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Abstract: The presentation explains the process of measurement, with technical equipment, of the burn up of spent
fuel during reload in containers Constor 440/84 for long term dry storage. In the article are described the process,
equipment, measuring methods, chronology, metrology assurance and subsequent control of measurement quality.
Presentation includes uncertainty of measurement and obtained results from one of reloaded containers.
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1. Introduction
Storage Facility for Dry Spent Fuel Storage
(DSF):
The DSF is designed for long-term dry storage
of containers, filled with spent nuclear fuel (SNF)
from WWER-440 reactors of Kozloduy NPP.
Storage technology is a container storage
system utilizing air-cooled containers by natural
convection.
The spent fuel of WWER 440 reactors is stored
in CONSTOR 440/84 containers.
The containers are located in a building that
provides physical protection and protection against
the climatic conditions of the containers and equipment and the staff when servicing them.
The DSF building and CONSTOR 440/84
containers are designed for safe SNF storage for
up to 50 years.
The containers are loaded with SNF in SFSF
and then transferred to the DSF for storage.
Licensing
Kozloduy NPP holds a license for the operation
of dry storage of spent fuel from WWER 440 reactors Series E No. 5016. 28.01.2016. One of the
mandatory conditions of the license, described in
the article, is the measurement and controlling the
Burn Up (BU) of fuel cassette.
Container type CONSTOR 440/84
The developed technology is for CONSTOR
440/84 containers.
Each container has a storage capacity of 84
WWER-440 spent nuclear fuel Cassettes and is
designed for long-term storage.
The container consists of the following main elements: housing, basket, container closure system
(first lid, sealing plate and second cover) and plugs.

2. Description of measurement and
control process
According to regulation requirements of the
Republic of Bulgaria in using the Burn Up to justify
the subcriticality of the spent fuel in containers, this
subcriticality needs to be controlled by technical
means.
The measurement of the spent fuel assemblies
for calculating the BU is done immediately prior
to loading into the CONSTOR 440/84 container.
The measured and calculated BU values are
compared to the loading criteria and, if positive,
the cassette is loaded into the container.
The control, by technical means, of the Burn
Up (BU MW.d/kgU) of the spent fuel cassettes
when loaded for dry storage complies with the
requirements of:
Regulation for ensuring the safety of spent
nuclear fuel management, SG. Br. 71 August 13,
2004.
License for the operation of dry storage of spent
nuclear fuel from WWER 440 reactors Series E
No. 5016. 28.01.2016.
The equipment used for the measurement is subject to a functional and technical check, as well as
a check of the calibration coefficients before each
start of the CONSTOR 440/84 loading procedure.
The measurement process includes:
Installation of the devices and preparation for
measurement;
Measurement of the background in operating
conditions at the measuring site;
Measurement with “control” cassette;
Measuring a spent fuel cassette;
Processing the result of the measurement and
calculation of the BU MW.d / kgU of the fuel
cassette;
To solve this problem, a methodology has been
developed for measuring and controlling the BU
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MW.d/kgU.
The concept of the method is as follows:
The activity of nuclide 137Cs formed in the cassette during the fueling campaign is proportional
to the Burn Up BU, MW.d / kgU.
By measuring the nuclide 137Cs peak reading in
fixed geometry and reproducible conditions, cassettes with different BU MW.d / kgU (in this case
from 8 to 40 MW.d / kgU), a functional dependence
can be established Cps137Cs / BU.
The dependence is linear, and with solwing the
opposite equation, it is possible to estimate the
amount of burning up of cassettes of this type in
this range. Fig. 1.
Фигура 1. Калибровъчна крива за определяне дълбочина на изгаряне на отработило
гориво от ВВЕР-440 по разчетни дълбочини на изгаряне
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Fig.1.

Measurements shall be made on site determined
at the system calibration, subject to the reproducibility requirements of the measurement geometry
and the repeatability of the calibration results.
With the devices, appropriately mounted, measurements of the 137Cs peak reading are performed.
To achieve statistical reliability of the result, it
was decided to collect 10,000 imp in the peak area
of nuclide 137Cs.
With the calibration timing set, the fuel cassette
measurement time will vary from 8 min for BU ≈ 8
MW.d / kgU to 1,5 min for BU ≈ 40 MW.d / kgU.
The implementation of the project has the
following problems:
Selection and delivery of appropriate measuring
equipment;
Working out of a solid construction allowing
the detector to be placed at the place of reloading
the containers and allowing correct measurement;
Site selection and setting
of the measurement geometry according to the
reloading process (fuel rail path and time not disturbing the reloading process, appropriate signal
intensity, dead time);
Calibration of the device.
Choosing the appropriate “standards”;
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Select a “control” cassette.
Quality control of measurements during the
work process;
Reproducibility of measurement geometry;
Assessment of factors that influence on the
uncertainty of measurement;
Assess the influence factors that can be corrected during the measurement and calculation of BU
MW.d / kgU.
These problems were solved step by step.
In result the measurement of BU MW.d / kgU
for each container differs from the calculated values within the estimated uncertainty.

3. Measuring equipment
The measuring device is a portable gamma
spectrometric system:
Manufacturer Company GBS Elektrinik GmbH,
Germany;
Semiconductor detector CdZnTe SDP 310 / Z
/ LC / 60 S;
Multichannel Analyzer MCA 527;
Computer;
WinSPEC Software;
Connecting cables;

4. Collimator and supporting
equipment:
A lead collimator and carrier structure is constructed to position the detector in the reloading
pool. Fig. 2.

Fig. 2.

5. Measurement:
Measurement of “control” cassette
Each container reloading begins by controlling
the readings of the measuring instrument with a
“control” fuel cassette.
This cassette is determined during the calibration. It has a BU ≈ 20 MW.d / kgU, a value in the
middle of the cassette values available in the SFSF

and subject to a dry storage.
An overview of the availability, technical condition and functionality of the system components
is performed.
The system must be placed at the measuring
site for at least one day before commencing the
measurement.
The detector is placed in the collimator in the
reloading pool.
A reliable and stable power supply is provided
and the system components are connected according to the technical documentation.
The device is switched on and is waiting for
about 1 hour for heating and stabilization of reading.
Adjustments are made according to the calibration parameters.
The measurement (cps 137Cs) takes into account
the decay period of 137Cs at the time of system
calibration.
Measurement of the background of the equipment at the place where it is mounted.
The measured values with “control” cassette are
compared with the control value specified during
the system calibration. Adjustments and settings
are made if necessary.
In Fig. 3. results from measurement of “control”
cassette are presented.

If result of calculation fulfills the loading criterion, the cassette continues to the container. Fig. 5.
The measuring system stays in the standby
mode until the next cassette is positioned.

Fig. 5.

Content of the fuel cassette measurement protocol.

Fig. 4.

The uncertainty of the measurement, taking
into account the more significant influence factors
and corrections made, is estimated at 21% at 3 σ.

Fig.3.

Measurement of Fuel Cassette:
The operations of preparing of the devices are
repeated as mentioned above.
The fuel cassette is positioned in the measuring
area on the fixed position.
The measurement starts.
After the measurement is completed, software
displayed a table of measured parameters.
From the data in the table, will be calculated
the BU MW.d / kgU. Fig. 4.
The measurement is recorded in a file named
the number of the measured cassette.

6. Measurement results of CONSTOR
440/84 CNK 011 SJS
In graphical form are presented the results of the
CNK 011 SJS container BU measurement. Fig. 6.

Fig.6.
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7. Conclusion.
The described measuring and auxiliary equipment and method of measurement and control of
the Burn Up of fuel cassette shows good results
comparable to the preliminary estimates within
the stated uncertainty.
It is necessary, after sufficient statistics have
been accumulated, to analyze the influence factors
and to analyze the accuracy of measurements.
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