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Editor’s Note: This paper was developed by the author for lectures to government officials and training for police officers, firefighters, and other first-responders to nuclear weapons attacks. It is presented here as an informational paper of possible value in planning responses to certain types of terrorist attacks.

INTRODUCTION

This paper is intended to present some basic information on the hazards of radioactivity that must be considered in survival planning. We must be prepared to understand and meet the problems of defense associated with gross radioactive contamination of our country. Our preparedness in these matters would not only seriously affect the preservation of our freedom, but also the preservation of the human race.

First, some background information will be given on weapons phenomena, the physical principles of radioactivity, and the threat of radioactive fallout and associated problems to be encountered in survival planning. Then, methods of organizing a radiological defense unit and incorporating radiological protection into other emergency services will be briefly outlined.

In matters of radiological safety, as in other fields, one must have a menta1 picture of the phenomenon he is dealing with to guide him in handling unusual situations. Radioactive fallout has increased a thou-sand-fold in emphasis with the advent of the H-bomb, and is a relatively new sub​ject to many. However, once a few simple principles are understood, fallout be-comes a hazard against which you can buy a great deal of pro​tection with a pocketful of preparedness. There-fore, some of the simpler concepts involved in wea-pons phenomena, radioactive fallout and its ef​fects on human beings, and the relationship of those concepts to survival planning, are explained below.

Blast damage is caused by an outgoing high-pressure wave of air, followed by an outgoing low-pressure wave that is produced when a nuclear bomb re​leases tremendous amounts of energy in a small volume during a short time. The tremendous heat developed causes the bomb to expand and blow apart, pushing blast waves of air out in al1 directions at approximately the speed of sound, The important things to keep in mind are the distances over which the blast damage is propagated, and the time that it takes for this blast to reach various distances after the instant of explosion.

Nuclear bomb energy yield is expressed in megatons (MT). One MT is equivalent to one million tons of TNT. A kiloton (KT) is one thousand tons of TNT. For a rule of thumb, we may remember that the radius of the A-ring of complete destruction is 2 miles for a one-megaton weapon; the radius of each suc​cessive ring, i.e., severe, moderate, and light destruction, respectively, increases by an additional 2 miles for each ring. From this data, we may easily compute the radii of destruction for any larger or smaller size weapons by remembering a simple principle. The energy of the weapon’s blast must be distributed over a volume proportional to the amount of energy released. Since the volume of a sphere surrounding the point of detonation is 4(r3/3, it is proportional to r ( r ( r. This means that if you multiply the radii of destruction by 2, the weapon size increases to 8 MT. An 8-MT weapon will have distances of 4, 8, 12 and 16 miles for rings of complete, severe, moderate and light destruction, respectively.

Another important thing to remember about the blast is that it travels at an average speed of about one mile in four seconds. Thus, if a person ten miles away from the point of detonation sees a blinding flash of light, he knows that he has about 40 seconds to take cover. Of course, he may be momentarily blinded by the flash of light, particularly if he was looking toward the weapon when it exploded. Approximately the same speed of travel applies to the blast of any size weapon.

The thermal radiation, or heat effects, travel with the speed of light and reach out to all distances almost instantly; however, the source of the heat has a duration of several seconds. Thus, a person standing in the open may be able to reduce his burn by quickly ducking behind some near​by wall, since the degree of burn depends on the duration of exposure to the source of heat. At great enough distances, light colored clothing would be considerably better than dark clothing, since dark clothing tends to absorb heat while light clothing tends to reflect it.

The table below will show the extent of some of the immediate effects of the detonation of a nuclear bomb:

	Bomb TNT Equivalent
	Radius of Total Destruction
	Radius of Moderate Skin Burns
	Radius of 400R (Mid​-lethal) 
Dose from Immediate Ra​diation 

	20 KT
	0.6 miles
	1.9 miles
	0.8 miles

	1 MT
	2.0 miles
	6.5 miles
	1.4 miles

	10 MT
	5 miles
	10 miles
	2.0 miles


It can be seen from this table that the effect of the initial nuclear gamma and neutron radiation is ordinarily dissipated within the area where blast and heat effects are predominant. This is because the initial nu​clear radiation that originates in the materials of the bomb at the point of detonation is more highly absorbed by interaction with the air molecules along the path of flight than are the blast and heat waves. However, some radioactive materials are produced inside the bomb during its detonation and these radioactive materials can produce a very serious lingering ef​fect as a result of two prime factors: 

1. One by one these radioactive atoms in the bomb debris give off their radiations in a number of hours, days, months, or years, as well as seconds, depending on the particular type of atom. 


2. The bomb debris is carried in the form of fine particles or dust all over the countryside. This lingering radioactivity can spread Itself over thousands of square miles, and permeate the air with inten​sities of radiation that would produce death in a matter of days or weeks to all persons who did not take the necessary precautions. This lingering contamination of the countryside is called “residual radiation” and results from “fallout.” Here are some facts about fallout of which we must be aware.

Let us start in the order of events as they would occur upon the delivery of a nuclear weapon to one of our cities. Figure 1 shows what takes place Inside a nuclear weapon at the instant of detonation. Two types of nu​clear reactions, fission and fusion, proceed in rapid chain reaction. The fission of an atom of uranium occurs when a particle called a neutron hits and is captured by a uranium nucleus, causing it to break in two, or fission. Fusion (or the combining of two light elements to form a heavier one) occurs when two nuclei of light atoms such as hydrogen are excited by the tremendous heat released from the triggering fission bomb, and they run around bumping into each other and sticking together. In the process of sticking together, these atoms release further energy of their own.

A neutron is an elementary particle that is one of the building blocks of the core of an atom. High-speed neutrons to trigger the reaction can be produced by certain types of radioactive material. The atom contains a small, dense core called the nucleus, which in turn, contains a number of protons and neutrons surrounded by a system of negative electrical charges called electrons. The neutrons are so named because they have no electri​cal charge, but are neutral. Some of the neutrons that are released from the splitting uranium core escape from the surrounding bomb and do not participate in the explosive reaction, but they are absorbed in atoms of the bomb casing or surrounding target area, causing these atoms to become radio​active, However, most of the neutrons given off in each reaction are absorbed in other uranium atoms of the bomb material and cause repeated fissioning of the uranium atoms within a small fraction of a second. This is known as a “chain reaction.”

The fragment atoms produced by the fissioning process are called “fission products.” These fission products and surrounding materials that have absorbed the escaping neutrons are unstable. That is, they have more energy than needed to hold together their particular arrangement of par​ticles, and they give off three kinds of radiation with which we are con​cerned: alpha particles, beta particles, and gamma rays (or particles). These are the radiations that we refer to when we say that fallout material is “radioactive.” These radioactive bomb products are vaporized by the tremendous energy released in the fission and fusion processes. After the bomb explodes, these products rise as hot vapor, together with materials of the surrounding earth that have been sucked into the hot fireball. They form part of the mushroom cloud shown in Figure 2.
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As the cloud is dispersed in a pattern determined by the directions and speeds of winds up to 80,000 feet in altitude, the cloud begins to cool and some of the heavier vapor begins to condense into particles. These particles may contain both ra​dioactive and non-radioactive atoms from the bomb materials and the earth and buildings that have been sucked up by the fireball. The particles will fall out of the cloud and reach the ground at varying distances from ground zero, depending on the sizes of the particles and the velocities of the winds. These particles may cover areas of thousands of square mi1es with amounts of radioactive material sufficient to cause death to all inhabitants who are unprotected and uninformed. Thus, shelter from radioactive fallout (and preferably, from the blast also) must be provided for all persons outside of probable blast areas, as well as those inside. Ways of getting evacuees into such shelter as quickly as possible must be provided, since most of the dose of radiation delivered to an area is delivered during the first few days. Fire-fighting, rescue op​erations, movement of people, must be restricted and controlled in ac​cordance with intelligence on the existing radiological situation.

The principles to be considered in protecting persons against fallout are shown in Figure 3. Once an area of several hundred yards surrounding a particular location has received all of the fallout particles that will drop on this area, persons in the area have recourse to two factors for self-protection — distance and shielding. As shown in Figure 3, more rays are received by a person close to a single particle (or small group of particles), than one who is farther away, just as a light seems brighter to those closer to it.

However, when particles cover the ground uniformly, they produce a field of gamma radiation that is almost constant, whichever way you move. The most practical shielding for people against such a field produced by particles at ground level is in shelters below ground level. Under such conditions, most of the primary gamma rays coming directly toward the persons from the radioactive “fallout” are absorbed in the surrounding earth. By rule of thumb, this reduces the exposure to about one-tenth of that received in the open. However, gamma rays, being high in energy, put up a tough fight before they are stopped. Many of the rays coming from the material on the ground will bounce off electrons in the air near the shelter, with only a frac​tional reduction in their energy, and may be redirected down toward the persons in the shelter. This is called “scattering” of the gamma radiation.

Such scattering may also be intensified by dense materials above ground near the shelter, which are exposed to gamma rays coming from the radioactive material on the ground, and which can serve to reflect secondary gamma rays down into the shelter. Thus, a minimum ceiling of 12 inches of concrete must be provided, preferably below ground level, to further reduce the scattered radiation by another multiplying factor of 1/100. It is recommended that 2 feet of concrete, or 3 feet of dirt be used to give good protection against the radiation from fallout (a reduction factor of 1/5000 in addition to the factor of 1/10 provided by shelters below ground level). This is equivalent to providing about 300 pounds of dense building material behind each square foot of wall or ceiling surface. This would reduce the exposure of persons in the shelter so that they would be relatively safe to remain until such time when the radioactivity has dissipated itself sufficiently to allow escape from the area without accumulating too much additional exposure.

We have mentioned the dissipation of the radio-activity or the lowering of its intensity with time. This is called “decay.” Decay in the radioactive sense sim-ply means the breaking down of the radioactive atoms by their emitting excess energy as radiation and be-coming stable, non-radioactive atoms. This principle is illustrated in Figure 4. For a particular type of atom, there is a characteristic time, the “half life,” during which one-half of a group of these atoms will change to more stable atoms. Thus, since the rate at which radiation is given off is proportional to the number of radioactive atoms present, it is clear that the intensity of radiation emitted by this material will decrease by one-half during this half-​life. Now in the fallout ma-terial, there are many types of radioactive atoms, so that there is no single characteristic half-life. Once all of the fallout has been deposited in a particular area, the radiation inten​sity in the area decreases with time in a complicated way resulting from a superimposition of the many different half-lives. However, for practical purposes, we may use the rule of thumb that the dose rate varies inversely as the time after the explosion, i.e., if at five hours after the explo​sion all of the ma-terial that is going to fall on a locality has already fallen and a dose rate of 100 R/hr is measured at five hours, then at 10 hours (twice the time) the dose rate will be about 50 R/hr; at 15 hours, 33 R/hr; etc. As-suming fission products are the main source of the ra​dioactivity, a slightly more accurate estimate of inten-sity levels and accumulated doses may be obtained as described in FCDA Technical Bulletin 11-22. 
Figures 5 and 6 show how the radiation intensity 
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[image: image6.wmf]FIGURE 6. INCREASE OF DOSE DURING EXPOSURE

NOTE:
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decreases with time, and how the accumulated dose increases with time at a decreasing rate.

As you know the “R” unit (to which we have been referring) for measuring total dose of persons exposed to gamma radiation is shorthand terminology for the Roentgen. “Roentgen” was the name of the man who discovered x-rays in 1895. 

Gamma rays and x-rays are identical in nature and differ only in origin. The roentgen is proportional to the number of gamma particles (or “photons”) that have passed per unit of volume through the portion of the body being exposed. For civil defense purposes, it is assumed that the entire body is in a field of radiation, and that the number of roentgens per hour measured by a survey meter indicates the rate at which the body is re​ceiving radiation damage. The body is receiving what is called a “whole body dose,” or just “dose” for short. A dose of 400 to 450 R over the entire body within a few days will kill about one-half of the persons exposed. Maximum doses of 25 R may be accepted under emergency conditions, but should be limited, when possible, to those beyond the age for procrea​tion, since doses of this magnitude received by large numbers of the popu​lation may seriously affect the health of future generations. Also, each roentgen of whole body radiation received may result in a shortening of life span from 2 to 15 days. In individual cases only, critical missions may require that a person be exposed to a maximum of 25 R in any one week for 8 weeks, totaling no more than 200 R. (However, it is recognized that in some cases, individuals may be called upon to accept greater exposure in the interest of national survival.) Also, we must take every precaution to avoid the entry of radioactive particles or dust into the body, where they can lodge and bombard sensitive vital organs at close range year after year. The beta and alpha radiation become important when introduced into the body in close contact with living tissue.

Up to this point, only a few considerations of radioactivity hazards of warfare have been presented. Such a grounding should be helpful to the planner in enabling him to recognize a radiation hazard problem when it presents itself. Now we shall briefly point out some areas of survival planning where the radioactive hazard must be considered.

1. SHELTER: Since high intensities of radiation may be ex​pected to cover much of the rural and industrial areas, shelter must contain adequate shielding against radiation, as well as ventilating systems adequate to filter out radioactive dusts, and chemical and biological warfare agents.

2. EVACUATION: Evacuation plans for blast areas must include subsequent sheltering of the evacuees as soon as possible from the widespread fallout. Except under very special circumstances, per​sons outside blast areas must not evacuate but must enter the nearest fallout shelter available before fallout occurs in their area. Per​sons outside the blast area may have from l to 24 hours to enter shelter, but in the absence of radiation instrument readings, should do so as soon as possible. All condensation falling from the skies should be assumed radioactive until proved otherwise.

3. WELFARE: Replacement clothing and decontamination facilities must be provided in reception areas.

4. MEDICAL: Facilities are needed for screening out contami​nation from hospitals and aid stations. Instruments should be a​vailable to examine wounds for radioactive contamination.

5. FIRE AND RESCUE: Monitors are needed with each team to advise on radiation intensities and augment the regular monitoring services.

6. TRANSPORTATION: Decontamination for vehicles must be pro​vided since tires and grease spots pick up and retain contaminated materials. It is essential that information be gathered and main​tained current regarding road net contamination.


7. COMMUNICATIONS: A capability is needed for relaying necessary data on radiation levels throughout the countryside, informing all emergency teams and the public of existing hazards.

8. REHABILITATION: A large part of the country will be un​inhabitable on a permanent basis for perhaps several years as a re​sult of lingering, long-lived radioactivity. Emergency dwellings in uncontaminated areas may have to be provided for millions of people. Factories may need extensive decontamination or relocation to safe areas. These examples serve to indicate the scope of the problem.

The division of responsibility for radiological defense procedures between the Radiological Defense Service and the other state and local emergency services is shown in Figure 7. The manner of 

organizing the Radiological Advisory Committee and the Radiological Service will vary with the availa​bility of qualified personnel in existing agencies as wel1 as other quali​fied persons. The chart in Figure 7 indicates only the responsibilities that must be assigned and does not designate an organizational pattern. One or several responsibilities 1isted under the Radiological Service may be combined under one assistant chief, depending upon the size of the organization and the availability of personnel.


Note that other emergency services will have considerable responsibility for self-protection against radiological hazards. It would not be possible or desirable to staff a large enough organization of radiological defense personnel to deal with all of the individual field problems of other ser​vices. Furthermore, the members of an emergency service can accomplish most of the radiological tasks encountered by other services working in the field after a limited amount of training in the use of survey meters and dosimeters. Thus each of the emergency services will have to provide service monitoring to enable their commanders to ascertain, under field conditions, when their personnel may enter specific areas, how long they may stay, and how fast and by what route they must leave the area.

They must also have some capability for rough estimation of the safety of food and water for ten or thirty-day consumption, to answer questions that they may encounter in the field. The Emergency Medical Service must in addition have a capability for monitoring wound contamination and the hazard due to ingestion of food and water that may be contaminated with chemical or biological as well as radiological agents.

Each service must provide dosimetry for all personnel and keep a cumulative record of each individual's exposure. In this way, leaders can determine which of their personnel have received their maximum allowable exposure and which are still available for further field missions. A capability must exist in each service so that its members may decontaminate them​selves or their equipment from hazardous amounts of radioactivity that may have been picked up in outdoor operations. Instruments for surveying intense radiation fields as well as Geiger counters for decontamination and food monitoring must be available to each service team operating out of cover. Simple maintenance procedures such as changing batteries and adjusting the calibration screw must be performed to ensure a maximum operable duty cycle. Major repairs requiring electronic technicians should be referred to a maintenance center operated by the Radiological Service. Since sufficient numbers of personnel who have experience with radiological hazards are not available, each of the services must establish, with the help of the Radiological Service, a training program to train members in the above functions as they are related to their primary mission.

The Radiological Service must be able to perform all of the above functions for the protection of its own members and to support its field operations. Its primary mission, however, is to advise those in command on radio​logical considerations affecting operational plans, and on the existing radiological situation as it may affect post-attack operations. To ful​fill this requirement, the Radiological Service must be prepared to collect intelligence on the existing situation. Some information may be obtained from the reports of other services on unusually hazardous conditions that they may meet in their work. But a reliable intelligence system requires the establishing within the Radiological Service of a coordinated system of aerial and ground monitoring.

The ground system will consist of a number of fixed stations dispersed about the area concerned in the best manner indicated by the fallout probability analyses and the latest forecasts obtainable. These stations should be operated by persons well shielded below ground if possible, or with short periods of exposure above ground, to obtain early readings at fixed times and locations during the time of most intense fallout, Later, when the fallout has cleared from the air, aerial survey teams will obtain a rapid picture of the radiological situation to detect any “hot spots” that were not detected by the fixed stations and to substantiate the intensity con​tours that have been synthesized from the fixed-location readings. This type of survey lends itself to the most rapid communications, and is the most practicable method of obtaining a quick picture of the situation once the aerial survey planes can be allowed in the air. The Atomic Energy Commission and FCDA are presently developing a special instrument and techniques for performing aerial surveys.

Another type of area survey that must be provided by the Radiological Service is that provided by mobile monitoring specialists, who should be available as those in command may require to assist the other emergency teams in their field operations, to ascertain that radiological safety require​ments are being met, and to solve unusual radiological problems that may be beyond the capability of the monitors belonging to the other teams. The number of such mobile monitoring teams required depends more upon the number of people involved in an area than upon the size of the area itself. These teams should be highly trained in radiological safety and should be required to survey only areas that are occupied by people who require radiological information on the spot. They may also report in​formation to Radiological Service headquarters by radio when it has immediate or potential intelligence value.

The Radiological Service should also maintain personnel and facilities for electronic maintenance and periodic calibration of all radiological in​struments within the emergency organization. They should also log and control the distribution of instruments as directed by higher authority in order to assure maximum use of the instruments available.

A plotting section should be provided within the Radiological Service to plot all intelligence in a form convenient for the use of the Radiological Chief and the Radiological Advisory Committee in keeping the operations director informed of the current situation. This intelligence in the early pre- and post-attack period should include the predictions obtained from U.S. Weather Bureau UF forecasts. Personnel dosimetry of its own members and others designated by the director shall also be provided by the Ra​diological Service for use in determining casualty rates and in formulating decisions on allowable exposure times for personnel. The Radio​logica1 Service should also provide the other emergency services with trained radiological monitor instructors, as well as providing necessary technical and emergency operations training to its own members.

The following breakdown into branches is suggested for the Radiological Service, with the responsibilities for each branch indicated. Two or more branches may be combined, or any branch may be further subdivided when desirable for reasons of administration.

· Monitoring Operations Branch—responsible for ground fixed and mobile monitoring, aerial monitoring, communications for reporting.

· Radiation Intelligence Branch—responsible for plotting fallout predictions, evaluating and plotting monitoring readings, predicting radiological casualties, preparing reports for ​the use of operations directors and for public information.

· Personnel Dosimetry Branch—responsible for issuing dosimeters, obtaining exposures of personnel, maintaining exposure records, advising those in command regarding allowable ex​posure of personnel through the Radiological Advisory Committee.

· Instrument Branch—responsible for distribution, maintenance, re​pair and calibration of all radiation detection instru​ments and communication equipment used by the monitoring teams. Responsible for improvising special radiological instruments needed for unusual situations or for measuring long-term hazards.

All of these branches should participate in the radiological training programs and in operational planning, lending their specia1 knowledge and skills for preparing other emergency services to deal with the radiological hazards of nuclear warfare. It is hoped that this outline of the radio​logical problem will be helpful in planning and organizing for survival after nuclear attack.

Present FCDA planning assumptions that must be emphasized are:

l) The enemy will attempt to contaminate a vast area of our country with deadly radioactivity.

2) Many bombs will be dropped, causing an overlap of fallout patterns, perhaps at different times.

3) It may be unwise for a person outside of the blast area to try to escape the fallout area, since he increases the hazard by exposing himself in an open country during the most dangerous hours. Also, when escaping upwind of one fallout pattern, he may be running head-on into a pattern from another city.
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