Countermeasures for Improvised Explosive Devices
Introduction
Simple to make yet difficult to stop, improvised explosive devices (IEDs) are proving perfect weapons for insurgents. In Iraq, the U.S. military is searching frantically for high-tech answers to combat these low-tech weapons. These weapons are being used to disrupt. 
Military forces and civilian personnel from around the world have over the years developed a number of Render Safe Procedures to deal with IED's. Mostly the RSP's have been developed as a result of an accident or fatality, although many have resulted from intelligence sharing between communities.

The British Army, having been involved in intense IEDD operations in Northern Ireland since the late 1960s, have been at the forefront in the technology battle against the terrorist, as have Spain (ETA) and Israel.

Currently about 50% of all casualties and 50% of all deaths are caused by IEDs

However, technology is only part of the solution in the effort to defeat IEDs; experience, training and awareness remain key factors in combating them. For example, there are some signs which may suggest the existence of an IED, such as recently turned-over soil or sand near a road, or an abandoned car beside a road. It is these signs that require an PSD Operator to use his or her experience in determining the correct course of action. 
IEDs usually combine the effects of blast, fragmentation as well as armor penetration, through the use of shaped charge liners. Camouflaged explosives frequently serve as roadside bombs. These devices are remote controlled, triggered by infra-red, pressure bars or trip wires or remote control, when aimed to delay, or disrupt enemy forces in their movement into a secured area. These IEDs are aimed at the softer sides of unprotected vehicles and armored vehicles, and can be effective even from a distance of several meters. IEDs can also be grouped by "daisy chains" inflicting maximum damage on military patrols consisting of several vehicles. Using time delay activation, programmed to hit the rescue teams that rush to the scene is a frequent IED tactic. A common tactic aims at stopping the softer vehicle in a convoy or group, which can then be targeted by heavier charges employed by special teams covered by small arms fire, or RPG.
Total protection of vehicles against IED is virtually impossible, due to the illusive nature of the threat. Attempts to overcome this deficiency frequently led to "overkill" solutions, resulting in creation of super heavy monsters, which by limiting their mobility, became even more vulnerable to heavier fire. The most effective countermeasures against IED is a balanced combination between physical protection and tactical conduct of operation. This becomes extremely difficult during prolonged peacekeeping security and stabilization operations under asymmetric warfare conditions, in which regular forces must quickly adapt their tactical drill procedures to unfamiliar combat situations. Troops operating in such high-risk environment must be able to improvise their tactics to counter the evolving threats facing them.



“IEDs have been attributed to a majority of the 3000 deaths since the invasion of Iraq”

History

World War II
One of the first examples of coordinated large-scale use of IED's was the Belarusian "Rail War" launched by Belarusian guerillas against the Nazis during World War II. Both command-detonated and delayed-fuse IEDs were used to derail thousands of Nazi trains during 1943–1944.

Northern Ireland
Throughout The Troubles, the Provisional IRA, made extensive use of IED's in their campaign against the British army. From simple petrol bombs (Molotov Cocktail) through to sophisticate remote controlled IED's (RCIED), the members of the PIRA developed and counter developed devices and tactics.

Mostly the IED's used homemade explosives (HME), although the use of Semtex H smuggled in from Libya in the 1980s was also common in smaller devices. The main battle grounds in Northern Ireland were Belfast, Derry and South Armagh, and Bomb Disposal teams from 321 EOD manned by Ammunition Technicians were deployed in those areas to deal with the IED threat.

At the height of the PIRA campaign during the early 1970s, the British Army unit tasked with making safe IED's, 321 EOD, sustained significant casualties whilst engaged in IEDD operations. This mortality rate was far higher than other high risk occupations, such as deep sea diving, and a careful review of how men were selected for EOD operations was made. The recommendations of the review were to bring in psychometric testing of soldiers to ensure the had the correct mental preparation for high risk IEDD duties.

The IRA, keen to kill or wound ATO's came up with ever more sophistication in the design and deployment of IED's. Booby Trap or Victim Operated IED's (VOIED), were common place, whilst the IRA engaged in a ongoing battle to gain the upper hand in electronic warfare with remote controlled devices. This fast changing pace led 321 EOD to employ specialists from DERA, the Royal Signals and Military Intelligence, this multi-unit approach led to the development and use of most of the modern weapons, equipment and techniques now used by EOD Operators throughout the rest of the world.

The bomb disposal operations were led by Ammunition Technicians and Ammunition Technical Officer from 321 EOD, and were trained at the Felix Centre at the Army School of Ammunition. To this day the Felix Centre is the foremost authority on IEDD in the world.

Vietnam
IEDs were used during the Vietnam War by the Vietcong against land- and river-borne vehicles as well as personnel. They were commonly constructed using materials from unexploded American ordnance. 33 percent of U.S. casualties in Vietnam and 28 percent of deaths were officially attributed to mines; these figures include losses caused by both IEDs and commercially manufactured mines. 
Afghanistan
Following the invasion of Afghanistan by the USSR on 27 December 1979, the Afghan Mujahideen were supplied with large quantities of military supplies from many Muslim states and from the United States. Among those supplies were many types of anti-tank mines. The Afghan Mujahideen often removed the explosives from several foreign anti-tank mines, and combine the explosives in tin cooking-oil cans for a more powerful blast. Often the foreign anti-tank mines were enclosed in plastic containers, making them difficult to detect. By combining the explosives from several mines and placing them in tin-cans, the Afghan Mujahideen made them easier to detect. After an IED was exploded, the Afghan Mujahideen often used direct fire weapons such as machine guns and rocket-propelled grenades to continue the attack.

Afghan Mujahideen operating far from the border with Pakistan did not have a ready supply of foreign anti-tank mines. They preferred to make mines from Soviet unexploded ordnance. The anti-tank mines were rarely triggered by pressure fuses. They were almost always remotely detonated. Since the 2001 invasion of Afghanistan, the Taliban and its supporters have used IEDs against American, ISAF, and Afghan military and civilian vehicles. While the number of such attacks has been far lower than those in Iraq, the number has been steadily increasing.

Lebanon
Hezbollah pioneered the use of IEDs against military forces after the 1982 invasion of Lebanon by Israel. Israel withdrew from most of Lebanon in 1985 but still kept troops stationed in a buffer zone in southern Lebanon. Hezbollah frequently used IEDs to attack Israeli vehicles in this area up until the Israeli withdrawal in May 2000.

One such bomb killed Israeli Brigadier General Erez Gerstein on February 28, 1999, the highest-ranking Israeli to die in Lebanon. Also in the 2006 Israel-Lebanon conflict, a Merkava Mark II tank was hit by a Hezbollah IED killing all 4 IDF servicemen on board, the first of two IED's damaging a Merkava tank.

Chechnya
IEDs have also been popular in Chechnya, where Russian forces are currently engaged in fighting with rebels. While no concrete statistics are available on this matter, bombs have accounted for many Russian deaths in both the First Chechen War (1994–1996) and the Second (1999–present).

Iraq


Iraq is one of the most heavily mined nations in the world. As of early 2003, it was estimated that there were over 10 million mines already in the ground—8 million antipersonnel (AP) and 2 million antitank (AT), with Iraq both a producer and exporter of AP mines. 

Iraq is considered one of the most mine-infested nations in the world. Iraq emplaced minefields for three main purposes: 

To protect its borders during the lengthy war with Iran (1980 through 1988). 

To ward off invasion during the Gulf War (1990 through 1991). 

To subdue the Kurdish population in northern Iraq. 

Northern Iraq’s mine and unexploded ordnance (UXO) problems date back to the end of World War II, but mines were not heavily used in this region until the 1960s and 1970s. During this period, the central Iraqi government attempted to subdue Kurdish demands for autonomy through the use of mine warfare. 

Starting with the Iran-Iraq War onwards, the Iraqi military has been involved in three major wars. From 1983 to 1988, the Iran/Iraq War was characterized by large-scale attacks against entrenched, heavily fortified, and mined positions on both sides of the border. Both countries used mines extensively along their common border. Additionally, Iraq used mines extensively in the northern regions of the country to curtail internal dissident activities. 

During this period, Iraqi soldiers gained extensive knowledge and experience in the use of booby traps and improvised explosive devices (IEDs). 

During the Gulf War, coalition forces encountered significant numbers of booby traps and IEDs. Most of these devices were located in numerous bunker complexes. 

In northern Iraq, the Iraqi military routinely booby trapped 5-gallon cans of napalm to harass and intimidate the Kurdish population. Another common booby trap encountered involved daisy chaining the Valmara 69 antipersonnel (AP) fragmentation mine. 

Use of booby traps Iraq has been similar to that in Israel where they have inflicted casualties and provoked terror among United States (US) and coalition forces. 

IEDs have accounted for (as of October 2005) about one-third of all American deaths in Iraq [4]. Despite the increased armor, IEDs have been killing soldiers with greater frequency; in a ten month period in 2005, 302 U.S. soldiers were killed by such devices.[5] December 2006 was the deadliest month for IED attacks thus far with a reported 68 of the 116 coalition casualties coming from an IED attack?[6] According to the Pentagon, 250,000 tons (of 650,000 tons total) of Iraqi ordnance were looted, providing a nigh-endless source of ammunition for the insurgents.[7]
Another possibility is platter charges. Platter charges are rectangular or circular pieces of flat metal (usually steel) with plastic explosives pressed onto one side of the platter. The amount of explosive used is usually equal, by weight, to the weight of the platter. The explosives propel the platter into the target. The effective range can be as far as 50 meters.

The British also accused Iran and Hezbollah of teaching Iraqi fighters to use infrared light beams to trigger IEDs. As the occupation forces become more sophisticated in interrupting radio signals around their convoys, the Iraqis adapt their triggering methods. Thus far the British have failed to present any evidence to substantiate their charges.

The Iraqi insurgents make videos of exploding vehicles and of the dead and distribute them via the Internet to win new supporters. Outside Iraq, foreign radicals see the images as confirmation that the Americans are vulnerable. IEDs, including vehicles driven by suicide bombers, are also killing hundreds of Iraqis as insurgents also strike police stations, markets, and mosques. Insurgents now use the bombs to target not only American and Coalition vehicles, civilian transportation as well.
Deaths

There is a trend of increasing violence and morality. Death from violence has been increasing dramatically each year since 2003. The first after the invasion was the least violent in the period, with an excess mortality rate of 2.6 in 2003-2004 (corresponding to just over 100,000 deaths until September 2004). 
The mortality rate increased to 5.6 and 14.2 in 2004-2005 and 2005-2006, respectively. Deaths were concentrated among adult men. Three quarters of the deaths (77%) were in males. Just fewer than ten times as many men as women had died from violence, compared to 3.4 times as many men dying overall (from all causes). Men in the 15-44 age group had particularly pronounced increase in mortality, approaching the mortality rates in the 60+ age group.

Like the causes of deaths, these findings are very uncertain. Estimates of number of deaths in a particular sub-group of the sample (e.g., males of a particular age groups) are imprecise, meaning that a wide range of true mortality rates are consistent with the findings.

General Information
The primary types encountered in Iraq are command-wire, remote, and vehicle born IEDs, or VBIEDs and EFPs
Definition An IED is a bomb fabricated in an improvised manner incorporating destructive, lethal, noxious, pyrotechnic, or incendiary chemicals and designed to destroy or incapacitate personnel or vehicles. In some cases, IEDs are used to distract, disrupt, or delay an opposing force, to facilitate another type of attack. IEDs may incorporate military or commercially-sourced explosives, and often combine both types, or they may otherwise be made with home made explosives (HME).
They are unique in nature because the IED builder has had to improvise with the materials at hand. Designed to defeat a specific target or type of target, they generally become more difficult to detect and protect against as they become more sophisticated. 
Almost anything that blows up will do, from grenades to plastic explosives to leftover mines. The most everyday of electronics -- a cell phone, a garage door opener, a child's remote-control toy -- can be recast as a trigger. And the hiding places for these handmade bombs are everywhere: in the ground, aboard a truck, even inside an animal carcass 

Though they can vary widely in shape and form, IEDs share a common set of components and consist of the following:  
Infrared Light Beams: The British also accused Iran and Hezbollah of teaching Iraqi fighters to use infrared light beams to trigger IEDs. As the occupation forces become more sophisticated in interrupting radio signals around their convoys, the Iraqis adapt their triggering methods. Thus far the British have failed to present any evidence to substantiate their charges.

Characteristics of High explosives
High explosives are normally employed in mining, demolition, and military warheads. They undergo detonation at rates of 1,000 to 9,000 meters per second. High explosives are conventionally subdivided into two classes differentiated by sensitivity:

Primary explosives are extremely sensitive to shock, friction, and heat, to which they will respond by burning rapidly or detonating. The best-known primary compound is nitroglycerine. 

Secondary explosives also called base explosives, are relatively insensitive to shock, friction, and heat. They may burn when exposed to heat or flame in small, unconfined quantities, but detonation can occur. These are sometimes added in small amounts to blasting caps to boost their power. Dynamite, TNT, RDX, PETN, HMX, and others are secondary explosives. PETN is often considered a benchmark compound, with materials that are more sensitive than PETN being classified as primary explosives. 

Some definitions add a third category:

Tertiary explosives, also called blasting agents, are so insensitive to shock that they cannot be reliably detonated by practical quantities of primary explosive, and instead require an intermediate explosive booster of secondary explosive. Examples include an Ammonium Nitrate/Fuel Oil mixture (ANFO) and slurry or 'Wet Bag' explosives. These are primarily used in large-scale mining and construction operations. 

Note that many if not most explosive chemical compounds may usefully deflagrate as well as detonate, and are used in high as well as low explosive compositions. This also means that under extreme conditions, a propellant can detonate. For example, nitrocellulose deflagrates if ignited, but detonates if initiated by a detonator.

Detonation of an explosive charge
Also called an initiation sequence or a firing train, this is the sequence of events that progresses from relatively low levels of energy to cause a chain reaction to initiate the final explosive material or main charge. They can be either low or high explosive trains. Low explosive trains are as simple as a rifle cartridge, including a primer and a propellant charge. High explosives trains can be more complex, either two-step (e.g., detonator and dynamite) or three-step (e.g., detonator, booster of primary explosive and main charge of secondary explosive). Detonators are often made from Tetryl fulminates.

Composition of the material
An explosive may consist of either a chemically pure compound, such as nitroglycerin, or a mixture of an oxidizer and a fuel, such as black powder.

Mixtures of an oxidizer and a fuel
An oxidizer is a pure substance (molecule) that in a chemical reaction can contribute some atoms of one or more oxidizing elements, in which the fuel component of the explosive burns. On the simplest level, the oxidizer may itself be an oxidizing element, such as gaseous or liquid oxygen.

Black powder: potassium nitrate, charcoal and sulfur 

Flash powder: fine metal powder (usually aluminum or magnesium) and a strong oxidizer (e.g. potassium chlorate or per chlorate). 

Ammonal: ammonium nitrate and aluminum powder. 

Armstrong's mixture: potassium chlorate and red phosphorus. This is a very sensitive mixture. It is a primary high explosive in which sulfur is substituted for some or all phosphorus to slightly decrease sensitivity. 

Sprengel explosives: a very general class incorporating any strong oxidizer and highly reactive fuel, although in practice the name most commonly was applied to mixtures of chlorates and nitroaromatics 

ANFO: ammonium nitrate and fuel oil. 

Cheddites, chlorates or per chlorates and oil 

Oxyliguits: mixtures of organic materials and liquid oxygen 

ANFO: ammonium nitrate and fuel oil. 

Cheddites, chlorates or per chlorates and oil 

Oxliquits: mixtures of organic materials and liquid oxygen 

Panclastities: mixtures of organic materials and di nitrogen tetroxide 

Chemically pure compounds
Some chemical compounds are unstable in that, when shocked, they react, possibly to the point of detonation. Each molecule of the compound dissociates into two or more new molecules (generally gases) with the release of energy.

Nitroglycerin: a highly unstable and sensitive liquid. 

Acetone peroxide: A very unstable white organic peroxide 

TNT: Yellow insensitive crystals that can be melted and cast without detonation. 

Nitrocellulose: A nitrated polymer which can be a high or low explosive depending on nitration                                    level and conditions. 

RDX, PETN, HMX: Very powerful explosives which can be used pure or in plastic explosives. 

C-4 (or Composition C-4): An RDX plastic explosive plasticized to be adhesive and malleable. 

The above compositions may describe the majority of the explosive material, but a practical explosive will often include small percentages of other materials. For example, nitroglycerin becomes dynamite when mixed into sawdust, powdered silica, or most commonly diatomaceous earth, which act as stabilizers. Plastics and polymers may be added to bind powders of explosive compounds; waxes may be incorporated to make them safer to handle; aluminum powder may be introduced to increase total energy and blast effect. Explosive compounds are also often "alloyed": HMX or RDX powders maybe mixed (typically by melt-casting) with TNT to form coctol or cyclotol 

Plasticizers
Plasticizers can be any number of compounds or ingredients. Their principle role in explosives is to soften the explosive, so as to make it more malleable, but a secondary role is to increase the stability of the explosive, increasing the temperature at which it burns and/or the pressure at which it detonates.

Di-n-octyl phthalate (also known as DnOP, or C24H38O4), for example, is commonly used in HE today, and numerous studies have shown that phthalates are "highly biodegradable under both aerobic and anerobic conditions." DnOP is in the family of Nonhalogenated semi-volatile organic compounds/polycyclic aromatic hydrocarbons, and is the plasticizer used in both Semtex A and H, which are common non-US plastic explosives.

Chemical explosive reaction
A chemical explosive is a compound or mixture which, upon the application of heat or shock, decomposes or rearranges with extreme rapidity, yielding much gas and heat. Many substances not ordinarily classed as explosives may do one, or even two, of these things. For example, a mixture of nitrogen and oxygen can be made to react with great rapidity and yield the gaseous product nitric oxide; yet the mixture is not an explosive since it does not evolve heat, but rather absorbs heat.

For a chemical to be an explosive, it must exhibit all of the following:

Rapid Expansion (eg. rapid production of gasses or rapid heating of surroundings) 

Evolution of heat 

Rapidity of reaction 

Initiation of reaction 

Formation of gases
Gases may be evolved from substances in a variety of ways. When wood or coal is burned in the atmosphere, the carbon and hydrogen in the fuel combine with the oxygen in the atmosphere to form carbon dioxide and steam (water), together with flame and smoke. When the wood or coal is pulverized, so that the total surface in contact with the oxygen is increased, and burned in a furnace or forge where more air can be supplied, the burning can be made more rapid and the combustion more complete. When the wood or coal is immersed in liquid oxygen or suspended in air in the form of dust, the burning takes place with explosive violence. In each case, the same action occurs: a burning combustible forms a gas.

Evolution of heat
The generation of heat in large quantities accompanies every explosive chemical reaction. It is this rapid liberation of heat that causes the gaseous products of reaction to expand and generate high pressures. This rapid generation of high pressures of the released gas constitutes the explosion. It should be noted that the liberation of heat with insufficient rapidity will not cause an explosion. For example, although a pound of coal yields five times as much heat as a pound of nitroglycerin, the coal cannot be used as an explosive because the rate at which it yields this heat is quite slow.

Rapidity of reaction
Rapidity of reaction distinguishes the explosive reaction from an ordinary combustion reaction by the great speed with which it takes place. Unless the reaction occurs rapidly, the thermally expanded gases will be dissipated in the medium, and there will be no explosion. Again, consider a wood or coal fire. As the fire burns, there is the evolution of heat and the formation of gases, but neither is liberated rapidly enough to cause an explosion. This can be likened to the energy discharge of a battery, which is slow; to a flash capacitor, like that in a camera flash and releases its energy all at once.

Initiation of reaction
A reaction must be capable of being initiated by the application of shock or heat to a small portion of the mass of the explosive material. A material in which the first three factors exist cannot be accepted as an explosive unless the reaction can be made to occur when desired.

Sensitizer
A sensitizer is a powdered or fine particulate material that is sometimes used to create voids that aid in the initiation or propagation of the detonation wave.  It may be as high-tech as glass beads (Glass Bubbles or as simple as black cumin seeds.

Military explosives
To determine the suitability of an explosive substance for military use, its physical properties must first be investigated. The usefulness of a military explosive can only be appreciated when these properties and the factors affecting them are fully understood. Many explosives have been studied in past years to determine their suitability for military use and most have been found wanting. Several of those found acceptable have displayed certain characteristics that are considered undesirable and, therefore, limit their usefulness in military applications. The requirements of a military explosive are stringent, and very few explosives display all of the characteristics necessary to make them acceptable for military standardization. Some of the more important characteristics are discussed below:

Availability and cost
In view of the enormous quantity demands of modern warfare, explosives must be produced from cheap raw materials that are nonstrategic and available in great quantity. In addition, manufacturing operations must be reasonably simple, cheap, and safe.

Sensitivity
Regarding an explosive, this refers to the ease with which it can be ignited or detonated—i.e., the amount and intensity of shock, friction, or heat that is required. When the term sensitivity is used, care must be taken to clarify what kind of sensitivity is under discussion. The relative sensitivity of a given explosive to impact may vary greatly from its sensitivity to friction or heat. Some of the test methods used to determine sensitivity are as follows:

Impact Sensitivity is expressed in terms of the distance through which a standard weight must be dropped to cause the material to explode. 

Friction Sensitivity is expressed in terms of what occurs when a weighted pendulum scrapes across the material (snaps, crackles, ignites, and/or explodes

Heat Sensitivity is expressed in terms of the temperature at which flashing or explosion of the material occurs. 

Sensitivity is an important consideration in selecting an explosive for a particular purpose. The explosive in an armor-piercing projectile must be relatively insensitive, or the shock of impact would cause it to detonate before it penetrated to the point desired. The explosive lenses around nuclear charges are also designed to be highly insensitive, to minimize the risk of accidental detonation.

Stability
Stability is the ability of an explosive to be stored without deterioration. The following factors affect the stability of an explosive:

Chemical constitution. The very fact that some common chemical compounds can undergo explosion when heated indicates that there is something unstable in their structures. While no precise explanation has been developed for this, it is generally recognized that certain groups, nitro dioxide (NO2), nitrate (NO3), and azide (N3), are intrinsically in a condition of internal strain. Increased strain through heating can cause a sudden disruption of the molecule and consequent explosion. In some cases, this condition of molecular instability is so great that decomposition takes place at ordinary temperatures. 

Temperature of storage. The rate of decomposition of explosives increases at higher temperatures. All of the standard military explosives may be considered to be of a high order of stability at temperatures of -10 to +35 °C, but each has a high temperature at which the rate of decomposition becomes rapidly accelerated and stability is reduced. As a rule of thumb, most explosives become dangerously unstable at temperatures exceeding 70 °C. 

Exposure to sun. If exposed to the ultraviolet rays of the sun, many explosive compounds that contain nitrogen groups will rapidly decompose, affecting their stability. 

Electrical discharge. Electrostatic or spark sensitivity to initiation is common to a number of explosives. Static or other electrical discharge may be sufficient to inspire detonation under some circumstances. As a result, the safe handling of explosives and pyrotechnics almost always requires electrical grounding of the operator. 

Power
The term "power" (or more properly, performance) as applied to an explosive refers to its ability to do work. In practice it is defined as the explosive's ability to accomplish what is intended in the way of energy delivery (i.e., fragment projection, air blast, high-velocity jets, underwater shock and bubble energy, etc.). Explosive power or performance is evaluated by a tailored series of tests to assess the material for its intended use. Of the tests listed below, cylinder expansion and air-blast tests are common to most testing programs, and the others support specific applications.

Cylinder expansion test. A standard amount of explosive is loaded within a long hollow cylinder, usually of copper, and detonated at one end. Data are collected concerning the rate of radial expansion of the cylinder and maximum cylinder wall velocity. This also establishes the Gurney constant or 2E. 

Cylinder fragmentation test. A standard steel cylinder is charged with explosive and fired in a sawdust pit. The fragments are collected and the size distribution analyzed. 

Detonation pressure (Chapman-Jouguet condition). Detonation pressure data derived from measurements of shock waves transmitted into water by the detonation of cylindrical explosive charges of a standard size. 

Determination of critical diameter. This test establishes the minimum physical size a charge of a specific explosive must be to sustain its own detonation wave. The procedure involves the detonation of a series of charges of different diameters until difficulty in detonation wave propagation is observed. 

Infinity diameter detonation velocity. Detonation velocity is dependent on landing density (c), charge diameter, and grain size. The hydrodynamic theory of detonation used in predicting explosive phenomena does not include diameter of the charge, and therefore a detonation velocity, for an imaginary charge of infinite diameter. This procedure requires a series of charges of the same density and physical structure, but different diameters, to be fired and the resulting detonation velocities extrapolated to predict the detonation velocity of a charge of infinite diameter. 

Pressure versus scaled distance. A charge of specific size is detonated and its pressure effects measured at a standard distance. The values obtained are compared with that for TNT. 

Impulse versus scaled distance. A charge of specific size is detonated and its impulse (the area under the pressure-time curve) measured versus distance. The results are tabulated and expressed in TNT equivalent. 

Relative bubble energy (RBE). A 5 to 50 kg charge is detonated in water and piezoelectric gauges are used to measure peak pressure, time constant, impulse, and energy. 

Brisance
In addition to strength, explosives display a second characteristic, which is their shattering effect or brisance (from the French meaning to "break"), which is distinguished from their total work capacity. An exploding propane tank may release more chemical energy than an ounce of nitroglycerin, but the tank would probably fragment into large pieces of twisted metal, while a metal casing around the nitroglycerin would be pulverized. This characteristic is of practical importance in determining the effectiveness of an explosion in fragmenting shells, bomb casings, grenades, and the like. The rapidity with which an explosive reaches its peak pressure is a measure of its brisance. Brisance values are primarily employed in France and Russia.

The sand crush test is commonly employed to determine the relative brisance in comparison to TNT. No test is capable of directly comparing the explosive properties of two or more compounds; it is important to examine the data from several such tests (sand crush, trauzl, and so forth) in order to gauge relative brisance. True values for comparison will require field experiments.

Density
Density of loading refers to the mass of an explosive per unit volume. Several methods of loading are available, and the one used is determined by the characteristics of the explosive. The methods available include pellet loading, cast loading, and press loading. Dependent upon the method employed, an average density of the loaded charge can be obtained that is within 80-99% of the theoretical maximum density of the explosive. High load density can reduce sensitivity by making the mass more resistant to internal friction. However, if density is increased to the extent that individual crystals are crushed, the explosive may become more sensitive. Increased load density also permits the use of more explosive, thereby increasing the power of the warhead. It is possible to compress an explosive beyond a point of sensitivity, known also as "dead-pressing," in which the material is no longer capable of being reliably initiated, if at all.

Volatility
Volatility, or the readiness with which a substance vaporizes, is an undesirable characteristic in military explosives. Explosives must be no more than slightly volatile at the temperature at which they are loaded or at their highest storage temperature. Excessive volatility often results in the development of pressure within rounds of ammunition and separation of mixtures into their constituents. Stability, as mentioned before, is the ability of an explosive to stand up under storage conditions without deteriorating. Volatility affects the chemical composition of the explosive such that a marked reduction in stability may occur, which results in an increase in the danger of handling. Maximum allowable volatility is 2 ml of gas evolved in 48 hours. That may give excellent explosion.

Hygroscopicity
The introduction of water into an explosive is highly undesirable since it reduces the sensitivity, strength, and velocity of detonation of the explosive. Hygroscopicity is used as a measure of a material's moisture-absorbing tendencies. Moisture affects explosives adversely by acting as an inert material that absorbs heat when vaporized, and by acting as a solvent medium that can cause undesired chemical reactions. Sensitivity, strength, and velocity of detonation are reduced by inert materials that reduce the continuity of the explosive mass. When the moisture content evaporates during detonation, cooling occurs, which reduces the temperature of reaction. Stability is also affected by the presence of moisture since moisture promotes decomposition of the explosive and, in addition, causes corrosion of the explosive's metal container. For all of these reasons, Hygroscopicity must be negligible in military explosives.

Toxicity
Due to their chemical structure, most explosives are toxic to some extent. Since the toxic effect may vary from a mild headache to serious damage of internal organs, care must be taken to limit toxicity in military explosives to a minimum. Any explosive of high toxicity is unacceptable for military use. Explosive product gases can also be toxic.

Measurement of chemical explosive reaction
The development of new and improved types of ammunition requires a continuous program of research and development. Adoption of an explosive for a particular use is based upon both proving ground and service tests. Before these tests, however, preliminary estimates of the characteristics of the explosive are made. The principles of thermo chemistry are applied for this process.

Thermo chemistry is concerned with the changes in internal energy, principally as heat, in chemical reactions. An explosion consists of a series of reactions, highly exothermic, involving decomposition of the ingredients and recombination to form the products of explosion. Energy changes in explosive reactions are calculated either from known chemical laws or by analysis of the products.

For most common reactions, tables based on previous investigations permit rapid calculation of energy changes. Products of an explosive remaining in a closed calorimetric bomb (a constant-volume explosion) after cooling the bomb back to room temperature and pressure are rarely those present at the instant of maximum temperature and pressure. Since only the final products may be analyzed conveniently, indirect or theoretical methods are often used to determine the maximum temperature and pressure values.

Some of the important characteristics of an explosive that can be determined by such theoretical computations are:

Oxygen balance 

Heat of explosion or reaction 

Volume of products of explosion 

Potential of the explosive 

Oxygen balance (OB%)
Oxygen balances an expression that is used to indicate the degree to which an explosive can be oxidized. If an explosive molecule contains just enough oxygen to convert all of its carbon to carbon dioxide, all of its hydrogen to water, and all of its metal to metal oxide with no excess, the molecule is said to have a zero oxygen balance. The molecule is said to have a positive oxygen balance if it contains more oxygen than is needed and a negative oxygen balance if it contains less oxygen than is needed. The sensitivity, strength, and brisance of an explosive are all somewhat dependent upon oxygen balance and tend to approach their maximums as oxygen balance approaches zero.

The oxygen balance (OB) is calculated from the empirical formula of a compound in percentage of oxygen required for complete conversion of carbon to carbon dioxide, hydrogen to water, and metal to metal oxide.

Because sensitivity, brisance, and strength are properties resulting from a complex explosive chemical reaction, a simple relationship such as oxygen balance cannot be depended upon to yield universally consistent results. When using oxygen balance to predict properties of one explosive relative to another, it is to be expected that one with an oxygen balance closer to zero will be the more brisant, powerful, and sensitive; however, many exceptions to this rule do exist. More complicated predictive calculations, such as those discussed in the next section, result in more accurate predictions.

One area in which oxygen balance can be applied is in the processing of mixtures of explosives. The family of explosives called amatols is mixtures of ammonium nitrate and TNT. Ammonium nitrate has an oxygen balance of +20% and TNT has an oxygen balance of −74%, so it would appear that the mixture yielding an oxygen balance of zero would also result in the best explosive properties. In actual practice a mixture of 80% ammonium nitrate and 20% TNT by weight yields an oxygen balance of +1%, the best properties of all mixtures, and an increase in strength of 30% over TNT.

Heat of explosion
When a chemical compound is formed from its constituents, the reaction may either absorb or give off heat. The quantity of heat absorbed or given off during transformation is called the heat of formation. The heats of formations for solids and gases found in explosive reactions have been determined for a temperature of 15 °C and atmospheric pressure, and are normally tabulated in units of kilocalories per gram molecule. (See table 12-1). Where a negative value is given, it indicates that heat is absorbed during the formation of the compound from its elements. Such a reaction is called an endothermic reaction. The convention usually employed in simple thermo chemical calculations is arbitrarily to take heat contents of all elements as zero in their standard states at all temperatures (standard state being defined as the state at which the elements are found under natural or ambient conditions). Since the heat of formation of a compound is the net difference between the heat content of the compound and that of its elements, and since the latter are taken as zero by convention, it follows that the heat content of a compound is equal to its heat of formation in such no rigorous calculations. This leads us to the principle of initial and final state, which may be expressed as follows: "The net quantity of heat liberated or absorbed in any chemical modification of a system depends solely upon the initial and final states of the system, provided the transformation takes place at constant volume or at constant pressure. It is completely independent of the intermediate transformations and of the time required for the reactions."

From this it follows that the heat liberated in any transformation accomplished through successive reactions is the algebraic sum of the heats liberated or absorbed in the different reactions. Consider the formation of the original explosive from its elements as an intermediate reaction in the formation of the products of explosion. The net amount of heat liberated during an explosion is the sum of the heats of formation of the products of explosion, minus the heat of formation of the original explosive.

The net heat difference between heats of formations of the reactants and products in a chemical reaction is termed the heat of reaction. For oxidation this heat of reaction may be termed heat of combustion.

In explosive technology only materials that are exothermic — that is, have a heat of reaction that causes net liberation of heat — are of interest. Hence, in this text, heats of reaction are virtually all positive. Reaction heat is measured under conditions either of constant pressure or constant volume. It is this heat of reaction that may be properly expressed as "heat of the explosion."

Detonators
A detonator is a device used to trigger an explosive device. Detonators can be chemically, mechanically, pressure or electrically initiated, the latter two being the most common. Explosive Ordnance Devices or EOD (hand grenades, mines etc.) generally use mechanical detonators.

The commercial use of explosives uses electrical detonators or the capped fuse which is a length of safety fuse to which an ordinary detonator has been crimped. This type is the most common found on IEDs.  

Many detonators' primary explosive is a material called ASA compound. This compound is formed from lead aside, lead styphnate and aluminum and is pressed into place above the base charge, usually TNT or Tetryl in military detonators and PETN in commercial detonators.

Other materials such as DDNP (diazo dinitro phenol) are also used as the primary charge to reduce the amount of lead emitted into the atmosphere by mining and quarrying operations. Old detonators used mercury fulminate as the primary, and it was often mixed with potassium chlorate to yield better performance.

Detonating cord, also called detonation cord, detacord, det. cord, detcord, primer cord, primacord or cordtex is a thin, flexible tube with an explosive core. It is a high-speed fuse which explodes, rather than burns, and is suitable for detonating high explosives, usually pentaerythritol tetranitrate (PETN, Pentrite). The velocity of detonation is sufficient to use it for synchronising multiple charges to detonate almost simultaneously even if the charges are placed at different distances from the point of initiation. It is used to reliably and inexpensively chains together multiple explosive charges. Typical uses include mining, drilling, and demolitions.

"Cordtex” is one of many trade names which have slipped into being used as a generic.

As a transmission medium, it can act as a downlink between the initiator (trigger) and the blast area, and as a trunk line connecting several different explosive charges. As a timing mechanism, detonation cord detonates at a very reliable rate (about 7000 - 8000 m/s), enabling engineers to control the pattern in which charges are detonated. This is particularly useful for demolitions, when structural elements need to be destroyed in a specific order to control the collapse of a building.

While it looks like nylon cord, the core is a compressed powdered explosive, usually PETN (Pentrite), and it is initiated by the use of a blasting cap. Detonation cord will initiate most commercial high explosives (dynamite, gelignite, sensitized gels, etc.) but will not initiate less sensitive blasting agents like ANFO on its own. 25 to 50 grain/foot (5.3 to 10.6 g/m) det cord has approximately the same initiation power as a blasting cap, but along its entire length. A small charge of PETN, TNT, or other explosive booster is required to bridge between the cord and a charge of insensitive blasting agent like ANFO or most water gels. The Finnish army colloquialism is anopin pyykkinaru (mother-in-law's clothesline) as it resembles ordinary clothesline.

Detonators can be initiatiates in various was such as “Pressure-Sensitive Bars, Hoses or Plates, Trip Wires, mercury switch and a recent addition “Infrared Devices”
The British also accused Iran and Hezbollah of teaching Iraqi fighters to use infrared light beams to trigger IEDs. As the occupation forces become more sophisticated in interrupting radio signals around their convoys, the Iraqis adapt their triggering methods. Thus far the British have failed to present any evidence to substantiate their charges. 
A mercury switch is a switch whose purpose is to allow or interrupt the flow of electric current in an electrical circuit in a manner that is dependent on the switch's physical position or alignment relative to the direction of the "pull" of earth's gravity.

Mercury switches consist of one or more sets of electrical contacts in a sealed glass envelope which contains a bead of mercury. The envelope may also contain air, an inert gas, or a vacuum. Gravity is constantly pulling the drop of mercury to the lowest point in the envelope. When the switch is tilted in the appropriate direction, the mercury touches a set of contacts, thus completing the electrical circuit through those contacts. Tilting the switch the opposite direction causes the mercury to move away from that set of contacts, thus breaking that circuit. The switch may contain multiple sets of contacts, closing different sets at different angles allowing, for example, Single-Pole, Double-Throw (SPDT) operation
The IRA frequently used mercury tilt switches to detonate car bombs during the Troubles. Other terrorist groups also used the device, including the Red Hand Defenders who used a mercury switch to detonate the bomb that killed Rosemary Nelson.
Types of IEDs
Command-wire 
Command-wire IEDs have a detonation switch, such as a garage door opener or washing machine timer, at one end of the wire and the explosives at the other end and an insurgent is observing the target and triggering the device when within the kill zone. 
Remote 

Remote detonated IEDs are ignited by a transmitter, such as a cordless phone or hand-held radio. VBIEDs are vehicles turned bomb

EFP (Explosively Formed Penetrates) 

In October 2005, Britain charged that Iran was supplying insurgents with the technological know-how to make shaped charges, which focus the blast in a specific direction, and can pierce greater thicknesses of armor with less explosive. Iran has denied this

Recently, IEDs have been deployed in the form of Explosively Formed Penetrators, a special type of shaped charge that is effective at long standoffs from the target (50 meters or more). These are especially problematic to counter because they can be emplaced so far from their intended targets.[11]
A cylindrical container is packed with explosive, and capped by a conical piece of metal that becomes a molten projectile when the device is detonated. The shaped charge concentrates blast energy to punch through armor plating and propel the molten metal into the target vehicles 
The British also accused Iran and Hezbollah of teaching Iraqi fighters to use infrared light beams to trigger IEDs. As the occupation forces become more sophisticated in interrupting radio signals around their convoys, the Iraqis adapt their triggering methods. Thus far the British have failed to present any evidence to substantiate their charges.

Platter Charges
Platter charges are rectangular or circular pieces of flat metal (usually steel) with plastic explosives pressed onto one side of the platter. The amount of explosive used is usually equal, by weight, to the weight of the platter. The explosives propel the platter into the target. The effective range can be as far as 50 meters.

The British also accused Iran and Hezbollah of teaching Iraqi fighters to use infrared light beams to trigger IEDs. As the occupation forces become more sophisticated in interrupting radio signals around their convoys, the Iraqis adapt their triggering methods. Thus far the British have failed to present any evidence to substantiate their charges.

Insurgents now use the bombs to target not only American and Coalition vehicles, but Iraqi police and civilian transportation as well.

Vehicle Born IEDs
A car bomb is an improvised explosive device that is placed in a car or other vehicle and then exploded. It is commonly used as a weapon of assassination, terrorism, or guerrilla warfare, to kill the occupant(s) of the vehicle and people near the blast site and/or to cause damage to buildings or other property. Car bombs act as their own delivery mechanisms and can carry a relatively large amount of explosive without attracting suspicion. Trucks are most commonly used, although motorcycles and even bicycles have also been used to carry bombs.

The U.S. military and law enforcement agencies often call a car bomb a VBIED, an acronym standing for Vehicle Borne Improvised Explosive Device.

Timothy McVeigh infamously bombed the Alfred P. Murrah Federal Building in Oklahoma City with a Ryder truck filled with ammonia nitrate/fuel oil explosive in the Oklahoma City bombing.

The earliest car bombs were intended for assassination. These were often wired to the car's ignition system, to explode when the car was started. Ignition triggering is now rare, as it is easy to detect and hard to install — interfering with the circuitry is time-consuming and car alarms can be triggered by drains on the car's electrical system. Also, the target can start the car remotely (inadvertently or otherwise), or the target may be a passenger who is a safe distance away when the ignition starts. It is now more common for assassination bombs to be affixed to the underside of the car and then detonated remotely, by the car's motion, or by other means. The bomb is exploded as the target approaches or starts the vehicle or, more commonly, after the vehicle begins to move, when the target is more likely to be inside. For this reason, guards often check the underside of vehicles with a long mirror mounted on a pole.

In recent years, car bombs have become widely used by suicide bombers who seek to ram the car into a building and simultaneously detonate it. Truck bombs are also popular, since trucks can crash through barriers more easily and can hold a great deal more explosives.

Defending against a car bomb involves keeping vehicles at a distance from vulnerable targets, often using Jersey barriers, concrete blocks or bollards, and hardening buildings to withstand an explosion. Since the height of the PIRA campaign, the entrance to Downing Street has been closed, preventing the general public from getting near Number 10. This can be difficult where public roads pass near buildings, and road closures may be the only option in such circumstances (hence, for instance, in Washington, D.C. Pennsylvania Avenue is closed to traffic immediately behind the White House).

Car bombs have been used by terrorist groups for many years. For instance the IRA used them frequently during its campaign in The Troubles in Northern Ireland and Great Britain. IRA car bombs frequently caused major civilian casualties, for example on Bloody Friday in 1972. The IRA used mercury tilt switches in the majority of their car bombs. Mass casualty car bombing, and especially suicide car bombing, is principally a Middle Eastern phenomenon. The tactic was first widely used in the Lebanese Civil War by the Islamic fundamentalist group Hezbollah (most notably in the 1983 Beirut barracks bombing which killed 241 U.S. marines and 58 French), by Palestinian terrorist groups against Israeli civilians, and was also adopted by the Tamil Tigers in Sri Lanka's long-running ethnic conflict. In more recent times, suicide car bombings have been used throughout the Islamic world, especially in Iraq, by jihads organization such as groups affiliated to al Qaeda.

Deployment
The proficiency of attacks in Iraq increased along with frequency with many of attacks directed toward interdicting convoys. As a good number of Iraq highways are extensive and modern, with four- to eight-lane paved roads in portions of the country. Extensive use of traffic circles is widespread. Coalition forces use these improved roadways for high-speed movement with many route options. As a result, IEDs pose the greatest threats to convoys. Unfortunately, the coalition traffic pattern analysis is relatively easy to predict, increasing vulnerability to enemy attacks. There are many bridges and overpasses – which are also possible chokepoints. Built-up or vegetated medians divide most roadways. Many IEDs have been placed in these median strips, some placed under girders. Meals, ready-to-eat (MRE) boxes, soda cans, manholes, tunnels burrowed under roads, cement-encased bomb projectiles, and even dead animal carcasses have been used by the insurgents to conceal IEDs. 

As of late 2003, 40 to 60 percent of all attacks began with an IED. Some of these attacks included direct fire attacks immediately following the detonation of the device. However, more and more IEDs were subsequently being used as a stand-alone means to engage a convoy. 

Some of the IEDs have been remotely detonated using relatively simple, readily available low-technology devices, such as garage door openers, car alarms, key fobs, door bells, toy car remotes, FRS and GMRS two-way radios, cellular telephones and pagers – which enable radio frequency command detonation. Therefore, this implies that observation of the target area probably requires line-of-sight observation points in many cases. However, the adaptation of using radios, cell phones and other remote control devices has given the enemy the standoff ability to watch forces from a distance and not be compromised. 

Improvised devices are characterized by varying employment techniques. In most of the techniques shown below, an unexploded ordnance (UXO) can easily be engineered to replace a mine or explosive device using one of the several following techniques: 
Some observers speculate that munitions for constructing IEDs may be coming from a large supply of unexpended Iraqi military ordnance that was gathered and stockpiled in secret locations throughout Iraq.5 Insurgents have constructed IEDs powerful enough to kill soldiers inside 22-ton Bradley Fighting Vehicles. In one incident in 2004, after a Bradley ran over a large IED, the armored bottom plate of the vehicle was reportedly found some 60 yards from the site of the explosion.6 In contrast, military units equipped with the 19-ton Stryker medium-weight armored vehicle, have reportedly suffered a lower number of catastrophic vehicle losses due to enemy attack. With a maximum speed of more than 60 mph, the Stryker can dash past ambushes and roadside IEDs that might catch the slower moving Abrams tank and Bradley.7 Between December 2003 and October 2004, news reports show that Strykers deployed in Iraq have successfully withstood 56 attacks by IEDs. Even when vehicles were rendered inoperable by the attacks, there was reportedly no loss of life among the Stryker crews.8 

Coupling. Coupling is a method of linking one mine or explosive device to another, usually with detonating cord. When the first device is detonated, it also detonates the linked explosive. This technique is often used to defeat countermine equipment, such as mine rollers 

Rolling. The roller will pass over the initial, unused device and set off the second fuzzed device. This in turn detonates the over passed device underneath the clearing vehicle. When the linked devices are directional fragmentation mines, they can create a large, lethal engagement area. 

Boosting. Buried mines, UXOs, or other explosive devices are stacked on top of one another. The device buried deepest from the surface is fuzzed. Fusing only the deepest ordnance helps mask no- and low-metal explosive hazards placed near the surface. This reduces the probability of detection by metal detectors, and it increases the force of the blast. 

Sensitizing antitank (AT) mines. On some nonmetallic AT mines, the pressure plate is cracked and the spring is removed to reduce the pressure required to initiate the mine. Similarly, the pressure plate can be removed from metallic AT mines to create the same effect. A pressure fuzzed AP mine can be placed on the top of an AT mine, thus creating a very large AP mine as an alternative method. 

Daisy chaining. AP mines may be used in daisy chains linked with other explosive hazards. Enemy forces may link the mines together with trip wire or detonating cord. When the initial mine is detonated, the other mines may detonate. This may also create large, lethal engagement areas

Complex Multi-Staged Ambush. Insurgents attack with IEDs, inflicting casualties. When other First Responders arrive to help, or when a medevac helicopter touches down on a nearby landing zone, the insurgents then trigger other pre-placed bombs, or begin a follow-on attack with rifles or grenades. 

Booby traps. Booby traps and IEDs are similar in that they are designed to kill or incapacitate personnel. They are also emplaced to avoid detection and improve effectiveness. Most are victim-activated, but some may involve remote or command detonation architectures. The use of booby traps is limited only by the imagination of the adversary. Booby traps are victim-activated devices intended to create casualties and terror and may or may not be found in areas of tactical significance. Are usually explosive in nature. Are usually activated when an unsuspecting person disturbs an apparently harmless object performs a presumably safe act; for example, souvenir hunting.
-Are designed to kill or incapacitate. 

-Cause unexpected random casualties and damage. 

-Create an attitude of uncertainty and suspicion, in effect lowering morale and inducing a degree of caution that -restricts or slows movement. 

-Threaten force protection. 

-Assume that all mines are booby-trapped. 

Countermeasures

Technical solutions alone won't resolve the IED problem. Defeating IEDs requires new technology, new tactics, new techniques and new training methods.  Because the enemy is so adaptable in using these devices, the technologies, tactics, techniques and training designed to counter them have to be adaptable, too,
Electronic Countermeasures
Jammers: Use of radio frequency jammers from Simi Valley, California firm EDO Communications & Countermeasures. The devices, called Warlock Green and Warlock Red, intercept "the signal sent from a remote location to the IED instructing it to detonate," an Army official told the military newsletter Inside Defense. The signal "cannot make contact, therefore when it can't make contact it doesn't detonate," he added. "[its like] the cell phone never gets through, but [enemy forces] think it goes through." 

Ping: Another Pentagon project, code-named PING, takes another tack. The Humvee-mounted machine, currently deployed in Iraq, sends out microwaves, looking for metal which will bounce the signals back. Concrete won't stop the microwaves, so PING can examine a building's interior. "When you find large amount of metal in a country that doesn't use a lot of metal in its construction, you have an idea that there's something there that there shouldn't be. PING has been "very successful" at finding insurgent weapons caches. 
Frequency Emitters: Navy-funded engineers at Advanced Ceramics Research in Tucson, Arizona are pursing a parallel idea. They're outfitting their Silver Fox unmanned plane with a radio frequency emitter. The signal returns when the wave encounters a detonation wire. And that tips troops off to the fact that an IED might be nearby. 
HALO (Acoustic Fire Location System)  HALO, developed by BAE Systems uses multiple acoustic sensors and precise meteorological monitoring and terrain data to locate and identify artillery or mortar sources, as well as IED explosions. 
The system can detect hostile firing near to adjacent friendly forces and identify areas of intensive activities. By detecting the occurrence of explosions of mortar fires, launching of RPGs or improvised rockets, sniper attacks and other gunshots, HALO automatically defines an area assigned with more attention from aerial and ground surveillance, ambushes and patrols. 

HALO covers large areas (typically over 2,000 square kilometers) and rapidly determines fire sources with with location accuracy of 50-100 meters, by analyzing the acoustic propagation of the target's signatures. HALO has been successfully deployed in combat zones including Bosnia, Kosovo Iraq and Afghanistan.
Other Electronic IED countermeasures. being explored include technology that can first detect IEDs from afar, and then generate a pulse of directed high-power electromagnetic energy to prematurely detonate them, or burn out and destroy their circuitry. 
An example is the Neutralizing Improvised Explosive Devices with Radio Frequency (NIRF) which produces a very high-frequency field at very short range that can neutralize an IEDs electronics.
Other sensors, such as the Laser-Induced Breakdown Spectroscopy system (LIBS), are being developed to detect traces of explosives used for IEDs from up to as far away as 30 meters
EOD Teams

It is up to leaders, down the basic operator level to ensure they take their time and do not rush through route clearance missions.  Leaders must also know the limits of their training and be able to admit when something is outside of their capabilities
IEDs continue to become more sophisticated and many devices exceed simple engineer solutions to neutralize the threat.  Once a stage III IED is discovered, securing the area and utilizing EOD assets is the best way to ensure the safety of all personnel. 

Intelligence information will determine where hasty clearance operations need to be abandoned in favor of deliberate clearance procedures.  It is up to platoon leadership to be proactive and not wait for the staff to develop these areas of interest. 
In terms of savings lives, route clearance missions are probably the most important missions in Iraq.  They require long hours traveling some of the most dangerous areas in the world, but when measured in lives saved all those hours pay for themselves
Since these devices are improvised, there are no specific guidelines for Explosive Ordnance Disposal (EOD) personnel to use to positively identify or categorize them. EOD personnel are trained in the rendering safe and disposal of IEDs. The use of chemical, biological, radiological, or nuclear (CBRN) material in an IED requires additional precautions. As with other missions, the EOD operator provides the area commander with an assessment of the situation and of support needed to complete the mission
EOD Vehicles and Equipment
The Buffalo 
Heavily armored EOD vehicle follows the South African monocoque capsule protection concept with US manufactured automotive platform, offering protection from IEDs and up to 45 pound landmine explosion under any wheel and 30 pound mine explosion under the centerline protection. An upgrade package offers protection from Self Forged Fragmentation (SFF) mines. The vehicle is used with US forces in Iraq for route clearing and counter IED activities. Since their deployment to Iraq in 2003 the Cougar and Buffalo vehicles employed with explosive ordnance disposal teams and engineers units have taken about 1,000 IED hits without

The Buffalo uses steel wheels and disc rollers which allow the vehicle to be driven over and detonate anti-personnel mines without sustaining damage. As a result, unusually large numbers of mines can be neutralized in a short period of time. The vehicle retains all round (including roof) ballistic protection from 7.62mm NATO ball cartridges. This armor is upgradeable to protect against Druganov AP cartridges. In a recent incident that involved a Buffalo vehicle which ran over an anti-tank mine, the blast tore off a wheel and destroyed an axle on the vehicle. There were no casualties to the crew inside the Buffalo and the vehicle maintained its mobility and drove itself out of the minefield. It was repaired overnight and was back in operation the following day. 
14 Buffalos are currently in service with US Army in Iraq and Afghanistan. Additional 21 vehicles were purchased by the Army in May 2004, at a cost of $15.3 million with deliveries planned for completed by December 2004. The US Army ordered 15 additional Buffalos in November 2004, under a separate 11.8 million contract. On February 7, 2006 Force Protection announced a new order from the US Army Tank-automotive and Armaments Command, for 19 Buffalo mine clearance vehicles, with options for 27 more. Differing from other EOD vehicles, the heavily protected Buffalo is a central element in the US Army's counter-IED 'hunter-killer' concept. That protects convoys against the threat of mines and IEDs. Enables engineers to inspect suspected objects from safe distance, using the robotic arm and video cameras, operated from the relative safety of the protected cabin. Large windows of armored glass provide good visibility to the sides of the vehicle, to enable effective operation on route patrols and dealing with suspected IEDs.
The "Talon" is a bomb-disposal Unmanned Ground Vehicle (UGV), or robot, that comes equipped with a mechanical arm to inspect and relocate suspected IEDs. More than a hundred of the remote-control robots are now being used in Iraq and Afghanistan, with an equal amount on order. Another robot, called the "PackBot" has also been used by the Army to clear bombs and explore suspected terrorist hideouts. 
Meerkat Interim Vehicle Mounted Mine Detector [IVMMD] 

The Interim Vehicle Mounted Mine Detector [IVMMD] is a vehicle-mounted metallic mine detection system. IVMMD will support contingency operations, and will provide the maneuver commander a partial Ground Standoff Minefield Detection System (GSTAMIDS) capability. 

The lead vehicle (Meerkat) is a single-occupant two-wheel drive vehicle, and serves as the primary mine detection vehicle. The vehicle’s manufacturer is the Johannesburg, South Africa-based RSD, a division of Dorbyl Ltd. The Meerkat mine detection vehicle resembles an oversized, armored dune buggy. It features a three-meter-wide array, which uses both metal detection and ground penetrating radar sensors. Should a blast occur, a V-shaped undercarriage directs the blast away from the vehicle, protecting the driver. The vehicle is designed to withstand the blast of an anti-tank mine, or 15 pounds of TNT. 

The trailer system (Husky) is a single occupant four-wheel drive vehicle that serves as the prime mover for the full width mine proofing/detonation trailers. It can also serve as an alternate detection vehicle. 

Both vehicles are anti-tank mine overpass-capable, and feature “frangible” components which support quick repair of the vehicle, within two hours of a mine blast. Both vehicles are blast protected (15lb TNT equivalent). Teleoperation capability is being developed to remotely control the Meerkat to provide a stand-off distance to soldiers using the system to detect larger mines or during operations in an unknown mine threat environment. 

The Interim Vehicle Mounted Mine Detector is a vehicle-mounted metallic mine detection system that was built for the South African National Defense Forces. The system is composed of mine, a detection vehicle, detonation trailers with prime mover and support packages. The lead vehicle (Meerkat) is a single-occupant two-wheel drive vehicle that serves as the primary mine detection vehicle. The trailer system (Husky) is a single occupant four-wheel drive vehicles that acts as the prime mover for the full width mine proofing/detonation trailers. It can also serve as an alternate detection vehicle. 

A complete IVMMD consists of one mine-detection vehicle (MDV), one towing/mine-detection vehicle (T/MDV), three mine-detonation trailers, a spare-wheel module for the MDV, a spare-wheel module for the T/MDV, and a container of spare parts. 

The MDV's only mission is to detect mines. It can negotiate vertical slopes up to a 20 percent grade. The MDV employs a 4-cylinder engine and a manual transmission to propel the 4.8-ton vehicle with a 3-meter-wide detection array. The detection array consists of two separate induction coils (one for the left side and one for the right side) that detect magnetic fields below the vehicle. The detection array is suspended between the two axles of the vehicle. When the detector encounters a metallic object, the operator is notified by an audible signal in the earphone and a visual signal on the dashboard that denotes which side array detected the object. The operator then stops the vehicle, backs it up, and reencounters the metallic object. (The MDV has two detection modes—the locate mode is used to identify the metal object, and the pinpoint mode is used to find the center of the object.) When the operator encounters the strongest signal, he activates the marking system (a nozzle mounted on the rear frame and centered on each detection array) that deploys a water-based ink onto the roadway. 

The MDV is designed to produce very little ground pressure; however, it may detonate pressure-fused mines, depending on their fuse sensitivity. The MDV produces 27.9 pounds per square inch (psi) of ground pressure when the tires are inflated to 14.5 psi and 21.8 psi of ground pressure when the tires are inflated to 8.7 psi. 

The T/MDV has a 6-cylinder engine and the same detection and marking system as the MDV. The T/MDV produces 49.8 psi of ground pressure when the tires are inflated to 29 psi and 23.4 psi of ground pressure when the tires are inflated to 8.7 psi. The T/MDV tows three mine-detonation trailers, and the recommended maximum operating speed while towing the trailers is 20 kph. The T/MDV (with trailers) can negotiate vertical slopes up to a 20 percent grade; however, going down such slopes is difficult. The T/MDV must be in first gear, and the trailer brakes must be deployed to decrease the speed of the vehicle when going down a slope. 

The mine-detonation trailers are very heavy and specifically designed to apply heavy ground pressure that initiates pressure-activated mines. Each trailer has two axles of different lengths so that the three trailers provide a full 3-meter-wide proofing capability behind the T/MDV. If a mine detonates underneath the trailers, the wheel bolts are designed to sheer so that repair is limited to replacing a single wheel. 

The IVMMD is used to support route-clearance operations. Clearance operations ensure that LOC are safe for the passage of personnel and equipment. The IVMMD should not be used during hours of limited visibility, because it hampers the operator's ability to see surface-laid mines and visual signatures that indicate mining activities. 

The main purpose of the IVMMD is to provide an interim vehicle mounted capability from a non-developmental source until GSTAMIDS, the ground standoff mine detection system, can be fielded. The vehicles, Meerkat and Husky, are overpass capable and include full vehicle width mine detectors. They are mine-resistant and can be repaired following a mine blast in the field. The detonation trailers provide the route proofing capability. 

The employment strategy for the IVMMD involves the leading vehicle, Meerkat, searching for antitank mines. Upon detection, the Husky moves forward towing the detonation trailers. A squad of engineers can then neutralize the mine or the trailers can detonate the mines in place. Both vehicles are blast protected (15lb TNT equivalent). Tele-operation capability is being developed to remotely control the Meerkat to provide a standoff distance to soldiers using the system to detect larger mines or during operations when the mine threat is unknown. 

Search and Surveillance
Among new technology in use in Iraq is the Buffalo, a heavily armored truck with a hydraulic arm that enables crews to examine suspected IEDs from a safe distance; the Meerkat, a countermine vehicle; and robots equipped with cameras and mechanical hands to examine suspected IEDs. 

Bomb-sniffing dogs are also putting their super-sensitive noses to the test to sniff out IEDs and even miniscule amounts of the munitions used to build them, 
.
Survivability

A study of the Soviet/Afghan war has proven extremely useful in addressing medical issues associated with mine strikes. Throughout the course of that war, 30 to 40 percent of trauma cases treated by Soviet medical personnel were caused by mine strikes. Necessarily, the Soviets adopted measures to improve force protection, gained a greater understanding of the effects of a mine strike on the body, improved casualty evacuation techniques, and implemented measures to plan for medical contingencies at the lowest level. 

Vehicles
According to press reports, approximately 10,000 High-Mobility Multi-Purpose Wheeled Vehicles (HMMWV, or Humvees) that were not armored for combat conditions are now in Iraq. Some of these vehicles are currently re-enforced using steel plates that may still be inadequate to withstand the explosives being used by the insurgents.1In addition, in an apparent response to the use of heavier armor; insurgents have developed even more powerful IEDs, along with more sophisticated methods for deploying and triggering them.
“The fact remains don’t get into a soft skinned vehicle and run around Iraq. You are food and will get eaten, plain and simple fact”
Soft Skinned

Retrograde

Armored SUVs

Armored Cars 

RG31 With a combat weight of 8,400 kg., the RG-31 MK3 4x4 Mine Protected APC is built from an all-steel welded armor monocoque hull, typical of South African mine protected vehicles, providing excellent small-arms and mine blast protection as well as small arms fire. The vehicle accommodates a crew of 10 including the driver. Dismounting is provided via a large rear door and two front doors. A different version, the RG-31M features a military wiring harness, central tire inflation and several other new characteristics. This Vehicle has a crew of 5. RG-31 is currently in service with US Army Task Force Pathfinder attached to the 82nd Airborne Division in Iraq. It is also used with Explosive Ordinance Disposal units of the US Marine Corps, assisting location and neutralizing IED’s. Procurement of 148 additional vehicles, under a $97 million contract was announced in February 2005.

A US Marine Corps RG-31 Cougar rests on its front axel after an improvised explosive device detonated under the vehicle near Camp Taqaddum, Iraq, Jan. 6. The IED detonated directly under the vehicle; however, the blast was pushed outward instead of directly straight up due to the vehicle's “V” –shaped undercarriage. Of the five service members in the vehicle, two received concussions and two others received minor burns. (Photo by: Courtesy photo by 8th Engineer Support Battalion) 

In November 2005 the Canadian government contracted General Dynamics Land Systems Canada (GDLS-C) to supply 50 RG-31 Mine Protected Vehicles with an option for 25 additional vehicles under a CAD $60.3 million (US $51.3 million) order (more info on Defense Industry Daily).  An option for the procurement of 25 additional vehicles was exercised May 31st, 2006, at a cost of Follow on order (CAD $31 million, US$ 28 million). The Canadian Armored Patrol Vehicle (APV) also known as Nyala incorporates a Kongsberg Protector M151 Remote Weapon Station, and is equipped with a day and night sighting system, which allows the operator to fire the weapon while remaining protected within the vehicle. It also has an enhanced IED protection. The vehicles will be manufactured by BAE Land Systems OMC of South Africa, while GDLS-C will provide ongoing support. The vehicles were delivered early 2006 replacing some of the lightly armored G-Wagons used by the Canadian forces in Afghanistan in patrol duties. The Canadian Army tested the RG-31s deploying three RG-31 vehicles, as part of its contribution to the International Security Assistance Force in Afghanistan. RG-31s have been extensively used with NATO forces in the former Yugoslavia and by United Nations (UN) forces in Lebanon, Georgia, Syria, Bosnia and Herzegovina, and Kosovo and by US forces in Iraq. 

In October 2006 the US Army awarded US$27 million to Dynamics Land Systems- Canada will produce 60 RG-31 Mk5 Mine Protected Vehicles, to be manufactured in South Africa by BAE Land Systems OMC. The vehicles will be delivered within 4 – 6 months

Cougar is a multi-purpose, 12 ton mine protected armored patrol vehicle. The design uses a monocoque, bulletproof and blast-proof capsule fitted with transparent armored glass, which protects the driver and crew from small arms fire, mine blasts and IED. Typical roles for the vehicle are armored, mine protected troop transport for security, stability and peacekeeping missions, protected weapons platform, law enforcement special response vehicle, counter IED an EOD / Range Clearance vehicle. The vehicle can accommodate 10 passengers in a 4x4 configuration and 16 passengers in a 6x6 configuration. Cougar was selected to serve with the US Marine Corps as a Hardened Engineer Vehicle (HEV), to support engineer mine clearing and explosive ordnance disposal teams deployed in Iraq. As of June 2006, there are more than 130 Cougars and Buffalos in Afghanistan and Iraq. Since their deployment to Iraq in 2003 the Cougar and Buffalo vehicles employed with explosive ordnance disposal teams and engineers units have taken about 1,000 IED hits without a loss of life, said Wayne Phillips, a company vice president in charge of Marine Corps programs. The vehicle has proven to be superior to less protected vehicles, such as the up-armored Humvee or armored trucks. 

The initial 122 vehicles were procured in two batches, at a total cost of US$97 million. This procurement is part of the Joint Improvised Explosive Device (IED) Defeat Task Force acquisition for Joint Explosive Ordnance Disposal Rapid Response Vehicle (JERRV). First vehicles were shipped on August 2005. A follow-on $50.8 million order for 79 additional vehicles was released by the US Navy on May 2nd, 2006 to be delivered within a year, by May 2007. In May 2006 Spartan Motors announced a contract from Force protection, for the supply of 45 chassis assemblies for the USMC JERRV program. Cougars will also make a significant part of the Iraqi fleet of armored patrol vehicles (ILAV), to be supplied by BAE Systems. On November 9th, 2006 the US Marine Corps announced a new order for 200 additional Cougar Joint EOD Rapid Response Vehicles (JERRV) and 80 Buffalo mine protected explosive devices clearance vehicles. The total contract worth is estimated at $214 million. Following the recent orders, Force Protection signed GDLS and Armor Holdings as subcontractors for the manufacturing of the Cougar to meet the growing demand. 

Force Protection will build 378 cougars as a subcontractor to BAE Systems. Production order for 20 additional vehicles was awarded to BAE Systems in October 2006 bringing the total amount ordered to date to 398. The Pentagon plans to invest over $445 million to buy over a thousand armored vehicles for the Iraqis. First ILAVs were delivered in August 2006. The ILAV uses a chassis produced by Spartan Motors. Spartan's share of the total program is expected to reach $45 million. Spartan plans to complete production of the ordered chassis by mid 2007. 

On August 10th 2006 the Pentagon awarder Force Protection a US$62.9 million contract for the 86 British destined Cougars, This foreign military sale program to be delivered through May 2007. According to UK Ministry of defense announcements, British forces will receive 100 Cougars (to be designated "Mastiff"). The vehicles are expected to be combat ready by the year's end. Cougar meets the requirement for a well protected, wheeled patrol vehicle with a less intimidating profile than tracked vehicles like Warrior or FV430. The vehicles will be fitted with removable spall liners, made of LAST armor. Once the vehicles are delivered they will be customized with Bowman radios and electronic counter-measures and then fitted with additional armor beyond the standard level, to ensure they have the best possible protection. The first batch of vehicles were delivered by mid November 2006. 
Some simple IED countermeasures that increase IED strike survivability include:

In General
It is up to leaders, down the basic operator level to ensure they take their time and do not rush through route missions.  Leaders must also know the limits of their training and be able to admit when something is outside of their capabilities. There was a time when speed was considered the way of operation but now with IEDs being the most serious threat taking your time and being observant is the way of things. 
The most likely areas that IEDs will be emplaced are on intersections of major MSRs and ASRs, bypasses, locations that terrain create choke points, and in general the routes that the majority of military traffic and patrols utilize. Keep Alert:  
Make yourself a “Hard Target.  Be Prepared for IED attack followed by an ambush. An IED scene is usually covered by a fire support team which will attack the target with small arms or RPGs, once the vehicles are stopped, or when the convoy or patrol disintegrate into individually, sometime isolated vehicles, such teams could try to assault the most vulnerable target, usually the one which suffered mobility kill, in an attempt to kill, or kidnap the crew. 
Be and appear vigilant. Personnel who look ready to fight back make bad targets. Bad guys will wait for the next convoy 

Maintain “Convoy Speed” and “Distance/Dispersion”. When Possible be extra cautious at choke point, Iraqi vehicle breakdowns, bridges, one way roads, traffic jams, sharp turns, etc… If Something Causes the Convoy to Stop, Watch Your Flanks for IEDs (Post Ops)

Sometimes they will place something that looks like an obvious IED on one side of the road so a convoy will move to the opposite side to avoid it. Once the convoy is near, the enemy will detonate a real one causing the intended damage.

Rehearse “Actions on Contact for an IED”. Get out of the “Kill Zone” fast. Do not approach an IED.  It’s a proven fact that operators die when the IED was Command Detonated as they “Inspected” It

Before every mission, brief your personnel on latest IED threat. What they are using and where they have been emplaced before on our Route. Of course this depends on adequate and current intelligence. Get your team in the right frame of mind thinking about IEDS, train them, make them aware  and do it every time for every mission…NO Excuses!!!
Trust your instincts.  Items you see may make you nervous about the situation or item.  It may be the people watching you that makes you nervous or the body language or stress people show may know that something is out there. 

If people move away from you. You know your zone; you have a feel for what is normal.   If it doesn’t feel right move out smartly and report it. 

Are the familiar locals there or have they left the area?  Knowing your AOR and its inhabitants is a great tool for detection.  Most bombers don’t blow up their own neighborhoods and they do not like their pictures taken.  

Presence of news crews may be an indicator.  Bomber does not want his picture taken, but he loves to have his dirty work on film.
Look For
Disturbed Surroundings: disturbed dirt, loose sand, and/or new gaps in vegetation are signs that an IED might be buried. 

Potholes and holes created by previous IEDs/Mines are commonly used, so it is essential to avoid driving over all holes on the side of and in the roadway. 

Bags of Any Kind: bags vary from canvas sandbags to plastic bags similar to the ones found at Wal-Mart.  These bags provide ideal places to conceal large caliber artillery rounds wired with remote control devices. 

Dead Animals the enemy frequently utilizes dead animals to conceal IEDs. 

Piles of Trash/Brush/Debris be cautious of all piles of brush and debris since they provide ideal places to conceal explosive devices. 

Tires they tend to be scattered along the roadside, which makes tires and inner tubes ideal hiding places for IEDs. 

Bushes: provides cover and concealment for IEDs. 

Overpasses and Bridges limiting terrain and providing choke points, it is important to pay special attention to the areas behind guardrails and at the ends of the bridges. 

Wires of any kind should be carefully investigated. 
Rubber hoses may be air pressure trigger devices
Timing.
The most likely time periods can be easily recognized by watching intelligence reports move during time periods when trends show that there are less strikes
EOD Clearance, move after EOD has cleared the route and sometimes they mark it with chemlights and be patient they find them and do clear them. SOC, Ops Centers usually report when routes are cleared. 
Training in IED awareness
Regular training is required drills change as insurgent tactics change and the level of training of the insurgents is getting better and they are receiving outside assistance and learning from their own mistakes. Therefore we must also adjust with the changes
Protective Gear

Wearing protective gear such as a helmet, vest and goggles, fire resistant overalls and gloves, protect Operators against fragmentation, glass and fire and have made a significant impact on lessening casualties. Vests and Helmets Save Lives…Wear Them! 
Sandbagging and Add on Armor

Physical protection generally relies on conventional armor technologies, consisting of steel/aluminum armor. The more expensive advanced armor kits utilize ceramic protection, enhancing survival chances heavier attacks and shaped charges. Lightweight composite armor suits offer protection against IED, fragmentation and small arms, for soft vehicles. Since IED charges have low penetration efficiency, one of the most important add-on protections are the ballistic liners, made of composite materials. Such liners can also absorb much of the melted metal spall generated when a shaped charge penetrates through the main armor, therefore limiting the internal damage and casualties.  Insure additional armor is fitted properly and of the right type done by professional installers. Too many companies out there are doing less than adequate work and the same thing that was installed may be what ends up taking your life.
Sandbag vehicle floors using fine aggregates because large particles become missiles. 
First Aid

Initial and Regular;  to many operators claim to be first aid trained be we know as Tactical Medics that regular training is required to maintain an adequate level of performance. Protocols change and new techniques and equipment becomes available. And, what if the medic is the one who becomes injured
Med Packs, set up a standard med pack and provide or require each operator with basic standard personal medical supplies

Injuries sustained during a mine strike are caused by the pressure wave of the primary blast, the penetrating and non penetrating wounds of the secondary blast, and the injuries associated with being thrown some distance or vehicle roll overs. The Tactical Medic or Lifesaver must be aware of multiple wounds and combination wounds that usually result from a mine strike and must know how to thoroughly treat the patient. Additionally, treatment of shock becomes important, especially since 86.5 percent of Soviet mine strike victims went into shock. Fifteen percent of shock cases were irreversible, and the victim died in a short period of time. 

Leaving vehicle hatches cracked with the latch pin in place to permit dispersion of the concussive effects of a mine blast. 

Intelligence

Disseminating information through intelligence channels and/or the mine information coordination cells keeps you up to date on where the threat areas are and many times we have avoided and survived areas that others either ignored or did not obtain up to date information.
Connect with local companies and agencies designed to pass on “Spot Reports”.  On the spot dissemination of information could lead to avoidance of a serious situations and save yours and others lives. 
Secure Alert and Tacking Systems make sure they are working and installed properly. If you come in contact not matter what, any suspicious activity it is better to alert and clear than be caught in a situation where no one knows where you are and what has happened to you. Sometimes it takes time for them to catch up to your position always remember better to ask forgiveness than to be caught with your pants down. 
Investigations
Some issues have come up concerning investigations.  Investigators prefer to get IEDs intact if possible so they can analyze them. But this in most tactical situations becomes a difficult task to perform. 

Gather as much information from the team as soon as you can and do after action discussions and reports. Try and gather materials that may be associated with the blast. Take grid coordinates of the blast site if possible so that “Investigation Teams” can return to the site to gather evidence and research materials and samples. 
