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JOINT UNDP/RCA/IAEA PROJECT RAS/92/073
EXPERT ADVISORY GROUP MEETING
ON

MATHEMATICAL MODELLING OF TRACER FLOW EXPERIMENTS
Fragrant Hill Hotel, Beijing, 7-12 May 1995.

1. OPENING SESSION

The Meeting was attended by 13 participants; ten from eight RCA Member States, Dr.
Wandowo, Long-Term Expert, Tracer Technology. Dr. J. Thyn, IAEA Expert and Dr. J.F. Easey.
RCA Co-ordinator. The full participants’ list is given in Annex 1.

The Meeting was opened on behalf of the China Institute of Afomic Energy, CIAE, by
the National RCA Co-ordinator Mr. Zhu Jiang. He welcomed the parficipants to China and
to Beijing and noted that the Meeting and the International Conference on Isotopes (ICI'995)
also being held in parallel at the Fragrant Hill Hotel, would provide everyone with a good
opportunity to make new contacts and advertise the activities going on in the RCA
programme. He thanked the IAEA for arranging the hosting of the Meeting in China and
reaffirmed China's strong support for RCA.

On behalf on the IAEA, Dr. Easey, thanked CIAE for their assistance in setting up the
Meeting and making the arrangements. He noted the strong support given by the Organizing
Committee for ICI'95 for co-ordinating the two events and singled out Professor Dang Shu &in
and Mr. Zhu Jiang for specific congratulations for their personal efforts.

He noted the National Co-ordinators Meeting for Nucleonic Control Systems and Tracer
Technology. which had met in Sri Lanka in February 1995, recommended that specific
emphasis be given to making specific achievements within the tracer fechnology component
in defined areas which were individually nominated and agreed. One was in the current
topic area of using an RTD mathematical model for the analysis of industrial flow processes.
He explained that the task for this Meeting was now to organize activities and agree on an
implementation plan.

Mr. Zhu Jiang was unanimously elected to be Chairman of the Meeting. He thanked
the participants for the honour of being Chairman.



During the consideration of the Agenda, there had already been informal discussions
with participants on the phasing of attendance at important ICI'95 evenis and the EAGM
schedule. There was some additional discussion on this topic and those presenting
conference papers were asked o contact the Session Chairpersons to ensure that good co-
ordination could be achieved. Dr. Easey briefly explained the structure of the Agenda and
the expectations as far as Meeting outputs. The Agenda was adopted without modification
(Annex 2).

2. TECHNICAL SESSION - |

2.1 Tracer Technology activities in the joint UNDP/RCA/IAEA project.

Dr. Easey reviewed the current status of the joint UNDP/RCA/IAEA project with
special emphasis on the financial status of the UNDP and the extrabudgetary contribbutions
from Member States. He noted that the present EAGM was the first example of a meeting
which was largely financed from Member States funds supporting their own experts. It was
seen fo be an example of the maturing role of Member States which had the potential to
lessen some of the restrictions caused by the UNDP funding crisis.

He went on fo review the recent National Co-ordinators Meeting (NCM) on Nucleonic
Control Systems and Tracer Technology which was held in Sri Lanka 13 to 47 February 1995.
The decision of the NCM 1o concenirate residual resources on establishing high level skills in
areas of known application to industrial and environmenial problems, was used as an
illustration of the strong determination of the Member States to make practical use of the
technologies being transferred.

He said that there was a need o ensure that any activities undertaken would be
designed to ultimately ensure that there would be national sustainability for those transferred
technologies. Presently due to financial restrictions, there were only eight of the fourteen RCA
Member States participating in this particular exercise. It was hoped that the regional
resource that would be generated through the initial group acqguiring the modelling and
analytical skills and experience, would enable them to act as a regional technical
backstopping and technical fransfer pool for the remainder, when they wished to gain
expertise in these techniques. Such a process would contribute to TCDC.



2.2 Problems of Data Analysis from Stimulus Response Experiments

Dr. Thyn reviewed the mathematical treatment of the data from flow
experiments. He gave examples of various flow regimes and the techniques used to analyze
the data covering the simple fo complex situations.

The full text used in the presentation is given in Annex 3.
23 Tracer flow studies in New Zealand

Dr. Barry reviewed the work carried out by New Zealand scientists in the field
of fracer technology and briefed the Meeting on the structural changes that had occurred
in the organization of nuclear science and technology in his country. The text of Dr. Barry's
presentation is given in Annex 4.

24 National tracer programmes and flow studies

Presentations were made illustrating the current status of the National tracer
programmes with emphasis on the work carried out in flow studies. Defails of the Country
reports are given in the following Annexes:

China - Annex §
India - Annex 6
Indonesia - Annex 7
Republic of Korea - Annex 8
Malaysia - Annex 9
Philippines - Annex 10
Thailand - Annex 14

3. TECHNICAL SESSION i

Eight examples were presented by the participants to illustrate specific examples of
analysis of flow experiments. The details for each are given in the following Annexes:

Annex 12 - Paralie! Flow Analysis, Dr. Jin Joon Ha
Annex 43 - Analysis of Stagnancy, Mr. Siripone Chue-inta
Annex 14 - Analysis of responses to arbitrary input functions, Dr. J. Thyn



Annex 15 - Analysis of systems with recirculation, Dr. J. Thyn

Annex 46 - Measurementand evaluation ofstimulus responses frominternal sensing,
Mr. Roslan Mohd. Ali, Dr. Zainudin Othman and Dr. J. Thyn

Annex 17 - Measurement and evaluation of stimulus responses from external
sensing, Dr. J. Thyn and Dr. S.M. Rao

Annex 18 - Process evaluation on the basis of RTD, Dr. J. Thyn.

Following these presentations there was a round table discussion. The major points
raised are listed below. The order in which they are presented does not signify any ranking
in priority:

there was a basic need for those analyzing the flow processes to understand
the limitations of the individual analytical methods and the mathematical
fechniques employed;

the derived parameters from mathematical analysis have o be compared with
the physical flow situation 10 ensure that the answers obtained are consistent
with the physical realities;

the simpler flow process analyses should be analyzed using less complex
mathematical techniques;

two computer programmes should be distributed t0 each participating group.
One available from Dr. Jin Joon Ha, would be used for simple flow systems
while the other, available from Dr. Thyn, would be used both for simple and
complex flows;

the increased capability in analyzing flow processes should be used to
increase tracer work in the areas of process conirol and tfroubie shooting;

there was a need to have a unified check list for ensuring that all parameters
required to be considered and monitored during an experiment were
reviewed during the initial design and planning:;

there was a need to have a software programme to calculate the amount of
radioactivity required for a particular experiment rather than the present
situation where the estimation is largely based on experience;



a physical model for flow studies was considered o be an essential item for
increasing a group's experience and skills.

at the present stage of development in the region, most fracer groups required
additional access to expert assistance in the analysis of flow studies;

4. TECHNICAL SESSION il

41 Focus on specific industries and plant processes

There was a general discussion on future plans and the way in which the
various fracer groups wouid increase and extend their contacts with industry and use their
newly acquired skills in flow analysis.

China said that the good relations with the oil and gas industry could be used to
expand the opportunities for flow analysis and flow modelling. There was also scope for
extending the work into hydrology.

India had plans to inform industrial consultants about the enhanced capabilities
through promotional seminars. It was thought fo be important to extend contacts to Chemical
Engineering laboratories and the Universities to broaden the utilization of the techniques being
transferred to the tracer groups. It was emphasized that it was of the utmost importance for
"in-house” competence in the use of the two computer packages 1o be established so that
the modelling could be responsibly exploited.

Indonesia cited the chemical industry as a likely area for involvement in the future.
Some work had been carried out in the oil and gas industry but problems had been
experienced in the analysis of the data and interpretation of the results.

Republic of Korea informed that there would be three systems at KAERI which wouid
be investigated using the programmes. At present the experimental facilities for studying the
radiation treatment of flue gases were being enlarged with the building of a new plant. The
flow behaviour of the flue gases in the reaction vessel would need to be investigated to assist
in optimizing the flow behaviour to give the most effective removal of SO, and NO,.




Work was also underway to extend and upgrade the water treatment plant at KAERI.
Tracer studies would be undertaken to monitor the flow behaviour of the plant and check
whether it is performing according to the design.

An ozone problem had been observed in three irradiation facilities at KAERI, two were
gamma cells and one was an EB unit. Ventilation studies using argon-41 will be undertaken
fo identify the cause of ozone retention and assist in the redesign of the systems.

It was also mentioned that the physical model would be modified and some upgrades
made to the computer programme.

Malaysia said that there would be a focus on pond studies 1o support the moves by
Government 1o privatize the water treatment plants. Work on the water flow around landfill
sites would be undertaken in association with the Department of the Environment using single
well techniques.

The good links with the oil and gas and the chemical industries would be expanded
in line with their increased capabilities. In order to upgrade the general skills in chemical
engineering, there would be an increased interaction with Universities.

Philippines noted that the landfill site previously investigated would require further
studies, following changes in the pond design and structure. This extension of the work would
help in building up skills in this area. Another area of known need was in the cement industry
from where requests for RTD studies had been received.

Thailand outlined plans to start experiments on the OAEP monazite plant which would
allow the build up of skills in isotope handling. The oil and gas indusiry were keen 1o use the
fracer technology following the large amount of work that had been carried out recently by
OAEP on investigating the behaviour of distillation columns. Work would also move into
coastal engineering studies.

Data from experiments carried out on a mercury separator in a natural gas plant
would be analyzed using the software programmes.



4.2 Pooling of data

It was agreed that there was an urgent need for the groups to get experience
in the analysis of various flow systems and that this would be best achieved by using the
results from field experiments. Confidence and competence in flow analysis would only be
achieved by accumulation of "hands on" experience. To quickly gain access to a wide
variety of case studies, it was planned to share data sets generated from field work
underiaken in the region, supplemented as necessary, with material from other sources.

43 Iinlercomparison analyses

It was agreed that there would be mutual benefit from organizing a
programme where each group would be given ten data sets, representing different flow
regimes and differing complexity and difficulty of analysis. The results of their analyses would
be presented at an Expert Meeting at which the various approaches to the data analysis
would be compared and the various experiences and problems encountered would be
shared.

4.4 Group Training on physical models

It was agreed that access to physical models for flow studies was an important
aspect. The model at KAERI had been designed by Dr. Jin Joon Ha so that a wide variety of
flow regimes could be set up. Dr. Jin offered to distribute the plans of this mode! so that the
other groups could build their own.

As a means of making the most efficient use of resources, it was planned to
have the intercomparison meeting held at KAERI as well as some group training on the model.



5. CLOSING SESSION

Dr. Easey thanked the Government of China CIAE and the organizing committee for
ICI'95 for their strong support of the Expert Advisory Group Meeting. He expressed his
appreciation of Mr. Zhu Jiang's Chairmanship and the strong support from the participants
who had co-operated weil 1o enable a firm plan of action 1o be formuiated to cover the flow
studies for the next 18 months. He summarized the major conclusions and recommendations

as follows:

each group would be given copies of Dr. Jin's and Dr. Thyn's computer
programmes

full documentation was required for both programmes 1o enable groups 1o use
them without the need for expert services

Dr. Barry would assist Dr. Jin and Dr. Thyn in preparing the documentation for
both programmes and this would be distributed by the fourth quarter of 1995.

the worked examples in the documentation would be taken from synthetic
data.

the groups would be distributed with 10 sets of data from field experiments
which would be of varying difficulty and complexity for a variety of flow
regimes.

March 1996 would be a tentative date for having a Group Training on physical
models and Intercomparison Meeting at KAERI.

the groups participating would be encouraged 1o build their own physical
models and Dr. Jin would circulate the design of his one.

a computer programme should be written and made available to all groups
which would provide an interactive check list to assist in the preparation for
fracer experiments.

a computer programme should be written 1o enable the calculation of the
amounts of fracer required for an experiment.



the groups should use the upgrading of capability and experience in flow
data analysis as an opportunity fo increase their work in industry and the
environment,

a computer programme is required which would provide the groups with a
detailed data base on the available literature covering flow studies using both
radioactive and non-radioactive tracers. Ideally such a programme would list
application by industry, by process and by flow regime.

In conclusion Dr. Easey asked for the participants’ co-operation in sending their written
contributions to him by 15 June since he wished to have the report finalized before he went
on duty fravel on 22 June.

Mr. Zhu Jiang said it had been an honour for CIAE to be associated with the Meeting
and he had appreciated the opportunity of being involved. In closing the Meeting, he
wished all participants a safe homeward journey and looked forward to future meetings.
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