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This safeguards technical report has been produced as a joint IAEA.'US

research and development effort under the U.S. Support Programme in the

Systems Study Section of the Department of Safeguards. It is based on all

information and expertise available but neither the subject matter nor the

content of the report reflects any policy, expressed or implied, by the IAEA,

or the U.S. Government.



Foreword

During the course of the preparation of this report many have questioned

the purpose of the report and its role in international safeguards in relation

to existing documents such as INFCIRC/153(corrected), INFCIRC/66/Rev.2 and

IAEA/SG/INF/2. The first two documents provide requirements for IAEA

safeguards systems while the latter provides the basic structure for State

Systems of Accounting for and Control of Nuclear Material (SSAC). This report

is intended to provide the technical details of an effective SSAC which Member

States may use, if they wish, to establish and maintain their SSACs. It is

expected that systems designed along the lines described would be effective in

meeting the objectives of both national and international systems for nuclear

material accounting and control. There is no intention that this report would

add to, subtract from, or amend in any way the rights and obligations defined

for the IAEA and the States in documents INFCIRC/66/Rev. 2, INFCIRC/153

(corrected) or any specific safeguards agreement concluded with the IAEA

pursuant to these documents
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Part 1. INTRODUCTION

The development and maintenance of a state system of accounting for and

control of nuclear material (SSAC) can be directed toward two primary

objectives. One is a national objective to provide for detection of nuclear

material losses or unauthorized use or removal of nuclear material in the

interest of public health and safety as well as for economic reasons. The

other is an international objective to provide the basis for the application

of TAEA safeguards pursuant to the provisions of agreements between the State

and the IAEA. While systems designed specifically for one or the other of

these objectives may differ in some details there are many technical elements

which are the same. To assist Member States with regard to the system

directed toward the international objective the IAEA issued IAEA/SG/INF/2,

"Guidelines for States' Systems of Accounting For and Control of Nuclear

Materials". The guidelines describe the legal structure and organizational

and functional elements of an SSAC at both the State and the facility 1<*vcl

"for the organization f»nd functions of the SSAC with respect to obligations

arising from Safeguards Agreements concluded by a State with the TAEA".

Although the guidelines provide a basic structure for an SSAC, some States

have expressed a need for more detailed guidance with regard to the technical

elements in the design and operation of SSACs for both the national and the

international objectives. To meet this need the present document has been

prepared, describing the technical elements of an SSAC in considerable detail.

It is intended that this document will not only assist States in

establishing their national systems, but contribute to their understanding of

the IAEA's needs in carrying out its obligations, and thereby help make

international safeguards more effective, efficient, and less burdensome to the

State and operator. Also, it is hoped that the document will be a useful

training tool for those responsible for the operation of an SSAC at either the

state or the facility level.
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It is emphasized that the descriptions in this document ar< of possible

SSACs, and are not meant to be prescriptive in nature. There are many ways to

design an effective SSAC which will meet national objectives for nuclear

material accounting «nd control and at the same time will enhance the IAEA's

ability to achieve its objectives. Zn fact, the SSACs of a number of states

show considerable variation, while still being satisfactory from the IAEA's

point of view. Consequently, the material presented here should be regarded

as illustrative and representative of good practice. That is to say, on the

basis of its experience the IAEA is able to say that SSACs designed and

operated at the facility level along the lines described here are capable of

meeting national system objectives as well as fulfilling the undertakings or

the State with respect to international safeguards, and of enhancing the

ability of the IAEA to carry out its responsibilities.

1.2 Principal Elements of an SSAC

The guidelines presented in IAEA/SG/INF/2 provide a basic structure for

an SSAC but do not address the details of the specific elements of SSACs. The

technical and functional elements presented in the structure are interrelated,

in that the same subjects are addressed in different ways, depending on the

application. For example, material measurements are considered with respect

to establishing NBAs, with respect to material flows, and with respect to

physical inventory taking. The guidelines in IAEA/SG/INF/2 include seven

categories of information which can be defined and described so that they

include all of the elements of an SSAC. By considering these seven categories

of information as principal elements of an SSAC, a detailed description for

each of the seven can be prepared to cover all the subject matter and to show

the relationships of the SSAC functional elements and requirements identified

in IAEA/SG/INF/2. The seven principal elements are:

(1) Nuclear Material Measurements

(2) Measurement Quality

(3) Records and Reports

(4) Physical Inventory Taking

(5) Material Balance Closing

(6) Containment and Surveillance

(7) Organization and Management
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Two levels of an SSAC may be defined: the State Authority level and the

facility level. While the functional separation between these two levels may

vary from State to State, in general the Authority level establishes the

requirements and criteria for the SSAC and the facility operator implements

the system in compliance with Authority requirements and criteria. The

guidelines presented in IAEA/SG/INF/2 addressed both levels of an SSAC. The

detailed descriptions of the principal elements presented in this document

address only the facility level of an SSAC with the Authority level being

addressed only to the estent necessary to show relationships between the two

levels.

1.3 Purpose and Scope of this Document

The purpose of this document is to provide a detailed description of a

system for the accounting for and control of nuclear material in a mixed oxide

fuel fabrication facility which can be used by a facility operator to

establish his own system to comply with a national system for nuclear material

accounting and control and to facilitate application of IAEA safeguards. A

discussion of the IAEA safeguards approach for mixed oxide fuel fabrication

facilities is presented in STR-89.

The scope of this document is limited to descriptions of the first five

of the seven principal SSAC elements identified in 1.2 above. The last two

elements. Containment and Surveillance and Organization and Management, have

not been included because it was thought more useful to concentrate on the

nuclear material accounting aspects of the SSACs. The other two elements may

be treated at a later time. The descriptions will be at the facility level,

with specific examples for each of the five principal elements for a reference

facility. The effect of the size of the facility, when it differs from that of

the reference facility, will be considered, as appropriate. Examples will be

presented for each of the principal elements of an SSAC so that, by the

conclusion of the document, a detailed description of an SSAC for the

reference facility will have been provided. Some of the examples will be based

on discussions in the published safeguards literature cited in the list of
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references at the end of each Part. These discussions will not be repeated in

detail here. To understand the examples more fully the reader is urged to

consult the references, especially the more comprehensive ones such as the

IAEA Safeguards Technical Manual. Part E. Methods and Techniques (IAEA-174),

and Part F. Statistical Concepts and Techniques. Vol. 3 (IAEA-TECDOC-261),

Statistical Methods in Nuclear Material Control (TID-26298), by J.L. Jaech,

Selected Measurement Methods for Plutonium and Uranium in the Nuclear Fuel

Cycle (TID-7029), by C.J. Rodden, and Handbook of Nuclear Safeguards

Measurement Methods (NUREG/CR-2078), by D.R. Rogers.

Also, some discussion is devoted to the IAEA's philosophy and practices

in the belief that a clearer understanding of its needs will foster that

spirit of cooperation so essential to the application of effective and

efficient safeguards with a minimum of intrusion.

The descriptions in this document are not intended to add to, subtract

from, or amend in any way the rights and obligations defined for the IAEA end

the States in documents TNFCIRC/66/Rev. 2, INFCIRC/153 (Corrected), or any

specific Safeguards Agreements concluded with the IAEA, but only to provide

information which States may find useful in the exercise of their rights and

the discharge of their obligations under their agreements with the IAEA.

l.A The Reference Facility

It is useful to base the examples in a guide such as this on a reference

facility. The one chosen for that purpose is described in detail in Appendix

A. Briefly, the facility has an annual throughput of up to 500 kg of PuO_

and is capable of manufacturing mixed oxide fuel assemblies for three

different kinds of reactors: fast breeders (FBR, 30% Pu), light water reactors

(LWR, 4% Pu) and heavy-water-moderated advanced thermal reactors (ATR, 1% Pu).

Physical inventories, which include clean-out of process equipment, are taken

2-4 times per year. The feed materials are natural or depleted uranium oxide

(UOj) and plutonium oxide (PuO,) received from off site. Products are fuel

assemblies.
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Part 2. NUCLEAR MATERIAL MEASUREMENTS

2.1 Introduction

A basic requirement for any nuclear material accounting system is the

establishment and maintenance of a measurement system for the determination of

the quantities of nuclear material received, produced, shipped, or otherwise

removed from inventory, and the quantities on inventory. Measurement systems

for nuclear material in bulk processing plants also are required by the

domestic authorities in many states for the protection of the public security,

health, and safety. The operator also will be impelled to measure nuclear

material involved in his process in order to maintain the quality of his

product, to enhance operational safety and efficiency, and for purposes of

financial accountability.

According to IAEA/SG/INF/1 the nuclear material measurement system should

provide for:

Identification of the key measurement points in the process and the

characteristics of the nuclear material to be measured

Specification of measurement performance desired

Specification of the measurement technique(s) to be employed

Specification for measurement equipment

Procedures for maintenance of equipment

Operator's qualifications and provision for training

Calibration standards and procedures

Routine measurement and data analysis procedures

Procedures to control the quality of measurements and to maintain

performance at the desired level.

Key measurement points are defined and discussed in Sec. 2.3. They are

most easily understood in the context of the material balance area (MBA),

discussed below.
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2.2 Material Balance Areas

IAEA material balance verification is made on the basis of material

balance areas (NBAs), which are defined in IAEA/SG/INF/1 as "an area in or

outside of a facility such that:

(a) The quantity of nuclear material in each transfer into or out of

each 'material balance area' can be determined; and

(b) The physical inventory of nuclear material in each 'material balance

area' can be determined when necessary, in accordance with specified

procedures,

in order that the material balance for IAEA safeguards purposes can be

established." MBAs are chosen through negotiation between the IAEA and the

State, and are defined in the Safeguards Agreement Subsidiary Arrangements. It

may be helpful to consider here some of the factors that go into the choice.

The IAEA uses several criteria to establish MBAs, including accuracy

considerations, the ability to apply containment and surveillance measures so

as to help ensure the completeness of flow measurements, the desire of the

State to protect certain commercially sensitive information, and the nature of

the activities and form of the nuclear materials within the MBA.

Recognizing that for domestic control purposes the facility operator may

choose to establish MBAs different from TAEA MBAs, this section also will

address those factors that should be considered by the facility operator so

that the facility MBAs can at least be compatible with IAEA MBAs, if not the

same. Having the same or compatible MBAs for both facility and IAEA purposes

should facilitate both facility material control efforts and IAEA safeguards

efforts. As used here, compatible means that IAEA MBAs are whole combinations

of facility MBAs or vice versa.

Because it must be possible to measure all transfers into and out of an

MBA, and material unaccounted for (MUF) is reported on an MBA basis, it would

be disadvantageous to choose MBAs in such a way that inputs and outputs are in

a form difficult to measure. Thus, an MBA should not cut across a process
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if the material within that process is changing form, inaccessible for

measurement, or for other reasons not amenable to accurate measurement.

Usually it is not difficult to choose boundaries that avoid these problems. In

most cases the boundaries of MBAs can be chosen so as to coincide with

physical boundaries in the facility, which may then act as • containment for

the process, thus facilitating the application of surveillance devices, or

with locations in the process at which the feed and the product are uniform

and the latter is in a final or near-final form.

In some plants more material may be held in feed and product stores than

in the process itself, and feed and product may even exceed the annual

throughput. In that case, a large part of the feed and product may be static,

i.e., unchanging, over a material balance period, and should not contribute to

the operator's material unaccounted for. It may be convenient, then, to

establish those areas as separate MBAs. It should be noted that unless the

static stores are also sealed by the IAEA, the IAEA would have to verify them

during the IAEA PIVs and, even though static, they would contribute to the

uncertainty in the IAEA's verification of the material balance.

Also, if some of the material is in the form of discrete, identifiable

items for which the MUF is zero, it may be desirable to make separate MBAs for

such items. Examples are feed in the form of U0_ and PuO. powders in cans

or buckets or product in the form of rods or assemblies. This also has the

advantage of making it possible to treat the feed storage area, which includes

receipts, as a shipper-receiver MBA, in accordance with IAEA practice, and

therefore to report shipper-receiver differences on a batch basis. Sometimes,

the receiving area is set up as a separate shipper-receiver MBA.

An alternative to setting up separate MBAs in the cases discussed above

is to select key measurement points in those areas. Key measurement points are

discussed below.

Facility requirements may cause the operator to divide the facility into

a relatively large number of MBAs. For example, if there are parallel

production lines, say one for light water reactor (LWR) fuel, one for
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heavy-water-moderated advanced thermal reactor (ATR) fuel, and one for fast

breeder reactor (FBR) fuel, making a separate MBA out of each line may improve

the capability of detection of anomalies in each of them. It also may make it

easier to analyze such anomalies. However, from the point of view of

international safeguards, it is the timely detection of the diversion of

significant quantities of nuclear material from the entire plant that

matters. This overall detection capability usually is not improved by

dividing the plant in such a manner, for the same number and quality of

measurements. Therefore, although the operator may wish to use smaller MBAs to

satisfy domestic requirements, he might find it more convenient to combine

them into larger MBAs for international safeguards. An example illustrating

the effect of parallel MBAs on detection sensitivity has been presented in

IAEA-STR-150.

Another important consideration is that reporting to the IAEA is based on

MBAs. Minimizing the number of MBAs therefore minimizes the reporting

requirements. Facilities with computerized accounting systems have the

advantage of easily being able to extract from the accounting data for the

operator's MBAs the information necessary to generate the reports for the

IAEA's MBAs.

Examples of MBAs

A possible choice of MBAs for the reference facility described in

Appendix A is shown in Fig. A.I. MBA-1 is a shipper-receiver MBA. Cans of

PuO and U0_ are received from off site. Their contents are assayed and

the results compared with the shipper's numbers. The material then is

transferred to the process MBA (MBA-2) as feed. MBA-2 consists of the entire

process including powder preparation, pellet production, fuel rod

manufacturing, scrap recovery, waste storage, and an analytical laboratory.

MBA-3 consists of the rest of the process: assembly of rods, storage of

assemblies, etc. The advantages of this arrangement are that: (1) receiving,

which does not generate MUF, is treated as a separate area for comparison of

shipper's and receiver's values, (2) the process MBA has mostly clean,

accurately measurable inputs and outputs (the waste streams tend to be small,

less than 1.5% cf annual throughput), and (3) the inventory in MBA-3 is in

discrete, identifiable form (rods and assemblies) and should not contribute to

MUF. Therefore, only MBA-2 generates MUF.
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2.3 Key Measurement Points

An TAEA MBA is defined as an area such that the quantity of nuclear

material transferred into or out of it and the physical inventory of nuclear

material in it can be determined to establish a material balance. This

determination is made through the use of strategic points and key measurement

points (XMPs), which are defined as follows:

A strategic point is "a location selected during examination of

design information where, under normal conditions and when combined

with the information from all "strategic points" taken together, the

information necessary and sufficient for the implementation of

safeguards measures is obtained and verified; a "strategic point"

may include any location where key measurements related to material

balance accountancy are made and where containment and surveillance

measures are executed." (IAEA/SG/INF/1, para. 112).

A key measurement point is "a location where nuclear material appears

in such a form that it may be measured to determine material flow or

inventory. 'Key measurement points' thus include, but are not limited

to, the inputs and outputs (including measured discards) and storages

in material balance areas. {TAEA/SG/INF/1, para. 113).

Thus, while all key measurement points are strategic points, not all

strategic points are key measurement points. Some strategic points may be

assigned solely for the use of containment and surveillance measures. STR-89

gives some examples of strategic points that are not KMPs.

The IAEA distinguishes between two types of key measurement points: flow

key measurement points and inventory key measurement points. KMPs of each type

are established in order to facilitate the verification of both the flow and

inventory components of the material balance. Flow KMPs usually are located at

points at which receipts, shipments, and transfers to or from MRAS occur.

Inventory KMPs are located at points where material is stored or where it is

expected to appear during physical inventories. It is a convention that flow

KMPs are designated by Arabic numerals and inventory KMPs by upper case

letters.



As mentioned in Sec. 2.2, the judicious use of KMPs can sometimes

eliminate the need for a separate MBA. For example, a shipper-receiver

difference KMP can be set up in the receiving area of • facility in place of a

separate MBA; the advantage would be the reduction in reporting requirements,

the use of inventory key measurement points for material in stores also makes

it possible to distinguish this material from in-process material, for

accounting purposes. Again, the same objective can be attained by defining

stores as separate MBAs, but at the expense of increased reporting

requirements.

There is a tendency to think of key measurement points as actual

geographical locations within the plant at which measurements are made.

Although this was the the original meaning of the term, over the years the

definition has been extended to include specific categories or strata of

nuclear material. Thus, a KMP may not be simply "receipts," but receipts of a

specific kind, such as cans of PuO. or containers of U0_. A typical

inventory KMP could be all finished pellets in intermediate storage, or all

waste of a given kind being held for eventual discard, or all fuel rods

awaiting assembly. A KMP also could consist of several locations within a

facility at which material of the same !eind is measured. KMPs are therefore a

convenient way to group material of the same kind for measurement purposes.

They then are related closely to the material strata (using this word in the

statistical sampling sense) in a facility, and their proper selection can

simplify the calculation of uncertainties in the material balance. That is,

associated with each KMP would be a set of measurement errors applying to all

material passing through that point.

A possible choice of KMPs for the reference facility is shown on the

diagram of the process, Fig. A.I in Appendix A. A description of the flow and

inventory KMPs is given in tabular form in Tables A.2 and A.3 respectively, in

Appendix A. The tables describe the form of the material, the containers in

which it appeers, the sampling method, arid the measurement method. As an

illustration of the principles discussed above in connection with the

selection of KMPs, note that instead of a single KMP in the receiving MBA,

there are two KMFs (1A and IB), one for each category of receipts (PuO and

UOg) with each characterized by its own set of measurements and measurement

errors.
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2.4 Materials and Material Types

Nixed oxide fabrication facilities process and handle many different

material types in loose form, e.g., liquids, powders, pellets, etc., in

addition to discrete, identifiable items such as fuel rods end assemblies. The

bulk material types will include not only pure or "clean" material such as

UO , PuO powder, MOX pellets, etc., but also impure or "dirty" material

such as scrap and waste which will have to be processed to restore it to

usable form or discarded if such processing is uneconomical. This dirty

material may include off-specification powder and pellets, grinder sludge,

solid and liquid waste, and incinerator ash.

The accuracy with which such material can be measured depends on its

type. Relative uncertcinties usually are smaller for the clean material, such

as feed, product, and well characterized intermediate forms, than for the

dirty material, mainly because of the inhomogeneity of the latter. The

inhomogeneities may introduce large sampling errors if chemical analysis is

used. Nondestructive assay (NDA) often is used to measure inhomogeneous

material in order to avoid sampling errors, but NDA methods tend to be

inherently less accurate than chemical methods. Therefore, avoidance of large

inventories of scrap and waste will reduce the uncertainties in the material

balance. This can be accomplished in the case of scrap by processing it tc an

accurately measurable form before the physical inventory taking, so that large

accumulations of difficult-to-measure material do not appear on the inventory.

The kinds of material and the amounts of each that might appear in a

typical inventory of a plant of the type under discussion here is shown in

Table A.I in Appendix A. The total amount of material on inventory includes

about 350 kg PuO , but of this about 25 kg is in discrete, identifiable

items (rods and assemblies) and 290 kg is in MBA-1 storage in sealed

containers, so that only about 35 kg PuO? need be measured during the

inventory taking. The material in the rods and assemblies was measured as

pellets before being inserted into the rods and the material in storage was

measured and sealed on receipt.

The effect of different categories of material, either in the flows or

the inventory, on the overall measurement uncertainties can be illustrated by

a simple calculation. Assume the receipts, shipments, and beginning and ending
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inventory of plutonium are as shown in Table 2.1, for a one-year material

balance period. For purposes of illustration the receipts are assumed tc equal

shipments, and the beginning inventory to equal the ending inventory (in

practice that will usually not be the case). Note that waste discards are

classed as shipments, since they ace assumed to be removed from the MBA, which

comprises the entire processing area of the facility. The estimated relative

measurement error (in percent) for each category of material is shown in

Column 4 of the table, the absolute error (in kg Pu) in Column 5, and the

variance in Column 6. The total variance and MUF are shown at the bottom of

the table, as is the overall error relative to throughput. Note that this

illustration is not based on the reference facility described in Appendix A.

As can be seen from the example, even though waste discards amount to

less than 2% of the total throughput, because of their large measurement error

they contribute almost 30% of the total variance in the material balance.

Doubling the amount of waste would increase the «„.,_ by 14%. In this

particular example, there are no scrap quantities on inventory, presumably

because during the material balance period all of the scrap was processed and

recycled. Consequently, the scrap measurement uncertainties had no effect on

the overall uncertainty. Because ordinarily the scrap generation rate may

amount to 10-157. of the throughput, if the scrap accumulation had not been

processed it could have had a significant effect on the material balance

uncertainty depending on the uncertainties involved in the scrap mesurement.

For example, assume that 10% of the throughput were on ending inventory as

srrap that was measured at + 15%. This would increase the ending inventory
2 2 2 2

variance (a ) from 0.00276 kg to 4.865 kg , the a' _ from
2 2

2.174 kg" to 7.036 kg and the « _ from, 1.474 kg to 2.653 kg or
HUr

0.60% of throughput. (States under INFCÏRC/66/Rev.2 are required to recover

scrap and waste within a reasonable time, if practicable, or arrange jointly

with th« TAEA for its accounting and disposal).
2.5 Measurement Methods

For efficient operation, to satisfy health, safety and domestic

safeguards reqoir«monts, and to fulfill contractual obligations, a facility

operator will want to establish an effective nuclear material accounting

system. Such a system also is necessary if the IAKA is to cany out its



- 14 -

Table 2.1. Effect of Measurement Errors for Different Categories of

Material on Overall Uncertainty in Material Balance

Stratum

Receipts

Shipments

or Discards

Subtotal

Beginning

and Ending

Inventory

Subtotal

PuO powder

Rods

Waste

PuO. powder

MOX powder

Pellets

Fuel Rods

Pu Mass
(kg)

441.OC

433.00

8.0

13.23

13.23

15.84

5.83

Measurement
Error, %

0.2

0.2

10.0

0.2

0.2

0.2

0.2

o U g *>«>

0.882

0.866

0.80

0.0265

0.0265

0.0317

0.00117

o2(kB2)

0.778

0.750

0.64

2.168

0.0007

0.0007

0.001

0.0002

O.O027Ô

°KUF

= 2 . 1 6 8 + 1

= 1 .474 kg Pu

+ 0.00276 = 2.174 kg

<7MUf/Throughput = 0.334%

* This value is added twice because it is for both the beginning and ending

inventories.
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safeguards function at the facility. A basic principle of the IAEA's

safeguards system is that of independent verification. Under this principle,

the IAEA does not repeat all the operator's measurements, but verifies a

random sample of them. By telectins this random sample from all strata

entering into the material balance, the IAEA can estimate any long-range

systematic error or bias on the part of the operator, and verify his material

balance. A great advantage of thig approach is that it minimizes both the

intrusiveness of, and the resources required for, inspections. It follows that

these advantages can be realized fully only if the operator measures all

receipts, shipments, discards, and material on inventory. If measurement of

some material (e.R., certain kinds of hold-up) is impracticable or impossible

and it is not included in the inventory, it will appear in the MUF.

For plutonium, the IAEA's inspection goal is stated in terms of element

amount. For enriched uranium the goal is stated in terms of fissile isotope.

Natural and depleted uranium <<0.5% U-235) may be exempted from international

safeguards if the inventory does not at any time exceed 10 tons. However,

even if natural and depleted uranium «re included in international safeguards

the accounting is in terms of the element and not the isotope as is the ease

in the example given in this report. Plutonium with an isotopic concentration

of Pu-238 exceeding 80% also may be exempted from international safeguards

(INFCIRC/153). Because of these goals the operator will need to measure and

make available to the IAEA data on amounts of element for both plutonium and

uranium and the isotopic composition, or at least the quantities of U-235, for

enriched uranium. He ordinarily would measure these anyway, for one or more

of the reasons listed sbo.e.

The measurements can be accomplished in many ways, depending on many

factors such as the material and material types themselves, the accuracy

required, and the resources available. The measurements will fall into three

categories: (1) bulk, i.e. volume and/or weight, (2) sampling and analytical

and (3) nondestructive. In the discussion that follows these categories will

be addressed in terms of their applicability to material and material types in

the general categories identified in the previous section. They also will be

addressed in terms of accuracy and limitations such as error sources.



interferences, and availability of standards and calibrations. Error

statements in the following discussions are made in terms of relative standard

deviation unless otherwise noted.

An important determinant in the choice of a measurement method for a

particular category of material is the uncertainty that the method will

contribute to the overall uncertainty in the material balance. For mixed

oxide fuel fabrication plants the recommended frequency of physical inventory

taking is two to four times a year (Hough 1979). In the words of the

reference, "To facilitate effective safeguards, the minimum accuracy of

material balances which (is) to be achieved by facility operators should

correspond to international standards." For plants of the type under

consideration here, the maximum expected uncertainty (la) is 0.5% of

throughput or inventory, whichever is larger. (IAEA/SC/INF/1, para. 100).

In choosing a particular measurement method the operator should consider

the uncertainties resulting from the use of that method, taken together with

the uncertainties resulting from all the other measurements on the flows and

inventories, in relation to the expected measurement uncertainties

corresponding to international practice. This does not mean that all

categories of material will be measured with the same accuracy, since, as

noted in Sec. 2.4, the contribution that a particular category makes to the

overall uncertainty in the material balance depends not only on the accuracy

with which it can be measured but on the amount of material in that category

relative to the other terms in the material balance equation. The operator

may, therefore, have considerable latitude in the choice of measurement method

for various categories of material. The final selection will depend on other

factors as well, such as cost, convenience, availability of the required

equipment or skills, safety, and timeliness of results with respect to

production schedules. Indusi and Harcuse have described a method of optimizing

the allocation of measurement resources so as to minimize the costs for a

given uncertainty in the material unaccounted for (Indusi 1974).

An important characteristic of any measurement system used for

international safeguards is that of traceability, which is defined as "the
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Ability to relate individual measurement results to internationally recognized

standards or nationally accepted measurement systems through an unbroken chain

of comparison" (IAEA/SG/INF/1, para. 156). The standards referred to may

consist of standard materials, standard artifacts (».g., weights or

radioactive counting standards), or standard procedures. Traceability ensures

that all safeguards related measurements in facilities under safeguards are

performed to common or at least to comparable standards. It also facilitates

the resolution of anomalies. It is a desirable characteristic for bulk,

analytical, and nondestructive measurement systems.

In bulk measurements, traceability is provided through calibration of the

measurement equipment against working standards which, in turn, can be related

to higher standards: secondary standards, primary standards, and, ultimately,

the accepted national or international standard. Thus, for weighings there is

a hierarchy of standard weights, with working standards at the lowest level

and the international kilogram standard at the highest. In between, in

descending order of accuracy, are the national standards and at the facility,

primary standards, secondary standards, etc.

Traceability for analytical (chemical and isotopic) measurements is

provided through the distribution and use of standard reference materials

(SRMs). For chemical analysis the hierarchy, in descending order, is reference

or atomic weight standards, ultimate standards, primary standards, and working

standards (Rodden 1972). Primary standards, in this case, are commercially

available substances with a purity of 100 + 0.02%.

The use of standard reference materials, by itself, is not sufficient to

ensure traceability. The measurement procedures themselves also should conform

to national or international standards, if such exist (e.g., those promulgated

by national standards agencies or nationally accepted standards institutes).

Thus, the American National Standards Institute (ANSI) publishes standards for

mass calibration techniques (ANSI N15.18-1975), for calibrating NDA systems

(ANSI 115.20-1975), for calibration techniques for the calorimetric assay of

Plutonium-bearings solids (ANSI N15.22-1975), for preparing nuclear

calibration materials for NDA systems that count passive gamme rays (ANSI

15.35-1983), and for volume calibration techniques (ANSI N15.19-1975).
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Conformity also can be demonstrated by participation in interlaboratory

comparisons, round-robins, etc. Correct procedures are especially important

for NDA measurement, since the main source of error here is not the lack of

sufficiently pure and well-characterized standard reference standards but

matrix and geometrical effects which may not be reflected properly in the

calibration standards.

Traceability implies the existence of a system for documenting the

measurements, calibrations, and standardizations performed by the operator.

This aspect of the records system is discussed in Sec. 2.7. The subjects of

traceability, standards, and their role in d«termining measurement bias and

accuracy are treated more fully in the detailed description of the Measurement

Quality Element.

2.5.1. Bulk Measurements

Bulk measurements are made to determine the total quantity of material,

expressed either as a mass (or weight) or as a volume, weighing may be

performed with scales, balances, or load cells; the last may be of either the

hydraulic or the mechanical type, in which case a transducer (e.g., a strain

gauge) may convert the mechanical force into an electrical signal for more

accurate and convenient readout. Typical precisions of selected weighing

devices are shown in Table 2.2.

Table 2.2. Capabilities of Selected Weighing Devices*

1.

2.

3.

Type of Device

Equal-Arm Balance

Equal-Arm Scale

Top-Loading Scale

Capacity

500 g

2 kg

120 g
1000 %

Precision

0.3 g

0.4 g

0.0005 g
0.005 g

Precision,
% at Full Scale

0.06

0.02

0.0004
0.0005

«From IAEA-174, with modifications.
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The maintenance of optimum accuracies in weighing depends on the frequent

use of standard weights for calibration or comparison. In certain cases where

buoyancy effects or the distribution of weight affects the response of the

weighing device accuracy depends on replica mass standards which resemble

physically the production object to be weighed. It also should be noted that

plutonium oxide absorbs moisture and carbon dioxide, and hence the scale

measured weight should be corrected for such effects (Swinburn, 1976).

For optimum accuracy in weighing, the tare weight (the weight of the

empty container) must be known accurately, and any residual material left in

the container after transfer of its contents also must be measured and taken

into account.

Because of the form of the material in a MOX fuel fabrication plant, most

of the bulk measurements would consist of weighings. Of the categories of

material listed in previous sections, the ones that would be weighed are

PuO2 and UO_ powder, MOX powder, sintered pellets, pellet stacks (just

prior to rod loading), rejected sintered pellets, green and sintered scrap,

grinder sludge, and dirty powder.

2.5.2. Sampling

Analytical measurements are performed on samples of material removed from

the production streams or inventories. The analytical results will, therefore,

apply to the material from which the sample is taken only to the extent that

that the sample is representative of the material. Because often the material

are inhomogeneous (especially scrap and waste materials), care must be taken

to assure representativeness. In an ideal sampling process all portions of the

material should have an equal probability, per unit mass or volume, of being

taken as a sample: for example, all parts of a drum or can of powder, or all

regions of a tank containing a solution. This may require taking multiple

samples from a container. Various sampling patterns or strategies may be

adopted: a completely random sampling routine can be carried out with the aid

of random numbers, either from a table or generated by a computer or hand

calculator. Alternatively, for certain purposes a systematic pattern in which,
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for example, every tenth or one-hundredth item is taken for analysis, may be

used. If the material to be sampled can be divided into different strata with

non-identical properties, each stratum should be sampled independently. In

extreme case3 of heterogeneity it may be necessary to resort to nondestructive

assay, which can measure the entire contents of a small container or a major

fraction of a large container, thereby averaging out local inhomogeneities.

It is difficult to obtain representative samples of powders because of a

tendency towards segregation caused by particle size effects and the

difficulty of achieving homogeneity through mixing. A number of devices or

procedures are available for ensuring the representativeness of powder

samples. The grcb sample is the simplest: a scoop is used to remove samples

from various locations within the container being sampled. A more

sophisticated device is the core sampler, which may consist of a pipe driven

down through the material or a rotating auger inside a metal pipe (Lovett

1974). Either of these is capable of withdrawing an entire core or vertical

profile of the material. A vacuum thief, a pipe connected to a vacuum system,

can also be used for this purpose. If azimuthal heterogeneities are suspected,

a sampling template containing holes at some angular interval (e.g., 120°)

can be used in connection with these devices (Rodden 1972). The cores

withdrawn in this manner then can be further homogeneized to eliminate

vertical segregation or layering.

A more satisfactory device is the riffler or sample-splitter. Commonly,

this device consists of one or more V-shaped troughs (although other devices,

for example the "spinning" riffler, are also available), each of which divides

a flowing stream of powder into two equal streams. Samples of the desired size

can be obtained by using a riffler with the appropriate number of stages.

Consideration should be given to the stability of the sampled material.

Properties important to the analysis must be preserved through proper

packaging, handling, and environment of the sample. In certain instances the

long term retention of "archive" samples for later comparison with production

material may be required.
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Whatever method of sampling is used, it is important, in calculating the

uncertainty in the overall material balance, to include the contribution from

sampling error. A carefully designed measurement quality programme will,

therefore, include procedures for both minimizing sampling error and for

estimating its magnitude. One method by which this may be done is to analyze

duplicate samples, estimating the standard deviation by the method of paired

differences (Brouns 1978; Jaech 1973). This will reflect both the sampling

variance and the analytical variance; the latter may be known from separate

experiments, or the two effects may be separated by analysis-of-variance

techniques.

In a recent survey of measurement practices and accuracies in uranium

facilities, chemical sampling errors for the more homogeneous material (feed,

product, and intermediates) were found to be about 0.03%. Sampling errors for

clean scrap covered a wide range (0.03 to 19%), and for dirty scrap an even

wider range (0.6 to nearly 40%). Isotopic sampling errors (resulting from the

mixing or blending of material of different isotopic composition) also were

larger for scrap than for feed, product and intermediate material, but the

variation was much smaller than for the chemical composition (Rogers 1982).

In the HOX fabrication plant, UO., Pu0_ and H0X powders ordinarily

would be grab sampled, possibly after pulverizing and blending (especially

dirty powders). UO could be riffle sampled. Pellets would be selected at

random from trays, according to a statistical sampling schedule. Tables A.2

and A.3 in Appendix A indicate the samples taken for each KMP in the reference

facility.

2.5.3. Analytical Measurements

The choice of analytical method for the measurement of uranium and

plutonium in the various material categories will depend on the nature of the

material, its purity, the desired accuracy, possible interferences, and on

practical considerations such as cost, analysis time, and availability of

equipment and skills. For feed, product, or intermediate materials, which are

relatively pure, the methods of choice are usually the amperometric, the
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modified Davies-Cray-NBL titration method, and other electrometric methods.

The gravimetric or ignition method is used to assay UO, powder. These

methods are treated in detail by Rodden (Rodden 1972). Analytical procedures

for certain material in the nuclear fuel cycle are specified in the standards

published by the American Society for Testing and Materials (ASTM 83). For

uranium present in lower concentrations, for example, in various waste

material, in addition to the Davies-Gray method other preferred methods are

fluorometry, spectcophotoraetry, and X-ray fluorescence. For plutonium, passive

gamma-ray spectrometry or neutron coincidence counting can be used. Surveys of

the analytical methodology and detailed references are given in IAEA-174 and

in Hakkila 1981. A brief summary of some of the more important or commonly

used methods for the material appearing in a typical MOX fabrication plant

follows. Properly used, these methods have been demonstrated to be capable of

achieving accuracies corresponding to international standards. The

descriptions are mostly based on those in IAEA-174, Rodden 1972 and Rogers

1983. Other references also are given in the text.

2.5.3.1. Elemental Analysis

Very pure material such as feed, product, and intermediate material can

be analyzed with a minimum of sample preparation. Less pure material such as

scrap and waste usually will require a more elaborate pretreatment to remove

impurities.

2.5.3.1.1. Feed, Product, and Intermediate Materials.

Both uranium and plutonium assays can be determined accurately with

titrimetric methods (Rogers, 1983). The titrimetric methods are based on

oxidation-reduction reaction pairs such as Pu(VI)-PudV), Pu(III)-Pu(IV) and

IKVI)-U(IV). Electrometric methods are classified by the techniques used to

detect the titration end points -- potentiometric (measuring change in

potential), amperometric (measuring change in current) and coulometric

(measuring integrated current, electric charge). Typical achievable accuracies

and precisions for these methods are about 0.1%.
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For plutonium assays, amperometric titration and controlled potential

couloraetry usually are used. The amperometric titration method first oxidizes

the plutonium dissolved in sulfuric acid to hexavalent state Pu(VI) with

silver oxide (AgO) or perchloride (HC1O.). The excess oxidant should be

removed carefully by heating (for AgO> or dilution (for HCIO^). The

plutonium then is reduced to quadrivalent state Pu(IV) amperometrically with

the standard Fe(Tl) sulfate. The excess Fe(II) is titrated with Ce(IV). The

method is applicable even when uranium is present and hence is used to assay

plutonium in PuO. feed powder, blended mixed oxide powder and finished mixed

oxide pellets. The state-of-the-art measurement performance for both random

and systematic components is about 0.05% (Rogers 1983), whils the state of the

practice (uncertainty usually achieved) is about 0.2% (de Bivre 1984).

Alternatively, a controlled-potential coulometric method could be used to

assay both plutonium and uranium. In this method, the electric current is used

as the titrant. The method is based on the electrode oxidation-reduction

reaction of Pu(IV)-Pu(III) and U(VI)-U(IV) couples. The reaction is controlled

by maintaining the electrode potential with a potenti.ostat at values favorable

to the desired reaction. The quantity of the element electrolysed is

determined from the electric charge required (integrated current time) via

Faraday's Law. The method requires very small samples, and is relatively free

from interference. The method could be used fur both uranium and plutonium

assays in U0_, PuO. and HOX powder, broken and finished mixed oxide

pellets. A measurement performance of 0.05% (Rogers 1983) for both the

systematic and random components has been achieved, while in usual practice,

0.27. is obtained (de Bivre 1984).

A widely used method for the determination of uranium in UO feed

powder is the ignition or gravimetric method (Rodden 1972). Accuracy is

acceptable for material containing less than 0.05% impurities. The main pieces

of equipment required are a pyrohydrolysis furnace and an emission

speclrograph for the determination of impurities. The method consists of

converting the sample to U,0- by ignition to constant weight at a

carefully controlled temperature in the range of 8SO-9OO°C. The uranium

concentration then is obtained from a combination of stoichiometric and
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gravimetric data, with corrections for nonvolatile impurities, which are

analyzed spectrographically. Typical accuracies and precisions are about

0.05%. In a recent survey of performance in a number of plants, the random and

systematic errors in the determination of uranium in feed, product, and

intermediates were 0.04 and 0.02%, respectively, and in clean scrap 1.6 and

0.02% (Rogers 1982).

For uranium assay in M0K powder, various potentiometric titration methods

can be used. The methods are valid even when impurity levels in the sample are

high, and hence are applicable to feed powder, broken or finished fuel pellets

and mixed oxide powder. One of the most widely used is the modified

Davies-Gray method (Kberlo 1970). In this method, samples are converted to the

sulfate form by treating with sulfuric acid. This then is treated with an

excess of ferrous sulfate to reduce U(VI) to U(IV) in a concentrated

phosphoric acid solution containing sulfamic acid. After several more steps

involving oxidation by nitric acid in the presence of Mo(VI) and the addition

of dilute sulfuric acid containing V(IV) as a catalyst, the uranium

concentration is determined by potentiometric titration with standard

potassium dichromate solution. Interfering elements (silver, mercury,

vanadium, and manganese) can be removed either by sample treatment or by TBP

extraction (Pietri 1978; Bingham 1975). Precisions are as small as 0.08%,

although a recent survey of actual performance in plants found an average

random error of 0.14% and a systematic error of 0.04% on feed, product, and

intermediate materials; random errors on clean scrap were found to be 3.5%,

however (Rogers 1982).

Scrap material such as broken pellets, and dissolver solutions can be

analyzed in a number of ways. The solid material first must be dissolved. Any

insoluble residues in solution samples must be redissolved and added to the

solution. The modified Davies-Gray method and the controlled potential

coulometry methods discussed above usually are used. Precision and accuracy in

synthetic samples were each found to be on the order of a few tenths of a

percent (Rodden 1972).
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2.5.3.1.3. Waste Material

Waste material is that which is relatively low in uranium and plutonium

content and has large admixtures of extraneous material. It may be liquids,

solids, or mixtures such as sludges or slurries, and may consist of process

residues, floor sweepings, contaminated lubricants or reagents, etc. As such,

it is often very inhomogeneous and difficult to sample representatively. It

may be measured chemically or nondestruccively. For volume reduction waste may

be incinerated, concentrated by evaporation, leached, etc. The wide variety of

forms requires a variety of pre-treatment methods for the preparation of

samples suitable for chemical analysis. These are discussed at length by

Rodden (Rodden 1972) and Rogers (Rogers 1983).

The most common methods for assaying waste samples of uranium and

plutonium are the controlled-potential coulometry, modified Davies-Gray

method, spectrophotometry and X-ray fluorescence. The modified Davies-Gray

method and the coulometric titration methods have been discussed above.

Spectrophotometry is based on the principle of selective absorption of

light by a compound in solution containing the element in question. At low

concentrations tha response (absorption) is proportional to concentration. The

range of sample sizes to which the method is applicable is 1-40 mg. To avoid

interferences, prior chemical extraction is required. The tetrapropylammonium

method can be used to assay uranium and plutonium sequentially. Precisions

cited in the literature range from a few tenths of a percent to 20%. An

automated version using a complexing agent and an extractant routinely

achieves a precison of 0.5-1.5%, depending on the sample size (IAEA-174;

Hakkila 1981; Rogers 1982; Jackson 1976).

The X-ray fluorescence technique usually is applied to solutions having

uranium concentrations in the y g/ml to trig/ml range. High energy X-rays from

an X-ray generator or gamma rays from an isotopic source are used to excite

the K, L, or M xrays for both uranium and plutonium. X-ray generators provide

greater intensity and better signal-to-bactcground ratios. For thin samples the

intensity of the excited radiation is proportional to concentration, which may
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be calculated from a calibration curve obtained with known standards. An

advantage of the technique is that measurement times are short (half an hour

or less). Precisions and accuracies of about 1-3% or less are reported

(IAEA-174; Hakkila 1981).

2.5.3.2. Isotopic Analysis

Isotopic measurements are required by the facility operator to meet

specifications for the product, to satisfy domestic regulatory requirements,

and to assure operational safety. They also are required to satisfy

accountability requirements for international safeguards, since the inspection

goals for enriched uranium are stated in terms of significant quantities of

U-235. The inspection goals for plutonium are stated in term of element

weight, therefore, the isotopic composition of plutonium is not required.

However, the isotopic composition of plutonium usually is measured, and will

be discussed in this document as well. The IAEA's verification of the material

balance will involve a verification of both the amount of uranium and

plutonium and the amount of U-235, when applicable.

The most accurate method of measuring isotopic composition is mass

spectromeU-y. Nondestructive methods, based on gamma-ray spectrometry, are

less accurate but much less time-consuming, and require relatively simple

equipment. They are especially suitable for "go no-go" measurements in which

it is desired merely to distinguish one enrichment from another, or for

measurements of waste, for which high accuracy is not required. They are

discussed in more detail in Sec. 2,5.3.3.

The mass spectrometers most widely used in the mixed oxide fuel

fabrication facilities employ surface-ionization mass spectrometry. The method

is applicable to U0-, PuO_ and their mixtures. The sample first is

dissolved and diluted with HNO . The plutonium and uranium then are

separated with an anion-exchange procedure or by solvent extraction. The

purified plutonium and uranium then are transferred to separate mass

spectrometers for isotopic measurement. The isotopic ratio measurements

ordinarily are carried out by compaci»". the observed peak ratios for the
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isotopes of interest from the sample with those from a known standard, or

preferably, from two standards whose isotopic ratios bracket that of the

sample. Replicate measurements of the sample and standards(s) are interleaved

for the number of times sufficient to yield the desired precision.

In the thermal ionization spectrometer a systematic error in the apparent

isotopic ratio arises from a preferential evaporation of the lighter isotope

from the heated filament. This error may be minimized and corrected for

through the control of the filament temperature and through the reproducible

timing of the sequence of measurements. For plutonium isotopic measurements,

the separation of U-238 and Am-241 from the sample is important to avoid mass

interference. If tha abundance of Pu-238 is less than 0.7%, alpha-spectrometry

usually is used to determine that isotopic abundance. The procedures for

carrying out mass spectometric measurements with high accuracy and precision

are discussed in detail in Rodden 1972, Rogers 1983 and in NBS 26C-27.

The state-of-the-art accuracy and precision achievable for the plutonium

and uranium isotopic measurements is about 0.02%. In a recent survey, the

state -of-the-practice uncertainty usually achieved for the plutonium isotopic

measurement with thermal ionization mass spectrometry is about 0.5?. and 1% for

natural or depleted uranium (de Bievre 1984).

2.5.3.3. Nondestructive Assay

The plutonium-bearing material in mixed-oxide plants is measured mure

easily by nondestructive assay (NDA) techniques than is that containing only

uranium. However, in most cases NDA is not as accurate as chemical analysis

and therefore is not as widely used for the facility's accountability

measurements. It is most useful for the assay of low-density heterogeneous

material such as waste which would be impractical to homogenize for chemical

assay, for finished product such as rods and assemblies which would be

prohibitively expensive to analyze destructively, and for determining the

amount of residual hold-up in equipment (i.e., material remaining after a

clean-out). As mentioned before, it can also be used to distinguish quickly

between different plutonium contents, as a "go, no-go" type of measurement.
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The major source of inaccuracy in NDA is usually the lack of

representativeness of the calibration standards. These have to represent the

unknowns in isotopic and, possibly, chemical composition, spatial

distribution, matrix material, and container design and composition. Because

of the great variety of fuel material forms in a fabrication plant, it is not

practicable to establish a national or international system of NDA standards

for every category. The operator will need to develop his own working

standards to match his needs. Ultimately, these should be traceable to

national or international reference materials, by being either prepared from

or compared with them (Milner 1982).

Some NDA reference materials are available. A list of such materials

available within the IAEA, the Commission of the European Communities, and six

countries of the E.E.C. has been compiled by the European Safeguards Research

and Development Association (EUR 6089 EN). They include UO,,, PuO- and MOX

powders of assorted plutonium contents, MOX fuel pins and plutonium waste.

Nondestructive assay of solid wastes usually is performed by measuring

the intensities of certain gamma rays emitted by plutonium and 0-235

(sometimes by U-238 or its daughters), by means of a sodium iodide

scintillation counter (Hatcher 1981), or high resolution gamma-ray

spectroscopy (HRGS) using lithium-compensated [Ge(Li)] or hyperpure germanium

detectors. Due to its excellent resolution, HRGS usually is used to assay

plutonium content in waste (Rogers 1983). It also could be used to monitor

process control, for example to determine the plutonium content after blending

of PuO and UO powders. Corrections for attenuation may have to be made,

either by calculation or by measuring the transmission of a source placed

behind the sample. To minimize spatial distribution effects the sample

container may be rotated, and the detector translated parallel to the axis of

rotation or a vertical array of detectors may be used. (LA5652-K). The system

usually is calibrated against specially prepared standards packaged in a

similar manner and containing known amounts of uranium and plutonium. The

material in these standards, in turn, is prepared from or compared with

certified reference materials. The method also could be applied to scan fuel

rods, as a go, no-go verification.
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Because of the great variety of waste packages with respect to size,

shape, matrix, amount of material, ate, a single estimate of accuracies and

precisions is not very meaningful. Typically, however, a Nal gamma ray assay

without transmission correction will have accuracies and precisions in '.he

range of 5-10%, and, with transmission correction, 1-5%.

Passive gamma-counting instruments also may be used to measure residual

hold-up in process equipment or, alternatively, they may be - ed to determine

that such hold-up is negligible. Usually they consist of portable, collimated

Nal detectors (Hatcher 1981). Again, they must be calibrated against specially

prepared standards. Accuracies and precisions, typically about 20%, are not as

good as for the other applications of NDA, but because of the usually small

amounts of material may be acceptable.

Several different systems which use neutron counting techniques to

determine the fissile content of various materials have been developed. To

discriminate against the background of individual neutrens produced in the

material by the (a, n) process these systems use time correlation counting

techniques, or in one case, the detection of delayed neutrons, to identify

individual fission events. When the neutrons detected arise from spontaneous

fission originating chiefly in the even plutonium isotopes, the device is said

to operate in the passive mode; when the fissions are induced by an external

source of neutrons, usually induced in U-235 or the odd plutonium isotopes,

the device is said to operate in the active mode. Since neutrons, are capable

of penetrating to a considerable depth in most materials, systems based on

neutron detection are used to assay a wide variety of materials, including

scrap and waste, uranium and plutonium in bulk, and fuel rods and assemblies.

The High Level Neutron Coincidence Counter (HLNCC) is an example of a

system that uses a passive neutron correlation counting technique. This

device consists of a sample-counting cavity surrounded by 18 He-3 proportional

counters embedded in cadmium-lined polyethylene slabs. Neutrons emitted from

the sample are thermalized in the polyethylene and captured in the He-3

tubes. The efficiency for detection of an individual neutron is about 12

percent. Because the method determines the content of spontaneously
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fissioning isotopes, principally Fu-240, the isotopic composition of the

sample must be measured independently for the total quantity of plutonium to

be determined. While the system is intended primarily for the assay of large

quantities of material (up to 2 kg PuO.), small quantities in a matrix of

other materials can be measured, ranging from ~4 to 1000 mg Pu-240

equivalent, depending upon room background. The HLNCC has been used to

determine the plutonium content of entire MOX fuel assemblies (LA-9318-MS).

Accuracy and precision of the measurements depend greatly on the

similarity between the materials to be assayed and the physical standard used

for calibration. Typical random end systematic errors achieved in a MOX

fabrication facility for plutonium assay in scrap are both about 10% (Rogers

1983).

The active well coincidence counter (AWCC) is an example of a system

which uses the active interrogation of material with an external source of

neutrons. The counting geometry is similar in concept to that of the HLNCC,

but approximately three times more efficient, using a total of 42 He-3 gas

tubes. Americiutn-lithium (AmLi) neutron sources situated at each end of the

device provide the neutrons which induce fissions in the material in the

sample cavity. To enhance the detection efficiency for the fission neutrons

versus those from the AmLi sources, the cavity is lined with 2.54 cm of

nickel. The AWCC may be used in three different modes: 1. Fast mode, in

which fissions are induced in the sample by neutrons which have undergone very

little moderation in the geometry; 2. Thermal mode, in which the nickel and

cadmium sleeves are removed and fissions are induced principally by slow

neutrons reflected by the moderator; and 3. Passive mode, in which the AmLi

sources are removed and the system functions in a manner similar to the

HLNCC. The sensitivity of the AWCC is lg U-235 in the thermal mode and 23 g

U-235 in the fast mode.

For the determination of the fissile content of large items such as fuel

assemblies, a coincidence collar, which can operate in either the active or

passive mode, has been developed (LA-9288-MS). For measurements on a LWR MOX

fuel assembly the precision achieved by this device was 0.3* for the Pu-240

content (passive mode) and 1.2% for the total fissile content (active mode).
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These measurements did not provide an indication of the accuracy obtainable;

other measurements (LA-9375-MS) on BWR fuel assemblies gave a value for the

enrichment, typically, within 2 to 3% of the stated value.

For the measurement of very small quantities of fissile material in large

volumes of waste, active counting systems have been developed which use

interrogating neutrons produced by the reaction of deuterium on tritium in a

small, pulsed generator tube. In one such system (Kunz 1980), which is

capable of assaying the contents of a 208 liter drum, the interrogating

neutrons are thermalized in a graphite-polyethylene moderator and the fast

neutrons from the induced fissions detected by cadmium-shielded He-3 tubes.

The detection threshold of this system is 1 mg of fissile isotope. A larger

version of this system, the "Crated Waste Assay Monitor", which will

accommodate objects up to 1.36 m in volume, possesses a detection threshold

of 10 mg of fissile isotope.

A number of different systems which use active interrogation with

neutrons from a Cf-2S2 source, followed by the counting of delayed neutrons

from fissions in the sample, have been constructed and used for the assay of

fuel rods, inventory samples, scrap and waste. In these systems the Cf-252

source is moved to a positioin near the material being measured for a length

of time comparable to delayed neutron emission lifetimes and then withdrawn to

a shielded location while the delayed neutrons are counted by a high

efficiency He-3 well counter. This process is repeated until a desired

precision is achieved for the counting statistics. A device of this type is

characterized as a "shuffler" (Henlove 1978). With appropriate tailoring of

shielding and moderating materials interrogation may be carried out with

either thermal or fast neutrons, and the device also can be employed in the

passive mode to determine Pu-240 content. Samples with fissile content from a

few milligrams to several kilograms can be assayed. Typical accuracies for

inventory items or fuel elements are in the range of 1 to 3 percent.

Calorimetry is used often for the essay of plutonium samples. The method

has several advantages: a high accuracy, typically in the range of 0.1% for

bulk samples, traceability to national standards because the method involves
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the measurement of the thermal power of a sample, and insensitivity of the

result obtained to sample matrix, geometry and multiplication effects. The

method has the disadvantages that the relative abundances of all the plutonium

isotopes and of Am-241 must be known accurately, and that individual

calorimetric measurements are time-consuming, requiring typically from 4 to 16

hours. Isotopic abundances usually are determined by gamma-ray spectrometry,

ov often, in the case of Pu~238, by alpha-particle spectrometry. It is

possible, however, in certain cases to determine the plutonium content without

detailed knowledge of the isotopic abundances. For example, if the specific

thermal power of the plutonium in a uniform batch of material can be

determined by calorimetry of samples containing known amounts of plutonium,

then this factor can be applied to the calorimetry of, for example, mixed

oxide pellets containing the same material.

Calorimetry also has baen applied to determine directly the plutonium

content of fuel rods. In one example {Beyer 1974) a calorimeter was

constructed to perform measurements on 0.91 meter long FFTF fuel rods

containing mixed-oxide fuel. With this instrument a measurement could be

performed in approximately 20 minutes with an accuracy of 0.13%.

2.6 Documentation

To ensure accuracy and a permanent record, a facility operator normally

will establish a system for documenting his measurement methods and results. A

properly organized and maintained record system documenting the measurements

and calculations entering into the determination of all components of the

material balance also will facilitate the application of safeguards by the

IAEA. Such a system will enable the IAEA to achieve the following objectives

with the minimum intrusiveness and burdening of the operator:

1. Verification of the material balance and its individual

components <all strata of receipts, shipments, and inventory).
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2. Evaluation of tha material unaccounted for and its uncertainty

and assessment of the significance of the former in terms of

the latter.

3. Resolution of anomalies.

Five important elements of a measurement documentation system may be

identified. These are: a procedures manual for measurements, a procedures

manual for measurement quality, measurement logs, measurement quality logs,

and a material record system that provides traceability for all measurement

results to source data. Source data are defined as "those data, recorded

during measurement or calibration or used to derive empirical relationships,

which identify nuclear material and provide batch data. 'Source data' may

include, for example, weight of compounds, conversion factors to determine

weight of element, specific gravity, element concentration, isotopic ratios,

relationship between volume and manometer readings and relationship between

plutonium produced and power generated" (IAEA/SG/INF/1, para. 127).

2.6.1. Measurement Procedures Manual

All measurement method!: should be described by written procedures. These

should describe the procedures for taking and analyzing samples, bulk

measurements, and NDA measurements. Changes in procedures should be recorded,

and the manual should provide for an administrative mechanism whereby such

changes can be authorized and communicated to measurement personnel, to ensure

that current methods are being used.

The manual also should describe calibration and standardization

procedures, specifying the role of standard reference materials and other

kinds of standards. These topics may be treated more fully in the measurement

quality manual.

2.6.2. Measurement Quality Procedures Manual

A measurement quality procedures manual should describe procedures for

the control of each component of the measurement system. It should describe



calibration and standardization procedures, the preparation, use, and handling

of standards, the frequency of re-calibrations or checks on calibrations and

performance of the system, and the use of control charts or other statistical

methods of ascertaining whether measurements are in control. It also should

describe, for each measurement method, procedures for determining random and

systematic errors and biases, and specify the frequency with which these

determinations should be made. It should provide criteria and procedures for

the removal from service of malfunctioning equipment, for the qualification of

new equipment and methods, and for the re-qualification of equipment being

returned to service.

Because procedures may change from time to time, a convenient form for

both the measurement and measurement quality procedures manuals is a

loose-leaf notebook. Appropriate controls should be established to assure that

such notebooks contain only current pages.

2.6.3. Measurement Logs

Logs provide a record of the day-to-day operations of an analytical

laboratory and other measurement procedures. Typically, they record the date,

receipt, identity, point of origin, form, and quantity of samples sent for

analysis, the type of analysis requested, the actual analytical procedure

used, its results, and the signature of the analyst(s). Separate) logs may be

kept for each major piece of equipment (e.g., mass spectrometers). Print-outs

from automatic instruments should be made a part of the record. The

information kept in the logs should be detailed enough that an auditor can

trace a measurement result, for any specific sample to the laboratory record of

its actual measurement. Further, through the combined use of the measurement

logs and the quality control logs (see below) it should be possible to trace

the measurement to nationally accepted standard reference materials and

procedures.

Because a measurement log is a chronological record of events, usually it

consists of a bound notebook with numbered pages.
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2.6.4. Quality-Control Logs

The day-to-day operation of the measurement quality control system should

be recorded in a log. This is discussed further in Section 3.S.3. Like

measurement logs, measurement control logs usually consist of bound notebooks

with serially numbered pages and, possibly, supplementary loose records

relating to maintenance or daily checks of individual instruments.

2.6.5. Material Records

In addition to being recorded permanently in the measurement and

measurement-quality logs, measurement results must be transmitted in timely

fashion to those organizational units that use the data to establish inventory

change data, batch data, or physical inventory data for each MBA, or to

control the fabrication process. At these points they will be entered into

the various general, subsidiary, and transaction ledgers (see Section 4.2).

The transmitted records, more properly termed reports, not only should contain

the information necessary for operator's accounting and process control

activities but should facilitate the IAEA's record examination. In

particular, they should permit both the operator and an inspector to trace the

results of measurements of material quantity and chemical and isotopic

composition to their source in the log books and other documents discussed in

the previous sections.

An example of a measurement report is given in Table 2.3. Similarly,

estimates of measurement uncertainty must be transmitted to those charged with

responsibility for computing the uncertainty in the material unaccounted for

(MUF) for each MBA, comparing shipper's and receiver's values, and maintaining

process control. An example of a measurement uncertainty report is shown in

Table 2.4. As with the measurement reports, the information supplied should

be sufficient to enable an inspector to trace uncertainties back to the source

data.
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Table 2.3. Example of a Measurement Report

1. Header Information
1.1. MR *
1.2. Date
1.3. Sample identity (material description, batch,

2. Measurement Information

item #,sample #)

2.1. Date of measurement
2.2. Variable being measured (e.g., concentration or amount of

element, enrichment, etc.)
2.3. Measurement type
2.4. Measurement instrument (type and serial #)
2.5. Sampling technique
2.6. Results
2.7. Uncertainty
2.8. Reference document(s)
2.9. Signature of analyst

Table 2.4. Example of a Measurement Uncertainty Report

1. Date
2. Batch, item and sample identity
3. Material description
4. Variable
5. Estimate of random and systematic errors and bias
6. Standards used
7. Reference docuntant(s)
8. Signature of analyst

Table 2.5. Example of Item Label

1. Identification #*
2. Batch n
3. Material description code
4. Gross weight
5. Tare weight
6. Element weight
7. Enrichment

"May be the only data element on the label
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Copies of both the measurement and measurement uncertainty reports also

are sent to the facility's central records department. Entry into central

records may be either manual or by computer terminal, depending on the system

in use.

An additional form of importance in establishing an audit trail is the

identifying tag or label that ordinarily will accompany each item of nuclear

material. The information it bears may consist simply of an identification

number which may be used to recall additional information from the central

record system, or it may contain the information shown in Table 2.S., or a

subset thereof, or possibly even additional information, depending on the

needs of the operator.

The material records system is described in greater detail in Part 4 of

the detailed description of the Records and Reports Element.

2.7 Example

A description of the reference facility is given in Appendix A. A

schematic diagram showing the process, one possible choice for the NBA

structure, and the key measurement points is presented in Figure A.I. Material

inventory description for the reference plant is given in Table A.I.

It should be emphasized that the MBA choice is only one of a number of

possible alternatives. For example, the entire facility might be represented

by a single MBA, with rod loading, assembling, and storage being designated as

KMPs; likewise, the shipper-receiver MBA could be replaced by shipper-receiver

KMPs. On the other hand, if there are a number of parallel fabrication lines,

one for each plutonium loading for example, it might be convenient to make

each line a separate MBA.

Another point to be noted is that the operator may choose to have any

number of measurement points and material control areas for process control

and to satisfy domestic accounting and physical protection requirements. The

KMPs shown in Figure A.I are those that, in this example, would provide access

to the IAEA for its routine verification activities.
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Possible measurement methods used at the flow and inventory KHPs are

shown in Tables A.2 and A.3, respectively. Also shown are the container types

and the sampling methods. The methods shown are those that might be used by

the operator. The IAEA's verification methods are not necessarily the same;

usually, for example, it will make greater use of NDA, which is cheaper,

faster, and more convenient, though not as accurate US analytical methods.

If the material is not to be processed further for some time after the

measurement at a particular KMP but is to be stored, it mc.y be convenient for

the IAEA to seal the container with tamper-indicating seals. At some future

time, such as a physical inventory taking or verification, the integrity of

the seal will assure the continued validity of the measurements, making

remeasurement unnecessary and reducing the burden on both the operator and the

IAEA. Sealing can also reduce the effort required to resolve anomalies.

Some typical accuracies and precisions for each type of measurement are

shown in Table 2.6 (NUREG/CR-2935). The types of standards used and the

frequency of calibration from which the accuracy and precision of the

measurements could be determined also are given. Biases are not shown, since

tha measurement data are assumed to be corrected for these. Methods of

determining random and systematic error and bias are discussed in detail in

the description of the Measurement Quality Element.

To propagate uncertainties like those shown in Table 2.6 into the

material balance and material unaccounted for it is necessary to break the

flows and inventories down into individual measurement strata and to know how

many measurements are made on each stratum. Random errors then are added in

quadrature (i.e., by taking the square root of the sum of the squares of the

individual errors) for the stratum, while systematic errors are applied to the

stratum as a whole. This results in an uncertainty for the entire stratum,

which is combined with that for each of the other strata, taking due account

of covariances, to yield an overall uncertainty, «„,,„, in the MUF. The

procedures for accomplishing this are explained in the detailed descriptions

of the Measurement Quality and Material Balance Closing Elements.
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Table 2.6. Typical Operator's Measurement Methods and Uncertainties

Method Applications

Measurement Errors (X RSD)
Calibration Calibration

Sampling Assay Error Freguencv(a)

Pu Assay

Amperometric
Titrations

Coulometric

NDA, y scan (e)

NDA, Neutron
Coincidence or
Scanner (e)

Pu in MOX Powder
Pu in MOX pellets
Pu in recycled MOX

Pu scrap
Pu in MOX

Pu in MOX samples
Pu scrap (moderately
homogeneous)
HEPA filters
Waste cartons

PuO2 Powder
Pu in MOX samples
FFTF fuel pins

0.1
0.2
0.2
0.5

0.5
0.2

0.5

0.5

0.3
0.2
0.2
0.25

0.25
0.2

1

2-5
10
10

3
4
1

0.05
0.1
0.1
0.1

0.1-0.2
0.1-0.2

1

2-4
5
5

1-2
1-2
0.3

Weekly
Weekly
Weekly
Weekly

Weekly
Weekly

Daily

Daily
Daily
Daily

Daily
Daily
Daily

?u Isotopic
Determination

Mass Spectroscopy
Alpha Spectroscopy

Pu-239
Pu-238

(at low levels)

0.1
2

0.03
0.02

Two weeks
Two weeks

Gravimetry
Titrations

U02

UO2/U in MOX
0.05
0.2

0.1
0.2

0.03
0.03

Weekly
Weekly
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Table 2.6. Cont.

Method Applications Standard Deviation in Grams(b)

Mass Measurements Measurement of:
Random
Error(d)

Calibration
Error(c)

1 leg scale

5 kg scale

10 kg scale
15 kg scale
25 kg scale

PuC>2 cleanup powder
Organic pore former
Die lube

Pu02 powder receipts/additions
U0 2 additions
MOX powder
MOX powder with organics
Rejected sintered pellets
Pellet stack load

Cans of MOX Powder
Grinder sludge

0.1

0.3

0.3
0.3
0.6

(a) Each calibration consists of 10-15 values from reference standards
measured over the period of time indicated.

(b) The precision capabilities of scales are better than listed here but
these are realistic values for routine usage in production lines.

(c) Scales recalibrated weekly using (at least) twice daily readings of
reference standards.

(d) Conservative values were used because these measurements will be
conducted under process conditions.

(e) For NDA calibration, standard sources are measured daily to check that
the calibration has not drifted. Complete system calibrations are
performed at intervals of one to three months unless check-source
measurement indicates a need for more frequent recalibration.
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Part 3. MEASUREMENT QUALITY

3.1 Introduction

An essential element in any nuclear material control and accounting

system is a programme for the control of the quality of the measurements of

material quantity. A knowledge of measurement uncertainties, biases, sources

and magnitudes of random and systematic errors, and measures to control the

quality of measurements are important for process control, product quality,

health and safety, and domestic safeguards. They also are essential for

international safeguards, since the evaluation of material unaccounted for and

the resolution of individual measurement anomalies may both depend upon a

knowledge of the inherent measurement errors. The extent and complexity of the

programme will depend, among other things, on the type of nuclear activity and

the form and quantities of nuclear material. This section provides information

to assist the facility operator in establishing a measurement quality

programme including technical as well as administrative aspects such as

organization, personnel qualification and training, and documentation.

Measures for the evaluation of precision and accuracy of measurements and

the estimation of measurement uncertainty as well as procedures to control the

quality of measurements can be translated into three objectives of a facility

measurement quality programme as follows:

1. To provide a sound technical basis for estimation of material

accountancy measurement precision end accuracy.

2. To ensure the control of the quality of material accountancy

measurements.

3. To provide documented evidence that material accountancy

measurements have met quality criteria.

Implicit in the above objectives is the need for definition of the

quality criteria that the material accountancy measurements are expected to

meet. One definition of such quality criteria for international safeguards has

been stated in the Safeguards Glossary (IAEA/SG/INF/1). Under the term



"International standards of accountancy" there ate identified some expected

measurement uncertainties in terms of the uncertainty of MUF for some bulk

facility types. These have not been set forth as requirements or as

established standards but provide an indication of what is expected, or at

least what is considered achievable, for an individual material balance. The

expected uncertainty of MUF (<*,_„,> for a mixed oxide fuel fabrication

plant is 0.5% of the larger of inventory or throughput.

It is not the purpose of this document to establish such quality criteria

for measurements systems. Rather this document will address the Measurement

Quality Programme and the measures that can be used to determine measurement

quality in terms of individual measurements and material balance uncertainty.

The measures addressed can be used to determine whether a measurement system

meets established criteria or to determine the criteria that the system is

capable of meeting.

While the ultimate goal is the determination of the material balance

uncertainty, this must be done on the basis of the uncertainties of the

elements of the measurement processes at the individual KMPs. These

uncertainties are combined appropriately to produce the uncertainties of the

material balance components and the uncertainty of the material balance,

a . The selection of individual KMPs and of corresponding measurement

processes, with their associated uncertainties, are closely interrelated. This

relationship is important in designing the entire measurement system to

achieve an acceptable uncertainty in the material balance with the use of the

resources available to the operator.

As pointed out above, in addition to the measurements essential to the

IAEA's safeguards programme the operators of the facility also must carry out

measurements to satisfy their own requirements for material accounting,

quality and process control, and equity in transactions with vendors of feed

stock or recipients of finished products. Because most such measurements are

identical or similar to those required by the safeguards programme, the design

of the entire system to achieve these two purposes with a minimum of effort

would be advantageous. The determination and control of the quality of the



elements of the measurement process will be addressed in this Part. The

treatment of these uncertainties to produce the material balance uncertainty

will be addressed in detail in the description of the Material Balance Closing

Element in Part 6.

3.2. System Qualification

An important factor in the initial choice of a measurement method by the

operator is the accuracy and precision of which the method is capable. A

number of compilations of the expected capabilities of the measurement methods

used in MOX fabrication plans have been published (Reilly 1977; Sodden 1972;

Pietri 1978; Hough 1982; LA-8901C; IAEA-174; Rogers, 1983), which the operator

may use in selecting the methods for his plant. Data on accuracies and

precisions have been given in Section 2.5. The IAEA has published a set of

"target" values for the systematic and random uncertainties, as relative

standard deviations, for various measurement methods and material categories

(Hough 1982). Some of these are extracted in Tables 3.1 and 3.2 for analytical

measurements of some of the material appearing in a MOX fuel fabrication

plant. The uncertainties shown are those arising from both sample treatment

and analytical measurement, but do not include sampling errors. The

uncertainties are about the same as or somewhat larger than those given in

Sec. 2.5.3.

With the use of a computer model of the measurement system of the plant

and the target values shown in the tables, it has been estimated (Hough 1982)

that a er-,., of 0.94% relative, or 4.7 kg Pu, can be achieved in a plant
HUr

with a throughput of 500 kg of Pu per year. In a similar study, a working

group on mixed oxide fuel fabrication plants of the European Safeguards

Research and Development Association (ESARDA) estimated a a,_ of 0.097%
HUr

or 0.45 kg Pu for a model facility with the same throughput (Cuypers 1983). In

a study of an actual facility, the BELGONUCLEAIRE plant at Dessel, Belgium, a

typical value for a is 2kg Pu (Ce Canck 1984). While this is smaller
nut*

than the values estimated by Hough et al., it represents a fairly large

fraction of throughput (0.7%), because the throughput of the Dessel facility

is 300 kg Pu per year. The largest contribution to a,.,, came from the
trains of glove boxes. These values of <» may be compared with the

MUF
expected value stated in the IAEA Safeguards Glossary for mixed oxide
facilities of 0.5% of annual throughput.
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Table 3.1 Target Values for Standard Deviation (X Relative) of Analytical

Measurements of Element and Concentration in Fuel Material in

MOX Fabrication Facility (extracted from de Bièvre 1984)

S » Random; S = Systematic

Method Titrimetry Coulometry Gravimetry

Material Element

PisO

uo2
MOX

MOX

MOX

MOX

MOX

MOX

2 powder

powder

powder,

powder,

powder,

powder,

Scrap

Scrap

LWR

LWR

FBR

FBR

PU

U

Pu

U

Pu

U

Pu

U

0.2

0.15

1.0

0.3

0.3

0.3

1.0

0.5

0.2

0.15

0.5

0.2

0.2

0.2

0.5

0.5

0.2

0.15

0.2

0.3

0.2

0.3

0.2

_

0.2

0.15

0.2

0.2

0.2

0.2

0.5
_

0.2
0.1

-

-

-

-

-

0.2
0.1

-

-

-

-
_
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Table 3.2 Target Values for Standard Deviation {% Relative) of Isotopic

Determinations in MOX Fabrication Facility (extracted from de

Bivre 1984)

R » Random; S = Systematic

Abundance
Gas

Mass Spec.
R S

Thermal Ion.
Mass Spec.
R S

Gamma Spec.
S S

c Spec.
R S

U-235 0.7

Pu-238 0.3

1.5

Pu-239 50-80

Pu-240 10-30

Pu-241 3

1-5

Pu-242 1-5

0.05 0.1 0.75 1

2 2

1 1

0.1S 0.1

0.3 0.3

0.S 1

0.5 0.3

0.5 0.5

2 2

3 2



Regardless of what might be stated in the literature, to establish the

performance of the measurement system it is necessary to test or qualify it

before it is put into routine use in a plant. Such tests are also necessary

when individual components or measurement methods are changed. The

qualification process consists of testing the equipment over the full range of

operation under the expected environmental conditions to ensure that it meets

specifications, calibrating it, determining the random and systematic errors

and bias of each measurement method, and documenting the procedures and

results. This will demonstrate the overall measurement goal, expressed as the

standard deviation of the material unaccounted for, that can be achieved.

In Sec. 2.5 the various categories of measurements, bulk, analytical

(both chemical and isotopic), and nondestructive as well as the sampling

process, were discussed. Qualification of these methods would determine the

random and systematic uncertainties and biases associated with them.

Thus, the sampling procedures can be qualified during the pre-start-up

phase of the plant, when natural uranium is used to test the fabrication

process. A total of n replicate samples can be taken by each of the proposed

sampling techniques and analyzed for uranium concentration. This will give the

series of results x,,x_,...,x , say, with mean value x. If the random
1 £ n

analytical error is small compared with the random sampling error, the latter

is given by

n
I

••. -
(1)

n-1

where a is the random sampling standard deviation. For reliable results

n>~10. Too large a o suggests that the sampling procedure is in need of

improvement. Once the plant is operating routinely the tests should be

repeated at intervals to ensure that the sampling process is still under

control.
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If the analytical uncertainties in the sampling tests are not negligibly

small either they have to be determined in a separate experiment or analysis

of variance techniques must be used to separate them from the sampling errors.

The performance of the equipment and the various error components in bulk

measurements also can be determined by pre-operational qualification. For

weighings the procedure is straightforward, using accurately known standard

weights which have been related to nationally accepted standards. Repeated

weighings of the standard weight and comparison of the mean with the standard

value determines the bias of the particular scale or balance being tested. If

the weights obtained from the repeated weighings are x., x_. •••*„• with

mean value x, and the weight of the standard is x , the bias of the

weighing device is x-x . The uncertainty in the bias, or the systematic

error, is

n

X

- Î ) 2

n(n-l)
(2)

where a is the uncertainty in the weight of the standard. The random erroro
in the weighing procedure is

- i ) 2

(3)

Again, for reliable results, >~10.

The bias and random and systematic errors of analytical measurements can

be determined in a manner similar to that described for weighings, by the use

of nationally accepted chemical and isotopic standards and replicate

measurements. Other important pre-operational qualification activities (which

also could be a part of a continuing measurement quality control programme)

could include comparisons with results of alternative and independent

measurement methods, interlaboratory comparisons, and measurement round-robins

involving several laboratories.
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In the use of analytical procedures at a given facility a number of

factors which can influence the quality of the results must be taken into

consideration. Properties such as composition and concentration of the

standard material must be comparable to those of the material routinely

analyzed. For certain analytical procedures, for example, mass spectromttry,

the presence of interfering constituents may have a significant influence on

the measurements. In instances where such constitutents may be present, and

especially in those cases in which the concentration of those constituents may

fluctuate with time, their influence on the measurements must be investigated.

Usually the presence of trace elements which may interfere with analytical

measurement is determined by emission spectroscopy.

The occurrence of effects which would perturb a calibration should be

detected, or preferably, prevented, for example, the incomplete dissolution of

a sample, contamination of a standard, Absorption of moisture leading to a

weighing error, or & change in the stoichiometry of a uranium or plutonium

oxide sample. Other sources of error are, for example, the evaporation of

water from aliquoted samples or the neglect of changes in density arising from

changes in temperature.

these and other possible sources of error can be minimized and the

reliability of calibrations and measurements assured through the use of

well-documented standard procedures which have been thoroughly tested and

qualified.

Determining the bias and systematic error of nondestructive assay methods

is usually less straightforward than for analytical methods, because

representative standards may not be available for the full range of categories

of material. In the absence of such standards, possible alternatives for the

determination of these error components in the qualification phase are total

recovery of the samples (the most accurate but also the most expensive

method), comparison of the results of a particular NDA method with those of

another, more accurate method, either at the facility or at another

laboratory, or participation in round-robins involving the exchange of

well-characterized standards between laboratories.
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The qualification programme should establish the capability of the

measurement system to perform as expected under the conditions existing in the

plant in routine operation. This would include not only the rcnge of expected

environmental conditions (e.g., temperature, humidity, vibration, electrical

voltage, frequency, and noise) but the range of performance of personnel

responsible for performing the measurements. It is possible, for example, that

the accuracy and precision actually attained with a method will depend on the

analyst. A properly designed qualification programme should be able to

determine such differences, if they exist. The pre-operational qualification

programme also should ensure that measurement personnel have the proper

technical qualifications and have been trained in the specific procedures to

be used for measurements.

To summarize, a qualification programme should include the following

elements:

<1> Acquisition of the necessary standards (ma3s standards, chemical and

isotopic standards, etc.) and preparation of working standards.

(2) Preparation of written procedures for testing measurement equipment

and methods to ensure that they meet specifications and achieve the

desired performance levels under the expected environmental

conditions.

(3) The actual testing of equipment and procedures to determine

systematic and random error and bias, and to establish the

reliability of the equipment under the actual range of operating

conditions.

(A) The documentation of results in a form that will facilitate review

and evaluation.

3.3 Standards and Calibrations

For the comparison of a measurement system with international standards it

is implicit that standards exist with which the results of facility

measurements are compared or with which facility measurement processes are

calibrated. There are two general typss of such standards. These are standard

reference materials and mass or weight standards. Standard reference materials
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are well characterized materials that are used to calibrate a measurement

system cr to produce sciontific data that can be referred to as a common base

(Rodden 1972; IAEA-174). Standard weights are those used in determining and

controlling the mass measurement processes. For each type of standard there is

a hierarchy of standards that can be used. For standard reference materials

this hierarchy goes from atomic weight standard to ultimate standard, primary

standard, and working standard. The definition, preparation and use of these

standards is discussed in detail in Chapter 2 of Rodden 1972 and also in

Chapter 2 of IAEA-174. The hierarchy for mass calibration standards goes from

primary standard weight to secondary and tertiary standard weights, replica

standards, and the calibration balance. The definition, preparation, and use

of these standards is discussed in detail in Chapter 4 of Rodden 1972 and

Chapter 3 of IAEA-174. IAEA-174 also discusses the use of standard reference

materials for applicetion to nondestructive analysis.

As has been noted in Section 2.S, it is the hierarchy of these standards

that provides the traceability of a facility's measurement system results to a

national or international measurement system or standard. Each level of the

standards hierarchy is measured against the next level so that the working

standards used in routine facility measurement processes can be identified

with the certified higher levels of the standards hierarchy. The means for

accomplishing this are discussed in detail in both Rodden 1972 (Chapters 2 and

4) and IAEA-174 (Chapters 2 and 3).

The measurements performed on nuclear material in the reference facility

under consideration may be divided into three categories for the purpose of

discussing their standards and calibration. These are: (1) bulk; (2)

analytical; and (3) nondestructive analysis (NDA). These will be considered in

turn.

3.3.1. Bulk Measurements

The materials to be weighed at the reference facility are identified in

Tables A.I, A.2 and A.3 in Appendix A and include PuO, powder in 2.5 kg

cans, UO powder in 25 kg buckets, MOX powder in 10 kg cans, pellet trays
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and stacks and scrap. In addition, small samples of these materials are taken

at various KMPs and weighed before they are analyzed. Thus it is necessary to

establish standards and calibrations for several different materials with

weights extending over many orders of magnitude.

The establishment of standards of mass is one of the oldest functions of

national standards laboratories. Current practices and typical attainable

accuracies are summarized, for example, in National Bureau of Standards

Circular 547, "Precision Laboratory Standards of Mass and Laboratory Weights"

(NBS S47). Some typical series of standard weights tested and calibrated by

NBS with utility for safeguards measurements are: Class M (reference

standards): range 0.0S m% to 25 kg, tolerance from 0.0054 mg below 1 g to S

ppra at 25 kg; Class S (working standards): range 0.05 mg to 25 kg, tolerance

from 0.014 mg below 100 mg to 2.5 ppra at 25 kg; Class P (laboratory weight):

range 0.05 rag to 1000 kg, tolerance 20 ppm from 0.1 to 1000 kg. A comparison

of these tolerances with the typical precisions for various weighing devices

given in Table 2.3 of the proceeding section, "Nuclear Material Measurements,"

shows that with the possible exception of the top loading scale, the accuracy

attainable for the weight standard is in general at least an order of

magnitude better than the precision of the weighing device calibrated.

The specific procedures for the calibration of mass measurements on

nuclear materials, are addressed in detail in ANSI N15.18, "American National

Standard Mass Calibration Techniques for Nuclear Material Control". General

procedures for the calibration and control of weighing devices are discussed

in detail in Rodden 1972 (Chapters 2 and 4) and in IAEA-174 (Chapters 2 and

3). Statistical methods for the calibration of weighing devices and the

determination of the errors of calibration and of routine weighing operations

are described in detail in IAEA-TECDOC-261 (Section 2.6), in Jaech 1973

(Chapter 3) and in Jaech 1978. Methods for correcting PuO_ weight for

moisture and carbon dioxide content are given in Swinburne 1976. These

descriptions include discussion, with examples, of a variety of conditions

that might be encountered by the facility operator. Such conditions as single

standard and multiple standard calibrations, rounding effects and time effects
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are addressed. The descriptions also include discussion of the determination

of random errors using standards and under routine operating conditions. These

discussions are not repeated here.

3.3.2. Analytical Measurements

The principal methods employed for the analysis of uranium and plutonium

at a mixed oxide fuel fabrication plant have been presented in the preceding

Part en Nuclear Material Measurements. These methods can be calibrated and

standardized and their uncertainties estimated through the use of standard

and/or certified reference material. The definition, preparation and use of

standard reference materials are described in detail in Rodden 1972 (Chapter

2), Rogers 1983 and IAEA-174 (Chapter 2). Certified reference materials are

defined by the International Organization for Standardization as follows:

"Certified reference materials are reference materials accompanied by, or

traceable to a certificate stating the property value(s) concerned (and its

associated uncertainty) issued by the organization, public or private, which

is generally accepted as technically competent" (ISO-1977). The hierarchy 5

standard reference materials and the use of working standards traceable to

national certified standards also are discussed in these references.

The principal organization.; currently supplying certified reference

materials with applicability to safeguards measurements are: The U.S. National

Bureau of Standards (NBS), Washington, D.C.; the New Brunswick Laboratory

(N8L), Argonne, Illinois; British Nuclear Fuels Limited (BNFL), Capenhurst,

Cheshire, England; the Central Bureau for Nuclear Measurements (CBNM), Geel,

Belgium; the Commissariat l'Energie Atomique (CEA), Grenoble and Pierrelatte,

France; the Japan Atomic Energy Research Institute (JAERI), Tokai, Ibaraki,

Japan; and the International Atomic Energy Agency (IAEA), Seibersdorf,

Austria. These organizations furnish more than 100 certified reference

materials suitable for safeguards measurements. In addition to these

suppliers, other organizations produce a number of secondary standards

representative of most materials which are present in the nuclear fuel cycle.
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The standard reference materials currently Available are described in a

number of catalogues and publications, for example, the National Bureau of

Standards' Standard Reference Materials Catalog (NBS 260), the New Brunswick

Laboratory's Certified Reference Materials Catalog (NBL 1982), report EUR

6937: Catalogue of Chemical and Isotopic Nuclear Reference Materials, issued

by the Central Bureau for Nuclear Measurement of the Commission of the

European Communities (EUR 6937), and report ISO/REMCO 89: New Certified

Reference Materials in Current and Planned Production, issued by the

International Organization for Standardization in Geneva (ISO/REMCO 89).

Detailed information on the preparation and standardization of NBS standard

reference materials is given in NBS Special Publication 260-27.

In Table 3.3 a number of the standard reference materials for the

calibration of analytical procedures used for the determination of uranium and

plutonium or of trace elements are listed.

Because the certified reference materials provided by national standards

laboratories and other sources do not reproduce the entire range of materials

which are encountered in most production facilities, and are often expensive

or of limited availability, it often is necessary for a facility operator to

develop additional, facility reference materials or working calibration and

test materials which are traceable through a set of comparisons to a standard

reference material. A number of considerations are important in the choice of

an appropriate material and in the design of the measurements necessary for

its standardization, for example, the desired uncertainty, the stability of

the material under various conditions, its comparability with the material

routinely analyzed and suitability for the analytical method employed, and

considerations of convenience and economy.

Examples of the procedures for the production and standardization of

facility reference materials with plutonium have been given by Rein et al.:

NUREG0118 (plutonium nitrate solution), NUREG/CR-0061 (plutonium oxide) and

NUREG/CR-0139 (mixed oxide). In these references, procedures are presented for

preparation of materials with assigned values of plutonium (and uranium, where

applicable) concentrations and isotopic distributions to serve as working

calibration and test materials (WCTM) in calibrations and measurement control.
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Table 3.3 Standard Reference Materials Available for the-Determination of
Uranium and Plutonium or of Trace Elements

Supplies Reference No. Materials Comments

CBNM

CEA

IAEA

JAERI

NBL

NBS

EC-llO

EC-2O1

1016/1020

MUI

Series G.C.I

(A-F)

Series G.C.2

(G-I^)

Series G.C.3

SR-S4

SR-4

Ul

U4

114

120

122

950b

946-948

945

U010, U01S, U020, U050,

U100, U150, U200, U500

uo2
Pu Metal

U-Al Alloys

U metal

PuO- powder

PuO. powder

PuO» Powder

U3°8

U3°8
U metal

U 0 powder
3 o

UO powder

PuO powder

°3°8
Pu Sulfate

tetrahydrate

Pu (metal Matrix)

Pu (99.99%)

U3°8

CRH
CRM

CRM

CRM

Trace Element

Trace Element

Trace Element

Trace element

AQCS

Trace Element

CRM

WSBM

WSRM

CRM (preparation)

CEM

CRH, Isotopic

Trace element

CRM

CEM, Isotopic

AQCS - Analytical Quality Control Service provided by the IAEA
CBNM - Central Bureau for Nuclear Measurements
CEA - Commissariat l'Enrgie Atomique
CRM - Certified Reference Material
IAEA - International Atomic Energy Agency
JAERI - Japan Atomic Energy Research Institute
NBL - New Brunswick Laboratory
NBS -- National Bureau of Standards
WSRM - Working Standard Reference Material
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A WCTH may be made with non-standard reference material similar to the process

material of interest. When such material is used at least two independent

measurement methods should be used to characterize the WCTM. The measurement

methods used need further to be calibrated against standard reference material

containing impurities similar to those contained in the WCTM. Details of these

procedures and the statistical treatment of the data are included in these

references. For uranium, Wong, Cate and Pickles (Wong 528) give an example for

preparation of the WCTM from U0« powder or NBS standard reference materials.

Standard reference materials specifically applicable to mass

spectrometric analysis and consisting of uranium and plutonium samples of

known isotopic composition are available from a number of sources; for

example, CEA, BNFL, NBS, NBL, JAERI, and CBNM (EUR 6937, NBS 260, NBL 1982).

Plutonium reference materials are ordinarily available as plutonium sulfate

tetrahydrate. The available standard reference materials include most

materials encountered in the nuclear fuel cycle. Also, as mass spectrometry

for isotopic assay requires only micrograms of the samples, the standard

reference materials usually are used as the WCTH.

There are two general areas of use for standard reference materials in

the determination and control of analytical measurements. One area is routine

use such as the use of potassium dichromate titrant in a determination or of

isotopic working standards in mass spectrometric analysis. Another area is the

use of standard reference materials to calibrate the methods in the sense of

determining biases and systematic errors. Routine use normally is specified in

the written procedures for the analytical method. This can be seen io the

methods described by Rodden (Rodden 1972). For the determination and control

of bias and systematic error the standard reference material is analyzed by a

given method and the results evaluated on the basis of the measured values

compared to the assigned values. The procedures and statistical methods for

calibration of measurement methods and determination of biases and systematic

errors are described in detail in IAEA-TECDOC-261 (Section 2.6), in Jaech 1973

(Chapter 3), and in NUREG/CR-1284. The descriptions also include discussion of

the determination of random errors using standard reference material and using

non-standard material, i.e. production or process material.
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3.3.3. Nondestructive Analysis (NDA)

Because the methods of nondestructive analysis are diverse and involve a

variety of different nuclear radiation detection lysterns, and because the

materials investigated also are diverse, ranging from products such as PuO»

powder, MOX powder, pellets, and fuel elements to in-process holdup and waste

streams, the task of calibration and standardization is far more difficult and

complex than for more traditional measurement methods. Despite these

difficulties, considerable progress has been achieved in this area.

Recommendations for calibration procedures have been promulgated in the

American National Standard "Guide to Calibrating Nondestructive Assay Systems"

(ANSI N15.20).

The requirements for physical standards for NDA techniques were the

subject of a study conducted by an advisory group of the IAEA in 1977

(AG-112). With respect to facilities processing mixed oxide, the

recommendation of the group calls for primary standards of PuO. to calibrate

measurements on plutonium oxide feedstock material, secondary standards

consisting of pellets, fuel pins, and Pu scrap and waste for each relevant

plutonium content and reactor type, and mock-ups of fuel assemblies serving as

normalization standards.

A list of reference materials available in 1978 for the nondestructive

assay of special nuclear material has been compiled by Bibliocca, Cuypers, and

Ley (EUR 6089 EN). The principal items with relevance to a MOX fuel fabrication

facility are uranium oxide, plutonium oxide and MOX powder and MOX pellets

with various plutonium contents, entire fuel rods, and waste.

Guidelines for the preparation and procurement of plant-specific NDA

reference materials (PSRM) for mixed oxide fabrication facilities have been

outlined in Abedin-Zadeh 1982 and Busca 1982. Procedures for the production

and analysis of a MOX fuel pin and waste as PSRM have been described in Bondar

1984 and Busca 1984.
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A major source of uncertainty in material accountancy is associated with

measurements on scrap and waste. This arises because of the great diversity of

nuclear material, enrichments and concentrations, the matrix of extraneous

material, and the packaging- These sources of error can be somewhat reduced

through concentration, compaction, ashing, or chemical separation, and the

standardization of materials and containers. For the calibration of NDA

systems dedicated to measurements on such material, the reference materials

employed should resemble in as many respects as possible the material analyzed

and in particular, they should span the entire range of properties, for

example, the concentration or isotopic enrichment of the materials analyzed.

The calibration should be checked periodically by the random selection of an

item for verification. Replicate NDA measurements should be performed on this

item a number of times sufficient to give the desired precison of the NDA

measurement. The nuclear material in the item then is recovered for analysis

by an independent technique. To provide for the calibration of NDA systems of

this type, the New Brunswick Laboratory has initiated the preparation of

prototype reference materials (Voeics 582).

IAEA-174 (chapter 6) describes a number of methods for the nondestructive

assay of nuclear material. These descriptions include identification of the

calibration methods. Statistical methods for calibration of NDA measurement

systems are described in detail in IAEA-TECD0C-261 (Section 2.6) and in Jaech

1973 (Chapter 3). These descriptions include discussion, with examples, of a

variety of situations such as linear and nonlinear calibrations and single

point calibrations. The descriptions also include discussion of the

determination of random errors using standards and under routine operating

conditions.

3.4. Sampling

In an effective measurement control programme, particular attention must

be given to the errors, both random and systematic, that originate with the

sampling of material for analysis. Sampling errors, unlike the errors of

various measurement techniques, cannot readily be determined and controlled by

measurements and calibrations employing standard reference materials.
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There are many possible sources of sampling error. In powders or

aggregates, particles in containers or process streams may become segregated

by size. In liquids the concentration of materials may not be uniform

throughout the volume; suspended solids or colloids or multiple phases nay

exist. The composition of a sample may change with time through oxidation, the

absorption or evaporation of water, contamination or leakage.

Tha «valuation of sampling errors and the establishment of procedures for

their minimization and control should be carried out to the fullest extent

possible during the measurement qualification phase before routine operation

of the facility. Thereafter, periodic monitoring of the sampling process is

necessary, as well as a réévaluation in the event of the introduction of

changes in the system which might lead to new sampling errors. The conditions

and factors which Influence the sampling process, such as the type of

material, its lot or batch structure and variability, and accessibility and

capability for mixing should be evaluated. For each item to be sampled, a

sampling plan should bs formulated which takes into account the type of

material treated and the precision and accuracy required, and which specifies

the sampling technique, the timing of the sample taking, and the number and

size of samples required. For a given sampling procedure the associated random

and systematic errors should be determined.

Four sources of error contribute to the overall error in the

determination of the properties of a material through sampling and analysis.

These are the systematic and random errors of the sampling process and the

systematic and random errors associated with the analysis. Each of these

sources of error should be determined independently.

To determine the systematic error of the sampling process, it is

necessary to compare the results obtained with those from an independent

sampling method known to be unbiased. Recommended procedures for obtaining an

unbiased sample include the taking of very large samples, the compositing of

many small samples taken randomly over the entire quantity of material being

sampled, and the homogenization and multiple sampling of all the material

(Brouns 1976). The comparison of samples taken under different conditions of
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sampling and treatment may disclose previously undetected sources of sampling

bias.

Random errors in both sampling and analysis can be determined by

replicate measurements. In the simplest example (IAEÀ-TECDOC-261), if a total

of n paired measurements are performed, and the differences between the

results of each pair of measurements are denoted by d., then the total

random variance for the process is given by

d.T/n
l

In this simple example only the total random variance can be determined.

The sampling and analysis procedures can be designed to determine

independently the random variances of the sampling and analysis by talcing a

certain number, say m samples and performing n replicate analyses on each

sample for a total of mn analyses. This procedure can be extended further to

take account of, for example, possible differences among several lots of

material, among several analytical procedures, or among analyses performed at

different laboratories. The standard statistical methods employed to extract

the individual variances are described in detail in ref. IAEA-TECDOC-261, p.

25, et seq. and in Jaech 1973, p. 101 et seq.

Because! a given sampling plan may involve a number of batches or items,

the taking of a number of samples, and replicate analyses, it is advantageous

to optimize the sampling plan, i.e., for a given total number of analyses, to

minimize the total variance or conversely, for a desired variance, to perform

a minimum number of analyses. One approach to this problem involves the

compositing of a number of samples in order to permit a smaller number of

analyses to be made. In this procedure a certain amount of information

concerning the variation from sample to aample may be discarded, but if

sufficient historical information on the variances has been accumulated this

information may not be needed. The general problem of optimizing the sampling

plan has been treated in detail by Gutmacher, et al. (WASH 1335). The even

more general problem of optimizing the entire measurement system, including
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the sampling plan, so as to produce the minimum cost for any feasible limit of

error has been treated by Indusi and Marcuse, using a nonlinear programming,

technique (Indusi 1974).

3.5 Control Programme

Two objectives can be stated for the control aspect of a facility

measurement system: to ensure the continued validity and quality of the

measurements, and to provide documented evidence that the measurements have

met established quality criteria. These objectives can be attained by a

properly administered programme of measurement monitoring and control data

evaluation.

3.S.I Measurement Monitoring

The initial steps in establishing a measurement programme are to

determine the precision and accuracy needed for each measurement, select the

methods that will provide that precision and accuracy and calibrate the

methods to provide assurance that the methods do perform as expected. When the

needed measurement procedures, including sampling, have been established they

should be documented in complete detail, and should include the detailed steps

to be performed, conditions to be avoided, and indications of anomalies to be

aware of. Adherence to the established procedures in routine operations can be

assisted by the initial training and qualification of personnel and by

subsequent audits of the measurement processes. However, to provide assurance

that established procedur are being followed and that the measurement

processes are performing as expected, monitoring is needed. This monitoring

can be accomplished when routine measurements are performed by the

remeasurement of standards or known material. These measurements may be

performed at infrequent intervals using certified or primary standard

reference materials but should be made at more frequent intervals using

secondary or working standards, or on selected production items such as fuel

pellets or rods which are reserved for periodic remeasurements. in addition,

periodic analysis of a second independent production sample by a second

analyst may be used a monitoring means. The use of an independent method, i.e.
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different from the routine method, may be used as a means of monitoring or

investigating relative measurement bias.

The frequency of measurements OR each type of material depends on the

individual measurement process and the requirements of the facility. Examples

of typical schedules for standards measurements are found in Table 2.7 of Part

2, on the Measurement System Element and in the presentation by R.A. Schneider

in LA-8901-C (Schneider 1981). The examples given in Sec. 3.7 illustrate this

control process.

A useful means for investigating the relative measurement biases which

may exist between different facilities, and which in some instances may lead

to shipper-receiver differences, consists of the exchange of facility working

standards or other material for analysis by two or more laboratories. Also, an

independent agency may prepare samples for analysis by a number of facilities

and thus make a comparative evaluation of the results. One example of this

approach is the former SALE (Safeguards Analytical Laboratory Evaluation)

programme carried out by the New Brunswick Laboratory (NBL-305). In this

programme four known sample materials (uranyl nitrate solution, UO. powder,

PuO powder, and (Pu,U)O. pellets) were distributed to about 40

participating laboratories for measurement on a bimonthly basis. After

analysis and reporting of results the reference values were given to the

laboratories, the results evaluated statistically and reports issued

bi-monthly, with codes assigned to protect the anonymity of the laboratories.

3.5.2. Control D&ta Evaluation

Evaluation of data generated by measurements on both routine production

material and standards can serve control programme objectives. Evaluation of

the data assures continued validity and quality of measurements, and recording

of the data in the evaluation process provides the documented evidence that

the measurements have met established criteria. Statistical control limits can

be established for each of the measurement processes over which control needs

to be maintained. A measurement process is considered to be in statistical

control when repeated measurements from the process, or a sample of such
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measurements, behave in a random manner in a stable probability distribution,

making it possible to draw conclusions about the process in a statistical

sense.

To ensure that a given process remains in control, it is useful to

display the data on a control chart as a function of time. Various statistical

parameters may be displayed, typically the mean x, the standard deviation a,

or the range R. For a frequently occurring measurement the value of a measured

parameter, or the mean of several measurements, x, may be plotted. The data

plotted usually will be the result of a measurement on a standard. However,

measurements on process material also may be used. Usually two control limits

are drawn on the chart: lines above and below the expected mean value

deviating by +2o and +3a respectively. The inner limits are at the 957.

confidence level, and the outer at the 99.7% level, i.e., S out of 100 points

are expected to fall outside the 2a control limit but only 3 out of 1000

outside the 30 limit. One common control philosophy is to repeat a

measurement if a result falls beyond the 2c limit but within the 3o limit.

If several subsequent measurements fall within the 2a limit no action is

required; if not, the method is declared out of control, the cause

investigated, and remedial action initiated. If one measurement falls outside

the 3<J limit the method is declared out of control, the cause investigated,

and remedial action initiated. When isolated points on the control chart occur

far out of the expected range of variation, i.e., beyond 2a or ba, the

probable cause often may not be a statistical fluctuation or change, in bias

but rather human error, for example a gross mistake in the reading of an

instrument or in recording a result. In such a case, it is useful first to

investigate and eliminate or confirm the possibility of a mistake before

addressing the potentially more serious possibilities of a shift in bias or in

the calibration of the system.

Beyond their principal purpose in maintaining the measurement system in a

state of control, control charts also serve to show certain statistical

properties and trends, for example the magnitude of the standard deviation or

a slow shift in the average value of a parameter.
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Another useful control chart is the cumulative sum (Cusum) chart (Ewan

1963). Here, starting with some particular measurement, the sum of the

deviations of the measurements from a reference value, for example, *••><>

accepted value y of a standard, is plotted versus time:

Cusum = S_.

The series of values plotted would be

An important feature of the Cusum chart is the ability to see at any time

the apparent mean of an arbitrary group of points. If the two ends of a group

of r points, S and S,. , are connected by a straight line, the mean cf

the r values is (S -S )/r, the slope of the line, with the application

of an appropriate scale factor. Thus a change in tha mean value of the

original parameter will be indicated by a change in the slope of the cusum

chart, and the number of points affected will be evident. If the change in

slope results in a persistent trend away from the expected horizontal line it

is evidence of a persistent measurement bis>s. Short term fluctuations arise

either from random errors or short term changes in bias. If the system is in

statistical control and there is no bias relative to the reference value, the

Cusum values will be dispersed about a horizontal line with fluctuations

corresponding to the expected random errors.

Many other examples of the application of control charts in special

nuclear material control may be found in the literature (NUREG/CR-1284,

NBS-91, NBS-300).

3.S.3. Documentation

When the measurement control procedures have been evaluated and approved

they should be documented in complete detail including: acquisition,
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preparation, maintenance and use of standards; calibration of individual

systems', monitoring and control of measurement performance; recording and

treatment of data; actions to be taken when anomalies occur; and procedures

for making changes in the programme.

The day-to-day operation of the measurement quality control system should

be recorded in a log. Activities that should be covered include, among others,

instrument calibrations, check weighings, stability checks, specifications of

standard materials and other standards, statistical tests of data, repair and

maintenance records, and operating status of instruments. Determinations of

precision, accuracy, and bias also should be recorded. Entries should be dated

and signed. Documentation should include dates, so that the uncertainties and

biases can be applied to the appropriate periods in which measurements were

made. The documentation also should be sufficiently detailed that an auditor

can determine the operating status of all instruments used in the measurement

of any specific material, together with the relevant error data and the

identity of the standards used to establish bias and calibrations. Such logs

usually consist of bound notebooks with serially numbered pages. Supplementary

loose records consisting of control charts and other evaluation data also

would be kept and related to appropriate log entries.

3.6. Administration

The organization and administration of the measurement control programme

should be specified in detail in writing. Individual programme functions

should be identified and assigned, with their interrelationships specified,

and the responsibility and authority of individuals clearly defined. Along

with individual responsibility, checks and balances should be provided where

appropriée and feasible, so that the actions of one individual are verified

by oi-.hars. One individual should have overall responsibility for and be

accountable for measurement control and quality.

Facility management should be involved in the establishment, operation,

and modification of the measurement control programme. The criteria that the

measurement programme would be expected to meet should be established by

facility management on the basis of requirements that might be imposed on the



- 68 -

facility by its customers or its government authority. Facility management

should assure that the control programme will meet the criteria and that any

changes will not cause the programme to fail to meet such criteria. Procedures

should be established for management review and approval of changes to the

programme. Management also should conduct periodic reviews of the programme to

assure that it is being operated according to written approved procedures and

that these procedures remain appropriate for current facility operations.

For each individual measurement process in the programme, the

qualifications of the operators should be specified, in particular the

education, training, and work experience necessary to perform the required

operations.

A training and qualification programme for operators should be

instituted. The training should include instruction in the fundamentals of the

measurement process and functioning of the equipment and the actual methods

and procedures employed. There should be frequent written tests and oral

examinations. After qualification in the fundamental principles, extensive

experience in the actual operation of the equipment should be acquired, with

emphasis on the methods and procedures necessary to maintain aontrol, and on

the recognition of situations or malfunctions which are indicative of loss of

control. Finally, operating examinations should be held in which the trainees

analyze samples of unknown constitution. For qualification, minimum standards

should be set for both the precision achieved and the efficiency, or

throughput, of the measurements. Periodic testing and requalification of

operators should be carried out and retraining and requalification when new

measurement techniques are introduced.

3.7.1. introduction

A description of the reference facility is given in Appendix A. A

schematic diagram showing the process, one possible choice for the MBA

structure, and the key measurement points is presented in Figure A.I. Possible

measurement methods used at the flow and inventory KMPs are shown in Tables
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A.2 and A.3 respectively. Also shown are the container types and the sampling

methods. Some typical accuracies and precisions for typical HOX facility

measurements are shown in Table 2.6 in Part 2. These are not specific to the

reference facility, and not all those listed would necessarily be used for

material control and accounting purposes. Table 6.2, however, lists those

measurement methods and their associated precisions and accuracies to be

identified with the reference facility and used in the material balance

closing calculations shown in Part 6. The estimation of these precisions and

accuracies and the control of the quality of these measurements could be

accomplished using a programme described in the following paragraphs. The

statements, procedures, and instructions that follow are stated in the

imperative mode because they are an example of what the facility would issue.

In the present context, however, they should be interpreted as exemplary

rather than prescriptive.

The example is based on NUREG/CR-2935 for a mixed oxide fabrication

plant. Although the reference facility described in Appendix A is assumed not

to use enriched uranium and plutonium is accounted for only by element,

isotopic methods have been included in the following programme for

completeness.

3.7.2. Technical Requirements.

3.7.2.1. Reference Standards

For safeguards measurements there are three general criteria for

reference standards. First, reference standards must be traceable to a

national or international system of measurement. Second, the reference

standards must meet the quality objectives of the measurement programme. The

tolerance or uncertainty associated with a reference standard shall be smaller

than the uncertainty objective of the measurement. A desirable, but not always

attainable, goal would be for the uncertainty of the reference standard to be

five to ten times smaller than the uncertainty goal for the measurement

method. Third, reference standards must be representative of the measurement

process and range of application; or, in the case where the reference standard

is not used directly, representative secondary standards or working standards

shall be derived from the reference standard.
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3.7.2.2. Standards Replication Program

The frequency with which standards are measured shall be sufficient to

detect out-of-control situations in a timely manner in order to minimize the

number of items which mey have to be remeasured. Where standards are measured

for the purposes of detecting small biases and to provide estimates of

measurement bias, the frequency shall be sufficient to provide a precise

estimate of any possible bias.

3.7.2.3. Calibration standards shall be traceable to primary standards,

cover the range of application of the method, and be representative of the

material and item undergoing measurement. The last requirement is particularly

important when the measurement process is affected by the material or object

undergoing measurement. A case in point is the passive gamma counting of Pu

waste where it is necessary to duplicate both the composition of the waste and

the container by the calibration standards.

3.7.3. Mass Measurements

3.7.3.1. Reference Standards

The mass standards used in the measurement control programme are shown in

Table 3.4. Also included in the programme are sets of NBS Class S and SI

standard weights (NBS 547) which are used to recertify working weights and to

calibrate the analytical balances.

Table 3.4 Example of Mass Standards

Scale Type Standards Certification

1. Powder, Boat
and Tray Scales

2. Pellet Stack
Scales

Sets of 1, 5, 10, 20, 25 leg
Metal Weights.

Set of 0.5, 0.7, 2.4, 3.6,
4.9, 5.7 leg Metal Weights

NBS Class S. Certified
by Metrology Lab.
Recertify la Months.

Certified by Metrology
Lab.Recertify 18 Months.
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3.7.3.2. Measurement of Mass Standards

Each scale shall be zeroed at first use on each operating shift and a

control standard weighed. At regular intervals, «t a random time, a quality

control technician shall weigh a known standard in the working range on each

scale using the same standard each time on all scales to the extent possible.

The standard is weighed while the scale is in use, and the scale is not zeroed

just prior to checking the standard. The frequency of check weighings shall be

chosen to produce sufficient data to provide good estimates of systematic

error limits for each material balance (.criod. Measurement of random error

shall be performed by replicate weighings on production items Control charts

on the measured values of the check weights and the random error measurements

shall be maintained for each scale.

3.7.3.3. Mass Calibrations

Prior to use, newly acquired scales and balances shall be evaluated with

respect to accuracy and precision. After zeroing the balenee end sotting it up

according to the manufacturer's instructions, known standards shall be weighed

at approximately 50% and 100T. of full scale and at a point within the expected

working range. Standard weights listed in Table 3.4 shall DP used. A series of

15 runs using these three weights shall be made. A second series of 15 runs

shall be repeated at a later time (at least 24 hours later), with a second

person performing the weighing. A third series of 15 runs shall be repeated by

either of these first two persons or by a third person, again at a later time;

that is, at least 24 hours after the second series of runs. These data form

the basis for initial certification of the scale.

On a weekly basis, a quality control technician shell calibrate each

scale, document the calibration records, and update the calibration stickers.

Calibration must be performed prior to use of a scale that has been out of

service if the date is beyond that indicated by the due date sticker.

Eecalibration shall be done whenever the scale in question undergoes major

repair that, in the opinion of the quality control technician, ceula affect

overall performance. On an annual basis, each key accountability scale shall

be calibrated by the Plant Instrument Group.
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3.7.4. Analytical Measurements

3.7.4.1. Reference Standards

The standard reference materials for the analytical measurement of

uranium and plutonium are shown in Table 3.3 (page 55). Other standard

reference materials from mixed oxide powder, fuel pellets, fuel rods and

assemblies shall be prepared from production material and characterized

against the certified reference materials.

Isotopic standards shall be used for determining the multiplier

correction factor (mass discrimination factor) for the mass spectrometer and

as routine control standards for the mass spectrometer.

3.7.4.2. Measurement of Analytical Standards

Standards shall be run using each analytical technique with a minimum

frequency of once per week, except that during those periods when a given

analytical technique is not in use, the standards need not be run. Under

continued operation, this produces 26 results for each analytical technique

employed in measuring plutonium, uranium and their isotopes during each six

month material balance period. The schedule provides bias estimates with a

level of precision sufficient to detect biases that are very small relative to

random error limits.

Laboratory technicians shall be instructed to exercise the same care when

running standards that is used when running production samples. Only those

technicians authorized to run production samples using a given analytical

technique may produce standards data employing that technique. Standards shall

be measured in rough proportion to the number of production samples analyzed.
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3.7.4.3. Calibrations of Analytical Measurements

Pu-Titration (Coulometric or Amperometric): The titretion method for

plutonium assay shall be calibrated against an aliquot of standard solution

prepared from a primary reference material NBS 949£ or EC-201. The

relationship between the amount of the titrant and plutonium shall be

determined over the expected range of plutonium concentration in sample

aliquots. A minimum of four standard values within this range shall be used

and each is assayed a minimum of three times. Recalibration shall be performed

whenever the titrant is changed or standards data indicate a need for

recalibration.

Pu-Isotopic Assay: Multiplier correction factors shall be determined

with the use of isotopic standards NBS 946-948. The calibration shall be

performed at least once every two weeks. Alpha spectrometry shall be used for

Pu assay when the Pu-238 abundance is below 0.7% or there is interference with

U-238. Mass spectrometry shall be used for other isotopes.

U-Titration (Davi . -Gray Method). When the Davies-Gray method is used,

the titrant and automat recording titrator shall be calibrated against

aliquots of the U low levtl standards. The relationship between the volume of

potassium dichromate titrant, and uranium quantity shall be determined over the

range of uranium quantity expected in sample aliquots. A minimum of four

standard values within this range shall be used and each shall be assayed a

minimum of three times. Recalibration shall be performed annually or whenever

the titrant is changed or standards data indicate a need for recalibration.

U-Gravimetric Analysis. The accuracy of the gravimetric uranium analysis

is directly related to weights and ignition to stoichiometric U_0o.

Balances shall be serviced annually by the manufacturer, calibrated monthly by

plant personnel, and checked daily with a Class SI weight to assure proper

operation.
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U-235 Analysis. Multiplier correction factors shall be determined using

NBS isotopic standards (NBS U010, UO1S, etc.). No other calibration is

required. The factors shall be re-estimated on an annual basis.

3.7.5. NDA Measurements

3.7.S.I Calibration Standards

General. The NDA calibration standards for the assay of plutonium in fuel

pins and waste are shown in Table 3.S.

Pu in MOX Fuel Pins

One or more fuel pins shall be selected from the production line. High

resolution gamma-ray spectrometry shall ba used to determine the plutonium

isotopics, and the plutonium content determined by cslorimefcry. The

calibration shall be verified by destructive assay and mass spectrometry on

fuel pellets sampled at random.

Pu in solid waste

NDA standards shall be prepared which resemble as closely as possible the

waste and containers actually used, in terms of plutonium content and

isotopics, geometry, and the matrix of inert materials. In Table 3.5 the

waste standards cited consist of four 200 liter drums containing either 15 or

60 g. Pu distributed in a matrix of low-density material. These standards

shall be calibrated by neutron methods employing a time correlation analyzer

or high level neutron coincidence counter, or by destructive analysis.

Calibration Frequency

The system calibration shall be repeated monthly or quarterly, or

whenever measurement-system changes are made that might affect the

calibration. Calibration every month or every three months is judged to be

adequate because the system is controlled through frequent running of the

standards.
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Table 3.5 NDA Reference Material

Measurement Standard Certification

Total Pu content and

isotopic abundance

MOX Fuel Pin

randomly chosen

from production batch(a)

Mass spectrometry

and titrâtion

Pu content in

solid waste drum

200 1. drum with

15 g or 60 g Pu.

Each with 30-50 bags

of waste.(b)

HLNCC or chemical

assay

(a) An example of this type of NDA standard has been prepared as a joint

effort by IAEA, Euratom, and Belgonucleaire. For details see refs.

Abedin-Zadeh 1982, Busca 1984.

(b) An example of this type of NDA standard has been prepared as a joint

effort by the Commission of the European Communities JSC, Euratom and

Alkem. For details see ref. Bondar 1984.
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Measurement of NDA Standards

For the NDA measurement of waste drums and fuel pins two of the standards

shall be run at the beginning of each time period during which these items are

to be measured. Onca the gystem meets documented criteria for operation based

on the results of those runs, the same two standards shall be run thereafter

at a minimum frequency of once per hour until the measurement operation is

completed. This frequency is chosen because it is sufficient to control

expected instrument drifts. Further, if an out-of-control situation is

detected, the number of items requiring «measurement since the last

acceptable check point is not excessive. Only those persons authorized to

measure the process waste containers shall measure the NDA standards.

3.7.6. Sampling

3.7.6.1. Homogeneous Materials

The process produces uniform lots of MOX powder and pellets. The

principal sampling error affecting those materials is the lot-to-lot variation

in plutonium composition. That variation creates, in effect, a random sampling

error "hen average plutonium element factors are used for inventory

accounting. For these homogeneous materials, systematic errors of sampling are

negligible.

3.7.6.2. Heterogeneous Materials

In the MOX fabrication process three types of heterogeneous material are

encountered. These are heterogeneous scrap such as broken pellets, grinder

sludge, and "dirty" powder, and liquid and solid wastes.

To estimate the random and systematic sampling error of these materials,

special experimental programmes shall be carried out for each type of

heterogeneous material. These are described in the next section.
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3.7.7. Special Experiments

3.7.7.1. Heterogeneous scrap

For heterogeneous scrap items - broken pellets, grinder sludge and dirty

powder - two experimental programmes shall be carried out to estimate sampling

errors.

For the estimation of random sampling errors a routine resampling

programme shall be carried out. During each six-month accounting period IS

containers of each type of scrap shall be resampled and assayed for percent

plutonium to provide a basis for estimating random sampling errors.

Small-scale oxidation experiments shall be carried out in which the

entire contents of scrap containers are converted to PuO in a quantitative

manner. The experimental approach is equivalent to doing a titration assay of

the entire contents of a container of scrap.

The content of a scrap container is quantitatively transferred into tared

oxidation trays such that each tray represents a titration assay sample size

of about five kilograms of scrap. The between-tray percent plutonium values

for trays from the same scrap container provide an estimate of the

heterogeneity of the material (or inherent random sampling error). The

difference between the original sample result for percent plutonium and the

percent plutonium found by the oxidation assay approach for the whole

container provides an estimate of the systematic sampling error.

3.7.7.2. Solid Waste

Solid waste, which consists of contaminated gloves, rags, plastic sheets,

etc., presents a potential matrix problem for the passive gamma counter. If

the plutonium in the waste is not uniformly distributed or if it is shielded

by high density materials, the counter gives low results.
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To estimate the potential systematic error which arises from such a

matrix effect, special chemical leaching experiments shall be carried out on

process-waste drums. A significant bias can result when the actual waste

matrix is more dense and heterogeneous than the calibration standards. From

these special leaching experiments, a matrix bias-correction equation is

developed which is used for "after-the-fact" bias corrections. Because of the

practical difficulty of controlling the solid waste matrix in an exact manner,

periodic quantitative leaching experiments shall be performed.

3.7.8. Statistics

3.7.8.1 General

The scope of the statistical aspects of the measurement-control programme

is shown in Table 3.6. Statistical techniques shall be applied to all elements

of the measurement processes to estimate measurement errors, set control

limits, derive calibration relationships, and estimate biases. In addition,

comprehensive statistical evaluations shall be made periodically of the

overall programme and error propagation methods using current error estimates

to calculate the plant MUF. The more important details of the statistical,

applications to be used are described next.

3.7.8.2. Statistical Applications

Calibrations

For the determination of plutonium in solid wr.stes by gamma-ray

spectrometry a quadratic calibration curve is developed. For the multiplier

correction factor for the mass spectrometer, an average correction factor is

developed after a statistical evaluation of the data for nonrandom effects.
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Table 3.6. Scope of Statistical Programme

Weighing

Ce strol limits

Use statistical control to
Vceep scales within error
limits-no bias corrections

Estimate error parameters
from routine data and
experiments

Analytical

Control limits
Mass spectrometer
calibration

Bias estimation and
test of significance

Random error from
routine data

MDA

Control limits
Calibration equation
Standards data for
instrument drift

Sampling

Scrap resampling programme
data for error estimation

Loc-to-lot variation of
powder and pellets

Experiments for
sampling error

Liquid waste experiments-
limit of error and bias
estimation

Comprehensive annual
measurement review

Update error parame-
ters each six months

aKUF calculations
each six months

Monitor all programme
date

Chemical recovery
versus counting
for matrix bias



they should be documented in complete detai

- 80 -

Control Limits

From the calibration and standards data, statistical control and action

limits are developed for the waste assay system, analytical methods, and the

routine weighing of standards by the quality control technicians.

The control for standards measurements shall be to remeasure the standard

if the result falls outside the 0.05 level of significance but within the

0.001 level of significance. If repeated measurements fall within the 0.05

level of significance, no further action is required. Otherwise, the method is

declared out of control. If a standard measurement falls outside the 0.001

level of significance, the method is declared out of control and remedial

action initiated.

3.7.8.3. Error Estimation

3.7.8.3.1. Random Errors

Replicate measurement data shall be analyzed by the method of paired

differences to provide estimates of the random error variance. The variance

among the paired differences is an estimate of twice the random measurement

error variance.

3.7.8.3.2. Systematic Errors

Weighing. In the cases of scales and balances, the primary purpose of

standard weighing is to detect when scale adjustments are needed and not to

generate data that form the basis for making bias corrections. Generally, it

is difficult to use the data generated by the standards programme to obtain

realistic estimates of systematic error limits. The best statement tfrat can be

made is that all weighings of the standards were within, say, one scale

division (or the rounding interval of digital readout scales.)
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To obtain more realistic estimates of systematic error limits for scales,

special weighing experiments shall be conducted using unknown weights. These

are weighed singly and in combinations on the various scales. Standard weights

then are assigned these standards on the basis of the consensus data. A

systematic error component, described by the variance of the population from

which the systematic error for a given scale was selected at random, then is

estimated by the square of the average difference betwen the observed weights

for the standards (weighed singly and in combinations) and the corresponding

assigned weights based on the consensus data (Jaech 1978).

For the balances used in rod loading, the sensitivity is such that the

systematic error variance can be estimated from the quality control data on

the weighing of known standards. An analysis of accumulated standards data is

used to estimate the systematic error variance. Down-loading experiments shall

be carried out which provide additional data for error estimation.

For the PuO_ scale, shipper/receiver data may be used to obtain a

realistic estimate of the systematic error. The statistical techniques for

estimating both the long term and short term systematic error variances from

shipper/receiver data are described by Jaech (Jaech 1975a).

Analytical. The primary function of the control programme is to give an

early signal of possible problems with the analytical technique in question

rather than to create data that will form the basis for making bias

corrections after the fact.

Recognizing that small biases will occur, the standards data for each

analytical technique shall be analyzed at the end of a material balance period

to estimate the bias that existed for the analytical technique during the

material balance period. The estimated bias is the average difference between

the observed measurements on the standard and the assigned standard value.

Alternatively, the statistic may be the difference in logarithms of the raw

data or, equivalently, the logarithm of the ratio. The latter approach is

allowed when more than one standard is used and where biases are consistent on
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a relative rather than absolute basis. This approach shall be followed with

the mass-spectrometer standards data.

The standard deviation of the estimated bias shall be calculated as the

standard deviation among the differences divided by the square root of the

number of differences comprising the average. The uncertainty in the standard

also shall be taken into account. If the appropriate data subsequently are

corrected for bias, the standard deviation of the estimated bias is regarded

as a systematic error standard deviation (Jaech 1975b).

NDA. Systematic errors in the solid waste measurements shall be

estimated from the calibration data and from the leaching experiments

described earlier.

Sampling. Systematic errors in sampling heterogeneous materials shall be

estimated from the special experiments described earlier.

3.7.8.3.3. Application to Overall Program

Regarding statistical applications to the overall measurement control

programme, the following activities shall be carried out:

1. Annually, a comprehensive measurement review shall be performed in

which all the standards data and applicable shipper-receiver data

are evaluated statistically. Error estimates shall be developed for

key accountability measurements and yearly trends analyses made. The

measurement review shall be documented and a detailed report issued.

Error parameters for the «„,„ 4;alulations shall be updated each
HUP

six uonths and used in the *_,_ calculation, which is performed
MUF

at the end of the six-month inventory.

All data generated in the measurement control programme shall be

monitored routinely and appropriate statistical techniques applied

to detect trends and identify possible problem areas.
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3.7.9. Documentation

All dtftk generated in the programme shall be recorded and a formal system

of recordkeeping and documentation shall be followed. Examples of the various

records and reports associated with the programme are shown in Table 3.7.

Table 3. 7 Records and Reports

Records Reports

CUSUM and control charts

Out of control documentation

Calibration data & calculations

MUF data & calculations

Q.C. weekly standard

weighing data

Standards preparation data

Mass standards calibration

and certification

Measurement review

CMUF r e p O r t s

Measurement reviews

Bias adjusted HUF

Standard & referee reports

Measurement review results

Special experiment reports
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Part 4. RECORDS AND REPORTS

4.1 Introduction

Reports based on the records are the products of the nuclear material

accounting system. The verification and evaluation by a safeguards authority

of these reports and their supporting records and accounting system make

possible statements of the effectiveness of safeguards. It is the consistency

of the data that appear in the various related levels of the records and

reports that provides the basis for identification of anomalies which may

indicate a loss or diversion of nuclear material . Depending upon the

national regulations and the local situation, the preparation of data to be

transmitted to the IAEA may occur at various places. In some cases it will be

the facility itself, where the accounting reports would be compiled and

completed in the very form in which they ultimately reach the IAEA. In other

cases, the facility personnel will prepare only the data and transmit them to

some other body, e.g., a national authority, which then will complete the

reports to the IAEA. In any case it is the facility data that are basic to

the final reports to the IAEA. The following description provides information

regarding a system of records and reports which includes the necessary data

elements for a nuclear material accounting system that will permit

verification and evaluation. The general discussion in Sees. 4.2 - 4.S is

followed by detailed examples in Sec. 4.6 showing how, in typical cases, the

various record and report forms would be filled out. Nota that the examples

are shown as being manually prepared records and reports. Many facilities now

use computer based systems. However, for the purposes of this document it is

easier to explain and understand the simpler manual system. The data elements

will be the same for both systems, computer based or manual.

4.2 Accounting Records

Accounting records are defined in the IAEA Safeguards Glossary

(IAEA/SG/INF/1) as a set of documents kept at a nuclear facility showing the

quantity of each type of nuclear material present, its distribution within the

facility, and any changes affecting it. To provide an effective nuclear
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material accountancy system a primary requirement is that the accounting

records accurately show the nuclear material inventory and all inventory

changes that affect it. Another requirement is that the accuracy and

consistency of such records is capable of verification. Accounting records

consisting of the following three components can meet these requirements:

a) Ledgers. These are the records in which the inventory changes are

summarized and totaled for specified time periods.

b) Inventory change journals (sometimes called transaction journals) or

journal entry forms. These are the records of original entry where

the data from various supporting documents are recorded as inventory

changes occur.

c) Supporting documents. These provide the primary data to be entered

into the records for each inventory change. Supporting documents

contain source data which are the result of the operation of the

facility measurement and measurement quality system. Source data

are defined in the Safeguards Glossary as those data, recorded

during measurement or calibration or used to derive empirical

relationships, which identify nuclear material and provide batch

data. "Source data" may include, fcr example, weight of compounds,

conversions factors to determine weight of element, element

concentration, and isotopic ratios. These source data are to be

found in the Operating Records which are discussed in section 4.3.

It is possible, where there are a limited number of inventory changes, to

eliminate the journals. In this case the entries would be made directly to

the ledgers and summarized periodically. However, in the case of a mixed

oxide fuel fabrication facility the number of inventory changes in some HBAs

undoubtedly will be large enough to warrant the use of both journals and

ledgers to assure efficient and effective recording of the inventory changes.

If a facility uses electronic data processing for its nuclear material

accounting system then the journal accounts may not be needed, even though

there are a large number of transactions. Each inventory change could be

coded and entered directly to the ledger accounts. Computer programmes then
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could be used to retrieve data from the ledgers in any categories needed for

subsequent report preparation or records audit. Because the example in this

report is based on a manual system, description of the use of journals and

journal entry forms has been included.

4.2.1 Ledgers

A ledger is the record of final entry which provides a summary of all

inventory changes to determine the book inventory, i.e. the quantity of

nuclear material that should be present at the facility. Entries to the

ledgers are made from the totaled journal accounts and individual journal

entry forms. Separate ledgers should kept for different material types. At a

mixed oxide fuel fabrication facility there would need to be separate ledgers

or ledger accounts for plutonium and uranium. If enriched uranium is used,

then there would need to be a ledger for enriched uranium separate from that

for natural and depleted uranium. The reference facility is assumed to use

only natural uranium during the example material balance interval, therefore,

there is only one uranium ledger which does not include isotope

accountability. A general ledger for each material type could be kept for the

entire facility with subsidiary ledgers for each area for which nucleer

material accounting was needed. Such accounts for IAEA designated material

balance areas would facilitate preparation of accounting reports required

under safeguards agreements and would facilitate subsequent IAEA verification

activities. The example given in Section 4.6 shows ledgers for plutonium and

uranium for each of the three IAEA-designated HBAs. A general ledger for each

material for the entire facility also probably would be kept but is not shown

in the example. Similar records could be kept for other materials and other

areas of the facility if the facility operator should choose to do so. Figure

4.1 is an example of a ledger format that could be used. Note that in this

example there is no isotope accounting for either uranium or plutonium.

4.2.2 Inventory Change Journals

Inventory change journals are chronological records of the various types

of inventory changes that occur at a facility. Periodically they are totaled

and entered into the ledger accounts. Entries to the journal accounts are



Figure 4.1 General Ledger

Facility: MBA:

Material Description: Unit: Element Code:

Line

No.

T~
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Date

ICD

No.
Receipts Other Additions Shipments Other Removals Inventory
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made on the basis of the supporting documents for the respective accounts,

e.g. receipts, shipments, discards, etc. When there are only a few inventory

changes the journals may not be needed and the inventory changes could be

entered directly into the ledger accounts. However, when there are many

changes, as would be the case in a mixed oxide fuel fabrication facility, the

journal accounts provide an efficient and convenient way to obtain both

detailed and summary data for particular types of changes that would be needed

for subsequent report preparation and records audit. Typically journal

accounts would be maintained for those inventory changes which were most

frequent, such as receipts, shipments, internal transfers and measured

discards, as well as for the different material types consistent with the

ledger material-type accounts. Journal-entry forms or other supporting

documents would be used for other inventory changes such as accidental losses,

exemptions or de-exemptions or MUF adjustments which would be entered directly

to the ledger accounts. If there are only a moderate number of inventory

changes the journal accounts could be kept in the same document with separate

columns for the different accounts. However, if there are many changes then

it may be more efficient and convenient to maintain the journal accounts in

separata documents Such as Figures 4.2. and 4.3, for example, for the receipts

account and removals account, respectively. As noted above, if the facility

uses electronic data processing the inventory change journals may not be

needed.

It also may be that journals are used in seme HBAs and not in others. In

the reference facility there are not many transactions in HBA-1. Journals are

not needed for this MBA and are not included in the example. There are more

transactions for MBA-2 and MEA-3 so that journals are used. The example,

therefore, shows how the transactions are entered in the facility records both

with and without the use of journals.

4.2.3 Supporting Documents

One requirement of an accurate, effective and verifiable accounting

system is that the data for each inventory change be recorded at the time of

the change and at its source. This can be done by using special forms

designed to record the data appropriate for each type of inventory change.
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Figure 4.2 Inventory Change Journal - Receipts

Facility: Material Description: MBA: Element Code: Unit:

Date
Line of
No. Change

From IC
Code

KMP
Code

ICD
No.

Number
of

Items

Mtl
Desc.
Code

Meas.
Code

Receipts S/R
Difference

Other
Additions

3
4

10
i

11
12
13
14
15
16
17
18
19
20
21
22
23
24

JJL
26
27
28
29
30

Remarks : Signature: I Doc. No:
!
I icj-

I Page No:

I
I
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MATERIAL BALANCE REPORT (MBR) FORM R.03
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Such documents, collectively, are called supporting documents because they are

the records which support the entries of the inventory change data in the

journals and ledgers. It is important to note ths.t for each entry in the

journal and/or ledger accounts there should be supporting documents which

include the data necessary to describe fully the inventory change. Such

documents provide the audit trail between the data in the journals and ledgers

and the original source data, i.e. measurement, calibration, identity, or

other data applicable to the inventory change. To provide this connection the

supporting documents should provide a unique identification for each inventory

change. This can be provided by the title of the form, e.g. Receiving Notice,

and a number on the form unique for each inventory change. The use of

pre-numbered forms is an effective way to assure accurate inventory change

identity. A facility operator may choose to identify inventory changes by

various terms. It seems logical, however, to use IAEA terminology in this

discussion because eventually the facility data must be collected and reported

in IAEA terms and format. Code 10 of the General Part of Subsidiary

Arrangements for NPT Safeguards Agreements identifies and defines the various

types of inventory changes and the IAEA reporting codes for each. While the

form of the supporting documents and the terminology used for the inventory

changes are important, most important is that all of the necessary data are

recorded on the supporting documents as follows:

a) Inventory Change Identity. Some means should be provided to

differentiate a specific inventory change from all others so that it

can be referenced in the records and traced during audit. This

normally is done by consecutive inventory change numbers with

perhaps a different series for each type, e.g. receipts, shipments,

discards, etc.

b) Date of Change. This should be the date the inventory change

actually occurred, not the date the supporting document was

prepared, although the supporting document should be prepared on the

date of the change if possible.
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c) Type of Change. If this is a change that eventually will be

reported to the IAEA it would be useful to include the IAEA code as

well ts any name the facility chooses to use. This would make

preparation of the IAEA Inventory Chang» Report easier.

d) Material Description. This should include identification of

material type and isotopic enrichment, as appropriate. As above, if

the change is to be reported to the IAEA, IAEA codes could be

included.

e) Material Movement. This would be the infonnetion which identifies a

change in location of the material, e.g. receipt, shipment, discard,

or internal transfer. If the facility control areas are the same as

IAEA MBAs then internal transfers would need to be reported to the

IAEA as changes in MBA inventories and the IAEA codes could be

included. If a facility operator chose to have internal control

areas within the IAEA MBAs then transfers between such areas would

not need to be reported to the IAEA. The omission of IAEA codes

from such transfer documents could be ured to indicate that such

transfers were not to be included in IAEA Inventory Change Reports.

f) Batch Identity. A batch is defined in the Safeguards Glossary as a

portion of nuclear material handled as a unit for accounting

purposes at a key measurement point and for which the composition

and quantity are defined by a single set of specifications or

measurements. A batch normally is identified by a number. When

batch follow-up is called for the supporting documents should

identify all batches involved in an inventory change so that

increases and decreases can be assigned to the appropriate batches.

Sea Code 10 of the General Part of Subsidiary Arrangements for NPT

Safeguards Agreements for rebatching reporting procedures.

g) Number of Items. The number of items in a batch or in each of

several batches, especially if rebatching is involved, should be

recorded.

- 110 -
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h) Batch Data. These are defined in the Safeguards Glossary as the

total weight of each element of nuclear material and in the cas-e of

plutonium and uranium the isotopic composition, when appropriate.

In the reference facility only uranium and plutonium element would

be appropriate. IAEA element and isotopic codes could be included

for changes that will be reported to the IAEA.

i) Batch Data Basis. This should provide the basis from which the

batch data entries were derived. Normally this should refer to some

measurement by the facility. It could, however, be shipper's data

for receipts or perhaps an estimated quantity for an accidental

loss. Reference to other source data -'îch as laboratory notebooks

or analytical reports should be included. Reference to the

appropriate KMP also could be included along with the IAEA

measurement code, for future ease in preparing reports.

4.2.4 Inventory Changes, Adjustments and Corrections

For inventory changes which are expected to occur often, data handling

and controls can be made easier when inventory change forms are designed

specifically to record the data that would be associated with each type of

change. One such example would be that which recorded the actual movement of

material from one material balance area to another, i.e. from a shipper to a

receiver. This could include off-site receipts and shipments and internal

facility transfers between HBAs. Figure 4.4 is an example of such a form.

For internal transfers, a simpler form may be used, even between HBAs, as long

as it includes the necessary information to characterize the inventory

change. Figure 4.5 is an example of such a form.

Another inventory change which might be expected to occur frequently and

warrent a special form would be measured discards. Figure 4.4 could be used

for discards by considering the receiver as being the place of discard.

However, to assure control of discards, a separate form such as Figure 4.6

could be used, which calls for an approved signature before material is

discarded. This form, Figure 4.0, also could be used for other types of



Figure 4.4

Material Description:

Snipper:

Batch No.of Ele. Iso. Net
Identity Items Code Code Weight
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Figure 4.5

Internal Transfer Form

From
MBA:

Line Material
No. Type

1
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4
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Internal Material Transfer

To Chance Date
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Batch Material No. of
Identity Code Items Unit

Document No.
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Element Element
Code Weight

Notes: Signatures :

From:

To:



Figure 4.6 Inventory Change Document - Journal Entry Form

Facility: MBA: l Change Code :
I
I

I KMP Code:
I
J

I Date:

Material Description:
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I
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inventocy changes which do not involve a shipper and receiver, e.g. accidental

losses or exemptions or de-exemptions, but which should involve approvals for

the changes.

In addition to inventory changes involving actual changes or movements of

material there are adjustments and corrections which result in changes in the

recorded inventory quantities. Shipper-receiver differences are one type of

adjustment. These result from measurements performed at the facility on

nuclear material previously recorded at the shipper's value. The receiving

form document, e.g. Figure 4.4, should provide for recording the facility

measurement results and the shipper-receiver difference, to serve as the

supporting document tor making the shipper-receiver adjustments to the

records. If a significant shipper-receiver difference is found it should be

investigated. This could result in a corrected document being issued by the

shipper which would serve as the supporting document for a correction of the

shipper's data that had been recorded in the facility records.

Another type of adjustment is material unaccounted for (MUF) which

results from a physical inventory talcing. The supporting document for such an

adjustment would be the physical inventory summary and reconciliation

supported by the final physical inventory listing, which would record the

results of the physical inventory taking. See Part 5. Physical Inventory

Taking.

Corrections of mistakes in the data should be supported by appropriate

documentation. This could be done by issuing a corrected support document

such as a receiving report, shipping report, etc. or by using a journal entry

form, e.g. Figure 4.6, to record the data supporting the correction.

4.3 Operating Records

From a nuclear material accountancy standpoint, operating records consist

of the documentation of the results of facility systems and procedures which
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provide data relevant to accounting for nuclear material. Such systems and

procedures are the Nuclear Material Measurement.-; System, the Measurement

Quality Programme and Physical Inventory Talcing procedures. Operating records

are defined specifically in the Safeguards Glossary as:

a) those operating data which are used to establish changes in the

quantities and composition of nuclear material;

b) the data obtained from the calibration of tanks and instruments and

from sampling and analyses, the procedures employed to control the

quality of measurements, and the derived estimates of random and

systematic error;

c) a description of the sequence of the actions taken in preparing for,

and in taking, a physical inventory, to ensure that it is correct

and complete; end

d) a description of the actions taken to ascertain the magnitude and

cause of any accidental or unmeasured loss that might occur.

4.3.1 Nuclear Material Measurements

Item a) in the Glossary definition of operating records refers to data

from facility systems used to determine quantities of nuclear material. These

data probably would be recorded at the location where the measurement was

made, e.g. weigh station or analytical laboratory. Various means of recording

the data could be used, e.g. manual, print weight scales, on-line computer

terminals, etc. Whatever the means for data recording a primary concern from

a records and reports standpoint is to identify the data record so that it can

be identified accurately in the appropriate supporting documents and other

accounting records and reports. The details of recording measurement data are

addressed in the documentation section of Part 2, which deals with Nuclear

Materials Measurements.
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4.3.2 ' Measurement Quality.

Item b) in the Glossary definition of operating records refers to the

results obtained from the facility programme for control of measurement

quality including standardization and calibration of various measurement

systems.

These data would be recorded so as to be available for use in making

facility measurements and for facility evaluation of measurement results, e.g.

shipper-receiver differences, MUF, etc. These data also are needed by IAEA

inspectors in their verification and evaluation of facility nuclear material

accountancy. The details of recording measurement quality programme data are

addressed in the documentation section of Part 3, which deals with Measurement

Quality.

4.3.3 Physical Inventory 'raking.

Item c) in the Glossary definition of operating records deals not only

with results of the physical inventory taking procedures but includes the

procedures themselves. Part S address*s Physical Inventory Taking, including

the use of written physical inventory procedures. Part 5 also addresses the

documentation of physical inventory results in terms of the physical inventory

item lists which provide source data for the physical inventory summary and

reconciliation, which can be considered the supporting document for entering

a MUF adjustment, if any, into the records.

4.3.4 Losses.

Item d) in the Glossary definition of operating records refers to actions

that would be non-routine, occurring only when an accidental or unmeasured

loss occurs. The action to be taken following an accidental or unmeasured

loss of nuclear material will vary depending on the degree of seriousness of

the incident with regard to its effect on such things as facility operations,

personnel health and safety, and nuclear material accountancy. From a nuclear

material accountancy standpoint, the primary concern is to determine the
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quantity of material lost. Documentation of the actions taken and procedures

followed in determining the quantity lost will permit evaluation of the

ineident in terms of reliability of the quantity statement and of the cause of

the loss, i.e. was it an actual accident that would account for the loss or

could some material have been diverted? The following information would be

useful to include in documentation of the results of a loss investigation:

a) to the extent possible the identity, material type and quantity of

material missing;

b) basis for establishing the quantity missing;

c) relation of missing quantity to the total batch or inventory from

which it is missing;

d) the circumstances and time of discovery of the loss; and

e) the most probable loss mechanism.

The information recorded for items a) and b) would provide source data to

adjust the accounting record", for the loss and to provide some estimate of the

accuracy of the quantity missing. Such losses would be entered into the

records by use of an ICD such as that shown in Figure 4.6.

4.4 Accounting Reports

There are three primary types of reports associated with a nuclear

material accountancy system: Inventory Change Reports, Material Balance

Reports, and Physical Inventory Listings. Other reports may be called for by

facility management or a State Authority such as a MUF evaluation report or a

measured discard report, but only the three primary types are addressed here.

While safeguards agreements call for reports of these types to be submitted by

or through a State Authority to the IAEA, it is the facility nuclear material

accountancy system that provides the data for the reports whether they are

prepared by the facility operator or by a State Authority. For purposes of
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discussion it will be assumed that the facility operator prepares these

reports essentially as called for in applicable safeguards agreements.

4.A.I Inventory Change Reports

Inventory change reports, as being considered here, are the periodic

summary reports of all of the inventory changes that occurred during a given

period, the timing of submission of such reports would be specified in

facility Attachments. The data for these reports can be taken directly from

the individual inventory change documents. However, if there are numerous

inventory changes it may be more efficient and convenient to maintain

inventory change journals or ledgers as discussed in Section 4.2.2. The data

requirements for inventory change reports that may be specified in safeguards

agreements, by State Authority or by facility management should be taken into

consideration when the format and content of inventory change documents are

established. Report preparation can be much easier if all of the required

data elements are in the ledger or journal accounts and search of supporting

documents is not needed to complete a report. It would facilitate report

preparation further if the ledger or journal accounts and forms had

essentially the same format as that used in the inventory change reports.

Subsequent examination and verification also would be easier if there were

consistency in format and content of the accounts and the reports. For NPT

Safeguards Agreements reporting, the IAEA has established an Inventory Change

Report format in Form R.Ol.l/c shown in Figure 4.7. Instructions for

completion of this form are given in Code 10 of the General Part of Subsidiary

Arrangements for NPT Safeguards Agreements and will not be repeated here.

Different formats have been established for inventory change reporting under

other safeguards agreements, such as INFCIRC/66, but essentially the same data

elements would be needed regardless of format.

4.4.2 Material Balance Reports

A material balance report is a statement of the balance of material on

hand taking into account all inventory changes, adjustments and corrections,

and a physical inventory. One of the adjustments would, of course, be the
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adjustment for the difference between the book inventory and the physical

inventory. The data for the material balance report should be available from

th« ledger accounts, including the physical inventory data, which are obtained

from the physical inventory taking and become the ending inventory in the

ledger when the MUF adjustment is made. The data requirements for material

balance reports that may be specified in safeguards agreements, by State

Authority or by facility management, should be taken into consideration when

the format and content of the ledger accounts are established. Report

preparation can be made easier if all of the required data elements are in the

ledger accounts and search of other accounting records is not needed to

complete a report. Subsequent examination and verification also will be

easier if there is consistency between the reports and the ledgers and between

the ledgers and the journals. For NPT Safeguards Agreements reporting, the

IAEA has established the Material Balance Report format in Form R.03 shown in

Figure 4.8. Instructions for completion of this form are given in Code 10 of

the General Part of Subsidiary Arrangements for NPT Safeguards Agreements and

will not be repeated here. Other safeguards agreements, such as INFCIRC/66,

may not call specifically for material balance reports based on physical

inventories, but many of the same data elements would be required for the

periodic reports called for by such agreements.

4.4.3 Physical Inventory Listings

An inventory report may be a statement of a book or a physical inventory

at the end of a period. A book inventory report would be based on the data

from the ledger accounts. A physical inventory report would be based on the

data generated during a physical inventory taking. Various levels of detail

may be called for in an inventory report by safeguards agreements, State

Authority, or facility management. For example, facility management may

require only a summary report of physical inventory and MUF, a State Authority

may require only a report of MUF, while an NPT Safeguards Agreement calls for

a physical inventory listing which lists separate batches including batch

identity and batch data fcr each. The data elements needed to provide the

required levels of detail in reports should be taken into consideration in

establishing physical inventory taking procedures. For NPT Safeguards
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Agreements reporting, the IAEA has established the Physical Inventory Listing

(PIL) format in Form R.OZ/c shown in Figure 4.9. Instructions for completion

of this form are given in Code 10 of the General Part of Subsidiary

Arrangements for NPT Safeguards Agreements and «rill not be repeated here.

Procedures for physical inventory talcing which will generate the necessary

data for NPT reporting are discussed in detail in Part 5. Other safeguards

agreements differ in that some call for book inventory reports and others for

physical inventory reports. The procedures discussed here should assist in

either situation.

4.5 Data Handling

4.5.1 MBA and Facility Records

Because material accounting reports are made on an NBA basis, it would be

efficient and convenient for each MBA to have its own separate set of nuclear

material accountancy records. A set of central records also nay be kept for

the entire facility as an internal control on the correctness of the

individual MBA records and reports.

For purposes of this discussion and in the interest of simplification, it

is assumed that the facility material control areas are the same as the IAEA

NBAs. The facility operator may choose to divide the facility into a number

of material control areas different from those used for IAEA safeguards. He

also may choose to have separate sets of records for each such area. If so,

the same principles generally would apply to the facility areas as are

discussed here for the IAEA MBAs. However, procedures would have to be

established to select and collect the data from the several facility areas

that would constitute an IAEA MBA to permit material accountability on the

IAEA MBA basis.

4.5.2. Source Data and Operating Records

Regardless of where the final nuclear material accountability reports are

prepared, the source of the data is at the operating level of the facility.

Quantity data are generated by the operation of the Nuclear Material
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Measurements System discussed in Part 2. Quantity uncertainty data are

generated by the operation of the Measurement Quality Programme discussed in

Part 3. Inventory data «re generated by the use of Physical Inventory Talcing

Procedures discussed in Part 5. As discussed in these respective parts,

various means are used to record these data where they are generated as they

are generated, for example, a weigh station with a manual log or a print

weight scale, the analytical laboratory with laboratory notebooks and

laboratory-analysis reports, and process measurement points where in-line KDA

devices may be tied directly to a computer printout or where material is

weighed and sampled for laboratory analysis. These data are recorded as the

nuclear material accountancy operations records for the respective areas of

the facility to which they are applicable.

Regardless of how recorded, it is most important that the data are

identified with specific items and batches of material and that this identity

can be recorded and referenced in the accounting records, i.e. Inventory

Change Documents, Inventory Change Journals and Ledgers, so that the data can

be traced to their origin.

4.5.3 Data Flow

Data are generated at each KMP for the items and batches moving through

or stored at the KMP. Each item is identified by a label of some type,

physically attached to the item. The label may be no more than a number

etched or stamped onto a container. For convenience or perhaps for process

control the label also may contain other information such as batch number,

material description and quantity data. The label information is used to

identify the item with the measurement quantity and quality data in the

operating records and supporting documents applicable to the item. This is

the first link in the path from the measurement source data to the final

accounting reports. Figure 4.10 shows the data flow and relationships among

source data in operating records, supporting documents, accounting records,

and accounting reports.
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When en inventory change occurs in an MBA, e.g. a transfer in or out, a

material discard or an adjustment for a shipper-receiver difference, an

Inventory Change Document (XCD) such as Figures 4.4, 4.5 or 4.6 is prepared.

Much of the information needed to complete the documents will be available

from.the source data in the operating records. Other information will be

determined on the basis of each occurrence, e.g. change code, various dates,

shipper and receiver identity, etc. Batch identity probably would have been

established in the operating records so that item identity within a given

batch aould be found there. However, it may be convenient to include

batch/itarn identity in the "Notes" space of these forms. This might be

particularly useful when items such as fuel rods are being transferred. If a

receiver changes a batch designation this could be noted in the receiver's

"Notes" space to maintain batch follow-up, if appropriate. Batch and/or item

identity is included in the data on the forms to provide the link between the

supporting documents and the source data in the operating records.

Distribution of completed ICDs may vary but as a minimum the MBA records

office would receive a copy as would facility central records. In case of

material receipts or shipments at least one copy would be sent to the shipper

or receiver. Copies probably would be retained by the originating operating

unit, e.g. shipping unit, receiving unit, or waste discard unit. The State

Authority also may require that they receive copies. If Inventory Change

Journals (ICJ) are maintained, such as shown in Figures 4.2 and 4.3, the ICD

is entered in such journals upon receipt by MBA and/or central records. Those

ICDs for which journals are not maintained should be held in a current file

until they are entered in the ledger accounts. Such ICDs may be entered in

the ledger as they are received or may be retained, totaled periodically, e.g.

monthly, and entries made along with the journal entries. Periodically, e.g.

monthly, the journal accounts and journal entry ICD forms are totaled and

entered in the appropriate ledger accounts. Cross references to the ICDs and

ICJ accounts are included in the ledger account entries fco permit tracing the

data back through the accounting records to the supporting documents and

source data.

If a material balance interval is closed with a physical inventory taking

then the facility Physical Inventory Item List and the Physical Inventory
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Summary are prepared as described in Part S. The HUF which results front the

physical inventory reconciliation and th- final ending physical inventory

values are entered in the ledger accountj. The ending physical inventory

value entered in the ledger becomes the beginning inventory for the next

material balance interval. The physical inventory source data are obtained

from operating records for material that had been measured prior to the

inventory or from measurements made during the inventory. Item identity

information is used to identify the item with the measurement source data as

was done for inventory changes discussed above. If the material balance

interval is not closed with a physical inventory- then no KUF or physical

inventory values are generated to be entered in the ledger and a book

inventory for the material balance interval can be obtained from the ledger

accounts adjusted for such things as rounding or shipper-receiver differences.

If data are generated and handled as described here then:

a) The data contained in the Inventory Change Documents, Inventory

Change Journal accounts and the Inventory Change Journal Entry Form

files should be sufficient to prepare the Inventory Change Report

shown as Figure 4.7.

b) The data contained in the Ledger Accounts should be sufficient to

prepare the Material Balance Report as shown in Figure 4.8. Some

data from the Inventory Change Documents may be needed for

adjustments for rounding and for shipper-receiver differences.

c) The data in the final Facility Physical Inventory List should be

sufficient to prepare the Physical Inventory Listing as shown in

Figure 4.9.

4.5.4 Shipper-Receiver Differences

When nuclear material is transferred between MBAs and is measured by both

the shipper and receiver some differences in quantity may occur. If the

difference is too large to be attributed to measurement uncertainty then
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investigation should be undertaken to determine the cause of the difference

and determine the correct quantity. In such cases revised Inventory Change

Documents would be issued containing the correct quantity. If the

shipper-receiver difference is not statistically significant, i.e.,

attributable to measurement uncertainty, but there still is some difference

some mechanism needs to be provided to account for this difference in the

nuclear material accounting records and reports. The instructions given in

Code 10 of the General Part of Subsidiary Arrangements for NPT Safeguards

Agreements for the Inventory Change Report and the Material Balance Report

provide for reporting shipper-receiver differences. Some means should be

included in the nuclear material accountancy system to provide the data for

these reports. Because the Inventory Change Document for Material Transfers,

Figure 4.4, includes space for recording shipper-receiver differences, one

means for obtaining shipper-receiver data would be to go back through the file

of the receipts documents and extract the data. If there are numerous

receipts, however, it may be more convenient to have journal accounts for

shipper-receiver differences into which would be entered the data as they are

determined. The journal accounts would then provide the shipper-receiver

difference data for each transfer to be reported in the Inventory Change

Report and could be totaled to provide the shipper-receiver data to be

included in the ledger accounts and in the Material Balance Report as

adjustments to the book inventory. A convenient way to accomplish this could

be to include a column in the Receipts Inventory Change Journal as shown in

Figure 4.2. Using this means would assure that all transfers were accounted

for and that the shipper-receiver data were associated with the correct

transfer.

When material is received into an MBA the shipper's quantity is entered

in the journal account and subsequently the ledger account, increasing the MBA

inventory. When the material is measured by the receiver the receiver's

quantity is entered on the ICD transfer form but is not entered in the

journals or ledgers. Only the difference is entered in the shipper-receiver

difference column in the journal for the appropriate transaction. The MBA

inventory is adjusted for the amount of the difference by entries in the

ledger accounts when the journals are totaled and entered in the ledgers.

When
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journals are not used the shipper-receiver difference is entered in the ledger

in the other removals column and identified so that it can be traced back to

the original receipt entry. IAEA practice is always to subtract the

shipper-receiver difference. Thus, if the receiver's measured quantity were

larger than the shipper's, the shipper-receiver difference would be considered

negative and when subtracted as an adjustment to inventory, i.e. Other

Removal, would increase the receiving MBA inventory. The reverse would be

true if the receiver measured less than the shipper. If there is nc

difference then zero should be entered in the journal for that transaction so

that when the accounts are totaled there is assurance that the data for all

the transactions have been entered.

4.5.5 Batch Follow-Up

When transfers of material are made between facilities and in particular

between facilities in different countries, i.e. international transfers, it

often is necessary for the receiver to use different batch identity

information to comply with the particular requirements of his facility or

State nuclear material accountancy system. When this is the case there should

be some means for identifying the batch identity of the shipper in terms of

the batch identity of the receiver. One way to do this is to use the "Notes'*

column on the receiver's side of the Material Transfer ICD, Figure 4.4, to

record the new batch identity. Distribution of such forms so annotated should

preclude confusion as to batch traceability. When a facility attachment calls

for batch follow-up, batch changes are required to be reported to the IAEA.

The instructions for this reporting are given in Code 10 of the General Part

of Subsidiary Arrangements for NPT Safeguards Agreements for the Inventory

Change Reports. The information needed for such reports can be entered into

the facility records using ICDs or ICJs for batch changes within MBAs or

between MBAs at the same facility. Facility process records should provide

the necessary data to permit this follow-up.

-i
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4.S.6 Internal Control

The accuracy and integrity-of the «"counting data in a nuclear material

accountancy system will depend on the control used in the generation and

transmission of the data through the system. Some considerations in

establishing such control are:

a) A plan of organization should establish clear lines of authority and

responsibility and separate the operating, recording and custodial

functions. For example, a central nuclear material accounting group

should be independent organizationally from custodians who have

responsibility for the material. The responsibilities and authority

of the two groups should be detailed in a facility procedures manual.

b) Forms, records, and procedures should provide for authorization of

inventory changes and their recording. For example, the ICD for

material transfers should be completed and signed by the shipping

material custodian. The receiving custodian should verify the data

and acknowledge receipt by signing the form. The transaction should

be entered into the accounting records without delay and the

transfer form properly filed.

c) Duties should be divided so that no one person handles a transaction

from beginning to end.

d) Documents should be controlled by pre-numbered serial numbers and

all such documents periodically accounted for.

4.6 Example Records and Reports

4.6.1 Introduction

The reference facility used in this example is the mixed oxide fuel

fabrication plant described in Appendix A. Figure A.I shows the process
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scheme and IAEA MBAs for the facility. It is assumed that the facility

control areas and IAEA MBAs are the same. The records and reports example is

given for the six month material balance interval 1 August 1982 through 31

January 1983. Ledgers and Journals are shown for MBA-2 and MBA-3 but journals

are not used for MBA-1. General Ledgers and journals for the entire facility

might also be maintained but are not shown in the example. Complete sets of

records for the material balance interval are not shown in the example because

this would add unnecessarily to the size of the document. Examples of various

records are shown sufficient to describe the system and information flow

without showing all data for the entire interval or for other intervals.

Because the only uranium to be used in the example is normal there is no

isotopic accounting for either uranium or plutonium. The example forms

provide only for element accounting. If enriched uranium were to be used,

then isotope accounting would be needed. Again note that the example records

and reports are prepared manually whereas many facilities today would have

computer based systems. Nevertheless the data elements needed would be the

same.

It is emphasized that the assumptions made and the procedures used in the

example are for illustrative purposes and are not meant to be prescriptive.

Many of the parameters in the example, such as the length of the material

balance interval or the timing of submission of ICRs to the IAEA, would be

specified in the facility attachment for an actual facility. There are many

ways to design an SSAC. The following is an example of one way.

The records and reports system for the example facility consists of the

following:

1. Inventory Change Document - Material Transfer such as Figure 4.4.

This document is used to record transfer into or out of the

facility. The forms probably would be specified by the State

Authority and as such would provide for isotopic accounting even

though it is not done in the example. For transfers between MBAs in

the facility an internal transfer form, such as Figure 4.5, is used.

-i
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Inventory Change Document - Journal Entry Form such as Figure 4.6.

These are pre-numbered forms with the prefix JE but no MBA prefix.

Blocks of numbered forms are assigned by the Central Control unit to

HBAs as needed.

Inventory Change Journal - Receipts such as Figure 4.2. These

documents are coded:

ICJ-1 for MBA-2 - Plutonium (Figure 4.17)

ICJ-2 for MBA-2 - Uranium (Figure 4.18)

ICJ-5 for MBA-3 - Plutonium (Figure 4.21)

ICJ-6 for MBA-3 - Uranium (Figure 4.22)

Pages are numbered consecutively in each MBA for each material.

Journals are not used in MBA-1.

Inventory Change Journal - Removals such as Figure 4.3. These

documents are coded:

ICJ-3 for MBA-2 - Plutonium (Figure 4.19)

ICJ-4 for MBA-2 - Uranium (Figure 4.20)

ICJ-7 for MBA-3 - Plutonium (Figure 4.23)

ICJ-8 for MBA-3 - Uranium (Figure 4.24)

Pages are numbered consecutively in each MBA for each material.

Journals are not used in MBA-1.

Ledgers such as Figure 4.1. These documents are used to record and

summarize all nuclear material transactions for each MBA. They are

identified by the MBA number and consecutively numbered pages for

each material type. A facility general ledger which would provide

summation of the MBA ledgers might also be kept but is not shown in

the example. It is the MBA ledger data that would be used for IAEA

purposes. Ledgers for the example material balance interval for all

three MBAs are shown as Figures 4.11 through 4.16.
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6. IAEA Inventory Change Reports, Material Balance Reports and Physical

Inventory listing such as Figures 4.7, 4.8, «nd 4.9.

7. Various operating records from which source data are obtained to

record the transactions represented in the above identified

documents. Documentation of these source data is discussed in the

parts which address their generation but examples are not shown.

The following sections describe the use of the above documents at the

reference facility. For convenience, all of the figures for the example are

together at the end of the example section.

4.6.2 Inventory and Material Flow Assumptions

The example given in Part 5 describes the physical inventory taking as of

31 January 1983 at the end of six month material balance interval. It is

assumed that a physical inventory also was taken as of 31 July 1982. The 31

July 1982 physical inventory values are shown on line 1 of the MBA general

ledgers, Figures 4.11 through 4.16 in the Inventory Account. These are

assumed values with no support being shown in the example, they are the

ending inventory values for the interval ended 31 July 1982 and the beginning

inventory values for the interval I August 1982 through 31 January 1983. The

Inventory Account for the total facility ledger should show a quantity which

is the sura of the inventory accounts in the MBA ledgers. This ledger is not

shown in the example.

During the example material balance interval, the following nominal

material flows are assumed, based on a six month throughput of about 250 kg

PuO equivalent to about 12-13 finished MOX fuel assemblies:

a) Receipts from off site into MBA-1:

14 batches PuO at 20 kg per batch and 12 batches U0 2 at 500

kg per batch at a rate of 2 batches of each per month.
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b) Transfer from MBA-1 to MBA-2:

12 batches PuO. at 20 kg per batch and 12 batches UO at 500 kg

per batch at a rate of one batch of each about every two weeks.

c) Transfer of loaded rods from MBA-2 to MBA-3 at a rate of one batch

of 200 rods containing about S00 kg of MOX fuel about every two

weeks plus one or two rods a week as replacement for reject rods.

d) Shipment off site from M3A-3 of finished assemblies containing about

500 kg MOX each at a rate of one about every two weeks.

e) Transfer of reject rods from MBA-3 to MBA-2 assuming a reject rate

of 0.5 to 1%.

f) Discards from MBA-2 of about 140 drums of solid and liquid waste at

a rate of about 20-25 drums per month each containing an average of

about 25 grams Pu and 0.5 kg U.

Table 4.1 summarizes the beginning inventory at the example facility as

of 1 August 1982. Tables 4.2 through 4.6 provide the details of the nuclear

material movements involved in the transactions listed in a) through f) above

showing the dates, number of items and quantities of material involved in each

transaction. Table 4.7 summarizes the ending book inventory which results

from these transactions as of 31 January 1983.

4.6.3 Example Transaction Recording

Using the data provided in Tables 4.1 through 4.7, example transaction

documents are described in the following paragraphs to show how each would be

entered in the facility records. Footnotes to the tables also note the

location of the record entries for each transaction and the ending inventory

values.
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4.6.3.1 Off Site Receipts

As shown in Table 4.2 thare were seven shipments of PuO, powder and six

shipments of UO powder received at the facility during the example material

balance interval. Each would be accompanied by a material transfer document.

Figure 4.25 is an example of such a document for the shipment of PuO_ powder

received on 2 August 1982. the shipment is assumed to have been made from a

conversion facility (plutonium nitrate solution to PuO.) in the same

country, thus the shipping code SO (shipment domestic) and receiving code RD

(receipt domestic). The various codes on the form are tho3e as given in Code

10 of the General Part of Subsidiary Arrangements for HPT Safeguards. The

shipper's data has been entered on the form on a batch basis where each line

represents a batch of 8 cans of PuO.. An attachment (not shown in the

example) provides individual can data as noted in the Notes part of the form.

Separate lines on the form could be used for each can but it probably is more

convenient to use the protocol attachment approach. It is assumed that the

shipper's measurement programme is the same as the receiver's, i.e. three cans

are sampled and each sampled is analyzed. The plutonium element factor

resulting from these analyses are applied to the net weight of each can and

these data recorded on the labels or in some document identifiable with each

can. These source data would be the attachment to the material transfer

document. Similar data would be generated and recorded in the source

documents for MBA-1 for the receiver.

Upon receipt of each shipment the shipper's data are entered in the

plutonium ledger for MBA-1. Transaction journals are not used for MBA-1 in

the example because there would be only 12 to 14 receipts per year from off

site and 20-24 transfers to MBA-2, i.e. shipments from MBA-1. These can

easily be recorded directly in the ledgers. If there were more receipts and

shipments it might be desirable to use journals as is shown in the example for

MBA-2. The shipper's data for the first receipt on 2 August 1982 is shown on

line 2 of Figure 4.11.
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When the receiver's measurements have been completed for the shipment the

receiver's side of the material transfer document, Figure 4.25 is completed,

including the shipper-receiver difference data. Only the shipper-receiver

difference data is entered in the ledger Other Removals column identified with

the material transfer document as an SRD. The receiver's data is not entered

in the ledger. See Section 4.5.4, page 112, for discussion of

shipper-receiver difference data treatment. Each of the numbers on the

receiver's side of the material transfer document, i.e. net weight and percent

element, should be traceable to facility source documents such as weight

records and laboratory reports and notebooks identified with the batches and

items.

Shipments of UO- powder and additional shipments of PuO powder are

received as listed in Table 4.2. Documents similar to Figure 4.20 would be

received for each shipment but examples are not shown. The data, both

shipper's and shipper-receiver difference, would be entered in the plutonium

and uranium ledgers chronologically. Table 4.2 footnotes note the specific

entry lines for the receipts. The shipper-receiver data for each shipment

appears on a line below each shipment entry but not always on the next line

depending on what other transactions occurred and when the receiver's

measurements were completed. Periodically, as may be called for by the

facility attachment, the data from the ledgers and material transfer documents

would be used to prepare the Inventory Change Report. An example of this will

be discussed in a later section (Section 4.6.6).

4.6.3.2 Transfers from MBA-1 to MBA-2

As shown in Table 4.3 there were transfers of both PuO_ and UO

batches from MBA-1 to MBA-2 about every two weeks during the example material

balance interval. Each such transfer would be accompanied by a transfer

form. This could be the same form used to transfer material into or out of

the facility but in the example it is assumed that the operator uses a special

internal transfer form for transfers between MBAs within the facility.

Because the transfer is from one MBA to another, it is subject to reporting to

the IAEA on ths periodic Inventory Change Report (ICR). The internal transfer
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provide for shipper-receiver differences.

for s u b s e t batches of PuO and

mi
Sifflilar transactions would occur

n Entries for each would be made «n the MBA-1
..... —«. - -«

discussed further in Section 4.6.5.

4.6.3.3 Transfers out of MBA-2

There are three types of transfers out of HBA-2:

a) transfer of batches of loaded rods to MBA-3;

b, transfer of individual replacement rods to M3A-3; « d

C) discard of solid and liquid wastes.

batches are
processed to s - n d pallets and stored in s-und

q u a ntit y loaded in the rods stored at KMP-0
the
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transferred through KMP-4 to MBA-3. When a request for « batch of rods, 200

rods for an assembly, is received from MBA-3 the batch is transferred from

MBA-2 to MBA-3 usine the internal transfer document. Figure 4.27 is an

example of such a document which records the first such transfer of the

example material balance interval. The rod protocols are not shown but they

would be a list of the rods with their associated identity and quantity data.

The explanatory note on Figure 4.27 indicates where the records entries are

made for the transaction. Table 4.4 lists all of this type transaction that

occurred during the example material balance interval. The footnote for Table

4.4 indicates where entries for the succeeding transfers would appear in the

records.

When individual rods are rejected in MBA-3 they are returned to MBA-2 at

their original values and replacement rods are sent from storage in MBA-2.

Transfer documents similar to Figure 4.27 would be used to record the return

of the reject rods and transfer of the replacement rods, with each document

recording the quantity of material being transferred. In the example it is

assumed that the replacement rods have the same quantity in them as the reject

rod. This would not necessarily be the case although the rods would all have

about the same quantity within whatever quality assurance limits might have

been set by the customer. Entries would be made in the MBA-3 removals and

receipts journals (Figures 4.21 through 4.24) for the quantities in shipments

of the reject rods and receipt of their replacements, respectively. The same

entries would be made in the MBA-2 journals. Table 4.4 lists all of such

transaction that occurred during the example material balance interval. The

footnotes to Table 4.4 indicate where the specific entries appear in the

example records.

Waste is generated at various places in the process in MBA-2 and is

collected and processed for storage at KMP-J and disposal through KMP-6 as

shown in Figure A.I in Appendix A. The quantities of nuclear material are

measured at KMP-J and periodically discarded. While a material transfer

document could be used for such discards, the transaction is not truly a

transfer in that the material is no longer carried in any MBA inventory. A



- 126 -

more appropriate form would be one such as Figure 4.6. This form provides

space for all the data elements needed to record the removal of the discards

from inventory along with signatures showing approval of the transaction. It

has been assumed that a log or other process record is maintained by the

organizational unit responsible for discards in which the identity and

quantity source data are recorded as they are generated. This log is

referenced in the journal entry form to provide traceability to the source

data.

Table 4.6 lists the discards that were made during the example material

balance interval. Figure 4.28 is an example journal entry form for the first

such discard made during the example material balance interval. The

individual waste batches LW-0102 through LW-01C6 and SW-0213 through SW-0226

could have been listed on the ICD-Journal Entry Form but it is convenient and

reduces paperwork to record the totals and reference the Waste Discard Log for

individual container data. In this case the PIL of 01.0882 is referenced

because the discard consisted of the 19 containers of waste on inventory at

the beginning of the material balance interval. The data from the journal

entry form is entered in the plutonium and uranium removal journals for

MBA-2. These data appear on line 1 of Figures 4.19 and 4.20. The footnote to

Table 4.6 indicates where the entries for the other discards appear in the

records. Note that the waste discards are reported on the ICR (Figure 4.30)

as a single batch for each type of waste to avoid listing each item separately

resulting in 38 lines on the ICR instead of four. The journal entry reference

as batch identity would permit tracing back to individual item data if

needed.

4.6.3.4 Shipments and Transfers from MBA-3

There are two types of removals from MBA-3:

a) shipments of finished fuel assemblies to the reactor and

b) return of reject rods to MBA-2.
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Shipments of completed assemblies to various reactor will vary depending

on reactor reload schedules and the policies of the reactor operators

regarding load times and fresh fuel inventories. It is assumed in the example

that the reactor expects to receive one fuel assembly at approximately two

week intervals. Table 4.5 identifies the shipments made during the example

material balance interval. Figure 4.29 is an example of a material transfer

document for the first shipment made during the example material balance

interval, i.e. on 3 August 1982. The quantity data would be obtained from the

rod protocols sent with the rods from MBA-2 and recorded at KMP-4 and KHP-5

when the assembly is shipped. The data from the transfer document are entered

in the MBA-3 removals journals as indicated in the explanatory notes on Figure

4.29. The footnote for Table 4.S indicates where entries for the succeeding

shipments would appear in the records.

Return of rejected rods was discussed in the previous section, Section

4.6.4.3, in relation to transfers in and out of MBA-2. The batch identity of

such returned rods was not discussed. It is assumed that each transfer of

reject rods constitutes a batch as does the replacement rods. The rebatching

involved is reduction of the batch of rods being assembled in MBA-3 by the

amount in the reject rods and addition of an amount in the replacement rods.

The replacement rods arc assumed to be obtained from a batch of rods on

inventory in MBA-2 for that purpose. That batch would be reduced by the

amount of the replacement rods. This is addressed in more detail with an

example in a later section. Section 4.6.6, dealing with example accounting

reports.

4.6.4 Example Inventory Change Journals and Ledgers.

Figures 4.17 through 4.24 are the example Inventory Change Journals for

both plutonium and ucamam and receipts and removals for MBA-2 and MBA-3. As

noted before there are not enough transactions in MBA-1 to warrent the use of

a journal. Entries in these example journals have been described in the

previous sections and in the footnotes to Tables 4.1 through 4.6. All

transactions for the example material balance interval as identified in the

tables have been entered in the records but only typical example transaction

documents, such as material transfer ICDs, have been shown, Figures 4.25

through 4.29.
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At the end of each month during the material balance interval all of the

journal accounts are totalled and enterad in the ledgers for HBA-2 and MBA-3,

Figures 4.13 through 4.16. The ledgers for MBA-1 had data entered as each

transaction occurred as has been discussed in previous sections. In the

ledgers the beginning inventories as discussed iit section 4.6.2 are shown on

line 1 of each ledger. For the MBA-2 and MBA-3 ledgers the first months

receipts, shipments and other removals are shown on the next two lines. There

are no "other additions" in the example. The only "other removals" are

discards from HBA-2. Shipper-receiver differences are considered other

removals because the IAEA practice is always to subtract shipper-receiver

differences (See Section 4.5.4). These occur only in MBA-1 in the example.

Totals for the subsequent months are entered in the same order on subsequent

lines of the ledgers. For each line a running book inventory balance is

calculated either adding or subtracting, as appropriate, the line entry fror.

the preceding line invertory balance. This gives a book inventory at the end

of each month for HBA-2 and MBA-3 and a transaction by transaction book

inventory for MBA-1. At the end of the material balance interval an

adjustment for MUF from the physical inventory summary and a final entry of

the ending physical inventory for the material-balance interval arc entered in

the ledgers. In the example, only MBA-2 has a MUF because MBA-1 and MBA-3 are

item control areas and should not be expected to have MUFs. MUF can be either

a gain (physical inventory greater than book) or a loss (physical inventory

less than book). In the example, MUF is considered to be a removal from

inventory and is entered in the "Other Removals" column of the ledgers. Thus,

if the MUF is a loss it is considered positive and the result is a reduction

of the book inventory. See Figure 4.13 line 13 and Figure 4.14 line 14. If

the MUF is a gain it is considered negative and when entered as a negative

"Other Removal" results in an increase in the book inventory.

4.6.5 Example Accounting Reports

It is assumed that the facility attachment for the reference facility

calls for an Inventory Change Report for each MBA each month and a Material

Balance Report and Physical Inventory Listing at the close of each six-month

material balance interval. Figure 4.30 is an example Inventory Change Report

for the first month of the example material balance interval, i.e. August 1982
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for MBA-2. Similar reports would be made for the other MBAs and for each

month of the material balance interval.

The data to prepare this report were obtained from the accounting records

as follows:

a) For entries 01 through 06 data were from the Inventory Change

Journal - Receipts, Figure 4.17 for plutonium and Figure 4.18 for

uranium, lines 1, 2, and 3 in each. The ICO documents referred to

in these journals provide the detailed batch data needed for each

entry. Only one such document is shown ir. the example, Figure 4.26,

but Tables 4.3 and 4.4 provide the data that would appear in such

documents for the other receipt transactions.

b) For entries 07 through 14 the data were from the Inventory Change

Journal - Removals, Figure 4.19 for plutonium and Figure 4.20 for

uranium, lines 1, 2 and 3 in each. The ICD documents referred to in

these journals provide the detailed batch data needed for each

entry. Two of these documents are shown in the example, Figure 4.28

for Ihe waste discards shown in entries 07 through 10 and Figure

4.27 for entries 11 and 12. A document similar to Figure 4.27 would

provide the data for entries 13 and 14. The data are given in Table

4.4 of the example.

c) Entries IS through 22 report the rebatching of the reject rods and

replacement rods transferred between MBA-2 and MBA-3. The batches

involved are:

1) Original batch MO37 of 200 rods transferred from MBA-2 to MBA-3.

2) Original batch M011 in storage at KMP-G in MBA-2 to provide a

supply of replacement rods as needed.

3) Batch IT-2009 (the internal transfer document number)

consisting of two reject rods from original batch MO37 which

are returned to MBA-2. The MBA-3 ICR would show rebatching of

these from batch MO37 to batch IT-2009.
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4) Batch IT-1038 (the internal transfer document number)

consisting of two replacement rods from storage batch M O U

which are sent to MBA-3. The MBA-3 ICR would show rebatching

of these from batch IT-1038 to batch M037.

5) Batch SS-0114 a can of sintered scrap (SS) to which the pellets

from batch IT-2009 are added for recovery and recycle.

Entries IS through 18 record the rebatching of batch IT-2009 into batch

SS-0114 and entries 19 through 22 records the rebatching of the replacement

rods from batch M O U to batch IT-1038 for transfer to MBA-3.

The Material Balance Report for MBA-2 to the IAEA is shown in Part 6,

Figure 6.1. A comparison of the data in Figure 6.1 shows that the General

Ledgers for MBA-2, Figures 4.13 and 4.14 provide the data needed for the

report. Similar reports can be prepared using the ledgers for the other

NBAs. They are not shown in the example.

Figure S.7 in Part S is an example Physical Inventory Listing. Its

preparation is described in Part 5. The verified facility inventory listing

and the facility Physical Inventory Summary provide the data needed to prepare

the Physical Inventory Listing sent to the IAEA and to make the final HUF and

inventory entries in the ledgers.

4.6.6 Batch Follow-up

In some cases it is required to maintain batch follow-up in an MBA. The

following paragraphs describe how this could be done in the reference facility.

In MBA-1 it is simple because the batch identity and quantity as received

from off site can be used to transfer material to MBA-1. The shipper's batch

identities can be used or new identities assigned and noted on the transfer

document recording the receiver's data.
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In MBA-2 the matter is more complex. In the blending process batches of

PuO? and UO? are blended to make batches of KOX powder. However, there is

not always a relationship of batches because there are recycle batches of both

FuO., and UO that enter into the process. It would be difficult and

probably of little value to identify the input batches for each batch of MOX

powder. If it were required, however, the data could be in the process

records to identify which scrap batches produced which powder batches and

which powder batches were blended into MOX batches.

In the palletizing process the MOX batch identity can be carried through

the process as indicated in Appendix A, Table A.I. As each batch of MOX

powder is processed the pellets produced retain the MOX batch number. Any

scrap and waste generated could be identified with the MOX batch from which it

came so that the RM/RP code of Code 10 could be used. Rods prepared from

pellets could still retain the MOX batch identity so that when transferred to

MBA-3 the batch identity can be applied to the assembly which contains the

rods. The rebatching for reject rods was described above.

References for Part 4

IAEA/SG/INF/1: IAEA Safeguards Glossary. IAEA/SG/INF/1, International Atomic

Energy Agency
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Table 4.1

Référença Fabrication Facility

Beginnins Inventory

Au&ust 1, 1982

Location

KMP-A

RMP-B

KMP-C

KMP-D

KMP-F

KHP-G

KMP-H

KMP-I

KMP-J

KMP-K

Material
Type

PuO Pdr

U02 Pdr

PuO Pdr

00 Pdr

HOX Pdr

HOX Pellets

MOX Rods

MOX Assemblies

Dirty Powder

Grinder Sludge

Green Scrap

Sintered Scrap

Solid Waste

Liquid Waste

Samples

Facility Total

No. of
Items

100

240

6

16

40

160

60

1

6

3

7

4

14

5

263

MOX(lcg)

-

-

-

408

403

149

50*

60

28

74

41

-

-

1664

Quantity1

Pu (s)

220,576

-

13,245

-

14,394

14,213

5,257

17,675

2,117

988

2,611

1,447

348

137

82

293,09b

U< leg

-

5282

-

359

345

341

126

424

5Ï

24

63

35

15

6

2

7073

1. The MOX values would not appear in the material accounting records but
would be in supporting documents such as container labels and bulk
measurement reports. The plutonium and uranium values would appear in
the respective MBA ledgers as the beginning inventory for the material
balance interval. The facility totals would appear in the facility
ledger, not shown in the example. KMP-A and KMP-B would be the MBA-1
values, see line 1 of Figures 4.11 and 4.12. KMP-H would be the values
for MBA-3, see line 1 of Figures 4.15 and 4.16. The total of the othsr
seven KMPs would be the values for MBA-2, see line 1 of Figures 4.13 and
4.14.
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T*bla 4.2

Reference Fabrication Facility

Receipts into HBA-1

August 1, 1982 - January 31, 1983

Date

0208821

020982

060982

200982

270982

041082

111082

081182

151182

061282

0/1282

030183

040183

Material
Type

PuO.Pdr

PuO Pdr

UO,Pdr

PuO Pdr

UO.Pdr

PuOjPdr

UO2Pdr

VO Pdr

PuO Pdr

PuG Pdr

'JO Pdr

PuO Pdr

UO2Pdr

No. Of
Items

16

16

40

16

40

16

40

40

16

16

40

16

40

Total Receiots

Ouantity
Pu(g)

35,412

35,318

-

35,312

-

35,282

-

-

35,354

35,344

-

35,282

-

247.304

U(kg)

-

-

884

-

886

-

878

889

-

-

882

-

888

5307

1. Figure 4.25 shows an example material transfer document for this first
receipt of the example material balance interval. The total quantity
received based on shipper's values is entered in the MBA-1 plutonium
ledger. After facility measurements have been made the shipper-receiver
difference is entered on a line below the original entry but not
necessarily the next line. In the example of this first shipment the
shipper's data for quantity received appears on line 2 of Figure 4.11 but
the shipper-receiver difference data identified as HT2-0067SRD is on line
4, no*-, line 3. A transfer, i.e. shipment, of PuOg from MBA-1 to MBA-2
was made before the SRO data was available. The entry for this transfer,
therefore, is on line 3. Such transfers are discussed in Section
4.6.4.2. Entries for the other PuC>2 receipts appear on lines 6, 10,
13, 18, 20, and 24 with the corresponding SRO entries on lines 8, 11, 14,
22 and26. Note that there is no SRD entry for MT2-0081. There was no
shipper-receiver differences so no entry is needed. Similar entries for
the UO2 receipts appear in Figure 4.12.
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Table 4.3

Reference Fabrication Facility

MBA-1 to MBA-2 Transfers

August. 1, 1982 - January 31, 1983

Oate

0408821

160882

040982

130982

280982

121082

251082

091182

221182

081282

201282

040183

Material
Type

PuO2Pdr

UO Pdr

PuO Pdr

UO Pdr

PuO Pdr

UO Pdr

PuO Pdr

UO2Pdr

PuO Pdr

UO Pdr

PuO Pdr

UO Pdr

PuO Pdr

UO2Pdr

PuO Pdr

UO Pdr

PuO Pdr

UO Pdr

PuO Pdr

UO Pdr

PuO Pdr

UO Pdr

PuO Pdr

UO2Pdr

Total

No. of
Items

8

20

8

20

8

20

8

20

8

20

8

20

8

20

8

20

8

20

8

20

8

20

8

20

Transfer MBA-1 to MBA-2

Ouantitv
Pu(g)

17,706

17,659

17,656

17,641

17,677

17,672

17,641

17,701

17,638

17,641

17,640

17,665

211.937

U<lcB>

-

444

-

441

-

442

-

445

-

441

-

440

-

442

-

443

-

443

-

444

-

440

-

443

5308
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1. Figure 4.26 shows an example internal transfer document for thin first
transfer from MBA-1 to MBA-2 t'or the example material balance interval.
The data are entered in the facility records as described in Section
4.6.4.2. The entries appear on line 3, Figure 4.11; line 2, Figure 4.12,
and line 1 of Figures 4.17 and 4.18. Entries of tha other transfers
appear en lines 5, 7, 9, 12, IS, 16, 17, 19, 21, 23 and 25 of Figure
4.11; lines 3, 4, 7, 9, 12, 14, 16, 18, 20, 22, and 24 of Figure 4.12;
end lines 2, 5, 6, 8, 11, 12, 15, 16, 19.20, and 23 of Figures 4.17 and
4.18.
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Table 4.4

Reference Fabrication Facility

Transfer of MOX Fuel Rods between

MBA-2 and MBA-3

August 1, 1982 - January 31, 1983

Date

2308821

300882

300882

060982

160982

160982

200982

04108?

111082

111082

181082

281082

281082

011182

151182

291182

031282

031782

131282

24128?

241282

271282

100183

240183

TO MBA

3

2

3

3

2

3

3

3

2

3

3

2

3

3

3

3

2

3

3

2

3

3

3

3

No. Of
Rods

200

2

2

200

1

1

200

200

3

3

200

2

2

200

200

200

4

4

200

2

2

200

200

200

MOX(kg)

501

5

5

500

2.S

2.5

502

499

7.5

7.5

500

5

5

503

501

499

10

10

502

5

5

500

501

S03

Ouantitv
Pu<6>

17,675

176

176

17,640

88

88

17,711

17.605

26S

265

17,640

176

176

17,746

17,675

17,60S

353

353

17,711

176

176

17,640

17,675

17,746

UOcg)

424

4

4

423

2

2

425

422

6

6

423

4

4

425

424

422

8

8

425

4

4

423

424

425
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1. Figura 4.27 shows en example internal transfer document for this first
transfer from MEA-2 to KBA-3 for the example material balance interval.
The data are entered in the facility records a* indicated in the
explanatory notes on the figure. MBA-2 entries for the other transfers
of batches of cods appear on lines 2, S, 8, 11, 13, 17, 18, 19, 23 and 25
of Figures 4.19 and 4.20 and lines 2 and 3 of Figures 4.19 {continued)
and 4.20 (continued). MBA-2 entries for transfers of the replacement
rods appear on lines 3, 7, 12, 14, 22, and 24 of Figures 4.19 and 4.20.
MBA-3 entries for receipt of the original batches of rods appear on lines
4, 6, 8, 10, 13, 14, IS, 18, 20, 22, and 23 of Figures 4.21 and 4.22.
MBA-3 entries for shipment of reject rods appear on lines 2, 5, 9, 11,
17, and 19 of Figures 4.23 and 4.24. MBA-3 entries for receipt of
replacement rods appear on lines 2, S, 9, 11, 17 and 19 of Figures 4.21
and 4.22.
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Table 4.5

Référença Fabrication Facility

Shipments of Assemblies

from MBA-3

August 1, 1982 - January 31, 1983

Date

0308821

010962

200982

280982

141082

011182

101182

241182

091282

271282

050183

200183

No. Of
Items

1

1

1

1

1

1

1

1

1

1

1

1

Quantity
MOX(kg) Pu<g) U<kg>

Total 12

501

501

500

502

499

500

503

501

499

502

500

501

6009

17,675

17,675

17,640

17,711

17,605

17,640

17,746

17,675

17,605

17,711

17,640

17,675

211,998

424

424

A23

«25

422

423

42S

424

422

425

423

424

5084

1. Figure 4.29 shows an example material transfer document for this first
shipment of a fuel assembly for the example material balance interval,
the data are entered in the records as indicated in the explanatory notes
on the figure. Entries for the other shipments of fuel assemblies appear
on lines 4, 6, 7, 10, 13, 14, 15, 18, 20, 22 and 23 of Figures 4.23 and
4.24.



- 13Ç -

Table 4.6

Reference Fabrication Facility
Measured Discards

August 1, 1982 - January 31, 1983

Date

0308821

100982

041082

011182

011282

030183

280183

Material
Type

Liquid Waste

Solid Waste

Liquid Waste

Solid Waste

Liquid Waste

Solid Waste

Liquid Waste

Solid Waste

Liquid Waste

Solid Waste

Liquid Waste

Solid Waste

Liquid Waste

Solid Waste

Total Liquid

Total Solid

NO. Of
Items

5

14

a
16

4

19

4

18

5

17

4

17

6

19

Waste

Waste

Quantity
Pu<6>

137

348

197

389

111

436

123

397

145

352

121

372

183

462

1017

2756

UtJcg)

6

15

7

14

5

17

5

17

5

14

4

IS

5

17

37

109

3773 146

1. Figure 4.28 shows an example inventory change document-journal entry form
for this first discard of material during the example material balance
interval. The data are entered in the facility records as indicated in
the explanatory notes on the figure. Entries for the other discards
appear on lines, 6, 10, 16, and 21 of Figures 4.19 and 4.20 and lines 1
and 4 of Figures 4.19 (continued) and 4.20 (continued).

53 -
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Tdble 4.7

Reference Fabrication Facility
Ending Hook Inventory

January 31, 1983

MBA-1

Beginning Inventory
Receipts (off site)
Shipper-Receiver Difference
Shipments (MBA-2)
Ending Book Inventory

MBA-2

Beginning Inventory
Receipts (MBA-1)
Receipts (HBA-3)
Shipments (HBA-3)
Discards
Ending Book Inventory

HBA-3

Beginning Inventory
Receipts (MBA-2)
Shipments (MBA-2)
Shipments (off site)
Ending Book Inventory

Total Facility:^

Beginning Inventory
Receipts (MBA-1)
Shipper-Receiver Difference
Shipments (MBA-3)
Discards (MBA-2)
Ending Book Inventory

Pu(g)

220,5761

+ 247,3042

- 233
- 211.937*
255,920s

54,8446

+ 211,937?
+ 1.2347

- 213,303s

- 3.7738

50.9399

17,67510
+ 213,30311

- 1.23412

- 211.99812

17.74613

293,095
+ 247,304

- 23
- 211,998
-. 3.773

324,605

136 76

+ 53087

+ 287

- 51138

- 146s

- 14449

7073
+ 5307

- 4
- 5084
- 146

7146



documents, such as material transfer iCDs, have been shown, Figures 4.25

through 4.29.
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Footnotes for Table 4.7

Line 1, Figures 4.11 and 4.12 respectively
Sum of Receipts, Figures 4.11 and 4.12, respectively
Sum of Other Removals, Figures 4.11 and 4.12 respectively
Sum of Shipments, Figures 4.11 and 4.12 respectively
Line 27, Figure 4.11 and. line 26, Figure 4.12
Line 1, Figures 4.13 and 4.14, respectively
Line 25, Figures 4.17 and 4.18, respectively
Line 6, Figures 4.19 (continued) and 4.20 (continued), respectively
Line 13, Figures 4.13, and 4.14, respectively
Line 1, Figures 4.15, and 4.16, respectively
Line 25, Figures 4.21 and 4.22, respectively
Line 25, Figures 4.23 and 4.24, respectively
Line 14, Figures 4.15 and 4.16, respectively
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Part 5. PHYSICAL INVENTORY TAKING

5.1 Introduction

i
3
ç_

»

•n

>

The physical inventory is the bench mark of nuclear material accounting

and control. Various means of control, accountancy and containment and

surveillance can be employed to account for and control nuclear materials.

However, a material balance based on a physical inventory that provides

conclusive evidence of the physical presence of the material is the only means

for the facility operator to assure that no significant losses or diversions

have gone undetected. Of course, the other components of the material

balance, receipts, shipments, discards, etc., also must be accounted for for

the balance to be meaningful.

The following description provides information regarding inventory

procedures, including pre-inventory procedures, to assure a complete and

accurate physical inventory including assurance of data handling accuracy and

integrity. This description also addresses the relationship of this element

of an SSAC to other SSAC elements, descriptions of which are provided in other

parts.

5.2 Inventory Measurement

As a significant component of the material balance, the quantity of

material on inventory must be measured or assurance provided that prior

measurements remain valid so that the balance has meaning in assuring that

material has not been lost or diverted. Also, the precision and accuracy of

the physical inventory measurements can have a significant effect en the

quality of the material balance in terms of the <»,_,_.

5.2.1 Precision and Accuracy

The uncertainties of the respective components of a material balance

combine to produce the total material balance uncertainty, i.e. the

uncertainty of material unaccounted for (a.,-,,,). If the inventory
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uncertainties ace large in relation to those of the other components, their

effect on « „ „ for the total balance will be greater. Consequently, to

meet goals that may have been established for a or to reduce o

even if no specific goal? have been set, some of the random and systematic

errors associated with the inventory measurements may need to be relatively

smaller for inventory quantities which make up relatively large portion of the

total inventory. Similarly, the measurement of a portion of the inventory

with a relatively small nuclear material content may not need to be as precise

as that of a portion having a relatively large nuclear material content. For

example, the inventory measurement of the residual material in a piece of

cleaned out equipment can be less precise than the inventory measurement of

the material in that same piece of equipment that has not been cleaned out for

inventory and that still contains a relatively large quantity of nuclear

material.

A bias in inventory measurements may not affect the <*,_„, of a

material balance but can affect the size of the HUF, i.e. how well a balance

is achieved. The effect of a bias in inventory measurements will depend on

the quantity involved and the magnitude of the bias.

The detailed description of the Nuclear Materials Measurement Element of

an SSAC addresses the selection of KMPs to assure that all material flows and

inventories are measured with appropriate precision and accuracy to provide an

acceptable uncertainty for the material balance. A significant aspect of this

assurance is the selection of measurement methods for inventory KMPs that have

precision and accuracy appropriate to the significance of the inventory

quantities to the material balance.

5.2.2 Inventory Measurement Quality

Control of the quality of measurements made for inventory purposes is

necessary to assure valid measurements and to permit determination of the

uncertainties associated with such measurements. The quality of many

inventory measurements will be so controlled because they will have been made

prior to the inventory as routine flow measurements. Such measurements could

be controlled as addressed in the detailed description of the Measurement
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Quality Element of an SSAC. The use of such prior measurements is discussed

in section 5.2.4. Specific inventory KMP measurements also could be

controlled in accordance with facility procedures established on the basis of

the Measurement Quality doscription.

5.2.3 Factors, Nominal Values, and Calculated Values

By their nature, factors such as the nuclear material content of a

process intermediate, nominal values such as the stoichiometric value for a

compound or the target isotopic composition of a process material, and

calculated values such as by-difference values or values based on mixing

calculations, depend on steady state or normal operations. Perturbations such

as unknown losses, substitution of materials, or diversion, invalidate the use

of factor:., nominal values, and calculated values as accurate representations

of nuclear material element and isotopic values for purposes of a measured

physical inventory.

A factor is a measured value thai is applied to one or more items of the

same kind. The continued validity of factors should be monitored through a

measurement quality control programme, and the uncertainty to be associated

with the factor determined through the measurements made in such a programme.

Such a programme is discussed in the detailed description of the Measurement

Quality Element of an SSAC. Supporting data for factors should be documented

as would any nuclear material measurement source data. The uncertainties of

each factor should be included in the calculation of a „ for the material
Bur

balance in which such factors were used to obtain inventory date.

Because nominal values are not the result of a current measurement they

do not provide assurance of an accurate measure of nuclear material and their

use in physical inventory taking should be avoided. If it is necessary to use

a nominal value, the basis for the value should be established so that any

systematic error introduced can be treated appropriately in the calculation of
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While calculated values may result from one or more measured values,

there often is an unmeasured component which invalidates the calculated value

as an assurance of the presence of nuclear material. For example, if a

measured quantity of material were introduced into a process vessel and a

measured quantity removed from the vessel, calculation of the material

remaining in the vessel provides no assurance that the material actually is in

the vessel and has not been lost or diverted. The use of such by-difference

values in physical inventory taking should be avoided. On the other hand,

calculated values derived from a representative sample of a weighed quantity

of material do provide assurance of the presence of the material because there

is no unmeasured component in the calculation.

5.2.4 Validity of Prior Measurements

Measured values used in physical inventory talcing come from many sources,

including flow and process measurements made prior to the inventory talcing.

The use of such prior measurement data can reduce physical inventory effort by

reducing the need for measurements to be made during the inventory. For such

data to provide assurance of the presence of the material it is necessary that

the validity of the data be assured. That is, because the measurement was

made at some prior time, some means should be used to assure against

undetected occurrence of such things as unrecorded removal of portions of

material from a container, removal of containers or items from a vault, or

substitution of items or quantities of different materials. A primary means

.that a facility operator may use for providing this assurance is tamper

indicating C/S measures such as seals (see Sec. 2.7). For IAEA verification

it would be necessary for the IAEA to seal the material with IAEA seals.

To be effective the tamper indicating measures should provide means of

identifying the material with the measurement data. There should be means for

tracing material identity, i.e. batches, lots, samples, etc., to laboratory

log books or other records of measurement results. These quantity and

identification data also should be recorded so that there would be a clear

indication of any changes made in quantity or identity. To be effective

tamper indicating measures must be applied immediately upon completion of the
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operations which establish the nuclear material content of an item. Such

operations may include the nondestructive assay of fuel elements or rods that

have been identified and sealed or of a sérias of rods or pellets which «re

then stored in containers or in a vault under seal. They also may include

samplinSi packaging, and weighing a lot of material into a. number of

containers, each of which is sealed with a tamper indicating seal. The

integrity of the sample also must be protected until it is analyzed.

S.2.S In-Process Measurements

The extent to which a process must be shut down, drained down, or cleaned

out to measure inventory quantities of nuclear material will depend on the

quantity of nuclear material in the equipment at any stage of operation,

cleanout, shutdown, etc. and the precision and accuracy with which such

material can be measured.

5.2.5.1 Process Draindown and Cleanout

Process draindown and cleanout are relative terms which indicate degrees

of removal of nuclear material from process equipment. Draindown implies

moving the bulk of the nuclear material to measurable points in the process

but not necessarily cleaning out the process equipment. Cleanout implies a

more rigorous effort to remove t % material from the process equipment so that

it may be considered to contain no esidual nuclear material. Whatever the

degree of removal, the procedure is essentially the same. The nuclear

material is moved from its normal process location to a location and form in

which it can be measured. The location rcay be a calibrated process vessel or

it may be bottles or containers separate from the process.

Process equipment from which material has been removed should not be

considered "clean", i.e., to contain no nuclear material, unless measurements

are made to verify this. Measurements should either verify that the residual

quantity is not great enough to affect significantly the material balance or

result in a material quantity to be included in the inventory. If experience
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with the clesnout procedures actually used indicates that the equipment will

be clean, it may not be necessary to verify the cleanout.

While prior measurements and cleanout procedures are acceptable bases for

concluding that a process residue contains no nuclear material, such is not

the case with draindown procedures. Draindown procedures and prior

measurements of residues should be used to establish expected quantities,

inventory factors, variations in holdup, and limits of uncertainty. The

residual quantities should be measured for each inventory or measurements made

to verify the validity of any factors used. Such measurements of residual

quantities may be accomplished using NDA techniques which have been calibrated

to the equipment by measurement and cletnout tests at a prior time. Further,

the quantity of nuclear material remaining in equipment should not be

calculated as the difference between the amount put into the equipment and the

amount taken out.

5.3 Inventory Organization and Planning

Physical inventories planned, organized and carried cut according to

written inventory procedures and instructions can be conducted with better

assurance of being complete and accurate as well as being accomplished with a

minimum of interference with facility operations.

5.3.1 Assignment of Responsibilities

Clearly defined responsibilities, duties and authorizations together with

proper orientation of personnel and assurance that each person understands his

place in the inventory programme will assist in more rapid, trouble-free

conduct of physical inventories. Responsibilities and authorizations at the

different organizational levels involved in the inventory should be set forth

clearly in writing.
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5.3.1.1 Facility Inventory Supervisor

One person who is familiar with the areas to be inventoried and with the

principles and procedures of conducting physical inventories of nuclear

materials should be assigned primary responsibility for planning, organizing

- - J conducting the physical inventory. The inventory supervisor should be

given specific authority with regard to process shutdown, startup,

interruption, and control preceding, during, and following the inventory. Ths

inventory supervisor should not be a member of an inventory team but should be

available at all times during the inventory to handle problems that might

arise and to assure that the inventory is proceeding satisfactorily.

5.3.1.2 Area Inventory Supervisor

One person in each area should be assigned the responsibility for the

inventory in that area. This person should be familiar with the operations

and material in the area and may be the material custodian for the area. He

should be responsible for all aspects of the inventory within the assigned

area as directed by the written inventory instructions for the area. His

authority should extend to any matters relevant to preparation for and conduct

of the inventory within his area within the framework of the written inventory

instructions. He should not have the authority to deviate from the written

instructions without approval of the Facility Inventory Supervisor.

5.3.1.3 Inventory Teams

Teams for conducting the inventory, i.e, the actual listing, tagging,

measuring, etc., should consist of at least two persons. More people m^y be

required on teams where material handling or nondestructive measurements are

to be carried out during the inventory. Alternatively, nondestructive-

measurement teams or material handling teams may be established to assist

other inventory teams as required and specified in the inventory

instructions. Each inventory team shot Id consist of one person who is

familiar with the areas assigned for inventory and one person from another

area or organizational unit to serve as a controller to assure accuracy and

compliance with instructions. An inventory team should have no authority to
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deviate from specific instructions without approval of the Facility Inventory

Supervisor.

5.3.2 Cutoff Procedures

One consideration in planning a physical inventory is establishing the

timing of and controlling the various cutoffs necessary for accurate

inventories. Cutoffs or cutoff procedures are so called because, at the

specified time, activities such as movement of material or entries to the

records are stopped or cut off. The time of the inventory should be specified

so that a well defined material balance interval can be established. Cutoff

procedures should be established to assure that the quantity of material which

results from the physical inventory talcing accurately represents the material

physically present at the specified inventory time and that this quantity is

accurately reflected in the records at the same specified time. Material

cutoff procedures should be coordinated with records cutoff procedures to

assure that the same material balance interval is used for both.

5.3.2.1 Receipts, Shipments, and Other Removals

Inventory instructions should specify a time at which material receipts,

shipments and other removals such as waste discards, are cut off. No more

me ial should be received into or shipped or removed from the facility after

that time. When it is necessary to make a shipment or take a receipt after

the cutoff time and before the inventory is finished, such receipts and

shipments .should be made with the approval of and under the control of the

Facility inventory Supervisor. He should assure that such items are reflected

properly in the records and in the physical inventory data. Any receipt after

the cutoff should be identified and segregated so that it will not be included

in the physical inventory. Addition of such receipts to the records should be

made for the material balance interval following the inventory. If it is

necessary to make a shipment after cutoff but before the inventory is

completed, such shipments should bt inventoried before shipment at the

measured shipment value for the material and such quantities included in the

physical inventory. The records for the shipment should be shown in the
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following material balance interval. Material discards should be coordinated

with inventory schedules so that all discards have been made and recorded

properly before the inventory cutoff time.

5.3.2.2 Internal Transfers

For a given facility there may be more than one material control area

established by the facility operator which, taken together, will provide a

total facility material balance. In such cases inventory instructions should

specify the cutoff times and procedures for each such area. Not all areas

need be inventoried at the same time, but they may be taken in sequence with

or counter to the process or merely in sequence of assignment to the inventory

team. Material movements between areas should be controlled prior to, during,

and after the inventory to assure that all material has been inventoried and

that none is inventoried more than once. Area records cutoff should be

coordinated with the material transfer cutoff so that the records will reflect

accurately the inventory of the area. Internal transfer cutoff times do not

have to be the same for all areas. They may progress with the inventory.

When the inventory in an area is complete, the transfer cutoff should remain

in effect until the entire inventory is complete.

If it is necessary to make internal transfers before completion of the

inventory, these should be made on an exception basis with the approval of and

under the control of the Facility inventory Supervisor. He should assure that

the proper adjustments to the inventory are made for such transfers.

5.3.2.3 Process

Process cutoff does not necessarily mean shutdown of the process. The

process may continue to operate during inventory. Cutoff controls should be

established to assure accuracy of in-process inventory. Transfers to or from

the process should be handled in a manner similar to that for area internal

transfers. Material and records cutoff for the transfers to and from the

process should be controlled carefully. Inventory instructions should specify

the manner in which the in-process inventory is to be taken and the process

cutoff controls to be use. Such controls could include:
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a) No raw material added to the process after e specified time;

b) No recycle permitted after a specified time;

c) Transfers to and from intermediate storage cut off at a specified

time;

d) Scrap and waste generated after a specified time or between

specified times segregated from all other scrap and waste; and

e) Product produced after a specified time or between specified times

segregated from all other product.

5.3.2.4 Records

The records for receipts, shipments, and other removals should be cut off

after the last receipt, shipment, or removal prior to the specified cutoff

time and the books closed for the material balance interval. For individual

areas, records for internal transfers should be cut off after the last

transfers prior to the specified cutoff time. The material cutoffs should be

controlling, with the records brought up-to-date to the final material

transactions.

5.3.3 Facility Inventory Listing and Stratification

Preparation of facility inventory item lists which include batch data and

identification and stratum information may make data processing easier and

more rapid. Preliminary facility inventory item lists which include batch and

stratum information can assist in inventory taking, inventory verification and

subsequent data processing by both the facility operator and the IAEA.

Batch is defined in the Safeguards Glossary (IAEA/SG/INF/1) as a portion

of nuclear material handled as a unit for accounting purposes at a key

measurement point and for which the composition and quantity are defined by a

single set of specifications or measurements. If one considers the "set of

specifications and measurements" for material accounting purposes to mean the

element factor for the items in the batch, then a batch can be defined as

those items related through a common element factor. This is the definition

used in IAEA/TECDOC-261. Batches having the same set of measurements, i.e.

measurement error values, and the same physical and chemical characteristics
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can then be combined into strata for purposes of calculation of the

uncertainty of tha measurements of the strata and subsequent propagation of

the errors for the respective material balance components to obtain <»,_„,.
nui?

The procedures for such propagation are discussed in IAEA-TECDOC-261,

Chapter 3.

Some facility attachments call for the facility operator to provide the

IAEA inspectors with a stratified inventory list for use in IAEA inventory

verification. Facility attachments also call for the PIL which accompanies

each material balance report to list all batches separately and to include

identification end batch data for each. These two requirements can be met

readily if the facility operator uses facility inventory item lists in the

physical inventory talcing which include batch and stratum information. The

important thing is to have for each item on inventory a means to identify the

batch to which the item belongs and measurement error values for the batch.

This will permit collection ot the item data into proper batches and strata.

Stratum is defined in the Safeguards Glossary as a grouping of items/batches

having similar physical and chemical characteristics (e.g. volume, weight,

isotopic composition, location) for the purpose of facilitating statistical

sampling for measurements needed to establish and verify the material balance

and its uncertainty (<J ).
HUF

For statistical computation purposes a stratum should consist only of

batches of approximately the same quantity and type of material, i.e. physical

and chemical characteristics, and the same measurement error values (i.e.,

material measured by the same methods). For the purpose of facilitating

inventory talcing and inventory verification, additional information on

location is needed. Facility inventory item lists, either preliminary or

final, should be prepared to show for each item the batch and stratum to which

the item belongs and its location. Normally, the facility physical inventory

would be taken by location with lists being prepared for each locetion.

Stratification of lists for each location would facilitate subsequent

verification. Preliminary facility item lists such as shown in Figures 5.1

through S.S for each location will assist IAEA inspectors to develop their

sampling plans without having to wait for the final inventory item lists to be
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completed. A batch code can be established so that each unique batch of a

given size, material type and measurement error values has a separate

identifier. The stratum code could then be established so that all like

bitches having the same measurement error values would be included in a

stratum.

Proper selection and designation of KMPs could permit the use of the KMP

designations as the stratum identifier. This also could include the location

identity so that all like batches at a given location would constitute •

stratum. It is logi'cal to consider KMPs as a basis for stratum identification

because it is the KMP designation that identifies that certain measurements

are made and it is the like measurement error values that determine the

grouping of batches into strata. If the KMPs are established as shown in the

reference facility described in Appendix A, then the KMP, designation would be

sufficient for stratum identification because each KMP, including the

inventory KMPs, represents a material type. If, however, different

enrichments were involved and separate strata for enrichments were needed then

an enrichment code could be added to the KMP designations such es KMP-1BO)

and KMP-IB(N) for U0. receipts of 3% enriched and natural uranium

respectively. On the other hand, although KMP-1 and KMP-2 are for receipts of

both material types into MBAs 1 and 2 respectively the A and B designations

have been added to identify the different strata for PuO and UO

receipts, respectively. The majority of the present report formats for

reports to the IAEA in accordance with Code 10 of the General Part of

Subsidiary Arrangements for NPT Safeguards Agreements permit only single digit

KMP designations. In making such report the A and B designations for KHPs-1

and 2 would not be used. Also, if an inventory KMP represented several

material types such as in a storage vault, then material type identifiers

would be needed there too. An illustration of this variation is shown in the

example for KMP-I in scrap storage where there are four different kinds, i.e.

strata, of scrap, see Table A-l. A computer based system called NUMSAS

(Nuclear Material Statistical Accounting System) has been developed by the

Joint Research Center of the Commission of the European Communities which

provides for the collection and treatment of data along the general lines

discussed here. Details of NUMSAS are described in reference EUR 6471 EN.
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Location code is not necessary for o ^ ^ computational purposes

because location does not affect the material balance uncertainty unless the

location is an indication of static inventory. Strata at different locations

could be combined for computation of «„ „ . However, static inventory,
«Sur

i.e. material that has been inactive during the material balance period, has

no effect on e and should not be included in the calculations.

Facility inventory item lists should identify material that has been static

during the period so that 3uch material can be eliminated from the a

calculations. Location, e.g. in a sealed vault, may be one mean? for

accomplishing this. The time at which tamper indicating seals were applied to

containers would be another, if the material were measured and sealed in a

prior material balance period and the seal was still intact then the material

would not effect the o^,_ calculation. Note, however, that unless IAEA

seals have been placed on static material, the IAEA would need to verify the

material during their PIV activities.

Another possible means to identify material that would not effect the

ô ,.-, i.e. static material that had not been measured during a

material-balance interval, would be a measurement number and time code. For

each item or batch measured there could be a code for the measurement used,

the measurement number and the time cf measurement. For example the r^rtietn

weighing on scale number 3 during the eleventh week of 1933 could be coded

W03-040-113. Similar codes could be used for element concentration and

isotopic measurements using such prefixes as E for element and I for

isotopic. These code numbers associated with items or batches on the

inventory item lists would show whether another measurement had been made

during the material balance interval and thus would affect the o . For

example a batch on both beginning and ending inventory having the same

measurement code number would be identified as static and not affecting

Strata in different material balance components, however, need to be

considered separately because some will be positive and some negative, i.e.

beginning inventory and receipts will be positive and shipment and ending

inventory will be negative. Thus the item lists resulting from the physical
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inventoc/ taking will represent a negative material balance component when

combined with the other components, at discussed in the detailed description

of the Material Balance Closing Element.

5.3.4 General Inventory Instructions

Inventory instructions should include a detailed description of the

procedures to be followed in taking the inventory to assure that all items and

materials are inventoried once and not more than once. Such description

should include instructions for listing the inventory and tagging inventoried

items and for control of inventory lists and tags. Inventory teams should be

assigned specific blocks of numbered sheets end tags, and all such items

should be accounted for by the team to the Facility Inventory Supervisor. The

inventory sheets should have a column for the tag number along with other

columns for the inventory data sufficient to identify each item, record the

associated quantity of nuclear material element and isotope and any other data

pertinent for the inventory such as NDA tests results, log book references and

batch and strata identification. When an item or group of items is

inventoried it should be tagged and listed. The tag number should appear in

the column for tag numbers on the line for the properly identified item. The

inventory item lists could be used to locate and identify each item of fuel.

Tag numbers could then be listed by each item as it is tagged.

Every tag numbec assigned to a team should either appear on one of the

lists assigned to that team or be returned to the Facility Inventory

Supervisor. All inventory sheets should be returned whether used or not.

When a sheet is full, it should be initialed by both team members and any

auditors or other observer, as appropriate. Completed sheets should be

collected by the Facility Inventory Supervisor at frequent intervals during

listing. Sheets that are voided for some reason should not be destroyed but

should be marked void, initialed by the team members and any auditors or

observers as appropriate.
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Multiple copy listing can be used to provide the Facility Inventory

Supervisor with an original control copy of the lists to check against tag

numbers and list numbers and subsequently to maintain control of any changes

made to the sheets during reconciliation.

The inventory instructions should make provision for anomalies and

discrepancies such as the discovery that a facility tamper indicating seal has

been opened. The inventory teams should have no discretion to deviate from

the written instructions; therefore, the instructions should provide that the

Facility Inventory Supervisor be called to resolve any problems.

5.3.5 Area Inventory Instructions

Inventory instructions should be prepared for each area to specify in

detail how the inventory is to be conducted in each.

(a> The type of inventory should be specified, i.e., shutdown, counter

current, etc.

(b) The extent of shutdown and cleanout should be specified with

appropriate cutoff for processing and material transfers. When only

a portion of the process is to be shut down, instructions should be

given as to the equipment to remain operative, that to be shut down,

and how the interface between the static and dynamic portion of the

area is to be controlled.

(c) For equipment that is shut down, instructions for cleanout,

flushout, dismantling, etc., should be given. These instructions

should include the treatment, handling, and measurement of material

removed from such equipment.

(d) For areas of the process not shut down, specific operating

instructions should be included as to how the process will be

operated to permit inventorying the material. Cutoff procedures

should be included to provide for the interface between inventoried

and non-inventoried material associated with the operating process.
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Procedures for measuring tha content of the operating process should

be specified.

(e) Where item control is used in an area, instructions should be

included for identifying and locating all such items in relation to

the records for the items. The inventory team could prepare a list

of items as they locate, identify, and tag them. This list then

could be checked against the identity and location records for the

items. Conversely, the inventory team could use a copy of the

record and check each item as it is located, identified, and

tagged. The team should assure that all items on the list are

located, identified, and tagged.

(f) Where item control includes use of facility tamper indicating seals

for containers or vaults, inventory instructions should include

procedures for verifying the Integrity of the tamper indicating

devices. Instructions should include procedures for the team to

follow if they find a tamper indicating device that has been

compromised.

(g) When facility tamper indicating measures have been used so that

previous measurements of the nuclear material content may be used

for inventory purposes, inventory instructions should identify the

measurement data that are to be used.

(h) When facility tamper indicating seals have not been used or have

been compromised, when nuclear material has not yet been sealed,

e.g., trays or fuel pellets, or when sealed items are not uniquely

identified, e.g., unnumbered fuel rods or pins, the validity of

previous measurements should be verified or the nuclear material

content of the items remeasured. Inventory instructions should

specify the extent of such verification or remeasurement.
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5.3.6 Preliminary Inspection and Review

Prior to the conduct of a physical inventory the Facility Inventory

Supervisor along with each Area Inventory Supervisor should conduct a

preliminary inspection of the facility areas to be inventoried and review

inventory instructions «nd procedures with the responsible personnel. Such

inspections and reviews should be made sufficiently in advance to allow time

for correative action, if needed.

5.3.6.1 Process Conditions

The Facility and Area Inventory Supervisors should review process

conditions and status with operating supervisors of each area to be

inventoried. Inventory instructions should be reviewed in relation to

production schedules to assure that they are compatible and that any areas to

be shut down are properly scheduled for shutdown.

5.3.6.2 Area Preparation

Preparation in each area for inventory should be reviewed with area

custodians and Area Inventory Supervisors to assure that each understands his

instructions, duties, and responsibilities during the inventory. The areas

should be inspected to assure that material is measured and scaled, packaged,

labeled, stored, or otherwise prepared for the inventory. Arrangements should

be made for the measurement and sealing of any unmeasured material in the area

that will be present during the inventory.

5.3.6.3 Records

Facility and area records should be reviewed to assure that they are

current and that record clerks and accountants understand the records cutoff

procedures and times applicable to each set of records.

- 194 -
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5.3.6.4 Measurements

Sampling and measurement procedures to be used during the inventory

should be reviewed with the responsible persons to assure that they understand

their instructions, duties, and responsibilities. Any equipment to be used in

such procedures should be inspected and calibrated or calibration records

checked to assure that the instrumentation is ready for accurate inventory

measurement. The analytical sample schedule should be reviewed with the

laboratory supervisor to assure prompt analytical results.

5.3.6.5 Inventory Teams

Inventory instructions should be reviewed in detail with each inventory

team for each area it is to inventory to assure that each team member

understands his duties and responsibilities. A tour of the area in which each

team will work should be used to orient the inventory teams.

5.4 Conduct of Inventory

The inventory should proceed according to instructions and plans. If

proper planning, inspection and personnel orientation have been carried out,

there should be a minimum of problems. Nevertheless, the Facility Inventory

Supervisor should not be assigned to any specific activities, such as being a

team member, so that he can be available at any time to take care of anomalies

and to approve deviations from planned procedures.

5.5 Post-Inventory Activities

5.5.1 List and Tag Accuracy Check

Upon completion of the inventory in each area, before the area is

released from cutoff, the Facility Inventory Supervisor should inspect the

area to assure that all material in the araa has been tagged with current

inventory tags. A random sample of the items in each should be checked

against the Inventory lists and a random sample of the items on the lists

should be checked against the items in the areas to assure that items have

- 195 -

01u
PU



- 182 -

been tagged and have been recorded accurately on the inventory sheets. It is

neither practical nor necessary that these verification checks be 100%. A

valid statistical sampling plan could be used for the two populations, i.e.,

the population of tagged items and the population of listed items. If these

tests of the inventory accuracy do not show a high level of confidence, on the

order of 95% or better, additional checks should be made or the area

reinventoried. In addition to the list and tag accuracy checks for *n area,

the tags and lists assigned to the area team also should be accounted for.

Upon completion of the entire inventory all tags and inventory item lists

should be accounted for by the Facility Inventory Supervisor.

5.5.2 Cutoff Verification

Upon completion of the facility inventory, the cutoff procedures should

be verified to assure that all internal transfers were recorded in more than

one area; that material was inventoried in the proper area; and that all

receipts and shipments were recorded properly with the respect to the cutoff

times for the respective material movements. All transfers into or out of

each area should be checked for a short period (perhaps a day) prior to and

after the cutoff time to assure that the transfers were recorded in the

records of the area in which the material was inventoried. Documentation of

receipts and shipments should be checked in a similar manner to assure that

only those receipts included in the material balance interval ended by the

inventory just taken are included in the plant records for that interval and

that all shipments made before the cutoff time have been removed from the

records. Documentation of measured discards also should be checked in a

similar manner.

5.5.3 Inventory Summary and Reconciliation

The raw data from the inventory item lists should be summarized as soon

as possible after listings are completed. Some area summaries may be prepared

before the total facility inventory is completed. It also may be that

completed summaries will have to wait on analytical results to provide element

and/or isotopic data for some line items on the inventory sheets. Analytical

scheduling should be planned to make this delay as short as possible. The
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original inventory item lists and their summaries should be maintained under

the control of the Facility Inventory Supervisor. Reconciliation of area

summaries to area records should be done under the control of the Facility

Inventory Supervisor. The area inventories should be combined under the

control of the Facility Inventory Supervisor to provide the total facility

inventory.

Inventory reconciliation involves comparing the results of the physical

inventory to the inventory as stated in the records and resolving any

differences to the extent possible by correction of errors in either set of

data. A record should be made of all adjustments made during reconciliation

to either the physical inventory data or to the records. Such adjustments to

the inventory data should be approved by the Facility Inventory Supervisor.

Adjustments to the records should be approved according to established

facility control procedures for such adjustments. The final adjustment would

be the material unaccounted for (MUF) which will bring the records for the

respective areas and the total facility into agreement with the physical

inventory. This MUF adjustments should be documented and approved for each

area and for the total facility according to the established facility

procedures for recording MUF.

The final step to permit the evaluation of the effectiveness of the

nuclear material accountancy system is the calculation of the uncertainty of

the MUF (a,.,.-,) for each area and/or the entire facility. Using the

physical inventory data properly stratified, other facility record data, and

measurement quality data, <>m- can be calculated and evaluated. Detailed

descriptions of the statistical techniques and methodology for this are

presented in Part 6, on the Material Balance Closing Element of an SSAC.

A material balance report for each MBA is called for in most facility

attachments. The physical inventory results for each MBA are combined with

data from other facility records to produce such a report for each MBA. This

is addressed in the detailed descriptions of the Records and Reports and

Material Balance Closing Elements of an SSAC. Each material balance report is

required to have attached a physical inventory listing (PIL) which lists all

batches, specifying material identification and batch data for each batch.

—
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This listing should be prepared easily from the lists that result from the

physical inventory taking if they are prepared and coded as described herein.

In addition, final stratified inventory item lists can be prepared easily for

IAEA inspector verification purposes. If facility control areas and IAEA HBAs

are not the same then separate summaries and reports would need to be prepared

for the IAEA MSAs, rearranging the data to fit the different MBA structure.

5.6 Example Physical Inventory Taking Procedures. Instructions and Data

Handling

5.6.1 Introduction

The reference facility used in this example is the mixed oxide fuel

fabrication plant described in Appendix A. Figure A.I shows the process

scheme and IAEA HBAs for the facility. It is assumed that the facility

control areas and IAEA MBAs are the same. Tables A.2 and A.3 describe the key

measurement points appropriate for IAEA safeguards. The ending book inventory

for the example material balance interval is given in Table 4.7. The

procedures and instructions that follow in Sections 5.6.2 through 5.6.5 were

prepared for the facility described in Appendix A. The procedures and

instructions are expressed in the imperative mode because they are examples of

what would be issued at the facility. They are not offered *s universal

requirements. Variations are, of course, quite possible. The facility

operator might choose to have different material control areas for internal

control purposes. The facility operator would undoubtedly make some

measurements intermediate between the KMPs for process and quality control

purposes. Also, all materials may not be processed to the somewhat ideal

forms assumed in the example. In such cases different instructions would need

to be prepared and different items, batches, and strata of inventory would be

produced.

The reference facility and the example have been kept simple to permit

easier understanding of the basic approach. More complex procedures and

instructions would be needed for a larger, more complex facility where there
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might be a higher throughput or more than one process line, e.g. for different

fuel types. Parallel control areas might be called for which would not all

shut down at the same tine but perhaps in sequence. It also may be necessary

in order to maintain production schedules not to shut down the rod assembly

line. In such case the counter current inventory technique could be used.

This technique also could be used in the pelletizing line but with more

difficulty because of the need to make intermediate measurement of pressed but

unsintered pellets, sintered but unground pellets, and scrap material

generated in pressing and grinding. The reference facility is assumed to use

only natural uranium in the mixed oxide fuel fabricated during the example

material balance interval so that no isotopic accounting is needed. If

enriched uranium would be used isotopic uranium accounting would be needed.

In such cases additional measurements tor isotopic accounting would be needed

and additional strata would be called for.

5.6.2 General Inventory Procedures

Physical inventory of the total facility shall be taken twice each year

at approximately six-month intervals. Scheduling shall be the responsibility

of the Head of the Nuclear Material Control Group in consultation with the

Facility Manager and the Head of Production. The approximate schedule shall

be provided to the IAEA six months in advance with exact dates provided not

later than 30 days prior to the start of the inventory.

The process shall be shut down for physical inventory taking in

accordance with cutoff times and procedures specified in the detailed

inventory instructions. All process vessels, lines, and equipment shall be

cleaned out so that gamma-ray survey meter measurements for KMP-E shall show

negligible quantities of nuclear material hold up as specified in detailed

inventory instructions. All nuclear material shall be retained in or

collected in standard containers appropriate to the material and the

associated KMP as shown in the Inventory Key Measurement Point Table (Table

A.3). Items and material not previously measured shall be reduced to

measurable form to the extent possible and measured. Items which were

previously measured but which have not been maintained under tamper indicating

sealed conditions must be remeasured. Sampling and sealing of containers
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should be started as soon as possible to provide time for the laboratory to

complete the sample analyses before the inventory closing.

Process and inventory schedules shall be coordinated such that:

(1) nuclear material in the calcining and homogenization and blending

areas is processed to powder storage in KMPs C or D;

(2) nuclear material in the pelletizing area is processed through KMP-3A

to ground pellet storage in KMP-F;

(3) all scrap is processed to scrap storage in KMP-I and if possible

through scrap processing to powder storage in KMP-C;

(4) all liquid and solid wastes are processed to st <rage, KMP-J and

KMP-C, and if possible removed to discard and burial; and

(5) rod loading and assembly processing are completed such that all rods

are either in rod storage, KMP-G, or assembly storage, KMP-H.

Deviations from the preceding process inventory status must be approved

by both the Head of the Nuclear Material Control Group and the Head of

Production.

5.6.3 Responsibility and Authority

5.6.3.1 Facility Inventory Supervisor.

The Head of the Nuclear Material Control Group is designated as the

Facility Inventory Supervisor. As such he is responsible for planning,

organising and conducting the physical inventory. Specifically his

responsibility and authority shall be as follows:

- 200 -



- 187 -

(1) He shall be responsible for scheduling the inventory and

coordinating the process shutdown with Production. His authority

for process shutdown shall require coordination and concurrence of

both the Facility Manager and the Head of Production.

(2) Within the established inventory schedule and process shutdown and

startup schedule he shall be responsible for and have sole authority

to establish and enforce all cutoff times and procedures.

(3) He shall be responsible for assuring that the physical inventory

taking is conducted in accordance with established written

procedures and instructions and shall have the authority to cause

such actions as are necessary to attain such assurance. He also

shall have the authority to authorize deviation from established

procedures and instructions, if, in his opinion, such deviation is

necessary to the satisfactory conduct of the inventory taking.

(4) He shall not be a member of any inventory team but will be available

at all times during the inventory to handle problems to assure

satisfactory conduct of the inventory taking.

(5) He shall be responsible for assigning personnel to inventory teams

in consultation with the respective MBA custodians and other

appropriate facility management persons.

(6) He shall be responsible for authorizing startup of the process after

the physical inventory taking is complete. He shall be responsible

for assuring that the process is not started until the inventory

data have been processed to a point where it can be assured that

there are no additional actions necessary for a satisfactory

inventory that might be precluded by process startup. If process

startup is delayed beyond the originally scheduled time he shall

coordinate the decision for such delay with the Facility Manager and

the Head of Production.
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5.5.3.2 Area Inventory Supervisor

The material custodian in each material balance area is designated as the

Area Inventory Supervisor for the MBA in which he is custodian. As such he is

responsible for preparation for and conduct of the physical inventory taking

in his MBA within the framework of thfl facility general inventory procedures

and the specific inventory instructions applicable to his MBA. Specifically,

his responsibility and authority shall bo as follows:

(1) He shall be responsible for assuring that his MBA is prepared for

the physical inventory taking in accordance with the facility

inventory procedures and instructions. He shall have the authority

to cause such actions to be taken as are necessary to attain such

assurance.

(2) He shall be responsible for assuring that the physical inventory

taking in his MBA in connoted in accordance with established

written procedures and instructions applicable to his MBA and shall

have the authority to cause such actions as are necessary to attain

such assurance. Ha shall have no authority to authorize deviation

from established procedures and instructions. If he deems such a

deviation necessary he shall obtain authorization for it from the

Facility Inventory Supervisor.

(3) He may be a member of as» inventory team in his MBA,

5.6.3.3 Inventory Teams

Inventory teams shall be designated by the Facility Inventory Supervisor

in consultation with other appropriate managerial staff. The teams shall

include one person familiar with the area being inventoried and one person

from the Nuclear Material Control Group. Each inventory team shall be

responsible for carrying out the physical inventory taking instructions

applicable to its assigned area and shall have no authority to deviate from

such instructions without the approval of the Facility Inventory Supervisor.

There will be one inventory team assigned to each MBA.
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5.6.4 Inventory Instructions

S.6.4.1 General Schedule and Cutoffs

A physical inventory of the entire facility will be taken for the

six-month material balance period endins 2400, January 31, 1983*.

Preparations for process shutdown and cleanout should be scheduled so that

inventory teams can begin listing and tagging no later than 0800, February 2,

1983*. Process startup is scheduled for 0800, February 4, 1983, provided that

inventory taking, summarizing and reconciliation are complete and that IAEA

verification has been completed. The following cutoff tines and procedures

shall be observed.

5.6.4.1.1 Receipts, Shipments and Other Removals. There shall be no

receipts, into or shipments or other removals from the facility after 2400,

January 31, 1983 and before 0800, February 4, 1983. If a shipment must be

made after this time, for example, to meet a customer commitment, the Facility

Inventory Supervisor shall be notified so that appropriate records can be made

to assure proper handling with regard to the inventory and the Material

balance of the material quantity involved. If material arrives at the

facility for receipt it shall be held in quarantine until completion of the

inventory and the Facility Inventory Supervisor notified of its presence. If

other removals arc necessary, such as waste discard accumulating in excess of

storage capacity, the Facility Inventory Supervisor shall be notified so that

appropriate record can be made of the removal. Every effort should be made to

make such removal and shipments of product prior to the 2400 cutoff.

5.6.4.1.2 Internal Transfers. There shall be no transfers between HRAs

after 2400, January 31, 1983 and before 0800, February 4, 1983. Every effort

should be made to process reject pellets through rod unloading to storage in

KMP-I prior to 2400, January 31, 1983 or sent to rod storage in KMP-G

appropriately marked as rejects and segregated from acceptable rods.

These times and dates and all others that follow are meant to be
illustrative only.
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5.6.4.1.3 Process. The process shall be shut down for cleanout as soon

after 2400, January 31, 1983 as all material then in process has been

processed either to powder storage or to ground pellet storage. The process

may be shut down on the shift prior to the 2400 cutoff if it is expedient to

do so to assure that all sintered pellets are processed to storage. No

material shall be added to the process after the 2400 cutoff. The waste

process shall continue to operate as long as necessary to process to waste

storage any waste generated by the process cleanout. Scrap from the cleanout

shall be processed to scrap storage. The rod loading and assembly process

shall continue to operate until all rods are in rod storage or in assembly

storage. All material in MBA-1 shall be processed to KMPs A, or B, as

appropriate, and stored under tamper-indicating sealed conditions until needed

for transfer to MBA-2 after the inventory.

5.6.4.1,4 Records. All transaction documents for transactions prior to

2400 January 31, 1983 shall be made available to MBA and Central Records no

later than 0800, February 1, 1983. All transactions up to 2400 January 31,

1983 shall be entered in the facility central records and the MBA records and

the books closed as of the 2400 cutoff time. The MBA and total facility book

inventories as of the 2400 cutoff time shall be calculated.

5.6.4.2 MBA-1 Shipper Receiver Area

All containers in this area must be sealed. Items which are not sealed

or which have broken seals must be remeasured. For any unsealed PuO cans

or UO buckets the procedures for KMP-1A and IB shall be applied except that

each unsealed can or bucket shall be sampled to verify its content. The can

or bucket shall remain a part of its original batch. Facility Inventory

Supervisor review of this MBA will begin at 1800, February 1, 1983. Inventory

Team listing and tagging will begin at 0800, February 2, 1983.

5.6.4.3 MBA-2 Process Area

All material in this area shall be processed to one of the seven

inventory KMPs, C, D, F, G, I, J or K.
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(a) All duct work with potential nuclear material accumulations shall be

disassembled and any material removed, put in standard containers

appropriate for the material as specified for KMP-I, measured,

sealed and put in scrap storage.

(b) All process equipment with potential nuclear material holdup

completely cleaned to assure that no holdup is present. Equipment

handling liquids shall be flushed to resiov* any solid buildup.

Material removed shall be treated either as scrap and processed to

scrap storage (KMP-I) or processed through the waste treatment

process to either solid or liquid waste storage (KMP-J).

(c) Trays of pellets should be processed through grinding and KMP-3A to

storage. Trays of pellets shall be retained in the sealed pellet

storage cabinets in MBA-2, (KMP-F) or processed through rod loading

to rod storage in KMP-G.

(d) Cans or buckets or PuO_, UO. or MOX powder shall be measured,

sealed, and stored in powder storage KMPt C or 0. Any cans or

buckets found unsealed shall be sampled and measured as indicated

for KMP C or D. Tha verified cans or buckets shall remain with

their original batches.

(e) Upon completion of duct and equipment cleanout the equipment shall

be gamma-scanned a3 indicated for KMP-E. Any indication of

remaining material holdup shall call for additional cleanout.

(f) Pellet storage areas and the furnace should be inspected to assure

that there are no loose pellets. Any found shall be treated as

scrap and processed accordingly to KHP-I.

(g> Filters and other solid wastes shall be processed through waste

treatment to KMP-J.
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(h) Facility Inventory Supervisor review of this MBA will begin at 19^0,

February 1, 1983. Inventory Team listing and tagging will begin at

0800, February 2, 1983.

5.6.4.4 MBA-3 Assembly Area

All material in this area shall be processed to assembly storage (KMP-H).

(a) Rods shall not be transferred from MBA-2 unless they can be

processed to KMP-H.

(b) Reject rods shall be transferred to MBA-2 and segregated in a

separately identified sealed bin in rod storage until the inventory

is completed if they cannot be processed to KMP--I.

(c) Assemblies shall be completed and placed in assembly storage (KNP-H).

(d) Only a small amount of solid waste containing negligible quantities

of nuclear material should be generated in this area. Any generated

after cutoff should be packaged, gamma scanned and held for the

inventory.

(e) Facility Inventory Supervisor review of this MBA will begin at 0600,

February 2, 1983. Inventory Team listing and tagging will begin at

0800, February 2, 1983.

5.6.4.S Physical Inventory Item List and Stratification

Upon completion of the inventory preparation as directed in the preceding

sections each Area Inventory Supervisor shall prepare a preliminary inventory

item list based on the process and material accounting records and the results

of the inventory preparations for his MBA. This listing shall be prepared

using the pre-numbered Physical Inventory Item List forms obtained from the

Facility Invantory Supervisor. Table A.I, Inventory Material Description

shall be usad to define the entries on the Physical Inventory Item List. A

separate sheet shall be prepared for each material type and stratum. If there

Figure 5.7 _ 206
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is material on inventory other than that identified in Table A.I, a separate

Physical Inventory Item List shall be made for it. Such material should be

batched or stratified. The minimum information to be provided for such

material shall be description or identification, quantity and location. If a

KMP designation is not appropriate or sufficient to identify the material

location an additional location identification should be entered along with

the KMP/Stratum identification. The persons preparing the preliminary listing

shall sign each sheet in the block designated "Listed by". The original lists

shall be sent to the Facility Inventory Supervisor no later than 1700,

February 1, 1983.

Figures 5.1, 5.2, 5.3, 5.4 and 5.5 are examples of typical Preliminary

Inventory Item Lists for some different material types, i.e. material in

storage, loaded rods, scrap and waste. Note that the inventory tag number

column is not filled in. This is to be done during the inventory taking by

the inventory teams.

5.6.4.6 Inventory Team Instructions

Each inventory team will be provided with the Preliminary Inventory Item

Lists for their assigned MBAs, pre-numbered blank Physical Inventory Item List

forms for listing items not included in the Preliminary Item Lists,

pre-numbered inventory tags to affix to items as they are inventoried and

Inventory Tag Reconciliation forms (Figure 5.6). Inventory teams shall

proceed as follows:

(a) In MBAs 1 and 2 one member of the team:

(1) Identifies each container, tray storage cabinet and rod storage

bin by number.

(2) Determines that each container, cabinet and bin is sealed and

that seal is not broken.

Figure 5.7 (Cont'd.) „-_
PHYSICAL INVENTORY LISTING (PIL) FORM R.O2/c

A.B C I DATE 3101.83.



Figure 5.1 Physical Inventory Item List

Inventory Date: 310183

MBA Number: MBA-1

Material Type: PuOj Powder

Item:

Batch:

Can

8 cans

Batch Identification: Can Number Prefix

Stratum Identification: KMP-A

Location: MBA-1 Storage (KMP-A)

Batch Net Weight %Pu
Identity (g) Element

Inventory
Tag No.

Item
Number

Seal
Number

Pu Element
wt. (g)

%U
Element

U Element
wt. (kg)

Remarks

P023-104
PO23-1O5
P023-106
PO23-1O7
P024-108
P024-109
P024-110
P024-111
P024-112
P024-113
P024-114
P024-115
P025-116
PO25-117
P025-118
P025-118
PO25-12O
P025-121
P025-122
PO25-123

E-9970
E-9971
E-9972
E-9973
F-0010
F-0011
F-0012
F-0013
F-0014
F-0015
F-0016
F-0017
F-0018
F-0019
F-0020
F-0021
F-0022
P-0023
F-0024
F-0025

P023
P023
P023
P023
P024
P024
P024
P024
P024
P024
P024
P024
PO25
P025
PO25
PO25
PO25
PO25
PO25
P025

2449
2448
2447
2451
2507
2509
2510
2511
2505
2504
2508
2509
2511
2510
2513
2509
2511
2507
2515
2511

88.2
88.2
88.2
88.2
88.2
88.2
88.2
88.2
88.2
88.2
88.2
88.2
88.2
88.2
88.2
88.2
88.2
88.2
88.2
88.2

2160
2159
2158
2162
2211
2213
2214
2215
2209
2208
2212
2213
2215
2214
2216
2213
2215
2211
2216
2215

Tested by: Inventoried by: Verified by: Continued to sheet: 1051

No.: 1050



Figure 5.2 Physical Inventory Item List

Inventory Date: 310183

MBA Number: MBA-2

Material Type: MOX

Inventory Item
Tag No. Number

M049-001
M049-002
M049-003
M049-004
M049-005
M049-006
M049-007
M049-008
MO49-OO9
M049-010
M049-011
M049-012
M049-013
M049-014
M049-015
M049-016
M049-017
M049-018
M049-019
M049-020
M049-021
M049-022
M049-023
M049-024
M049-025

Tested bys

Powder

Seal
Number

E-8125
E-8126
E-8127
E-8128
E-8129
E-8130
E-8131
E-8132
E-8133
E-8134
E-8135
E-8136
E-8137
E-8138
E-8139
E-8140
E-8141
E-8142
E-8143
E-8144
E-8145
E-8146
E-8147
E-8148
E-8149

Item:

Batch

Can

: 50 cans

Location: MBA-2

Batch Net Height
Identity

M049
M049
M049
M049
M049
M049
M049
M049
M049
M049
M049
M049
M049
M049
M049
M049
M049
M049
MO49
M049
M049
M049
M049
M049
H049

Inventoried by:

(g)

10214
10219
10220
10210
10200
10224
10200
10220
10190
10198
10214
10215
10199
10200
10205
10210
10213
10220
10219
10215
10216
10221
10211
10219
10216

Storage

%Pu
Element

3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53

(KMP-D)

Pu Element
wt. (g)

360
361
361
360
360
361
360
361
360
360
360
360
360
360
360
360
360
361
361
360
360
361
360
361
360

Verified by:

Batch Identification: Can Number Prefix

Stratum Identification: KMP-D

%U
Element

84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58

U Element Remarks
wt. (kg)

8.6
8.6
8.6
8.6
8.6
8.6
8.6
6.6
8.6
8.6
8.6
8.6
8.6
8.6
8.6
8.6
8.6
8.6
8.6
8.6
8.6
8.6
8.6
8.6
8.6

Continued to sheet: 1071

No.: 1070
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Figure 5.3 Physical Inventory Item List

Inventory Date: 310183

MBA Number: MBA-2

Material Type: Green Scrap

Item:

Batch:

Can

Can

Batch Identification: GS + Can Number

Stratum Identification: KMP-I-3

Location: MBA-2 Scrap Storage (KMP-I)

Inventory
Tag No.

Item
Number

Seal
Number

Batch
Identity

Net Weight
(g)

%Pu
Element

Pu Element
wt. (g)

21)
Element

U Element
wt. (kg)

Remarks

GSO79
GS080
GS081
GS082

F-0001
F-0002
F-0003
F-0004

Item
Number

10462
10461
10523
10618

3.46
3.47
3.44
3.40

362
363
362
361

82.88
82.89
82.87
82.86

8.7
8.7
8.7
8.8

Tested by: Inventoried by: Verified by: Continued to sheet: none

No.: 1080



Figure 5.4 Physical Inventory Item List

Inventory Date: 310183

MBA Number: MBA-2

Material Type: MOX

Inventory Item
Tag No. Number

M0U-101
M011-102
M011-103
MOU-104
M011-105
M0U-106
M0U-107
MOU-108
M0U-109
MOU-110
M011-111
MOU-112
M011-113
M0U-114
M011-U5
M0U-116
MOI1-117
MOI1-118
M0U-119
MOU-120
MOU-121
M0U-122
M011-123
MOI1-124

in Rods

Seal
Number

E-8020
E-8020
E-8020
E-8020
E-8020
E-8020
E-8020
E-8020
E-8020
E-8020
E-8020
E-8020
E-8020
E-8020
E-8020
E-8020
E-8020
E-8020
E-8020
E-8020
E-8020
E-8020
E-8020
E-8020

Item:

Batch:

Fuel Rods

200 Rods

Location: MBA-2 Rod

Batch
Identity

MOU
MOU
MOU
MOU
MOU
MOU
MOU
MOU
MOU
MOU
MOU
MOU
MOU
MOU
MOU
MOU
MOU
MOU
MOU
MOU
MOU
MOU
MOU
MOU

Net Weight
( g )

2479
2479
2480
2481
2476
2477
2480
2478
2481
2479
2478
2481
2482
2479
2480
2481
2480
2479
2479
2479
2480
2481
2480
2479

Storage

%Pu
ilement-

3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53
3.53

Bins(KMP-G)

Pu Element
wt. (g)

88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88

Batch Ident i f i cat ion:

Stratum Ident i f i cat ion:

ZU
Element

84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58
84.58

U Element
wt. (kg)

2 . 1
2 . 1
2 . 1
2 . 1
2 . 1
2 . 1
2 . 1
2 . 1
2 . 1
2 . 1
2 . 1
2.1
2.1
2 . 1
2 . 1
2 . 1
2.1
2.1
2.1
2 .
2.1
2.1
2.1
2 . 1

Can Number Prefix

KMP-A

Remarks

Stored i n Bin 8
with seal E-8020
partial batch of
46 rods

1
i—

- 1

1

Tested by: Inventoried by: Verified by; Continued to sheet: 1091

No.: 1090



No.: 1090

Figure 5.5 Physical Inventory Item List

Inventory Date; 310183

MBA Number: MBA-2

Material Typei Solid Waste

Item: Drum

Batch: Drum

Location: MBA-2 Waste Storage (KMP-J)

Batch Identification: SW + Drum Number

Stratum Identification: KMP-J

Inventory Item Seal Batch Net Weight ZPu Pu Element ZU U Element Remarks
Tag No. Number Number Identity (g) Element wt. (g) Element wt. (kg)

SW0056 F-0005 SW0056 N/A N/A 23 N/A

00

Tested by: Inventoried by: Verified by: Continued to sheet: none

Ho.: 1100
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Figure 5.6

Inventory Tag Reconciliation

Number of Items

1. Listed on preliminary inventory list

2. Listed on write-in inventory list

Total Items Tagged

Inventory Tags

1. Number assigned (from thru

2. Deduct numbers not used

(from thru

3. Deduct voided tags (Nos

Tags used

Tags used should equal items tagged

Explain variances below:

Prepared by: Date:
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(3) Identifies pellet trays not in sealed storage cabinets by tray

numbers. The Area Inventory Supervisor or the Facility

Inventory Supervisor must be notified of these to arrange for

them to be remeasured.

(4) Identifies by serial number individual rods that are not in

sealed bins.

(5) Identifies cabinets and bins that contain no trays or rods.

(6) Calls out all pertinent data identified in (1), (2), (3), (4)

and (5) including tray numbers in sealed cabinets and rod

numbers in sealed bins as shown on the card attached to the

cabinet or bin and data shown on the container label, tag, or

record card, including seal identification.

(7) Affixes inventory tags to containers, trays, rods, cabinets or

bins, Calling out the numbers. Empty cabinets and bins are

also tagged.

(b) The second team member:

(1) Records the inventory tag number on the inventory item list in

the proper column and in the line corresponding to the

identified container, tray, rod, bin or cabinet. Note: An

inventory tag number for a sealed cabinet will correspond tc

all of the trays or rods in that cabinet or bin that are listed

on the inventory item list.

(2) Verifies that the data on the list are as called out by the

first team member.

(3) Hakes proper notations on the list whenever any data differ

from those called out. An entry on the list should not be

changed or crossed out but corrected data should be entered

next to it on the list.
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(4) If a seal is missing or broken, notes this on the list and

circles the seal number. The Area Inventory Supervisor or the

Facility Inventory Supervisor shall be notified so that

appropriate steps can be taken to assure the validity of the

quantity involved.

(5) Completes write-in inventory item listing form should there be

a container, tray, rod, bin or cabinet found not to be on the

inventory list, e.g. empty cabinet.

(6) Records data for remeasured items.

(c) In MBA-3 one member of the team:

(1) Identifies assemblies by serial number.

(2) Calls out pertinent data identified in (1). Affixes inventory

tags to assemblies as identified, calling out the numbers.

(d) The second team member:

(1) Records the inventory tag number on the inventory item list in

the proper column and in the line corresponding to the

identified item.

(2) Verifes that the data on the list are as called out by the

first team number.

<3) Completes write-in inventory item listing form should there be

an assembly found not to be listed.

(e) Both team members in each MBA shall sign each of the inventory item

lists used in their NBA.

- 21S -
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(f) Both team members in each MBA shall complete and sign the tag

reconciliation form.

(g) All inventory item lists (used, voided, or unused), unused inventory

tags, and the inventory tag reconciliation sheets are given to the

Facility Inventory Supervisor.

5.6.S Post Inventory Activities

5.6.5.1 List and Tag Check

Upon completion of the listing by the inventory teams in each MBA the

Facility Inventory Supervisor shall:

(a) Account for all pre-numbered forms and tags assigned to that MBA

team.

(b) Using an attributes sampling plan, randomly select a sufficient

number of listed items from the inventory item lists to verify with

95% certainty that items listed were tagged and listed correctly.

(c) Inspect the area with the Area Inventory Supervisor and randomly

select a sample of the items in the area to assure that the items

had been tagged and listed correctly.

(d) Cause such actions as he may deem appropriate to correct any

discrepancies found.

5.6.5.2 Cutoff Verification

Upon completion of the inventory talcing and list and tag check, the

Facility Inventory Supervisor shall, for the 24 hour period prior to the

inventory cutoff time:
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(a) Review the records for all internal transfers into and out of each

MBA to assure that all transfers were recorded properly in the

records of both the receiving and shipping MBA and that no transfers

occurred or were recorded after the cutoff time.

(b) In MBA-1, review the records for all receipts to assure that all

receipts prior to cutoff were recorded properly and that no receipts

occurred or were recorded after the cutoff tine.

(c) In MBA-2, review the records for all waste discards to assure that

such removals prior to cutoff were recorded properly and that none

occurred or were recorded after the cutoff time.

(d) In MBA-3, review the records for all shipments to assure that all

shipments prior to cutoff were recorded properly and that none

occurred or were recorded after the cutoff time.

Any discrepancies found in any of the preceding shall be corrected in the

records so that the tBaterial involved in any transfers, receipts, shipments,

or discards is documented correctly in relation to the material-balance

interval ended 2400, January 31, 1983. Physical inventory listings also may

need to be corrected for improper material movement after cutoff; for example,

material received after cutoff which is listed mistakenly on the physical

inventory but is not (and should not be) included in the records.

5.6.5.3 Inventory Summary and Reconciliation. Upon completion of the

preceding checks, the Facility Inventory Supervisor shall prepare from the

inventory item lists, physical inventory summaries for each MBA and for the

entire facility. The physical inventory summaries for the three HBAs of the

example facility are shown in Table S.I. These summaries are compared to the

book inventories for each MBA and the total facility. Any differences are

investigated and resolved to the extent possible by correcting mistakes in

each set of data. Any corrections or other adjustments shall be noted clearly

in the records that are changed. Changes shall be approved by the Facility

Figure 6.1 - 217 -

MATERIAL BALANCE REPORT (MBR) FORM R.03

COUNTRÏ ABC • REPORTING PERIOD, FROM....V.iyP.Ç2 TO.. . .31Ç1S2 I
I - - ._.. M W I REPORT He....t°. |
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Inventory Supervisor with the concurrence of the appropriate Area Inventory

Supervisor. The final adjustment will be material unaccounted for (HUF) made

to the records to bring the MBA and facility records into agreement with the

physical inventory. These adjustments must be approved by the Facility

Inventory Supervisor and the Facility Manager and each MBA Material Custodian

for his MBA.

A material balance report for each MBA shall be prepared for submission

to the IAEA along with a PIL for each MBA using the appropriate IAEA forms.

Figure 5.7 is an example of a Physical Inventory Listing on IAEA Form R.02/c

for the material on inventory in MBA-2. The material balance report for MBA-2

is shown as Figure 6.1 in Part 6, Material Balance Closing.

References for Part 5

EUR 6471 EN: F. Argentési, T. Casilli, and M. Franklin, Nuclear Material
Statistical Accounting System. CEC report EUR 6471 EN, 1979.

IAEA/SG/INF/1: IAEA/SG/INF/1, IAEA Safeguards Glossary. IAEA, Vienna, 1980.

IAEA-TECDOC-261: IAEA Safeguards Technical Manual. Part F: Statistical
Concepts and Techniques. Vol. 3, IAEA, Vienna, 1982.
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Table S.I

Reference Fabrication Facility

Physical Inventory Summary and Reconciliation

MBA

MBA-1

MBA-3

Material

Tvoa

PuO, Pdr

UO Pdr

Ifnt

116 cans

240 buckets

Total PI

Book Inventory (Fig. 4.7)

PuO- Pdr

UO Pdr

MOX Pdr

MOX Pellets

MOX Rods

Dirty Powder

Grinder Sludge

Green Scrap

Sintered Scrap

Solid Waste

Liquid Waste

Samples

MUF (MBA-1)

11 cans

38 buckets

42 cans

29 trays

46 rods

5 cans

2 drums

4 cans

3 cans

1 drum

1 drum

325 bottles

Total PI

Book Inventory (Fig. 4.7)

MOX Assembly

MUF (MBA-1)

1 assembly

Quantity

Total PI

Book Inventory (Fig. 4.7)

MUF (MBA-2)

255,920

2SS.920

255,920

0

22.883

U(kg)

5277

5277

S277

0

787

361

63

97

41

16

3S

26

1

1429

1444

15

_ 71 Q _
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PHYSICAL INVENTORY LISTING (PIL) FORM R.02/c
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MATERIAL BALANCE CLOSING

6.1 Introduction

While it is the physical inventory that is the bench nark of nuclear

material accounting «id control, in that it provides evidence of the physical

presence of the material, it is the material balance based on the physical

inventory that permits the determination of whether sisnificant losses or

diversions have occurred undetected. Data, not only from the physical

inventory, but from all components of the material balance involving bulk

material must be based on measurements of known uncertainties so that the

material balance and MUF resulting from the data can be evaluated and

meaningful conclusions reached. While safeguards agreements and facility

attachments do not call for the State or the facility to report or even to

calculate a,_,_, or to otherwise evaluate MUF, it would be expected that
MUc

either the State Authority or facility management, or both, would choose to do

so. The descriptions in this part provide technical information regarding the

methodology for the treatment of the material balance component data,

including error propagation for calculation of the variance of the MUF and

procedures for testing the significance of the MUF.

The IAEA has established procedures by which its inspectors perform

independent evaluations of facility MUF using both IAEA derived data and

facility data. The procedures are described in IAEA-TECDOC-261. In order for

the IAEA to carry out its evaluation procedures effectively and efficiently,

facility measurement uncertainty data must be available. If a facility

operator has generated data as described in Part 3 for the Measurement Quality

Element sufficient to calculate <*„__ as described in this part, then he

will have the data needed by the IAEA for its evaluation.

6.2 The Material Balance Equation

Closing a material balance for a time period spanned by two successive

physical inventories involves the use of the material balance equation to
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calculate the balance or imbalance of material in terms of material

unaccounted for (MUF). This basic equation is as follows:

where

MUF « B + I - O - E

MUF » Material Unaccounted For

B » Beginning inventory

I » Input

0 » Output

E * Ending Inventory

The four basic components of the material balance equation, i.e. inputs

and outputs and beginning and ending inventories, each consist of a hierarchy

of items, batches, and strata. An item is the primary unit for either item

accounting or bulk material accounting, which has an element weight associated

with it. A number of items collectively form a batch. A batch consists of

items related by a common element factor. If an item has a factor (i.e.,

measured value) uniquely associated with it, then the corresponding batch

consists of only that one item. A number of batches collectively form a

stratum. A stratum consists of ill batches of like material, of like sign and

with the same measurement error values. Finally, appropriate strata are

combined to form each of the fair components of the material balance

equation. There may be several 3trata of items and batches of beginning

inventory and of inputs, such as receipts. These strata will have plus

signs. There also may be several strata of items and batches of outputs, such

as shipments or measured discards, and of ending inventory. These strata will

have negative signs.

As just stated, the primary unit having element weight associated with it

is the item. The element weight data are obtained from measurements made in

accordance with the facility measurement system. Detailed information for

establishing a measurement system is given in Part 2 dealing with the Nuclear

Material Measurements Element of an SSAC. In addition, for each item a

measurement uncertainty record is prepared. This will consist of the

identification of the bulk, sampling and analysis methods, including NDA

methods, used in obtaining the item quantity and the uncertainties associated
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with each such method. Detailed information for determination of the sampling

and measurement uncertainties is given in Part 3 dealing with the Measurement

Quality Element of an SSAC. Finally, the measurement results and their

uncertainties are recorded accurately and in a way such that the proper data

can be accumulated for the respective components of the material-balance

equation. Detailed information for recording and reporting measurement data

are given in the parts dealing with the Nuclear Material measurements,

Measurement Quality, and Physical Inventory Taking Elements of an SSAC, as

well as in the part dealing with the Records and Reports Element.

Upon completion of the physical inventory taking, the physical inventory

data are sorted into the various strata and totaled to establish the value for

the ending inventory component of the equation. The data for the various

items, batches, and strata are obtained from the records to establish the

other components of the equation, i.e. beginning inventory, inputs and

outputs. From these three components (B + I - 0 in the above equation) the

book inventory is established. Adjustments to this value due to rounding

differences or shipper-receiver differences may be needed. Adjustments also

may be necessary for conditions, such as mistakes, that may be discovered

during the inventory reconciliation. As noted above, adjustments also would

be needed for identifiable item losses. These adjustments are made, as

appropriate, and the ending physical inventory is compared with this adjusted

book inventory to determine MUF. Detailed information for data handling

procedures to provide the appropriate data for use in the material balance

calculation are given in Part 4 addressing the Records and Reports Element of

an SSAC.

6.3 Evaluation of MUF

the MUF for a given material balance period is a measure of the

performance of the facility in maintaining control of its nuclear material.

In the evaluation of MUF for bulk material it is helpful to begin by making a

distinction between a "true" MUF (MUF ) and an "observed" MUF (MUF ). The

observed MUF is the quantity that provides an estimate of the true MUF, and is

algebraically equal to the true MUF plus the combined errors due to

measurement. The true MUF, on the other hand, is the sum of amounts of
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material removed from the facility without being recorded (including

diversions), amounts in inventory but not measured (hidden inventories), and

amounts not accounted for because of mistakes in recording and/or processing

the data. Note that a distinction is made between errors of measurement and

mistake».

In using MUF to provide an estimate of M U F , the combined effect of

the errors of measurement is described by the standard deviation of MUF,

o . This standard deviation is estimated on the basis of measurement

errors, random and systematic, which can be derived in accordance with the

information included in Part 3 for the Measurement Quality Element of an SSAC.

In the evaluation of MUF consider first the situation in which there are

no measurement errors. In this case MUF. and MUF_ are the same, i.e. the

true MUF is exactly known. There are two questions to consider. The first

is: Is MUF_ different from zero? This would indicate that some material is

actually "missing", i.e. removed from the facility or not inventoried, or

there has been a mistake in data. Note that « mistake could cause MUF_ to

be less than zero, i.e. negative. The other sources of non-zero MUF would

result in a positive M U F . The second question is: Is MUF greater than

some limit quantity (Q) which has been established by the facility management

or the State Authority? This can be shown schematically with four different

values of MUF on a real number line.

HUF-i MUF? MUF-»
kg U

MUF and MUF are close to zero so may not be of major concern.

MUF is approaching the limit quantity, Q, and MUF has exceeded it. Both
3 4

would be of concern. However, because the MUF is the result of a series of

measurements, the effect of measurement error on the evaluation must be

considered. This can be shown by replacing MUF, and MUF_, for example.
with an interval equal to +

as follows:

^ or some multiple, usually 2, of o
MUF MuF
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_MUF2 I _MUF3.

MUF

The same two questions are asked but now with regard to the appropriate

ends of the intervals. For the MUF. interval, because the zero va?.ue is

included there is no evidence that MUF is different from zero, and facility

material accounting performance could be considered satisfactory.

On the other hand, because the MUF- interval includes the limit

quantity, Q, there is no evidence that MUF is different from the limit

quantity although it may exceed the limit quantity within the limits of the

uncertainty interval.

There are six possible ways that the MUF uncertainty interval could be

related to 0 and Q. If U represents the upper limit (+ 2 «,_,_,) of the

interval and L the lower limit (- 2 <*,-,_> i the relationships are as

follows with the statements being true at the 0.9S confidence level:

a) 0 < L < 0 < Q - The true MUF is greater than zero, but is less than the

limit quantity Q.

b) 0 < L < Q < U - The true MUF is greater than zero, but there is no

evidence that it is different from the limit quantity.

c) 0 < Q < L < U - The true MUF is greater than both zero and the limit

quantity.

(1) L < 0 < Q < U - The uncertainty in the estimate of MUF is large and no

definitive statement can be made about the true MUF

relative to zero or the limit quantity.
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e) L < 0 < V < Q - The true MUF is less than the limit quantity but there

is no evidence that it is different from zero.

f) L < U < 0 < Q - The true MUF is less than both zero and the limit

quantity.

The standard deviation of MUF <<»„„,) is estimated by propagating the

measurement errors applicable to the measurements for all the components of

the material balance equation for a given material balance interval. If

adjustments have been made for shipper-receiver differences to either the

input or output components of the equation Che uncertainties associated with

these adjustments should be included in the error propagation calculations.

Such uncertainties would need to take into account the measurement errors of

both the shipper's and receiver's measurements. There are many statistical

techniques for estimating "in,F- The most practical of these for material

accounting purposes are discussed in detail in IAEA-TECDOC-261. Chapter 3 of

this document, Error Propagation, provides detailed step-by-step procedures

for estimating o,_,_ and includes several examples for different
HUr

techniques. References to other statistical methodology are also included.

There would be little or no value in repeating this information here.

A large a _ will result in a wide interval around an observed MUF,
HUr

thus providing a relatively insensitive indicator as to whether or not

material is actually missing. It may be worthwhile to consider establishing a

maximum limit for o . In IAEA/SG/INF/1, a table of expected values for
HU« for various facility types is given. These values are not presented

HUr
as requirements but as values which experience indicates are achievable in

practice. For a plutonium fabrication facility the expected otmB is 0.5%

of inventory or throughput for the plant, whichever is larger.

6.4 Other Parameters Affecting MUF

As stated in the previous section the true MUF is the sum of amounts of

material removed from the facility without being recorded, unmeasured

inventory, and mistakes. Such things will affect the MUF but not the <»,_,_

as defined herein because o includes only uncertainties arising from

the measurement process. Thus, there are some limitations on the conclusions
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that can be drawn about diversion of nuclear material on the basis of only the

MUF and a . That is. it does not necessarily follow that if an observed
MUF

KUF differs significantly from zero based on a hypothesis test and using the

0UIIB »S calculated herein, there has been « diversion. Before such a
MUF

conclusion is drawn, the possible effects of other parameters on MUF and

tf^.r. shoulei be taken into consideration.
Consider the parameters that may affect MUF and/or <>,-.«• These are

such things as unmeasured or hidden inventories, improperly modeled

measurement biases, misstatements of error variances, and improperly recorded

data. Unmeasured inventories will increase the size of MUF but will not

affect the calculated o . Improperly modeled measurement biases may
Uaffect both the MUF and «„,,_, depending on the nature of the improper
MUF

modeling. For example, biases that exist but are not corrected for, or

corrections that do not reflect properly the actual biases, will affect the

value for MUF. Misstatements of the size of measurement error variances,

either under- or overstatements, will affect or . Finally mistakes
ElUp

committed in the recording of data will affect the MUF, but not the calculated

o . Such mistakes are realistically impossible to eliminate completely,

and are quite difficult if not impossible to model properly. Internal

controls, audits, and cross checks can assist in detecting them. Information

regarding these controls is included in the separate parts which address data

generation and handling.

6.5 Example Material Balance Closing and MUF Evaluation

6.5.1 Introduction

The facility used in this example is the mixed oxide fuel fabrication

plant described in Appendix A. Tables A.2 and A.3 in the Appendix describe

the key measurement points for the facility, Table A.4 describes inventory

material and strata and Table 4.7 in fart 4 shows example inventory

quantities. The example has been kept simple in two respects to permit easier

understanding. Only one systematic error value is used rather than two, i.e.

long term systematic and short term systematic. The systematic error is

treated as long term systematic error in the calculation. The example

calculations are only for the plutonium balance and not for the uranium.
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IAEA-TECDOC-261 describes these principles in greater detail than the

following example. The reader is urged to consult this reference.

6.5.2 Facility Material Balance

Upon completion of the physical inventory taking, an inventory summary is

prepared. This is shown in Table S.I in Part S. While this table is a

material balance in that MUF is calculated, it is not complete in that the

basis for the book inventory, (i.e. B+I-0 in the material balance equation) is

not shown. Tables 4.1 through 4.7 show these data and the Part 4 example

shows where they are entered in the facility records. Using these data

material belance reports for the example material balance interval can be

prepared for all the material balance areas. Table 6.1 summarizes these data

for MBA-2 for plutonium only. The format and detail of the report would

depend on the information called for by facility management and/or the State

Authority. For purposes of the example facility, only MBA-2 will be used.

Figure 6.1 is an example of the MBA-2 material balance report using the IAEA

format. The detailed procedures for preparation of this report are given in

Code 10 of the General Part of Subsidiary Arrangements for NPT Safeguards

Agreements. The data handling and recording procedures which result in the

material balance for the example facility are addressed in Part 4. The

footnotes for Figure 6.1 indicate where in the records shown in Part 4 the

data were obtained.

6.5.3 Facility MUF Evaluation

The MUF resulting from the example material balance for plutonium for

MBA-2 is 1057 grams. Consider it in terms of the first question in section

6.3, i.e. is the true MUF (MUF ) different from zero? To answer this

question amust be estimated. Actually the variance of the MUF
MUr

(c> „ 2
> is estimated by propagation of the variances of the measurements

used to determine the quantities in the material balance. These data should

be in the facility operating records. The generation and documentation of

these data, i.e. measurement variances, are addressed in the descriptions of

the Measurement Quality and Records and Reports Elements of an SSAC. Table

6.2 summaries these data for the example material balance for MBA-2 for

plutonium.
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Table 6.1

HBA-2 Record Data Summary

Item

Beginning
Inventory (B) 1

Input (I)

Output (0)

Material

Type

PuOj Pdr
MOX Pdr
MOX Pellets
MOX Rods
Dirty Powder
Grinder Sludge
Green Scrap
Sintered Scrap
Solid Waste
Liquid Waste
Samples

Total B

PuO2 Pdr
MOX Rods

Total I

MOX Rods
Liquid Waste
Solid Waste
Total Waste

Total 0

No. of
Items

6
40
160
60
6
3
7
4
14
5

263

96
14

2414
36
120

No. Of
Batches

2
1
1
1
6
3
7
4
14
5
1

46

12
6

18

18
36 1,017
120 2.756

156

174

Quantity
Pu(g>

13,245
14,394
14.21S
5,257
2,117
988

2,611
1.447
348
137
82

54,844?

211,937
1,234

213,1713

213,303*

3.773*

217,076s

Footnotes :

1. Data would be from ending physical inventory summary of 31 July 1982 not
shown in the example but shown in Table 4.1.

2. Line 1, Figure 4.13
3. Line 25, Figure 4.17
4. Line 6, Figure 4.19 (continued)
5. Sum of quantities on line 6, Figure 4.19 (continued)
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Footnotes for Figure 6.1

1. Line 1, Figure 4.13

2. Sum of Receipts, Figure 4.13, also line 25, Figure 4.17.

3. Sum of Shipments, Figure 4.13, also line 6, Figure 4.19 (continued).

4. Sum of Other Removals, Figure 4.13, also line 6, Figure 4.19 (continued).

5. Line 13, Figure 4.13

6. Line IS, Figure 4.13. See also Table S.I.

7. Line 14, Figure 4.13. See also Table 5.1.

8. Line 1, Figure 4.14.

9. Sum of Receipts, Figure 4.14, also line 25, Figure 4.18.

10. Sum of Shipments, Figure 4,14, also line 6, Figure 4.20 (continued).

11. Sum of Other Removals, Figure 4.14, also line 6, Figure 4.20 (continued).

12. Line 13, Figure 4.14.

13. Line IS, Figure 4.14. See also Table 5.1.

14. Line 14, Figure 4.14. See also Table 5.1.

APPRNnTX
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Table 6.2

Plutonium Measurement Uncertainty Data - MBA-2

Material stratum/
Type

PuO2 Pdr

MOX Pdr

MOX Pellets

MOX Rods

Reject MOX Rods

Dirty Powder

Grinder Sludge

Green Scrap

Sintered Scrap

Solid Waste

Liquid Waste

Samples

KMP

KMP 2A
KMP C

KMP D

KMP 3A
KMP F

KMP-G
KMP-4
KMP-4

KMP-I-1

KMP-I-2

KMP-I-3

KMP-I-4

KMP-J-S
KMP-6-S
KMP-J-L
KMP-6-L

KMP-K

Measurement Sat
(Method No.)

Powder Scale (1)
Sample (1)
Ampetrometric (1)
Powder Scale (2)
Sample (2)
Amperometric (2)
Pellet Tray Scale (3)
Sample (3)
Amperometric (2)
Pellet Stack Scale (4)
Factor From KMP 3A (3)
Pellet Stack Scale <4)
Factor From KMP 3A (3)
Scrap Scale (5)
Sample (4)
Amperometric (4)
Scrap Scale (S)
Sample (S)
Amperometric (4)
Scrap Scale (S)
Sample (3)
Amperometric (2)
Scrap Scale (5)
Sample (3)
Amperometric (2)
NDA gamma (5)

Drum Scale (6)
Sample (6)
Alpha (6)
Analyst Balance (7)
Various (7)

Measurements
Per Batch

No.of Items
3
9

No.of Items
3
9

No.of Items

5
IS

No.of Items
3

No.of Items
3
1
1
3
1
i
3
1
5
IS
1
5
15
1

1
1
1
1
1

Error*
Random

2 g
0.001
0.003

2 g
0.002
0.002

2 g
0.002
0.002

2 g
.00126
2 g
.00126
2 g
O.OOS
0.0025

2 g
0.035
0.002S

2 g
0.002
0.002

2 g
0.002
0.002
0.035

2 g
0.040
0.018
0.001 g
.002

Systematic

0.3 g
0
0.0005
0.3 g
0

0.001
0.3 g
0
0.002
0.3 g
0.001
0.3 g
0.001
0.3 g
0
0.001
0.3 g
0.020
0.001
0.3 s
0

0.001
0.3 g
0

0.001
0.035

0.3 g
0.020
0
0
.001

Errors are stated as relative standard deviation except where kg or g
indicate an absolute error. The errors are those for a single
measurement.
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Us ins the information in Tables S.I and 6.1, thirty-two strata can be

identified for the example material balance interval for items containing

plutonium. These are shown in Table 6.3. Strata 1 through 11 are beginning

inventory strata, 12 through 16 are input strata, 17 through 20 are output

strata and 21 through 32 are ending inventory strata. An explanation of the

composition of some of these strata may be useful because the reason for the

existence of some of them may not be obvious.

(a) Stratum 1 is assumed to consist of two batches of recycle plutonium

of three cans each. This is based on the assumption in Appendix A

of a scrap recycle of about 10% and a recovery campaign every two

months. This beginning inventory would be batches from two scrap

recovery campaigns in the material balance interval prior tc the

example interval.

(b) Strata 13 through 16 are the reject rods returned to HBA-2 from

MBA-3. They form four separate strata because different numbers of

rods were returned as separate batches. The composition of strata

must be batches of the same size and characteristics, therefore, the

reject rods compose four strata as indicated in Table 6.3. Stratum

18 is the replacement rods sent to MBA-3 from MBA-2. They also

should be four strata but because they were transferred to M8A-3 at

the same values that they were carried on beginning inventory they

would have no effect on the HBA-2 MUF or « and are eliminated

from the ocalculations. There would, therefore, be no
MUF

purpose in identifying them as separate strata for a
HUP

calculation purposes. Other static material strata are discussed

below.

f

(c) Strata 21 and 22 are separate strata because stratum 21 consists of

an off site receipt batch of 8 cans while stratum 22 consists of a

recycle batch of 3 cans. It is assumed not to be one of the two

recycle batches on beginning inventory. If it were it would be

eliminated from the c „ calculations.
HUF
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Table 6.3

MBA-2 Plutonium Strata

Stratum
Number

1
2
3
4
5
6
7
8
9
10
11

Designation

KMP-C
KMP-D
KMP-F
KMP-G
KMP-I-1
KMP-I-2
KMP-I-3
KMP-I-4
KMP-J-S
KMP-J-L
KMP-K

Description

PUO2 Pdr (6 cans, 2 batches)
MOX Pdr (40 cans, I batch)
MOX Pallets (160 trays, 1 batch)
MOZ Rods (60 rods, 1 batch)
Dirty Powder (6 cans, 6 batches)
Grinder Sludge (3 drums, 3 batches)
Green Scrap (7 cans, 7 batches)
Sintered Scrap (4 cans, 4 batches)
Solid Waste (14 drums, 14 batches)
Liquid Waste (5 drums, 5 batches)
Samples (263 bottles, 1 batch)

12
13
14
15
16

KHP-2
KNP-4
KMP-4
KMP-4
KMP-4

PUO2 (96 cans, 12 batches)
MOX Rods (6 rods, 3 batches)
MOX Rods (1 rod, 1 batch)
MOX Rods (4 rods, 1 batch)
MOX Rods (3 rods, 1 batch)

17
18
19
20

KMP-4
KMP-4
KMP-6-L
KMP-6-S

MOX Rods (2400, 12 batches)
MOX Rods (14 rods, 6 batches)
Liquid Waste (36 drums, 36 batches)
Solid Waste (120 drums, 120 batches)

21
22
23
24
25
26
27
28
29
30
31
32

KMP-C
KMP-C
KMP-D
KMP-F
KMP-G
KKP-I-1
KMP-I-2
KMP-I-3
KMP-I-4
KMP-J-S
KMP-J-L
KMP-K

P11O2 Pdr (S cans, 1 batch)
P-4O2 Pdr (3 cans, 1 batch)
HOX Pdr (42 cans, 1 batch)
MOX Pellets (29 trays, 1 batch
MOX Rods (46 rods, 1 batch)
Dirty Po'srder (5 cans, 5 batches)
Grinder Sludge (2 drums, 2 batches)
Green Scrap (4 cans, 4 batches)
Sintered Scrap (3 cans, 3 batches)
Solid Waste (1 drum, 1 batch)
Liquid Waste (1 drum, 1 batch)
Samples (325 bottles, 1 batch)
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As mentioned above,, not «11 of the strata listed in Table 6.3 would

contribute to HUF or <»,_,_ for the example material balance interval. Some

of the items are no-called static material, i.e. items which appear in two

components of the material balance aquation «t the «ame value, not having been

measured during t!>e material, balança intervil. Of the sixty MOX rods on

beginning inventory, strattin 4, fourteen were transferred to MBA-3, stratum 18

as noted above, «nd 46 remain on ending invuntory, stratum 25. Strata 4, 18,

and 25 would need to be eliminated from the <*._._ calculations,. Similarly

the solid and liquid waste» on beginning inventory, strata 9 and 10, were

discarded at the beginning Inventory .values as a part of strata 19 and 20.

Strata 9 and 10, therefore, would be eliminated and strata 19 and 20 reduced

by the amounts in strata 9 and 10. The samples on beginning inventory,

stratum 11, are on ending inventory as a part of stratum 32. Stratum 11 would

be eliminated ami stratum 32 reduced by the amounts of stratum 11. One might

also think that strata 13 through 16 could be eliminated because the reject

rods which make up the strata were returned to MBA-2 from MBA-3 at the same

values they were transferred from MBA-2 to MBA-3. this is not relevant to the

material balance of MBA-2, however. The rods were received at a stated value

but were not on ending inventory at th03e values. They had been unloaded and

become a part of the scrap inventory or had been processed to recycle powder.

In any case, the quantity was remeasured in MBA-2 during the material balance

interval and thus would contribute to the a „. It is assumed that all

other material was processed in some way and remeasured during the material

balance interval. To summarize: Strata 4, 9, 10, 11, 18 and 25 are

eliminated from the «„,„ calculations and the amounts in strata 19, 20,
HUP

and 32 are reduced by corresponding amounts. Note that although static

material strata are eliminated from <?„,,„ calculation they would not be
HUP

eliminated from IAEA PIV unless they had been maintained under IAEA seals.

Using the statistical notation given in IAEA-TECDOC-261, shown in Table

6.4, and following the examples in IAEA-TECDOC-261, the data for the remaining

twenty-six strata can be tabulated as shown in Table 6.S for easier

application of the equations for the variance estimations.
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Table 6.4

Statistical Notation from IAEA-TECDOC-261

xkqpt

s.g.r

q.p.t

"k

mk

rfc

ck

K

V(MUF)

total element weight in stratum k, where the element weight is
found with the use of bulk measurement method q, sampling
method, p, and analytical technique, t. If measurement is by
NDA, regard it as an analytical method.

a relative standard deviation; subscripts identify a specific one

first subscript on 4: » refers to a long term systematic
error; g to a short term systematic error; r to a random error.

second, third and fourth subscripts on &; defined as for the
subscripts on x; if the measurement method in question is a bulk
method, replace p and t by dots; for example,

6rq.. = random error standard deviation for bulk measurement
method q.

number of Items per batch in stratum k.

number of batches in stratum k.

number of samples drawn per batch in stratum k to estimate the
batch element concentration factor.

number of analyses per sample in stratum k

total number of strata

variance oi: quantity within parentheses; for example,

V(Xfcqpt) = variance of element weight in stratum k;

variance of MUF

Note: s, g, and r subscripted on V are defined as above. If V has no
subscript it denotes a total variance.
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Table 6.S

HBA-2 Data Tabulation

Stratum

(K) ïcqpt
(g Pu)

1

2

3

5

6

7

8

12

13

14

15

16

17

19

20

21

22

23

24

26

27

28

29

30

31

32

3

40

160

1

1

I
1

.s
2

1

4

3

200

1

1

8

3

42

29

1

1

1

1

1

1

62

2

1

1

6

3

7

4

12

3

1

1

1

12

31

106

1

1

1

1

5

2

4

3

1

1

1

3

3

5

1

1

5

5

3

-

-

-

-

-

<-i

-

3

3

3

5

1

1

5

5

-

1

-

3

3

3

3

3

3

3

3

3

3

3

3

3

1

1

3

3

3

3

3

3

3

3

1

1

62

1

2

3

S
5

5

5

1

4

4

4

4

4

6

-

1

1

2

3

3

5

5

5

-

6

7

1

2

3

4

5

3

3

1

-

-

-

-

-

6

-

1

1

2

3

3

5

3

3

-

6

-

1

2

2

4

4

4

4

1

3

3

3

3

3

6

5

1

1

2

2

2

4

4

4

5

6

7

13,245

14,394

14,218

2,117

988

2,611

1,447

211,937

528

88

353

265

212,069

880

2,408

17,665

5,218

15,135

2,611

1,729

675

1,448

1,095

23

15

163
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The random error variance of the total element weight of each stratum,

V (x, ), can be calculated using equation 3.4.2 in IAEA-TECDOC-261 as
r lcqpt
follows :

- Xkqpt "rq.-'Vk + «ï.p.'Vk * *Lt/CkVk> (1)

To find the random variance of the MUF, V (MUF), V t.x. .) is
r r Kqpt

summed over all the strata:

Vr (MUF)
K

*, Vr Ufc-1
(2)

The systematic error variance of the MUF, V (MUF), can be calculated

from equation 3.4.11 in IAEA-TECDOC-261 as follows:

V M U F ) (3)

(Note: This equation is given in TECDOC-261 for long-term systematic

error. The example does not consider short-term systematic

error.)

The statistics H , H , and H . are calculated as follows:q.. .p. ..t

For each value of q, calculate

v (4)

where Afc = 4-1 for input and beginning inventory strata and A,

output and ending inventory strata.

-1 for
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For each value of p, calculate

r.

where A. is defined as above.

For each value of t, calculate

\.t
(6)

where is defined as above.

Before proceeding with the calculations it should be noted that the

equations are based on relative errors, with subscripts being used to

designate a relative standard deviation. In Table 6.2, however, the errors

for the bulk weight methods are given on an absolute rather than a relative

basis. These would need to be converted to relative values for each stratum

using the relationship:

rq..
rq. »cqpt

where 4 is the relative standard deviation and a is in absolute units.

Using this relationship the basic equations are modified such that,

effectively, amounts of material weighed are replaced by numbers of

weighings. In the random-error equation (1) the first term.

Xkqpf 4rq.. " Y V i!
rq.

In the systematic error equation (4) for the statistic H ,
2 q "

replaced by n m. and & in the V (MUF) equation is replaced by
2 K K s<j s

0 , i.e. the square of the error in absolute terms.

is
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Using the equation (1) given above for V^ (x. .) but replacing the

/n.m. ) withfirst component of the equation <x. . . 6

(n.m. a ) as discussed above we have for the random variance (r)

of stratum 1, using bulk method 1, sampling method 1, and analytical

technique!)!:

r(l) Xkqpt • ̂ r. Xkqpt

where :

according to the notation in Table 6.4:

stratum k is 1

bulk method q is 1

sampling method p is 1 and

analytical technique t is 1

and according to Table 6.5 for stratum 1:

"k" 2 XkqPt

and according to Table 6.2 for:

bulk method 1, a =2
rq

sampling method 1, £
r.p.

0.001 and

analytical technique 1, & = 0.003

Therefore:

Vr(l)

(13.245)2 (0.001)2

(3) (2)

<13,245)2 (0.003)2

<3> (3) (2)

= 140.95 g Pu
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Proceeding in the same «tanner for the other strata,

r<2)

"r(3)

528.33

891.57

28.18

145.51

29.04

16.56

5374.81

24.05

4.00

16.06

12.04

11583.32

172.06

r<20>

"r(2D

"c(22>

Vr(23)

Vr(24)

Vr<26)

Vr(27)

Vr(29)

Vr<30)

Vr(31)

Vr(32)

67.01

448.07

48.03

575.23

123.27

23.19

287.55

16.64

12.49

0.65

4.43

-0-

Note: For convenience, only the stratum number has been included in the

parenthetical subscript to V. This should be interpreted as

being (x. .) for the identified stratum. The information to

determine x, . for any stratum in given in Table 6.5
kqpt

The total random variance of the MUF, V (MUF), then is the sum of the

variances of the individual strata, according to Eq. (2):

Vp (MUF)
K

k=l c
= 20.568.8S g Pu

Proceeding with the calculations for the systematic error the statistics

M , M , and H are calculated for each value of q, p. and t, i.e.

for each bulk, sampling, and analytical method, according to Eqs. <4), (5),

and (6). Note that for the q values equation (4) has (x. .) replaced by

(n m ). Thus, from Table 6.2 and 6.5 we see that bulk method 1 is used

in strata 1, 12, 21 and 22 with n. m. being, respectively, 6, 96, 8 and 3

- A-ll -
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and A. being +1 for strata 1 and 12 and -1 for strata 21 and 22. Thus,

M * 6 + 9 6 - 8 - 3 » 91. Proceedins in • similar manner for bulk

methods 2, 3, *, 5 and 6 (bulk method 7 systematic error is zero) we have:

2 . .

«3 . .

«5 . .

40 - A2 - - 2

160 + 7 + 4 - 2 9 - 5 - 4 - 3 -

6 + 1 + 4 + 3 - 2400 - - 2386

6 + 3 + 7 + 4 - 2 - 4 - 3 » 11

- 1 » - 1

130

There are two samplins methods with systematic error values given,

methods 5 and 6. For all others the systematic error is zero so no H value is

needed. From Table 6.S we see that method S is used for strata 6 and 27 with

x. , being 988 and 675 grams, respectively. A. for stratum 6 is +1 and
Kqpt K

for stratum 27 it is -1. Thus, M
.5.

988 - 675 » 313. In a similar

manner, M » - 880 - 15 a - 895. There are six analytical methods

with systematic error values given, methods 1, 2, 3, 4, S and 7. The

systematic error for method 6 is given as zero. From Table 6.5 we see that

analytical method 1 is used for strata 1, 12, 21 and 22 with x. . being
*qptp

13,245; 211,937; 17,665 and 5,218 grams, respectively. A for strata 1 and

12 is + 1 and for strata 21 and 22 it is - 1. Thus, H * 13,245 +

211,937 - 17,665 - 5,218 = 202,299. Proceeding in a similar manner for

analytical methods 2, 3, 4, 5 and 7 we have:

..2

'..3

..7

14,394 + 14,218 - 15,135 - 2,611 - 1,729 = 9137

528 + 88 + 353 + 265 - 212,069 = - 210,835

2,117 + 988 + 2,611 + 1,447 - 675 - 1,448 - 1,095

- 2408 - 2 3 = - 2431

- 163 = - 163

= 3945

Using these H values and the systematic error values from Table 6.2

calculate V (HUF) using equation (3) given above, but replacing

sq.

s
with o*

sq.
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= (91)2 (0.3)2

2 2
+ (-2) (0.3)

+ (130)' (0.3)

+ (-2386)2 (0.3)2

+ (11)2 (0.3)2

+ (-1)2 (0.3)2

+ (313)2 (0.020)2

+ (-89S)2 (O.O2O)2

+ (202,299)2 (O.OOO5)2

+ (9137)2 (0.001)2

+ (-210,835)2 (0.001)2

+ <3945)2 (0.001)2

+ (-2431)2 (0.035)2

+ (-163)2 (0.001)2

745.29

0.36

1,521.00

512,369.64

121.09

0.09

39.19

320.41

10,231.22

83.48

44,451.40

15.56

7,239.46

0.03

V (MUF) 577,138.22 g Pu

The total variance of MUF, V(MUF) is the sum of the random and systematic

variances:

V(MUF) 20,568.85 + 577,138.22 = 597,707.07 g Pu

<W
•597,707.07 = 773 g Pu

Now consider the questions discussed in section 6.3 regarding the

relation of the true MUF (HUF.) to zero and some limit quantity. In this

case the observed HUF (HUF ) is 1057 grains Pu. Using a 95% confidence
o

level the HUF interval would be MUF +1.96 *,_,_, This would be 1057 +

(1.96) (773) or 10S7 + 1515. The MUF interval therefore would be -458 to

+2572 which indicates that there is no evidence that the true MUF is different

from zero.
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The e> of 773 grams Pu for the example material balance period
Mur

interval is 0.36% of the plutonium output quantity for HBA-2 for the example'

interval. This is lass than the 0.5% value given in the IAEA Safeguards

Glossary as the expected value for a plutonium fabrication facility. In this

case the u ^ appears to be dominated by the weighing errors for the

pellet stacks in strata 13 through 17, «specially in 17 where there are many

weighings. If the weighing errors were 0.05 g random and 0.03 systematic as
is given in some literature references, the _

for the example interval

would be 291 grams Pu instead of 773 and the 95% confidence level would + 5 70

grams Pu rather than + 1515 grams Pu. This would mean that the KUF interval

would 1057 + 570, i.e. + 487 to 1627, which does not include zero. This would

indicate that the true MUF was* greater than zero. However, if one uses the

glossary definition of a significant quantity for plutonium, i.e. 8 kg, as the

limit quantity for XUF it appears that in the example case the MUF is less

than the limit quantity. That is in the ULQO relationship discussed in

section 6.3, U = + 1627, L » + 487 and Q * 8000. Thus 0 < L < U < Q.

References for Part 6

IAEA/SG/IN571: IAEA Safeguards Glossary. IAEA/SG/INF/1, International Atomic

Energy Agency, Vienna, 1980.

IAEA-TECDOC-261: IAEA Safeguards Technical Manual. Part F: Statistical

Concepts and Techniques. Vol. 3, IAEA, Vienna, 1982.



APPENDIX A

Reference Facility

A.I. General Characteristics

For the purpose of preparing an example for • generic mixed oxide

fabrication facility, the facility is assumed to have the nominal

characteristics described below. The description is based on STR-89 and

ISPO-161 although it does not follow either exactly. In the first section,

gersaral facility features are described. In the second section, the

facility's operations are outlined. Material flow characteristics and MBA and

KMP structure are described in the third section.

A.1.1. The reference facility is assumed to be capable of manufacturing

mixed oxide fuel assemblies for three different kinds of reactors:

fast breeder reactors (FBR) (nominal Pu content 30 w/o), light-water power

reactors (LWR) thermal recycle (nominal Pu content 4 w/o), and

heavy-wafcer-ssoderated advanced (ATR) thermal reactors (nominal Pu content 1

w/o). The plant capacity is assumed to be 500 kg PuO. per year. Only LWR

fuel is assumed to be manufactured during the example material balance

interval using only natural uranium.

A.1.2. The facility receives PuO2 and UO_ powders and produces

ceramic mixed oxide 'UO- + PuO_) fuels through the dry-blend process. It

is assumed that, on the average, the facility stores a six-month supply of

feed materials.

A.1.3. The reference facility is assumed to operate on a schedule of 200

days per year, one shift per day, except for a limited crew supervising pellet

sintering and scrap recovery operations, when required.
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A. 2. Process Description

A.2.1 Pellet Production

The reference facility uses PuO, and uo as feed material. The

containers are bagged into the glove boxea, weighed, opened and transferred

either to open pant (boats) if the powder requires calcining, to the powder

mill if the particle sizes require adjustment, or directly to the blender if

the powders are suitable for further processing. The blended MOX powder is

sent to the pellet press work stations. The cans are emptied into a powder

hopper feeding a hydraulic pellet press. In the pellet press, charges of

powder are apportioned and compressed under intense hydraulic force into

cylindrical pellets. The density of these unfired (green) pellets is

approximately 6 g/cc. Quality control tests on the green pellets include a

visual examination for cracks, chips and laminations, green pellet density and

dimensions (diameter and length). Rejected pellets are granulated or otherwise

treated and are returned to the blending operations for recycle. Acceptable

pellets are loaded into open pans (boats) for sintering.

Green pellets are sintered to ceramic grade in an extended, high

temperature heating process. The density of the sintered pallets is «beut 10,7

g/cc. The sintering process requires about 20 hours for the heating and

controlled cooling cycle. Following sintering, the pellets are conveyed to the

grinding machine where the pellets are taken from the boats and ground to a

specified diameter, dried, then examined. The examinations include visual

checks for cracks, chips and general appearance, dimension checks (length,

diameter), weight and density. Grinder sludge, chips and off-specificaton

pellets are fed to the scrap recovery.

A.2.2 Fuel Rod Manufacturing

QC certified pellets are transferred to the pellet stack preparation

box. Pellets are taken from the transfer containers and positioned on

V-trough trays designed for a single fuel rod loading. Markings on the trays

indicate the desired fuel column length for a fuel rod. When a tray is

loaded, it is weighed and the net column weight is determined by subtracting
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the tray tare weight from the gross weight. A final effort to remove moisture

from the pellets is made before the cladding tubes «re loaded and sealed. The

V-trough trays are heated and swept with a dry cover gas. The dried pellets

are moved into position for fuel rod loading. Zircalloy or stainless steel

clad tubes are positioned for loading, with one end plug welded into place and

the necessary spacers, springs and insulator pellets positioned for loading.

The operator follows a prescribed loading sequence, finishing with the second

end plug. (One of the end plugs is marked with a non-repeated serial number).

The final manufacturing step in producing fuel rods is to weld the second end

plug into place. Following welding, each completed fuel pin is decontaminated

and removed from the welding glove box. Each fuel rod is checked for

radioactive surface contamination, and a series of quality control tests are

made to ensure that the fuel products will meet specifications.

Fuel rods failing these checks are brought back into the rod loading box

for repair or scrapping. Rods which cannot be repaired are opened and emptied.

Provided they are undamaged, the pellets may be loaded into another clad tube

or recycled with other pellets providing the mis characteristics are

acceptable. The rejected clad tubes are cleaned and scrapped.

Completed fuel rods are transferred to the fuel rod storage area to await

QC certification and a production control request for fuel element assembly.

A.2.3 Fuel Element Assembly

QC certified fuel rods are transferred to the fuel element assembly

area. The rods are positioned in the proper array and welded (or bolted) into

place. Defective rods are returned for repair or scrapping; substitute rods

are requested for the fuel element being manufactured.

Completed fuel assemblies are examined to ensure the proper loading,

distribution and integrity of the finished items. Each assembly is marked with

a non-repeated serial number.
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Once the assemblies are QC certified, they are wrapped in polyethylene

bass and transferred to storage until shipped.

A.2.4. Waste and Scrap Segregation and Screening

Waste materials which may contain no measurable quantities of nuclear

material (e.g., paper and cleaning materials used outside the glove bos areas)

are generated regularly and are treated as though they may be contaminated.

These materials are set aside in designated containers and collected at

frequent intervals (e.g., daily). They often are incinerated or compacted,

gamma scanned to ensure that the contamination is very low level, then

packaged for disposal.

General process trash which is known to be contaminated (e.g., tools and

machine parts which are no longer useful, cleaning materials used inside the

glove boxes) are collected and brought to the scrap recovery area. Here an NDA

measurement is made (by gamma scanning) to determine whether there may be

recoverable quantities of nuclear material present, or whether the material

should be consigned to waste.

In addition to this type of scrap, at numerous places in the process

reject process material is produced. Where the purity of the material has not

been altered beyond tolerances, and when the oxide is not highly-fired, it is

generally possible to recycle this reject material, referred to as clean

scrap, by re-introducing it at an earlier point in the process. However, when

these conditions are not met, the scrap, now referred to as dirty scrap, must

be purified through a chemical scrap recovery process before it can be used in

manufacturing reactor fuels of acceptable quality.

A.2.5. Scrap Recovery

The nuclear material custodian is responsible for segregating scrap into

categories which lend themselves to the same treatment methods, and to

categories which can be assayed using a common NDA calibration. The custodian

assures that these measured quantities are assigned to each container of scrap.
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Scrap recovery campaigns are organized to recover the material in a given

category amenable to the same treatment, once the amount of material has

accumulated to a quantity warranting recovery. It is assumed that the scrap

recovery process is operated at about two month intervals.

A.2.6. Analytical Laboratory

Samples are taken at different process steps and sent to the analytical

laboratory for analysis for the purposes of production and quality control and

for the operator's nuclear material accountancy.

A.3. Nuclear Material Flow and Key Measurement Points

A.3.1 General

The reference facility is a dry-blend mixed oxide fuel fabrication

facility with a design throughput of 500 kg PuO- per year. The organization

of the facility, the unit processes and the normal flow of material through

the facility are illustrated in Figure A.I. The facility is divided into three

NBAs, with six flow key measurement points and eleven inventory key

measurement points. Data on flow and inventory of nuclear material are

summarized in Table A.I. Tables A.2 and A.3 describe the key measurement

points for flow and inventory, respectively. Table A.4 shows the fuel

characteristics of the three types of fuel fabricated at the reference

facility.

The total in-process inventory of nuclear material, including powder

preparation, pellet production and fuel rod fabrication activities, is assumed

to be about SO kg PuO during routine operations. The corresponding quantity

of UO varies from about 160 kg (FBR) to 1300 kg (PUR), up to 5,000 kg

(ATR). In the example it is assumed that only PWR fuel is being manufactured

during the example material balance interval. It is assumed that 10% of the

throughput will be recycled as scrap and the scrap recovery operation will be

operated at about two month intervals. Recycled PuO. and UO are measured

by the same methods used at KMP-1 before storage it KMP-C. Miscellaneous

wastes, such as contaminated tools, machine parts, cleaning materials and



- A-6 -

gloves are collected and periodically shipped off-site through KMP-6 for

disposal. The amount of waste is assumed to be 1.5% of the throughput.

A.3.2 Feed (MBA-1)

The reference facility uses PuO. and 'JO- powcers as feed material.

PuO is received through KMP-1 in 20 kg batches contained in eight cans,

each can nominally holding 2.5 kg PuO,. Each batch originates from a single

batch of plutonium nitrate tPudJO,).] at the conversion facility and thus,

all the PuO, in each batch is expected to have linited variability in

particle sizes, isotopic content, impurities, O/Pu ratio and «rater content.

U0- is received through KMP-1 in batches of 500 kg contained in 20 buckets

each nominally holding 25 kg. It is assumed that half of a year's input

requirements are on store.

A.3.3 Process (MBA-2)

The vault custodian transfers the PuO. and/or UO_ containers from

MBA-1 to MBA-2 through KHP-2 to the powder production area. Here the MBA-2

custodian verifies that the number and identity of the containers coincides

with the transfer document. The containers are bagged into the glove boxes,

weighed, opened and the material transferred to ths process. The empty cans

are tare-weighed and the amount of material transferred from MBA-1 to MBA-2 is

taken as the sum of the net weights (gross minus tire) for each can. The U

and Pu factors are those determined at KMP-1 in HBA-1.

A.3.4 Assembly Area (MBA-3)

Fuel rods are transferred to the fuel assembly area (MBA-3) through

KMP-4. The MBA-3 nuclear material custodian checks the serial numbers of the

rods against the transfer document. The quantity of nuclear material

contained in each rod is obtained from the net weight of pellets loaded into

each rod and the plutonium and uranium concentration factors that were

determined at KMP-3. The nuclear material content of each assembly is

computed as the sum of the contents of each rod in the assembly.
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Material
Type
(CODE)

PuO2
(GQEB)

U09
(GQ0B)

MOX
(GRJB)

Pellets
(JR7A)

Fuel
Rods
(DR1F)

Assembly
(BR2F)

Dirty
Powder
(RQEB)
(RQL8)
or

(RRJB)

Grinder
Sludge
(RRQD)

Green
Scrap
(RRLD)

Table A.I

Inventory Material Description for

Item

Can

Bucket

Can

Tray of
Pellets

Rod
Storage
Bin
or
Single Rod

Assembly

Can

Drum

Can

Batch
Size

8 cans
20 kg PuO2

or
Recycle-3 cans
about 7 kg PuO2

20 Buckets
500 kg U02

or
Recycle-8 buckets
about 200 kg UO2

50 Cans
500 kg MOX

200 Trays
S00 kg MOX

200 Rods
500 kg MOX

or
1 Rod
2.5 kg MOX

1 Assembly
500 kg MOX

1 Can
10 kg PuO2

uo2or
KOX

1 Drum
10 kg MOX

1 Can
10 kg MOX

PUR MOX Fuel Fabrication

Batch
Identification

Inventory
Stratum

Identity/Location

Numbered Labels
on Cans

Numbered Label
on Buckets

Numbered Label
on Can

Numbered Label
on Trays

MOX Batch plus
Sin Number

or
Rod Serial Number

MOX Batch plus
Stamped
Serial Number

DP + Drum
Number

GR + Drum
Number

GS+Can
Number

KMP-A
or

KMP-C

KMP-B
or

KMP-C

KMP-D

KMP-F

KMP-C

KMP-G

KMP-H

KMP-I-1

KMP-I-1

KMP-I-3
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Table A.I (continued)

Inventory Material Description for PWR MOX Fuel Fabrication

Material
Type
(CODE)

Sintered
Scrap
(RRLD)

Samples
<V0AE>

Solid
Waste
(T0NE)

Liquid
Waste
(U0NE)

Item

Can

Bottles

Drum

Drum

Batch
Size

1 Can
10 kg MOX

N/A

1 Barrel
0.025 ks Pu

1 Drum
0.025 kg Pu

Batch
Identification

SS + Can Number

N/A

SW + Drum
Number

LW+Drum
Number

Inventory
Stratum

Idenfc i ty/Locat i on

KMP-I-4

KHP-K

KMP-J

KMP-J
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Table A.I (continued)

Inventory Material Description for PWR MOX Fuel Fabrication

«Batch Identification:

PuO2, U02 and MOX A three digit prefix number preceded by P, U, or H

identifyins the batch plus a three digit serial

number identifying the can or bucket. Recycle

batches of PuO? and UO, have an R suffix. Batch

numbers are obtained from Nuclear Material Control

group.

Pellet Trays The three digit prefix batch number from the MOX

batch plus a three digit serial number for the trays

assigned by the Production Unit.

Rods The three d git prefix batch number from the MOX

batch plus a three digit serial number assigned by

the Production Unit and stamped on rod.

Assembly Ferial number assigned by the Production Unit and

stamped on assembly.

All Other Serial number on tag or drum, bucket, or can assigned

by MBA with MBA number prefix.

In some instances for internal transfers a batch is identified by the

internal transfer document number, see Section A.6.6.



Table A.2 Description of Flow Key Measurement Points Shown on Figure A.I

1 Key
I Measurement
1 Point

1 1A

1
|
1
1 IB

1

2A

2B

3A

Description

PuC>2 flow from vendor
measured in MBA-1

UC>2 flow from vendor
measured in MBA-1

PuO2 flow to
process in MBA-2

U0 2 flow to
Process in MBA-2

Ground pellets
flow to storage

in MBA-2

Form

PuO2

Powder

uo2
Powder

PuO2

Powder

uo2
Powder

MOX
Pellets

Container

Can

Bucket

Can

Bucket

Tray

Sampling Methods

One thief sample from
each of 3 cans from
a batch of 8 cans

One thief sample from
each of 3 buckets
from batch of 20

buckets

None

None

5 pellets/batch
selected at random

Measurement Method* |

b-Powder Scale I
e-Amperometric I
Titration (3 per sample) I

b-Powder scale I
e-Gravimetric 1

Values from KMP-1A

Values from KMP-1B |

b-Pellet tray scale 1
e-Amperometric and |

Davies Gray Titration I
(3 per sample) 1

* b = bulk method, e = element analysis method



Table A.2 Description of Flow Key Measurement Points Shown on Figure A.I (continued)

1 Key
1 Measurement
I Point

I 3B

1 4

I
1
1
1 4
1
1

1

1 5

1 6

1 Description

Pellet Stacks
to Rod Loading

Rods Loaded in
MBA-2

Transfer to MBA-3

Reject rods
flow from

MBA-3 to MBA-2

Assembly flow from
MBA-3 for
shipment

Solid and liquid
wastes measured

MBA-2

I

Form

MOX
Pellets

Clad and
welded fuel

rods

MOX
Rods

Assemblies

Waste

Container

Stack
Tray

Clad

Rods

Clad

Drums

Sampling Methods

N/A

N/A

N/A

N/A

N/A

Measurement Method* I

b-Pellet stack scale I
e-Factors from KMP-3A 1

Values from KMP-3A and B I

Values from |
rod loading 1

Sum of rod I
values from KMP-4 1

Gamma Spectrometry |

* b = bulk method, e = element analysis method



Table A.3 Description of Inventory Key Measurement Points Shown on Figure A.I

1 Key
I Measurement
I Point

! A

1

1 B

|

I1
1 c

1 D

1 E

1 F

Description

P11O2 powder storage
in MBA-1

UO2 powder storage
in MBA-1

PuO2 and U02

powder storage
in MBA-2

MOX powder storage
in MBA-2

Residual hold-up in
process equipment

Ground pellet
storage in MBA-2

Form

puo2

Powder

U02

Powder

PuO2 and
U02 Powder

MOX
Powder

Plutonium
and uranium

oxides

Pellets

Container

Can

Buckets

Cans
and

Buckets

Cans

Process
equipment

Trays

Sampling Methods

Item Seal
Verification

Item Seal
Verification

Item Seal Verification
or

Thief sample for
analysis

One thief sample
from each of 3 cans
from batch of SO cans

N/A

Item Verification

Measurement Method* I

Value from KMP-1A 1

Values from KMP-1B 1

Values from KMP-2A and 2B I
or 1

b-Powder scale 1
e-Gravimetric and three 1
Amperometric per sample 1

b-Powder scale I
e-Amperometric and |

Davies-Gray I
(3 per sample) I

Gamma-ray survey meter 1

Values from KMP-3A I

* b = bulk method, e = element analysis method



Table A.3 Description of Inventory Key Measurement Points Shown on Figure A.I (continued)

Key
Measurement

Point

C

H

I-l

1-2

1-3

1-4

J

K

Description

Eod inventory
in MBA-2

Assembly inventory
in MBA-2

Scrap storage

in

MBA-3

Waste storage
in

MBA-2

Lab inventory in
HBA-2

Form

Rods

Assemblies

Dirty
powder

Grinder
sludge

Green
scrap

Sintered
scrap

Miscellan-
eous solid

Liquid

Various

Container

Clad

Clad

Can

Drum

Can

Can

Drums

Drums

Bottles
vials and
envelopes

Sampling Methods

Item Verification

Item Verification

Each can tumble
mixed and sampled

Each drum stirred
and sampled

5 pellets per can
at random

5 pellets per can
at random

N/A

Each drum mixed
and sampled

N/A

Measurement Method*

Values from KMP-3A and B

Values from KMP-4

b-Scrap scale
e-Amperometric and

Davies-Gray
(3 per sample)

Gamma spectrometry

b-Drum scale
e-Alpha and Fluorimetric

Various b, and e,

* b = bulk method, e = element analysis method



- A-1S -

Table A.4

Fuel Rod and Assembly Data

Fuel type HOX/Rod No. Rods/
Assembly

MOX/
Assembly Assembly

FBR
PWE
AIR

0
2
6

.2

.5

.7

ks
ks
kg

0.06
0.1
0.066

ks
k6

ks

100
200

30

20 les
500 les
200 les

6 kg
20 ks

2 ks


