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    Abstract

        
            The term ``TNT Equivalence`` is used throughout the explosives and related industries to compare the effects of the output of a given explosive to that of TNT. This is done for technical design reasons in scaling calculation such as for the prediction of blast waves, craters, and structural response, and is also used as a basis for government regulations controlling the shipping, handling and storage of explosive materials, as well as for the siting and design of explosive facilities. TNT equivalence is determined experimentally by several different types of tests, the most common of which include: plate dent, ballistic mortar, trauzl, sand crush, and air blast. All of these tests do not necessarily measure the same output property of the sample explosive. As examples of this, some tests depend simply upon the CJ pressure, some depend upon the PV work in the CJ zone and in the Taylor wave behind the CJ plane, some are functions of the total work which includes that from secondary combustion in the air mixing region of the fireball and are acutely effected by the shape of the pressure-time profile of the wave. Some of the tests incorporate systematic errors which are not readily apparent,more » and which have a profound effect upon skewing the resultant data. Further, some of the tests produce different TNT Equivalents for the same explosive which are a function of the conditions at which the test is run. This paper describes the various tests used, discusses the results of each test and makes detailed commentary on what the test is actually measuring, how the results may be interpreted, and if and how these results can be predicted by first principals based calculations. Extensive data bases are referred to throughout the paper and used in examples for each point in the commentaries.« less
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                    EFFECTS OF ATOMIC RADIATION ON VISION

                    
                        Journal Article
                            Greene, W - Optometric Weekly
                            

                    The known effects of nuclear explosions on the retina are discussed in terms of the eye lesions to be expected among survivors of a thermonuclear attack. Studies of rabbits during explosions of small atomic bombs showed that the retinas were burned when they were as far as 42 miles from the poirt of detonation. The blink reflex of the eye takes about 1/10 sec and is too slow to afford protection from any of the three main causes of ocular injuries: effects of short-wave radiation; effects of intense, visible light and long-wave radiation; and effects of flying debris and fallingmore » structures, as well as blast effect upon the individual. It is suggested that the American people have not been adequately told how to react to a nuclear blast, and that with 260 weapons detonated, as in some attack estimates, a substartial portion of the people would be attracted to a flash of light and naturally glance toward it. The biomedical project of the Teak and Orange tests showed that a very high-altitude nuclear explosion can be particularly damaging to the eye due to the rapid rate at which the power pulse delivers thermal energy, and because of the relatively low atmosphere attenuation encountered. A high-altitude detonation in the mt yield range, such as Teak, delivered a great percertage of its thermal energy during a small fraction of a sec after the detonation. Consequently, with a blink reflex time of just over 1/4 sec for the rabbit and less than a 1/4 sec for man, nearly all of the radiant exposure from a very high-altitude burst is received by the retina before the eye can be protected by blinking. This is in contrast to low- altitude detonntions of the same size where the power pulse is much slower in over-all delivery of its thermal componert and where the blink reflex can produce a measure of protection. Rabbits placed at distances up to 300 miles from the point of detonation developed small retinal burns, and burn diameters correlated with distance from the burst with progressively smaller lesions being encountered at increased distances. For example, the burn lesions were approximates 2 mm in diameter at about 40 miles distant, decreasing to 0.5 mm at 300 miles. Various other tests conducted during nuclear detonations are described and their results summarized. Thermal effects of a nuclear detonation on the eyes are also considered. Thermal radiation can cause temporary or permanert blindness from the intense light. It takes about 1 sec for the thermal output from a 1-Mt detonation to reach its peak irtensity, and about 3 sec for a 10-Mt detonation to reach its peak intensity. Evasive action must be taken almost instantly if it is to be effective. Temporary or permanert blindness could be caused by the thermal radiation if a person is looking in the general direction of the fireball at the precise moment of detonation. The lens of the eye focuses heat as well as light rays on the retina of the eye. Thus, in addition to temporary or flash blindness of a few seconds or minutes duration from the intense light, actual burns of the retina could occur from undue amount of thermal radiation entering the eye. (BBB)« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Beirut Explosion Yield and Mushroom Cloud Height - Effects of the Source Environment

                    
                        Technical Report
                            Goldstein, Peter
                            

                    I use crater dimensions to estimate the yield of the August 4th, 2020 Beirut explosion to be equivalent to approximately 1.4 kilotons of TNT with a lower bound of about 0.7 kilotons. Based on the amount of ammonium nitrate reported to have been stored at the Beirut harbor, I assume an upper bound for the yield of 2.75 kilotons. However, it is highly likely that the yield was less than 2.75 kilotons, since reported values for TNT equivalence of ammonium nitrate are typically much less than one hundred percent. The crater-size based yield estimates are based on crater radius estimatesmore » from satellite imagery and empirical curves and data for scaled crater radius from past chemical and nuclear explosions. I present evidence that suggests that the relatively large crater radius is due to a high degree of coupling of shock wave energy to the surrounding medium and a reduction of the effective stress because of a high level of saturation of the geologic media beneath the explosion. I provide yield estimates based on seismic body-wave magnitude and crater depth as corroborating evidence. I compare preliminary estimates for the maximum debris cloud height, based on cell phone videos/images, with predicted maximum heights for this yield range from empirical formulas and numerical cloud-rise models. Based on a preliminary analysis of cell phone footage, the observed maximum cloud height appears to be approximately 1600 m. This is much lower than that predicted using standard empirical formulas and buoyant cloud rise models. I present results from a modified buoyant cloud rise model that more accurately predicts the maximum cloud height by allowing for the inclusion of a fixed amount of air and/or water into the fireball at the start of cloud rise. The amount of mass that needs to be added at the start, to reproduce the observed maximum cloud height, is relatively small compared to the total mass entrained during cloud rise. A much greater amount of dry air or debris is required, relative to water, for an equivalent reduction in maximum cloud height. The ammonium nitrate is one possible source for water in the fireball since it was being stored in a very humid environment and ammonium nitrate is known to be hygroscopic. The ground beneath the explosion, especially if it were saturated, and the nearby harbor could also have been sources for water or debris in the fireball.« less
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                    Turbulent mixing& combustion in TNT explosions

                    
                        Conference
                            Kuhl, A; Ferguson, R; Oppenheim, A; ... 
                            

                    Effects of turbulent mixing induced by explosion of a 1-g spherical TNT charge in air are investigated. The detonation wave in the charge transforms the solid explosive (C{sub 7}H{sub 5}N{sub 3}O{sub 6}) to gaseous products, rich in C{sub (S)}, and CO. The detonation pressure ({approx}210 kb) causes the products to expand rapidly, driving a blast wave into the surrounding air (Brode, 1959). The interface between the products and air is unstable (Richtmyer, 1960; Meshkov, 1960; Anisimov & Zel'dovich, 1977). As shown in Collage Ia-c, this region rapidly transitions into a turbulent mixing layer (Kuhl, 1996). As the embedded shock, I,more » implodes, it draws the mixing structures (Taylor cavities) into the origin (Collage Id-e). In this way air becomes distributed throughout the hot detonation products gases. This process is enhanced by shock reflections from confining walls. In either case (confined or unconfined), rapid combustion takes place where the expanded detonation products play the role of fuel. This leads to a dramatic increase in chamber pressure (Fig. 1)-in contrast to a corresponding TNT explosion in nitrogen. The problem was modeled as turbulent combustion in an unmixed system at large Reynolds, Peclet and Damkohler numbers (Kuhl et al, 1997). The numerical solution was obtained by a high-order Godunov scheme (Colella & Glaz, 1985). Adaptive Mesh Refinement (Berger & Colella, 1989) was used to follow the turbulent mixing on the computational grid in as much detail as possible. The results reveal all the dynamic features (Fig. 2) of the exothermic process of combustion controlled by fluid-mechanic transport in a highly turbulent field (Kuhl & Oppenheim, 1997), in contrast to the conventional reaction-diffusion mechanism of Zel'dovich & Frank-Kamenetskii (1938).« less
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                    Calculating contained firing facility (CFF) explosive firing zones

                    
                        Technical Report
                            Lyle, J.
                            

                    The University awarded a contract for the design of the Contained Firing Facility (CFF) to Parsons Infrastructure & Technology, Inc. of Pasadena, California. The Laboratory specified that the firing chamber be able to withstand repeated firings of 60 Kg of explosive located in the center of the chamber, 4 feet above the floor, and repeated firings of 35 Kg of explosive at the same height and located anywhere within 2 feet of the edge of a region on the floor called the anvil. Other requirements were that the chamber be able to accommodate the penetrations of the existing bullnose ofmore » the Bunker 801 flash X-ray machine and the roof of the underground camera room. For the sole purpose of calculating the explosive firing zones, it is assumed that the above requirements will be met by the completed facility. These requirements and provisions for blast resistant doors formed the essential basis for the design. The design efforts resulted in a steel-reinforced concrete structure measuring (on the inside) 55 x 51 feet by 30 feet high. The walls and ceiling are to be approximately 6 feet thick. Because the 60 Kg charge is not located in the geometric center of the volume and a 35 Kg charge could be located anywhere in a prescribed area, there will be different dynamic pressures and impulses on the various walls, floor, and ceiling depending upon the weights and locations of the charges. Parsons used the TM5- 1300 methods to calculate the loadings on the various firing chamber surfaces for the design criteria explosive weights and locations. At LLNL the same methods were then used to determine the firing zones for other weights and elevations that would give the same or lesser loadings. Although very laborious, a hand calculation of the various variables is possible and an example is given in Appendix C. A code called "SHOCK" is available to perform these calculations rapidly and a version runs on a personal computer. Parsons used the SHOCK code extensively as well as several single and multiple degree of freedom codes which were provided by the U.S. Corps of Engineers. In addition, Parsons based their analysis/design on procedures stipulated in the publication DOE/TIC- 11268, A Manual for the Prediction of Blast and Fragment Loadings on Structures. Loadings on structures in Reference 2 and in calculations performed with the SHOCK code are based on weights of explosives in pounds of TNT equivalent. The equivalency of an explosive (for its blast effects on structures) is calculated by the ratio of its heat to detonation to that of TNT. We intend to use C-4 for testing the response of the firing chamber. Various values of the ratio for C-4 are available, Reference 2 lists numbers leading to a ratio of 1.15, while 1.13 is the ratio calculated from numbers given in the LLNL Explosives Handbook, (Reference 3). Parsons used a ratio value of 1.3 for generic high explosive to TNT equivalency. For design purposes, Reference 2 recommends a 20% increase in explosive weight. Parsons adopted this recommendation. For calculational purposes, 60 Kg of generic high explosive was taken to be equivalent to 206.3 pounds of TNT. Explosive firing zone maps are given for six elevations. The SHOCK code calculations for the 206.3 Lb. charge of TNT are given for the floor and roof of the firing chamber to illustrate the technique and because this charge results in the highest loading on the respective surfaces. This is followed by calculations for the 120.3 Lb. charge giving the maximum pressures on the East and West walls (no builnose accounted for). One of a series of code calculations is given to illustrate the reduced area feature of the code. In this case, a virtual blast door on the inside of the chamber wall is being considered. The two remaining plots are the calculated peak average pressures and impulses on the virtual door from charges of various weights as they are moved along a bisecting normal line to the door.« less
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                    Calculating Contained Firing Facility (CFF) explosive

                    
                        Technical Report
                            Lyle, J
                            

                    The University of California awarded LLNL contract No. B345381 for the design of the facility to Parsons Infrastructure Technology, Inc., of Pasadena, California. The Laboratory specified that the firing chamber be able to withstand repeated fxings of 60 Kg of explosive located in the center of the chamber, 4 feet above the floor, and repeated firings of 35 Kg of explosive at the same height and located anywhere within 2 feet of the edge of a region on the floor called the anvil. Other requirements were that the chamber be able to accommodate the penetrations of the existing bullnose ofmore » the Bunker 801 flash X-ray machine and the roof of the underground camera room. These requirements and provisions for blast-resistant doors formed the essential basis for the design. The design efforts resulted in a steel-reinforced concrete snucture measuring (on the inside) 55 x 5 1 feet by 30 feet high. The walls and ceiling are to be approximately 6 feet thick. Because the 60-Kg charge is not located in the geometric center of the volume and a 35-K:: charge could be located anywhere in a prescribed area, there will be different dynamic pressures and impulses on the various walls floor, and ceiling, depending upon the weights and locations of the charges. The detailed calculations and specifications to achieve the design criteria were performed by Parsons and are included in Reference 1. Reference 2, Structures to Resist the E xts of Accidental L%plosions (TMS- 1300>, is the primary design manual for structures of this type. It includes an analysis technique for the calculation of blast loadings within a cubicle or containment-type structure. Parsons used the TM5- 1300 methods to calculate the loadings on the various fling chamber surfaces for the design criteria explosive weights and locations. At LLNL the same methods were then used to determine the firing zones for other weights and elevations that would give the same or lesser loadings. Although very laborious, a hand calculation of the different variables is possible, and an example is given in Appendix C. Fortunately, a code called SHOCK is available to perform these calculations rapidly, and the code runs on a personal computer. The original code was developed by the fii Amman and Whitney, which they called Paimpres; this was modified to its present form by the U.S. Naval Civil Engineering Laboratory. Parsons used the SHOCK code extensively, as well as several single- and multiple-degree-of-freedom codes, which were provided by the U.S. Corps of Engineers. In addition, Parsons based their analysis/design on procedures stipulated in the publication DOE/TIC- 11268, A Manual for the Prediction ofBlast and Fragment Load s on SlrzuAwes. Loadings on structures in Reference 2 and in calculations performed with the SHOCK code are based on weights of explosives in pounds of TNT equivalent. The equivalency of an explosive (for its blast effects on structures) is calculated by the ratio of its heat to detonation to that of TNT. We intend to use the explosive C-4 for testing the response of the firing chamber. Various values of the ratio for C-4 are available: Reference 2 lists numbers leading to a ratio of 1.15, while I. 13 is the ratio calculated from numbers given in the LLNL, Explosives Handbook (Reference 3). Parsons used a ratio value of 1.3 for generic high explosive-to-TNT equivalency. For design purposes, Reference 2 recommends a 20 percent increase in explosive weight. Parsons adopted this recommendation. Therefore, for calculational purposes, 60 Kg of generic high explosive was taken to be equivalent to 206.3 pounds of TNT. That is, 60 Kg x 2.204 lb/Kg x 1.3 x 1.2 = 206.3 lb (TNT).« less
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