IDC was used from Clements (19831, since no value was quoted in Revision 2 of the TWBIR. 
The weight of the waste 
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lN-W164.10(0' 

LA-MOO2 
LA-Too6 I LA-WOO3 

TABLE 4 : SULFATE CALCULATION 

Sol. Inorg. 
807 Sol. Iaorg. 

800l803l807 Sol. horn. 

700 
700 

0011002 
0011002 
0011002 

007 
R F I I I  
RFlll 

ocn 
002 

Sol. Orp. 
Sol. Org. 

Sol. Iaorg. 
Sol. Iaorg. 
Sol. Inorg. 
Sol. Inorg. 
Sol. Iaorg. 
Sol. Inorg. 
Sol. Iaorg. 
Sol. Iaorg. 

3.74 781.9 
0.83 544.3 

104.42 775.2 
108.99 an. I 
4.99 635.2 

115.02 819.6 

2924.3 1 
452.86 

80946.38 
95595.13 
3 169.65 

I 94270.39 

0.11 
0.02 
0.055 
25.1 
0.05s 

I 0.01 

1.66 
0.89 

1478.88 
43.91 
555.65 
101.91 
177.80 
443.04 
287.33 
608.82 

877. I 
877. I 
819.6 
57 1.4 
726.6 
544.3 
725.6 
819.6 
317.3 
358.0 

1455.99 
780.62 

12 I2O90.05 
3090.17 
433735.29 
55469.61 
89103.68 
3631 15.58 
91 169.81 
217957.56 

25. 1 
25.1 
0.11 
0.11 
0.1 1 
0.02 
0.055 
0.055 
0.11 
0.11 

1 Sol. Ore I . 6.961 168 .O I 1838.481 3.1 

I I 1 I 1 
I I 6.861 I 1838.48 I 

3.22 

44.52 
73994.38 

9.43 
0.27 

24053.65 

365.45 

11.09 
49.01 
199.71 
100.2 
239.75 d 1972.11 

461.46 
461.46 

* INEL did nor repon waste material parameters for this waste stream. The value for this IDC a! RFEIS was assumed. 
=* Sulfate value for LLNL Solidified Organics was assumed IO be thc m e  as for RFETS Solidified Organics (IDC 801). 
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ATTACHMENT 1 

TELEPHONE CONFERENCE 8-Y 

Parties: Paul Drez, DEA/CTAC 
Davis Christenson, LANL 

For Solidified Inorganics waste stream LA-T006; LA-WOO3; LA-WOO6; 
and LA-MOO2 assume the following composition for final waste 
f om: 

Envirostone-based solidified waste forms: 

Nitrate 8.2% 
Sulfate 38.5% 
Phosphate 0.001% 

Portland Cement-based solidified waste forms: 

Nitrate 8.8% 
. sulfate 1.4% 
Phosphate O.OOL% 

LA-MOO2 has only used portland cement; the other three have use 
portland cement until 1985 and then Envirostone: 

WSX 

LA-TO06 
LA-WOO6 
LA-WOO3 
LA-MOO2 

Stored Wasted Projected Waste 
Portland Envirostone Portland Envirostone 

84 5% 
54 65% 
84 5% 
100% 

15 5% 
-45.35% 
15.’5% 

0% 

AI - 1 
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100% 
100% 
100% 

0% 
0% 
0% 
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ATTACHMENT 2 
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A'ITACHMEhT 2 

F i  I C  
O m !  

7 - ' 4 . . 8  1 

Reported by 

ANALYTICAL R f P O H  I 

Lab. No. 
F!81-: 109 

A c h r r a c t t r i z a t i o n  of t h e  3 7 4  w a s t e  sludge was requested. T h e  
a n a l y s i s  of a cornposited sample is g i v e n .  A l l  results a r c  i n  2. 

Co 
ne 
Si 
A l  
Cr 
Ft? 
K 
N. 

C 
S 

Cl 
F 

N03 
cn3 

11 

5 . 8  
0.4 
0.12  
0 . 'I 
0.2'1 

13 
0 . 3 6  
0.02 
1 . 3  
0 . 5  
40 
6 - 6  

3.a 

0.8  

:;.. 06 

A2-7 
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April 4, 1988 

Albert E. Whitenan 
Area Manager 
DOE, RFAO 

ENGICEERING PARAMETERS FOR ROCKY FLATS WASTE FORMS 

This information is for the attention o f  W. C. Rask. 

Attached are the engineering parameters for Rocky Flats: waste forms 
that  were requested in the letter from 3. 6. Tollison to  
distribution, dated March 1, 1988.. Information i s  included for-.all 
thirteen Rocky Flats waste forms, which will be transported i n  .the 
TRUPACT- I I cont ai  ner. 

I f  you have questions regarding the enclosed infonnatlon, contact 
Jim Alexander at (303) 966-7585 or Jeff Faynter at (303) 966-5252. 
Yith your approval please forward t o  DOYAL, Waste Transportation. 

88-RF- 1089 

Waste Operations 
Rocky Frats Plant 
Aerospace Operations 

Orig. and 3 cc - A. E. Whiteman 
Enc. 

A3 - 1 
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~ a 5 t e  Stream - - TRU SOLIDIFIED ORGANIC WASTE (WF-112) 

FW data irt Section 1 ,  Secondary  C o n t a i n e r ,  and S e c t i o n  2, 
Arrangemen t  of Secondary  C o n t a i n e r s ,  see the General  E n g l n e e r i n g  
parameters for TRUF'ACT I I .  

3 WASTE MfiTERIfiL INFORMATION: 

.;... 1 S t r u c t u r a l  : - 
5.1.1 Maximum and Minimum WeiQht - - 

D r u m s :  
t h e  w e i g h t  of the drum) 

750 lb ma:<. / 530 lb avg. / 2C10 l b .  min. ( i n c l u d i n g  

-. -2.1.2 Gcceptable  P r o i o c t i l e  EnveloDe - - NA, s o l i d  mono l i th  cast i n  the l i n e r  i n s i d e  the drum. 
-. a.2 Thermal: 

-. 4.2.1 Quantity of R a d i o n u c l i d e s  - - I s o t o p i c  Composi t ion  (Mix 
Group 9 ,  TRUPACT-I1 Spec. 1 : 

Isotope 
Pu-238 
Pu-239 
Pu-240 
Pu-24 1 
Pu-242 

. Am-241 
OTHER 

F r a c t i o n  
TRACE 
0.930 
0.058 
0.004 
TRACE 
TRACE 
0. 007 

Max . radi onuc l  idee, (Weapons Grade Pu) :. 

Maximum d e c a y  heat (Pu)  : 0.4 wat ts /drum 
(Am) : 0.3 watts /drurn 

Total : 0.7 wat ts /drum 

Chemical  F o r m  - - min. ma::. SVe. 

o i l s  
t r i  c h l o r o e t h a n e  and 
t r i c h l  orotr  i f 1 u o r o e t h a n e  
c a r b o n  t e t r a c h l o r i d e  
emu1 si f ier (a pol  y e t h y l  
g l y c o l  ecter) 
w a t e r  

5 %  
2 %  

10 % 
d L  e .  

5 %  
5 %  

1cj x 
15 % 

gypsirm cement 40 % 
t o t a l  l i q u i d  (X g a l l o n s )  

A2 - 5! 

B6-23 
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United States Government Department of Energy 

Carlsbad Area Office memorandum Carlsbad, New Mexico 88221 

DATE: PIpril 4. 1996 
REPLY TO 

CAO:NTP:DW:96-1126 
SUBJECT: 

Estimate of Cement Content in TRU Solidified Waste Forms Scheduled for Disposal in 
W P  

Les Shephard, Director, SNL 
TO: 

Attached is a summary of the best estimate of portland cement in stored and projected 
volumes of solidified waste streams listed in Revision 2 of the Transuranic (TRU) Waste 
Baseline inventory Report (TWBIR). This information was requested from the TWBIR 
team in support of the Performance Assessment team. 

These values have been scaled (similar to the methodology used for waste material 
parameters in the TWBIR) to the full volume of the Waste Isolation Pilot Plant (WIPP) 
repository. The total estimated weight of portland cement in these scaled solidified waste 
forms is 8.54E+06 kg. Dividing this value by 6.2E+06 fi3 (-175,600 m3), the maximum 
capacity of WIPP. yields a portland cement density in the overall combined contact- 
handled (CH) and remote-handled (RH) transuranic (TRU) waste of 48.6 kg/m3. The 
portland cement reported is both reacted and unreacted cement in the waste. There are no 
data available to estimate the percentage of reacted versus unreacted cement. 

The basic methodology was to perform a sort of the Revision 2 database that suppons the 
TWBIR for all Solidified Inorganic and Solidified Organic waste streams. This sort 
resulted in 221 waste streams. Some waste streams were eliminated from further 
consideration for the following reasons: 

0 Data about most Rocky Flats waste streams (both residue and nonresidue waste 
streams) are for waste in current form only and not in final form. The item 
description code (IDC) for many particulate waste streams will change to final form 
because the waste is in a cemented final form. A total of 91 current-form RF TRU 
waste streams were eliminated because of this constraint. (the final form of these 
waste streams, however, is included in the portland cement estimate.) 

0 The Solidified Inorganic waste streams listed from Savannah River Site are all 
vitrified and therefore do not contain any portland cement. A total of 20 waste 
streams were eliminated because of this constraint. 

prlnted on recvcled oaoer @ 
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Les Shephard 3 
/ 

If you have any questions concerning the attached information. please contact Mr. Russ 
Bisping of my staff at (505) 234-7446. 

7 @&- on Watkins 
Manager 
National TRU Program 

Attachment 

cc wiattachrnem: 
. M. McFadden, CAO 

K. Hunter. CAO 
R. Bisping, CAO . 
P. Drez, CTAC 
J. Harviil, CTAC 
L. Sanchez, SNL 
M. Chu, SNL 
M. Marietta, SNL 
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At the bottom of Table 1 the total kilograms of portland cement is summarized for CH-TRU and RH-TRU waste for both stored 
plus projected waste (in "Total kg" column) and projected only waste (in "Projected kg" column). The TOTAL SCALED portland 
cement is calculated as follows: 

CH-TRU "Total kg" + 2.05 * CH-TRU "Projected kg" + RH-TRU "Total Kg" = TOTAL SCALED kg of portland cement, or 

. 

5.288+06 + 2.05( I .348+06) + 5.058+05 = 8.548+06 kg portland cement 

'The total density of portland cement is calculated as follows: 

8.54E+06 kg/175,ti00 my = 48.6 kg/ m3 portland cement 
I 
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DOEICAO-95-1121, Rev. 3 
June 1996 

APPENDIX C 

SITE-SPECIFIC STORED RADIONUCLIDE INVENTORIES 

CH Curies on a Site-by-Site' Basis 
(Decayed to the End of 1995) 

11 Nuclide 1 ARC0 I ARMY ETEC 

Cd109 

Cdll3m 

11 Ce144 I 

- 

HANF I i B 1  

1.31E-01 I 1.52E+00 I 5.45E-06 
~-~ 

1.02E-04 I 3.86E-02 I 1.35E-19 

5.60E-02 3.08E-01 1.69E-19 

5.08E-10 

3.81 E-08 

4.73E +03 

3.55E-09 

2.67 E-07 

9.02E-02 3.80E-01 3.85E-02 

-. 1.1 2E-09 3.60E-14 

1.31 E-01 

6.46E +02 

5.30E-06 

1.02E-04 

5.19E-02 

3.87E-02 1.35E-19 

1.31 E-01 1.52E+00 5.45E-06 

3.15E-05 4.80E-02 3.37E-02 

7.70E-05 2.48E-09 

8.68E-08 

1.25E-09 3.20E-08 

4.41 E-03 3.1 5E-02 

' Argonne National Laboratory-East, Argonne National Laboratory-West, and Teledyne Brown 
Engineering are not included because no data were received. Data from Sandia National Laboratory- 
Albuquerque are reported under RH-TRU waste because although the final waste form is expected t o  
be CH-TRU waste, the stored waste is remotely handled at the site. 
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DOEICAO-95-1121, Rev. 3 
June 1996 

CH-TRU Curies on a Site-by-Site Basis (continued) 

'Argonne National Laboratory-East, Argonne National Laboratory-West, and Teledyne Brown 
Engineering are not included because no data were received. Data from Sandia National Laboratory- 
Albuquerque are reported under RH-TRU waste because although the final waste form is expected to 
be CH-TRU waste, the stored waste is remotely handled at the site. 
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June 1996 

Po21 4 

Po21 5 

CH-TRU Curies on a Site-by-Site Basis (continued) 

6.86E-13 

Nuclide I ARC0 I ARMY ETEC HANF I INEL I LBL 

1.98E-15 

I 1.42E-15 I I 2.05E-15 5.3OE-06 I 2.70E-02 I g.96E-03 

4.56E-14 3.1 5E-05 4.80E-02 3.37E-02 

4.08E-14 1.02E-04 3.87E-02 1.35E-19 

5.53E-18 1.1 4E-16 2.87E-07 1.08E-04 3.78E-22 

~ 

1.1  OE-18 

11 Po212 I 

~ ~~ 

5.1 9E-02 2.62E+01 8.59E-20 

I 7.04E-19 I 3.32E-02 I 1.68E-tOl I 
11 Po213 I 

~- ~~ 

I 2.19E-15 I 1.28E-01 ~ I 1.49E+00 I 5.33E-06 

'Argonne National Laboratory-East, Argonne National Laboratory-West, and Teledyne Brown 
Engineering are not included because no data were received. Data from Sandia National Laboratory- 
Albuquerque are reported under RH-TRU waste because although the final waste form is expected to  
be CH-TRU waste, the stored waste is remotely handled at the site. 
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CH-TRU Curies on a Site-by-Site Basis (continued) 

'Argonne National Laboratory-East, Argonne National Laboratory-West, and Teledyne Brown 
Engineering are not included because no data were received. Data from Sandia National Laboratory- 
Albuquerque are reported under RH-TRU waste because although the final waste form is expected t o  
be CH-TRU waste, the stored waste is remotely handled at the site. 
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June 1996  

CH-TRU Curies on a Site-by-Site Basis (continued) 

11 Nuclide I ARC0 I ARMY I ETEC 

2.00E-01 

Zr95 

'Argonne National Laboratory-East, Argonne National Laboratory-West, and Teledyne Brown 
Engineering are not included because no data were received. Data from Sandia National Laboratory- 
Albuquerque are reported under RH-TRU waste because although the final waste form is expected to  
be CH-TRU waste, the stored waste is remotely handled at the site. 
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Total by 3.70E + 02 1.80E + 01 
Site - 
Nuclide LANL LLNL MOUND MURR NTS ORNL 

4.1 3E-12 

1.59E-13 2.41 E-03 2.07E-01 

1.83E-17 2.09E-04 9.85E-03 

1.90E-16 7.1 2E-04 

Ac227 

Ac228 

Ag109m 

A a l l O  

2.32E-0 1 3.32E-10 

1.59E-03 1.60E-16 

6.56E+00 

2.87E-11 

A g l  1 Om 

Am241 

Am243 

Am245 

2.1 6E-09 

9.11E+03 1.44E+02 

3.83E +00 2.45E-02 

1.95E-15 

At21 7 

Bal37m 

Bi210 

Bi211 

Bi212 

8.06E-02 

4.55E+01 

2.80E-01 

2.32E-0 1 

1.32E-03 --t 1.59E-13 

1.64E-02 2.84E-01 

2.41 E-03 2.07E-01 

DOEICAO-95-1121, Rev. 3 
June 1996 

CH-TRU Curies on a Site-by-Site Basis (continued) 

11 Nuclide I ARC0 I ARMY ETEC I HANF I INEL I LBL II 
1.01E+01 I 1.62E+05 1 3.51E+05 1 5.08E-01 11 

Ac225 I 8.06E-02 I 9.81E-13 

5.55E-11 

4.1 8E-09 

I 3.24E-01 I 2.84E+02 I 1.61E+03 

I I 1.22E+00 I1.16E+01 

9.81 E-1 3 

1.57E-06 

2.38E-13 6.69E-02 1 ;26E +00 

2.09E-04 9.85E-03 3.32E-10 

6.1 3E-17 

9.81 E-1 3 Bi213 8.06E-02 

Bi214 9.04E-01 

Bk249 1.35E-10 

9.47E-12 6.88E-09 I 1.94E-22 I 2.50E-01 I 6.49E+00 

I I 3.65E-09 I 1.03E-05 

~ 1 4.1 1E-ll ~ -1i9.GE-13 1 2.50E-04 

Bk250 

2.00E-07 

CdlO9 -tt 
1.14E-02 2.82E-02 

Ce l44  3.04E-04 

Cf249 9.64E-04 

' Argonne National Laboratory-East, Argonne National Laboratory-West, and Teledyne Brown 
Engineering are not included because no data were received. Data from Sandia National Laboratory- 
Albuquerque are reported under RH-TRU waste because although the final waste form is expected to  
be CH-TRU waste, the stored waste is remotely handled at the site. 
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CH-TRU Curies on a Site-by-Site Basis (continued) 

'Argonne National Laboratory-East, Argonne National Laboratory-West, and Teledyne Brown 
Engineering are not included because no data were received. Data from Sandia National Laboratory- 
Albuquerque are reported under RH-TRU waste because although the final waste form is expected to 
be CH-TRU waste, the stored waste is remotely handled at the site. 

c - 7  



DOEICAO-95-1121, Rev. 3 
June 1996 

NTS 

CH-TRU Curies on a Site-by-Site Basis (continued) 

ORNL 11 Nuclide I LANL I LLNL I MOUND I MURR 

Mn54 

Nb95 

5.48E-08 

1.76E-11 
~~ ~ ~~ ~~ 

Nb95m 5.89E-14 

Ni59 

--t- 1.51 E-1 7 

5.05E-20 

1.09E-04 

7.2 7 E- 0 1 5.7 8 E-03 

1.22E+00 1.16E+01 

9.99E-07 1.1 OE-09 --t- 5.00E-04 3.14E-01 

5.78E-03 I 7.27E-01 

2.13E-07 I 5.54E-05 

~~ ~ 

6.69E-02 1.26E + 00 

2.09E-04 9.85 E-03 

1.64E-02 2.84E-01 

2.50E-01 6.49E + 00 

1.78E-07 

1.05E-01 1.94E-02 

6.69E-02 1.26E+00 

5.86E-07 2.76E-05 

1.05E-02 I 1.82E-dl 

2.36E-03 2.02E-01 

2.50E-01 6.49E + 00 

2.09E-04 9.85E-03 

1.64E-02 2.84E-01 

2.50E-01 6.49E + 00 

Argonne National Laboratory-East, Argonne National Laboratory-West, and Teledyne Brown 
Engineering are not included because no data were received. Data from Sandia National Laboratory- 
Albuquerque are reported under RH-TRU waste because although the final waste form is expected to 
be CH-TRU waste, the stored waste is remotely handled at the site. 
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CH-TRU Curies on a Site-by-Site Basis (continued) 

NTS ORNL 

7.79E-04 

1.95E+02 3.50E+03 

2.76E+03 1.01E+03 

1.88E+01 9.48E+02 

2.40E + 02 4.79E + 04 

8.70E-02 2.37E-0 1 

1.00E-06 1 .l OE-09 

2.09E-04 9.85E-03 

1.64E-02 2.84E-01 

2.41 E-03 2.07E-01 

2.50E-01 6.49E+00 

1.9OE-16 7.1 2E-04 

8..76E-04 

2.09E-04 9.85E-03 

1.64E-02 2.84E-01 

2.50E-01 6.49E + 00 

8.76E-04 

1.37E-03 

3.23E-07 

2.31 E-06 

1.04E-06 

3.75 E-03 

2.97E-08 

7.1 7E-05 

2.31 E-06 

Nuclide LANL LLNL MOUND MURR 

Pr l44  3.00E-04 

Pu236 5.37E-17 

Pu238 1.1 5E +05 + Pu239 7.69E + 04 

7.65E+01 1.53E+03 

~ 1.58E+02 2.98E+01 
I 

6.44E + 01 

1.63E+03 
I ' 

2.02E-02 

2.46E-02 

Pu240 1 .OOE + 02 

Pu241 1.62E f 03 6.32E-03 
~ ~~ 

Pu242 4.85Et-02 

Pu243 1.34E-09 

Pu244 1.94E-07. 

Ra223 2.32E-0 1 

Ra224 1.32E-03 

1.83E-17 

1.59E-13 Ra225 I 8.06E-02 
I 

9.81 E-1 3 
~ 

1.94E-22 Ra226 I 9.05E-01 9.47E-12 6.88E-09 

1.60E-16 

3.32E-10 4.1 3E-12 

6.1 3E-17 

9.47E-12 6.88E-09 

Ra228 1.59E-03 

RhlO6 9.97E-04 

Rn219 ' 2.32E-01 1.83E-17 

Rn220 I .32E-03 

1.94E-22 

RulO6 9.97E-04 

Sb l25  4.67E-02 

Sb l26  5.52E-05 

1.78E-04 

Sm151 6.00E-01 

Snl26  3.94E-04 

' Argonne National Laboratory-East, Argonne National Laboratory-West, and Teledyne Brown 
Engineering are not included because no data were received. Data from Sandia National Laboratory- 
Albuquerque are reported under RH-TRU waste because although the final waste form is expected to 
be CH-TRU waste, the stored waste is remotely handled at the site. 
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MOUND MURR 

CH-TRU Curies on a Site-by-Site Basis (continued) 

NTS Nuclide LANL LLNL 

1 Sr90 4.44E + 01 

Tc99 1.02E-02 

1.94E-07 

4.45E +01 

2193 2.3OE-03 

--I- 

295  7.93E-12 

3.1 OE-01 

5.99E-05 ++ 
2.34E-12 

1.64E-02 

1.59E-13 2.41 E-03 

3.35E-06 1.35E-18 9.98E-07 

2.68E-07 I 4.45E-11 I 
1.1 6E-07 1.64E-04 

4.1 2E-12 1.83E-17 + 2.09E-04 

3.43E-15 --I==- 5.20E-05 

1.65E-02 

1.78E-09 1.81 E+OO 

5.52E-02 2.98E-13 1.25E-02 

2.68E-07 4.45E-11 6.1 5E-05 

4.20E-06 

1.55E-07 5.88E-03 

1 .'I 6E-07 1.64E-04 -+* 
1.35E-05 

I 6.81 E-1 8 

I 1.48E+03 

, 1.78E+01 
I 

~ 

9.72E-03 

1 2.84E-01 

2.07E-01 

2.45 E-04 

8.1 5E-03 

8.57 E-04 

4.26E-02 

9.82E-03 

1.02E-01 

4.47E-03 

2.90E-01 

1.77E+02 

1.57E+Ol 

8.1 5E-03 

3.40E-04 

1.1 8E+00 

4.26E-02 

1 .1 OE-09 

1.48E + 03 

- 

'Argonne National Laboratory-East, Argonne National Laboratory-West, and Teledyne Brown 
Engineering are not included because no data were received. Data from Sandia National Laboratory- 
Albuquerque are reported under RH-TRU waste because although the final waste form is expected to 
be CH-TRU waste, the stored waste is remotely handled at the site. 
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Nuclide 

Total by 
Site 

CH-TRU Curies on a Site-by-Site Basis (continued) 

LANL LLNL MOUND MURR NTS ORNL 

2.03E+05 2.14E+03 1.56E+03 3.55E-01 3.74E+03 6.38E+04 

' Argonne National Laboratory-East, Argonne National Laboratory-West, and Teledyne Brown 
Engineering are not included because no data were received. Data from Sandia National Laboratory- 
Albuquerque are reported under RH-TRU waste because although the final waste form is expected t o  
be CH-TRU waste, the stored waste is remotely handled at the site. 
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Bi212 

Bi213 

Bi214 

Bk249 

Bk250 

C14 

Cd109 

Cdl13m 

Ce l44  

Cf249 

Cf250 

Cf251 

Cf252 

Cm242 

CH-TRU Curies on a Site-by-Site Basis (continued) 

1 -27E-12 4.83E-17 1.58E-10 1.62E-08 3.70E-07 2.89E-10 2.81 E-01 

4.98E-15 3.82E-13 9.1 BE-03 1.93E-14 2.66E+01 

4.01 E-07 . 3.55E-11 2.14E-09 1.31 E-05 1.02E-10 1.94E+00 

9.77E-11 1.35E-08 1.51 E-06 5.79E-06 7.72E+00 

8.73E-05 

8.68E-08 

1.77E + 00 

6.55E+00 

7.81 E-07 

8.72E-13 3.70E-02 

5.39E-02 

3.20E-01 

1.58E-03 

3.62E-01 3.61E+01 5 1.56E-03 

c - 1 2  
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Cm244 

Cm245 

CH-TRU Curies on a Site-by-Site Basis (continued) 

6.1 5E+02 6.32E +03 

1.77E-03 

Nuclide I PAD I PANT I R F E T ~  I RF-G rSR-0" I SR-Off I TOTAL 

Cm243 I I r 7 I 1.11E+00 

' Argonne National Laboratory-East, Argonne National Laboratory-West, and Teledyne Brown 
Engineering are not included because no data were received. Data from Sandia National Laboratory- 
Albuquerque are reported under RH-TRU waste because although the final waste form is expected to  
be CH-TRU waste, the stored waste is remotely handled at the site. 
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CH-TRl 

Nu did e PAD PANT RFETS RF-Res SR-On SR-Off 

DOEICAO-95-1121, Rev. 3 
June 1996 

TOTAL 

Curies on a Site-by-Site Basis (continued) 

r 

Po21 1 3.56E-15 1.35E-19 4.43E-13 4.53E-11 1.04E-09 

Po21 2 3.1 9E-15 2.45E-13 5.88E-03 

Po21 3 3.93E-07 3.47E-11 2.1 OE-09 1.28E-05 

Po21 4 9.77E-11 1.35s-08 1.51 E-06 

Po21 5 1.27E-12 4.83E-17 1.58E-10 1.62E-08 3.7OE-07 

Po21 6 4.98E-15 3.82E-13 9.1 8E-03 

Po21 8 9.77E-11 1.35E-08 1.51 E-06 

Pr144 8.62E-13 

I 1.53E-01 

b 5 8 E - 0 3  6.58E + 01 

1.80E+01 

1.20E-06 

1.65E-09 3.1 6E-01 

I 3.58E-03 6.58E+01 

5.26E-08 7.90E-03 

~ 4.04E-05 6.08E+00 

1 1.02E-10 1.94E+00 

9.40E-07 1.65E+00 
~ 

2.89E-10 2.81 E-01 
' 1.93E-14 I 2.66E+01 

5.79E-06 7.72E+00 

3.1 7E-05 

4.79E + 00 

9.40E-07 1.65E+00 

8.1 OE-13 7.86E-04 

1.24E-14 1.70E + 01 

9.94E-11 1.90E + 00 

5.79E-06 7.72E+00 

2.89E-10 2.81 E-01 

I 3.66E-02 

Pu238 3.43E+02 

Pu239 5.57E+01 5.55E-02 9.98E+03 

1.04E-02 

' Argonne National Laboratory-East, Argonne National Laboratory-West, and Teledyne Brown 
Engineering are not included because no data were received. Data from Sandia National Laboratory- 
Albuquerque are reported under RH-TRU waste because although the final waste form is expected to  
be CH-TRU waste, the stored waste is remotely handled at the site. 
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CH-TRU Curies on a Site-by-Site Basis (continued) 

Nuclide PAD PANT RFETS RF-Res 

Pu240 I 
~~ ~~ 

Pu241 ' 5.23E+04 7.22E+05 

Pu242 9.63E-05 5.33E+00 

Pu243 + Pu244 

Ra223 1.27E-12 

Ra224 

Ra225 4.01 E-07 

4.83E-17 +- 1.58E-10 1.62E-08 

3.55E-11 2.1 4E-09 

Ra226 9.77E-11 1.35E-08 

Ra228 1.49E-14 7.07E-13 

RhlO6 I I I 

Snl26 I I 
Sr90 I I 
Tc99 

Tel25m 

Tel27 

3.1 3E-04 6.28E-01 

2.44E-06 

1 .14E-02 

1.72E-07 4.1 2E-04 
I 

6.98E + 00 2.22E + 03 

4.50E-06 1.78E + 01 

6.34E-06 i .27~-02 

1.07E-07 

' Argonne National Laboratory-East, Argonne National Laboratory-West, and Teledyne Brown 
Engineering are not included because no data were received. Data from Sandia National Laboratory- 
Albuquerque are reported under RH-TRU waste because although the final waste form is expected to  
be CH-TRU waste, the stored waste is remotely handled at the site. 
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CH-TRU Curies on a Site-by-Site Basis (continued) 

'Argonne National Laboratory-East, Argonne National Laboratory-West, and Teledyne Brown 
Engineering are not included because no data were received. Data from Sandia National Laboratory- 
Albuquerque are reported under RH-TRU waste because although the final waste form is expected to  
be CH-TRU waste, the stored waste is remotely handled at the site. 
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CH-TRU Curies on a Site-by-Site Basis (continued) 

ABBREVIATIONS 

ARC0 ARC0 Medical Center, Pennsylvania 
ARMY US Army Materiel Command 
ETEC Energy Technology Engineering Center 
HANF Hanford 
INEL Idaho National Engineering Laboratory 
KAPL Knolls Atomic Power Laboratory 
LANL Los Alamos National Laboratory 
LBL Lawrence Berkeley Laboratory 
LLNL Lawrence Livermore National Laboratory 
Mound Mound Facility 
MURR University of Missouri 
NTS Nevada Test Site 
ORNL Oak Ridge National Laboratory 
PAD Paducah 
PANT Pantex 
RFETS Rocky Flats Environmental Technology Site (All waste except residues) 
RF-Res Rocky Flats Environmental Technology Site - Residues Only 
SR-On Savannah River Site, waste generated on-site 
SR-Off Savannah River Site, waste that was generated off-site but currently stored at Savannah River 

' Argonne National Laboratory-East, Argonne National Laboratory-West, and Teledyne Brown 
Engineering are not included because no data were received. Data from Sandia National Laboratory- 
Albuquerque are reported under RH-TRU waste because although the final waste form is expected t o  
be CH-TRU waste, the stored waste is remotely handled at the site. 
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RH Curies on a Site-by-Site' Basis 
(Decayed to the End of 1995) 

'Argonne National Laboratory-West is not included in this table because no radionuclide data were received from 
the site. 
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DOEICAO-95-1121. Rev. 3 
June 1996 

~~ 

Nuclide I ETEC I HANF I INEL 

C058 I I I 4.37E-11 I I 

Np240m 

Pa231 6.68E-15 6.21 E-05 1.42E-06 7.51E-17 1 2.39E-06 

Pa233 

Pa234 

Pa234m 

Pb209 

Pb210 

2.26E-08 

3.07E-18 

1.58E-03 8.1 OE-04 

1.33E-05 1.80E-06 

1.03E-02 1.38E-03 

5.45E-04 1.76E-04 

2.33E-07 6.06E-12 

2.25 E-08 

4.48E-18 2.60E-08 

3.45E-15 2.00E-05 

4.11E-18 

1.87E-16 5.61 E-1 7 

'Argonne National Laboratory-West is not included in this table' because no radionuclide data were received from 
the site. 
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RH-TRU Curies on a Site-by-Site Basis (continued) 

'Argonne National Laboratory-West is not included in this table because no radionuclide data were received from 
the  site. 
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TI207 

TI208 

TI209 

RH-TRU Curies on a Site-by-Site Basis (continued) 

1.05E-16 1.70E-05 2.60E-07 1.35E-18 4.58E-07 

5.35 E-04 9.52E-06 

6.63E-20 1 .18E-05 3.79E-06 8.88 E-20 

. I  

'Argonne National Laboratory-West is not included in this table because no radionuclide data were received from 
the site. 
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RH-TRU Curies on a Site-by-Site f3asis (continued) 

- - 
ORNL SRS SNLlNM Nuclide 7 NTS WVDP TOTAL 11 

Ac225 I 8.80E-14 3.02E-0 1 2.96E-15 6.40E-18 

' 7.1 7E-04 4.20E-13 2.77E-20 

8.73E-02 

- 
- 

2.41 E + 02 6.79E-02 1.02E-02 

9.98E-05 1.60E-05 

7.44E-15 3.03E-01 

7.35E-04 Ac227. I 9.88E-13 

Ac228 I 3.63E-18 8.89E-02 

5.1 2E-09 

8.07E-04 

A g l l O  

Am241 4.8 5 E-0 1 5.39E-0 1 

Am243 

Am245 

At21 7 8.80E-14 

8.61 E-1 6 

3.02E-01 2.96E-15 6.40E-18 

8.61 E-1 6 

3.03E-0 1 7.44E-15 

5.06E+01 Bal37m 

Bi210 

Bi211 9.88E-13 

1.51 E-1 2 
7 

2.39E-07 1.24E-16 

7.1 9E-04 4.20E-13 2.77E-20 

4.72E-07 

7.37E-04 

Bi212- 72.08E-18 
~~ 

I - 8.51 E-02 8.66E-02 1 
'Argonne National Laboratory-West is not included in this table because no radionuclide data were received from 
the site. 
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Nuclide NTS 

RH-TRU Curies on a Site-by-Site Basis (continued) 

ORNL SRS SNL/NM 
~~ 

TOTAL 

Bi214 

Bk249 

C14 

~ WVDP 

1.66E-06 1.64E-14 7.34E-20 

5.94E-11 

6.12E+00 

Cel44 

Cf249 

Cf250 

I[ Bi213 * I 8.80E-14 I 3.02E-01 I 2.96E-15 I 6.40E-18 

1.20E + 01 

1.34E-02 

1.81 E-01 

3.03E-01 

Co60 

1 7.44E-15 ' 2.38E-11 

6.1 7E +02 

Csl34 

Csl35 

2.82E-06 

5.94E-11 

9.56E+00 

6.15E+00 

1 Eul55 3.51E+02 

Fe55 

Fr221 8.80E-14 3.02E-01 2.96E-15 6.40E-18 

Fr223 1.36E-14 9.90E-06 5.80E-15 3.82E-22 

H3 7.71 E-02 
r 

1.00E-06 

1.75E+01 

1.34E-02 

1.81 E-01 

3.86E + 00 
~~ 

1.48E + 02 

1.10E+03 

4.39E-06 

3.95E-04 

6.1 4E-04 

4.37E-1'1 I I 1 
9.73E +02 

1.08E-05 

6.81 E + 0 1  

2.1 5E-04 

11 Cs137 I 1.89E +04 5.35E+01 

11 Eu152 I I 3.66E+03 1 
~ _ _ _  

3.66E +03 

1.77E +03 

3.53E +02 

5.97E-01 

3.03E-01 7.44E-15 

1.01 E-05 

2.20E-01 

'Argonne National Laboratory-West is not included in this table because no radionuclide data were received from 
the site. 

C - 23 



DOEICAO-95-1121, Rev. 3 
June 1996 

Nuclide NTS 

' Kr85 

Mn54 

Nb95 

Nb95m 

Ni63 

Np237 3.1 9E-06 

RH-TRU Curies on a Site-by-Site Basis (continued) 

ORNL SRS SNLlNM WVDP TOTAL 

5.95E+00 

8.31 E-02 

2.01 E + 00 2.01 E +00 

6.72E-03 6.72E-03 

3.50E + 00 

8.39E+00 1.43E-05 1.01 E-08 1.49E-06 8.39E +00 

Po21 5 

Po21 6 

Po21 8 

'Argonne National Laboratory-West is not included in this table because no radionuclide data were received from 
the site. 

9.88E-13 7.1 9E-04 4.20E-13 2.77E-20 7.37E-04 

2.08E-18 8.51 E-02 8.66E-02 

1.66E-06 1.64E-14 7.34E-20 2.38E-11 2.82E-06 
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RH-TRU Curies on a Site-by-Site Basis (continued) 

SRS I SNL/NM I WVDP TOTAL Nuclide NTS ORNL 

Prl44 1.1 8E+01 1.73E+01 
~~ 

Pu238 2.82E+O1 

Pu239 2.36E+00 9.86E+01 

1.69E + 02 8.83E+00 4.92E-06 1.98E+01 

1.06E-02 2.00E-06 5.59E +02 

1.79E + 02 Pu240 2.54E-0 1 1.07E +00 

Pu241 

Pu242 4.27E-09 

5.06E-04 

4.71 E + 03 
___ ~~ 

5.94E-03 

I I I 6.63E-11 Pu244 6.63E-11 

Ra223 9.88E-13 7.1 9E-04 4.20E-13 I 2.77E-20 I I 7.37E-04 
~~ 

6.40Eh 8 7.44E-15 

7.34E-20 2.38E-11 

2.77E-20 

Ra224 

Ra225 

8.66E-02 

3.03E-01 2.96E-15 

2.82E-06 

Ra228 3.63E-18 8.73E-02 

3.21 E+01 

8.89E-02 

3.30E+01 RhlO6 

Rn219 9.88E-13 7.1 9E-04 4.20E-13 

2.08E-18 8.51 E-02 

7.37E-04 

8.66E-02 Rn220 

Rn222 
I I ~~ I r I 1.66E-06 I 1.64E-14 I 7.34E-20 I 2.38E-11 2.82 E-06 

RulO6 I3.21E+01 I I I 3.30E + 01 

Sbl25 4.30E + 00 

Sbl26 5.78E-05 

Sbl26m 4.1 3E-04 

Se79 1.86E-04 

Sm151 6.5 5E-01 

2.85E-06 S n l l 9 m  
, 
' 1.23E-02 Snl21 m 

Snl26 i 4.13E-04 

1 4.36E+04 Sr90 3.53E +04 6.85E+00 1.96E+01 

1 1.49E-07 Tal 82 

'Argonne National Laboratory-West is not included in this table because no radionuclide data were received from 
the site. 
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4.1 4E-13 

2.96E-15 

1.1 3E-10 

1.26E-06 

1.24E-22 

4.1 9E-13 

2.73E-20 - 

6.40E-18 

2.54E-16 

9.85E-15 

7 

- 
2.76E-20 - 

Th231 

Th232 

Th234 

TI207 

TI208 

TI209 

U233 

U234 

U235 

3.71 E-08 

1.24E-17 

2.54E-18 

9.85E-13 

7.49E-19 

1.90E-15 

1.40E-10 

2.02E-23 

3.71 E-08 

~ 

2.51 E-05 

1.26E-06 

7.54E-12 

~ ~~ 

2.81 E-1 1 

9.85E-15 
- 
- 
- 
- 
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RH-TRU Curies on a Site-by-Site Basis (continued) 

11 Nuclide I NTS ORNL SRS I SNL/NM TOTAL WVDP 

1.07E-02 

1.06E + 00 

Tc99 . 
Tel25m 

5.91 E-09 

6.04E-09 I/ :tr:i I 9.74E-13 

2.08E-18 

7.09 E-04 7.27E-04 

8.51 E-02 8.66E-02 
~ 

3.03E-01 7.44E-15 3.02E-01 

6.64E-04 9.07E-04 

7.1 3E-01 

1.92E-08 

5.5 3E-0 1 

9.92E-02 1.01 E-01 

3.05E+01 3.05E +01 

7.1 7E-04 

3.06E-02 

7.35 E-04 

3.1 1 E-02 

6.54E-03 1.61 E-1 6 6.52E-03 

4.36E +02 2.76E-11 4.36E + 02 6.26E-11 6.67E-14 

1.02E + 01 
~~ 

4.94E-04 1.17E+01 

5.53E-01 7.1 3E-01 

2.82E-0 1 2.82E-01 5.24E-08 

1.62E-09 

2.54E-18 

9.74E-12 1 .16E-01 

3.05E+01 3.05E +01 py- 
Zr93 

6.62E-11 6.62E-11 

4.36E + 04 3.53E+04 1.96E + 01 

2.41 E-03 
~~ 

9.06E-0 1 9.06E-01 

1.39E + 05 )I by 1 1.58E+02 9.81 E + 04 1.64E + 02 

‘Argonne National Laboratory-West is not included in this table because no radionuclide data were received from 
the site. 
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RH-TRU Curies on a Site-by-Site Basis (continued) 

ABBREVIATIONS 

ETEC 
HANF 
INEL 
KAPL 
LANL 
NTS. 
ORNL 
SRS 

Energy Technology Engineering Center 
Hanford 
Idaho National Engineering Laboratory 
Knolls Atomic Power Laboratory 
Los Alamos National Laboratory 
Nevada Test Site 
Oak Ridge National Laboratory 
Savannah River Site 

SNL/NM Sandia National Laboratory-Albuquerque 
WVDP West Valley Demonstration Plant 

'Argonne National Laboratory-West is not included in this table because no radionuclide data were received from 
the  site. 
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Sandia National Laboratories 

date : June 20, 1996 

Fax-848-0705 

subject : Correction for Cf252 Decayed Inventory 
Per a request from the TWBIR Team [CH-I], a detailed check was made on the data that 
was used to perfom decay calculations for the stored Cf252 inventory from the Hanford 
site [SNL-11. The.result of the data check was that the undecayed Cf252 stored CH-TRU 
inventory for the year 1982 should be 1.08E-03 Ci. The value that was erroneously used 
for the decay calculations was 1.08Ei-03 Ci. This means that the Cf252 and it principal 
decay daughters (Cm248 and Pu240) are overestimated (see Table 1). The WIPP disposal 
radionuclide inventory in the electronic database should be adjusted to correct these errors. 
Since (3252 has a halflife less than 20 yr and the buildup (ingrowth) activities of Cm248 
and Pu240 are very small, they have a negligible effect of the EPA Unit calculations 6.e.. 
activity loading) - they represent a change in the calculated EPA Unit of less than one 
part in a million (see Table 4 of Ref. SNL-3). Thus, it not necessary for SNL W P  PA 
CCA calculations to re-adjust the activity loading values presented in Refs. CCA-2 and 

a 

CCA-3. 

Solution Using Analytical 
Solution to Bateman Equation, 
Decayed to the Year 1995 

(a) Calculations cornspond only to the 1982 inventory of stored (3252 a! Hanford for CH-TRU. These 
values indicatcd that thc decay calculations of Ref. SNL-1 ovtRStimattd the inventory (on a W P -  
Scale basis) of Cf252 (and to an lcsser extent for thc first two daughw of Cf252, namely - -48 
and Pu240). ?he calculations presented hae cornspond to 1.08E+03 Ci for the "Existing Inventory" 
and 1.08E-03 Ci for the "Correct Inventory" at ycar = 1982 for the undecaytd stored Hanford CH- 
TRU. The Existing Inventory value was that value used in Ref. SNL-I. Activity values presented hen 
for Cm248 and W40 correspond only to ingrowth activities from (3252 only. 

Exceptional Service in thc National Interest 
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Radionuclides are C N 2  and its first two daughters (these are incorporated into the WIPP PA d;uab= 

Dccay mode i n f o d o n  taken from Ref. GEL 
Halflifc values arc those incorporated in ORIGEN2. see Ref. SNL-2. 
'%xisting Inventory- values comspond to 1982 Hanford CH-TRU inventory (originating from (3252) 
decayed to the base year of 1995. The undecaycd CEL52 inventory was 1.08E43. Decay calculations 

'comct Inventory" valucs COmSPOfid to 1982 Hanford CH-TRU inventory (originating from Cf252) 
decayed to the base year of 1995. The undecayed W 2  inventory was 1.08E-03. Decay calculations 
were p c r f o d  using Ref. KA-Ib. 
Using this value in the TWBID resulted in a total dccaycd WIPP-Scale s t o d  (3252 inventory of 36.1 
Ci [Ref. CH-21 (983 % of this value was from the inwmct value from the 1982 Hanford inventory). 
Thus. coneding the u n b y e d  1982 Hanford value for cf252 will result in a substantial l o w h g  of 
the s t d  and projected inventory of (3252. Sine (3252 has a Idflife less than 20 yr, it does not con- 
tribute to the EPA Unit value and does not effect WIPP PA CCA calculatons. 
Using this ingrowth value in& M I D  resulted in a total demycd WIPP-Scale s t o d  Cm248 inven- 
tory of 3.3- Ci N f .  CH-21 (243 % of this value was fmm the incoma value from the 1982 
M o r d  invmtory). Thus, comaing the undecapd 1982 Hanfoni value for Cf252 will result in a sub- 
stantial l e g  of the s t d  and projected inventory of Cm248. Since the total activity change due 
to the ingrowth of Cm248 from c N 2  is vay small it has a negligible contribution to the EPA Unit 
(see Table 4 of Ref. SNL3) and docs not affect PA calculations. 
Using this ingrowth value in the M I D  resulted in a t& decayed WIPP-Scale stortd Cm248 invcn- 
tory of 6 . 8 M  Ci [Rcf. CH-21 (less than 2.0E-08 % of this d u e  was from the incomct value from 
the 1982 M o d  inventory). Thus amecting the mdecaycd 1982 Hanford value for Cf252 will result 
m a negligible lowaing of the stored and projected inmtory of Pu240 (or any fuItha decay daughtea 
from W 2 ) .  Since the total activity change due to the mpwth of Pu240 from Cf252 is vcry small it 
has a negligible contribution to the EPA Unit (sa Table 4 of Rcf. S m 3 )  and d w  not affect PA cal- 
CUlatiOllS. 

to yield Ref. CCA-2). 

WCE p ~ r f o d  Using Ref. KA-lb. 
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