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Explosive Safety
When dealing with explosives, safety is a necessity, due to the very nature that makes them so useful. Since the late 19th century governments, militaries and industries have been working together to make munitions less sensitive, more stable and therefore safer to handle. 
There are countless different documents and regulations that are applied from country to country, most are quite similar but tend to interpret safety traces and quantities in different ways, usually due to historic accidents. As is usually the way in history, accidents and disasters pave the way for reform. In the latter 19th century 3 explosives incidents occurred in England within months of each other, resulting in many fatalities. As a result, [1] “The government, in the reforming tradition of the time, assumed responsibility for preventing recurrences if possible, and appointed Colonel Sir V.D Majendie to investigate the Birmingham incident. Afterwards he guided the resulting legislation which became the Explosives Act of 1875.” It gives the impression that only after an accident, legislation is changed to cope and control different and new explosives. In 1947 [2] “two ships caught fire at Texas City, USA, some 2280 tons of nitrate which they were carrying exploded, causing 552 fatalities…It is said that these disasters served, ironically, to draw anew attention of the explosives industry to the capacity of ammonium nitrate to detonate en masse, and hence paved the way for the introduction of ANFO and slurries a few years later.” This shows how dangerously naive the industry was with new potentially explosive products at the time, which others paid for in sheer loss of life.	Comment by john: Good idea to give a source reference for something like this.	Comment by john: Write out abbreviations in full on first use.	Comment by john: OK.  Decent introduction, using dramatic incidients to highlight the importance of the report contents.
The engineering and chemical analysis of explosives has been an enduring development since the conception and creation of early primitive explosives. Studying the accidents that happened gave government, industry and militaries vast information that they otherwise wouldn’t get. This is because testing is expensive. The accidents showed the sensitivity of a munition to sympathetic detonation (if another munition went up “high order” next to it), blast zones also known as safety traces/distances could be (and were) calculated from the accidents that happened, it also displayed the yield and power of the explosive on mass as different explosives when mixed together will have a higher, or lower yield. 

The lessons learned from accidents mentioned earlier are plain to see in the current UK Explosives Act of 1875, with some of the headings listed below:
 [3] “Part 1 
4. Gunpowder to be manufactured only at factory lawfully existing or licensed under this Act.
24. Explanation as to quantities of gunpowder allowed in buildings.
34. Byelaws by harbour authority as to conveyance, loading, &c. of gunpowder.”






Explosive compatibility groups were also put together making it easier for the everyone to understand what types could be stored together. 
 [4]
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The Uunited nNations put together a regulatory model called [5] “UN Recommendations on the Transport of Dangerous Goods” which is used by a majority of countries around the world and replaced their previous system. It uses a hazard classification and a compatibility group for transportation and storage of explosives. [6] “The combination of the Hazard Division and the Compatibility Group results in a range of Hazard Classification Codes for all types of ammunition and explosives. These codes, or a similar national system, are critical to the safe storage and movement of ammunition and explosives.” This continually makes identifying the risk of munitions straightforward as the explosive types are easily identifiable.
Another outcome of accidents is the need to make explosives less sensitive to transportation and the conditions they are kept in; the UK MOD realised this in the late 80’s after the Falkland war. [7] “The benefits of IM will accrue in both peace and war: in peace, the lower risk of adverse events occurring and the reduced accident damage will lead to economies in logistics; and during combat, through improved overall effectiveness by improving safety and survivability of weapon systems. The survivability of the weapon system platform – be it ship, tank or aircraft – in or on which they are carried will be improved; this applies particularly to HM Ships which carry embarked armament stores, and to RAF carrying reloads. If such ships are attacked, the embarked armament stores can substantially increase the resultant damage and loss of life, as occurred in the attack on LSL ‘Sir Galahad’ in the Falklands.” In 2015 the UK MOD released a guideline of how they will meet a new criteria of insensitive munitions.  [8] “MOD Policy requires that all new munition acquisitions must be procured to comply with IM policy and this must be reflected at Initial Gate as a Key User Requirement.” Whilst this is a noble step towards making the UK arsenal an insensitive munition arsenal, there are many current in-service munitions that aren’t and these will not be phased out for a long time to come. Furthermore, dispensing of munitions and replacing the munitions destroyed will cost money that was probably never budgeted for. 	Comment by john: Needs to be in full as this is the first time the abbreviation appears.
The fundamental idea of an insensitive munition is explosives such as TNT which is sensitive to shock, heating and hasn’t got a very long service life, are replaced with other less sensitive explosives. The less sensitive explosives use different binders that are rubber like and are more tolerant to shock and heat. Recently the US army has started replacing TNT filled 155mm Shells with a new insensitive composition equivalent called IMX-101 [9] “The Army has also deemed the IMX-101 explosive as a suitable replacement for any large-calibre munitions requiring the energetic performance of TNT… The development of IMX-101 was named one of “The 50 Best Inventions of 2010” by TIME Magazine. And in 2012, BAE Systems and the Army received an international technical achievement award for IMX-101 from NATO’s Munitions Safety Information Analysis Centre.”	Comment by john: Even if this block of text is a cut and paste quote, professional quality requires you get the background colour the same as the rest of your work.
In war zones one of the main producers of damage to vehicles, planes and ships were the munitions they were carrying. The shocks from bumpy terrain, or sudden turbulence, vibrations from movement of the vehicle and heat from the engine and climate made the munitions sensitive and were likely to explode. The worrying case was made that ammunition stores are held on most vehicles, but especially on ships where the storage may be vast and a potential chain reaction has the potential to take place.  Although a lot was done to stop explosions happening in the early years, they didn’t have as much understanding as we do now. Additionally, the packaging has advanced to further protect the munition. Insensitive munitions are less likely to explode due to shock vibration, or heating meaning they are safer to use and transport.  
Testing insensitive munitions is realistic to what the munitions would see in use. The different threat categories are used to illustrate the diverse situations the munitions can be in. Some examples:
· The Fast cook off test is representative of fuel being spilt in an accident, catching fire and heating up the munition quickly.
· Bullet impact testing is representative of small arms hitting a munition in a combat or terrorist related situation.
There are many different tests carried out, and each one has criteria that has to be met. The results of the tests up until the mid-20th century would rely on whether the munition remained in tacked and had not detonated. Your The  typical “go boom or not” scenario which wasn’t too scientific.	Comment by john: Nothing wrong with the sentiment, but try to avoid colloquialisms in formal reporting.
With technology improving year after year and just some of the new instrumentation techniques using thermocouples, high speed video, high definition picture and thermal imaging and sensing technologies, there is a chance to gain an effective understanding of what is going on in the munition and see the explosive qualities first hand. 
An example of this is the difference between detonation and deflagration of an explosive which can now be witnessed on a high speed camera at hundredths and thousandths of a second. If we compare that to the early video camera of the 1940-50’s which was very basic, you can see the advantages. Early film frame rates were around 25 Frames per second (fps), but now using Phantom high speed camera there is now the ability to get 10,750fps in ultra-high definition and review the footage easily.	Comment by john: As above, try to stick to 3rd person passive – something like “advantages can be seen” would work better here.
[bookmark: _GoBack]The explosive safety culture has altered massively over the last 150 years. The lack of understanding, naivety and absence of control as seen with some of the terrible incidents that transpired. In the latter half of the 20th century to the present day, the explosive safety culture is something that is well respected by established explosive bodies, understood and continuously tested to try and find out more. This is supported with legislation and regulations that are legally binding and cover every aspect of the production, storage and use of the explosive. Although accidents occur and will still continue to occur, I hope that the current emphasis on making explosives safe will endure.
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NOTES
(1) Avicles of CG B are to be segregated in storage from ofher aticles of CGs
C. D, E, F andG by means which are effective in the prevention of
propagation to those other artices, Le. i a separate compartment,or by use of
Suitable raversesmarrers or simple distance separation. Fuzes of CG B may be.
stored with their parent explosive artces, but the NEQ must be aggregated and
the whole reated as CG F.
(2 Artices of CG F are to be segregaed i storage from ofher aricies of other
‘GG by a means that is effecive in the prevention of propagation of those ofher
artices, e. in a separate compartmen of by use of sutable raverses/bariers or
simple distance separation.
(3 Avices of CG C, D or E,or those aricies of CG G which do not gve ise 1o
Ioose explosives powder, may be mixed in storage. Artices in CG G that may
give ise 10 loose explosives powder wil be given special consideration by ESTC
through the relevant IE.
(4 Artices of CG L are to be stored separately from al articks of ther CG as.
wellas from all other arices of CG L.
() Avticles of CG N are not normally to be stored wih arices of other CGs.
except S. However,if artices of CG N are stored with ariles of CGs C, D
‘and E, the artcles of CG N are to be considered as CG D.
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1 MIXING OF COMPATIBILITY GROUPS IN ABOVE GROUND STORAGE

11 Mixing Rules For Compatibility Groups.

411 Table 1 and accompanying notes detail the permitted mixing of Compatbiity
Groups (CGs) for HD 1.1 - HD 1.4. Curtenty, there are no milary explosives of
HD 1.5 or HD 1.6, and futher information regarding storage of these HDS is 0 be.
obtained from ESTC through the appropriate IE. Unresiricted mixing in storage.
wihere permited, is shown by a black square. Further mixing aspecs are prescribed
n the accompanying notes. There may be special Gcumstances where the mixing
rules below could be modiied by ESTC subject o adequate technical justification
based on tesis when these are considered {0 be appropriate. Further Information
‘may be obained from ESTC through the approprite IE.
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