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PREFACE 
 
The International Symposium on Fireworks Society (ISFS), a non-profit organization, was established to deliver 
the International Symposium on Fireworks (ISF). Its structuring continues in order to achieve international 
representation to reflect the intent of the ISFS to better encompass the pyrotechnic-related activities worldwide. 
 
After a very well attended Symposium in Shiga, Japan, the ISF returns to Europe, in part, to coincide with the 
dissemination of some of the vast amount of data generated in the Quantification and Control of the Hazards 
Associated with the Transport and Bulk Storage of Fireworks (CHAF) Project. As a result, a large number of 
presentations relate to this very important work. Monitoring their web site over the last few years one cannot 
help but be truly impressed, first that the European Community supported this type of research and secondly 
with the breadth of the program. Equally, I had the opportunity to witness a few of the large-scale tests and I 
was impressed with the professionalism of the CHAF partners, teams from the HSL, TNO and BAM. The 
information gathered from this project will no doubt provide guidance for years to come for regulators charged 
with writing storage and transportation requirements. 
 
The Berlin ISF program was organized to stage a CHAF Open Session where the ISF attendees would have the 
opportunity to ask questions and discuss the CHAF results directly to and with the CHAF Partners.   
 
A large portion of the organization of this Symposium fell on the shoulders of Alexander von Oertzen, 
supported by the BAM staff. Besides being the editor of the European papers, he was also involved with many 
other logistics including planning the BAM excursion and the evening events. His efforts are greatly 
appreciated. 
 
It is a privilege that Rev. Ronald Lancaster, having just completed his fourth book, has graciously accepted the 
role of Symposium Honorary Chairman. Rev. Ronald Lancaster has supported the International Symposium on 
Fireworks through his attendance and lively and energetic presentations. Thank you Rev. Ronald Lancaster! 
 
Again, these Proceedings reflect research and points of view from various parts of the world. It requires great 
effort on the part of the presenters to perform the research, assemble the manuscript and then prepare the 
presentation. The authors must be congratulated for their efforts. As usual, the papers were lightly edited by at 
least two editors, with a few papers requiring major rewriting. The effort and knowledge of the editors is 
reflected in the papers and they also must be given credit for their diligence and the many hours that they 
invested in assembling these Proceedings. 
 
As in previous Symposia, Moderated Sessions (Round Table discussions) were also held. The topics are listed 
herein. This mode of interaction is appreciated by the attendees and provides a forum for more intimate and in 
depth discussions. The moderators are all well qualified in their topic and generously share their expertise. I 
encourage others to consider their participation as moderators at future Symposia. 
 
As usual, it takes a great effort to deliver the Symposium, requiring dedication from many volunteers. This 
Symposium had logistic support from the Symposium Committee in Berlin, BAM, the CHAF Partners, and …... 
We are indebted to them for their support. 
 
Once again we would like to thank all the sponsors and encourage others to promote the Symposium and their 
business through sponsorship. 
 
We bind these Proceedings and look forward to completing a decade of Symposia in our continuing journey to 
Discover the Fire (ΕΞΕΥΡΙΣΚΕΤΕ ΤΟ ΠΥΡ) 
 
Ettore Contestabile 
Chairman 
 
 
The International Symposium on Fireworks Society extends its utmost appreciation to the Canadian 
Explosives Research Laboratory (CERL), Natural Resources Canada, and the Bundesanstalt für 
Materialforschung und -prüfung (BAM) for their financial contributions towards offsetting the cost of 
producing these Proceedings. 
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The 9th International Symposium on Fireworks opening Remarks: 
 
Honorary Chairman, Ron Lancaster 
  
It is a great pleasure and honour to welcome you all to this 9th International meeting. I have been looking 
forward to being able to meet with you all once again and to meet new people, but alas, I can only be with you 
in spirit since domestic problems have dictated that my duty is at home. 
 
Our interests in pyrotechnics are many and varied. For some it is a particular application of chemistry and 
physics, for others it concerns details which affect the nature of their employment, while for me it is about 
fireworks which is a mixture of chemistry and cooking. 
 
Some weeks ago a man reminded me that as a boy of seven or eight he was inspired in school chapel by a man 
who burnt some NC fountains in the pulpit! I was inspired at that age by a display for the King’s coronation.   
My wife has always said that I speak, eat fireworks and speak about them in bed, and the interest has lasted for 
sixty years. 
 
The wonderful thing about this Conference, which is to the greatest credit of our Canadian friends, is that it has 
been very much a feature of the modern phenomenon of globalization. From that first meeting in Montreal it has 
toured the world and was last time in Japan. In each of these venues we have enjoyed great fellowship, increased 
our knowledge and understanding and seen some wonderful firework displays. 
 
The changes in the firework industry have been great, not so much about the way in which fireworks are made 
but rather where they are made, how they are used and how they are controlled. We have not had any real 
advances since the availability of titanium and high temperature coloured flames, but the changes in the industry 
are considerable. The older hands in the industry were saying years ago that they could see no secure future for 
manufacture and it was a bit of a joke, but there is no secure future now in the west, there is very little of the 
industry left. As we get older we often marvel at where life has taken us as we left those wonderful young ideals 
behind; for me it was medicine or the church and I have ended up with the last factory making display 
fireworks. All those years ago a man called Luke thought he would go to Bythinia but ended up somewhere else 
and writing a gospel. 
 
As most of the manufacture is leaving the west and moving to east, we have to accept that this is to do with 
economics and globalization; we know that nothing is for ever, but there are serious consequences.   The first of 
these is the gradual loss of experience as factories disappear. This is quite serious because this experience will 
be lost forever and the stability of the world cannot be guaranteed. As a part of this change we also see new 
people importing explosives and not having that experience in their blood and maybe treating explosives in the 
way that they might treat any inert substance. 
 
The second problem is the escalation of health and safety, the time it consumes and the expense which it creates.   
Everyone accepts that clearer standards of health and safety were needed, but it does not know where to stop.   
A display in London today might need risk assessments with as many as six or seven interested parties and I am 
sure that everyone has concerns about this.  We have all lived with risk since we were born.   Each time we say 
those famous words ‘lead us not into temptation’ we know it is about risk! But I have reached the stage that 
when I hear the word risk now I want to scream out loud. So I want to appeal to all of you to think very 
carefully about what we need as a common sense approach to modern legislation before it destroys us in the 
west completely. 
 
The new ways of setting up displays with electronics can produce some wonderful effects which our ancestors 
would never have dreamed of, but small fireworks also give a lot of pleasure, even an indoor fountain seen by a 
small boy. Lasers may be great additions to the enjoyment, but fireworks have a life of their own and many of 
you here give an enormous amount of pleasure with your skills to people all over the world. 
 
Thank you for taking part in the Conference and finally thanks to the Light which creates our skill and possibly 
enables some to earn a living. It was never my intention to earn a living making fireworks, but our Company 
motto somewhat facetiously reflects this: Ex luce lucellum   - Out of light, a little profit. 
 
Thank you, 
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MODERATED SESSIONS  
 
 
List of Topics and Moderators 
  

1. The American Pyrotechnics Association and U.S. regulations - Julie Heckman (APA) 
 
2. Environmental Impact of Fireworks - Ben Swegler (DISNEY) 
 
3. En Masse Explosion, What is it? - von Rosen (CERL) 
 
4. The Authorization of Fireworks in Canada  - Jean-Luc Aprin (ERD) 
 
5. CE Certification of Fireworks - Ruddy Branka (INERIS) 
 
6. Fireworks and Pyrotechnics for Display, Manufacture and Storage, and Indoor/Proximate 

Usage – NFPA Requirements - Guy Colonna (NFPA) 
 
7. Phytoremediation of Environmental Perchlorate Contamination – Roger L. Schneider (Rho 

Sigma Associates) 
 
8. Displays in unusual locations: challenges and solutions – Hans-Georg Kehse (PyroArt) 
 
9. TBA - Ed de Jong (TNO) 
 
10. TBA - Stewart Myatt (HSL)  
 
11. Notified Bodies for Pyrotechnics in Europe: a Brainstorming Session - Lutz Kurth (BAM). 
 
12. Pyrotechnic Show Design - The Tricks of the Trade. Positioning, Scaling and Perspective 

Within the Arch of the Show -  Eric Tucker (Performance Pyrotechnic Associates) 
 
13. Strategies and Techniques for the Decontamination of Inactive Pyrotechnic Manufacturing 

Sites - Bjorn Soderberg (Hansson Pyrotech AB) 
 
14. Fireworks and Pyrotechnics Research: Combining Forces - Alexander von Oertzen (BAM) 
 
15. Blast effects on structures - Kim King (ABS Consulting) 
 
16. Flash Powders -  John Conkling (APA) 

 
 
 
 



 

vii 

9th International Symposium on Fireworks 
April 3 –7 

Berlin, Germany 
 
 

TABLE OF CONTENTS 
 
 Page 

 
 

Aixi, T., Z. Guanghui, L. Jinbiao, J. Zicheng, and Ouyang, “Study on the  
Image Measuring Method for Fireworks Display Effect”  1
  
Arntz, F., “What’s That Noise? What’s That Smell? It is Fireworks!” 9
  
Bertran, J., “Main Deficiencies in Fireworks Regulations in Spain: Fireworks  
Displays and Groups with Fireworks” 27

  
Branka, R., and G. Marlair, “Mass Explosion of Aerial Maroons” 55 
 
Chapman D., “Background and Introduction to the CHAF Project” 63 

 
Colonna, G.R., “Proximate Audience Pyrotechnics - Industry Changes in the  
Wake of the 2003 Tragedy”  75 
 
Conkling, J.A., “Regarding a Default System for Fireworks Classification” 83 
 
Contestabile, E., R.L. Guilbeault and B. von Rosen, “Performance of Mortar  
Racks Subjected to Mortar Explosions” 91
  
Davies, M.L. and S.G. Myatt, “Behaviour of Firework Rockets Ignited  
in Steel Containers” 105 
 
Davies, M.L. and S.G. Myatt, “The Development of a Pressure Vessel for  
Screening the Performance of Fireworks in Bulk Storage”  119 
 
Davies, M.L. and S.G. Myatt, “p-t and T-t Curves for a Range of Fireworks  
Ignited in a Sealed Vessel” 131 
 
Davies, M.L., S G Myatt and A von Oertzen, “CHAF Instrumented UN Series 6 Tests” 149 
 
Davies, M.L., S G Myatt, A von Oertzen, E de Jong and C J de Ruiter,  
“Understanding the Pyrotechnic Behaviour of Colour Shells in Storage” 171 

 
de Jong, E.G.,  and C.J. de Ruiter, “Main Propagation Mechanisms of Fireworks” 189 
 
de Jong, E.G.,  “On the Behaviour of Waterfalls” 203 
 
de Jong, E.G. and C.J. de Ruiter, “Small-Scale Fireworks Tests: Behaviour  
Under Extreme Conditions” 213 



 

viii 

de Ruiter, C.J. and E.G. de Jong, “Large-Scale Fireworks Trials – Design” 227 
 
de Ruiter, C.J. and E.G. de Jong, “Large Scale Fireworks Trials – Selected Results” 239 
 
Eckhardt, D., “CHAF Conclusions” 249 
 
Fang-ming, J., T. Ai-xi, Z. Jin-xiang and Q. Li-na, “Study on Transmission  
Electron Microscope used for Analyzing Pyrotechnics Raw Materials” 253 
 
Goryca, W. and M. Miszczak, “Fireworks Accidents in Poland” 257 
 
Guest, M., “European Directive for Pyrotechnic Articles an Industry View” 265 
 
Kehagioglou, I., “Television Does Not ‘Watch’ Fireworks” 277 
 
Kryger Andersen,C., and P. Raben Nebeling, “The Fireworks Accident in  
Kolding 3 November 2004 – What did We Learn From It” 287 
 
Liujinbiao, Dengnianxiang and Ouyang, “The Developing Tendency of  
Fireworks and Firecracker Standard System in China” 299 
 
McKinley, P., and P. Martinez, “Analysis and Design of an Integrated Electric 
Match Initiator Module with Isolated Lift and Burst Function” 307 
 
Nakamura, H., M. Oguchi, M. Akiyoshi and S. Hatanaka, “The Reactivity  
of Magnesium, Magnalium and Aluminium Powder 2” 315 
 
Nakamura, H., T. Hirano, S. Hatanaka and M. Akiyoshi, “Sensitivities of  
Pyrotechnic Mixtures” 321
   
Yoshida, M., and T. Ogawa, “Field Testing Of Blast Wall for the Workroom  
in the Firework Factory” 327 
 
Jakusz, B., M. Rados and W. Goryca, “Testing of the Depot Made from  
Steel and Special Concrete for Fireworks Storage of Hazard Division 1.4G and 1.3G” 333 
 
Rodner, H.-J.  and A. von Oertzen, “Fireworks Selection for CHAF Testing” 347 

 
Russell, D.W.  and J.L. Mattingly, “Operation of Distributed Radio  
Networks in Pyrotechnic Environments” 355 
 
van der Plas, M., “Striking Differences in Safety Distances at Firework Displays:  
Results of an Inventory of Five Countries” 365 
 
von Oertzen, A., “Chaf UN-Tests - Enhanced Instrumentation in 6(B)-Tests” 375 
 
Wada, Y., K. Katoh, K. Owa Heisig, Y. Ogata and T. Ogawa, “Case Studies 
 on Japanese Fireworks Accidents in Recent Years” 387 
 
 
 



 

ix 

Winkelmann, K., M. Katzsch and W. Spyra, “Historic Pyrotechnics: First  
Eruption of the “Vesuvius of Wörlitz” After More Than 200 Years” 403 

 
Winkelmann, K., C. Burkhard and W. Spyra, “Quality Assurance of Pyrotechnic 
Devices in Germany: A Consumer’s Perspective” 417 

 
Guanghui, Z., T. Aixi, L. Jinbioa and Ouyang, “Safety Control for Production 
 and Storage of China Fireworks and Firecrackers” 433 
 
Domanico, J.A., “Recreational Flamethrower: A Simple Design” 441 
 
King, K., J. Collinsworth, E. Contestabile, R. Guilbeault, A. Rae K. Hanasaki,  
“Response of Typical Roof Structures to Recoil Loads from Fireworks Shell Launch” 453 

 
von Oertzen, A. and  E. G. de Jong, “Blast Effects of Fireworks Explosions” 465 

 
von Oertzen, “Chaf Tests - Radiation Measurements” 475 
 
Bossarte, G., P.  McKinley, R.L. Schneider and S.C. Schneider, “Advances In Magnetic 
Chronographic Measurement of the Muzzle Velocity of Aerial Shells”  483 
 
Schneider, R.L., J.A. Domanico, “Dinitramides as Pyrotechnic Oxidizers” 495 

 
 

 
 

 



 

x 

 
 
 
 
 

 
 
 
 
 

 


