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ABSTRACT 

This report provides the work done under the US Department of Energy’s Office of Nuclear Energy 
(DOE NE)-5 Advanced Reactor Safeguards Program for FY 2022 on material control and accounting 
(MC&A) systems requirements and concepts that will be applicable for pebble bed reactors (PBR). The 
requirements and concepts are illustrated through a review of several current inventory management and 
MC&A systems, which are in use at commercial reactors and within DOE. Many capabilities of these 
current systems are directly applicable to and would support PBRs without modification. 

The functionality of the systems and concepts outlined in this report encompass inventory management 
and reporting. Some systems are designed to provide inventory management and address operational 
requirements that extend beyond typical MC&A requirements. These operational requirements typically 
are related to fuel planning, safety, and various other inventory management functions. Other systems 
cover only reporting to the Nuclear Materials Management Safeguards System (NMMSS). These systems 
would need to be interfaced with site procedures or other management systems to obtain the inventory 
information necessary to support regulatory reporting.  

In the systems that cover additional inventory management functionality, domestic safeguards 
information (e.g., data elements and inventory changes) is a subset of the information maintained by the 
systems. They tend to be closely integrated with fuel handling systems, reactor codes, and other 
operational systems that support a reduced level of effort and improved accuracy of information. 

Two systems that will be highlighted in this report cover most of the US market. Therefore, for a 
deployment of a PBR at a US utility that already has nuclear reactors, that utility is likely to have 
experience with one of these systems. Although neither of these systems would fully support a PBR 
design, conceptually they are reasonably close. Therefore, they do serve as useful benchmarks, and they 
might only require minimal customization to support a PBR.  

1. OVERVIEW 

1.1 INTRODUCTION 

This report summarizes work done under the DOE NE-5 Advanced Reactor Safeguards Program for FY 
2022 on the topic of material control and accounting (MC&A) system functional requirements for PBRs. 
Section 1 provides a market overview of several commercial systems in current use within the 
commercial industry and the US Department of Energy. Section 2 provides additional discussion on key 
relevant MC&A concepts that will need to be implemented in the MC&A system.  

For the market overview, key differences between these systems are the extent to which they approach 
and integrate inventory management and regulatory reporting. The Westinghouse (Section 1.2) and 
Standish Technologies (Section 1.3) systems cover both aspects, inventory management and reporting, 
with specialized functionality to interface with reactor codes and handle spent fuel management. The US 
DOE system (Section 1.4) is highlighted and used to illustrate certain concepts central to any MC&A, 
which are outlined in more detail in Section 2. The two systems supported by the Nuclear Material 
Management Safeguards System (NMMSS) and the Nuclear Assurance Corporation (Section 1.5) are 
focused more on regulatory reporting requirements. 

The key functional requirements that will be needed for PBRs are best represented by the Westinghouse 
and Standish Technology products. The following requirements will be needed: 
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• Fuel life cycle tracking from receipt, to operation, to spent fuel management (audit trail and/or 
continuity of knowledge) 

• Ability to electronic import/export inventory information for both operational needs and regulatory 
reporting into and out of the MC&A system 

• Ability to handle all regulatory reporting per applicable NRC Manuals 
o US NRC, Instructions for the Completing Nuclear Material Transaction Reports (DOE/NRC 

Forms 741 and 740M), US Nuclear Regulatory Commission, NUREG/BR-0006, Rev. 9, 2020. 
[1] 

o US NRC, Instructions for the Preparation and Distribution of Material Status Reports 
(DOE/NRC Forms 742 and 742C), US Nuclear Regulatory Commission, NUREG/BR-0007, Rev. 
8, 2019. [2]  

o US NRC, D-24 Personal Computer Data Input for NRC Licensees - Directory of Electronic File 
Formats for Data Submission, August 2016 [3]  

• Ability to interface with applicable reactor codes or measurement systems for updates to fissile 
material from reactor operations 

Implementation of any of system should be informed by the organizational structure anticipated within 
the utility used to support MC&A and associated regulatory reporting functions. For example, the MC&A 
organizational structure and staffing at a US DOE facility is likely quite different than the MC&A 
structure at a public utility. Therefore, during the design process it would be prudent to include 
consultations with current utilities like the Tennessee Valley Authority, Georgia Southern, or Duke 
Power, which currently operate light water reactors (LWRs) so that design choices for implementation 
could be optimized in ways that would best fit current structures. 

Lastly, this report is not intended as a recommendation of one system over another. Certain aspects of the 
PBRs would necessitate some customization in any of these systems. The intent is to illustrate through 
comparative examples the types of functionality that should be incorporated into the system requirements.  

1.2 WESTINGHOUSE TRACWORKS® FUEL DATA MANAGEMENT SYSTEM 

The TRACWORKS® fuel data management system is a product of Westinghouse and is one of the two 
main applications currently in use commercially in the United States. It is also deployed internationally. 
Appendix A provides a two-page description from which information has been extracted and highlighted 
here.  

TRACWORKS® provides life-cycle tracking, data management, and reporting for all fuel assemblies or 
bundles and components for both pressurized water and boiling water reactor units. It is an example of a 
system that covers inventory management from both an operational and MC&A perspective along with 
supporting reporting to NMMSS. It collects and maintains information about the following components: 

• Assembly/bundle and component locations and movements during the refueling process and 
operation 

• Assembly/bundle burnup and isotopic inventory (both in-core and out-of-core) 
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Note: Isotopics covers nuclear material that extends beyond what is required for NMMSS 
reporting and supports operational, safety, and disposition related processes. 

• Fuel rod burnup and isotopics for fuel that has been removed from its original assembly/bundle 

• Fuel assembly/bundle and component inspection results 

• Manufacturing data 

Note: Manufacturing data is typically non-MC&A information about the fuel, nuclear 
material, or other non-nuclear reactor components. During the shipment/receipt process 
commercially and within DOE, there is typically additional information that is exchanged 
about the shipment beyond what is reported to NMMSS. 

The TRACWORKS® system has seven modules, and the first three listed address what is likely the 
minimal functionality that will be needed: 

1. Inventory management—provides inventory management for assembly/bundle and core components 
from delivery to final disposal  

2. Fuel properties tracking—provides up-to-date information about individual fuel assemblies/bundles, 
including isotopic histories and burnup histories  

3. Reporting—creates documents for regulatory requirements with options for both US NRC and 
International Atomic Energy Agency reports 

4. Fuel-movement planning/move-sequence tracking 

5. Real-time movement monitoring 

6. Decay heat monitoring, including time-to-boil calculations 

7. Core component lifetime monitoring  

It also links to products like CASKWORKS® and PoolWorks®, which are designed for managing cask 
and fuel pool storage. The significance of this for PBRs is that upon discharge and placement of pebbles 
in a spent fuel container, the MC&A and spent fuel management process will be analogous to a LWR fuel 
assembly. In fact, one advanced reactor PBR vendor is designing its spent fuel container to be similar in 
size to a LWR fuel assembly to use existing cask storage without modifications.  

1.3 STANDISH TECHNOLOGIES SNMTRAC® INVENTORY MANAGEMENT AND 
REPORTING SOFTWARE 

SNMtrac is the second of the main two products in use commercially in the United States. Like the 
Westinghouse product, it covers inventory management from both an operational and MC&A perspective. 
It also supports reporting to NMMSS. The following highlights have been extracted from Appendix B, 
which provides a two-page description: 

• Reporting 
o Includes all the latest DOE/NRC formats and Obligation tracking information 
o Generates the new DOE/NRC Forms 741, 742 and 742C 
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o File is ready for submittal to NMMSS  
o Obligation tracking 
o Handles multi-region fuel 

• Inventory management, operations, and MC&A 
o Tracks all items, inserts, sources, reports, pictures, etc. 
o Automatically updates new inventory from fuel vendor’s 741. New fuel receipt and fuel 

movement interfaces for adding fuel to database 
o Up to 235 optional fields of any data type 
o Full integration with Excel™ spreadsheets 
o Automatically extracts data from shuffle codes (applicable to LWRs) 
o Automatically extracts burnup and isotopic data from vendor supplied codes 
o Records fuel and insert movements 
o Provides a historical record of all nuclear material 

• Spent fuel management 
o Core, spent fuel, and dry cask storage maps 
o Dry cask storage management 

1.4 LOCAL AREA NETWORK MATERIAL ACCOUNTING SYSTEM (LANMAS) 

LANMAS is the standard system used by DOE. It is included here as a reference because many of the 
MC&A concepts used by all these systems are well expressed in its Users and Administration Manuals. 
Section 2.0 uses these documents as the primary reference.  

LANMAS’ direct application to PBMRs would likely be more difficult than either of the previous two 
products discussed as it was custom designed for DOE facilities and processes. At the time it was 
developed, DOE was no longer operating production reactors, so a lot of the reactor-specific requirements 
are not covered within the application.  

1.5 SAFEGUARDS MANAGEMENT SOFTWARE (SAMS) AND NUCLEAR ACCOUNTING 
AND COMPLIANCE (NAC) REPORTER™ 

Both systems only cover reporting, and their use would require additional software to address inventory 
management or interfaces with other systems. SAMS is free of charge from NMMSS. NAC Reporter™ is 
a similar product. NAC used to be the prime contractor for NMMSS. Appendix C provides the brochure 
for NAC Reporter™. 

2. MATERIAL CONTROL AND ACCOUNTING CONCEPTS 

2.1 OVERVIEW 

Section 2 of this document highlights key concepts that are in most MC&A systems. The topics covered 
here are not exhaustive, but the intent is to provide additional insight, including the logic behind them and 
how they have historically been approached. For some concepts, there is additional discussion about how 
they specifically relate to PBRs.  
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2.1.1 Account Structure 

The basic device of nuclear material accounting, like financial accounting, is the account. In nuclear 
material accounting, several levels of accounts are used to document the nuclear material inventory. This 
allows material to be quickly located and the ability to localize any accounting errors or nuclear materials. 

The highest level of account is the account assigned to each reporting organization by DOE or the NRC. 
These are called the site’s reporting identification symbol (RIS). RISs are unique combinations of three or 
four letters assigned to each nuclear facility or sub facility. A single site or organization may have one or 
more RISs, which are used for identification when the organization reports inventory data to NMMSS. 
Most modern accounting applications support multiple RISs at a site. 

The highest level of accounting with a RIS is the material balance area (MBA). An MBA represents an 
area that is both a subsidiary account of materials at a facility and a geographical area with defined 
boundaries that is used to identify the location and quantity of nuclear materials in the facility. Each RIS 
must have at least one MBA. 

Subdivisions of an MBA, as recognized by site accounting practices, are sometimes referred to as 
subMBAs. Many organizations use subMBAs to divide large MBAs to make it easier to identify the 
source of accounting problems or just to track material. SubMBAs can be used to represent a single 
location, a group of locations, or a specific type of material.  

Previous deliverables [6] and reports by the NRC have provided examples of structures that might be used 
(Figure 1). However, echoing the discussion in Section 1, consultation with utilities that currently operate 
nuclear reactors is also recommended for setting up the account structure because it will likely be very 
similar to approaches already in use for LWRs, and implementations should logically be consistent with 
existing MC&A plans.  

 
Figure 1. Account structure. 

2.1.2 Locations 

The term location refers to the physical location of the nuclear material, a process line, or any identified 
logical grouping within a facility. Many accounting systems have location structures that support multiple 
levels of a location description (e.g., building, wing, room, shelf, position). The decision about how many 
levels to use is a function of organization preference in implementing inventory and material control. In 
some cases, it may be sufficient to simply know the building or building/room. In other situations, it may 
be more desirable to know more specific location information, such as the position on a shelf. Most 

MBA

subMBA subMBA subMBA

RIS 
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modern accounting systems are designed with the flexibility to accommodate an organization’s preference 
with authorized locations populated in the accounting system as part of the system administration 
functions.  

Although the physical location of the material is separate from 
the account in which the material is maintained, the two 
concepts are interrelated. Materials may be present in one or 
more locations (buildings, rooms, etc.) within an MBA or a 
single location may contain more than one MBA.  

Either option may be suitable to achieve MC&A goals; 
however, material attractiveness and physical security 
requirements can influence which approach to use. For 
example, MBAs typically must be fully contained within 
certain types of physical security areas used for highly 
attractive materials. In those cases, the lower example in 
Figure 2 would be used. 

2.1.3 Accounting Period 

To manage the nuclear material inventory, the amount of 
nuclear material present in the RIS must be reported 
periodically. These reports are generated by selecting a specific period of time and determining the 
amount of material on-hand at the end of the period. This time period is referred to as the accounting 
period.  

For domestic reporting, applications typically use an accounting period of 1 calendar month. These 
accounting periods start at midnight on the first day of the calendar month and end at 23:59:59 on the last 
day of that month. 

Some accounting systems also support the use of alternative accounting periods as required for inventory 
governed by International Atomic Energy Agency (IAEA) requirements. For these accounts, the 
accounting period can be set to run from one physical inventory to the next.  

The accounting systems establish the amount of material present at the beginning of the accounting period 
(beginning inventory), identify all inventory changes, and calculate the amount of material present at the 
end of the accounting period (ending inventory).  

A useful design feature present in most modern accounting systems is the ability to continue input in a 
new accounting period while the previous one is being closed. This feature was added because historically 
the “closing process” for an accounting period could take some time during which the system would not 
be available for input. This was not desirable from an operational and inventory management process 
because in the case of anomaly, the MC&A system would require additional time to support a response 
because of the backlog of transactions. This was solved with this design feature because it allows the 
reporting function and inventory management function to work independently of each other so material 
tracking can continue while inventory reconciliation is being completed.  

2.1.4 Transactions 

The process of accounting for nuclear materials begins when some activity is conducted that affects the 
nuclear material. This activity is sometimes referred to as an inventory change or to parallel financial 

 
Figure 2. Account/location relationship. 
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accounting, a transaction. The primary objective of the transaction process is to create the audit trail that 
supports continuity of knowledge for the nuclear material. The accounting principle of double entry is 
used, which means for every transaction there is a from and to side or in financial terms, a debit and 
credit.  

There are two types of transactions—reportable and nonreportable. For the purposes of this report, 
reportable transactions are transactions that are generally reported to an off-site organization. In most 
cases, this organization is NMMSS; however, many sites also report data to the IAEA. Generally, 
reportable transactions are in changes in account (either on- or off-site), material type, and material 
weight. They also include any additions to or removals from inventory.  

Nonreportable transactions make inventory changes that affect parameters that are not usually reported to 
an outside organization or that do not affect the nuclear material quantity. Nonreportable transactions are 
recorded for internal control and accounting of nuclear material again to maintain continuity of 
knowledge by developing an audit trail or history of every event that has occurred for a given item or 
container.  

Some transactions can be reportable or nonreportable, depending on the situation. The following table 
provides examples of transactions and their reportability. 

Table 1. Examples of Reportable and Nonreportable Transactions. 

Transaction name Externally reportable transaction 
Off-site shipment Yes 
Off-site receipt Yes 
Shipper/receiver corrections Yes 
Move within MBA No 
Move to MBA No, for domestic 

Yes, under IAEA safeguards 
Move between subMBAs with an MBA No 
Mix/split/transfer Yes (if change in material type) 

No (if no change in material type) 
Adjustments Yes 
Containerization No 
TID transactions No 

 

2.1.5 Physical Inventory 

There are multiple options for implementation of this feature ranging from prelists, barcodes, and other 
approaches. This approach and design should be informed by current approaches in use at LWRs.  

Because of continuous fuel handling, a challenge for PBRs not present in LWRs could be timing. It will 
be necessary for the MC&A system and physical inventory approach to closely integrate with the fuel 
handling system to establish a cutoff time. For physical inventory purposes, a cutoff time is a point in 
time when the physical location of nuclear material is clearly delineated as to where it is in the process to 
ensure that everything is counted, and that nuclear material is not double counted. 
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This could be done procedurally by stopping operations for a physical inventory. It could also be done 
using time stamps of events obtained from the spent fuel handling system for transfers to determine 
material balances at each location at the cutoff time.  

2.1.6 Types of Accountable Materials 

Accountable nuclear material is usually described as bulk material or as an item. PBRs tend to display 
aspects of both not clearly fitting into either’s current definition so this area has been the subject of a lot 
of discussion.  

As background, bulk material is nuclear material exists in such a way that it is impossible to distinguish 
individual items. Although this is technically true for pebbles because current plans do not individually 
identify them, they do not behave as bulk material because they are integral objects that, when moved, 
move their entire nuclear material content with them. Conversely, traditional bulk materials typically exist 
in tanks or processing lines as solutions or powders. Transfers or movements typically result in some 
residual material, and the amount of material transferred has some associated uncertainty due to 
measurement errors. 

Again, pebbles although not currently planned to be uniquely identified are integral objects. The nuclear 
material content in a pebble is expected to be well characterized with low uncertainties. All the nuclear 
material (with the possible exception of broken pebbles), moves with the pebble. Therefore, the 
traditional uncertainties in the nuclear material value for a transfer are not present. 

An item is the smallest subdivision of accountable nuclear material represented individually or uniquely 
identified in the accounting system. Again, this would not be the pebble because they are not uniquely 
identified. Rather, the item would be the container or the reactor/fuel handling system they are contained 
within. 

PBRs best fit an approach used by DOE termed items and pieces. In the DOE approach, using items and 
pieces the pebbles would be represented on an inventory as pieces. A fresh fuel shipping container and a 
spent fuel container would be the “item,” and the pebbles would be represented by a piece count or 
numbers of pebbles in the container. The nuclear material content would be the sum of the fissile content 
in each pebble. 

Depending upon how this distinction is implemented, it would affect the accounting system 
implementation for how the loading and unloading of a fresh and spent fuel container is modeled. The 
next two sections on containerization and splits/combines further explain possible approaches with no 
preference given to either.  

This discussion can be confusing because the concepts of what is a container versus item fluctuate for 
PBRs. The intent of the discussion is to present the concepts and how one system currently approaches 
modeling this MC&A process as a benchmark. Any implementation of a system would need to address 
how these activities are modeled and recorded. 

2.1.7 Containerization 

Often items are physically places in a container, assembly, or part for storage, processing, or shipment. 
Current accounting systems have the capability to load or unload containers such as spent fuel casks or 
other types of containers to show this “nesting” of items within these containers. Once nested or grouped, 
any transactions such as changes to the location or account are made to the group. The number of nesting 
levels is currently unrestricted in many accounting systems.  
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Accounting systems are designed so that during the containerization/grouping certain attributes like 
account typically and location always are the same for the grouping. They typically also record additional 
attributes associated with the container such as type, certification date, and tamper-indicating device 
(TID). The transaction process to load or unload a container will also record specifics about the 
transaction to assist in maintaining continuity of knowledge.  

For PBRs if the item/piece count approach were used, in the US DOE LANMAS application the fresh and 
spent fuel containers would be modeled as items versus containers. Unloading and loading would be 
handled by a split/combine function described in Section 2.1.8. This would not affect the further nesting 
of the fresh or spent fuel container into another level of containment. For example, a spent fuel container 
modeled as an item under the approach used in the LANMAS application, could be placed inside a spent 
fuel cask, which would be modeled as a container. 

2.1.8 Splits, Combines, and Transfers  

Splits, combines, or transfers are used to move material between items by specifying the from item, to 
item, and the amount of material to be transferred. Applied to operations within a PBR, the unloading of a 
fresh fuel container using the LANMAS design would be the transfer of the pebbles into the fresh fuel 
handling system showing the transfer of X number of pieces and their nuclear material content from the 
fresh fuel container. The discharge of spent pebbles into a spent fuel container would be handled 
similarly.  

2.1.9 External Shipments/Receipts 

This capability is self-explanatory, and the NRC references and NMMSS instructions explain the 
requirements for reporting. Manual D-42 provides examples of the electronic XML format for reporting 
to NMMSS. All the systems highlighted in Section 1 have this capability.  

With that said the Westinghouse, Standish Technologies, and LANMAS applications include additional 
data formats that are used to transmit fuel manufacturing information not required for regulatory reporting 
between the shipper and receiver. This type of capability would be applicable to PBRs and should be 
considered a functional requirement. 

2.1.10 On-Site Movements or Transfers between Accounts and Locations 

Movements/transfers are typically defined as changes in the location or account attributes of a nuclear 
material item or container. Most systems have a single function that can change one or both attributes in a 
single transaction. Sections 2.1.10.1 and 2.1.10.2 provide additional discussion.  

2.1.10.1 Account Changes 

As the name describes, account changes are a change to the account attribute of the item or container. 
Table 2 provided examples of when these could be externally reportable and when they are not. For 
example, a change in RIS or MBA under IAEA safeguards would be a reportable event. Conversely a 
change in subMBAs would not be externally reportable in any case. The transaction will record the from 
account, to account, the date/time the change occurred and the also the date/time it was entered into the 
system. Typically, there are business rules to ensure a logical order to account changes.  
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2.1.10.2 Location Changes 

Location changes are as the name describes and are a change to the location attribute of the item or 
container. The transaction will record the from location, to location, the date/time the change occurred 
and the also the date/time it was entered into the system. Typically, there are business rules to ensure a 
logical order to location changes. 

Some systems, to support safety, security, or both, have limit-checking features built into the system. 
These are prechecks that help assure that the total fissile material content does not exceed a certain 
security or safety threshold because of the move. If this feature is used, the order the inventory occurs is 
adjusted to include a step to preclear the move.  

2.1.11 Burnup and Production 

For LWR adjustments to the fissile material content in the fuel due to reactor operations is done through 
an interface to the reactor codes. The MC&A system and associated transactions for recording this change 
create an audit trail that captures when the change occurred along with the documentation (calculations, 
power levels, code used, etc.) for the change.  

PBRs will have the option to use the reactor code, but they will also have the option to use the burnup 
measurement system. It remains to be seen which approach is the best estimator of the fissile material 
content in the spent fuel. Either approach could be acceptable.  

If the reactor code is used, the MC&A system would follow the same approach used in LWRs, creating a 
transaction that is linked to and supported by the reactor code. If the burnup measurement system 
measurement is used, the MC&A system would need to link to the measurement system and the 
individual measurement events for the spent pebbles that are discharged into the spent fuel container, 
summing those measurements for the fissile content to be declared for the spent fuel container. There are 
relevant Nuclear Quality Assurance 1 requirements for measurement and testing equipment that would be 
applicable to support the measurement results.  

The MC&A system should also be designed to allow for subsequent updates to the fissile content in the 
spent fuel using this type of transaction. As operational experience improves, so will the ability to 
determine fissile material content. Therefore, it would be logical to have the capability to update the spent 
fuel values in storage based on this new information.  

2.1.12 Rounding 

Note: This was covered in reference [6] and is repeated here for completeness.  

PBRs have many discrete objects (i.e., pebbles) at small values, which will require special considerations 
designed into the MC&A accounting system to handle rounding for inventory and transaction reporting. 
This should not be construed as an issue for MC&A or security from a theft/diversion perspective because 
all work to date has focused on balancing around numbers of pebbles. It is simply an accounting and 
reporting nuance due to large numbers of small items that must be addressed for periodic MC&A 
reporting. The MC&A system should have the capability and approach to adjust the inventory for 
rounding.  

The reason this capability will be needed is this becomes an issue in reporting NMMSS because of 
reporting units (i.e., number of decimal places) and different methods of data grouping used inventory and 
transaction reporting.  
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2.1.12.1 Rounding Guidance for Reporting 

Although many facility MC&A systems may—and many do—carry additional decimal places for 
transaction and inventory reporting purposes to NMMSS, reporting units for enriched uranium and 
plutonium are constrained to the nearest gram. Normal uranium is rounded to the nearest kilogram. 

For both the NRC and DOE, the guidance for rounding is 

• quantities equal to or greater than 0.5 of the reporting unit are rounded up to the next whole reporting 
unit, and quantities less than 0.5 are rounded down; and 

• transfers of multiple discrete items of 0.5 of a reporting unit or less but of the same material type 
(e.g., U, Pu) are typically summed to a total weight of that material type before applying rounding 
criteria. (This guidance is very applicable for handling the plutonium content, which is very small.) 

The following sections provide an overview of the types of differences that might be observed, depending 
on choices in grouping, rounding, and summing of nuclear material weights for MC&A reporting. 

2.1.12.2 Uranium Example Using PBMR-400 

Assuming a 15,000 TRISO particle loading in a 15% enriched pebble and a reactor vessel containing 
452,000 pebbles, gram quantities are shown in Table 2. 

Table 2. Unrounded Pebbles and Reactor Uranium Values. 

 
Unrounded uranium 

in pebble 
(g) 

Unrounded uranium 
in reactor 

(g) 
234U 0.012 5,424 
235U 1.363 616,076 
236U 0.006 2,712 
238U 7.705 3,482,660 
Total U 9.086 4,106,872 

2.1.12.3 Rounding Based on Two Example Groupings: Pebble and VP55 Fresh Fuel Container 
(~350 Pebbles) 

Multiple size groups could be used to receive and transfer fuel into the reactor. For the example shown in 
Table 3, a single pebble and a VP55 (fresh fuel container) are compared to illustrate the impact of 
rounding and summing by these two potential groupings. The first column shows the actual uranium 
content in the reactor vessel. Rounding and summing at the pebble level are shown in the second column, 
and the difference from actual is shown in the fourth column. Rounding and summing at the VP55 level 
are shown in the third column, and the fifth column shows rounding and summing with the difference. 
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Table 3. Rounding at Various Groupings and Differences. 

 
Although the differences are much smaller when rounding at the container level, any difference will result 
in a discrepancy to be resolved with NMMSS during the reconciliation process. This is due to how values 
are grouped and summed for reporting. Periodic rounding adjustments by the process outlined in NRC 
regulations will be necessary to balance licensee records with NMMSS. 

2.1.12.4 Spent Fuel Containers and Plutonium Content 

The difference becomes much more pronounced when the plutonium content in the spent fuel is 
considered because of the small amount in each pebble (about ¼ g). Using the PBMR-400 and assuming 
burnup of 160 GWd/MTU and a spent fuel container of 2,000 pebbles, the differences are shown below. 
Individually each pebble will round to zero. The total plutonium content in the 2,000 pebble group 
rounded at the pebble level is zero; however, the actual content in the container is 484 g. Therefore, 
declaring plutonium production and rounding at the spent fuel container level is a more reasonable and 
accurate approach. 

Table 4. Plutonium Rounding Spent Fuel. 

 
Unrounded 

plutonium in a 
pebble 

(g) 

Rounded at the 
pebble level and 

summed 
(g) 

Rounded at the spent 
fuel container 

(g) 

238Pu 0.006864 0 14 
239Pu 0.08863 0 177 
240Pu 0.06077 0 122 
241Pu 0.04683 0 94 
242Pu 0.03914 0 78 
Total Pu 0.242234 0 484 

2.1.12.5 Rounding Summary 

Approaches to handle rounding adjustments are common in MC&A systems, especially fuel cycle 
facilities. Although not prevalent in LWRs, PBRs will behave more like fuel cycle facilities with respect 
to rounding. The basis and approach for rounding adjustments should be covered in the facility’s 
Fundamental Nuclear Material Control (FNMC) plan, which should describe how rounding adjustments 
are captured within the MC&A accounting system and subsequently reported to NMMSS. 

452000 Pebbles 1291.428571 VP55s
Unrounded 

Uranium Numbers 
in Reactor

Rounded at the 
Pebble Level and 

summed

Rounded at VP55 Level 
and Summed by Reactor 

(~1292 VP55s)

Difference if 
rounded at 
Pebble Level

Difference if 
rounded at 
VP55 Level

U234 5,424 0 5,166 (5,424) (258)
U235 616,076 452,000 616,011 (164,076) (65)
U236 2,712 0 2,583 (2,712) (129)
U238 3,482,660 3,616,000 3,482,983 133,340 323
Total U 4,106,872 4,068,000 4,106,743 (38,872) (129)
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2.1.13 Inventory Differences or Material Unaccounted For (MUF) 

PBRs ideally will behave like item facilities, which typically do not have inventory differences except in 
cases of missing items. It remains to be determined whether the inventory approach for the reactor and 
fuel handling system will result in count discrepancies in numbers of pebbles, which could result in 
positive or negative inventory differences. 

The timing of and how broken pebbles captured within the spent fuel handling system are handled could 
also result in events that might be classified as inventory differences. Ideally, the objective should be to 
document or record this as a transfer from the reactor to the broken pebble container. However, in this 
case, the integrity of the pebble is compromised by definition, so the amount of fissile content and where 
it is located with the fuel handling system may be difficult to fully determine.  

In summary, although inventory differences are not likely except in rare cases, the MC&A system should 
have the capability to adjust the inventory to either add or remove items and their associated nuclear 
material values and document it as an inventory difference or material unaccounted for. 

Note: Changes or updates to fissile content of an existing item, like a pebble, due to a better 
determination of its fissile content, are not treated as an inventory difference. They are recorded as an 
adjustment to the previously declared burnup or production (see Section 2.1.11).  

2.1.14 Decay 

PBR spent fuel will be subject to changes in special nuclear material content due to radioactive decay 
which is a reportable transaction. The approach to handle this calculation and adjustment transaction 
could be approached in two ways. One way is how LANMAS, the DOE application, approaches it, which 
is to maintain isotopic information and the creation date, which is used to periodically check for decay 
and automatically update the special nuclear material content and create the supporting transactions. 
Alternatively, spent fuel management systems typically maintain a more complete set of isotopic 
information to support requirements that extend beyond MC&A. These systems would also have the 
ability to update isotopic information based on decay, which could be feed into the MC&A reporting 
system. To maintain consistency between operational and MC&A records, the latter would probably be 
more appropriate for this application.  

The amount of plutonium decay, although reportable is small. It is driven primarily by the 241Pu content. 
Using the PBMR-400 model with a burnup of 100 GWd/tU over 25 years the plutonium content in spent 
fuel container of 2,000 pebbles would decrease by 10% (Table 5).  

Table 5. Example of Plutonium Decay Using PBMR-400 Model. 

 
 

Mass (g) in 2000 Pebbles 0 1 5 10 25 years
pu-238 6.626 7.015 6.910 6.643 5.901
pu-239 93.992 94.496 94.489 94.480 94.450
pu-240 72.475 72.517 72.668 72.823 73.105
pu-241 37.157 35.397 29.155 22.876 11.051
pu-242 37.647 37.647 37.647 37.647 37.647
pu-244 0.000 0.000 0.000 0.000 0.000

Total Plutonium 247.898 247.072 240.869 234.469 222.153
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2.2 TAMPER INDICATING DEVICES 

TIDs are used to seal items, containers, and locations that hold accountable nuclear material. To ensure 
the validity of the safeguards provided by the seals, the issuance, movement, application, and removal of 
TIDs must be controlled and documented. Most MC&A systems provide a TID management function to 
record the receipt, issuance, application, destruction, and transfer of TIDs. This function is typically 
integrated into the shipment, receipt, physical inventory, and containerization functions or any function 
where TIDs are used. 
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