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General characterization of Pu physical inventory taking (PIT) system at the RT-1 plant is
given in the paper.

Input Data and Restrictions

1. The Pu PIT must deal with mass, not with items (in this case - containers)
2. The balance estimation quality in the course of PIT must be the same as that of the accounting

records when receiving Pu into the storage.
3. The PIT procedure must be without any opening of containers.
4. The PIT procedure must last not more than 3 days.
5. The personnel irradiation from the containers in the course of PIT must not exceed the

preset limits.
All these requirements are contradictory and it is impossible to meet them with direct methods.

The principal efforts are directed towards the possible solution when these requirements can be
maximum satisfied.

The reactor-grade Pu storage facility on the 'Mayak' site consists of two temporary buildings,
numbers 104 and 142, built somewhere in the end of 50s. When the RT-1 plant was designed
there was no assumption about any long-term Pu storage due to the potential use of closed fuel
cycle in which reactor-grade plutonium was planned to be used for MOX fuel production for fast
neutron reactors. However after the events happened in 1986 the construction of MOX fuel
fabrication plant was suspended and on the 'Mayak' site more than 10 thousand containers
(items) with Pu have been accumulated. Probably, it is the biggest Pu storage in Russia.

The containers with plutonium dioxide are designed in such a way that they are hermetically
sealed. In order to locate these containers in the above-mentioned buildings special concrete
trenches lined with steel were constructed. Each trench consists of several dozens of sockets into
which 1-2 containers are installed. The sockets are closed with light steel covers. These covers
have staples with steel wire going through them and sealed on the ends. These wire and seals
serve as a TID (tamper-indicating device).The current PIT procedure does not require any direct
or indirect measurements of Pu if the TID is intact. The PIT procedure is carried out every three
months. In the course of PIT all the TIDs are checked and all the data taken at the stage of
putting Pu into containers are put down in the inventory summary.

A great scope of work on upgrading Pu physical protection, control and accountability in
storages 104, 142 has been performed during the recent two years.

The work is under way with the assistance of US National Labs. The issues of Pu inventory
taking are of the highest priority.
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PIT Concept

One of the principal restrictions in the course of Pu PIT in buildings 104,142 is the requirement
not to open containers which makes it impossible to take samples.

So the Pu type and mass can be determined only by indirect measurements. For instance,
isotopic composition which characterizes the reactor-grade plutonium is determined by measuring
gamma spectrum of Pu natural radiation and Pu mass in the container is calculated based on
measuring Pu gamma spectrum and neutron flux with the help of a neutron coincidence counter.

The accuracy of these measurements does not meet the requirements to balance calculation
accuracy in the course of Pu PIT.

So the results of above-mentioned measurements cannot be used for the balance calculations
but they can serve as identifiers of:
• isotopic composition which allows Pu in the container to be categorized as reactor-grade Pu;
• Pu mass close to the average (the most probable) value of Pu mass put into the container.

The concept of Pu PIT in the storage consists in the following: based on the definite values
or identifiers' states a certain conclusion must be made during the period between two PIT's.

The principal item is Pu mass inside the container.
The conditions required for conclusion made about invariability of Pu characteristics to be

made are as follows:
The identifiers must be determined and analyzed. The analysis must show that:
1. The item under account (the container with Pu) is still in the storage;
2. TID is intact (there was no attempt to open the container);
3. Pu mass in the container is within the allowable range. This range is determined by the

process regulations and statistical data on Pu mass put into the container.
Statistical processing of random samples taken in 1990-1991 showed that the root-mean-square
deviation (5) from the average value of Pu mass in the container (Mav) does not exceed 5%, so
it is possible to assume that all the containers represent a single Pu item category. And in order to
identify a separate container in terms of Pu mass it is sufficient to get such a mass value (Mmeasured)
which is within the range of acceptable values.
The data of statistical processing showed that this range covers the values from 2800 g to 3100 g.

4. Pu isotopic composition in the container is also within the range of acceptable values.
According to the requirements 239Pu mass fraction must be lower than 90%. Statistical processing
of random samples taken in 1990-91 showed that 239Pu mass fraction (M239) in the reactor-grade
plutonium dioxide is within the range:

64% < M239 < 90%.
In order to determine identifier parameters the following instrumentation is used:
1. a scanner for the container bar code;
2. a scanner for the TID and bar code on the container caps;
3. a gamma spectrometer to measure Pu isotopic composition;
4. a neutron coincidence counter to measure Pu mass in the container or scales to weigh

the container with Pu.
The results of measurements obtained with these instruments further on will be called Pu

iteni identifiers.
If the item identifier values in the beginning and ending inventories coincide (in view of

acceptable limits) this item is considered intact for the ending inventory.
As the time allowed for the work inside the storage building and with some containers

outside the building is limited and the number of items in the storage is too large, not every item
is going to be checked with measurements. We are going to deal with item samples.
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This is a known equation which is used in order to determine the probability of defected
sample detection:

P = l-e-IK/N,
where N is a number of containers, x is a number of defected containers, n is a number of
containers in the sample under measurement

In view of the fact that in buildings 104, 142 there will be applied several means of access
control (video monitors, TIDs for baffles, for containers, etc.) the defected sample detection
probability equal to 20% is assumed sufficient.

With this, approach the sample of 60 items (all the items are intact) will indicate within the
mentioned probability that in the storage the amount of defected items does not exceed 0,4%.
The confidence interval in this case will be equal to several dozens of kilograms of Pu.

The attempt to improve the reliability of PIT results in the large Pu storage will require the
construction of special installations, introduction of various changes as well as a lot of additional
financial and rriaterial resources.

So in the course of each PIT we are planning to measure 60 containers.
If all the 60 chosen containers are intact it will be quite sufficient to make the conclusion that

all the items in the storage are in the same state as before. And it will be enough just to rewrite
the previous records as the data on ending inventory.

If in the sample certain defected items are detected the investigation of possible reasons will
be started. The inventory commission will make their decision based on the results of this
investigation. It might be the decision about the necessity to perform additional checking with
random samples or to change records made in the previous PIT.

PIT Procedure and Its Required Frequency

Currently the PIT in the storage is performed every quarter. In the period between them there
is certain checking in order to confirm the identical records in account books and accounting
documents.

Additional means of access control (more than 3), computerization and random Pu item
sampling will improve the value and efficiency of periodical PITs.

We think that these additional measures will make it possible to increase the period between
PITs to 12 months. It will not contradict the principal rales of control and accountancy.

It is planned:
- to check TIDs on the trench covers (wire and seals on caps);
- to measure and read automatically:

container bar codes;
bar codes on the container cap TIDs;
container temperature;
Pu mass in the container with a gamma spectrum and neutron coincidence counter
or with a piezometric device for weighing;
Pu gamma spectrum in the container.

The measurement results will be compared with the ones obtained earlier (comparison between
bar codes and with acceptable range of variations in Pu mass and its isotopic composition).

If the measured parameters (identifiers) coincide with the previous records or are within the
acceptable range the measurement of random samples will be considered sufficient for the
conclusion to be made that all the items are intact and the beginning inventory data can be used
as the ending inventory records.
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The following measures are planned to be taken:
A random number generator must choose 60 samples (numbers of containers) out of all the

containers numbers introduced into the data base. These 60 items are to be measured.
Measurements of each identifier (bar codes and their numbers on the containers' caps, Pu

mass and isotopic composition in containers) for 60 items chosen must be processed and tabulated.
In this table the agreement between identifiers and the required values registered in the

computer data base, as well as the information that there are no defected items in the samples
under measurement are given. This table is a part of inventory report.

The measurement results (all the items are intact) are transferred to the inventory difference
computation code.

In the computer data base 4 files are developed.
Fj(tj) the file which describes Pu mass in the storage as the beginning inventory.
F2(At) the file which describes containers with Pu received in the period between two

PIT's. The data are put into the computer by the operational staff of the RT-1 back-
end sector (bar codes, container numbers, TID numbers, Pu mass and isotopic
composition).

F3(t2)-Fj(tj) rewriting as the ending inventory
F4(t2) the file which describes containers with Pu received in the period between two

PITs (this file is developed in order to check data in the F2(At) file).
The data are introduced by the responsible custodian as ending inventory.
Then two equations are compared: Fj(t) + F2(At) = F3(t2) + F4(t2).
If the equation is true, the data from F3(t2) + F4(t2) are rewritten into the F} file. These data

will serve as the beginning inventory for the next PIT.

Conclusion

So the proposed PIT procedure is based on measuring indirect parameters of inventory Pu,
the so called attributes of items, i.e. containers with Pu.

The method how to assess quality of item attribute measurements is proposed.
If any defect is detected, the container is sent back to the place where it has been filled and

packed in order to perform direct measurements of Pu mass.
Taking into account the above-mentioned techniques and the availability of several access

control means we propose the period between two PIT procedures be equal to 12 months.
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