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I. INTRODUCTION

The purpose of Session 4 is to provide course participants with
details of the U.S. national material control and accounting (MC&A)
system. Each of the basic elements of the national MC&A system will
be discussed in some detail in this paper. The purpose served by the
Fundamental Nuclear Material Control (FNMC) Plan will be developed and
the participants will* be provided with information concerning the
level of detail and information currently required in the FNMC Plan.
The relationship will be described between the national safeguards
program and the international safeguards program of the U.S. SSAC.

Two handouts will be utilized to aid course participants in
understanding the U.S. national MC&A system. The first handout is a
consolidation of all of the U.S. national MC&A regulations. The
purpose of this document is to provide the participants with a single
document of the various sections of the U.S. national MC&A regulations
which, by the way, were implemented in three different time periods
during the 1970's. The arrangement of the regulations in the consoli-
dated regulations document has been made the same as that for the
second handout. Regulatory Guide 5.45, "Standard Format and Content
for the Special Nuclear Material Control and Accounting Section of a
Special Nuclear Material License Application." The Regulatory Guide
5.45, which was developed and published by the U.S. Government in
1974, is intended to provide the licensed sector of the nuclear
community with information regarding the amount and level of detail
that must be provided by the facility in its FNMC Plan. This FNMC
Plan is required by the national regulations.

II. U.S. NATIONAL MC&A REGULATIONS

In order to deter, detect, prevent, and respond to subnational
attempts at theft of nuclear material or sabotage of facilities, an
organized, national program of materials accounting and control and
physical protection is needed. While these are terms that are gener-
ally used to describe the basic components of the U.S. national
safeguards program, many aspects in the area of material control and
accounting are similar and complimentary to the international safe-
guards program that is generally considered to be a part of a State's
System of Accounting and Control.



4-2

In the U.S. national MC&A system, we generally define material
control as that part of the safeguards program encompassing management
and process controls to (1) assign and exercise responsibility for
nuclear material, (2) maintain vigilance over the material, (3) govern
its internal movement, location, and utilization, and (4) monitor the
inventory and process status of all nuclear material. Material
accounting is defined as that part of the safeguards program encom-
passing the procedures and systems to (1) perform nuclear material
measurements, (2) maintain records, (3) provide reports, and (4)
perform data analysis to account for nuclear material.

The material control system should contribute to deterrence by
providing a means of readily detecting unauthorized removals of SNM,
and tracing and identifying suspects, thus deterring those who
fear exposure. By maintaining continuous vigilance over material,
monitoring process operations, and establishing cross-checks over
material movements, material transactions, and administrative controls,
the material control system can provide early warning of attempt at
theft or diversion. Full use of process monitoring information can
provide additional safeguards alarms and can improve data analysis
capabilities. Thus, the material control system should contribute to
the prevention function by providing timely information to improve
material loss alarm responsiveness, leading to the interruptions of
attempts to steal or divert material. The material control system, by
continuous monitoring and vigilance, should play a major response
role in the rapid discovery of a loss of material. Material control
should also play an important short-term assurance role by providing
continuous indication of effective system operations and by confirming
material status between physical inventories.

The material accounting system should contribute to deterrence
by providing an after-the-fact detection capability for significant
material loss and by discouraging those who desire anonymity after
committing a theft. In the case of a hoax, the material accounting
system plays an important prevention role in combating the alleged
theft by providing records of material quantities and locations to
assist in the verification of plant holdings. With respect to the
response function, the material accounting system, especially the
records, can contribute in a major^way to after-the-fact loss detec-
tion, to the precise assessment of losses or alleged losses, and
to the identification of suspects. However, it is in the area of
assurance that material accounting makes its greatest contribution to
safeguards. The primary role of material accounting is to provide
long-term assurance, through records of holdings verified by physical
inventories, that material is present in assigned locations and in
correct amounts. In addition, shipper-receiver comparisons provide
assurance that material has not been lost or stolen in-transit and
that overstatements of a plant's shipments or understatements of
receipts are not being used to disguise a material loss or theft.
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The national material control and accounting regulations of the
U.S. Nuclear Regulatory Commission (NRC) are contained in Part 70,
Title 10 of the U.S. Government Code of Federal Regulations, Chapter 1
(10 CFR Part 70). Since 10 CFR Part 70 deals with all aspects of
special nuclear material (SNM), it also contains regulations for
applications, licensing, inspection," violations, health and safety
matters, etc., in adition to national MC&A requirements. These MC&A
regulations apply to special nuclear material in all licensed phases
of the nuclear fuel cycle. For example, a few of the MC&A rquirements
apply to the power reactor phase of the fuel cycle, and to facilities
with sealed SNM sources. However, most of the MC&A regulations in 10
CFR Part 70 apply to the bulk-handling facilities involved with
conversion, fabrication, scrap recovery, and/or reprocessing opera-
tions. The emphasis in this paper will be on the MC&A system for U.S.
licensed, bulk-handling facilities which are authorized to possess and
use special nuclear material in a quantity exceeding one effective
kilogram.

The national regulations in 10 CFR Part 70 include requirements
for the following MC&A elements:

1. Records
2. Reports
3. Written Procedures
4. Facility Organizational Structure
5. Material Control Areas
6. Measurement System
7. Measurement Quality Assurance Program
8. Limit of Error Calculation
9. Physical Inventory

10. Accounting System
11. Internal Controls
12. Management Activities
13. Submission of FNMC Plan

Now I will discuss some details of each of the above MC&A elements
and give references to the applicable requirements in 10 CFR Part 70.
The requirements in some of the MC&A elements are different for low
enriched uranium than for high enriched uranium or plutonium.

The records regulations, which are under 10 CFR 70.51(b) and (e),
and 70.57(b), address the need for records of SNM receipts and ship-
ments, beginning and ending SNM inventories, material added to or
removed from process, material balance components, data and information
from the measurement system and its quality assurance program, etc.
Also, records must be maintained for training and measurement quali-
fications. The regulations also address the period of time which the
various records must be retained by the facility.
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The regulations dealing with national level reports are found
in 10 CFR 70.52, 70.53, and 70.54. These reports concern the loss
or theft of SNM, material unaccounted for (MUF) exceeding its
measurement uncertainty (LEMUF), LEMUF exceeding specified limits,
the semi-annual Material Status Reports (Form NRC-742), and the
Nuclear Matericil Transaction Reports (Form NRC-741) for transfers
of SNM.

Written procedures, 10 CFR 70.51(c), are required to be estab-
lished, maintained, and followed for all material control and
accounting activities at bulk-handling facilities.

10 CFR 70.58(b) and 70.57(b)(l) contain the facility organiza-
tional requirements which address the roles of the safeguards
manager and the measurement quality assurance manager, the need for
separation of functions within the organization, and the need for
written delegation of MC&A responsibilities and authority.

The material control area regulations, which are contained in
10 CFR 70.58(d), address the need for physical and administrative
controls for SNM by establishing material balance areas (MBA) and
item control areas (ICA) within each plant. The custody of the SNM
within each MBA or ICA is the responsibility of a single individual.

10 CFR 70.58{e) contains the MC&A regulation concerning the
measurement system which each facility must establish, maintain, and
follow so that the SNM present at the facility can be measured. The
measurement sytem must have the capability to determine the element
and fissile isotope content of special nuclear material received,
produced, transferred between MBAs, shipped, on inventory, etc. One
objective of the U.S. national MC&A regulations is to assure that
all inputs to the material balance calculations are based on measure-
ments and that the material unaccounted for (MUF) value resulting
from the material balance is a meaningful value.

Each bulk-handling facility is required to have a quality
assurance program for the MC&A measurement system (also called a
measurement control program). The requirements in 10 CFR 70.57(b)
(3-11) address the need to obtain representative samples, the
calibration of each measurement technique, the monitoring and
control of each technique during its use throughout the material
balance period, the generation of bias correction data, the genera-
tion of information for random and systematic errors for use in
determining the measurement system uncertainty (limit or error),
etc.

The limit of error associated with the material unaccounted for
(LEMUF) represents the uncertainty in the facility's measurement
system as applied to the special nuclear material involved in the
facility's operations during a material balance period. The require-
ments concerning LEMUF are found in 10 CFR 70.51(e). It should be
noted that the U.S. only requires LEMUF calculations associated with
the entire plant. LEMUF is expressed in the same units as MUF; e.g.,
in grams or kilograms uranium, uranium 2 35, or plutonium, as appropriate.
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The LEMUF calculation is complex compared to the calculation of the
MUF value. Since many of the inputs to the material balance expres-
sion (from which the MUF value is determined) are related, there are
covariance effects which have to be dealt with properly in the LEMUF
calculation in order to obtain a meaningful LEMUF value. Session 30
of this course will provide more information on the subject of calcula-
tion of the LEMUF.

The reglations in 10 CFR 70.51(e)(3) and 70.51(f) address the
subject of physical inventory. In the U.S., the licensed, bulk-handling
facilities usually take a physical inventory every two (2) months for
plutonium and high enriched uranium (2L 20% enriched) and every six
(6) months for low enriched uranium (< 20% enriched). The inventory
requirements include procedures to assure that the quantity of SNM
in each item on inventory is a measured value, each item is only
listed once on the inventory, all material containing SNM is inven-
toried, etc. Also, the requirements specify that the book inventory
record must be reconciled and adjusted to the results of the physical
inventory; note that if this requirement is not carried out, there is
no way of obtaining the MUF value.

The basic accounting system required in the U.S. provides records
and reports necessary to locate SNM and to close a measured material
balance around each material control area and the total plant. The
accounting system includes centralized records using double-entry
bookkeeping practices, subsidiary accounts for each MBA and each
ICA, and procedures for reconciling subsidiary accounts to control
accounts as well as reconciling the accounts to the results of the
physical inventory. Accounting records are required for quantities
of SNM on inventory and for quantities added to and removed from the
facility's various processing operations. The accounting system
regulations also require that the MUF value, resulting from recon-
ciling the book inventory to the results of the physical inventory,
be calculated within 30 calendsir days after the start of the physical
inventory. The U.S. regulations concerning the accounting system
are found in 10 CFR 70.51(e) and 70*58(k).

The requirements concerning internal controls for SNM are con-
tained in 10 CFR 70.51(e)(l), and 70.58(g), (h) and (i). These
requirements address procedures for SNM received by the facility
operator and for SNM shipped from the facility, including the
evaluation of shipper/receiver differences. Each facility must
maintain a system to provide knowledge of the identity, quantity and
location of all items containing SNM, including the generation and
disposition of each item. There are requirements for limiting the
accumulation of scrap materials, controlling and using tamper-safing
seals, and the documentation of all transfers between material
control areas including authorized signatures.
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The management activities deal with development, revision,
implementation and enforcement of control and accounting procedures
at each facility. The safeguards manager and other facility
management must approve in writing the MC&A procedures and revisions
to the procedures. The regulations in 10 CFR 70.57(b)(2) and
70.58(c) also require a review and audit of the entire MC&A program
at the facility every twelve (12) months by knowledgeable, inde-
pendent persons. The results of the review and audit must be
documented and reported to the corporate and facility management.
The NRC also reviews the reported findings as part of its inspection
program.

Finally, the MC&A regulation 10 CFR 70.58(1) requires each
bulk-handling facility to submit a description of the program for
control of and accounting for SNM to the U.S. NRC for review and
approval. This submittal has become known as the Fundamental
Nuclear Material Control (FNMC) Plan.

Each of the above 13 elements comprising the U.S. national
MC&A regulations plays a role in the overall U.S. safeguards
program which is designed to deter, detect, prevent, and respond to
the unauthorized possession or use of significant quantities of
nuclear materials through theft or diversion, and the sabotage of
nuclear materials and facilities.

III. THE FNMC PLAN

Now that you have some idea of the types of MC&A information
required by the national program under 10 CFR Part 70, I want to
discuss the relationship of the regulations and the FNMC Plan.

The facility's FNMC Plan plays ai important role in the U.S.
SSAC program. Essentially the FNMC i»lan describes "what is done
and how it is done" in the facility in order to meet or accomplish
the intent of the national MC&A regulations in 10 CFR Part 70.
Therefore, while each FNMC Plan addresses the same MC&A elements,
the measures described in each FNMC Plan for each MC&A element can
be different from facility to facility.

One of the functions that the NRC Licensing staff must perform
is to evaluate the measures described in the FNMC Plan by the
facility operator in order to assure that the facility's MC&A
measures meet the MC&A requirements in the national regulations.
When all of the MC&A measures in the FNMC Plan have been determined
by the NRC Licensing staff to be acceptable, the FNMC Plan is
incorporated as a part of the facility's license. This means that
the facility must follow all of the MC&A measures described in the
approved FNMC Plan for all of its material control and accounting
activities. The NRC Inspection staff inspects the licensed facility
against its approved FNMC Plan, the MC&A regulations in 10 CFR Part
70, and any applicable license conditions. The NRC inspection
program will be discussed in detail in Session 35 of this course.
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As one might expect, there can be a lot of activity associated
with keeping an approved FNMC Plan up to date. Changes made to the
FNMC Plan by the facility operator have to be submitted in writing
to the NRC for evaluation and approval. When a facility makes
changes to existing processing operations, installs new operations,
or decides to stop handling SNM, the FNMC Plan has to be revised to
describe the activities involving control and accounting of the SNM
for the modified or new operations or for the decommissioning
effort.

Now I would like to discuss briefly how the licensed, bulk-
handling facility operator prepares the FNMC Plan. As mentioned
before, each U.S. facility authorized to possess and use SNM in a
quantity exceeding one effective kilogram must have an approved FNMC
Plan. The basic guidance document, which each facility uses in
preparing its FNMC Plan, is the Regulatory Guide 5.45. Chapters
3-11 of Regulatory Guide 5.45 provide the level of detail required
for the MC&A elements that must be included in the FNMC Plan. The
facility's FNMC Plan will usually contain 9 chapters, with each
chapter addressing one of the 9 MC&A elements discussed above. The
FNMC Plan currently does not contain chapters on Records, Reports,
and Written Procedures since these three MC&A elements are straight-
forward and do not need elaboration in the FNMC Plan. In addition
to Regulatory Guide 5.45, there are many other NRC regulatory
guides wich provide information on specific MC&A elements. In
Session 37 of this course, the preparation of the FNMC Plan will be
discussed in more detail.

IV. U.S. INTERNATIONAL MC&A REGULATIONS

For completeness I want to briefly mention international safe-
guards and its relationship to the national safeguards program. 10
CFR Part 75, Safeguards on Nuclear Material-Implementation of
U.S./IAEA Agreement, contains the international safeguards require-
ments for the private sector nuclear facilities in the U.S. Essen-
tially, the regulations in 10 CFR Part 75 correspond to the articles
in the IAEA document, INFCIRC/153. The eight basic elements for
implementing international safeguards are:

- A measurement system for the determination of the quantities
of nuclear material received, produced, shipped, lost or
otherwise removed from inventory, and the quantities on
inventory;

- The evaluation of precision and accuracy of measurements and
the estimation of measurement uncertainty;
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- Procedures for identifying, reviewing, and evaluating
differences in shipper/receiver measurements;

- Procedure for taking a physical inventory;
- Procedures for the evaluation of accumulations of unmeasured

inventory and unmeasured losses;
- A system of records and reports showing, for each material

balance area, the inventory of nuclear material and the
changes in that inventory including receipts into and
transfers out of the material balance area;

- Provisions to ensure that the accounting procedures and
arrangements are being operated correctly; and

- Procedures for the provision of reports to the Agency.

A comparison of these international MC&A elements with the U.S.
national MC&A elements shows a strong relationship between the two
sets. In the U.S., many of the MC&A procedures that have been
implemented for national MC&A purposes (to satisfy the requirements
in 10 CFR Part 70) are also used for purposes of international
safeguards (to satisfy the requirements in 10 CFR Part 75).

It should be pointed out that the IAEA approved Facility
Attachment for the licensed facility is incorporated as a condition
of license, just like the FNMC Plan. Therefore, licensees in the
U.S. that have been selected under the U.S./IAEA Agreement must
follow the Facility Attachment for international safeguards as
well as the FNMC Plan for national safeguards.

V. SUMMARY

The U.S. national MC&A system has been described, including
details of each basic MC&A element and the role of the licensed
facility's FNMC Plan.

The relationship between the U.S. national MC&A requirements
in 10 CFR Part 70 and the U.S. international MC&A requirements in
10 CFR Part 75 has been described.

The U.S. SSAC for licensed facilities consists of the national
MC&A system and, when appliable, the international safeguards
program.


