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Abstract




The following report discusses water and its role in OME, it starts explaining what water is as well as its physical and chemical makeup. Water affects the atmosphere greatly via water vapour and as a result has an influence on things like humidity and electrostatic discharge. Water can act as a base and an acid, it is also part of a redox reaction. Water has many uses in life, some for good and others bad, this is no exception with OME, topics like its influence on TNT, ordinance casing and gun powder are discussed. Solutions such as conductive flooring to prevent ESD and using oils or paints to prevent corrosion are suggested.
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1. Introduction


Water is the most common substance found on earth, Temple University states “Water, by its simplest definition, is life. Every living thing on Earth requires water to survive.” [1] The following report will discuss the physical and chemical properties of water, its role in the atmosphere, humidity and its chemical processes including acid/base chemistry and waters redox reactions. This report will also talk about waters role in OME, touching on its effects on explosives like Trinitrotoluene (Red/Pink water) and HMX as well as oxidization of ordnance casings, flash cartridges and flares. Solutions to these problems will be considered including how they can be best implemented.


2. What is Water?
[image: Curious Kids: how is water made?]
Cambridge dictionary defines water as “A clear liquid, without colour or taste, that falls from the sky as rain and is necessary for animal and plant life” [2]. A pure water molecule is created by the chemical bond of two hydrogen atoms and a single nitrogen atom, because of this it has the chemical formula H2O. H2O has many physical and chemical properties that make it unlike any other chemical.

2.1 Chemical properties

As mentioned previously, the chemical formula for water is H2O. Water is formed by the covalent bond of hydrogen and oxygen atoms; a covalent bond is the sharing of one or many pairs of electrons with two atoms. Water is the most solvent substance on earth, because of this it is commonly known as according to   Akanksha P John “the universal solvent”. [3] Water is a good solvent due to its polarity and how it can form hydrogen bonds. However, because of this it is only possible to dissolve polar molecules like salts and sugars, Nonpolar molecules do not dissolve in water due to a lack of partial positive and negative charge to create electrostatic interactions. Vendantu.com states “Amphoteric nature of water is one of its most important properties”. [4] Amphoteric is the ability to act as an acid or base, water is able to accept and give protons. In its normal state water is not classed as an acid or base.

2.2 Physical properties


[image: Chart, scatter chart, bubble chart

Description automatically generated]Water can reside in three different states, Solid, liquid and gas. At one hundred degrees water hits its boiling point and will turn into a vapor, in this state water molecules are high in kinetic energy and will fill its surroundings. At minus 0 degrees water will freeze and turn from a liquid into a solid,  
Steven S. Zumdahl reports “In the solid state, intermolecular interactions lead to a highly ordered but loose structure” [5] because of this structure it is less dense than liquid water. In its solid state each oxygen atom is surrounded by four hydrogen atoms, two hydrogen atoms are covalently bonded with the oxygen atm. The molecular structure of water in its three states is show in the picture above [6]. Water has a molar mass of 18.0151 grams per mole, the viscosity of water at room temperature is around 0.89 mPa·s, viscosity can be defined as “the resistance of particles in a fluid to flow or move in response to an external force exerted on them.” [7] The viscosity of water will increase as its temperature decreases and its viscosity will decease as its temperature increases. Other physical properties of water that can be measured are its surface tension measured in newtons per meter, its compressibility and the refractive index.

3. Atmosphere, Humidity and ESD 

Center for science education defines an atmosphere as “a mixture of gases that surrounds a planet.” [8] The earth’s atmosphere comprises of many different gases, the most common are hydrogen which makes up around 78% and Oxygen about 21%. Other gases in much lower amounts present in the atmosphere include argon, carbon dioxide and methane to name a few. The amount of water vapour in the atmosphere can vary between trace amounts and 4%. The Earth’s atmosphere is made up of five layers, the troposphere, stratosphere, mesosphere, thermosphere and the exosphere. Humidity is measured in two ways; absolute humidity is the water vapour in the air measured without taking temperature into consideration. Absolute humidity is expressed as grams of moisture per cubic meter of air (g/m3). Relative humidity calculates water vapour in the air relative to the current temperature, it is given as a percentage of water vapour in the air that could be held at the current temperature. An electrostatic discharge according to the Hoffman group is when “Large differences in potential cause a short electrical current – either in the form of a spark or disruptive discharge.” [9]. Relative humidity affects the possibility of a surface storing an electrical charge, when the relative humidity increases the amount of time a surface can hold a charge decreases. ESD can become a problem when handling and processing OME, an unwanted discharge has the potential to initiate some sensitive explosives. Measures introduced are conductive shoes, clothes, conductive flooring as well as equipment being correctly earthed/bonded. The health and safety executives Explosive Regulations 2014 states “It may be necessary to control the humidity and temperature” [10] when dealing with explosives, the recommended relative humidity required will vary depending on the sensitivity of the explosive.


4. Acid and base chemistry

Acid base chemistry is based on one simple reaction – the ionization of water [11]. Water is chemically neutral; it cannot be a base or acid. Water will act as a base if you mix it with an acid, it does this by taking the acids hydrogen protons. When water takes hydrogen protons from an acid it is called hydronium. If you mix water with a base it will do the opposite, water will give away its protons to the base. When this happens, they become hydroxide molecules.

H2O               H+ + OH-

The above chemical reaction shows water being turned into a hydrogen ion and a hydroxide ion.


4.1 Acid chemistry

When a strong acid is combined with water it will fully ionize, it will break down into its constituent ions. Below is an example of this. 

HCl               H+ + Cl-

This shows when hydrochloric acid ionizes adds a hydrogen ion and a chloride ion to the solution, the hydrogen ion makes the solution more acidic, the chloride ion does not affect acidity.




4.2 Base chemistry


Chemically, a base is a substance which decreases the concentration of hydrogen ions when it is placed in water. [12] When a base is placed into water it will like acids ionize completely, a hydrogen ion will react with a hydroxide ion. This reaction will eliminate the hydrogen ion from the solution and as a result will make it less acidic and more base. Below is an example of potassium hydroxide being added to water.

KHO + H2O	K+ + HO- + H2O



Weaker acids and bases can work slightly differently, these acids and bases do not ionize completely when added to water. Weaker lime, ammonia, sodium silicate amongst others are based as weak bases. Weak acids include phosphoric acid, carbonic acid to name a few.


4.3 Redox reactions

When hydrogen and oxygen form to create H2O two different types of reaction occur. When electrons transfer from hydrogen to oxygen this is classed as a reduction of oxygen. When hydrogen takes electrons from oxygen this is classed as oxidation. This can be shown in the picture below:


[image: ] [13]












5. Waters effect on OME

Waters presence in OME can be problematic, the following will discuss and explain a few of the ways water can affect the world of OME ranging from explosives to munitions casing.


5.1 Trinitrotoluene

Red and pink water are two different types of hazards associated with trinitrotoluene. “The manufacturing of TNT creates a highly toxic, reactive waste called red water.” [14] Red water also known as sellite water is created while purifying crude TNT, its chemical makeup is complex with many aromatic compounds and inorganic salts. Pink water is created during washdown operations and decommissioning of old munitions, because of this pink water is usually saturated with the maximum amount of TNT – roughly one hundred and fifty parts per million. TNT is highly toxic and its mixture with water has meant large amounts of contamination in localized areas, many countries have now banned the release of pink and red water and it must now be disposed of as a hazardous material.

The main explosive used in TNT is nitroglycerin, nitroglycerin is highly sensitive to movement, because of this it was absorbed into a soft earthy substance called diatomaceous earth. However, the mixture when damp would cause the nitroglycerin to leak away, this increased the chance of buildup and ultimately an unexpected detonation.



5.2 Ordnance and ammo casing 

“Failure to properly store ammunition can result in weakening and/or corrosion of the bullets’ structural integrity.” [15] A big issue in the OME community is the oxidization (rusting) of ordinance shells, ammo casings and boxes. Iron will react with water and oxygen to form hydrated iron(lll) oxide, the chemical formula for rust is Fe2O3 it is also known as ferric oxide. The effect of rusting is a reddish colour and flakey corrosion of the metal, rusting time can change depending on the metal being used and the purity of the oxidizing water. Corrosion of ordinance cases can result in contamination to the environment and undesired results if attempted to be fired. Rusted ammo cases can cause a rupture that fires gases back in the shooters direction or the bullet becoming lodged in the guns barrel rendering it useless.  

“The rusting of the iron formula is simply 4Fe + 3O2 + 6H2O → 4Fe(OH)3” [16]

 


5.3 Black powder/Gun powder

Black powder or Gun powder as it is more commonly known as is made up of a mixture of sulfur, charcoal and potassium nitrate, its chemical symbol is KNO3. The potassium nitrate acts as an oxidizer and the charcoal and sulfur are fuels. Black powder is shock insensitive, this means that it needs to be initiated with a flame or spark, the presence of water can take away the heat energy needed for detonation. Black powder has a relatively slow reaction time, because of this water has a greater amount of time to affect the process. The biggest effect water has on gun powder is it dissolves the potassium nitrate out of the formula rendering it useless. Fireworks and flares could potentially come under the same banner.     





5.4 Electrostatic discharge	

As mentioned previously ESD is a major issues when working with explosives, “All explosives, under all conditions must be considered vulnerable to generation, accumulation and discharge of static charge” [17] A low humidity means less water vapour in the air increasing the risk of a static discharge. It is possible to generate a charge of up to three thousand volts when walking over a carpet, some commonly used EBW (Exploding bridge wire) detonators only require five hundred volts to detonate. Other potential causes of unwanted detonation caused by weather is lightning strikes, these are caused by electrical potential between the clouds and the ground.  


5.5 SS Richard Montgomery

In 1944 the SS Richard Montgomery was transporting one thousand four hundred tonnes of munitions for the US air force until it ran aground between the London docks and the English Channel. Seventy-eight years later the ship is still in the same place still with most of its munitions on board. Due to being at sea the logistics of the task of salvage has become increasingly difficult. The munitions have over the years corroded potentially making the high explosives inside more sensitive, also the potential of contamination to the environment is extremely high. The current plan is to leave the wreckage alone, as a detonation risk is deemed as low, it took many scans, investagative dives and a lot of analysis to come to this less than adaquate conclusiom. The introduction of water has made the task of clearing and making safe almost impossible.
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Other topics researched but not discussed are:

· Water as a catalyst and waters effect as a mitigator 






Potential Solutions

· TNT – The current best solution to eliminate red/pink water is to process TNT in a confined space, when finished letting the excess water evaporate stopping any possible contamination.


· Ordnance and ammo casing – To prevent casings from corroding suitable paints and oils should be used to stop oxidization occurring.

· Electrostatic Discharge – Measures available to help prevent ESD are to record and work in certain humidity’s, use conductive cloths and shoes, ESD earthing wrist bands and making sure equipment is correctly bonded to earth.







6. Conclusion

In conclusion water (H2O) is very diverse, it can act as a base and an acid. It has a wide variety of physical and chemical properties and is key to all life on earth. Water affects the atmosphere via water vapour, this also affects humidity, which has a negative impact on explosives via the potential of electrostatic discharges. OME is a wide and varied industry, it is not surprising that water plays a role in it as well, it can render explosives useless (black powder) or make them more sensitive (TNT). The environmental impact caused by water and explosives should be a real concern, and the potential solutions mentioned previously should and are already being used.
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