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ACRONYMS AND ABBREVIATIONS

For a list of Site Identifiers, refer to Figure 1-1.

AK Acceptable knowledge
ANL Argonne National Laboratory (formerly known as Argonne National Laboratory —
East)

ATWIR Annual Transuranic Waste Inventory Report
BAPL Bettis Atomic Power Laboratory

CBFO Carlsbad Field Office
CERCLA  Comprehensive Environmental Response, Compensation, and Liability Act

CFR Code of Federal Regulations

CH Contact-handled

Ci Curie

CID Comprehensive Inventory Database
CIT CID Import Template

CPR Cellulose, plastic, and rubber

CY Calendar year

D&D Decontamination and decommissioning
DOE U.S. Department of Energy

DT Data template

EDTA Ethylenediaminetetraacetic acid

EPA U.S. Environmental Protection Agency
INL Idaho National Laboratory

KAPL-NFS Knolls Atomic Power Laboratory — Nuclear Fuel Services
KAPL-S Knolls Atomic Power Laboratory— Schenectady

kg Kilograms

LANL Los Alamos National Laboratory

LANL-CO Los Alamos National Laboratory — Carlsbad Operations
LBNL Lawrence Berkeley National Laboratory

I Liter

LLNL Lawrence Livermore National Laboratory

LLW Low-level waste

LQS Large quantity site

LWA Land Withdrawal Act

m? Cubic meters
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MFC

MgO
MLLW
mrem

NEPA
NNSS
NRD
NTP

ORIGEN-S
ORNL
OSRP

PA
PAIR
PDCF
PM

QA
QAPD

RCRA
RFETS
RH

RL
ROD
RP

SCALE
SNL
SQS
SRS

TDOP
TRU
TWBIR

WAC
WAP

WDS
WIPP
WMP
WPR

wv
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Materials and Fuels Complex (formerly known as Argonne National Laboratory —
West)

Magnesium oxide

Mixed low-level waste

Millirem

National Environmental Policy Act

Nevada National Security Site (formerly Nevada Test Site)
Nuclear Radiation Development Site

National TRU Program

Oak Ridge Isotope Generation and Depletion Code (a module of SCALE version 6)
Oak Ridge National Laboratory
Off-Site Source Recovery Program

Performance assessment

Performance Assessment Inventory Report
Pit Disassembly and Conversion Facility
Packaging material

Quiality assurance
Quality Assurance Program Document

Resource Conservation and Recovery Act
Rocky Flats Environmental Technology Site
Remote-handled

Hanford Site —Richland Operations

Record of Decision

Hanford Site — Office of River Protection

Standardized Computer Analysis for Licensing Evaluation
Sandia National Laboratories

Small quantity site

Savannah River Site

Ten-drum overpack
Transuranic
Transuranic Waste Baseline Inventory Report

Waste Acceptance Criteria

Waste Analysis Plan

Waste Data System

Waste Isolation Pilot Plant

Waste material parameter

Waste profile report

West Valley Demonstration Project
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EXECUTIVE SUMMARY

The U.S. Department of Energy’s (DOE’s) Waste Isolation Pilot Plant (WIPP) began accepting
defense-related transuranic (TRU) waste on March 26, 1999, becoming the nation’s first and
only deep geologic repository for the permanent disposal of defense-generated TRU waste. As
of December 31, 2011 (the cutoff date for inventory data for this report), there have been 10,244
shipments (9,708 contact-handled [CH] and 536 remote-handled [RH]) of TRU waste to WIPP
for emplacement since WIPP’s opening (DOE 2012).

This Annual Transuranic Waste Inventory Report — 2012 (ATWIR-2012) (hereafter referred to
as “this report” or “ATWIR-2012") reflects the changes that have occurred and provides an
update to the defense-related TRU waste inventory data since the last published report, the
Annual Transuranic Waste Inventory Report — 2011 (ATWIR-2011) (DOE 2011). This report
focuses on the TRU waste remaining at the TRU waste sites and only presents emplaced waste in
section 3.0 in Table 3-3, Table 3-5, and Table 3-13. Changes in waste volume, waste material
parameters (WMPs), packaging materials (PMs), complexing agents, oxyanions, and
radionuclides are also discussed in section 3.0 (see section 6.0 for definitions of these
components).

The ATWIR-2012 was developed from an annual inventory data update campaign involving the
TRU waste sites. TRU waste generation has occurred at both large quantity and small quantity
sites (LQSs and SQSs) across the country. Many of these sites have emplaced their waste at
WIPP, found other compliant disposition pathways for the waste, or transferred the waste to
other sites for further disposition.

The updated data received from the TRU waste sites were entered into the Comprehensive
Inventory Database (CID). The CID is a DOE Carlsbad Field Office (CBFO) database qualified
in accordance with the Los Alamos National Laboratory — Carlsbad Operations (LANL-CO)
Quality Assurance (QA) Program, which is in compliance with the CBFO Quality Assurance
Program Document (QAPD) (DOE 2010). The CID includes estimates for: TRU waste
volumes, WMPs, PMs, complexing agents, oxyanions, and radionuclides (decayed to common
years 2011 and 2033 [WIPP proposed closure date]).

The purpose of this report is to document the total inventory of TRU waste as defined by the
TRU waste sites to provide current TRU waste inventory information for the DOE complex,
WIPP stakeholders, and regulators, and to provide the CBFO with updated strategic inventory
information. The TRU waste inventory also supports CBFO input into National Environmental
Policy Act (NEPA) analyses, the development of new containers or shipping packages, and
planned change requests for containers and other design changes that may take place in the
repository.

TRU waste must meet the WIPP requirements (e.g., WIPP Waste Acceptance Criteria [WAC]
and the WIPP Hazardous Waste Facility Permit Waste Analysis Plan [WAP]) before it can be
disposed of at WIPP, regardless of its designation in this inventory report.
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The following tables summarize the TRU waste anticipated (stored plus projected) inventory
volume; WMP and PM masses; complexing agent and oxyanion masses; radionuclide activity,
and inventory change estimates as of December 31, 2011. All site data are validated by the DOE
TRU waste site representative to ensure the data best represent the site’s inventory at the time of
the data cutoff.

Table ES-1. Anticipated CH/RH Waste Inventory Volume by Site

TRU Waste Site CH Volaumes RH V0I3umes Total Vglumes
(m°) (m) (m°)

Hanford (Richland) Site 2.01E+04 2.44E+03 2.25E+04

Idaho National Laboratory 2.83E+04 2.30E+02 2.85E+04

Los Alamos National 9.88E+03 7.92E+01 9.96E+03

Laboratory

Oak Ridge National 9.45E+02 6.13E+02 1.56E+03

Laboratory

Savannah River Site 7.35E+03 4.09E+01 7.39E+03

Small Quantity Sites 1.44E+03 1.63E+02 1.60E+03
Grand Total 6.80E+04 3.57E+03 7.15E+04

Data Source: CID Data Version D.11.00 (LANL-CO 2012). Note: This table contains data for WIPP-
bound waste streams only; it does not include data for emplaced or potential waste streams.

Table ES-2. Anticipated CH/RH Waste and Packaging Material Inventory

. CH Mass RH Mass Total Mass
Waste Material (kg) (kq) (kg)

Iron-based Metal/Alloys 2.70E+06 6.70E+05 3.37E+06
Aluminum-based Metal/Alloys 2.08E+05 1.42E+04 2.23E+05
Other Metal/Alloys 2.54E+05 3.71E+05 6.26E+05
Other Inorganic Materials 2.31E+06 8.84E+05 3.19E+06
Cellulose 9.20E+05 9.19E+04 1.01E+06
Rubber 4.29E+05 6.89E+04 4.98E+05
Plastic 1.53E+06 1.83E+05 1.71E+06
Cement 2.48E+06 3.60E+05 2.84E+06
Solidified Inorganic Material 3.49E+06 1.71E+04 3.51E+06
Solidified Organic Material 1.61E+06 1.85E+03 1.61E+06
Soils 2.41E+06 1.39E+05 2.55E+06
Vitrified -- -- --

Packaging Material, Cellulose 2.85E+04 - 2.85E+04
Packaging Material, Plastic 9.04E+05 1.49E+05 1.05E+06
Packaging Material, Rubber 2.62E+04 2.05E+03 2.82E+04
Packaging Material, Steel 1.13E+07 3.39E+06 1.47E+07
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Table ES-2. Anticipated CH/RH Waste and Packaging Material Inventory

Continued
} CH Mass RH Mass Total Mass
Waste Material
(kg) (kg) (kg)
Packaging Material, Lead -- 8.44E+02 8.44E+02
Grand Total | 3.06E+07 6.34E+06 3.69E+07

Data Source: CID Data Version D.11.00 (LANL-CO 2012). Note: This table contains data for
WIPP-bound waste streams only; it does not include data for emplaced or potential waste streams.

Table ES-3. Anticipated CH/RH Complexing Agent and Oxyanion Inventory

Site Complexing Agent Oxyanion Mass
Mass (kg) (kg)
Hanford (Richland) Site 1.38E+04 2.59E+05
Idaho National Laboratory 3.19E+03 4.02E+05
Los Alamos National Laboratory 2.53E+03 4.05E+05
Small Quantity Sites 5.59E+01 2.28E+01
Grand Total 1.95E+04 1.07E+06

Data Source: CID Data Version D.11.00 (LANL-CO 2012). Note: This table contains data for
WIPP-bound waste streams only; it does not include data for emplaced or potential waste streams.

Table ES-4. Anticipated CH/RH Radionuclide Activity by Site Decayed through 2011

. CH Activit RH Activit Total Activit
TRU Waste Site (Ci) y (Ci) y (Ci) y

Hanford (Richland) Site 7.36E+05 7.75E+05 1.51E+06
Idaho National Laboratory 6.94E+04 1.37E+05 2.06E+05
Los Alamos National 3.81E+05 2.95E+03 3.84E+05
Laboratory
Oak Ridge National Laboratory 9.10E+04 8.43E+03 9.94E+04
Savannah River Site 1.56E+05 5.19E+03 1.61E+05
Small Quantity Sites 2.45E+04 2.24E+05 2.48E+05

Grand Total 1.46E+06 1.15E+06 2.61E+06

Data Source: CID Data Version D.11.00 (LANL-CO 2012). Note: This table contains data for WIPP-
bound waste streams only; it does not include data for emplaced or potential waste streams.
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Inventory Parameter ATWIR- ATWIR- Total Net

2011 2012 Change
Volume (m®) 8.00E+04 | 7.15E+04 -8.50E+03
Waste & Packaging Material (kg) 4.10E+07 3.69E+07 -4.06E+06
Complexing Agents (kg) 2.17E+04 1.95E+04 -2.14E+03
Oxyanions (kg) 1.18E+06 1.07E+06 -1.14E+05
Radionuclide Activity (Ci as of 2033) | 1.80E+06 1.55E+06 -2.46E+05

Data Source: CID Data Versions D.10.01 (LANL-CO 2011e) and D.11.00 (LANL-CO 2012).
Note: This table contains data for WIPP-bound waste streams only; it does not include data for

emplaced or potential waste streams.
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1.0 INTRODUCTION

This Annual Transuranic Waste Inventory Report — 2012 (ATWIR-2012) (hereafter referred to
as “this report” or “ATWIR-2012") provides the National TRU Program (NTP) with a strategic
inventory to be used for initiatives such as the development of transuranic (TRU) waste site-
specific project plans or National Environmental Policy Act (NEPA) analyses. Also, if requested
by the U.S. Department of Energy (DOE) Carlsbad Field Office (CBFO), this report will provide
the basis for the Performance Assessment Inventory Report (PAIR) for performance assessment
(PA) modeling purposes. This report includes the background and history of the TRU waste
inventory, the information sources used to collect and prepare the inventory, descriptions of the
ways inventory information is used, methodology used to develop the inventory, TRU waste
inventory estimates, and changes since the Annual Transuranic Waste Inventory Report — 2011
(ATWIR-2011) (DOE 2011).

TRU waste must meet the requirements of the Waste Isolation Pilot Plant (WIPP) Waste
Acceptance Criteria (WAC) and the WIPP Hazardous Waste Facility Permit Waste Analysis
Plan (WAP) before it can be disposed of at WIPP.

Section 1.1, Background and History, explains how the TRU waste inventory was collected and
used for the initial certification of WIPP. Currently, the inventory is collected on an annual basis
to monitor how it is changing. Section 1.2, Sources of Transuranic Waste Inventory Information,
includes a description of all information sources used to update the Comprehensive Inventory
Database (CID). Examples of sources include acceptable knowledge (AK) reports, TRU waste
site information, and the WIPP’s Waste Data System (WDS). Section 1.3, Uses of Transuranic
Waste Inventory Information, includes uses of TRU waste inventory.

Section 2.0, Methodology, describes the methodologies undertaken in order to prepare this
report. These include:

Collection, screening, and analyses of raw inventory data from the TRU waste sites
Analysis of emplaced inventory data reported from the WDS

Verification and validation of data entered into the CID

Decay and buildup correction of radionuclide data using the Oak Ridge Isotope
Generation and Depletion (ORIGEN-S) module of SCALE [Standardized Computer
Analysis for Licensing Evaluation]: A Modular Code System for Performing
Standardized Computer Analyses for Licensing Evaluation, Version 6 (Scale 6) (ORNL
2009)

e Calculations performed within the CID

Section 3.0, Transuranic Waste Inventory Estimates and Changes, discusses the TRU waste
inventory estimates, with summaries of the inventory information collected from the TRU waste
sites, and discusses changes in the inventory information for each of the following sections.
Section 3.1 presents rolled-up TRU waste volume estimates by site of contact-handled (CH) and
remote-handled (RH) TRU waste reported as stored, projected, and anticipated. Section 3.2
presents the inventory of non-radiological material estimates including: waste material
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parameters (WMPs), packaging materials (PMs), and chemical components. Section 3.3
presents the TRU waste radionuclide activity inventory from each site, rolled up and decayed
through the end of calendar year (CY) 2011. All site data are validated by the DOE TRU waste
site representative to ensure the data best represent the site’s inventory at the time of the data
cutoff.

Section 4.0 discusses the potential TRU waste streams that have been excluded in accordance
with CBFO guidance criteria. These criteria are documented in a “screening memorandum”
(Patterson 2010) that determines whether a waste stream is WIPP-bound or potential (see
Appendix D). Also found in section 4.0 is a table showing waste streams that have been moved
from potential to WIPP-bound status during this collection period.

Section 5.0 presents the conclusion of this report, section 6.0 provides the glossary, and section
7.0 provides the references that were used for this report.

This report also contains four appendices. Appendix A presents the WIPP-bound waste profile
reports (WPRs), Appendix B presents the potential TRU waste WPRs, and Appendix C presents
the historic crosswalk of waste streams. Note: If a waste stream is identified as a new waste
stream, it means that the waste stream has never been reported. If a waste stream is identified as
a deleted waste stream, the explanation for why it is deleted is provided, if available. Appendix
D contains the screening memo for determining whether or not a waste stream is potential.

This report includes comprehensive data from each TRU waste site and WDS summation data
for emplaced waste. More specific information on the emplaced waste can be obtained from the
CBFO WDS administrator at the WIPP Information Center at 1-800-336-WIPP (9477) or at
infocntr@wipp.ws. The WDS administrator administers the official database that contains
container-level data on the emplaced TRU waste.

1.1 Background and History

The WIPP Land Withdrawal Act (LWA)* (U.S. Congress 1992 and 1996) required the U.S.
Environmental Protection Agency (EPA) to issue final disposal regulations to certify WIPP. On
May 18, 1998, the EPA certified that WIPP complied with the final disposal regulations and
criteria of Title 40 Code of Federal Regulations (CFR) Parts 191 and 194 (EPA 1993; EPA
1996). DOE opened WIPP on March 26, 1999, with the initial receipt of TRU waste, thus
becoming the nation’s first deep geologic repository for the permanent disposal of defense-
generated TRU waste. The disposal regulations require that WIPP be recertified every five years
from the time of the first receipt of waste; WIPP has been recertified twice. DOE submitted the
first recertification application, CRA-2004 (DOE 2004), to the EPA in March 2004, and the EPA
recertified WIPP in March 2006. DOE submitted the second recertification application, CRA-
2009 (DOE 2009), to the EPA in March 2009, and WIPP was recertified in November 2010.

The third recertification application is due to the EPA in March 2014.

!See Pub. L. No. 102-579, § 8, 106 Stat. 4777, 4786-4788 (U.S. Congress 1992), as amended, Waste Isolation Pilot
Plant Land Withdrawal Act Amendments, Pub. L. No. 104-201, § 3187, 110 Stat. 2422, 2852 (U.S. Congress 1996).
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Table 1-1 lists the historical TRU waste inventory documents and their intended purpose.

Table 1-1. Historical Inventory Documents

Date Title Purpose
. . First attempt made by DOE complex to
June 1994 WIPP Transuranic Waste Baseline report all of its TRU waste at the waste-
Inventory Report
stream level.
December 1995 Transuranic Waste Baseline Inventory Revisions 2 and 3 provided the inventory
Report (TWBIR), Revision 2 information to the Sandia National
. Laboratories-Carlsbad for the initial
June 1996 TWBIR, Revision 3 certification of WIPP.
Appendix DATA, Attachment F of Title | Provided updated inventory information
March 2004 40 CFR 191, Subparts B and C, for the first recertification of WIPP in
Compliance Recertification 2004 2004.
This was a revision of Appendix DATA,
March 2006 Transuranic Waste Baseline Inventory Attachment F. Provided updated
Report 2004 inventory to support the Performance
Assessment Baseline Calculation.
The first annual inventory report that
Auqust 2008 Annual Transuranic Waste Inventory contained both scaled (calculations to
g Report (ATWIR)-2007 represent a full repository) and unscaled
data.
December 2008 ATWIR-2008 Annual inventory report that reported
only unscaled data.
Performance Assessment Inventor Provided data from ATWIR-2008 in the
April 2009 y required format for performance
Report—2008 !
assessment calculations.
December 2009 ATWIR-2009 I_Drowded_ updated annual inventory
information.
December 2010 ATWIR-2010 I_Drowded_ updated annual inventory
information.
December 2011 ATWIR-2011 I_Drowded_ updated annual inventory
information.

Depending upon programmatic needs, site waste management decisions, and characterization

data, TRU waste inventory information is re-evaluated frequently and the TRU waste inventory
is updated annually. This report is an update based on the TRU waste complex’s known
inventory as of December 31, 2011.

Since the ATWIR-2011 was published, a number of changes and improvements have occurred
that affected the volume, waste material, and radiological characteristics of TRU waste streams.
Also, five (5) waste streams have been moved from potential to WIPP-bound status to be in
alignment with the CBFO screening memorandum (Patterson 2010) provided in Appendix D.
The list of these waste streams (presented in Table 4-2) also includes the reasons for the moves.
The other primary inventory changes observed and addressed in this report are attributed to the
following:

e Waste emplacement since the ATWIR-2011.
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e Hanford Richland Operations Office added waste as a result of the issuance of a new
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
Record of Decision (ROD). (EPA, Ecology, and DOE 2011)

e A Savannah River Site project (the Pit Disassembly and Conversion Facility [PDCF])
was cancelled, thus decreasing the volume of waste.

e Twenty-one new waste streams were added to the inventory. This includes both three
from potential and 18 new WIPP-bound waste streams (see Table C-1 in Appendix C).

e Intersite shipments occurred between Argonne National Laboratory and Sandia National
Laboratories to Idaho National Laboratory (INL).

e The waste at the Paducah Gaseous Diffusion Plant was re-sampled and was determined
not to be TRU waste.

e Final disposition for the U.S. Army Materiel Command waste was provided by the Joint
Munitions Command.

e One INL waste stream was declared mixed low-level waste (MLLW) and removed from
the TRU waste inventory.

TRU waste generation has occurred at both small quantity sites (SQSs) and large quantity sites
(LQSs) across the country, as seen in Figure 1-1. This figure represents data as of December 31,
2011. Circles identify LQSs, boxes identify SQSs, yellow indicates active sites, red indicates
sites that have been de-inventoried of their legacy TRU waste, and blue indicates sites containing
only potential TRU waste.

This report was prepared by the Los Alamos National Laboratory — Carlsbad Operations (LANL-
CO) TRU Waste Inventory Team. The work for this report was performed under the CBFO
Quality Assurance Program Document (QAPD) (DOE 2010). The processes used by the LANL-
CO TRU Waste Inventory Team to collect, maintain, and report inventory information are
graded and implemented to Nuclear Quality Assurance-1 standards under the LANL-CO Quality
Assurance (QA) Program. This includes the software QA procedures used to qualify the CID
and other software, including ORIGEN-S, used to analyze TRU waste inventory information.
LANL-CO software QA is documented in LCO-QPD-02, LANL-CO Software Quality Assurance
Plan (LANL-CO 2011c), and LCO-QP19-1, Software Quality Assurance (LANL-CO 2011d).
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Figure 1-1. U.S. Department of Energy TRU Waste Sites

RL
KA
7 -
AW ND | B
. BT | Ka B
AE | &
LL \NT @ D .
LA PA KN
SA P OR SR

Yellow — Active TRU Waste Sites [gllo BRI\l (o] g o NN EALLE S AVES GRS Vel il RS AVEN CESI N

AE Argonne National Laboratory

AL Ames Laboratory — de-inventoried

AM ARCO Medical Products — de-inventoried - shipped to the Offsite Source Recovery Program (OSRP)
AW Materials and Fuels Complex

BC Battelle Columbus Laboratories— de-inventoried - shipped to RL and SR

BL Babcock and Wilcox Nuclear Energy Services (Potential)

BN Brookhaven National Laboratory— de-inventoried - shipped to OSRP

BT Bettis Atomic Power Laboratory —de-inventoried of legacy TRU waste; has continuing mission

ET Energy Technology Engineering Center— de-inventoried - shipped to RL

FM Fernald Environmental Management Project— de-inventoried - shipped to OSRP

FR Framatome— de-inventoried - shipped to RL

IN Idaho National Laboratory

IT Inhalation Toxicology Research Institute (Lovelace Respiratory Research Institute) — de-inventoried - shipped to SA
KA Knolls Atomic Power Laboratory-Schenectady

KN Knolls Atomic Power Laboratory-Nuclear Fuel Services — de-inventoried of legacy TRU waste; has continuing mission
LA Los Alamos National Laboratory

LB Lawrence Berkeley National Laboratory — de-inventoried of legacy TRU waste; has continuing mission
LL Lawrence Livermore National Laboratory — de-inventoried of legacy TRU waste; has continuing mission
MC U.S. Army Materiel Command (Army) — de-inventoried of legacy TRU waste

MD Mound Plant — de-inventoried - shipped to SRS

MU University of Missouri Research Reactor — de-inventoried - shipped to AE, then to WIPP

ND Nuclear Radiation Development Site, Inc. —de-inventoried of legacy waste; has continuing mission

NT Nevada Nuclear Security Site — de-inventoried of legacy waste; has continuing mission

OR Oak Ridge National Laboratory

PA Paducah Gaseous Diffusion Plant (found to be non-TRU waste)

PX Pantex Plant—shipped to LA then to WIPP

RF Rocky Flats Environmental Technology Site — de-inventoried - shipped to WIPP

RL Hanford Site (Richland Operations Office)

RP Hanford Site (Office of River Protection) (Potential)

SA Sandia National Laboratories — de-inventoried of legacy TRU waste; has continuing mission

SP Separations Process Research Unit (found to be low level waste)

SR Savannah River Site

B Teledyne Brown Engineering — de-inventoried - shipped to RF, then to WIPP

VN General Electric Vallecitos Nuclear Center — de-inventoried - RH shipped to WIPP, CH shipped to IN
wv West Valley Demonstration Project (Potential)

WP Wiaste Isolation Pilot Plant

Page 17 of 421



DOE/TRU-12-3425

1.2 Sources of Transuranic Waste Inventory Information

This report includes information taken from: 1) the ATWIR-2011, 2) updated information
provided by the TRU waste sites, 3) AK reports, and 4) the WIPP WDS (DOE 2012). Each year,
the sites are asked to update their data from the previous year. As an example, the sites used the
ATWIR-2011 (data cutoff 12/31/2010) information to update the data used for this report. TRU
waste sites may use information obtained from site-specific AK reports, which provide the most
current information on waste streams being characterized and shipped to WIPP, such as chemical
lists and radionuclides. All TRU waste inventory information for emplaced waste is obtained
from the CBFO WDS administrator.

1.3 Uses of Transuranic Waste Inventory Information

Waste stream volumes are accounted for in both “current form” (current packaging) and “final
form” (planned WIPP-compliant packaging) configurations. These configurations are useful in
various waste management scenarios. CBFO management has used this strategic inventory
information for decisions related to waste retrieval, treatment, repackaging, characterization,
shipment, and disposal for both stored and projected waste initiatives in past years. Also, site-
specific project plans and schedules, which detail approaches for moving TRU waste to WIPP,
have been developed and are updated based on current TRU waste inventory information. As
mentioned earlier, when inventory data are needed for PA modeling, CBFO will request a PAIR
to be prepared that provides the latest inventory data available that are scaled using a defined
methodology in order to model a full repository.

In addition to radiological information, DOE has many reasons for obtaining and tracking non-
radiological information about the TRU waste destined for WIPP. For example, DOE tracks the
waste materials that go into the WIPP repository, such as cellulose, plastic, and rubber (CPR),
which might affect gas generation and emplacement of magnesium oxide (MgQO) in the
repository.

As noted earlier, additional TRU waste inventory information is provided in Appendices A, B, C,
and D.
2.0 METHODOLOGY

This report was generated using documented processes and methods that are qualified under the
LANL-CO QA Program (see section 1.1). The following steps were completed in order to
generate this report:

1. Collected TRU waste stream information from the TRU waste sites and then entered and
verified the updated information in the CID (see Figure 2-1).

2. Performed a complete review of all data to check for inconsistencies, erroneous data, and
completeness.

Page 18 of 421



DOE/TRU-12-3425

3. Generated the required data tables, using the CID.

4. Performed analyses, where appropriate, to supplement CID data for publication within this
report.

The following sections describe the three basic process steps leading to the issuance of this
report. Section 2.1 discusses collection, compilation, verification, and validation of TRU waste
inventory information. Section 2.2 describes the calculations used in the CID reports, including
the decay correction of radionuclides. Section 2.3 describes the transformation activities
performed on the WDS emplaced waste data prior to input in the CID.

2.1 Collection, Compilation, Verification, and Validation of Inventory Information

The process used to collect information from the TRU waste sites is captured in LANL-CO
Procedure INV-SP-01, Data Collection, Data Management and Control for the Comprehensive
Inventory (LANL-CO 2011a). On January 24, 2012, in accordance with this procedure, a letter
(Patterson 2012) was sent to TRU waste sites requesting the annual TRU waste inventory update.
The Inventory Team then sent each site a notification of the update with an attached file of the
Microsoft® Excel data template (DT) workbook containing last year’s validated data along with
guidance explaining the steps required to update the DT with the site’s new information. The
Inventory Team worked with personnel from every site to assist in the updating process and to
resolve any issues that arose.

After the DTs were completed, the team checked them for accuracy and consistency. During
these data checks, the Inventory Team verified that the inventory updates included all of the
requested information. The Inventory Team contacted the sites if there were discrepancies in the
data. Examples of the data checks were:

e Verification of radionuclide isotopic inputs (i.e., checked for presence of all fission
products);

e Verification of isotopic distribution for material type codes (e.g., plutonium [Pu]-52 and
mixed fission products);

e Verification of radionuclide threshold limits to determine if the waste stream appeared to
be categorized correctly as CH or RH,;

e Verification that activity concentration for RH-TRU waste did not exceed the LWA
limits (i.e., waste streams reported with greater than 23 Ci/l [curies per liter] averaged
over the volume of the RH-TRU canister were screened out of the WIPP-bound
inventory);

e Verification that if cement was reported in a comment field, it was also reported as a
WMP in kilograms (kg);

e Verification that any hazardous waste that is prohibited at WIPP had an appropriate
treatment identified,

e Comparison of the ATWIR-2012 waste stream data to the ATWIR-2011 waste stream
data to identify any significant differences found.
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The process followed for entering TRU waste inventory information into the CID is captured in
LANL-CO Procedure INV-SP-02, Entry, Verification, and Validation of Inventory Information
in the Comprehensive Inventory Database (LANL-CO 2011b). In accordance with this
procedure, the TRU waste inventory information was uploaded from the Excel DT or entered
manually into the CID. Once the data were entered, waste stream data (validation) reports were
prepared and sent to the DOE TRU waste managers at the sites. A validation letter signed by the
DOE site representative and site contractor (contractor signature optional) documented the
correctness of the information as reported in the CID. Hard copies of the validation report and
signed validation letters were then submitted to the LANL-CO Record Center (see Figure 2-1 for
a flow chart of the TRU waste inventory process). The CID data were then labeled as data
version D.11.00 and protected from further revision.
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Figure 2-1. TRU Waste Inventory Process Flowchart
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2.2 Calculations Used for CID Reports

Data tables included in this report were generated using the CID. The CID is a database
developed by LANL-CO and qualified for use under the LANL-CO QA Program in accordance
with the LANL-CO Software Quality Assurance Plan (LANL-CO 2011c) and Software Quality
Assurance (LANL-CO 2011d). The CID is used to manage, maintain, and perform specific
qualified calculations using inventory data. The data are then used to generate qualified data
reports and tables.

Stored, projected, and anticipated values presented throughout this report are summations of the
individual waste stream values for the specified categories (site, handling designation, etc.).

The following sections describe how the data were prepared for this report.

2.2.1  Volume Reporting

As part of the data call for this report, the TRU waste sites were asked to update the current form
container information for their stored (already generated and stored at the site) and projected
(future generation) TRU waste. For each waste stream, the sites also provided WIPP-compliant
final form container type(s) that would ultimately be used to ship the waste to the WIPP and
determined the respective stored and projected counts for each container type based on the
current form volume of the waste. The emplaced waste streams’ container counts and volumes
were obtained from the CBFO WDS administrator (see section 2.3). The emplaced waste stream
volumes were directly imported from the WDS and used in reporting the emplaced portion of the
inventory. Final form stored and projected site waste stream volumes found within this report
were derived by applying standardized container type volumes, which are maintained within the
CID.

2.2.2  Waste Material Parameter and Packaging Materials Reporting

As part of the data call for this report, the TRU waste sites were asked to update each waste
stream’s mass, in kg, for WMPSs, or physical materials contained in the waste. See section 3.2.1
for a description of these WMPs.

The sites were directed to only report the mass of the stored waste at their sites, even if they had
a projected component in the waste stream. The CID then derived a projected mass using the
projected-to-stored volume ratio for each waste stream. The anticipated mass was calculated by
summing the stored and projected masses. However, if a waste stream consisted only of
projected waste, then the sites were requested to report their estimates of the projected mass for
each WMP for that particular waste stream.

The PMs, as described in section 3.2.2, are specific to each of the individual final form container
types, with each PM being a proportional contributor to a waste stream’s overall PM makeup
based upon the respective container counts reported. These PMs are standardized and defined
for each container type and reported in INV-SAR-19, Analysis of Container Material Masses
(French 2009).
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Appendices A and B present a list of average WMP and PM densities (kilograms per cubic meter
[kg/m®]) for each waste stream. These were calculated by dividing the total mass of each
material in the waste stream by the total final form volume of the waste stream.

2.2.3  Radionuclide Reporting

The TRU waste sites were asked to update information about the radiological components in
their TRU waste. For each waste stream, they were asked to assess and update, if necessary,
radionuclides and their associated activity in curies (Ci). In addition, the TRU waste sites were
asked to provide the generation or last assay date for each waste stream. This date was then used
to determine the time basis for decay and buildup calculations.

The sites were directed to only report the activity of the waste stored at their sites, even if a waste
stream had a projected component. The CID then derived a projected activity using the
projected-to-stored volume ratio for each waste stream for that projected component. The
anticipated activity was calculated by summing the stored and projected activities. However, if a
waste stream consisted only of projected waste, then the activity reported by the site, and
subsequently by the CID, was categorized as projected activity for that particular waste stream.

Since radionuclide data provided by the TRU waste sites consisted of radionuclide activities at
the date of assay (generation or as calculated), they were decay-corrected to common dates for
reporting purposes. All radionuclide data provided in this report in Table 3-10, Table 3-11,
Table 3-12, and in Appendix A were decay-corrected to the end of the common base CY 2011.
In order to identify changes in the radionuclide inventory (discussed in section 3.3.2, from
previous TRU waste inventory reports, radionuclide activities were decay-corrected to the end of
the WIPP proposed closure year, CY 2033.

The CID automates the radionuclide decay process by utilizing the ORIGEN-S module of
SCALE 6 (ORNL 2009), which is a depletion and decay library that has been qualified for use
under the LANL-CO QA Program, in accordance with LANL-CO Software Quality Assurance
Plan (LANL-CO 2011c), and Software Quality Assurance (LANL-CO 2011d). The CID first
takes the radionuclide activities reported by the TRU waste sites and exports them in the form of
ORIGEN-S input files for each waste stream. It then executes ORIGEN-S in a sequential
fashion for each input file, where the radionuclide decay and buildup calculations are performed
and written to an output file. Finally, each output file is read and imported back into the CID,
resulting in decay-corrected radionuclide tables to be generated for this report.

Appendices A and B present a list of average radionuclide concentrations (curies per cubic meter
[Ci/m®]) for each waste stream. These were calculated by dividing the total activity of each
radionuclide in the waste stream by the total final form volume of the waste stream.

2.2.4  Chemical Constituent Reporting

As part of the data call for this report, the TRU waste sites were asked to update information
about the chemical constituents of their waste. The sites were requested to report stored and
projected mass separately for their complexing agents (acetic acid, citric acid, oxalic acid,
acetate, citrate, oxalate, and ethylenediaminetetraacetic acid [EDTA]), oxyanions (nitrates,
phosphates, and sulfates), and other chemical constituents in units of mass (kg).
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2.3 Analyses Supporting the Annual Transuranic Waste Inventory Report

In addition to collecting and processing information from the DOE TRU waste sites and securing
the site information in a qualified database for future use, an analysis was performed and
documented in accordance with LANL-CO QA Procedure LCO-QP9-1, Analyses (LANL-CO
2010), in order to support the preparation of this report. To account for TRU waste emplaced in
the WIPP repository from January 1, 2011, through December 31, 2011 (the ATWIR-2012
“reporting period”), a documented request was made of the CBFO WDS database administrator
to supply data for the waste emplaced as of December 31, 2011. To update the TRU waste
emplaced inventory data within the CID, the WDS data submittal was first migrated into a
standardized CID Import Template (CIT) file. This migration required that the original WDS
data submittal undergo various transformations, including, but not limited to, calculations,
aggregations, and data mapping. These activities and calculations are documented in INV-SAR-
26, WDS Data Transformation for Insertion in the 2011 Inventory CID Import Template (Van
Soest 2012). The CIT file was subsequently used to update the CID.

The emplaced inventory is presented as a repository-level summation under “WIPP (Emplaced)”
in section 3.0, under specific component sections, e.g., volumes, WMPs and PMs, and
radionuclides. Chemical constituents are not reported in the emplaced inventory because the
WDS does not track these constituents. The readers of this report who want more specific
information on emplaced waste should make a request of CBFO so that the data can be obtained
directly from the WDS, which is the official database of record for emplaced waste.

3.0 TRANSURANIC WASTE INVENTORY ESTIMATES AND CHANGES

This section presents the TRU waste inventory data that were collected and entered into the CID,
internally reviewed and verified, validated by the TRU waste sites, and labeled as data version
D.11.00 (LANL-CO 2012), as discussed in section 2.1. It should be noted that all table values in
this report are presented to three significant figures.

This report is different in two respects from ATWIR-2011. In this report, the net changes in
volumes, waste and packaging materials masses, complexing agent mass, oxyanion mass, and
radionuclide activity between ATWIR-2011 and ATWIR-2012 are presented in tables within the
report (Table 3-3, Table 3-5, Table 3-7, Table 3-9, and Table 3-13). In prior reports, these
changes were listed and discussed in a separate appendix. Secondly, to be consistent with the
other data presented in section 3.0, the complexing agent and oxyanion data are reported as site
totals in this report rather than by individual site waste streams.

Section 3.1 presents the final form TRU waste volume for CH- and RH-TRU waste and a
discussion of changes since ATWIR-2011 was issued. Section 3.2 presents the non-radiological
properties of the TRU waste inventory as reported by the sites and a discussion of changes that
have occurred during this reporting period. This includes roll-ups of the WMPs, PMs, chemical
components, and includes a discussion of changes since ATWIR-2011. Section 3.3 presents the
TRU waste radionuclide activities reported by the sites, which have been decayed through
common base CY 2011. This section also presents a discussion of changes that have occurred in
the total CH- and RH-TRU waste activity since ATWIR-2011.
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3.1 TRU Waste Volume Estimates

This section presents the TRU waste inventory final form volume estimates that were collected
for this report.

3.1.1 TRU Waste Inventory Total Volumes by Site

As stated earlier, TRU waste volume information requested from the TRU waste sites falls into
two categories: stored waste (waste that currently exists at the site, regardless of whether it is in
its final form) and projected waste (waste that will be generated in the future at the site, including
decontamination and decommissioning [D&D] waste). The total waste stream volume
information collected from the sites included stored and projected components as applicable for
each TRU waste stream. The sites also reported both current form and final form waste
container information for their waste streams. The current form accounts for the current
packaging configuration of the waste, while the final form volume accounts for the eventual
packaging configuration suitable for WIPP emplacement. The information presented in the
tables of this section contains only final form data. The sites’ current form container types and
volumes can be found in Appendices A and B.

Table 3-1 shows the total CH-TRU waste volume stored, projected, and anticipated (stored plus
projected) totals. An estimated anticipated final form total of approximately 68,000 m® of CH-
TRU waste is currently being reported at the sites and could be shipped to WIPP in the future,
provided all WIPP requirements are met. Almost 98% of the anticipated CH-TRU waste is
stored or will be generated at LQSs: Hanford Richland (RL), Idaho National Laboratory (INL),
Los Alamos National Laboratory (LANL), Oak Ridge National Laboratory (ORNL), and the
Savannah River Site (SRS). During the inventory collection period of January through
December 2011, INL, LANL, ORNL, RL, and SRS shipped CH-TRU waste to WIPP. (See
Table 3-3 for changes to CH-TRU waste volumes reported between ATWIR-2011 and ATWIR-
2012.)

Table 3-2 shows the total RH-TRU waste volume stored, projected, and anticipated. An
estimated anticipated final form total of about 3,570 m® of RH-TRU waste is currently being
reported by the sites and could be shipped to WIPP in the future, provided all of the WIPP
requirements are met. Approximately 95% of the anticipated RH-TRU waste is stored or will be
generated at LQSs: RL, INL, LANL, ORNL, and SRS. During the inventory collection period of
January through December 2011, Argonne National Laboratory (ANL), Bettis Atomic Power
Laboratory (BAPL), INL, ORNL, Sandia National Laboratories (SNL) and SRS shipped RH-
TRU waste to WIPP. (See Table 3-3 for changes to RH-TRU waste volumes reported between
ATWIR-2011 and ATWIR-2012.)
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Stored Projected | Anticipated
TRU Waste Site Volumes Volumes Volumes
(m’) (m’) (m)
Argonne National Laboratory - East 1.41E+01 | 6.66E+01 8.07E+01
Hanford (Richland) Site 1.58E+04 | 4.30E+03 2.01E+04
Idaho National Laboratory 2.81E+04 | 1.50E+02 2.83E+04
Knolls Atomic P0\_/ver Laboratory - 3.02E+01 | 2.93E+02 3.94E+02
Nuclear Fuel Services
Lawrence Berkeley National 416E-01 416E-01 8.32E-01
Laboratory
Lawrence Livermore National 194E+02 | 6.97E+02 8.91E+02
Laboratory
Los Alamos National Laboratory 6.80E+03 | 3.08E+03 9.88E+03
Material and Fuels Complex 4.37E+00 | 3.20E+01 3.64E+01
Nevada National Security Site 3.94E+01 | 5.10E+01 9.05E+01
Nuclear Radiation Development Site 1.87E+00 | 4.99E+00 6.86E+00
Oak Ridge National Laboratory 8.35E+02 | 1.10E+02 9.45E+02
Sandia National Laboratories 8.32E-01 | 4.99E+00 5.82E+00
Savannah River Site 3.37E+03 | 3.98E+03 7.35E+03
Grand Total | 5.52E+04 | 1.28E+04 | 6.80E+04

Data Source: CID Data Version D.11.00 LANL-CO 2012. Note: This table contains data for
WIPP-bound waste streams only; it does not include data for emplaced or potential waste streams.

Table 3-2. RH Waste Inventory Total Volumes

. Stored | Projected | Anticipated
TRU Waste Site Volumes | Volumes | Volumes
(m°) (m’) (m’)

Argonne National Laboratory - East 1.99E+01 | 1.80E+01 | 3.79E+01
Bettis Atomic Power Laboratory - 4.99E+00 | 4.99E+00
Hanford (Richland) Site 1.53E+03 | 9.14E+02 | 2.44E+03
Idaho National Laboratory 2.30E+02 -- 2.30E+02
Knolls Atomic Power Laboratory - B 131E+01 | 1.31E+01
Schenectady
Los Alamos National Laboratory 7.92E+01 -- 7.92E+01
Material and Fuels Complex 8.85E+00 | 9.61E+01 | 1.05E+02
Oak Ridge National Laboratory 4.58E+02 | 1.55E+02 | 6.13E+02
Sandia National Laboratories 2.50E+00 -- 2.50E+00
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Table 3-2. RH Waste Inventory Total Volumes
Continued

Stored | Projected | Anticipated
Volumes | Volumes | Volumes
(m°) (m°) (m°)
Savannah River Site 2.97E+01 | 1.12E+01 | 4.09E+01

Grand Total | 2.36E+03 | 1.21E+03 | 3.57E+03

Data Source: CID Data Version D.11.00 LANL-CO 2012. Note: This table contains data for
WIPP-bound waste streams only; it does not include data for emplaced or potential waste streams.

TRU Waste Site

3.1.2  Changes to TRU Waste Volumes

Table 3-3 shows the total net changes for final form total volumes (anticipated) of CH-
and RH-TRU waste between ATWIR-2011 and this report. The net change column
applies to the total net changes, which include both increases and decreases as reported
by the sites and the amount of emplaced waste taken from the WDS. As shown, the total
net change is a decrease of nearly 8,500 m?, with the bulk of that decrease resulting from
emplacement of about 7,230 m®. The remaining decrease of almost 1,270 m*is attributed
mainly to one waste stream, SR-W026-PDCF-1, with a volume of approximately 1,130
m?®, which was deleted because the project that would have generated the waste, the Pit
Disassembly and Conversion Facility (PDCF), was cancelled.

Table 3-3. CH/RH Waste Volume Changes

ATWIR-2011 | ATWIR-2012 | Total Net

TRU Waste Site Total Total Change
Inventory (m®) | Inventory (m°) (m°)

Hanford (Richland) Site 2.17E+04 2.25E+04 8.53E+02

Idaho National Laboratory 3.53E+04 2.85E+04 -6.76E+03

Los Alamos National 1.02E+04 9.96E+03 | -2.90E+02
Laboratory

Oak Ridge National 1.42E+03 1.56E+03 1.38E+02
Laboratory

Savannah River Site 9.70E+03 7.39E+03 -2.32E+03

Small Quantity Sites 1.73E+03 1.60E+03 -1.26E+02

Anticipated Total 8.00E+04 7.15E+04 -8.50E+03

WIPP (Emplaced) 7.24E+04 7.97E+04 7.23E+03

Grand Total 1.52E+05 1.51E+05 -1.27E+03

Data Source: CID Data Versions D.10.01 (LANL-CO 2011e) and D.11.00 (LANL-CO 2012).
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3.2 Non-Radiological Material Estimates

This section presents the non-radiological properties of the TRU waste inventory collected for
this report. DOE has many reasons for obtaining and tracking non-radiological information
about the TRU waste inventory destined for WIPP. For example, DOE tracks waste materials
that are emplaced in the repository, such as CPR materials that might affect gas generation in the
repository.

Section 3.2.1 presents the inventory of waste material parameters, section 3.2.2 presents
packaging materials, and section 3.2.3 presents the chemical components.

3.2.1  Waste Material Parameters

WMPs are reported as final form mass (kg). If a waste stream includes stored and projected
waste, the site provides the stored mass and the projected mass is derived in the CID based on
the stored final form mass. If a site only has projected waste, then the site provides the projected
final form mass. See section 2.2.2 for details on how WMPs are reported.

The following WMP descriptions are used for this report:

e Iron-Based Metal/Alloys — Includes iron and steel alloys in the waste, but does not
include the waste container materials. Also includes an iron-based metallic phase
associated with any vitrification process, if applicable.

e Aluminum-Based Metal/Alloys — Aluminum or aluminum-based alloys in the waste
materials.

e Other Metal/Alloys — All other metal/alloys (e.g., copper, zirconium, tantalum) found in
the waste materials, including the lead portion of leaded rubber gloves/aprons.

e Other Inorganic Materials — Inorganic non-metal waste materials such as concrete, glass,
firebrick, ceramics, graphite, sand, and inorganic sorbents.

e Vitrified — Waste that has been melted or fused at high temperatures with glass-forming
additives, such as soil or silica, in appropriate proportions to result in a homogeneous
glass-like matrix. (Note that any unoxidized metallic phases, if present, are included in
the iron-based metal/alloys WMP.)

e Cellulosics — Materials generally derived from high-polymer plant carbohydrates such as
paper, cardboard, Kimwipes®, wood, cellophane, and cloth.

e Plastic — Generally man-made, often derived from petroleum feedstock. Examples are
polyethylene, polyvinyl chloride, Lucite®, and Teflon®.

e Rubber — Natural or manmade elastic latex materials, such as Hypalon®, neoprene,
surgical gloves, and leaded-rubber gloves (rubber part only).
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e Solidified Inorganic Material (Inorganic Matrix) — Any homogeneous materials
consisting of sludge or aqueous-based liquids that have been solidified. Examples are
wastewater treatment sludge and inorganic particulates.

e Solidified Organic Material (Organic Matrix) — Organic resins, solidified organic liquids,
and sludges.

e Cement — An agent used to solidify liquids, particulates, and sludge. Cement may be
reacted, unreacted, or both.

e Soils — Generally consist of naturally occurring soils that have been contaminated with
radioactive waste materials at a high enough level to be considered TRU waste.

The estimated WMP and PM anticipated masses for CH- and RH-TRU waste are presented in
Table 3-4.

Table 3-4. CH/RH Waste and Packaging Material Inventory

. CH Mass RH Mass Total Mass
Waste Material (kg) (kg) (kq)

Iron-based Metal/Alloys 2.70E+06 6.70E+05 3.37E+06
Aluminum-based Metal/Alloys 2.08E+05 1.42E+04 2.23E+05
Other Metal/Alloys 2.54E+05 3.71E+05 6.26E+05
Other Inorganic Materials 2.31E+06 8.84E+05 3.19E+06
Cellulose 9.20E+05 9.19E+04 1.01E+06
Rubber 4.29E+05 6.89E+04 4,98E+05
Plastic 1.53E+06 1.83E+05 1.71E+06
Cement 2.48E+06 3.60E+05 2.84E+06
Solidified Inorganic Material 3.49E+06 1.71E+04 3.51E+06
Solidified Organic Material 1.61E+06 1.85E+03 1.61E+06
Soils 2.41E+06 1.39E+05 2.55E+06
Vitrified -- -- --
Packaging Material, Cellulose 2.85E+04 -- 2.85E+04
Packaging Material, Plastic 9.04E+05 1.49E+05 1.05E+06
Packaging Material, Rubber 2.62E+04 2.05E+03 2.82E+04
Packaging Material, Steel 1.13E+07 3.39E+06 1.47E+07
Packaging Material, Lead - 8.44E+02 8.44E+02

Grand Total 3.06E+07 6.34E+06 3.69E+07

Data Source: CID Data Version D.11.00, LANL-CO 2012. Note: This table contains data for
WIPP-bound waste streams only; it does not include data for emplaced or potential waste streams.
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3.2.2  Packaging Materials

PMs (such as steel, plastic, cellulose, lead, and rubber) are the materials used to construct the
containers that hold TRU waste. The PM masses for the WIPP-approved payload containers are
fixed values in the CID. The sites report the final form container type, and the CID generates the
PM masses using consistent values associated with the container type. An analysis was
performed (French 2009) to calculate the PM masses to be assigned to the various WIPP-
approved container types in the CID. The purpose of that analysis was to document the
calculations that provide the PM masses for steel, plastic, cellulose, lead, and rubber used in the
containers that package CH- and RH-TRU waste for shipment to WIPP. The estimated PM
anticipated masses for CH- and RH-TRU waste are presented in Table 3-4.

3.2.3 Waste and Packaging Material Parameter Changes

The changes in WMP and PM data between ATWIR-2011 and this report are presented in Table
3-5 for the total CH- and RH-TRU waste and packaging materials. Data for the WMPs and PMs
improve as additional waste is characterized and the sites use that characterization data to
estimate the waste remaining in that waste stream at the site. As stated earlier, the net change
column applies to the total net changes, which include both increases and decreases as reported
by the sites and the amount of emplaced waste taken from the WDS. As shown in Table 3-5,
there was a total decrease in WMPs of about 2.33 million kg and a decrease of about 1.73 million
kg of PMs. A total of approximately 2.75 million kg WMPs and 1.38 million kg PMs were
emplaced during this reporting period. All the WMP masses decreased except soils, which show
an increase of nearly 1.32 million kg that comes mostly from the addition of approximately
2,200 m® of waste containing roughly 1.2 million kg of soils (associated with waste stream
RL200-02). This waste is a result of additional soil cleanup based on the issuance of a CERCLA
ROD (EPA, Ecology, and DOE 2011). There was a decrease in cement of about 1.01 million kg.
The largest contributing waste stream to this net reduction is KN-B234TRU, with a reduction of
nearly 462,000 million kg resulting from the site’s decision not to use cement to solidify the
waste. A lesser contributor to this decrease stems from waste stream IN-W216R; upon rolling
the waste stream into IN-BNINW?216, it was discovered that approximately 289,000 kg had been
double-counted. The iron-based metal/alloys decreased by nearly 1.14 million kg, with most of
this decrease coming from waste stream LA-MHD01.001 (about 826,000 kg), which is a result
of a decrease in the projected volume and re-evaluation of the WMPs in the waste stream based
on characterization.

Table 3-5. CH/RH Waste and Packaging Material Inventory Changes

ATWIR- ATWIR- Mass Net
Waste Material Parameter 2011 Mass 2012 Mass Change
(kg) (kg) (kg)
Iron-based Metal/Alloys 4.52E+06 3.37E+06 -1.14E+06
Aluminum-based Metal/Alloys 2.69E+05 2.23E+05 -4.69E+04
Other Metal/Alloys 7.84E+05 6.26E+05 -1.58E+05
Other Inorganic Materials 3.16E+06 3.19E+06 2.69E+04
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Table 3-5. CH/RH Waste and Packaging Material Inventory Changes

Continued
ATWIR- ATWIR- Mass Net
Waste Material Parameter 2011 Mass 2012 Mass Change
(kg) (kg) (kg)

Cellulose 1.07E+06 1.01E+06 -5.47E+04
Rubber 6.25E+05 4,98E+05 -1.27E+05
Plastic 2.08E+06 1.71E+06 -3.75E+05
Cement 3.85E+06 2.84E+06 -1.01E+06
Solidified Inorganic Material 3.92E+06 3.51E+06 -4.11E+05
Solidified Organic Material 1.96E+06 1.61E+06 -3.54E+05
Soils 1.23E+06 2.55E+06 1.32E+06

Vitrified -- -- --
Anticipated Waste Total | 2.35E+07 2.11E+07 -2.33E+06
WIPP (Emplaced) Waste Total 2.18E+07 2.46E+07 2.75E+06

Package Material

Packaging Material, Cellulose 2.02E+04 2.85E+04 8.39E+03
Packaging Material, Plastic 1.18E+06 1.05E+06 -1.23E+05
Packaging Material, Rubber 3.22E+04 2.82E+04 -3.96E+03
Packaging Material, Steel 1.63E+07 1.47E+07 -1.60E+06
Packaging Material, Lead 1.20E+04 8.44E+02 -1.11E+04
Anticipated Packaging Total | 1.75E+07 1.58E+07 -1.73E+06
¥\Qtzr (Emplaced) Packaging 1.68E+07 | 181E+07 | 1.38E+06
Grand Total | 7.96E+07 7.97E+07 6.67E+04

Data Source: CID Data Versions D.10.01 (LANL-CO 2011e) and D.11.00 (LANL-CO 2012).

Chemical Components

DOE tracks the mass (kg) of complexing agents and oxyanions as part of the non-radiological
components. This report is the mechanism that DOE uses to track these components for
currently stored and projected TRU waste at the sites. These masses for this report are presented
in Table 3-6 and Table 3-8. For details on the reporting methods on chemical components, see
section 2.2.4.

3.24.1 Complexing Agents

DOE tracks the mass (kg) of complexing agents destined for emplacement in the WIPP
repository because of their potential impact on solubilities of actinides in the waste. For this
inventory report, the TRU waste sites were asked to update their estimates of complexing agents
in the waste streams (Patterson 2012). Table 3-6 presents a summary of the estimated CH- and
RH-TRU waste complexing agents mass by site and the grand total of the masses.
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TRU Waste Site Acetate Acetic Citrate Citric EDTA Oxalate Oxalic
(ko) Acid (kg) (ko) Acid (kg) (ko) (ko) Acid (ko)

Argonne National
Laboratory - East - a a a - a 2.68E+01
g'i‘i‘gford (Richland) | ¢ ocE 403 | 3.00E+03 | 3.65E+01 | 1.01E+03 | 5.21E+00 | 1.96E+01 | 3.44E+03
|daho National 5.07E+02 | 2.23E+03 | 1.77E+02 | 4.58E+01 | 1.43E+02 - 8.43E+01
Laboratory
Lawrence
Livermore - 7.28E+00 - 7.28E+00 | 7.28E+00 - 7.28E+00
National
Laboratory
Los Alamos
National - 7.35E+00 - 3.87E+02 - - 2 13E+03
Laboratory

Grand Total | 6.76E+03 | 5.25E+03 | 2.14E+02 | 1.45E+03 | 1.56E+02 | 1.96E+01 | 5.69E+03

Data Source: CID Data Version D.11.00 LANL-CO 2012. Note: This table contains data for WIPP-bound waste
streams only; it does not include data for emplaced or potential waste streams.

3.2.4.2 Changes to Complexing Agents

Table 3-7 shows the changes in the estimated CH- and RH-TRU waste complexing agent masses
(kg) between the ATWIR-2011 and this report. These data represent only the complexing agents
that are currently being reported by the sites in their anticipated TRU waste inventory and do not
include complexing agents that have been emplaced at WIPP because these components are not

tracked in the WDS.

There was an overall net decrease of approximately 2,140 kg in the estimated CH- and RH-TRU
waste complexing agents mass for this reporting period. The majority of this decrease comes
from the acetic acid constituent of about 1,200 kg that results from waste streams RL-PFP-01
(nearly 387 kg decrease) and IN-ID-SDA-Sludge (around 792 kg decrease). Since the WDS
does not contain these data, it is assumed that these decreases occurred because these waste
streams are actively being shipped to and emplaced at WIPP.

Table 3-7. CH/RH Complexing Agent Changes

_ ATWIR- ATWIR- Total Net
Complexing Agent 2011 Total 2012 Total Change (kg)
Mass (kg) Mass (kg)
Acetate 7.56E+03 6.76E+03 -8.04E+02
Acetic Acid 6.44E+03 5.25E+03 -1.20E+03
Citrate 2.18E+02 2.14E+02 -3.59E+00
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Table 3-7. CH/RH Complexing Agent Changes

Continued
. ATWIR- ATWIR- Total Net
Complexing Agent 2011 Total 2012 Total Change (kg)
Mass (kg) Mass (kg)

Citric Acid 1.51E+03 1.45E+03 -6.44E+01
EDTA 1.56E+02 1.56E+02 -1.17E-02
Oxalate 2.11E+01 1.96E+01 -1.51E+00
Oxalic Acid 5.76E+03 5.69E+03 -7.12E+01
Grand Total 2.17E+04 1.95E+04 -2.14E+03

Data Source: CID Data Versions D.10.01 (LANL-CO 2011e) and D.11.00 (LANL-
CO 2012). Note: This table contains data for WIPP-bound waste streams only; it does
not include data for emplaced or potential waste streams.

3.2.4.3 Oxyanions

Estimates of the masses of nitrates, phosphates, and sulfates expected in the TRU waste were
also requested from the TRU waste sites. The sites reported estimates of oxyanions in their
waste as mass (kg) for both stored and projected waste. Table 3-8 presents the estimated CH-
and RH-TRU waste oxyanion mass by site.

Table 3-8. CH/RH Oxyanion Mass by Site

. Nitrate | Phosphate | Sulfate
TRU Waste Site (kg) (kg) (kg)
Argonne National Laboratory - East 5.22E-01 | 1.45E-01 | 2.23E-01
Hanford (Richland) Site 1.24E+05 | 1.17E+05 | 1.82E+04
Idaho National Laboratory 3.09E+05 | 2.38E+04 | 6.99E+04
Lawrence Berkeley National 9.60E-02 . _
Laboratory
Lawrence Livermore National 728E+00 | 7.28E+00 | 7.28E+00
Laboratory
Los Alamos National Laboratory 3.30E+05 -- 7.47E+04
Sandia National Laboratories 1.00E-06 - -
Grand Total | 7.62E+05 | 1.41E+05 | 1.63E+05

Data Source: CID Data Version D.11.00 (LANL-CO 2012). Note: This table contains data
for WIPP-bound waste streams only; it does not include data for emplaced or potential waste

streams.

3.2.4.4 Changes to Oxyanions

Table 3-9 shows the changes in the estimated CH- and RH-TRU waste oxyanion masses (kg)
since they were reported in the ATWIR-2011. These data represent only the oxyanions that are
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currently being reported by the sites as anticipated TRU waste inventory and do not include
oxyanions that have been emplaced at WIPP.

An overall net decrease of approximately 114,000 kg of oxyanions is attributed to three waste
streams. Waste stream IN-BNOO5 was determined to be low-level waste (LLW) and has been
removed from the TRU waste inventory, which accounts for a reduction of nearly 32,500 kg of
nitrates. Waste stream IN-ID-SDA-Sludge is actively being characterized and shipped and
accounts for a decrease in nitrates of approximately 17,200 kg and a decrease in sulfates of about
24,200 kg. RL-PFP-01 was actively being characterized and shipped in CY2011 and accounts
for a decrease of around 14,600 kg of nitrates and almost 14,400 kg of phosphates. Since the
WDS does not contain these data, it is assumed that these decreases are a result of the waste
being shipped to WIPP.

Table 3-9. CH/RH Oxyanion Changes

_ ATWIR-2011 | ATWIR-2012 Total Net
Oxyanion Total Mass Total Mass Change (Kg)
(kg) (kg)
Nitrate 8.25E+05 7.62E+05 -6.27E+04
Phosphate 1.66E+05 1.41E+05 -2.45E+04
Sulfate 1.90E+05 1.63E+05 -2.68E+04
Grand Total 1.18E+06 1.07E+06 -1.14E+05

Data Source: CID Data Versions D.10.01 (LANL-CO 2011e) and D.11.00
(LANL-CO 2012)

3.3 TRU Waste Radionuclide Estimates

This section presents the TRU waste radionuclide activity inventory collected from the sites as of
the end of CY 2011. The sites” TRU waste stream radionuclide activities are decay-corrected
through the end of CY 2011 (as described in section 2.2.3), in curies. The data are then
aggregated using the CID and placed into tables by site for CH- and RH-TRU wastes.

The radionuclides in the WPRs in Appendix A (WIPP-bound TRU Waste Profile Reports) are
reported in activity concentrations (Ci/m®) based on the final form waste stream volume. These
concentrations are calculated by dividing the decay-corrected activity of each radionuclide in the
waste stream by the total volume of the waste stream as discussed in section 2.2.3 of this report.
Radionuclide activity concentrations presented in Appendix B (Potential TRU Waste Profile
Reports) are not decay-corrected.

3.3.1 Radionuclide Inventory by Site

Table 3-10 and Table 3-11 provide the comprehensive WIPP-bound anticipated activity (Ci)
inventory estimates for CH- and RH-TRU waste, respectively. Table 3-12 sums the CH and RH
site totals to produce a total anticipated activity by site.
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Radionuclide ANLE Hanford INL K’/\?I:Pé_- LANL LBNL LLNL MFC NNSS NRD ORNL SNL SRS Grand Total
Ac-225 3.83E-07 2.93E-06 1.87E-04 7.97E-03 1.26E-01 -- 1.97E-03 4.25E-11 1.61E-12 8.51E-16 1.74E-03 5.21E-18 3.36E-03 1.41E-01
Ac-227 1.37E-08 9.42E-09 1.34E-06 4.75E-05 6.28E-01 - 1.02E-02 5.77E-10 2.55E-10 -- 1.16E-01 9.78E-16 1.72E-02 7.71E-01
Ac-228 1.10E-06 1.45E-05 2.57E-04 3.45E-01 1.04E-03 - 3.14E-06 7.85E-10 3.65E-16 -- 5.40E-02 6.00E-20 1.20E-01 5.20E-01
Ag-108 8.16E-05 -- -- -- 2.98E-07 -- -- -- - - - - - 8.19E-05
Ag-108m 9.38E-04 -- -- -- 3.43E-06 - -- -- -- -- -- - - 9.41E-04
Ag-109m 2.63E-06 - - - 2.37E+03 -- 4.48E-03 - - - 3.67E-12 -- -- 2.37E+03
Ag-110m - - -- -- -- - -- -- - - 1.50E+00 - -- 1.50E+00
Am-241 5.31E+00 | 5.64E+04 | 3.39E+04 | 8.02E+02 | 5.68E+04 3.21E-02 1.72E+03 | 8.20E+01 | 1.47E+01 | 3.32E+02 | 8.64E+02 2.68E-01 7.87E+04 2.30E+05
Am-242 6.67E-04 | 2.00E-02 - - -- -- 7.89E+00 - - - 9.68E-01 -- 1.20E-01 9.00E+00
Am-242m 6.70E-04 2.01E-02 -- -- - - 7.93E+00 -- -- -- 9.68E-01 - 1.21E-01 9.04E+00
Am-243 1.17E+00 6.58E-01 2.14E-02 - 1.00E+00 | 4.40E-05 2.41E-01 1.23E-01 - -- 5.23E+00 - 6.16E+00 1.46E+01
Am-244 - - -- -- -- - -- -- -- - 1.00E-06 - -- 1.00E-06
Am-245 2.99E-08 -- - - 7.64E-09 -- -- -- - - 1.69E-19 -- -- 3.76E-08
At-217 3.83E-07 2.93E-06 1.87E-04 7.97E-03 1.26E-01 - 1.97E-03 4.25E-11 1.61E-12 8.51E-16 1.74E-03 5.21E-18 3.36E-03 1.41E-01
Ba-133 1.82E-04 3.31E-04 -- -- 1.08E-05 - -- -- -- -- 1.80E-07 - 1.21E-05 5.36E-04
Ba-137m 3.31E+00 | 3.50E+03 | 2.62E-03 -- 9.01E+00 - 7.27E-01 | 3.18E-02 - -- 1.70E-01 - 2.93E+00 3.52E+03
Bi-210 8.91E-05 5.66E-05 1.51E-06 7.76E-04 1.21E-04 - 7.37E-09 1.24E-10 9.16E-12 - 3.00E-01 4.01E-18 2.48E-04 3.01E-01
Bi-211 1.37E-08 9.42E-09 1.34E-06 4.75E-05 6.29E-01 -- 1.02E-02 5.77E-10 2.55E-10 -- 6.66E-04 9.78E-16 1.73E-02 6.57E-01
Bi-212 7.67E-04 1.52E-04 2.42E-03 4.68E-01 6.86E-04 - 2.68E-03 3.22E-04 1.64E-16 - 2.91E-02 5.09E-21 2.34E-01 7.38E-01
Bi-213 3.83E-07 2.93E-06 1.87E-04 7.97E-03 1.26E-01 -- 1.97E-03 4.25E-11 1.61E-12 8.51E-16 1.74E-03 5.21E-18 3.36E-03 1.41E-01
Bi-214 3.53E-04 1.88E-03 1.25E-05 6.08E-03 3.50E-04 -- 2.44E-07 4.15E-09 2.27E-10 - 5.40E-01 5.27E-16 4.83E-04 5.49E-01
Bk-249 2.06E-03 -- -- -- 5.27E-04 - -- -- -- -- 1.85E+01 - -- 1.85E+01
Bk-250 1.91E-09 -- -- -- -- - -- -- -- -- -- -- -- 1.91E-09
C-14 2.13E-03 6.00E-04 - -- - - -- -- -- - 4.06E-04 - 7.33E-03 1.05E-02
Ca-45 5.33E-06 -- -- -- -- -- -- - - - - - - 5.33E-06
Cd-109 2.63E-06 - - - 2.37E+03 - 4.48E-03 - - -- 6.52E-05 -- - 2.37E+03
Cd-113 6.24E-04 -- -- -- -- - -- -- -- -- -- - -- 6.24E-04
Cd-113m 3.46E-04 -- -- -- -- -- -- - - - - - - 3.46E-04
Ce-139 - -- -- - - - -- -- -- - 7.52E-05 - -- 7.52E-05
Ce-141 -- -- -- - - -- -- -- -- -- 2.38E+00 -- -- 2.38E+00
Ce-144 4.52E-03 - - - 2.56E-04 - - 3.20E-04 - - 1.04E+00 - 3.68E-11 1.05E+00
Cf-249 2.35E-01 1.79E-02 3.72E-03 -- 8.62E-03 | 4.20E+00 | 7.44E+00 - -- -- 1.00E+00 -- 2.30E-03 1.29E+01
Cf-250 8.70E-03 - -- -- -- 1.42E-04 - - - - 2.36E-01 - 1.71E-10 2.45E-01
Cf-251 1.18E-03 -- -- -- -- - 2.63E-04 -- -- -- 2.84E-03 - 1.27E-03 5.56E-03
Cf-252 1.26E-03 - - - - -- 3.35E-03 - - - 2.02E+02 -- -- 2.02E+02
Cf-253 - -- - -- - - -- -- -- - 6.70E-04 - -- 6.70E-04
Cf-254 -- -- -- -- - -- -- -- -- - 1.82E-05 -- -- 1.82E-05
CI-36 1.17E-07 -- -- -- 2.78E-03 -- -- -- - - - - - 2.78E-03
Cm-242 5.38E-04 1.58E-02 2.31E-14 - 2.92E-04 - 6.24E+00 1.52E-13 -- - 1.18E+02 - 9.96E-02 1.25E+02
Cm-243 4.15E-02 | 6.16E-01 | 3.30E-03 -- 5.87E-01 - 8.53E-02 | 4.20E-09 - -- 1.19E+02 - 8.51E-02 1.21E+02
Cm-244 2.46E+02 | 7.11E+01 6.31E-01 -- 3.25E+03 - 8.13E+02 8.79E-01 - -- 4.64E+03 - 1.97E+02 9.22E+03
Cm-245 1.93E-04 -- 1.97E-08 - 4.85E-04 -- 4.16E-02 - - -- 1.67E-02 - 6.41E-02 1.23E-01
Cm-246 1.08E-02 - - - 5.76E-01 - - -- - - 6.37E-01 - 8.84E-02 1.31E+00
Cm-247 1.02E-09 - -- -- -- - 3.52E-06 -- -- - 7.57E-05 - 1.09E-02 1.10E-02
Cm-248 6.37E-04 - - -- -- 1.69E-04 | 1.79E-02 -- -- -- 4.90E-02 -- 2.05E-06 6.77E-02
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Continued
Radionuclide | ANLE | Hanford | INL Kﬁ,fSL' LANL | LBNL | LLNL MEC NNSS NRD ORNL SNL SRS | Grand Total
Cm-250 1.36E-08 = - - = - - - - - 2.23E-03 - - 2.23E-03
Co-60 123602 | 2.07E-01 | 2.13E-05 - 5.00E-04 - 144E-03 | 3.16E-04 - - 5.06E-02 = 5.96E03 | 2.78E-01
Cr51 - - - - - = - — - - 2.79E-01 - - 2.79E-01
Cs-134 8.40E-02 | 107E+00 | 158E-07 - 143E-05 - = 2.38E-04 - - 6.52E-01 - 2.08E-04 | 1.80E+00
Cs-135 3.45E-07 - - = - = - - - - - - - 3.45E-07
Cs-137 3.50E+00 | 3.72E+03 | 7.04E-02 - 9.60E+00 | 1.90E-04 | 7.70E-01 | 3.37E-02 = = 1326401 = 3.10E+00 | 3.75E+03
Es-253 - - - - - - - - - - 8.02E+00 - - 8.02E+00
Es-254 = = - = = - - - = = 3.99E-04 - - 3.99E-04
Eu-152 340E-04 | 3.75E-03 | 1.B9E-06 - 3.15E-04 - 3.90E-04 - - - 1.29E+00 - T16E-04 | 1.30E+00
Eu-154 540E02 | 5.11E+00 | LOSE-04 = 4.07E-04 - 3.73E:03 | 2.14E-04 = = 1.64E+00 = 307602 | 6.84E+00
Eu-155 1.08E-02 | 3.51E-06 | 3.95E-06 - 6.19E-02 - - 5.31E-04 - = 7.95E-01 = 2.06E-04 | 8.68E-01
Fe-55 2.00E-02 - - - - - = - - - 2.91E-06 - - 2.00E-02
Fe-50 2.25E-08 = = = = - - - - - 4.31E-04 = - 4.31E-04
Fr-221 3.83E-07 | 2.93E-06 | 1.87E-04 | 7.97E:03 | 1.26E-01 = 197603 | 4.256-11 | 1.61E-12 | 851E-16 | 1.74E-03 | 521E-18 | 3.36E03 | 141E-01
Fr-223 189E-10 | 1.30E-10 | 1.85E-08 | 6.55E-07 | 8.66E-03 = 141E-04 | 7.96E-12 | 3.52E-12 - 2.80E00 | 1.35E-17 | 2.38E-04 | 9.04E-03
Gd-152 6.26E-19 | 1.41E-18 - - 2.31E-18 - 147E-18 - - - 7.07E-16 - 181E-18 | 7.15E-16
H-3 8.20E03 | 1.16E-04 - = 9.30E+03 - - = = - 9.69E-03 - 413E:03 | 9.30E+03
Ho-166m 2.17E-09 - = = - - - = - - - - 136E-05 | 1.36E-05
1125 - - - - 5.65E-06 - - - - - - - - 5.65E-06
-129 738E-07 | 1.58E-06 - = 1.20E-06 = - - - - - = 393603 | 3.94E-03
131 - - = - - - - - - - 2.03E-03 - - 2.03E-03
K-40 4.73E:04 | 3.91E-04 = = = - 6.79E-08 = - - 4.26E:05 | 4.98E-10 = 9.06E-04
Kr-85 2.37E:02 | 1.84E+00 = - 5.02E-01 = - = - - - - 420602 | 2.40E+00
Mn-54 5.55E-04 | 4.90E-08 = - 1.89E-08 - = = - - 6.94E-16 - - 5.55E-04
Mn-56 - - - = 5.00E-07 - = = - - - - - 5.00E-07
Na-22 2.95E-04 | L41E-02 - - 6.57E-04 - 3.51E-05 = - - 7.33E-06 - 386E04 | 1.54E-02
Nb-03m 2.26E-03 - - - - - - = - - - - - 2.26E-03
Nb-04 5.94E-06 | 1.18E-03 - - - - 2.50E-08 - - - - - 461E07 | 1.18E-03
Nb-95 9.79E-08 - 2.46E-10 - - - - 4.81E-08 - - 9.27E-02 - - 9.07E-02
Nb-95m 5.26E-10 = 1.326-12 = = - = 2.57E-10 - - - - - 7.84E-10
Nd-144 2.426-18 = - - 141E-18 - = 5.86E-10 - - 2.80E-45 - 1746418 | 6.15E-18
Ni-50 - - - - - = - - - - - - 132605 | 1.32E-05
Ni-63 9.37E-06 - - - - - = - - - 164E-01 - - 1.64E-01
Np-237 4.68E-02 | 7.39E-01 | 8.28E-01 | 229E-03 | 3.77E-01 | 1.72E-02 | 1.01E-02 | 556E-02 | 9.12E-05 | 3.33E-06 | 7.96E-01 | 8.36E-08 | LO9E+00 | 3.97E+00
Np-238 3.02E-06 | 9.04E-05 - - - - 3.57E-02 - - - 9.58E-07 - 5.45E-04 | 3.63E-02
Np-239 1176400 | 7.58E-02 | 2.12E-02 - 1.00E+00 = 241601 | 1.23E-01 - - 2.22E+00 = 6.16E+00 | 1.10E+01
Np-240 4.44E-09 - - = 5.20E-09 - 3.40E-13 - - - 6.95E-07 - 6.24E-16 | 7.04E-07
Np-240m 3.70E-06 = = - 4.34E-06 - 2.83E-10 = - - 5.79E-04 - 520E-13 | 587E-04
P-32 9.07E-12 = - = - - - - - = - - - 9.07E-12
Pa-231 1116-07 | 2.80E-07 | 7.43E-06 | 3.64E-04 | 3.24E-03 - 5.65E-02 | 185E-08 | 4.15E-09 - 385E-01 | 929E-14 | 8.84E-03 | A.54E-01
Pa-233 468E-02 | 9.68E-02 | 7.39E-01 | 2.29E-03 | 3.77E-01 - 191E-02 | 5.56E-02 | 9.12E-05 | 3.33E-06 | 2.38E-01 | 8.36E-08 | 1.O9E+00 | 2.67E+00
Pa-234 833607 | 1.39E-04 | 3.19E-03 | 3.21E-04 | 6.31E-04 - 1.99E-05 | 2.50E-08 | 3.22E-06 - 430E-05 | 144E-17 | 1.12E-04 | 4.46E-03
Pa-234m 6.41E-04 | 1.07E-0L | 2.46E+00 | 247E-01 | 4.85E-01 - 153E-02 | L.99E-05 | 2.48E-03 - 331602 | L11E-14 | 8.60E02 | 3.43E+00
Pb-200 3.83E-07 | 2.93E-06 | 1.87E-04 | 7.97E-03 | 1.26E-01 = 197E-03 | 4.25E-11 | 1.61E-12 | 851E-16 | 1.74E-03 | 521E-18 | 3.36E-03 | L41E-OL
Pb-210 8.90E05 | 5.66E-05 | 1.51E-06 | 7.76E-04 | 2.95E-04 - 737609 | 1.24E-10 | 9.16E-12 - 3.00E-01 | 4.01E-18 | 2.48E-04 | 3.02E-01
Pb-211 1.37E-08 | 9.42E-09 | 1.34E-06 | 4.75E-05 | 6.29E-01 = 102602 | 5.77E-10 | 2.55E-10 - 2.10E07 | 9.78E-16 | 1.73E:02 | 6.57E-0L
Pb-212 767604 | 1.52E-04 | 2.42E-03 | 4.68E-01 | 6.86E-04 = 2.68E-03 | 3.22E-04 | 1.G6AE-16 - 3.026-02 | 5.09E-21 | 2.34E-01 | 7.39E-01
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Table 3-10. Total CH Radionuclide Activity (Ci) on a Site Basis Decayed through 2011

DOE/TRU-12-3425

Continued
Radionuclide | ANLE | Hanford | INL Kﬁ,fSL' LANL | LBNL | LLNL MEC NNSS NRD ORNL SNL SRS | Grand Total
Pb-214 353E-04 | 1.88E-03 | 1.25E-05 | 6.08E-03 | 3.50E-04 = 2.44E07 | 4.15E-09 | 2.27E-10 - 5A0E-0L | 527E-16 | 4.83E-04 | 549E-01
PA-107 1.84E-05 - - - - - - - - - - - - 1.84E-05
Pm-147 8.95E-01 | 1.OAE+01 = = 6.12E-02 = - - = = 4736400 = 847604 | 251E+01
P0-210 186E-04 | 3.01E-05 | 1.51E-06 | 7.76E-04 | 1.14E-04 = 439E:00 | 737E-11 | 9.16E-12 - 161E+00 | 1.09E-18 | 2.48E-04 | 1.61E+00
Po-211 3.776-11 | 2.50E-11 | 3.68E:00 | 1.31E-07 | 1.73E-03 - 2.81E-05 | 1.59E-12 | 7.02E-13 - 5.77E-10 | 2.60E-18 | 475605 |  1.81E-03
Po-212 4.91E-04 | 9.73E-05 | 155E-03 | 3.00E-01 | 4.39E-04 = 172603 | 2.06E-04 | L.O5E-16 - 352606 | 3.26E-21 | 150E-01 | 4.54E-01
P0-213 3.74E:07 | 2.87E-06 | 1.83E-04 | 7.80E-03 | 1.23E-01 = 193E-03 | 4.16E-11 | 1.57E-12 | 8.33E-16 | 1.71E-03 | 5.10E-18 | 3.29E-03 |  1.38E-0L
Po-214 3.53E-04 | 1.88E-03 | 1.25E-05 | 6.08E-03 | 3.50E-04 = 2.44E07 | 4.15E-09 | 2.27E-10 - 5.39E-01 | 5.27E-16 | 4.83E-04 | 548E-01
Po-215 137E-08 | 9.42E-09 | 1.34E-06 | 4.75E-05 | 6.29E-01 = 102602 | 5.77E-10 | 2.55E-10 - 2.10E07 | 9.78E-16 | 1.73E:02 |  6.57E-01
Po-216 767604 | 1.52E-04 | 2.42E-03 | 4.68E-01 | 6.86E-04 = 2.68E-03 | 3.22E-04 | 1.64E-16 - 5.50E-06 | 5.00E-21 | 2.34E-01 |  7.09E-0L
Po-218 353604 | 1.88E-03 | 1.25E-05 | 6.08E-03 | 3.50E-04 = 2.44E07 | 4.15E-00 | 2.27E-10 - 530E-01 | 527E-16 | 4.83E-04 | 548E-0L
Pr-144 4.53E-03 - - - 2.56E-04 - - 3.20E-04 - - - - 368E-11 | 510E-03
Pr-144m 6.33E-05 = - = 3.50E-06 - - 4.47E-06 - - - = 5.16E-13 | 7.14E-05
Pu-236 2.08E-09 - 8.10E-06 - 4.31E-09 - - - - - 1.80E-13 - - 8.11E-06
Pu-238 4.81E+00 | L76E+04 | 2.04E+03 | 8.73E+01 | 1.25E+05 = 1.60E+03 | LOOE+00 | 5.38E+00 = 3.97E+03 | 2.80E-01 | 3.89E+04 | 1.89E+05
PU-239 1.05E+01 | 8.20E+04 | 1.13E+04 | 2.81E+03 | 3.74E+04 | 7.26E-01 | L189E+03 | 2.32E+01 | L1.77E+02 - 6.81E+02 | 8.92E+00 | L11E+04 | 1.48E+05
PU-240 9.07E+00 | 3.17E+04 | 2.84E+03 | 2.81E+03 | 9.86E+03 | 2.00E-02 | 5.49E+02 | 6.21E+00 | 4.05E+01 - 8.54E+02 | 2.11E+00 | 3.79E+03 | 524E+04
Pu-241 3.38E+01 | 531E+05 | 1.93E+04 | 2.70E+03 | 1.35E+05 | 5.14E-01 | 6.20E+03 | 1.056+03 | 2.42E+02 - 7.93E+04 | 1A0E+01 | 2.35E404 | 7.98E+05
Pu-242 2.08E-02 | 1.59E+03 | 3.93E-01 - 151E+01 - 170E-01 | 1.23E-03 | 2.61E-03 - 2.33E+00 | 7.16E-05 | LO2E+00 | 1.G61E+03
Pu-243 1.02E-09 - - = - - 3.52E-06 - - - - - 100E-02 | 1.09E-02
Pu-244 371606 | 2.27E-11 - - 1.79E-04 - 2.84E-10 = - - 9.95E-03 - 520E-13 | 1.01E-02
Ra-223 137E-08 | 9.42E-09 | 1.34E-06 | 4.75E-05 | 6.29E-01 - 102602 | 5.77E-10 | 2.55E-10 - 6.60E03 | 9.78E-16 | 1.73E02 |  6.63E-01
Ra-224 767604 | 1.52E-04 | 2.42E-03 | 4.68E-01 | 6.86E-04 - 2.68E-03 | 3.22E-04 | 1.6AE-16 - 5.50E-06 | 5.09E-21 | 2.34E-01 | 7.09E-01
Ra-225 3.83E:07 | 2.93E-06 | 1.87E-04 | 7.97E-03 | 1.26E-01 - 197E-03 | 4.25E-11 | 1.61E-12 | 851E-16 | 1.74E-03 | 521E-18 | 3.36E:03 | L41E-0L
Ra-226 3.53E-04 | 4.84E-03 | 6.32E-05 | 6.08E-03 | 3.52E-04 - 2.44E07 | 4.15E-09 | 2.27E-10 - 548E-01 | 527E-16 | 4.83E-04 |  560E-0L
Ra-228 110E-06 | 1.45E-05 | 2.57E-04 | 3.45E-01 | 1.04E-03 - 3.14E-06 | 7.85E-10 | 3.65E-16 - 434E-06 | 6.00E-20 | 1.20E-01 | 4.66E-01
Rb-87 1.04E-10 - - - - - - - - - - - - 1.24E-10
Rh-106 8.35E-03 = - - 435603 - - 4.41E-04 - - 3.16E-11 - 745608 | 1.31E-02
Rn-219 137608 | 9.42E-09 | 1.34E-06 | 4.75E-05 | 6.29E-01 - 102602 | 5.77E-10 | 2.55E-10 - 2.10E-07 | 9.78E-16 | 17302 | 6.57E-01
Rn-220 767604 | 1.52E-04 | 2.42E-03 | 4.68E-01 | 6.86E-04 - 2.68E-03 | 3.22E-04 | 1.6AE-16 = 5.50E-06 | 5.09E-21 | 2.34E-01 | 7.09E-01
Rn-222 353604 | 1.88E-03 | 1.25E-05 | 6.08E-03 | 3.50E-04 - 2.44E07 | 415609 | 2.27E-10 - 530E-01 | 527E-16 | 4.83E-04 | 548E-0L
Ru-103 - - - - - - - - - - 1.27E+00 - - 1.27E+00
Ru-106 8.35E-03 = - - 435603 - = 441604 - - 5.326+00 - 745608 | 5.34E+00
S5-35 2.56E-04 = - = - - = - - = - - - 2.56E-04
Sh-125 247603 | 1.26E+00 - = 453E-02 = 2.69E-06 = - - 2.89E-01 - 420E:04 | L59E+00
Sb-126 2.57E-06 | 1.46E-01 - - 1.79E-05 - - = - - - - 6.71E-07 | 146E-01
Sb-126m 1.83E-05 | 1.04E+00 = - 1.08E-04 - = - - - - = 4.80E-06 | 1.04E+00
Sc-46 - - - - 3.19E-00 = = - - - - - - 3.19E-09
Se-79 6.32E-06 = = = - - = - - - - - 9.73E-06 | 1.60E-05
Sm-147 6.70E-12 | 3.34E-10 = = 1.83E-12 - = - - - - = 536E-12 | 3.48E-10
Sm-148 2.76E-35 | 1.25E-34 - - 4.01E-34 - 131E-34 = - - 9.80E-31 - 120E-33 | 9.82E-31
Sm-151 3.216-03 | 1.58E+00 - - 1.01E-03 = - - - - 5.76E+00 = 273602 | 7.38E+00
Sn-121 - - - - 5.79E-04 - = = - - - = - 5.79E-04
Sn-121m = = - - 7.46E-04 - - - - - = = - 7.46E-04
Sn-126 183E-05 | 1.04E+00 - - 1.28E-04 - - - - - - - 480E-06 | 1.04E+00
Sr-85 1.75E-06 - - - - - = - - - - - - 1.75E-06
S1-90 2.97E+00 | 3.80E+03 | 7.79E-02 = 4.71E+00 = 8.20E01 | 7.56E-02 = = 4.40E+01 = 417E+00 | 3.86E+03
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Table 3-10. Total CH Radionuclide Activity (Ci) on a Site Basis Decayed through 2011
Continued
Radionuclide | ANLE | Hanford | INL KQESL' LANL | LBNL | LLNL MEC NNSS NRD ORNL SNL SRS | Grand Total
T6-09 371603 | 2.10E+00 = 174E+01 = = - - - - 2.03E+01 - 149E-04 | 3.97E+01
Te-123 - - - - - - - - - - 113E-03 - - 113603
Te-123m - = - - = - - - - - 6.14E-04 = - 6.14E-04
Te-125m 5.92E-04 | 3.07E-01 - - T11E-02 = 6.56E-07 - - - - - T03E-04 | 3.19E-01
Th-227 135E-08 | 9.20E-09 | 1.32E-06 | 4.68E-05 | 6.20E-01 - 1.01E-02 | 5.69E-10 | 2.526-10 - 7.65E:03 | 9.65E-16 | 1.70E02 | 6.55E-01
Th-228 7.63E-04 | 5.64E-04 | 242603 | 4.67E-01 | 6.85E-04 - 2.68E-03 | 3.22E-04 | 1.64E-16 - 3.10E-02 | 5.09E21 | 2.34E-01 | 7.40E-01
Th-229 3.83E-07 | 2.93E-06 | 1.B7E-04 | 7.97E:03 | 1.26E-01 - 197E-03 | 4.25E-11 | 1.61E-12 | 8.51E-16 | 6.18E:02 | 521E-18 | 3.36E:03 | 2.01E-01
Th-230 3.77E-03 | 4.70E-06 | 1.78E-05 | 1.56E+00 | 2.19E-03 = 2.83E-04 | 4.93E-06 | 2.61E-07 - 5.026-02 | 3.65E-12 | 2.60E-03 | 1.62E+00
Th-231 8.74E-05 | 7.29E:03 | 550E-02 | 1.91E+00 | 5.85E-02 = 3.65E-03 | 4.37E-04 | 4.92E-05 - 1.19E-03 | 8.78E-09 | 8.06E-03 |  2.04E+00
Th-232 5.23E-06 | 3.08E:03 | 2.77E-04 | 521E-01 | 2.71E-03 | 112E-03 | 146E-05 | 3.66E-09 | 1.48E-15 - 1.91E-03 | 1.54E-18 | 1.21E-01 |  6.51E-01
Th-234 6.41E-04 | 1.07E-0L | 246E+00 | 2.47E-01 | 4.87E-01 - 1536-02 | L.99E-05 | 2.48E-03 - 3536-02 | 1.11E-14 | 8.60E-02 | 3.44E+00
TI-204 1.42E-04 - - - - - - - - - 4.25E-07 - - 1.42E-04
TI-207 1376-08 | O.40E-09 | 1.34E-06 | 4.73E-05 | 6.27E-01 - 102602 | 5.756-10 | 2.54E-10 - 2.00E07 | 9.76E-16 | 1.72E:02 | 6.55E-01
TI-208 2.76E-04 | 5.46E-05 | 8.70E-04 | 1.68E-01 | 246E-04 - 9.64E-04 | 1.16E-04 | 5.91E-17 - 8.60E:03 | 1.83E-21 | 8.42E-02 | 2.64E-01
T1-209 8.03E-00 | 6.15E-08 | 3.93E-06 | 1.67E-04 | 2.64E-03 - 414E-05 | 8.93E-13 | 3.37E-14 | 1.79E-17 | 3.66E-05 | 1.09E-19 | 7.06E-05 | 2.96E-03
Tm-171 2.57E-09 - - - 9.72E-04 - - - - - - - - 9.72E-04
U-232 2.49E-04 | 3.33E-01 | 2.84E-03 - 2.04E-04 - 4.85E:03 | 6.18E-04 = - 7.63E-02 = 112601 | 531E-01
U233 2.98E-03 | 4.05E+00 | 4.96E-01 | LOIE+OL | 4.26E+01 = 2.61E+00 | 4.84E-07 | 4.70E00 | 1.45E-11 | 1.04E+01 | 1.79E-13 | LA7E+00 | 7.7E+01
U-234 6.16E-03 | 3.22E+00 | L56E+00 | LOIE+01 | 1.70E+01 - 6.82E02 | 1.48E-02 | 7.10E-03 - 7.35E400 | 7.93E-07 | 1256401 | 5.18E+01
U-235 8.74E-05 | LOBE-OL | 1.0GE-01 | LO1E+00 | 5.89E-02 = 3.65E-03 | 4.37E-04 | 4.92E-05 - 3.58E-03 | 8.78E-00 | 1.66E-02 | 2.21E+00
U-236 118E-05 | 1.256-03 | 4.16E-04 | 1.91E+00 | 2.65E-03 - 3.20E-05 | 7.15E-05 | 8.20E-06 - 137601 | 6.23E-08 | 3.96E-03 |  2.06E+00
U-237 8.08E-04 | 3.21E-01 | 3.39E-01 | 6.46E-02 | 3.21E+00 = 148E-01 | 2.51E-02 | 5.79E-03 = 1.05E-03 | 3.35E-04 | 1.75E-01 | 4.29E+00
U-238 6.41E-04 | 1.76E+00 | 7.09E+00 | 247E-01 | 487E-01 | 7.80E-07 | 153E-02 | 1.99E-05 | 2.48E-03 = 5.14E-02 | L11E-14 | 8.61E-02 | 9.74E+00
U-240 3.70E-06 - - - 4.34E-06 - 2.83E-10 - - - 5.79E-04 - 520E-13 | 587E-04
Xe-133 3.126-29 - = = - = - - = - - - - 3.12E-29
Y-90 2.97E+00 | 3.72E+03 | 5.23E-03 - 4.70E+00 - 8.20E-01 | 7.56E-02 = - 6.66E-02 - 418E+00 | 3.74E+03
7n-65 3.54E-07 - - = - - - - - - - - - 3.54E-07
7193 1.01E-05 - - - - - - - - - - - - 1.01E-05
7105 4.47E-08 = T12E-10 - - - = 2.19E-08 - - 712601 - = 7.12E-01
Grand Total | 3.20E+02 | 7.36E+05 | 6.94E+04 | 9.26E+03 | 3.81E+05 | 551E+00 | 1.29E+04 | 1.16E+03 | 4.80E+02 | 3.32E+02 | 9.10E+04 | 256E+01 | 156E+05 | 1.46E+06

Data Source: CID Data Version D.11.00 (LANL-CO 2012). Note: This table contains data for WIPP-bound waste streams only; it does not include data for
emplaced or potential waste streams.
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Table 3-11. Total RH Radionuclide Activity (Ci) on a Site Basis Decayed through 2011

Radionuclide ANLE BAPL Hanford INL KAPL-S LANL MFC ORNL SNL SRS Grand Total
Ac-225 5.27E-03 7.31E-05 2.11E-04 1.00E-03 - 1.49E-12 3.27E-09 8.69E-01 - 1.70E-05 8.76E-01
Ac-227 2.35E-01 7.62E-05 9.33E-03 3.72E-06 2.22E-09 1.68E-06 1.02E-03 4.50E-03 - 1.15E-08 2.49E-01
Ac-228 2.04E-02 | 2.07E-06 | 6.13E-06 | 4.07E-05 -- 8.99E-15 | 1.85E-13 | 9.93E-03 -- 3.95E-13 3.04E-02
Ag-108 1.10E-03 -- -- -- -- - - - - - 1.10E-03
Ag-108m 1.26E-02 -- -- -- - - - -- -- -- 1.26E-02
Ag-109m 1.57E-01 -- - - - - - 6.31E-08 - - 1.57E-01
Ag-110 1.58E-04 - 2.64E-07 -- - - - 8.46E-15 - - 1.58E-04
Ag-110m 1.16E-02 - 1.94E-05 - -- -- -- 6.22E-13 -- -- 1.16E-02
Am-241 1.54E+02 | 8.98E-02 | 4.10E+03 | 1.43E+01 | 1.14E-02 | 4.62E+00 | 2.32E+02 | 1.69E+02 | 8.95E-01 | 2.89E+02 4.96E+03
Am-242 5.37E-01 1.46E-07 | 1.23E+00 | 2.55E-04 - - - 4.82E-03 -- 8.13E-02 1.85E+00
Am-242m 5.39E-01 | 4.84E-06 | 1.23E+00 | 2.56E-04 -- -- -- 4.84E-03 | 1.78E-03 | 8.16E-02 1.86E+00
Am-243 3.04E+00 | 3.86E-04 | 4.01E+00 | 6.89E-04 2.49E-06 - 1.96E-04 | 1.10E+00 | 6.72E-05 | 3.50E+00 1.17E+01
Am-245 6.15E-13 -- -- -- - - - 8.78E-16 -- -- 6.16E-13
Ar-37 6.43E-16 -- -- -- - - - - - - 6.43E-16
Ar-39 8.80E-03 -- -- -- -- - - - - - 8.80E-03
Ar-42 2.26E-02 -- -- -- -- - - - - - 2.26E-02
At-217 5.27E-03 7.31E-05 2.11E-04 1.00E-03 - 1.49E-12 3.27E-09 8.69E-01 -- 1.70E-05 8.76E-01
Ba-133 1.71E+00 | 3.47E-10 - - - - - - - - 1.71E+00
Ba-137m 2.95E+03 | 2.00E+02 | 2.17E+05 | 2.83E+04 | 2.84E+01 | 7.79E+02 | 2.90E+04 | 2.15E+03 - 8.43E+01 2.80E+05
Bi-210 8.07E-01 | 6.28E-09 | 2.34E-10 | 1.23E-08 -- 7.19E-10 | 8.31E-08 | 6.97E+00 -- 1.03E-08 7.77E+00
Bi-211 2.35E-01 - 2.26E-06 3.72E-06 - 1.68E-06 1.02E-03 4.50E-03 -- 1.15E-08 2.41E-01
Bi-212 2.42E+00 | 2.66E-02 2.08E-05 3.60E-02 -- 8.99E-15 9.98E-14 | 1.79E+00 -- 2.88E-13 4.28E+00
Bi-213 5.27E-03 7.31E-05 2.11E-04 1.00E-03 -- 1.49E-12 3.27E-09 8.69E-01 - 1.70E-05 8.76E-01
Bi-214 3.14E-08 1.06E-08 5.85E-09 1.02E-07 - 3.05E-09 1.07E-06 | 1.25E+01 - 6.20E-08 1.25E+01
Bk-249 4.24E-08 -- -- -- -- -- -- 6.05E-11 -- -- 4.24E-08
Bk-250 -- -- -- -- - - - 5.70E-09 - - 5.70E-09
C-14 -- 5.12E-03 4.41E-04 | 9.34E+01 | 1.48E-01 - 3.58E+01 | 1.09E-03 - 6.69E-05 1.29E+02
Ca-45 2.40E-04 -- - - - - - - - - 2.40E-04
Cd-109 1.57E-01 -- -- -- - - - 6.31E-08 -- -- 1.57E-01
Cd-113 3.75E-19 -- 1.84E-19 -- - - -- -- -- -- 5.58E-19
Cd-113m 8.12E-01 3.93E-05 | 1.71E+00 -- - - - - - -- 2.53E+00
Cd-115m 1.32E-11 -- -- -- - - -- -- -- -- 1.32E-11
Ce-139 7.93E-04 - - - - - - - - - 7.93E-04
Ce-141 1.16E-14 - - - -- -- 7.78E-07 -- -- -- 7.78E-07
Ce-144 1.61E+00 | 6.53E-10 9.95E-03 2.61E-02 - 6.40E-11 | 2.85E+01 | 1.56E-10 -- 2.38E-04 3.01E+01
Cf-249 6.58E-01 - - - 1.89E-13 - - 2.21E-01 -- 5.08E-06 8.79E-01
Cf-250 7.20E-02 -- -- -- -- -- -- 5.46E-01 -- 6.52E-05 6.18E-01
Cf-251 8.04E-09 - - - 2.38E-15 - - 3.06E-02 -- 1.99E-06 3.06E-02
Cf-252 3.34E-04 -- -- -- 1.15E-16 - - 1.66E-02 -- 1.02E-01 1.19E-01
Cm-242 4.45E-01 4.00E-06 | 1.43E+00 | 2.11E-04 5.11E-05 -- 4.96E-12 3.99E-03 1.47E-03 6.72E-02 1.95E+00
Cm-243 5.49E-01 8.35E-06 | 2.93E+01 | 6.70E-03 7.44E-05 - - 1.95E-02 -- 6.84E-03 2.99E+01
Cm-244 1.72E+02 | 4.14E-04 | 7.84E+02 | 1.71E+00 | 6.96E-03 -- 4.30E-06 | 4.39E+02 -- 3.18E+02 1.72E+03
Cm-245 1.58E-02 6.21E-10 8.82E-02 - 2.30E-08 - - 2.86E-03 -- 4.31E-02 1.50E-01
Cm-246 4.70E-05 -- 3.94E-02 -- 3.00E-09 -- -- 2.65E+00 -- 5.77E-02 2.74E+00
Cm-247 6.24E-10 -- 1.24E-10 - 7.07E-15 - - 6.77E-08 - 1.09E-07 1.78E-07
Cm-248 4.66E-09 -- 1.88E-06 1.57E-16 1.40E-14 - - 9.45E-03 -- 2.00E-05 9.48E-03
Cm-250 -- -- -- -- -- - - 4.07E-08 - - 4.07E-08
Co-58 3.63E-07 - - - - - 1.34E+01 - - - 1.34E+01
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DOE/TRU-12-3425

Continued
Radionuclide ANLE BAPL Hanford INL KAPL-S LANL MFC ORNL SNL SRS Grand Total
Co-60 2.85E+01 | 2.90E+00 | 1.46E+02 | 3.30E+02 | 2.96E+00 | 5.13E-01 | 4.00E+04 | 2.02E+00 | 2.00E+01 | 1.23E-03 4.05E+04
Cr-51 1.08E-17 -- -- -- -- -- -- -- -- -- 1.08E-17
Cs-134 2.16E+01 | 3.84E-01 | 1.18E+03 | 2.59E+00 -- -- 4.07E+01 | 1.09E-02 | 8.29E-03 | 5.25E-01 1.24E+03
Cs-135 8.37E-08 | 6.32E-06 | 6.32E-04 | 2.83E-03 | 1.90E-05 -- 1.74E+01 -- -- -- 1.74E+01
Cs-137 3.12E+03 | 2.11E+02 | 2.30E+05 | 3.00E+04 | 3.00E+01 | 8.25E+02 | 3.08E+04 | 2.27E+03 | 3.17E+01 | 8.93E+01 2.97E+05
Dy-159 1.26E-04 -- -- -- - -- -- -- -- -- 1.26E-04
Es-254 -- -- -- -- -- -- -- 4.30E-14 -- -- 4.30E-14
Eu-149 1.83E-06 -- -- -- - -- -- -- -- -- 1.83E-06
Eu-152 7.74E-01 | 2.09E+01 | 2.48E+00 | 9.62E-07 -- -- -- 1.61E+01 -- - 4.02E+01
Eu-154 6.19E+01 | 9.66E+00 | 8.83E+02 | 8.31E+00 -- 8.24E-03 | 6.64E+00 | 8.18E+00 | 8.85E-02 | 1.69E+00 9.80E+02
Eu-155 2.79E+00 | 2.83E-01 | 6.07E+02 | 5.65E+00 -- 8.64E-03 | 4.65E+01 | 1.28E-01 -- 3.71E-02 6.62E+02
Fe-55 2.53E+01 | 2.47E-01 | 5.14E-02 | 7.30E+00 | 1.77E+01 -- 1.15E+04 -- -- -- 1.15E+04
Fe-59 4.13E-12 -- -- -- -- -- -- -- -- -- 4.13E-12
Fr-221 5.27E-03 | 7.31E-05 | 2.11E-04 | 1.00E-03 -- 1.49E-12 | 3