A Fascination With Chemistry

01‑02‑89 
[rewritten from a UPI News Wire story djh]

BETHESDA, Md. ‑ Four teenagers described by friends as intelligent and as having a fascination with chemistry and rocketry were tinkering with a homemade bomb this weekend when the experiment went awry. Relatives of the foursome described them as studious, curious and fascinated with science. Diego S‑R, who graduated from Walt Whitman High in 1988 and was close friends with Gustasvo M. and Bruno P. described the youths as "the best chemistry students in the school." A family friend of the Dov F. described him as "always a brilliant child, extraordinarily brilliant." The friend speculated the young men were planning New Year's fireworks. "(They were likely) trying to find out how much power they could get out of mixing chemicals," Diego S‑R told the Washington Post. "They were probably going to go to some field and see how big a hole they could make. They were peaceful people. They would never try to hurt anybody."

The young men had made a potent pipe bomb as "a prank," but it exploded as two of the youths were leaning over it. The youths, Samir G. 17, and Dov F. 18, were killed instantly, 15‑year‑old Gustavo M. and Bruno P. 18, died hours after the blast. Gustavo M. was a sophomore at Walt Whitman High School while the others had graduated from the school last year.


1673 Not far from my brother's house (Wotton) upon the streams and ponds, since fill'd up and drain'd, stood formerly many Powder Mills, erected by my ancestors who were the very first who brought that Invention into England; before which we had all our Powder out of Flanders. My Grandfather transferred his Patent to the Late Sir John Evelyn's grandfather of Godstone, in the same County; in whose family it continued 'till the late Civil Wars. That which I would remark upon this occasion, is, the breaking of a huge Beam of 15 or 16 inches Diameter, in my Brother's House (and since crampt with a Dog of Iron) upon the blowing up of one of those mills, without doing any other Mischief that I can learn; but another standing below towards Shire, shot a Piece of Timber thro' a cottage which took off a poor Woman's head as she was spinning." (Mr. John Evelyn's letter to John Aubrey, re his “ Natural History of Surrey," prefaced to vol. I of " The Natural History and Antiquities of the‑County of Surrey," begun in the year 1673 by John Aubrey, 1719.)
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As illustrations of modern “progress“ in Japan we find that dynamite and dynamitards have penetrated thither also. A set of 500 candles, sent to a famous temple, were all filled with dynamite. An attempt was also made to assassinate the Foreign Minister by throwing a bomb into his carriage as the was returning from a Cabinet meeting. Neither investigation nor punishment followed, as the intending assassin escaped by the hari-kari (sic).

Several explosion outrages have occurred in Spain, Italy, Switzerland, Russia, and the United States. At Seattle, in the latter country, one Schaeffer killed four persons with dynamite and dangerously wounded a fifth. He was at once lynched.

Explosives Act, 1875. Fourteenth Annual Report of Her Majesty’s Inspectors of Explosives, being their annual report for the Year 1889.
In:—Chemical News 61(1595) 299-300. June 20, 1890.

Ammonium nitrate — Oppau


2.2.2.1 Explosion of ammonium—sulfate nitrate double salt fertilizer at Oppau

A disastrous accident occurred at a BASF's plant in Oppau, Germany, with two explosions at 7:29 and 7:31 am. on September 21, 1921, resulting in a casualty list of 509 dead, 160 missing, and 1,952 injured.

The plant and about 70% of the 1,000 nearby houses were destroyed by the explosions. 

In Heidelberg, about 22km from Oppau, earthquakes from the two explosions were felt first, and 82seconds later the blast broke windows and doors and damaged gas tanks, oil tanks, and cargo boats on the river. The blast produced damage in Frankfurt 85km away from the site of the explosion, and the roaring sound and earthquake reached as far as Bayreuth, 230km distant.

The cause of the accident was the blasting with dynamite of about 4,500t of a solidified mass of ammonium sulfate nitrate compound fertilizer (a double salt of ammonium sulfate and nitrate in a mole ratio of 1:2). This process had been practiced under supervision for many years, and about 30,000 blasting procedures had been experienced without accidents until the Oppau disaster.

Experiments conducted later indicated great difficulties in making this double salt explodes. The above case presents an example of a substance, judged non
explosive by an ordinary explosion test, which can explode after a large scale initiation involving a very large quantity of material. Furthermore, this provides an example which suggests that very careful consideration in the evaluation of hazardous goods is essential.


Tadao Yoshida, et al. Safety of Reactive Chemicals and Pyrotechnics.
Elsevir 1995

Ammonium Perchlorate Explosion



From Chemical and Engineering News

Impact Widening from Explosion Of Nevada Rocket Oxidizer Plant

PEPCON starts to rebuild wrecked Henderson unit at distant site, but concern rises over supply of ammonium perchlorate; residents fear danger from Kerr‑McGee perchlorate plant still in their midst

Three months ago, shortly before noon on May 4, the town of Henderson, Nev., was rocked by a series of explosions at a plant owned by Pacific Engineering & Production Co. of Nevada (PEPCON). The impact was immediate and dramatic, and is still widening.

On one level, the disaster created a critical national problem. What went up in smoke and flame in a matter of minutes was an inventory of more than 8 million lb of ammonium perchlorate (AP), and approximately half the U.S. capacity for making this oxidizer used in solid‑fueled rockets. The accident has raised concerns in government and industry about allocation and supply of AP and the impact on national space and missile programs. Plans are in the works for restoring production at PEPCON and for expanding AP capacity at the only other U.S. producer, Kerr‑McGee Chemical Corp., also sited in Henderson.

On another level, however, PEPCON, Kerr‑McGee, and Henderson furnish an intriguing case study of relations between chemical industry and a community. The series of blasts killed two PEPCON senior executives, injured more than 350 local residents, and caused damage estimated to exceed $73 million. Lack of federal aid has upset the community, and fear and concern are widespread about the Kerr‑McGee plant still operating in Henderson.

The disaster that leveled PEPCON's ammonium perchlorate plant only took about 15 minutes‑from the first fire to the last of the explosions. One company worker describes his experience this way:

"I was working and I heard a few pops. Then there was a bigger explosion and the ceiling fell down, and I was almost knocked out. I didn't know what was happening, but I heard someone yelling that there was a fire in the plant. Everyone was running out as fast as possible. Flames were shooting 50 to 100 feet into the air. So I ran away from the building.

"I got to my truck, but the hood was already on fire and I couldn't put it out. Then I felt the hottest heat I've ever felt. The whole lot was full of AP and I saw most of the AP stored was on fire. My face got sunburned, it was so hot. I ran to about 25 yards away from the storage field and there was a second explosion. I was thrown through the air by the shock wave. I was covered with greyish‑white smoke, and had a burning sensation and trouble breathing. I got up again and ran some more. There was a constant rain of dark grey grit, probably asphalt from where the AP was stored. I got further away and there was a third explosion, again throwing me. Finally, I got about 350 or 400 yards away and started to walk. That's when the final explosion came. It was the biggest of all‑it was just incredible. The shock wave goes through you like electricity, and the whole ground was shaking."

Left behind in ruins was a plant that had been making 24 million lb a year of the solid fuel oxidizer, with a capacity for up to 40 million lb. It was the principal supplier of AP for the space shuttle's solid rocket boosters. And it was the sole supplier for the largest U.S. unmanned rocket, Titan IV; for the most widely used naval tactical system, the Standard Missile; and for the second stage of the Peacekeeper (MX) missile. PEPCON had 48 plant workers on site, with 60 administrative personnel.

The firm was started in November 1955 by three men, including the father of the current chairman, president, and chief executive officer, Fred D. Gibson Jr. The trio had left their positions as officers, owners, and directors of Western Electrochemical Co. (WECCO), which had built the first AP production facility in the U.S., after WECCO was acquired by American Potash. Gibson Jr. also left WECCO for PEPCON.

PEPCON's successful research on a platinum substitute anode for perchlorate production led it to build an AP pilot plant in 1958 at the current site on Gibson Road in Henderson. The firm expanded to a capacity of 5.5 million lb a year in 1959 and 11 million in 1961.

At that time, three firms made AP besides PEPCON: American Potash, Pennsalt Chemicals (later renamed Pennwalt), and Hooker Chemical. The market was big enough to support four firms, however, and Pennsalt and Hooker dropped out in the mid‑19,,s. American Potash was acquired by Kerr‑McGee in 19~,, leaving PEPCON and Kerr‑McGee as the only two producers. Both firms were encouraged to expand with federal aid as the space shuttle program geared up in the early 1980s. PEPCON raised capacity to 40 million lb a year and Kerr‑McGee to 36 million.

In 1982, PEPCON merged with and became a subsidiary of American Pacific Corp., a publicly owned corporation (traded over the counter) also headed by Gibson. His brother, James I. Gibson, serves as executive vice president of both PEPCON and American Pacific, and wields considerable influence as a senior member of the Nevada state Senate. The firm carries on two other businesses: pollution control equipment and engineering services, adapting electrochemical technology used in AP production; and development of an industrial/ commercial park, Gibson Business Park, in Henderson.

Both AP plants‑PEPCON's and the Kerr‑McGee unit about 2.3 miles away‑were built in the Las Vegas suburb because of two advantages: inexpensive hydropower for the electrolytic processes from nearby Hoover Dam; and a dry desert climate permitting easier handling and storage of the hygroscopic product.

Production of ammonium perchlorate, NH4CI04‑a white, crystalline substance‑ involves relatively simple chemistry. First, sodium chloride is converted to sodium chlorate and then to sodium perchlorate in two electrolysis steps. Next, sodium perchlorate is reacted with ammonium chloride (formed from ammonia and hydrochloric acid) in a double exchange reaction to yield AP and sodium chloride.

However, Gibson says, "it's as much an art as a science." The art, generally held proprietary, includes controlling such parameters as particle size distribution, particle shape, purity, and moisture content to achieve desired specifications.

Kerr‑McGee uses a continuous process, whereas PEPCON employs a batch process. One advantage of the batch process, says Raymond C. Rhees, PEPCON's vice president for R&D, is that it allows better tailoring of crystallization to produce a desired particle size distribution. This means less blending is required and lower inventories can be kept.

AP is a critical component of a stunning variety of solid fuel rockets used for space programs and for strategic and tactical military uses. For example, AP constitutes about 70% of the solid propellant in space shuttle booster rockets. The pair of booster rocket used for each shuttle launch consumes about 1.7 million lb of AP. The Air Force's workhorse Titan IV unmanned rocket, by contrast, uses less than half as much AP, 800,000 lb per launch. AP has ideal properties for a rocket oxidizer, yielding all gaseous products and possessing a high flame temperature, notes pyrotechnics expert John Conkling of Washington College, Chestertown, Md.

Figures collected recently by the Defense Department estimate total U.S. demand for AP at 38.8 million lb in 1988, rising to 60.1 million lb in 1989 with expected resumption of shuttle flights and other missions. With only the Kerr‑McGee plant now producing, and with a capacity of 36 million lb a year, many observers fear that the U.S. may face a crisis of short supply in its space and missile programs over the next three years.

The problem is not only quantitative, but qualitative. Only PEPCON has passed qualification requirements to supply AP for the Titan IV, Standard Missile, and several other rockets: Product could not be diverted from Kerr‑McGee for these rockets without going through qualification tests taking many months.

A recovery strategy‑with plans for rebuilding production and setting of priorities for supplies in the meantime‑is being formulated by an ad‑hoc interagency working group. On it are representatives from the National Security Council (NSC), office of the Secretary of Defense, Air Force, joint Chiefs of Staff, National Aeronautics & Space Administration, Department of Transportation, Office of Management & Budget, Department of Justice, Federal Emergency Management Agency (FEMA), Department of Energy, Department of Commerce, and Department of State.

This working group has sent recommendations to NSC, and that council has made some decisions on near‑term allocations. The good news is that officials believe the supplies on hand in inventory and being produced by Kerr‑McGee will be able to cover all AP requirements in 1988, although some schedules may have to be stretched out. The bad news is that a crunch is likely next year and the year after, until PEPCON starts supplying AP from a new plant and Kerr‑McGee expands its output.

Morton Thiokol, producer of the shuttle booster rockets for NASA, already has enough AP on hand for a remaining on‑ground test firing and for the first four shuttle flights. The explosion at PEPCON destroyed AP already produced and being readied for shipment to Thiokol for the fifth and sixth shuttle launches. Therefore, NSC has given top priority to the fifth shuttle launch. Kerr‑McGee is already delivering AP to Thiokol to prepare for that flight, scheduled to carry the Magellan spacecraft during a "launch window" next April to orbit Venus. It will use high‑resolution radar to obtain detailed images of the planet's surface through its thick clouds of sulfuric acid and carbon dioxide.

The next AP delivery from Kerr‑McGee will go to the Department of Defense (DOD) for a Titan 34D launch. And NSC has formulated a plan to handle the rest of AP demand this year. DOD is finalizing this document and will soon send it to the Commerce Department's Office of Industrial Resources Administration. This office is charged under the Defense Production Act of 1950 with overseeing production and distribution of critical materials to meet defense, space, and other needs.

The big question is what happens in the next couple of years? How long will it take PEPCON to start production and to pass NASA and DOD qualifying tests for use of its AP? When will Kerr‑McGee begin expanded production? The working group will meet next month to start considering allocations for the first six months of 1989.

The most optimistic assumption is that PEPCON can resume production and pass qualifying tests by next summer, and that Kerr‑McGee will expand its capacity with a new facility by then. If this can be done, says Daniel S. Rak, deputy assistant secretary of the Air Force, who chairs the AP interagency working group, it may be possible to reduce the AP shortfall in 1989 to less than 3 million lb out of a demand of 60 million.

Allocation planners will try to maintain maximum flexibility. For example, if shuttle flights are backed up and have to be postponed, planners will examine the possibility of shifting AP in the meantime to another user. Another option to be investigated is whether some payloads could be moved from the shuttle to unmanned rockets using half as much AP or less.

However, says Adm. Richard H. Truly, NASA's associate administrator for space flight, "remanifesting and delay of some space shuttle flights are probable" next year. NASA will focus on a series of flights to carry "our most precious payloads" ‑bearing major scientific missions such as Magellan and the Hubble Space Telescope. Moreover, the working group projects insufficient supplies of AP for some planned flights of Titan IV and Titan 34D.

Federal officials have also looked at a longer‑term possibility ‑enlisting a third AP producer‑going so far as to talk to two firms that used to make AP, according to an industry source. However, the firms were not interested. Indeed, several observers doubt the market would be profitable if split among three companies. Import of AP from abroad is also not considered a viable option, since foreign production capacity is relatively small.

In any case, the centerpiece of the recovery program is expansion by Kerr‑McGee and rebuilding of a plant by PEPCON. By a small modification eliminating the redissolving and reuse of "screen reject" AP particles from customers ‑Kerr‑McGee expects to be able to raise the capacity of its current plant from 36 million up to 40 million lb a year. In addition, it plans to build a new plant with 20 million lb‑a‑year capacity, using the same process, at some site remote from Henderson.

Both this plant and a 40 million lb‑per‑year plant to be built by PEPCON will benefit from federal aid. The two firms will borrow funds on their own for construction, and the loan will be repaid over seven years through a surcharge on each pound of AP sold, based on sales of 20 million lb a year. The federal government guarantees to pay any unamortized amount at the end of seven years.

PEPCON is moving ahead rapidly with its rebuilding plans. Gibson stresses that the firm has committed itself in writing to NASA, DOD, and Thiokol to start producing AP in six months, by Feb. 1.

To build and run the new plant, American Pacific organized a new subsidiary, PEPCON Production Inc. (PPI). PEPCON is likely to be tied up in litigation over damage suits for years, and carried liability insurance of only $1 million. Bankruptcy is a distinct possibility. The new subsidiary signed a license agreement buying PEPCON's technology for a royalty of $0.005 per lb of production.

Late last month, the firm selected a remote, 4800‑acre mountain valley site 15 miles west of Cedar City, Utah. There is only a dirt road to it, but it has. a railroad line, power lines, and a water source. The site is about 175 miles from Henderson, notes Rhees, but beat out two remote Nevada sites because construction could proceed there on the required expedited basis. A few days earlier, a special session of the Utah legislature approved a $33 million industrial revenue bond issue to finance construction of the plant. Design and construction, at an estimated cost of $23 million, will be carried out by Stearns‑Rogers.

Several sources express great skepticism that PEPCON can build the plant and start production within six months, one calling the idea "preposterous" and saying it should take at least 12 to 18 months. However, Gibson explains, several measures will expedite his plans.

For one thing, the company will initially buy sodium chlorate, which is readily available, and convert it to sodium perchlorate and then to AP at the new plant. Eventually, the firm will make feedstock sodium chlorate at another site, in southern Nevada, so it can take advantage of low‑cost power from Hoover Dam, according to Rhees. The major power cost in preparing AP is adding three oxygen atoms to sodium chloride to form sodium chlorate, he points out. Putting on the fourth oxygen to make the perchlorate in Utah will cost much less. PEPCON will then transport the sodium chlorate in solution to Utah, a less hazardous method than transporting the solid.

Moreover, Gibson says, the plant does not have to be complete initially. It can be built in modular form installing, for example, half the crystallizers initially and adding the rest later. The plant will use the same process and design plans as the destroyed plant, with introduction of more automated process control. PEPCON has a large cadre of personnel familiar with the plant design and operation. Initially, the plant will employ about 70 people, growing later to 150.

In response to skeptics, Gibson also emphasizes that PEPCON is committed to furnish product "meeting specifications" within six months, but that period does not include qualification of the product. He expects, for instance, that NASA will insist on a full set of tests to qualify AP for use in shuttle booster rockets, from lab to full scale, which could take at least several months.

Possible delays, stretchouts, and cancellations in space and missile programs due to a shortage of AP have aroused great concern among rocket users and manufacturers, rocket fuel makers, and their insurance companies. For example, PEPCON has been the sole source of AP for Aerojet‑General Corp., maker of Stage 2 of the MX missile, and the Hawk, Standard, Maverick, and other missiles. Aerojet has enough AP on hand for the near future. But if PEPCON does not start producing on Feb. I as it says it will, "there could be problems," Aerojet says.

As for the months of qualification tests a new PEPCON plant might face, "you can speed up the qualification process if there's a national emergency," an Aerojet spokesman points out. His firm is also looking into possible supply from Kerr‑McGee.

Meanwhile, potential participants in the fledgling U.S. commercial space launch industry are deeply concerned about what priority commercial space launches will receive in allocations of limited AP. For example, satellite maker Hughes Aircraft Co. has contracted with rocket manufacturers Martin‑Marietta and McDonnell‑Douglas to use their commercial launch vehicles, the Titan III and Delta 11, respectively, to put British and Japanese direct broadcasting satellites into orbit. If the British launch, scheduled for August 1989, is delayed, Hughes stands to lose $100 million on a deferred payment contract. Delay of six to 12 months in the July 1989 Japanese launch could cause losses of $70 million or more.

Hughes says it hasn't received a definitive answer yet. But there are indications that when the interagency working group meets in September to plan AP allocations for the first half of 1989, the group will try to accommodate commercial launches, especially where the future of a business may be at stake.

The blasts at PEPCON on May 4 had a dramatic impact not only on national needs and issues. They also injured some 350 local residents, caused harm to property up to 20 miles away, and did some damage to more than 50% of Henderson's 17,000 residential and commercial buildings. The two largest blasts registered 3.0 and 3.5 on the Richter scale hundreds of miles away in California, notes Nevada Gov. Richard H. Bryan. Cars were crumpled, doors blown off their hinges, and windows shattered for miles around. Particularly hard hit was the Green Valley subdivision,, just a mile and a half from PEPCON.

City Manager Gary Bloomquist puts uninsured losses at more than $20 million, plus $3 million more in insurance deductibles. just as serious, he says, were the psychological and emotional impact of the explosions, on schoolchildren and adults alike. And many residents call the disaster "miraculous," because a chain of lucky events prevented almost all loss of life or more serious damage.

The disaster brought a kind of end to innocence for some residents, an awareness for the first time of the presence and potential hazards of chemical plants, and the need for more regulation and oversight. These feelings of concern and fear‑ particularly about the presence of the Kerr‑McGee plant, just 0.7 mile from the center of town‑were vehemently expressed by several local citizens and leaders at a hearing a few weeks ago in Henderson, held by the Subcommittee on Investigations & Oversight of the House Committee on Science, Space & Technology. The committee and subcommittee chairman is Rep. Robert A. Roe (D.‑N.J.).

For example, Pamela Walz, a Green Valley resident, described the traumatic events of May 4 and $7500 in damage done to her 10‑month‑old house, and admitted that she had never before heard the names PEPCON and ammonium perchlorate. Next, she discovered that there was another plant in Henderson, Kerr‑McGee's, that made the same product. Then she learned that "there are many chemical companies in the industrial complex, but no one had any idea what they manufactured."

She realized that the tankcars on the Union Pacific Railroad spur that served PEPCON and other chemical firms also ran by her house several times a day. She contacted several government agencies until she obtained a list of some of the chemicals transported. And she concluded that "no government agency on any level has the ability at this time to monitor the transportation, manufacture, or storage of chemical compounds in this state. The few regulations we do have regarding safety and environmental concerns are flagrantly violated because the penalties are insufficient."

Echoing the opinion of many others, Walz noted that she supports strong defense and space programs. However, she does not believe she and her fellow residents should have to bear alone the risk and financial burden of chemical disaster. "I was never given a choice on whether to risk the health and safety of my family. I feel that we can produce ammonium perchlorate in Nevada, and possibly in Clark County [her county]. But not in the middle of a city of 56,000 residents."

What particularly upset her and other Henderson residents was that, on the one hand, NASA and DOD have "irresponsibly" decided to give a subsidy of tens of millions of dollars for rebuilding the PEPCON plant and constructing an additional Kerr‑McGee plant, "without stipulating safety factors regarding the plant employees and the community." But on the other hand, the Federal Emergency Management Agency (FEMA), after three visits to Henderson, has denied any disaster aid to local residents.

Her words were reinforced by those of Brian Greenspun, president of the Las Vegas Sun newspaper, expressing, he said, "a consensus" of local residents. Few other communities have been asked to give so much or to take such risks as Nevadans have in the name of patriotism, he says. The state's land is 87% owned by the federal government. It has hosted aboveground and underground nuclear testing, the Nellis Air Force weapons training base, and now it is having pushed on it a nuclear waste disposal dump at Yucca Mountain.

Nevadans are being asked to "accept the unacceptable risks of living amidst the production of ammonium perchlorate, whose explosive potential has been demonstrated in living color on the television sets of the world," Greenspun continues. "The people of Las Vegas are frightened," he adds. They are no longer willing to accept the assurances of government, particularly when those who have lost their life savings or even just had to pay their insurance deductibles are told that "the risk of such explosions is theirs alone and not to be shared by the government in whose name these plants exist." And he urges a government financial package to move the AP plants to a safer, more remote site.

Roe and his staff aides have made considerable efforts to arrange financial aid for Henderson residents who suffered damage from the disaster, as has Rep. James H. Bilbray (D.‑Nev.), who represents the area in Congress. Roe wrote in June to President Reagan, urging that FEMA grant disaster relief. "A community that supports two of the most important plants in the country has suffered misfortune as the result of that support and should be treated with compassion and concern," Roe wrote.

Nevertheless, FEMA denied such aid. Roe and Bilbray, therefore, are now preparing to submit bills to grant compensation to local residents for some $2.5 million in insurance deductibles. In addition, Roe and his staff have been working to persuade the Nevada state legislature to aid the victims. At a meeting this week, the state's interim finance committee will consider compensating the Henderson city government and the Clark County school system for between $400,000 and $600,000 in damages and services related to the disaster.

The remaining segment of the population not yet covered is those who were uninsured. Also through the offices of Roe and Bilbray, Kerr‑McGee announced late last month formation of a $293,000 loan guarantee program to offer 10‑year loans at favorable interest to uninsured residents and businesses who suffered damage from explosion of the PEPCON plant. PEPCON is working on setting up such a fund, but its poor financial position has prevented it so far from working out an arrangement with local banks.

Kerr‑McGee's decision to create the fund, despite its lack of connection with the May 4 explosions, is part of a recent policy by the firm of reaching out to better its relations with the local community. After the PEPCON disaster, local pressure forced Kerr‑McGee to shut down its AP plant for several weeks while an independent safety panel inspected the facility and recommended changes. There was even concern in Congress and elsewhere that local residents might seek injunctions to keep the plant closed, and discussion of whether the federal government might have to invoke national emergency powers to keep open the only source of AP in the U.S. Considerable local sentiment still wants the plant moved out of town.

Before reopening in June, the plant adopted eight improvements urged by the safety panel, and it is now working on others of a longer‑term nature. The plant is also increasing the dispersal of barrels of AP stored outdoors, as requested by local fire officials. And it is buying an additional blender to expedite shipments and enable reduction of stored inventory on site.

In late June, Kerr‑McGee invited local media in to tour and photograph its AP plant and to interview plant managers. The managers put great emphasis on all the safety measures at the plant. And they indicated that the media visit was a "first step on the trail of being more open."

Furthermore, Kerr‑McGee has hired an advertising agency to help get the firm "more involved with the community"‑including newspaper ads to better its image‑and to give it more feedback on community concerns. And the firm plans to seek cooperation from DOD, the Department of Transportation, NASA, academia, and rocket motor makers for joint studies on a large scale to determine safe ammonium perchlorate storage and shipping practices.

However, Kerr‑McGee's efforts to maintain a safe image were not aided by its citation, just revealed last week, for seven alleged violations and $5200 in fines by the Nevada Division of Occupational Safety & Health (DOSH), which fills the role of the federal Occupational Safety & Health Administration in Nevada. One "willful" violation involved exposing workers to "increased likelihood of fire and explosion hazards" by manufacturing, processing, and storing AP in areas with potential for contamination with organic materials. A "serious" violation involved not keeping work areas clean of AP in spills, leaks, and dust.

Kerr‑McGee was also cited for exposing employees to the "likelihood of fire and explosion hazards" by storing AP improperly: 26 million lb were stored in piles in close proximity outdoors and on asphalt pads. "AP and asphalt are incompatible," DOSH says, because asphalt must be kept away from strong oxidizers. Kerr‑McGee has taken action to correct six of the seven violations, but will appeal the asphalt charge.

Meanwhile, DOSH has also just cited PEPCON for 30 alleged safety violations and levied $36,455 in fines, on the basis of an investigation since the disaster about conditions before it. Several of the violations resemble charges hurled at PEPCON in the controversy over what caused the disaster.
Thus, the four "willful" citations include lack of manufacturing controls and standard operating procedures that caused employee exposure to "increased likelihood of fire and/or explosion"; and lack of emergency evacuation and response procedures for workers in event of an accident. One of the nine "serious" violations was improper storage of large quantities of AP, in disregard of safe quantity /distance requirements, and storage on asphalt pads. Gibson says that PEPCON will appeal the charges, terming them based on "unsubstantiated allegations."

Probably the greatest source of controversy in Henderson now is what caused the disaster at PEPCON, with millions of dollars in liability lawsuits riding on the outcome. Indeed, the first personal injury suit was filed on May 5, the day after the disaster. An independent panel sponsored by the local fire department is analyzing the origin and propagation of the fire and explosions. Investigations are also being done by an independent panel engaged by PEPCON and its insurance company, by other insurance companies, and by Southwest Gas Corp.

In mid‑July, the Clark County Fire Department issued a one‑and‑a‑half page interim report, blaming a combination of factors for the disaster‑welders cutting in a hazardous area with no fire watch, highly combustible structural components (glass‑fiber reinforced plastic), high‑density storage of "a highly flammable and detonable material," spilled AP lying around, and high‑velocity wind conditions.

According to the report, PEPCON welders working at the west end of the batch dryer house sprayed iron slag, igniting combustible construction components, product process equipment, and residual AP in and around the batch house. The fire immediately spread "along available fuel surfaces," and by thermal exposure and wind velocity spread to the adjacent storage of "high‑density combustible containers of potentially detonable material." Several low‑order explosions occurred, and the intense temperatures and direct flame impingement resulted in two major detonations in large aluminum tote bins holding up to 5000 lb of AP each.

Fire chief Roy L. Parrish says that a consulting laboratory is running tests to determine the behavior of the materials involved, and the exact mechanism of the detonations. A detailed final report on the causes is due in mid‑September.

Both PEPCON and the United Steelworkers Union local representing the welders and other company employees reject the interim findings. PEPCON says some of the findings "are inconsistent with the facts," and others "are inconsistent with established scientific data." For example, the firm believes the fire started at the east end of the batch house, 60 to 80 feet away from where the welders were.

A crucial element of contention is the properties of AP. PEPCON officials emphasize that AP is "an oxidizer that does not burn." When heated, "it provides oxygen to enable other materials that do burn to do so," If heated in a fire, notes Rhees, it contributes to the fire by releasing oxygen. Only when it gets to higher temperatures, approaching 430 to 450 'C, does it decompose violently. So the question is, he says, what was the fuel source that allowed the AP at PEPCON to get hot enough to explode?

The only fuel source known to be present in sufficient quantities was natural gas, PEPCON says. There was an underground 16‑inch high‑pressure gas main traversing the plant. "There is evidence of the presence of a large leak in the area preceding the incident," PEPCON maintains.

On May 4 there was a massive rupture several feet long in the gas line, with flames shooting 60 or 80 feet into the air from both ends of the rupture. And there is extensive evidence of fire emitting from the ground throughout the plant. In addition, PEPCON says, there is an abundance of physical evidence around the plant indicating the presence of natural gas fires.

"So it's not a question of whether there was a gas leak, but when it took place," says Gibson. There is considerable evidence, he notes, that there might have been a slow, small gas leak for up to two weeks before, possibly saturating the ground under the plant. A fire could easily start from such gas seeping out of the ground. Gibson says he expects in the near future to assert "a substantial claim for the company's losses in excess of insurance coverages against the party or parties responsible."

Southwest Gas retorts that "there is no evidence of any natural gas leak." Parrish confirms that the panel engaged by the fire department pressure tested all the gas lines at 10, 50, and 300 psi, and found no leaks except at the site of the massive breakage. Southwest asserts that its natural gas line was "the victim and not the cause of the blasts."

Southwest adds that research into the properties of AP indicates that only a very limited fuel source was necessary to trigger the initial explosion at PEPCON. There were numerous sources of fuel around, such as plastics, wood, hydrogen, glass fiber, welding gases, and contaminated AP. The initial explosion and fire could then have resulted in setting off the large quantities of AP stored on the site.

Until now, AP has been classified as an oxidizer, not an explosive, for purposes of transportation, handling, and storage. For example, the Department of Transportation (DOT) lists AP as an oxidizer for particle sizes greater than 15 Am, and as an explosive only at under 15,um. PEPCON and Kerr‑McGee work with far larger sizes (starting with 90 Am at PEPCON, for instance).

However, in light of the PEPCON disaster, re‑evaluation of AP's properties and reclassification is being sought. Further testing is likely, according to several sources. For example, Bruce L. Woodbury, a county commissioner in Clark County, has written to the Air Force asking that AP be re‑evaluated to see whether it should be reclassified as an explosive under applicable fire codes and standards. And DOT's Office of Hazardous Materials Transportation is waiting for determination of the causes of the PEPCON explosions before deciding whether to re‑evaluate safety requirements for AP transportation.	


Variety of rockets and missiles use ammonium perchlorate

AIR FORCE Advanced medium range air‑to‑air missile (AMRAAM) 
Air‑to‑Ground Missile (AGM‑130) 
Delta li Inertial Upper Stage 
Maverick 
Minuteman 
Peacekeeper (MX) 
Sensor‑Fused Weapon 
Short‑range attack missile (SRAM 11) 
Small Intercontinental ballistic missile 
Titan 34D 
Titan IV

ARMY
	Chapparral
	Hawk
	155MM high explosive shell
	Multiple launch rocket system (MLRS)
	Patriot
	Stinger
	Tactical missile system (ATACMS)

NAVY
	Harpoon
	High‑speed antiradiation missile (HARM)
	Mk 46 Torpedo
	Mk 57 Somblet
	Mk 48 Torpedo
	Mk 6/JATO (let‑assisted take off)
	Mk 23
	Mk 66
	Phoenix
	Ouickstrike mine
	Rolling airframe missile
	Sidewinder
	Smokey Sam
	Sparrow
	Standard Missile Motors
	Sub‑Launched Mobile Mine
	Tomahawk Cruise Missile
	Trident D‑5

NASA 
	Shuttle booster

Source: Department of Defense

-------------------------------------
Ammonium perchlorate use in rockets projected to reach 68 million pounds by 1990

Millions of pounds

Shuttle solid rocket booster              		        1 8.8 
12.6 Multiple launch rocket system (MLRS)	         12.6	
Titan IV					5.7
Minuteman					2.5
Standard missile					1.9
Trident D‑5 					1.8
Peacekeeper (MX)					1.6
Patriot 					1.3
Delta II (GEM) 					1.0
High‑speed anti-radiation missile (HARM) 		0.8




Kerr‑McGee Chemical Corp. uses several unit processes to produce ammonium perchlorate (AP). First, in a continuous process using large holding tanks, sodium chloride is electrolyzed to sodium chlorate in some 1300 cells. By‑product hydrogen, containing a trace of chlorine, is vented to the atmosphere. The chlorate is crystallized out, re-dissolved, and then electrolyzed further to produce sodium perchlorate in a batch process in some 210 cells. Sodium dichromate is added to enhance cell efficiency. The perchlorate is filtered out and purified. AP is then produced from sodium perchlorate, anhydrous ammonia, and hydrochloric acid by a double‑decomposition reaction. In a vacuum crystaIizer operated so as to produce the desired particle size‑AP precipitates and sodium chloride stays in solution. AP crystals are centrifuged out, re-slurried, and pumped to a remote building for drying and screening. Finally, AP is blended to specifications for particle size and purity, packaged, and shipped. Byproduct sodium chloride returns to the sodium chlorate plant for reuse.


An Infernal Device


Gunpowder Blast Kills  B'klyn Man
By Wendell Jamieson and Scott Ladd
STAFF WRITERS
New York Newsday 14 August 1993

A Brooklyn man died yesterday when gunpowder he was fitting into a metal container ‑ possibly intended as a letter bomb to the city's Parking Violations Bureau ‑ exploded in his Brooklyn apartment, police said last night.

Dich Ng‑uyen, 49, suffered a fatal chest wound and had three fingers blown off his right hand when the homemade device exploded, police said.

Nguyen had complained to his wife about a traffic summons and walked into the bedroom of their first‑floor residence at 115 E. 21st St., where his wife later told police she heard typing just before the explosion, according to a police source.

"It looks like this guy was mad at the Parking Violations Bureau and was making a bomb to mail to them," the source said last night. It ignited at 4:54 p.m., rocking the six‑story apartment building in Flatbush ‑ and rattling an adjoining building.

Joseph DePlasco, a spokesman for the city Department of Transportation said last night that Nguyen was owed $100 by the PVB, possibly because he had overpaid earlier motor vehicles summonses. It was unclear how many tickets Nguyen had received.

His wife told neighbor Emily Cole that her husband had gone into the bedroom. "She said he was typing a letter," Cole said.

Nguyen's wife told an investigator from the 70th Precinct that he was upset about a summons he had received, the police source said. Police officials said the bomb squad and the FBI have joined the investigation.

Capt. Joseph Mottle, the head of Brooklyn detectives, downplayed a possible dispute between Nguyen and the PVB.

"We don't have any connection to the PVB or a letter, nothing at all to connect it to the PVB," Mottle said. "It was a small amount of smokeless gunpowder that somehow went off."

Cole said she heard the explosion and the victim's wife came running up the steps to her sixth floor apartment. "She said, "My husband's hurt, my husband's hurt," Cole said.

"I went into the apartment and he was lying on the floor, covered with blood and the house was filled with smoke," she said. "He was doubled over, and part of his hand was missing. He was bleeding from the chest. I thought he had been shot."

Neighbors said Nguyen and his family, including a 17‑year‑old son, who is an honors student at Midwood High School, came to the United States from Vietnam about 12 years ago. They said Nguyen sometimes sold electronics on the street.

THERE WAS a considerable crowd of serious drinkers in the barroom of the Wyoming Hotel, 325 Greenwich Street, New York City, the morning of November 5, 1865. It was a Sunday, and hangovers have to be nursed.
Men like that are sensitive to bad odors, and when a little after eleven o'clock the complaints became general, the bartender and the porter took action. In the porter's closet behind the bar‑it was from there that the stink came‑there was a wooden, rope‑handled box about two feet square, about eighteen inches deep. It had been left by a guest, and nobody knew what was in it. The porter had been using it sometimes as a chair, sometimes as a shoeshine box. Now there was acrid smoke curling out of it, and from its bottom an oily liquid oozed.
The porter and the bartender, not liking the look of the thing, hauled it out into the barroom, where it caused much talk. They emptied a pall of water over it, but that made it worse, for the smoke thickened and there was a fizzling sound while the inside of the box appeared to be lit by a red light.
Alarmed, they rushed the thing outside and left it in the middle of the street. Then they hurried back behind the swinging doors, over which, with many others, they watched.
They did not have long to wait. At eleven‑thirty the thing went off.
Nobody was killed, for a wonder, though many were thrown to the floor while others were cut by flying splinters or bits of broken glass. Doors were wrenched off their hinges. Slate shingles were jarred loose from roofs and came clattering into the street. Every window in the block between Duane and Jay streets was smashed, besides many others farther away. An enormous crater had appeared in the pavement. In other parts of the city there was a near‑panic, and wild rumors flew.
No trace of the box remained. However, detectives soon elicited the information that this box had belonged to a young German named Theodor Lührs, who had registered at the hotel August 31 last and remained there for six weeks, when he checked out, leaving no forwarding address—but he did leave the box.
That very afternoon the detectives caught up with Lührs, who was having a quiet cup of coffee with a friend in West 24th Street. Yes, that had been his box. He'd forgotten about it. No, he had no idea of what it might contain. Some kind of oil, he understood. It had been given to him at the last minute before sailing on the Donau from Hamburg by a local merchant, a friend, who said that he might make money on it in the United States.
The police kept Lührs overnight, but they could think of nothing to hold him on, nothing to charge him with, so at last they let him go. He was a shirt salesman. Improbable as his story was, there was nothing to refute it, and when the police verified his statement that so far from suspecting the presence of an explosive in the mystery box he had slept with it under his bunk all the way across the Atlantic—then they gave up.

Donald Barr Chidsey
Goodbye to Gunpowder

----------
INSECURE SECURITY
BEFORE the discovery by Nobel that the absorption of nitroglycerin by infusorial earth rendered it much less sensitive to shock, numerous attempts were made to bring it into general use, in liquid form, as a blasting agent, the most notable of which was during the digging of the Hoosac Tunnel. But owing to its highly sensitive character, fatalities were numerous; while, furthermore, the necessity for perfect purity in order to render nitroglycerin stable-that is to say, to make it keep well-was not at first recognized, and many disasters were the result from explosions due to its decomposition.
The first attempt to introduce nitroglycerin as a blasting agent into the United States was made by a young German student. He called the stuff "glonoin oil." He brought over a few hundred pounds in cans on the steamer with him, most of which he disposed of during his sojourn in the States. But his venture was not a financial success, and he was obliged, when he returned to Europe, to leave an unpaid board bill at a New York hotel where he had been staying. He had left one fifty-pound can of glonoin oil, which he let the hotel proprietor hold as security, but which, however, later developments proved to be insecurity.
The glonoin oil occupied a place of honor in one corner of the barroom for several months after the departure of the German student. Decomposition having set in, yellow nitrous fumes began to emerge from the receptacle, the malevolent odor of which was soon noticed by one of the guests, who called the landlord's attention to the fact. Highly disgusted, the landlord picked up the can, walked to the front door, and threw it into the middle of the street. The act resulted in a miniature earthquake, which shattered the walls on both sides of the street, broke window-glass over a square mile, and landed the hotel proprietor in the hospital.

Hudson Maxim
Dynamite Stories (1916)

Foisted by His Own Petard


Austrians Arrest Suspect In Racist Bomb Attacks

VIENNA, Oct. 4 (Reuters) ‑ A suspect has been arrested in connection with a racist bombing campaign that has unnerved Austria for four years, the Interior Minister said today.
A 48‑year‑old technician was arrested on Thursday 150 miles south of Vienna after two women phoned the police to say they thought that they were being followed.
The man lost both hands and part of one forearm when an explosive device he was carrying went off as he got out of his car to be questioned by the police.
"We feel we have enough circumstantial evidence to link him directly to the bomb attacks and to rule him out as being just a dangerous copycat culprit," the Interior Minister, Karl Schloegl, said at a news conference today .
The police found five loaded pipe bombs at his house and a booby‑trap bomb similar to one that killed four Gypsies in 1995, in the worst of the series of bomb attacks on foreigners, members of minorities and those who support the integration of foreigners.

New York Times 5 X 97


Big Bang on Wall Street

A ROUND 11:55 a.m. on Thursday, Sept. 16,1920, an old single‑top wagon, drawn by an elderly dark bay horse, plodded westward on Wall St. It stopped about 75 feet from Broad St., near. 23 Wall St., the offices of J.P. Morgan & Co. The day was lovely: clear, blue and no humidity, with a temperature of 69 degrees. The stock market was up. Lardner and Reppetto's NYPD states that Wall Street police strength was low that day. According to Sidney Sutherland's "The Mystery of the Wall Street Explosion," in Liberty magazine for April 26, 1930, many officers were on duty at a Brooklyn transit strike; others, including the officer assigned to the Broad and Wall intersection, had been ordered "a few blocks north to help herd the paraders in a procession of colored folk.” 

Trinity Church struck noon. The sidewalks filled with brokers, clerks and receptionists heading for lunch. At 12:01, a bomb of roughly 100 pounds of TNT, resting on the wagon floor above the left rear axle, exploded in "a blinding sheet of saffron-green light." Five hundred pounds of fragmented sash weights piled about the bomb tore into the passersby like shrapnel. A nearby automobile flipped 20 feet into the air. Thousands of plate‑glass windows shattered over a half‑mile radius, their fragments tinkling from sill to ledge to pavement. A pillar of brownish‑lemon smoke soared heavenward. Awnings 12 stories up caught fire. The explosion blasted the facade of J. Morgan & Co. The bank's windows burst inward in a blizzard of razor-sharp shards. Thomas Joyce, the chief clerk, working at a window facing Wall St., died instantly.

Two metal fragments nicked the statue of George Washington on the Subtreasury steps.

Next door, the massive iron bars across the Assay Office's windows bent. The Stock Exchange's huge windows fell to the trading floor. Trinity Church trembled. Thirty people died instantly, some mere scarlet blots on the pavement. A woman's head, still wearing a hat, stuck to 23 Wall's facade. A messenger lay decapitated, a package of securities smoldering in his hand. An eyeless clerk, his feet blown off, tried to crawl. Two hundred lay wounded: 10 would later die. A hoof of the horse lay in a pool of blood; a witness recalled how the pool had sparkled in the sunlight.

The terrified crowds now ran toward‑the shambles, even trampling the dead to see what had happened. The Stock Exchange's president strode to the rostrum (running is forbidden on the trading floor) and rang the gong to close the day's trading. The Curb Exchange, whose brokers transacted business on the Broad St. sidewalk roughly 200 feet south of Wall, less formally adjourned when the brokers ran off. Police and firemen then cleared the way for ambulances. Half a dozen officers, guns drawn, stood before the Assay Office and Subtreasury. Forty minutes after the explosion, federal troops from the Governor's Island garrison, rifles loaded and bayonets fixed, were double‑timing into Wall St.

The horse had been torn to fragments; of the wagon and harness, as reported in The Liberty the cops gathered up a “few spokes, a strap or two, an armful of splinters and canvas, a piece of the shafts an axle and hub cap, and a handful or bolts and nuts. The NYPD reconstructed both with the help of veterinarians, livestock experts and wagon builders. Their description reads:

HORSE‑Dark bay mare, fifteen and three‑quarters hands, fiftheen years, about 1,050 pounds, long mane and stubby foretop, clipped a month before, scars on left shoulder and white hairs on forehead.

SHOES‑Hind shoes marked JHU and NOA, about half an inch apart. Front shoes had pads, circle in center reading 'Niagara Hoof Pad Co., BISON, Buffalo, N.Y.’

HARNESS‑Single set of heavy wagon harness, old and worn and frequently repaired. Turret rings originally of brass, one broken; the other silver mounted and evidently belonging originally to coach harness.

WAGON‑Single top capacity one and one‑half tons, red running gear, striped black with fine white lines. Three‑foot wheels on front, four and one‑half on back, of Sarvant patent. Body 5 feet 6 inches high, 53 inches wide, about eight feet from ground to top of wagon. 

Between the 11:30 and 11:58 mail collections, just before the explosion, someone had deposited crudely printed circulars in the post box at Cedar St. and Broadway. That read:

Remember we will not tolerate any longer. Free the political prisoners or it will be sure death for all of you. American Anarchists Fighters.

While the Secret Service and the nascent FBI chased Reds, the NYPD went to every sash‑weight manufacturer and dealer in America to find the source of the shrapnel; they visited nearly 5000 stables in every town along the Atlantic seaboard to track the horse; they checked hundreds of wagon manufacturers and harness makers to identify the wagon.

According to Sutherland, the letters on the shoes symbolized the Journeymen's Horseshoer’s Union and National Horseshoers' Association: in effect, they bore the union label. More importantly, the blacksmith who made the shoes had been trained abroad. The police concentrated on immigrant farriers.

The De Grazia brothers ran a smithy at 205 Elizabeth St. Dominick De Grazia identified the shoes. A detective had him make another pair. They were identical, "a defect in the anvil appearing on the top plates of both the sample shoes and those worn by the dead horse." Dominick said a man driving a horse and a wagon matching the police description had asked him to tighten a rear shoe. Noticing a slight crack in the hoof, the farrier suggested new shoes, which Dominick made and nailed to the hooves within 20 minutes. The De Grazias said the driver spoke with a Sicilian accent, was 25 to 30 years old, about 5‑feet, 5‑inches tall, and weighed about 165 pounds, with broad shoulders, deep chest, black hair and mustache, and soft, well‑kept hands.

Dominick examined the hoof when the cops brought it from Bellevue's pathological laboratories. He found the crack. There the trail ended. The NYPD examined 10 tons of broken glass, analyzed steel fragments that might have contained the bomb and reconstructed some twisted bits of tin into two five‑gallon containers from the Atlas Can Company of Brooklyn. After searching the company's records, the NYPD questioned all of Atlas' customers. None identified the containers.

A small iron ball lightly struck a city street sweeper, standing four blocks from the explosion. The NYPD, finding a number engraved on the ball, identified it as the knob to a Victor military field safe manufactured in Cincinnati, OH. The manufacturer's records showed the safe's initial delivery to the U.S. Army barracks at Jeffersonville, IN. An NYPD detective tracked the safe to Omaha, New Orleans, Washington, DC, France, and Hoboken. There the trail ran out. The Army had not recorded the safe's disposition, whether sold to a junk dealer or dumped in a vacant field.

Eyewitness descriptions of the driver conflicted. Most resemble the man seen by the De Grazias. He was also Jewish or Italian, an "East Side peddler" type, or a "greasy fellow." One noted a broad Scots accent. He had as many ethnicities, religions and modes of escape as eyewitnesses. Some saw two or three drivers.
NYPD detectives visited every garage in the metropolitan area to check the hours of departure and return and the errands of all vehicles, motor‑driven or horse‑drawn, on Sept. 16. Some eyewitnesses said the wagon was lettered EXPLOSIVES, DYNAMITE, or DU POWDER WORKS. Hercules Powder and Aetna Explosives had no vehicles carrying explosives that day in the city. Dittmar Powder's wagon had not gone below 45th St. Du Pont had sold its last horse‑drawn powder wagon in 1918.

Edwin P. Fischer, a graduate of City College and New York Law School and a championship tennis player, was an occasional inpatient at mental hospitals. Two weeks before the explosion, he had told his tennis club's caretaker that either "We" or "They" were blowing up Wall St. Fischer then predicted a Wall St. explosion on Sept. 16 to a stranger on a Hudson Tube train.

Between Sept. 11 and 13, he mailed postcards from Toronto to friends and acquaintances advising them to get out of Wall St. as soon as the gong struck at 3 p.m. on Wednesday. On the morning of the 16th, Robert Pope, his brother‑in‑law, having heard of the postcards and concluded Fischer was having a breakdown, caught up with him in Niagara Falls. On learning of the explosion, Pope persuaded Fischer to see the police.

Fischer arrived at Grand Central wearing two business suits for warmth and tennis whites underneath in case he had a chance for a game. The police questioned him at Bellevue. He said he had received the messages "through the air." Realizing Fischer was merely demented, the cops soon released him to the Amityville Asylum, from which he emerged after two months. The warnings are otherwise unexplained.

The feds and the NYPD arrested or interrogated thousands of suspects, such as Florean Zelenska, a Romanian who possessed radical literature and had worked for a gunpowder company. 'ney questioned Alexander Brailovsky because he was of t Russian extraction and "said to be a Trotsky‑Lenin agent." Wolfe Linde, a radi‑w cal turned stool pigeon, was reported near Wall and Broad on the morning of Sept. 16. He disappeared to Warsaw. Several detectives brought him back. His alibi was perfect.

The NYPD had linked Pietro Angelo to the Gimbel Brothers bomb plot of April 1919. Mail bombs addressed to national figures in packages with Gimbel's return address were detected when held for insufficient postage. Angelo's alibi for Sept. 16, 1920, was perfect. Nonetheless, the United States deported him to Italy, where he tossed a bomb into the crowd at an opera, killing 39.

The NYPD gave up around 1940. The north facade of 23 Wall St., with its scars up to an inch deep, is unrepaired. John Brooks quoted an old Morgan partner: "There's no particular feeling of martyrdom in leaving them there. It's the practical thing to do. After all, replacing those great blocks would be inordinately and unnecessarily expensive. And besides, it's right and proper that they should stay there."

Biggest Accidental Explosions

1950 South Amboy, N.J. USA. 1.0 million pounds "Mines, dynamite." 26 killed, 400 inured.

1918 Morgan, N.J. USA. 1.0 million pounds ammonium nitrate. 64 killed, 100 injured.

1944 Hastings, Neb. USA.. 1.1 million pounds Torpex bombs. 10 killed.

1926 Lake Denmark, N.J. USA. 1.6 million pounds TNT.

1944 Port Chicago, California USA . 4.272 million pounds Torpex 300 killed.

1917 Halifax. N.S. Canada 5.2 million pounds TNT, picric acid, nitrocellulose.     1 000 killed, 8 000 inured.

1917 Steinfield  [Eddystone PA?] 5.5 million pounds Hi X.

1947 Brest, France. 6.6 million pounds Ammonium nitrate. 12 killed.

1947 Texas City, Texas USA. 7.0 million pounds ammonium nitrate. 560+ killed; 3 000+ inured.

1923 Oppau, Germany. 9.0 million pounds ammonium nitrate. 1 100 killed, 1 500 injured.

1944. RAF Bomb Store Stonepit Hills - Hanbury, England. 8 000 000 pounds of "bombs." 68 killed.



Largest (?) Planned Explosion

1958 April 5th. Seymour Narrows, British Columbia. Ripple Rock is destroyed with 2,756,000 pounds of “Nitramex” 2H. (A Du Pont ammonium nitrate based explosive.) Blasters Handbook 15th ed. 1969 pg. 13.


Guinness Book of World Records 1995 
 
Chinese army engineers blow up a mountain for the expansion of an airport in Macao. "A total of 12,460 tons of TNT were detonated on 28 December 1992, after 1,000 technicians spent several months preparing for the explosion."


The New York Times Monday September 2, 1907.

Spanks Son - Blown Up.

Mother's Blow Sets Off Cap in Boy's Pocket and Both Are Hurt.

CHEBOYGAN, Mich. Sept ? Mrs. Fred Williams, living at Bear Point, on Crooked
Lake, near this city was severely injured, and her seven year-old son was
probably fatally hurt when a dynamite cap in the boys pocket exploded while the
mother was spanking him.

The little boy had been out in the field where his father was using dynamite to
blow up stumps and had slipped one of the percussion caps which Mr. Williams
was using in his pocket. He returned to the house, where his mother called him
to be punished for some childish misdemeanor.

Mrs. Williams used a shingle as the instrument of punishment. The first blow
exploded the cap in the boys pocket, and the explosion tore a large hole in his
hip from which he is believed to be dying. The mother lost two fingers and
received a number of minor cuts about the face and body.

He Gets a Charge Out of Outdoor Work Blowing Up Animals


But Mike Knodel Doesn't Like Inspecting the Old Mines He Also Has to Exploded,
By QITENTIN HARDY
Staff Reporter of THE, WALL STREET JOURNAL
5XII97


PINEHURST, Idaho ‑ Knee‑deep in toxic water, Mike Knodel flinches and claws at the cloud of gnats blocking Lookout Mountain Mine. "Gee, I didn't hear about these," he says, stepping past a broken timber toward darkness.
Mr. Knodel doesn't like surprises on the job. The known quantities of Lookout Mountain Mine are trouble enough. Among them: 3,280 feet of shaft, with loose rock and rotted beams, bear spoor and rats nests. Somewhere inside, seven cases of old dynamite have broken down into a pile of stuff that includes nitroglycerin.
The explosives rank low on his list of perils. Mr. Knodel is the Northern Region Blaster Examiner for the U.S. Forest Service, a member of an unusual fraternity of government explosives-experts  trying to make nature more user-friendly by blowing things up. His blasts have smoothed hiking trails, deepened fish ponds, prevented avalanches and stopped forest fires. He sometimes blows to smithereens the carcasses of large animals, which left lying around attract bears and distress tourists.
Blowing shut some of the country's deadliest old mines is a big part of his $22‑an‑hour job. For the most part, Mr. Knodel enjoys his outdoor work. But he doesn't like to be in the mines. "I don't handle tight spaces very well," Mr. Knodel says, grimacing as his hard hat brushes against moss, "I can't imagine how people made a living in these mines."
There are thousands of abandoned mines in the U.S., particularly on the vast public lands of the West. The government calls them "attractive nuisances," because they draw explorers who occasionally wind up getting trapped or killed.
"We try putting up signs, and people ignore them," says James Robbins, a mining engineer for the U.S. Bureau of Land Management, who accompanies Mr. Knodel into Lookout Mountain. "We put up bars, and they get torn down."
The government has stepped a years‑long campaign to plug the mines, and Mr. Knodel, who closes about two of them a month, has knowing hands. One sign of his skill is that his hands remain unscarred, unlike those of many who spend years with bombs. The soft‑spoken 52-year‑old also has sidestepped bear traps set a century ago by gold miners and fought through spider nests a foot thick. Rattlesnakes like mines, despite levels of zinc, arsenic and lead that kill off fish. .
At Lookout Mountain, the gnats add to the challenge. They thin out as the men push forward, single file over a jumble of collapsed support timbers, which are now as soggy as old breakfast cereal. Mr. Knodel points out a pink paper tube stuck into a hole in the ceiling, dangling a rat's tail of burned‑out fuse. "Definitely a charge," he says. Nearby is an empty crate of Vulcan ("a kick in every stick") dynamite.
It would be easier to just close mines without inspecting them, but that would be bad for the bats. All mines must first be closely checked for moth wings, guano and other signs that bats have moved in. Some species, such as Townsend's big‑eared bat, are in sharp decline. If bats are found that need protecting, the Forest Service will close a mine using bars or dirt, always providing egress for the bats.
Lookout Mountain has no bats, and no rattlers, but like other mines dug between 50 and 150 years ago, it has a history. When a mine is found, people like Mr. Robbins interested in the lore of the West want to retrieve any unusual equipment for museums. The Vulcan dynamite box is a it has stains on it that may be nitroglycerin. Nitro, which doesn't, remains dangerously volatile even after many years. The box stays put and the men keep moving, past graffiti from 1941 of a flower and a skull.
Several hundred feet along, amid old coffee cans and blasting‑cap boxes, the murky walls suddenly turn neon blue. Copper seepage, says Mr. Robbins, a mine lover who spent many of his student days at he Colorado School of Mines under the mountains, near Aspen, while his friends were skiing. Mr. Knodel, a vigorous out-doorsman who first learned how to handle explosives while clearing land on an Oregon ranch, doesn't share Mr. Robbins's enthusiasm for the mines, but he is warily curious. "What's that black ooze coming out of the walls, Jim?" he asks.
"Black ooze," Mr. Robbins explains. The tunnel narrows to the width of an simple coffin at the mine's end. To show how hard navigation is even in this well defined space, they turn off their head-lamps. The absence of light is a color beyond darkness.
Mr. Knodel breaks the silence with a rock tossed down a nearby shaft. Fifteen seconds later, there is a splash. He heads back to the mound of old explosive, eager to finish his work. "Man, I'd much rather blow up a horse than be in a mine," he says.
As it happens, Mr. Knodel is also co‑author of Agriculture Department document 9523‑2315‑MTDC, "Obliterating Animal Carcasses With Explosives." It recommends using up to 55 pounds of water‑gel explosive for an adult horse, after horseshoes have removed to prevent dangerous debris. Charge placement is critical; doubters may see Mr. Knodel's video of an unsuccessful whale demolition, which wrecked a car and rained pungent hunks on onlookers a quarter‑mile away. "It's the kind of thing you want to get right the first time," he says. "That way, there's just a little pink haze to worry about."
At the nitro pile — a mix of wood, paper and dynamite in pink, orange and gray—Mr. Knodel inventories the ground for blasting caps, powder and any sticks of dynamite that rats may have dragged from the main pile. "Very decomposed, very unstable," he says, crouching 18 inches from the mound. Out in the open, he says, detonating the explosives would make a crater 40 feet deep.
For a moment, he seems uncertain. "I can't guarantee the road on top of this mine is going to be there when I'm done," he says. Gingerly, he places four charges ‑ festive‑looking bright‑red cones ‑ in the nitro heap. An intact dynamite box collapses under the weight of one of the two‑pound charges, and after some consideration, he adds a fifth cone.
"Cheap insurance," Mr. Knodel says.
He rips a paper tag from a spool of shock tube, a flexible pipe laced with gunpowder that serves as fuse, and pockets the tag so as not to litter. Mr. Knodel backs out of the mine and takes position on a hill beside the mine where a battery‑powered igniter waits. "We're ready to rock and roll," he says, pressing the button. "Fire in the hole!"
The blast lights up the entrance to the mine. The explosion shakes the mountain, and trees press upward, their roots tested. After a moment's silence, the boom returns from across the valley, a louder crack that echoes for several seconds. The Lookout Mountain Mine has become a mess of rubble and noxious gas. Birds begin to chatter madly.
Mr. Knodel won't know the full extent of his success for two weeks, until the gas has dissipated and inspectors can take a close look. But from just outside the mine, it appears to have been closed, the mountain hasn't collapsed and Mr. Knodel is relieved to be back in the great outdoors.
"Twenty‑nine years, and every shot is different," he says. 


Accident which occurred in E., known as a " Packing House " in the " Dynamite System " of the Cape Explosives Works at Somerset West, on the 3rd January, 1913 Report on an ‑ Major A. B. Denne, Chief Inspector of Explosives, Union of South Africa.
In:—The Journal of the Society of Chemical Industry. Vol. XXXII., No. 11. June 16, 1913

As a result of the explosion of 4210 lb. of " Ligdyn 40 per cent.," 9 persons were killed and 2 injured. The composition of the explosive is: nitroglycerin (40 parts), sodium  nitrate (45), woodmeal (13), and wheat flour (2 parts). Samples from a similar batch showed the presence of only 34‑95 per cent. of. nitroglycerin, and, as the weightings could not be disputed, it followed that some portions of the mixture must have had more than 40 per cent. of nitroglycerin, and would have been more than normally sensitive. This grade of explosive is very sensitive. The evidence was undoubted that the explosive ignited in the packing machine and the resulting fire shortly afterwards caused the detonation of the explosive in the building. Tests at the factory of similar batches of explosive made on the same day showed that the heat test was perfectly satisfactory, and, consequently, the cause of the explosion could not be attributed to instability of the explosive. The conclusion is arrived at that the ignition occurred in the packing machine and was, in all probability, caused by friction set up between one of the packing sticks and the thimble, owing to some foreign substance having found its way into the dynamite, and that blame attached to no one. The machine in use is known as the Quinan packing machine, and no other machine has ever been used for packing dynamite in this factory, since it began operations in 1903, and this explosion is the first which has ever brought into question the safety and reliability of this particular machine. It is constructed principally of wood and is surmounted by an adjustable hopper or tray lined with zinc, into which the dynamite is placed by means of a wooden scoop. From this tray the explosive is raised by hand as required into a powder box, and a wooden reel rotated by an endless brass chain ensures a constant feed of dynamite in front of the packing sticks, which pass through the powder box. The endless chain is on one side of the machine outside the powder box and well protected from all contact with dynamite. A number of packing sticks, flexibly attached to a yoke at their back ends, pass through a corresponding number of openings in the powder box for the purpose of packing the dynamite into paper shells. The packing sticks pass through a brass nipple plate on the front of the powder box, and a shuttle containing the paper shells to be packed is placed in a receptacle at the front of the machine so that the open ends of the shells fit over the nipples on the nipple plate. The shuttle is held in position by means of a wooden stop operated by a treadle. The process of packing a shuttle full of shells (13 to 15) occupies from 8—13 sees., and requires from 14 to 24 strokes of the machine, depending upon the size of the cartridges being packed.‑G. W. McD.


XXII.—EXPLOSIVES, MATCHES, &c.
Explosion which occurred on Juvae 23rd, at the premises occupied by The Mersey, Weaver and Ship Casual Carrying Company, Ltd., in Dawson Street, Hassle, Manchester ; Circumstances attending an —. Major A. Cooper-Key, H.M. Chief Inspector of Explosives.
In :— The Journal of the Society of Chemical Industry
28 [20] 1041-1042 October 31, 1908.

THE warehouse in which the fire broke out, contained some 32 tons of sodium chlorate, stored in wooden barrels, lined with stout blue paper, and in addition, in other parts of the shed, were 12 tons of potassium chlorate, and 11 tons of barium chlorate similarly packed. In a yard adjoining the building, there were some 28 barrels of varnish. During the course of the fire, three distinct explosions took place. The Inspector considers:- (1), that the fire was undoubtedly originated by the friction of a workman's boot on a mixture of alkali chlorate and organic dust on the floor of the warehouse, the presence of this mixture being proved beyond question by the rapid spread of the flame when rubbed with the foot ; (2), that one of the explosions was undoubtedly due to the mixture of fused chlorate and varnish, and the other two were most probably caused by one or more barrels of chlorate. which had up till then been partially protected from the heat, falling into the heart of the intensely hot furnace resulting from wooden staves burning in oxygen. It is suggested in order to minimise the risk of accidents such as these, that the following precautionary measures should be taken. (1). The elimination, so far as may be possible, of combustible material in the packages containing chlorate. (2). The establishment of separate buildings, of fireproof construction, for the storage of chlorate. (3). Absolute cleanliness, i.e., the outside of the kegs, and the floor and walls of the store should he kept clear of all dust and dirt, and no one should enter the building in his ordinary boots. Either these should be taken off or “ overshoes " should be provided as in a gunpowder magazine.—G. W. McD.

TNT Accidents

Accidents.
The pronounced durability and insensitivity of trinitrotoluene to mechanical and thermal influences may seem rather remarkable when the factory accidents caused by large quantities of this explosive detonating as a consequence of fires or explosions are considered. It may therefore be of interest to consider the behaviour of trinitrotoluene in an explosion that occurred in the trinitrotoluene department of the Sprengstoff‑werke A. u. W. Allendorf at Schönebeck a. E., much information being found in an expert communication made by Director J. Rudeloff.

On the 5th May, 1909, an explosion occurred in the recrystallising building of the trinitrotoluene factory, where trinitrotoluene, having a melting point of 77o to 79o C.. was converted to a state of complete purity by recrystallisation from alcohol. The explosion was of such violence that the building was destroyed, and in consequence several lives were lost.

From the lie of the widely‑distributed apparatus, the overturned walls, etc., it was clear that the centre of the explosion had been situated in the rotary drier. This apparatus. which was of the type known as the Treber drier, took the form of an inclined boiler, fitted internally with scoops, half of which was heated by means of hot water. The damp trinitrotoluene, by continued rotation of the boiler, was thoroughly agitated with the warm air and gradually carried to the exit of the apparatus, which was about 8 metres long. There was no doubt whatever that the explosion had occurred in this apparatus, since it was completely destroyed and was the only piece of apparatus of all those in the building which had been entirely shattered.

The cause of the explosion could not be definitely ascertained, since the workers who would possibly have been able to give information on this point were killed, but it seems probable that friction in the gearing of a centrifuge caused a fire which would ignite the alcoholic vapours present in the room, and the fire would thus be communicated to the drying apparatus, causing the mixture of alcohol vapour and air therein to explode.

Another possible cause was that friction occurred in the drying apparatus itself, or possibly through carelessness on the part of the workers a piece of wood fell between the quickly‑rotating parts of the centrifuge and so Ignited I the alcohol vapour. 	

Regarding the explosion itself, from the damage caused, considered that, although the explosion had been of an extremely violent character, the violence was not such as would have been the case if it had been due to an explosive of the brisance of trinitrotoluene, 400 kgms. of which it was estimated were in the drying apparatus at the time of the explosion. If this had detonated it is certain that the whole building would have been completely destroyed. It may theretofore be assumed with certainty that an explosion of gas alone occurred solely in the drying apparatus, which at that moment must have contained a mixture of air and alcoholic vapour in the exact proportions necessary for explosion and which would, in consequence, be readily ignited by a flame which was caused by some external means.

Practically, this catastrophe might I)e cited as evidence of the stability of trinitrotoluene when subjected to intense heat. As stated above, it is certain that the trinitrotoluene in the dryer did not explode; furthermore, not only the trinitrotoluene in the centrifuge, but heaps, totalling several thousand kilograms, burnt away quietly. The crystallising vessels consisted of double‑walled apparatus fitted with agitators, three being filled with a solution of trinitrotoluene in spirit at the time of the accident. These apparatus were completely closed and fitted with an observation window in the cover. The fire broke the observation windows and the alcohol burned for two days before it was possible to quench the flames. When the fire was extinguished it was found that the trinitrotoluene in the apparatus was not completely burned in any case, proving that the heat developed by the combustion of the spirit, which would be enormously increased by the exterior heat caused by the general fire had not occasioned explosion of the trinitrotoluene. which was then in a damp state. A wooden sieve which stood close to the exploded dryer burned away quietly without any sign of an explosion, although it contained 100 kgms. of trinitrotoluene, and sheet‑metal boxes containing sieved material, though half melted, were found standing in their normal positions. A metal container which stood near the drying apparatus was found about 300 metres from the building, completely filled with trinitrotoluene, the upper layer of which had  been melted. The force necessary to project this receptacle such a distance must have been considerable and the heat to which the trinitrotoluene had been exposed must have been comparatively high, but these circumstances were insufficient to cause explosion of the material. Trinitrotoluene in quantities of several thousand kilograms in metal containers stored against the wall of the packing room burned without any explosion occurring. The metal containers were completely melted and the heat had been such that the surface of the wall was sintered, proving that a temperature of between 2,000o and 3,000o must have been attained.

In another room were several hundred finished cartridges, consisting trinitrotoluene cast into paper containers ready for export. These were completely burned without any sign of explosion, as similarly were several hundred kilograms of triplastite in a doublewalled cauldron.

This explosion did not actually involve trinitrotoluene itself, but is useful evidence as to the insensitivity and safety of trinitrotoluene in manipulation. Accidents involving the detonation of large quantities of trinitrotoluene and explosives of which it is an ingredient have, however, occurred on various occasions, and it is often a matter of extreme difficulty definitely to ascribe the cause.

The Roburite Factory at Witten was the scene of an accident in 1906, where a fire was followed by the explosion of a store room containing trinitrotoluene and ammonium nitrate. The detonation was of great violence, and resulted in the almost complete destruction of the factory, 42 persons losing their lives and many being more or less seriously injured.

Five men were injured by a rather peculiar accident at Messrs. Leitch & Company's Huddersfield Works in 1908. A pipe which contained trinitrotoluene was placed in a boiler fire in order to melt out the explosive, when it detonated with serious consequences. It would appear to be probable that in this case the conditions resemble the experiment of suddenly raising the temperature of the explosive, under which conditions it is known that trinitrotoluene will explode and that, further, the material was more or less closely confined.

A cask containing about 100 kgms. of trinitrotoluene exploded in the washing department at a German factory in 1912. It caused eight casualties, and some serious damage was done. The cause could not be ascertained.

On the 13th April, 1917, an explosion occurred in the Björktorn trinitrotoluene factory of the Aktiebolaget Bofors Nobelkrut at Karlskoya (Sweden), some 900 kgms. of the explosive detonating in the nitrating house. Considerable material damage was caused but no lives were lost, as the employees received ample warning from the abnormal evolution of gas from the three nitrators. The cause of the explosion is believed to have been self‑ignition of the toluene during nitration, probably brought about by insufficient care in regulating the temperature.

Several other more or less serious accidents have been recorded during the manufacture or manipulation of trinitrotoluene, and recent experience has shown that large quantities are liable to detonate when exposed to fire for some time. This experience, which cannot be regarded as unusual when dealing with any high explosive, has not been completely investigated in the case of trinitrotoluene, and it is impossible definitely to state whether such explosions are due to abnormal heating of the compound when in a confined state, as it frequently is when buildings take fire through portions of the roof or walls falling on to and enclosing masses of the explosive, or whether, as in the case of picric acid, the contact of the molten explosive with other materials, such as mortar or cement, gives rise to the formation of compounds which may either act as initiators, and thus detonate the trinitrotoluene, or so accelerate the development of the fire that the rapidly‑increasing heat and pressure are in themselves sufficient to account for the explosion of the compound.

As in the cause of picric acid, experience has proved that it cannot be assumed that large quantities of the explosive will burn quietly away.

Capt. E de W. S. Colver
High Explosives: A Practical Treatise
Crosby Lockwood and Son - London  1918

The Dance of Death

Two girl employees of an explosive factory in Westquater were engaged in carrying a box containing detonating caps and priming composition for same form the magazine into the workroom. They set the box on the ground and began to dance together. One of the girls stumbled and turned over the box of explosives, which caused the explosion of the whole load, and both girls were blown to pieces.

J. Phillips, The Handling of Dangerous Goods, 249; 1896
In: H Brunswig "Explosives" John Wiley & Sons 
New York 1912

Detonation and the Damsel

A chapter of this kind, bristling with frisky compounds, may well end with a striking story, and this narrative is literally striking as well as‑being true.

Once upon a time, now many years ago, a worthy Professor of Chemistry was lecturing in an Australian university. His subject was mercury fulminate. It was a very hot and humid day in November; his lecture theatre was filled to capacity with a hundred and seventy frisky young Australians, and it had a galvanised iron roof upon which the sun shone from a cloudless sky. Through the windows came incespritly the vibratory shrilling of‑the cicadas, or "bush canaries", mingled with the odour of sunbeaten eucalyptus leaves.

Now in this audience the young ladies sat in the front seats, immediately facing the lecture bench, and upon this torrid day of early summer one of them in particular was feeling the heat and humidity. As the lecturer wended remorselessly onwards, after the manner of professors immersed in their subjects, the distressed damsel became increasingly aware of the oppressiveness of her environment. At last the Professor warmed to his climax a long‑anticipated experiment on the detonation of mercury fulminate.

"You will observe on the anvil," came the familiar and, untiring voice, "a specimen ‑ a very small specimen‑of this most powerful explosive, mercury fulminate. I am now about to strike it with a hammer. I invite you all, ladies and gentlemen, to pay attention to the result, and to recall in so doing what I have told you about the activating effects of the detonation wave which I regret I cannot demonstrate to you as well."

The hammer fell.

The Professor had been too modest in his closing words. The experiment succeeded beyond his expectations. For when the hammer fell, the fulminate detonated with a loud report, and simultaneously the aforesaid damsel, seated in close proximity to the centre of disturbance, swooned away, after the manner of agitated young ladies.

The Professor, jerked out of his wonted self‑possession by this unwanted response to the detonation wave, unwisely called for volunteers to carry the fair victim of detonative aggression out of the crowded room.

The Australians are a gallant race. The response was all that could have been expected, even in this Queen City of the South; for the eager class volunteered en masse, headed by the brawny captain of the University Rugby Football XV, the gigantic and lion‑hearted Jumbo Woods. Having successfully removed the fainting lady, the class "called it a day".

On the following morning the Professor met his class again. There was a full attendance, including the heroine of the detonation wave. To the surprise of the class, the anvil still reposed on the lecture bench, and the Professor opened his lecture, by taking up the hammer.

"It occurs to me, ladies and gentlemen," he began, "that owing to an unfortunate incident at the close of our last lecture you may not have grasped the full significance of the detonation of mercury fulminate. I am therefore about to repeat the experiment. But before I do so, I now afford anyone suffering from weak nerves an opportunity of leaving the room."

The Professor paused, with the uplifted hammer in his hand, and gazed pointedly at the innocent cause of yesterday's interrupted lecture. She, however, was feeling quite at her ease: a "southerly buster" had come up the coast in the afternoon, and the room was fresh and cool. So the damsel sat on demurely, pencil poised above note‑book, and did not budge.

But to his misfortune, the Professor's words, unlike his glance, were not specific; and while he waited expectantly, with his eyes fixed upon the static lassie, a dynamic figure arose in the back row, descended the sloping gangway with thunderous tread, and stalked solemnly out through the open doorway in full view of the spellbound Professor and his momentarily dumbfounded class. And, lo, the departing figure was the figure of that mighty man of valour and hero of a hundred stricken fields‑the lion‑hearted Jumbo Woods.

John Read
Explosives
Pelican Books London 1942
Chapter XI
Explosives That Excite Others [in part]

FOR THE FORCES
Leave this book at a Post Office when you have read it, 
so that the men and women in the Services may enjoy it too.


EXPLOSION OF A DRILL STEEL SUBJECT TO HIGH TEMPERATURE
Significant Incident Reports No:  19
Subject: EXPLOSION OF A DRILL STEEL SUBJECT TO HIGH TEMPERATURE

INCIDENT
A boilermaker was killed when a drill steel which he was welding to a front end loader bucket exploded. A length of discarded drill steel (50 mm diameter) was tack welded at one end to the bucket, and the deceased was heating the steel with an oxy‑acetylene torch to bend the steel to conform to the bucket shape before further arc welding. The purpose of the drill steel was to act as a wear component, in lieu of hard facing.

There was an explosion and the deceased was struck by shattered pieces of the drill steel.

CAUSE
The explosion apparently resulted from a build‑up of temperature and pressure which detonated explosive material contained in the hollow core of the drill steel.

A length of drill steel had previously been welded to the other side of the loader bucket in a similar manner, and the first 150 mm of the core was blocked with tightly packed material, which subsequent analysis showed to be ammonium nitrate. It is probable that the length which exploded was cut from the same length of steel as that which was already welded in place. The amount of explosive material in the core of the rod is a matter for speculation, but the steel has been disintegrated for a length almost a metre and it is therefore likely to have contained explosive along much of its length. Only a very small amount of explosive is required to present a critical hazard in such circumstances.

COMMENTS AND PREVENTATIVE ACTION
Drill steel (hollow core) which has been in use must be checked before discard or before it is subjected to any process of cutting, heating or hammering, to ensure that it has no blockage in the core, as that blockage may consist of, or contain explosive material. 

If blocked drill steel is to be cleaned out for salvage or re‑use, then full precautions must be taken in devising methods to do so. Application of heat, impact, friction or undue pressure may cause any explosive remnants to detonate. If mechanical means are resorted to then the process must be done by remote control with total protection of personnel.

Apart from the hazard potential of explosive remnants in the core, care should be exercised in the re‑use of any discarded percussion drill steel, as it becomes embrittled in service. It should never be used for holding staging and securing  safety lines, nor in any application where its failure may create a hazard.

 Discarded drill steel should never be used to make scaling bars.
http://www.dme.wa.gov.au/mod/publications/sir/explosio.html 23‑Apr‑97

J M Torlach 
STATE MINING ENGINEER February 1991

SAFETY AWARENESS SAVES LIVES
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XXII‑EXPLOSIVES; MATCHES.

Accident which occurred in No. 47, a mixing or kneading house, at the, explosives works of Messrs. Kynoch, LId., Umbogintwini, Durban, Natal, on Aug. 21, 1913 ‑ Report on an ‑----, Major A. B. Denne, Chief Inspector of Explosives, Union of South Africa. [U.G. 49‑'13.]

In: Journal of the Society of Chemical Industry No. 24, Vol. XXXII December 31, 1913

ONE European and one native were killed by the explosion. The explosive, in course of manufacture consisted of nitroglycerin (82.4 per cent.), nitrocotton (5.6), sodium nitrate (8), and potassium nitrate (4 per cent.). There were 1000 lb. of explosive in the building, and, of this, probably 750 lb. were in the porch, and 250 lb. in a McRoberts' kneading machine. At the site of the kneading machine a crater 15ft. in diameter and 3ft. deep, was formed, while at the site of the porch the crater was 22 f t. in diameter and 6 ft. 6 in. deep. The first explosion probably occurred in the porch from a blow on a thin film of the explosive caused either by dropping a full box, or setting a box down roughly after emptying it, or by a blow on the edge of the pan whilst emptying a box, or by the sudden breaking of a pulley and the broken portion striking the explosive. ‑-G. W. McD.


The Journal of the Society of Chemical Industry.
No. 6 Vol. XXVI. March 30, 1907.

New York Section.
Meeting held at the Chemists' Club, on Friday, Jan. 25,1907.
MR. GEORGE C. STONE IN THE CHAIR.
DANGEROUS DUSTS AND THEIR EXPLOSIONS.
                     BY S. F. PECKHAM.

In, the Journal of this Society, January 31, 1906 (pp. 54‑‑57), will be found a paper by Mr. Watson Smith, on “ Flour Mill Explosions and Dangerous Dusts," in which the following passage occurs (p. 55):— “ The cause. of the explosion (at Minneapolis in 1878) was then traced by Prof. Lawrence Smith to the same cause as that already given "; that is, the ignition of dry flour from the friction of dry mill‑stones.

Prof. J. Lawrence Smith was in Europe at the time the explosion occurred, and did not visit Minneapolis until the October following. I sent him, at Geneva, Switzerland, in the early autumn of 1878, all the articles that had appeared in the daily papers at Minneapolis and St. Paul, including the reports made to the coroner's jury by myself and Prof. Peck. When Dr. Smith came to Minneapolis, he told me that he had read my report before the French Academy.

The explosion in Minneapolis led the authorities of that city to empanel a coroner's jury, to hold an inquest. This jury invited Prof. Peck and myself to sit with them and question witnesses as we saw fit. This we did, and we were present at all the sittings.* Prof. Peck undertook the mechanical and physical problems, while I confined myself wholly to the chemical problems.

The largest of the three mills that exploded was the Washburn A Mill. In this mill the initial explosion threw the walls outward in all directions, and the roof into the air to a great height. The shock and flame communicated with two other walls then in operation, which exploded ; the walls of the nearest one falling upon the prostrate walls of the Washburn A Mill; the walls of the third mill falling upon the prostrate walls of the second mill. The elevator exploded, the roof being thrown into the air, and the entire wooden structure was immediately wrapped in flames. The other three mills were set on fire, and burned quietly.

Prof. Peck contrived, for the purpose of illustrating his address to the jury, a very simple apparatus. This showed that 2 oz. of any material, found in a flour mill, except wheat and coarse bran, together with 2 ch. ft. of air, would produce, when ignited in a box with flame, an explosion that would lift two men standing on the cover. It was found impossible to ignite mixtures of dust and air with red‑hot coal or white‑hot platinum wires. A sack of flour and 4000 cb. ft. of air would thus generate sufficient force to throw 2600 tons 100 ft. high.

Prof. Peck and myself were asked to give options as to the cause of the explosion, based wholly on the evidence given at the Inquest, as if this explosion were the first and only one of the kind that had ever occurred.

Prof. Peck had visited the elevator only a few days before the explosion occurred, and both of us had been in the Washburn A Mill during the previous winter. The quantity of dust that had accumulated upon every object in both buildings had impressed us as enormously Increasing the danger of the rapid extension of fire. It covered most of the beams at a sliding angle until they could hold no more. In that mill there must have been several tons of this fine flour‑dust.

The evidence showed:—There had never been any explosives of any kind nor any peculiar gas or vapour observed in or about the mill other than are produced in manufacturing flour. None of the materials were sufficiently heated to generate gas of any kind; to do this the wheat would have become charred or cooked, and consequently ruined as flour. A careful examination of the different products of grinding as they left the stones showed only a maximum temperature of 150oF.

It is true that a strong draught was maintained through the eye of the millstones ; it served to keep the stones cool, and also to evaporate the water, and at the same time to mechanically convey the dust produced by the grinding to a room where the dust was settled out.

In the normal action of the stones this movement proceeded continuously and safely; but it was shown experimentally that this extremely fine material was easily suspended in air, and that flame would flash through it almost as readily as through a mixture, of gas and air, and with precisely the same effect ; that is to say, the combustion was instantaneous throughout large areas, the heat developed was very intense, and consequently the volume of gas produced was not only greater than that of the original mixture, but it was enormously expanded by heat, hence the explosive force became practically irresistible.

It was found by experiment that coarse bran was the only product in the manufacture of wheat flour that could not be suspended in air and burned with explosive violence, while six of the materials representing different steps in the process were found to be especially liable to explosions. The general dusts that pervaded the mill and settled everywhere were flour, purified middlings, dust from middlings, purifiers, dust exhausted from the stones, and dust from cleaning the wheat. The finer, dryer, and hotter they were the more readily they exploded, and any of them was liable to bum with explosive violence when mixed with air in the proper proportions and brought into contact with flame. Precisely like gas, if there is too much or too little dust in the mixture the flame would not run through the mass.

Apart from ignition caused by the accidental and careless use of illuminating gas or oils, there was but one process in the manufacture wherein any of these six materials were exposed to the conditions suitable for explosive ignition.

The evidence showed that friction between mill stones was of frequent occurrence. The grist steadies the upper stone as it rapidly revolves ; but when it is not well balanced and a change of grist is being made, when the feed is stopped, or when nails or gravel pass between the stones, the friction gives rise to streams of sparks. Under such conditions, as the grist runs out, the, last portion will be heated so hot as to char it, producing a substance closely resembling tinder; this will readily ignite, from a train of sparks.

The initial fire in the Washburn A Mill occurred on the east side of the mill where six run of stone grinding middlings were exhausted into a spout leading to the dust room. The conclusion was that one of these six sets of stones ran dry; that a train of sparks ignited the tinder‑like residue resulting from the friction ; that the strong draught through the eye of the stone fanned the smouldering pellets into a flame that flashed through the mixture of dry dust and air, producing an explosion that blew out one end of the conductor through a window to the external air, and at the other end flashed into the dust room igniting the mixture of dust and air there, producing a flame and expansion that burst that room, jarring the dust of the basement into the air, which was on the instant ignited. This phenomenon was successively repeated in each story of the building, until the accumulated expansive force levelled the walls to the ground and threw the roof to an estimated height of 400 ft. The shook jarred the dust into the sit in the other mills and the elevator, while a strong wind carried a sheet of flame into contact with the mixture of dust and air, and the two mills and elevator exploded as a result. The three other mills that burned were on the opposite side of the street in a direction against a heavy wind. For this reason flame did not reach them, but the windows were broken and a vast quantity of burning flour and nifddlings were thrown all over these mills, setting their contents on fire from basement to attic; they burned quietly. The verdict of the jury was in accordance with these conclusions.

Immediately following this inquest there was a very general house cleaning by the millers of Minneapolis, and no dust has since been allowed to accumulate about their mills. Nor have there been any explosions since 1878. There have been, however, explosions of combustible dusts other than flour dust. One of these, quite notable at the time, occurred in a confectionery establishment here in lower New York, where a mixture of sugar dust and air was ignited with explosive, violence.

Prof. Peck discovered that the dust that accumulated in planing mills and furniture factories could be exploded under the same conditions and with a violence equal to that of any product of a flour mill.

The most unexpected explosion of combustible dust that I have investigated occurred in Providence Rhode Island, on August 14, 1890, it, the soap factory of the Kendall Manufacturing Company; two men were killed and nine seriously injured, while the building was badly shattered.

The evidence showed that for a number of years the company bad been engaged in the manufacture of a product made by mixing sodium carbonate and soap in certain proportions and drying and grinding the mixture. The grinding had been carried on in a closed room lighted by an open gas jet, amid a cloud of dust, under the supposition that neither of the ingredients nor the mixture would burn, until on the morning in question the factory was shattered by an explosion and the employees injured and killed. I advised the Fire Marshal to have one of Prof. Peck's boxes constructed ; this was done, and we found on experiment that neither the manufactured article nor any of its ingredients could be made to explode under ordinary conditions, but that in grinding the mixture a mechanical separation resulted in the accumulation of very large quantities of dust that was nearly pure soap, very fine and very dry.

The idea that soap would burn or explode was scouted, but we had no difficulty in securing a sample of the dust from the room in which the grinding was carried on and in which the, explosion occurred. This sample when treated in Prof. Peck's box produced an explosion, the practical effects of which were identical with those produced with powdered sugar, flour, starch, planning mill dust, or, in fact, any other substance that could be burned in oxygen or air. It made no difference what the ordinary physical condition might be, so long as it was combustible. Make it fine enough and dry enough to be diffused throughout a space filled with the proper amount of air, flame would run through the space instantly and an explosion would follow.

The final conclusion is this, that all combustible dusts are dangerous. Coal dust, wood dust, wheat dust, sugar dust, soap dust, any dust that under any conditions can be made to burn is, in the long run, dangerous. No open flame should ever be allowed in a dusty place of this kind, and no dust from anything that can be burned should ever be tolerated where its presence can be avoided.


*American Jour. of Science, 1878 ;  Popular Science Monthly, xiv., 159; London Jour. of Science, xvi., 666.

Giant [Explosives] Plant at Fleming Point (1892)

As the Fleming Point plant grew in size, the congestion became worse. The tract was never really large enough to hold both the dynamite and the chemical plant, and whenever there was an accident with the dynamite the acid plant of Judson & Sheppard suffered and the Giant company had to pay the bill. Furthermore, the city of Berkeley was fast growing into the area that would be affected by major explosions and the large city of Oakland was only six miles away. The stage was therefore set for another disaster [following the 1869, 1879 and 1883 explosions] and this occurred on Saturday, July 9, 1892.

In this case the loss of life was not so great. Three white men and two Chinese were killed outright and a boy was blown through the roof of a building and was not expected to live. Another man was hurled  into the bay but was able to swim out.  The quantity of explosives involved, however, was so great that the plant was literally blown off the map and great damage was done to Judson & Sheppard's acid factory adjoining and to many outside structures.

Explosions then followed in the dynamite mixing house, the Judson mixing house, the two Quinan machine packing houses and the box packing house. About five minutes after the last of these six explosions, two of the magazines (which were burning) exploded with a crash which destroyed the major part of the remainder of the plant. The combined office and laboratory was set on fire by the concussion which mixed up the acids, caps, dynamite and other inflammables in the laboratory. The Judson drying house also caught fire, and this in turn fired No. 1 and No. 2 warehouses.

H. Van Prooyen had a miraculous escape. He ran out of the packing house when the first explosion occurred. The second caught him before he had been able to get far from the building and threw him into the pit under the scales. Almost at once the building collapsed, part of the 'wreckage falling over the pit and making a roof over his head. The following explosions shook the earth and hurled great quantities of wreckage about, but be remained unharmed.

The loss at the plant was estimated at $200,000, involving, according to different accounts, from 400,000 to 1,000,000 pounds of dynamite. One magazine containing "300 tons of blasting powder" which was 200 yards away from the others, was unharmed. Judson & Sheppard's San Francisco Chemical Works, which were close to the plant, were almost completely destroyed, with an estimated loss of $150,000. Consider able damage was done in Berkeley and Oakland, and even in San Francisco where plate glass and other windows were broken. The shock was even said to have been felt at Sacramento, eighty miles away. Residents of the adjacent cities of Berkeley and Oakland were given such a fright that work was suspended in many places and crowds flocked to Fleming Point to view the scene of the disaster. Before the day was over, 20,000 people had visited the powder plant and Councilman George Schmidt, the City Marshall, swore in a hundred citizens as deputies to keep them back.

Gelder & Schlatter - History of the Explosives Industry in America 
Institute of Makers of Explosives 1927


Explosion at the explosive works of Kynoch Ltd.

XXII‑EXPLOSIVES; MATCHES.

Accident which occurred in No. 47, a mixing or kneading house, at the, 
explosives works of Messrs. Kynoch, LId., Umbogintwini, Durban, Natal, on 
Aug. 21, 1913 ‑ Report on an ‑----, Major A. B. Denne, Chief Inspector of 
Explosives, Union of South Africa. [U.G. 49‑'13.]

In: Journal of the Society of Chemical Industry No. 24, Vol. XXXII December 31, 1913

ONE European and one native were killed by the explosion. The explosive, in course of manufacture consisted of nitroglycerin (82.4 per cent.), nitrocotton (5.6), sodium nitrate (8), and potassium nitrate (4 per cent.). There were 1000 lb. of explosive in the building, and, of this, probably 750 lb. were in the porch, and 250 lb. in a McRoberts' kneading machine. At the site of the kneading machine a crater 15ft. in diameter and 3ft. deep, was formed, while at the site of the porch the crater was 22 f t. in diameter and 6 ft. 6 in. deep. The first explosion probably occurred in the porch from a blow on a thin film of the explosive caused either by dropping a full box, or setting a box down roughly after emptying it, or by a blow on the edge of the pan whilst emptying a box, or by the sudden breaking of a pulley and the broken portion striking the explosive. ‑-G. W. McD.
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Summary

All cases of death caused by explosions of explosive solids, fluids and gases in Sweden during the 6‑year period 1979‑1984 were analyzed. Among the total of 61 fatalities 33 (54%) were due to accidents (2/3 of them occupational and 1/3 miscellaneous accidents), 25 (41%) were suicides, and only 3 (5%) were associated with terrorist activity.
About one half of the occupational accidents were caused by deficient safety devices or defective equipment, while the other half was due to transgression of regulations. All suicides were males, relatively elderly, the majority of them burdened with somatic and mental diseases, alcoholism, social or economical problems, most of them being familiar with explosives.
The anatomical localization of suicidal explosive injuries was regular and symmetric, while the accidental and terrorist injuries showed great variations. The terrorist‑associated deaths had common features different from all other death cases, strongly suggesting the same type of bomb and the same terrorist group.
Explosives caused only superficial bums or singes. Symmetric. hemorrhages of the vocal folds and fracture of the laryngeal skeleton were found, as well as ruptures of trachea and lungs, When not ruptured, the lungs showed to different types of injury: hyperinflation, probably due to the blast‑induced barotrauma to the respiratory passages, or lung contusions.
In cases of suspected terrorist explosions close collaboration between the forensic pathologists and police investigators is mandatory since the bodies of victims protect parts of the bomb from fire or from being spread over a larger area and thus constitute a part of the crime scene.

Key words: Explosion deaths; Accident; Suicide; Homicide; Pathology; Police investigation.

Introduction

Explosion‑related deaths occur at epidemic incidence in wartime. The internationally widespread terrorist activity of our time includes the use of explosives, which results in numerous casualties in countries not presently involved in regular warfare. Sweden has not been at war since the era of Napoleon; terrorist activity, particularly by using explosives has hitherto been only of sporadic character. The present study aims at a survey of deaths due to explosives in a modern Western country in a state of peace. Particular attention was paid to the differential diagnosis between accidents, suicides and homicides from the forensic pathologic and the criminalistic points of view.

Methods

This study is based on all known deaths, a total of 61 cases, caused by explosives and explosive effects of fluids, gases and solids, which occurred in Sweden during the 6‑year period 1979‑1984.
Documentation on police investigation, postmortems and technical investigation was collected from the police, The National Board of Occupational Safety and Health and The National Inspectorate of Explosives and Flammables. Postmortems were performed at the National Institutes of Forensic Medicine of Sweden, and were complemented by microscopic and toxicological investigations as indicated.
The presence of pneumothorax and air embolism were not systematically tested, and data on these effects are not presented.

Results

Of the total of 61 explosion victims 33 (54%) were killed in accidents, among which 22 (2/3) in occupational, and 11 (1/3) in miscellaneous accidents. Suicidal explosive deaths comprised 25 (.44%) cases and 3 (5%) fatalities were due to terrorist activity. During the reported period the incidence of occupational accidents and suicides showed no particular trend, while the miscellaneous accidents occurred sporadically. All three deaths associated with terrorist activity occurred during a limited time period of 18 months during 1982 and 1983 (Fig. 1).

I Occupational accidents
Occupational accidents led to 22 fatalities (36%). The victims were 21 males and I female, aged 18‑60 years (mean 38.2 years). Table 1 presents circumstances of the explosions and the types of explosives involved. A common situation, in 11/22 cases, was that a worker was killed by an unexpected explosion of some flammable fluid while in the inidst of repair or service work, whereas explosives seem to be more dangerous during manufacturing. In eight cases where an explosion occurred in connection to repairs, the ignition was caused by welding, liquid petroleum gas (LPG) flame or electric spark.

In 11/22 cases deficient safety devices or defective equipment were directly causative factors. In the other 11 cases transgression of safety regulations or carelessness was the main reason. Blood ethanol analysis was performed in 13/22 cases and the results were negative in all victims tested.


If. Miscellaneous accidents
	In a total of 11 cases (18%), 9 males and 2 females, aged 14‑72 years

TABLE I

CIRCUMSTANCES OF EXPLOSION AND EXPLOSIVES WHICH CAUSED OCCUPATIONAL ACCIDENTS

Circumstances Explosives	Flammable

			Fluids	Gases	   Solids    Total

Repair	1	8	1	0	10
Manufacturing	4	2	0	0	6
Other reasons	2	1	1	2	6

Total	7	11	2	2	22

(mean 53.5 years) fell victims to miscellaneous, non‑occupational explosions. Gas explosions dominated, 7/11 cases, while explosives were involved in 3 cases, and combustible fluid in 1 case.
In 4/7 cases gas explosions were caused by LPG used for heating and in 2/7 cases by household gas. In one instance the explosion was caused by oxygen used for home treatment of a patient suffering from pulmonary emphysema and the explosion resulted in fatal lung collapse. The explosion occurred when the patient himself was changing an empty gas tube for a new one.
Solid explosives were involved in the case of a 14‑year‑old boy who was killed when a home‑made charge exploded and a metal splinter penetrated his body and pierced the aorta, and when two persons were killed while trying to blast a bank box.
The combustible fluid mentioned above was commercially available paint thinner which was ignited by a cigarette.

III. Suicides
In our material there were 25 persons (41%), all males, aged 20‑75 years (mean 48.2 years) who committed suicide by means of explosives. Five general risk factors for committing suicide could be recorded among the 23 victims (Table 2). An average burden of 2.0 risk factors has been verified with a range from 0 to 4 factors. Tests for ethyl alcohol were positive in 7/13 analyzed cases and for drugs in 2/7.
The somatic diseases or handicaps recorded were severe: in three cases cerebral alterations (meningioma, residua after lobe resection and after traumatic injury) were found, and in four cases severe cardiovascular disease.
In 10/23 cases social, economic and affective factors were found, marriage problems occurring in seven cases. Two of the latter victims were known as wife‑beaters.
The explosive charges consisted in 19/25 cases of dynamite or similar solid explosives. Among these, charges with an estimated weight of 1‑4 kg were used in six cases, and in thirteen cases the charges weighed less than 1 kg, mostly about 100‑250 g. In five further cases the charge consisted of detonators and in one case a sensation detonator was used.
The charges were ignited by fuse and open fire in 16/25 cases. In 9/25 cases electric ignition devices of different types had been used (Fig. 3).
Smaller charges and detonators had all been positioned to damage the head and were stuffed in the mouth or put on top of the head. Larger charges were either placed on the chest (Fig. 4) or abdomen or the suicide was sitting on top of it. The anatomical localization of the suicidal explosion injuries could in all 25 instances be classified in one of four characteristic patterns (Fig. 5). Thus, the head was destroyed in 23/25 cases. Hand injuries occurred when the suicide grasped the explosive. In 6/25 cases the bodies were totally disintegrated and parts could be found up to 100 m from the site of the explosion.
In 17/25 cases the suicide was performed outdoors, 13 of which in remote areas. In the remaining cases the suicidal explosion was set off indoors, and the charges used were small. Demonstrative suicides in public places did not occur in this series.

TABLE 2

RISK FACTORS IN 25 PERSONS WHO COMMITTED SUICIDE BY USE OF EXPLOSIVES

Risk factor	Positive l checked cases

Somatic disease or handicap				 9/23
Mental disorder 						11/23a
History on drug and/or alcohol abuse  			8/23
Social, economic and affective factors  			10/23
Expressed intention to commit suicide/disgust of life  	9/23b



a7 instances of mental depression.
b4 of these victims had expressed the intention to blast themselves.

In 24 of the 25 instances information about the victim's occupation could be obtained: 21 were factory or road workers, miners, rock blusters, firemen and farmers, of which 13 also possessed explosives. Only three suicides were white collar workers.

IV. Deaths due to terrorist activity
During the 6‑year period 1979‑1984 three deaths (5%) were associated with terrorist activity. All three cases occurred in Stockholm, within a period of 18 months 1982‑1983. The first victim was killed when the house of a public prosecutor was blown up, the second was a female clerk killed by an explosion in the central tax authority of the city of Stockholm, while the third one was one of the suspect perpetrators, who died in an explosion in his own flat, probably while assembling a bomb. During the same time period a local tax authority was also blown up. This building was however evacuated in time, and no casualties occurred. In addition to the common time period, place (Stockholm) and association with the prosecution and tax authorities, these explosions shared a number of features which distinguished them from the remaining 58 explosion‑related deaths in this series (Table 3).


COMMON FEATURES OF THE FOUR TERROR‑ASSOCIATED EXPLOSIONS IN STOCKHOLM AREA

Feature	(1)	(2)	(3) 	(4)
Prosecutor's	Central tax	Local tax	Suspect
house	authority	authority	terrorist's
			flat

Casualty	Yes	Yes	No	Yes
Immediate violent
	f ire	Yes	Yes	Yes	Yes
Packing, bag a	Yes b	Yes c	Yes	No
Presence of nails	Yes c	Yes c	Yes	Yes
Clock‑work a	Yes c	Yes c	Yes	Yes
Detonator	Yes	No	No	No
Vibration alarma	Yes b	YesP	Yes	No
Electric wiring	Yes c	Yesc	Yes	Yes c
Tin solders	Yes	Yes	Yes	Yes c
1.5 or 9 V battery bYes c	Yesc	No	Yesc
Plastic bottle a	Yes	Yes	Yes	No

a parts of. 
b fragment suspected to derive from, but not definitely proven, 
c In the body.

  All three terrorist victims suffered massive explosion injuries. In and around the explosion wounds numerous metal nails as well as other radiopaque, but also X‑ray transmitting foreign bodies were found. These were identified as parts of a bomb, probably of identical construction in all instances (Fig. 6). The injuries of the three persons killed by terrorist associated explosions as well as their supposed body position in relation to the bomb at the moment of explosion are shown in Fig. 7. The nails penetrated no deeper into the bodies than to the subcutaneous tissue. In all instances the explosion was immediately followed by violent fire. In the first case (see Table 3) the explosion happened outdoors and the victim's body was thrown 23 m away from the site of the explosion and the fire. The body showed, however, extensive deep burns and charred areas, which could not be explained by burning clothes. This victim wore a kimono made of scarcely inflammable natural fibres, scattered parts of which were found torn, but not burned. In the other two deaths the explosion happened indoors, and the bodies were severely burned. A finger of one victim was found outside the fire area but had suffered bums. The fire was most violent in the case of the suspect terrorist, which was also evident from the degree of charring of his body. At autopsy a soldering iron was found in his anterior chest wall. Besides in the bodies, parts of bomb as well as metal nails ‑ were found in the surroundings. In the case if the outdoors explosion numerous nails were found at the site of explosion and some more at a distance of 25 m.

V Pattern and type of injuries
The fatal injuries of the 61 persons killed by explosions of different origin are summarized in Table 4.
(a) Explosion injurie& Thirty‑eight (62%) of 61 persons in this series were killed by explosives. AR except one died immediately, 35 from explosion injuries to vital organs or body parts, two from shrapnel, and one person died from burns sustained upon explosion of rocket fuel. In most cases burns were seen only as singeing of the skin, hair and clothes in the vicinity of the explosion injuries (see Fig. 4). Exceptions were the victim of the rocket fuel explosion and the three fatalities associated with terrorist activity, which all had suffered vast burns with charring of tissues (see Fig. 7). These instances were the sole ones where an explosion was followed by violent fire. Among the remaining 34 instances of explosive‑related deaths a minor fire of the surrounding vegetation occurred in only one case of suicide committed outdoors.
The lesions of the respiratory system seemed to be characteristic: In the majority of cases the lower air passages contained blood or hemorrhagic foam. Symmetric hemorrhages of the vocal folds were seen in six cases. The laryngeal skeleton was flattened and crushed in the case of the suspected terrorist when the charge exploded in front of him (see Fig. 7C). In the other case (see Fig. 7B) only a single fracture of the right superior horn of the thyroid cartilage was found (Fig. 8).

Rupture of the trachea and lungs were found in 12/38 cases. The remaining 26 cases showed no disruption of pulmonary tissues. These instances fell into two different patterns. The first one was considered typical for blast injury of the respiratory passages and consisted of expanded lungs, with perihilar hemorrhage, acute emphysema of the peripheral areas of the lungs and hemorrhagic bands corresponding to the ribs. The other pattern, massive hemmoffhages in the peripheral parts of the lungs, was considered a lung contusion due to a direct blast impact to the chest wall (Fig. 9).
(b) Injuries due to flammable fluids, gases and solids. Twenty‑three persons (38%) were killed by explosions of flammable fluids, gases or solids. Death was due to extensive burns in 18 instances and occurred immediately or after different intervals. Charring could be seen in cases where the body remained in the fire centre, and in one instance where the explosion was caused by asphalt which exploded under heating with LPG flame and was spread over the body. Fatal carbon monoxide intoxication occurred in three instances of gas explosion; these were the only in this series where carboxyhemoglobin could be detected in blood samples taken at autopsy.


TABLE 4

FATAL INJURIES IN RELATION TO THE CAUSE OF EXPLOSION

Cause of	Explosion	Splinter	Bums	Carbon	Total
explosion	injuries	injuries		monoxide	n
				in toxi-
				cation

Explosives	35	2	1(1)a	0 	38
	Flammables
	Fluids	0	0	12(5)	0	12
	Gases	2	0	4(2)	3	9
	Solids	0	0	2(2)	0	2
Total		37	2	19	3	61

a umbers in parentheses denote delayed deaths.

Discussion

The present survey of deaths due to explosive has hardly shed any new light on circumstances of accidental fatalities. Such cases unfortunately are an expected hazard of work with explosives. Deficient safety devices and defective equipment were causative factors in one half of occupational accidents, which should prompt a continuous analysis of the causes of explosions and updating of safety regulations. The other half was due to transgression of regulations, which demonstrates that the well‑intended regulations not always reach the workers or are obeyed. Our group of miscellaneous accidents led to tragic fatalities of poorly informed nonprofessionals.
The suicides constituted a much more homogeneous entity. No less than 41% of the all explosion‑related deaths in our country in a state of peace were due to suicide. All the suicides were males, relatively elderly and burdened with somatic and mental diseases, alcoholism as well as social and economic problems, most of them being familiar with the handling of explosives. The anatomical distribution of suicidal explosive injuries was surprisingly regular and symmetric, in contrast to the highly variable pattern seen in accidental fatalities.
Our experience with the interpretations of terrorist‑related explosion deaths is modest, particularly when compared with the sadly major experience of medico‑legal experts and surgeons in, to mention only the countries from the same part of the world as Sweden, Northern Ireland, England, Germany, Italy and Israel [1‑5]. Actually, it was this lack of experience which motivated the present study when a small group of Swedish terrorists were taken to court. An intimate collaboration between medico‑legal and' police experts disclosed particular features shared by four terrorist‑suspected explosions, but different from other explosion‑related deaths, which allowed us to develop an idea about the bomb construction. The type of bomb used (see Fig. 6) was not known, and its reconstruction was based on a logical assembling of the materials and gadgets whose existence and identity was indicated by the fragments found. Already in the early phase of the autopsies the anatomical distribution of the explosion injuries suggested an active movement of the victims at the moment of the explosion — they seemed to have looked at and touched something (see Fig. 7) ‑ and thereby indicated a type of bomb which explodes when touched or moved, and not a time bomb. The shared features listed in Table 3 together with information on circumstances as well as witnesses' statements became part of the circumstantial evidence upon which the suspect was convicted.

The crucial experience gained from our collaboration was that the corpse is not only the concern of the forensic pathologist but also a part of the scene of crime and thereby the concern of the police investigator as well. The victim's body becomes a depot of fragments derived from the bomb and protects the fragments from the fire and from being spread over a destroyed area, which would even more complicate their detection and retrieval. Since various parts of a bomb may be radiopaque and others X‑ray transmitting, the search after foreign bodies in tissues at the postmortem is a tedious but rewarding task. Their value as evidence in court is incomparably higher than that of fragments found elsewhere. This is one of several reasons that police experts should be present at the autopsy and collect all recovered and peculiarly localized foreign bodies for further investigation. Moreover, the contact between police investigator and forensic pathologist should always be continued with the purpose of further evaluation of their observations and interpretations.
We found it impossible to form an opinion about the size of the explosive charge based solely on the explosion injuries. Small differences in distance between the body or body parts and the charge led to considerable differences in the size and seriousness of the injuries. Symmetric hemorrhages of the vocal folds and expanded lungs with perihilar hemorrhages were interpreted as effects of barotrauma to the respiratory passages, while flattened and crushed larynx and peripheral hemorrhages of contusion type in the lungs were taken to be an effect of the direct blast impact from outside.
This study further substantiates the previous observations (1,2,4,61 that explosives per se cause only superficial burns and singes. Intense fire immediately following an explosion indicates the presence of material which is particularly inflammable and burns more fiercely and longer than an explosion flash. A flash lasting only milliseconds [7] and with limited range ‑the approximate radii for 100 g, I kg and 10 kg charges are 0. 5, 1 and 2 m, respectively [8] ‑ does not transfer enough heat to cause deep bums or charring. Such injuries should nowadays raise suspicion about terror bomb of similar construction as this described here (see Fig. 6), a combination of explosive and flammable constituents. Finally, metal nails did not kill any of the victims of the 'infernal machine' in this series. Rather the nails unmasked the terrorists than killed the victims. Among other explosions investigated by the police in Stockholm during the last 25 years no nails have been found (W. Lange, pers. comm.).
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FIG. 2. Pyrotechnician killed accidentally by explosives used for marking charges, the body was thrown about 80 m from the site of the explosion and part of it about 120 m. Immediately before the explosion he had mixed chlorates, perchlorates and nitrates under primitive conditions. The charge was estimated to about 10 kg.

Fig. 3. Suicide. be charge consisted of two highly explosive electric detonators placed in the mouth and was ignited by a car battery. The weight of the charge was only about 5 g, but as it was enclosed in the mouth, it caused total destruction of the head.

Fig. 4. Destruction of the chest and both hands caused by about 150 g dynamex, According to witnesses, immediately before the explosion this man was sitting on a bench clutching the charge with both hands to his chest and looking upwards. No burns of clothes are seen. The face is only slightly singed and soiled by soot.

Fig. 5. Schematic presentation of the anatomical localization of the explosion injuries shaded in 26 persons who committed suicides by use of explosives, Frontal view. A: head only (n = 8); B: head with trunk and/or hands (n = 9); C: chest and hands (n = 2); D: total destruction (n = 6).

Fig. 6. The bomb. A. Site of detonation of the third bomb (estimated weight 5 kg) in this series, a local tax municipality (1:200). B. The reconstructed bomb (1:8) consisting of explosive, inflammable fluid, nails, batteries, vibration alarm and clockwork. C‑G: the recovered fragments (1: 3) whose identification inspired the idea about the bomb construction.

Fig. 7. Terrorist‑associated deaths. A and B were victims, C was a member of the terrorist group. The weight of the explosive was estimated to 2, 1 and 2 kg, respectively. From left to right are presented a total view of the bodies, schematically presented explosive injuries (shaded areas) and the supposed body position at the moment of explosion. X denotes splinters (nails and parts of the bomb).

Fig. 8. Fracture of the right superior horn of the thyroid cartilage from case B in Fig. 7. The explosion occurred on the victim's right side. Note symmetric hemorrhages of the vocal folds. The rupture of the right fold is artefactual.

Fig. 9. A. Lung of a worker who was killed by an explosion of about 300 g dynamex at a distance of 0.5 m. Note perihilar hemorrhages and peripheral emphysema accompanied with characteristic rib marks. B. Lung from case C in Fig. 7 showing peripheral hemorrhage of contusion type.


Fatal Homemade Bomb (6vii1991)

An Indiana woman died after being hit by fragments from a homemade pipe bomb intended as a July Fourth noisemaker, police said yesterday. Kim Murray, 29, was struck at her home in Petersburg, Ind., about 8:45 p.m. Thursday and died at the scene, authorities said.

"They made a pipe bomb with a heavy pipe filled with ......, packed it and lit it. What they had was a homemade bomb," Police Chief Morris Meals said.

The blast cut off the tops of two trees, blasted through windows in two homes, and ricocheted into other residences. One piece landed 500 feet away. No charges were filed immediately; authorities said they were still trying to determine who set off the bomb.


FBI blasts nitro & home around it
By JAMES HANNAN
The Associated Press
[NY Daily News Jul 18, 1990]


PIQUA, Ohio - Nitroglycerin found in the basement of Dana Taylor's' house was considered too dangerous to move, so the FBI blew it up - and the house with it - yesterday.

"This is the first time I can remember we've considered exploding a home," said FBI spokesman Ed Boldt, an 11-year veteran.

The blast tore up the inside of the house, but  didn't damage surrounding homes, from which 2,000 people had been evacuated.

"There was definitely nitroglycerin exploded in the basement said Boldt.

Local cops called to the house Monday about a domestic dispute between Taylor, 25, and his wife, found nitro in A shot glass and syringe in the basement. There were other containers nearby that look like, they held more nitro.

Police arrested Taylor on charges of "harboring dangerous ordnance," and called the FBI to deal with the unstable explosive.

Taylor told Police there was no nitro in the house and that he knew little about explosives, But Police Chief Donald White said, "We do know that the ingredients to make nitro are there. And we know from other sources that he has been setting off explosives in town."

The FBI considered taking the containers to a gravel pit, But decided it was too dangerous to move. Before the nitro was set off with a time-delay blast, the containers were surrounded. by sandbags, windows in the house were opened and surrounding homes were boarded up.

--------------
The Annual Report o(Nineteenth) of Her Majesty's Inspectors of Explosives for 1894.
In:— The Journal of the Society of Chemical Industry.  July 31, 1895.

FROM the report just published it is seen that during the year 1894 there have been only two deaths from accidents during manufacture in explosives factories under the supervision of the inspectors, the average for the last 10 years being 4.6. Seven new factories have been licensed and three have become extinct. The following have been added to the list of authorised explosives, blasting amberite, cordite, collodion cotton, westphalite, and Von Fõrster's powder. The amount of foreign nitroglycerin blasting compounds imported during the year was 539,802 lb., which is a large decrease on the average of previous years. On the other band, there is a large increase in the number of detonators imported, showing that in spite of the six factories at which detonators can be made in this country, a great percentage of this trade remains in foreign bands. Dr. Dupré, in his report to the inspectors, states that there has been an increase of work in his department during the year, partly due to a revival of activity among inventors of explosives, no less than nine new explosives and modifications  explosives already licensed, having been submitted. Reference is made to the Order in Council prohibiting the use of sulphur and potassium chlorate in the same firework mixture. Such mixtures have in the past given rise to numerous accidents, even mere contact between the chlorate and sulphur having in one case led to an accident. A chlorate explosive, Schnebelite, after satisfactorily passing the preliminary examination failed, "like almost every chlorate mixture hitherto submitted," when put under a more prolonged and searching examination. Another chlorate mixture, Britainite, is still under examination. Reference is made to the serious explosion of nitroglycerin at Waltham Abbey on May 8th, and it is pointed out by Dr. Dupré and also in the body of the inspector's report, that this unfortunate occurrence can in no way be called a cordite explosion, and, indeed, furnishes valuable evidence of the relative safety of cordite, inasmuch as in buildings containing cordite, which were greatly shattered by the force of the explosion, not one particle of cordite caught fire or exploded. At the same time, in regard to this explosion and the one of gunpowder at Waltham Abbey on December 13th, 1893, the special committee, of which Col. Magnesia was a member states that the explosion brought " to light very grave defects in the system of discipline and precautions prevailing at Waltham Abbey, and the urgent necessity for a comprehensive revision of the regulations and for the. adoption of disciplinary measures for their more rigorous enforcement." A brief account is given of the more interesting foreign explosions, from which it is evident this country enjoys a happy immunity from accidents during manufacture of explosives compared with America. Within five years, dynamite factories owned by one company have, been blown up five times, and nine persons killed, and at a other factory the "receiving mill" and two men were blown to atoms, this being the fifth explosion within three years. An interesting account is given of the accident on March 21st, 1894, whereby 15 lives were lost during operations to get rid of the wreckage and unexploded dynamite, and exuded nitroglycerin from the " Cabro Machichaeo “ which blew up at Santander in November of the previous year. By means of a pump 1,150 kilos. of fluid nitroglycerin were extracted, but then it congealed, and the pumps could not be used. The divers brought up clusters of crystals of frozen nitroglycerin, and it was while one diver was down that the explosion took place. Apparently all the nitroglycerin was destroyed by this explosion, but the affair shows the great difficulty and danger of dealing with nitroglycerin explosives which have been cast into the sea, either by the vessel having been wrecked through stress of weather or by explosion on board as in this case. An account is given of the principal outrages both at home and abroad, which unfortunately have been numerous, and grave in character. From experiments which have been made, it has been decided to raise the dividing line between a cap, and a detonator, the distinction, being defined as follows  ; “ A percussion cap to be one containing a charge not exceeding 0.5 grain of composition, or 0.6 grain of composition where the quantity of fulminate does not exceed one fourth of such composition; in any other case the cap will rank as a detonator." But it is pointed out that "where the caps, are raised to a high temperature by the aid of artificial heat, or even still more decidedly when loose composition becomes intermixed therewith," the liability to explode en masse " undoubtedly presents itself in a very appreciable and even a formidable degree."—W. M.


Explosion of nitroglycerin — Circumstances attending an ——-‑which occurred in the Final Washing House of the factory of the Explosives and Chemical Products, Ltd., at Bramble Island, Essex, on the 11th March, 1913. Major H. Coningham, H.M. Inspector of Explosives. [Cd. 6760.1]
In:— The Journal of the Society of Chemical Industry. Vol. XXXII., No. 10. May 31, 1913

As the result of this explosion one workman was killed. The building contained 120 lb. of nitroglycerin in the final washing tank, and 232 lb. of nitroglycerin in three boxes. At the position where the final washing tank stood a crater was formed 12 ft. by 7 ft. by 3 ft. deep, and another 11 ft. 6 in. in diameter and 7 ft. deep which corresponded with the position of the three boxes. The washing tank was of lead, 4 ft. 2 in. in diameter. The arrangement for running the nitroglycerin from the washing tank to the filter consisted of an outlet pipe of lead, over which was fixed a soft rubber pipe. The other end of this rubber pipe, when not in use, was kept closed by being slipped over a lead plug provided with a central air hole, through which compressed air was passed while the nitroglycerin was being washed, the object being to keep the nitroglycerin out of the rubber tube whilst this operation was in progress. When the air was not being passed through the air hole in the plug the level of the nitroglycerin in the bend of the rubber pipe would be the same as that of the nitroglycerin in the washing tank. The nitroglycerin in the final washing tank was in the frozen state, and had a layer of from 10 to 12 in. of cold water on top of it. The nitroglycerin in the three boxes was in the liquid state. Major Coningham considers that the explosion occurred at the final washing tank, where the workman was almost certainly engaged in thawing the nitroglycerin. The explosion was probably caused by the breaking of crystals of frozen nitroglycerin in the bend of the nitroglycerin pipe or at the plug possibly owing to the workmen straightening out the pipe to place its end in the filter, or squeezing the pipe unduly hard at the bend in order to feel if the nitroglycerin was frozen. In order to prevent a further accident of a similar nature it is recommended that in the event of nitroglycerin being frozen in the washing tank, after thawing it, special care should also be taken to thaw any nitroglycerin in the rubber pipe by applying to it thick cloths wrung out of warm water.
‑‑G. W. McD.


All gave some  — Some All ....

Medal of Honor Citation

*RAY, BERNARD J.
Rank and organization: First Lieutenant, U.S. Army, Company F, 8th Infantry, 4th Infantry Division. Place and date: Hurtgen Forest near Schevenhutte, Germany, 17 November 1944. Entered service at: Baldwin, N.Y. Birth: Brooklyn, N.Y. G.O. No.: 115, 8 December 1945. Citation: He was platoon leader with Company F, 8th Infantry, on 17 November 1944, during the drive through the Hurtgen Forest near Schevenhutte, Germany. The American forces attacked in wet, bitterly cold weather over rough, wooded terrain, meeting brutal resistance from positions spaced throughout the forest behind minefields and wire obstacles. Small arms, machinegun, mortar, and artillery fire caused heavy casualties in the ranks when Company F was halted by a concertina‑type wire barrier. Under heavy fire, 1st Lt. Ray reorganized his men and prepared to blow a path through the entanglement, a task which appeared impossible of accomplishment and from which others tried to dissuade him. With implacable determination to clear the way, he placed explosive caps in his pockets, obtained several bangalore torpedoes, and then wrapped a length of highly explosive primer cord about his body. He dashed forward under direct fire, reached the barbed wire and prepared his demolition charge as mortar shells, which were being aimed at him alone, came steadily nearer his completely exposed position. He had placed a torpedo under the wire and was connecting it to a charge he carried when he was severely wounded by a bursting mortar shell. Apparently realizing that he would fail in his self‑imposed mission unless he completed it in a few moments, he made a supremely gallant decision. With the primer cord still wound about his body and the explosive caps in his pocket, he completed a hasty wiring system and unhesitatingly thrust down on the handle of the charger, destroying himself with the wire barricade in the resulting blast. By the deliberate sacrifice of his life, Ist Lt. Ray enabled his company to continue its attack, resumption of which was of positive significance in gaining the approaches to the Cologne Plain.


Gelignite Explosion

The Journal of the Society of Chemical Industry
Vol. XXVI -- 1907 pg. 1296
Explosion which occurred during the operation of thawing gelignite in
connection with the construction of the new Great Western Railway line from 
Clarbeston Road to Fishguard, in the county of Pembroke on the 26 Feb., 1906 ; 
Circumstances attending an ‑‑.. Captain M. B. Lloyd, H. M. Inspector of 
Explosives.

A CHARGEMAN was engaged in thawing five froze gelignite cartridges, before use, in a warming pan. He had emptied out the cooled water from the jacket of the warming‑pan, and was replacing it by hot water from a can recently taken from the fire, when a slight hissing noise was heard and immediately afterwards the explosion occurred. The effect on the warming‑pan itself was remarkable. Of the lid no traces were found except the small fragments taken out of the men's wounds; the body of the warming pan, on the other hand, showed no signs of having had an explosion in it. The hissing was undoubtedly that produced by the active decomposition of the gelignite, which rated sufficient gas to blow off the lid of the warming pan, and carry with it the top cartridge, which had been across the end of the others and which might well, from its size, have been slightly jammed in the flange of the lid. On the lid reaching the ground the cartridge, already in an extremely sensitive condition, detonated violently. In discussing the probable cause of the explosion. Capt. Lloyd dismisses as wholly improbable that pouring boiling water into the outer chamber of a warming pan should cause an explosion of well purified gelignite, or, seeing that the lid of the warming‑pan was on, that a spark should have caused the initial decomposition. He arrives at the conclusion that the explosive itself was unstable, and that the hot water raised it to a sufficiently high temperature to determine its active decomposition. The purity of gelignite is determined by the Abel heat test, and no discoloration of the starch‑iodide paper should be produced, at a temperature of 160o F., in less than 10 minutes, if the explosive has, been well purified. Dr. Dupré's examination of a sample from the same batch of explosive showed a heat test of over half an hour, but be suspected, owing to the abnormally high heat test, that the explosive had been treated with a " masking agent," which whilst having no action in improving the stability of the explosive, effectually prevented any indication by the heat test. The substance most usually employed for this purpose is mercuric chloride. On keeping a sample of the explosive for six weeks at a constant temperature of 90o F., the heat test fell to 15 minutes. At the end of 12 weeks the heat test had fallen to 11 minutes.

So small a proportion of the mercury salt as 0.00025 per cent. is sufficient to mask the heat test for a considerable time. The presence of mercury was definitely proved by the spectroscopic method. Captain Lloyd considers that the use of masking agents of this description can only have one effect, and that to conceal the instability of the explosive. The offence against the Act is one, too, which is liable to be a cause of great danger, in that with an explosive so treated, there is no means of finding out whether it is dangerously unstable or not; or, even worse, a test may lead to the, belief that dangerously unstable explosives are of good quality, and fit for prolonged storage, for a voyage through the tropics, or for somewhat drastic treatment for the purpose of thawing them. The conclusions drawn from the investigation of the accident are:‑-(1). That the explosive ignited spontaneously in the warming‑pan. (2). That the explosion occurred outside the warming‑pan but in close proximity to the lid. (3). That one at least of the cartridges was made of extremely unstable explosive. (4). That an unauthorised and illegal ingredient had been added to the explosive which had  the effect of concealing its lack of stability.

‑G W. MC


-----------
Gelignte:

65% gelatine of ...

96 3/13% NG  62.500%
 3 11/13    collodion cotton    2.500%
35% absorbing powder....
24% wood pulp   8.400%
  1     soda           0.350%

Oscar Guttmann
The Manufacture of Explosives
MacMillan 1895

Extracted from:-

Peter G. Kokalis
The World’s Worst Grenades
The Shotgun News 56(26) 20-1 10 October 2002

The very worst grenade of this type [instant impact fuzed] was the World War II U.S. T13 “Beano” hand grenade developed by the National Defense Research committee at the request of the Office  of Strategic Services (OSS). It is though that Yugoslav partisans wanted a grenade of this type to use against trucks carrying German troops.

A fragmentation type the T13 was spherical in shape and weighed only 11.9 ounces. Its diameter was 2.83 inches and it was filled with 4.6 ounces of Composition A. Its supposed effective radius was 20 meters.

…….. After the safety pin was removed, the checkered circular plate on top of the grenade was held down by the thumb. When the grenade was thrown, the circular plate was forced away from the grenade body by a spring. The circular plate acted as drogue unwinding a tape attached to the arming pin.

When the tape was fully unwound, I pulled out the secondary safety pin, thus arming the fuse. When the secondary safety pin was pulled, the two retaining balls receded into the firing pin assembly and permitted the striker to move. Arming was supposed to take place between 15 and 25 feet from the thrower. Any impact would then ignite the “always” fuze

The T13 project ended disastrously. During the final tests at Aberdeen proving ground, in front of a large assemblage of high-ranking officers, one of the Army’s civilian engineers gave an enthusiastic lecture about the T13 and then demonstrated by pitching it high over his head like a baseball. This of course armed the grenade. When he stepped under the T13 and caught it, he as instantly vaporized in front of the stunned audience. All further tests of the T13 were stopped and the project abandoned immediately. 

3  03-16-87 05:36 pes

 Gunpowder explosion kills boy
   GREENSBURG, Pa. (UPI) _ A 13-year-old boy experimenting with
gunpowder by packing it into a hollow knife handle set off a
grenade-force explosion that killed him, authorities said.
   State police said Monday Brandon Hall was in his bedroom at his
home in Hempfield Township when the accident occurred Sunday. He died 2
1/2 hours after the explosion at Westmoreland Hospital in Greensburg.
   Hall was packing gunpowder from some fireworks into a
"Rambo-style" survival knife, which has a detachable hollow handle
designed to carry small items, police said.
   The boy had no idea how explosive the gunpowder could be, state
trooper Curtis Hahn said.
   "We feel that the boy was just experimenting," Hahn said. "We
don't feel that he was up to anything, making a bomb or anything. He's a
good kid. He was just experimenting in his room."
   Authorities found "opened pieces of fireworks, with the powder
missing, in the waste can" in the boy's bedroom, he said.
   Hahn said the inexpensive knife had rough threads in its screw-in
handle, and the friction with the gunpowder could have sparked the
explosion.
   "We feel that possibly some of the powder was in the threads," he
said. "When he screwed on the cap, it probably would have caused the
explosion. There was nothing to indicate any matches or anything."
   The knife handle "fragmented like a grenade would do," Hahn said,
striking the boy in the chest and in the abdomen.
   Westmoreland Hospital doctors tried unsuccessfully to "stop the
bleeding and repair the damage done by the fragments," the trooper
said. The boy died of chest trauma with hemorrhagic shock, doctors said.
   Following the death, authorities warned other children to stay away
from fireworks and gunpowder.
   "It's a sad accident," Hahn said.


HARVEY'S CASINO  BOMBING
By Captain E.W. Jenson 
EOD U.S. ARMY
Gung-Ho: The Magazine for the International Military Man
March, 1982 2(12) 56-59

At approx 3.45 p.m. on the 27th of August, 1980, one of the most powerful bombs ever to be used In an extortion attempt detonated at Harvey's Casino in Stateline, Nevada. Though no people were killed or Injured, property damage was extensive.

On the morning of 26 August, 1980, a delivery was made to Harvey's Casino. It was described as office equipment and placed on the second floor. Later a casino employee found the large metal container and a three page extortion letter. The bomb had been found and now a $3 million payment was being asked for. Once It was paid, the bomber would tell the authorities how to defuse the huge device.

Once the police saw what they had they called the Tahoe Fire Department Bomb Squad. The bomb squad realized this incident was far beyond their capabilities and called for an Army Explosive Ordnance Disposal team. The EOD Team from Serria Army Depot, California, responded with a three‑man team and equipment.

By the time the Army team arrived, the FBI was on the scene and formed a command post to coordinate activities. Because of the size of container the bomb was in and the apparent sophistication of it, the FBI feared it could be a homemade nuclear item or, as they are now being called, an "Improvised Nuclear Device" (IND). The Department of Energy (DOE) was called in. DOE also had access to advanced bomb disposal equipment, designed for use against IND's, which might be useful on this large device (Ed Note: It is interesting to note this advanced equipment had never been tested, the DOE representative was not qualified as a bomb disposal technician. nor had he ever been trained in the area of bomb disposal.)

Using civilian and military equipment, attempts were made to X‑ray the bomb to see what was inside. But because the container was made of thick steel plate, this action was unsuccessful.

DOE then provided a high‑energy gamma X‑ray. These X‑rays did reveal something of the contents of the container; now the bomb disposal men had some idea what they were up against.

The bomb consisted of two metal boxes, a small one sitting on top a large one. Both mere made of metal plates approx. (censored by Editor) thick. All seams were professionally DOE was presenting itself as some sort of "Minor God" welded. The top plates of each box were secured in place with sheet metal screws and sealed with some type of body putty. Both boxes were painted gray.

The smaller box had a total of 34 switches, 28 on one side, the rest opposite those. All the switches were neatly positioned and numbered. It was 14x14x22 1/2" In size. The electronic firing circuit was held in this box. X‑rays showed wires running to each of the switches and ends of the sheet metal screws. Various types of electronic components could be clearly seen.

The larger box was 24x26x45" and held the explosives plus more of the firing circuit. Post‑bomb blast investigation and analysis of the X‑rays Indicated there was enough explosive to equal 700 lbs. of TNT.

The bomb rested on four adjustable screw‑type legs. These were used to level the bomb; evidently it was important the container be level. This was also evident by the presence of four leveling bubbles on the side. This indicated an anti‑movement firing device.

The bomb container was sealed tight and, from what the extortion letter said, may have been pressurized. If so, and if a barometric switch was connected to the firing circuit, any release of the pressure by cutting Into the container could fire the detonating devices.

Overall responsibility for handling the bomb belonged to the civilian bomb squad. Because of legalities and Department of the Army policy, the Army EOD team could only offer technical advice and equipment.

By now, local businessmen and the community itself were up in arms. They were losing millions of dollars a day and wanted something done. What to do? Time was running out. When the extortion letter came, it said to "hit switch #5, as soon as possible. We will contact you by letter. General Deliver today." All parties decided against turning or throwing any switches, though, especially the
DOE man; it turned out he was having equipment brought in from all over. even a special robot called the 'Worm" from the Lawrence Livermore Labs in northern California. DOE was presenting itself as some sort of "Minor God" in the bomb disposal field and was wanting to use this incident to test out all their new toys.

But now it came down to rendering the bomb safe. The Fire Department asked everyone for their recommendations. The Army EOD Team put together their combined technical expertise and gave their recommendation. The DOE gave theirs. Most of the methods used or methods that could have been used are classified. By revealing them, future attempts at dismantling sophisticated bombs could be compromised.

One method involved the use of explosives ‑ DOE suggested this one. When the Army team heard just how much explosive, they almost shit; they told the Fire Department what they thought of DOE's idea and protested against It. But the Fire Department was under pressure and had to react fast, and, since DOE was acting as the know‑all bomb disposal crew, their method was chosen. Luckily, no one was killed or injured when the bomb exploded as designed.

If one of the other methods had been used, a detonation might have been either minimized or avoided completely. As we know, however, the bomb detonated causing millions of dollars worth of damage to Harvey's, but a more serious question remains.

What If the bomb had been a nuclear device, or composed of radioactive waste or a toxic chemical? The first bomb wasn't defeated; will the next one detonate too? Hopefully, the answer is no. More and better training is now being conducted on IND's at the US Navy EOD School in Maryland, a good place for the training since all the U.S. armed services go there for EOD Instruction.

As a result of IND's and incidents like Harvey's. the Army has started "Super Teams." These are regular EOD Teams which have received additional training and equipment These teams will respond to IND's or large scale bombing attempts.

The FBI, DOE, Department of Defense EOD, and the CIA have gotten together to formulate plans. Now the responsibility to work on the next such incident or IND will be Army EOD under the control of the FBI with DOD. The CIA is providing Intel. and some training at one of their training centers located in northeast (censored by Editor). The military's group Delta can also be utilized in this type of work. If it Involved a stolen nuclear weapon or a possible nuclear situation with barricaded terrorist. Delta would be used as a last resort, with one objective: keep the bomb from detonating at all cost. regardless of who gets killed.

The Harvey's Casino blast was a free one for American bomb disposal organizations; despite the many mistakes made during the operation no one was injured or killed. Most importantly. EOD people at all levels of government were made painfully aware of their inadequacies and took positive, effective action to remedy them. Next time, they'll be ready … we hope. 

[A photo of the bomb as It set on the 2nd floor of Harvey's. Courtesy of Tahoe Fire Department and FBI.]

Homemade Nuclear Bombs

From 1970 to 1979 there were 55 threats against American cities involving an Improvised Nuclear Device (IND), and a classified number of. threats against U.S. nuclear weapons. Consequently, it became necessary to prepare to combat either of the two, and the Nuclear Emergency Search Team (NEST) was created by Executive Order 11953 in January 1977. NEST is composed of elements of the FBI, CIA, DOD, and a civilian contract firm.

The Nuclear Emergency Search Team (NEST) is designed to respond to a nuclear threat incident with special equipment. A nuclear threat incident is defined as any situation involving stolen, lost, or unauthorized possession of source materials, special nuclear materials, radioactive by‑products, nuclear weapons/devices of U.S. and/or foreign manufacture, improvised nuclear devices, or the threatened use of these items.

The basic concept of operations is that the FBI will be in charge of the extortion or terrorist incident (with CIA help). The Department of Energy and the civilian firm will provide the technical personnel and equipment to examine, locate, and analyze the IND or a possible booby‑trapped nuclear weapon. DOD will provide security and Explosive Ordnance Disposal support.

A homemade nuclear weapon is possible but far beyond the capability of most terrorists. However, should radioactive waste or material be dispensed by an explosion you' have a different type of IND, one that is very dirty due to radioactivity. Then, of course, there is the problem of a stolen nuclear weapon. Attempts could be made to detonate the weapon using an improvised firing device. The possibility of a nuclear detonation is remote, but the high explosive in a nuclear weapon could disperse the nuclear material over a wide area.

No matter which type of threat is faced, it must be found and defeated quickly and safely. Finding the weapon involves sophisticated detection equipment that can be used in an overt or covert mode. Once the device has been found it must be analyzed: what type of device; how does it work; is it booby trapped; and so on.

The sophistication of an IND can be frightening; look at the improvised bombs used b y the IRA and imagine if they were used on an IND. These improvised devices are two or three levels of sophistication above what we are currently encountering in the U.S. today. They are dealing with collapsing circuits, light‑sensitive firing devices, and high‑quality command detonation devices. The rather sad bottom line of this is that each countermeasure taken against these bombs has been met with increased sophistication. Off‑the shelf items available at Radio Shack‑type stores are relatively inexpensive and very reliable and it can be assumed a well‑organized and financed terrorist or extortion organization will protect their IND with the most sophisticated devices available.

Yes, the IRA makes it hard to defeat bombs, but the U.S. can beat them, right? Well what about the bomb at Harvey's Casino? One of the best Army EOD teams, a civilian bomb disposal team and a so‑called expert from DOE could not beat it. What if it were an IND? State Line, Nevada, could have ended up a big mushroom.


EXTORTION LETTER: I must apologize to those of you that this will anger; I have censored the first paragraph because It gives exact details of the counter measures In the bomb ‑ which should not be given out.
JIM Shults
Editor.


TO THE MANAGEMENT;
STERN WARNING TO THE MANAGEMENT AND BOMB SQUAD:

Do not ………

This bomb can never be dismantled or disarmed without causing an explosion. Not even by the creator. Only by proper instruction can it be moved to a safe place where it can be deliberately exploded, or where the third automatic timer can be allowed to detonate it. There are three automatic timers each set of three different explosion times. Only if you comply with the instructions in this letter will you be given Instructions on how to  disconnect the first two automatic timers and have to move the bomb to a place where it can be exploded safely.

WARNING:
I repeat do not try to move, disarm or enter this bomb. it will explode. If exploded this bomb contains enough TNT to severely damage Harrahs across the street. This should give you some idea of the amount of TNT contained within this box. It is full of TNT. It is our advice to cordon off a minimum of twelve hundred feet radius and remove all people from that area.

DEMANDS:
We demand three million dollars in used one hundred dollar bills. They must be unmarked, unplugged and chemically untreated. If we find anything wrong with the money we will stop all instructions for moving the bomb.

INSTRUCTIONS FOR DELIVERY:
The money is to be delivered by helicopter. The helicopter pilot is to park at 2300 hours as close as possible to the LTA building by the light at the take Tahoe Airport. It Is to face the east. The pilot has to be alone, and unarmed. The pilot is to get out and stand by the chainlink fence gate. He is to wait for further instructions which will be delivered by a taxi that will be hired. The driver will know nothing. They may also be delivered by a private Individual or through the nearby public phone at exactly 0010 hours. At 0010 hours the pilot will receive instructions about where to go and what to do. Before the pilot enters the helicopter he has to take a strong flashlight and shine it around the inside of the helicopter so that it will light up the entire inside. We must be able to see it from a distance with binoculars. We want to be able to see everything that is inside the helicopter so that we can be sure there Is no one hiding inside and that there is no contraband inside.

CONDITIONS OF THE BUSINESS TRANSACTION:
These conditions must be followed to the letter. Any deviation from these conditions will leave your casino in a shambles. Also remember that even a very small earthquake will detonate the bomb so do not try to delay the delivery of the money.
(1) All news media, local or nationwide will be kept ignorant of the transactions between us and the casino management until the bomb is removed from the building.
(2) The helicopter will be manned only by the pilot He must be unarmed and unbugged. We do not want any misunderstanding which might cause us to have to take lives unnecessarily.
(3) Fill the helicopter up completely with gas.
(4) The helicopter pilot after he receives the first instructions cannot communicate with anyone except the necessary instructions given and taken by the tower. All channels from 11.30 to 17.00 will be monitored.

The designer of this bomb will not participate In the exchange so it will be completely useless to apprehend any person making the exchange because they will not know how it works. They perform their duty for reward. And again if you don't want to be stuck with a thousand pounds of TNT do not allow any investigation by local agencies, or any other investigative agency action before the bomb is removed. If the instructions are violated In any way by any authority the secret of the handling of the bomb will definitely not be revealed, If the money Is received without any problems six sets of instructions regarding the removal of the bomb will be given to you at different times. The pilot will receive the first set of instructions. lie can carry it back with him. If the money is sold to the buyer without complications you may receive the remaining five , sets of instructions one by one via the Kingsbury Post Office by general delivery, or you may receive them all at once. The extent of your co‑operation will make the difference. If you co‑operate fully It will insure a very speedy exchange. We don't want to burden your business opportunities or cause more loss of money than is necessary.

ATTENTION:
There will be no extension or renegotiation. Demands are firm regardless, The transaction has to take place within 24 hours. If you do not comply we will not contact you again and we will not answer any attempts to contact us. In the event of a double‑cross there will be another time sometime in the future when another attempt will be made: We have the ways and means to get another bomb in.

TO THE PILOT:
The helicopter has to be filled up with gas. Do not come armed with any weapon. Do not bring a shotgun rider. All radio channels will be monitored. You are to have no communication with anyone after
you reach the airport. Do not try to e a hero. Arlington is full of them and they can't even smell the flowers. Follow the orders strictly. You will have ample lighting for landing. All sites are fairly level. One has about two degrees pitch. There will be a clearance of more than two hundred feet radius. We don't want any trouble but we won't run away if you bring It. 

Happy landing.

North Sea Isle and the Day It Blew Up
New York Times 5vi87

By JAMES M. MARKHAM

HELGOLAND, West Germany—Before setting off the biggest nonnuclear explosion in history, the British detonated a small one so that the birds of Helgoland Island would be frightened away and not be killed in Operation Big Bang. There had been protests from British bird watchers.
Then, at the third beep announcing the 1 P.M. news on April 18,1947, an apocalyptic explosion shook this diminutive North Sea island as 6,700 tons of · bombs and ammunition in 14 miles of bunkers and tunnels went up in a black mushroom cloud that curled 6,000 feet into the sky.
The birds came back soon enough but the banished Helgolanders had to wait five years. Today, they are being asked to question some of their fundamental assumptions about the fateful 1947 eruption. And the man doing the asking is also the one largely responsible for their return.
"No one had ever done a job like that before," said Frank Woosnam, who as a junior British officer watched the "fantastic explosion" from a ship nine miles away. The blast, he and the British authorities insisted, was set off only to eliminate the island's fortifications and a huge stock of what had been Nazi ammunition, including heavy shells.
People on the mainland 40 miles away had been warned to open their windows to avoid implosion, and the blast was registered as far away as Sicily. Helgoland heaved in the blast that had a third of the strength of the Hiroshima atomic bomb, and its southern tip caved in to a huge crater.
Evacuated to some 150 sites on the mainland, 2,500 Helgolanders feared that the vengeful English had destroyed their rocky homeland, leaving it, in the reported words of the British commander at Cuxhaven, "to the sea to do the rest."
"The day of the blowing‑up was the saddest day of all," said Henry Peter Rickmers, a silver‑haired Helgolander whose father and grandparents were British and who is known here as H. P. "One talks a lot about the homeland but to have it disappear altogether……..”
His voice trailed off, and his eyes turned to the sparkling harbor below the hotel he operates.
Forty years later, Helgolanders have found that their one‑and‑a‑half‑square mile island has done more than just survive. Now 500,000 tourists visit each year, including numerous hay‑fever
sufferers, drinking in the island's fresh air, padding around its sheer cliffs picking up shells on a nearby sandbar and storing up on duty‑free goods.
For these and other blessings on April 18 a bell tolled in the rebuilt St. Nicolai Church at the hour of the island's near‑destruction.
Helgoland's history is a series of friendly and unfriendly changes of hand involving its strategic location. In 1807, imperial Britain pushed Denmark off the island to use it to smuggle goods past Napoleon's trade blockade.
In 1848, an obscure poet named Hoffmann von Fallersleben fled the failed liberal revolt in Germany and penned the "Lied der Deutschen," which became the national anthem, on the British colony of Helgoland. West German television ends its nightly programming with the stirring tune intoned against images of the flag snapping in the wind above the plunging reddish Helgoland cliffs.
In 1890, the British traded the island to Germany for a slice of African coast facing Zanzibar.
After World War I, the Helgolanders were evacuated while the submarine bunkers from which U‑boats had prowled the North Atlantic with devastating effect were dismantled.
Now the Helgolanders' traditional view of the Big Bang as a fiendish but incompetent plot to sink their "indestructible island," as it is inevitably called in books and articles, is being challenged by one of their heroes.
From the pulpit of St. Nicoiai, the Rev. Rene Leudesdortf announced in March that his research in London archives had convinced him that the British goal really was just to wreck the 
island's fortifications.
The Protestant pastor, as a young theology student in 1950, sneaked out to the still‑depopulated island in 1950 with a friend and raised the nags of the Federal Republic, Helgoland and Europe. They were protesting, among other things, the. Royal Air Force's use of the island for bombing practice.
The symbolic invasion had an electrifying effect across West Germany, stirring a nationalistic pride.
Pastor Leudesdorff's revisionism is not exactly popular here. But with an iconoclast's relish, he readily shows a copy of one of the British documents he found. One, dated Oct. 3,1946, says that "there is no intention of 'blowing up the island.' " 
  Mr. Rickmers a lawyer and a former Mayor, accused his friend the pastor of putting too much weight on too few documents. "The English said they only wanted to destroy the fortifications,” Mr. Rickmers said, but a lot of lawyers will tell you they had to take into account the possibility that the island would disappear." 


DE Jarrett
Derivation of the British Explosive Safety Distances
Prevention of and Protection Against Accidental Explosions of Munitions, Fuels and Other Hazardous Mixtures
Annals of the New York Academy of Sciences 
Volume 152, Art. 1 Pages 1-913
October, 28 1968


5.1. Storage Safety Distances

A.

The effects to be considered as causing sympathetic detonation of explosives in neighboring buildings or stacks are attack by missiles, cratering, and the blast wave.

Of these, the most significant is missile attack, and unless this can be prevented, propagation may take place over large distances.

5.1.1. Untraversed Stores
Two large‑scale series of trials are recorded in which the dominating factor is missile attack, between unprotected stacks of shell, bombs, and depth charges.

Shell
A number of trials were carried out in which the propagation distance from stacks of up to 3000 lb H.E. content were measured. (Jarrett, 1955). The donors and acceptors were identical, either 5.5‑inch filled RDX/TNT or 7.2‑inch filled amatol. The safe spacing distance depends on the orientation, base fragments being more lethal, and on the filling, an amatol filled shell being capable of accepting extensive damage before the explosive reacts. Since it is not normally convenient to differentiate between fillings or orientation, the safe distances are governed by the base attack on RDX/TNT‑filled shell, which amounts, with safety factor of 1.5, to

R = 12 W1/3 (R ft, W lb)  (6)

It stacks are arranged with axes parallel, the distance can be reduced to 5 W 1/3 for RDX/TNT and 3 W 1/3 for amatol.

B. Aircraft Bombs

Five trials were carried out in this series to determine whether a reasonable distance could be found to provide immunity from propagation. (Garrett, 1946). In the first trial, eight stacks of bombs in a group containing 45,000 lb HE (pentolite and amatol with CE exploders) were arranged at 60 ft from an identical group, axis of bombs in both groups being horizontal and parallel. Both groups detonated completely, producing similar craters.

The trial was repeated at 375 ft separation, resulting in detonation of the secondary stack after a delay of 25 minutes.

In the third trial, a similar stack was detonated at 750 ft from a 60,000‑lb stack on one side and a 30,000‑lb stack of amatol‑filled bombs on the other. The 60,000‑lb stack was observed to be on fire and detonated after 15 minutes delay. The 30,000‑lb stack did not detonate, although nine missile strikes were counted.

In the fourth trial, a stack of depth charges containing 40 tons of torpex was positioned at 300 ft from a similar stack. After detonating the primary, the secondary stack was seen to be burning. and in two and a half minutes it detonated.

A fifth trial, with 13 tons of depth charges, caused immediate detonation of other depth charges at 180 and 210 ft and partial explosions at 240 and 270 ft.

Separation by distance alone offers no practical protection from missiles of a bomb stack or from depth charges. Storage distances for unprotected Z items are therefore only given for those analogous to the HE shell, where the fragment velocity is relatively low and the acceptor is of like wall thickness to the donor, and HE content is not more than 20%. These quantity‑distances are of limited value, as thin‑walled ammunition must not be present within direct missile range unless adequately protected.

5.1.2. Traverses
If missiles can be arrested, then the distances quoted above can be reduced considerably. Various types of traverse (revetment) have been suggested, ranging from the earth traverse of Burlot to a water tank. The most usual although not necessarily the cheapest or easiest to maintain is the earth traverse.

A series of trials analogous to those last described was carried out to determine if the presence of an earth traverse between stacks would reduce the safety distance. The base width of the traverse was 21 ft in all cases: the crest width was 3 ft, and the height varied from 5 ¼ to 6 ½ ft, being at least 2 ft higher than the stacks of bombs or depth charges.

In the first trial, 231 bombs filled with Minol 2 were arranged with axes horizontal and parallel and 31 ft from a similar stack. The traverse was erected midway between the stacks. All bombs in the primary stack detonated and all in the secondary stack were undamaged but displaced for at‑out 8 ft to the rear. The traverse disintegrated completely and buried a number of bombs.

The second trial was a repeat with a filling of pentolite, a stack‑to‑stack distance of 35 ft, and 7 ft between bombs and foot of traverse. Results were similar, with a displacement of the secondary stacks of 2 ft. The traverse was demolished, but the primary crater was rather less and only extended two‑thirds the width of the traverse.

In the next two trials, the primary stack was increased to 80,000 lb at 36 ft from the secondary, the distance to the traverse being 7½ ft from the respective bomb stacks. The secondary stack in Trial 3 was made up of similar quantities of pentolite bombs, and in Trial 4 amatol in light‑cased high‑capacity bombs was used. In neither case did the secondary stack detonate, and the only damage was to the tail covers of the pentolite‑filled bombs; the light‑cased bombs were displaced 7½ ft to the rear, the heavier bombs only four feet. The traverses had completely disintegrated.

Two trials with depth charges were then carried out, with 78,000 lb of torpex in primary and secondary stacks at 60 ft distance with intermediate traverses of sand. Neither secondary stack detonated; both were displaced 2 ft to the rear and covered with sand, but the depth charges remained serviceable after cleaning.

These trials emphasized the role of missiles in causing propagation and showed that if they can be intercepted, the safety distances required from the blast effects are very small for Z category weapons. In fact, three of the secondary stacks were situated within the crater of the primary stack and survived. It was not thought, however, that this could be considered as good practice. and the safety distances accepted for adequately traversed Z were increased to:

R = 2 W1/3 (R f t, W lb)

representing about 1½ times an average crater radius.

(7)

5.1.3. Design of Adequate Traverse
An earth traverse needs to project above the line joining the stacks of explosive so that some compaction is obtained at stack level, and it must be thick enough at that level to arrest the fragments before it is disrupted. Custom has dictated a minimum of two feet for the projection, and then if the crest is three feet wide, at the natural angle of repose at least eight feet of earth is provided at the explosives level. This type of structure has been shown to be adequate for 80,000 lb of minol or pentolite in bombs  (Burlot, 1930) and to be more than adequate for 150,000 lb of lyddite in shell. The trials, however, only successfully covered stacks four to five feet in height, and in practice this standard traverse is required to protect stacks 12 ft high.

Burlot's conclusions for minimum thickness were that for every 100 kg of HE, the volume of the traverse opposing it Should be one Cubic meter. On this basis, the traverses in the bomb and depth charge trials were understressed and Could have catered for 50 to 100% more explosive. The amount of earth in a standard traverse 14 ft high should also be able to cope with approximately 400,000 lb HE in the most compact form of storage (12‑ft‑high square stack). For many years, no limit was placed on this standard traverse, but this extrapolation appears to be extremely dubious, especially as Burlot reported propagation with concentrated charges but no propagation with similar quantities spread over twice the area. At this time, therefore, 150,000 lb of HE is taken as the limit for this traverse, unless it is increased in mass or situated at such a distance that the crater will not undermine it by more than one‑third of its base thickness; if the limit is exceeded, the building is regarded as untraversed.

The effectiveness of the traverse, given sufficient thickness to absorb fragments, Would depend on the time to disrupt it, and information on this is very meager. In the high‑speed pictures of the E.S.T.C. trials, a traverse with a vertical inner face (estimated as effective for 40,000 lb from U.S. experiments) Subjected to the detonation of 3.3 tons of TNT in antitank mines, can be seen still to be standing at 4.5 milliseconds but to be largely disintegrated at 46 milliseconds.

The standard traverse discussed above has been considered as a single traverse between two buildings or stacks. This actually is a rarity in British practice. Since the storage distance for Z items is taken as 2 W1/3 from edge of stack to edge of secondary stack, it is often possible to provide a traverse midway that will be out of the crater radius. It is normally preferred however to erect a traverse for each building, situated about 3 ft therefrom, with intention of limiting the ingress and egress of debris as well as straight‑line fragments. This is of more importance where the explosives area is well populated, and in factories it is often preferable to choose a vertical inner face traverse or to curtail the inner foot with a dwarf wall.

In preventing propagation, if each building has its own traverse, reliance can be placed on the traverse surrounding the receptor building, and it is no longer essential that the donor traverse shall be self‑sufficient. In a storage area, it may be possible on this system to economize on building and maintenance of earth traverses by the erection of brick or concrete walls.

Trials have shown that at the storage safety distance various constructions of wall acceptor can be provided which, while demolished, resist penetration of the fragments from bombs. (Bailey, 1952).

Inevitably at the storage distance such walls are destroyed, but many accidental explosions have destroyed neighboring buildings without propagation of explosion. Nevertheless, 80‑fps speeds of projection were indicated for the inner leaf of the 16½‑ plus 8¼‑inch Canadian brick wall, 280 fps for the 27‑inch concrete, and 500 fps for the 27‑inch brick. The brick walls are superior in that the projectile consists of not more than whole bricks, whereas the reinforced concrete held together in lumps up to 4 ft square. At the time ( 1952) the use of I 8‑inch brick or unreinforced concrete Plus a 9‑inch brick building, or a 27‑inch brick or concrete wall, was accepted as adequate for a receptor traverse in a storage area, but the velocity of debris from the latter two structures would appear to be dangerously high except for the heavier cased explosive receptors such as shell or bombs.
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REDDING, Calif. (UPI) A man killed in an apparent homemade
fireworks explosion at Lake Siskiyou July 4 has been identified as a
19‑year‑old Woodburn, Ore., man.

Kiril K died Monday at Mercy Medical Center in Redding from severe injuries to the central nervous system after being hit in the head with a metal projectile, said a Siskiyou County sheriff's spokes woman. It appeared someone else set off the device, although no one has been identified.


Home-Made Bomb Backfires

Ocean Beach, Cal. July 15, 1968  -- A 16-year-old youth of this community with a “fetish” for explosives, whose parents asked to remain anonymous, has an unnerving experience on the Fourth of July. He had found in a trash-can a metal sphere weighing 2 pounds and 12 ounces and about 4 ½ inches in diameter, with a screw-plug opening, evidently a discard from some type of hydraulic machinery. This he filled with a hot powder made from chemicals purchased from a mail-order dealer, sealing a 5-foot length of safety fuse into the opening with paraffin. Then he buried his “bomb” in the sand of the beach to await the Fourth. On the evening of the big day, he retrieved it from its hiding-place, lit the fuse, and threw it into the ocean, expecting to create a tremendous underwater explosion, all retreated about three or four hundred feet to a near by pier to watch the results. They were slightly spectacular! Instead of shattering the case (which was stressed to withstand 1,500 pounds of pressure), the gases blew out the screw-plug and the sphere took off like a Polaris missile, rising through about 5 feet of water and traveling nearly 1,000 feet through the air. It then fell through a porch roof and hit a concrete sidewalk, reportedly making a 3-inch hole.

Detective DO Tron of the San Diego Police Department who investigated the incident told AP that  the sphere struck an officer on the heel and “would have killed him if it had landed squarely”. He added that this was the second time in a month the boy had been in trouble with juvenile authorities because of his attempts to become an “explosives excerpt” and that the “boy is gong to have some tests run on him to see exactly why he has this thing about explosives and to see if they can guide him in the proper direction so that someone doesn’t  come to harm”

From: American Pyrotechnist Volume 1 Number 8 August, 1968.

Explosion of detonator composition ; Circumstances attending an——‑which occurred at the factory of Messrs. Kynoch, Ltd., at Holford Mills, near Birmingham, Staffs, on July 29, 1913. Major T. H. Crozier, H.M. Inspector of Explosives. (Cd. 7090.1


Tim first explosion appears to have occurred at the priming machine, and was probably caused by some action of the workwoman in connection with this apparatus. It was possible, that a small quantity of fulminate composition might have adhered to the underside of the plate, or the guides for the block, and that it might have been fired by the action of sliding the block into position. The camel's hair brush used for spreading the composition over the tray was a flat one with a light wooden handle. The metal socket holding the hair was bound round carefully with indiarubber tape, and the brush had been in use nearly a fortnight. It was perhaps possible that a blow from the wooden handle might be sufficient to explode a thin film of fulminate composition. The second explosion was caused by the first, which shook down the cement lining, bringing with it a cupboard containing a bowl of fulminate composition, and this bowl exploded on, or near, the floor below the position of the cupboard. The inspector considers that the explosion was entirely accidental and that no blame could be attached to any person in connection with it. Work was proceeding in a regular manner and the only suggestion made is that the brush employed for spreading the composition on the tray of the priming machine should have sonic form of handle other than wood. A handle either of buff leather or indiarubber would be preferable‑C. W. McD.


JS Hatcher Major General US Army, Retired
Hatcher’s Note Book
Stackpole Co. 1947

Another classic example of a massive explosion of bulk TNT. following a fire occurred at the Lake Denmark Naval Ammunition Depot near Dover, N. J., on the afternoon of Saturday, July 10, 1926.

At about 5:15 p. m., during a heavy thunder storm, a bolt of lightning was seen to descend at or near the location of temporary magazine #8, which contained over a million pounds of cast TNT. for depth charges and airplane bombs. In spite of the fact that this building was protected with lighting rods, a thick column of black smoke was seen issuing from the south end of the building. At about 5:20 P. M., a colossal detonation occurred, and building #8 completely disappeared, leaving only a deep crater, and instantly killing the members of the post fire department who had arrived to fig the fire. Five minutes later, building #9, adjoining, also detonate leaving a similar crater. Steel girders were blown a distance of 5 000 ft and it was reported to me on the site the next day that a smoking wooden beam had fallen on a farm about 3 1/2 miles away.

At 5:45 p. m., shell house #22, containing similar material detonate also disappearing completely and leaving a crater. Fires started u in various places and detonations continued at intervals for 10 hours or more.

The Army Smokeless Powder Factory, Picatinny Arsenal, adjoin the Lake Denmark establishment, and its personnel escaped heavy casualties because at that time only half a day was worked on Saturday, and the Arsenal had closed for the day several hours before the explosion took place.

Col. (later Brigadier General) N. F. Ramsay, the commanding officer of Picatinny Arsenal, heard the fire alarm at Lake Denmark and ordered a phone call made to see if help might be needed. The operator reported that he couldn't get through, and Col. Ramsay ordered him to keep trying, meanwhile watching the column of smoke on the hill about % of a mile distant. Suddenly he saw an enormous flash, and with excellent judgment, he threw himself flat. A few seconds later, when the blast hit, portions of the glass from the window through which he had been looking were blown across the room and embedded deeply in an oak door.

At the time of this explosion, I happened to be the executive officer of Frankford Arsenal, at Philadelphia, about 60 miles away, and accompanied by Brig. Gen. O
. C. Horney, commanding officer of Frankford, I got into an official car and hurried to the scene. I was therefore able to get a first hand impression of just what happens in a major explosion of this magnitude, and my photographer, who accompanied us obtained some excellent pictures.

In this great explosion both the two adjoining establishments of Lake Denmark Naval Ammunition Depot and Picatinny Arsenal were practically wiped out. The initial detonation of building #8, with its contents of over a million pounds of bulk TNT., completely demolished every unshielded building within a radius Of 
2 700 feet, and heavily damaged buildings as far away as 8 000 feet.

It is notable, however, that one building containing about 2,500,000 pounds of a shell filling called Dunnite (ammonium picrate, invented by the late Col. B. W. Dunn) burned quietly with no explosion, thus confirming the claims that it was unusually safe to handle or store.

The army magazines at Picatinny were located along a winding ravine with strict attention to safety distances, and while many were smashed flat, they neither burned nor exploded. Likewise a number of partly buried magazines similar to the modern "igloo" magazine, at Lake Denmark also escaped damage.

DuPont’s “Blasters’ Handbook” Sesquicentennial Edition 1952

LARGE BLASTS

Underground Mining. In 1917 the Climax Molybdenum Company combined the various molybdenum prospects on Bartlett Mountain which is located between Leadville and Kokomo, Colorado. It started production in 1918. However, the postwar demand was too small and erratic, and production was suspended in April 1919.

During the next few years the company kept its plant in condition, carried on metallurgical research, and advertised widely the value of molybdenum in steel. As a result, five years later operation of the plant was resumed. Production has grown from 156,000 pounds of molybdenum in the last six months of 1924 to an estimated 48,000,000 pounds in the peak year of 1943.

Now about 15,000 tons of ore containing less than one per cent molybdenum are mined each day by block caving. The blasting of large blocks of ore is common practice, but on two occasions this mine established what are believed to be two records for underground blasts.

The first of these, and the largest in pounds of explosives used, was fired on May 24, 1933. It comprised 110,500 pounds of explosives and 6,350 electric blasting caps and delays, loaded into 5,750 drill holes and five "coyote" drifts from which numerous powder tees had been driven. This blast caved an estimated 750,000 tons of ore. The second, and largest in number of holes blasted, was fired on September 20, 1936. This consisted of 77,750 pounds of explosives and 12,040 delays, loaded into 11,316 holes and 24 powder tees. The total drill hole footage, exclusive of the powder tees, was 126,476 feet. This blast yielded about 768,800 tons of material.

Open Pit Mining. The largest industrial blast, from the standpoint of quantity of cap sensitive explosives involved, was fired in the open pit copper mine of the Chile Exploration Company at Chuquicamata, Chile, on March 23, 1925. Sixty‑five churn drill holes and 159 tunnel pockets were loaded with a total of 877,200 pounds of black powder and dynamite. These charges extended along the face of a bench for a distance of about 1,140 feet; the height of the bench varied from about 78 to 100 feet, and the lateral depth from approximately 80 to 230 feet. The blast broke down an estimated 909,500 tons of material.

Ouarrying. One of the most widely known of the gigantic engineering projects of the present day is that of the Tennessee Valley Authority. To date this Authority has built 16 major dams, purchased five more, and by agreement has taken control of the operation of another five which are privately owned.

From several standpoints the Fontana Dam, built on the Little Tennessee River near Fontana, North Carolina, is the most interesting of the group. It is 480 feet high, which makes it the highest dam east of the Rocky Mountains, 375 feet thick at the base, and 2,330 feet long at the crest, with a roadway 20 feet wide at the top. It contains about 3,000,000 cubic yards of concrete and was built in record time during World War II in spite of serious shortages of materials and labor.

When building its concrete dams, the Tennessee Valley Authority usually opens a quarry near the site of the dam in order to blast the stone for crushing to size for concrete. Blasting at the Fontana Quarry produced several records. On November 29, 1943 there was a blast of 27 nine inch diameter well drill holes averaging 300 feet deep, 20 feet apart, and 45 feet back from the face. These were loaded with 188,328 pounds of "Nitramon", or an average of 6,975 pounds per hole. Six holes each contained in excess of 8,500 pounds and one hole 360 feet deep contained 8,943.4 pounds of "Nitramon". This is believed to be the largest well drill blast in history in point of average pounds of material per hole and in the amount in one hole. On June 22, 1944, 51 similar holes averaging about 19 feet spacing, 40 feet burden, and 190 feet deep were loaded with 208,583 pounds of "Nitramon". This blast, which broke approximately 630,000 tons, is the largest well drill hole quarry blast made ‑with "Nitramon".

Another dam constructed by the Authority is located on the Holston River at South Holston, Tennessee, near Bristol. It is of earth‑fill type containing an impervious compacted clay core facings of quarry‑run rock on both upstream and downstream sides. The dam rises 290 feet high above the river bed, measures 1,650 feet along the crest, and contains a total of 5,991,350 cubic yards of earth, rock fill, and concrete measured in place.

Essentially all of the rock for this dam was furnished by four coyote tunnel blasts located in the natural face of a nearby The second of these was fired on February 5, 1949. The coyote cut consisted of three adits and 44 crosscuts, totaling 6,254 feet of tunnels. The charge consisted of 55,425 cans of "Nitramon" and 436 "Nitramon" primers, for a total of 1,362,985 pounds. This was divided in 190 units in the crosscuts. About four miles of "Primacord" were used to connect the charges. The loading was accomplished in 17 working days, with a total of 840,000 pounds of "Nitramon" loaded in one four‑day period. The rock produced was in excess of 1,800,000 tons. From the standpoints of total charge loaded and material broken, this blast rates as the largest commercial blast of any kind ever fired.

At the time the South Holston Dam was being started another, known as the Watauga Dam, was just being finished by the Valley Authority near Elizabethton, Tennessee. The rock for this dam had also been produced by large coyote blasts. The log of the seven blasts for these two dams is as follows:

DATE	 			LOCATION 				Lb’s OF "NITRAMON"
September 11, 1947 	Watauga Dam, Elizabethton, Tenn. 316,486
November 8, 1947 		Watauga Dam, Elizabethton, Tenn. 526,925
March 11, 1948 		Watauga Dam, Elizabethton, Tenn. 422,563
July 14, 1948 		So. Holston Dam, Bristol, Tenn.	   844,503
February 5, 1949		So. Holston Dam, Bristol, Tenn.	 1,362,985
April 16, 1949 		So. Holston Dam, Bristol, Tenn. 	    501,112
July 5, 1950 			So. Holston Dam, Bristol, Tenn. 	   411,237
Total
  4,385,811

Even the smallest of these seven blasts established a record at the time, being the largest coyote blast ever fired to that date. It produced approximately 1,000,000 tons of broken rock, and it probably still remains a record blast in that breakage was so good 'that about 580,000 tons of rock were dug before it was necessary to make a single secondary blast.

Stripping. In recent years an increasing amount of coal, both ,anthracite and bituminous, has been produced form strippings. One of the reasons for this trend is undoubtedly the high recovery coal, for the extraction closely approaches 100 per cent. Explosives are a most important factor in stripping, for they not only e the coal for loading, but principally they break the rock overburden so that it may be easily and economically removed. 

The largest blast involving the blasting agents "Nitramon" and “Nitramex”  took place June 1, 1947 at the anthracite coal stripping Shenandoah Mining Company at Bear Valley, Pennsylvania. Spaced throughout an area of 2 1/2 acres were 186 well drill holes averaging 100 feet deep. The blast was loaded with 393,635 pounds, of which 380,335 pounds were "Nitramon" and "Nitramex". It is estimated that 930,000 tons of sandstone were broken. This shot is not  only the largest well drill blast using "Nitranion" to date, but it is also believed to be by far the largest blast ever carried stripping operation.

553. 111, Mataziette was manufactured at Fabry near Geneva. It consisted of a mixture of about 40 per cent. of nitroglycerine with sand, ochre, coarsely pounded charcoal, and resinous matter. In October 1877, twelve casks, containing in all about three tons of this material, were seized by the French douaniers at Pontarlier, an attempt having been made to pass it as manure. It was removed to the fort of Larmont for safe custody The casks cracked and allowed the contents to escape, and after three months it was decided to re‑pack the explosives into boxes lined with sawdust. The work was half done when an explosion took place killing six and wounding four men, and doing considerable amount of structural damage. The accident was due to rash and rough handling of the explosive by inexperienced men.


Queens Man Jailed In School Bombing 
Queensborough College hit
NY Newsday  24vii90
By Peg Tyre

A 22‑year‑old Queens man jailed in the bombing of his upstate cooking school in January was arrested yesterday and charged with bombing Queensborough Community College in May, 1989.
Peter Kruezo, of 85‑20 152nd St. in Jamaica, was charged yesterday with first‑degree arson, criminal possession of a deadly weapon and reckless endangerment. According to police, Kruezo allegedly set off a homemade pipe bomb in the library of the Bayside college and left a scrawled note protesting tuition hikes proposed by the governor and warning of more violence. No one was injured.
He was arrested Jan. 5 in Poughkeepsie after two bombs were set off in December, 1989, and Jan. 2, in the Men's room of Kruczo's dormitory at the Culinary School of America in Hyde Park, NY. Kruezo was charged with arson, pleaded guilty to lesser charges, and was sentenced to jail and probation. He was on probation when he was arrested yesterday at his parents' home.
Det. George Brazzale of the Dutchess County sheriff's office said several of Kruezo's Culinary School classmates, annoyed at having to! evacuate the building in the middle of It a cold winter night, came forward and 1 said Kruczo might be involved in the bombings.
"He showed his friends a clipping from the newspaper about the Queensborough Community College bombing and indicated to them that he had something to do with it ",said Brazzale.
Dutchess detectives contacted LT. Pulaski, commanding officer of the Arson and Explosive Squad in New York, who linked Kruezo him through interviews and physical evidence to the Queens bombing.
Pulaski said the explosive used at Queensborough College, a pipe bomb placed in a garbage can, went off in an often busy stairway in the library.
"There were people in the library when the bomb went off and shrapnel from the garbage can was sent flying through the air," Pulaski said. "It was just chance that no one was hurt."
Kruezo allegedly used a rum bottle and a cola bottle stuffed with black gunpowder and match heads for his next two bombs, which damaged stalls in the men's toilet. Kruczo allegedly [deleted djh] as time delay fuses.
Kruczo is an unemployed construction worker, police said.


Wm Maurice
The Shot-Firer’s Guide: A Practical Manual on Blasting 
and the Prevention of Blasting Accidents.
“The Electrician” Publishing Co. London nd ca 1910 

81.— Is it not specially risky to work with Naked Lights in proximity to Explosives?

Yes, such procedure argues the possession of a defective intelligence. No less than 70 accidents were caused in 1906 by explosives being ignited by a naked flame or spark in the course of blasting operations, gunpowder being the explosive involved in every case but two.

Seventy‑six persons were injured by these accidents, which were, in many cases, due to nonconformity with the usual regulations enjoining the removal of the candle or lamp from the cap before preparing a charge.



XXII‑ EXPLOSIVES, MATCHES, &c.
The Journal of the Society of Chemical Industry
Vol. XXVI -- 1907
Explosion of nitroglycerin; 	Circumstances attending an --- which occurred near one of the Separating Houses of the Factory at Nobel's Explosives Co., Ltd., at Ardeer, near Stevenston, Ayrshire, on Feb. 5, 1907. By Captain J. H. Thomson, HM Chief Inspector of Explosives.

THE  explosion look place just outside the mound protecting a building licensed for "separating acid from, and washing nitroglycerin." In carrying out this operation, it was necessary that the freshly nitrated charge of nitroglycerin, together with the acids of manufacture should be run down from the nitrating house by means of a lead gutter provided with a, wooden cover. The distance between the buildings was considerable and necessitated a gutter unusually long and circuitous. Part of the charge of nitroglycerin and acid got spilt over the edge of the gutter, owing to the freezing of the nitroglycerin from the cold weather which prevailed and the consequent choking of the channel. The foreman in charge proceeded to thaw the frozen explosive by throwing buckets of warm water on the under side of the lead gutter. This water mixing with the nitrating acid on the ground developed sufficient heat to cause the explosion of the nitroglycerin admixed with the acid. On the spot where the explosion occurred, a crater was formed about 14 feet in diameter and 4 1/2 feet deep. The explosion wave, fortunately, did not travel to the adjoining building, which contained some 2,000 lb. of nitroglycerin. Captain Thomson raises the question whether it is wise to carry on the operations of nitrating and separating in different buildings, and whether any manufacturing advantage which is gained thereby is not more than counterbalanced by the extra danger involved in running down the acid nitroglycerin from one building to the other. The combination of the two operations in one building is the more modern system. Assuming that the older practice is adhered to, it is suggested that the following precautions should be taken to prevent the possibility of the freezing of the acid charge of nitroglycerin in passing from one building to the other during cold weather. The temperature of the charge should not be allowed to fall below 16o C before running it down to the separating house. In the case under investigation the  temperature of the charge was only 12oC., which is evidently not sufficiently high to prevent a serious amount of freezing in a long gutter. As an alternative it is suggested that a steam or hot water pipe of small diameter should be led alongside the gutter in such a manner as not to be in contact with the latter, and so placed that no portion of the charge can fall upon it in case of a leakage or a spill. The pipe should be coated with acid‑proof paint. No difficulty need arise as to freezing of nitroglycerin in tile glitter when the charge is separated and pre-washed in the nitrating house, as it can be sent down warm, and with  portion of the warm wash-water. 


VanGelder & Schlatter
History of the Explosives Industry in America 
IME 1927

The Church Bell Struck Three Times

The third factory in this town was that of the firm of Roberts & Company, which consisted of Colonel Edward A. L. Roberts and his brother Dr. Walter B. Roberts. This was located just northeast of the Driving Park, and seems to have been established about the time of the Mowbray enterprise, for an explosion occurred in it on December 16, 1869. The buildings destroyed were three in number and consisted of one wooden building with cellar beneath used for storing powder and "compound" and for filling shells, a second building for thawing out the "glycerine" and for preparing it for use and sale, and a third building used as a storehouse for "glycerine" and the manufacture of the same. The explosion was supposed to have originated in the storehouse where Patrick Brophy, the company's agent, was thawing out some nitroglycerine at the time. It is stated that three to four thousand pounds of nitroglycerine, 2,000 pounds of gunpowder and 500 pounds of "compound" exploded. The hole where the buildings had stood was "large enough to contain a dwelling house, and for a hundred yards in every direction the ground was torn and ploughed up as in a newly‑ploughed field." In the town windows were broken, chimneys thrown down, and "the church bell struck three times." It is not quite clear from the records whether the Roberts actually manufactured nitroglycerine at this time, as it‑ seems that the material which exploded was part of a shipment of 3,000 pounds recently received from the U. S. Blasting Oil Company's plant in New Jersey and of 500 pounds from the. Lake Shore Nitroglycerine Company at Painesville, Ohio. However, early in 1871, Roberts & Company, or the Roberts Torpedo Company, as they now called themselves, acquired the right to manufacture and use nitroglycerine under the Nobel patents by the payment of $1,500 to Colonel Shaffner of the U. S. Blasting Oil Company, and from this time on they manufactured their own blasting oil. With their basic patents on the shooting of oil wells this gave them the exclusive right to this business for the life of the patents, and they were the dominant factor in the oil well shooting business for the next fifteen years.


The Annual Report o(Nineteenth) of Her Majesty's Inspectors of Explosives for 1894.
In:— The Journal of the Society of Chemical Industry.  July 31, 1895.

FROM the report just published it is seen that during the year 1894 there have been only two deaths from accidents during manufacture in explosives factories under the supervision of the inspectors, the average for the last 10 years being 4.6. Seven new factories have been licensed and three have become extinct. The following have been added to the list of authorised explosives, blasting amberite, cordite, collodion cotton, westphalite, and Von Fõrster's powder. The amount of foreign nitroglycerin blasting compounds imported during the year was 539,802 lb., which is a large decrease on the average of previous years. On the other band, there is a large increase in the number of detonators imported, showing that in spite of the six factories at which detonators can be made in this country, a great percentage of this trade remains in foreign bands. Dr. Dupré, in his report to the inspectors, states that there has been an increase of work in his department during the year, partly due to a revival of activity among inventors of explosives, no less than nine new explosives and modifications  explosives already licensed, having been submitted. Reference is made to the Order in Council prohibiting the use of sulphur and potassium chlorate in the same firework mixture. Such mixtures have in the past given rise to numerous accidents, even mere contact between the chlorate and sulphur having in one case led to an accident. A chlorate explosive, Schnebelite, after satisfactorily passing the preliminary examination failed, "like almost every chlorate mixture hitherto submitted," when put under a more prolonged and searching examination. Another chlorate mixture, Britainite, is still under examination. Reference is made to the serious explosion of nitroglycerin at Waltham Abbey on May 8th, and it is pointed out by Dr. Dupré and also in the body of the inspector's report, that this unfortunate occurrence can in no way be called a cordite explosion, and, indeed, furnishes valuable evidence of the relative safety of cordite, inasmuch as in buildings containing cordite, which were greatly shattered by the force of the explosion, not t particle of cordite caught fire or exploded. At the same time, in regard to this explosion and the one of gunpowder at Waltham Abbey on December 13th, 1893, the special committee, of which Col. Magnesia was a member states that the explosion brought " to light very grave defects in the system of discipline and precautions prevailing at Waltham Abbey, and the urgent necessity for a comprehensive revision of the regulations and for the. adoption of disciplinary measures for their more rigorous enforcement." A brief account is given of the more interesting foreign explosions, from which it is evident this country enjoys a happy immunity from accidents during manufacture of explosives compared with America. Within five years, dynamite factories owned by one company have, been blown up five times, and nine persons killed, and at a other factory the "receiving mill" and two men were blown to atoms, this being the fifth explosion within three years. An interesting account is given of the accident on March 21st, 1894, whereby 15 lives were lost during operations to get rid of the wreckage and unexploded dynamite, and exuded nitroglycerin from the " Cabro Machichaeo “ which blew up at Santander in November of the previous year. By means of a pump 1,150 kilos. of fluid nitroglycerin were extracted, but then it congealed, and the pumps could not be used. The divers brought up clusters of crystals of frozen nitroglycerin, and it was while one diver was down that the explosion took place. Apparently all the nitroglycerin was destroyed by this explosion, but the affair shows the great difficulty and danger of dealing with nitroglycerin explosives which have been cast into the sea, either by the vessel having been wrecked through stress of weather or by explosion on board as in this case. An account is given of the principal outrages both at home and abroad, which unfortunately have been numerous, and grave in character. From experiments which have been made, it has been decided to raise the dividing line between a cap, and a detonator, the distinction, being defined as follows  ; “ A percussion cap to be one containing a charge not exceeding 0.5 grain of composition, or 0.6 grain of composition where the quantity of fulminate does not exceed one fourth of such composition; in any other case the cap will rank as a detonator." But it is pointed out that "where the caps, are raised to a high temperature by the aid of artificial heat, or even still more decidedly when loose composition becomes intermixed therewith," the liability to explode en masse " undoubtedly presents itself in a very appreciable and even a formidable degree."—W. M.



Explosion of nitroglycerin — Circumstances attending an ——-‑which occurred in the Final Washing House of the factory of the Explosives and Chemical Products, Ltd., at Bramble Island, Essex, on the 11th March, 1913. Major H. Coningham, H.M. Inspector of Explosives. [Cd. 6760.1]
In:— The Journal of the Society of Chemical Industry. Vol. XXXII., No. 10. May 31, 1913

As the result of this explosion one workman was killed. The building contained 120 lb. of nitroglycerin in the final washing tank, and 232 lb. of nitroglycerin in three boxes. At the position where the final washing tank stood a crater was formed 12 ft. by 7 ft. by 3 ft. deep, and another 11 ft. 6 in. in diameter and 7 ft. deep which corresponded with the position of the three boxes. The washing tank was of lead, 4 ft. 2 in. in diameter. The arrangement for running the nitroglycerin from the washing tank to the filter consisted of an outlet pipe of lead, over which was fixed a soft rubber pipe. The other end of this rubber pipe, when not in use, was kept closed by being slipped over a lead plug provided with a central air hole, through which compressed air was passed while the nitroglycerin was being washed, the object being to keep the nitroglycerin out of the rubber tube whilst this operation was in progress. When the air was not being passed through the air hole in the plug the level of the nitroglycerin in the bend of the rubber pipe would be the same as that of the nitroglycerin in the washing tank. The nitroglycerin in the final washing tank was in the frozen state, and had a layer of from 10 to 12 in. of cold water on top of it. The nitroglycerin in the three boxes was in the liquid state. Major Coningham considers that the explosion occurred at the final washing tank, where the workman was almost certainly engaged in thawing the nitroglycerin. The explosion was probably caused by the breaking of crystals of frozen nitroglycerin in the bend of the nitroglycerin pipe or at the plug possibly owing to the workmen straightening out the pipe to place its end in the filter, or squeezing the pipe unduly hard at the bend in order to feel if the nitroglycerin was frozen. In order to prevent a further accident of a similar nature it is recommended that in the event of nitroglycerin being frozen in the washing tank, after thawing it, special care should also be taken to thaw any nitroglycerin in the rubber pipe by applying to it thick cloths wrung out of warm water.
‑‑G. W. McD.

Explosion of Nitroglycerin ; Circumstances attending an ——‑, in the Separating 
House of the Factory of Messrs. Curtis and Harvey, Ltd., at Cliffe, Kent, on Feb. 
18, 1904. By Major A. Cooper‑Key, H.M. inspector of Explosives.
In:— The Journal of the Society of Chemical Industry. July 15, 1904

ABOUT 2,000 lb. of nitroglycerin were in the house at the time, and dense nitrous fumes were noticed coming from the building for some seconds before the explosion took place. It is considered probable “ that the accident was caused by the spontaneous decomposition of the charge of nitroglycerin in course of separation owing to the presence in one of the ingredients of an impurity undiscoverable by the analysis of a sample, and that the fatal results were due to the men in charge failing to make use of the drowning tank until the heat from the decomposition caused an explosion.  Experiments showed that the gases evolved in the “ fuming off " of nitroglycerin consisted of nitrogen trioxide and peroxide (48.7 per cent.), nitric oxide (40.7 per cent.), carbon monoxide (3.2 per cent.), carbon dioxide (1.4 per cent.), and nitrogen (6 per cent.), and Major Cooper‑Key considers that the failure to drown the charge was not due to the workmen being instantaneously and unexpectedly overcome by the carbon monoxide in the fumes. It is recommended that arrangements should be made in nitroglycerin works to enable a charge to be drowned in a period measured by seconds instead of by minutes.‑‑G. W. McD.

Explosion of Nitroglycerin; Circumstances attending an which occurred in the 
Final Washing House of the Factory of the Cotton Powder Co., Ltd., at Upleas 
Marshes, Faversham, on Nov. 9, 1903. By Captain J. R. Thomson, H.M. Chief 
Inspector of Explosives.

This explosion resulted in the death of one man. There were at the time of the explosion 1,000 lb. of nitroglycerin in the building, the whole being contained in the washing tank. The crater formed was about 30 ft. in diameter and 4 to 5 ft. deep. The possibility of !he vibration of an air‑pipe or the friction of a rubber shoe as the originating cause of the explosion is dismissed as improbable, and  Captain Thomson arrives at the conclusion that it was due to the dropping of a small lead filter on to a tray containing some 3 lb. of nitroglycerin. It is suggested that it would be better “ to carry out all such operations as filtering samples in the laboratory on a much smaller scale ; but if it is required to do this in the final washing house, the filter should be made of some lighter material, such as ebonite, and should be mounted on a fixed stand."

I In connection with the report, Dr. Dupré carried out some experiments as to whether it was possible to produce an explosion of nitroglycerin with a rubber shoe on a lead surface. Drops of nitroglycerin were placed on the lead and were submitted to violent glancing blows from a rubber-shod foot, but without effect. The experiment was repeated with some fine sand sprinkled on the explosive, with the nitroglycerin frozen, and finally with a little powdered sulphur added, the last experiment being to ascertain whether free sulphur in the india‑rubber could have produced the effect. In all cases the result was nil. (See also this J., 1903, 650 and 1366.)—G. W. McD. 
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ABOUT 2,000 lb. of nitroglycerin were in the house at the time, and dense nitrous fumes were noticed coming from the building for some seconds before the explosion took place. It is considered probable “ that the accident was caused by the spontaneous decomposition of the charge of nitroglycerin in course of separation owing to the presence in one of the ingredients of an impurity undiscoverable by the analysis of a sample, and that the fatal results were due to the men in charge failing to make use of the drowning tank until the heat from the decomposition caused an explosion.  Experiments showed that the gases evolved in the “ fuming off " of nitroglycerin consisted of nitrogen trioxide and peroxide (48.7 per cent.), nitric oxide (40.7 per cent.), carbon monoxide (3.2 per cent.), carbon dioxide (1.4 per cent.), and nitrogen (6 per cent.), and Major Cooper‑Key considers that the failure to drown the charge was not due to the workmen being instantaneously and unexpectedly overcome by the carbon monoxide in the fumes. It is recommended that arrangements should be made in nitroglycerin works to enable a charge to be drowned in a period measured by seconds instead of by minutes.‑‑G. W. McD.


The Lake Shore Nitroglycerine Company, consisting of J. H. King of Painsville, Ohio, C. M. Wheeler' of Negaunee and Marquette, Michigan, and Henry Hinckley, worked under a license from G. M. Mowbray and bad a factory at Fairport Harbor, near Painesville, Ohio. Their nitroglycerine maker was a man named Thomas. They operated only in the summer, or at most six months in the year, and shipped their product on small sailing vessels to the copper mines on the Keweenaw peninsula, the iron mines at Negaunee, and other points back of Marquette. Some of it was also used in the adjacent oil fields for torpedoeing. The New York Times of November 2, 1870, mentions an explosion at this factory, the second in two months, which caused the death of four persons and a loss of a magazine containing 150,000 pounds of nitroglycerine. Buildings on the east side of the river were greatly damaged and the people of Fairport were highly excited. Shortly after this it was decided to move the operations to Marquette, and some of the other factories that existed later in that region may have been outgrowths of this company. About 1871 they also acquired from the U. S. Blasting Oil Company the right to operate under the Nobel patents.
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FBI blasts nitro & home around it
By JAMES HANNAN
The Associated Press
[NY Daily News Jul 18, 1990]


PIQUA, Ohio - Nitroglycerin found in the basement of Dana Taylor's' house was considered too dangerous to move, so the FBI blew it up - and the house with it - yesterday.

"This is the first time I can remember we've considered exploding a home," said FBI spokesman Ed Boldt, an 11-year veteran.

The blast tore up the inside of the house, but  didn't damage surrounding homes, from which 2,000 people had been evacuated.

"There was definitely nitroglycerin exploded in the basement said Boldt.

Local cops called to the house Monday about a domestic dispute between Taylor, 25, and his wife, found nitro in A shot glass and syringe in the basement. There were other containers nearby that look like, they held more nitro.

Police arrested Taylor on charges of "harboring dangerous ordnance," and called the FBI to deal with the unstable explosive.

Taylor told Police there was no nitro in the house and that he knew little about explosives, But Police Chief Donald White said, "We do know that the ingredients to make nitro are there. And we know from other sources that he has been setting off explosives in town."

The FBI considered taking the containers to a gravel pit, But decided it was too dangerous to move. Before the nitro was set off with a time-delay blast, the containers were surrounded. by sandbags, windows in the house were opened and surrounding homes were boarded up.

Nitroglycerin — Waste Water Explosion


Phokion Naoúm
Nitroglycerine and Nitroglycerine Explosives
Williams & Wilkins Co 1928
[English translation of the 1923 book.]

CHAPTER VII

CLARIFICATION OF THE WASTE WASH‑WATERS

The wash‑waters drawn off the nitroglycerine carry with them no inconsiderable quantity of suspended nitroglycerine, which must be carefully removed before they are discharged into drains or streams. Years ago, when the danger lurking in them was not sufficiently appreciated, or the clarification process incomplete, there was a peculiar accident in the vicinity of a dynamite plant located directly on a river, when a boatman struck his pole, shod with iron, violently against a rocky bank, and together with his boat, was blown into the air by a violent explosion. The wash‑waters from a nitroglycerine plant emptied at just this point, and apparently because insufficient clarification a large quantity of nitroglycerine had gradually settled [density 1.591 /djh/] in a rocky depression in the bank, and did not sink into the stony ground nor dissolve because of the great insolubility of nitroglycerine in water. Usually there are small overflow boxes with a dividing wall between them, located right in front or at the side of the wash tanks, with stopcocks at the bottom, through which the waste waters run, while the greater part of the suspended oil sinks to the bottom. .......

Explosion of Nitroglycerin ; Circumstances attending an —— which occurred in 
the Precipitating  and Final Washing Houses of the Factory of the National 
Explosives Co., Ltd., at Upton Towans, Hayle, Cornwall, on Jan. 5, 1904. By 
Capt. J. H. Thomson, H.M. Chief Inspector of Explosives.
In:—The Journal of the Society of Chemical Industry. April 15, 1904.

IN this explosion, which was attended by loss of life, 4,200 lb. of nitroglycerin were involved. the probable cause of the explosion is considered to be the dropping of the lid of a tank into which a charge of nitroglycerin was flowing. The lids were constructed of wood, covered on the under side with lead, and, owing to their weight and shape, would give a heavy glancing blow if allowed to fall. Captain Thomson considers “ that no movable article of uncovered metal other than aluminum need be present in any nitroglycerin building." As the explosion was communicated from the precipitating house to the final washing house by means of the charge of nitroglycerin running down the leaden gutter, it is recommended that the difference of' level between buildings thus connected should be such as to shorten, as much its possible, the time occupied in running down a charge. Gutters should also be washed with clean water after each charge has passed down, and not more than one charge should be running to or from any one building at one time.
‑G. W. McD.
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Nitroglycerin — Ascanio Sobrero

Ascanio Sobrero "Some New Fulminating Products Obtained by the Action of
Nitric Acid on some Vegetable Organic Substances." Torino. Mem. Acad. (1847), 195-203. In: GW McDonald "Historical Papers on Modern Explosives."  Whittaker & Co. 1912

" On one occasion a small quantify  of an ethereal solution of nitroglycerin as allowed to evaporate in a glass dish. The residue of nitroglycerin was certainly not more than 2 or 3 centigrams. On heating the dish over a spirit lamp a most violent explopsion resulted, and the dish was broken to atoms. On another occasion a drop contained in a test tube was being heated when it detonated with great violence, and pieces of glass cut my face and hands severely and also injured others standing some distance away in the room."
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This explosion resulted in the death of one man. There were at the time of the explosion 1,000 lb. of nitroglycerin in the building, the whole being contained in the washing tank. The crater formed was about 30 ft. in diameter and 4 to 5 ft. deep. The possibility of !he vibration of an air‑pipe or the friction of a rubber shoe as the originating cause of the explosion is dismissed as improbable, and  Captain Thomson arrives at the conclusion that it was due to the dropping of a small lead filter on to a tray containing some 3 lb. of nitroglycerin. It is suggested that it would be better “ to carry out all such operations as filtering samples in the laboratory on a much smaller scale ; but if it is required to do this in the final washing house, the filter should be made of some lighter material, such as ebonite, and should be mounted on a fixed stand."

I In connection with the report, Dr. Dupré carried out some experiments as to whether it was possible to produce an explosion of nitroglycerin with a rubber shoe on a lead surface. Drops of nitroglycerin were placed on the lead and were submitted to violent glancing blows from a rubber-shod foot, but without effect. The experiment was repeated with some fine sand sprinkled on the explosive, with the nitroglycerin frozen, and finally with a little powdered sulphur added, the last experiment being to ascertain whether free sulphur in the india‑rubber could have produced the effect. In all cases the result was nil. (See also this J., 1903, 650 and 1366.)—G. W. McD. 



The Rise and Progress of the British Explosives Industry
Published under the auspices of the:—
VIIth International Congress of Applied Chemistry
E A Brayley Hodgetts editor
Whittaker and Co. London 1909

No Good Deed Goes Unpunished!

Curtis’s and Harvey, Limited
In March, 1850, six houses exploded with the loss of seven lives. Subsequent to this, with a view to minimize the risk of communicated explosion, most of the danger buildings were fitted with tank‑roofs filled with water. This, however excellent in theory, proved disastrous in practice, for when the Lower Press and Corning House exploded in March, 1859, the weight of the tank‑roof gave a lateral direction to the wave of explosion, consequently causing immense damage to the rest of the factory and to the surrounding neighbourhood. Eight lives were lost in this explosion.

In May, 1866, a very serious fire occurred, by which eighty‑five tons of dogwood and fifty stacks of alder were destroyed, though, fortunately the flames were prevented from spreading to the danger buildings.

An Explosion Of An Appalling Character.

Report on the Circumstances attending  a Fire and Explosion at 
Messrs. Roberts, Dale & Co.'s Chemical Works, Cornbrook, Manchester,. 
Gov. Rep. No. lxxxi.
Colonel V. D. Majendie, C.B.
In:—The Journal of the Society of Chemical Industry. Vol. VI. No. 12. December 31, 1887

THIS exhaustive report shows that the articles manufactured on the side of the works where the explosion occurred, were picric acid, nitrate of lead, nitric acid, hydrochloric acid (nitre cake and salt cake), tin crystals, tin solutions, nitrate of iron, nitrate of copper, aurin, Manchester brown, Manchester yellow, lakes for paper stainers and emerald green. Such raw materials as carbolic acid, sulphuric acid and litharge, the litharge being used for making nitrate of lead, were all present, the latter salt in very considerable quantity; some nitrate of strontium was also present.

A fire commenced the catastrophe, this breaking out at or near the stove used for drying the picric acid. The fire spread quickly, and in five or six minutes an explosion followed, but not one of an alarming character. This explosion came from the site of the picric acid stove as nearly as it can be located. It was followed in something under a minute by a second explosion of an appalling character, and attended with disastrous results in the shape of damage. One life was lost.

There is little doubt that the fire was caused by the carelessness of a workman, who was smoking. Several theories are advanced to explain the first and lesser explosion, but the second, which was so disastrous, was in all probability due to the blazing and molten picric acid coming in contact with the litharge placed in close proximity and with the nitrate of lead and nitrate of strontium. It would at once combine with these and form fearful explosives. Picric acid alone can scarcely be called an explosive, but if it comes in contact even with plaster or lime, it forms a picrate of high explosive character, and it is shown that picric acid mixed with a little litharge in the cold, produces a mixture which explodes much more readily than picric acid alone.

Finally, the precaution is urged, that in the manufacture of picric acid the separation of the acid from all other substances or ingredients, contact with which would be likely to produce under favorable conditions a picrate or explosive mixture should be carefully seen to.

"At present picric acid and picrates appear to fall within the category of 'explosives,' and to be subject to the Explosives Act, 1875, only when they are  ‘ used ‘ or manufactured with a view to produce a practical effect by explosion or pyrotechnic effect. "

" In view of the present disaster," Colonel Majendie proceeds, "and of the results of my experiments it will be a matter for careful consideration whether it is not necessary in the interests of public safety to take advantage of the powers conferred by the 104th section of the Explosives Act, 1875, and to extend the definition of explosive to picric acid and all picrates, for whatever purposes manufactured, and to apply the same provisions of the Act, subject to such exceptions, limitations and restrictions as may appear reasonable. This point, however, is one which, in the interests of the trade, as of the public, demands the fullest and most careful consideration."

As to the storage together and in close proximity of the several substances which resulted in the formation of such fearful explosives, Colonel Majendie stigmatises it as the result of negligence.—W. S.

Explosion of Fulminate Composition ; Circumstances attending an—-‑, at the 
Factory of the Blenheim Engineering Co., Ltd., at Tunnel Lane, Greenwich 
Marshes, on Dec. 18, 1903. By Major A. Cooper-Key, H.M. Inspector of 
Explosives.

The explosion, which seriously injured a workwoman, took place during the filling of tubes with a composition of potassium chlorate. antimony sulphide, and amorphous phosphorus, and was undoubtedly due to the friction caused by the wooden rammer which fitted too tightly. The explosion was communicated to some 3 to 4 oz. of composition lying on the table, and this caused the chief damage.—G. W. McD.

Nature 409:461-62 1 February 2001
Legacy of a flying tamping iron
An Odd Kind of Fame: Stories of Phineas Gage by Malcolm Macmillan MIT Press: 2000. 562 pp. $39.95, £27.50

Ian Glynn

"This book tells me more about penguins than I want to know," said the little girl when asked whether she liked her present. At first sight, a book of over 500 pages about Phineas Gage and the event that made him famous might seem in danger of similar criticism. But Malcolm Macmillan's enthusiasm is as infectious as his knowledge of detail is prodigious. And if we are sometimes told more than we want to know, what we are told is often fascinating, and answers questions that ‑ a century and a half after the event ‑ we would not expect to be answerable. But, first, who was Gage and what was the event?

Phineas P. Gage was the 25‑year‑old popular and shrewd foreman of a gang helping to build the Rutland and Burlington Rail Road in Vermont. A momentary lapse of attention, while he was blasting rock on a sunny September afternoon in 1848, exploded the charge prematurely, converting a tamping iron into a missile that entered his left cheek, passed upwards through his skull and landed "several rods" away.

Astonishingly, Gage was not killed, or even long unconscious, and after less than three months under the care of Dr John Harlow he had recovered sufficiently to go home. But although, two years after the accident, Henry Bigelow, the professor of surgery at Harvard University's medical school, described Gage as "quite recovered in his faculties of body and mind with the loss only of the sight of the injured eye", his personality had changed drastically. His contractors, who had regarded him as their most capable foreman, were unwilling to reemploy him; and Harlow, writing much later, describes him as "fitful, irreverent, indulging at times in the grossest profanity (which was not previously his custom) ... impatient of restraint or advice ... at times pertinaciously obstinate yet capricious and vacillating, devising many plans of future operations, which are no sooner arranged than they are abandoned in turn for others more feasible" The balance between Gage's intellectual fac*ulties and animal propensities, Harlow felt, had been destroyed.

For some years Gage wandered round the larger New England towns doing a variety of jobs, and even spending some time at Barnum's Museum in New York, complete with his tamping iron. He then spent nearly eight years in Chile looking after horses, and driving a six‑horse coach, before returning to his mother and sister in San Francisco, where he died after a series of fits in 1861.

For 150 years, Gage's accident and its conquences have been discussed in newspaper articles, learned journals, lectures, neurological conferences, medical textbooks and, more recently, popular television programmes; it has a so spawned fiction. All this material is grist to Macmillan's mill. What emerges is a remarkable series of essays ‑detective stories without criminals ‑whose scope is far wider than the title of the book suggests, and whose interest switches between the personal, the historical, the medical and the neuropsychological, reflecting the varied enthusiasms of the author. What sort of family did Gage come from? Was he a subcontractor, or just an employee? And what kind of men made up the gangs involved in blasting? What was Dr Harlow like and what was the role of Edward Williams, the young doctor whom Gage saw half an hour after the accident and greeted with the words, "Doctor, here is business enough for you"?

How could a man survive after an iron bar, three feet seven inches long and weighing thirteen and a quarter pounds, had been driven through his head? Did Gage recover in spite of or because of Harlow's treatment? How could Bigelow, at Harvard, have been so wrong in his assessment? How could so many of those who subsequently discussed Gage's case have been so confused? Was it the result of failure to read the not very accessible contemporary accounts, or of bias towards particular views on the

localization of function in the brain? Did biases in favour of or against phrenology play a part? What does Gage's case tell us about localization of function in the cerebral cortex? Did Gage's case play an important or even a significant part in the development of psychosurgery? Was Freud influenced by it?

The book’s success lies in the combination of Macmillan's skill as a writer, his familiarity with the labyrinthine development of nineteenth‑century ideas about the brain and his passion for collecting and presenting evidence, wether historical or scientific. Of course, not all of his arguments are equally convincing, but only rarely is one seriously worried about his conclusions. And if the accounts of Alexander Bain’s early life and of Harlow’s later life lead to thoughts of penguins, both were admirable men and their bibliographies occupy only a very small faction of the book.

Ian Glynn is at Trinity College Cambridge
CB2 1TQ, UK


Explosion of Fulminate Composition ; Circumstances attending an—-‑, at the 
Factory of the Blenheim Engineering Co., Ltd., at Tunnel Lane, Greenwich 
Marshes, on Dec. 18, 1903. By Major A. Cooper-Key, H.M. Inspector of 
Explosives.

The explosion, which seriously injured a workwoman, took place during the filling of tubes with a composition of potassium chlorate. antimony sulphide, and amorphous phosphorus, and was undoubtedly due to the friction caused by the wooden rammer which fitted too tightly. The explosion was communicated to some 3 to 4 oz. of composition lying on the table, and this caused the chief damage.—G. W. McD.



An Explosion Of An Appalling Character.

Report on the Circumstances attending  a Fire and Explosion at 
Messrs. Roberts, Dale & Co.'s Chemical Works, Cornbrook, Manchester,. 
Gov. Rep. No. lxxxi.
Colonel V. D. Majendie, C.B.
In:—The Journal of the Society of Chemical Industry. Vol. VI. No. 12. December 31, 1887
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There is little doubt that the fire was caused by the carelessness of a workman, who was smoking. Several theories are advanced to explain the first and lesser explosion, but the second, which was so disastrous, was in all probability due to the blazing and molten picric acid coming in contact with the litharge placed in close proximity and with the nitrate of lead and nitrate of strontium. It would at once combine with these and form fearful explosives. Picric acid alone can scarcely be called an explosive, but if it comes in contact even with plaster or lime, it forms a picrate of high explosive character, and it is shown that picric acid mixed with a little litharge in the cold, produces a mixture which explodes much more readily than picric acid alone.

Finally, the precaution is urged, that in the manufacture of picric acid the separation of the acid from all other substances or ingredients, contact with which would be likely to produce under favorable conditions a picrate or explosive mixture should be carefully seen to.

"At present picric acid and picrates appear to fall within the category of 'explosives,' and to be subject to the Explosives Act, 1875, only when they are  ‘ used ‘ or manufactured with a view to produce a practical effect by explosion or pyrotechnic effect. "

" In view of the present disaster," Colonel Majendie proceeds, "and of the results of my experiments it will be a matter for careful consideration whether it is not necessary in the interests of public safety to take advantage of the powers conferred by the 104th section of the Explosives Act, 1875, and to extend the definition of explosive to picric acid and all picrates, for whatever purposes manufactured, and to apply the same provisions of the Act, subject to such exceptions, limitations and restrictions as may appear reasonable. This point, however, is one which, in the interests of the trade, as of the public, demands the fullest and most careful consideration."

As to the storage together and in close proximity of the several substances which resulted in the formation of such fearful explosives, Colonel Majendie stigmatises it as the result of negligence.—W. S.


Pipe Bomb


Blast Seriously Injures Man
By Molly McCarthy
STAFF WRITER
New York Newsday 25 IX 96

An East Islip man was seriously injured Saturday when a pipe bomb exploded apparently as he assembled it in a second‑floor bedroom of his home, police said yesterday.

James McCormick, 22, of 292 Overlook Dr., was in stable condition yesterday in the University Medical Center at Stony Brook with severe injuries to his lower abdomen, groin and legs. McCormick has not been charged, but Det. Ed Fitzgerald of the Suffolk Police Arson Squad said McCormick is a suspect in the probe.

The explosion, which occurred about 12:20 a.m., blew a small hole in the floor of the bedroom and left explosive fragments on the walls and ceiling, including a piece of pipe that was embedded in the ceiling, police said.

Among the materials police recovered were wire, connector caps for a 9-volt battery, the source of the powder used in the bomb and the original packaging for the detonation device.

Fitzgerald said it appeared that the bomb exploded as it was being assembled, raising questions about McCormick's knowledge of constructing a bomb. "This is not the Unabomber. We found nothing to indicate that this person is overly familiar with building devices similar to the one that exploded," he said.

Police believe either McCormick or his father called  911 immediately after the explosion. Officers said they were told McCormick had been working with a carburetor cleaner that accidentally blew up. McCormick was immediately taken by ambulance to a local school, where he was airlifted by helicopter to the trauma unit at the University Medical Center.


SAFETY IN TNT MANUFACTURE

Urbanski 1:391-2

The manufacture of TNT is one of the safest operations in the explosive industry. Nevertheless, any negligence about safety regulations may have disastrous consequences. Because the manufacturing process is regarded as safe, the fact must not be overlooked that less experienced personnel may disregard the regulations.

The spent acid from trinitration has also been the cause of several disasters, although it had been considered safe to handle. The most noteworthy example of this occurred in the Reinsdorf factory in Germany in 1935. The hot spent acid flowed down to open iron tanks, where, as the liquid cooled, a mixture of di‑ and tri‑nitrotoluenes rose to the surface. It was skimmed off from time to time and transferred to a washing tank, where it was washed with water. On skimming, a rubber glove and a shelf left on the brim of the tank with some cotton wool on it, fell into the tank. The reaction between the spent acid and the rubber and cotton wool initiated violent decomposition and fire. An attempt to extinguish the flames failed, and soon the nitro compounds on the surface of the spent acid exploded. The explosion and fire spread over several nearby tanks, then to the nitro compounds in the washing tank. As a result the whole plant for the recovery of nitro compounds was destroyed. In addition to this the explosion tore away the roofs of some nearby buildings, among them drier buildings located at a distance of about 660 m. Parts of the tank thrown off by the explosion into one of the driers detonated the TNT present, and in another they caused the ignition of the load. Similar explosions or fires spread over further buildings of the TNT factory. Moreover, a neighbouring nitroglycerine plant also exploded. This disastrous explosion cost 82 human lives and in addition 104 people were seriously and 700 were lightly injured.

Accidents caused by spontaneous explosion of finished TNT are also known. Some of them could be ascribed to the presence of traces of trinitrocresol salts. Others were presumably caused by products of decomposition of trinitrotoluene under the influence of sunlight or alkaline compounds used for deacidification of the TNT. Still others were due to the high sensitiveness of molten TNT to impact. This is why the drying of TNT should be regarded as a very dangerous operation.

Descriptions of several explosions that took place in French factories, may be very instructive. As an example, the explosion in the St. Chamas TNT factory in 1936 which caused the death of 53 people. Investigations showed that the explosion occurred after about 2000 kg of TNT in a drying tank had caught fire. The TNT in question was that recovered from the spent acid from trinitration ("plastic TNT"). It is known that such a product contains various impurities, among them the isomers of a‑trinitrotoluene, nitrocresols etc. .......This must have led to the formation of typical decomposition products of TNT brought about by reaction with alkalis. It is highly probable that these compounds were the first to ignite, whereupon the flames spread over the whole drier.

JH Meidl
Explosvie and Toxic Hazardous Materials
Glencoe Press 1970
The Roseberg, Oregon, Disaster*

A truck containing a load of explosives entered the city of Roseburg, Oregon, on the evening of August 6, 1959. Arriving too late to make deliveries at two points outside the city, the driver obtained permission to park his truck on the street alongside a building supply warehouse. The driver locked the truck and registered in a downtown hotel about three blocks away. At about 11 p.m., he went out and checked the truck before retiring. It was a 1959 Ford, 2 1/2 ‑ton van, painted red. The rear end of the truck was enclosed by a canvas curtain. Front, rear, and sides were reportedly marked with hinged signs reading "EXPLOSIVES" in five‑inch letters.

     The cargo consisted of two items. There was dynamite (40 per cent special gelatin), packed in cardboard boxes. The boxes presumably extended the width of the truck and may have been in contact with the truck walls. The other product was a blasting agent, used for construction of logging roads, trade‑named "Car‑Prill," packed in moisture‑proof paper bags and carrying a yellow label: oxidizing agent. It was compounded of 240 pounds of ammonium nitrate prills, 10 pounds of diesel oil and 12 pounds of ground walnut shells.

      The shipper's invoices read as shown in Figure 10. [4 000 pounds 40% Special Gelatin Dynamite (80 - 50 lb boxes) 9 000 lbs. Car-Prill (180 - 50 lb bags)

Sometime around 1 a.m., the building supply warehouse caught fire. The one‑story frame building contained paint, lacquers, thinners, and gasoline. Intense heat developed quickly. The fire was first noticed by a couple driving by. The wife continued on to give the alarm, while the husband remained at the scene to be of help. By now, flames were coming through the wall and roof of the building and beginning to light up the sky.

One engine company, Number 5, responded. It was manned by the Assistant Fire Chief and one fireman. One minute later, a general alarm was called which brought in another engine company, Number 4, and three more firemen. Two more pumpers responded shortly thereafter as firemen reported for duty (See Figure 11).

Engine 5 laid a 2 1/2 ‑inch line from a hydrant at Washington Avenue and Pine Street. The line was directed at the burning exterior of the building. At first, the parked explosive truck was used as a shield against the radiated heat, but as the temperatures mounted, the fireman on this line withdrew to the opposite side of the street. His hands became badly burned—a fact that saved his life. He was immediately removed from the scene by a police officer and hospitalized. The Assistant Chief, apparently assisted by two civilians, continued to fight the warehouse fire. At this point, the fire had been burning for an estimated 11 minutes after its discovery.

Unfortunately, not enough water was used to reduce the severe fire exposure to the parked explosives truck. Witnesses later testified that flames from the warehouse touched the parked truck and that smoke was coming from the vehicle. The truck driver, who had been asleep, was awakened by the fire sirens and started to run toward the truck‑load of explosives. The Assistant Chief, from all indications, had just become aware that the vehicle contained explosives and ordered the area evacuated, when the explosives detonated.

     Estimates fix the time that the contents of the truck detonated at 1: 14 a.m., less than 10 minutes after the arrival of the fire department. [*Earlier the same year, in Ohio, another truck fire involving blasting agents and dynamite burned for more than 2 hours in an open field before it violently exploded.]

 Thirteen people, including the Assistant Chief and the husband who had paused to help, were killed; 125 people were injured. A fireball rose to a height of 300 feet. In place of the truck was a crater 52 feet in diameter and 20 feet deep, blown in the concrete street and the ground beneath the warehouse. The largest part of the truck recovered was a rear axle that hit a tree three blocks away. The warehouse and many buildings in surrounding blocks were destroyed. Fire, started by radiant heat and flying brands, soon broke out in these buildings. Eventually, about 45 buildings over a seven‑block area were involved.

With the Assistant Chief dead and the Chief, under treatment for a heart condition, unable to respond, command was assumed by a young fire lieutenant. He immediately requested all available outside aid.

Engine 4 had laid a line down Oak Avenue from a hydrant at Spruce and Oak, planning to take this line to the south portion of the burning warehouse. Although the explosion ruptured the eardrums of the driver of Engine 4, the engine was still operable. Less than 400 feet from the blast was a 166,000‑gallon LP gas storage area. The seven storage tanks escaped being pierced by flying debris. The first objective of the crew of Engine 4 after the explosion was to keep these tanks cool with fog. They succeeded so well that although buildings on three sides of the gas plant burned to the ground, the pressure relief valves on the tanks did not have to operate.

The crew of Engine 2 laid a line down Pine Street. The area they were working in at Pine and Oak suddenly exploded into flame and they barely escaped with their lives, abandoning their hose lines and nozzles. About this time, a power shut‑down caused failure of the radio base station of the Roseburg Fire Department. There was no truck‑to‑truck communication with the mutual‑aid engines coming in. They did not have a common radio frequency.

The lieutenant made his decision to halt the rapidly spreading conflagration at Stephens and Cass. Engine companies were dispatched to extinguish minor fires outside the conflagration area. With the principal part of Roseburg's business district at their backs, the engine companies made a determined stand along these two 65‑foot side streets. At 3 a.m., the turning point finally came, and the fires were controlled. A terrible price had been paid for the lessons learned:

It can happen anywhere. This explosion and fire occurred in a rural area of the state of Oregon. But truck shipments of explosives and hazardous chemicals are part of the fire problem of every city, no matter how lightly industrialized. A few months before the explosion, a fire prevention code, proposed by the fire department, would have prohibited the parking of a truck carrying explosives in a populated and congested area. Most important, it was not mandatory for the shipper to notify the fire department of the presence of this truck. Had this notification been given, initial firefighting operations could have been directed toward the cooling and removing of this truck from the scene.

Drivers of such trucks should be familiar with the hazardous nature of their cargo, and constant attendance should be required. Invoices should clearly state the nature of the cargo in unmistakable terms.

Inspection programs of fire departments should include inquiries into the storage of explosives, blasting agents, and hazardous chemicals in plants and warehouses. An investigation after the explosion revealed a warehouse on the other side of Roseburg, 300 feet from a school and surrounded on three sides by residences as close as 40 feet. This one‑story building contained 18.5 tons of nitro‑carbo‑nitrate in 50‑pound paper bags, piled 13 feet high, immediately next to fourteen 55‑gallon drums containing a red‑label flammable liquid. Other combustible materials were stored in the warehouse with no particular effort made to segregate them.

*Excerpted from several sources, including the special technical report of the American Insurance Association and the Oregon Insurance Rating Bureau, "The Roseburg, Oregon, Fire, Explosion, and Conflagration," August 7, 1959.

Extracted from:—

Ian McDougall
'Oh, Ye Had To Be Careful'
Personal Recollections by Roslin Gunpowder Mill Factory Workers
Tuckwell Press
East Linton, Scotland

Notes

6. James Paris was away on army service during the Second World War when a fatal accident took place at the Roslin mills that resulted in the death of David Malcolm see above, pp. 50 and 128. From within two or three years of the opening of the mills at the beginning of the nineteenth century until their closure 150 years later, there were recurrent explosions that cost the lives of at least twenty‑five workers or caused injuries of varying degrees of seriousness and damaged or destroyed parts of the mills. The first such explosion took place on 1 October 1805. A letter that day from a reader in Penicuik to the Edinburgh Evening Courant gives this harrowing account: 'As I was this day, about half an hour after four o'clock in the afternoon, walking quietly in the neighbourhood of Auchendinny, I was alarmed by a loud report just, as I thought, on the other side of the hedge. When, however, I ascended a small eminence, I was struck with the appearance of an astonishingly thick cloud of white smoke, rising in slow gyration from the vicinity of Roslin, more than a mile distant, which in a few minutes covered a large portion of the hemisphere. The first person I met with said on conjecture that the powder mills near the village Must have blown up; and I followed a number of people attracted by the explosion. On arriving at the spot the effects of the sad disaster were fearfully displayed. All around lay the burning and blackened fragments of the utensils, machinery, Lind building of what is called the Corning House where, it was said, upwards of forty barrels of gunpowder had been in a state of preparation. The materials of the roof, the rafters, the immense water wheels, in fine, the thick stone and lime walls of a building forty feet in length had been broken into pieces, projected into the air, and scattered over the fields to a distance of several hundred yards; and the . . . scattered beams in all directions, standing upright, and deeply fixed in the earth, told the great height from which they had fallen . . . We soon, how ever, perceived from the lamentations and ill‑concealed tears of a number of convulsed females, and from the mournful and solemn looks of the men, that something more terrible had happened. We learned with horror that two of the work people had perished. One man was thrown across the river Esk; the other to the top of a precipice overhanging the water ‑ their mangled appearance was uniform, no remnant of their cloaths covered them, their skulls were torn from their heads, the one black and deformed trunk Could be distinguished from the other only by the original size of the miserable sufferers. We saw them enveloped in cartridge paper like mummies, and carried off by their melancholy fellow labourers . . . Both of the unfortunate dead have left helpless widows behind them, one of whom is now the unhappy mother of seven young and fatherless children.'

In early July 1811 an explosion at the mills cost the lives of three carpenters, and a year later on 7 July 1812 one of the corning houses blew up, killing one man outright and very seriously injuring another. Scots Magazine, 1811; Edinburgb Evening Courant, 9 and 11 July 1812.

Further research is needed to establish whether (or, more likely, how many) explosions occurred at the mills between 1812 and 1869. One was reported in the Dalkeith Advertiser on 1‑5 December in the latter year that fortunately cost no lives or serious injuries. Further explosions occurred in 1872 and 1885, in which three workers were killed. In October 1889 there was another explosion that fortunately cost no lives. But on 22 January 1890, in the worst recorded explosion at the mills, that was clearly heard four or five miles away to the north and south in Dalkeith and Penicuik, six workers were killed. Dalkeith Advertiser, 23 January 1890; Report to the Secretary of State for the Horne Department, 1890, op. cit., 5, 6. Almost exactly nine months later, on 221 October 1890, another explosion Cost the lives of two men. Report to the Secretary of State for the Home Department on an explosion . . . cit . . . Roslin, on 22nd October 1890 (London, 1890), .5. In 1892 there were two further explosions at the mills: one on 12 January that fortunately cost no lives, though two men had very narrow escapes; the other on 17 September killed one man and severely burned two others. Midlohian Journal, 15 January and 23 September 1892; Report to the Secretary of State for the Home Department on . . . an explosion . . . at Roslin, 17th September 1892 (London, 1892), 

5. Two workers had narrow escapes when on 13 September 1895 an explosion took place in one of the incorporating mills. Dalkeith Advertiser, 14 September 1895. Explosions occurred at the mills also on 25 March 1907 and in October 19H, but again fortunately without loss of life. Midlothian Journal, 29 March 1907; Edinburgh Evening News, 16 October 1911. But on 26 March 1908, Archibald Horsburgh, 'one of the oldest and most faithful servants of the company', was killed, along with his horse, by the explosion of a load of gelignite that lie was taking on his cart to one of the magazines at the mills. Midlothian Journal and Edinburgh Evening News, 27 March 1908. An explosion on 16 November 1914 in the grinding mills fortunately caused no deaths or injuries. Midlohian Journal, 20 November 1914. But Margaret M. Gargan died on 16 March 1916 as the result of an accident at the mills some days earlier that was evidently not reported in the press because of wartime conditions of secrecy, and she was buried in Roslin churchyard. Two men, Alexander Robertson and Alexander Manson, both residents of Roslin, were killed in explosions at the press house and glazing house at the mills on 19 May 1924. Robertson, aged 21, was killed instantly. Manson, who had been a piper in the Gordon Highlanders, had settled in Roslin after the 1914‑18 War and was a married Man with two children under school age, died of his injuries within minutes of his admission to Edinburgh Royal Infirmary. Midlothian journal, 23 May 1924; People's journal, 24 May 1924. On 17 June 1925 two young Roslin women – Jemima (Pilli) Arnott, aged 26, of Wright's Buildings, and Margaret (Peg) Lauder, aged 28, of Glenside Cottages ‑ were killed, and a third young woman, Bessie Glass, Gourlaw Cross Roads, Rosewell, was severely injured in an explosion at the mills. Jerturna Arnott was killed instantly, Margaret Lauder died a few hours later in Edinburgh Royal infirmary, where also Bessie Glass was taken in a serious condition. The Dalkeitb Advertiser of 25 June, reported that: 'The explosion, which occurred about 1130 a.m., was of considerable violence, and was plainly heard in the village, where it caused consternation among the inhabitants. A large and anxious cro\,,d soon asstnribled at the scene of the accident, one of the first to arrive being Mr Arriort, who collapsed on being informed of his daughter's fare ... The explosion is understood to have occurred in a compress house, in which the three girls were at work. Miss Arnott, who was the eldest of a family of eleven, and a girl of bright and lovable disposition, had been employed in the mill for the past ten years. She was engaged and was to have been married before the end of the year. Miss Lauder, who was also much esteemed in the district, had worked in the mill for three or four years.' 

Circumstances attending an explosion which occurred at Roundhay Park, Leads, in the County of York, on the 25th June, 1910.
Major A. Cooper-Key, H.M. Inspector of Explosives. [Cd 5381.]
In:— The Journal of the Society of Chemical Industry. 29 [21] 1373-1374. November 15, 1910.

By this explosion, during a fireworks display, three people were killed and seven injured. On firing an 8 inch “ shell “ from a cast iron mortar weighing 4 cwt., and with walls about 1 inch thick, it detonated violently in the mortar, burst it, and scattered heavy fragments to all parts of the ground. The shell made of two hemispheres of paper about ¼ inch thick, butted together and glued. The case was filled with about 1000 small coloured “ stars “ or cylinders about 3/8 inch diameter. These stars contained combustible bodies, potassium chlorate, salts of barium and potassium, and arsenic suiphide. They were coated with shellac, and, in order to burst the shell in the air, a small quantity of a composition consisting of a mixture of mealed gunpowder (2 parts),  sulphur (1 part), and potassium nitrate (1 part) was poured into the shell. The “ propelling “ charge consisted of 10 ounces of fine grain powder. Major Cooper-Key considers hat the detonation of the shell in the mortar was primarily due to the ultra-sensitiveness of the contents of the shell, combined with an excessive propelling charge. If an inferior quality of shellac is used, the stars are quite liable to crumble and form fine dust. The shell was only about two-thirds full and this condition would tend to the creation of dust on handling, which would largely increase the risk of detonation and shock due to the discharge from the mortar. In large shells chlorate stars are usually diluted with lampblack or similar material and enclosed in cardboard cases. Care should be taken that the shell is quite full so as to prevent internal movement, and, at the same time, support the head and base, and prevent either collapsing on discharge. In a shell, similar to that which caused the accident, Messrs. Dupré  found 100 grms. of a fine powder consisting of saltpeter (48 per cent.), charcoal (12 per cent.), sulphur (24 per cent.), and potassium chlorate (15 per cent.). Major Cooper-Key considers that it would require a very liberal interpretation of the provisions of the Order of Council to maintain that this did not constitute a distinct, even though unintentional, breach of the law. [The use of chlorates and sulphur in fireworks being forbidden. /djh/] To prevent accidents of a similar nature the following recommendation are made : — (1) Sulphides of arsenic, antimony and copper should not be used in the composition of chlorate stars. (2) When chlorate stars are used in shells above 5 inches in diameter, they should invariably be of the kind known as “ pill-box “. No “ pumped “ or “cubic “ stars should be employed. (3) In shells of 8 inches diameter or more, chlorate stars should never be used alone ; they should always be mixed with small fireworks protected by paper cases, or with lampblack or similar material. (4) Shells should be completely full. (5) Care should be taken that the binding agent used for chlorate stars, whether shellac, starch, or gum, is perfectly soluble in the solvent employed, in order that the stars should be hard and not crumble and form dust during handling and transit. (6) The mortars should be of mild steel, of a sufficient strength to withstand the explosion of the lifting charge, with an ample working margin, and should be  “ pitted “ before use to as great a depth as reasonably practicable. (7) An exhibitor should decline to carry out a display unless a roped enclosure is provided  for the fireworks.
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Alabama News Briefs
By United Press International
___
Suspects arrested in school bombing
   ATMORE, Ala. (UPI) _ No federal charges are expected in the July 5
bombing of Escambia County High School against the three adults and four
juveniles who were arrested in the case, police said.
   Lt. Larry Gibbs said that authorities on Tuesday arrested Charles
Wade Madison, 21, Mark Daniel Presley, 23, and James Larry Presley, 19,
of Atmore, and four juveniles whose names were not released.
   "They all came from middle class and above families," he said.
   The bombing of the school's gymnasium doors at 2 a.m. caused at
least $10,000 in damage, Gibbs said.
   They were charged with possession of explosives and second-degree
arson. Officials plan to ask the court to try the juveniles as adults.
   "We don't really understand ourselves why they did it," Gibbs
said. "They had been to a fireworks show July 4th and they were riding
around and brought up the suggestion to do it. A couple of suspects did
admit they were pretty intoxicated."
   Gibbs said Madison, Mark Presley and a juvenile actually set the
explosive, which apparently was a device used by seismographic crews to
register sound waves.
   It was placed on the gym doors and detonated with a charge from a
vehicle battery around a corner from the doors. Four suspects watched
from about 100 yards away. The resulting explosion was heard five miles
away but no one called police.
   Gibbs said Mark Presley apparently had worked for a seismographic
crew two years ago and allegedly had two of the devices. One was tested
by exploding it on a tree, Gibbs said.
   Gibbs said federal agents have decided to let Escambia County
officials hand the prosecution without federal intervention.


Accident which occurred in E., known as a " Packing House " in the " Dynamite System " of the Cape Explosives Works at Somerset West, on the 3rd January, 1913 Report on an ‑ Major A. B. Denne, Chief Inspector of Explosives, Union of South Africa.
In:—The Journal of the Society of Chemical Industry. Vol. XXXII., No. 11. June 16, 1913

As a result of the explosion of 4210 lb. of " Ligdyn 40 per cent.," 9 persons were killed and 2 injured. The composition of the explosive is: nitroglycerin (40 parts), sodium  nitrate (45), woodmeal (13), and wheat flour (2 parts). Samples from a similar batch showed the presence of only 34‑95 per cent. of. nitroglycerin, and, as the weightings could not be disputed, it followed that some portions of the mixture must have had more than 40 per cent. of nitroglycerin, and would have been more than normally sensitive. This grade of explosive is very sensitive. The evidence was undoubted that the explosive ignited in the packing machine and the resulting fire shortly afterwards caused the detonation of the explosive in the building. Tests at the factory of similar batches of explosive made on the same day showed that the heat test was perfectly satisfactory, and, consequently, the cause of the explosion could not be attributed to instability of the explosive. The conclusion is arrived at that the ignition occurred in the packing machine and was, in all probability, caused by friction set up between one of the packing sticks and the thimble, owing to some foreign substance having found its way into the dynamite, and that blame attached to no one. The machine in use is known as the Quinan packing machine, and no other machine has ever been used for packing dynamite in this factory, since it began operations in 1903, and this explosion is the first which has ever brought into question the safety and reliability of this particular machine. It is constructed principally of wood and is surmounted by an adjustable hopper or tray lined with zinc, into which the dynamite is placed by means of a wooden scoop. From this tray the explosive is raised by hand as required into a powder box, and a wooden reel rotated by an endless brass chain ensures a constant feed of dynamite in front of the packing sticks, which pass through the powder box. The endless chain is on one side of the machine outside the powder box and well protected from all contact with dynamite. A number of packing sticks, flexibly attached to a yoke at their back ends, pass through a corresponding number of openings in the powder box for the purpose of packing the dynamite into paper shells. The packing sticks pass through a brass nipple plate on the front of the powder box, and a shuttle containing the paper shells to be packed is placed in a receptacle at the front of the machine so that the open ends of the shells fit over the nipples on the nipple plate. The shuttle is held in position by means of a wooden stop operated by a treadle. The process of packing a shuttle full of shells (13 to 15) occupies from 8—13 sees., and requires from 14 to 24 strokes of the machine, depending upon the size of the cartridges being packed.‑G. W. McD.


Accident which occurred In a large dynamite cartridging hut in factory 2, British South African Explosives Company’s Works, Modderfontein, on the 24th Sept., 1912. Major A. B. Denne, Chief Inspector of Explosives, Union of South Africa.
In:— The Journal of the Society of Chemical Industry. Vol. XXXII., No. 8.  April 30, 1913

SIX native workers were killed as the result of this explosion. The explosive in the building was dynamite 2D.

A sample taken from a similar batch of explosive, had the following compositions :—Nitroglycerin (44.17 parts), nitrocotton (0.30), sodium nitrate (37.86), sodium carbonate (0.20), woodmeal (15.71), and moisture (1.27 parts), and the heat test was over 45 minutes. There were 154 lb. of explosive in the building. There were two tables in the building, on each of which was boIted down with brass nails and bolts a diamond‑shaped trough, at the extremities of whose longer axis the two cartridge fillers worked. The trough which was made of hard wood, was 4 ¾ in. deep along its major axis, whilst at the extremity of its major axis the depth was 3 5/8 in. only, thus assisting the flow of the dynamite in the direction required by the two " pick boys," as they are locally termed. The trough had two holes at the ends of its major axis and, screwed on from below, were two brass nozzles of the size required to take the " paper shell " rolled by the " wrapping " boys. The working portion of the brass nozzle was prolonged through the trough bottom up to the edge of the top, to ensure that the stick, with which the "pick boys" fill these cartridge, could not possibly strike on anything but a smooth surface. With the stick the worker pushes the dynamite into the paper wrapper. Whilst there was nothing to regulate the amount off force used by the worker beyond what may be called the stickiness or resistance of flow of the particular grade of dynamite, and the worker's own experience in cartriging, there was no possibility of dynamite being severely pushed or forced, except between the wood and brass. The dynamite, 2D, is fairly sensitive. Experiments with a falling weight of 1 kilo. in the Lentz machine resulted in detonation occurring, on an average, at the following distances. Guhr dynamite (10‑-15cm.), dynamite 2D, 45 percent. (20cm.), dynamite 2B, 35 per cent. (25-‑30 cm.), and coal dynamite (100—200 cm.). It is considered that the accident originated in the trough of the machine and that probably undue force, or some impurity in the shape of grit, may have caused the ignition of a small particle of dynamite between the striking surfaces. The greatest care was taken in the factory to eliminate foreign matter from the ingredients which were to be mixed with the gelatin.‑G. W. McD.


THE EXPLOSION OF POTASSIUM CHLORATE
By HEAT.
BY A. Dupré., PhD., F.R.S.
Journal of The Society of Chemical Industry
21 [4] 217-219. February 28, 1902.


 After numerous experiments, Col. Ford and myself came to the conclusion that the St. Helen's disaster was due to the explosive decomposition of the potassium chlorate in the store, brought about by the intense heat produced by the burning of the wooden casks containing it. The experiment which finally led us to this conclusion was the explosion of a bead of chlorate, attached to a thin platinum wire, when introduced into a flame. The flames I had actually used in my experiments were the outer portions of a bunsen flame and of an ordinary gas blowpipe. Col. Ford being out of town, but wishing to see the experiment himself, I, perhaps unfortunately, told him to put the bead into the blue part of an ordinary gas flame.
 
 Some time afterwards, M. M. Berthelot, in a paper published in the Comptes Rend., Dec. 4, 1899, p. 926, took exception to our explanation on the ground that the explosion of the bead was not, as I had assumed, brought about by heat merely, but was due to, or at least assisted by, the combustible gas present in the flame.
 
 As far as I understand M. Berthelot's explanation, the explosion at St. Helen's was brought about by the combustion of the wood in immediate contact with the chlorate whereby the heat of combustion was directly added to the heat of dissociation, the combined effect being the raising of part of the chlorate to the explosion point. How far, if at all, M. Berthelot, would have altered his opinion, as to the bearing of the experiment with the chlorate bead, had he known that the original experiments were made with a bunsen and gas blowpipe, I do not know, but, from my point of view, it is perfectly immaterial which alternative is adopted. Both explanations assume that some of the chlorate itself; that is, chlorate unmixed with any combustible, exploded. The main difference, it seems to me, between the two explanations is that we left the manner in which the heat was communicated to the chlorate an open question, while M. Berthelot endeavours to supply this deficiency. As far as the Sr. Helen's explosion is concerned, the main point is, Was some of the chlorate exploded by heat or was it not? and on this both explanations agree. 

 Before the action against the Alkali Company had been tried, I abstained from any further experiments, as I was very anxious to avoid even the semblance of partisanship. As soon, however, us the trial was over, I resumed may experiments, but have been unable to bring the matter forward before now. My first experiments were on the lines already described, but using an oxygen blowpipe in place of the ordinary. air blowpipe. I found that, even when using an enormous excess of oxygen, the bead exploded, if anything even more readily than in the gas flame.
 
 Since, however, anything coming from M. Berthelot, especially on such a subject, naturally requires the highest consideration, I went a step further, and avoiding all flames, heated my wire by means of an electric current, and still the bead exploded.
 
 As the exact method of proceeding is a matter of some importance. I will describe it a little more fully. A moderately stout platinum wire (about 0.02 in. thick) was bent into a loop, but without letting the wires touch where they crossed. This wire was attached to stout copper conductors and heated by an electric current so as to destroy any combustible matter that might be adhering to it. A small piece of potassium chlorate, fused just previously, was then placed on the loop, and the wire gently heated by the current to melt the chlorate. The temperature of the wire was then suddenly raised by increasing the strength of the current, when, after a few seconds, the chlorate utmost invariably exploded. It is, however, important to have the wire perfectly clean, as any chloride which may be adhering to it from a previous experiment seriously interferes with the success of the succeeding one. It is, therefore, necessary always to heat the wire by the current until all chloride had been volatilised before proceeding with another experiment. In several of the experiments the platinum wire was surrounded by an atmosphere of pure oxygen. The explosion of the chlorate in this manner is as marked as it is in the gas flame. Indeed, I have not been able to observe any appreciable difference in the readiness with which the chlorate explodes, whatever the manner of heating.
 
 There can, therefore, he no doubt that pure potassium chlorate can be exploded, in the open, by heat alone. All that is necessary to bring about this result is to heat the chlorate rapidly so that it may reach the exploding point before too much of it has been decomposed.
 
 I hope, at some future time, to bring the whole subject of the St. Helen's explosion before the members of this society. To-day I will confine myself to the following remark, concerning it.
 
In considering this subject it must be borne is mind that the explosion was one of the character of a gunpowder explosion, not a detonation such as would be produced by dynamite or picric acid. {It is interesting to note that equal weights of gunpowder and potassium chlorate, on decomposition, produce practically equal volumes of gas.} That is, stated shortly, it was characterised by relatively small local effects, combined with very considerable effects at a distance. For example, although the floor of the store consisted of only one course of brick, set in mortar or cement, and was laid on a layer of sand about a foot thick, spread on the top of an old alkali waste heap, by no means a firm foundation, yet this floor was not broken through, or even seriously disturbed any place. The whole floor had indeed been pressed down, in some places several feet, but no distinct crater had been formed. The bricks of the building itself had been scattered, but. not much broken, still less pulverised. The trajectory described by the bricks proved that the explosion had taken place on, or near, the floor, that is in the most favourable position to form a crater.
 
Discussion

 The CHAIRMAN said that any statement which came from Dr. Dupré, on a question of this kind was entitled to the greatest respect. The ingenious experiment which he had devised was an important addition to their knowledge.
 
 Mr. OSCAR GUTTERMANN, after expressing regret that Dr. Dupré was not present, said he held no brief for Prof. Berthelot, but he had with him the original of his article, which spoke for itself, and he thought showed that Dr. Dupré had misread Berthelot’s statements. He did not think M. Berthelot disputed Dr. Dupré's statements in the list; as a matter of fact, he said distinctly that an explosion of chlorate of potash could take place in the open by heat alone. The original passage is in translation as follows I have recognised that one can detonate it (chlorate of potash) under ordinary pressure in an open vessel and an inert gas by operating according to a method or rather a principle which I announced a long time ago as applicable in general to the reactions of exothermic systems." Again he said, " It is quite sufficient to place the chlorate suddenly into an enclosure previously brought and kept at a temperature much higher than that at which decomposition begins in order to get an explosion." He further explained in the same article the mode by which chlorate of potash could be exploded in the open by heat alone. He had no doubt that this experiment was at least suggested by what Dr. Dupré had done at the time of making his report. Berthelot took a glass tube, heated it below redness, then took a glass rod, dipped it in molten chlorate, and put it into the glass tube about 10 mm. away from the bottom. The hot melted chlorate dropped off, and every drop that fell exploded, but the explosion was not communicated to the chlorate on the glass rod. That was certainly in the absence of a carbonaceous flame. He concluded by saying the explosion at St. Helen's seemed to have realised on a huge scale the conditions he had described, but it seemed also to have been facilitated by the combustion of the wood barrels, as is the case by the flame of a combustible gas. It seemed clear, therefore, that Dr. Dupré was under a misapprehension in thinking that M. Berthelot attributed to him something which was not correct. He did not know what had caused the misapprehension on Dr. Dupré’s part, because Berthelot stated quite frankly that he thought chlorate of potash could be exploded by itself, though he did not think the explosion at St. Helen's was due to beat alone. He was glad Dr. Dupré had promised to give a further paper dealing with the St. Helen's explosion, as that would relieve him of a task which he had intended to take upon himself, though with some reluctance. He would, therefore, not say more now about that occurrence except this, that there you had a magazine in which there were tiers of casks of chlorate of potash piled up eight and thirteen high, weighing about 2 cwt. each. One side burnt fiercely down to the ground and the chlorate in a molten state ran over the brick floor. The fire was communicated to the tier on the opposite side, and fired it from bellow. What more natural than that if the lowest row of barrels burnt, the whole would collapse and would fall with a series of violent blows on to the brick floor where the molten chlorate was. He believed that the intense white beat contributed, if not entirely, certainly 99 per cent. to the explosion, but there was that incentive, that priming of the blow on carbonaceous and probably charred matter mixed with chlorate which must have brought about the explosion, and as Berthelot himself said, even a small particle of carbonaceous matter would no doubt assist such an explosion. That was his contention on which he based his experiment in which he succeeded in showing that molten chlorate could be exploded on a hot brick with a broomstick.
 
Mr. J. W. K KYANSTON said he was sorry to have to disagree with the conclusions come to by Dr. Dupré, but he could not accept the statement that chlorate of potash per se was explosive under any circumstances whatever, and he spoke after great experience in its manufacture and as a chemist engaged in the study of it. The circumstances of the explosion were not explainable be the theory of Dr. Dupré or by that of Mr. Guttmann. Dr. Dupré's statement in the report was that a quantity of five tons of chlorate must hate been heated up to the point at which it was caused to explode, but he did not believe that was possible. One must. bear in mind that in the first instance the chlorate melted; as soon as it melted it spread itself about on the floor, it did not remain in one place where it could be heated up to the very high temperature suggested. Besides that, the experiments which had been tried with a view to ascertain whether chlorate of potash was explosive or not, had been to his mind conclusive. He might mention one, where the chlorate was heated under varying conditions in contact with thermit, a compound of aluminium metal and ferric oxide in fine powder, which in its reaction when set fire to gave a temperature estimated to be 3,000o C., or about the temperature of the electric arc. Chlorate of potash had been repeatedly treated at that temperature without any trace of explosion. They simply got a puff of the gas which did not exceed in violence or intensity that which they got by heating it over a lamp in an open crucible. That seemed to him conclusive. If it were once accepted that chlorate of potash was explodable by itself it would throw a difficulty in the way of manufacturers which they ought not to he subjected to unless the case were perfectly clear. It had to pass through the hands of dealers, consumers, and others, and if there was a danger of explosion under any circumstances whatever it threw great difficulties in the way of dealing with it. His own  explanation of the genesis of the explosion was this : there was in that store 156 tons of chlorate of potash, about 55 or 60 tons on one side of the central passage, and over 90 tons on the other; the 60 ton pile undoubtedly was seen to burn away, having taken fire at the top. The fire traveled  gradually down through the casks and the whole mass of chlorate and the wood at any rate was burnt. When the first lot was burnt through, naturally a large quantity of it melted and ran over the floor of the building. No doubt it ran underneath the pile if casks of the opposite side and in all probability started the fire from the bottom instead of from the top. It was pretty certain that the barrels them-selves must have taken fire from the intense heat of the building, but would burn mute fiercely at the bottom where they were in contact with the layer of melted chlorate of potash. The only explanation consistent with all the circumstances was that the bottom rows of barrels were consumed and gate tray and then the whole mass fell, probably with great violence, to the bottom, and the quantity of carbon in that mass was over five tons. The whole of those barrels were in a charred condition outside, and he believed that when this fall took place, by the attrition caused by the rapid fall, a large quantity of carbon dust was produced which blew into the atmosphere of oxygen which surrounded it. If that were admitted, all the circumstances of the explosion were explained and he could see no other satisfactory explanation. It was not an explosion of chlorate of potash at all, but of carbon in a fine state of division in an atmosphere of oxygen. if that were the true explanation the dangers arising from the handling of chlorate of potash were very much minimised ; at any rate you were not dealing with a substance which per se was explosive. If that were the true explanation it was almost an impossibility that under any ordinary circumstances such conditions could be produced, and, therefore, this was not the dangerous substance to handle which many persons might be led to believe from what had been said there that evening.
 
 Mr. M. J. HAMMIL said it was quite a new thing in chemistry to state that chlorate of potash was per se explodable by heat because, until the affair at St. Helen's. it was at all events undreamt of. It was rather too had that the article should be branded as explodable on such a meagre experiment as that made by Dr. Dupré with a very small head of chlorate in a loop of platinum wire. It would be interesting to study the results of some experiments on the effects of suddenly heating chlorate of potash which had been made by submitting it to the intense heat of a furnace produced by the reaction of "thermit" when ignited.
 
 Experiment 1.—One grm. enclosed in platinum foil was placed on the " thermit," which was then ignited. The platinum fused and the chlorate decomposed without explosive suddenness.
 Experiment 2.—The chlorate was enclosed in platinum foil and dropped into molten " thermit." result same as in No. 1.
 Experiment 3—-Crystals of chlorate, and small quantities of powdered chlorate, dropped into molten "thermit" introduced a like result.
 Experiment 4.—Five grms. of chlorate in a porcelain crucible were embedded in "thermit," which was then ignited. The crucible melted away and the chlorate rapidly decomposed, but not suddenly.
 Experiment 5.—Molten chlorate was dropped on to fused "thermit." The chlorate decomposed with a puff, a much nearer approach to explosive effects than in experiments 1 to 4.
 Experiment 6.—Two grms. of chlorate enclosed in a pill box of cardboard dropped into fusing   “ thermit ”decomposes in a similar fashion to experiments 1 to 4.

 
 Mr. T. ROYLE said "some years ago when he was interested in magic lantern work lie used the ordinary mixture of chlorate of potash and manganese in the preparation of oxygen. After that he used a tube of chlorate of potash only, and never had any trouble or 
accident."
 
 Mr. MACNAB said it was very desirable to keep to the point before the meeting. It was very difficult on the evidence now brought forward to got away from the conclusion that chlorate of potash would explode by the simple influence of heat, without any carbonaceous matter around it. One gentleman said that under any ordinary circumstances it would not explode, which they would all subscribe to freely ; but everone who had experience of explosives line that it was generally the extraordinary thing that led to the explosion, and the immense importance of having established once for all that certain things would explode was quite enough to make everyone take care and try to frame legislation and rules with a view to preventing such an accident as happened at St. Helen's. Of course they must not run away with the idea that chlorate of potash by itself was one of the most explosive or sensitive bodies, but they must not neglect the evidence of the experiments which Dr. Dupré and Berthelot had made. The same thing was said once about picric acid. For many years it was looked upon as a perfectly safe thing, but it was now put under the Explosives Act.
 
  The CHAIRMAN said Mr. MacNab had struck the right note when he said that no amount of negative evidence could get round a positive experiment. The circumstances that led to a positive result might be subject to criticism, and it might be said that they would not occur in practice, but no one who had listened to Dr. Dupré’s paper could get away from the fact that under some conditions chlorate of potash was per se an explosive. It was not a satisfactory argument to say that the bead was such a small one. No doubt if it were necessary a larger bead might be employed, but it was not every day that an experiment could be made on the explodability of a bead of 156 tons weight. It was well to bear in mind that substances of that kind under conditions which no doubt had never happened before, would explode, and the sooner manufacturers who made potassium chlorate recognised that, the better. It was no use saying it was hard on an article that had hitherto  borne a blameless reputation that it should now be put under a cloud. It was much better to recognise all the facts. He was sure the members would all join in a vote of thanks to Dr. Dupré.

------------
INDIANAPOLIS, April 18, [1989] (AP) ‑ A pipe bomb in a toothpaste container at, a discount store exploded in a young girl's hand Monday night, blowing off four of her fingers.

The police said today that they were looking for two men who left the store moments after the explosion.  Unlike other customers, the men did not seem concerned about the blast, the police said.
		
The girl, 5‑year‑old Erin Bower, had apparently taken the pump‑type container of toothpaste from a shelf when 	it exploded, investigators said.
		
The explosion blew off four fingers 	and half of Erin's left palm and injured an eye and her abdomen, the officials 	said. A Methodist Hospital spokesman, 	David Richards ' said Erin's doctor is “cautiously optimistic" that she will 	retain partial vision in the damaged eye.

No one else in the store was seriously 	hurt. Erin's Mother, Maurine Bower, 31, suffered a minor shrapnel injuries to one leg. She was treated at a hospital and released.		 

Charles A. Petersen of the Federal Bureau of Alcohol, Tobacco and Firearms, said the bomb was apparently electrically fired. "It was a little more sophisticated than the average pipe bomb,” He said. 

It took some knowledge to construct it."

Scott Minier, a Sheriff's Department spokesman, said the bomb had a pressure‑sensitive release

The police said they have no suspects and no motive in the bombing but were searching for two men seen leaving the store when the explosion occurred. Investigators released composite sketches of the men based on descriptions from store employees.

The explosion occurred about an hour before the store was to close. There was no warning, said Sheriff Joesph G. McAtee.

The police brought in dogs to sniff out any more explosives but none were found.

The severed portion of Erin's hand was packed in ice and taken to the hospital but officials there said it could not be reattached.



	Teen-ager Who Killed Himself Is Tied to Blast That Hurt a Child in Indianapolis
!INDIANAPOLIS, April 25 [1990](AP)

The authorities have determined that a small bomb that maimed a 5‑year‑old girl at a K Mart store here a year ago was built by a teen‑ager who, apparently despondent over his act, committed suicide two days later.

At a news conference here on Tuesday, the chief local agent for the Federal Bureau of Alcohol, Tobacco and Firearms said the bomb had been traced to David L. Swinford, a 19‑year-old from Noblesville, an Indianapolis suburb.

It was first time that the authorities have publicly said that Mr. Swinford was even a suspect in the blast. The Federal agent, Charles Petersen, said investigators had identified the youth as a possible suspect days after the bombing but had only recently developed conclusive evidence.

That evidence, Mr. Petersen said came from tests on a screwdriver and a knife found in Mr. Swinford’s car after he had killed himself. The agent said the tests determined that the tool had been used in making the bomb which was concealed in a pump‑type toothpaste dispenser.

The bomb blew off the left hand of the girl, Erin Bower as she lifted the dispenser from a shelf. Mr. Peterser said the authorities knew of no motive for the bombing. He also said that there was no evidence Mr. Swinford had actually placed the bomb on the shelf and that he might have had an accomplice.

Mr. Swinford shot himself in the head as he sat in his car on a rural road, on April 19, [1989] two days after the bombing and only hours after he discussed the blast with his family. [COWARD]

Mr. Swinford's stepfather, David W. Whitesell said his family, had discussed the bombing while watching a television report about it.

"David replied, 'What business did a little girl have to do in the trash bag department?” Mr. Whitesell said. "If he really did do this, I think it was a real blow to him to find out that a good little girl was the victim.”

Erin, who is now 6, wears an artificial limb and is scheduled to have a cornea transplant in her left eye, which was damaged in the explosion.

Her mother, Maureen Bower, expressed regret about Mr. Swinford's death. "I m sorry the boy felt he had to take his life over it " she told a reporter from a television station, WTHR‑TV. "Somehow I think that as well as Erin has done, we could have found forgiveness for him."


The Church Bell Struck Three Times

VanGelder & Schlatter
History of the Explosives Industry in America 
IME 1927




The third factory in this town was that of the firm of Roberts & Company, which consisted of Colonel Edward A. L. Roberts and his brother Dr. Walter B. Roberts. This was located just northeast of the Driving Park, and seems to have been established about the time of the Mowbray enterprise, for an explosion occurred in it on December 16, 1869. The buildings destroyed were three in number and consisted of one wooden building with cellar beneath used for storing powder and "compound" and for filling shells, a second building for thawing out the "glycerine" and for preparing it for use and sale, and a third building used as a storehouse for "glycerine" and the manufacture of the same. The explosion was supposed to have originated in the storehouse where Patrick Brophy, the company's agent, was thawing out some nitroglycerine at the time. It is stated that three to four thousand pounds of nitroglycerine, 2,000 pounds of gunpowder and 500 pounds of "compound" exploded. The hole where the buildings had stood was "large enough to contain a dwelling house, and for a hundred yards in every direction the ground was torn and ploughed up as in a newly‑ploughed field." In the town windows were broken, chimneys thrown down, and "the church bell struck three times." It is not quite clear from the records whether the Roberts actually manufactured nitroglycerine at this time, as it‑ seems that the material which exploded was part of a shipment of 3,000 pounds recently received from the U. S. Blasting Oil Company's plant in New Jersey and of 500 pounds from the. Lake Shore Nitroglycerine Company at Painesville, Ohio. However, early in 1871, Roberts & Company, or the Roberts Torpedo Company, as they now called themselves, acquired the right to manufacture and use nitroglycerine under the Nobel patents by the payment of $1,500 to Colonel Shaffner of the U. S. Blasting Oil Company, and from this time on they manufactured their own blasting oil. With their basic patents on the shooting of oil wells this gave them the exclusive right to this business for the life of the patents, and they were the dominant factor in the oil well shooting business for the next fifteen years.
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CHAPTER IX ACCIDENTS

TNT is considered the safest explosive that has ever found a wide application in warfare. The manufacture of this explosive is also comparatively safe, as long as it is carried out with ordinary caution. There is no doubt but that in the present rush to produce TNT in the greatest possible quantities, and in the least possible time, there is a tendency to be somewhat lax in the enforcing of precautionary measures, and that there is also a tendency to disregard the chemical properties of the various products and by‑products that result from the manufacture of this product. The fact that TNT is primarily an explosive, makes certain the further fact that there are certain conditions under which it must explode. It is true that not many of these conditions are known, but it certainly is not impossible that some of these conditions can be produced in the plant where the explosive is manufactured. It is no more impossible that TNT will explode under conditions concerning which we know nothing. These conditions may just as well be brought about as the first kind. To be on the safe side, then, it is up to the superintendent of a plant to be certain that no conditions exist in his plant but those under which it is definitely known that TNT will not explode. This will insure the safety of the men, and the safety of the plant.
Previous to 1914, there were in all less than a half-dozen accidents reported in TNT plants. Within the last year there have been not less than twenty explosions and accidents in the United States alone. It is true that not all of these have been due to the detonation of TNT, but probably every one has been due to carelessness on some employee's part. With conditions as existed previous to the war, the manufacture of TNT could be carried out with as great care as was thought necessary, but with the total rearrangement of conditions as they exist to‑day, there is no doubt but that in many cases certain details which, although minor in nature, are really important, are not given the attention they require.
The pre‑war accidents in which TNT was concerned were due in some cases, at least, to the action of some substance other than the TNT. For instance: In 1909 an explosion occurred in the crystallizing room of a TNT plant at Schoenbeck, Germany, in a long rotating drum which was used for drying TNT crystals. In this particular plant centrifuges were used to separate the crystals from the alcohol used for the recrystallization. It is thought that a hot bearing may have ignited the alcohol vapors in the room, thus causing the explosion. Experts differ on the subject. Some believe that the explosion was due only to a mixture of air and alcohol vapor, while others think that TNT dust was added to the explosive mixture. In either case, the TNT did not explode, since it was found that after the fire, following the explosion, was extinguished, there remained some unburned TNT in the drum. Furthermore, a wood sieve containing several hundred pounds of TNT was burned, but the TNT did not explode.
A metallic container filled with TNT was blown 300 yards, but the explosive was only slightly melted on the top. Another explosion took place in 1906 in the storeroom of the Roberite factory situated at Witten. The room was filled with TNT and ammonium nitrate. Forty‑two persons were injured in this explosion.
Both of the above cases show that the explosions were not due to the detonation of TNT alone, but to the combined action of the TNT and some other substance.
Two further accidents are interesting, although not much is known concerning the conditions surrounding the explosions. In 1908 an explosion of TNT at the factory of Letsch & Co., Huddersfield, caused the death of five men. Another explosion in the washing plant of a German factory in 1912 resulted in the death of four men.
Even considering the high casualty rate of the present, the explosives manufacture has a lower injury and death rate than has railroading. Dr. W. G. Hudson, the medical director of the E. I. Dupont deNemours Co., " hit the nail on the head " in his recent paper on " Safeguards in the Manufacture of Explosives " when he said: " If explosives like dynamite, smokeless powder and TNT were made only by skilled chemists, under the best of laboratory conditions, they would seldom, if ever, cause explosion accidents. They are stable and safe explosives, and will stand a far greater degree of rough handling than the uninitiated have any idea of. But when such substances have to be produced in the immense quantities required by present conditions, ordinary labor must be used, and many of these men are unskilled and have no speaking knowledge of English. However careful our chemists, supervisors and foremen may be, it is difficult indeed to guard against some one of these thousands becoming careless or negligent at times, and, of course, the results of an explosion are visited upon all in the vicinity."
The problem of eliminating the explosive accidents becomes then, one of making the plant fool‑proof, or of educating the foreigner. The first is impossible from the very nature of the work. A foreigner‑and even some Americans‑may be told repeatedly to keep away from any source of nitrous fumes, for instance, but sooner or later the effect of the most stringent warning wears off. The psychology of the employee of the explosive plant is another important factor in safety work. The ordinary workman knows full well that he is employed in an explosive plant, and that his work is dangerous because an explosion may occur. Therefore at the slightest unusual noise, or at the most trivial occurrence which is out of the ordinary, he immediately suspects trouble, becomes frightened, loses his head, and often turns an absolutely harmless situation into a dangerous one. To cite an example: The chemical engineer of a certain explosive plant was one day inspecting the installation of some acid eggs that were placed in a concrete pit. He noticed that the compressed air inlet valve leaked, thus allowing air to enter the egg, forcing the acid out through the discharge pipe which had, for some reason, been disconnected about 2 feet from the egg. A drop of the acid had struck him in the face, and while wiping it off with his handkerchief, he called to a nearby workman to shut off the compressed air valve more tightly.
The workman, immediately saw a sign of an accident, became confused, and instead of turning off the air, opened the valve wide, forcing the acid charge out of the egg, and down on the man in the pit, burning him very badly.
The plant officials are thus confronted with the great problem of educating the workmen to keep a level head at all times.
Aside from accidents of the above nature, there are others the direct cause of which is carelessness on the part of foremen or superintendents, who are either ignorant of certain properties of their products, or who are negligent in the performance of their duties. One accident, due to a combination of these shortcomings, resulted from the too rapid mixing of spent acid from one stage of a nitration with fresh nitric acid to prepare the acid for the next nitration. Nitric acid on being mixed with spent acid, tends to form a separate layer apart from the spent acid unless it is thoroughly agitated. In this instance, the two‑layer system formed, consequently the organic matter in the spent acid next to the layer of nitric acid was subjected to the nitrating action of the latter. As the reaction proceeded, the mixture became warm, the heat in turn accelerated the nitrating reaction and so on. With such an uncontrolled reaction taking place an explosion resulted. Nine times out of ten, the mixing of the nitric acid with the spent acid may be carried out without special precaution. The tenth time may be the cause of an explosion. In this particular plant the fortifying acid is always mixed in a particular manner. The explosion taught a lesson in the effects of disregarding minor details, and also concerning the properties of spent acid, which should have been determined before in the laboratory.
There is surely no step in the manufacture of TNT which is entirely free from danger. Every step in the process should receive the utmost attention, and minor details should be worked out with the same care as the greater problems, rather than to " take a chance " that no accident will result.


Lake Denmark Explosion


Another classic example of a massive explosion of bulk TNT. following a fire occurred at the Lake Denmark Naval Ammunition Depot near Dover, N. J., on the afternoon of Saturday, July 10, 1926.

At about 5:15 p. m., during a heavy thunder storm, a bolt of lightning was seen to descend at or near the location of temporary magazine #8, which contained over a million pounds of cast TNT. for depth charges and airplane bombs. In spite of the fact that this building was protected with lighting rods, a thick column of black smoke was seen issuing from the south end of the building. At about 5:20 P. M., a colossal detonation occurred, and building #8 completely disappeared, leaving only a deep crater, and instantly killing the members of the post fire department who had arrived to fig the fire. Five minutes later, building #9, adjoining, also detonate leaving a similar crater. Steel girders were blown a distance of 5 000 ft and it was reported to me on the site the next day that a smoking wooden beam had fallen on a farm about 3 1/2 miles away.

At 5:45 p. m., shell house #22, containing similar material detonate also disappearing completely and leaving a crater. Fires started u in various places and detonations continued at intervals for 10 hours or more.

The Army Smokeless Powder Factory, Picatinny Arsenal, adjoin the Lake Denmark establishment, and its personnel escaped heavy casualties because at that time only half a day was worked on Saturday, and the Arsenal had closed for the day several hours before the explosion took place.

Col. (later Brigadier General) N. F. Ramsay, the commanding officer of Picatinny Arsenal, heard the fire alarm at Lake Denmark and ordered a phone call made to see if help might be needed. The operator reported that he couldn't get through, and Col. Ramsay ordered him to keep trying, meanwhile watching the column of smoke on the hill about % of a mile distant. Suddenly he saw an enormous flash, and with excellent judgment, he threw himself flat. A few seconds later, when the blast hit, portions of the glass from the window through which he had been looking were blown across the room and embedded deeply in an oak door.

At the time of this explosion, I happened to be the executive officer of Frankford Arsenal, at Philadelphia, about 60 miles away, and accompanied by Brig. Gen. O . C. Horney, commanding officer of Frankford, I got into an official car and hurried to the scene. I was therefore able to get a first hand impression of just what happens in a major explosion of this magnitude, and my photographer, who accompanied us obtained some excellent pictures.

In this great explosion both the two adjoining establishments of Lake Denmark Naval Ammunition Depot and Picatinny Arsenal were practically wiped out. The initial detonation of building #8, with its contents of over a million pounds of bulk TNT., completely demolished every unshielded building within a radius Of 
2 700 feet, and heavily damaged buildings as far away as 8 000 feet.

It is notable, however, that one building containing about 2,500,000 pounds of a shell filling called Dunnite (ammonium picrate, invented by the late Col. B. W. Dunn) burned quietly with no explosion, thus confirming the claims that it was unusually safe to handle or store.

The army magazines at Picatinny were located along a winding ravine with strict attention to safety distances, and while many were smashed flat, they neither burned nor exploded. Likewise a number of partly buried magazines similar to the modern "igloo" magazine, at Lake Denmark also escaped damage.


In 1920 at the University of Münster a massive iron gas
burner containing a residue of 10 grams of tetranitromethane
and toluene mixture decomposed suddenly. The detonation
splintered the container, and of 300 students in the area,
10 were killed and 20 injured!

Several secondary references. Primary reference not seen
by me:

Zeitschrift für das Gesamte Schiess- und Sprengstoffwesen
25:439 1930


EXPLOSION IN APARTMENT REVEALS FALN BOMB FACTORY

	by JOSEPH F. DALY			
WILLIAM J. EARL
Battalion Chief 46th Battalion
W.N.Y.F. 1st Issue 1979

In recent years, terrorist groups have become increasingly belligerent. Matching that belligerency appears to be an increase in their activities; taking form in the placing and detonating of various types of homemade bombs. The Fire Department's involvement at these incidents is a natural one. And, it can expect to be involved in a still greater number of these bomb incidents; either in their discovery, or after their detonation.
The following article is an account of Fire Department operations, and the unusual hazards that were encountered, at a "bomb factory" explosion in a Queens apartment house. This article is the combined effort of Battalion Chief William J. Earl (operated at the incident from 1715 hours to 1800 hours on July 12, 1978), and Battalion Chief Joseph F. Daly (operated at the incident from 1800 hours, July 12, 1978, to 0635 hours, July 13, 1978), and provides excellent information and guidelines in dealing with situations of this nature.
0n the afternoon of July 12, 1978, at 1715 hours, Box 9366 was transmitted. The first arriving units, Ladder Company 154 and engine Company 316, were informed by civilians that an explosion had occurred at 26‑49 96th Street; a four story, NFP, 75' x 125', multiple dwelling, located in East Elmhurst, Queens.
Light smoke was emanating from two shattered windows on the second floor, with no visible fire showing. It was, at first, assumed that a gas stove explosion had probably taken place. This assumption, however, was quickly proven false. 
Captain Alfred Kutchera, along with Firefighters Erasmus Desean and James Luongo, members of Ladder Co. 154, proceeded to apartment D8 on the second floor. There, they forced the entrance door; a time consuming operation due to the fact that the door contained three locks. Once inside, they were confronted with, and had to force, a locked scissor gate that stretched across the interior foyer. At this time, Engine Company 316 was stretching a precautionary handline, since the fire, which had involved only the window frames, had burned itself out.
When the forcible entry team finally gained access to the interior of the apartment, they were greeted with a sight that they would not soon forget. Standing in the room was a dazed civilian; both of his hands had been blown off, he was bleeding severely, and had facial injuries which had resulted in the loss of one of his eyes. It was a gruesome sight, indeed. The victim was later identified as twenty‑eight year old William Morales, a wanted member of the notorious terrorist group known as the FALN.
As the remainder of the alarm assignment arrived, Engine Co. 316 requested the response of an EMS ambulance. Lt. Philip Burns, Ladder Co. 138, an EMT; and Firefighter Joseph Beninati, Engine Co. 289, who is a registered nurse, proceeded to apartment D8, and relieved those members of Ladder Co. 154 who had already begun first aid treatment of the victim.
In the meantime, the usual search and examination was being conducted. When three pipe bombs and a large quantity of materials used in the manufacture of explosive devices were found in a rear room, it became evident that, in fact, the apartment was being used as a "bomb factory," and that such a device had detonated.
Upon his arrival, Battalion Chief William J. Earl, 46th Batt., entered the premises. He was informed of, and noted, the presence of the hazardous materials. Further search and examination of the apartment was halted immediately, and the entire building was ordered evacuated. This was accomplished very quickly by the excellent teamwork of Ladder Co. 154 and Ladder Co. 138.
Although the stability of the bombs was unknown, Lt. Burns and Fr. Beninati remained in the apartment to attend Mr. Morales. In addition to his serious injuries, the victim was suffering severe trauma, and it was deemed unsafe to remove him until his condition was stabilized. Undoubtedly, it was through their efforts, while working under these unusual and most hazardous circumstances, that the victim survived. As events proved, he was the first leader of the FALN to be apprehended.

BOMBS REMOVED
Deputy Chief John F. Clennan, 14th Div., arrived and assumed command of the evacuation procedures. He informed the Police Department, who were now on the scene, of the actions taken by the Fire Department, and requested that their Bomb Squad respond.
The EMS ambulance removed the victim, and Fr. Beninati continued his efforts in the ambulance while enroute to Elmhurst General Hospital. A Police Department detective accompanied them, since it was obvious that a wanted and prime suspect had been apprehended.
At 1800 hours, Battalion Chief Joseph F. Daly, 46th Batt., responded to the scene. After conferring with Deputy Chief Clennan and Deputy Insp. Walter Priestley, Police Dept. Scientific Unit, a decision was made that the Fire Department would maintain a position of standby readiness, while the three unexploded pipe bombs and other explosives were placed in the Police Bomb Squad's special apparatus.
The removal of the three unexploded pipe bombs was a long and tedious operation. Extra care in handling was necessary due to their potentially unstable condition, and the distance they had to be carried. The operation was completed at 2130 hours, and the unexploded pipe bombs sent to the Rodman's Neck Range in the Bronx.
At 2200 hours, sixty‑six sticks of highly unstable, improperly preserved, dynamite, and a large quantity of black and smokeless powder were found in the apartment. The evacuation area was immediately increased.
Assistant Chief Richard J. Sloan responded to the scene and conferred with Deputy Inspector Priestly. Chief Sloan ordered the Fire Department's standby position to continue until all the hazardous materials were removed from the apartment.
At 2250 hours, just one hour and twenty minutes after they had been removed from the apartment, the three pipe bombs inexplicably exploded in the magazine at the Rodman's Neck Range in the Bronx.
The removal of all the remaining component materials and explosives from the apartment had to be accomplished with extreme caution; the possibility existing that some of the equipment might be boobytrapped and trigger another explosion.
At 0630 hours, on July 13, 1978, the Police Department concluded their operations. All the explosives had been safely removed. There were no injuries to the uniformed personnel of either the Fire or Police Departments. The operation was a well coordinated, cooperative action between both departments. A credit, indeed, to all members.

CONCLUSIONS
The three pipe bombs that were removed from the apartment were apparently timed to detonate at 2250 hours. They did, in fact, explode at that time at the Rodman's Neck Range. Had the timers been set, for argument's sake, at 1900 hours, there could have been a chain reaction explosion that could easily have destroyed the entire building; maiming or killing many civilians and firefighters in the process. Due to such unknown factors at operations of this nature it is, therefore, imperative to keep all Fire Department personnel and equipment a safe distance from all explosive, or suspected explosive, devices.	


--------------
[Shortly after William Morales made good his escape from NY's Bellevue Hospital by means of a rope from an ? story window. I suffer from the belief that he has not since been seen. /djh/]


