




































































































































































































































































































































































































































































































































































































































































































































































































































































The study was developed for full power operating conditions of TR-2. The reactor core was the
only source of radioactive hazard considered, and a “core damage” state was conservatively
defined on the basis of the peak cladding temperature of 550°C.

Success criteria were derived through plant specific thermal-hydraulics calculations from safety
analysis report [2].
IV. RESULTS OF THE PSA

The TR-2 PSA systematically identified and quantified the frequency of scenarios involving
core damage. The frequencies of core damage caused by different initiating events are given in
Table 1. The results indicate the 90% confidence range for the frequency of damage, as

measured by the 5t and 95 t percentiles of the uncertainty curve.

The mean, or average total core damage frequency is 1.05 x 10-3 events per reactor year. This is
the frequency measure that is to be compared most meaningfully to the safety objectives. The
contribution percentages of initiating events to the total core damage frequency are given in
Table 2.

Core damage caused by loss of off-site power initiating event has the largest contribution. Then
come the loss of flow, flow blockage, and earthquake events. Super prompt criticality, loss of

coolant, and excess reactivity insertion events have little effects on core damage frequency.
V. CONCLUSION

The results of this study indicate the mean core damage frequency of TR-2 for the stated
initiating events to be 1.05E-3/RY. That is, core damage may occur once in 952 reactor years.
The difference between the reactor calendar life and the cumulative number of operating years
must be emphasized again. For the case under consideration, the calendar life of TR-2 is 13
years, with the actual period of operation being only 1.7 reactor years.

Most regulatory authorities do not use formal acceptance criteria with respect to the final
numerical results of the PSA. Reasons are the absence of standardized PSA methods, the scatter
and uncertainties in the input data. However, some regulatory authorities have established such
criteria -not in the sense of mandatory safety limits, but rather as yardsticks supporting the
evaluation of PSA- results. The probabilistic safety criteria of IAEA for power reactors level 1
result 1s assigned a frequency of one core damage event in 10,000 years of plant operation for
existing plants.

The core damage frequency of TR-2 is approximately ten times larger than the acceptance
criteria of IAEA for existing plants. As have been mentioned this is not however a mandatory
safety limit. At the same time, it can be said that the PSA results of TR-2 are conservative. The
assumptions made in generating failure data, such as the acceptance of a failure being about to
occur in case the respective failure had not occurred up to the freeze date, is a conservative
approach. Since the failure data for TR-2 in its early operating years is lacking, the plant
specific data generated 1s mainly a product of last four or five years of operation. And the
quality of this data needs assessment.
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Table 1. Core damage frequencies

Category Frequency (events per reactor year)
Mean Sth 95th
Excess Reactivity Insertion 9.18E-8 5.71E-8 9.58E-8
Loss of Flow 6.20E-5 5.26E-5 8.10E-5
Flow Blockage 6.63E-5 3.77E-5 1.03E-4
Loss of Coolant 1.56E-7 1.54E-7 1.59E-7
Loss of Off-Site Power 2. 47E-3 7.54E-4 5.87E-3
Super Prompt Criticality 1.00E-5 1.00E-5 1.00E-5
Earthquake 4 82E-5 4 82E-5 4 82E-5
Total Core Damage 1.05E-3 9.03E-4 6.12E-3

Table 2. The importance order of accidents

Category Contribution Percent %
Loss of Oft-Site Power 83.23
Loss of Flow 5.94
Flow Blockage 5.36
Earthquake 4.50
Super Prompt Critical 0.95
Loss of Coolant 0.01
Excess Reactivity Insertion 0.01
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THE PRESENT STATUS OF SAFEGUARDS IN TURKEY

Avhan YILMAZER, Aysun YUCEL
TAEK, Nuclear Safety Dept. Nuclear Material Safety Division, Nuclear Safety Dept. Nuclear
Material Safety Division

ABSTRACT

Republic of Turkey signed Non-Proliferation Treaty (NPT) in Vienna, Austria on January 28,
1969 and the Treaty was ratified by Turkish Parliament on March 29, 1979. Intemational
Atomic Energy Agency (IAEA) and Republic of Turkey signed the Safeguards Agreement on
June 30, 1981. Turkey accepted the international safeguards administered by IAEA and at the
same time its subsidiary arrangements and Facility attachments were enforced for all nuclear
facilities as an Non-Nuclear-Weapon State party to NPT. Regulation on Nuclear Materials
Accounting and Control, which was prepared in accordance with Agreement Between the
Government of Turkey and IAEA for the application of Safeguard in Connection with the
Treaty on NPT, has been put into force since it was published in Official Gazette on September
10, 1997.

This study presents the essential futures of national system of accounting for and control of

nuclear materials in Turkey.
INTRODUCTION

The Republic of Turkey signed Treaty on the Non-Proliferation of Nuclear Weapons (NPT) on
January 28, 1969 and the Treaty was ratified by the Turkish Parliament on March 29, 1979.
After ratifying the NPT, the Republic of Turkey signed a Safeguards Agreement with IAEA for
the application of safeguards in connection with the NPT, on June 31, 1981. Effective
September 1, 1981 Turkey accepted the international safeguards administered by IAEA and at
the same time its subsidiary arrangements and facility attachments were enforced for all nuclear
facilities as a Non-Weapon State party to the NPT.

AUTHORITY AND RESPONSIBLE ORGANIZATION

The regulatory activities regarding nuclear, radioactive materials and facilities including nuclear
material accountancy and control, and physical protection of nuclear materials is under
supervision of Turkish Atomic Energy Authority (TAEA) in Turkey.

TAEA was established by the Act No.2690 of 9™ July 1982 and replaced the Turkish Atomic
Energy Commission created by the Act No.6821 in 1956. TAEA’s general objective is to

promote the peaceful uses of nuclear energy under the energy development plans approved by
the Turkish Government and the application of nuclear techniques.
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STATE SYSTEM OF ACCOUNTING FOR AND CONTROL OF NUCLEAR
MATERIALS IN TURKEY

STRUCTURE

As described above, under the law and relevant regulations, TAEA 1is responsible for safeguard
activities in Turkey (Figure-2). The Department of Nuclear Safety, which is one of the
specialized technical departments, was established under TAEA in 1973, as the central
organization to conduct the respective roles on licensing and safety of nuclear installations.
Among its other activities this department is responsible for the accountancy and control and

physical protection of nuclear materials.

After signing the Safeguards Agreement with the IAEA, Nuclear Material Safety Division
(NMSD) was established under the Nuclear Safety Department in 1981 and was given the
responsibility for establishing and maintaining the Turkey’s SSAC, including independent
verification of all nuclear materials. In the same year, SSAC was designed based on IAEA
document “Guidelines for SSAC, IAEA/SG/INF/2” to meet Turkey’s obligations arising from

Safeguards Agreement.

The objective of this national system is to account of nuclear materials in state, to contribute to
the detection of losses or unauthorized use or removal of nuclear materials and to provide the

essential basis for the application of IAEA safeguards.
SSAC Information System

An information system among the facility operators, the Authority and IAEA has been
established in the SSAC. The collected and recorded information related to nuclear materials are
evaluated by the national system and provided to the IAEA taking into account the requirements

of the Safeguards Agreement.

NMSD is responsible for collecting and maintenance of all accountancy data and other
information relevant to nuclear materials balance and movements between MBA-s and from to
the country. This documentation is on the periodical information and reports from the facility
operators as well as on results of inspections performed by both the inspectors from IAEA and
NMSD of TAEA. The Division cooperates with the IAEA Department of Safeguards and
provides all ICR, PIL, MBR and other reports prepared by the facility operators to IAEA.

Accounting System

Each potential user of nuclear materials is obliged to organize the internal system of nuclear
materials accountancy and control and specify its all internal accountancy documents and

control procedures and chief accountant of nuclear material. Such documents have to be
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prepared before nuclear material has been transported to the facility or location outside facility
and are subject to the approval of TAEA after its venfication by NMSD.

Advance notification on the foreseen import/export or transfers between MBAs of nuclear
materials should be sent to TAEA by importer or exporter in advance. Each receipt of nuclear
materials should be reported to TAEA within 2 weeks.

Facility operators should keep accounting reports such as inventory records of nuclear material
origin, general ledger, records of inventory change results of measurements, etc. and also
operating records for each MBA. According to these records, facility operators should submit
accounting reports and special reports of nuclear material to TAEA when required. They must
submit ICR by within 15 days wherever the inventory change occurs. They should also submit
the PIL and MBR within 10 days after the physical inventory taking.

The role of NMSD is to examine and verify the accounting data and the other information
provided by the facility operators and to submit the reports to IAEA.

When the physical and chemical operations are necessary in a manner that the first state of
nuclear material can be changed, the facility operators should apply to TAEA for its permission
at lest 4 weeks in advance.

INSPECTIONS

Inspection of nuclear facilities in Turkey is carried out by TAEA and IAEA.
TAEA Inspections

TAEA inspection activities concentrate on the:

- Control of the presence of nuclear material and verification of completeness and correctness

of the nuclear material accountancy documents at the facilities.

- Control if the facility operators meet the requirements and principles of nuclear materials
accountancy and control according to the approved safeguards system at the facility.

There are 2 types of safeguards inspection, which are performed by TAEA:

1) Routine Inspections can be divided into two categories ; verification of the accountancy data
and Physical Inventory Verification (PIV). These inspections are performed in order to :

- Verfy that reports are consistent with reports
- Verify the location, identity, quantity and composition of nuclear materials,

- Venfy information on the causes of MUF, shipper/receiver differences and uncertainties in

the book inventory.

Physical Inventory Verification is performed to verify the physical inventory of nuclear material
after the Physical Inventory Taking.
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The legislative bases is under istablishment:

k)

»  The Law “On Use of Atomic Energy”™;

» The Export Control Act for Arms, Military Hardware and Dual-Use Items;
»  Customs Act of The Republic of Kazakhstan;
» A Cabinet of Ministers Decree on Import and Export Services in the RK.

In general the tendency of stabilization at nuclear facilities 1s on. The assistance and experience
of donor-country has helped to use the gain potential in peaceful ways and to introduce safe-
guards more rapidly. The employees of all nuclear facilities in Kazakhstan has contracts for sci-
entific research and manufacturing, and stable salaries. Staff reductions have stopped, and some

enterprises - have even increased the number of staff.

If the economic crisis and lack of legislative base were the main problem of creation of inde-

pendent Kazakhstan, now we have following export control problems:

- necessity of perfection of legislative base;

- increase of corruption;

- financing problems;

- lack of the modem equipment;

- necessity of full automation of appropriate employees workplaces;
- professional training, lack of the qualified customs officers.

Theft of radioactive materials continues. Periodic reports in the mass-media excite the public, a

sense more in detail to investigate this problem.
A PART 2. THEFT OF NUCLEAR MATERIALS.

For the first time this problem was faced at the end of 1995, and since then such cases have in-
creased steadily. According the chronology of mass - media reports for the last 2 years we see

cases of seized containers of radioactive material for every 2 month.

From our point of view there are following negative tendencies of it:
- corruption;
- 1nefficient customs control; lack of equipment for monitoring illicit trafficking;
- potential threat of use of conventional weapons against nuclear-critical objects;
- terrorist actions on south of former USSR republics;
- organized crime.
The positive tendencies are available too:
- 1995 completion of transfer to Russia of nuclear weapon from territory of RK;
- stabilization of political situation;
- stabilization of economic situation on nuclear-critical enterprises;
- 1998 according DOE program all nuclear- critical objects were equipped with the

newest equipment of physical protection, training of personnel was carried out;

- new rules of conducting the accounting and control.
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THERMAL HYDRAULIC & NEUTRONIC ANALYSIS OF DRY CASK
STORAGE SYSTEMS FOR SPENT NUCLEAR FUELS

Ufuk YAVUZ. H.Okan ZABUNOGLU*
Turkish Atomic Energy Authority
*Hacettepe University Nuclear Engineering Dept.

ABSTRACT

Interim spent fuel storage systems must provide for the safe receipt, handling, retrieval and
storage of spent nuclear fuel before reprocessing or disposal. In the context of achieving these
objectives, the following features of the design were taken into consideration for metal shielded
type storage systems; to maintain fuel subcritical, to remove spent fuel residual heat, to provide
for radiation protection.

These features in the design of a dry cask storage system were analyzed by employing COBRA-
SFS and SCALE4.4 (ORIGEN, XSDOSE, CSAS6 ) codes for normal operation of the system
under study.

In accordance with safety assurance limits of Intemational Atomic Energy Authority (IAEA),
appropriate designs for Dry Cask Storage Systems (DCSS) were reached for 33000, 45000, and
55000 MWd/t bumup values and 5 and 10 years of cooling periods for spent fuel to be stored
(Table 1).

INTRODUCTION

The design of a metal-shielded DCSS is under study. Three main requirements for a DCSS are
(1) subcriticality must be maintained all the time, (2) Spent Fuel residual heat must be removed,
and (3) protection against radiation must be ensured [2],

Thermal hydraulic and neutronic analysis of the DCSS under study are performed for normal
operation conditions and for several selected bumup values (33000, 45000 and 55000 MWd/t)
and cooling times of spent fuel (5 and 10 years) in order to determine if these requirements are

met.
MODEL

Radial configuration of DCSS is presented in Fig 1, which consists of an inner steel shell, a Pb
gamma shield, an outer steel shell, a neutron shield, and an outside barrel. The three steel
components are assumed to be SS-304 (69.5% Fe, 19% Cr, 9.5 % Ni, and 2% Mn by weight).
The neutron shield consists of 28.5% water (1.0 g/cc), 66.0% ethylene glycol (HOCH,CH,OH
at 1.11 g/cc), and 5.5% potassium tetraborate (K,B,0,*8H,0 at 1.74 g/cc) by volume. By
weight, this common mixture of water and antifreeze contains ~1% natural boron. The interior

of the cask contains a large monolithic aluminium cylinder having 24 square holes, each
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Radiation protection calculations are performed using XSDOSE. Neutron and gamma spectra
are provided from burmup calculations (as output of ORIGEN). Dose rates are calculated as
functions of shield thicknesses at the edge of controlled boundary. SSTL thickness was not
varied and was taken from REA 2023 [4], since it 1s determined by structural analysis. Shielding
material weight and cost are considered for selecting the final design among those which satisfy

radiation protection criterion.
RESULTS

Geometric description of the metal-shielded DCSS designs for six different cases are presented
in Table3 and normal operating conditions are given in Table4. For each case of design assuring
radiation protection according to the JAEA limit, keff and maximum clad temperature are
sufficient far below the limit of IAEA. Accident analysis should be performed far to
determining the behavior under transient conditions and then thus for reaching final design
satisfying criteria.

Table 3 : Geometric Description of DCSS

Case 1 2 3 4 5 6
Number of Assembly
DCSS Contains 24 24 24 24 24 24
Height of DCSS (cm) 462.0 4620 | 4620 | 4620 | 4620 | 462.0
Outer Radius of DCSS
(cm) 123.63 118.43 127.73 12433 132.93 130.83
Neutron Shield Thickness
(cm) 18.0 15.3 21.2 20.6 26.2 27.1
Gamma Shield Thickness,
Pb (cm) 12.5 10.0 134 10.6 13.6 10.6
Weight of Neutron Shield
(kg) 5892 4782 7156 6717 9152 9220
Weight of Gamma Shield
(kg) 55651 46082 59848 49686 62116 51644
Weight of SSTL SS304
(kg) 21814 21197 22251 21775 22765 22395
Weight of Material Used
(kg) 83357 72061 89255 78178 94033 83259
Cost of Material Used ($)
54003 48477 56626 50973 58376 52696
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All measurements were within the experimental error interval of = 2 °C This error due to
calibrating uncertainty of the fuel element thermocouple and also chromel-alumel
thermocouple that is used in the experimental setup to measure coolant temperature in the

reactor core.
3. THEORETICAL MODELLING

Assumptions arc made to develop a computational model for calculating the temperature
distribution 1n the reactor core. Those are thermal conductivity is constant, axial heat
conduction is neglected, water temperature, convective heat transfer coefficient, and thermal
conductivity’s are uniform around a fuel element and in addition those assumptions the
measured coolant temperatures are used in the analytical model. With these assumptions the

fuel temperature distribution can be calculated throughout the reactor core.

The fuel temperature distribution within a fuel element is determined from the heat conduction
equation in cylindrical coordinates. Since the fuel thermocouples are near the core midplane,

the expressions are initially restricted to this region [7]:

d 2T(M) LL dir) 71 +d_3T(r ) gn(r)
ar? rdr 2 do? kf

(1

where
q™(r) : volumetric heat generation rate at power P and position » within
the fuel element

k  :thermal conductivity of the fuel meat

Boundary conditions across the cladding and the cladding-coolant interface completely

determine the temperature distribution in the reactor core. The boundary conditions are given as

follows:
dl(r r.,0)
[T 0 Ty k R )
2 dT. (r rg, 0)
L ———d0 q 3

E)_k cf d}" _ q ( )
k VT (r_r.0) _k VT, (r_1s.0) (4)
Tf(rirf,O)_Tc(rirf,O) ©)
Tor 1, 0 T, r,0) (6)
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T, (r =0, 0) must be finite 7

where

h . convective heat transfer coefficient across cladding-coolant interface
T.(r _r..0) - surface temperature of the cladding at angle 0

T.(r,0) : cladding temperature

T:(r,0) : zirconium rod temperature

r» . coolant temperature at the center of the coolant channel
k, : thermal conductivity of cladding

r, : radius of zirconium rod

vy - radius of fuel meat

r. - outer radius of fuel element

q' - heat generated per unit length

The volumetric heat generation rate is a function of the nuclear properties of the core and fuel

element composition. It is defined in the fuel region of the core midplane by
q’(P,R r) = C, [x ;.a (PR r),0,X (P, R r) +X (PR r)+ X4~ (PR, 1)

where
g™ (P, R, r):volumetric heat generation rate at power P and position (R, 7 )
Cr : conversion factor

X/ : macroscopic fission cross section at it group

0 (P, R, ¥ ) : neutron flux at it group at power P and position (R, r )

R - position of fuel element centerline relative to core centerline

r - position in fuel relative to fuel element centerline

TRIGLAV computer code 1s based on four-group time independent diffusion equation in two-

dimensional cylindrical (r,0) geometry [8]. Diffusion equation is solved using finite

difference method with iteration of fission density. Material constants are assumed to be step
functions of local variables » and 0 . Every fuel and non-fuel element position in the core is
treated as a unit cell. Macroscopic cross sections and diffusion coefficients for all unit cells are
calculated with transport code WIMS-D/4 that is integrated in the program package. WIMS-
TRIGA library is used in WIMS-D/4 calculations where isotopes specific to TRIGA core fuel
were added (Er-166, Er-167, Sm and Hydrogen in ZrH). Macroscopic cross sections and
diffusion coefficients are calculated for every unit cell in dependence of fuel or non-fuel
element geometry, matenial composition, actual fuel element burmup, temperature, water

temperature and density, cladding temperature and of xenon concentration.
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Four-group neutron flux values for the reactor core are calculated by using the computer code
TRIGLAV. 102 intervals in angular direction and 7 (A,B,C,D,E F rings and graphite reflector)
intervals 1n radial direction are used in the flux calculation of the reactor core. There are totally
90 mesh points in radial direction that are distributed 10 points per ring and 30 points per
graphite reflector. 92 homogeneous unit cells are used to get the macroscopic cross sections and
diffusion coefficients. Water channel cross sections are used instead of control rod cross

sections in the neutron flux calculations.

The neutron flux used to calculate volumetric heat generation rate is a numerical function;
hence the heat conduction equation is written by using the finite difference method in matrix
form. After that, the finite difference equations and the necessary boundary conditions are

solved iteratively [9].

To completely specify the fuel temperature distribution within the fuel element, We need two
other thermal parameters namely; the temperature of the reactor coolant, determined
experimentally and the convective heat transfer coefficient. The convective heat transfer

coefficient is determined from the relation given as follows:

2 21
h = qu_rz\
r =r.)

xoote

)
- TJ

where

T, (r = r) the surface temperature of the cladding in the midplane of the core is determined by

normalizing the shape of T, (r)to be measured fuel temperature T, (r=ry).

On the other hand an empirical value of heat transfer coefficient was used in the thermal
hydraulic analysis of the reactor [10]. There is a lot of empirical relation for the heat transfer
coefficients, which are, depend on the special experimental measurement. Each one causes to

get a different result when they are used in the calculation.
4. RESULTS AND CONCLUSIONS

In this present paper, experimental and analytical studies have been performed to find out the
temperature distribution, as a function of reactor power, in the TRIGA Mark-II reactor at
Istanbul Technical University. A computer code was written in FORTRAN-77 language
numerically solves heat conduction equation using finite difference method at the steady state

in (r,0) dimensions.

Measured values of the fuel temperature at different reactor powers are shown in Table 2.
These results are also consistent with the measurements of the fuel element reactivity worth in

the reactor core [11].
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