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Abstract

A course on the experiments with TRR-1/M1 (Thailan&esearch Reactor 1,
modification 1) was planned. This was to be a iregucourse for Thai graduate students
who would be pursuing a degree in nuclear engingerWith the limitation imposed by the
condition of the TRR-1/M1, together with the avblia time and resources, six different
experiments were to be conducted in order to fanuk the students with many necessary
nuclear engineering concepts. At this beginniagest the experiments to be conducted were
(1) the approaching of the criticality for TRR-1/M@®) the control rod calibration, (3) the
measurement of the thermal neutron fluxes, (4)ntleasurement of the fast neutron fluxes,
(5) the profiling of the axial fluxes and (6) thalibration of the thermal power.

In addition, the students registered for this ceuraist attend a preliminary lecture
provided by the operators of TRR-1/M1 in order t@otate themselves with the guideline
and procedure required for their own safety andtersafe operation of TRR-1/M1.

Introduction

Nuclear science and technology were first intredlidnto Thailand with the
implementation of “Atoms for Peace” program as amued by Eisenhower, the former US
president. When the law “Atomic Energy for Peaad” decame effective in 1961, OAEP
(Office of Atomic Energy for Peagg)was established as the government agency in vibich
implement, control and regulate all the activitiesolving the radiation and all nuclear
applications in Thailand under the policy and gomgiven by the Atomic Energy for Peace
Commission. The operation of a research nucleactoe was then the responsibility of
OAEP. Due to the government restructuring in 2@DREP was renamed as OAP (Office of
Atoms for Peace) but it still retained its origifiahction. In order to separate the roles of a
regulator and an operator, TINT (Thailand Institoté&Nuclear Technology) was founded by
a government decree in 2006 and was given the dhglonducting the research and the
development regarding radiation and nuclear aiit OAP, on the other hand, had since
assumed the responsibility of the regulatory boBye to the restructuring, the operation of
Thailand’s nuclear research reactor was then uhdeauthority of TINT.

Currently, Thailand employs only one nuclear researeactor; TRR-1/M1
(Thailand’s Research Reactor 1, modification 1RRF1/M1 is a TRIGA Mark Il typed 2-
megawatt nuclear research reactor built by Gen®t@inics;. Originally, the plate typed
fuel with highly enriched uranium (HEU) and U308-élladding was used with the light
water as both the moderator and the coolant. @aetor went critical on 370ctober 1962 at
the power of 1 MW. In 1975, to conform to the Tyeaf Non-Proliferation of Nuclear
Weapon, the reactor was temporarily shutdown ®fiist modification (thus, the suffix /M1
in its title). The reactor core and the contradteyn were disassembled and replaced. The
new core is of hexagonal shaped with the uraniuricleed at 20% irf>®U (LEU) and ZrH
alloy as the fuel. This modified reactor reachsticality on 7" November 1977.



From the first day of its operation, TRR-1/M1 hasb used mainly for producing the
radioactive materials for the medical purpose aod donducting research and analysis
regarding neutron irradiation. Even after so malegades, TRR-1/M1 is still the most
valuable tools for the development of nuclear tebbgy in the country. However, since
TRR-1/M1 is aging, the need for the new researelttog has become prominent and the
construction of a new one is being expected.

In participating with the possibility of introduanthe nuclear power plant into the
country, the Department of Nuclear Technolggyas established in 1975 at Chulalongkorn
University, Bangkok, Thailand. This was aimed tegare the personnel and to develop the
knowledge necessary for the operation and the sr@anice of the plant. Due to the political
and the economical reasons at various differer@sions, the implementation of the nuclear
power plant was never materialized. Consequentitiie department had mostly concern
itself with the development in the field of the igtn.

Recently, with the renewed interest in nuclear powiee department has begun
updating its curriculum on the nuclear engineepnggram. Together with the founding of
TINT and the expectation of the new research readidT and the Department of Nuclear
Technology have agreed to implement TRR-1/M1 far gurpose of nuclear engineering
education. This cooperation is expected to progidgpod hand-on practice to the graduate
students regarding the reactor theory and the oe@otperiments. At the same time, the
operators will have the opportunity to improve thehills in managing the reactor and their
skills in instructing and in communication. Modtall, this cooperation shall put the aging
TRR-1/M1 into good use as an educational tool wthike new research reactor will subsume
the role of producing the radioactive materials afdconducting the research and the
analysis.

Present Condition of TRR-1/M1

After the modification on TRR-1/M1 which had begarnl975 and its re-criticality in
1977, 14 core loadings have been implemented dwermperiod of 30 years and the™5
loading is scheduled to be implemented at the édpal or by early May 2007. In general,
these loadings are some what similar in pattewr. ekample, Figure 1, Figure 2 and Figure 3
respectively show the outline of TRR-1/M1, its"ebre loading and the structure of the fuel
elemeng;.

Figure 1. The Outline of TRR-1/M1



CORE LOADING DIAGRAM NO. 14
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Figure 2. 14" Core Loading of TRR-1/M1

Structure of fuel element
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Figure 3. Structure of Fuel Element



TRR-1/M1 is an open pool type TRIGA Mark Il resefareactor. According to its original
specification, TRR-1/M1 has the maximum steadyespatwer of 2 MW but can achieve the
maximum power of 2000 MW when it is operated insjd mode. Due to its present
condition, however, TRR-1/M1 is now only run withet maximum power of 1 MW and is
not allowed to run in pulsing mode. TRR-1/M1 utes 20% lowly enriched uranium and is
cooled and moderated by the light water. TRR-1/8440 employs 5 control rods for
controlling the fission rate and for shutting down.

Proposed Experiments with TRR-1/M1

With the aging problem of TRR-1/M1, the obsoletauipments for control and
measurement, together with the rather low positieactivity associated with the fuel
available for TRR-1/M1 and the limited budget akot for the program, the experiments that
are feasible with TRR-1/M1 must be considered. sAggested by Dr.Nobuaki Onishi, the
researcher from NSRA (Nuclear Safety Research Aasoc) who had an extensive
experience with TRR-1/M1 and was visiting the Dépant of Nuclear Technology by the
support of MEXT (Ministry of Education, Culture, &ps, Science and Technology, Japan)
during 2004-2005, three categories of experimeri®wevised.

1. Category 1: The experiments in this category amsdhwhich can be readily
implemented and conducted with TRR-1/M1 without with only slightly
modification. The proposed experiments in thisegaty are (1) the criticality
approach, (2) the control rod -calibration, (3) thieermal neutron fluxes
measurement and (4) the thermal power calibration.

2. Category 2: This is the category for the experimemtich some new instruments
must be acquired and minor modification on TRR-1/May be needed. The
possible experiments in this category are (1) tleasurement of the fast neutron
fluxes, (2) the measurement of the reactivity dogfits and (3) the measurement
of various kinetic parameters.

3. Category 3: The experiments in this category nedx$tantial investment in new
equipments and may require substantial modificatmm TRR-1/M1. The
measurement on the resonance absorption and flusidif length, together with
the experiments regarding the pulsing mode andaoig transients are considered
as being in this category.

From these 3 categories, 6 experiments are coesideasible based on the condition of
TRR-1/M1 and the available resources. These exjats are as given in the following list.
1. The approaching of the criticality for TRR-1/M1
This experiment is actually the standard practicerfining the operators for
TRR-1/M1. Therefore, the operators are familiathwihe procedure and should
be able to conduct this experiment with minimalatinent. As for the students,
they shall learn the process in which the reactostarted up and how to the
control the criticality of a reactor. The relatiand the adaptation of the kinetic
theory with the actual measurement of the reacdog are also emphasized.

2. The control rod calibration

This is the procedure normally practiced togethéh whe core loading of
TRR-1/M1. For the students, they shall learn howneasure the reactivity of a
control rod and how it affects the criticality ofeactor.

3. The measurement of the thermal neutron fluxes

This experiment is intended to demonstrate to thdemits how the thermal
neutron fluxes can be measured with the methodibaétivation.

4. The measurement of the fast neutron fluxes

This experiment is intended to demonstrate to tiielenits how the fast
neutron fluxes are measured with the thresholdctiate

5. The profiling of the axial fluxes



This experiment is designed to relate the neutiffusibn theory to its actual
application in the calculation of the neutron flaxe
6. The calibration of the thermal power
This experiment is designed to calculate the podesrsity at the different
location of the research reactor based on the icatnic method. The result
from the calibration shall demonstrate to the stigléhe relation between the
neutron fluxes and the power densities.
For these experiments, in addition to the operatiamual of the TRIGA Mark Il reactor as
supplied by GA, the procedures for the experimemes written based on the experiment
manuals prepared by the University of Wisconsin-idan;, the Pennsylvania State
University;; and BHABHA Atomic Research Cenggrto be used respectively with their
research reactors.

Course Implementation

The schedule for the experiments is set to begitune 2007 with the starting of the
first semester by the university. Since this ie finst offering of the course, the graduate
students under the mutual program between TINTtlaedepartment of Nuclear Technology
will be the first group of the students to attehis tourse. As these students are actually the
operators of the reactor or the researchers alrizadyiar with the reactor, they should have
little problem regarding conducting the experiment$eir inputs on the experiment manual,
the preparation of the experiments, the discussiod analysis before and after the
experiments and on the preparation of the repodamh experiment will be most essential.

The course on the experiments is planned to offee for every academic year. The
students required to attend the course are thosewih be pursuing the master/doctoral
degree in nuclear engineering. The students whk Miar the master/doctoral degree in
nuclear technology are not required to take thessouThey are welcome to take the course,
however, as long as the number of the studenthéncoburse does not exceed the set
maximum. In any case, the priority for registeriiog the course will be first given to the
students for the degree in nuclear engineering.

At this stage, the maximum number of students tzat take the course on the
experiments with the research reactor is expectde timited at no more than 10. Since the
Department of Nuclear Technology now only offere tiraduate degree, such number of
students does not pose any problem. However, d waen the program for the
undergraduate students in nuclear engineeringpsoapd by the university, more students
may be taking the course. In such case, an offénieach semester may be necessary.

As is the case with the training of the operatifrthe research reactor, the students
who are taking this course must have a good uratetstg regarding the safety culture and
the safe practice for working with the reactor,ebgr with the adequate knowledge on the
radiation protection. For this purpose, the stislane required to attend a short preliminary
course given by the operators of the reactor bafae will be allowed to participate with the
experiments. The preliminary course to be giventhm®y operators will cover the safety
guideline for working with the reactor and for wondy in the area exposed to the radiation,
the procedure for operating the reactor and theganey plan in case of an accident.

The grading for the students will be based onrtatendances, their adherences to
the safety practice and to the procedure set fon experiment and on the quality of their
reports to be submitted after each experimentrigloded.

Summary
The cooperation between TINT and the DepartmentNo€lear Technology on

implementing the research reactor TRR-1/M1 forl@tatory course in nuclear engineering
education has been initiated. The course is phtmédegin in June 2007 with the graduate



students from TINT and OAP under the mutual progsaithh the Department of Nuclear
Technology as the first of the students to attéigldourse. Their inputs regarding the course
will be used to evaluate and improve the coursefgent and the related materials.

Six experiments were planned for this courseth&)approaching of the criticality for
TRR-1/M1, (2) the control rod calibration, (3) threeasurement of the thermal neutron fluxes,
(4) the measurement of the fast neutron fluxesth@)profiling of the axial fluxes and (6) the
calibration of the thermal power. These were datithased on the availability and the
condition of the reactor, together with the alldtteudget and resources. As the nuclear
engineering degree offered by the department isfoowhe graduate level, a limited number
of students are expected. Therefore, only onceseoper academic year is considered.
However, if the under graduate degree is approyethé university, the higher number of
students to attend the course is possible. In sas#, the second offering may be needed.

More advance experiments had also been considdfiediever, it was decided that
implementing them at this stage might not be fdasibWhen the new research reactor
becomes available and/or TRR-1/M1 is thoroughlunaithed and upgraded, these advanced
experiments will again be evaluated for implemeaiat
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