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LNG project on validation and pool modeling 
 
With support from Norsk Hydro, PTIL, Statoil and 
Total and in cooperation with DNV, a validation and 
development project on LNG and FLACS has been 
started. The first phase of the project is a validation 
activity simulating existing experiments from the 
literature. Future work will focus on development of 
models for realistic pool development and 
evaporation. Read more about this project on Page 3. 

NEWS IN BRIEF                                  
                                                                                                

• FLACS seminars and training planned in KL, Singapore, Seoul and Tokyo in February/March 2006 

• GexCon explosion workshop in connection to ASSE-MEC Conference in Bahrain March, 2006 

Could FLACS be useful to you? Contact us for information about the next user course! 

Register for a 3-day user course and obtain a free evaluation period afterwards 
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Flammable cloud simulated with FLACS from Burro 8 experiment (China Lake, California, USA). This particular test was 
characterized by low wind speeds so that the dense gas effects of LNG became very visible. 



When modeling the detailed physics governing 
explosion and dispersion processes, comparisons 
with experiments are essential. Even when physical 
equations seem to be well known, it can be a 
challenge to implement them numerically. This is 
particularly true if flow interaction with small objects 
has to be taken into account. In order to demonstrate 
that the modeling job is performed in a satisfactory 
way, a validation activity should be performed. At 
GexCon such validation has had a high priority. 20 
years ago one of the main activities in our group was 
to generate knowledge and validation tests through 
experiments. For natural gas explosions a FLACS 
validation report was issued to the Gas Safety Project 
sponsors 10 years ago simulating more than 50 
methane experiments from 8 different test series with 
variable scale, confinement, congestion, ignition 
location. The year before a grid dependency report 
was issued, the mentioned validation study also 
simulated all experiments with 2 or 3 different grids to 
evaluate dependency of grid size. 
 
As the development focus has gradually changed 
from natural gas explosions to dispersion, hydrogen 
explosions, LNG and dust explosions, validation is 
still a high priority topic in FLACS development work. 
Recent publications and conference papers confirm 
this. 
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Latest Technology and Understanding Save Costs  
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Validation, validation, validation  

We have the impression that existing and potential 
new FLACS users appreciate the focus on validation. 
We see an increasing interest from companies in 
different regions of the world, like the USA and Asia. 
Early November the FLACS Users Group had its Fall 
Meeting in the facilities of CESI in Milan, Italy. In 
connection to this meeting, two open seminars on 
FLIE project and Risk Assessment using FLACS 
were held. More than 50 people attended one or both 
seminars, and we will likely try the same concept next 
year. 
 
Recent years have been busy for the FLACS 
development team. This year we managed to employ 
two new collegues, both of them well qualified. I am 
sure this will enable us to continue our dedicated 
R&D work and to serve our customers better.  
 
If you want to learn more about 
FLACS and all the work behind,  
participate in one of our seminars 
or contact us for more information. 
 
 
Best regards 
 
Olav Roald Hansen 
GexCon R&D Director 

Of course, this example is on the extreme side, 
nevertheless it illustrates the continuous need for 
research and development, and thus user 
involvement. Considerable challenges lie ahead of us. 
Good then to know that margins generated from 
GexCon projects are in its entirely redirected to R&D 
activities. 
  
I trust articles in this issue of FLACS News will be of 
interest and look forward to further contacts with you! 
 
 
 
Yours sincerely 
 
Torgeir Nærø 
Managing Director GexCon 

Thank you for giving us the opportunity to once again 
share information on the development of FLACS and 
methods applied. 
 
The growing market for CFD tools such as FLACS is 
mainly driven by investment growth in certain 
industries, such as the global oil and gas industries. 
In addition, we recognize growing awareness in 
terms of applying field proven (read: validated) tools. 
However, the term 'field proven' is definetely not 
static. 
 
In 2005 GexCon conducted an update of a Design 
Accidental Load specification in a recently built, very 
large and complex process facility. For critical 
locations, we identified (probabilistic) design loads 
reduced by up to 90% applying the latest version of 
FLACS and at the same time applying the 
latest understanding of explosion risk assessment 
best practice. I do not need to convey the reaction of 
the operator, recently having invested heavily in both 
preventive and mitigation measures.  



With support from Norsk Hydro, Petroleum Safety Authority 
Norway (PTIL), Statoil and Total, work has started on the 
FLACS LNG project. In addition to the sponsors, GexCon 
also has a cooperation with DNV to benefit from their 
experience in the field. 
 
The first phase of the project is a validation activity in which 
available test series are simulated using the existing models 
in FLACS. Simulations have been performed for two US 
DoE sponsored test series at China Lake (Burro test 2-9 and 
Coyote tests 3, 5 and 6) and Shell Maplin Sands (tests 27, 
29, 34 and 35). The reason for the selection of these tests is 
the availability of results. In addition to the mentioned tests, 
some Maplin Sands LPG tests are simulated. Simulation 
results so far seem highly satisfactory, some of this will be 
presented at FABIG LNG meetings 7-8 December, 2005. 
 
A second phase of the project will be to improve pool 
modeling in FLACS. The aim will be to develop a realistic 
pool, which will develop and evaporate as function of local 
parameters like elevation, heat flux from ground, wind, 
temperature and vapour pressure. 
 
Later phases of the project will include evaluation of 
explosion properties of cold gas mixtures and further a 
repeated validation exercise using the improved pool 
models. More sponsors are welcome to this activity. 
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FLACS simulation (top) and cloud estimated based on 
a limited number of measurements (Test Burro 3). Both 
Burro and Maplin Sands tests showed that flammable 
cloud may extend several hundred meter downwind. 
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One of the most time consuming parts of performing FLACS 
simulations  is  the  implementation  of  geometry.  Correct 
description of the geometry is also vital for correct simulation 
results. Since 1992 FLACS has been shipped with geometry 
import facilities, first through the utility Casdint, now through 
geo2flacs. CasdInt can convert PDMS geometries to FLACS 
format, but this has become increasingly difficult to maintain for 
technical reasons. This spring GexCon started the development 
of a completely new geometry conversion tool called geo2flacs. 
This utility can convert Microstation dgn files to FLACS format 
(currently CASD macro files, in the future directly to CASD 
database).  geo2flacs  handles  most  standard  dgn  element 
types, and is also able to import many AutoCAD geometries if 
encapsulated in dgn files. Generally geometry conversion from 
geo2flacs is of high quality, better than what was seen using 
Casdint. GexCon is planning on freezing the development of 
Casdint.  This  does  not  mean  that  conversion  of  PDMS 
geometries  will  be  impossible  in  the  future.  Most  PDMS 
installations  contains  the  ExPlant-I  module  that  makes  it 
possible  to  export  PDMS  geometries  to  Microstation  dgn 
format.  geo2flacs  has  been  specifically developed to  also 
handle these geometries well. 

geo2flacs is  still  under development, and it is planned for 
inclusion in the next release of FLACS. GexCon has made 
geo2flacs available as a plug-in for current FLACS users. 

With an efficient CAD import of geometry, the level of detail 
can sometimes be impressive. In addition to the improved 
reliability of the new import module, changes are being 
made that will strongly accelerate the sometimes quite time 
consuming import process. 
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From the status of being a preferred tool for offshore safety 
evaluations among oil companies operating in the North 
Sea, the horizons of FLACS have gradually increased. This 
has partly been a result of the oil companies applying the 
FLACS technology for safety evaluations in their 
worldwide operations, but also as a result of active work at 
GexCon to bring FLACS into new application areas as well 
as geographical regions. One of the very positive trends 
seen this year is that several consultants in Texas have now 
started to offer FLACS services, and there seems to be an 
increased demand for such services in the USA. GexCon 
also observe an increased interest for FLACS from Asia. 
blaa   
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The number of active FLACS users is increasing worldwide, the plot is showing sites that are active or has had a license in 2005. 
In Europe FLACS has had a good reputation and is applied by users in a number of countries. Recently we have seen an 
increased use in the USA as well as more interest from Asia.  

In order to meet the increased interest, and also give a 
better service to our clients on other continents, combined 
training courses and seminars are planned in Kuala 
Lumpur, Singapore, Seoul and Tokyo in February/March, 
2006. In connection to the AIChE Spring meetings in 
Orlando in April, we are also planning to hold an extra 
FLACS Users Group meeting for our users in the USA and 
others attending the Spring meetings. 
 
We are also aiming at establishing a DESC users group in 
order to promote the competent use of DESC and the 
interaction between users. 



Urban buildings strongly influence dispersion 
patterns. The above example (wind from left), 
shows how gas can propagate hundreds of meters 
upstream due to reverse flow near the ground. 
Presence of buildings generally has a positive 
effect by enhancing mixing in the vertical direction 
and thus reducing peak concentrations  
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The demand for consulting services on dust 
explosion simulations is increasing. Above is an 
illustration from a project evaluating vent solutions 
for a dryer.  

The EC supported DESC project has now reached an end. In 
Nuremberg there was a dissemination seminar as part of the 
ESMG conference on October 12, which was well attended.  

DESC is now commercially available through GexCon, and can be 
purchased or leased. Consulting work can also be performed for 
clients by several DESC users. At GexCon we have experienced 
an increasing demand for simulations with DESC this year. 

One challenge to have success with DESC will be to develop an 
active group of companies that can provide competent consulting 
services with DESC towards their  clients. A users forum will 
therefore be developed, in which best practice and examples 
projects can be discussed and exchanged. 

Some of  the models  in DESC will  require further work, one 
example  is  the  suppression  models  implemented.  We  will 
therefore  also  aim  at  establishing  further  development  and 
validation activities for DESC. If you are interested in any of this, 
please contact us.  

DuPont has been cooperating with GexCon for some years to 
improve the dispersion capabilities of FLACS for release scenarios 
in chemical plants. One of the more visible limitations with FLACS 
has been the Cartesian grid, and the need for objects (boxes, 
plates,  cylinders  and  pipes)  to  be  aligned along the  defined 
coordinate axes. To improve this, GexCon and DuPont started a 
development project this year with the aim to allow for more 
general  objects,  CP8  and  GTC.  These  general  objects  are 
expected to have a size equal to or larger than the grid, and will be 
treated as ongrid objects in FLACS. They are mainly intended to be 
used for dispersion simulations, the approach is not expected to 
give sufficient accuracy for explosion calculations. 

In connection to this, project work has been carried out on the 
geometry import utility filters, on the CASD preprocessor, in the 
PORCALC porosity program, and in the postprocessor FLOWVIS. 
In a future continuation of the work, one should consider how the 
flow resistance along an inclining surface can be minimized when 
using a Cartesian grid. 

So far a development version with this functionality exists. It is 
expected that the functionality will be made available in next main 
release of FLACS likely to appear end of 2006. 

GexCon has also submitted more simulations of release scenarios 
in  Manhattan,  this  time in connection to the DHS sponsored 
Midtown release experiments that were carried out in August 2005 
(see article in previous FLACS Newsletter). A paper at the AMS 
conference (M.Brown et al.) 2006 will compare FLACS and the 
other CFD-models that have contributed to the NYC study. The 
developments on the more general geometry representation will be 
valuable for this kind of urban geometry scenarios. 

New article available on FLACS-DISPERSION: 

S.Dharmavaram,  S.R.Hanna  and  O.R.Hansen,  Consequence 
Analysis - Using a CFD Model for Industrial Sites, Process Safety 
Progress (Vol 24, No 4), pp 316-327, December 2005 

Picture showing development version of FLACS 
preprocessor CASD allowing a more general 
geometry representation (CP8 and GTC). Both 
sloping terrain and inclined roofs can be seen on 
the picture, the geometry was imported with 
geo2flacs (Courtesy of DuPont). 
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With support from NFR development work is 
ongoing to be able to predict deflagration to 
detonation transition (DDT). The pictures 
above show a situation plot from a hydrogen 
simulation in a channel with 4 baffles, In the 
upper plot the coloured fields indicate where 
a DDT would be most likely to take place. 
The two other plots show the flame and 
pressure field at the time of flame exiting the 
channel. 

Hydrogen safety has become an important topic at GexCon. The 
main activity is our involvement in EC-supported HYSAFE Network of 
Excellence  (www.hysafe.org).  In  this  network  there  are  several 
parallel  activities  on  understanding  physical  phenomena  like 
dispersion,  fire  and  explosion,  and  also  risk  assessments  and 
reduction.  Other  activities  are  the  development  of  educational 
modules within hydrogen safety, organising a conference and more. 
One main focus is to qualify calculation models (CFD) and increase 
the qualified application of these. 

Among the ongoing activities is a blind CFD-code benchmark test on 
predicting dispersion from a release of 1 g/s hydrogen gas into a 
confined volume. The experiments are to be performed by INERIS. 
This is the first blind simulation exercise performed within HySafe, 
and the outcome will be very interesting. Previous code benchmark 
exercises have been performed on experiments already well known 
by modelers. 

Another activity partly supported by the Norwegian Research Council 
(NFR) is  to contribute to the IEA Task 19 on hydrogen safety. 
GexCon will  cooperate with other Norwegian partners DNV and 
TelTek. The main activity will be to develop good ways of doing risk 
assessments based on knowledge of hydrogen and experiences from 
oil and gas industry. 

NFR also supports a GexCon project to improve the ability of FLACS 
to predict DDT and model detonations in a simplified way, as well as 
validate FLACS-HYDROGEN better towards small-scale scenarios. 
As  part  of  this  project,  GexCon has recently employed a new 
collegue, Mr Prankul Middha, who will pursue a PhD on FLACS 
modelling and hydrogen, in cooperation with the University of Bergen. 

In  September  a  paper  on  FLACS-HYDROGEN  validation  was 
presented  at  ICHS  in  Pisa,  two  other  papers  where  GexCon 
contributed were also presented.   

  

Example of visualization of a FLACS gas 
explosion in the VR-safety simulator. 
Picture is from a simulation in the 
Advantica full-scale test rig. 
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Two years ago Christan Michelsen Research (CMR) started working 
with the VR-Safety project with Norsk Hydro, Statoil and the 
Norwegian Research Council as sponsors. The project aims at 
bringing CFD simulation tools into a virtual reality environment. The 
simulation tool addressed in addition to FLACS is a tool called 
Kameleon FireEx, a gas dispersion and fire simulator developed by 
ComputIT. 
 
In addition to a better visalization of results, an increased interactivity 
is among the goals of the project. It is thus possible to watch 
simulation results, stop the calculation, modify parameters e.g. 
ventilation, or choose an ignition location in a gas cloud to calculate 
the consequences. 
 
There are several purposes of the project. One of them is a better 
risk communication. Since experts and non-experts can come 
together and discuss results and search for improved solutions, the 
tool could be efficient in safe design. To be able to provide useful 
emergency training for workers in risk exposed areas is also among 
the goals.  
 

More information about the project to be found at http://www.cmr.no 
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GexCon operates a large-scale test site at Sotra 30 km 
from Bergen (see above picture), as well as indoor lab-
scale facilities at our offices. 

The  new  Directive  94/9/EC  defines  requirements  for 
manufacturers of products which are to be used in explosive 
atmospheres. Electrical and mechanical products must fulfill 
demands in the directive which often include testing and 
certification. At present GexCon and DNV Certification have 
put forward a unique joint venture agreement in order to 
serve this marked. By combining GexCon’s 30 years of 
practice  in  explosion  testing  of  equipment  and  safety 
systems and DNV’s world leading certification position, this 
cooperation will be able to cover a wide range of projects. 

For more information, please contact: 

Laminar burning velocity data found in the literature 
(Combustion and Flame) 
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Historically FLACS has been used for  dispersion and 
explosion  simulations  where  natural  gas  or  the  pure 
components  in  natural  gas  have  been  involved,  i.e. 
components such as methane, ethane or propane. The 
latest development of FLACS has given us the opportunity 
to also perform explosion simulations of other gases. 
 
Recently GexCon  Consulting  has  been  involved  in  a 
project concerning the potential for ethanol leaks inside a 
building. The aim of the project was to ensure that the roof 
of  the  process  room  was  constructed  with  sufficient 
explosion venting so that the walls would stay in place 
during and after an explosion, for the protection of people 
in the offices and lunch room located inside the same 
building. 
 
The various parameters required to define a new gas in 
FLACS are relatively easily obtained from the literature. 
Based on discussions with the client’s chemical engineers, 
estimates  of  potential  amount  of  ethanol  gas  were 
calculated and used as input in explosion simulations with 
varying combinations of gas cloud size and gas cloud 
concentrations. Based on the results from the FLACS 
simulations, the room was equipped with sufficient amount 
of vent panels to keep the explosion overpressure at a 
manageable level. 
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Øystein Larsen                                  phone: +47 5557 4229 

Manager, GexCon Process Safety   oysteinl@gexcon.com 

Solveig R. Ryum                             phone: +47 5557 4272 
Manager, GexCon Consulting        sol@gexcon.com 

 
If you want to learn more about the services GexCon can offer in this area, please contact: 



On November 4 a FLACS Users Group meeting was held in 
Milan. Prior to the meeting there were two open industry 
seminars on the FLIE project and on CFD-based Explosion 
Risk Assessment. The first seminar was to disseminate the 
results from the EC-supported FLIE project, and had 
presentations from INERIS, von Karman Institute, and 
GexCon. At the Risk Seminar there were several presentations 
from FLACS users. Handouts from the presentations can be 
downloaded from: 
    
http://www.gexcon.com/research/FLIE/news.html  
 
The experiences from this were positive, and a similar open 
meeting is planned prior to the FLUG meeting in the 2nd half 
of 2006. 
 
The next meeting will be in Bergen on May 11-12, 2006. 
Before this a meeting is planned directly after the Orlando 
AIChE Spring meetings, April 23-27, 2006. 
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Tentative Calendar 
 
Nov 28-Dec 2    FLACS training course and DESC Workshop, GexCon, Bergen     
Dec 7-8              FABIG Meeting on LNG, London and Aberdeen                             http://www.fabig.com 
Jan 23-25          FLACS training course, GexCon, Bergen                            
Feb 15-16          FABIG Meeting on Hydrogen, London and Aberdeen                     http://www.fabig.com 
Feb 20-22          FLACS seminar and training Kuala Lumpur                                                  
Feb 23-24          FLACS seminar and workshop, National University of Singapore 
March 6-10        FLACS seminar and training/workshop in Seoul and Tokyo 
March 12-13      GexCon Gas, Dust and ATEX course (Norwegian), Copenhagen 
March 18-22      ASSE-MEC Conference, Bahrain                                                    http://www.asse-mec.org 
April  23-27        AIChE Loss Prevention Symposium Orlando                                 http://www.aiche.org 
May11-12           FLACS Users Group meeting, GexCon, Bergen 

FLACS and GexCon Contacts  
 
Sale and Managing Director                     Torgeir Nærø                               torgeir@gexcon.com      +47 55 57 4316 
Software R&D, FLUG and Sale                Olav Roald Hansen                     olav@gexcon.com         +47 55 57 4318  
FLACS Support                                        Hans-Christen Salvesen              flacs@gexcon.com        +47 55 57 4321 
 
GexCon Consulting                                  Solveig R. Ryum                          sol@gexcon.com           +47 55 57 4272 
GexCon Process Safety                           Øystein Larsen                            oysteinl@gexcon.com    +47 55 57 4229 
Technical Director                                    Jan Roar Bakke                           jrb@gexcon.com            +47 55 57 4206 
 
Editor of Newsletter                                  Olav Roald Hansen         

 
China:              Scandpower Risk Management China (Ph: +86 10 6467 2860) Towercrest Int. Plaza, Room  707, No.3 Maizidian West Rd,              
                        Chaoyang District, Beijing 100016, P.R. China 
Taiwan:            AnCAD Inc (Phone: + 886 2 89235411), 5F, No. 67,  Sec. 1 Yung-Ho Rd, Yung-Ho City, Taipei, Taiwan 
Rep. of Korea: RMS Engineering (Ph: +82-2-880-1568 ext: 9), Suite 415, 311, Seoul Univ., san56-1, shillim-Dong, Kwanak-Gu,Seoul, Korea 
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More than 50 people attended the open FLACS Risk 
Assessment Seminar prior to the FLUG meeting 
hosted by CESI in Milan, November 3, 2005. Most of 
them also attended the FLIE dissemination seminar on 
November 2.  


