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ABSTRACT 

A study was made to investigate the prime considerations involved in 

air transportation of nuclear reactor components, radioactive wastes, and 

radioisotope power-generating units. The logistics, economics, and safety 

of supplying a remote military nuclear power plant by air and of transporting 

SNAP-type reactor and radioisotope auxiliary power units by USAF aircraft 

are explored in detail. 

It was determined that such air transport operations are feasible and 

reasonably safe if proper planning is accomplished in the design of equipment 

and in the definition of mission profiles and ground handling procedures. 

Container criteria and procedural standards for the transport of the different 

categories of materiel are recommended. 
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'll 

1. INTRODUCTro^ 

a. Rurposg 

The purpose of this study is to delineate criteria and procedural 

standards for the air transport of reactor and radioisotope materials. 

The requirement for this study was originally generated by a concern 

registered by several organizations, over the lack of appropriate source 

material on the air transport of irradiated reactor fuel elements, new re¬ 

actor fuel, radioactive waste, and contaminated components to or from a 

remotely sited military nuclear power plant. One would have thought that, 

with the design, fabrication, and installation of the PM-1 military nuclear 

power plant at Sundance Air Force Station. Wyoming, sufficient precedents 

would have been established. Actually, though a great portion of the plant 

was airlifted, the question of airlifting the fissile or radioactive portions of 

the system was begged. As applications are continually being considered for 

siting nuclear power plants at remote locations which can be reached only by 

«ir. such as Byrd Station. Antarctica, it was felt that appropriate criteria 

must be delineated as soon as possible. 

The Air Force Special Weapons Center (AFSWC), Nuclear Power 

Division, pointed out the need for a study of the airlift of such materials in a 

letter to Headquarters, Air Force Systems Command (AFSC) dated 29 October 

1962. On 21 November 1962 the Deputy Inspector General for Safety, in a 

letter to AFSWC, reported that the requirement for Air Force Technical Order 

procedures dealing with the air transport of such materiel had also been identi¬ 

fied by Hq Military Air Transport Service (MATS) and directed that AFSWC 

undertake the study. The designated project officer from the AFSWC Nuclear 

Power Division obtained Hq MATS concurrence on the proposed scope for the 

study on 19 March 1963. The effort was incorporated under Task 280004 of 

Project 2800 "Surface Nuclear Power Applications. " The task title is 

"Surface Nuclear Power Safety Assurance." With the reorganization of 

certain AFSC elements under the Air Force Research and Technology Division, 

on 1 May 1963, the responsible project office became the Air Force Weapons 

Laboratory, Nuclear Power Branch (WLDN-1). 

1 
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b. ¿¿flpe 

In establishing the scope of this study, it became evident that certain 

portions dealing with fissile and radioactive material would also be pertinent 

to the air transport of aerospace nuclear auxiliary power systems (here meant 

to be those power units designed for use in the atmospheric flight and space 

regimes). The scope of the study was then expanded to include the air trans¬ 
port of those items. 

It is hoped that confusion does not arise from the fact that this report 

is designed to fulfill the needs of two types of readers. Since the primary 

purpose of the study is to demonstrate that the logistics of a remote power 

plant that can be reached only by air are practical, the primary interest will 

be in the System Project Office (SPO) for a military nuclear power plant in¬ 

tended for use at a remote site. For future Systems Project Offices, detailed 

packaging criteria have been delineated and desirable plant crew capabilities, 

operational procedures, and equipment design features have been highlighted. 

The packaging and transport plan, analysis, and approval chain have been 

• pecified for the SPO's use. In short, it is hoped that all of the source material 

the SPO requires and the restraints under which it must labor to develop an air- 

transportable nuclear power system (and this includes not only remote surface 

plants, but aerospace nuclear power systems as well) are contained within this 
report. 

The other interested agencies are the Military Air Transport Service 

or the troop carrier organizations of the Tactical Air Command who would 

actually have to perform the airlift operation. It is hoped that much of the in¬ 

formation developed for the SPO will serve as background information for Hq 

MATS and TAC safety personnel who are unacquainted with the various safety 

aspects of nuclear power technology and give them a better understanding of 

the prime safety considerations and the necessity for such operations. The 

sections of this report of prime interest to MATS and TAC will undoubtedly be 

those dealing with normal loading, normal flight, emergency and accident 

procedure standards, and special precautions which should be taken. Here, 

no attempt has been made to advise MATS or TAC on matters as familiar to 

them as the general considerations involved in the airlifting of heavy packages, 

but rather to discuss only those aspects of shipment which are peculiar to the 

2 
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material being considered. Fortunately, these peculiar aspects are not ex¬ 

tensive and most of them can be eliminated by proper planning on the part of 

the SPO. 

It is hoped that each reader will bear in mind the fact that the report 

is prepared for Air Force-wide usage and will not regard certain portions as 

banal or others as superfluous, because of his particular background. 

While this report has been prepared by an organization primarily 

concerned with future, advanced applications of nuclear power technology, 

within the Department of Defense, an attempt has been made to be as objec¬ 

tive as possible. The fact that there are additional risks involved in air- 

transporting fissile and radioisotope materiel has not been whitewashed; 

rather an attempt has been made to point out that, while these risks may be 

greatly minimized by proper planning, a determination should still always 

be made as to whether the benefits to be derived from such operations are 

worth the risks involved. 

2. PACKQRQUaS 

a. Support of remote and mobile military nuclear ..pawgr plants 

Nuclear technology has presently advanced to the point where it is 

capable of satisfying diversified Air Force power requirements. The inherent 

characteristics of reactor and isotope power systems (i. e. , high power 

densities, less required logistic support, and lower operating costs in remote 

areas), make such systems highly attractive for use in both terrestrial, flight, 

and space applications. 

Reactor powered, electric generating plants, now coming of age in 

the civilian power industry, are.desirable for many military applications 

involving power requirements in the 1 to 2 megawatt electric range at remote 

sites. These are locations where the cost of establishing and operating an 

organically fueled generating plant are greater than those for the nuclear 

plant or where uncertain supply conditions might jeopardize the overall 

mission accomplishment of the installation. The development, testing and 

operation of the Air Force's PM-1 Nuclear Power Plant at Sundance AFS, 

Wyoming, the Navy's PM-3A plant at McMurdo Sound, Antarctica, and the 
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Army's SM-1A at Fort Greely, Alaska and PM-2A at Camp Century, Green¬ 

land all represent recognition by the Department of Defense of the advantages 

of nuclear power for such uses and of the need to develop such systems and 
capabilities. 

While ail ot these plants are situated so as to be available by means 

other than air, many sites are presently being considered (as parts of ad¬ 

vanced air defense systems or for geophysical expeditions) which can be 

supplied by air alone. The PM-1 and PM-3A plants were meant to be fore¬ 

runners of such plants in that they were fabricated into modules capable of 

being airlifted to their destinations by C-130 aircraft. Indeed, all the major 

components of the PM-1, save only its reactor core, were actually airlifted 

from Baltimore, Maryland to Ellsworth AFB, South Dakota. Unfortunately, 

the failure to airlift the core (actually a small item compared to the modules 

which were flown) prevented this from being a demonstration of complete air 

portability. (In fact, no such air shipment has ever been made, save for the 

September 1<>62 shipment of PM-3A center bundles to Andrews AFB, Mary¬ 

land from McMurdo Sound, Antarctica by way of New Zealand and return. 

These bundles were incapable of criticality and gave off no appreciable radia¬ 

tion and hence are not considered to be any major precedent. ) 

There is, however, a finite possibility that air shipments of nuclear 

power plants may be required in the near future. Should the PM-3B plant, 

which was recently considered for use at Byrd Station, Antarctica, be 

approved for installation, the entire plant would have to be airlifted a distance 

of at least 600 miles. Other remotely sited applications under consideration 

will not be discussed either because of classification or because of the pre¬ 

liminary nature of their requirements. 

At the present time, there exists a dearth of satisfactory power 

generating devices in the low power range (10-150 Kwe) for mobile communi¬ 

cations, weather, command and control, and aerospace ground equipment 

supporting mobile strike force and counter-insurgency concepts. Such forces, 

to date, have used diesel, gasoline, or gas turbine units to meet these re¬ 

quirements. These units have not been completely satisfactory for this use 

because of the high logistics requirements for fuel, considerable operations 

4 
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and maintenance support requirements, and the poor reliability of the gas 

turbine units. It is within the state of the art to dev'elop a direct conversion 

(thermoelectric) nuclear reactor power plant capable of meeting these require¬ 

ments for mobile deployed mission support equipment. While significant 

reduction of logistics, maintenance and operations, and reliability problems 

would result, routine airlift capability for such systems would have to exist. 

Similarly, the ML-1, a mobile gas-cooled reactor system (power 

level 340 kilowatts, electric) developed for the Army Corps of Engineers, is 

capable of being air lifted, from the standpoint of package weight and size, 

though such shipment has never been made. Again, this plant was developed 

as a forerunner of more advanced, higher power mobile plants. The follow- 

on concept, the Military Compact Reactor (MCR) appears to be in some straits 

at the present time; however, it is not unlikely that, as materials and other 

technologies are advanced as a result of work in space type reactor systems, 

the development of this type of reactor system will be resumed. Airlift 

capability would again be essential to the utility of such systems. 

The core of a reactor power system is the energy source for the 

power conversion system and the source of all the radiation problems en¬ 

countered in air transport of nuclear power devices. It is here that the fission 

process takes place. The energy released in fission neutrons, the fission 

fragment kinetic energy, and the energy absorbed by reactor materials or 

coolant from beta particles and electromagnetic radiation (see appendix I for 

definitions of the various types of radiation) are all transmitted, in part, to 

the core coolant for conversion either directly, or through an electromechanical 

conversion, to electric power. Approximately 84 percent of the heat energy is 

obtained from the kinetic energy of the fission fragments, 21^ percent from 

the fission neutron energy, 10 percent from the electromagnetic radiations, 

and 3V2 percent from beta particles. 1 The radioactivity of the core elements 

is caused mostly by the decay of the fission fragments (eventually to a stable 

state), although some radiation emanates from the reactor structural materials 

activated by neutron bombardment. 

A core representative of air transportable military nuclear power 

plants is that of the PM-1 (and PM-3A), (figure 1). The core is 23 inches in 

diameter and 33 inches high and is capable of producing 8. 30 megawatts 
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Figur* 1. PM-1, PM-3A reactor core

(thermal* continuoualy for 2 years. !t is composed of 741 fuel tubes con­

taining the fissionable material, uranium, highly enriched in the isotope.

At the current AEC credit value, a new core contains approximately 
$410. 000 worth of fissile material. .Although the core is composed of six 
peripheral bundles (figure 2) and one small center bundle (not shown) it was 
designed to be shipped in an assembled configuration. Another core, that of 
the SM-1, SM-IA, PM-2A type* is shown in figure 3. The SM-1 core is

♦The SM-1 is permanently emplaced at Fort Belvoir. Va. , the SM-IA is 
permanently emplaced at Fort Greely. Alaska, and the PM-2A, a portable 
plant, is currently on-site at Camp Century. Greenland.
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roughly 20i/z inches square and 34 inches long. It is composed of 38 fuel 
elements, each containing 16 fuel plates. The SM-1 core is rated at 10.0 
megawatts for 1 year of continuous operation.

The only completely portable prototype nuclear power plant de­
veloped to date is the Ml.-l. the reactor and power conversion skids of 
which are shown in figure 4. The core volume is a cylinder 22 inches in 
diameter and 22 inches long, containing 16 fuel elements. The core is 
capable of 3. 000 hours operation at 3. 3 megawatts thermal and is intended 
to be shipped within its reactor pressure vessel, shown in figure 4. which 

weight approximately 15 tons.

'1
Figure 4. ML-1 reactor and power conversion modules

9
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The PM - 1, PM -3A, SM-1, SM-1A. and PM-2A nuclear plants 

mentioned above are pressurized water plants. That is. the core coolant 

is water under high pressure, whose energy is transferred to low-pressure 

water in a heat exchanger; the low pressure water evaporates to steam and 

expands through a turbine. Sometimes, a portion of the steam is extracted 

for heating base facilities. Those plants which have been termed "air 

transportable" are so to the extent that the major components are packaged 

in modules which can fit inside C-130 aircraft. Special site preparation is 

required for emplacement, and the disassembly of a plant is a very compli¬ 

cated. expensive, and time-consuming operation requiring extensive planning. 

On the other hand, the ML-1 concept is completely transportable, 

in that no extensive site preparation is required and the plant can be re¬ 

located 24 hours after nuclear shutdown. The ML-1 reactor is gas-cooled 

and electric power is derived from a high-temperature gas turbine. The 

plant can be disassembled into three packages, each occupying one C-130. 

for airlift. While present plans for airlift procedure have been deemed in¬ 

adequate by the Air Force Special Weapons Center, this system could be 

safely airlifted, with proper tie-down design. 

Reactor power systems such as these have associated with them 

four potalble kind, of air .hipment. which require »pedal precaution, to 

en.ure radiation health .afety. The.e are li.ted below, starting with tho.e 

materials which require the greatest precautions: 

(1) Spent reactor fuel 

As mentioned previously, atoms of the fuel material uranium 

are split by fission (releasing energy) into fission fragments which are 

atomically excited. These fission fragments, which decay primarily by the 

emission of beta particles (negative electrons) and gamma rays (electro¬ 

magnetic radiation), have an estimated range in aluminum of 0. 0014 m. 

Hence, unless the integrity of the fuel element cladding has been breached, 

the fission products will be contained as planned. Should a fuel element 

rupture have occurred, however, special precautions for this radiological 

contamination problem, which will not be discussed in detail in this report, 
must be taken. 

10 
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The activity of fission fragments decays with time. Way and 

Wigner^ give the following empirical relationship for the rate of emission 

of beta and gamma energy at time t : 

. 3 
Rate of energy emission = 5.9 x 10 P 

where 

P = power level of the reactor in watts 

t-T^ = time after reactor shutdown, in days 

t = time after reactor startup, in days 

The relationship is meant to apply out to (t-TQ) values of 

several weeks. After that time, the power (and hence activity) curve de¬ 

creases at a lesser rate. 

The magnitude of the radioactivity in a "spent fuel core" would 

probably preclude any disposal of it. In addition, economic considerations 

dictate that the fuel elements be reprocessed at either the Atomic Energy 

Commission's Idaho Chemical Processing Plant or its Savannah River Plant. 

At least 6Q percent (and usually more) of the core's original charge of uranium 

will still remain to be recovered. (W'ith the PM-1 core, this means it still 

contains at least $284, 000 worth of fissile material. ) Also, some of the iso¬ 

tope fission products are long-lived enough to have considerable residual 

value, when separated from the mixture, for diversified applications such 

as in radioisotope generators for space use and in radio-biological research. 

Thus, spent fuel elements for military nuclear power plants will, for the 

foreseeable future, have to be shipped back to an AEC reprocessing plant. 

Before this description of spent reactor fuel material is com¬ 

pleted, it should be mentioned that such fuel elements are continuously 

emitting considerable amounts of heat. This is an important factor in the 

shipment of these materials, as will be seen later. The beta particles and 

gamma radiation energy entrapped in the fuel elements result in the element's 

becoming an effective heat source. The heat generation rate from this source 

is called the "fission product beta-gamma power." Figure 5 indicates the 

general shape of the curves which describe the decrease of fission product 

beta-gamma power, with time. 

('-To) 
-0, 

2 - watt s 
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Figure 5. Plot of beta-gamma fission product power as a function of time 

A final characteristic of the spent cores from military nuclear 

power plants that should be noted here is that while they may not be capable 

of maintaining the plant at full power, these cores, in their design configura¬ 

tion, are still capable of nuclear criticality, particularly with initial coolant 

temperatures lower than those specified for full power level operation of the 

core. Nuclear criticality is here meant to mean a sustained fission reaction. 

Reactors in which fission is caused primarily by neutrons in 

the "thermal" (below 0. 1 Mev) regime, which include the five military nuclear 

power plants previously mentioned, are more capable of criticality at lower 

coolant temperatures, where the hydrogen atom density in the coolant is 

greater. Collisions with hydrogen nuclei slow down "fast" neutrons to the 

thermal range, where they are used more efficiently for sustaining the fission 

chain reaction. Thus, the ability of these cores to achieve a nuclear criti¬ 

cality and hence an excursion (critical beyond control) must be considered in 

any plan to ship such items. 

12 
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(2) New reactor fuel 

New reactor fuel is only slightly radioactive. U235 is generally 

taken to be stable, although in reality it does decay by medium energy alpha 

particle emission, with a half life of 7. 13 x 108 years. Likewise, the natural 
238 

isotope of uranium, U , will always be present to a lesser or greater ex¬ 

tent, depending upon the enrichment. It also decays by alpha particle 

emissions and has a half life of 4. 4d x 10 years. ^ These present no hazards 

to speak of, since their penetrations in air are only on the order of a few 

centimeters (2. 7 - 3, 1 cm) and they are stopped by the first epidermal layer 

of the skin. Shielding is not required in the transport of such materials. 

Also, because of this slight decay of the fuel material, there is no sensible 

heat generated within the core fuel elements. The only real, possible hazard 

in the shipment of new fuel is that of criticality when an assembled core is 

shipped. This is true whether the core is that of a military nuclear power 

plant or an aerospace reactor power system, as will be seen later. 

Some of the pressurized water power plant cores have burnable 

poisons integral to their design. The effect of these poisons is to limit the 

initial reactivity of the core so that reactivity of the core at start-up is not 

significantly greater than that near the end of core life, (Reactivity may be 

crudely defined as an index of the ability of a given mass to achieve a level 

of nuclear criticality. ) Hence, if we are speaking of shipping cores in toto, 

the criticality prevention problem is roughly the same whether the cores are 

new ("cold, clean") or spent (highly irradiated). It is the foremost problem 

in the shipment of new cores, however. 

(3) Radioactive wastes 

The radioactive wastes encountered in the support of a military 

nuclear power plant are all generated within the nuclear core. Here we shall 

consider primarily stationary electric generating plants of the pressurized 

water variety, although the problems encountered with wastes from boiling 

water plants are generally the same. All five stationary plants presently 

in the military inventory are of the pressurized water variety, and in all 

probability any other plants constructed for the military in the next 5 to 10 

years will be based upon the same technology. The sources of radioactive 

13 
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waste in such plants are the following: 

(a) Coolant water 

Although great pain« are taken to obtain high-purity make¬ 

up water, the reactor coolant water will inevitably contain some impurities. 

This will depend to some extent upon the plant location and local water con¬ 

ditions. These impurities, as they pass through the core, then become 

activated by neutron bombardment. Also, the water itself, or more properly 

the hydrogen and oxygen of the water, produce radioactive isotopes upon 

neutron bombardment. 

(b) Structural materials 

1 he core itse11 is a major source of contamination. The 

primary construction material, usually stainless steel, though possibly 

aluminum or even carbon steel, will contain iron and alloying agents such 

as manganese, nickel, cobalt, and carbon in carbon and stainless steel; 

while nickel, iron, titanium, silicon, copper, cobalt, and cadmium may be 

found in aluminum alloys. Some of these activated elements are removed 

by corrosion or erosion from the surface of core structural elements and 

fuel elements and enter the reactor coolant stream, from which they must 

be removed. Conversely, corrosion products from the primary system, 

upon passing through the core, become activated by the high neutron flux, 

other atoms of fuel cladding that sre not on the immediate outer surface may 

be knocked out of their positions in the lattice of metal atoms by neutron 

collisions. Some of these "recoil- atoms sre close enough to the fuel element 

surface to escape from the cladding into the coolant stream, becoming anotner 

•ource of radioactive contamination. 

(d Fission products 

A primary consideration in the design of fuel elements s 

the containment of fission products. In spite of this, however, fuel elements 

have been known to fall, releasing fission product, into the primary system 

Depending upon the magnitude of the cladding failure, this can be a source of 
considerable radioactive waste. 

14 
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id) Gaseous radioactive wastes 

Some of the fission products generated in the fuel element 

meat are gaseous at normal and. operating temperatures and may diffuse 

through, the fuel element cladding to enter the reactor coolant stream. These 

gases will accumulate at: the high point of the system and will have to be 

periodically vented. These gases are monitored, and if found to be above 

acceptable concentration limits, are processed, The common way of doing 

this is to discharge them through a silver nitrate chemical reactor in which 

the iodine-131 (the most hazardous isotope) will react to form silver iodide. 

Other chemicals may be used for this purpose. Periodically, the charge of 

th-e chemical reactor, which has become contaminated and chemically de¬ 

pleted, must be replaced. The old charge, which may be inseparable from 

tee reactor hardware, will have to be removed to a disposal, site in most 

Cfises. The direct radiation emanating from this chemical charge will be of 

a low level, however}, otherwise plant personnel would not be able to perform, 

tne recharging operation on site. If radiation levels are unacceptable, one 

need not wait long for them to diminish appreciably, as I131 has a half-life 

of, B. OS days. The primary hazard associated with gaseous fission products 

Is not the direct radiation streaming from a concentration oí them, but: rather 

the internal dose received by man should he ingest them via inhalation. Safely 

{.011 Gained or entrapped, they are relatively innocuous, 

(e) Other sources of wastes 

In. addition to the sources of waste just discussed, one may 

expect to find that all of the water from nuclear plant washing machines in 

w-Mcb contaminated clothing is washed, and all laboratory, sink, and floor 

drains info which contaminated wafer may be dumped, will dr,r. to a central 

collection tank for the waste concentration system. 

(f ) G me ent rati on of wastes 

In pressurized water power plants and boiling water plants 

also, the liquid and solid radioactive wastes which originally came from, the 

coolant water, primary system structural materials, and escaped fission 

products will usually be concentrated in ion exchange demineralizer beds, A 

usual procedure in a pressurized water plant, for instance, is to continuously 
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divert a small portion of the primary syetem coolant (called primary blow¬ 

down) through a demineralizer where the contaminants will be trapped by the 

bed's filtering action and fixed by the resin's ion exchange process. In the 

past, small metallic "cuno" filters were used to trap solid wastes; now the 

trend is to remove these filters from the system and to depend upon the resin 

bed to act as a filter also. In most plants there is usually sufficient storage 

and processing capacity to hold and process the entire amount of the primary 

system coolant in the event of a serious fuel element failure. 

One can then see that the draining of all of the contaminated 

and possibly contaminated water would result in a considerable volume of low- 

level activity water being collected in a relatively ehort time. If these 

wastes must be transported some distance from the plant, as is assumed 

here, economic considerations dictate that these wastes should be concen- 
trated in some manner. 

The usual manner of concentrating wastes Is by the evapora¬ 

tion of the bulk of the water. Remote military nuclear power plants built to 

date, which are not allowed to dispose of low level wastes on site, are equipped 

with such evaporators. These evaporator systems are capable of volume re¬ 

ductions of 60 to 1. The remaining residue is a sludge of specific gravity in 

the neighborhood of 1. 3. Common practice is now for spent demineralizer 

ion-exchange resins, usually utilized to purify and filter the primary system 

blowdown, to be flushed directly to the still pot or evaporator and become 

mixed in with the above mentioned sludge. 

Another possible method of concentrating liquid radioactive 

waste is by means of coagulation or chemical precipitation. While this 

mechanism is used at fuel element reprocessing facilities on high level waste, 

to recover certain radioisotopes such as those of strontium and plutonium, 

only in a few isolated instances is chemical precipitation used in low level 

waste treatment because (1) such techniques are of more value In the treatment 

of large volume wastes, and (2) because of the widely varying characteristics 

of the chemical species present, most such scavenging procedures are rela¬ 

tively inefficient for gross removal of fission products. 

Adsorption on clay has been proposed as a means to concen¬ 

trate fission and activation products at remote sites. This is essentially an 
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ion exchange phenomenon and ha, not been u,ed by any military nuclear 
power plant to date. 

One may see that the previously discussed concentration 

operation (almost always, for the purposes of this study, taken as being an 

evaporation operation) is conducted on-si,e. as a batch process, when the 

liquid waste reaches a certain level in the sto rage tanks. 

At the present time no use is made of these wastes because 

of the economics involved in processing them for particular isotopes A, 

,h. same time, however, i, i, usually no, possible to make ultimate disposal 

Of them a, ,h. plan, site where they are generated. Local health considera¬ 

tion, or legal restrain,, (such as the Antarctic Treaty or ,h. agreement with 

the Danish government on the use of Camp Century. Greenland) usually re- 

qu.re that the wastes be transported to a National Disposal Site. 

Since the isotopes themselves are worthless, they may be 

put in storage for a considerable period of time to allow the activity to decay 

down to lower levels, before shipping. The only time when this might no, be 

allowable „ when the entire plan, i, to be relocated and sufficient time is 

no, available for the more recently generated was,, to decay down to more 
desirable levels. 

(g) Hazards of radioactive waste 

The only hazard associated with radioactive waste in sludge 

form is the possibility of contamination and ingestion upon leakage. As such 

it is highly desirable ,ha, this sludge be converted into a physically stable 

iorm so that there is no possibility of contamination through comae, with the 
leakage. 

(4) Contaminated tools and components 

Occasionally, in the support of a military nuclear power plant 

i, become, necessary to transport plant component, or tools which have be¬ 

come contaminated. This contamination may be either surface contamination 

resulting from contact with coolant containing radioisotopes or i, may actually 

be a result of activation within ,h* item itself due to neutron bombardment 

In either case, unless the item has been subjected to in-pile radiation ,h. 

17 



WL TDR-64-81 

l«v«l o( radioactive contamination should be quite low. The hazard which 

should be anticipated here is the possibility that radiological contamination 

might be ingested into the body via the hand-to-mouth route from the tool or 

component. Direct radiation from these articles will usually be negligible. 

In the case of components of military nuclear power plants, the 

appreciable capital cost of the items may dictate returning them in the inop¬ 

erative state, for repairs which cannot be made at the plant site. In pressur 

iz.d water power plants, component, of the primary system such a, valves 

and primary canned rotor pump, (which may cost a, high as $135, 000 each! 

are example, of items which, though contaminated, are certainly worth the 

extra precaution, required to bring them back into an operative condition. 

Special tools, jiga, and transport containers are themselves items which, 

when used in support of more than one plant, may require periodic airlift 

from si,. ,0 .i„ ,0 obtain ,h. cost savings accrued from avoiding equipment 
duplication. 

Obviously, this class of items must be shipped by air from 

those plants which are located at site, which can be supported only by air. 

when the time come, to remove the plant. A good example of this would be 

encountered with the PM-3B. should it ever be built. The Antarctic Treaty 

forbid, contaminating the continent by leaving radioactive material behind, 

when the time come, to close down the plant. Many parts of the plant would 

come under the category of contaminated tool, and components. Including 

the entire primary aystem (without core). 

Whenever such shipments are to be made, the plant crew will 

first of all make every effort to decontaminate the item or item, as com¬ 

pletely a. possible. Many different method, of surface decontamination are 

used. Usually, commercial detergent, are tried first. Decontamination 

procedure, suggested in reference 5 (excerpted and paraphrased) are given in 
tablt 1. 

The decontamination factor, achieved by these treatment, 

•ometime. run a. high a. 70 but .ometime. are ineffective, depending upon 

•uch variable, a. the surface condition., type of contamination, etc. 
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The example of the controls placed on such articles at the 

Duquesne Power & Light Company's shippingport reactor plant may be in¬ 

structional, here. The limits of radioactivity and contamination for repair 

work which have been established for the Shippingport plant are as follows: 

(a) For release to a repair shop with health physics monitoring 

facilities, the surface contamination must be less than 500 disintegrations/ 

min, ft^. The radiation level at the surface must be below 0. 1 mr/hr. 

(b) For release to normal repair shop facilities out of plant, 

the surface contamination must be less than 100 disintegrations/minute, ft^, 

and radiation level at the surface must be below 0. 1 mr/hr. 

These values are very low for transport where the items may be 

packaged, but are indicative of the levels of contamination which nuclear plant 

supervision will be willing to release. 

b. Aerospace power jyitcms 

Nuclear power technology is also making a place for itself in this 

country's military and civilian space programs. In this regime of operation, 

the characteristics of high power-to-weight ratios — long life times, high 

reliabilities, and the lack of requirements for a precise orientation towards 

the sun — all have obvious advantages. We shall concern ourselves here 

only with auxiliary power sources which would be used for space life support 

systems, for instrument and radio transmitter power, or as electric power 

supplies for low-thrust, electrical propulsion space engines. This is as 

opposed to nuclear propulsion devices which use a reactor as a direct cycle 

heat exchanger to expand the propellant, such as the Nerva-type nuclear 

rocket engine or the Pluto-type nuclear ramjet engine. These nuclear systems 

will not be considered as prime candidates for airlift. Standards developed 

for other reactor devices will apply to these, however, though the magnitudes 

of the excursions which these reactors are capable of are considerably greater 

than those for the auxiliary power units to be considered here. 

(1) Power reactor systems 

While the exact lower limits are difficult to define, one may 

safely say that any space power requirement calling for power in excess of 

400 watts(e) for periods longer than 100 hours can only be satisfied by reactor 

21 



WL TDR-64-81 

power supplies. These systems are designated as the even-numbered SNAPs 

(Systems for Nuclear Auxiliary Power) and the first available unit which is 

the SNAP 10A. A SNAP 10A reactor mock-up is shown in figure 6. Booster 

considerations dictate a small reactor. Neutrons in the epithermal region 

(lev-10 ev) are used for fissioning as opposed to the thermal neutrons used in 

larger reactors, even though this dictates a more inefficient utilization of the 

fuel, as a smaller reactor results. The only heat dissipative mechanism 

available in space is radiation. With SNAP reactor power units one usually 

finds high-temperature heat-transfer fluids (usually liquid metals) and re¬ 

fractory materials. Also, the energy conversion equipment will be integrated 

into the mechanical design of the system to a greater extent than will be found 

with terrestrial units, for the sake of compactness. An additional primary 

hazard then stems from the fact that liquid metals (in the SNAP 10A a mixture 

of sodium and potassium) will be found within the reactor package. Fortunately, 

the inherent compactness of the units lends itself to high integrity packaging, 

even though environmental control equipment must sometimes accompany the 

package. As only new units will be shipped( obviou sly no used units will be 

available) the prime considerations are then the prevention of criticality and 
the retention of the liquid metal. 

Here the shipment of the power unit to a remote spot on the 

earth's surface (which cannot be reached by other types of transportation) will 

not be a requirement. Air shipment, probably from a contractor's plant or 

test facility to the launch site, would be dictated by a desire to simplify the 

shipment plan, especially when several coast-to-coast trips for item testing, 

payload integration, etc. , and delivery to the missile range are involved. 

(2) Radioisotope generator systems 

Radioisotope generator units have been proposed and already 

used for space terrestrial and undersea systems which have electrical power 

requirements on the order of watts (or a few hundred watts) and require this 

power for extended periods of time. An unclassified listing of some of the 

radioisotope generators developed, or in development, is given in table 2. 

Generally, a portion of the heat liberated when radiation, emitted from the 

radioisotope fuel in its unalterable decay scheme, is converted to electricity 
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Figure 6. SNAP-10A system 

by means of thermoelectric or thermionic converters. The advantages of such 

auxiliary power units lie in their inherent dependability, compactness, sim¬ 

plicity, and the lack of any requirement for any specific orientation in space 

(such as with solar cells). Cost and sometimes special handling considera¬ 

tions constitute disadvantages to be considered in the utilization of such units. 

Radioisotopes are produced either as a result of the fission 

process (discussed previously) or as a result of neutron bombardment within 

a reactor. The Atomic Energy Commission is presently promoting the use 
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Table 2 

SNAP ISOTOPIC POWER GENERATORS 

SNAP Power „ 
no. (watts) Use . 

^61 design life Status 

3 2.7 

5 

7A 10 

7B 60 

7C 10 

7D 60 

7E 6.5 

7F 60 

9A 25 

11 25 

13 12.5 

15A 0.001 

15B 0.001 

17 30 

19 20 

21 10 

TRANSIT 4A & 4B 

Weather (WB) 

Navigation (CG) 

Navigation (CG) 

Weather (Navy) 

Weather (Navy) 

Sonar (Navy) 

Navigation 

DOD satellites 

Moon probe (NASA) 

Thermionic (AEC) 

Nuclear weapons 

Nuclear weapons 

Comsat (DOD) 

IMP (NASA) 

Adv. undersea 

95 gm Pu-238 

18 kc Sr-90 

41 kc Sr-90 

225 kc Sr-90 

41 kc Sr-90 

225 kc Sr-90 

31 kc Sr-90 

240 kc Sr-90 

* Pu-238 

* Cm-242 

* Cm-242 

2-3 gm Pu-238 

2-3 gm Pu-238 

* Sr-90 

* Pu-238 

* Sr-90 

5 yr 

2 yr 

10 yr 

10 yr 

10 yr 

10 yr 

10 yr 

10 yr 

5 yr 

90 day 

90 day 

5 yr 

5 yr 

3-5 yr 

5 yr 

5 yr 

In orbit 

Operable 

Operable 

Operable 

Operable 

Operable 

Deliv. 5/64 

Deliv. 9/64 

In orbit 

Deliv. 1966 

Under Dev. 

Under Dev. 

Under Dev. 

Under Dev. 

Under Dev. 

Under Dev. 

*Fuel quantities classified 
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of fission products for such applications, whereas previously these were 

considered to be only wastes. As one may see from figure 7, plutonium 238, 

strontium 90, and curium 242 are presently the most commonly used isotopes. 
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All radioisotope* undergo decay eventually to a stable state. 

F°r f'’tamP1*: plutonium 238 decay, to uranium 234 by the emla.ion ol an 
alpha particle with a gamma photon occurlng 24 percent of the time. It ha. 

a half life (the time it take, for half of the atom, pre.ent at one time to di.- 

integrate) of 89. 6 year.. Curium 242 decay, by the emi.,ion of alpha particles 

with a half life of 162 day,. Weak gamma, are al.o emitted. Strontium 90 de¬ 

cay. to yttrium 90 by beta emi.sion with a half life of 19. 9 year.. Many of 

the "daughter product." of these r.dioi.otope. are not in a .table state and 

are them.elve. radioi.otopes which have many transition, to make before 

they reach a .table .täte. Complete decay .ch.me. may be found in reference 
6. 

All of the radioisotope generator unit, designed to date have 
utilized thermoelectric converter, and are de.ignated a. RTG1, (r.dioi.otope- 

thermoelectric generator.). The conver.ion efficiency of such device. 1. 

usually on the order of 5 percent. The.e thermoelectric converter, con.i.t 

of junction, of di..imilar material, whose work function, (a measure of the 

strength with which an electron 1. bound to the surface of the material) are 

•uch .0 to induce an electron flow (or a current flow) upon the proper applica¬ 
tion of a temperature gradient. In general, the "hot .ide" of the thermo¬ 

electric Junction face, upon a radioi.otope fuel capsule and the "cold" or 

heat rejection Junction is in intimate contact with the outer .kin of the RTG 

which 1. designed to di.sip.te the rejected heat by radiation in space or by 

conduction or convectionlfor terre.tri.l application.). Hot side temperature, 
of 1,000°F and cold side temperatures of 300°F are fairly typical. 

Thermionic converter, have been propo.ed for u.e a. conver.ion 
devices in r.dioi.otope generator.; one .uch generator i. pre.ently being de¬ 
signed. the SNAP 13. Thermionic conversion, in which a hot electrode 

actually liberate, excited electron, which are then induced to migrate to 

another colder electrode, re.ulting in a current flow, require, much higher 

temperature, (up to approximately 2, 700°F) than doe. thermoelectric con- 
ver.ion and thu. generate, con.lder.bl« material, problem.. For thi. 

reason, the majority of the pre.ent work in the field of thermionic, may be 

properly cl«..ifi,d a. re.earch, where.. RTG unit, have been designed and 
put into use to satisfy the power requirement, of DOD ..tellite., remote 
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meteorological station transmitters, and ship channel buoys. Thermionic 

conversion, when developed to an operational state, will convert thermal 

energy into electricity at a much higher efficiency than thermoelectric con¬ 

version. 

As one may see, radioisotope generators deliver their full 

heat energy continuously, altered only by the gradual decay of the fuel mate¬ 

rial. This is quite different from an aerospace reactor unit which delivers 

heat only upon the programmed startup of the reactor. The full heat energy 

of the radioisotope generator must be continually dissipated during transport. 

On the other hand, comparing radioisotope generators and reactc r systems, 

there is obviously no criticality hazard with the former since they are not 

constructed of fissionable material. Regarding radioisotope generator heat 

dissipation, the contractor is usually charged with proving that even if the 

unit is buried in soft earth as a result of a transport or launch mishap, the 

heat dissipation mechanism will be adequate to prevent the meltdown of the 

fuel capsule and the subsequent release of isotope material. 

In the case of all isotope generator units designed to date, the 

external radiation levels have had to be low enough to permit considerable 

handling by ground crews at the missile site or when installation is made in 

a terrestrial unit. The maximum permissible radiation dose rates, established 

by the National Committee on Radiation Protection for occupational personnel, 

have been assumed to apply to personnel working around isotopic sources and 

preparing them for launch. The recommended maximum allowable doses, 

integrated over a 13-week period, without reference to instantaneous dose 

rate, have been taken to be 3 rad of gamma and 0. 3 rad of fast neutrons for 

whole-body exposure and 25 rad of gamma and 2.5 rad of neutrons for ex¬ 

posure of hands and arms. To date, radioisotope units have not required 

additional shielding to meet such requirements although some such units have 

been shipped in "birdcages" to make use of the distance factor in controlling 

exposure levels. Future RTG systems, particularly those of significantly 
90 

higher Sr loading such as the SNAP 17, being designed for the DOD Medium 

Altitude Communications Satellite System, may well require auxiliary shield¬ 

ing to protect ground handling personnel. 
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Requirements for the airlift of such radioisotope generators 

would stem from the need to deliver them to remote locations, from security 

considerations or simply from a desire to expedite shipment. 

3. NUCLEAR SAFETY ANALYSIS AND APPROVAL CHAIN 

In keeping with the current Air Force weapon system concept, it is to be 

expected that the logistics involved in supporting a nuclear power system 

will be regarded as an integral and inseparable part of the system and that 

the investigation and certification of the safeguards of the logistic equipment 

and operations will be included as part of the investigation and certification 

of the entire system's safeguards. The Air Force ensures that maximum 

safety is designed into nuclear power system equipment and operations by the 

use of the safety studies, rules, reviews, and surveys delineated in Air 

Force Regulation (AFR) 122-15, "Nuclear Reactor System Safety Studies and 

Safety Rules. " This regulation will undoubtedly be used by the Air Force to 

ensure the adequacy of the safeguards built into any scheme for the air logistic 

support of any nuclear reactor system (defined in AFR 122-15 as "any nuclear 

system which uses a radioisotope as a source of auxiliary power"). 

Other segments of the government and agents of government organizations 

also \ave established standards with which compliance must be proved, in 

certain instances. This applies not only to the obvious cases, in which the 

Defense Department utilizes regular civilian road, rail, or water transport 

facilities for the sake of expediency, but even in certain cases where the 

military will have control of the material from the point of origin to the desti¬ 

nation. 

a. Remote terj^irlAi nuclear power plants 

It is essential to the operational utilization of an Air Force terrestrial 

nuclear power plant that it be supplied with new reactor fuel and that irradiated 

reactor fuel, radioactive wastes, and contaminated tools and components can 

be shipped from it, as needed. Since the safety of these operations can be 

properly classified as nuclear or radiation safety, these functions will fall 

within the purview of AFR 122-15. 

28 



WL TDR-64-81 

i he requirements for air logistic support might be first identified, 

formally, in the Site Evaluation Safety Study. Special measures required 

to render nuclear operations at that site safe are generally identified at that 

time. The implications, bearing upon the system development program and 

design, of such considerations as the facts that the site can be supplied only 

by air, or that no disposal of radioactive materials is allowed on site, etc. , 

are pointed out in this stage of the Air Force nuclear safety approval chain. 

For the first plant to be logistically supported by air, the problem 

of obtaining certification for packaging design criteria and operating pro¬ 

cedure standards arises. While the reason for pursuing this objective at 

this stage may not be readily apparent, the packaging design must be 

accomplished prior to the next round of safety reviews; hence the need of 

approval of som î criteria is immediate, and the requirement for special 

precautions in packaging and air operations does stem from the remote lo¬ 

cation of the site. 

It is hoped that the criteria proposed in this report will serve as 

at least a base for these specifications. While every effort has been made 

to ensure that minimum ICC and AEC standards for surface transport are 

met, a thorough check of such pertinent standards should be made to ensure 

that any updating or revisions made by those agencies is not overlooked. 

For irradiated fuel, coordination should be established with the AEC 

Operations Office which administers the plant which will reprocess the 

spent fuel. Coordination should also be established with the Air Force 

Special Weapons Center, Test Directorate, Test Division, Laboratory 

Branch (SWTTL) regarding aircraft tie-down and parachute criteria and 

with the Air Force Weapons Laboratory, Development Division, Weapons 

Integration Branch, Technical Manuals Section (WLDW-5) regarding aircraft 

loading and unloading. These organizations will not only pass upon the 

adequacy of packaging plans and criteria but may be called upon to render 

consultation and advice during the system's design phase. The Bureau for 

the Safe Transportation of Explosives and other Dangerous Articles (hereafter 

called the Bureau of Explosives) of the Association of American Railroads, 

63 Vesey Street, New York 7, New York, should be contacted at this point. 
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. ur*.u of Explosives set, a, the Interstate Commerce Commission's 

enforcement .,,^ for civilian terrestrial transport and. in addition, passes 
pon the design 0f irradiated fuel element casks, .s required by the AEG 

The B rePrOC;!Sln8 PliMS- be,0r* thes* P'— win accept the shipments, 
e ureau of Explosive, will likewise provide consultation, as appropriate 

ly"«! dUrln8 ,h‘ 'qUlPm'nt deSÍgn Pha" °f ‘h* Power plan, 

AS®lS,anC'in anal5,zin* a de8l«n can be obtained from the AEC 
Division of Reactor Licensing (DRL), Bethesda. Maryland, if desired. In 

particular, assistance in evaluating the design for compliance with the nu¬ 
cleonic. and mechanical integrity criteria can be obtained from DRL. 

Each of the three safety studies which must be performed upon the 
system must be submitted and reviewed by the USAF Nuclear Reactor System 

f* 7 GrOUP ,NRSSG, WMch “ convened and chaired by the Directorate of 
»clear Safety (DNS) acting a. . field ,*t.„.io„ of ,h. Deputy. The Inspector 

o * /TlG) “ Klr,llnd AFB. • The membership 
the NRSSG include, on. member from each of the following: DNS. which 

oYm 7 i’ Ch“rm*n- *aCh Air S,aí( »«‘ce (including ,h. Surgeon General) 
or major air command with safety responsibilities (a, determined by D/TIG) 
tor any portion o, ,h. nuclear reactor system/facility. ,h. Atomic Energy 

byD/TIcYr *7° d<,i^*,• *nd °,h*r *ov*rnn>ent agencies (as determined 

om a a ,*eh,ÜC*‘ 0r l0il,tlC *uPPor* agancy (the System Project 
flee the Air Force Ballistic System. Division, etc.), having some re- 

sponsibllity regarding ,h. system will be invited to designate non-voting 

members to th, NRSSG. who will have an advisory status. Advisor, may 

"TL“ *7r 77 thr0Ugh ,h*lr caapaettve command member, of th, 
NRSSG. Th, collection and assimilation of ,h, technical input da,, and the 

preparation of technical nuclear safety .n.,y.,s ind tvaluatlon itudl,8 

ra ew by the NRSSG are the responsibility of the Air Force System, 

Command ,AFSC). Within ,h. Air Force Systems Command, the Air Force 
Weapon. Laboratory. Analysis Division. Safety Branch. Nuclear Reactor 

*„ 
ZL ,7A(Eq:iPrnl d‘,t*n *nd pUnn*d ‘’P"»«1»« of plan,, procured 

( the Atomic Energy Commission', channel, may .l.o be submitted 
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for review, to the AEG Advisory Committee on Reactor Safeguards (ACRS) 

by way of the AEG Division of Reactor Licensing. The ACRS reviews, how¬ 

ever, are not established to coincide with system development program 

milestones, as are the Air Force reviews under AFR 122-15; it is the re¬ 

sponsibility of the AEC/DOD development agency to make submissions at the 

appropriate times, through the Division of Reactor Licensing. The decision 

as to whether or not ACRS reviews must be made in addition to Air Force 

reviews under AFR 122-15 must be based upon guidance received from the 

Deputy, The Inspector General which in turn will depend upon the particulars 

of the system development program and especially the channels through which 

the system is procured. 

At such time as the major items of the system design have been 

determined, the NRSSG will make its second review, the Initial Safety Study. 

This is to identify safety deficiencies in design studies and provide guidance 

for whatever further development is required to enable the system to meet 

established safety standards. At this time, the logistic support cycle, and 

in particular the details of the irradiated fuel element, new fuel element, and 

adioactive waste packaging design, and the exact complexion of the projected 

air transport operations should be investigated. 

Prior to this review, the Air Force Sponsoring Agency should have 

written analysis of all proposed aircraft tie-down configurations from the Air 

Force Special Weapons Center (SWTTL), the proposed loading and unloading 

operations from the Air Force Weapons Laboratory (WLDW-5), and an 

analysis from the appropriate AEG Operations office and the Bureau of 

Explosives of proposed irradiated fuel element casks. Proposed flight 

operations profiles should have previously been coordinated with the airlift 

agency (MATS or TAC) and guidance for foreign overflight procedures should 

have been obtained as per section 6a of this report. Packaging designs such 

as those for radioactive waste and unirradiated reactor fuel, which may not 

require AEC or Bureau of Explosives approvals, should have been analyzed 

to the satisfaction of the Air Force Weapons Laboratory (WLAS-1) at this 

time, unless some other agency is preparing the Initial Safety Study for the 

NRSSG, which is not expected. In that case, however, the analyses must be 

made to the satisfaction of the other government agency. 
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At th* conclusion o< th* NRSSG Mooting ior tho Nuclo.r Powor 

Systom Initial Soioty Study and with tho signing off by Hq USAF on tho 

recommendations in tho report, packaging design and proposed methods of 

tie-down, aircraft loading, and unloading will stand approved. 

No later than 90 day, before the time at which any of the operations 

considered in th. two previously mentioned safety studies are to commence. 

the report of the NRSSG meeting held to review the Pre-Operational Safety 
Study should be submitted to Hq USAF. 

The avowed purpose of the Pre-Operational Safety Study is to de¬ 

termine the adequacy of th. safety features in the nuclear power system design 

construction, and proposed operational procedures and to provide . basis for 

developing detailed safety rule, which will ensure that the system meet, the 

prescribed safety standards. Included within the scope of this study is the 

inspection of equipment to ensure that it conform, with submitted design 
information. 

When the Pre-Operational Safety Study ia «ubmitted to Hq USAF, it 

Will be accompanied by the system's safety rules, prescribing the control, 

and administrative procedure, which will be applied to the system. These 

would include those safety rule, to be applied in the transport of radioactive 
and fieeile material. 

The acceptance of the NRSSG's recommendation* in the Pre- 

Operational Safety Survey by Hq USAF will constitute final approval tor the 

airlift operations, a. i, must be preceded by all th. other approval, (foreign 

governments, other government agencies, etc.) appropriate for the operation, 
under consideration. 

If, after this, any changes are made to equipment or operations (to 

include safety rules), special nuclear safety studies must be made to explore 

the safety implications. Depending upon the changes and the items upon 

which the changes are made, it may prove necessary to resubmit equipment 

designs to the AEG Operations Offices, the Bureau of Explosives, the Air 

Force Special Weapons Center or the Air Force Weapons Laboratory and 

•gain obtain their approval. In addition, special review, and studies will be 

called for by the Deputy. The Inspector General if unsafe conditions are 
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revealed by operational experience. 

k* AgrospflÇC nuclear auxiliary power 

Th, Air For« nucL.r safety pr„gr.m for aerospace reactor 

and radioisotope generator uni,» is organized in the same fashion as i, is f„, 

terres,nal nuclear power plan,,, under AFR 122-15. The 8a(ety of thj tran8_ 

port operations should be regarded as only . portion of ,h. overall safety pro¬ 

gram and safeguard, designed for the operational utilization of the power unit. 

The progression which would be followed is exactly the,.me. The 

u" MU, 7T b; 'b' Si" EValU“,i0n S,Udy Whi'h —"V considers only the 
suttabiUty of the si,, with respect to safety of operations, bu, which can be 

expanded to include consideration of container criteria, if necessary The 

Initial Safety Study and then the Pre-Opera,ional Safety Study would follow. 

The AEG. most likely the Division of Reactor Licensing, could be 

«peed «o make its own .„.ly.i. of ,he safeguards to be taken throughout 

*" r* 0p*r*tlon*1 *'qu'nc'. 0ther ,han this, however, it Is unlikely that 
other organization, such a. AEG field offices „r the Bureau of Explosive. 

would be called upon to analyze any portion of th. transport operation except 

w en a portion of the transport operation, will be made utilizing civilian 

rather than military transport channels, in which case i, would have to be 

proved ,0 th. Bureau of Explosives tha, the applicable provision, of Title 49 

o the Cod. of Federal Regulation, had been complied with. Of course no 

such shipment should be made which provide, protection 1... ,ha, which 

would be provided by the ICC under Title 49 of the Code Federal Regulation. 

..is,anee regarding aircraft tie-down, can be obtained from the Air Force 

Special Weapon. Center and regarding aircraft loading, from ,h. Air Force 

«pon. Laboratory, as with the terrestrial nuclear power plan,.. 

*' APLICABLE EXPERIENCE AND regulations im 
CIVILIAN TRANSPORTATION industry 

A discussion of the experience gained by civilian .g.„cie. involved in 

the surface and air transport of radioactive material. 1. Included In this 
report for two reasons: 
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1) Most of the standards, procedures, and criteria that have been 

established for civilian surface transport are the result of extensive experi¬ 

ence in those modes of shipment and will be applicable to the shipment of 

such material, via a new mode - military air. Also, civilian air transport 

experience with small radioactive shipments will prove instructive. 

2) Very few shipments of radioactive material will originate and 

terminate at the air terminals, bases, or strips. The items will have to be 

transported from their point of origin to the airplane and from the plane to 

their destination by conventional means of surface transport. The standards 

for those medium, of transport as well a. those for air transport must be met 

a. Hi «tory 

In 1936, some forty year, after the discovery of radioactivity, the 

attention of transportation authorities in the United State, was first drawn to 

the problem of shipping radioactive material via commercial tranaportation 

facilities. To be sure, other hazardous material., such aa explosives and 

toxic chemical, were already being transported on a routine basis, but radio¬ 

active package, were unique in that they would pose a "hazard-.t-.-distance" 

even though packaged In a workmanlike manner. The occasion of this first 

concern was the growing suspicion, on the part of the manager of a film 

processing station in Chicago, that irradiation from unprotected shipment, 

of medical radium, while the film was In the mails, was responsible for the 

periodic light density variations he was noticing in hi, product. Some 

sleuthing revealed that medical shipment, could Indeed have been responsible 

for this fogging of film. On July 13, 1936. the Acting Second Assist.« 

Postmaster General (Mr. J. W. Cole) issued an order that stood, save only 

for two minor specific exemption, issued subsequently, until April 1949 

a. the basic guidance for the domestic shipment of radioactive material, by 

The headline on the order reads: 

"RADIUM, THORIUM OR ANY OTHER RADIOACTIVE 
SUBSTANCE, OR ANY MATERIALS CONTAINING 
RADIOACTIVE SUBSTANCES, SUCH AS POWDERS 
CONTAÍNÍNG RADIUM OR THORIUM, LIQUIDS CON- 

RADIATION EMANATION, RADIUM SALTS 
xR/ÄD^ACTIVE mineralS, or any radioactive' 
MATERIAL WHATEVER, NOT PERMITTED IN THE 
MAILS, " 
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The order is actually scientific nonsense in that every known 

material, be it animal, vegetable, or mineral, contains some amounts of 

radium and thorium. Likewise, all objects containing potassium,rubidium 

or any other of the naturally occurring radioactive elements would be ex¬ 

cluded. Obviously, this was not the intent of the order but such would be 

a literal interpretation stemming from the crude specification. 

This little episode is related, not only because it is historically 

interesting, but because it represents a frequently occurring reaction to the 

problem of shipping radioactive materials. Certainly had not this order been 

circumvented and finally repealed a great many people would have been de¬ 

prived of the benefits obtained through the use of radioisotopes in radiography, 

medicine, and all other types of research. Here, as in everything else, the 

risk involved must be weighed against the benefit to be accrued. For the 

most part, this principle has been adhered to in the shipment of radioactive 

materials. 

The Railway Express Agency, at the request of the National Cancer 

Institute, filled the void that existed as a result of the Post Office Department's 

refusal to handle "radioactive" parcels. A table was compiled listing the mini¬ 

mum lead shielding as a function of the amount of radium (0-600 mg) in a 

package and a fifteen-foot separation was maintained, in boxcars, between 

the packages and any X-ray film. The average total exposure at fifteen feet 

was 11 milliroentgens (see appendix II for an explanation of radiation units) 

with a maximum of 14. 9 mr and a minimum of 7. 3 mr. Packages could meet 

these specifications and yet have a radiation level as high as 8, 000 mr/hr at 

the surface of the package and a gamma-ray intensity which delivered over 

20 mr/hr at one meter (e. g. , with 200 mg Ra in 1.5 inches of lead). All 

other gamma-emitting substances had to be labeled "Radium" and the regula- 
8 tion recognized no other active substances. 

With the advent of the Manhattan Engineer District the amount of 

radioactive material which had to be transported from one site to another 

became colossal. The problem was minimized by very tight security pro¬ 

cedures and extreme amounts of lead shielding. 
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In I 046, when Oak Ridge started shipping isotopes to hospitals and 

universities, the same conservative principle, oí over-shielding during ship¬ 

ment were maintained a, interim policy until the Interstate Commerce 

Commission could formula,, and enact new regulations. During this time 

radioisotope user, were forced to pay extremely high freight charges on their 

purchases. It was no, uncommon for a user's express charge, to be higher 

t an the cos, of the isotope; this restricted much early experimental work. 

Before discussing the transport regulations currently in effect, one 

as, historical item should be covered and that is the early history of radio- 
active material in air transport. 

During the war, several important research project, required the 

use of isotope, a. radioactive tracers. A. the work of the Manhattan Project 

*a. classified, the only source, of these isotope, were cyclotrons. Much of 

the work involved the us. of short-lived isotope, such a. Cl38 and N.24 which 

could be transported from the cyclotron sit. ,o the laboratory only by air if 

sufficient residual activity for the experiment was ,o be available. Special 

arrangement, were usually mad. with airline and airport personnel .„d the 

shipment, were mad, successfully. In July 1,43 . mistake by ground handling 

personne «»ulted in an estimated dose to a pilot of 35 mr. While this is a 

very low dose, i, was regarded a, proof that better defined procedure, were 
required. 

Air Express Tariff No. 8. Supplement 5, was then drafted (also 

known a. Supplement No. 5 ,0 CAB No. 22). I, specifud, for airlift in DC-3 

aircraft (which have a cargo compartment in the tail), that gamma-emitting 

package, should no, produce a dose greater than 14 mr a, . distance of 30 feet 

during the time of transportation. These package, had to be marked; "Do not 

P ace in the same compartment with undeveloped film, or mail." On the other 

and. pure alpha and beta emitter, were required to have 1/32 of an inch of 

lead around them, but required no special marking or segregation from other 

cargo. Airline, which flew plane, such a, the Lockheed Lodestar, which 

ad only one cargo bin. could not accept gamma-emitting packages. This 

tariff was altered during it. lifetime but ha. now been completely replaced 

by CAR Revised Part 49 of Title 14 of the Cod. of Federal Regulation. 
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b. Present ICC regulations 

The Interstate Commerce Commission (ICC) is responsible for the 

formulation of rules and regulations governing the transportation of ex¬ 

plosives and other articles. The ICC is authorized to call upon the Bureau of 

Explosives of the Association of American Railroads not only for the prepara¬ 

tion of such regulations, but also for their execution after adoption by the ICC. 

The Interstate Commerce Regulations covering the Transportation of 

Explosives and Other Dangerous Articles include eight parts of Title 49 of the 

Code of Federal Regulations, as follows: 

Part 71 — General Information & Regulations 

Part 72 — Commodity List of Explosives and 
Other Dangerous Articles 

Part 73 - Regulations Applying to Shippers 

Part 74 - Regulations Applying Particularly to 
Carriers by Rail Freight 

Part 75 - Regulations Applying to Carriers by 
Rail Express 

Part 76 - Regulations Applying to Carriers in 
Baggage Service 

Part 77 - Regulations Applying to Shipments 
Made by Way of Public Highway 

Part 78 - Shipping Container Specifications 

Part 72, Section 5, specifies that: "All radioactive materials are 

classed as poison, class D, and are properly shipped as 'radioactive 

materials. The most dangerous articles such as lewisite, mustard gas, 

hydrocyanic acid, etc. , are classified as Class A poisons; the less dangerous 

such as arsenical compounds, mercury compounds, aniline oil, certain 

fumigants, etc. , are classified as Class B poisons. Class C poisons include 

tear gases and other skin irritants. The Class D poison designation was added, 

to consist entirely of radioactive substances and formulations when present in 

sufficient amount to be potentially dangerous. There is, at present, no Class 

E poison. 

For the purpose of parts 71-78, radioactive materials are divided 

into three groups according to the type of rays emitted at any time during 

transportation as follows: 
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GROUP I - Radioactive material» that emit gamma ray. only or 

both gamma and electrically charged corpo.cul.r rays. IÍ, at any time during 

transportation, the gamma-ray (including X-ray) intensity at any surface of 

the finished package will exceed 10 mr/24 hours, the radioactive material 1. 
classified as Group I. 

GROUP II - Radioactive materials that emit neutrons and either 

or both the types of radiation characteristic of Group I materials. (These will 

be composite source, of reasonably long-lived alpha source, mixed with boron, 

lithium, or beryllium or a source of high-energy gamma ray, mixed with 

deuterium or beryllium, as all known radioactive isotopes which spontaneously 

emit neutrons have half lives shorter than one minute. ) 

Group III - Radioactive materials that emit electrically charged 

corpuscular rays only; i. e., alpha or beta, etc., or any other that is so shielded 

that the gamma radiation at the surface of the package does not exceed 10 milli- 

roentgens for 24 hours at any time during transportation. 

Group III packages are marked with a special blue label, in con¬ 

trast to the red label required for Groups I and II. 

The specification noting that the acceptable level at "any time 

during transit" for Group III is necessitated by ,h. fact that some radioisotope 

daughters which may be formed during transit emit a stronger gamma flux 
than the parent. 

Some of the more salient features of parts 71-78 follow: 

(1) Special specifications or allowances are made for the following 
items; 8 

(a) Shipments of more than 2 curies of radium, 

polonium or other members of the radium family 

or more than 2. 7 curies of any other radioactive 

substance packed in one outside container, except 

that mentioned below, 

(b) Shipments of more than 300 curies of cesium 

137, cobalt 60 or iridium 192 packed in one out¬ 

side container. 
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(c/ Packages for which it can be proven that there 

will be no leakage of materials under conditions 

normally incident to transportation, which will not 

contain more than 0. 1 millicurie of radium, polonium, 

strontium 89 or 90, or barium 140 which disintegrates 

at a rate of more than 5 million atoms/second or that 

amount of any other radioactive substance which dis¬ 

integrates at a rate of more than 50 million atoms/ 

second, and which will emit not more than 10 milli- 

roentgens for 24 hours of gamma radiation and no 

alpha, beta, or neutron radiation. (These packages 

are exempt from prescribed packaging, marking, and 

labeling requirements. ) 

(d) Shipments of electronic components of which radio¬ 

active materials are a part. 

(e) Shipments of manufactured articles (other than 

liquids) such as luminescent instrument dials. 

(f) Shipments of slightly radioactive ores, residues, 

etc. (which will be discussed in some detail, later in 

this report). 

(g) Carload lots of low-activity freight. 

(2' Radioactive materials that present special hazards due to their 

tendency to remain fixed in the human body for long periods of time must, in 

addition to the packaging previously described, be packed inside metal con¬ 

tainers specification 2R, or another container approved by the Bureau of 

Explosives. 

(3) All radioactive materials must be so packed and shielded that 

"the degree of fogging of undeveloped film under conditions normally incident 

to transportation (24 hours at 15 feet from the package) will not exceed that 

produced by 11.5 mtlliroentgens of penetrating gamma rays of radium filtered 

by Vfc inch of lead. "7 

(4) The design and preparation of the package must be such that 
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there will be no eignificant radioactive surfac 
the container. 

e contamination on any part of 

(5) The «mailest dimension of any outside 4 
radioartiv. rr, * , , y 0ut8ide 8hlPPing container for 
radioactive materials must be not less than 4 inches. 

(6) All outside shipping containers must be of such ♦ v 

- ...:r;rr—" 
(7) Radioactive materials falling into Group I whether liotHH 

by IV^eW orr.?o7o7h^.l,.blebm.tl.n,Ídr f0nUÍnerS COmpl*,ely S™ded 

during transportation the g.mma radiation1*, ° ,hat ,im* —.. .«..r r,;:;;; ™;:.r •" - - 
(8) Radioactive materials failing into Group II, either liquid solid 

pick;d in ,ui,*bi* con,‘iner* *° m...u'rad 

exc‘Id y P ‘ °n *he l0ng a,dS 0i th* container will no, 

(a) Gamma radiation of 10 mr/hr. 

(b) Electrically charged corpuscular radiation which is 

the physical equivalent of 10 mr/hr of gamma. 

C NeUtr0n radi*tion which is the physical equivalent 
of 2 mr/hr of gamma. 

<d> Total equivalen, radiation not to exceed the 10 

milliroentgens/hour value, if more than one of 

the three above mentioned typ», 0f radiation 
exists. 

additi K Urd r*di0‘C,iV* ""“"‘o'« in Gfoup. I. U. or mu,tt in 

T;,P; ;dd in ,ight ... other suitable maid, non- 
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specification 2R or other container approved by the Bureau of Explosives, 

the absorbent cushioning is not required. 

(10) Radioactive materials Group III, liquid, solid or gaseous must 

be packed in suitable inside containers completely wrapped or shielded with 

such material as will prevent the escape of primary corpuscular radiation to 

the exterior of the shipping container, and secondary radiation at the surface 

of the container must not exceed 10 milliroentgens per 24 hours, at any time 
during transportation. 

( 11 ) Sections 75. 655 and 77. 841 limit transportation by one car or 

vehicle or storage in one place to 40 radiation units. Section 73. 414 defines 

1 radiation unit as equal to "1 milliro.ntgen per hour at 1 meter for hard gamma 

radiation or the amount of radiation which has the same effect on film as 1 mr/hr 

of hard gamma rays of radium filtered by ^ inch of lead. " The number of radia¬ 

tion units is then a measure not of the quantity of radioactive material in a pack¬ 

age, but rather of the gamma radiation emanating from the package. 

(12) Part <7 specifies that a container of radioactive material bearing 

radioactive material, red label (Group I and Group II. class D poison.) must 

not be placed in vehicles, terminals, or other places closer than 3 feet to an 

area which may be continuously occupied by passengers, employees or ship¬ 

ments of animals. When more than one such container is present, the distance 

from occupied areas must be computed from a table in subparagraph 1 of 
section 77. 841. 

(13) No motor carrier may transport any radioactive material, poison, 

class D under these regulations in or on any bus while engaged in the trans¬ 

portation of passengers except where no other practicable means of transportation 

is available, according to section 77. 870. 

(14) The ICC packaging, labeling, and placarding regulations previously 

discussed are waived for the Atomic Energy Commission provided each ship¬ 

ment is escorted by personnel specially designated for that purpose by the 

Atomic Energy Commission. It is evident that the counting of placarded cars 

or labeled shipment, leaving Atomic Energy Commission establishments might 

provide data on production activities which would constitute a breach of security. 

Military airlift may well necessitate similar types of precautions. 
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c* £xgsent CAB regulations 

The transportation of radioactive materials by (nonmilitary-controlled) 

air is regulated by the Civil Aeronautics Board. Its Civil Air Regulations (CAR's) 

covering the Transportation of Explosives and Other Dangerous Articles con¬ 

stitutes Part 49 of Title 14 of the Code of Federal Regulations. Many of the 

Civil Air Regulations applying to the shipment of radioactive materials - 

especially those applying to packaging, marking, or labeling of such materials 

are based upon ICC regulations. Comments on the ICC Regulations will not be 

repeated. The additional, salient points made in the Civil Air Regulations are: 

(1) In addition to the packaging requirements previously discussed, 

, container8 for liquids must be securely closed and of sufficient integrity to 

prevent any leakage or distortion of the containers caused by change in tempera¬ 

ture or altitude during transit, and so filled as to provide adequate outage. 

(2) CAR 49.55(c) concerns stowage aboard aircraft, and is the only 

provision of the Civil Air Regulations which differs from the ICC Regulations 

(ICC 655(j)). The flight time is invariably shorter than the 24-hour transit 

time upon which distance tables for ground transportation are bo sed. Also, 

flight crews are limited to a maximum of 85 flying hours per month. Accordingly 

CAR 49.55(c) provides the following table for the minimum separation between 

flight personnel or passengers and Group I or Group II parcels measured, in the 

case of air regulations, from the nearest edge of the nearest radioactive con¬ 
tainer. 

TABLE FOR PERSONNEL SEPARATION8 

Minimum distance to crew members 
& passengers (feet to nearest edge 
of nearest Group I & II parcel) 

0-2 

3-5 

6-10 

11-20 

21-30 

31-40 

1 

2 

3 

4 

5 

6 

Total no. of "units" 
(mr/hr) 
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(3) The separation to be maintained between Group I and II parcels 

and undeveloped film shipped by air express or by air freight is given in part 

49 and is such that irradiation will always be less than the standard value of 

11.5 mr for a 24-hour period. 

d- Present US Mail regulations 

Except that the quantity limitation of ICC regulation 73. 367(a)(2) is 

applied also to manufactured articles, those parcels of radioactive material 

which are exempt from specification packaging and labeling under the ICC 

Regulations are not acceptable in the mails. For regulatory purposes, there is 

no distinction made between the different classes of mail. First class mail, 

second class mail, air mail, parcel post and all others are regarded without 

distinction in this sense. 

e. Present Coast Guard regulation 

For transportation by water, there is a divided responsibility. The 

ICC Regulations determine the packaging and labeling of acceptable articles, 

but the acceptability, handling, and stowage aboard ship are the responsibility 

of the U. S. Coast Guard, The U. S. Coast Guard Regulations are given as 

Title 46 Part 146 of the Code of Federal Regulations. To the extent that any 

particular set of ICC regulations for ground transport are applicable to stowage 

aboard inland, coastal or transocean vessels, the Coast Guard generally adopts 

the principles of the ICC regulations. In the case of import shipments, parcels 

of dangerous articles must conform to the ICC ground regulations before being 

allowed to move out of the port area by ground transport. Export shipments 

must conform to the ICC packaging and labeling regulations in order to be 

transported to the port area. Aboard ship, packaging and labeling must conform 

to either the ICC regulations or the regulations of the country of destination. 

E Erftacnt Alomic Energy Commission regulation 

After the second World War, in 1947, there was some question as to 

just who had jurisdiction over the transport of dangerous, radioactive 

material. The question, debated by the legal departments of the ICC and 

the AEG was whether the Act of Congress authorizing the ICC to regulate the 

transportation of dangerous articles was or was not "superior" to the Act of 

Congress establishing the Atomic Energy Commission's jurisdiction in the 
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field of radioactivity and nuclear fission. It was finally decided that the ICC 

has jurisdiction and the first ICC regulations were adopted on October 24, 1947, 

and went into effect on January 21, 1948. 

The Atomic Energy Commission does, however, have responsibilities 

stemming from its basic charter in the transportation of certain radioactive 

materials which should not be overlooked. In the interest of protecting public 

health and safety, the Atomic Energy Act of 1954, as amended, requires the 

Atomic Energy CommisKion to exercise regulatory control over organizations 

and individuals who own and operate nuclear installations and possess and use 

source material (natural uranium and natural thorium); fissionable or fissile 

material (enr ched uranium and plutonium); byproduct material (radioisotopes); 

and otherwise engage in the peaceful uses of atomic energy. The Department 

of Defense is obviously excluded from this control. 

In discharging its regulatory responsibility, the AEC has developed 

and put into effect a system of regulations governing the construction and 

operation of reactors and other nuclear installations, and the possession, use, 

and disposal of radioactive materials. Briefly, the regulations state that 

persons within the United States (except the DOD) shall not transfer, acquire, 

possess, or use any reactor or source, fissionable material, or radioisotopes, 

except as authorized by a license issued by the AEC. 

The definition of responsibilities between the AEC and the ICC as 

regards the transportation of fissionable and radioactive materials is based 

upon the fact that the AEC is not equipped nor does it have the authority to 

regulate interstate commerce (and perform all the responsibilities which 

accrue to an agency that does), while it does have the facility to establish 

procedures and standards for the utilization of atomic energy and for the 

protection of the public from radiation hazards. The ICC rather, by its very 

nature, is the proper vehicle through which to publish and enforce standards 

which must be applied to the transportation of hazardous materials via the 

avenues of interstate commerce. The regulations published by the ICC reflect, 

of course, established AEC philosophy on the handling of radioactive material 

by non-radiation worker, and exposure of the general population to radiation 

hazards in unrestricted areas. 

J 
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The regulations published by the AEG prescribe performance type 

safety standards and requirements for protecting the licensee's employees 

and the public against radiation hazards. These standards are designed to 

conform with the recommendations of recognized technical authorities, such 

as the Federal Radiation Council and the National Committee on Radiation 

Protection and with the AEC's safety experience in its own operations. 

Occupational radiation exposure (i. e. . the exposure of radiation 

workers)is safeguarded by the licensee through his control over access to his 

installations and by the direction of the activities of individuals within such 

installations. Nonoccupational exposure is controlled by limiting to safe 

levels the quantities of radiation released by the licensee to areas not under 

hi s authority. 

Among the regulations which the AEC has promulgated or issued 

as proposed rules under Title 10 of the Code of Federal Regulations are de¬ 

tailed licensing regulations: 

Part 30 

Part 40 

Part 50 

Part 70 

Part 71 

Part 72 

Radioi sotopes 

Licensing of Source Material 

Licensing of Production and Utilization Facilities 

"Licensing of Special Nuclear Material" which 

deals with fissionable material 

Shipment of Special Nuclear Material (fissionable) 

Protection Against Radiation in the Shipment of 

Irradiated Fuel Elements 

In particular, part 70 specifies container sizes for isolated packages 

containing relatively small amounts of 100-percent fissionable uranium or 

plutonium and allowable arrays for those packages in storage. 

Part 71 specifies broad policy regarding the small shipments of 

fissionable material, enforced so that accidental criticality is precluded. 

Neither part 70 nor part 71, which are discussed in more detail in section 5a 

(2)(b) of this report, offers appreciable guidance pertinent to the situations 

which this report addresses itself to. 

Part 72 does, however, offer some applicable guidance. It specifies, 

for AEC licensees, the cask design criteria (for ground transport) and the 
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procedures required to obtain commission approval of a cask design. This part 

will be discussed in detail in the chapter in this report on container criteria, as 

many of the standards established in part 72 should bear upon cask designs for 
air shipment. 

8* ^ safety experience agcumulnteiUn the shipment ,>f 
radioactive materi»;« 

Since the early days described in this chapter, the shipment of radio¬ 

active materials has become a well regulated, commonplace experience for 

the AEC and the American transport industry. It Is estimated, for example 

that in the period 1046-1960, Oak Ridge National Laboratories (ORNL) made 

over 1 43. 000 shipment, of radioactive material, the sales value of which was 

in excess of $20 million. Commercial firms' shipments and sales figures are 

not available but are known to be much greater than the ORNL figures. There 

are. at present, more than 6. 500 AEC licenses in this countrv and agencies in 

65 foreign countries to whom these shipments are made. ° 

The AEC reports that, in the five-year period of 1957-1961, an 

accident rate of approximately 0. 17 accident per 1,000 shipments was com¬ 

mie,: la total of 47 accidents with an average of 47.000 shipments per year). 

If one estimates that the average shipment is between 100 and 1, 000 miles in 

length, this then works out to be a rate between 1.7 and 0. 17 accidents per 

million miles. This is somewhat below the rate for truck acciuents and the 

average frequency for all commodities. If on, consider, only those off-site 

accident, in which packaging was breached, one finds only 15 such accidents 

during the five-year period, for a figure of 0. 64 to 0. 06 accident per million 

miles. Of the 15 cases of packaging breaches only two resulted in the 

mechanical failure of the container and one resulted in the failure of the 
container by fire. 

The most common failure, as would be expected, was the leakage 

of liquid. Of all the accidents reported, no significant contamination or ex- 

posure of personnel was reported. * ^ 

It should also be noted that, while figure, on the volume of fissionable 

materials handled and transported are not available, the shipment of special 

10 
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nuclear material has not yet resulted in a single incident involving accidental 

criticality, 

5. XESMmOAh. ASPECTS OF SHIPMENT 

a. C£>.ntaing.r.criifiri.a 

(1) Spent fuel elements 

It Is to be remembered that the radioactive decay of the fission 

products is the prime source of problems in the packaging and shipment of 

irradiated reactor fuel. When one considers this fact alone, the question that 

comes to mind is; "Why not just let the irradiated fuel elements 'cool' (in the 

radioactive sense) indefinitely, or at least for several years? "Their activity 

is continually decreasing and they are becoming less and less of a headache to 

handle as the shielding requirements are lessened. Unfortunately, the situation 

is not that simple but is complicated by another fact; the high cost of enriched 

uranium and radioisotope material. The Atomic Energy Commission commonly 

requires payment of interest charges for use charge) of 4-3/4 percent per year 

on the total value of the fuel inventory for the complete period it is out of their 

hands. Ihis means that an idle PM -1 core (irradiated conditions) represents 

a loss to the government of at least: $13, 500 per year, At the present: time 

many proposals are being made to gradually step up this use charge to 100 

percent of the value, allowing- civilian, ownership of the fuel and thus setting 

the civilian nuclear power industry on a self-sufficient basis. While the 

military may not: be charged, by the AEG for use of the fuel Inventory It is, 

nonetheless, a loss of revenue for the government which, should be taken into 

account, 

■Also, the radioisotope fission products which can be recovered 

from, the irradiated, fuel elements are becoming more and more valuable for 

diversified applications, (isotopes making major contributions to fission 

product activity as a function of time are shown in figure 7, ) Although certain, 

isotopes of value do actually build up their fraction with time (due to the 

transmutation of other isotopes), all eventually decay to stable states. The 

longer one waits to recover the isotope fission products the less there is to 

recover and. this, too, constitutes the loss of valuable material. 
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I* i* ,ht r«spontlblUty of the agency sponsoring the plant's 

.vtlopm.»« ,° m.k, . determination of the optimum cooling period, balancing 

, O" *° th* l°V*rnm,nt •» unnecaarily long cooling period 
agalnat the cost of the shipment of an unneeeii«i»HW ... . 

from there to th. Idaho Chemical Proc.a.ing PI.», or Savannah River Han, 

•tc. A. thl. determination i. highly dependent upon th, circum.tance. of the 

ST Tl ‘OC*,l0n• ,,C- ’ n° ,X*mpU “ 0,Ur*d- Fl«“« 8 <"°"> Reference 
13) i. included a. an example .f ,h. d.cUn. of fhl,lding requirement, with time, 

T mVf *** h0W d,',*nd*nt th* 'Melding requirement i. upon th, 
Ume the fuel elements are allowed to cool. 

h* Ä,aumPtion made throughout this study that the spent 
u. element, will be corttnuou.ly imm.r.ed in water. The great majority of 

th. con.umer ,err..,rial nuclear power plant, in th. United State, .nd all of 

operational military plant, are of th. pr,..urU.d water or boiling water variety 

nee ,h. cor. loading i. performed ,h. fuel element, are completely imm.r.ed 

n w. er. during their c p.r.ttonal life, during tran.f.r to the cooling pi,, during 

Th liT T:,,hlPPlni e‘*k' ,,C- ,ult. differ,», * 
the United Kingdom. Au.trall.. or wherever ga.-cooled reactor technology 

prevail*. I» ,h. United State, with ,h. water-cooled technologie,. ,hi. con¬ 

tinuo». immer.,on 1. . fac, of life, however. Even were 1, no,, though, there 

are certain advantage, to .hipping irradiated fuel element* in water. 

tl. A* ^11 b* di,cu,,id one mandatory item of design 
phi o.ophy for irradiated fuel ca.k. I. tha, they mu.t allow .ufflcien, he., d,..i- 

petion to keep ,h. „.men,, well below their failure temperature w«h no 

cool.», th. cask. It then might be argued that, rince ,h. ca.k mu., b. de- 

• gned to keep th. element, .omewha, below th. danger point, without water 

cool.»,, on. .hould ,hip ,h. element. . dry ca.k. There are two r...on. 
why this should not b# don#. 

. , . .. Fir**' th* ‘*mp*r*tUr* *• whlch )rr*<Ue,ed fuel element, begin 
to leak fie.ion product. 1. not well .pedfied. I, ,. known, however, that th. 

ower the temperature at which .uch fuel,. kept. 1... po.ribillty there ,. of 

a ur. For tM. re.wn it ...m. wi.e to maintain ,h. fuel ., „ :ow . t.ro 

ure during .hipment a. i. conveniently po.rible. W.ter-fill.d ca.k. can 

maintain fuel temperature a. much a. 400 degree. F cooler than in a corre.- 
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ponding dry cask. Th« use of water instead of air for coolant is the mdn 
reason for this. 

The second, primary reason for using water as a coolant is 
th«t At th# r*h*m*t «»««I —__i.. . «... . .... 

.. r*«-v*“* piAiit ute casK nneo witn tuel will be lowered 
into . unk of wat.r for handling. If . dry ca.k i. u««d without pr.cooltng, 

water atriking the hot element« 1500 to 600 degree« F) may well thermally 

.hock them to the extent that .orne will begin to leak «..ion product, in the 

receiving facility of the proce.alng plant. Addition of gradual piecooling 

facilitie. would co.t more than the very .mall .hipping .aving re.ulting from 
the elimination of water. 13 

Throughout the dl.cuuion within thi. report of the air trans¬ 
port of radioactive material., 1, i. ...umed that the .hipment will be accom¬ 

panied by a qualified courier, much the .ame a. AEC .pedal weapon, .hipment. 

are accompanied by courier.. The dutle. of thi. courier will be to control 

personnel exposute and to ensure compliance with the film badge program set 

up for the aircrew and loading crew., to monitor the temperature, radiation 

level, and integrity of the ca.k. and, in the event of a ca.k failure, to monitor 

the contamination, ensure minimum exposure to it. and direct any decontamina¬ 

tion or other remedial action until .uch time a. the designated emergency team 

arrive, (if any). Thi. man must be . qualified health physicist proficient in the 

u.e of radl.c .urvey in.trument. <.ee appendix IV) and experienced in radiation 

control program.. Mo.t probably he will be . crew member of the health 

phyric. staff of the nuclear plant from which the Irradiated fuel 1. being .hipped. 

A. it will be several year, before .uch .hipment. are made on a frequent ba.l., 

thi. requirement .hould not place an appreciable drain upon nuclear plant crew 
resources. 

Finally, before entering into a detailed discussion of the pro¬ 

posed criteria for irradiated fuel element container. . word should be .rid about 

determining compliance with such criteria. One .hould first bear in mind that 

the*, container, are rather costly item.. The co.t of the material, alone, for 

a ca.k such as that designed for the PM-1 core (figure 9) run. close to $5.000 

to .ay nothing of the cost of fabrication which 1. undoubtedly . great deal more 

(Poindexter estimates a total ca.k cost of one dollar per pound for lead). 

Hence, the te.ting of .uch Item, to include .uch te.t. a. the determination of 
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th. m^hanlcJ int.grlty upon IS- or 30-foot drop, onto "unyielding" .urfac. 

or flr. t..t., 1. ,.,h., .,p.„.iv,. Ho*.v.r. wh.n .uch .p.clflc.tlon. .r. 

m«d.. on. mu« comb., ,h. „„d.»cy ,o ,ng.g. In .n "orgy of ,..Mng" .. 

•"n®";nd F*lrb1*irn P«‘ « or ,. .dop, ,h. t.sting philosophy r.- 
ported bv Mi* n_t , . . . r 

•" * -itiauonai i.ap; of an Indian rajah who 
drov. .l.ph.„„ off . cliff jus, ,o ... ,h,m bonne. 

M.ss.ng.r .nd F«rb.lrn15 h.v. m.d. . most logiel 

sut.m.nt in th. philosophy to follow In d.t.rminlng complUnc. with . glv.n 
*.t of pseksging spoclflMtlons: 

?! * pookoglng design must d.monstr.t., 
°J *,h* •PProvine .uthorlty concerned. 

h»t the pseksging design is adequate in relation to: 

m.*nt)nti0n 0< ^ eonum» of P»ekeg. (contsln- 

(sMeUUngl °* r*dl*tlon from 

dissipation of heat generated by contents of package 
AND 

when the packaging is to be used for fissile material 
prevention of a criticality accident. 

•nd*»vor »o «hiev, this by on. or more 
Of the following means, e. g. : 

*• «nglneering assessment. (All assumpttons made 
for the purpose of such assessment shall be stated. ) 

ot mPdrU °( P*ck»glng details or mock-ups 
representing methods of construction. K 

«.n^yor^I!«POUtl<,n \TOr? rMolt* ior 'tmilar de- 
•igns or designs employing similar construction features. 

íf .^[iir*i*J*niC* ,0 *ccld,m oxperience with packaging 
of .u”“iIcÍ*.g.‘.n * r••U,,, °f ■,,rlodle ‘»*P«tlon 

f«ll^i *h«rh*r r**,0n*d *r*“m*n‘ or evidence, or 

the design!*^ t,,t, 0< 0t P*eh«*“>i "»ad. to 

It may be seen that some of these m«hod. of attack which 

may be used to obtain packaging approval are «ompl«.,y . matter of mathe- 

mattcal engineering .».ly«, but are also somethin, of I» p.rtlc lUr, 
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th« extrapolation of data from packages of similar design and the testing of 

models are not altogether straightforward affairs. As regards the testing of 

models, however, there are certain laws of scaling and similitude which may 
h* frtl 1 nuraH T V* + V\ A ^ «M «« M / MM m#3m1m ¿•«•I»—'• .... —.. ....... ., .w. ... o. a... c, Lite icak emu itr s l 

item may be scaled down so that the mechanical strain induced in the test 

model and in a full-sized cask are identical. There is, however, some lower 

limit imposed upon the scaling one can perform by details such as stress con¬ 

centrations, welds, fins, etc., and the fact that, in certain metals, the stress- 

strain properties are strain-rate sensitive.14 Suffice it to say that to avoid 

the expense of full-scale testing.techniques must be adopted by both the spon¬ 

soring agency and the approval agency which require a high degree of technical 

judgment. 

The reader is now urged to study in detail appendix III to this 

report, "Proposed Criteria for Irradiated Fuel Element Containers Intended 

for Air Shipment. " 

These criteria are essentially those of Title 10 of the Code of 

Federal Regulations, part 72: "Protection Against Radiation in the Shipment 

of Irradiated Fuel Elements" with certain modifications. In particular, 

military climatic and aircraft environments and marking are specified, the 

internal portions of the cask in contact with the coolant water must be stainless 

steel, and a health physicist escort is assumed. 

Although the Department of Defense is not bound to the regulations 

which the Atomic Energy Commission establishes for its licensees, the stand¬ 

ards in 10 CFR 72 are in no way compromised by the criteria proposed in this 

report. To ignore these standards would be to ignore the lessons which have 

been learned from the most extensive experience available anywhere in the 

transport of radioactive and fissile materials. Also, maintaining compatibility 

between air transport standards and AEC ground transport regulations enables 

the Department of Defense, if it so desires, to use normal channels of ground 

transport (i. e., those normally used by licensees). 

The container criteria are presented in specification form for 

convenience. Although the first paragraph states they are binding upon any 

sponsoring agency desiring air transport of irradiated fuel elements they are, 
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in rtality not. Rathor, appendix III contains only the recommendations made 

by this author for such criteria. These criteria would become binding upon 

sponsoring agencies only after formal certification and adoption by higher 
headquarters. 

(a/ Nucleonic s 

As Messenger and Fairbairn have stated, the prevention of 

criticality is one of the four primary packaging considerations in the shipment 

of fissile materials. Indeed, it is the paramount consideration. The worst 

possible accident one could postulate for such an item would be an uncontrolled 

excursion, with its tremendous burst of streaming neutrons, electromagnetic 

end corpuscular radiation, steam explosion, and fuel element meltdown with 

resulting fission product release. Fortunately, nuclear criticality is a function 

of geometry and geometry can be well controlled, mechanically. Originally, 

the AEG philosophy was to forbid shipment of an entire core (appendix III, 

2.1.1. ); this is, of course, the easiest way to completely preclude the possi¬ 

bility of an inadvertent criticality, and is still recommended, wherever possible. 

There are two factors which have caused the shift in philosophy to also allow 

shipments of full cores, providing will never exceed 0. 9 in the most re¬ 

active configuration, and with the maximum possible neutron moderation and 

reflection. First, cores (such as the PM-1 and PM-3A; see figure 1) are being 

designed as more integral units rather than merely arrangements of identical 

and easily removable fuel elements. This is particularly so for cores de¬ 

signed for small semitransportable military nuclear power plants and for fully 

mobile power plant cores (such as the ML-1 SNAP 2, and SNAP 10A reactors). 

(Shipping only a fraction of a critical mass, with these reactor cores, can be 

something of a problem. ) The second reason for the inclusion of the ke£f = 0. 9 

nucleonics criterion is cost. As may be seen from figure 9 or the picture of a 

cask proposed for 25 SM-1 fuel elements shown in figure 10, these casks are 

expensive and very heavy. It would obviously take two casks to ship one spent 

core (or two round trip shipments with one cask) if the 75 percent of a critical 

mass criterion was followed, and the cost of air transport would almost double. 

Actual cost records for air shipment to and from the DEW Line resulted in a 

charge rate of $1 per ton mile. ^ Round trip air transport of a PM-1 cask, 

from the Idaho Chemical Processing Plant to Antarctica and back (15 tons, for 
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approximately 20.000 mlUa), would than run cloat to $300.000. Certainly 11 

meaaurea can be aaf.ly taken, which will prevent doubling thle figure for the 
aMpment of a alngle Irradiated core, they ehould be taken. 

i-aragrapb 2.2.2. of the propoaed criteria apedflea that the 
ue element caak muat be deatgned for the moat reactive poealble loading that 
t could ever receive. Thl. 1. 1„ keeping with the deaign phllo.ophy that call. 

for maximum reliance upon equipment and the minimum reliance upon correct 
operational procedures. 

Paragraph 2.3.4. repreaenta a change in the philoeophy of the 
ormerly, the aponaorlng agency waa not allowed to take Into account 

any neutron polaona that might be preaen, l„ cor. atructural material, or 

fuel element cladding but with the 23 September 1961 publication of 10 CFR 72 

thl. ha. been changed. Although not apedflcally .,.,ed in ,h. criteria, there ' 

l. alao allowance for the Introduction of polaona apedflcally m.ert.d for the 

purpoa. of limiting criticality in ahlpment. Such in.erted polaona muat, of 

courae. alwaya be In their proper poettlon. under the force, .pacified In .ac¬ 

tion. 9 and 10 and the fir. condition, apedfied in .action 13. A good example 
o auch a polaon would be boron-.tainl... ateel alloy pl.„. with a 2 percent 

boron (by weight loading) .„ch a. thoa. augg.ated by Poind.«.,13 for ,h. 

SM-1 fuel element caak ahown in figure 10 or the . 062-lnch thick cor rugated 
plate, of 0.7 w/o natural boron-atalnl... p,op,..d fe, ,h, PM-i ,p,nt 

cor. caak. A picture of a almll.r loading of auch abaorb.r plate. i„ pi.c. ln 
tht PM-1 cask is shown in figura 11. 

(b) Radiation shialding 

One will notice. In reading .action 3.1 of appendix III that 
no recommendation, are made concerning ahlelding material. The fir« in¬ 

clination 1. naturally to ...urn. that lead 1. the ideal ahlelding material 

Moat people will naturally think lead 1. to be ,h. .Melding material for ih. 
rimple re..on that almo« aU the caak. uaed to date have u.ed lead. The 

PM-1 caak for Inatance. ha. 7-7/8 i„*h., 0f lead on the aide, and 8-1/4 

Inch., of lead on the end.. For gamma-radiation .Melding the d.»..., 

po..lbl. material 1. dealrable. Alao It mua, have a r.a.on.bly low coat and 

be eaaily fabricated Into caaka. Candidate., their denaltiee and 1959 coate13 
art tht following: 
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Matgri»! 

Steel 

Bismuth 
Lead 

Thorium 

Mercury 

Uranium (depleted) 
Tungsten 

BfinUty (Ib/in3,) 

0.283 

0. 354 

0.410 

0.419 

0.490 

0.686 

0.692 

Price (i/lhl 

0.08 

2.25 

0. 13 

19.60 

3. 10 

4. 00 

10. 00 

K A"hOU*h ,h*llium. rhenium ^imium and iridium 
" * C,1V* h*"“” 0f ,Mlr “í» «‘•n.itl... they h.v. b,.„ r.J.c«.d a. 

'JnZZT' Ter 0t thtil ",rem'ly W»h AUo no production 
IT , • ,0 ,abrlC“* th*" into ca.ki. B.c.u.. ...., 

P.r.üvl 0« 7TTT “ # ,hl*ltUni m‘,erU1 *V*n ‘h0“«h “ . com- P.r.üv.íy ,ow d.ncity .»„ ,. .om.what mort (ibrlc5le th>n 

I..d but „ i. mor.Bl*mtt,h<U r*J*C,*d b*C*U,e “ n0t 0nl)r U" d*"” «»n out it is more expensive. 

Mercury is rejected as a shield material for «ir 

.cau.. being . liquid, th.r* i. .Iway. ,h. pot.ntt«, problem oí le.kag^ with 
th« r.aulting Iom of .Melding. g ,h 

reient h V. TUn*,,*n' thOMgh “ h“ roughly the ..me d.n.ity .. lead ,. 

rejected 7.7” e0n,ld",bly mor* *xP'n*lve. Likewi.e, thorium 1.‘ 
Jetted .. it co.t. almost 200 time. .. much a. lead. 

of it. w . . , D*P,M*d Ur*nium l* 'on.id.red a. . .hi.ld material b.c.u.. 
“• 7" d,n,1,y- » h» ‘h* disadvantage that iacilitie. and technique, for 
. production of .Mpping ca.k. would have to be developed. Th. price of 

zr; rr,y ^ “• ^d-^—. 
sideri 7 *’ W°Uld r*,Ult in •m,llír' “»h‘*r «.k., Al.o, i„ con- 

derlng ,h. co.t of uranium for .uch u.e ,h. po..lbiUty .hould be born, in 

ntm- b* *b'* ,0 °bUln d'Pl'"d -nium in ,h, form o, uranium hexafluoride from the AEC at Oak Ridge. 

add.« , , L'*d' b'*ld*' haVln* * mod.r.tely Mgh d.n.ity ha. the 
WUr** 0f l0W CO** *nd 0' fabrication. Moreover, f.ciliti,. 
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and techniques necessary for the production of lead casks are already available. 

Because of these facts, lead appears to be an attractive choice as a shield 

material for air shipment and has no special problems. 

The total costs for lead and steel are fairly close, so the 

cost of the cask per pound must be evaluated. The cost of lead casks on a per 

pound basis is fairly well known from experience. Costs for steel casks are 

not as well known because there is no experience along these lines. Pre¬ 

sumably the cask would be cast from carbon steel. As stated in paragraph 12. 8 

all inner surfaces which may come into contact with the liquid coolant will 

probably be of stainless steel, suitably masked from any dissimilar metal 

present in the cask. Either the steel castings must be enclosed in a fabricated 

stainless jacket and liner and be bonded to it in some fashion, or a .tainless- 

steel surface must be deposited upon the base metal. A weld deposit method 

similar to that used for cladding the inner surface of carbon steel reactor 

vessels would probably be used. This is a rather expensive process. Perhaps 

a metal spraying technique could be used for covering the cask. In any of the 

methods considered a cost of 80 cents per pound of finished cask seems likely. 

In general, steel casks will be significantly heavier than lead or uranium and 

are hence excluded from consideration because of the higher shipping costs 
involved. 

In considering the economic disparity that exists between the 

use of lead and uranium as a shielding material, uranium may be viewed in a 

more favorable light by making a few assumptions favorable to it. Poindexter^ 

first assumes a cask cost of $1 per pound for lead. 80 cents per pound for steel 

and $8 per pound for depleted uranium. He then lowered his cost estimate of 

the uranium cask to $4 per pound, assuming that the military could obtain de¬ 

pleted uranium in the form of uranium hexafluoride from Oak Ridge at this 

cost. Even with these assumptions (using a $1 per ton mile transport figure 

for logistic distances of 1, 500 nautical miles from the Idaho Chemical 

Processing Plant and considering a cooling off period of 360 days) the total 

shipping costs for a uranium cask run 6 percent higher than those for lead. 

These additional shipping costs plus the fact that fabricating 

technique, for uranium are not as well known as those for lead, indicate the 

advisability of using lead in irradiated fuel element casks, in the near future. 
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For a particular «hipping problem, however, i* 1« recom¬ 

mended that the above type of analy.i. be re-run u.ing up-to-date material 

pnces and air tran.port co.t figure« and con.ldering any advance, that have 

een made in the technique, for fabricating either uranium or lead. 

In order to reduce the radiation exposure level at the eurface 
of the ca.k to the 100 milliroentgen. per hour .p.cifl.d In paragraph 3 1 a 

«he.« metal .hroud (in effect moving ,h. .cc.ibl. .»rf.ee farther out) may be 

irmly attached to the pallet, covering the ca.k In a fa.hion .uch a. that .hown 

n figure 12. The .hroud mu.t not. however, impair the heat di..ipation a. 

• pacified in .ection 4 of the criteria. Lik.wi.e, .hould the .hroud be deformed 

or torn off a. . re.ult of the application of the force, de.crib.d in .ection 9. 

the radiation level, at the newly .cce..lbl. .urf.ee, ...uming lo.. of liquid 

coolant upon the application of tho.e force., .hall not exceed the 1 roentgen per 

hour at 1 meter level .perilled in paragraph 3. 2 of the container criteria. 

One operation which can be performed at the plant .ite will 
acre... the ca.k .lx. .„d tran.port eo.t. Thi. 1. the ..wing off of un- 

nece.eary material at the extremltie. of the fuel element, (thi. 1. in case. 

Where the fuel element, are handled Individually a. in the SM-1, SM-1A and 

FM-2A a. oppo.ed to the PM-1 .„d PM-3A). Ueu.lly there are ..v.r.l’inche, 
on each end of .uch a fuel element of b... me,.. (.,.i„l,.. llumlnum> 

•tc. ) which 1. u..d to .hap. the coolant flow pattern, provide the nec.ary 

mechanical interlock with grid plat.., and thermally expand or contract through 

at ea.t one of the grid plate, with temperature variation.. Since each pound 

of weight eliminated from the ca.k can mean a ..ring, of $20 on a round trip to 

the Antarctic and back, the elimination of the., extra few inch., of ca.k length 
can result in appreciable cost savings. 

Thi. di.cu.rion of .Melding ha. been premi.ed upon the fact 

that all of the .Melding nec.ary to meet the .pacification, in paragraph. 3. 1 

and 3. 2 of the criteria are integral to the ca.k de.lgn. If on. 1. imaginative, 

other .cheme. can be pon-.at.d wMch would not require .Mpping .. much 

weight a. doe. the concept of having all the required .Melding integral to the 

ca.k. For In.tance. on. might handle the ca.k by ..mlr.mot. mean, and the 

flight crew might be protected by . .piit, .hadow .Meld (although tM. would 

have to be analysed to ... what the .c.tt.r do., from the „lr would be) 
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Figure 12. SM-1 fuel shipping package 
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Another way might be to have a remov.b e outer shield which would be in 

place only during the loading and unloading operations. There are considerable 

drawback, to such concepts, however. Aside (rom calling for extensive ground 

support equipment a, both the point of origin and the destination, i, would no. be 

possible to ever ship the cask (loaded) by norma,. AEG licensee type, transpor, 

«Cl „les. Also the fact tha, radiation levels, when the cask reaches the re¬ 

processing plan, must no, exceed 200 mr/hr on contact and 10 mr/hr a, 12 fee, 

see sub-append to appendix III) prevents the shipping agency from enjoying 

« very significant advantage by limiting ,h. extent ,o which shielding may be 

decreased. Also one mu,, remember that, wherever possible, safety will be 

designed into equipment and no, into operations. Any sor, of a split shield 

concept would compromise this philosophy. The integration of all ,h, shielding 

required to meet the direct radiation standards into ,h. cask walls is the safes, 

and probably the most inexpensive concept for shipping irradiated fuel elements 
and it is ïu$hly recommended. 

A, specified in paragraph 3. 6 the health physicist accompany¬ 

ing the shipment should make a radiation and visual survey of the cask before 
It is released from the point of origin. 

(c) Heat dissipation 

The specification of the minimum acceptable heat dissipation 

properties of an irradiated fuel element cask is no, an item which is separate 

rom the other specifications (radiation shielding, physjcl integrity etc I 

levied upon a cask designer. With improper hea, dissipation the liquid coolant 

may boil, resulting in an overpressurlzation ot the cask, in turn resulting in 

« leak and loss of the coolant, in turn resulting in higher fuel element tempera¬ 

ture. and possible fuel element failure, in turn resulting in fission product 

release. Also, the higher fuel element temperature may cause ,h, shielding 

material to mel, and. if the shielding materia, specification 1. no, adequate 

this will result in loss of the shielding material and unduly high direct radiation 

levels. Obviously, the different specification, in ,h, container criteria are 

very much interrelated, bu, „ on, were to place them on a scale of importance 

he., dissipation would probably com, second, .„er nucleonic, and on a par 

With physic., integrity. Of course, on. cannot really break ou, hea, dissipation 
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trom the criteria without including section 14, Survivability in Fire. 

As mentioned previously, the fission products are not 

atomically stable but are constantly decaying, mostly by the emission of beta 

particles and gamma radiation to stable states. Most of this emitted radiation 

is absorbed within the fuel elements and is converted to heat. It is this heat 

which must be transmitted to the surrounding environment at acceptable 

temperatures. One of the most obvious temperature constraints is that value 

which shall be allowed at the surface of the cask. Personnel, in loading, un¬ 

loading and tying down the container will have to work in close proximity to the 

cask and they must be protected against burns resulting from accidental contact 

with the cask surface. The value of IS0°F at any time during transport (in¬ 

cluding the hot desert condition, with solar heat load specified in Mil Std 210) 

given in 10 CFR 72 is used here. The AEC also recommends that upon the 

draining of the primary coolant the surface of the cask shall not exceed 350°F. 

This is not a very practical specification, first because the risks involved in 

determining compliance (the fuel element thermal shocking and risk of fission 

product release upon refilling the cask discussed previously) outweigh the 

value of the precaution and, secondly, because it is highly unlikely that the 

cask outside temperature will reach this value because of the explicitness of 

the specification contained in paragraph 4. 2 of the criteria which allow, the 

fuel element surface temperature in a dry cask to go up only 100°F above the 

value for the fuel element surface temperature in the cask properly loaded 

With liquid coolant. It Is hard to conceive how the fuel element temperature 

could go up only 100oF and the cask surface temperature could go up 170° 

(350-1 80 degrees) a. the fuel element temperature is the driving parameter. 

Therefore, this specification is omitted. The 350°flgure ha. meaning only 

in that it 1. well below the charring or Ignition point of wood. 

The specification in paragraph 4. 1. 2. 3 that the liquid 

primary coolant remain at all times at least 20°F below its boiling point is 

made to preclude the loss of heat transfer capacity resulting from a loss of 

coolant or a large pressure buildup within the cask due to gas. It is a well- 

known fact that the boiling point temperature decreases with altitude as a 

result of the lower prevailing pressure. The decrease at ambient pressure 
for that altitude is given13 as 
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Altitude 
-lit) 

0 

10. 000 

20,000 

30. 000 

40. 000 

60. 000 

Boiling point of 
water 7d»yr»M 

212 

194 

176 

157 

137 

103 

“ on* «n*1«*«™ «mbi.!« condition., however, the tempere- 
tur. of ,h. we,., in the ce.k eleo drop, con.id.rebly. In . 25 SM-1 f„.l 

element ce.k de.ign med. by Poind.«,, In reference 13. the ce.k w.t.r 

temperet«,, (...umlng the ce.k 1. „po.ed to emblem pr,..«r, .»d 

Altitude 
-lit) 

Cask water temp. 
—(degree« F) 

0 

10.000 

20. 000 

30. 000 

40. 000 

60, 0U0 

119 

83 

48 

12 

-7 

-7 

Thl. 1. obviously beceu.e the tempereture of the emblem 
etmosphere to which the hem 1. being rejected fell. .1.0. A. r.g.rd. the 

effect of elccreft eltltude upon ce.k coolem, thl» dl.cu,.ion 1. l.rg.ly .«demie, 

however. Should the ce.k be flown et eltltude. ebove 25, 000 feet AFR 60-16 

require, thet the eircreft be pr..,urU.d. A. the out.id. temper.,« 

25. 000 feet renge. (epproximetely) from 110°F to -70°F the eircreft el.o 

will be heeted for the comfort of the crew end .o the ce.k will no, 

emblem pr,..„„ .hove 25. 000 fee, .„d will not ... emblem temper.,are. 

ebove tho.e which corre.pond to eltltude. much lower then 25. 000 feet. 
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A. regards paragraph 4. 1. 2. 2, which specifies that anti¬ 

freeze be loaded in the cask to correspond to the ground low temperature 

condition, given in Mil Std 210. on. might ask if i, i, no. necessary to be more 

rigorous than that because of the adverse temperatures at altitude. The 

answer is no. While it is true that cabin pressurization and heating systems 

have been known to fall (in aircraft), the minimum condition, specified in Mil 

Std 210 for world-wide us. <-65°F) are much below those which any aircrew 

would tolerate for long. If cabin pressurization and/or heat were lost at 

altitude one may be quite sure that the aircraft commander would quickly 

descend to a lower and more comfortable level. Obviously with loss of cabin 

pressurization the cask will see a much lower pressure, almost instantly (and 

thi. will be discussed later) and a lower temperature. The cask need not be 

specified for this temperature, however, because it. tremendous thermal mass 

Will preclude any but the smallest amount of liquid cooling before the aircraft 

commander descend, to an altitude where the ambient is much less than the 
Mil Std 210 value. 

The use of antifreeze must be made to meet the low temperature 

requirement, of the criteria. This will. l„ general, raise the boiling point of 

the water somewhat. A. regard, the nature of the antifreeze to be used, organ¬ 

ic. should be avoided. Experience with ethylene glycol at the Idaho Chemical 

Processing Plant, for instance, indicate, that it is totally unsuitable for use 

with irradiated fuel element, a. it decompose, under gamma radiation and 

form, gummy deposits. The alcohols have been found p„ss.,s adfquat. 

radiation stability for this purpose but their low volatility is undesirable It 

appear, that calcium chloride brine (in mixtures of something like 25 percent 

by weight C.Cl, 75 percent H.,0) would be excellent for thi. purpose. If for 

any reason CaCl is found to be unsuitable, some other suitable inorganic anti- 
freeze can undoubtedly be found. 

The question of how to specify the maximum allowable fuel 

element tempetatures has been in contention for years. When the A EC 

originally formulated a specification for protection again., radiation in the 

shipment of irradiated fuel elements, i, „.t,d that ,h, fuel element, should no,, 

in the event of the loss of coolant, reach a temperature greater than 180°F be¬ 

low the melting point of the fuel element. Thi. was a rather potr specification 
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because many of «he fission product, formed are gaseous and build up «heir 

concentration, within the element, a. irradiation continues, exerting con- 

siderable internal pressure again., fuel element cladding structure. Almos, 

a Clawing material, will weaken significantly at . temperature only 180°F be¬ 

low their melting points and the gaseous fission product pressure „...grated 

over the cladding surface may well result in a fuel element failure and a signl- 

* °f ,l,,ion P™<luc«.. The present AEC .«.„dards, which are 

included in the container criteria, specify a margin of safety between the maxi¬ 

mum temperature, the fuel element, may reach in the cask and the -failure 

temperature" where ,h, failure temperature is to be determined from actual 

operating experience or from reliable experimental data. 

The most desirable maximum temperature, specified in the 

criteria, would be the temperature at which the particular fuel element in 

question had been irradiated at for at le.., JO days. This would undoubtedly 

e the maximum operating temperature and, with a proven fuel element type 
thi« it an ideal «pacification. 

On the other hand, if the fuel element has been tested to 
(eilure. . mirgln o( 300oF below thit (lliu„ temperatur<? „ given a8 

maximum. Note the phrase "with due consideration for the irradiation and 

decay history of the fuel elements." Thi. determination of failure temperature 

become. . matter of scientific Judgment. A. mentioned, internal pressure, 

build up within ,h. fuel element, a. irradiation progresses due to the continuous 

ormation of gaseous fission products. The temperature at which a given fuel 

e .men, will fail will then decrease a. the irradiation of the fuel element con¬ 

tinue. or conversely, a new fuel should fail .« . higher temperature than on, 

with an extern!ve radiation hlitory. 

Psr.gr.ph 4. 1.2. 5 allows cask pressurisation up to 50 pounds 

per square inch (gag.) or 50 percent of design pressure, whichever is lower 

This specification may seem out of place in a section on heat dissipation; 

actually it i, „ot. Originally the AEG specified that cask, designed for ground 

transport would not be pressurized but rather would operate at atmospheric 

pressure, for the sake of design simplicity. The Commission ha. decided, 

however, that the additional design complexity is Justified by the increase in 

heat transfer efficiency and the fact that pressurizing the coolant decreases 
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the possibility of fission product leakage from a defective fuel element. Also, 

because of the precautions which must be taken to meet the pressurization 

specification the chance of coolant leakage from the cask, if the cask is some¬ 

how inverted or tipped, is decreased. As a result of this leaktightness speci¬ 

fication, gases should be released from the cask only through the filter, re¬ 

quired in the vent or pressure device (see paragraph 5. 7 of the criteria). One 

of the big advantages cited for pressurized casks is that, where heat dissipation 

is a limiting factor in cask design, the pressurization of the cask enables the 

designer to ship more elements in a single cask, thus rendering the entire 

shipping operation more economical. Obviously, the big disadvantage is that, 

should the cask lose its pressurization, at least a part of the coolant may be 

expelled through evaporation. The specifications demand that no fission pro¬ 

ducts be released even with total loss of coolant, however, and experience has 

proven that pressurized systems can be fabricated with a high degree of reli¬ 

ability. The advantages thus outweigh the disadvantages. 

While not mandatory, it is highly recommended that a con¬ 

tinuously reading pressure gage be incorporated into the design of the irradiated 

fuel element cask, if it is planned that the cask should operate at higher than 

atmospheric pressure. It is a must, of course, if the heat transfer character¬ 

istics of the loaded cask are to be checked by the "indirect" method discussed 

later in this section. The prominent presence and indicated reading of a 

Bourdon tube type of pressure gage will also be a tip-off to the reprocessing 

plant personnel that the cask is under pressure and should be carefully vented, 

although these personnel should already have this information. 

A note here regarding the climatic extremes referenced in 

the criteria is in order. The reader may wonder why Mil Std 210 is frequently 

referenced and yet never quoted. This is done to prevent the criteria from be¬ 

coming out of date as a result of any revision to MU Std 210. The most current 

revision available at this writing is Mil Std 210A, dated 2 August 1957. It is 

completely possible that a new revision, a Mil Std 210B, may be forthcoming 

at some future date. For this reason the criteria reference Mil Std 210 rather 

than Mil Std 210A, with the inference that the latest revision is meant to apply. 

As regards paragraph 4. 5 which specifies that means must 

be provided, either directly or indirectly, for the measurement of the internal 
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e..k wall temperature a thermocouple or a reeietance thermometer may be 

U.ed. A prec.Hbr.ted millt.mmeter, mllllvoltmeter. . potentiometer (which 

I» preferable) for the high temperature thermocouple, or wheatetone bridge 

type of ln.trum.nt for the reeUtanc. thermometer, .hould be provided for u... 

with the cask. For tide use. the resistance thermometer is preferable as it 

doe. not require a temperature reference Junction, even though it will most 

certainly be the more expensive of the two type, of sensors. Also, it will 

generally be the more accurate (usually to. 25 percent) of the two. This tem¬ 

perature measuring c.pabiUty 1. required to perform the heat transfer analysis 

specified in paragraph 4. 4 and to verify the thermal conditions existing In the 

Inside of the cask after any unusual occurrence, a. it is impractical to attempt 

. measurement of the fuel element surface temperature, which 1. the Information 

that would actually be desired. Any penetration of the cask walls, which are 

mad. for the purpose of placing thermocouple junction, or resistance thermom¬ 

eter sensor, on the lnn.r-c.sk wall surface must be mad. so .. not to violate 

any of the other sections of the container criteria (especially those on Radiation 

hielding (section 3), Cask Pressurization (section 5). Structural Integrity 

(section 9), Vibration (section 101. Material, (section 1Î). Fir. Survivability 

(section 14). and the environmental specs in sections 6. 7, and 8). These re¬ 

quirement. probably make it more desirable to measure the Inner-cask wall 
temperature by Indirect mean«. 

One such method involve« calibrating the pressure rise in a 
sealed cask with a known void volume, initial pressure, and heat dissipation 

characteristics. By observing the pressure rise that occur, in the cask a, . 

function of time after the Initial pressurisation (most probably ., ambient 

pressure), one may. through a thermodynamic calculation, obtain a mean 

value for the coolant temperature. The pressure rise should, of course, 

stabilize out at the design operating value, given sufficient time, but points 

on the pressure vs. time curve can be used to estimate the interior cask 
tsmpsraturt. 

d- -C*«k nres.urlz.Mon .»rf i—v,ft 

The specification is made in 10 CFR 72 that irradiated fuel 

element casks Intended for ground transport should be capable of withstanding 
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an internal preeaure of not leas than 20 pounda per aquare Inch (gage). For 

the purpoaea of air tranaport. thia has been upped to a value of 30 pounda per 

aquare inch. Aa dlacuaaed previoualy, the failure of an aircraft pressurisation 

and heating ay.tem will have little effect upon the low temperature specification 

for shipping containers. Such a failure will, however, subject the c.ak almost 

immediately, to the ambient pressure existing at the aircraft's altitude. 

Assuming tranaport in C-130. C-135, C-141 type aircraft, altitude of 

30,000 feet with an outside pressure of 4. 48 psia (pounds per square inch, ab¬ 

solute) is representative. Aa normal atmospheric pressure ia generally taken 

to be 14. 7 p,ia a pressurization failure at 30. 000 feet would then result in in¬ 

creasing the pressure drop across the cask walls and seals by approximately 

10 pounds per square inch. This pressure has then been added to the AEC's 

minimum acceptable cask pressurization criteria (in paragraphs 5. 1, 5. 15, 
and 5. 16). 

Paragraph 5. 2, which ■pacifies the application of a seal to 

the lid closure so that the lid cannot be opened without the destruction of the 

seal is taken from 10 CFR 72. Its purpose is obviously to provide documentary 

proof that the cask has not been tampered with in a fashion which might cause 

unplanned biological exposures or loss of material, whether the shipment is 
to be under constant escort, or not. 

As regards the containment of radioiodines mentioned in 

paragraph 5. 8, the use of activated charcoal filters will probably prove to be 

the most satisfactory technique. They are often used for this purpose. There 

are several filters, commercially available, capable of capturing 99. 9 percent 

of particulates greater than 0. 3 micron in size whose efficiency is not ap¬ 

preciably affected by mechanical shock or atmospheric moisture. (Among 

these are the types "A", "E", and "H" glass fiber filter, offered by the Gelman 

Instrument Company of Chelsea, Michigan. Other acceptable commercial filter, 

are also available from the Millipore Filter Corp. of Bedford, Mass., and 
other suppliers. ) 

The AEC specifies that, if there is a possibility that ex- 

plosive gates may be generated within the cask, preventive measures must 

be taken to preclude their ignition. The specification is reproduced in the 

proposed criteria (paragraph 5. 9) not so much because such a possibility exists 
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«» because It is desired that any packages designed tor air transport also 

meet civilian, ground transport criteria. While there is a finite probability 

that hydrogen gas may be liberated from coolant water and collect, it is ex¬ 

pected that the amount of such gas generated would be extremely small and the 

hazard would be negligible. If water 1. „o, ,h, only constituent of the coolant 

(and there will probably be antifreeze added also, as previously discussed) any 

other agent which is to be added should be Investigated as to its behaviour upon 

radiation at the integrated dose levels one may expect in the spent fuel element 

shipment in question. Soir » organics are extremely unstable under radiation 

conditions and may decompose into volatile gases. Fortunately, organic 

antifreezes have been ruled out for this application, by nature of their radia¬ 

tion decomposition properties, and are thus no worry. Any chemical suggested 

ior such use should be investigated as to its radiation stability however; and if 

adequate data are not available on a likely candidate, an appropriate irradiation 
experiment should be conducted. 

(e) Military climatic environments (temperature, humidity, 

blowing sand and dust) 

The subject of the climatic extremes for which an irradiated 

fuel element cask should be designed is another matter of judgment. Unlike 

moat of the other criteria proposed in this report, the cask designer should 

be allowed to make an application for waiver from any of these specification, 

if he can prove, using authoritative evidence, that the cask will not, under 

any possible usages, be subjected to these extremes of climate. 

(f) Structural integrity 

Section 9 of the container criteria discusses those specifica¬ 

tions deemed necessary to ensure the structural Integrity of an irradiated fuel 

element cask. The ability of the cask to contain the fuel elements and keep 

exterior radiation to reasonable levels under the adverse treatment it may 

receive as a result of routine handling or serious accidents is the prime con- 
•idaration. 

When shipping casks are subjected to rough handling or 

accident conditions the occurrence with the lowest threshold will undoubtedly 

be the loss of the cooling water. While it is reasonable to demand that the 
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cask not spill out its fuel elements in an unusual situation it would be farfetched 

to demand that water never leak out. As regards nuclear criticality, any 

spacing arrangements or attached materials designed to prevent possible criti¬ 

cality should retain their effectiveness up through the most violent possible 

accident, if at all possible. 

An important point should be made here concerning the risks 

involved in air-transporting irradiated nuclear reactor fuel elements. In 

certain exercises of the nuclear safety analyses art. design criteria have been 

postulated and compliance with criteria demanded such that a package or nu¬ 

clear system should be 100 percent safe even with the occurrence of "the 

maximum credible accident." This is taken, usually, to mean the maximum 

hypothetical accident or the worst postulatable accident. If one can prove his 

design can withstand the worst conceivable catastrophe without generating any 

hazards, so much the better of course, provided he has not paid an undue 

penalty for this capability. With the air transport of irradiated reactor fuel, 

it is not possible to achieve a package design capable of withstanding the 

"maximum credible accident." 

For example, one may postulate a situation wherein a cask 

(«lieh as the PM-1 cask) being flown to the reprocessing plant becomes in¬ 

volved in a mid-air collision between the plane carrying it and another aircraft, 

in such a situation the cask may well free-fall (unattached to any major aircraft 

debris) to the earth from an appreciable altitude. If the point of impact is at 

mean sea level and standard atmospheric conditions prevail, the PM-1 spent 

fuel cask would have a maximum terminal velocity upon impact of from 1. 480 

to 1.600 feet per second. (See appendix V for these calculations. ) Contrast 

this with the fact that people in the field of cask design and testing are in some 

disagreement a. to whether the maximum drop test for a cask should be from 

a height of JO or 15 feet onto ".olid" targets (this will be discussed further on). 

These heights correapond to maximum velocities of only 4J. » or 31. 1 feet per 

second a. opposed to free-fall terminal velocities of from 1. 480 to 1.600 feet 

per second. (One might also consider the velocity upon impact of the cask in 

such an unfortunate instance a. the collision of the transport aircraft with a 

stone mountain. I Obviously, then, one cannot realistically speak of designing 

cask, to control the "maximum credible (or incredible if you wish) accident. " 
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Thl. i. .imply . (act o< Uf. which ,. » be con.ider.d when evaluating whether 

thi. riak. involved In logi.tic.lly .^porting a remote nuclear power plan,, i. 

worth the benefit» tc be accrued from operating that plant. 

It ha. been mentioned previou.ly, in thi. chapter, that actual 

testing of a full-elzed ca.k (.»peci.lly for impact .urviv.l) i, ,0 be avoided 

wherever po..lbl, .nd that engineering analy.L. judgment, or model te.ting 

approaches are more de.irabl,. bec.u.e of the co.t. involved. In line with 

thl. philosophy the AEC in it. most recent publication of 10 CFR 72 has speci¬ 

fied an equivalent «.tic load which may be substituted for the drop test 

specification. Thi. force, which i. to be 60 time, the weight of the ca.k and 

.t. content., applied anywhere on to the ca.k for a period of not less than 16 

millisecond», i. taken to replace a 15-foot drop test .pacification. Thi. force 

i. predicated upon a 3-lnch ca.k deformation. Although not specified by the 

AÍ.C or in append!* V of thi. report, the force i. taken to be a point load 

applied anywhere to the ca.k; the oppo.ing .upport point, mu.t be ,o cho.en 

». to represent the highest Internal stress situation. The idea behind specify¬ 

ing an equivalent force for the drop te.t !.. .g.i„. not to ancouragi the ,,. 

canon of this force (or force.) to a cask in a test. Rather, this equivalent 

force i. specified bec.u.e it lend, it.elf better to the engineering analysis 
approach. 

The drop-test mechanical-impact specification, wherever it 

ha. been made, reflect, concern on the part of the agency, ultimately re- 

spon.ible for the protection of the public from radiation hazards, about the 

consequences of a handling or collision accident, in transport. The Impact 

speed, or relea., height, involved in air tran.por, have never been con.idered 

in these specifications. The 23 September 1961 publication of 10 CFR 72 in 

f.ct «ates: '•Shipment by air i. not authorized by thi. part." The cask drop 

te.t. discussed and formulated in the past have primarily been meant to 

simulate accident, which might occur in handling during transport rather than 

the force, to be encountered in any very-low-probabillty. high-.peed vehicular 

mishap, Thi. .hould be borne in mind throughout the following di.cus.ion of 
drop testing. 

The AEC* original formulation of 10 CFR 72 specified 

that irradiated fuel element ca.k. mu.t be able to withstand a 30-foot drop 
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onto a solid objsct with ths assumption that the worst point of impact would be 

on a cover edge. Messenger and Fairbairn of the United Kingdom Atomic 

Energy Authority have been somewhat more specific in specifying that 1) the 

target shall be a rolled steel beam one foot wide and of length at least one foot 

greater than the width of the package and that it shall be rigidly mounted so as 

to have a maximum deflection of 0. 01 inch under a 50-ton static loading placed 

at the center, and 2) that the drop shall be from a height of 30 feet for casks 

intended for general use. but only from 6 feet for casks with anchorage arrange¬ 

ments designed for 12Vt g whose transport vehicle is specified in the approval. 

Neither the early 10 CFR 72 or the British test specifications offer an equivalent 

static load which may be applied to the cask in lieu of the drop tests. The 

British have measured in such drop tests decelerations approximating 2.000 g. 

The Canadian officials have issued a Board Circular No. 286 which calls for a 

20-foot drop upon a target that deforms Vt inch. It has been noted that this 

usually results in decelerations on the order of 480 g's upon impact. 

The AEC has retreated, however, to a 15-foot drop test 

specification, claiming that sufficient information is not available on the plastic 

deformation of the various material, used in cask construction and on the varia- 

tton of the impact forces as a function of the angle of impact under dynamic 

loading condition, to design a cask in such a way as to predict with confidence 

that i, would mee, the 30-,oo, drop test. 1, also noted, in reviewing its original 

specification, that the meaning of the term "solid object" under such impact 

was uncertain. All of this led to the specification of the 60 time, total cask 

and contents weigh, force for 16 milliseconds. As mentioned prev.ously. i, is 

unreasonable to demand tha, the cask retain its coolant under such circum¬ 

stances and. in recognition of this, the Commission allows the external radiation 

level (one meter from the surface of the cask) to increase to a 1-roentgen-per- 
hour level. 

I his section on the impact survival of an irradiated fuel 

element cask is an appropriate place to make a point clear which has not been 

mentioned elsewhere in the available literature. 1, ,, highly desirable, in 

performing an actual irradiated fuel element shipment, tha, a small void space 

be left in each individually sealed internal fuel element compartment. As the 

casks will undoubtedly be loaded under water, in a spent fuel pit most likely. 
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this involves draining off a small amount of coolant from each individually 

sealed compartment. Paragraph 5. 14 of the criteria in appendix III specifies 

that samples must be taken of the cask coolant 4 hours or more after the 

loading to determine the coolant activity. The taking of these samples and 

the adjustment of the level in the various internal chambers, to provide a 

small void space in each, could well be a combined operation. The reason for 

the desirability of these void spaces may not be obvious. If the internal 

cavities of the cask are completely filled with coolant, the application of any 

appreciable force to the cask will result in tremendous internal hydraulic 

pressures which could damage the cask and result in hazards far out of pro¬ 

portion to the applied force. The presence of small voids in each cavity will 

allow the coolant to expand into the gaseous cavity, resulting in much lower 

internal pressurization. The Inclusion of these small void spaces is desirable 

in spite of the specification in paragraph 5.6 specifying a pressure relief valve 

which will open at 75 percent of the design pressure, for "pressurized" casks 

(meaning those operating under a pressure as stated in paragraph 4. 1. 2. 5 to 

enhance their heat transfer characteristics). First, the inclusion of a relief 

valve is not specified for packages which are normally designed to operate at 

atmospheric pressure. Second, even if the relief valve opens upon a severe 

shock to the package (assuming it has one), the spilling of coolant to the 

surroundings is highly undesirable, especially if measures can be taken which 

will preclude undue pressurization of the cask without ejecting any coolant into 

the surroundings. Third, the relief valve may not be adequate to prevent 

plastic deformation and partial failure of the cask because of either too slow a 

response time or too small a relief orifice. Aside from the problem of 

tremendous cask pressurization upon severe mechanical loading it should also 

be pointed out that with a "solid" coolant system (completely full of liquid) 

even small temperature variations can result in very high internal cask 

pressures, resulting at least in leakage if not mechanical damage. One pre¬ 

caution should be taken in the leaving of a void space. If possible, no portion 

of any fuel element should extend into the void as the heat transfer process 

will be thus impaired. A proper cask design should provide for adequate void, 

and yet preclude exposing any portion of any fuel element to the gas in the 

voids whether the cask is upright or standing on its lid. 
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An interesting sidelight concerning drop tests is furnished by 

the British who have stated that a lQ-foot drop test onto concrete satisfactorily 

simulated a parachute drop. As the ejection of irradiated fuel casks from an 

aircraft, in an emergency situation, is discussed later, this is particularly 

interesting test specification. (Though not directly pertinent to this study, it 

is also interesting to note that the United Kingdom Atomic Energy Authority 

regards a 40-foot drop onto a steel plate wet-floated onto concrete 18 inches 

thick as a suitable test to simulate shore-to-ship handling. This is what they 

must undoubtedly regard as the maximum height from which a package might 

be dropped from a crane hook or cargo net. ) 

It should be emphasized throughout this discussion of the drop 

testing of irradiated fuel element casks, that credit may be taken for the pro¬ 

tection afforded the cask by any crash shield or crash frame for a single impact, 

provided, of course, there is no chance that the impact might strip the frame 

or shield from around the cask. It is assumed that any following mechanical 

forces applied to the cask after the impact will be of lesser magnitude and so 

the protection subsequently afforded the cask by the crash frame or shield is 

usually not considered in any analytical evaluation of the cask design. 

A most important point is raised in paragraph 9. 4 of the 

criteria. This is the structural integrity specification which corresponds to 

the specifications in section 2, Nucleonics. Not only is it necessary to pre¬ 

serve geometry if such is required to meet the nucleonics criteria, but should 

any materials have to be added to the core or cask to meet the criteria (i. e. , 

neutron poisons), they also must remain in place upon the application of the 

forces described in section 9. This should not constitute much of a problem 

provided the lid remains on the cask. 

The specification for resistance to foreign object penetration 

is new for the AEC. The fact that the specification is slanted toward cladding 

the outer shell with steel plate is a result of 1) the poor mechanical properties 

of most efficient shielding materials, particularly lead, and 2) the low melting 

point of the most popular shielding material, lead, and its inability to meet 

the fire survivability criteria in section 14 without encapsulation in a relatively 

high-melting-point material, usually steel. It is hoped that this specification 

will preclude the severe damage to an all-lead cask which could result upon 
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impact with a .olid obj.ct involving th* ab.orption oí a rath« .mall amount 
of kinetic energy. 

It should be noted that the allowable .tres» specified as that 

which .hould not be exceeded in the drop test or equivalent is the tensile 

Strength rather than the y.ild limit. The tensile strength may be crudely de- 

f.ned to be that point above which mechanical failure in the form of fracture 

occurs, while the yield limit may be taken to be that maximum stress a, which 

upon th. removal th. load. ,h, member spring, back to it. original dimen.ions, 

retaining its other original mechanical proper«... The yield limit, for lead 

at room temperature are of the order of a few hundred pounds per square inch 

wtule th, tensile .trength (for ca.t lead) may run a. high a, 7, 000 pound, per 

square inch. In contrast, mild steel ha. a yield point in the neighborhood of 

64. 000 pound, per square inch and . ten.ile strength of 75. 000 pounds per 

square inch. The important point here is that deformation is allowed upon 

the application of the forces listed in section 9 (indeed, with lead it is un¬ 

avoidable). The philosophy which must be adopted if one is to be realistic is 

that the resultant deformation must not result in an unacceptable compromise 

Of the basic principle, of the packaging of irradiated fuel element, (i. e., pre¬ 

vention of release of contents, limiting of external radiation levels, dis.ipa- 

Uon of heat generated by the content, of the package, .„d the prevention of 
criticality). 

In summary, it is reiterated that the maximum postulatable 

accident 1. an unfortunate, though improbable, occurrence which simply cannot 

be designed for, due to limitation, of cost and materials technology. The drop 

test criteria are meant to ensure that safety violations a, . result of packaging 

inadequacies do not result In handling mishaps; they are not to be construed 

a. automatically adequate for an air transport catastrophe. It should be 

mentioned here that the picture is not a. black a. one might have been led to 

believe so far. The casks, by nature of their massive walls, are tremendously 

Strong packages; certainly they are stronger than any other cargo of comparable 

dimension, an airplane might carry. While determining the failure point of 

such a cask is . most difficult task, Poindexter13 ha. estimated tha, the SM-1 

cask shown in figure 10 can withstand a side-on load of at least 90 g's before 

exceeding the short-time yield stress of the lead side walls. While little data 
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exists on g loadings in aircraft crashes, when one considers all the shock 

mitigating material which surrounds the package (namely the aircraft structure) 

and the probability taat an impact would be into soft earth, water or through a 

good deal of yielding flora, it is reasonable to assume that acceleration values 

greater than 90 g's would rarely be seen, even in severe air crashes. Of 

course, there is always the minute possibility that a C-141-type aircraft 

traveling at 550 knots, will collide with the perpendicular face of a granite 

mountain, but the risk of electrocution that the average citizen takes in the 

routine use of electricity in his home is undoubtedly orders of magnitude higher 

in probability than that of such an occurrence. 

The prime consideration in the criteria dealing with mechanical 

integrity has been then to ensure compliance with standards established for the 

routine, ground transport of such items so that those channels may be used by 

the military if desired. 

(g) Vibration 

The effects of vibration on packages are often neglected. A 

structure capable of surviving a severe accident may fail during transport be¬ 

cause of the prolonged vibration of some component or assembly, especially 

at its natural frequency. During long journeys this vibration may loosen 

fastenings, produce fatigue failure or cause sharp projections to "nibble" their 

way through other materials. 

The AEC specification concerning vibration says only that 

'The cask shall be capable of withstanding vibration incident to shipment with¬ 

out impairing the integrity of the closure or of the cask itself. " While this is 

good general guidance, the author of this report thought that it did not offer 

the specific guidance required by an agency evaluating a cask design for pos¬ 

sible air shipment. The frequencies given in section 10 of the criteria in 

appendix III are taken from British data1 7 which have been compiled primarily 

for piston-engine rather than jet or turbo-prop aircraft. (The vibration problem 

in piston-engine aircraft is normally taken to be much greater than that encount¬ 

ered in jet and turbo-prop aircraft, except perhaps in "bumpy" weather. ) 

The envelopes of frequencies and amplitudes specified in 

paragraph 10 are applicable for all fixed-wing air transport. They are not 
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mMn* ,0 *Pply ,0 *«"•?<>« I" ro«.ry-wi„g .ircr.ft. If shipment is pUnned in 

rot.ry-wtng .ircr.ft, th. p.rttcul.r vibr.tion .p.ctrum .xt.nt in th. ergo 

hold »hould be determined and made to apply. 

In cargo planes the holds are mainly in the central region. 

Vibr.tion i. generally between 10 .nd 500 cycle, per .econd with an amplitude 

Of to. 008 i„. at the lower frequencie.. Th. amplitude a, higher frequencies 

is .bout t0. 001 in.. but thi. applies ,o built-in structure, rather th.n to freight 

The envelope of vibr.tion .mplitude. in .11 direction, .t selected frequencies 

I. given in th. t.bl. i„ p.r.gr.ph 10 of the criteri.. In pure jet .ircr.ft, the 

afterhold m.y lie within the extension of th. power uni, region .rising from 

the Jet. In this region there is .cou.tic vibration!with . maximum in the ,ra¬ 

ver., .Xi.) i„ ,h, fange of 100 to 1000 cycles per second .nd exposed equipment 

might experience .cceler.tion. up to 80 g's corresponding to ¿0. 001 in ., 

maximum frequency, bu, thi. .g.in is unlikely to affect package, in.ide ,h, 

»ircr.it. Most likely, the lower frequencie. »re the more harmful. 

It »gain should be noted here that it is no, the intent of 

paragraph 10 to demand tha, every newly designed cask be subjected to a tes, 

program which expo... . ca.k to all the frequencie. and corre.ponding ampli¬ 

tude. given. In fact one might very well ask where a .hake table capable of 

•uch testing of a 30. 000-pound ca.k could be found. Rather, i, 1. the intent 

of thi. specification to bring to ,h. attention of the cask designer the fact that 

hi. cask mus, endure the., frequencies for long period, of time. He should 

take whatever precaution, are necessary to en.ur, tha, fastening, .„d valve, 

do no, vibrate open and tha, abra.ive .cion between fuel element, and the 

c».k ln,*ri°f »“1 not occur. He should al.o determine that none of the 

structural member, or component, of the ca.k have natural frequencie. or 

low-order harmonic, in the region, li.ted in .ection 10 of the criteria. The 

ck d*“in*r "“y Prov( compliance to the approval agency through engineering 

analysis. Again, . test program .hould be entered into only a. . 1.., re.ult, 
provided it is even possible. 

(h) Weight, size, and floor pressure in aircraft 

The irradiated fuel element cask package must be compatible 

with the aircraft for which it is intended. Section 11 of th. Container Criteria 
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specifies the references which provide sufficient information to ensure this 

compatibility. The major areas in which compatibility must be proved are 

payload carrying ability, aircraft floor pressure specifications, and dimension¬ 
al maximums. 

Perfcrmance characteristics for USAF aircraft are given in 

the Air Force "dash 1" technical orders. For example, the appropriate 

reference for the C-130A aircraft would be T. O. 1C-130A-1. It is probable 

that any planned airlift shipments of reactor materials made in the foreseeable 

future will be formulated for rather specific missions. The maximum distance 

for the different air-lift legs of the transport operation will undoubtedly be 

specified by the plant siting. This will constitute a restraint upon the weight 

of the irradiated fuel cask, contents, pallet, and tie-downs. The value of this 

maximum weight will be derived from the dash 1 technical order. 

The matter of floor loadings is very critical for military air¬ 

craft. Exceeding established floor loading limits may result in straining the 

aircraft structure, generating not only a significant hazard if the strain is 

undetected or generated in flight (say, as a result of buffeting in turbulent air) 

but a significant cost to the government in the restoration of the aircraft to a 

satisfactory condition. Floor loading limits, in terms of pounds per square 

inch, pounds per linear foot, and wheel or axle static and in-flight loads, are 

given in the aircraft "dash 9" technical order (as for example, with the C-130A. 

T.O. IC-130A-9). These limits should not be exceeded either in the loading 

operation or upon tie-down. One finds, usually, that the load limits established 

for bulk cargo are generally lower at the aft and ramp portions of the plane than 

in the centrai section which might lead to the question of how to load the plane, 

over these sections, to reach those having the higher allowable floor loading. 

Fortunately, these aircraft are furnished with treadways. over which the pack¬ 

age can be roiled or skidded for loading and unloading. These treadways are 

rated at much higher loads than the whole floor of the aircraft. The C-130A, 

for example, can support only 1, 000 pounds per square foot of bulk loading in 

the aft end but the treadways in this section can support 6, 500 pounds per 

wheel or 6. 000 pounds per axle during takeoff, flight, and landing. Tires 

which will exert a pressure greater than 50 pounds per square inch will require 

shoring, however. The dash 9 technical order also contain, the location, and 
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ratings of ,h. «.-down fitting, th. individual aircraft, which i. „..„«.i 

«formation for th, design of a ti.-down sch.m.. Th.r. ar, thr,, kind, of 

«.-down fitting, provided in the C-130A; they are rated at 5.000. 10 000 

and 25. 000 pounds. Th. 25. 000-pound tie-down fitting, can be used for th. 

attachment of snatch blocks. Th... snatch block, can then be used to guide 

cable, when these are used to pull cargo up th. ramp and into position on ,h. 

cargo floor. The motive power for such an operation can come from a truck 

or tractor outside the plane. Th. portable electric winch provided for us. 

with ,h, C-130A (for example), may not be powerful enough to pull th. irr.dia- 

«.d fuel element cask and pallet up ,h, ramp, but could be »..d to position the 

cask accurately upon the cargo compartment floor. A p.ll„ tor us. with such 

a load in an aircraft such a. ,h. C-130A will probably have skid, which must 

be greased (with something like Alvani. EP-2 grease, or equivalent) so that 

the treadway load limit, will no, be exceeded in loading or storing ,h. package 

In pulling the cask over some portion, of th. aircraft', floor, shoring may be 

required to keep within acceptable load limits. If load limit, can be met with 

a wheeled pallet, the wheel, should be Jack-actuated so a. to retract when 

the load is in proper position in th, cargo hold unless the load imposed on the 

treadway. by the wheel, do not exceed those allowable value, for take-off. 

flight, and landing conditions. If wheel, are not to be retracted, they must 
be adequately braked. 

If the irradiated fuel element container is to be rigged so 

a. to be ejected from the aircraft and parachuted to earth in the event of 

certain mid-air emergencies, other provision, will have to be made for 

loading. With either conventional or 463L (,o be discussed later) equipment 

ejecting cargo from ,h. aircraft calls for th. installation of roller, on the 

cargo hold floors; loading and unloading operation, would make use of this 

equipment and would be limited by 1,. load-bearing capability. 

The determination of the dimensional suitability of a package 

*o * •P*C,,1C “rCr*,t •»o“1“ »« from ,h, dash 9 technical order for th, 
specific aircraft or U. S. Air Force Specification B«ll.,,„ 518. "Cargo. 

Aircraft Equipment. Dimensional Data." This bulletin provide, tables 

•pacifying ,h. maximum si» of package, that may be accepted through the 

different door openings of common Air Force cargo aircraft. 
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Copies oí U. S. Air Force Specification Bulletin 518, Mil 

Std 210A, Mil-A-8865, Mil Spec 33586 and any other service bulletins, speci¬ 

fications, or standards can be obtained by an Air Force contractor through his 

local Air Procurement District office, who in turn will obtain copies of them 

from the Naval Supply Depot, 5801 Tabor Avenue, Philadelphia, Pennsylvania. 

Wherever possible, cask pallets should be made compatible 

with the newly developed 463L Materials Handling System. Briefly, this 

system is an attempt on the part of the Air Force to bring the ground handling 

of materials in phase with the high-speed, large-payload aircraft entering the 

Air Force inventory. This system will replace the outdated forklift and 

manual system or cargo handling with the concept of "palletization. " The 

system consists of five families of equipment: 1) air-transportable terminals 

for airhead operations, conveyorized to provide sorting capabilities or auto¬ 

mated, consisting of conveyors, power, and automatic sorting for high traffic 

flow; 2) cargo preparation equipment consisting of pallets, restraining nets, 

and consolidation containers designed to increase the speed and efficiency of 

cargo preparation; 3) a variety of self-propelled adjustable height loaders, 

trailers and modified forklifts designed for the rapid loading and off-loading 

of cargo aircraft; 4) label printers and data integrators to control the air 

cargo flow from source to user; and 5) sets of rails, rollers and locks which 

attach to the floor of cargo aircraft and provide for rapid loading, off-loading, 

and restraining of pallets. 

The 463L system is not yet widely operational within MATS 

or any other command and a shipping agency might have some difficulty ob¬ 

taining an aircraft so equipped. It is planned, however, for MATS at least, 

that all C-130's, C-133's, C-135's and C-141's will be equipped with the 

463L system sometime in the future. 

Details as to equipment design and compatability can be 

obtained from the Air Force Aeronautical Systems Division (Attn: ASZL), 

463L Systems Project Office at Wright-Patterson AFB, Ohio. 

(i) Pick-up points and tie-down fittings 

It is obvious that every cask designed to be used by the Air 

Force in the air transport of irradiated reactor fuel, must be compatible with 
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th« equipment of the reproce.eing facility for which it i. destined. In the past, 

only the Idaho Chemical Processing Plant reprocessed stainless-steel fuel 

elements. There is now a possibility that the stainless-steel-clad fuel elements 

containing enriched uranium will be processed at the Savannah River Plant 

(Aiken. South Carolina) instead. A determination of which plant is to reprocess 

the reactor fuel elements in question must he made before a cask design can be 

accomplished since the compatibility requirement, vary with the two installa¬ 

tion.. a. one may see by examining sub.ppendixe, 2 and 3 of appendix III. 

While the criteria in these subappendixe. are current a. of the writing of this 

report, they may change with time; so any agency planning to sponsor a cask 

design should check with th. USAEC Operation, Office administering the re¬ 

processing facility to ensure that these criteria are complete and up-to-date 

With reference to th, Idaho Chemical Reprocessing Plan,, on. should contact 

the Chief. Chemical Processing and Development Branch. Idaho Operation. 

Office, United State. Atomic Energy Commission. P. O. Box 2108. Idaho Falls, 

Idaho 83401. Th. appropriate contact for the Savannah River Plant is the 

Chief. Chemical Process Branch. Technical and Production Division. Savannah 

River Operation. Office. United States Atomic Energy Commission. P.O. Box 
A, Aiken, South Carolina 29802. 

A review of the acceptance criteria in «ubappendixe* 1, 2, 
and 3 reveals that they are. for the moet part, restatements of 10 CFR 72 with 

provisions added to ensure compatibility of cask designs with reprocessing 

plant equipment. As the proposed criteria of appendix III exceed !.0 CFR 72 

in certain areas and retain at the least the minimum AEG specifications in all 

others, casks designed to the specification, of appendix III should encounter 

no trouble in satisfying the general acceptance criteria of the reprocessing 
plant. * 

If the irradiated-fuel package is to be capable of being ejected 
from the aircraft in the event of an in-flight emergency, particular pallet design 

and tie-down criteria must be met. General requirement, for Jetti.onable cargo 

•quipment design are given in the dash 9 technical order for the aircraft in 

question. Detail, concerning pallet design, parachutes, and ejection mechan¬ 
isms can be obtained from the organizations listed in this section. 
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Other provisions of section 12 of the proposed criteria 

(paragraphs 12.2 - 12.5) are based upon AEG experience and common sense and 

will not be discussed in detail here. 

(j) Materials 

Paragraph 3. 4 of the criteria specifies that uranium and any 

other substance having a melting point lower than 1U00°F shall be completely 

encased in welded mild steel or other material having a melting point higher 

than 1000°F. This is aimed primarily at ensuring that lead and uranium are 

so encapsulated. For lead, this need is fairly obvious. It melts (in pure form) 

at 621°F and gives off toxic fumes in addition to generating the hazard involved 

in the loss of shielding. The need to encapsulate uranium may not be too ob¬ 

vious. One finds that uranium has a very high melting point, approximately 

4, 350°F. Uranium, however, happens to be a pyrophoric metal similar to 

zirconium, magnesium, and titanium. Large pieces normally do not burn 

without the continued application of external heat. However, chips, turnings, 

and fines ignite easily (sometimes spontaneously) and burn with an intense 
18 

heat. One is then concerned, here, with the possibility that small pieces 

might be scraped or dislodged from the surface of an unencapsulated, uranium 

metal cask and ignite, causing a fire. To a lesser extent, one might be con¬ 

cerned about the entire uranium cask structure Igniting when exposed to a heat 

source as great as a severe petroleum fire. The other undesirable aspect 

of an unencapsulated depleted uranium cask concerns surface contamination. 

U (depleted uranium) is continually emitting alpha particles (of approxi¬ 

mately 4.2 Mev) and, if unencapsulated, represents a continual contamination 

problem. While the contamination levels registered as a result of a smear 

test will vary as a function of the uranium metal surface finish, it is safe to 

say one will find that health-physics allowable radiation contami: ^tion levels 

(such as those in paragraph 15. 2 of the criteria) will be exceeded anytime one 

makes the test. It is for these reasons that the encapsulation of uranium is 

deemed necessary. 

One sentence in paragraph 13.4 states that "a provision shall 

be made for assuring, by deformation of the container walls or controlled voids 

in the shell or similar means, that the welded shell will not rupture if the cask 
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l* exp0*'d ,0 ,h* ,Undard on* hoar ««• *‘c " L«.d h.. . higher volumetric 
coefficient of thermal expanelon (approximately 4.71 x 10'5(°F)'1) than those 

Of the metal, which will usually be chosen to encapsulate i, (mild steel ha. a 

coefficient of thermal expansion of approximately 2 50 x 10~^(°F)~* 

or a little more than half tha, of lead). In considering the mechanical integrity ' 

of the cask upon subjection to temperature, such a. those encountered in 

petroleum fires one must be sure, then, that the lead ha. room within the 

cavity formed by the external material, to expand without bursting the outer 

shell and that, in expanding, i, will not over.tres. the exterior metal as a 

result of any interface bonding. The latter i. not much of a bother, first 

because in most casks which have to be disassembled and inspected, it ha, 

een found that no bond is made between the lead, on the inside and the ex¬ 
terior material (,„ these ... ind. 5econdly beciu8e „ ^ ^ 

bond .. made, failure will occur firs, in the lead because of i„ much lower 

ear strength. As regards the problem of compensating for the differences 

,n expansion of the material, upon the application of heat, the only acceptable 

method 1. ,o leave a controlled void inside the cask wall shell. This void 

should be of sufficient volume to allow the lead (either in solid or liquid phase) 

to expand or flow into it without additionally stressing the outer material. 

Two very important point» of caution should be made re- 

garding these controlled void, in cask wall shells. First, they must not be 

positioned under normal circumstance, so a, to result in a violation of the 

shielding specification, given in section 3 of the proposed criteria; i. e., the 

criteria of "200 milliroentgen, per hour at tn* accessible surface and 10 milli- 

roentgen. per hour at a distance of 3 meter, from the surface." must not be 
violated a. . result i„cluilon of thi, vold c„k w>u The 

mportent point 1. that the void must be completely free of any substance in the 

solid or liquid phase which will vaporise a, . temperature lower than 1 700«F 

Should any such substance be present, «h. vaporisation, when « occur, upon ' 

«h. application of sufficient heat, will result in a tremendous pressurisation 

of ,h. internal shell which would probably lead to an explosive cask failure. 

hi. failure ha. been noted with water, the most common such culprit, by 

Underwriters' Laboratories. I„c.. i„ ,h. explosion of a simulated large 

self-shielded shipping container at temperature, in the vicinity of 1, 460°F. 14 
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Algo, Oak Ridge has noted the presence of approximately 500 milliliters of 

water in each of three casks its personnel disassembled and examined, indi- 

cating that they might fail in similar fashion upon fire simulation testing. It 

is then imperative that air filling these controlled voids in cask walls be 

completely dry and clean. This wall undoubtedly cause manufacturing problems, 

most probably in the performance of the final weld seal on the encapsulating 

outer shell, and additional cost, but such precautions must be taken if the 

^simulation test specification is to have any meaning. 

It seems that problems arising from the corrosion between 

galvanically dissimilar metals have been overlooked. The AEG specification 

merely states that there shall be "no significant chemical, galvanic, or other 

reaction between them (materials of which the cask is constructed) or with 

fuel elements. " The author of this report did not believe this statement was 

explicit enough and so has included reference to Mil Spec 33586, "Metals, 

Definition of Dissimilar," to define just which materials may or may not be 

brought into intimate contact with one another. It is interesting to note that, 

under this military specification, certain previously fabricated and AEG - 

approved casks are unsatisfactory. (The PM-1 cask, shown in figure 1, for 

example, has lead and stainless steel in intimate contact. Lead is a Group III 

material while stainless steel is a Group IV material, according to MS 33586, 

and they are dissimilar. It is also interesting to note that no accomodation 

for a void is made in the PM-1 cask design, as discussed in the preceding 

paragraph. Yet, this design was approved by the AEG, Division of Licensing 

and Regulation, subsequent to the publication of the current 10 CFR 72, in 

September 1961.) If lead and stainless steel (two very common metals) are to 

be used in the same cask, they must be appropriately masked. If they are 

only to be in contact at the inner surfaces of the wall cavity and one can be 

absolutely positive that no moisture will be present in the cavity (including 

its void), then there is no worry; galvanic corrosion does not occur between 

dry surfaces as no ion exchange process is possible. Of course, then, it 

must be definitely proved that no water will ever leak into the interior of the 

cask wall; it should be remembered that these casks spend a good deal of 

their lives under water, at depths of tens of feet and that low-velocity impacts 

may easily violate the outer shell of the cask - because of the cask's tremendous 
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inertia. With the« con.ideration. in mind, i, is better to conclude that 

(Üasimilar metals should never be used in a cask design except where they 

can be positively isolated by bushings, washers, heavy plating, painting, or 
the like. 

One last item to be mentioned concerning the possible 

galvanic interaction between .ask materials is that this author was unable to 

readily (ind any information on the galvanic properties of uranium metal. If 

such is considered for use as wall shielding material, its properties a, re¬ 

gard. possible galvanic corrosion between i, and other cask materials, should 
be determined. 

Regarding the specification of tie-down strength, in para¬ 

graph 12. 3 of the proposed criteria, the tie-down fitting, have been specified 

to conform with Mil-A-8865. "Military Specification. Air Transportability 

Requirements. Grounc Support Equipment. General Specification for," para- 
graph 3. 2. 3 quoted below. 

Mijcellaneoue eqiiipm»nt (usaf nniyl _ For 
engine., fuel tank., turrets, and other 

large item, of equipment other than aerial de¬ 
livery equipment, the following minimum load 
factors acting separately shall apply: 

Longitudinal 

Lateral 

Vertical 

8.0 (g) forward, 1.5 aft 

1.5 (g) right and to left 

4. 5 (g) down 

2. 0 (g) up 

A. ,h. limit, specified in Mil-A-8865 are greater (with on, exception) than 

those given in 10 CFR 72. ,h, former are largely taken to supersede the 

latter. 10 CFR 72 merely specifies a vertical load capability, up or down 

of 2 g's. but specifies a horUont.l load of 10 g's. The 10-g fore and aft 

load capability .ub-.p.c from 10 CFR 72 was retained a. 1« was higher than 

the Air Force's 8 g', forward and 1.5 g's .f, .„d i. ,hu. more conservative. 

The maximum credible accident usually postulated for a 

loaded, irradiated fuel element container 1. a severe impact followed by a 

petroleum fire and. then, possible immersion in water. Mechanical accidents 

involving fissile materials are commonly supposed to Increase the risk of a 
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criticality accident. In fact, the opposite is generally more likely, since most 

accidents are dispersive in nature, whereas criticality requires that an as¬ 

sembly be made. 

(k) Survivability in fire 

The question of what constitutes a suitable, realistic fire- 

simulation test is another one of interpretation. Temperatures have been re¬ 

corded in the hottest portions of petroleum fires, started under ideal conditions, 

that exceed the melting point of steel. However, aircraft fires usually occur 

under far from ideal conditions and when one is speaking of the heat input to an 

object with as much thermal mass as an irradiated fuel element cask, one 

should realize that the subjection of a cask to a very high temperature for a 

short period of time will not result in an appreciable temperature rise in the 

inside of the cask because of the low transient heat transfer rate. 

The fire test cited in the proposed criteria (appendix III) is 

that of 10 CFR 72, chosen because of the desirability of conforming with 

civilian standards, as discussed previously. The "standard one hour fire" 

as defined by the National Fire Protection Association and the American 

Society for Testing Materials calls for a gradual rise in the temperature of 

the environment surrounding the package with the curve passing through the 

following points: 1, 000°F after 5 minutes, 1,300°F after 10 minutes, 1,550°F 

after 30 minutes, and 1, 700°F at the end of the hour. These specifications 

then call for the rapid cooling of the package such as that achieved by spraying 

it with fire hoses. 

The British believe they have established a more rigorous 

fire test and they are probably right. The United Kingdom Atomic Energy 

Authortty immediately exposes the package to 800°C (1, 472°F) and holds the 

temperature constant for 30 minutes. At the end of this period of time the 

package is taken out of the oven and allowed to cool naturally; no artificial 

cooling mechanisms are allowed. Even though the British test calls for a 

lower integrated heat input into the package than the American test, it is 

regarded as more severe primarily because of the specification forbidding 

artificial cooling (in fact, in UKAEA tests, maximum Internal temperatures 

have been obtained during the cooling period) and because the immediate 
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subjection „( the packeg, 800°C temperature is more conducive to damage 

by thermal shocking. The point here, as before, is not to require actual 

testing Of packages, which would be very complicated and expensive, but rather 
to assess the abili 

tton. 
ty of the packages to meet the criteria by engineering evalua- 

An interesting sidelight concerning the hardware state of the 

srt to meet those portion, of the criteria proposed in this section, which is 

based upon 10 CFR 72. concerns gaskets. To date only one gasket material 

has beet; found which seems to be capable of withstanding the pressurization 

specification, (paragraphs 4. 1.2. 5 and 5. .ó) and the fire test specification 

(paragraphs 14.1 and 14.2). This material, reported on by Mr. K. N. Haff 

of Oak Ridge National Laboratory, i, Tayl.ron PA6, manufactured by the 

Taylor Fibre Company. At the las, reporting. 14 though. Oak Ridge was also 

considering fabricating and testing containers using metal gasket seals of 

material, such as Conoseal, manufactured by M.rman Division of the Aeroquip 
Corporation. 

Ü) Ruptured fuel elements 

Fuel elements in reactor cores have occasionally been known to 

fail. Most fuel element, (be they in flat plate or tubular geometry) are made 

in sandwiches in which stainless steel or aluminum are the "bread" with the 

fissionable material, in some stabilized chemical and physical form, being 

the meat. " Large -nternal pressures are generated within the "meat" due to 

the buildup of gaseous fission products. The heat generated by the fission pro- 

..this internal ga. pressure, and also reduce, the mechanical 

strength of the cladding material, sometime (though seldom) to the point where 

the gas pressure causes a break or rupture in the cladding. Boiling and cavi¬ 

tation occur on the surface of the exposed me., causing solid chunk, of "meat" 

containing fission fragment, and fuel material to migrate into the primary 

coolant free stream. The release of fission fragment, and nuclear fuel material 

to the primary coolant stream (speaking now of pressurized water reactor 

systems, which undoubtedly will be the most common military reactor type 

for years to come) constitute. . highly undesirable contamination problem. 

All plants have maximum allowable contamination limit, for their primary 

coolant, though some may differ from others. When these limit, are exceeded 
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th» operation of the reactor with the failed fuel element present in the core is 

no longer tolerable and the element, or smallest subassembly containing the 

failed element, must be removed and shipped to a special facility capable of 

handling the failed fuel material and (probably) analyzing the failure. 

AEG standards (reproduced in paragraph IS. 1 of the proposed 

criteria) call for the encapsulation of the failed fuel element or fuel element 

subassembly in a container, within the cask. This is necessary to prevent 

cask coolant contamination from exceeding the levels specified in paragraph 

5. 14 of appendix III. The material of construction of the container must be 

compatible with the chemical process, on the basic assumption that the entire 

capsule will be charged to the dissolvers in the chemical reprocessing plan,. 

L’sually the same cask that is used for shipping irradiated fuel 

from the plan, will be adapted to shipping the failed, irradiated fuel as shown 

for the PM-1. in figure 13. Then other core segments or elements will 

probably no, be included in the shipment. This is because the destination may 

well be different, because encapsulation of the failed portion of the core will 

impair the heat transfer capability of the irradiated fuel element cask if one 

■ I speaking of the full, normal loading, and because the envelope in which the 

failed portion of the core will be placed will undoubtedly take up much of the 

room that would normally be occupied by other irradiated fuel elements. 

It is most important, in designing the envelope for the failed, 

irradiated fuel element, tha, the hea, transfer and pressure buildup phenomena 

to be expected, are thoroughly analyzed, bearing in mind tha, the element mus, 

be completely sealed off from the surrounding environment. Provisions made 

internal to the envelope should be adequate to satisfactorily contain any pressure 

buildup and transfer heat, in keeping with the res, of the criteria for shipping 

spent fuel (and particularly with section 4. Hea, Dissipation). 

If. within the reactor core, the failed fuel element or core sub¬ 

assembly cannot be located, i, may be necessary to ship the entire core to a 

facility with a capability identify the culprit and make corrective repairs. 

In this case, the military sponsoring agency may take the responsibility for 

making a shipment which conforms to the every item of the criteria except 

paragraph 5. 14 which specifies maximum cask coolant activity level, under 

normal operation. 
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Figure 13. Failed fuel bundle canister 
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Except for plants using well-proven fuel elements, the develop¬ 

mental planning of any new military nuclear power plant system should include 

a design and appropriate analysis for a failed fuel element container within it, 

design and engineering analysis of the irradiated fuel element cask. 

Any preliminary design of a container for failed fuel must be co¬ 

ordinated with the reprocessing plant to which shipment would be made, to 

ensure compatibility. Present ICPP standards, for example, allow only 4ii 

inches for the maximum acceptable diameter of a damaged fuel container and 

40 inches for the maximum container length. As might be expected, they also 

specify that no inert gasketing materials should be used in the design and that 

50 to 100 gram, of steel wool (not stainless steel) be packed around the fuel 

element to "trigger" the dissolution reaction. 

(2) New reactor fuel 

It is anticipated that the only type of fuel elements which might 

be presented for shipment in the foreseeable future will be those containing 

What is known as "fully enriched uranium." This is uranium which is approxi¬ 

mately 93. 5 percent enriched in the isotope U235, by mean, of the gaseous 

diffusion concentration process. These fuel elements, as they are shipped 

to the reactor site, are only very slightly radioactive. This level of radiation, 

so low that no biological shielding is required, is due to the natural decay of 

the uranium. Also, the fuel element, are relatively uncontaminated. a, they 

e been very carefully cleaned. In all cases. The amount of contamination 

remaining is usually less than the background radiation of the atmosphere. 

and it therefor, constitute, no hazard to person, handling or transporting ,h, 
fuel elements. 

While most new reactor cores are tested in zero-power, wet 

critical facilities to determine initial core reactivity, rod response, and rod 

worth, they are not operated at any finite power level and the fission product 

buildup is negligible. This and the radioactive decay of the fuel material 

are not sufficient to produce any detectable amount of heat. 

(a) Nucleonics 

The major and almost sole consideration in the shipment of 
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new fuel elements is, then, the prevention of criticality. This almost com¬ 

pletely dictates the packaging design philosophy. 

Low-power reactor cores of early design and today's high- 

power (above say, 50 Mwe) cores usually consist of a number of fuel plate or 

fuel tube bundles, each of which may be handled separately and shifted into 

different positions, within the core, relative to each other. Obviously, a core 

designed in such a fashion, lends itself well to the easiest approach to the 

criticality problem, namely the shipping of a core in parts. Unfortunately, 

the trend in low-power (1-10 Mwe) reactors which are typical of the kind which 

would be sited at a remote location, seems to be towards cores of a more in¬ 

tegral design in which a significant portion or all of the fuel rods are firmly 

attached to each other through a solid core structure. Such is the case with 

the PM-1 and PM-3A reactor cores, which divide only into sixths and which are 

designed to be shipped in toto. Because of this design, these cores are also 

shipped with the neutron absorber control rods in place to "hold down" the 

reactivity of the assembly. 

While fuel elements and new cores are usually shipped dry 

from the manufacturer's test or inspection facility, it is always assumed that 

the shipping cannister is not only full of water but also surrounded by water 

as this is a more reactive configuration and corresponds to the accident in 

which a cannister seal is breached by impact and then the package is sub¬ 

merged in water. As with irradiated fuel element casks, while it is demanded 

that the cask contain its charge, it is thought unrealistic to expect the cask 

to maintain its barrier to water penetration. 

(b) AEC standard 

It is also desirable, here, that standards established by the 

U. S. Atomic Energy Commission and the International Atomic Energy Agency 

(if applicable) for the shipment of such fissionable or fissile material (the two 

words meaning the same) be adhered to. These standards, while binding upon 

only USAEC licensees in this country and not necessarily on the Department of 

Defenae, are based on a good deal of experience in this field. 

The USAEC sometimes also refers to fissionable or fissile 

material as "special nuclear material" and publishes the regulations it holds 
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as binding upon its licensees, regarding assembly and transport of such 

material as parts 70 and 71 of Title 10 of the Code of Federal Regulations 

(10 CFR 70 and 10 CFR 71). 

The USAEC classifies packages of special nuclear material 

according to the shipping procedures which must be imposed upon the package 

or the shipment (10 CFR 71), Class I may be said to include packages which 

are safe from neutron interaction in any arrangement, even after a very 

serious accident. Items falling in this class include very dilute aqueous 

solutions of fissionable isotopes. 

Class II packages are limited as to content so that the 

individual unit is safe from accidental criticality, and the number of such 

packages, which can be transported together, is limited so that shipment of the 

allowable number is safe. Class II packages may be transported by any carrier. 

The number of packages which may be carried on the same vehicle with other 

shipments and placed together on a loading dock or storage area is limited by 

the assignment of a certain number of "units" to each package. The allowable 

number of class II packages which may be safely accumulated in one area in 

any arrangement includes a safety factor of at least 5. The number of packages 

limitation for class II shipments is stated in terms of "units." 10 CFR 70 

limits the number of units that may be assembled at any one location to 40. 

The definition of a unit, which is very complex, may be 

found in 10 CFR 70. The specification is made in terms of mass and geometry 

criteria but also related to the degree of moderation control, with allowance 

factors for varying low U-235 enrichments, for cylinder shapes, and the density 

reduction resulting from the dilution of U-233, U-235, Pu 239 by other elements. 

A unit is a rather small fraction of a critical mass as may be seen from the 

following example: One unit of uranium, enriched in the fissionable isotope 
235 

U to only 5 percent, may not exceed 0.6 kilogram mass. The PM-1 and 

PM - 3 A core's uranium is enriched to 93.5 percent and contains 29.2 kilograms 

of such material. In any case, one agency may not ship more than 160 grams 
235 

of U in class II packages, during a given 24-hour period. This is approxi¬ 

mately 0. 59 percent of a PM-1 core or a little more than 4 of the 741 tubular 

fuel elements contained in the core. 
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Shipments oí new reactor fuel in any substantial quantity, 

will then correspond to the USAEC's class III shipments, because of the 

quantity of fissile material involved. Class III shipments are those which 

are approved on the basis of careful control of the conditions under which 

they will be transported as contrasted to class I and class II shipments in 

which more depenaence upon packaging is stressed. USAEC regulations do 

not permit the mingling of class I or class II packages with class III shipments. 

The particular conditions of shipment of class I or class II packages do not re¬ 

quire specific Commission approval whereas those of class III shipments do. 

Class III shipments are formally defined as those shipments which will not fit 

within the specifications of class I or class II. 

235A regUlar class 111 Package may contain a maximum of 10. 0 
kilograms of U . under certain rather rigid conditions of moderation control. 

Again, a complete core of a military nuclear power reactor will usually contain 

more than this amount of U . The USAEC would then designate this as a 

"Special Class III Shipment" which the Commission will authorize only upon 

careful scrutiny and analysis of the conditions of shipment. Assumedly, the 

normal class III packaging requirements would hold for "Special Class III 

Shipment" also. They are liberally interpreted and paraphrased as follows: 

1 Resistance to crushing and fracture shall be at least 

equivalent to that provided by Schedule 40 steel pipe. 

¿ The bottom plate shall be equivalent in strength to a plate, 

equal in thickness to the wall of the container, welded or threaded to the 

bottom of the container. 

1 The top closure which may be a flanged or gasketed cover 

or a standard pipe cap shall be equivalent in strength and leaktightness to the 
container itself. 

1 The package shall be capable of withstanding a drop on 

any side, including the top and bottom, onto an unyielding horizontal flat 

surface from a height of 30 feet with no loss of content, from the inner con¬ 

tainer (if there is one included, within a "birdcage" .pacing arrangement) or 

in.ide of the package and with no more than a 10 percent reduction of the 
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spacing measured from ,he outside of fhe inner container ,o fhe ou.side of ,he 
outer container (if appropriate). 

H . , 1 of the birdcage (if one is needed) shall be so 
cies.gned and constructed tha, spacing wi„ be maintained under normai condi- 

i;;;:, ,ha; °Verridin8 °r Sba,, be prevented 

vieldi f, K ,e CaPa °f W1,hS,anding a free fal1 of 3- 5 feet onto an un- 
yie.ding „a, borironta. surface no ,arger than 6 inches in diameter without 

xceedmg the ultimate strength of the structura, materia, of the outer surface 
of the birdcage. 

the first , ¿ The P"Ck‘g' Sha11 ba c‘P“b'' P' withstanding exposure to 

M 2) w th'" ?nU,eS °f ,he Stand,,rd 0n' hOUr Uee aPP,ndU m- P—graph 
• with no loss of content, from the inner container and no more than a 10 

ZZT redUC,ÍOn Ín any SPaCÍn8 m'aSUred ,r°m ,ha °u,aida outer con- 

that like oack 1 When comPli«nc* with the criticality criteria requires 

stacke i Z V "" ,hipmen‘ bi arranged °nly in a P'—r «rray and no, 

. 1 S " be afflX'd ,0 ,h' ,OP OÍ aaCh biPd«S' or container an 
g ron tripod, frame or other similar device. The following legend shall 

b 'gib,y‘nd',tb'y Printed in red letter, a, leas, one Inch high on a white 

C groun . painted on or securely affixed to the top surface of the container- 

CLASS III SHIPMENT 

SPECIAL ARRANGEMENT 

THIS END lTP 

DO NOT STACK 

â Where there is no birdcage and interior container ,h. 

::::7o< paragraph 4- ... b, mPan, to s ly 

apply to any reduction of the ortgin.l interior dimensions. 
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... .»r:*“,x r,: --- -• -— 
1 A. a shipment having exclusive use of the vehicle 

¿ Under escort of a qualified courier 

will be made ^ Wri',fn <:*rtlfic»tion of assurance that shipment 

.ha, „ c.r y WÍ,h ,h' VehÍClí °n WhÍCh “ “ ori*i'>“lly loaded and 

lamm COn,a‘ ^ " SPMÍ“ -«ia,. explosive or 
lammable materials be transported in the same vehicle. 

source or ,h ^ Th' P‘Ck‘8e ^ n0‘b* PUc'd“"y vehicle containing source or other special nuclear “ 

or flammable or explosive material or , b"yllÍUmi «’•■‘Phite. 

shipment, or delivery be close"!.; TJ ^ 
transoorted in ,h ** <r°m ,UCh m4,*r,al- bo‘ may be transported in the same vehicle with .« . 
tM. . trials other than those specified in 
this paragraph, when such other material, are Included in th. , 
by the USAEC. included In the license granted 

„.rW , A’ m‘y b* S**n from ,he P«-*vlou. resume of the USAEC, 
packaging specification, and discussion o, the ..uni,., system uSAEC^r 

to avoid making flat statement, .bou, critica, m... . ' 
,,. A OUI crltlc«A mass requirements or k 
(the neutron multiplication factor; k „ = [ occur, when . i 
Just barely critlc.il. a ’ *M OC,:ur* when » nucl«ar assembly i, 
that the m xi ’> 'h* P°,i,ion ‘«l'en, especially in 10 CFR 70 is 
«h., «h. maximum value k ,hould r(.ch tr.n, u „ g ° “ 

prove to be a valuable point If futur. Am r y rrrrt7-”-:r—--== 
to the criteria detailed in 10 CFR 70 and 10 CFR 71. 

(c) IAEA standards 

rr. 
They state; C°nCl’* 'P*Ci,,C r*l*‘r<Un8 ,h* »' «actor fuel. 

"In evaluating the inherent safetv of th* .h< 

—».hall a. ..., ZZ - 
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"(a) The effective neutron multiplication factor (k ) of 
the system shall not exceed 0. 9; or eff 

"(b) The following safety factors shall be applied to allow 

for uncertainties in the experimental or calculated data used: 

(i) where mass is the controlling factor, the 

permissible value in any single package must not exceed 80% of the critical 

mass under the conditions of packing, with due consideration for built-in 

neutron absorbers; or 

"(ii) where geometry is the controlling factor, the 

permissible value for each controlling dimension must incorporate a 10% safety 
factor." 

As with 10 CFR 71, the IAEA allows the shipper to take credit 

tor built-in neutron absorber,, provided there is an assurance that such ab¬ 

sorbers will not change their effectiveness or position relative to the fuel 

elements as a result of mechanical shock or meltdown encountered during 

normal shipment or as a result of the maximum credible incident. Also, the 

IAEA specification, call for considering the container full of. and surrounded 

by water, and requires tue shipper to anticipate and preclude the chance that 

other special nuclear or reflector material might be placed in close proximity 

to the package, during shipment, trans-shipment, loading or unloading. The 

das. I and II designation, made by the USAEC have their counterparts in the 

IAEA specifications, although not in the exact form. 

(d) Recommended container criteri a 

With regard to which items from the USAEC and IAEA 

specifications should apply in the USAF air transport of new reactor fuel 

elements, it is recommended that the packaging provisions for class III 

special nuclear material, condensed and paraphrased in previous paragraphs 

apply. The IAEA specification of keff = 0. Q is not as conservative as the 

USAEC s - 0. 8 and, in some cases a fissile mass greater than 80 per¬ 

cent of a critical mass must be shipped as an integral unit. 

In addition to the USAEC's specs, however, it is felt that 

the following specifications should be added for containers intended for air 
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transport on USAF aircraft h»r*naA »u 
ait, because of the particular environments to be 

encountered in air transport and the hamllinn P ana rne handling one may expect these types of 
packages to receive: 

. v 1 If fuel arr“ys «r» to bo »hippod with noutron 
absorber toa,erial, in pUce. and i, these material, are required to mee, the 

nuceonic. 0.8) criteria, mechanical interlocks and (i,ting, requiring 

special tools to disengage them .hould be used to lock these materials in place. 

1 M“,ïrialsofwhich'h« container or any component, or 
internal „rue,ure, are constructed shall be ,uch tha, there i. no significan, 

Lm '* c 8'“V',mC- °r °,h" "ac,ion. between them or. with fuel element,. 

Metals so classified as di..imil.r wil, no, be brought into intimate contact 

with one another, uni,., i, can be proved tha, galvanic interaction will no, 

occur. All welding and bearing of the cask shall be performed in a workman- 

k. manner, free of significant defect,, and .hall provide a mechanical join, 
efficiency of not less than 85 percent Th# - . . prrernr. me melting point of any brazing 
material shall not be lower than 1000°F. 

1 The contain*r »hall be provided with adequate hooks 
handle., trunnion., .kid., ba.e plate, or other device, which will permit 

• dequat, tie-down and .uppor, during tr.n.por, and facilitate normal handling. 

ny e ca which i. attached to the container or could be employed to tie the 
container down during tr.n.por, .hall be .ufflcient to with.t.nd a .,.„c force 

having . vertical componen, „f 2 time, the weigh, of the loaded container (up) 

»nd 4. 5 time, the weigh, of the loaded container (down) and a horironta. com¬ 

ponent of 10 time, the weigh, of ,h. loaded container without exceeding ,h. 

yield .trength of the material, in the device. Any device which 1. attached 

to the container and which i. designed to lift ,h. container shall be capable of 

lifting 6 time, the weigh, of tha loaded contain,, without exceeding the yield 

strength of the material, in the device. Any device which 1. .„.ched to ,h. 

container .„d which i. de.ign.d to llf, the lid .hall be capable „f „fting 6 tim„ 

he combined weight, of ,h. lid and content, of ,h. contain., without exceeding 

he yield .tr.ngth of the material. l„ ,h. device. If thi. device i. .„.ched to 

the lid during tr.n.por,. i, .hall be capable of withe,anding a .,.„c ,0.d 
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equivalent to 6 times the weight of the entire container and contents without 

exceeding the yield strength of the materials in the device. 

4 1 he allowable floor loading distribution, 

by proper design of the pallet upon which the container is to b 

be taken to be as specified in the appropriate Air Force dash 

for the particular aircraft in which transport is planned. 

to be achieved 

e mounted, will 

q technical order 

The pallet design should be compatible with the 4631. Materials 

Handling system being developed for MATS (and otherl aircraft. 

1 The container shall be capable of withstanding vibration 

incident to shipment without impairing the integrity of the closure or of the 

container itself. (Frequencies and amplitude, to be regarded as representa- 

tive of those to be encountered in aircraft cargo compartment, may be found 

in section 10 of appendix III of this report. 1 The container and its ancillary 

equipment (if any) shall be able to endure these vibration, at each specified 

frequency for a period of three hours. 

L Means shall be provided for the application of a heavy- 

duty lock and a seal so that the container cannot be opened without destroying 

the seal and either unlocking or forcing the lock. 

I As a pressure differential may be expected to develop 

across th* container seal due to altitude variation, encountered in transport, 

the container design .hall be capable of maintaining the closure integrity at 

all ambient pressure condition, which can be anticipated. Mean, shall be 

provided for safely equalising the internal pressure of the container with the 

pressure of the atmosphere at any time during transport. 

â The container shall be capable of withstanding any severe 

climatic environmental condition, which may be encountered during shipment, 

oi storage as specified by Military Standard (Mil Std) 210. The container 

designer may apply for relief from any article, of Mil Std 210 which apply 

only to geographical areas to which, or through which, shipment of the con- 
tainer could nevtr be made. 

i The container 1« to be marked 

ate provisions of Air Force Manual 71-4, at all tim 
according to the 

• *. In particule 

appropri- 

r, AF form 
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, H 7 11 ,hOUld be Cl",rly ,ill*d OU' and ‘,,achfd ,0 ,hf when 
°‘d;ri ' AF ,0rm 1595 8h°“d —Hed ,o the cash whenever L is etnpt, 
n addition, the following legend should appear on the side of the container 

in r'd at 2 inches high se, upon a white bachground. 

danger 

THIS CONTAINER, WHEN LOADED, 

CONTAINS FISSIONABLE NUCLEAR MATERIAL! 

UNDER NO CONDITIONS ARE UNAUTHORIZED 

PERSONNEL TO TAMPER WITH OR OPEN 

THIS CONTAINER! 

One may readily ..e that new fuel containers are going to 

“1' T'" 7“ 0' * PUrely m*ChaniCal ‘-an. say. irradiated 

dl r/“ *’ Th* n'W ÍU*1 contain»r* ®re much lighter and this greatly 

“, V 8 and ,l00r l0adin* distribution problems. There i. no 

n. ' *at to be dissipa,ed and hence another problem is,liminated There 
IS no coolant to leah. generally, .„d even U there is some water inside the con¬ 

tainer. one „ no, worried about contamination resulting from leakage The 

.. ety analysts of new fuel container, concentrate, upon the prevention of 

iticahty. With spent fuel container, in which a whole core is to be shipped 

fuel cm,*" *1,° TT hOW'V"' ind ln COmp*rln* “«“iated and unirr.diated 

delieh, n*V« 'h*' ,h' U,,*r req“t,‘* n° ^ walled shielding, which 

mas i 7 r,t *l’° m¢an, th" ,h* m,,r*in 0< afforded by the 

fu., irr,du,fd ,u*'c,,k u diminiih*d w,th ^ 

.imulat, . miahap occurring during loading 

Unríall,,1C ,0 d,mand Packaging of «h. dimension, required ,o 

lions uV0”* °r ,U*‘ ,Um*nU Wi,h,Und *“h hfgh-velocity impact con¬ 
di Ion . Under norma, handling mishaps, however. ,h. packaging must ab- 

olutely contain 1,. charge in order to preclude ,h. formation o, a critical 

assembly upon the ejection of the core elements. 
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As mentioned previously, new reactor cores which are heinB 

shipped in toto will almost always have all the neutron absorber rods, which 

are used to control the reactor, firmly anchored within the core. The fixture 

used for this purpose with the PM-1 and PM-3A cores is shown in figure 14. 

As recommended previously, rather special tools are required to disengage 

and lift this fixture from the top of the core shroud and thus enable one to 

withdraw the neutron absorber control rods or other neutron poisons from the 

core. Actually, fixtures requiring even more specialized tools for this job 

would be desirable, from the safety standpoint. 

The device shown in figure 14 remains firmly atop the PM-1 

and -3A core when it is placed within its shipping container, which is shown in 

figure 15. While this container has not been analyzed for compliance with the 

criteria delineated above, it is roughly illustrative of the type of container one 

may expect to have to deal with in the shipment of new reactor cores. 

Often neutron poison plates or strips are inserted in cores 

or core elements, to lower the reactivity of the assembly. Sometimes this is 

performed in conjunction with the retention of the control rods in the core 

and sometimes it is done in lieu of the control rods. The criterion that 

these poison materials must remain effective anu in place during the maximum 

credible incident is paramount. Usually two types of materials are used for 

this job. One is boron steel plates which may be inserted in the core in a 

manner such as shown in figure 11. The other material, which was used in 

the initial shipment of the PM-1 and PM - 3A cores is bora.ed polyethylene, 

fabricated into strips which fit into the coolant flow channels of the core. This 

borated polyethylene material is definitely not recommended for such use 

Polyethylene begin, to distort at 122°F and. as such, it is highly unlikely that 

it would retain relative position in the core, upon application of the .0-minu,e 

fire test, as specified. A material such as boron steel which does not distort 

appreciably at the temperature encountered in the fire test (maximum tempera¬ 

ture 1 300°F1 is mandatory if the proposed criteria are to be me, when reliance 

is made upon such materials to meet the nucleonics specification (as may well 

be necessary when one remembers that the core must be assumed to be sub¬ 

merged and flooded with water, for the determination of the subcriticality 
condition). 
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ZEtO 
«EEWENCE 
WARN- 

LOCKING TOOL 

RECEPTACLE 
CONTROL ROD MOLD-00*N 
fitting is places) 

peripheral bundle 
hold-down FITTING 
(6 PLACES) 

JAMNUT 
(6 PLACES) 

CORE HANDLING 

FIXTURE 

— transfer dolly 
OOOR LOCK FITTING 
(2 PLACES) 

Figur« 14. FM-1 cor« handling fixtur« 
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— Check vAlvE 

whole CORE CANISTER 

HOISTING LUG 
( 3 PLACES) 

GASKET (RUBBER) 

DOWN 
PLACES) 

WHOLE CORE 
CANISTER 

LFNGTh-4»INCHES 

RUBBER BUMPER 
(4 PLACES) 

rubber base 

shipping data 
STORAGE CAN 

Figur« 15. PM-1 new cor« canister 
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Finally, on. may r.m.mb.r that, at the beginning of this 

section, i, was stated tha, the problem of criticality prevention, the prime 

safety consideration in the shipment of this type materi>1. may b, avolded 

by .tupping a given core in parts. Actually, there are two arguments tha, 

may be ra.sed .gains, such shipment in par„; first. 1, will cos, more The 

ndividual packaging approach will undoubtedly result in having to ship a 

greater total weigh, which will result in a higher transportation cos,. Secondly 

■ * package, are shipped together, exclusion distance criteria will probably 

ve ‘o be established and adhered to. and contraptions such a, birdcages. 

gros» dissipa,ora, or cargo space, may have to be employed. If birdcages 

are no, employed, correct operational procedure, may have to be employed 

to ensure compliance with safety rules. This would run again., the basic tenet 

o nuclear safety philosophy which hold, tha, maximum reliance should be 

Placed upon equipment design and minimum reliance upon correct operational 
procedures. 

In short, the system, project officer for a remote nuclear 

power plant development program will have to determine whether the nature 

O ,h. hardware and the transport channel, to be employed dictate ,h. shipment 

of new reactor core, in .„bcritical sections, simultaneously or sequentially 

or whether the safety condition, can be controlled enough to ship the cores in 
toto. 

,. A> rf8ard5 ,h' m*thod of proving that a given package design 
omphe, with the established criteria, the same philosophy a. stated for 

irradiated fuel element container, should apply. That is. ,h, following tech¬ 

niques. listed in the order of desirability, are recommended: the result, 

of engineering a.men, of ,h. package design, with all assumption, made 

or ,h. purpose of such.men, stated; tests of model, of packaging de¬ 

tail, or mock-up. representing method, of construction; extrapolation from 

results of tests of similar designs with similar construction features; 

reference to shipping experience with package of similar design; other 

information, argument, or evidence; or actual prototype, of the de- 
•ign. 
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(3) Radioactive wastes 

Section 2a(3) has discussed some of the sources of radioactive 

wastes in a typical military nuclear power plant. These are dissolved con¬ 

taminants in the make-up water, primary system structural materials, which 

have corroded or eroded away or been knocked out of their lattices by recoiling 

fission fragments or neutrons, and fission products which have leaked out 

through a fuel element cladding failure. Other possible sources of radioactive 

waste in the plant include the water from the "hot" laundry machines, and, 

usually, materials dumped into all the floor and sink drains in the plant 

(especially that from the radiochemistry lab). Also discussed was the need 

to concentrate these wastes, usually by means of evaporation, into a sludge. 

(a) Stabilization 

The packaging of this sludge In drums or shielded containers 

for shipment is the job of designated members of the plant crew. As discussed 

previously, it is highly desirable that the wastes be stabilized in a solid form. 

Often cement is mixed in with the sludge, when it is loaded into its shipping 

drum. This may be mixed on a 2 for 1 volume basis (sludge to cement) and 

is often done for wastes intended for dumping into deep ocean. Sometimes 

highly absorbent material, such as diatomaceous earth, is used to absorb 

and stabilize the liquid waste. In this case, an amount of such material 

sufficient to absorb all the liquid should be added. Cement is preferable. 

If the container is to be reused, however, the formation of 

a solid, such as would occur with the addition of cement to the batch, would 

be a headache. This is unfortunate because with high level waste it becomes 

more desirable that it be fixed in solid form and yet it is the high level waste 

that will require the expensive, shielded container which one would hope would 

be reusable. Perhaps a parting agent can be applied as an interior lining to a 

reusable container which would, in effect, allow the solid chunk of fixed waste 

to separate from the container, at its destination. 

(b) Container criteria 

Industry has not formulated such extensive criteria for 

containers of low level waste as it has for. say. irradiated fuel elements, 

because the hazard involved is much smaller. Irradiated fuel must be shipped 
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to on. of «h. «wo r.proce.tlng f.ciliti., i„ «hi, country, but low l.v.l w.,«. 

i. usu.Uy di.pot.d of on .1«, or .« .ny of ..v.r.l .i«„ l„ «h. coumry. Th, 

long distance .hipm.nt of ,uch w.,t., i, r.th.r unu.u.l, Th. following .r. «h. 

prim* consideration in th. packaging of radioactive wastes: 

1 Surface contamination levels 

As with casks intended for use in shipping irradiated fuel, 

the shipping agency should survey representative part, of the filled container 

for external contamination by wiping .r,. 0f approximately 100 square 

centimeter, with clean ab.orb.nt p.p.r, applying moderate finger pressure, 

and measuring contamination on the paper through standard counting technique, 

for b«.-g.mm. and alpha activity. Surface contamination so measured shall 

exceed neither 4.000 disintegration, per minute per 100 square centimeter, of 

beta-gamma activity nor 500 disintegration, per minute per 100 square c.nti- 
meters of elpha activity. 

¿ Exterior radiation levels 

While it i. expected that few radioactive waste package, 

will ever exceed acceptable limits, these shall be established such that th. 

direct external radiation level of a package intended for shipment shall not ex¬ 

ceed 200 milliroentgens per hour at any accessible surface or 10 mini roentgen, 

par hour at a distance of 3 meters from such surface. 

¿ Heat dissipation 

As with the anticipated exterior radiation levels, a very 

email amount of heat 1. expected to be generated in a container of low level 

waete. Th. heat shall be dissipated In such fashion, however, a. to completely 

preclude boiling of liquid waste, (if ,h,y „0t i„ . .,.bt,. .0lid form) at any 

«im. during shipment and so a. to never cause a surface temperature of more 
than 180°F. 

á Materials 

Material, of construction shall be chosen that will not 

interact with th. radioactive waste content, of the patkage and that will be 

capable of easy radioactive decontamination. Stainless .«,,1 i, preferred for 

* surface contacting th. waete. save, of course, for gaskets. Should the waste 
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charge be acidic in nature, it should be chemically altered so as to be 

moderately basic, thus reducing the danger of corrosion. 

5. Structural integrity 

The container should be so designed as to be capable of 

withstanding a drop from the greatest height the package will "see" during 

transport, onto a hard, flat, unyielding target, without releasing its contents. 

It is this suggested specification that makes the stabilization of radioactive 

sludge by the addition of cement especially desirable for air transport. 

4 Pressurization 

The container shall normally be pressurized at ambient 

pressure. The container design and gasket seal must be capable, however, of 

retaining the contents upon a drop test, as specified in the preceding paragraph. 

7 Tie-down fittings 

Tie-down fittings on the package shall be capable of with¬ 

standing the following static loadings: 

Longitudinal 8. 0 g forward, 1.5 g aft 

Laterial 1-5 g to either side 

Vertical 5 g down, 2. 0 g up 

8. Pallet mounting 

The pallet shall be designed so that the allowable floor 

loadings of the aircraft to be used for transport, as specified in the applicable 

dash 9 Air Force technical order, will not be exceeded. The pallet should be 

compatil e with the 463L Materials Handling System equipment to be installed 

aboard C-1 30's, C-133's, C-135's, and C-1411 s in the future, to facilitate 

easier cargo handling. 

1 Marking 

The radioactive waste container shall be marked according 

to the appropriate provisions of Air Force Manual 71-4 "Packaging and Handling 

of Dangerous Materials for Transportation by Military Aircraft." In particular, 

AF form 1609 must be properly filled out and attached to the package, regardless 

of the modes of transport to be used; i. e. , even if all transport is to be con- 

107 



WL TDR-64-81 

ducted vl. military channel,, form 1609 .hould be attached, for the purpose 

of warning military per.onnel involved to avoid unnece.,ary contact with the 
package. 

(c) Nonrechargeable demineralizers 

Occasionally, one may encounter, with some plants, a primary 

coolant purification system which use, a nonrechargeable deminerallzer cask. 

While this item of equipment is not recommended, a cask design which perm», 

resins to be flushed to the concentrator being preferable, one may encounter 

it in older nuclear power plants. The SM-1. for instance, ha, such an unde¬ 

sirable feature. The contractor, however, designed a shielded shipping con¬ 

tainer for .pen, resin casks. Figure 16 i. a drawing of tha, container. This 

container incorporated a gasketed lid to back up the quick disconnect seals 

provided in the deminerallzer nozzles. A load spreader pallet is an integral 

part of ,h. container design and, while an engineering analysis ha, not been 

made, it is assumed that this design would meet the above criteria. In the 

design of a remote military nuclear power plant, i, i, highly recommended tha, 

this nonrechargeable type of d.miner.lizer ca.k, which cannot be flushed to 

,h. waste concentration eystem. be avoided. A. one can see, this would simplify 

at least F. 's one aspect of the radioactive waste shipment problem. 

(41 Contaminated components and tools 

The primary hazard to be anticipated with contaminated com¬ 

ponent. and tool, is that, in the handling of the.« items, someone may pick up 

alpha- or beta-emitting material and Ingest it into hi, body via the "hand-,o- 

mouth" route. Direct radiation would not be expected to be a problem. Com¬ 

ponent. and tools in this category would have to be at a very low level of 

contamination, otherwise work could no, be performed, to bring ,h. component, 

back into operational statu,. or with the tools, and they would be useless. No 

appreciable direct radiation is to be expected when .urface contamination is at 
•uch a low level. 

The primary consideration in packaging these items i. then to 

eneure tha, they cannot be handled directly from the point of their origin to 

their desttnation. There are extremely simple packaging technique, capable 
of satisfying this requirement. 
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(a) Packaging 

One such technique, commonly used in the atomic energy 
n u.«ryM. ,h. wrapping .nd „aling o( th. 1Um h„vy.gagt polyethylene 

'• Wood'"b°«*. *‘th .ppropri.tr packing, ara aUo .a,i,factory. Con- 
tainers which da.eriora,. upon axpo.ur. to moiaturr ar, diacouragad. 

. , j L , Th* n*tUr'0'th* con,*nu‘nd » »«riling not to handle tham 
ou d ba clearly marked on the package in addition the labeling required 

by Air Force Manual 71-4 (which .pacifie. AF form 1600 or 1610 for gamma 

and corpuscular ray emitter, and form 1532 or 1533 for material emitting 

corpuscular (alpha „r beta, radiation only). The radiation contamination 

level, (usually in m.lliroentgen per hour on contact or di.integr.tion, per 

unit area per uni, time) r.gl.tered by the »hipping agency/health phy.ic. 

personnel upon delivery for shipment .hould al.o be included in the labeling. 

(b) Complete plants 

A .lightly different .ituation may be encountered if an entire 

p an, .. to be moved. Such a .ituation 1. being faced with ,h. PM-2A nuclear 

Pre,*n,ly “ C*mP C*n,Ury- G"*nl*nd- “ “ Pr°P°»d tha, 
h , K * mOV*d by *ir ** 11 ’*'*• "*v*r d«*lgned to be air tranportable. 
but the problem, are iUu.tr.tive. Materia,, very clo.e to ,h* reactor cor, 

,n the primary .y.tem.no, only have high .urf.ce contamination due to contact 

with ,h, primary fluid bu, are al.o radioactive them.elve. .. a re.u.t of radio- 

isotope, formed by neutron bombardment. Obviou.ly, .uch item, of equipment 

rT0* mT, ,0 b* "iríCtIy WOrkid °n by or -‘»tenanc, p.r.onn., but. 
her will be relocated with an eye to re...,mbly and pos.ibl, re.umption of 

operation. Th,. i. certainly a very .pecial and unu.u.l operation when com¬ 

parad even to th, .hipment of irradiated reactor fuel element, and 1, 1. rather 

ri.ky to generalize upon any provi.ion. regarding .uch an operation I, i. 

recommended, however, tha, any .uch item no, be pre.ented for air tran.por. 

unt 1 the radiation level ., the .urf.ce fall, to 200 mill,roentgen, per hour at 

a distance of 3 meter, to a value of 10 mtlliro.ntgen. per hour. 

(c) Radioactive scrap 

With regard to material which may be clarified .. "radio¬ 

active .crap" .„d i. no, ,o be repaired and reu.ed, 1, would be preferable ,o 
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.hip it aicng with the liquid radioact.ve was.,, it possible. As liquid waste 

t. charged into the appropriate shipping containers and ready for the addition 

Of a stabilizing agent, solid waste which is small enough to fit in the container 

should be added. When the stabilizing agent, usually cement, is added and 

•ets up. both solid and liquid waste are fixed in a safe form. If the item, of 

.oiid waste are too large fi, in the liquid waste container, then they should 

be decontaminated, packaged, and handled just a, the reusable components and 

tools discussed previously. Of course, the level of surface contamination may 

e higher but the direct radiation criteria should not be exceeded. If the 

material is merely scrap, there should be no problem involved in allowing 

sufficient time for its activity to decay down to acceptable levels. 

(5) Aerospace reactor systems 

A. discussed In section 2. b. of this report, the only reason for 

transporting an aerospace nuclear reactor power system would be ( 11 to 

Simplify the shipment plan by eliminating a lot of transfers, temporary lay¬ 

overs, etc.. (2) to ensure a higher degree of military security, or (31 to 

schiev, a saving, in time. A, the present time there are no known plan. 

effect such a shipment. A discussion of some of the more technical aspect, 

of shipment 1. included, however, because of the similar safety considerations 

t at exist between such shipment and the air logistic support of a remote, 

terrestrial, military nuclear power plant. 

The only reactor space power system which has been seriously 

considered for orbital launch is the SNAP 10A (see figure 61. While in the 

past firm plan, were made to perform an orbital flight test of this system, 

at this writing the decision a. to whether the SNAP 10A will be tested in space 

1. pending. If it 1. to be launched, however, it will be ttan.ported via trailer 

truck from the contractor's facility a, Sant. Susana. California, to V.ndenberg 

APB. California, and from there to the Point Arguello launch pad (after 

certain assembly and checkout operation, are accomplished in a special 

maintenance, assembly and disassembly (MAD) building at V.ndenberg); it 
will not be transported by air. 

Hopefully, the reader will realize that the packaging and shipping 

operation, associated with a space-type reactor depend more upon the type of 
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reactor concerned than i. the c.„ with the packaging and .hipping of 

err..,rial reactor.. Thi. i. a mo.t difficult .abject upon which to generalize 

An attempt ha. been mad* to dwell only upon point, which are not peculiar to 

the SNAP 10A power ey.t.m, however. The SNAP 10A i. illu.tr.tive of .pace 

reactor .y.t.m. to follow bec.u.e (1) 1, ha. a compact, "fa,,... reactor core; 

t utilize, a liquid metal combination (a .odium and pot..,ium mixture called 

. a. a heat tr.n.fer fluid; (3) the reactor cor. i. controlled externally by ,h, 

reflection of fa., neutron, back into the reactor cor, rather than by ,h, ab.orp- 

tion of neutron, by poi.on control rod. placed within the core. 

A. i„ ,he .hipment of new reactor fuel to a remote, military nu- 

c ear power plant, the buildup of fi..ion product, within the cor,, a. . re.ult 

of zero power te.ting performed by ,h, contractor, will be negligible and the 

core will emit no biologically damaging radiation a. long a. i, i. adequately 

ehu, down. The prim, ..fety con.id.r.tion ,. .giln, th. p„clufion of 

nuclear crtttcaUty. With ,h. inclu.ion of liquid metal., however, on, mu.t 

re their adequate containment, a. they are very corro.ive, highly 

toxic, and .om, of them (N.K for in.tanc.) react with water in an almo.« .,- 

p o.lv. fa.hion Aim. .om, of ,h, other material, u.ed in ,h. core, including 

, y m *nd th* ur*nlum iatl- wh*n relea.ed a. vapor, or .mall particle- 
eia. aerosol,, are dangerou. when inhaled and inge.ted into the human body 

even in relatively .mall amount.. The approximate amount, of ,uch toxic 
A + A «»4 am 1 . i _ A. _ ***** warn - ~ . am 

material, in the SNAP 10A power .y.„m appear below 20 

-Material_ 

Uranium (93% U235) 

Lithium hydride 

Beryllium* 

NaK 

Quantity (Ifrl 

10. 0 

150-300 

80 

40 

w“Ym0V.h:Ä"r. Veparat^container fTm''«*',1 reVcmí'co'rt'1"'' 
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(a) Reactor configuration 

The configuration will usually be altered for shipment, to 

place the reactor in a less reactive condition. With the SNAP 10A the drums 

containing the neutron-reflecting material, which are rotated in a programmed 

sequence in toward the core to achieve criticality, are removed from around 

the fuel element canister. In their place is positioned a sleeve of neutron¬ 

absorbing material. This sleeve is to be made of a material capable of with¬ 

standing exposure to high temperatures and, along with the hardware which 

holds it in place, should be capable of remaining in position even under very 

Mgh g loadings. The sleeve will be removed and replaced with the reflector 

control drums in the special MAD building at the missile range as a part of 

the prelaunch checkout and test procedures. The shipment of the drums should 

be made in separate container and on a different vehicle. 

(b) Encapsulation 

During transport the reactor power system will be encapsulated 

in a container of high mechanical integrity. The reasons for this are many: 

1 To protect the system in the case of impact 

¿ To prevent the contamination of the reactor payload by 

allowing the unit to be kept in an inert, clean atmosphere. 

¿ To establish an additional barrier to penetration or 

envelopment of the core by water. 

4 To permit better monitoring of any neutron multiplication 

taking place, which would be used as an indicate of an approach to criticality. 

5. To permit easier monitoring of chemical (namely NaK) 

leakage. 

6. To provide containment for corrosive and toxic materials, 

such as NaK, in the event that they leak in quantity. 

7 To facilitate the isolation of the auxiliary power unit 

from the shock and vibration which may be encountered in transport. 

The SNAP 10A container is roughly shown in figure 17, 

mounted upon a trailer. One would expect that a container of similar design 

features, though perhaps built to slightly more rigorous specifications, would 

be employed if the SNAP 10A were to be airlifted. The container is designed 
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to contain an internal pres.ure of several p.ig (pound, per square inch. gage). 

For air transport this specification would undoubtedly have to be upped another 
10 psig, or so. 

(c) Package instrumentation 

With the SNAP 10A a low-level neutron source (a combination 

plutonlum-berylltum .cure«) 1. »«ached to the .hipment to provide . detect.bl, 

background level tor the neutron monitor inatrumentatlon. 

Aa it 1« to be expected that reactor auxiliary power unit» will 

be .hipped in a configuration which lack. ,om. of the component, required to 

take the reactor to criticality and ha. .ub.tttuted item, .uch a. n.utron- 

ab.orbing .leave, for them, on. can .ee that only in an extreme accident could 

one expect to find neutron multiplication, much le., criticality. Thl. lead, 

one to wonder then, whether it 1. not unduly p...lmi.tic to routinely in.trum.nt 

for neutron multiplication during .hipment and whether .uch in.trumentation 

could not be eliminated without degrading .afety. Noneth.le.., ,uch in.trum.n- 

tation wa. to be included in the SNAP 10A .hipping package. Thi. .hould not be 

con.ld.red a. . precedent for the de.ign of future container., however, without 

a careful examination of the other .afety feature, of the packaged auxiliary 
power unit. 

The packaging design also has instrumentation to detect the 

leakage of the liquid metal, NaK. The container, in .hipment, will be purged 

and pre.aurlzed with argon which will aid in the detection of .uch leak.. Shock, 

pressure, and temperature .en.or. are also provided with the SNAP 10A con- 

talner and read out on recording in.trumente. In the case of the neutron and 

NaK leakage in.trum.nt. alarms, the indication is made in the cab of the 
tractor hauling ths package. 

(d) Packaging criteria 

Regarding the packaging criteria which should be levied 

upon an agency wishing to transport an item such a. the SNAP 10A by air. 

It would appear that the above provi.lon. would be complete enough and ««.- 

factory, provided it could be e.t.bli.h.d that the packaging and reactor .y.„m 

would remain unchanged upon exposure to the military aircraft environment. 
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In particular, a datarminatton .hould ba mada that .«ch .paca raactor pack.,- 

Ing la capabla of wlthatanding tha sama anvlronmanta apacifiad for IrradUtad 

fual contalnars in appandix IU. aactlona: i (Tamparatara). 7 (Humidity». 8 
(Blowing Sand and Dust), and 10 (Vibration). 

Tha familiar tla-down criteria of 8 g>s horizontally. 4.5 *'• 
down, and Z g>. up will apply ., .hould tha dlaalmllar matai, .pacification. 

MS 33584. Tha contalnar should ba compatlbla with tha 463L Malarial, Hand¬ 

ling Syrian, pra.antly bring davalopad. Thl. will graatly .„hanc. tha loading, 

»»loading, and a.-down opar.Uon. Involvad In tha air .hlpmant opar.Uon. 

Regarding contalnar marking, tha package will ba under 

..cort at all lima. (.a. ..caon 5.b.(S)) and tha devlca will probably b, 

claaalfiad. A. .uch, no marking will b. .Hachad, at laari to the axt.rior 
surface« of ths container. 

Presumably, the alarm instrumentation, provided as an 

Integral part of tha packaga. will ba running conanuously. a. Ion, a. th. re¬ 

actor 1. in It. contalnar. Thl. would raqulra a s.lf-contain.d pow.r supply, 

undoubtedly ch.mlc.1 bañarlas. Th. bañarla, should Ukawis. b. capabla of 
withstanding tha aircraft and climatic environments. 

Tha packaging must also survive a drop test from tha 
greatast alavatton It may possibly »...h during ground handling, loading, and 

off-loading, certainly without having criticality „.«It and hop.fully without 

damaging th. raactor system. Th. .am. appll.. far survivability in a petroleum 
such us th# AEC "standard fir#, " 

a » 

In summary. It Is axpactad that sphea reactor systems will 

not b. shipped In a fully operational configuration, but rather that they will ba 

shipped in part, and with hardware attached that will render them highly sub- 

critical. .van In a rather ..vara accident situation. Packaging will be 

essentially self-contained, furnishing a pressurized, inert atmosphere and 

th. hazard instrumantation. which 111 monitor and alarm chamotoxic laakag, 

and. perhaps, neutron multiplication, will b. an lnt.gr.1 part of th. packaging. 

Th. contalnar Into which that portion of th. auxWary pow.r sy.t.m containing 

th. nuclear fual fit. will hav. high physical l„,.,rity and. und.r nonaccid.n, 

condition.. Ill b. capabla of maintaining a Bnlt. lavai of int.rnal prassurizatton. 
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Tht packaging shall bt capable of exposure to the normal military aircraft 

environmental tests with no resultant deleterious effect and criticality will 

not be possible even upon the application of drop and fire tests. 

Tí • A\ • 

(a) Generator design 

Radioisotope generator systems designed to date have had 

tremendous structural integrity in order to prevent the release of isotope 

material in the event of any conceivable accident. It has had to be established 

for space units, for example, that they will not release isotopic fuel material 

upon exposure to the environments accompanying liquid-fueled missile abort 

fires and shock overpressures from missile aborts, mechanical conditions 

incident to burial in soft earth, and impact upon solid fiat or sharp objects 

at the fuel capsule's terminal velocity in air. The capsules have also had to 

be able to withstand one year's submersion in sea water. These are very 

stringent criteria but the RTGs (radioisotope-thermoelectric generators) lend 

themselves well to such safeguards. They are inherently small (especially 

so if they are intended for space use) and must be made to operate at high 

temperatures without significant weakening of the containment. The isotope fuel 

material is generally chemically unstable and must be encapsulated in packages 

which conform nicely to the classification of small, high-density fuel elements. 

In short, no additional packaging of radioisotope generators should be necessary 

to meet even the most rigorous mechanical integrity criteria. 

(b) Heat dissipation 
. - • 

• As mentioned in the discussion of RTGs in the Background 

section of this report, heat is generated continuously. As with irradiated 

reactor fuel, it is recommended that the temperature of any surface, ac¬ 

cessible to personnel during transport operatiens, not be allowed to exceed 

180°F. Temperatures of 120°F have been more typical of such packages and 
are more desirable. 

(c) Radiation levels 

Radiation levels should not exceed the familiar 200 milli- 

roentgens/hr at any accessible surface and 10 milliroentgens/hr at 1 meter 
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from any aurfact. Fortunately, one can meet these criteria through the use 

of birdcages made of strong wire mesh or any other such material which still 

permits the free motion of air around the radioisotope generator and yet still 

serves to move the accessible surface of the package out and away from the 

rüdioiiwiwp* gcM*i*ior. with aipna emitters, such as Pu232, shielding re¬ 

quirements should be almost nonexistent. The range of the alphas in the 

generator structural material will be very small and the few neutrons given 

off should be negligible. Beta emitters such as Sr90 will, of course, generate 

brems Strahlung which may be more of a problem. 

(d) Electrical protection 

Most units will deliver at least their rated power whenever a 

load is attached to the appropriate electrodes and so a barrier should be in¬ 

cluded to prevent such an accidental occurrence. If the generator is shipped 

in a birdcage-type package, this and some simple mechanical cover arrange¬ 
ment will probably provide adequate protection. 

As with all other radioactive shipments (emitting other than 

alpha particles) photographic materiais should not be brought into intimate 

contact with the package and such should be clearly stated on the package. 

The light weight of these packages should preclude having to 

design any load-distributing pallets. Should the package weight exceed a few 

hundred pounds, which is unlikely, the pallet design should be compatible with 

the 463L Materials Handling System equipment to faciliute ease of handling 

•board the aircraft. Tie-downs should meet the usual 2-g vertical (up). 4. 5-g 
vertical (down), 8-g horizontal criteria. 

b* Loading and nnrmil flight procedure standard« 

(1) Spent fuel elements 

At the risk of being redundant, it should be reiterated that the 

philosophy which should prevail in the air shipment of irradiated reactor fuel 

calls for the inclusion of safety standards in the equipment design, rather than 

in the reliance upon certain operational procedures and precautions. Even 

though this point has been heavily stressed, however, there are, of course 
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emir, •t.nd.rd. which m..t he ob.erv.d .nd c.ruln priori«., which 

require compliance by the per.onn.l Involved In actually making the shipment. 

A. discussed In sectton 5. ..(1) 1, 1. ...umed that a qualified 

health physicist, military courier will accompany the Irradiated fuel element 

cask from the plant site to it. ultimate destination. AFR 71-4. "Packaging 

and Handling of Dangerous Materials for Transportation by Military Aircraft, " 

state, that when cl... D poison, (the ICC designation) are shipped on Air Force 

aircraft, and when there 1. no applicable military regul.tton in existence (and 

there is none), the decision as to whether an escort will be required will be 

made by the "medical officer or flight safety officer, a. appropriate. " In view 

of the fact that it is doubtful such personnel will have a comprehensive under¬ 

standing of the technical aspect, of the shipment, one may be quite sure they 

would be in accord with a recomm.nd.flon from the sponsoring agency that a 

qualified courier accompany the shipment. A. .„ted before, the courier should 

probably be detailed from the nuclear power plant health physic, staff. Hope- 

flUly. he would be one of their more experienced personnel, fully familiar with 

the alpha and beta-gamma survey instrument, to be used in monitoring direct 

radiation, r.diochemistry lab procedures, per.onn.l radiation exposure control, 

and hardware and personnel decontamination. In addition, he must be well ac¬ 

quainted with the mechanical design feature, of the spent fuel cask and, if 

.pproprl.te, the measurement of temperature, using resistance thermometer, 

or thermocouples. The cask design .„d the operational plans for th. entire 

shipment have ., this „.g,. o( course, already been approved by ,h, agencies 

responsible for such certification. .. specified in section III of this report. 

(a) Operations at plant site 

The following is approximately the order of operation, which 
Will occur at the plant site: 

1 Fuel element loading 

The time at which iuel elements are loaded, relative to 
the shipping schedule, will depend upon whether they are meant to "cool" in 

the cask or not. Some plants have special holders for .pen, elements, within 

their spent fuel pits, whose arrangement 1. determined from criticality and 

heat-transfer considerations. In others, such a. ,h. PM-1. ,he only place in 
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which th«» dements can cool is in the sMppinf cask, situated in a specified 
underwater location. With water cooled nuclear power plants, the entire cask 
loading operation 1. dway. conducted underwater. In eome cases the pressure 
ve.e.1 head must be removed ud the elements, either dnril.rly or in array. 

.. to ,M »0“"« ruck or cask. In others, there are 
chute, which penetrate the pr.e.ur. veeed and perhape. even. ,h. contdnment 
V....1, if there i. any. and which are appropriately ...led » a. to provide the 
necessary pressure barriers when not in use. In these the fuel elements, 
usudly singly, .re lifted out of thdr position in the core and then placed in the 
chut, down which they did. to the spent fuel tank, there to be picked up and 
placed in a cooling rack or cask. The entire operation is closely supervised 
and monitored to prevent undue p.reonnd expoeur. to direct radiation or in¬ 
halation hazards and to ensure that a critical assembly is not made. 

During all of these operations, personnel will be shielded 
by several fee, of water. In the PM-1, for example, there 1. dway. ., 1..., 

fed of water between any portion of the cor. assembly and personnel per- 
forming tho operation. 

As discussed previously, a determination of the optimum 
cooling period should be made for each planned cask design and operational 
schedule, with an eye toward minimizing the economic factor. Usually, though, 
this cooling tims will be about a year. 

2. Inserting poison plates 

If it is planned to meet the nucleonics criteria by inserting 
neutron poison pi.,.. i„ ,«.1 t,.mtnt .„.mWy ., ,hown ln flgor. u (<>r 

the PM-1, the plates should now be placed in position. 

1 Replacing cask lid gasket 

The gasket used to seal the cask closure should be in- 
corpora,ed into ,h. lid of ,h. cask, where i, i. more accessible, rather than 
in the cask body, which would be virtually inaccessible when the cask contains 
any irradiated fuel. This gasket will be under considerable force when the 
cask 1. ...led and. a. such, will undoubtedly undergo some permanent defor¬ 
mation and should be replaced with each new shipment of irradiated fuel. The 
operation should be performed at this time. 
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á Placing lid 

The lid should be carefully lowered into the spent fuel 
pit or tank and properly positioned atop the cask. 

5 HOr r m cir 4w* 1 «44 «• --. 
m -ia A %; CL 

The cask should now be slowly raised from the spent fuel 
pit and placed on the working floor or ground. Care ehould be taken In .pedfy 

ing thle operation, to en.ur. that every eurf.c. upon which the c.ak will r.et 
i* capable of supporting its tremendous weight. 

è. Initial direct radiation survey 

The direct radiation levels emanating from the cask should 
Immediately be surveyed and it should be determined whether section 3. 

Radiation Shielding, of the proposed criteria can be met with the shipment or 
whether more cooling is required. 

Z. Bolting down the cover 

The cover should now be bolted down. A 

the bolts should be tightened will be specified for the gasket, 
on a suitable torque wrench. 

torque to which 

This will be regis- 

5. Lowering coolant level in cask 

The cask vent should be opened and the appropriate volume 
of coolant w.t.r dr.in.d off so a, to Lava ,h. void necessary for expansion and 
mechanical integrity. 

2. Checking coolant contamination 

A sample of the water drawn off should be checked to 

determine compliance with paragraph 5. 14 of the proposed criteria which 
specifies maximum allowable vross alnh« hat* ._j uwauie gross alpha, beta, and gamma contamination 

10. Adding of antifreeze 

When required, due to the environmental conditions to be 
encountered in shipment, antlfreeae should be added. It i, most important 

that the fuel element, never be uncovered du.'ng this operation a, they might 

heat up to the point where contact with the added coolant would thermally shock 
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ln Cl*ddln* Ul1“«- Th* void »p»ee, previously 
should bt preserved. 

weened down. 

II Washing down the cask 

The exurlor «urf.ce of th. c.ek ehould be th«ro..„M,. 

12. Checking exterior conUminatton 

,. , Th' ,Ur,*C* "‘P* te,t •• »poclfUd in par.gr.ph 15. 2 of 
«h. propoeed criteria .hould be performed ,o .„eure compli.„„ with th. 
allowable cont.min.tion level. .p.clfl.d th.„ln „ thr<<. Ulnlti 

ZTZto ,h0Uld b* reP“,*d' Pírh‘P* ^ * ,,r0n* another 

II Pellet mounting 

. . Th* c**k *hould now b* mounted on th. shipping pallet 
r«.dy for tr.n.port. Tie-down bolt, .„d .,rut. .hould be fully tightened if 

. cr..h fr.™. .nd shroud h.v. been included in ,h. d..lgn of ,h. c.k .nd if 

lnd?hr 'TL “UCh*d ,0 ,h* P*llet Wi,hOUt flr*‘ “>* -a.h ,r.m. 
and .hroud to th. ck. they .hould be firmly .tt.ch.d, ., ,u. fime. (See 
figure 18 ior a represenUtive illustration. ) 

11 Pressure-leak testing 

without U 1H a Jh* *biU,y 0f ,h' C*'k t0 m”* th* Pr'"“rl“<i°n criteria 
«rttho«, leaking .hould now be checked. Compre...d air .hould be u.ed to ,ak, 

he internal pressure to ,h. appropriate value .pecifled in paragraph 5. lb of 
he proposed criteria. A„ valv.. .,c.. .hould b. chick,d to 

that no leakage has occurred. 

15. Checking heat-transfer characteristics 

rh. V ^ . Th* h*‘,'tr*n,i*r character!.,1c. of the cask .hould now be 
eked to en.ur, compliance with th. 180°F external-temperature .p.cific.tion 

p. .graph 4.1.1 of ,h. proposed criteria) and with th, maximum fuel element 

.«rf.ee temperature .pecific.tion (paragraph 4.1. 3). I, the fuel .„ment .ur- 

fac. temperature .pedficafion i. to be checked by ,h, u.e of a thermocouple 

or resistance thermometer element, in place .g.l„.t interior wall, then 
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SPENT FUEL CASK 

JUPY STRUT BOLT 
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BASE MOUNTING 
BOLT! 12 PLACES) 

SHROUD PLATE (4 PLACES) 

SHIPPING SKID 

Figure 18. PM-1 spent fuel shipping package 
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thi* »hottld be checked with the appropriate meters and reference Junction 

(If thermocouples are used) as previously discussed. If the cask coolant 

temperature is to be obtained by '’indirect" means, such as by observing the 

rise from an initial internal pressure as a function of time and then determin¬ 

ing th# internal from ¿ íãLI* lutaed upon thermodynamic calcula¬ 

tions. the appropriate operational procedure should now be followed. 

Establishing design pressure 

The cask should now be set at the pressure picked for the 

heat transfer analysis. If this is atmospheric pressure the cask should be 

vented through the filter. If. on the other hand, the cask is to be pressurized 

to enhance its heat dissipation capability, this should now be done, using clean, 
compressed air. 

11 Applying closure seal and locking valve 

The documentary seal, specified in paragraph 5. 2 of the 

proposed criteria, should now be applied to the lid closure. All valves which 

might be opened during transport, resulting in the loss of coolant from the cask, 

should be locked in compliance with paragraph 5. 5 of the proposed criteria. 

H Installing crash frame and shroud 

If a crash frame and/or a shielding shroud are included 

in the cask design and if it was not necessary to mount them on the cask when 

attaching the cask to the pallet in operation H they should now be mounted 

on the cask. The direct radiation survey, mentioned as operation 1, should 

be made again, to determine whether section 3 of the proposed criteria can 

be complied with, if the frame and shroud are not added until this time. 

12. Proper placarding 

The irradiated fuel cask should now be properly placarded, 

in accordance with the applicable provisions of section 16, Marking, of the 
proposed container criteria. 

¿1 Transfer to intermediate vehicle 

Once the preceding operations have been accomplished, 

the cask, mounted upon its pallet, is ready for transfer to the vehicle which 
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will b* used «• the intermediate mode of transportation between the plant and 

the aircraft loading point. It is unlikely that a military nuclear power plant 

will ever be situated immediately next to an airstrip, thus eliminating inter¬ 

mediate transport. 
I 

The operations involved in transferring the package to 

the intermediate transfer vehicle and in loading the aircraft will not be ex¬ 

plored in detail in this report. They are little different from any of the 

operations involved in the routine air transport of a very heavy, dense package. 

Any qualified Military Air Transport Service or Tactical Air Command load- 

master could specify the entire sequence from the power plant to the reprocess* 

ing plant, save only those precautions which should be taken in consideration of 

the radiation and possible contamination hazard. 

During all phases of the loading and unloading of transport 

vehicles, the loadmaster will be in charge. The radiation health physicist will 

be his advisor through all operations. The primary concern of the health 

physicist, if the operations go as planned, will be to minimize the radiation 

exposure of the personnel performing the operations. In the event of an acci¬ 

dent, he will assess and monitor the situation and direct whatever decontamina¬ 

tion can be performed. The only realistic accidents one can envision, after 

which personnel would still be functional, could precipitate nothing worse 

than the leakage of cask coolant from the package, with the ensuing higher 

radiation levels and cask wall temperatures. 

The transfer of the irradiated fuel element cask from the 

plant site to the airstrip will, in all probability, be accomplished by tractor- 

trailer. A trailer ideally suited for this use is the USAF Type C-2 Wrecker 

Tractor-Trailer. The bed height of this trailer's bed closely coincides with 

the cargo compartment floor level of the C-130A aircraft. These trailers 

are available with either 25- or 40-foot beds. 

Loading trailer at plant site 

For this operation a mobile crane of adequate capacity 

must be available at the plant site. The cask skid will be pulled from its 

loading point to a location at which it can be lifted by the mobile crane. There 

the crane will lift the package, at the appropriate points, carry it to the trailer. 
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•nd position it in pines on ths trsilor bsd. Ths cask should nsvsr bs lifted 

any higher then is absolutely necessary. If 46ÎL system equipment is not to 

be used, the runners of the pall.,. ,0 which the cask is .«ached, should be 

coated with at least 1/8 inch of appropriate grease before the cask is placed 

upon the trailer, as the cask will have to be pulled off the trailer and onto the 

airplane in the next transfer operation. If the pall«, intermediate transfer 

vehicles and aircraft are equipped with 443L hardware, the grease will be 

unnecessary. 463L equipment .1’ has built-in rollers to facilitate easy loading 
and unloading of vthiclas and aircraft. 

It may be necessary to Install additional shoring on the 

truck bed, for better load distribution. The design of this shoring, a. with 

the design of all the other operations and equipment involved In this inter¬ 

media,. transfer, will have been previously analysed and approved a. specified 
in «action 3. 

It ia moat important that tha ortantation of the cask relative 
to the trailer be specified ,nd that the specification be complied with. This 

stems from the fact that some of the fuel receiving facilities at the chemical 

processing plants have special requirements regarding the orientation of casks 

on trailer bed. which are dictated by their layout, and hois, arrangements. 

or example, the Idaho Chemical Processing Plant require, that casks in¬ 

tended for ,h. 15-,on receiving facility mu., have th.tr trunnion, oriented 

•t right angle. ,o th. normal direction of travel of the trailer, while casks 

intended for ,h. 75-,on facility must have cask trunnion, oriented parallel ,o 
tha diraction tha carriar normally travala. 

Tha intarmadiata transfar portion« of tha irradiatad fual 
element cask-, journey i. very similar to th. transport of civilian components, 

which is mad. in this country on an almost everyday basis. Criteria .„d 

standards developed by ,h. Atomic Energy Commission for this transport should 

spply In particular, ,h. trailer «.-down scheme should conform to paragraph 

7*. 37(d) of 10 CFR 72 which sute, that fitting, (and thus, by inference, tie¬ 

down.) mu., be capable of withstanding a horiaont.l static force equal ,0 10 

time, the weight of th. cask and content, (presumably in .ny direction in the 

horisontal plan.) .„d . vertical force of 2 times ,h. weigh,. This ti.-down 

scheme will have been approved prior to loading, a. mentioned before. 
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Every time the cask is loaded or unloaded onto or from a 

different transport vehicle, or stored or taken out of storage, the escort should 

make a thorough check of the cask's condition. This should include a visual 

inspection and a check on the cask's internal pressure, valve closures and ex¬ 

terior radiation levels. 

(b) Loading onto aircraft 

When the time comes for the cask to be loaded onto the air¬ 

craft the aircraft should already be fitted with any shoring required to properly 

distribute the load and protect the interior of the aircratt. Tie-down fittings 

whose locations might interfere with the loading operation must be removed. 

Skidways are coated with grease, as needed, if 463L equipment is not used. 

The loadmaster. with the health physicist "at his elbow." directs the loading 

of the package from the trailer to the plane. The motive force for the opera¬ 

tion may come from a prime mover outside the plane or from the portable 

winch within the plane, regardless of whether or not 463L equipment is pro¬ 

vided. It may prove necessary to install some sort of auxiliary truck loading 

ramps between the end of the cargo ramp and the trailer bed. When the pack¬ 

age is in proper position, tie-down is accomplished. The loadmaster will 

thoroughly inspect tie-downs and the health physicist will then, again, check 
the cask. 

Obviously the loading procedure Is merely reversed when 

the aircraft reaches its destination and the package is again transferred, most 

probably, to a trailer. 

(c) Air transport 

One unacquainted with the technical aspects of radiation and 

its effects upon various matetials may wonder whether special precautions 

should not be taken with aircraft equipment when transporting an item which 

emits ionixing radiation, in any amount. Most reasonably well-informed 

people will readily recognize that aircraft structural materials will be un¬ 

affected by the radiation emanating from a spent fuel element cask. Aluminum 

is a very stable material even in high radiation fields, and in such low radia¬ 

tion fields it is completely unaffected. The same may be said for stainless 

steel and other such metals as may be present in an aircraft cargo hold. 
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Or,.,üc .l.crte.1 Iniulation h.. b..„ k„o.„ ,o d«.rior.t. in high g.mm. 

Uld. but th* threshold i. ueuelly mentioned «. being .round IO9 r.d. which 

i. . factor of 5 X 10 higher than any po.aible dose aircraft cabling could 
receive during an eight-hour flight. 

StiU th*r* “* ,h0M uninformed people who might expreee 
doubt a. ,o ,h. radiation's effect upon Urcraf, instruments. Th. captains of 

«me trans-Atlantic ship. have, in ,h. pa.,, refused to carry parcel, of 

medical radium aboard because of their unfounded but firm conviction that 

it would "p„, out their gyro. » Because ,h. principle of operation of any 

navigation instrument doe. not depend, in .„y way. upon ionisation, th... 

instrument, are completely inert to gamma rays and neutron, at available 
intensities. 

Actually, a great many gyrocompasses and other navigation 

nstrument. are equipped with pointer, and numeral, painted with self-luminous 

r. urn paint. The radiation produced internally by the Instrument itself 

is often enormously greater than th. additional radiation which could be pro¬ 

duced at th. instrument location by radioactive parcels in th. cargo. Of course. 

neither th. internal nor the external source of radiation affect, the instrument 
in the slightest. 

It is a commonly known fact that the performance of transis¬ 
torised electronic equipment 1. degraded at lower radiation levels than that of 

electron tube devices. Such degradation become, appreciable with integrated 

do... in th. neighborhood of 104 to 106 r.d. (carbon) at high flag l.u.i. No 

degradation at all will occur under th. condition. Involved in air-transporting 

irradiated fuel. Indeed th. radiation levels induced by normal aircraft instru- 

tation, in the cockpit, are higher than those which would result from the 
presence of a spent fuel cask in the cargo hold. 

Many navigation instrument, contain 5 mlcrogr.m. or more 
o radium, each. Gamma radiation, measured in the cockpit, of empty DC-3 

and DC-6 aircraft, due to radium paint on th. instruments, ha. been found to 

give 10 mr/hr at th. gyro and generally over the entire surface of the instru¬ 

ment panel, 5 mr/hr at th. pilot's ankles, and 1 mr/hr at th. back of th. 

pilot's seat. Similar measurement, have been mad. in th. Constellation 
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. rcr«ft of British Ov.r..., Airw.y. Compsny (BOAC) of valus, on th. order 

of 0. 1 ,o 0. 2 mr/hr at the sea, level and head of the pilot, copilot, and 

engineer. When aircraft are used a. Hying laboratories for the measurement 

of cosmic ray, a, high altitudes, i, ,. customary for ,h, standard instrument, 

to be replaced with duplicate, which do not have radium-painted dials. Other- 

«*«. the normal navigation instrument, would emit ., much gamma radiation 

that ,h. cosmic ray detectors, which do operate on the basis of ionisation pro¬ 

duced. would be inoperable or would give false readings.8 

There is no known flight instrument, navigation instrument, 

radto. radar, or television apparatus which is responsive to the gamma-ray 

intensities to be encountered in the shipment of irradiated reactor fuel elements. 

Thu. ,h. hazard of radiation to aircraft instrument, is . nonexistent and imagin- 
•ry problem. * 

(2) New reactor fuel 

The transport of new reactor fuel 1. rated a. the second most 

potentially hazardous operation involved in the air logistic support of a 

rn.ht.ry nuclear power plant, the first being th. airlift of irradiated fuel 

Actually ,h. difference in situation, is striking when on. realizes that the ex¬ 

posure of personnel to ionizing radiation, granted that it is at a very low level, 

is inevitable in the transport of irradiated fuel, whereas such 1. not the case 

with new fuel. Many selentl.t. feel tha, any addition mad, to the radiation doses 

human being, receive from natural source, is undesirable. The danger of in¬ 

advertent criticality with new reactor fuel can be controlled to a very high 

degree of assurance with proper container design as may be seen in section 

5. «.(2) of this report and the loading and normal night procedure, are very 

much like those one would anticipate with any other moderately bulky item 
of cargo. 

Shipping and receiving personnel do have some rather important 

functions to perform, however. The first of these is the insertion of poison 

plate, or strip, into the fuel clement array, if such are required to meet the 

nucleonics criterion. Next, any fixture, required to hold neutron absorbing 

control rod. or poison In place and to ensure the integrity of the fuel element 

and poison assembly will be properly installed. The container loading will 
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then be made, if the preceding operations were not already conducted in the 

container. The gasket on the lid would be replaced, provided that it has not 

been previously taken care of. and the lid would be mounted and bolted in 

place. If it is desirable to keep the fuel elements in a pressurized environ¬ 

ment of inert gas during shipment, for the purpose of keeping them clean and 

dry. the container would then be pressurized, using the appropriate valves 

provided in the containing design for this purpose. 

The closure seal and lock will then be applied and the con¬ 

tainer properly marked. The aircraft loaûing will not be discussed in any 

detail as there is nothing unique about the operation. The package, at the 

most, will weigh a few thousand pounds and is easily loaded, tied down, and 

unloaded under the direction of any qualified loadmaster. 

The flight plan, as approved through the organizational 

channels discussed in section 3, will undoubtedly call for the exclusion of all 

other fissionable materials, neutron sources, and neutron-reflecting or 

moderating materials such as beryllium, graphite, or heavy water, or ex¬ 

plosive or flammable material, from the cargo. As specified in 10 CFR 71, 

it may be expected that all other materials which will occupy the cargo hold 

of the aircraft with the reactor fuel, will be listed in the request for approval 
of the shipping plan. 

The exclusion of certain materials from the near proximity 

of the fuel element package obviously calls for the informal establishment of 

certain security measure, by the aircraft commander. Security measure, 

are also dictated by the value of the cargo. A core for a 10-megawatt (thermal) 

remote miliury plant may contain up to a half a million dollars worth of en¬ 

riched uranium. Also, the hazard generated upon the opening of the package 

by some Ignorant person is a consideration. Such contingencies can be pre¬ 

cluded by the simplest security precautions, such as the placing of the aircraft 

under guard when making refueling or overnight layovers to prevent un¬ 

authorized personnel from gaining access to the cargo. 

The aircrew's exposure to ionizing radiation emanating from 

the package and radioactive contamination will be nil and, therefore, it will 

not be necessary for them to be member, of a health physics program; i. e.. 
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they need not have documented radiation-expoaure histories, carry film badges 

or dosimeters, or have their loading and other operations monitored by a health 

physicist with radiation survey instruments. A properly briefed aircrew is 

well qualified to enforce all the required safety measures and completely elimin¬ 

ate the chanc* of exposure to any finite radiation level. 

(3) Radioactive wastes 

Liquid radioactive waste, in the form of a sludge, will be drawn 

off of the decontamination system of a military nuclear power plant, on a batch 

basis as determined by factors such as tank capacities and plant health physics 

procedures. This will be done by plant personnel under the supervision of an 

appointed, qualified health physicist in an area specified for this operation. 

This area must be secure and well ventilated. In all probability 

adequate health physics procedures will call for the wearing, by all personnel 

involved in the transfer operation, of face masks or self-contained breathing 

apparatus, protective clothing and booties, and gloves to prevent contamination 

being ingested into the body via the hand-to-mouth route or through cuts. Direct 

radiation levels will be continuously monitored by the health physicist in charge. 

Prior to the filling operation the outside surface of the containers, 

if they are reusable containers which have carried waste before or have been 

stored in a designated radiation area, should be surveyed for contamination 

levels. If the surfaces are above tolerable limits suggested as 4,000 disinte¬ 

grations/minute/100 square centimeters of beta-gamma activity or 500 disinte¬ 

grations/ minute/100 square centimeters as determined by a finger wipe test, 

the cask should be decontaminated. Procedures for the decontamination of 

mechanical items will not be discussed here as they have been detailed in 

section 2. a. (4) which deals with the decontamination of radioactive tools and 

components. 

Also, at this time an Inspection of the mechanical integrity of the 

cask and the mating of its closure surfaces should be checked. 

Next, the filling operation is accomplished. If the waste is to be 

stabilized in solid form, which is desirable, and the container is to be reused, 

a layer of parting agent should be applied. In most cases the container will 

be disposable because of the low level of activity of the waste, and this 
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operation will b. Qnn.«.«ry. Great care ehoald be taken in the filling 

operation to prevent .pl.ahlng or .pilling of the aludge. Sufficient room 

should be left for the stabilizing agent which now should be added. Obviously, 

thorough mixing of the cement or other stabilizing agent should now be made. 

A constant survey of the radiation level will be made during the filling and 
stabilizing operation. 

The container will now be sealed. If the seal is to be made by 

bolting, a gasketed closure will be used. If. on the other hand, the closure 

is to be made by welding, which 1. desirable for disposable containers. . 

gasketed closure is not required, provided the weld is made continuously 

around the entire periphery of the closure and is of high quality. 

A survey of the exterior radiation and surface contamination of 

each package should then be made. The criteria of 200 milUroentgen. per 

hour on contact and 10 milUroentgen. per hour at a distance of 3 meters (for 

an aircraft of which the package has exclusive use) should be exceeded only 

in situation, of high military necessity. Next, the package should be labeled; 
it is thsn ready for shipment. 

The destination may be a designated spot in the deep ocean or. 

more probably, a disposal site in the continental United States. Burial sites 

are located at the Hanford Works. Richland. Washington; the National Reactor 

Testing Station, Idaho; Los Alamo. Scientific Laboratory. New Mexico. Oak 

Ridge National Laboratory. Tennessee; and the Savannah River Works. South 

Carolina. The Air Force Logistic. Command (San Antonio Air Materiel Area) 

currently ha. a contract for the disposal of such material at sites in Kentucky 

and Nevada with Nuclear Engineering Company, Inc.. of Walnut Creek. 

California. These areas have been selected on the basis of several criteria 

aimed at reducing environmental hazard, below tolerance levels, at the same 

Ume permitting constant surveillance and forbidding the use of the land by 

the public for generations to come. While it 1. difficult to generalize on the 

time required for was,. ,0 decay down to harmless levels, „orage period, of 

S00 years are often mentioned for untreated waste and 10 to 15 years for 

waste from which the long-lived Isotopes of cesium and strontium have been 
rvmovtd. 
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The shipment of waste should not require escort by a health 

physicist if the waste i¿ in a stabilized form. A properly briefed loadmaster 

and aircrew are fully capable of taking any required measures. Prime con- 

•id®r*tions are the avoidance of the near proximity to the package and proper 

tie-down. Particular logistic conditions may make it desirable to dump the 

wastes from the aircraft directly into the deep ocean. If such is the case, the 

aircraft must be properly equipped, and the package must be properly rigged 

for jettisoning. General information on equipment and procedures for this 

operation is available in the dash 9 technical order for the particular aircraft 

in question. Unless the waste is of ver> high activity, and such material is 

not likely or considered here, the establishment of a health physics program 

will not be required. Caution should be taken not to place photographic film 

near the shipment as it may be fogged. Emergency procedures for these radio¬ 

active waste shipments are discussed in section 5. c. (3). 

At the ultimate destination, the inside of the shipping container 

must be decontaminated if the container is to be used again. The criteria are 

the same as before. No special precautions whatsoever need be taken in re¬ 

turning this container to the plant site, if these criteria are met. 

The only possible accident that could occur would be the spillage 

of unstabilized liquid waste from a damaged container. The aircrew should be 

instructed to avoid the areas which have been in contact with leakage, even 

after it has dried up. Cleanup should be attempted only by health physics 

personnel, but the requirement is not urgent provided all personnel can be 

kept out of the area. As mentioned previously, however, it is highly recom¬ 

mended that liquid waste be stabilized with cement or some similar material 

so that such an occurrence is impossible. 

(4) Contaminated components and tools 

Actions which must be taken by health physics personnel to de¬ 

contaminate components or tools will not be discussed in detail. Illustrations 

of such methods are given in section 2. a. (4). The many techniques for de¬ 

contaminating such items are well known to any trained health physicist. 

In general, no special precautions need to be taken with such 

items, provided their contamination levels are low enough to be accepted for 
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.uch shipment. Car, should be taken. oi course, to ensure that the packaging. 

whose primary purpose is to prevent direct handling ot the item by uninformed 
personnel, is not breached. 

Other items of equipment may be carried in the aircraft with the 

contaminated component or tools; however, it 1. desirable that the maximum 

distance be maintained between the contaminated item and any photographic 

(5) Aerospace reactor systems 

It is highly doubtful that any responsible agency would ever attempt 

to ship a space reactor system by air without qualified escort. Not only is 

«her. an expensive loading of uranium in ,h. fuel elements, bu, more importantly 

an item such a. an early SNAP 10A or SNAP 50-SPUR i. the culmination of 

many m,Ilions of doll.,, worth of research and development activity and i, 

certainly very valuable a. well a, potentially dangerous. While on the aircraft 

Of course, the aircraft commander ha. the final word; th, escort, however, mày 

certainly advise him. This ..cor, need no, be a health physicist. Th, effective 

absence of ionizing radiation from the package, makes the institution of a health 

physic, program, the wearing of personal film badges and dosimeters, and the 

surveillance of th. different loading and unloading operation, unnecessary. 

Her, again, i, ,. most difficult to generalize to any extent upon 

normal flight and loading procedure, a, such procedure, will be quite dependent 

upon the particular nature of the equipment in question. One can do little more 

t n review the terrestrial operations planned for the SNAP 10A. the only 

aerospace reactor system to reach final hardware stag,. ., thl, writing, '.„d 

.«res. those point, which might seem common to space reactor systems to be 
developed in the near future. 

Figure 19 «hows the SNAP 10A auxiliary power unit (APU) being 

lowered Into the bottom half of it. shipping container a, ,h. contractor's facility 

the'APU ’ i,OU,id fr0m th* tr,“*r b*d by ’hOCk ,b•orbe^,• ««dy to receive 

Before this, the reflector assembly surrounding ,h, fuel element 

canister ha, been removed and replaced with a sleeve of low neutron reflectivity 

(see figure 20 for a picure of ,h. reflector plate. .nd control drum in place 
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around th# fuel element canister). 

Any Other meclwnlc»! interlock.. ..fing device», etc.. would be 

ecttveted et thi. time. The conteiner he» aleo previously been pree.ure-leek- 

tested to determine conformance with specification». 

If a neutron source is to be included in the package to provide 

neutron detectors with an adequate background against which to detect rises 

in the neutron population, it should be insulted at this tíme. Th. neutron 

source will be a low level source and while direct exposure to it at close dis- 

Unce, for prolonged period, of Urn. will be discouraged, th. exclusion dis¬ 

tance provided by the physical dimensions of the APU package will result in a 
negligible dose to the aircrew during transport. 

The next function would probably be the final calibration of the 

instrumentation, if required by any of the sensors. The container could then 

be "buttoned up. •• purged of atmospheric air, and pressurized to a few psig 

with an inert gas (in the case of the SNAP 10A. argon). Th. package would 
th«n be ready for shipment. 

While the APU will be relatively light In weight (the SNAP 10A 

weigh, approximately 525 pounds), the container with all its shock mounting 

hardware, instrumentation, batteries, inert gas supply, and bulk will probably 

weigh several thousand pounds. Thi. should present no unusual problem, for 

a qualified loadmaster. however. If planning for transport is properly ex¬ 

ecuted. th. height of the bed of th. trailer bringing th. container to the aircraft 

Will closely match the floor elevation of the aircraft. Th. container will most 

likely be mounted upon skid, or palletized in conformance with the 463L Material 

Handling System and loading will be made with the usual portable winch and 

pulley type of arrangement. The tie-down operation would follow. 

Normal flight procedure, will call for a periodic check of the 

package instrumentation. Of course, any other mw.rtal which can nominally 

be designated a. fissionable, neutron moderating, or neutron reflecting, must 

be excluded from the aircraft cargo compartment, and this calls for the practice 
of a littl« »«curlty on the part of the aircrew. 

If thie ehipment is made as described in section 5. a. (5) it is 
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.c«u.uy impossible for . critical ..„mbly to be made because materia! 

su cient for the formation of the critical mas. will not be present. 

Likewise, the leakage of N.K or other coolant from the APU is 

very unlikely a. the unit is extremely rugged; i, must be. to be capable of 

being launched into space. Vibrational and environmental testing performed 

upon the unit to ensure 1,. compatibility with the booster vehicle will un¬ 

doubtedly far exceed any specification, imposed upon the uni, to ensure safe 
•ir transport. 

Nonetheless, periodic monitoring of the internal pressure 

rrr—' *nd n*U,r0n m,J,,ipliC*tl0n «ho«l<i be performed 
by «h. APU escort. The shock and vibration Information gathered will have 

more of a documentary rather than an immediate utility .„d these force, need 

not b, closely monitored during transport. This information would be de- 

rirable only when ,h. APU is exposed to unusually severe shock or vibration 

an w en it is desirable to know the shock and vibration the unit is exposed to 

e ore testing to determine the extent of any possible damage. 

In normal flight it i. highiy unlikely tha, the APU will ever be 

flown outside ,h. continental United States. A. ,h. package weigh, will „o, be 

. significant portion of the capacity of most transport aircraft in th. Air Force 

“ *h0Uld b* p0,,ibl* to 'he airlift operation in on. hop. 
hi. will elimina«, ,h, need for special security precaution, a, intermedia,, 

layovers and further simplify the airlift operation. 

In summary then, the only unusual demand made of the aircrew 

is that they ensure the exclusion of certain material, from the proximity of 

* * n^**r APU p,clt‘8*’ Th* *,cort ^11 m*intain surveillance of the package 
and advise ,h. aircraft commander in th. event of an unusual occurrence with 
the package. 

(6) Radioisotope generators 

... .,C. r. °f *U ,h* *hipm*nt’ 0f “‘“o«'1''* material which could be made 
VU USAF aircraft, radioisotope generator, must com. very close to being 

those posing th. lowest possible hazard. This 1. due to the inherently high 

Structural integrity of such power units. The low level of the hazard involved 

«.U. for hardly any special precaution, during loading, unloading .„d normal 
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Th* establishment of a health physics program will be un¬ 

necessary In most cases. RTG, using alpha-emitting source, will most 

certainly not require any kind of health physics program. On the other hand 

large bet. emitter, such a, the SNAP 17. whose associated radiation level, 

may approach the 200 mr/hr on contact and 10 mr/hr at 1 meter criteria 

would necessitate documenting and controlling the exposure, that aircrews 
and loading personnel receive. 

Security may vary with the individual unit also. Some unit, in¬ 

tended for c la sifted application, may have to be carefully guarded. Even if 

one neglect, the application of the uni,, however, radioisotope material is 

valuable in itself and this should require certain ■•common-sense variety 
precautions. 

None of these radioisotope generators, provided they are un¬ 

classified in themselves, should require an escort. Even with large Sr’0 

urn,, a well-briefed and competen, aircrew should be capable o, handling any 

situatton safely without unduly exposing themselves. 

Before releasing the package for shipment, the contractor should 

conduct a final inspection and survey. Both direct radiation and surface con¬ 

tamination should be measured. Exterior temperature, should be checked 

«ml a visual inspection of the generator unit and package should be made. 

Once the package i. accepted, the loading operation should be very 

.imple. The package may weigh a few hundred pound, a, most and should be 

easily handled. Personnel exposure to ,h. package should, of course, be mini- 

mixed. The package should be placed in a relatively open are. where cooling 

« r may freely circulate around it. A. ,h. package will be ,.,her small, other 

cargo or personnel may be carried in the aircraft with it. A. much separation 

•• possible should be maintained between passengers, other cargo, and ,h, 

unit. No photographic film should be carried unless absolutely necessary or 

unless ,h. radioisotope fuel car, be classified a. a pure alpha emitter. 

These are the only precaution, which should have to be taken 

in the normal transport of a radioisotope generator system. 
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c* ^^mcrgCnCY and accident procgdur# «tAncUrd« 

Throughout tï'B report strong emphasis has been placed upon the 

theme of maximum de-ndence upon equipment for safety and minimum de¬ 

pendence upon correct operational procedures and. thus, upon personnel. 

This section deals with the situations in which happenings of extremely low 

probability occur, namely, accidents. Those accidents whose occurrence 

has been deemed incredible because of the mechanical design criteria the 

package or power unit must meet, will not be discussed here. 

(1) Spent reactor fuel elements 

(a) In-flight trouble 

Four varieties of in-flight trouble have been deemed 

credible, though highly unlikely. In the airlift of Irradiated reactor fuel 
elements. They are the following: 

X Aircraft engine failure 

The occurence of an engine failure or some other mal¬ 
function which would prevent the aircraft from reaching a point at which a 

safe landing could be made might make it desirable to lighten the aircraft 

and thus increase its range. For tMs reason, it has been suggested that the 

cask and pallet be designed and installed in the aircraft so that they may be 
Jettisoned and parachuted to earth if need be. 

Parachutes have been developed to the point where they 

are very reliable devices. In any conceivable Instance, it would be preferable 

to eject an Irradiated fuel element cask and let it fall to earth beneath a de¬ 

ployed parachute rather than retain the package within the aircraft when it 

crashes. The shock the package will receive in being parachuted to earth 

will undoubtedly be much less than any it would receive in a crash and the 

probability that fuel elements and even cask coolant will be retained is much 

higher. Even though the recoverable uranium in the fuel elements is very 

valuable, it would be preferable to eject the package over deep water from 

which it could not be recovered, as this would completely preclude the 

possibility that someone could tamper with a cask and receive a massive radia¬ 

tion dose or unwittingly make a critical assembly. While it is hoped that the 

140 



WL TDR-64-81 

marking on the package would di.courage euch tampering, the label, .hould 

not be relied upon to any great extent. In .uch circum.tance., it 1. more 

de.irabl* r'nd'r the package unavailable to all human tampering, forever- 
mor*. 

The re.pon.iblllty for the decteion a. to whether to eject 

or not lie. with the aircraft commander. He mu.t be familiar with the detail, 

of hi. cargo, in thi. Instance to a much higher degree than u.ual, and .hould 

realize that, if he doe* eject the package and it cannot be recovered, he 1, 

literally throwing away up to a half million dollar, worth of uranium. Of 

cour.., if ejecting the cargo mean, .avlng human live, and the aircraft, he 
has no choice. 

ihe details of rigging a package for ejection and jettison¬ 

ing it will not be delved into here. They are adequately spelled out in the 

dash 9 technical order for aircraft in question. A careful record should be 

kept by the navigator of the position at which the package is jettisoned. 

1 Loss of cabin pressurization and heat 

All of the aircraft considered eligible for the airlift of 

irradiated reactor fuel are of the turbo-prop (C-130. C-133) or turbojet 

(C-135, C-141) variety with optimum cruising altitudes in excess of 25. 000 

feet. To fly at these altitudes cockpits and cabins must be pressurized With 

J.t aircraft power plants, thi. is don. by bleeding high-pressure air from one 

of the compressor stages, running it through an air conditioner to lower its 

temperature, and finally ducting it into the cabin. The heat energy stored 

in the air in the turbine compressor, which is not removed in the air con¬ 

ditioner. is used to heat the cabin. One mu.t remember that, at 30. 000 feet 

a common cruising altitude for such aircraft, the ambient pressure is in the 

neighborhood of 4. 5 psia (sea: level is 14. 7 p.u) and the ambient temperature 
lies between -10° and -85°Fahrenheit. 

With the onset of an emergency in which cabin pres.uri- 

«atíon and heat are suddenly lost, as might occur with the loss of a door, one 

may ask how the irradiated fuel element cask will be affected. The effect of 

«he 1... of pre..urlzatlon will be ,o incre... ,h. pr...»re dlfferentUl zero., 

the cz.k well by 10 pel. The ACC minimum presaure .pec. (10 CFR 72) 
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have been upped 10 p.la, however, in the proposed container criteria, to 

cover just such a contingency, and so this rapid addition of 10-psi pressure 
differential .croe, the c.ek w.Il .hould not .ffect the p.ck.ge .t .11. 

If. however, the c.ek is exposed to such low »mbient 
temper.,ur. (ARDO 1959 Model Atmo.pher. give. . t.mp.r.tur. of approxi- 

mately -50°F for 30. 000 fee,) for prolonged period, of time, the cool.n, may 

freexe. gre.tly impairing the he.t tr.n.f.r mech.ni.m by which the c.sk dissi¬ 
pate. the he.t generated in the r.dio.ctive dec.y of the fi.eion product.. 

Fortunately, ,h. ca.k will no, be expo.ed to .uch temperature, for very long 

and. a. the ca.k ha. tremendou. thermal ma... it would take many hours of 

exposure to .uch temperature, before the coolant (even without anitfreeze) 
would begin to freeze. An aircrew, at .ay 30. 000 feet, which lose, cabin 

pressurization and he.t find, them.elve. .uddenly rather uncomfortable. Be- 

•id*. b*comlni v*ry cold very quickly, the in.lde window, have a tendency to 
fro« up and ,h. aircrew member, mu., go on oxygen to prevent p...i„g out. 

With or without the cargo, the procedure for the pilot would be to immediately 
drop down well below 20. 000 fee,, defending a, a rate of probably some- 
where around 4, 000 feet per minute. 

The loss of cabin pressurisation and heat, then, will not 
affect the irradiated fuel cargo if normal operational procedures are followed. 

i Loss of Internal cask pressurization 

During flight there is some small possibility that internal 
cask pressurization, applied as part of the container design to enhance the 

overall heat transfer mechanism, may be lost a. a result of gasket or valve 

failure. One may see. by examining paragraph 4. 1. 2. 4 of the proposed con¬ 

tainer criteria, that the cask coolant will not be expected to boil. Nonetheless, 
it would be good policy to increase cabin pressure as much as possible because 

the temperature at which the coolant will boil will increase with increasing 
pressure. 

The loss of presurization will also result in the release 
of gas from the inside of the cask. If the coolant ha. met the specification, 

of paragraph 5.14 of the criteria, as it must for the cask to be released for 

transport, this gas should not be unduly contaminated. In spite of this, the 
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filter as specified in paragraph 5.7 of the proposed criteria will entrap 

practically all solid contamination which could be released through the pressure 

relief valve. In almost every case the gas will be released through the pre- 
•ure relief valve. 

In any case in which the depressurization of the cask is 

noted, the pilot should employ whatever methods are available to him to in¬ 

crease the rate of air circulation in the cargo compartment. Also, it would 

be wise for the entire aircrew to draw their breathing air from the aircraft 

oxygen system or walk-around bottles, for the remainder of the flight, as an 

added precaution against the possibility that radioactive iodine and other gases 
have escaped. 

Upon landing, the aircraft should be quarantined and the 

aircraft commander should immediately contact the base commander and re- 

qiest the services of the base disaster control team. This team would then, 

under the direction of the health physicist escort, survey the aircraft for de¬ 

contamination and decontaminate the plane as necessary. 

4. Cask coolant leakage 

In spite of the fact that all valves must be checked under 

pressure and locked shut prior to shipment, there is a minute possibility 

that leakage of the cask coolant could occur. Certainly this leakage would be 

small as a complete valve failure is practically impossible and the cask will 

be inspected frequently by the health physicist escort. He should notice the 

leakage before a considerable amount has escaped and tighten whichever valve 

is leaking. The question of the activity of the leakage now arises. 

The health physicist escort should have an alpha survey 

meter such as a PAC-1S and a beta-gamma radiacmeter such as the AN/PDR-27 

•board the aircraft. With these he can perform a wipe test, after he ha. wiped 

up as much leakage as possible and the remainder has dried, and determine 

whether any residual contamination remains. If it does not. the leakage may 

be neglected. If he determines that the leakage is unacceptably contaminating 

the aircraft he would then (1) prevent further spread of the contamination by 

blotting up the leakage. (2) mask off the contaminated area and declare it off- 
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limit, to th. r..t of th. airer.w, and (3) upon landing, obtain equipment and 

a..i.tance n.c....ry to decontaminate the aircraft and accompli.!, .ame. 

The e.cort .hould attempt to determine how much water 

Ie,k*d ,r0m ,h* C*,k *nd ,l*ur» ou* Portion of the fuel element, have 
been uncovered. Hopefully, the active are. would .till be .ubmerged. Even if 

It were not. however, no attempt .hould be made to refill ,h. ca.k a. th. 

thermal .hock the element, would receive would probably do more harm than 

allowing them to .tand only partially .ubmerged In water. Th. leakage of th. 

coolant will necearlly Imply a partial lo.. of ca.k internal pr...urlration. 

At th. next opportunity, th. ..cort .hould obtain a compr....d air .ource and 

pressurize the ca.k to It. original value. Upon arrival at th. r.proc...ing 

plant, the escort should persoitally notify th. supervisory personnel there of 

the leakage and of what portion of th. fuel elements he estimates are uncovered. 

The rags, sponges, or pieces of absorbent paper the health 
physicist uses to blot up the leakage should be carefully controlled. If it has 

been drt.rmlned that th. leakage ,.. contaminated, until such time a. he can 

see to It that they are properly dlposed of as radioactive waste. 

(b) Crash (Statsside) 

If a crash of an aircraft carrying a shipment of Irradiated 

reactor fuel Is unavoidable, but foreseeable, and If sufficient time réntalos, the 

pacltag. should be Jettisoned. Th. reasons for adopting this position have been 

discussed previously. Th. condition of th. aircraft. ,h. aircrew. ,h. package 

«d the location of th. point at which th. ejection 1. mad. should b. radioed to 

th. nearest military or Federal Aviation Agency (FAA) control center. If 

ejecting the package means that th. aircraft will then have sufflci.nt rang, to 

”“*• “ ,0 ,h* ‘•»«“»d «•><>. ‘ha pilot will obviously proceed. If. on th. 
«her hand, th. aircraft must still be abandoned by It. ersw and will crash in 

some sparsely populated area, then such can be accomplished with the 

assurance that the maximum precaution, have been taken to mini mix. the 
hasards assoclatad with ths radioactiva packaga. 

The Anal preparations for the ejection of such a package from 
an Air Force cargo plane of the C-1Î0. C-133. C-1ÎS. C-Ul variety take 

about ten minutes. In emergsney situations In which crash of the aircraft 
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follows, such tim* is usually not available. Indeed, in a great number of 

military air crashes (and civilian for that matter, tool the planes just suddenly 

disappear without the receipt by any station of any word from them. In short, 

in the majority of air crashes, there 1. probably not sufficient time to jettison 

the package even though it may be properly rigged, and the package will crash 
with the aircraft. 

1 Miating aircraft 

The following sequence of eventf could be anticipated in 

the event that an Air Force cargo aircraft carrying a fhipment of irradiated 

reactor fuel fhowf up af miffing, fomewhere within the boundaries of the 

continental United Statef. 

A As fpecified in AFR 55-8, "Overdue Aircraft," the 

Federal Aviation Agency Control Center having the reaponfibility for operations 

in the area of the destination bate lifted on the DD Form 175, Aircraft Clearance 

form, will initiate a preliminary communicationf search for the aircraft when 

an arrival report has not been received within 1 hour after the estimated time 

of arrival or at the time of fuel exhaustion, whichever occurs firtt. 

k If the preliminary communicationf search is unsuccess¬ 

ful, the FAA Control Center will classify the aircraft as overdue and notify the 

base of departure and the appropriate Air Rescue Center (Eastern ARC at 

Robins AFB, Georgia; Central ARC at Richards-Gebaur AFB, Missouri; and 

Western ARC at Hamilton AFB, California). 

£ The base of departure, as soon as it is notified that 

the aircraft carrying irradiated reactor fuel is overdue, should: 

1) Alert the military installation nearest the expected 

crash point of the presence of the radioactive cargo aboard the missing aircraft 

and request that the installation commander place those elements of his dis¬ 

aster control team with radiological defense capabilities on an alert status. 

2) Notify (by teletype) the Chief of Staff, Headquarters 

USAF. and the Directorate of Aerospace Safety. Deputy, the Inspector General, 

USAF, Norton AFB, California, giving names, grades, and service numbers 

of crew and passengers, type of aircraft, aircraft number, home base of 
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raft, hom* bas» of pilot, place and time of departure, intended destination, 

route, mission, estimated time en route, position when last reported, weather 

over route, an exact description of the cargo, and any other pertinent informa- 
tion. 

3) Notify, by the most expedious means of communica- 

«ions, the commander of each person aboard the aircraft and the home base of 

the aircraft, and submit progress reports in accordance with AFM 30-4. 

d The Command Post at Hq USAF should contact the Joint 

Nuclear Accident Coordinating Center UNACC) at the Albuquerque Operations 

Office of the USAEC (Area Code 505, phone number 264-4667), Albuquerque, 

New Mexico, informing it of the detail, of the missing aircraft and cargo and 

what radiological monitoring, recovery, and decontamination capabilities are 

on call for the time when the mi.sing aircraft i. found. This is exactly the 

same procedure as one find, in AFR 355-7, "Response to Accidents Involving 

Nuclear Weapon, and Material.. " The Hq USAF Command Po.t may also 

direct the Commander of the Ba.e of Departure or the Military In.t.llation ex¬ 

pected to be near»« the scene of the crash to request additional radiological 

monitoring and decontamination assistance from the 2705th Airmunition« Wing 
Hill AFB, Utah. 

¿ Known crash location 

such tim* as aircraft debris is located or in the case 

when the pilot ha. been able to call in the expected location, of the aircraft 

debris and cargo, the procedure will be as follows: 

a The commander of the military installation nearest 

the scene should dispatch his radiological defense team to the point at which 

the irradiated fuel element cask has been found with orders to assess the de¬ 

gree of contamination, secure the area, and to conduct decontamination and 

recovery of radioactive material, within their capabilities. 

The first team of personnel expected to reach the 

crash scene should be inatructed as to the nature of the radiation hazard they 

should expect. They should be told to approach the scene from an upwind, and 

hopefully, uphill poaition and should wear gas masks or self-contained breathing 

apparatus. They ahouid constantly monitor whatever instruments they have for 
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direct beta-gamma-type radiation, and also watch for deposited alpha con¬ 

tamination (from the fuel material). A thorough survey of the area should be 

made and contaminated area, posted. The initial prime concern is, of course 

the humane one; if there are any survivors at the crash site which can be 

helped by the first team to reach them, then such action becomes paramount. 

When whatever can be done for survivor, has been done, however, then the 

prime consideration should become the recovery of the radioactive and fission 

able material and the decontamination of the crash site. 

h. The Commander of the Base of Departure should: 

1) Notify Hq USAF with an APEX BEELINE report 

<r*fer.nc. AFR 55-130. "APEX BEELINE Report of . Seriou. Accident. 

Incident, or Disturbance"). 

2) Notify the Chief of Staff, et «1.. .. per paragraph 
£ of this section. 

3) Notify the commander of each person aboard the 

aircraft and the home base of the aircraft as per AFR 55-8 and AFM 30-4. 

£ The Hq USAF Command Post should keep JNACC up to 

date on the status of the accident and what capabilities are being brought to 

bear on the problem, of contamination assessment, decontamination, and re¬ 

covery of radioactive material. If further capabilities are required, they 

should be requested by Hq USAF from JNACC upon the advisement of the 

authority in charge of the accident on the scene, usually the team commander 

dispatched from the nearest military installation. With nuclear weapons, an 

agreement exists between the Department of Defense and the USAEC wherein 

the immediate responsibility for providing technical direction at the scene of 

the accident will be assumed by the service or agency receiving first notifi¬ 

cation of the incident, whereas the primary and continuing responsibility for 

providing technical direction at the scene of the accident will be assumed by 

the service or AEG agency having physical possession of the item at the time 

of the accident. As one can see, then, while another military service or 

even AEG agency or contractor may initially take charge at the scene of the 

accident, the Air Force will ultimately have the primary and continuing re¬ 

sponsibility for providing technical direction, if like reasoning applies, as it 
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should. The Air Force may well require assistance, however, and for these 

requests the Hq USAF-JNACC channel should be utilized. 

d Air Force responsibilities will terminate only at such 

time as the crash scene has been adequately decontaminated or placed under 

permanent control and the accident has been thoroughly and completely in¬ 

vestigated. The USAF Chief of Staff will undoubtedly charge the Inspector 

General with these responsibilities. 

(c) Crash (Overseas) 

The philosophy concerning the ejection of cargo over friendly 

foreign territory will probably differ from that which will prevail concerning 

flight of such material over the continental United States. The ditching of any 

such material in the international waters of the deep ocean will probably be 

acceptable no matter whose territory those international waters happen to be 

close to. On the other hand, it may well prove to be undesirable to Jettison 

a package of irradiated reactor fuel over foreign territory and it may actually 

be desirable to have the aircraft crash with the cask aboard, even though the 

chances of damage to the cask and contents would be greater, because of the 

lesser political implications of controlling one accident on foreign terrain as 

opposed to controlling what might appear to be two accidents. This matter 

cannot be generalized upon because of the differing political implications. A 

clarification of this matter should be obtained when applying for overall 

approval of operational plans which include flight over foreign territory, as 
discussed in section 6. 

In foreign countries. United States air traffic is controlled 

by the local air traffic control agency. In the case of a missing or overdue 

aircraft, that agency will make a communications search and report the miss¬ 

ing or overdue aircraft to the destination base in much the same fashion as 

the FAA does, within the United States. AFR 55-8 charges overseas major air 

commanders with the responsibility for publishing supplements to AFR 55-8 

outlining procedures to be followed for overdue aircraft in their areas. In 

general, these will be similar to those briefly discussed in the section pre¬ 

ceding this which dealt with overdue aircraft in the continental United States. 

The specific directives published by the theatre commander should be con¬ 

sulted when planning any such flight in an overseas area; however procedures 

148 



WL TDR-64-81 

íollowing a crash may be expected to cloaely reaemble those described for a 

stateside crash. 

One exception to this, however, will be the sources of radio¬ 

logical monitoring and decontamination personnel overseas. The United States 

Air Force. Europe, has its own organization, the 7410th Explosive Ordnance 

Disposal Squadron which its commander will dispatch to the scene of an acci¬ 

dent occurring in its areas. Likewise, a similar organization, whose office 

symbol is (FFMSS-W), exists for the Pacific Air Forces. The 2705th Air 

Munitions Wing at Hill AFB, Utah, has the responsibility for the continental 

United States (as mentioned previously) and Alaska, as well as responsibility 

for providing backup and technical advice to the 7410th E.O.D. Squadron, the 

Pacific Air Forces, and to Canadian explosive ordnance disposal organizations. 

The responsibility of the commander of the U. S. military 

installation nearest the scene of the accident to alert and dispatch his radio¬ 

logical disaster control team and the responsibility of the commander of the 

base of departure to alert the base nearest the anticipated or actual scene of 

the accident, to notify the commanders of the personnel concerned, to file 

APEX BEELINE reports, and to alert the Chief of Staff, USAF, and the Di¬ 

rectorate of Aerospace Safety, Deputy, the Inspector General, USAF, at Norton 

AFB, California, will undoubtedly remain unchanged. Either the commander of 

the base of departure or the commander of the military installation nearest the 

scene of the accident will be responsible for keeping the theatre command post 

continually informed as to the status of the accident. The theatre command post, 

however, should be charged with the responsiblity for ensuring that all proper 

resources are brought to bear on the problem of monitoring and decontaminat¬ 

ing the accident area since it will be apprised of the personnel and equipment 

in its area and since the USAF Command Post and JNACC are simply too far 

away. Of course, the theatre command post will report directly to the USAF 

Command Post concerning the status of the accident and forward any requests 

it may have to submit for additional assistance to the USAF Command Post. 

(2) New reactor fuel 

(a) In-flight trouble 

The statement may be safely made that, when the other 
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provisions dl.cu.s.d In this report concerning the airlift of new reactor fuel 

elements are in force, there are absolutely no operation, that the member, 

of the aircrew could be called upon to perform upon the package in flight. 

The container in which the new reactor fuel is shipped will 

contain no coolant which could leak out and contaminate the surrounding,. 

There is no finite level of ionising radiation emanating from the package. 

In no case could a critical assembly be made. The poisons 

required to "hold down" ,h. assembly are firmly held in place and will not 

save their required positions even when subjected to a temperature of 1300°F. 

The content, will remain satisfactorily subcritic.l even when the package is 

dropped 30 feet onto a concrete surface. A k<ff 1.., ,h.„ o. 8 will prevail 

«ven whsn the package 1. submerged in water and water leaks inside the con¬ 

tainer. Neutron moderating and reflecting material, have been barred from 

the near proximity of the shipment. In short, in no circumstance short of a 

major air crash will a package of new reactor fuel ever require any attention 
on tht part of the aircrew. 

Regarding the eituation in which a crash or ditching of the 

tírcraf, .«m. imminent, the question of jettisoning the cargo .gain comes up. 

rom the standpoint of allowing the aircraft to reach a landfall, the weight 

penalty imposed by ,h. new fuel element package is negligible or. a, the most 

of marginal importance. Such a package will weigh a few thousand pound, a, 

most, and, more likely, several hundred pounds. The installation, necessary 

to jettison this item. 1. e.. the floor rack, and other hardware, will quit, 

possibly weigh more than the package .„d they would be considerably more 

difficult to discard from the aircraft in an emergency situation. 

One may inquire as to the danger of criticality upon impact, 

in an air crash. Again, upon reading the container criteria in section 5. a. (21 

it may be seen that the fuel assembly, even with a 10 percent reduction in 

volume, and after being subjected to 1300°F for 10 minutes, cannot have a 

keff *r*»*«r than 0. 8 even after being submerged in water. Add to this the 

fsct that, while pessimist, assume that accident, such a. .ir crashes tend to 

concentrate fissile materials, anyone experienced in air rescue will testify 

that, in fact, they are actually highly dispersive in nature. Contamination of 
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th» crash site from th* releas* of fuel material is highly unlikely with stain¬ 

less steel or refractory metal fuel elements. Such elements would have to 

be subjected to a very severe heat pulse to melt the elements down and the 

availability of such a source is very unlikely. Criticality would disperse fuel 

material and some fission product, but. again, this is very unlikely even with 

the most severe crash. In short, the chance of a criticality upon impact or 

the contamination of the crash site by fuel material is so small, because of 

the equipment design, that it is not necessary or even desirable to attempt 

ejecting the package and parachuting It to earth from an aircraft experiencing 
an emergency. 

Poindexter13 offered a design for a new fuel element canister 

which he stated could be airdropped, via parachute, to a remote nuclear power 

plant site. While interesting, this provision seem, at th* least, to be some¬ 

what visionary, as it is impossible to imagine any condition, wherein th* need 

would arise for supplying reactor fuel to a power plant by mean, of airdrop. 

The aircrew, then, once it has loaded and properly tied down 

the package and ensured that those material, classified a, neutron moderators 

or reflector, are not in close proximity to the package, may regard the package 
as harmless. 

(b) Crash 

The only emergency situation which need be discussed with 

this type of shipment is then the crash of the aircraft. Procedure, to be 

followed for overdue aircraft and the Individual res, .nsibilities of the various 

organizations regarding th. accident will be jus. a, discussed for irradiated 

fuel element, and will not be repeated here. The only difference is obviously, 

in the descriptions of the cargo which should be dispatched. The first taam 

reaching the site of the aircraft, be it the radiological defense team from the 

nearest military Installation, members of the 2705th Air Munition. Wing 

the Pacific Air Force (PFMSS-W), or the 7410th Explosive Ordnance Disposal 

Squadron, should be instructed a. to the possible presence of fissionable fuel 

material and low-level fission product, as well. They should be told to 

approach th. crash site from upwind and uphill, if possible, wearing gas mask, 

or self-contained breathing apparat«., and should be told to make . thorough 

151 



WL TDR-64-81 

survey of the area for alpha-emitting as well a. beta-gamma contamination. 

Of course, the prime concern ahould be for the saving of human life; but if 

there are no survivors at the crash scene or if they do not require first-aid 

assistance, the prime concern should then be the recovery of the fuel element 
package. 

The recovery of the reactor fuel material should not be 

attempted without the supervision of someone intimately acquainted with the 

design details of the fuel elements. It will be his responsibility to ensure 

that pieces containing fissionable material are identified and adequately separa¬ 

ted or stored in containers made of neutron-absorbing materials. 

The operations to follow, the reporting procedures, and the 

delineation of responsibilities will be just as discussed in the previous section, 
for irradiated fuel elements. 

(3) Radioactive wastes 

(a) In-flight trouble 

It has been highly recommended, previously in this report, 

th»t all radioactive waata to b# shipped from a remote military nuclear power 

plant be in «UbiHied form prior to ehipment. The miring of liquid waatee 

with cement and the Imbedding of email iteme of eolld waste in the mixture 

before it sets are especially desirable. If these simple precautions are taken, 

there are no in-flight emergencies that could arise with the cargo short of an 
imminent crash of the aircraft. 

If. on ths other hand, wastes are shipped in liquid or sludge 

form (the approval authority may well refuse to allow such an operation), there 

ie always the possibility (though a low one) that leakage will occur through the 

welded or gasketed closure. It has not been recommended that air shipments 

of radioactive waste be accompanied by an encort because of the low level of 

the hasard involved. Should this leakage occur, then, a member of the aircrew 

should be made responsible for taking note of where the leakage extends to and 

for kseping the other members of the aircrew away from this area so that they 

would not contaminate themselves or other parts of the aircraft. Upon landing 

at their next base, the aircraft commander should request the assistance of 

the base radiological disaster control team in the decontamination of his aircraft 
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and in remedying the source of the leakage. At the risk of being redundant, 

however, the chances are very low that liquid or sludge will be air-transported 

and also very low that a cask of radioactive waste would leak; hence the chances 

of such an accident really occurring are practically nil. 

(b) Crash 

It should always be remembered that, at the present time, 

the wastes with which we are dealing are worthless in value. The only reason 

for flying them is to transport them from a site at which they cannot be dis¬ 

posed of to one at which they can. As these wastes are of no value, jettisoning 

them from an aircraft over the international waters of the deep ocean becomes 

even desirable. Radioactive wastes, in stabilized form, are presently dumped 

from ships into certain, deep areas of the ocean as well as buried at national 

disposal sites on land. Transporting these wastes (to the deep portions of the 

oceans) by plane is probably overly expensive when compared to doing so by 

ship, but this does point out the fact that jettisoning such cargo over deep ocean 

need not be prohibited. If it were ever thought to be desirable to dump radio¬ 

active wastes directly from an aircraft, no parachute would have to be used, 

and the only precaution that would have to be taken, once the predetermined 

spot had been reached, would be for the aircrew to make a thorough radar 

search of the area to ensure that there are no ships in the area which might be 

in a hazardous position when the cargo is dumped. 

Normal dash 9 technical order procedures should be adequate 

references for rigging the package or packages. As they are not meant to be 

recovered, a mechanical ejection mechanism is preferable to a drogue chute, 

which cannot be recovered, for drawing the items out of the aircraft. 

The reader should be able to appreciate that the questions 

of whether to rig out the packages for ejection from the aircraft and whether 

to rig them out with parachutes will be highly dependent upon the areas to be 

oversown, the sizes of the packages, the physical state of the wastes, and the 

activity of the wastes. In particular, the question of whether the packages 

should be rigged for ejection to lighten the aircraft in the case of an emergency 

cannot be decided in general. The weights of the packages and the areas to be 

overflown must be considered. In foreign overflight, for example, it may be 
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1” 7" ,h* *j'Cti0n 0' r,di°‘C,iV' «v.„ with full parachute 

have "! b, bV" °d ,h' PO"Íb" ^1111^1 Carificatton would 
have be ob,.In,d on thi, matter a. par, of the application for approval for 

foreign overflight as per section 6 of this report. 

contami , a tOT locating, monitoring and de- 
onumio. Ini ,h. aircraft or it. d.bri, follow the same line. a. tho.e already 

1. d own for era .he. involving irradiated reactor fuel. De.criptmn. of the 

', ,7 OÍ Carg0 Wi" V*ry' °f '■>”«• “.pa,che, .hould carry a de.cription 

r;.:;;::,o inc,ud' ,h*ir ,orm- -—- - —• - 
(4) Contaminated tools and components 

toot, and comTh* ^ bV contaminated 

rom the 7 *” In *■"><>« *>' ce. radiation emanating 
rom ,h... item, will be undi.cernibl. from tha, normally attributed to 

background. " .„d . radiation accident will be imponible. 

,h. A . M°" S,Mr'ny- ,h*” “*m‘ «‘»“«i be rather light in weigh, and 
he advanuge. to be accrued in ejecting them from an aircraft in di.tre., ! 

; .r:: i, 7°,; ,h*y :ou,d b* f“riy va,u*bia- ^—»<>, b. .Mpped 
. . if a, all possible, po..e.,ion of them .hould be maintained. 

«h. ai„ .h !a^ ”T ‘ "im (1”' »«ching and securing 

unde 7 CaP OÍ ldínn,ying ,he radl°ac«ive item, and placing them 
under acuate control. Me...g„ .«hanged between the ba.e of departure and 

military in.t.ll.tion near.., ,h, cra.h, between the latter .„d ,h. theatre 

°~T 7 th0” ,0rW#rd*d ,0 Hq USAF ,nd t0 ”**"‘««00. of ,h. In- 

th. aircraft" d**crtb* *b* radioactive item, aboard 

the . « U ‘7ld b* r*ali”d ,ha‘ P”«“«10''* »ill very with the nature of 
the .qu^pman, to bf traneported. For example, different procedure, may be 

C. ied for in airlifting . .U,h,ly contaminated pump and in airlifting ,h. re- 

.Ctor preeaur, veea.l of a military nuclear power plan, h., operated a, 

MU*!! °r * r## y#ar#‘ °n th* Wh0le’ hOWeVer* it*m, fallin« in thi. category 
Will have an ...oci.ted h.aard of .uch a low level and will be ,o far below 
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th* aircraft'• load carrying capacity in weight, that no special emergency or 

accident procedures will be in order beyond those covered in the foregoing dis- 
cussion. 

(5) Aerospace reactor systems 

The packaging of aerospace reactor systems will be a highly 

Individual affair. As there are no precedents for this type of operations, the 

packaging philosophy compiled for the SNAP 10A has been taken as being 

illustrative. It may safely be said that future aerospace reactor systems, be¬ 

cause of their small size and their inherent ruggedness (required for the launch 

and space environments), lend themselves well to high-integrity packaging. Th* 

chances of the failure of such high-integrity packaging are small indeed. 

(a) In-flight trouble 

There are two failure* which are remotely possible with a 

packaged aero.pace reactor *y*tem and for which the aircrew should be pre¬ 

pared. The first of these failures would be the leakage of inert gas from the 

interior of the package. If one remembers that this gas was originally included 

to keep the package clean and free from the moisture in the air. it then becomes 

obvious that nothing very serious will result from the leakage of this gas alone. 

The escort would only make a notation of this failure of the package seal and 

inform the personnel at the receiving station of the leakage and the possibility 
of payload contamination. 

A second more serious but much more improbable accident 

would be the leakage of liquid metal from the Rankin cycle loop of the auxiliary 

power unit (APU) due to vibration or shock encountered in flight. The SNAP 10A. 

as pointed out. uses a mixture of sodium and potassium (NaK) for its heat 

transfer fluid. While NaK does react, almost explosively, with oxygen and 

water, the reaction with gaseous oxygen is somewhat difficult to initiate at 

room temperature and really requires higher temperatures. The reaction with 

water is easily initiated, even at room temperatures. Future aerospace 

reactor systems, however, may use heat transfer fluids other than NaK. such 

as mercury, potassium (alone), and lithium, th* latter two being considerably 

more reactive than NaK. A. all such APU. will be contained in sealed package. 
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which are easentially pressure ves<i«»l« __ * 
. K to protect personnel from such violent 

reactions with air or w»t*r u, , violent 
water, and are blanketed In .tmo.phere of inert eaa 

there is no real hazard. nen gas, 

. . Wi,h th* d"'c,lon ot «quid metal leakage by the monitor 
inetrumentation included in the contain., .k . * monitor 

in *1» i container, the entire aircrew should be alerted 
. n the almost impossible even, that ,iq„id me,., leak, from the APU and ' 
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poisonous, no, only when Ingested, bu, also to exterior skin surface, ) 

.ircr.f°, TT' °' * W«h-‘*-P"*«ur. fir, cabin 
•ircraf, could cause serious damage to the aircraft. 

shock vint . TO b* "ali’tiC Ig*ln- th* ‘"»y wMch could impart a 
that it I °;n *nOU,h ,0 rUf>tlir' ,h* container and damage the APU to the point 

Neutron . CrÍ,1C,1,,y dttrln* n,«h‘ “ «««ded a. completely impossible 
N. iron reflectors, used to control the reactor and bring i, up to criticality 
Will be removed end shipped jeparatelv as will .. * ^ 

.U4 u PP ^ 1 ly ^11 y n*utron »catter shields de- 2 shield the rest of the payload In the nlar* of »k « 

«Ud neutron absorber .Lev., ^ . whose IZVj2 Z ^ 
.. to allow unplanned removal only by a deliberate, massiv. «, of ..boUge 

(b) Crash 

,h. APU „ Th* qU,,“°n OÍ Wh*‘h*r *n *,,*mP* uhould be mad, to Jettison 

The APuTeTwülT d*CUr*‘l0n ^ " *,rCr*ft * 
pound. Th comparattvely light; ,h. SNAP ,0A weighs only 525 
pounds. The container, however b*irw> 4« , 

several thousand pounds It 1. hard to im C pr*,,ur* may weigh 

zrrro' *h;,o*d-c"ryin« TT:::::rni 
«O .hese Lrcraf, " •h°U,d n<>* *ny » -«h, penalty 
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vnr.. i_ _ , «-«actor APUs will represent significant ad¬ 
vances in many technologies such as hieh 

* cn “fh-temperature meullurgy, solid-state 
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physics, energy conversion, etc., and it may be desirable to classify certain 

design features, as was done with the SNAP 10A. Also, there is the possibility 

that someone, in attempting to disassemble the package which he has found, will 

generate a release of toxic chemical material or even a nuclear excursion which 

could become a considerable hazard to himself and to large segments of the 

populace. As it is highly unlikely that any great portion of the flight will be over 

deep water because of the high probability that all flights would be from one part 

of the continental U. S. to another, the chances that a package, jettisoned from 

an aircraft and parachuted to earth, would fall under the control of personnel 

ignorant of its potential hazard are finite. 

It is. then, probable that plans for the air shipment of reactor 

APUs will not include plans to eject the cargo upon the incidence of a mid-air 
emergency. 

The procedures for the identification and location of overdue 

aircraft in the United States, and for the proper notification of the various 

organizations upon the location of a crash that are spelled out in section 5.c.(l) 

for irradiated fuel, would apply here also. Messages dispatched from the base 

of departure to Hq USAF should contain an adequate description of the APU 

aboard the missing or crashed aircraft so that Hq USAF may relay this on to 

JNACC, if need be. Likewise, messages sent from the base of departure to 

the military installation nearest the crash site should contain not only a 

thorough description of the APU aboard the aircraft but a warning as to the 

possible presence of dispersed fission products, alpha-emitting fuel material, 

and chemically toxic materials (alkali metals, lithium hydride, and possibly 

beryllium with the SNAP 10A) in solid and vapor form. Personnel approaching 

the crash scene should be instructed to wear gas masks or self-contained 

breathing apparatus until it can be certified that the area is free from airborne 

contamination, and they should be careful not to enter any area which has not 

been surveyed for direct radiation or for radiological contamination. The 

saving of human life, as always, should be the paramount consideration. When 

this responsibility is discharged, the safe recovery of the APU or its debris 

should follow. This should not be attempted except under the supervision of 

someone from the APU contractor's organization or some other person 
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ex- 

intim.,e.y ...oci.t.d with th, design details of the APU. who can easily identify 

the various par,, of the APU system and ensure the proper separation of those 

pieces containing fissionable material. 

(6) Radioisotope generator units 

!ti’deemedincon«iv“1»«' that any in-flight emergency, caused by 
or a acting the cargo, could arise with the air transport of radioisotope gen¬ 

erator units. The great structural integrity of these units, required for their 

launch into space and by the necessity for containing .he fuel material upon 

posure to the "maximum credible accident" which could occur during launch 

discussed previously, renders them capable of easily withstanding any en- ' 

vironment air transport could impose upon them. 

These units are and will be extremely light and, as their pack- 

.».ng requirement, are minimal, impose very little weigh, penalty upon a cargo 

plane. Jettisoning them in the case of a declared aircraft emergency would buy 

ittle in the way of additional range for the aircraft and only create an additional 

problem in trying to locate the package after the accident. It is recommended 

that the package remain with the aircraft during any emergency. 

Missing and crashed aircraft procedures would not differ from 

those for a cargo plane carrying any other kind of innocuous cargo Hq USAF 

should be notified of the presence of the item aboard the aircraft, however in 

the even, tha, an untrue and adverse pres, release is made. Every effort 

should be made to recover the item from the crash scene because of the cost 

of the fuel material and a person or persons capable of identifying the generator 
should be present during the clean-up. 

d‘ Swift! air base. airrrnfts.AiidLcrew preonHrmy 

(1) Health physics program 

Health physics is popularly defined as that branch of the radio¬ 

logical science, dealing with the protection of personnel from the harmful 

Offset, of ionizing radiation. One may find from reading the preceding section, 

of this repor, that some element of health physics control should be exercised 

in all six categories of radioactive air shipments. 
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Health physics surveys for contamination of package surfaces 

will be mandatory prior to the shipment of irradiated fuel elements, radio¬ 

active wastes, and contaminated tools and components, and will, in all 

probability, be made prior to the shipment of new reactor fuel, space power 

reactor systems, and space power radioisotop« generator units. The standard 

procedure is for the health physicist to rub a piece of clean, absorbent paper 

over a square of the surface in question, 10 cm on a side, and then measure 

the activity picked up. The criteria of acceptability for irradiated fuel element 

casks are readings less than 4,000 disintegrations/ minute/100 cm^ of beta- 

gamma activity and 500 disintegrations/ minute/100 cm2 of alpha activity. The 

paper sample should be dry to minimize the internal absorption of alpha particles. 

Most other general specifications for surface contamination levels give values of 

0. 3 milliroentgen/hour/100 cm for beta-gamma activity and 150 disintegrations/ 

minute/100 cm for alpha activity as the maximum acceptable limits for the re¬ 

lease of material to the general populace. 

One might become confused over the differences in units in the 

specifications of acceptable beta-gamma activity made above. Actually, the 

units of disintegrations/minute/cm2 are more meaningful from a scientific 

standpoint, than are the units milliroentgens/hour/cm2. Unfortunately, almost 

all field beta-gamma survey instruments, which are really designed to measure 

direct radiation rather than surface contamination, read out in terms of milli¬ 

roentgens/hour (including the most common field instrument in the military 

inventory, the AN/PDR 27; see appendix IV). A calibration can easily be made 

of art instrument such as the AN/PDR 27 to convert readings of milliroentgens/ 

unit time to beta disintegrations/unit time. The Biophysics Branch of the Air 

Force Weapons Laboratory (WLRB-3) is fully capable of performing such a 

calibration, for example. 

As regards alpha surface contamination the units of disintegrations/ 

unit time/unit area are especially appropriate because of the very limited range 

in air of alpha particles. The PAC-IS or AN/PDR-60, which is suggested for 

this use reads out directly in disintegrations (or counts)/mlnute (appendix IV). 

At any rate, the initial health physics survey of a package pre¬ 

sented for shipment, as described above, will be performed by a staff health 
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physicist (rom the agency or contractor presenting the package (or air ship- 
ment, when appropriate. 

Oí th* *lx types oí shipment discussed in this report, 
it ha. been recommended that two be shipped only under qu.liii.d escort 

These two categories are irradiated reactor (u.l and space reactor auxiliary 

power units. A. it ha. been determined that the shipment o( irradiated (u.l 

contain, th. highest element o( risk, what with th. possibility o( contaminated 

coolant leakage, the ever present ionizing radiation, and the ditticulty in¬ 

volved in handling the heavy cask, it 1. the recommendation o( this study that 

the parson designated to accompany this package be . (ully qualided and ex¬ 

perienced health physicist. In all probability, this person will be a stall health 

physics technician (rom the nuclear power plant which is originating the ship¬ 

ment ol irradiated («el. I, will be hi. duty to survey th. cask, both with 

radiac instrument, and visually, whenever any opération, are p.rlormed upon 

or with it. and at periodic Interval, during (light and storage. He will ensure 

compliance with those portion, ol th. health physics program dealing with the 

proper wearing o( (11m badge, and dosimeters and the recording ol dosimeter 

readings, recommend on-the-spot procedures which will result In minimum 

personnel radiation exposure to the loading and air crews, and at all times 

stand ready to advise the aircraft commander on any aspect oí the shipment 

dealing with the package. The most probable (though not at all highly so) 

accident which could occur during air shipment would be the leakage o( coolant 

(rom the cask. (Any more severe package (allure could occur only under 

transport condition, in which it would be highly unlikely that any aircrew 

member would be operative. ) In that instance, the health physicist escort 

would attempt to terminate th. leakage, determine whether and to what extent 

contamination ha. been spread, control personnel access to th. contaminated 

area, and advise the aircraft commander a. to the behavior to be expected oí 

the package (the ensuing rise in temperature, the possibility o( radioactive 

gas leakage Into the cabin, etc. ), and the advisability ol continuing the (light 

to th. destination given In th. (light plan. Obviously, this escort must be 

very (.millar not only with th. best In health physics procedures, but also 

With th. detall. OÍ the cask and content, and the many ways the package can be 

expected to respond upon being subjected to a variety ol conditions. It will 
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be the responsibility of the shipping agency to provide an escort so qualified. 

The air shipment of space reactor auxiliary power systems re¬ 

quires escort but not necessarily escort by a health physicist. This is because 

radiation, in any appreciable level, will not normally emanate from such pack¬ 

ages; a radiation hazard could be present only upon the occurrence of a severe 

dr crash, the kind which personnel aboard the aircraft could hardly survive. 

The prime functions of such an escort would be to ensure security throughout 

shipment and to ensure that any recording instruments (which may be record¬ 

ing shock loads, internal pressure, internal temperature) and neutron in¬ 

strumentation are operating properly. He should periodically check the 

mechanical integrity of the package, including the containment of inert gas, 

if such is included in the package, and of any instruments that may be provided 

to detect the leakage of liquid metal heat transfer fluid from the auxiliary power 

unit. It will be the responsibility of the escort to ensure that the package is 

properly handled during loading, off-loading, and tie-down. In the event of any 

unusual occurrence during flight the escort will advise the aircraft commander. 

In all probability, this escort will be furnished by the contractor who designed 

and built the auxiliary power unit; while he need not be a health physicist, it is 

imperative that he be fully acquainted with the details of the reactor design, 

the package design, and the response of the reactor to any condition it might 

encounter during transport. This last requirement will probably make it 

necessary to appoint a professional man, a scientist or engineer, to escort 

the package. 

In all six categories of shipment considered in this report 

(irradiated reactor fuel, new reactor fuel, radioactive wastes, contaminated 

tools and components, space reactor auxiliary power units, and space radio¬ 

isotope generator units), it is mandatory that the aircrews, and to some 

extent, the loading and off-loading crews be properly oriented as to the nature 

of the items they are dealing with. In every case, this responsibility falls 

upon the agency or organization sponsoring the shipment. While the sponsoring 

agency may well require the delegation of this task to an industrial concern, 

the responsibility cannot be delegated. If personnel, and particularly aircraft 

commanders, are to perform rationally in emergency situations, they must 

have an understanding of the nature of the cargo which they will handle. Such 
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pr.p.r.tt„„s as a ,p«i.I sh„rt cour8e (or tlw„ p„sonnf| should ^ c<)n_ 

..d,„d. I, U only upon .he .„ump.ion ,ha. per.onnel íully (amiliar with 

«he variou, pachage, and «heir as.ocia.ed hazard, will make up .he aircrews 

«ha« recommend.,ion. for «he une.cor.ed .hipmen, of new reacor fuel, r.dio- 

acnve wastes, contaminated tools and components, and space radioisotope 

generator untts are made. A point of safety philosophy inferred throughout 

.hi. repor, ha, been that the radioactive material, during shipment, must 

never leave the control of , responsible authority who understands the nature 

o the material and that, under.,anding being a graduated quality, the level 

of hi. understanding should be appropriate for th, item in que.,ion. „ ha. 

thu. been a judgment tha, a higher level of under.,.„ding is required on the 

par, of the cu.todi.l authority for irradiated fuel and space nuclear reactor 

unit, than for the other types of shipment discussed in this repor, and ,h, 

qualification, of the escort have been de.ign.ted correspondingly. 

^ r'COmm.nded ,ha, .1, personnel involved in ,he shipment of 
irradiated reactor fuel, r.dioi.otope generators, and radioactive waste be 

properly outfitted with film badges and dosimeters when in the near proximity 

I T ‘T i,ím- R'gardÍn* *he ‘"d «ntro. of radiation film 
bad,,.. ArR 16,-n. ..Film Badge Service. - i. very specific. The director 

of medical .ervices a, the home base of a„ the Air Force per.onnel involved 

«,11 requ.., the appropriate number of holder, and film packets from the USAF 

a o og.cal Health Laboratory located at Wright-Patter.on AFB, Ohio. The 
director of base medical services will s>iae> k_ , ax services will also be responsible for forwarding the 

«po.,d film back to ,h. Radiological Health Laboratory for evaluation. Film 

badge holder, originating from tha, laboratory will contain two films, one for 

quarterly and one for monthl, evaluation. The Radiological Health Laboratory 

«ill be responsible for filling ou, AF Form 1527. ..Dosimeter Film Exposure 

L .ting... and forwarding it to the submitting organization,. The laboratory 
will also fill out DD Form 1141 hrj . r 

r °rm U41, Record of Exposure to Ionizing Radiation " 
• • required by AFR 160-31. 

One acquainted w„h radiation health program.. ., practiced 

among ..radiation worker." e.pecially. may object that film badge, do not 

constitute a complete program, and that i. right. Frequent, periodic, and 

162 



WL TDK-64-81 

thorough physical examinations are also required. Fortunately, aircrews are 

subject to such examinations as a matter of course, due simply to the fact 

that they are on flying status. In the past, radiation workers have been subject 

to periodic hematological examinations as part of the radiation monitoring 

program. The National Committee on Radiation Protection no longer recom¬ 

mends these blood counts as a method of monitoring where film badge programs 

are adequate and where the personnel in question have not been exposed to very 

high Uvels of radiation. 18 The periodic examinations given Air Force person¬ 

nel on flying status by their flight surgeons combined with the film badge 

programs as specified in AFR 161-11, applied where appropriate, will con¬ 

stitute a completely satisfactory radiation monitoring program for any Air 

Force personnel involved in the air transport of radioactive materials. 

Regarding self-reading dosimeters of the IM-9 (C or D)/PD or 

IM -135/PD type, these should be furnished by the agency sponsoring the ship¬ 

ment and their use should be thoroughly explained to personnel unfamiliar with 

this type of sensor. With the shipment of irradiated fuel, the accompanying 

health physicist should periodically record dosimeter readings as part of his 

responsibility to control radiation exposure. With other types of shipments, 

the aircrew should be instructed to periodically check the exposure they have 

received, themselves, and to record those exposures at least daily. 

As the aircrews in question will probably not transport more 

than one radioactive item in several years, the film badges and dosimeters 

should be issued to them just prior to the receipt of the package and collected 

and forwarded to the appropriate agency just after the delivery is made. 

With the shipment of irradiated reactor fuel, radioactive waste, 

end, perhaps, radioisotope generators which are fueled wi*h beta or gamma 

emitters, it may be desirable to equip personnel handling the package with 

special film badges in addition to the regular variety which are generally worn 

on the chest. These special badges would be worn on the hands (either ring 

badges worn on a finger or a wrist badge, worn much like a wrist watch). 

The National Committee on Radiation Protection specifies that while an in¬ 

dividual radiation worker, in a given quarter year, is allowed no more than 

a 3-rem whole-body radiation dose, the hands and forearms, head, neck. 
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f«t. .nd ankle, may receive up to a 25-rem do.e. The .pedal badge, tor 

loading crew,, which would mea.ure the do.e to the hand, and forearm,, can 

al.o be requisitioned from the USAF Radiological Health Laboratory, through 
the director of ba.e medical .»rvic*. of the crew member.- home b..., 
according to AFR 161-11. 

(2) Flight operations 

The Military Air Transport Service and the troop carrier organi- 
¿ation, of the Tactical Air Command, those Air Force elements which would 

perform the transport operations discussed in this report, have compiled an 

exemplary safety record through the years under what have often been extremely 

adverse conditions. Indeed, it 1. only because of this record that on. can speak 
realistically of the airlift of nuclear reactor and radioactive materials As 

would be expected then, very little change is required in the normal pattern, of 

Air Force flight operation, to facilitate the transport of the., materials. Only 
ths following art suggested: 

la) Wherever possible.large centers of population should be 
avoided. It 1. . known fact that Mr traffic 1. more concentrated over .uch 

at... and the chance, of mid-air collision or other such catastrophe, are 

greater. With the possible spread of radioactive debris,, consequence of a 

crash, it is particularly undesirable that such a crash occur in a populated area. 

(b) All primary and diversionary stopovers and layover, should 
be mad. at military air bases. With some operations, security may be . con¬ 

sideration. This has been discussed previously. Obviously, security en¬ 

forcement 1. a much ...1er operation on a military base than at a civilian in¬ 

stallation. Also, there 1. a chance that mishap, may occur with the radioactive 

ptckage. which, while not catastrophic in nature, require some immediate 

remedial action. An example of this would be the leakage of some of the coolant 

from an irradiated fuel element cask. All military air base installation, have 

trained and equipped teams capable of dealing with radioactive contamination 

(AFR Î55-7 levies this requirement upon Air Force Installation commander.) 

Finally, civilian airdrome, will, again, mo., likely be situated very near or In 

civilian population center, and t, is desirable that overflight of such areas be 
avoidtd. 
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(cl Special aircraft-to-tower call-in procedures should be de¬ 

veloped. Similar to those specified in AFR 55-14 "Precautionary Measures 

for Aircraft Carrying Hazardous Cargo. " These should probably be in code 

to avoid unduly alarming the local populace and to provide additional security 

if such i. required. A, the transport of such material will, for some time to 

come, be a rather infrequent operation, the call-in code can be . special one. 

disseminated on a one-time basis for each shipment by the sponsoring Air 

Force agency to all possible departure and destination bases. This should be 

done at the same time that such base, are first mad. aware of such airlift 

operations and how the operations may affect the various bases. Sufficient 

time should be allowed for the different bases to make adequate preparations. 

If and when the time come, that such shipment, are made on a frequent basis. 

then the writing of an Air Force regulation such as AFR 55-14 would be 
appropriate. 

6- gBPCEDURES FOR INTFUMATIONAI. AIRt TFT 

A. soon as it become, apparent, in the definition phase of the design of 

a remote military nuclear power plant system, that the flight of reactor 

material, and radioactive item, over foreign territory is required, the re¬ 

sponsible Air Force project officer should seek guidance regarding the 

complexion of such operations. Such operation, may touch upon areas of 

international sensitivity and 1, would undoubtedly be wise for the government, 

of the nation, in question to be properly contacted and their concurrence to 

the planned operations, or the restraint, they wish to impose upon them, ob¬ 

tained prior to the issuance of any kind of public pronouncement by the Air 

Fore«, the AEC, contractor*, etc. 

The major clarification required will, of course, concern whether or not 

such operation, can be conducted. Among other things, it must be determined 

whether it .. worth risking the repercussion, which might result from a crash 

In the foreign territory in order to conduct such operations. If such operation, 

are allowed, then lesser area, of required clarification include the designation 

of civilian air fields where emergency landings can be made, most desirable 

flight plans, the question of whether and where cargo can be jettisoned in the 
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evf„, o, . mid-.lr em„gency, and thf communication channels wh.ch shouid 

be u.ed in the case of an overdue or crashed aircraft. 

Handling Requests for Foreign Military Rights." applies to 

p ations. Under AFR H-5, it will be the responsibility of the Air Force 

project officer for the foreign airlift operation, to request diplomatic approval 

for .uch operation, through the Deputy Director for Policy. Directorate of 

Hen.. Headquarter. USAF (AFXPD - PV). Air Force Commands for any lower 

on. thereof) are no, permitted to take .ep.rate or individual action on .uch 

matter. With out.ide agencies such a, the Department of Defense or the Depart¬ 

ment of State. AFR 11-5 .pecifie. the information tha, mus, be forwarded to 

H..d,Uarter. USAF. The time a, which .uch application for approval should be 

mad. i. .p.clfied within thi. regulation. Presumably, however, such 

be mid' “ SOOn ,S the ^ ^ operations 
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Appendix 1 

RADIATION PRIMER 

The different type, of radiation, di.cus.ed throughout thi. report are 

her. defined for the benefit of the reader unacquainted with nuclear phy.ic, 

1. Alpha particle« which are helium nuclei having two proton, and two 

neutron, each. They may al.o be referred to a. doubly ioniaed helium atom, 

a. each ha. the electrostatic charge of two po.itive electron., Bec.u.e of it. 

large mass <4. 00278 atomic m... units, amu) relative to other types of radia¬ 

tion. the alpha particle ha. . lower speed at a specific energy level than other 

type, and is easily absorbed in short di.tance, of air or fle.h. (The range of 

the 4. 4- and 4. 6-Mev alpha particle, given off from uranium-235, in .ir, run. 
from 1. 15 to 1.2 inches. ) 

2* fl-Eta partulci are nothing more than electrons, one of the basic 

building block, of the atom. The charge i. that of one electron, though it may 

be positive or negative in .ig„. The m... (0. 0055 amu) i. ,o .mall a. to be 

negligible for most con.ideration., Becau.e of thi«. the speed for a given 

energy i. con.ider.bly higher than that of an alpha particle and It. ability to 

penetrate i. greater. (The 0. 54-Mev bet. particle emitted from Sr90 ha. a 

rang, in air of approximately 2. 2 meter.. ) It 1. not a. meaningful to .peak 

of the range, through matter, of beta. .. it 1. to .peak of the range of alpha 

becau.e alpha., by nature of their relatively large ma... undergo little 

marked change in direction in their passage through matter while beta, are 

.ubj.ct to con.ider.ble .c.ttering, with frequent change, in direction, a. . 

re.ult of collision, with atomic nuclei and electron.. The mean di.t.nce of 

beta penetration may be misleading In that its path length within the material 

layer may have been much greater than Just the depth of the layer. Figure. 

.uch a. the 2. 2. meter, in air for 0. 54 Mev are acceptable for engineering 
approximations, however. 

3. ■Bltmutrahlung- When electron, (beta particle.) of high speed are 

•lowed down a, . re.ult of Interaction with matter, continuou. X-ray 

radiation called brc-n«.trahlung (or .ometime. braking or .lowing down 

radiation.) are produced. The.* are electromagnetic radiation, which may 
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- g.ven Off In « whol. .p.ctrum of .n.rgie., up to the maximum energy of 

f e electron. The.e electromagnetic radiation, of ahort wave length and great 

penetrating power are u.u.lly con.idered to be emitted in package, of energy 

called photon., though the.e photon, have no appreciable m... .. auch. There 

i. no electrostatic charge a..oci.ted with brem..tr.hlung radiation. 

■< tamma rnyi- In many In.tance., when a nucleu. .uffer. radioactive 

decay, the daughter (product! nucleu. i, not in it. lowe.t energy .tat. or 

ground «täte. Within a very .hort time of it. formation the nucleu. emit, the 

exce.. energy m the form of electromagnetic radiation, aimilar in character 

to X ray. .„d br.m..trahlung. The wavelength, and energie. emitted from a 

particular nucleu. are very well .pecifled at di.cret. level, by the quantum 

theory. Th... electromagnetic radiation, are. again, very penetrating, and 

unchargad. Th. .Welding eff.ctlven... for gamma incre.,,, with incr...,. 
in th* atomic number oí the absorber material. 

5. Mlttlroni - The neutron is another basic building block of the atom 

or more properly, the nucleus. It has a large mass (1. 00897 amu) and no 

charga. Th. «..ion proc... i. th. mo.t famou. .cure, of n.utron. although 

«h.r. ar. .om. .hort-llv.d r.dioi.otop.. that .mi, n.utron. by .p„„,.„.ou. 

uaaion and n.utron. may b. .mitt.d by ,h. infraction of alpha partid., with 

oron. litWum. or beryllium, or by th. interaction of mod.r.t.ly .nerg.ttc 

gamma ray. with d.ut.rium and beryllium. N.utron. infract with matt.r by 

abaorptlon into .».th.r nucl.u. or by «.«.ring r.th.r than by ioniaation a. 

do charged parttcl... Th. .W.ldin, .ff.ctiv.n... d.cr.a... with incr.a... 

In th. atomic numb.r of th. mat.rial Infracting with th. n.utron. a. 

light.r atom, "drain off mor. of th. n.utron'. kln.ttc .n.rgy 
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Appendix II 

RADIATION PROTECTION STANDARDS 

1. The purpose of this appendix is to present the definitions of the various 

unit, and types of radiation, and the philosophy of radiation protection and 

radiation protection guidance which pertains to air transport of radioactive 

material. Much of this appendix is taken from an excellent discussion of the 
subject contained in Ref. 21. 

2. The basic radiation protection guidance follows the recommendations of 

the Federal Radiation Council. 22 The Radiation Protection Guides ("defined 

as the radiation dose that should not be exceeded without careful consideration 

of the reasons for doing so") are taken directly from Ref. 22. 

The adoption of the Radiation Protection Guidance for Federal Agencies 

has effected a change in terminology for defining and describing maximum per 

mi.sible dose or exposure (MPD or MPE) a. stated by the National and Inter- 

national Committees on Radiation Protection (NCRP h ICRP).2^* ^ 

This report will use the terminology recommended by the Federal Radiation 

Council. The term "Radiation Protection Guide" replaces "maximum permis¬ 

sible dose"; "Radioactivity Concentration Guide," replaces the "maximum per¬ 
missible concentration " 

3. * Units of radiation dose and contamination measurement. 

3. 1 Dftfif unit!. The units of radiation dose are based on how the physical 

measurement was performed and on observed or postulated biological effects. 

The more frequently used dose units are the roentgen, the rad. and the rem. 

3.1.1 Rfltmgcn (r). The roentgen is the unit of exposure dose of gamma 

(or X) radiation for energies up to 3 million electron volts (Mev). One r is 

an exposure dose of gamma (or X) radiation such that the associated corpuscu¬ 

lar emission per 0. 001293 gram of air produce, ion. carrying 1 electrostatic 

•This part of the discussion is abstracted from Ref. 21. 
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ínlt le,u) quantity of electricity of either sign. At .tandard temperature and 

pressure, 0, 001293 gram of air occupies 1 cc. Restated, the r is a uni, of 

exposure dose for gamma and X radiation only (below 3 Mev) and expresses 

the ionization in air that is equivalent to the liberation of 1 e.u of change per 

cc of air under standard conditions. Likewise. 1 r is equivalent to an energy 

absorption of 87 erg. per gram of air. which is. in turn, equivalent to an 

energy absorption of 93 erg, per gram of mammalian tissue. 

3.1.2 fiad. The rad is the unit of absorbed dose. It is defined as the ab- 

sorption of 100 ergs of radiant energy per gram of material (tissue, etc ) at 

the point of inter,.,. The rad applies to any ionizing radiation and to any 
absorbing medium. 

3. 1. 3 fiim. The rem (rad-equivalent-m.n) is the dose of radiation that pro¬ 

duce. the same biological effect, in the particular circumstances, tha, would 

be produced by 1 rad of X radiation (generally at 250 kev). The rem applies 

«o all types of ionizing radiation. The dose in rem, is .q„., ,0 the dose in rad, 

multiplied by ,h, RBE (relative biological effectiveness! for the corresponding 

biological effect. The RBE is defined a. ,h, ratio between th, gamma „r X- 

radiation dose and ,h* dose of the radiation in question that is required to pro¬ 

duce the same biological effect. Different type, of radiation absorbed in a 

specific organ and delivering equal amount, of energy (ergs/gm) can result in 

different biological effect, on tha, organ. Although it ha. been observed that 

the different type, of ionizing radiation, produce qualitative effects that are 

indistinguishable from each other, they do no, necessarily produce quantitative 

effect, tha, are equivalent. Tha, is. the biological effect, from different radia¬ 

tion. appear to be the same, bu, ,h. magnitude, of these effect, may vary with 

the type of radiation, even though the energy delivered to the tissue in question 

is the same. The concept of the RBE quantitatively compare, the effect, of 
the various ionizing radiations. 

The r , rad, and rem units are all currently used. The r is used 

to signify gamma- and X-radiation exposure dose; the rad. gamma-, X-, beta-, 

and neutron-radiation absorbed dose; and the rem. the RBE dose for any type 

of radiation. For practical purposes, the r (equivalent absorption of 93 ergs/gm 

in tissue) and the rad (absorption of 100 ergs/gm in tissue) are considered 

equivalent for measuring gamma- and X-r.di.tion dose. However, .trie, use 

of the rad require, definition of the type of radiation and the material in which 

it was measured. The rem unit is used to signify the radiobiological effect. 
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on man, that is, the product of the dose in rads and an agreed conventional RBE 

valut with respect to a particular form of radiation effect. 

^ ÇpntftminftUoo units. The units for measuring radioactive contamination 

are based on the physical properties of the radioactive material and the contam¬ 

inated surface and on the method of measurement. Gamma-emitting contamin¬ 

ants are measured by their exposure dose rate (r/hr or mr/hr) at some specified 

distance from the source. 

Beta-emitting contaminants are usually measured near contact. Since 

measurements are usually measured with gamma-calibrated instruments, the 

type of instrument and the geometry of the measurement should be specified. 

Beta measurements are expressed in rad/hr or mrad/hr units, and should be 

interpreted to indicate only the approximate beta dose rate, since no common 

beta reference standard has yet been established. 

Alpha-emitting contaminants are measured by the surface activity of 

the contaminated object in units of counts per minute (cpm), or disintegrations 

per minute (dpm), per probe area of the measuring instrument. Again, the 

type of instrument and the geometry of the alpha particles measured by the de¬ 

tecting and counting system of the instrument, uncorrected for counting 

efficiency need be specified in any such measurement. The dpm unit corrects 

for the counting efficiency of the instrument, assuming that all the alpha con¬ 

tamination is on the surface. However, it should be pointed out that contamina¬ 

tion is generally absorbed into surfaces, so that the type of surface must be 

considered in estimating the absolute alpha contamination. Equal contamination 

on a smooth surface and a porous surface will produce different measurements, 

the smooth surface having the higher reading. Alpha contamination measure¬ 

ments, at best, are only qualitative. 

A comprehensive discussion of monitoring instruments and procedures 

may be found in Ref. 26. 

4. BA¿L£.JadjflUQn protection guidance. 

Exposure to ionizing radiation should always be kept to a minimum, since, 

strictly speaking, there is no such thing as a tolerance or permissible dose 

vicien nil the possible effects of radiation on the individual and on future genera¬ 

tions are included. However, it is often impractial if not impossible, to 
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eliminate exposure completely. Therefore, the problem is. in practice, to 

limit the exposure to that which is not an unacceptable risk to the individual 

or to the population. As stated in Ref. 21, -There should not be any man-made 

radiation exposure without the expectation of benefit resulting from such ex¬ 

posure . . . There can be no single permissible or acceptable level of exposure 

without regard to the reason for permitting the exposure. It should be general 

practice to reduce exposure to radiation, and positive effort should be carried 

out to fulfill the sense of these recommendations. It is basic that exposure to 

radiation should result from a real determination of its necessity." 

4. 1 Tabl2e23 Pr*B«nt* the Radiation Protection Guides for normal peacetime 

operations. Under "Type of exposure, " the radiation worker is one whose 

occupation entails exposure to ionizing radiation. The population refers to all 
others. 

Table 3 

RADIATION PROTECTION GUIDES22 

Type of exposure Condition Dose (rem) 

Radiation worker: 

(a) Whole body, head and trunk, 
active blood-forming organs, 
gonads, or lens of eye. 

(b) Skin of whole body and thyroid 

(c) Hands and forearms, feet 
and ankles 

(d) Bone 

(e) Other organs 

Population: 

(a) Individual 
<b) Average 

accumulated dose 

13 weeks 
year 
13 weeks 
year 

13 weeks 
body burden 

year 
13 weeks 

5 times the number 
of years beyond age 
18 

3. 
30. 
10. 
75. 

25. 
0. 1 microgram of 

radium-226 or 
its biological 
equivalent 

15. 
5. 

0. 5 (whole body) 
30 y«ar 5 (gonads) 
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4. 2 Under "Condition, " the accumulated dose specifies the accumulated 

(maximum lifetime) guidance dose for radiation workers, equal to (N-18) 

X 5 rems where N is the individual's age. The quarterly ( 13-week) guidance 

dose is 3 rems. This quarterly limit permits radiation workers to accumulate 

dosage at the rate of 3 rems/quarter or 12 rems/year if the accumulated dose 

is not exceeded. The term "body burden" listed under "Condition," signifies 

that amount of radioactive material in the body such that the resultant dose 

will not exceed the guidance dose. For the bone as the critical organ, the 

guidance dose is that dose produced by 0. 1 microgram of radium-226 or its 

biological equivalent. The critical organ is that organ of the body in which the 

radioactive material first produces the guidance dose. 

4. 3 For the individual in the population, the basic guide for the 1-year 

whole-body dose is 0.5 rem. This guide applies when the individual whole-body 

doses are known. As an operational technique, when the individual whole-body 

doses are not known, a suitable sample of the exposed population should be de¬ 

veloped whose protection guide for yearly whole-body dose will be 0. 17 rem 

per capita per year. It is emphasized that this is an operational technique that 

should be modified to meet special situations. ^ 

4. 4 Dosage is controlled by limiting (1) the external body exposure to radio¬ 

active materials or radiation-producing equipment and (2) the internal body ex¬ 

posure to radioactive materials taken into the body by inhalation ingestion, and 

absorption. The Radiation Protection Guides of table 3 establish the limiting 

external and internal doses for normal operations. 

4. 5 The external exposure is conveniently controlled by limiting dose rate 

and/or stay-time (time the radiation workers spend in a radiation field). The 

control of internal exposure (that is, exposure of the active blood-forming 

organs, glands, bone, and other organs of the body due to the inhalation, in¬ 

gestion, or absorption of radioactive materials into the body) is controlled by 

limiting the stay-time and the amount of radioactive contamination in air and 

water, and on surfaces of objects. The contamination levels that will not 

produce a dose greater than those specified in table 3 are defined as the 

Radioactivity Concentration Guides. The Radioactivity Concentration Guides 

are based on such levels of contamination and conditions of exposure that the 
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Radiation Protection Guides will not be exceeded. For example, the Radio¬ 

activity Concentration Guide for air contamination is based on that concentra¬ 

tion of radioactive aerosol, normally specified in units of microcuries per cubic 

centimeter (^c/cc). for the conditions of 40 hrs/wk occupational exposure, such 

that the Radiation Protection Guides in table 3 are not exceeded. 

4. 6 If a radiation worker is subjected to both external and internal exposure, 

as for example with a person working in a contaminated area, then the radiation 

guidance for external exposure and the concentration guides for internal ex¬ 

posure must be adjusted so that the basic guides in table 2 are not exceeded. 

Npimal and special radiological operations 

Those radiological operations that can be performed without exceeding 

the Radiation Protection Guides for peacetime operations may be classified 

as normal apfiatiom. However, there are some operations that cannot be 

conducted expeditiously within the quarterly guidance dose of 3.0 rems. 

5. 1 The alternatives to exceeding the quarterly guidance dose are to delay 

operations or to rotate personnel so as to conserve individual dosage. However, 

neither alternative may be effective because of the urgency of the program 

(time and scheduling requirements) or the lack of sufficient personnel for 

effective rotation. Also, the monetary cost may be excessive. Therefore, the 

Federal Radiation Council recommends establishing that 

allow personnel to receive 12 rems/year without limitation on the time period 

in which this dose is received provided the accumulated dose, (N-18) x 5 rems, 

is not exceeded. It is believed that acceptance of this guidance for special 

operations will not appreciably increase the risk over that of the basic guidance 

(table 2). However, in keeping with the principle of minimizing dose whenever 

possible, it is prudent to establish special operations only when they are opera¬ 

tionally warranted. A special operation is not a license for relaxed rad-safe 

procedures, but rather it is a statement of a critical operational demand re¬ 

quiring detailed planning and strict rad-safe controls. 

6. Internal radiation hazard« 

Table 3 presents the Radiation Protection Guides for all conditions of 

exposure. To assist in the control of radiation received by personnel, Radio¬ 

activity Concentration Guides are recommended for sources of potential internal 
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body exposure. Interns! body exposure results from radióse,ive ms,erial being 

inhaled, ingested, or absorbed into the body. Once within the body, they emit 

radiation continuously until eliminated or decayed. Different elements accumu¬ 

late preferentially in different organs. The organ in which a given radio¬ 

isotope alone firs, produces the guidance dose is called the critical organ for 

that isotope. The body burden is the amount of radioactive material in the body 

The guidance body burden for a specific i so,ope i s tha, amount of the i so,ope 

that will produce an exposure equal to the guidance dose specified in table 3 

w„h a given exposure rate (usually 40 to 16R hours/week). For a discussion 

of the hasards involved in the air transpor, of nuclear materials, the Radio¬ 

activity Concentration Guides are no, applicable. This is because these speci- 

ications are evaluated for long exposure times to nuclear plan, effluents or 

radioactive wastes discharged to the atmosphere or water supply of inhabited 

areas. While similar biological uptake mechanisms exist for loading or air 

crews via the "hand to mouth route" for liquid, and/or the inhalation of steam 

or coolant vapor puffs (of short stay time.) following the spillage of liquid 

radioactive waste or the loss of contaminated coolant from a fuel element cask 

the exposure time, of these personnel would be much smaller than those for 

which the Radioactivity Concentration Guides are calculated. Such guide, for 

each given situation could, however, be calculated for the air transport of 

radioactive materials provided the following are specified: 

Method of Mptakf 

Relative .camiiiiirations of the different 

Exposure 

A, the above-mentioned items vary so widely with different hypothetical 

accidents, concentration guides cannot be used for the planning of either indi¬ 

vidual air shipment, or container designs. Hence, those concentration, com¬ 

piled in Ref. ¿4 will be disregarded and the calculation of other concentration 
guides will not be considered. 

6. 1 

6. 2 

6. 3 
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Appendix III 

PROPOSED CRITERIA FOR IRRADIATED FUEL ELEMENT 

CONTAINERS INTENDED FOR AIR SHIPMENT 

1« Introduf^pn 

prOp0,,d ,p,cl(lc»«on .... forth p.ck.jing d..lg„ crit.rl. .„d 

TsTtT . *h* 0Í ,rr,<ü“'d nUcU‘r «1«-«"«. on 
ni re raft. Thl. .p.ctfic.tlon .ppll«. t0 both n.w .„d u.,d contain«.. 

ny ...rioMtion In th. prop.rti.. h.r. li.t.d .. . r..uit of u..g. which 

““•* *h‘ COn,‘ln" ‘o '*» -hör« of .ny of th... cHtari. r.nd.r. th. container 
unacceptable for further usage. 

2. Nucleoni rT 

!i.her: ^ ,r*n,POrU*l0n OÍ «>*■»•«. will be permitted only 1, 

2.1.1. The number of fuel element. . c..k do„ „c„d 75 ( 

»Cttir«" r*qUlr*d ,0 ‘C“'V* eri“C*1,,y Und" ,h* COnditl°"* 2- 2 of thi. 

,bTh* ■"*C,iV* n*atr0n mUl“PllC*,l0n COn,,"t k.„ • “oe. no, exceed 0. 9 
dita T* COn<li'i0n•• ,A «»-«•fining ch^n nucle.r re.ction or criti¬ 
cality i. taken to occur when k#ff equal, unity. ) 

1' drrr,rng wh'th,r ,ith,r o< th* e°ndiuon* m p.r.gr.ph 2.1 exists, the following assumptions shall be made. 

2. 2.1. Water i. in and around ,h. ca.k in .»ch qu.ntttte. and ,o dl.tributed a. 

«O eau., maximum r.acüvity. If more than trac, quanti«,, of beryllium 

graphite or heavy water are pre.ent. then further evaluation i. required. 

LY l!' "IT Wl,h irr*di4,ion' ,h* f«> •lomante are unirr.di- 
to th “ rZ ,nert*"' -1111 ‘eradiation, the fuel element, are irradiated 
to the condition of maximum reactivity. 

2. 2. 3. Fuel element, are in th. mo.t reactive array, uni... the propo.ed 
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•pacing will ...ur, ,„8 than maximum riactivlty and the fuij csnnot 

be rearranged into a more reactive array. 

2. 2. 4 Structural m.fri.U. including .p.c.r, .nd neutron poi.on. intentionally 

U1“ into ,he ca,k 'opponent, or iuel element, may be con.idered if their 

effect!vene.» a, neutron poi.on. cannot be reduced by application the ca.k 

of the force, de.cribed in .ection 9.. by melting of ,h. fuel or neutron poi.on 

or by any other cau.e under normal condition, of tr.n.port or in the event of 
an accident. 

3* Radiation «hirlriing 

3. 1 The external radiation level .hall not exceed 200 milliroentgen. per 

hour at the acce..ible .urface of the ca.k or of the external .tructure. if u.ed 

or 10 milliroentgen. per hour at a di.tanc. of 1 meter from the acc.ible »ur- 

face of the ca.k or the external .tructure. except that when tr.n.port of a 

•ingle ca.k ha. the exclu.iv. u.e of an aircraft or other vehicle the radiation 

level .hall not exceed 200 milliroentgen. per hour a, the acc.ible .urface of 

the ca.k or 10 milliroentgen. per hour at a di.tance of 3 meter, from .uch 
surface. 

3. 2 The shield shall be .o con.tructed that in the event of the escape of all 

substances which are liquid ., ordinary temperature., and in ,h, even, o, lo.. 

of all external .hielding which i. no, an integral par, of the ck. radiation 

level, will no, exceed 1 roentgen per hour a, a dl.tanc. of 1 meter from ,h. 

accessible .urface of the ck. Shielding provided by any .olid coolant may 

be taken into account in determining compliance with thi. paragraph only if 

that coolant will remain in ,h. ca.k in ,h. event of any accident. 

3. 3 Shielding .hall prevent beaming of radiation to the exterior of the 

ca.k, and .hall be free of void, other than controlled void, de.igned to contain 
shielding in the event of melting. 

3. 4 Shielding .hall be .upported in the ca.k so that i, cannot change 

position or configuration under normal condition, of tr.n.port. The inner .hell 

of the ca.k .hall be .upported .o that it will no, be di.pl.ced if the .Welding 
should melt. * 
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,: A"y °r °,h" a,,,Chmen,s might contain radioactivity 
ring ,hl t ,hall be shielded ln accord„nci with paragraph 3 2 of ;his 

aa a P055Íbl",y ^ P^ary cooian, 

elements. “ eXP‘n',0n 0r ,he r*Ua8* of «dioactive gas from fuel 

3.6. Prior to the first use of any cask th* wi 
-u il j . ^ resPon*lt>le shipping authority 
shall determine the effectiveness of the cask «Hí-ihí , . Y 
abs.nr. f U k shlelQin8 and shall establish the 
b, nee of cracks, ptnho.es, uncon,rol,ed void, or other defects. Prior to 

exter^T* a,ny »»all determine that the 

paragr phT; ' ^ l0adid ^ th' Usions 

4. Heat dissipation 

... - - ure wiu not, at any time, exceed 180°F. 

<• 1.2. Any coolant or cooling system meet, the following conditions: 

ZZ - “ =---- -- ». 
"he mo!; rai0n “ made ,0 Pr*V*n* -y Uquld coolant under 

loadT ?".. ,0 b* in,iCipi,*d W“h “"y Proposed fuel 

earth , I adV*r" "'"'h" COndl,ion* 'or ,h* different region, of the 
arth are to be taken a. those given in Mil Std 210. Any antifreeze is to be 

whûhTJh, T ?" T’ Under ,UCh clrcum,,>nc**. undergo chemical change 
which might impair the efficiency of the cooling system. 

«• 1.2.3 The temperature of any liquid primary coolant will remain .t 

Zrr Fdbel°; Í,a b°i,ing POlnt at ,ha anttCipa,*d pressure Within the cask, under the condition, described in paragraph 4. 2. 

I?.: (A7 prim,ry COOl,‘n, WiU n°‘ o*“” •‘«uific.n, corrosion o, ,h, fuel 
el ment, fuel element ci.dding or any interior surface of the cask, or react 

ad* any component, o, fuel element, or ca.k with which i, might com. in 
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4. 1. 2. 5. The gage pressure of the primary coolant will not exceed SO pounds 

per square inch or 50 percent of the design pressure, whichever is lower. 

4. 1. 3. The maximum surface temperature of any fuel element will be no higher 

than the highest of the following: 

4. 1. 3. 1. 300 degress F ; 

4. 1. 3. 2. The maximum temperature w’hich the type of fuel element has main¬ 

tained during at least 30 days of irradiation in an operating reactor, without 

failure of any portion of the fuel element, as measured directly or calculated 

from experimental data; or, if the type of fuel element has not been irradiated 

for at least 30 days, then the average temperature which the type of fuel 

element has maintained during the maximum period of irradiation and not less 

than two days; 

4. 1. 3. 3. 300°F below the failure temperature of the type of fuel element, 

with due consideration for the irradiation and decay history of the fuel elements 

to be shipped in the cask. 

4. 1. 3. 4. For the purposes of this paragraph, failure temperature shall be 

considered to be the minimum temperature at which initially sound fuel elements 

of the character and amount being considered as the cask load will, within 48 

hours, release to the primary coolant 100 curies of beta-gamma radioactivity 

or one curie of alpha radioactivity. In no case may failure temperature be 

taken as higher than the melting point of the fuel or cladding, whichever is 

lower. 

4. 2 The cask shall be so constructed and loaded that, in the event all liquid 

or gaseous coolant should be lost but solid coolants including granular solids 

remain in the cask, the maximum surface temperature of any fuel element will 

not exceed a temperature of 100°F above the temperature specified in sub¬ 

division 4. 1. 3. of this section. Fuel element surface temperatures may exceed 

the melting point of the cask shielding material if melting of the shielding 

material will not occur. 

4. 3. Computation of the temperature within the cask shall in every case 

assume ambient air at 100°F without wind, with maximum solar heat load 

anticipated for the proposed route (as given in Mil Std 210) and conditions of 
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■hipment* »nd, 

■ection, loes oí 

radiation. 

ln th« clrc um stances described In paragraph 4. 2. of this 

any sun shade or enclosure which would Interrupt solar 

*. * Prior to the first us. of any cask, the license, shall experimentally 

ver fy the calculated heat transfer characteristic, of the cask and any mechani- 
cal cooling device under normal conditions of transport. 

4 5 Mean, .hall be provided for measurement, either directly or indirectly 
of the Internal cask wall temperature at any time. 

5- C»»h pressurization .„d ie.k.g. 

he cask shall be capable of withstanding a design pressure equal to 

an Internal gag, pressure of not 1... than 30 pound, per square inch or twice 

the operating pressure, whichever is greater, with str.which do not 

exceed the yield strength of th. material of which the cask is composed. 

5. 2. Mean, ,h.n be provided for applying . ,0 that th( Ud clnnot be 

opened without destroying the seal. 

; ; pipln*' *xPnn.ion tank, and other external functional part. 
Of the cask shall be protected from mechanical damage ,o be anticipated 

»ring normal handling and transport. Any such part projecting beyond the 

contour of ,h. body of ,h. cask or ,h. lid shall be .o constructed or protected 

at mechanical damage will not cause loss of shielding which would permit 

^ ”dUtt0n ,0 "C«*d 1 r”n'«*n p« hour at any point on. meter from 
the accessible surface of the cask. 

• • Any valve, other than pressure relief oevices. through which primary 

coo an. could leak during transport to such an extent that the level of radiation 

could exceed 1 roentgen per hour a, . distance of on, meter shall be protected 

by a ...led, gasketed or welded closure adequate retain „.k.g. .„d shield¬ 

ing sufficient to reduce radiation to that level. A means shall be provided for 

electing and ..f.ly removing coolant which may leak through any such valve. 

5. 5 Any valve through which primary coolant can flow shall be provi ded 
with . lock, which shall be locked during transport. 

5. 6. Any cask in which the operating pressure exceed, atmospheric pressure 

during transport shall be equipped with a pressure relief device which will 
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prevent exceeding 75 percent of the de»ign pressure prescribed by paragraph 

5. 7. Each cask vent or pressure relief device shall be equipped with a filter 

capable of removing at least 99. 9 percent of particles greater than 0. 3 micron 

in size, and of sufficient capacity for the maximum rate of discharge of the 

vent or device. The filter shall be protected against impairment of efficiency 

by mechanical shock or absorption of moisture. 

5. 8. When the total amount of iodine 131 which will be released from the 

fuel element under the conditions specified in paragraph 4. 2. exceeds 10 curies 

or the amount of iodine 129 which will be released under those conditions exceeds 

1 curie, the pressure relief system shall be equipped with an iodine gas re¬ 

moval device having a removal efficiency and retention capacity in the antici¬ 

pated temperature range adequate to reduce the total iodine which may be 

released from the cask to those quantities. 

5. 9. In any case in which an explosive mixture of gases or of gas and 

vapor may accumulate within the cask, provision shall be made to prevent 

explosion by equipping the cask with a flash arrester, prepurging void spaces 

with inert gas, adding an appropriate catalytic re-combiner, or assuring that 

the maximum temperature of the fuel will remain under all circumstances, in¬ 

cluding loss of all liquid or gaseous coolant and with all mechanical cooling 

devices being inoperative, at least 200°F below the ignition temperature of the 
explosive mixture. 

5.10. Mean» «hall be provided, either by a «ampling port or pipe connection 

or otherwise, for obtaining sample« of gas or liquid coolant in the cask while 

the lid is in place and the cask is in the vehicle or vessel. 

5. 11. Means shall be provided for safely equalizing the internal pressure of 

the cask with the pressure of the atmosphere. 

5. 12. The pressure relief system shall have sufficient capacity to avoid a 

pressure surge exceeding the design pressure of the cask in the event of steam 

generation resulting from the introduction of water after loss of gas or liquid 
coolant. 
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5. 13. Pipe connections shall be provided caoabU u 
H oviaea capable of removing substantially 

all liquid from the interior of the cask while the lid is in place. 

5. 14. Activity Of coolant. If a.l or any par, of ,h, primary coolant is liquid 

or gas. the responsible shipping agency shall tahe a representative sample of 

he coolant prior to each shipment. The sample shall no, be taker, until a, 

1«., 4 hour, after the fuel element, and the primary coolant have been 

P .ced in the cask. The responsible shipping agency shall measure the acti¬ 

vity of the sample and the following limit, „f activity shall no, be exceeded: 

Liquid coolant: 

10 curie of beta or gamma activity per milliliter. 

10 

Gas coolant: 

.-7 

curie of alpha activity per milliliter. 

10 curie of beta or gamma activity per milliliter. 

10 curie of alpha activity per milliliter. 

5. 15. Prior to shipment, the licensee shall determine tha, the internal 

pressure of the cask will „0, exceed 40 pounds per square inch gage or 10 

percent of ,h. design pressure, whichever is 1,,,. „nd„ normal condition! 
of transport. 

5. 16. Pressure Test. Prior to each shipment, the licensee shall tes, the 

loaded cask w„h primary coolant in place for leak,igh,ness using an interna, 

pressure at 1..,, 50 percent higher than the maximum anticipated internal 

prsssurs, and in any svcnt not ic , ««y «vem, not less than 15 pounds per square inch. 

6- Temperaturf 

The ( asks shall be capable of withstanding exposure to the following 

low temperatures, under the condition, specified, for a period of 24 hours, 
without loss of shielding or cooling efficiency. 

6.1.1. General world-wide use: Paragraph 2. 2. 1. 0f Mil Std 210 "Climatic 

Extremes for Military Equipment, " will apply. 
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6. 1. 2. Arctic wintir u.e: Paragraph 2. 2. 1. of Mil Std 210 will apply. 

6. 1. 3. Moist tropica: No specification i. made (paragraph 6. 1. 1. applies). 

t>. 1. 4. Dry desert: No specification i , made (paragraph 6. 1. 1. applies). 

6. 2. The casks shall be capable of withstanding exposure to the following 

high temperatures, under the conditions specified, for a period of 24 hours, 

without loss of shielding or cooling efficiency: 

6. 2. 1. General World-Wide use: Paragraph 2. 1. 1. of MU Std 210 will apply. 

6.2.2. Arctic winter: No specification i, made ( paragraph 6. 2. 1. applies). 

6. 2. 3. Moist tropics: Paragraph 2. 1. 3. of Mil Std 210 will apply. 

6.2.4. Dry desert: Paragraph 2. 1. 1. of MU Std 210 will apply. 

6. 3. An application for waiver from any of these temperature specifications 

may be made by the sponsoring agency If it can be proved, conclusively, that 

the cask will never be subject to such temperature extremes in any future use. 

7. Humidity 

7. 1. The moisture contained in any atmosphere the cask may encounter, for 

a period of 24 hours, shall in no way impair the shielding or cooling efficiency 

These environments, for the different conditions specified, are: 

7.1.1. General world-wide use: Paragraph 2. 3. 2. of MU Std 210 shall apply 

as regard, high humidity extremes while paragraph 2. 4. 1. shall apply a. 
r*8’®rds low humidity extremes. 

7. 1. 2. Arctic winter: Paragraph 2. 3. 3. of Mil Std 210 shall apply as regard, 

high humidity extreme, while paragraph 2. 4. 2 shall apply ., regard, low 
humidity extremes. 

7. 1. 3. Moist tropics: Paragraph 2. 3. 2, of Mil Std 210 shall apply ,, regard, 

high humidity. There is no specification made for low humidity. 

7. 1. 4. Dry desert: Paragraph 2. 4. 6. of Mil Std 210 shall apply a, regard, 

high humidity while paragraph 2. 4. 4. shall apply .. regard, low humidity. 

8. Blowing sand and di^t 

Blowing sand and dust conditions, as specified in Mil Std 210 shall not 
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:::r;:o,th*in,id* °f ,h* eonuin*r «,n ^ ^ «>. .«..<«», », :::: rrrr,h* e*,k- -—- - 
8. 1. 

8.2. 

9. 

9. 1. 

Rlnurin*. «mmJ. T-* .. .... 
-- * •*«K*»pn 4. o, 4. ¿. ol Mil Std 210 

Blowing dust: Pnr.gr.ph 2.8. î. l. 0i MU Std 210 

Structu»»! fntffrlîy 

Ty C“k- r,«*rd*d » • -mpl* b..m *apport.d ., lt. .„d. .,0„e th. 
» or „d,. .h.,! b, onpnhl» oí wlth.t.ndi»g . .utlc lo.d, notm.1 to th. 

,hrr;rorm:y ?,ribu,*d “on*,h* m,j°r **“ ^ “> ^ 
th. ..k ;;,k When ÎUUy l0»d*d "“'«o“* ‘h. ultlm.,. strength 

of the cask, considered as a whole. * 

2' Th* em,K *1,h,r *lor* or ln c°mbin.tlon with .ny shock .bsorblng 
. ructur. securely fastened ,0 it, .„.u be c.p.bl, oí withstanding .n lmp.ct 

ore. in «direction norm.1 to .ny side. Including the top or bottom, „used 

in ‘7 tl°' ,h* l0*d,d C,,k ,hro“«h * <“•“»« Ol 15 feet upon .„ „„yield- 
ng horizontal flat surface, without either: 

9.2.1. Exceeding th. ultim.t. strength ol .ny .tructur.1 portion ol ,h. c.sk. or 

9.2.2. Detormlng the c.sk to .„ extent which would permit th. e.c.p, ol !„.l 

. men,, or portton. ol them or permit ,h. level ol extern., r.di.tton to exceed 

^roentgen per hour ., .ny point on. meter Irom .„y .cessible surface ol th, 

th.An 7" r’“1 ,0 60 ,h* Wti«ht 0f “» >««**<• ck .nd fasting no, ^Zrl'Z m*y b* dMm*d — - — -c. described 

ItL 7 “Vnd ,h* hd Cl0,ln* mtehtnim- bolts, clumps .nd 
er poslttv. fastening devices, sh.ll be c.p.bl. ol withstanding . farce in 

:::k z'T* 60 ,in’*’,h* w*i,ht oi ,h*ud ,nd th* c°n,*n‘* ^ 
W. fah o^th T dPr0j*CU ‘bOV• ,h* b0dy 0f ‘h* -k' “ >*»* 19 «me. ,h. 

.trenlh 1 fa “‘k **”" “ "y POlM »he ultlm.,, 

.«rength ol the m.tert.1. Th, dur.tlo» ol th, .pplfad farce sh.ll be ...umed 
to be not less than 16 milliseconds. 
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9. 4. Fu«l element holder, .h.11 be .d.qu.t, ,o protect fuel element, from 

mechanical damage under normal condition, of tran.port. and to avoid criti¬ 

cality when the ca.k 1. .ubjected to the force, de.cribed in 9.1.. 9. 2. ,„h 

9. 7. if pre.ervatlon of the geometry of the fuel element. 1. nece..ary for 
that purpose. 

9. 5. Neutron poi.on. .hall be .o con.tructed and in.talled that application 

to the ca.k of the force, de.cribed in 9.1., 9. 2. and 9. 7. will not re.ult in 

lo.. of efficiency and .o that built-in neutron poi.on. will remain pre.en, and 
effective at all times. 

9. 0. Any internal container for on. or more fuel element, .hall be le.ktight 

and .hall be so con.tructed that the maximum .tress in the material of the 

container will not exceed the yield strength under normal condition, of «rans- 
port. 

9. 7. Exterior and attachments. Every exterior surface of the cask shall be 

capable of withstanding a force equal to 30 times the weight of the loaded cask. 

applied normal to that surface and over any circular are. 6 inches in diameter 

without exceeding the ultimate strength of ,h. material of which th, exterior 

.»rf.ee i. constructed. Th. duration of the applied force shall be assumed ,o 

be no, less than 16 milliseconds. An exterior surface of steel with a total 

thickness equal to or greater than that indicated below satisfies the require- 
ments of this paragraph. 

Loaded cask weight 
(in pounds) 

5. 000 to 20, 000 

20, 000 to 30, 000 

30, 000 to 40, 000 

40, 000 to 55, 000 

55, 000 to 70, 000 

70. 000 to 90. 000 

Thickness of steel 
(in inches) 

3/8 

1/2 

5/8 

3/4 

7/8 

1 
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10. Vibration 

Th. cask .hall b. capable oí wlth.tandlng vibration incident to ehlpment 

without Impairing the integrity o( the cloture or of the caek it.elf. 

The following fr.qu.ncie. will be regarded a. r.pr.e.ntativ. of tho.e 
to be encountered in military aircraft: 

F requenciea 
(c/e) /7--- ,---Half amplitude in Inched__ 

Central region Power unit region Extremities 

3 

15 

30 

50 

100 

150 

400 

500 

0.010 

0. 009 

0. 008 

0. 006 

0. 004 

0. 003 

0. 001 

0.001 

0.015 

0. 014 

0. 012 

0. 005 

0. 004 

0. 001 

0. 001 

0.033 

0. 016 

0.013 

0. 009 

0. 005 

0. 003 

0. 001 

th Jhe C,,Sk and lt’ <‘f any) shall be able ,o endure 
the., vibration, at each frequency for a period of 3 hours. 

11 • ff-elghi. »Ue. and floor pressure in «i.-Tllff 

Individ T!T TWMt C1,k WeÍghU f0r miUUry lir tran,Port shall be computed 

“ “• " - ~ ....... 

11. 2 The allowable pall,, f.oor loading, will be taken a. given in the -9 

technical order for the particular aircraft in question. 

11. 3. The allowable, overall dimen.ion, of the package (to include cask 

p. et. crash frame, and other attached items) are to be taken a, given in the 
appropriate -9 technical order or U S Air Fore, c ir . n 
.. . , , ArForc'sP«ihcation Bulletin 518 for 
the particular aircraft in question. 
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11.4. If at all possible, the cask pallet should be designed to be compatible 

with the Air Force's 463L, Materials Handling Support System. 

12. Hch-üP points and tie-down fitting« 

12. 1. The design of every cask whose destination, when loaded with irradiated 

fuel elements, is the Idaho Chemical Processing Plant (ICPP) must be in com¬ 

pliance with the "General Cask Acceptance Criteria" (Subappendix 1) and the 

"Special Cask Design Requirements at the I. C. P. P. " (Subappendix 2) as issued 

by that facility. The design of every cask whose destination, when loaded with 

irradiated fuel elements, is the Savannah River Plant, must be in compliance 

with the "Cask Acceptance Criteria, Receiving Basin for Off-Site Fuels, 

Savannah River Plant" as issued by the USAEC, Savannah River Operations Offic 

(see Subappendix 3). The general acceptance criteria require that the cask must 

be approved by the Bureau of Explosives (of the Association of American Rail¬ 

roads) for the shipment of the specific material involved and that this approval 

must be evidenced by a Bureau of Explosives approval number inscribed on the 

container and by a copy of the request for approval along with the approval of 

the Bureau of Explosives made available to the AEG office administering the 
receiving site. 

12. 2. The cask shall be provided with adequate hooks, handles, trunnions, 

skids, base plate, or other devices which will permit adequate tie-down and 

support during transport and facilitate normal handling. 

12. 3. Any device which is attached to the cask and which is designed or could 

be employed to tie the cask down during transport shall be sufficient to with¬ 

stand a static force having a vertical component of 2 times the weight of the 

loaded cask (up) and 4. 5 times the weight of the loaled cask (down) and a 

horizontal component of 10 times the weight of the loaded cask without exceeding 

the yield strength of the materials in the device. 

12. 4. Any device which is attached to the cask and which is designed to lift 

the cask shall be capable of lifting 6 times the weight of the loaded cask without 

exceeding the yield strength of the materials in the device. 

12. 5. Any device which is attached to the cask and which is designed to lift 

the lid shall be capable of lifting 6 times the combined weights of the lid and 

contents of the cask without exceeding the yield strength of the materials in 



the device. If the device is attached to the lid during transport, it shall be 

securely covered and marked unless it complies with paragraph 12. 4 oí this 
section. 

12.6. Any packaee (cask and ni»1l«fl u_ . », . » -• —— •• •** *»« u* uemg jemsoneo 
from an aircraft having a sufficiently grave in-flight emergency must meet 

the general design requirements for parachftte equipment as given in the -9 
technical order of the aircraft in question. 

13. Material« 

13. 1. The cask shall be so constructed that decay heat will not, under normal 

conditions, significantly impair its effectiveness as a shield or container 

either through melting of the shielding or cracking of the cask, cause any in¬ 

ternal fuel container to melt, or alter the form or nature of the fuel. 

13. 2. Materials of which the cask and any components or internal structures 

are constructed shall be such that there is no significant chemical, galvanic 

or other reaction between them or with fuel elements. Military Standard MS 

33586, ''Metals, Definition of Dissimilar, " will apply. Metais classified as 

dissimilar will not be brought into intimate contact with one another, unless 

it can be proved that galvanic interaction will not occur. 

13. 3. All welding and brazing of the cask shall be performed in a workman¬ 

like manner, free of significant defects, and shall provide a mechanical joint 

efficiency of not less than 85 percent. The melting point of any brazing 

materiil shall not be lower than 1000 degrees F. 

13. 4. Uranium or any other aubatance having a melting point lower than 

1000°F uaed aa ahieldlng ahall be completely encaaed in welded mild ateel or 

other material having a melting point higher than 1000°F. having all jointe 

welded and having a minimum-wall thlckneae o£ 1/S Inch for not more than 6 

Inchea of ahieldlng thlckneae. If .Welding material ha. a melting point lower 

than 1000°F. a provi.ion .hall be made for aaeuring. by deformation of the 

container walla or controlled void, in the .hell or almtlar mean., that the 

welded .hell will not rupture if the c.ak 1. expo.ed to a at.nd.rd one-hour fire 

aa defined In paragraph 14 to tW. .pacification. The u.e of fu.lble plug, or 

dl.c. or other type, of vent, in order to avoid rupture of the welded ahell 1. 
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prohibited if such use could result in loss of shielding to such an extent that 

the level of radiation could exceed 1 roentgen per hour at a distance of 1 meter 

from the accessible surface of the cask. 

13. 5. Any hole drilled in the body of the cask and extending into low melting 

point shielding material shall terminate within a boss pad welded to the shell 

of the cask body through which the hole penetrates, unless loss of shielding 

material through the hole cannot occur. 

13.6. Any piping passing through lead shielding shall be so installed that 

damage will not result from settling or deformation of the lead during handling 
and transport. 

13. 7. Neutron poisons. The licensee shall perform periodic tests to establish 

that any built-in neutron poisons are present and effective in accordance with 
the approved cask design. 

13. 8. All inner cask surfaces which are likely to be contacted by the coolant 

will be of stainless steel or other material capable of being easily decon¬ 

taminated. All external surfaces must be accessible for decontamination. 

14. .Survivability in firf 

14. 1 Tne cask and shield shall be adequate to prevent reduction of effective¬ 

ness of shielding which would permit radiation levels in excess of the limits 

prescribed by paragraph 3. 2.or loss of radioactive materials, as a result of 
the action of the standard one-hour fi re, water, and the application to the cask 

of the forces described in paragraph 9. ; corrosion and pressure; contamination 

of the surfaces of the cask and shield; and explosive or other effects of the 

gases which may be generated by radiolytic. chemical or other processes 

14. 2. The "standard one-hour fire" mentioned in thi 

for one hour to a fire in which the following temperati 

various times after the beginning of the fire: 

is part assumes exposure 

ures are reached at 

1000 degrees F after 5 minutes; 

1300 degrees F after 10 minutes; 

1550 degress F after 30 minutes; 

1700 degrees F after 1 hour. 
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NOTE: Tht »t»nd*rd flr« 1« dticrlbed in »pecidcatlon« oi th« 

National Fire Protection A.sociation (NFPA, No. 251) and the American 

Society for Teeting Materiale (ASTM, Design E 119-50). Details of methods 
fnr ne« Her nnaa«* n J. ^ j « . e r , , , 

* ~ t - *'* *»•*' «aaa.aeae»* va aa * c anay UC iUUUU ill 111« CKSU reierenCCS. 

15. Raptured fuel gl«m«ntf, 

15. 1. Prior to the transport of any fuel element having any break or defect 

in its cladding, the shipping agency shall completely enclose the fuel element 

in an internal container, unless the fuel element can be carried in the cask 

without significant reaction or contamination of the primary coolant in excess 

of one-tenth of the permissible limits prescribed in paragraph b. 14. 

15.2. Prior to each shipment of any cask the shipping agency shall survey 

representative parts of the surface of the loaded cask for external contamina¬ 

tion by wiping an area of approximately 100 square centimeters with clean 

absorbent paper, applying moderate finger pressure, and measuring contamina¬ 

tion on the dry paper through standard counting techniques for beta-gamma and 

alpha activity. Surface contamination so measured shall exceed neither 4, 000 

disintegrations per minute per 100 square centimeters of beta-gamma activity 

nor 500 disintegrations per minute per 100 square centimeters of alpha activity. 

16. .Marking 

16. 1. Irradiated fuel element casks should be clearly marked, as follows: 

16.1.1. "Do Not Remain in or Near this Package Unnecessarily. " 

16. 1. 2. "Notify shipper or (namg and address of emergency roordinatirn 

£CUtCr) immediately, in the event of any irregularity." 

16. 1. 3. "(üâmje_Âl4LUnî) REACTOR IRRADIATED FUEL ELEMENTS. " 

16. 1.4. "Avoid Contact with Leaking Contact. " 

16. 1.5. "When this container is devoid of radioactive material, this sign 
must be removed." 

The sign should be so attached as to remain in place and legible during and 

after having been ejected from an aircraft in distress and having fallen to 

earth beneath a deployed parachute. 
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16. 2. If. during any portion of the shipment, routine civilian transport 

channels are to be utilized and the cask is not to be under qualified military 

escort, irradiated fuel element casks are to be marked in compliance with 

the appropriate provisions of AFM 71-4, -Packaging and Handling of Dangerous 

Materials for Transportation by Military Aircraft, - in addition to those speci¬ 

fied in section 16. 1. of these criteria. In particular, when the unescorted 

cask is loaded with irradiated fuel element material, AF Form 1609 shall be 

properly filled out and attached to the cask. When the cask is empty, whether 

escorted or unescorted, in transit or in storage, AF Form 1595 should be firmly 

attached and displayed. 



Appendix III 

Subappendix 1 

OF! NPP A 1 C A ÇV km? Tl T1 S ■K,/-'T' T> T rri To'Tt * . 
-^a\î X 

(Applicable at all altea tot routine handling) 

A. Shipmenta will be accepted from rail or motor carriera. Under 

certain conditiona water ahlpmenta can be accepted at all but the Idaho alte. 

B. To inaure compatibility with exiating handling facllitiea. it la necesaary 

that aix complete aeta of deaign drawinga of the caak and transfer bucket and 

method of attachment to the .hipping vehicle propo.ed for uae in ahipment of 

fuel elementa be tr.n.mitted to the AEC office adminiatering the proceaaing 

alte for review, comment, and approval prior to fabrication. Approximately 

one month will be required for review. Detailed criteria and procedures for 

receiving fuels at each site will be available from the pertinent Operation. 
Office. 

c. All caak. must be approved by the Bureau of Exploaive. for the ship¬ 

ment of the specific material involved. Thi. approval must be evidenced by 

a B. Of E. approval number inscribed on the container and by . copy of the 

requeat for approval along with the approval of the B. of E. made available 

to the AEC office administering the receiving site. 

D. Any routine shipment meeting ICC. allowable radiation requirements 
will be accepted. 

E. The maximum radiation limits considered acceptable for handling spent 

fuel .hipping cask, at the AEC receiving site, are 200 mr/hr at the surface of 

the caak and 10 mr/hr at 12 feet di.t.nce from the out.id, of the shipping 
vehicle. 

F. Cask, must be readily removable from the .hipping vehicle. Maximum 

tolerable weight of a loaded caak to be lifted from the vehicle is 75 tons. 

G. Caak must have provision for free drainage of water from all external 
surfaces and attachments. 
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The use of a liquid cooling media other than water is generally not 

acceptable when such media can contaminate the basin water or fuel elements. 

Substitution of other liquid cooling media for water or the use of additives, such 

as antifreeze, will be considered on an individual case h»«<. 

I. The cask must have a readily operable drain and all internal surfaces 

should drain freely to it. A siphon drain is preferred since a bottom drain is 

more susceptible to damage and can result in the loss of the cooling water. A 

siphon drain must be in the body of the cask and not part of the cover. 

J. Cask design should recognize the possible use of impact wrenches in 

the removal of nuts and bolts. Proper consideration should, therefore, be 

given to the clearances necessary. 

K. Cask, must b* top opening. (At the ICPP and one oí the SRP unloading 

facilities the removal of the cask lid require, outrigger, at right angles to the 
center line of the trunnions. ) 

L. All inner cask surfaces which are likely to be contacted by the coolant 

must be of stainless steel. All external surfaces must be accessible for de¬ 

contamination. These external surfaces, including weldments, must be smooth, 

free of weld spatter, and crevices or pockets. Use of 300 series stainless 

steels on all surfaces would minimize any decontamination efforts and, there¬ 

fore, decontamination costs will not be charged to the shipper if a cask.oí 

type stainless steel is received in an acceptable condition.* For any other type 

of material, actual costs of decontamination will be charged. 

M. Ruptured elements norm.il/ must be encapsulated. The method must 

be approved by the AEC processing site. Controlled release of possible fission 
gases should be considered. | 

N. Cask design should permit withdrawal of a representative sample of the 

cask coolant while the cask is on the tranport vehicle. 

The activity limit for cask cooling water is 5 x 10"8 beta-gamma curies/ 

—_ alpha curies/cc. (Alpha curies will be defined later. ) 
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Appendix III 

Subappendix 2 

SPECIAL CASK DESIGN REQUIREMENTS AT THE ICPP 

Fixed gold. r.il, are provided in the ICPP tr.n.ier pi, ,o protect the concrete 

b..in .tructure and to facilita,, handling. Dim.„.i0„8 between guide 

limit the overall plan dimensions of the cask to 47 1/2" x 59 ^4.. for the 

15-ton facility, .„d 18- 9" x 4' 7 1/4- for the 75-,on facility. Where dimen¬ 

sion. of the cask proper are below the above dimen.ion., a base pallet or 

rectangular guide ring of equivalent dimen.ion mu.t be provided at some 

other appropriate elevation on the ca.k. Base palle, mu., have provi.ion for 
free drainage of water. 

The following details are specific for the 30, 000-Ib. facility: 

Cask trunnions must be oriented in the plane of the 59 1/4" 

dimension to permit lateral movement of the cask a, the bottom 

of the transfer pi, in a plane at right angles ,0 the plane of the 
cask trunnions. 

Trunnions are required for handling with a two-hook crane. 

The crane hooks are each 2 1/2" wide and have a center line 

span of 54 3/4". A clearance of 11" 1. required below the 

trunnion. ,0 permit engagement of the safety lock crane hooks. 

To be compatible with the crane hooks the cask trunnions must 

have a maximum diameter of 2 1/2" be 3 3/4" in length minimum, 

and have a center line span of 54 3/4". The span between the 

outer edges of the trunnion support braces cannot exceed 59 1/4". 

I, is necessary that the cask cover be designed with outriggers 

which engage on retainer beams as the cask is lowered into the 

basin. Outriggers must have a length of 57 1/2" and mu.t be 

oriented in a plane at right angles to the plane of the ca.k 

trunnions. The ca.k mu.t have tapered guide pin. ,0 orient the 

cask cover bolt holes with respect to the cask bolts. A gasket 
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or O-ring must be firmly attached to either the cask or cask 

cover in such a manner that (in order to insure a positive »eal) 

the pressure applied in sealing will always be perpendicular to 

the plane of the gasket. 

4. A drain line (1/2" minimum) is required to permit drainage of 

water from the cavity of cask for return shipment. The drain 

line should extend from the bottom of the cavity up through the 

lead shielding and exit near the top of cask. A bottom gravity 

drain line is not normally considered satisfactory because of 

the potential for damage and loss of cooling water. A siphon 

drain is preferred because it is not as susceptible to damage 

and loss of cooling water which may result in the contamina¬ 

tion of the cask and the carrier. 

5. Fuel elements must be contained in a transfer bucket designed 

to fit within the cavity of the cask. Lifting hooks, bails, or 

trunnions are required on the bucket to permit remote removal 

of the bucket with elements contained therein. Normally 

elements will be transferred into available storage buckets at 

the ICPP. In event the load factor is high and/or insufficient 

storage buckets of the type required are available at the ICPP 

it may be necessary that the transfer bucket be utilized for 

storage also and that additional buckets be provided. The 

monorail transfer system and physical criticality storage 

barriers limit the overall dimensions of storage buckets to 

11 1/4" by 15 3/4", IDO can give you drawings of yokes »nd 

buckets of various casks to illustrate equipment that has been 

found satisfactory for this service. 

6. I he maximum cask height may not exceed 9 feet. The exact 

limit is dependent on the elevation of the trunnions. 

The following are specific for the 75-ton facility: 

1. Cask trunnions must be oriented in the plane of the 18' 9" 

dimension to permit lateral movement of the cask at the 
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2. 

3. 

4. 

bottom of the trenefer pit in « pl.ne .t right angle, to the 
plane of the cask trunnions. 

Trunnion, are required for handling with a two-hook load bar. 

The load bar hook, are 5 7/8 inche. wide and have a center 

line .pan of 17 f,., i0 J/8 inche.. A clearance of 15 inche. 

i. required below the trunnion, to permit engagement of the 

load bar hooka. To be compatible with the load bar hook. 

the c.k trunnion, muat have a maximum diameter of 6 inche. 
be a minimum of 7 1/2 inch,, i„ l.ngtll, .nd h.v. . e#nt„ 

line span of 17 feet 10 3/8 inches. 

The positioning of the ca.k trunnion, mu.t take into con.idera- 

tton the 4 feet 7 1/2 lnch dl.t.nce between the bottom of the 

load bar and the top edge of the load bar hook.. 

The length of the two outriggers on the ca.k cover i. 5 feet 

» Inches. They mu.t be oriented symmetrically on the cask 

cover in the direction of the 4 foot 7 1/4 inch direction. The 

distance between the inelde edge, of the outrigger, muet be 

* feet 2 1/2 inches with a maximum tolerance of (/l"-l/4"). 

The cask mu.t have tapered guide pin. to ori.nt the cask cover 

bolt hole, with respect to the ca.k bolt.. A gasket mu.t be 

firmly .«ached to either the ca.k or ca.k cover in .uch a 

manner that (in order to insure a positive eeal) the pressure 

applied in sealing will alway. be perpendicular to the plane of 
the gasket. 

5. A drain line (1- minimum) 1. required to permit drainage of 

water from the cavity of ca.k for return .hipment. The drain 

Une should extend from the bottom of the cavity up through 

the lead .Melding and exit near the top of ca.k. A bottom 

gravity drain line is not normally considered .ati.factory 

becau.. of the potential for damage .„d lo.. of cooling water 

A siphon drain 1. referred because it i. not a. .u.c.ptibl, 

to damage and lose of cooling water which may result in the 

contamination of the cask and th# carrier. 
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<>. Th« maximum c.,k dim.n.ion. are 7 f*«» high, 4 feet 7 1/4 

inches wide and 18 feet 9 inches long. The exact height limit 

is dependent on the elevation of the trunnions. 

7. Fuel elements must be contained in a magazine clip designed 

to fit within the cavity of the cask. Lifting hooks, balls, or 

trunnion, are required on the magazine clip to permit remote 

removal of the magazine clip with elements contained therein. 

Normally element, will be tran.ferred into available storage 

magazine clip, at the ICPP. I„ event the load factor i. high 

and/or insufficient magazine clip, of the type required are 

available at the ICPP i, may be n.c.ary that ,h. magazine 

clip be utilized for storage also and that additional magazine 
clip* be provided. 
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Appendix III 

Subappendix 3 

CASK ACCEPTANCE CRITERIA 

RECEIVING BASIN FOR OFF-SITE FUELS 

SAVANNAH RIVER PLANT 

A> Shipment^ 

1. Shipments to the Savannsh River Plant can be routinely made 

t>y rail or motor freight. It is possible to obtain barge service 

up «he Savannah River to SRP, but special arrangement, would 

have to be made between the shipper and carrier, as trans¬ 

portation of this type is not normally available. Further com- 

plication« would arise at SRP »s thmrm , I as there are no permanent dock- 
•ide facilities for unloading. Special handling would be 

necessary for water shipments of this type. 

2. Agreement between the shipper and the Savannah River Operation, 

Office is required on all .hipping schedules. Further, the 

Savannah River Operation. Office must be notified in advance 

of each shipment, giving such information as 

(a) Method of shipment 

(b) Arrival date 

(c) Number of casks 

Cask contents (fuel data) (d) 

(1) 

(2) 

(3) 

(4) 

Total irradiation time 

Date irradiation ended 

Heat evolution of each assembly in shipment 

Power generated in each assembly (KW/Kg) during 
irradiation 

(«) »Activity of primary coolant in curies 

(f) »Cask outside radiation and contamination level 

(¾) Other information as required 

’ml'nltTom0" ,h0a,<i b* tr*n,ml«»d ‘""mediately after deter- 
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B. 

C. 

3. F.Ü. B. Poii]tg 

(a) Rail-Dunbarton, South Carolina 

(b) Truck-Dunbarton, South Carolina 

(c) Water-Charleston, South Carolina or Savannah, Georgia; 

transfer by rail or truck to Dunbarton, South Carolina 

4. Fuel will not be accepted at the Savannah River Plant until 90 

days after final nuclear irradiation. 

5. Any routine shipment meeting ICC. allowable radiation require 

menu will be accepted, subject to the other provisions of this 
Appendix IU. 

Coolant Medium 

This cask acceptance criteria is based upon the use of water as a 

primary coolant. Substitution of any cooling medium for water or 

the use of additives in the water, such as anti-freeze or salt solu¬ 

tions, will be considered on an individual case basis. 

Radioactive Contaminating 

1. 

2. 

External Contamination 

Immediately before each shipment, representative parts of th 

cask are to be surveyed for external contamination by wiping 

an area of about 100 sq. cm. with clean filter paper, applying 

moderate finger pressure, and measuring the contamination 

on the filter paper by means of standard counting techniques 

for both beta-gamma and alpha activities. The cask is not 

to be shipped if the contamination measured in this way ex¬ 

ceeds 4000 d/m per 100 sq. cm. of beta-gamma or 500 d/m 

per 100 sq. cm. of alpha activity. The filter paper must be 

dry when being counted so as not to obscure alpha activity. 

Internal Contamination 

Upon removal of a shipping cask from a loading basin, the 

basin water is to be flushed from the cask using clean water. 

The cask water is then to be sampled and the activity determined 
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by a mutually acceptable method. 

The activity oí ahipping casks will be determed at SRP 

before opening the cask by recirculating the coolant for 

» sufficient period of time to accurately determine the 

activity of the coolant. If the total beta-gamma activity 

of the coolant is significantly greater than that determined 

at the shipping point, failure of one of the elements in the 

cask will be suspected and capsulation of the fuel assemblies 

may be required. If exposure of source or special nuclear 

material (SSNM) is suspected, the cask will be flushed in 

an attempt to reduce the activity and by various techniques, 

including laboratory analyses, an attempt will be made to 

determine whether the activity is actually caused by fission 

or corrosion products. Shipments not containing exposed 

SSNM but in which the cask coolant is contaminated to 

greater than one curie may require special handling. 

Sur face_Temperatu y g 

C..k dt .ign. that permit attainment of caak .urface temp.ratur.a 

which preaent a handling hazard mnat alao Incorporate daalgna that 

permit aate handling technlquea. Coat of provialon of apodal handling 
tools must be borne by the shipper. 

Criticality 

Fuel contained In a caak ahipped to SRP moat be critically aafe when 

aubmergad in w.t.r with the caak lid removed. The fuel elementa 

muet be packaged in the caak ao that they can be removed in water 

without reoultlng In a cyltlc.lity hazard. In addition, con.ld.r.tlon 

mu** b* ‘o ‘he po.aiblllty of the caak coming into cloa. pro*- 
imity to other caak* in tranelt and In the racalvar'a yard. 

Th* a hipper muat aubmlt for review and approval the baala for dat.r- 

mination that the caak la critically ,,f,. Data obtained from any 

critical experiment, that have be.n p.rform.d muat be Indud.d 
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deceiving ßasins for Off-Sit* Fngis (rrqf> 

1. General 

Casks are handled in two cask unloading basins serviced by a 

100 ton crane. The crane is of twin hook design, with an adapter 

to convert it to a single hook crane, with 27 feet maximum clear¬ 

ance to the palm of the hooks in the Basin area. Clearance to 

the palm of the hooks at the car unloading spot is 33 feet. 

"• Dimensional Limitation« 

The two water-filled cask unloading basins are rectangularly 

shaped, 13 feet wide and 27 feet long. The floor level in each 

basin is at a water depth of 28 feet and in addition, each basin 

contains a pit 9-½ feet in diameter and a water depth of 44 feet. 

Cask assemblies are lowered into the basins and placed on the 

floor at the proper depth. The cask lid is removed and stored 

in the basin or in an external pit. 

The hoists on the 100 ton, twin hook crane operate independently 

or as a single unit. The span between the centerline of the hooks 

can be varied from a minimum of 8* 0" to a maximum usable 

span of 22' 9". (Actual maximum span is 23' 6". ) 

(a) Cask Limitations 

Maximum loaded cask 
weight 

Crane hook spacing 
minimum 
maximum 

Maximum hei^iit cask 
body (1) 

Maximum length, in¬ 
cluding trunnions (2) 

Maximum width cask 

Maximum diameter 

Minimum clearance under 
trunnions (3) 

Hori zontal 
Cask (4)(81 

100 ton 

8' 0" 

22' 9" 

14' 

24' 9" 

9' 0" 

Vertical 
CasK (4)(5) 
100 ton 

8' 0" 

22' 9" 

33' -X 

8' 10" 

See Dimension "D" below 
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3. 

(1) Include* any projections, such as dowel pins. Also 

presumes element removal in horizontal position. 

(2) X = Maximum fuel element length in feet. 

(3) For engagement of crane hooks. 

(4) Any variation from these limits will be handled on an 
individual basis. 

(5) The term» horizontal and vertical refer to the dispo si 

tion of the long axi. during underwater unloading. All 

ca.ka are as.umed to be top opening for unloading. 

(b) Crane hook dimeneione (50 ton) 

A. Width 6-1/4" 

B. Depth through 
palm 20-1/2" 

C. I. D. of throat 7" 

D. Distance from 
tip to bottom 
of hook 12-1/2" 

Crane Hook dimensions 
( 100 ton) 

A. Width IQ" 

B. Depth through 
palm 35" 

C. I. D. of throat 9-1/4" 

D. Distance from 
tip to bottom 
of hook 28" 

F.uel Element P»rfraging 

(a) Fuel element packages within the cask vary with the nature 

of the element, and the cask design. The weight of any fuel 

package to be removed from the cask as a unit and Iran.- 

ported under water must not exceed three tons. The size 

of the fuel element package is limited to: 
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G. 

Circular unit«, max. diameter of 28 inches. Square 

unit«, max. size is 24 inche« square. Rectangular unit*, 

max. width of 28 inche« and max. diagonal of 34 inches. 

Vertical length of any unit, 17-1/2 ft. 

(b) Sodium bonded fuels must be encapsulated in gas filled 

stainless steel capsules prior to shipment. The capsule 

must be provided with a vent connection suitable for con¬ 

necting, by means of flexible tubing, the capsule to a 

nitrogen manifold in the SRP receiving facility. Approval 

of the capsule design must be secured from the Savannah 

River Operations Office prior to shipment. 

Cask Daaign 

1. In addition to being dimensionally compatible with the cask un¬ 

loading basins and handling equipment, cask design must include 

the following features: 

(a) The cask must be equipped with tapered dowel pins or other 

positioning devices to guide the lid into position as the lid 

i« replaced under water. These guides are required to pre¬ 

vent damage to the hold-down bolts or other parts of the cask. 

(b) Provision for free drainage from all external surfaces and 

attachments. 

(c) A means of sampling and flushing the cask primary coolant 

with the cask closed, while cask is on the transport vehicle. 

This design feature must include valves that isolate cask 

coolant from the cask connection. If a secondary coolant 

is used, a sampler tap and isolation valves must be pro¬ 
vided. 

(d) Means shall be provided for measurement of the maximum 

primary coolant temperature or cask cavity wall temperature 

at any time, by use of a portable readout instrument if de¬ 
sired. 
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(e) A siphon drain line or a drain line to remove water from 

cask for return shipment. 

(f) Casks must be top opening. 

(g) If cask trunnion design is not compatible with the limits 

and dimensions given in section F, a yoke must be furnished 

to handle the cask with the appropriate hook (50 or 100 ton). 

Such yokes are required to be rigid and must be designed so 

that the specific static stress does not exceed 1/5 of the 

ultimate strength of a member, (Refer to Specification No. 61 

of the Electrical Overhead Crane Institute, Inc., No. 1 Thomas 

Circle N. W,, Washington 5, D. C. ). Also, yokes must be 

designed for vertical storage as they will be engaged and dis¬ 

engaged under water. It is necessary that three copies of the 

complete stress analysis of the yokes be furnished to the 

Savannah River Operations Office for review. 

All inner cask surfaces which are likely to be contacted by the 

coolant must be of stainless steel or other acceptable non- 

corrosive metal. All external surfaces must be accessible for 

decontaminatton. These external surfaces, including weldments, 

must be smooth, free of weld spatter, and crevices or pockets. 

Use of 300 series stainless steel on all surfaces would minimixe 

any decontamination efforts, therefore, decontamination costs 

will not be charged to the shipper if a cask of this type stainless 

steel is received in an acceptable condition. For any other type 

of material, the full cost of decontamination will be charged. 

Cask design must be such as to permit cask handling operations 

prior to unloading,* such as cask transfers and bolt removal, to 

k* eccomplished with a maximum total exposure of 24 mr to 

operating personnel at the RBOp facility. 

Cask lifting devices must be a part of the cask proper and not 

the cask lid. Cask lids must contain a lid lifting eye and the lids 

will be handled by a single crane hoist or with an adapter yoke. 

No slings will be used for handling casks or cask lids. 
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5. All casks must be provided with some means to prevent over¬ 

pressurizing and some means of containment for liquid release, 

6. The outer edge of the bottom of the cask must be given at least 

a 1/2-inch radius to prevent gouging the stainless steel floor 

lining in the RBOF basins. 

D-iawing» 

To insure compatability with exisiting handling facilities, it is 

necessary that six complete sets of design drawings of the cask and 

components and method of attachment to the shipping vehicle proposed 

for use in shipment of fuel elements be transmitted to Savannah River 

Operations Office. Approximately one month will be required for 

review. 

AflProyal bv Bureau of Explosives 

All casks must be approved by the Bureau of Explosives for the ship¬ 

ment of the specific material involved. This approval must be 

evidenced by a B. of E. approval number inscribed on the container 

and by a copy of the request for approval along with the approval of 

the B. of E. made available to the Savannah River Operations Office. 

Receipt of Solid Radioactive Wastg« 

No contaminated waste materials which are not an integral part of the 

fuel assembly will be received at SRP for disposal unless specifically 

arranged for and agreed to prior to shipment. 

Change of Processing Sit# 

In the event that a change of the chemical processing site (to a site 

other than the Savannah River Plant) is effected by the Commission, 

the criteria for acceptance of cask shipments at such new site shall be 

substituted by the Commission for this Appendix III. Such substitution 

shall be effected without any adjustment in Contract charges notwith¬ 

standing any added costs to the Company that may result from such 

change of site. Such charge shall not effect the determination of an 

"assumed shipping schedule" in accordance with this Contract. 
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Appendix IV 

COMMON RADI AC FIELD SURVEY INSTRUMENTS 

The purpose of this appendix is to briefly introduce the reader who may 

be unacquainted with radiac equipment to the instruments and devices which 

most likely be used by health physics personnel or worn by loading and 

air crew, in the air transport of nuclear reactor and radioactive materials. 

Equipment descriptions are excerpted from Ref. 27. 

The term radiac comes from the words Badioactivity, Detection. 

Indication. And Computation. Devices used to detect and indicate radio¬ 

activity are called radiacmeters. Those radiacmeters which indicate dose 

rate or the intensity of radiation are called rate meters and those which inte¬ 

grate the dose rate over a period of time are called dosimeters. The term 

radiac set refer, to a set which contains the radiacmeter. carrying case, 

auxiliary equipment, and spare parts. 

All of the instruments suggested here for use in the air transportation 

of nuclear reactor and radioisotopic materials are Air Force standard items 

(i. e.. an item which ha. been certified a. meeting an established need and 

determined to be suitable for Air Force use). Normally, there will be only 

on. item of equipment in the standard statu, for each specific Air Force need 
or use. 

The following radiacmeter. are recommended for the uses discussed: 

USAF RADIOLOGICAL HEALTH LABORATORY 
IN-LINE FILM BADGE HOLDER 

Figure 21 shows the film badge holder normally issued by the USAF 

Radiological Health Laboratory to field units, for the purpose of detecting 

the beta, gamma and X-radiation exposures personnel have received. Two 

film packets, one to record the monthly dose and one to record the quarterly 

dose, are contained in the holder. A neutron film packet can be substituted 

for the monthly film for personnel exposed to low-level neutron doses. 

Photographic emulsions are used in dosimeter films to measure 

ionizing radiation dose. When light, other electromagnetic waves, or beta 
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Figure 21. USAF Radiological Health Laboratory 
in-line film badge holder

particle, .trike the emul.ion .ome of the silver halide atom, of the emul.ion 
are reduced to free .ilver atom, which constitute the so-called latent image. 
The image i. developed by a suitable reducing agent (developer) and a fixing 
solution IS u.ed to dissolve the residual silver halide grains. The degree of 
darkening achieve, depend, upon the emul.ion characteristics and processing 
condition, a. well a. the exposure to radiation. This degree of darkening is 
measured in term, of it. optical density and is proportional to the energy of 
the radiation and the radiation do.e received by the film. The optical density 
1. determined by the use of a photographic densitometer and the do.e is de­
termined by comp.r. .£ -.ne reading with controlled densities produced by 
similar radiation of known energy and do.e. To overcome or circumvent the
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probUm o( photon .n.rgy d.pond.nc* oí (Um .-.nuUlon. . .y.„m oí ÍUt.r, or 

absorber« are incorporated into the dim badge holder which contain, the dim 
packet«, 

N.idear reaction, with the nitrogen and hydrogen content oí the nuclear 

tr.ch.mui.ion permit the mea.ur.m.nt oí neutron expo.ure.. The u.e oí 

''' ' ‘ P,C "*C,ion of ,h* ni»ro*«» ln «»>• "-clear track emul.ion permit, 
he indication o( thermei neutron do., with the ..me rang, oí track den.ity ». 

* pr0duced by hydr°*'n *>y a f..t neutron. The track, to be recogniz¬ 
able. mu., have a, three .live, grain.. Track, are counted by magnifying 

ano projecting the film image on a «creen using a microprojector. 

Detector Type: 

Radiation« Detect»d- 

Sensitivity 

TECHNICAL CHARACTERISTICS 

DuPont film packet 556 (2 Ea. ) contain¬ 

ing 508 and 834 emulsion film*. (Kodak 

type NTA neutron film can be substituted 

for one DuPont film packet for person¬ 

nel exp - sed to low level neutron doses. ) 

Gamma and X radiation. Beta particles 

having an energy greater than 150 kev. 

Neutrons when special film packet is 
used. 

Gamma or X-ray energies 

31 kev Range: 

124 kev Range: 

1. 24 Mev Range: 

Beta Radiation: 

Neutron dosimetry: 

Holdtr; 

Capacity: 

Composition: 

Metal Filters: 

5 mr - 100 r 

5 mr - 100 r 

50 mr - 700 r 

40 mrad - 500 rads 

20 mrads to 10 rads 

2 film packets. 

Plastic (Cellulose acetate butyrate) 

Cadmium, tungsten and aluminum 
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Calibration- 

Low Energy Gamma 

and X-radiation: 

High energy gamma: 

Beta-radiation: 

Neutrons: 

Accuracy- 

For ß , y & X rays: 

For neutrons: 

Precautions: 

R-meter and X-ray machine 

Ra-226 and Co-60 sources 

Uranium source 

Po-Be source 

F rom ±50% at lowest readable dose 

to ±10% for dosages in the rad. 

Within a factor of 2 for exposures in 

the 100 mrem/week range. Accuracy 

increases with increase in exposure 

dose. 

Dosimetry film packets should be stored 

in an area as remote as practicable from 

th* radiation level and away from chemi- 

such as formaldehyde, which cause 

fogging and sensitization of the film. 

Film stocks must be stored at tempera¬ 

tures less than 75°F (preferably 65°F) 

and should not be subjected to stresses 

such as pressure from stocks of 

materials or tightly wound rubber bands, 

which result in sensitization of the film. 

Dosimeter film may be used during the 

indicated month of expiration but not 

thereafter. A "control" film badge must 

be used for each group of monitoring 

films submitted for processing in order 

that the background radiation to which 

personnel monitoring film badges are 

exposed may be estimated for each 

monitoring site. The "control" film 
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Qlmeniion« oí Film B»dg». 

Length: 

Width: 

Thickness: 

Weight of Film Badge: 

badge must be placed in the same mini¬ 

mum radiation area in which personnel¬ 

monitoring film badges are stored when 

they are not being worn. 

2-1/2 inches 

1-11/32 inches 

5/16 inch 

1-1/4 ounces 

LOGISTIC AND MISCELLANEOUS INFORMATION 

F-ederal Stock Number» 

Approximate 

Specification; 

Development Agenry 

USAF Statua- 

Replacement Data; 

Reference«- 

IM-9(C or D)/PD & IM-135/PD 

Issued by USAF Radiological Health 

Laboratory, Attn: HWR, Wright- 

Patterson AFB, Ohio, through base 

medical services of the installation 

concerned. 

$1.50 

USAF Radiological Health Laboratory 

Standard since mid-1961 

AFR 161-11 

AFR 160-31 

AFR 160-132 

The IM-9 (C or D)/PD or IM-135/PD, suggested as the proper instru¬ 

ments for self-reading personnel dosimetry, are shown with their charger in 

figure 22. They are designed to measure cumulative radiation exposure to 

gamma and X radiation up to 200 milliroentgens for the IM-9 (C or D)/PD 

and up to 5 roentgens for the IM-135/PD. The dosimeters are to be used for 
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e»timatitig exposures received during operation, and are not intended to re­

place or supersede film badge dosimetry.

These radiacmeters have a built-in «trlng electrometer and ion chamber. 

A PP-1578/PD charger is used to impress a charge on the ion chamber. A 
zero position on the built-in scale indicates that the dosimeter is fully charged. 
Radiation passing through the chamber will cause the charge to leak off in pro­
portion to the amount of radiation and move the electrometer string upscale.

accordingly.

Figure 22. IM-« (C or D)/ PD and IM-13S, PD self-reading 
pocket dosimeters with charger

TECHNICAL CHARACTERISTICS

Detector Type: Ion chamber operation in the ioni/.ation 

chamber region of the pulse height 

curve.
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Radiation Detected: 

Seniitivity: 

Calibration; 

Accuracy: 

By. 

Overall Accuracy; 

Température and Enaryy 

Dependence: and Effpr» of 

Humidity and Altitud#; 

Power 

Requirements: 

Plmentioni 
Length: 

Diameter: 

Weight: 

Gamma and X rays 

0 to 200 mr for IM-9 (C or D)/PD 

0 to 5 r for IM-135/PD 

±5% 

Radiac Calibration Set AN/UDM-1A 

(FSN 6665-765-1048) or Cobalt-60 

Calibration Source (FSN 6665-515- 

6071 and FSN 6665-801-2611) 

±15% of true dose at any point on the 

scale. Not affected by changea in tem¬ 

perature. Energy dependence is ±15% 

from 80 kev to 2 Mev or greater. 

Ionization chamber is hermetically 

sealed and is therefore not affected by 

humidity nor altitude changes. 

160 to 180 volts charging voltage 

IM^3 
3-5/8 inches 

7/16 inch 

1/2 ounce 

4-3/8 Inches 

1/2 inch 

1 ounce 

LOGISTIC AND MISCELLANEOUS INFORMATION 

Federal Stock Numbar« 

IM-9 (O/PD: 

IM-9 (D)/PD: 

IM-135/PD: 

Aonroximata Cn«» 

IM-9(C)/PD: 

IM-9(D)/PD: 

IM-135/PD: 

FSN 6665-263-3941 

FSN 6665-526-8643 

FSN 6665-621-0417 

$38. 00 

$20.00 

$21.00 
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¿Rgcliication: 
IM-9 (C or D)/PD: 

IM -135/ PD: 

Development Agency; 

USAF Statu g 

IM-9 (C or D)/PD: 

IM -135/ PD: 

Equipment Allowance 

DflcumenU; 

Reference: 

Mil-R-10059 

Mil-R-19935 

Bu Ships (SWRB) 

Standard since 19 Aug 1954 

Standard since 18 Feb 1960 

ECL 459: Set - Chemical, Biological 

and Radiological Defense Equipment 

ECL 449: Set - Weather Reconnais¬ 

sance Radiological Detection 

T.O. 11H4-6-1 -1 

4EÍ/.PPR-27J 

Radiac Set AN/PDR-27J (an AN/PDR-27A is shown in figure 231, the 

most recent model of the AN/PDR-27 ( ) series, contains a Geiger-Mueller 

type radiacmeter capable of measuring gamma radiation and detecting beta 

particles having an energy greater than 50 kev and detecting alpha particles 

having an energy greater than 5 Mev. G-M tubes have lead shields to assist 

in energy independence. The principle of operation is based upon the fact 

that when G-M tubes are exposed to a radiation field, they produce short 

duration d-c voltage pulses at an average repitition rate proportional to the 

average radiation field intensity in the vicinity of these tubes. This radiac¬ 

meter will saturate and read zero in high radiation fields. 

I his radiac set is suggested for the direct beta-gamma surveying 

operations required in the transport of irradiated reactor fuel elements, 

radioactive wastes, contaminated tools and components (perhaps) and beta- 

gamma emitting radioisotope generator units. For detection of beta radia¬ 

tion, a beta shield on the end of the larger component of the probe must be 

moved aside, thus exposing a 0. 0005 inch thick mica end-window. Beta- 

gamma radiation may be detected with the end window G-M tube over the two 
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more sensitive ranges. Only gamma radiation may be detected with the small 

G-M tube over the two less sensitive ranges. A plastic tube containing 7 micro¬ 

grams of radium is furnished with the set to check the instruments' ranges for 

response to radiation. 

An instrument presently designated as the IM-189 (XVI) will shortly be 

available. It will ultimately replace the AN/PDR-27J, the AN/PDR-39 and 

39A, and the AN/PDR-43 Radiac sets. The IM-189 (XVI) will be a superior 

instrument for the applications discussed herein, and should it be available, 

should be used in lieu of the AN/PDR-27J. Technical characteristics of the 

AN/PDR-27J follow: 

TECHANICAL CHARACTERISTICS 

Detector Type: 

Radiations Detected: 

Sensitivity: 

Calibration 
Accuracy: 

By: 

Self-quenching Geiger-Mueller tubes 

operated at 700 volts potential. One 

tube has 0. 0005-inch thick mica end- 

window. 

Measures gamma and detects beta 

particles having an energy greater 

than 50 kev and alpha-particles having 

an energy greater than 5 Mev. 

0.5 to 500 mr/hr in four operating 

ranges and color-coded scales: 

0 to 500 mr/hr (yellow) 

0 to 50 mr/hr (white) 

0 to 5 mr/hr (green-yellow) 

0 to 0. 5 mr/hr (light blue) 

±5% 

Radiac Calibrator Set AN/UDM-1A 

(FSN 6665-765-1048) or Cobalt-60 

Calibration Source (FSN 6665-515- 

6071 and FSN 6665-801-2611) 
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Qvrall Acf^iricy: 

Xgmperature and En»ryy 

&flpome; and Effact of 

Humidity and Altitude 

Power 

Requirement: 

Operating Period: 

Olmenalone of Radiacmeter 

Length: 

. Width: 

Height: 

±30% for gamma radiation from 10% 

full scale on each range over a tempera¬ 

ture range of -40°F to 122°F. A 

significant drop in response is noted 

after a few hours of operation below 

-40°F, unless batteries are removed 

from instrument and housed on the 

body of person using instrument. 

Energy response varies with ± 10% 

from 80 kev to 2 Mev. G-M tubes are 

sealed and not subject to altitude 

changes. Humidity effects are con¬ 

trolled by sealing the instrument case. 

6 Ea. B-A 30 dry ceil batteries 1-1/2 

volts each, connected in series. 

40 hours of continuous operation at 77°f. 

11-9/16 inches 

5-inches 

7-5/8 inches 

LOGISTIC AND MISCELLANEOUS INFORMATION 

Federal Stock Ntimh»r 

Anoroulm«»» Çn,t. 

Specification- 

Davtlppment Agency 

USAF Stitur 

Reniacemant nntr 

6665-543-1435 (No Model J in AF 

Inventory) 

$550. 00 

R-3514 

Bu Ships (SWRB) 

Standard since 4 Oct 60 

AN/PDR-27J is the most recent model 

of the AN/PDR-27 ( ) .„ies. 

216 



WL TDR-64-81 

£attipmeat Allowance DornmPrnff. 

Reference: 

Set Compriwf g- 

üimengions of Radiar Set Caa«» 

Length: 

Width: 

Height: 

height of Radiac Spf- 

ECL 768: Set-Explosive Ordnance 

Disposal 

NAV Ships 93218 

1 Ea. Case, Radiac Set 

1 Ea. Radiacmeter 

1 Ea. Detector 

1 Ea. Headset 

1 Ea. Harness 

1 Ea. Radioactive Test Sample 

3 Ea. Spare Tubes 

2 Ea. Instruction Books 

17 inches 

5-1/2 inches 

8-1/2 inches 

20.5 pounds 

£AC-1S (AN/PDR-60) ^ft 

The AN/PDR-60 Radiac Sat, ahown In figura ?,4 l, recommended for the 

monitoring of alpha contamination. It contain, an alpha .cintillation radiac 

meter capable of measuring radioactive material emitting alpha particle, with 

an energy greater than 4.1 Mev. Alpha particle, having energies a, low a. 

Î. 4 Mev can be counted through one end of the probe due to a thinner window 

thickness at that end. The AN/PDR-60 is more robust while the AN/PDR-54, 

which is most Similar to it. is more sensitive, and so the former is recom¬ 

mended for field use while the latter is recommended for laboratory use. 

The principle of operation involves the transfer of energy from radia¬ 

tion to a silver-activated sine sulfide phosphor which responds only to the 

most densely Ionizing radiation such as that produced by an alpha particle. 

A very low-level light pulse is given off for each alpha particle that strikes 

the scintillation phosphor on the 59-square-centimeter open area face of the 

217 



w
WL TDR-64-81

Figure 24. PAC-IS or AN-PDR/60 radiac set
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detector probe. The light is transmitted optically to a photomultiplier and 

then to an amplifier trigger in which all pulses above a certain level are amp 

lified. The meter reading is proportional to the rate of alpha particles 

striking the scintillation phosphor. 

A Pu02 check source is clipped to the rear end of the detector probe 
face. 

TECHNICAL CHARACTERISTICS 

Detector Typ?; 

Radiations PetertpH; 

Silver-activated zinc sulfide scintil¬ 

lation phosphor probe face having a free 

area of sq cm. The probe contains 

a 1-inch diameter photoelectric cell 

(photomultiplier tube) and a light gather¬ 

ing lens system. 1250-volt d. c. power 

is applied to the anode and dynode net¬ 

work of the photomultiplier tube. The 

probe has a non-uniformity factor which 

normally is less than t 12% of the 

median of a source reading. The 

scintillation screen is coverd with 0 93 
2 

mg/cm of mylar and 0. 37 to 0*74 

mg/cm of dutch leaf (aluminum). De¬ 

sign of probe face plate permits a 

minimum average distance o' 7/64 inch 

between window and source 

Alpha particles having energies greater 

than 3. 4 Mev can be counted at one end 

probe face. All alpha particles 

having energies greater than 4. 1 Mev 

are counted with the probe face placed 

in contact with the surfac** being 

monitored. 
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¿£JUÍÚYlty; Four range scales are used as (olicws: 

C-2, 000 cpm per 59 sq cm 

C-20, 000 cpm per 59 sq cm 

C-200, 000 cpm per 59 sq cm 

C-2, 000,000 cpm per 59 sq me 

£iQX£: 100,000 cpm per 59 sq cm probe area on smooth, dry, horizontal 

surface under average field conditions is equivalent to approximately 310 

micrograms of plutonium-239 per square meter or 19. 1 microcuries of alpha 

activity per square meter. 

Calibration 
Accuracy: 

By: 

Overall Accuracy 

Temperature and Energy 

Reeponac: and Effect of 

Humidity and Altitude: 

Power 

Requirements: 

Operating Period: 

Dimensions of Radlacmeter 

Length: 

±10% 

Secondary alpha calibration standards, 

FSN 6665-767-7497 

±20% with probe in contact with surface 

being monitored. Will operate from 

-40°F to + 130°F. Will hold ±20% 

of calibration from -10°F to + 120°F. 

With probe face 5/8 inch from the 

source only 15% of Pu-239 alpha con¬ 

tamination and 5% U-238 alpha con¬ 

tamination are detected. Not affected 

by humidity or altitude changes. Probe 

face must be dry to detect alpha. 

^ E*. Yardney LR5 rechargeable wet 

cell batteries. 

200 hours continuous operation at room 

temperature. Battery life is shortened 

by very low or very high temperature 

operation. 

9 inches 
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Width: 3-15/16 inches 

Height: 5-3/8 inches 

Weight of Radiacmeter: 5-1/2 lbs. 

(including batteries) 

LOGISTIC AND MISCELLANEOUS INFORMATION 

Federal Stock Number: 

Approximate Unit Cost: 

Specification: 

Development Agency: 

■U.SAF Statua; 

Replacement Data: 

Equipment Allowance 

Documents: 

Reference: 

Set Comprises: 

6665-580-3020 

$876.00 

Commercial (SWRB) 

Standard since 26 Sep 59 

Supplements PAC-2GA gas flow pro¬ 

portional alpha counter 

ECL 459: Set - Chemical, Biological 

and Radiological Defense Equipment. 

ECL 906: Set - Environmental Health. 

ECL 768; Set - Explosive Ordnance 

Disposal 

T.O. 11H4-4-2-31 

-32 

-33 

-34 

AFSWC-TN-59-27 

1 Ea. Carrying Case 

1 Ea. Alpha Scintillation Counter 

4 Ea. Face Plates for Probe 

1 Ea. Bottle of Black Lacquer, 

1/2 oz. (Probe face Repair Kit) 

1 Ea. Battery Filling Set 

1 Ea. Operating Manual 
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^imcniiont of Radiac Set Gasp 

Length: 

Width: 

Height: 

Weight of Radiac Set: 

22-1/4 inches 

14- 1/4 inches 

7 inches 

15- 1/2 pounds 

ê 
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Appendix V 

CALCULATIONS FOR THE TERMINAL VELOCITY RANGE OF 

THE PM -1 IRRADIATED FUEL ELEMENTS CASK 

The PM -1 cask has roughly the following dimensions: 

height 

diameter 

weight 

68 in. 

42 in. 

30, 000 lb. 

An exact value of the terminal velocity of such a cask is dependent 

upon the initial conditions of injection into the atmosphere (i. e. , the altitude 

and especially the exact configuration including any attached aircraft debris 

and the initial angular momentum imparted to the package). It is possible 

to obtain a range of values within which the free-falling terminal velocity of 

the cask must lie. One of the endpoints of the range will be determined by 

assuming the cask falls "end-on." The other end point (maximum or minimum) 

velocity is obtained by assuming the cask, in stable free fail, presents its 

side to the opposing air flow ("side-on"). Values for an oscillating or rotating 

cask should lie between these two extremes. 

The terminal velocity is defined as the point at which the aerodynamic 

drag force is just equal to the gravitational attraction force exerted by the 

earth's gravitational mass upon the cask. It is the maximum velocity of the 

free-falling object can achieve in the real atmosphere. Stated mathematically 

drag force = C . A 
2g d 

and 

gravitational force = W 
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I heti at terminal velocity the following identity exists: 

‘zf CdA = W 

= the density of air 

= the gravitational acceleration value 

= the velocity of the cask 

= the drag coefficient of the cask 

where P 

g 

V 

c 

A = the cross sectional area presented by the cask 

Cd 18 11 function of the Reynolds number and has been taken as given 

in Figure 130 (for end-on flow) and Figure 128 (for side-on flow), (reference 
28). 

The Reynolds number is defined as: 

where 

and 

N r ¿-YD 
re (dimensionless) 

D = characteristic dimension (here taken to be the diameter) 

H = dynamic viscosity of the air 

for tht purposes of evaluation ji, p, g, „„d W sss l«vel, standard 

atmo.ph.ric pressure and temperature are assumed. This will give the best 

values of the terminal velocity range for terrestrial Impact of the cask. 

For the case of end-on free-fall, Cj 1. constant In the appropriate 

range of Nr( . This lead, to a rather well defined determination of the 

'i*<rflmlfne*«tV>1°Clty ln ,hi* m0d*' Whlch c«lcul*«*d ‘o be approximately 
stc * 

For the slde-on mod, Cd 1. not constant and so an Iterative type cal¬ 

culation was required. The term ns. velocity value obtained here was 
approximately 1600^- 

sec 
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One may conclude then, that the terminal velocity of a free-falling 

PM-1 cask, at standard conditions, will lie in the approximate range between 

480 and 1600 ft/sec. This may be contrasted with the 43. b ft/sec velocity 

to be obtained upon impact in a 30 foot drop test. 

* 
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