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ABSTRACT 

Inventory planning and scheduling at the Los Alamos National Laboratory nuclear facility (TA-55) 
has become increasingly demanding given the limited supply of nuclear materials available for 
weapons production. This limitation comes from the shutdown of nuclear production reactors as 
well as the declaration of materials excess to national security within the DOE complex. The 
materials that have been declared excess to national security cannot be used in support of nuclear 
weapons activities and must be appropriately dispositioned. The matrices of the excess materials 
and the materials in the weapons; stream are often similar, if not identical, and must be processed 
and/or packaged utilizing the same personnel and facility resources. In order to segregate these 
materials and continue weapons production and dispositioning operations concurrently, careful 
tracking at the item level is required. Scheduling and campaigning of these materials must also be 
carefully monitored in order to meet both nuclear weapons production schedules as well as 
dispositioning milestones. All planning activities must consider the impact of processing operations 
on severely constrained resources including the special nuclear materials storage vault, the non- 
destructive assay laboratory, and the waste management and shipping operations. This paper details 
the methodologies and the use of simulation and other computerized tools by the Nuclear Materials 
Technology Division materials management organization at TA-55. These tools assist in predicting 
materials and resource availability and optimizing the inventory planning activities. 

INTRODUCTION 

One of the key components of LANL’s mission to “Reducing the Nuclear Danger” is to ensure the 
availability, accountability, and safe disposition of nuclear materials. The nuclear materials 
management organization contributes to this mission by assessing and reporting the status of 
nuclear materials inventories, planning for future materials needs, ensuring that existing materials 
are efficiently utilized or dispositioned, and verifying that materials are assigned to projects that are 
programmatically sponsored. The Nuclear Materials Technology (NMT) Division at Los Alamos 
National Laboratory (LANL) is responsible for reprocessing, repackaging and disposition of excess 
materials. These activities must occur concurrently with continuing programmatic activities 



including metal production for component fabrication and residue remediation. The following 
sections describe the methods that the TA-55 materials management organization employ to assess, 
track, and report materials usage:, availability, disposition, and storage of nuclear materials. 

NUCLEAR MATERIALS INVENTORY PLANNING AND DISPOSITION 

All planning activities must consider the impact of processing operations on severely constrained 
resources including the special nuclear materials (SNM) storage vault, the non-destructive assay 
(NDA) laboratory, and the waste management and shipping operations. The nuclear materials 
management organization at TA-55 employs an integrated set of software tools to track materials 
inventories, use, and disposition. These tools assist in predicting materials and resource availability 
and optimizing the inventory planning activities. There are five primary components to the 
materials management process: 1) the nuclear materials assessment, 2) the nuclear materials 
planning spreadsheet, 3) the nuclear materials shipping and receiving forecast, 4) the SNM storage 
vault model, and 5) the NDA model. Of the five components, all but the shipping and receiving 
forecast are specialized software: applications. Figure 1. illustrates the relationship of the tools as 
part of an integrated process of nuclear materials management. 
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Figure 1. Integrated materials management tools 

Nuclear Materials Inventory Assessment 

The materials that have been declared excess to national security cannot be used in support of 
nuclear weapons activities and rnust be appropriately dispositioned. The matrices of the excess 
materials and the materials in the weapons stream are often similar and are processed and/or 
packaged utilizing the same personnel and facility resources. In order to segregate these materials 



and continue weapons production and dispositioning operations concurrently without mixing the 
feed streams, the materials management organization in the division must accurately track the 
inventory at the item level. Scheduling and campaigning of these materials are also monitored in 
order to meet both nuclear weapons production schedules as well as excess materials dispositioning 
milestones. 

Preparation of the annual Inventory Assessment Report is an integral step in planning and 
forecasting nuclear materials usage and disposition. This report describes the status of current 
inventories and identifies those nuclear materials that are no longer required to support program 
objectives. Each item in the inventory at LANL is assigned a project code that can be linked to a 
DOE financial code. The project codes categorize items as either required for or excess to national 
security. The steps in the assessment process are shown in Figure 2. This process is initiated by 
generating a detailed list of the inventory fiom LANL’s Materials Accountability and Safeguards 
System (MASS). The inventories are distributed to each nuclear materials custodian who is 
responsible for controlling the use of SNM resources within hidher area. The custodian categorizes 
each item by use and allows the materials management organization to determine which items are 
excess to programmatic requirements. In addition to project changes, this exercise is also used to 
update item data on MASS. The custodian is the key component to successfilly assessing the 
inventory. The assessment report is used as the baseline inventory for the Nuclear Materials 
Planning Spreadsheet. 

Although the assessment report is generated annually, materials assessment is an ongoing activity 
throughout the year. Materials feed lists are frequently produced by the materials management 
organization and are provided to custodians for process planning purposes. Feed lists are generated 
using a variety of parameters: 1) processing/storage risk (by matrix or age), 2) programmatic owner, 
3) validity of measurement, 4) SNM value, 5) SNMhulk ratio or container size, and/or 6 )  location 
in the storage vault. Use of these lists ensures that priority materials are processed first, materials 
owned by one project are not inadvertently processed by another, items awaiting a final 
accountability value are not taken for processing, or materials are not inappropriately processed. 

Materials inventories also change when items are shipped between sites. Shipments and receipts are 
forecasted by program annually, and the forecast is updated quarterly. Tracking of an extremely 
limited supply of shipping containers is required. This ensures that shipping schedules coincide 
with container availability. 

Inventory Planning spreadsheet 

The UK Ministry of Defence in collaboration with AWE Aldermaston developed a spreadsheet to 
assist in planning nuclear materials inventories to support production programs. The spreadsheet 
tracks recovery of materials from service returns and materials recycle through nuclear materials 
production processes and forecasts future nuclear materials needs. The spreadsheet provides a 
mechanism for analyzing different scenarios of available materials supplies, program modifications, 
and operational configurations. Calculations are based on input feed stocks, process efficiencies, 
and the resulting 



Figure 2. Flowchart of Inventory Assessment Process 

inventories for diffcrent materials. The TA-5 5 nuclear materials management organization adapted 
the spreadsheet to supplement analysis tools for nuclear materials usage predictions. The 
spreadsheet is modeled after the process accountability flow diagrams used by Los Alamos to 
define material flows through individual production processes. This approach enables materials 
management personnel to predict not only materials usage and accumulation, but also the utilization 
of non-destructive assay, vault storage, and ultimately, shipping and waste management resources. 

Decisions regarding changes in project direction, production processes, process flows, and/or 
resource allocations are made independently of materials management concerns. Often these 
changes affect the ability to ensure that the supply of materials is sufficient to meet programmatic 
needs. Impacts on production can be manifested by the unavailability of processes or facilities, 
changes in processing efficiencies, changes in process configuration, or a shortage of feed materials. 
The spreadsheet provides a meclianism for project management, production and materials 
management organizations to assess the impacts that these changes have on the status of nuclear 
materials inventories. 

An analysis can be performed by month, quarter, or year for the number of time periods required. 
The spreadsheet models the throughput of nuclear materials for each process by tracking nuclear 
material mass and bulk weights. Each process is connected to succeeding processes with outputs 
providing feed materials to linked processes. Resulting inventories are reported at the end of each 
time period. Therefore, each process that is “bottlenecked” can be identified by an accumulation of 
feed stock. Inputs are specified by process for each time interval and include the following: (1) 
operational status, (2) beginning inventory, (3) efficiency, and (4) maximum process throughput. 
Because inputs can vary by time: period, processes can be “turned off’ to reflect downtimes due to 
insufficient feed materials or pei:sonnel, failure, maintenance, or decommissioning. Personnel 



resources are not explicitly managed in the model. These values are included in the maximum 
process throughput inputs that are based on the assumption of static resource loading. No stochastic 
effects are studied in the spreadsheet model. 

Input data for the spreadsheet application are input feed stocks, process efficiencies, processing 
paths for each material matrix, and the resulting product, residue, and waste side-streams. The 
spreadsheet produces predictions of materials supply and availability of recycled material as well as 
accumulation of items in vault storage, waste management, and the NDA Lab. In the future, the 
accuracy of the predictions will be improved through a quarterly reconciliation process where the 
spreadsheet will be updated with actual materials balances. 

Non-destructive Assay Model 

The Laboratory employs non-destructive (NDA) as well as destructive assay techniques for the 
quantitative determination of nuclear material content of its inventories. These measurements are 
used to establish accountability values and for process control. NMT uses a variety of NDA 
instruments that include balance measurement, gamma scan, gamma isotopics, neutron coincidence 
and shuffler, calorimetry, and solution assay. 

The TA-55 NDA laboratory performs several thousand assays each year and provides NDA 
capability to every program at the facility. Because the NDA laboratory is central to almost every 
processing operation, it is a highly constrained resource. The need to study the impact on the NDA 
laboratory of various levels of production led to the development of an Extend @ computer model 
(see Figure 3.) of the NDA operations. A forecast of NDA requirements is produced annually (see 
Figure 4.) and is based on the anticipated production levels for each program. The forecast provides 
the simulated “schedule” and programmatic priorities to the model. Other inputs are as follows: 

Assay times by instrument 
0 Number of NDA personnel 
0 Instrument downtime and service time 

In-process storage capacity 
0 Radiation exposure by item matrix 

Non-assay related activity times. 

The model produces a report of summary statistics for the following data: 

0 Instrument utilization 
Personnel utilization 

0 In-process storage utilization 
0 Personnel radiation exposures 
0 Items processed 
0 Items waiting to be processed. 



Figure 3. NDA Model 

Figure 4. NDA Requirements Forecast 



The model offers useful information for predicting how the NDA laboratory will be affected by 
planned processing activities and provides an opportunity for evaluating scheduling and 
prioritization scenarios that would increase the effectiveness of the laboratory. The forecast is 
derived from input by program managers and project leaders. The forecast contains information 
about projects that are not reflected in the spreadsheet model but use the same resources as metal 
production, pit manufacturing, and excess materials disposition. The nuclear materials management 
spreadsheet results are used to validate the forecast that is then used as input to the NDA model. 

Vault Storage Model 

The TA-55 storage vault is the principal repository for products and process-generated residues. 
The space in the vault is limited by category and physical size of items stored. Vault holdings are 
closely monitored, and knowledge of anticipated use is crucial. Forecasts of glovebox and 
production floor holdings are also important to the safe operation of the facility. The inventory 
planning spreadsheet calculates the generation of product and residues going to the vault and floor 
holdings for each time period. In this way, an analyst can observe the buildup of materials in the 
vault and determine when the total capacity will be exceeded. 

The spreadsheet, however, does not assign particular items to actual locations in the vault. 
Assignment of items to vault locations is a manual process where shelves are identified as potential 
storage locations by evaluating the physical size of the item, the material type, the matrix, and the 
remaining SNM that is allowed in a location. An enhancement to the spreadsheet that is currently 
being developed is a tool that assigns items to vault locations. This software model bases the 
assignments on SNM value (criticality limits), matrix, and container size of the item. This feature 
will allow vault personnel to ascertain when certain types of vault locations will be filled, so that 
project managers, production pla,mers and processing personnel can be notified. 

SUMMARY 

The TA-55 nuclear materials management organization utilizes an integrated set of tools to 
effectively manage its inventories. These include the nuclear materials inventory assessment, the 
nuclear materials inventory planning spreadsheet, the shipping and receiving forecast, the NDA 
model, and the vault model. Together these tools allow the organization to review, status, and 
report usage, availability, disposition ‘and storage of nuclear materials. 
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e Assessing nuclear materials inventories 
o Generating assessment report for DOE 
o Planning for future programmatic materials needs 
o Ensuring that existing inventories are 

processed/dispositioned in an efficient manner 
e Verifying that materials assigned to projects are 

programmatically sponsored 

Institute of Nuclear Materials Management 42nd Annual Meeting 
JUIV 1-5-19. 2001 

2 



Processing risk (matrix or age) 
Programmatic owner 
Va I i di ty of rneasu re men t 
SNM value 
SNM/bulk ratio 
Container size 
Location in storage vault 
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NDA Model (cont.) 

e Data Input 
Assay times by instrument 
Number of NDA personnel 
Instrument downtime and service time 
In-process storage capacity 

+ Radiation exposure by matrix 
Nan-assay related activity time 
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0 Data Output 
Instrument utilization 
Personnel utilization 
In- process storage utilization 
Personnel radiation exposures 
Items processed 
Items waiting to be processed 
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