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1. Introduction

Material Unaccounted For (MUF) refers to the
difference between the book inventory and the physical
inventory of material in a Material Balanced Area
(MBA) during the Material Balanced Period (MBP) [1],
[2].

The following equation is generally referred to as
MUF equation:

MUF = PB + X — Y —PE,

where PB is the beginning physical inventory, X is the
sum of increases to inventory, Y is the sum of decreases
from inventory, and PE is the ending physical
inventory[2][3]. Theoretically, MUF should be zero but
if not, it might indicate that materials have been diverted
[1].

MUF depends on the type of facility. For an item
facility, MUF should always be zero because materials
in an item facility are not re-measured and consequently
the values assigned to items in item facilities should
remain the same. For bulk facilities, however, non-zero
MUF is possible and even expected. It may be caused
by diversion, but it may also be caused by measurement
error, holdup in processing equipment, unmeasured
inventory, re-measurement of inventory, unmeasured
losses, and operator’s mistake in recording data, all of
which occur with some degree of regularity in bulk
facilities [1].

The purpose of the Material Unaccounted For (MUF)
evaluation is to decide whether the MUF can be
explained by the accumulation of measurement
uncertainties. However, the MUF evaluation has not
been introduced in national inspection owing to the lack
of evaluation tool and well-defined procedure.

This study aims at developing the plan for the MUF
evaluation to improve the management of nuclear
material in bulk facilities. The procedure of MUF
evaluation is briefly described and the MUF evaluation
tool is also introduced.

2. The procedure of MUF evaluation

The first step in MUF evaluation is to construct the
material balance table (MBT). The MBT s a stratified
list of all material in each of the four components of the
material balance equation in a given material balance
area (MBA). A separate MBT is prepared for each
element and isotope using the data from Physical
Inventory Listings (PILs), Inventory Change Reports

(ICRs) and inspection reports over a specified material
balance period (MBP). The static material that was not
measured (or re-measured) during the MBP must be
removed from the MBT. It cannot contribute to standard
deviation of MUF (0 wyr) and it should not be included
in the calculation of o \ye. Therefore, static material
should be identified prior to MUF evaluation so that it
can be eliminated from the o wue calculations.

Once the material in the MBT has been stratified and
static material has been removed, the next step in the
evaluation process is extending the MBT to include
measurement uncertainties and operator—inspector
differences. Every stratum measured by the operator
must be assigned an estimated operator measurement
uncertainty to calculate o yurand every verified stratum
must also be assigned a measurement uncertainty to
calculate standard deviation of Operator-Inspector
difference (o p). Operator-Inspector difference data
must be matched with each stratum that was verified to
estimate stratum differences, Ds, and overall material
balance difference, D. After preparing and extending the
MBT, the following step is to calculate the statistic
MUF, D and the inspector’s estimated MUF (IMUF)
and to estimate the measurement uncertainty associated
with each statistic. The estimated o yye IS compared
with International standards for judging operator’s
measurement system. If the calculated o wur exceeds
the international standards, the operator’s measurement
systems may be inadequate.

The last step of MUF evaluation is the test of the
hypothesis that a non-zero value of a statistic is caused
only by measurement uncertainty.

Fig.1.The procedure of MUF evaluation
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3. MUF Evaluation Tool

An MUF evaluation tool was designed by SAS
(Statistical Analysis System) Analytics programming
solution to assist the national inspectors in carrying out
MUF evaluation for bulk facilities. This tool is intended
to run on a personal computer and assists in
constructing MBT and calculating various statistics and
uncertainties for MUF evaluation such as MUF, 0 wue,
D, 0 p, IMUF and 0 yur. The SAS code for MUF
evaluation is shown in Fig. 2.
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Fig.2. SAS code for MUF evaluation

The applicability of the evaluation tool has been
verified through the simulated MUF evaluation on
nuclear materials in nuclear fuel fabrication facility
during the last two material balance periods. Actual data
from physical inventory verification (PIV) by national
inspectors were used in the simulation. Fig. 3 and Fig. 4
show the results of MUF evaluation of low enriched
uranium in KO1R (PWR fuel fabrication facility).
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Fig.3. MBT of Low Enriched Uranium

1) GENERAL MBA PARAMETERS DURING THE MBP:

Throughput (THR. ) (KG) 567806.7
AVG (KG) 5604.252
9N (KG) 000

Total material (PB+PE+R+S) (KG) 1762037
Sigma Internatienal(INT.) =  1703.420

Sigma MUF:
Random error variar

Systematic err 878700.0
Total error variance 882366.7
Sigma MUF 939.34

2) MUF EVALUATION AND CONFIDENCE LIMITS ON MUF:

NP Sigma MUF Sigma MUF T Critical Statistical
(KG) (KG) in of THR. Test value(a ) significant
561.540 930.344 0.165 0.587 < 1.9 NoT

LOVER LIMITCL) = MUF - 1.96 » SIGMA MUF = -1280.57
UPPER LIMIT(U) = MUF + 1.96 > SIGMA MUF = 2392.654
M = GOAL AMOUT (EG) = 5604.262

Ordering : L<0<U<) = MF < 2o

3) STATEMENT N FACILITY MEASUREMENT SYSTEM

Sigma MUF Signa INT.

039.344 1703.420

-The faciluty measurement system based on
Qperator error estimates of the
uncertainty of MUF is acceptable

Fig.4. MUF evaluation result of Low Enriched Uranium

As t-test value is smaller than 1.96, the hypothesis of
MUF = 0 is not rejected. D and IMUF are also
estimated in the same manner and the result is that there
is no difference between the MUF declared by operator
and verified by inspector. It eventually draws the
conclusion that the MUF can be explained by the
measurement uncertainty.

Through simulated evaluation, it is found that
national inspectors are able to carry out MUF evaluation
in a short time of PIV by the help of the MUF
evaluation tool, which generates statistics data and MUF
evaluation results from operator’s accountancy data and
inspector’s verification results.

4. Conclusions

The MUF evaluation plan was studied to improve the
management of nuclear material in bulk facilities. This
study paved the way for introduction of MUF evaluation
in national safeguards inspections by developing the
evaluation tool and procedure, which is expected to
enhance the credibility and transparency of domestic
nuclear activities.
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