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The extensive and expanding use of radioactive materials

(RAM) in the production of power, industry, the healing

arts, and various branches of research has inevitably

resulted in a sizable increase of hazardous material

transportation in the state of Oregon. The location of the

Hanford facility just north of the Oregon border and the

location of the Trojan nuclear power plant in Rainier,

Oregon could significantly effect the number of shipments

made through the state. This thesis investigates both the

consequences and risks from typical standard RAM shipments.

The consequences that are calculated can be used for

emergency response purposes. To facilitate their use, a set

of protective action guides based on dose estimates and

regulatory limits has been proposed. The doses are

calculated from simple kernel techniques and Pasquill

diffusion. The shipment standardization and the models used

are fully discussed.



A survey of Oregon RAM licensees was conducted to assess

the level of RAM transportation in the state. This together

with information on interstate RAM transportation provided

by the Oregon Department of Energy forms a database from

which the level of risk can be determined. There are more

than 1700 reportable interstate shipments made annually

through the state. It is estimated that each year there may

be more than 5000 low-level intra-state shipments made. In

the interest of public safety, it is necessary to assess the

associated radiological risk.

This thesis also addresses the models used to calculate

the risk from RAM transportation accidents. The

contributors to the total population dose received by

emergency responders, persons in passing traffic, or by the

outlying population could include inhalation, cloudshine,

groundshine, direct exposure, and resuspension. A modified

version of RADTRAN II, a computer code developed by Sandia

Laboratories, was used to determine the annual number of

latent cancer fatalities resulting from these dose

components for various standard shipment types. This code

requires as input: meteorological statistics, accident

statistics, population statistics, and package response to

accidents. The statistics that were used are specific to

Oregon and a discussion of the assumptions that were made is

given.
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Accident Analysis of Traffic Accidents Involving

Radioactive Materials (RAM)

Introduction

The extensive and growing use of radioactive

materials (RAM) has inevitably resulted in a sizable

increase of hazardous material transportation in the

state of Oregon. It is necessary to assess the

associated hazard and to determine the extent to which

public safety has been compromised. This hazards

assessment then may be used to fairly and quantitatively

discuss both the hazards and merits of RAM

transportation in light of acceptable levels of risk.

Consequences and risk are two popular and useful

means of quantifying hazards. Consequence is a measure

of hazard for a shipment which suffers an accident of

particular severity, whereas risk is a measure of hazard

resulting from all shipments suffering accidents of any

level of severity. Consequences describes the hazards of

a single accident, whereas risk describes the hazards

resulting from all RAM transportation.

Part 1 of this paper focuses on the consequences

aspect of the hazards assessment. Generally, the

consequences of interest in this paper are presented in

terms of radiation doses to which those involved

are potentially exposed. Emergency response
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measures should be based on the potential consequences

estimated for specific accident scenarios. In particular,

either realistic worst case accident scenarios should be the

basis for emergency response planning or a set of

protective action guides should be drafted covering various

accident scenarios.

Part 2 of this paper focuses on the risk aspect of the

hazards assessment. For each type of accident, there is an

expected frequency of occurence or probability. When the

consequences of each type of accident are weighted by their

probability, a measure of risk is calculated. This risk can

be thought of as an expected consequence level for the

transportation of RAM. Risk can then be compared with other

activities commonly accepted by society and by contrasting

the merits with the risk, a better understanding of the

hazards of RAM transportation is achieved.

Part 3 of this paper discusses the need to provide

training for emergency-response personnel and describes a

training program developed and implemented by Oregon State

University for the Oregon Department of Energy. It is shown

that an increased level of awareness by emergency responders

can in at least some instances reduce the hazards associated

with RAM accidents. Often by the allaying of fears and

misconceptions of emergency responders, a more reasonable

approach to emergency response can be obtained.



3

Part 1

Consequence Analysis of RAM Transportation Accidents

In 1981 the Oregon state legislature enacted Senate

Bill 109 which led to new rules for certain types of

radioactive materials transported in and through the state

of Oregon. The types of (RAM) covered by the bill include

radioactive wastes, spent reactor fuel, and highway route

controlled quantities. The rules require carrier permits .

for each shipment as well as indemnity insurance, advance

notification for spent fuel and highway route controlled

quantity shipments, port of entry inspections, and the

training of emergency-response personnel in cities and

counties along the main highway routes to assure that the

'response to a radioactive material transportation accident

is swift and appropriate to minimize damage to any person,

property, or wildlife." In addition, the state of Oregon

has conducted a study of the hazards associated with the

transportation of radioactive materials. This research

provides a more quantified understanding of the consequences

from transportation accidents and provides a basis upon

which protective-action guides can be prepared and emergency

response plans can be written.

1.1 Types of Shipments Considered

The types and quantities of radioactive materials

shipped vary significantly. Because of Oregon's location as

the neighboring state to southern Washington, a large



portion of materials shipped annually through Oregon are

waste shipments bound for the Hanford low-level waste

repository. The selection of Hanford as one of the three

candidate high level waste repositories would also result in

a large increase in the number of. spent fuel and high level

waste shipments made through Oregon. There are also a large

number of miscellaneous low- and intermediate- level

shipments due the operation of .the Trojan Nuclear Power

Plant in Rainier Oregon, the occasional shipments made by

various businesses in Oregon, the routine shipments made by

various hospitals and private or educational institutes, and

interstate transport of RAM. Table 1 gives a statistical

break-down of reportable material shipments made in Oregon

from March 1983 to March 1984. A similar breakdown for

non-reportable intra-state shipments is given in Table 2

based on estimates derived from a survey of Oregon RAM

licensees.

The Department of Transportation, DOT, has categorized

various RAM shipments according to their ,associated hazard

and assigned each hazard class a United Nations (UN) or a

North America (NA) number. All shipments with the same UN

number can be lumped together in regards to their expected

consequences. Emergency responders generally refer to the

DOT Emergency Response Guidebook /1/ where other hazardous

materials are similarly catalogued according to their UN

numbers. Shipments placarded with UN numbers can then he
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Table 1
Reported Radioactive Materials(a)

Shipments on Oregon Highways

UN
Number I-84(b)

March

I-5(c)

1983 to March

U.S. 97(d)

1984

U.S. 30(e) Total

2908 1 0 0 0 1

2910 39 0 0 0 39
2911 2 0 1 0 3

2912 1278 27 58 16 1379
1918 31 0 0 0 31
2974 3 1 1 0 5

2977,2978 37 0 0 0 37

2979 10 0 0 0 10
2982 87 3 4 2 96
9171 6 0 0 0 6

Mixed Loads 56 7 22 0 85
Other(f) 23 9 3 0 35

Total 1573 47 89 18 1727

(a) This inventory includes only those shipments required to
be reported to the state of Oregon

(b) 1-84 from Idaho border to Umatilla
(c) 1-5 / 1-205 / 1-84 from the Calif. border to Umatilla
(d) U.S. 97 from California border to Umatilla
(f) Materials in these shipments present minimal radiation

hazards and do not require a permit.

Table 2
Estimated Intra-state Shipments
Made on Oregon Highways (1984)

Number I II II IV V State
2910 252 2465 215 791 414 -

2912 0 1400 0 0 0 -

2974 167 1260 149 506 374 4115

(a) Region I comprises Eastern Oregon; Region II, the Portland
metropolitan area; Region III, Central Oregon; Region IV
Southern Oregon; and Region V the Willamette Valley. Those
shipments classified as statewide shipments cannot be narrowly
assigned to any one region.
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conveniently identified and appropriate measures may be

taken. As part of this study, one or more typical shipments

from the more commonly transported hazards classes were

further investigated. In particular, shipments that were

investigated include:

1) Mo-99 radiopharmaceutical -- example of UN2910 shipment

2) Nuclear reactor low-level waste -- example of UN2912

shipment

Uranium concentrate, yellowcake -- example of UN2912

shipment

4) Natural thorium -- example of UN2912 shipment

5) New fuel for commercial reactors -- example of UN2918

shipment

6) Commercial reactor spent fuel -- example of UN2918

shipment

7) Research reactor spent fuel shipment -- example of

UN2918 shipment

8) Co-60 radioteletherapy source -- example of UN2974

shipment

9) Co-60 radiography source -- example of UN2974 shipment

10) Well-logging source -- example of UN2974 shipment

11) Neutron density gauges -- example of UN2974 shipment

12) Enriched uranium hexafluoride -- example of UN2977

shipment

13) Unenriched uranium hexafluoride -- example of UN2978

shipment



14) Uranium metal -- example of UN2979 shipment

15) Solidified liquids, resins, sludges -- example of UN2282

shipment

16) Government high-level waste -- unclassified shipments

1.2 Radiological Hazards

To assure that the response to a RAM transportation

accident is swift and appropriate, it is necessary to

predict the resulting hazard so that response actions can he

planned in advance. The hazard is quantified in terms of

the whole body dose. This dose is composed of various

components - direct radiation, inhalation, cloudshine, and

groundshine. The direct radiation dose is in the form of

ionizing radiation emmitted from the unshielded source

material at the accident site. Since alpha and beta

particles will be effectively shielded by air, clothes and

skin, only that activity due to gamma rays will

significantly contribute to this external dose.

Some of the source material can be transmitted to the

atmosphere due to thermal vaporization, chemical reaction,

or physical forces from explosions, accident impact, or wind

dispersion. This material is then translocated by

atmospheric dispersion and can be deposited on the ground or

other surfaces, washed out of the air by rain, or it can be

inhaled by members of the surrounding population. A given

quantity of material inhaled will result in a calculable

radiological dose. This dose is determined by the type of
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radiation emitted, the radioactive half-life, the biological

half -life, the physical size of the individual, the

life-span of the individual, aid the quantity inhaled.

doses presented in this paper are in terms of 50 year dose

commitments for standard-man.

The control of dose from the release of RAM by

emergency responders at a transportation accident will be

achieved by restricting the access of the public and on-site

responders to areas outside the regions of hazard. Various

regulations and guidelines have been imposed by the NRC and

the ICRP in the form of dose or dose rate limits recommended

for various emergency activities. Table 3 gives a list of

maximum allowable whole body dose rates accepted by this

study.
Table 3

Allowable Emergency and Public Doses

ACTIVITY DOSE RATE DOSE INCREASED CANC R
(mrem/hr) (mrem) RISK (x10 )

PUBLIC ACCESS 2 500 62.5

NON-LIFESAVING
EMERGENCY RESPONSE

5000 625

AUTHORIZED NON-LIFESAVING - 25000 3125
EMERGENCY RESPONSE

LIFESAVING EMERGENCY
EMERGENCY RESPONSE

75000 9375

It should be mentioned that no short-term biological

effect would be observed in individuals exposed to less than

25,000 mrem. Minor blood changes might be observed in
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individuals exposed to 75,000 mrem, though no illness-would

be expected. The only significant long-term effect expected

to individuals exposed would be an increased risk of

contracting a terminal cancer. A dose of 10 mrem would

increase the cancer risk of an individual by 1.25 in one

million /2/. Table 3 shows the expected increase in

terminal cancer risk expected for each allowed emergency

dose.

1.3 Non-radiological Hazards

The hazards associated with RAM transportation

accidents are not limited to those that stem from the

radiological nature of the material. The chemical toxicity

of some materials may be significant, and in some cases

comparable to or greater than the radiological hazard.

Chemical hazards usually have an associated biological

effect that appears when a certain threshold in air

concentration is exceeded. Air concentrations are

determined by the quantity of material shipped, the

dispersability of the material, and meteorological

conditions at the accident site. Sandia Laboratories /3/

compared the maximum expected concentrations to the

corresponding threshold limits for various shipments and

determined that a toxicological hazard exists for only three

types of shipments commonly shipped in Oregon: new fuel,

uranium hexafluoride,

metal.

and possibly pyrophoric uranium
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Other hazards exist that are completely removed from

the radiological and toxicological properties of the

materials of which emergency responders should be fully

aware. The potential for overpressurization of OF6

canisters is one. Fire hazards from heat or smoke fumes can

not be neglected just because RAM is involved in the

accident. The emergency responder should be alert for these

hazards as well as radiological hazards.

1.4 Source Term for Typical Shipments

To calculate the indirect radiation dose (the

inhalation, cloudshine, and groundshine components) it is

necessary to quantitatively predict the amount of RAM that

may be transmitted to the atmosphere following a

transportation accident. The fraction of material that is

released from the containment of the package to the

atmosphere is referred to as the release fraction in this

report. The respirable fraction, which depends on the size

of the aerosolized particles, quantifies the fraction of all

aerosolized material that can be taken into the lungs.

Because of the limited amount of statistics available

on material releases from packages, it is difficult to

accurately determine the release fraction. Many experiments

and some analytical work have been done to predict release

fractions, especially for those shipments in the nuclear

fuel cycle, but it is sometimes difficult to apply this data

to transportation accidents. For each shipment, the author
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has attempted to quantify release fractions based on

reasoning, and has used conservative values to account for

uncertainty. Where insufficient data was available to base

any reasoning, it was assumed that the entire contents were

dispersed to the atmosphere. However, pure conjecture was

avoided.

Many commonly transported RAM shipments are packaged in

Type A containers. These containers are designed to survive

normal handling and are even capable of surviving many

accident conditions. Before certification, each container

is required to meet various testing conditions, such as:

(1) A drop test

(2) A compression test

(3) A puncture test

(4) Water spray, heat, vibration test, and other

environmental testing conditions

In addition, packages permitted to carry RAM in liquid

or gaseous form must also meet a vacuum environment test and

more stringent drop and puncture tests. Each shipper is

required to have on file sufficient documentation to certify

that the packages have been tested and comply with the

regulatory requirements.

More hazardous quantities of RAM are required to be

shipped in Type B containers. Even under relatively severe

accident conditions, loss of integrity of the source or

package is not anticipated. For example, Type B containers
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must be

(1)

able to meet several severe performance tests:

A 30 foot free drop onto an unyielding surface

(2) A 40 inch drop onto a 6" diameter steel pin

(3) Subjection to a 1475°F fire for 30 minutes

(4) Immersion under 50 feet of water for 8 hours

(fissile material).

Radioactive material packaged as special form must

demonstrate that the material is 'non-dispersable. Material

shipped in special form would not likely he released to the

atmosphere even under severe accident conditions. Some of

the performance tests required of special form material

include:

(1) A 30 foot free drop onto an unyielding surface

(2) A percussion test. (The specimen is placed on a

lead sheet and struck by the flat face of a 1"

diameter steel billet so as to produce an impact

equivalent to that resulting from a free fall of 3

pounds through 3.3 feet.)

(3) Subjection to hot air at 1475°F for 10 minutes.

(4) Long, slender sources are also subjected tc

bending test. The specimen is clamped at one end

in the horizontal position and the free end is

struck by a 1" diameter billet so as to produce an

impact equivalent to that resulting from a free

fall of 3 pounds through 3.3 feet.

According to a study completed in 1977 by the U.S.
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Nuclear Regulatory Commission /4/, 94% of all truck

accidents on U.S. highways would be less severe than the

tests to which Type B shipping containers are subjected. In

addition, it is expected that most Type 8 containers would

be able to withstand the impacts from many of the remaining

6% of the accidents (the most severe) for which they are not

tested. However, there is still a very small potential for

release of radioactive material from Type B shipping

containers and from special form sources and these are

addressed in this report.

It should be remembered. that there are many factors

preventing complete aerosolization of the radioactive

material such as non-volatility and physical form. These

have been considered in the determination of release

fractions used in this report. However, there is a lot of

conservatism built into the assumptions and so the results

should be considered as extreme worst cases and not as

typical.

The dose commitments and dose rates calculated downwind

from the accident site are highly dependent on the assumed

source term. Because of the importance of this factor it is

worthwhile discussing and justifying the assumptions made in

estimating this term for various shipments. The source term

is determined by the quantity of material shipped, the

fraction of material that is unshielded, the release

fraction and the respirable fraction.
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1) Molybdenum-99 Radiopharmaceuticals (UN2910)

A typical shipment is made in an unplacarded enclosed

delivery van containing one or more packages. the Mo99 is

adsorbed on an aluminum column and is sealed in a small can

and shipped in a Type A package. A standard shipment

contains one 1.2 curie package, few packages exceed 2.5

curies, and few shipments contain more than 50

curies/truck.

Molybdenum-99 decays to Technetium-99m which would not

be adsorbed on the aluminum column and could be readily

dispersed in an accident. Though Mo99 would most likely

remain adsorbed on the aluminum column, there is a potential

for its release in severe accidents, and 100% release was

assumed for each nuclide.

The activity and isotopic distribution of the two

radionuclides is calculated as a function of time from:

[[

Flo -99] . No-99 e(-0.01034 w (t-t0))
Activity t Activity t0

Activity
ro-99 ](e(-0.01034(t-to)

I ctivi
t Activity to

[

(1.1)

e(-0.1155(t-t0))

(1.2)

The total activity and the activity of the Tc99m achieves a

maximum 23 1/2 hours after the Mo99 is first prepared. At

this time the activities of the two nuclides is given by:

[AMo-991

ctivity t

[

lc-99m 1 .

Activity t

0.785

0.686 -

[Mo-99
Activity

[Mo-99
Activity]

to

to

(1.3)

(1.4)
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2) Nuclear Reactor Low-Level Waste (LSA) UN2912

Two types of LLW shipments were considered, compacted

trash and waste concentrates. Compacted and combustible

trash is composed of contaminated lab equipment, lab

clothes, paper towels, rubber gloves, etc. is often

transported to a repository in an exclusive use shipment

consisting of between 50 and 150 fifty-five gallon drums.

The inventory of radionuclides and the total curie content

of a drum vary significantly for each shipment depending on

the shipping facility's policies and activities. Typically,

each drum will contain between 10 and 100 millicures and for

purposes of this hazards assessment, it was assumed that

each drum carries 100 mCi. The isotopic distribution of

Table 4 based on Trojan fuel shipments FY 1982 were used to

characterize the types of radionuclides transported.

A standard shipment of waste concentrates would contain

twenty 50 ft3 liners transported in shielded overpacks. The

contents would consist of liquids, resins, and sludges

immobilized in cement. The maximum expected concentration

shipped by the Trojan Nuclear Power Plant is expected to be

less than 0.47 Ci/ft3 or 23 curies/liner (the value used for

this hazard assessment). Typi,:ally, Trojan shipments

averaged about 0.2 curies/package in 1982 so that the value

of 23 curies is probably excessive for most shipments. The

standard shipping drum was assumed to contain 5 curies and

the inventory of radionuclides shipped by Trojan as waste
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Table 4
Distribution

Dry Compressible
(Trojan

of Radionuclide Activities of
Waste, Contaminated Equipment, etc.
Fuel Shipments, FY 1982)

Nuclide Distribution
#1 (curies)

Distribution
#2 (curies)

Cr-51 0.138 0.032

Mn-54 0.026 0.030

Co-58 0.240 0.292

Co-60 0.376 0.539

Nb-95 0.351 0.283

Zr-95 0.265 0.156

Ru-103 0.142 0.046

Sn-113 0.003

Sb-125 0.011 0.001

Te-131 0.010

Cs-136 0.045 0.065

Cs-137 0.073 0.124

Ba-140 0.002 -

Ce-141 0.044 0.009

Ce-144 0.084 0.149

Nd-147 0.009
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concentrates FY 1982 is tabulated in Table 5.

The release fractions used to determine the fraction of

material emitted to the atmosphere were also difficult to

typify due to the diverse nature of materials packaged as

nuclear reactor LLW. However, conservative reasoning is

employed in placing upper bounds on the release fractions,

to avoid the excessive and meaningless doses that would be

calculated by assuming the entire, contents was aerosolized.

A .study performed by M. A. Halverson and M. Y. Ballinger /5/

on radioactive releases obtained in the combustion of

various materials was used to estimate these release

fractions. Three types of materials typically transported

as low-level contaminated trash - paper towels, rubber

gloves, and gaskets, and glove box windows - were burned

under various laboratory conditions (contaminant type,

concentration, method of ignition, external radiant heat

flux, and oxygen concentrations). The results showed that

the fractional release for the glove-box windows, rubber

gloves and gaskets was less than 3.5%, whereas for paper

towels the release fraction was less than 0.1%. Bare

contaminated resins were also tested for release and less

than 0.2% of the radioactive contamination was emitted. As

the polystyrene is heated the contaminant is given off in

the smoke, but as the resins melt, the contaminants sink

down into the molten mass and remain in the residue as the

fire burns itself out. The fact that the resins are
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Table 5

Distribution of Radionuclide Activities of

Spent Resins, Filter Sludges, Evaporator bottoms

(Trojan Waste Shipments, FY 1982)

Nuclide Distribution
#1 (curies)

Distribution
#2 (curies)

Cr-51 0.566 0.265
Mn-54 0.133 0.180
Co-57 0.007 0.007
Co-58 0.808 1.493
Co-60 1.939 2.919
Fe-59 0.100 0.0
Nb-95 0.977 2.158
Zr-95 0.869 1.252
Ru-103 0.544 0.501
Ru-106 0.0 0.013
Ag-110m 0.0 0.040
Sn-113 0.0 0.005
Sb-125 0.057 0.140
1-131 0.020 0.005

Cs-134 0.249 0.429
Cs-137 0.407 0.820
Ba-140 0.003 0.005
La-140 0.0 0.006
Ce-141 0.166 0.037
Ce-146 0.257 0.490
Nd -147 0.060 0.0
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immobilized in concrete or other immobilizing agents that

may not burn readily or would crack or crumble in the most

severe accidents was neglected in this hazard assessment

because the doses calculated are small, even when it is

assumed that the immobilizing agent has no effect.

3) Uranium Concentrates, Yellowcake UN2912

A typical shipment is made in a placarded, exclusive

use, closed truck containing approximately 50 steel,

fifty-five gallon drums. The drums contain approximately

3mCi of yellowcake, a dull-green granular material composed

of mainly unenriched U308. The radioactivity is due to

natural uranium and various daughter products. Table 6

shows a typical isotopic distribution for yellowcake /5/.

Because yellowcake is transported as a finely divided

powder, it is readily transmitted by wind into the

atmosphere. The following equation was used to determine

the quantity of yellowcake that is dispersed by the wind:

f = 0.001 + 4.6 * 10-4 * (1 - exp(-0.13 * u * t) * u1.78 )

(1.5)

where : f = The fractional airborne release

u = the windspeed at 50 feet expressed in m/s

t = the duration of the release, in hours

The release fraction consists of a constant term that

accounts for the initial puff of material released as the

contents are spilled and a term that increases with

windspeed and duration of release. This expression was
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Table 6
Activities of Radionuclide
Constituents of Yellocake

Activity
Nuclide (fraction)
U-238 0.245
U-234 0.245
U-235 0.00595
Th-234 0.244
Pa-234m 0.0122
Th-230 0.00115
Ra-226 0.00115
Rn-222 0.245

Table 7
Activities of Radionuclide

Constituents of Natural Thorium

Activity
Nuclide (fraction)
Th -232 0.1
Ra-228 0.1
Th-228 0.1
Ra-224 0.1
Po-216 0.1
Pb-212 0.1
Bi-212 0.1
Po-212 0.064
T1-208 0.036
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empirically derived by Battelle Northwest Laboratories to

describe the dispersal of plutonium oxide powder to the

environment /6/, and has often been applied to U308

accidents. Because of the toxic nature of U
3
0
8

it was also

necessary to know the release rate. This is given by the

first derivative of f:

df/dt = 1.66 * 10-8 * u1.78
* exp(-0.13 * u * t)

(1.6)

The wind release is highest just following the initial

puff:

.(maximum release rate) = 1.66 * 10-8 * u1 78 (sec-1)

(1.7)

However, the initial puff would provide a large

instantaneous release rate. It is therefore assumed that the

fractional release rate is approximately 0.001 sec-1

4) Natural Thorium -- UN2912

Natural thorium is- commonly used as a process material

by one or more northwest industries and is frequently

transported on Oregon highways. A typical shipment could

contain 100 drums, each containing one curie of natural

thorium. Natural thorium is a granular material physically

similar to 0308. The release fractions and release rates

discussed for U
3
0
8

were also used for natural thorium.

Table 7 shows the distribution of radionuclides typically

present in natural thorium.
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5) New Fuel For Commercial Reactors -- UN2918

A typical shipment consists of six cylinders, although

there may be as many as ten packages each containing 2 fuel

assemblies. The fuel assemblies consist of a 16 x 16. array

of fuel pins (8.25" x 8.25"). Each pin is about 13 feet in

length. Each assembly contains between 400 and 520 Kg of

uranium in ceramic pellet form with a specific activity of

about 1.5 x 10-8 curies/gram (af 3% enrichment) so that a

typical package contains approximately 2 curies. The

radioactivity is due to the presence of U 234 0235 and U238.

The distribution of radionuclides used for enriched uranium

hexafluoride was also assumed to be applicable to new fuel

(see Table 17). New fuel packages are normally Type A and

are usually placarded.

The release fraction for uranium oxide is not precisely

known. WASH-1400 /7/ has determined release fractions for

intermediate density UO2 exposed to an air flow of 100

cm3/min at various temperatures. The release fraction is

not a very smooth function of temperature but seems to reach

a maximum at 2012°F of o.19%. (The sample size was one gram

and the experiment was for 90 minutes. The conditions at an

accident might be similar, except the fuel pellets are much

larger than the samples (typically 20 grams), with smaller

surface to volume ratios and since this mechanism of release

is a surface phenomenon, one would expect release fractions

to be smaller for fuel pellets). Many of the fuel pellets
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would remain in the fuel pin cladding where no release of

uranium would be expected (0.19% was used as a conservative

estimate). Of that material released, only a fraction could

be inhaled into the lungs. Based on the distribution of

aerodynamic diameters of aerosolized particles, the

respirable fraction is approximately 20% /8/.

6) Commercial Reactor Spent Fuel -- UN 2918

Currently, there are no commercial reactor spent fuel

shipments made in Oregon. However, if there were, a

shipment would probably consist of one Type B shipping cask,

containing between one and three LWR fuel assemblies. The

shipping cask may weigh between 20 and 40 tons when fully

loaded and would be composed predominately of lead and steel

structural and shielding components. Spent fuel shipping

casks are designed to hold between 1 and 3 PWR or 2 to 7

BWR fuel elements. They are capable of dissipating up to

approximately 10 KW of decay heat per PWR fuel element.

Heat rejection is by convection through the water, air, or

helium coolant to cooling fins on the outer surface of the

cask. The truck would be placarded as a highway route

controlled quantity and the cask would be labelled

radioactive. The activity of one assembly cooled for 120

days may range between 2.4 * 106 and 3.0 * 106 curies. The

activity of two assemblies cooled for one year would range

between 2.0 * 106 and 2.5 * 106 curies. For purposes of

this hazards assessment, it was assumed that the cask would
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contain 2.0 * 106 curies. The distribution of

radionuclides present in the shipment depends on the type of

reactor, the operating history of the fuel, and the cooling

time. Three isotopic distributions were considered:

a) The Final Generic Environmental Impact Statement

(FGEIS) on handling and Storage of Spent Light Water

Power Reactor Fuel /8/ provides an isotopic

distribution for PWR fu'el with a burnup of 33

GWD/MTU at 88% capacity factor. The fuel was cooled

for 120 days before shipment (see Table 8).

b) The same FGEIS (above) provides an isotopic

distribution for PWR fuel with the same operating

history, and cooled for 1 year before shipment (see

Table 8)

c) The distribution of nuclides provided by Dave

Markley (ODOE) /9/ and given in Table T was also

used. This distribution is for 150 day cooled

fuel.

If the cask were involved in an accident it is highly

unlikely, even in the most severe accidents, that the

shielding would completely fail /4/. Instead, one might

expect the cask to crack, resulting in a very narrow beam of

intense radiation. To determine the intensity of the beam,

a transverse crack is modeled as a point source with a

strength determined by the fraction of material exposed:

s = (T * C) / L = source strength (curies) (1.8)
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Table 8

Activities of Radionuclides present in Spent Fuel

150 Day Cooled Fuel

2.19 x 106 curies

29 Nuclides

Nuclide # of Curies

Co-58 1,000
Co-60 400
Kr-85 5,250
Sr-89 75,000
Sr-90 40,000
Y-90 40,000
Y-91 114,000
Zr-95 181,000
Nb-95 337,000
Ru-103 57,500
Ru-106 194,000
Te-127 2,900
Te-127m 3,000
Te -123 1,250
Te-129m 1,950
Cs-134 120,000
Cs-137 53,200
Ba-140 300
La-140 300
Ce-141 37,1C0
Ce-144 457,000
Pr-143 400,000
Pu-238 1,500
Pu-239 150
Pu-240 250
Pu-241 57,800
Am-241 70
Cm-242 8,75C
Cm-244 1,500
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Table P
Activities of Nuclides Present in Spent Fuel

(33 GWD/rTU, 80% capacity factor)

Activities (Ci/MTU charged to reactor)

Isotope Discharge 120 Days 1 Year

H-3 5.67E+02 5.56E+02 5.36E+02
Se-79 3.82E-01 3.82E-01 3.82E-01
Kr-85 S.56E+03 9.36E+03 8.97E+03
Rb-86 7.41E+02 8.56E+00 9.49E-04
Sr -89 9.06E+05 1.83E+05 6.99E+03
Sr-90 7.86E+04 7.80E+04 7.67E+04
Y-90 8.23E+04 7.80E+04 7.67E+04
Y-91 1.18E+06 2.89E+05 1.59E+04
Zr-93 2.93E+00 2.93E+00 2.93E+00
Zr-95 1.70E+06 4.77E +05 3.57E+04
Nb-93m 2.20E-01 2.77E-01 3.72E-01
Nb-95 1.66E+06 8.41E+05 7.54E+04
Nb-95m 2.05E+04 6.05E+03 4.53E+02
Tc-90 1.42E+01 1.43E+01 1.43E+01
Ru-103 1.79E+06 2.19E+05 3.01E+03
Ru-106 5.41E+05 4.32E+05 2.73E+05
.Pd-107 1.08E-01 1.08E-01 1.08E-01
Ag-110 2.16E+05 4.59E+01 2.34E+01
Ag-110m 4.56E+03 3.28E+03 1.67E+03
Ag-111 5.67E+04 8.30E-01 1.11E-10
Cd-113m 3.53E+01 3.47E+01 3.36E+01
Cd-115m 1.29E+03 1.99E+02 4.42E+00
In-114 1.34E+01 1.72E+00 5.57E-02
In-114m 9.56E+00 1.78E+00 5.77E-02
Sn-117m 9.56E+01 2.52E-01 1.36E-06
Sn-119m 9.26E+01 6.60E+01 3.30E+01
Sn-121m 1.66E-03 1.65E-01 1.64E-01
Sn -123 4.86E+03 2.55E+03 6.84E+02
Sn-125 1.14E+04 2.06E+00 4.69E-08
Sn-126 6.67E-01 5.67E-01 5.67E-01
Sb-124 4.19E+02 1.05E+02 6.27E+00
Sb-125 9.81E+03 9.13E+03 7.70E+03
Sb-126 7.50E+02 9.93E-01 7.94E-02
Sb-126m 6.16E+02 5.67E-01 5.67E-01
Te-123m 6.27E-01 3.13E-01 7.58E-02
Te-125m 2.00E+03 2.13E+03 1.87E+03
Te-127 1.06E+0.5 7.31E+03 1.54E+03
Te-127m 1.54E+04 7.47E+03 1.57E+02
Te-12S 3.43E+05 4.94E+03 3.06E+01
TP-129m 9.34E+04 7.78E+03 4.82E+01
1-129 3.27E-02 3.32E-02 3.33E-02
1-121 1.06E+06 3.54E+01 2.38E-08
Xe-131m 7.50E+03 2.20E+01 1.59E-06
Xe-123 2.05E+05 4.14E-01 J.74E-15
Cs-134 3.15E+06 2.82E+05 2.25E+05
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Table 9 (continued)

Activities (Ci/MTU charged to reactor)

Isotope Discharge 120 Days 1 Year

Cs-135 3.68E-01 3.69E-01 3.69E-01
Cs-136 8.26E+04 1.37E+02 2.91E-04
Cs-137 1.09E+05 1.08E+05 1.06E+05
Ba-136m 1.32E+04 2.20E+01 4.55E-05
Ba-137m 1.03E+05 1.02E+05 1.01E+05
Ba-140 1.83E+06 2.75E+03 4.70E-03
La-140 1.95E+06 3.16E+03 5.41E-03
Ce-141 1.74E+06 9.22E+05 1.35E+05
Ce-144 1.18E+06 8.82E+05 4.85E+05
Pr -143 1.53E+06 3.73E+03 1.38E-02
Pr-144 1.20E+06 8.82E+05 4.85E+OF
Pr-144m 1.42E+04 1.06E+04 5.82E+03
Nd-147 7.43E+05 3.84E+02 7.46E-05
Pm-147 8.75E+04 8.82E+04 7.38E+04
Pm-148 2.20E+05 3.76E+02 5.14E+00
Pm-148m 4.08E+04 5.44E+03 8.90E+01
Sm-151 1.16E+03 1.16E+03 1.15E+03
Eu-152 1.06E+01 1.04E+01 1.01E+01
Eu-154 1.51E+04 1.47E+04 1.40E+04
Eu-155 3.18E+03 3.03E+03 2.75E+03
Eu-156 2.91E+05 1.22E+03 1.72E-02
Gd-153 2.87E+01 2.03E+01 1.00E+01
Tb -1G0 1.74E+03 5.51E+02 5.26E+01
Tb-161 9.86E+02 5 .96E-03 1.31E-13
11-208 1.45E-03 2.28E-03 4.54E-03
Pb-212 4.02E-03 6.34E-03 1.25E-02
Bi-212 4.02E-03 6.34E-03 1.2E-02
P0-212 2.57E-03 4.05E-03 8.07E-03
Po-216 4.02E-03 6.34E-03 1.26E-02
Rn-220 4.02E-03 6.34E-03 1.26E-02
Ra-224 4.02E-03 6.34E-03 1.26E-02
Th-228 4.09E-03 6.31E-03 1.26E-02
Th-231 1.14E+00 1..90E-02 1.90E-02
Th-234 3.14E-01 3.14E-01 3.14E-01
Pa-233 3.98E-01 4.31E-01 4.33E-01
Pa-234m 3.26E-01 3.14E -01 3.14E-01
1.1-232 1.97E-02 2.77E-02 4.20E-02
U-234 9.58E-01 9.61E-01 9.67E-01
U-235 1.90E-02 1.90E-02 1.90E-01
U-236 2.48E-01 2.48E-01 2.48E-01
U-237 1.24E+06 9.23E+00 3.58E+00
U-238 3.14E-01 3.14E-01 3.14E-01
Np-237 4.22E-01 4.33E-01 4.33E-01
Np-239 2.35E+07 2.03E+01 2.03E+01
Pu-236 2.64E+00 2.45E+00 2.08E+00
Pu-238 3.15E+03 3.22E+03 3.29E+03
Pu-239 3.68E+02 3.75E+02 3.75E+02
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Table 9 (continued)

Activities (Ci/MTU charged to reactor)

Isoto e Dischar e 120 Da s 1 Year

Pu-240 4.63E+02 4.63E+02 4.63E+02
Pu-241 1.56E+05 1.54E+05 1.49E+05
Pu-242 1.85E+00 1.85E+00 1.85E+00
Am-241 1.38E+02 2.20E+02 3.82E+02
Am-242m 1.37E+01 1.36E+01 1.36E+0/
Am-242 9.77E+04 1.36E+01 1.36E+01
Am-243 2.03E+01 2.03E+01 2.03E+01
Cm-242 5.13E+04 3.10E+04 1.09E+04
Cm-243 4.87E+00 4.83E+00 4.76E+00
Cm-244 2.27E+03 2.24E+03 2.12E+03

Cm-245 2.17E-01 2.17E-01 2.77E-01
Cm-246 4.26E-02 4.26E-02 4.2GE-02
Bk-249 4.80E-03 3.6SE-03 2.15E-03
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where T = The crack thickness

L = The length of the fuel rod = 12 feet

C = The total curie inventory for the entire

package

The sector affected by the beam is determined from:

8 = 2 * tan-1(ttt.)

where T = The crack thickness

17= Gamma shield thickness

9 = The angle created by the beam of radiation.

For a one-inch crack an eight inch thick cask,

e = 14° where eight inches is typical for a spent

fuel shipping cask /8/.

Where there is no fire involved in the accident, it is

assumed that all the I, Br, and noble gases are released to

the atmosphere. The cask would, at worst, crack, emmitting

a beam of radiation with the gaseous fission products. The

crack is expected to be less than 1 inch in width. Even if

there were no observable crack in the package, it is

conceivable that there could be minor damage (a crack of 0.1

cm width may not be readily detected, though gaseous fission

products, and a moderate beam of radiation may he

emmitted).

An extensive amount of research has teen conducted

which has provided a basis upon which the release fractions

for nuclides transported as spent fuel under various
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accident conditions can be estimated. Both analytical and

empirical methods have been employed to estimate these

release fractions. The analytical methods have generated

only limited success due to the complexities of the problem

and the required simplifications necessary to obtain

results. However, they do provide some conservative

estimates useful for purposes of.comparison with empirical

results. Some laboratory and several full-scale tests on

prototype accident scenarios have provided more reliable

estimates. A wide variety of test conditions have been

investigated so that release .fractions are fairly well

known.

Radionuclides present in spent fuel are categorized

according to their volatilities and groups of nuclides are

analyzed for releases rather than individual nuclides.

Table 10 shows such a classification scheme together with

the expected chemical form and lung clearance class for

various isotopes in aerosol form. Those isotopes present in

the spent fuel inventory and whose chemical forms do not

appear in the table were assigned to their most restrictive

lung clearance class.

WASH-1400 provides a detailed study into release

fractions for operating LWRs. Various mechanisms for

release are studied, including the gap release of the most

volatile fission products, meltdown release, vaporization

release, and release from metal oxidation.
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Table 10
Lung Clearance Classes for the Radionuclides

Included in the Dosimetry Model

Group (a) Radionuclides in Group

Expected Chemical
Species Released
from Containment

lung-
Clearance
Class(b)

Halogens 1-131, 1-132, 1-133
1-134, 1-135

I , CH3I, Iodides,

Alkali Metals Rb-86, Cs-134, Cs-136 Oxides, hydroxides D

Cs-137

Tellurium Te-127, Te-127m, 1Te129 Oxides w

Te-129m, Te-131m,
Te-132, Sb-127, Sb-129

Alkaline Earths Sr-89, Sr-90, Sr-91 Oxides D

Ba-140

"Transition" Ru-103, Ru-105, Ru-106 Oxides, elemental Y

Group Rh-105

Co-58,Co-60 Oxides, hydroxides Y

Mo -99 Molybdates Y

(possibly oxides)

Tc-99m Oxide, pertechnetate D

"Lanthanide"
Group

Y-90, Y-91, La-140

Zr-95, Zr-97, Nb-95

Ce-141, Ce-143, Ce-144
Pr-143, Nd-147

Np-239, Pu-238, Pu-239
Pu-240, Pu-241, Am-241
Cm-242, Cm-244

Oxides

Oxides

Oxides

Oxides

w

Y

Y

(a) The names "transition" and "lanthanide" are in quotation
marks because they are not employed precisely, merely as
convenient labels.

(b) The letters D, W, and Y represent respiratory clearance half-
lives on the order of days, weeks, and years, respectively
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A typical fire temperature for a rail or highway

accident is about 1500°F and a maximum conceivable fire

temperature is 2500°F /10/. Because UO2 melts at

temperatures greater than 5000°F, melting and vaporization

are ruled out as mechanisms for release. One could,

however, expect the release of some of the gases and

volatile nuclides that accumulate in the gaps and voids

within the fuel element. Many of the volatile gases would

react with the zirconium cladding at temperatures near

1400°F and would not escape the cladding to the environment.

It is also doubtful that all the fuel pins would breach.

Those that are not breached would not release any of their

contents (including gaseous fission products). Assuming

that all the rods breach could overstate the release by a

factor of 300 to 600.

One could also consider the potential for the oxidation

of some of the UO2 to U308. At temperatures as low as 900°F

and as high as 2730°F, UO2 will react with the oxygen in the

air to form U308. The reaction is exothermic and will

result in the release of fission products that are volatile

under these conditions. Fuel which remains clad and not

exposed to air would not be subject to this component of

release. Evidence shows that only the fraction of fuel in

the vicinity of a crack or rupture in the cladding would

become oxidized, so that this form of release is somewhat

localized.
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One analytical method used to estimate release

fractions is to determine equilibrium concentrations of

various chemical forms based on a thermodynamic study of

compound species in spent reactor fuel. The results of this

thermodynamic study is the ratio of vapor to condensed form.

Assuming that all the vapor form in equilibrium at a typical

fire temperature is released (ignoring the possibility that

the system never reaches an equilibrium state ant that some

of the vapor will condense before it can diffuse to the

surface and be released) results in conservative estimates

for the release fraction for spent fuel in a fire at an

accident site. These fractions (Table 11) are for an

average fuel temperature of 1000°F, which is reasonable to

expect for-many transportation accidents. Almost all of the

inhalation dose is due to cesium, and the calculated hazare

is extremely sensitive to the selection of the cesium

release fraction.

Experimentally determined release fractions for LIM

fuel involved in transportation accidents were published in

1976 by Oak Ridge National Laboratory /11/. The

experimental tests involved the use of high burr. -u'

zircaloy-4 clad UO2 pellets. Fission product inventories

were artificially implanted on the test. specimens, and t'e

release of Cs, I, and Te were determined. The cladding was

ruptured and the specimens were heated to c30°F. The data

obtained and tabulated below (see Table 12) were used to
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Table 11

Spent Fuel Release Fractions

(from Thermodynamic Analysis /7/)

Nuclide Release Fraction

Cs 2 x 10-2

Ba 1 x 10-9

La r x 10-25

Sm 1 x 10-14

Zr

Mo -

Ru

Te 7 x 10-4

I 1 x 10-3

Br 1 x 10-3

Sr 4 x 10-8

U -
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predict the expected releases from a typical transportation

accident.

Table 12 - Experimentally determined release fractions

Heating Release Fraction(%)
Temp. °F Duration (hr) Cs I Te

930 20 0.3 8.6 0.003
1 300 5 1.0 11.0 0.01

Full-scale tests conducted by Sandia Laboratories

provide the most accurate and best available estimates at

this time. Table 13 shows the expected release fractions

for the five most important nuclides (based on volatility

and activity), tabulated as a function of accident severity.

Accident severities are more fully discussed in Part 2, but

suffice it to say that the potential damage sustained by a

package increases with accident severity /12/. Severity

class 1 is the least severe, increasing to severity class 8

- comprising the most severe accidents expected on highways.

The damage sustained by spent fuel for most accident

severities would be limited to superficial failure,

deformation of shielding material and cracks in the cask

(approximately 0.1 cm width).

If the accident is severe enough, there could be more

excessive damage to the shielding and correspondingly larger

release fractions. To model such accidents the direct

radiation exposure was determined from completely unshielded

fuel assemblies. The release fractions are based on



Table 13
Spent Fuel Release Fractions

(Experimentally derived by Sandia Laboratories)

Severity
Nuclide(a) 1 2 3

**********************Fraction of Material

36

Category
4 5 6

Released*******************
Co 0 0 0.012 0.012 0.012 0.012
Kr 0 0 0 0.01 0.1 0.11
Cs 0 0 0 1.0E-08 2.0E-04 2.8E-04

Eu, Sr, Pu 0 0 0 1.0E-08 5.0E-08 5.0E-08
Ru 0 0 0 1.0E-08 1.0E-06 4.2E-05

*************************Fraction Aerosolized*************************
Co 0 0 1 1 1 1
Kr 0 0 0 1 1 1
Cs 0 0 0 1 1 1

Eu, Sr, Pu 0 0 0 1 1 1
Ru 0 0 0 1 1 1

*************************Fraction Respirable**************************

Co 0 0 0.05 0.05 0.05 0.05
Kr 0 0 0 1 1 1

Cs 0 0 0 0.05 1 1

Eu, Sr, Pu 0 0 0 0.05 0.05 0.05
Ru 0 0 0 0.05 0.05 0.05

(a) Other nuclides with similar chemical properties (see Table 10)
were expected to have similar release parameters
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full-scale tests conducted on shipping casks to estimate the

radiological consequences from a hypothetical sabotage

attack on a lightwater reactor spent fuel shipping cask

/13/. It was found that less than half of the noble gases

and 0.0034% of the solid contents of the package could be

released in an explosion. An additional component of

release would ensue clue to subsequent fires and the

volatilization of otherwise stable nuclides in the scattered

debris. This component, however, would be negligible in

comparison to the instantaneous release, and was ignored.

7) Research Reactor Spent Fuel --UN2918

Research reactor spent fuel is generally shipped in

one heavily shielded upright cask anchored to a placarded

flatbed truck. The fuel assemblies were modeled as a 15"

line source and may contain as much as 220,000 Curies of

mixed fission and activation products. The distribution of

radionuclides for 150 day cooled commercial reactor spent

fuel (see Table 9) was used to characterize the isotopic

make-up.

No release of radioactive material is expected from

most accidents. However, if the cask is cracked the release

of gaseous fission products and the emission of a strong

beam of radiation is likely. A typical crack would he less

than 0.1 cm in width and it was assumed that all volatile

fission products are released.

More severe accidents might result in greater package
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failure and fire. Where there is a fire involved in the

accident, either the empirically or the thermodynamically

derived release fractions were used, depending on the extent

of the damage to the cask. If there is only minor damage

consisting of superficial failure or small cracks, the

empirical release fractions were used. The thermodynamic

release fractions were used to estimate release from severe

accidents with gross package failure.

8) Cobalt-60 Radioteletherapy Source -- UN2974

Radioteletherapy sources, used in the treatment of

cancer patients, are shipped as large quantities in heavily

shielded casks. The trucks are usually (not always)

placarded and the casks are placed in Type B overpacks. A

typical shipment would transport one package containing

9,000 curies and few shipments would be expected to exceed

15,000 curies /9/.

Because the cask is shipped in a Type B overpack, it is

highly unlikely, even in the most severe accidents, that the

shielding would completely fail. At worst, one might expect

the cask to crack, resulting in a very narrow heam of

radiation. It has been suggested that this crack be modeled

similar to cracks in spent fuel shipping casks /4/.

However, radioteletherapy sources are much more localized

(spent fuel activity is distributed over a long line) and

the emerging beam of radiation should be comparatively

larger. It was expected that approximately 5% of the source



39

material contained within the package is unshielded

(compared to 0.01% for a similar crack in a spent fuel

shipping cask). This is roughly arrived at by assuming the

cask receives a crack of width 0.1 cm. The typical volume

of the radioactive material is 7.5 cm3 so the source has a

characteristic radius of V * 3 / 4 /IT) = 1.2 cm. The

fraction of material unshielded will be approximately S %,

assuming that the source can be approximated as a sphere of

radius 1.2 cm completely encompassed by a crack of thickness

0.1 cm. The choice of crack thickness is the same as was

expected for spent fuel casks for most accident conditions.

Extremely severe accidents could expose the entire source.

Now, since the source is in special form and

transported in Type B containers it is doubtful that any

material could be aerosolized. However, if the source

material is released from all protective containment there

is a small potential for release.

Cobalt-60 exists in a very stable metallic form. The

metal is much less reactive than iron and corrodes very

slightly in air to form Co0 and Co304. Its oxide forms are

also non-volatile and Co0 is insoluble in water. Cobalt

corrodes at an accelerated rate with elevated temperatures.

Scales form on the metallic surface at temperatures between

1100 - 1380°F which crack and can flake off the surface on

cooling, which could result in a release to the atmosphere.

Because radioteletherapy sources are shipped as special
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form, and because the cobalt is usually electroplated with

nickel to prevent corrosion, release to the atmosphere is

not anticipated. Should the cobalt become released from its

package and assuming there is no nickel plating, or the

nickel has somehow been worn away, there is a remote

potential for atmospheric release. Rate constants for

oxidation as a function of temperature have heen published

/14/. The rate at which the reaction takes place is

proportional to the surface area. Irradiators are usually

constructed of cobalt disks, wires, or pellets with rather

large surface to volume ratios. A typical 8,000 Ci Amersham

Co 60 teletherapy source is constructed of cobalt disks, and

the unit has a total surface area of 1700 cm 2 and a mass of

67 grams. The oxidation calculated for various temperatures

is quite high (Table 14). Based on this information it is

expected that the release fraction for Cobalt-60

radioteletherapy sources is negligible for most accident

conditions and less than 1% for even the most severe

accidents (this does not include sabotage attempts in which

virtually all of the material could potentially be

released).

The hazard that is calculated when it is assumed that

material is released to the atmosphere is quite high, and

overestimating the release fraction can produce results that

are quite meaningless.

The most reasonable assumptions for typical highway
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Table 14
Co -GO Aerosolization Fractions

(assuming failure of special form capsules
and 1% release of all oxidized cobalt)

Temp
oF

Rate gon§tapt(a) Aerosolization(b)
fraction

12S0 2 x 10-9 0.003S

1470 5 x 10-8 0.01S;

1651 8 x 10-7 0.0:17

1830 3 x 10-6 0.15

2010 10 x 10-6 0.27

(a) Rate constant = (weight change 2
) /time

AREA

(b) It was assumed that the metal was exposed to a 2 hour
fire duration.
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accidents, would consist of a 5% loss of shielding and no

release to the atmosphere.

9) Cobalt-60 Radiography Source -- UN2974

Radiography sources, used as a non-destructive means of

testing welds or thickness of materials, typically contain

100 curies of Co6° or 1r-192 in a fresh source (a spent

source may contain only 30 curies). These sources are

transported relatively infrequently. Typically the

radiographer transports to the manufacturer only when the

activity of his source is low - maybe once every two

half-lives). However there are a few portable units for

remote use. It was assumed that because of the small source

volume, effectively all the shielding could be lost and

since the material is in special form the release fraction

is negligible.

10) Well-logging source -- UN2974

Well-logging firms use radionuclides to assay the

geological structure of underground wells to determine the

potential of further exploratation. A typical shipment

consists of up to 4 heavily shielded containers with various

sources, such as: Am241 Ra226, or Cs 137 . Californium-252

is occasionally used as a neutron source for well-logging

applications. The shipments are made to remote locations in

service vehicles. Each package is labelled and the vehicle

is often placarded. A standard shipment might contain a 1G

Ci Am/Be neutron source, two 0.1 mCi Ra226 gamma sources,
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and a 1.6 Ci Cs137 gamma source, or a 0.5 Ci Cf252 neutron

source /9,15/.

7.ecause the source volume is extremely small, it is

expected that even a narrow crack in the shielding could

expose virtually all the source material, so that assuming a

complete loss of shielding is not unusual. The direct

radiation dose will be due to both the neutron and the

photon activity.

The conversion from flux to dose equivalent rate is

generally not of a simple linear form. However, Am/Be

sources produce neutrons at the rate of 2.2 x 106 neutrons *

sec -1 * Ci -1 with an average energy of 4 MeV whereas Cf252

neutrons are generated at the rate of 136 * sec-1 * Ci-1

with an average energy of 0.211 MeV /15/. Since the

neutrons generated by Am/Be are emitted with energies

greater than 2 MeV, the conversion for such fast neutrons is

given by: (1 mrem/hr) / (7n/cm2-sec). The dose equivalent

rate for slower neutrons is much less than that calculated

using this conversion, so using this conversion for neutrons

of all energies is conservative. A formula derived

empirically to relate this flux to dose equivalent rate by

means of a conversion ratio, C, (a function of neutron

energy) /16/ is given by:

ln( C ) = A + B ln(E) + C (ln(E))2 + D (1n(E))3 (1.9)

where the empirical coefficients are shown in Table 15. The

calculated conversion ratios together with the neutron
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Table 15
Coefficients for Neutron Flux Dose Conversion Factor

Neutron Energy
(Mev) A B C D

2.5E-08

1.0E-07

to

to

1.0E-07

1.0E-02

-1.25E+01

-1.22E+01 1.71E-01 2.60E-02 1.02E-03

0.01 to 0.1 -8.93E+00 7.84E-01

0.1 to 0.5 -8.66E+00 9.00E-01

0.5 to 1.0 -8.93E+00 5.07E-01

1.0 to 2.5 -8.93E+00 -5.60E-01

2.5 to 5.0 -9.28E+00 3.22E-01

5.0 to 7.0 -8.47E+00 -1.80E-01

7.0 to 10.0 -8.82E+00

10.0 to 14.0 -1.12E+01 1.03E+00

14.0 to 20.0 -9.12E+00 2.44E-01
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spectrum for Cf252 is given in Table 16.

All sources typically transported in the well-logging

industry are in special form and would not be expected to

release any radioactive material to the atmosphere even in

severe accident conditions. Should radioactive material be

released from the isolation of the special form capsules, a

sizeable fraction of the contents from some of these sources

could become aerosolized. Cesium is moderately volatile and

has a boiling point of 1270°F and dispersion to the

atmosphere would appear likely. Likewise, radon gas would

be released from the radium source. For these two cases,

100% release might prove to be a realistic limit.

However, assuming 100% release for the Am/Be and the

Cf252 sources would grossly overstate the radiological

hazard due to inherent barriers to release. Depending on

how the source is prepared /17/, the release fraction for

Am/Be could be as low as 0.05%. When americium oxide is

sintered in a compact with BeO, the release fraction should

be the same order of magnitude as other sintered, loose

chunks such as fuel pellets /181. If americium is mixed

with beryllium metal powder and then loaded in a special

form capsule, the contents could cause a more severe

contamination problem, and 100% might he a reasonale

limit.

Likewise, modern californium sources are prepared by

chemically plating particles of californium oxalate with

palladium /19/. The coated particles are then pulverized,
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Table 16

Neutron flux to dose conversion

Energy Range
(,eV)

Average
(eV)

Fraction Of
neutrons

Conversion
(m7-mP;;r

per n/cm'=--

10.00-14.92 12.2 0.0036. 0.202

6.70-10.0o 8.18 0.0279 0.1,!17

5.49-6.70 6.06 0.0356

4.49-5.49 4.96 0.0548 0.154

3.68-4.49 4.06 0.073 0.151

3.01-3.68 3.35 0.087 0.1112

2.02-3.01 2.52 0.189 0.133

0.91-2.02 1.46 0.303 0.127

0.41-0.91 0.6G 0.14 0.1.25

0.11-0.41 0.26 0.068 0.027

0.01-0.11 0.06 0.012 0.02

0.00-0.01 0.005 0.000
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calcined and sintered into a form which can then be rolled

into wires. Again, 0.05% was used as the release fraction

and is expected to be only a reasonable order of magnitude.

11) Portable density gauges - UN2974

Portable density gauges are commonly used by road

crews, the forest service, and research institutes to

,measure the density and water content of soils. Because of

their uses, they are frequently transported to remote field

locations in small vans or trucks.

A typical shipment contains one 50 curie Am/Be neutron

source and a 10 curie Cesium source. It was assumed that in

severe accident conditions, the sources could become

completely unshielded. However, because these nuclides are

in special form, it is expected that no RAP' would he

aerosolized.

12) Enriched Uranium Hexafluoride - UN2977

Uranium is enriched in U
235 for use in current LWR

reactors. The uranium is in its hexafluoride form during

the enrichment process, after which it will be transported

to a fuel fabrication facility. Table 17 shows a typical

distribution of radionuclides that make up enriched UF6

/20/.

The size of the shipping cylinders may vary with

diameters ranging from 1/2 foot to 4 feet and lengths

ranging from 3 feet to 10 feet. A typical cylinder would

have a 30 inch diameter and an 82 inch length, often shipped
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Tab le 17
Distribution of Radionuclide Activities

of Uranium Hexafluoride
(normalized)

Enriched Uranium

Nuclide

Hexafluoride
Activity
(fraction)

U-234 0.735

U-235 0.018

U-236 0.0231

U-237 0.121

U-238 0.104

Unenriched Uranium Hexafluoride
Activity

Nuclide ifraction)

U-238 0.489

U-234 0.489

U-235 0.022
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in an overpack. The cylinder is equipped with one or more

pressure relief valves and the shipment may carry from 1 to

6 cylinders loaded cross-wise on a flat-bed truck, will be

placarded as radioactive and corrosive, and is classified as

hazard class UN2977.

It was assumed that a typical shipment contains 6

cylinders each containing 4.6 curies (2.2 metric tons) of

UF6. Unless the package is involved in a fire, there is no

conceivable mechanism of release to the atmosphere. If

there is a fire, there is a potential for the cylinders to

rupture and virtually all of the material could become

aerosolized, though enriched UF6 cylinders are shipped in

DOT specification protective overpacks which are designed to

survive most accident conditions.

Hydrogen fluoride, HF, is produced by the reaction of

UF
6

in air. Exposure to excessive concentrations of HF,

chronic exposures to 40 mg/m 3 or acute exposures to 400

mg/m3, could cause death. Since concentrations near 25

mg/m3 can be detected by smell, sufficiently below harmful

or lethal levels, the public should be evacuated to regions

in which hydrogen fluoride cannot be smelled.

NIOSH /21/ has published permissible exposure limits

(PELs) for occupational health guidelines and recommends a

PEL of 2.5 mg/m3 averaged over a workshift of not more than

10 hours/day, 40 hours / week. This was used as criterion

for public access control. Both authorized and
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nonauthorized non-lifesaving emergency response access was

restricted to outside the 25 mg/m3 isopleth. Lifesaving

emergency response was based on the 40 mg/m3 lethal chronic

exposure limit.

The evacuation distances prescribed in this study are

based on the toxic nature of hydrogen fluoride because the

toxicological hazard far outweighs the radioactive hazard.

Table 18 shows a comparison o.f recommended evacuation

distances based on both the radioactive and corrosive

hazards.

It was assumed that hydrogen fluoride was released at

an average rate of 126 g/sec for an exploding cylinder and

60 g/sec for a punctured or leaking cylinder. These values

were for 1.0 hour and 1.2 hour release times respectively

/22/. Average values of release rates were used because

detailed evaluations of these rates were not available. It

is possible that release rates could be high enough that the

400 mg/m3 lethal concentration could be exceeded. This

would be expected in the case of an exploding cylinder.

However, the instantaneous release that would result would

not permit enough time to make the necessary evacuations.

13) Unenriched Uranium Hexafluoride UN2979

The size of unenriched uranium hexafluoride shipping

containers vary, with diameters ranging from 1/2 foot to 4

feet and lengths ranging from 3 feet to 10 feet /20/. A

typical cylinder would have a 4 foot diameter and a 10 foot
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Table 18

Comparison of Recommended Evacuation Distances for
Chemical and Radiation Hazards of Leaking 2.2 MT

Enriched Uranium Hexafluoride Cylinders

Exclusion
Boundary

Day Night
Calm Breeze Wind Calm Breeze Wind

Public
(Radiation) 3,200' 1,800' 1,300' 7,000' 4,100' 2,600'

Public

(Chemical) 9,500' 4,600' 2,800' 15,000' 9,000' 5,500'

Emergency
(Radiation) 1,200' 570' 330' 2,300' 1,300' 8,700'

Emergency
(Chemical) 2,600' 1,300' 750' 4,600' 2,700' 1,700'

Lifesaving
(Radiation) 2,800' 140' 70' 660' 390' 250'

Lifesaving
(Chemical) 2,000' 1,000' 620' 3,600' 2,100' 1,400'
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length. The cylinder is equipped with one or more pressure

relief valves and the shipment will be placarded as

radioactive and corrosive, and classified in hazard class

U1' 2978.

It was assumed that a typical shipment carries two

cylinders, each containining 6.4 curies (9 metric tons).

Unless the package is involved in a fire, there is no

conceivable mechanism for release to the atmosphere. If

there is a fire, there is a potential for the cylinders to

rupture and virtually all of the material could become

aerosolized.

The chemical characteristics of unenriched UFr are

identical with those of enriched UF 6' Though the

radiological effects of unenriched UF6 are somewhat

different, the chemical hazards far outweigh any

radiological hazards. Table 17 shows a typical distribution

of radionuclides present in unenriched UF6.

It was assumed the hydrogen fluoride was released at

an average rate of 515 g/sec for an exploding cylinder and

245 g/sec for a punctured or leaking cylinder in a fire

/22/.

14) Uranium Metal Shavings -- UN2979

A typical shipment may contain 50-.Type A drums, each

containing 60 uCi of uranium metal shavings. If the

contents were spilled the uranium would burn in a fire or

may ignite spontaneously in air. It was therefore assumed
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that virtually 100% of the contents could be dispersed to

the atmosphere, of which only 20% of the aerosolized

particles would be of respirable size.

15) Nuclear Reactor Contaminated Resins -- UN2082

Reactor resins are a part of the waste which arises

from a reactor water purification system and will contain a

large number of mixed fission and activation products. The

resins are usually dewatered and then solidified in a

concrete matrix. Each shipment contains one heavily

shielded cask labeled with a Yellow III label and the

shipment is placarded.

A standard resin shipment contains 700 curies

solidified in a 120 ft 3 block of concrete. The actual

quantity shipped is variable. The Trojan FSAR projects a

maximum specific activity of 2470 iCi /cc for their resin

shipments, which are solidified and shipped in 50 ft' drums.

Table 19 is an inventory of maximum expected isotopic

concentrations in Trojan resin shipments /23/.

The package was modeled as a volume source and

attenuation within the concrete was considered in

calculating the direct radiation dose. The concrete block

provides an excellent shield that reduces the radiation

hazard appreciably.

In the event that the shipment is involved in a fire

and the contents are completely released from the packaging,

there is a small potential for atmospheric dispersal of
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TABLE 19

Maximum Expected Isotopic Concentrations

In Resin Shipments (pCi/cc)

Nuclide

(from Trojan FSAR)

Resin Activities

Mn-54 6.67E+00
Fe-59 2.43E-01
Co-58 2.37E+01
Sr-89 1.95E+00

Sr-90 3.15E+00
Y-90 3.15E+00
Y-91 3.67E-01

Zr-95 8.33E-01
Nb-95 1.59E+00

Mo -99 1.19E-17
Te-132 2.00E-15
1-131 5.32E-04
1-132 2.14E-15

1-133

Cs-134 3.53E+02
Cs-135 1.50E-08
Cs-136 1.20E-03
Cs-137 2.05E+03
Ba-140 4.20E-04

Ce-144 2.94E+00
Pr-144 2.94E+00

TOTAL ACTIVITY 2470 pCi/cc
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radioactive material, particularly if the immobilizing agent

is concrete. Based on studies performed by Sandia

Laboratories /24/ in 1931, essentially all of the water in

concrete is lost at temperatures close to 330°F and between

50% and 70% would be lost at temperatures as low as 340°F

(these factors would also depend on the type of concrete).

Because a typical fire temperature for a rail and highway

accident is 1500°F and could reach as high as 2500°F /10/,

virtually all of the water could be given up and the

concrete would deteriorate, with chunks of concrete falling

off. Also, because resins are generally composed of

polystyrene or other organic materials, they are flammable.

For these reasons, it is believed that some of the

radioactive inventory could be transmitted to the

atmosphere. Generally, Trojan resins are immobilized in a

nonflammable binder known as 'Tiger Lock' and would probably

remain intact even in the event of a fire.

A study performed by M.A. Halverson and M.Y. Ballinger

/5/ shows that the release fraction for bare contaminated

resins involved in a fire would be less than 0.2%.

16) Government high-level waste -- Unclassified

It was assumed that a typical shipment contains one

package containing 1.7 x 105 curies of immobilized material.

It was also assumed that only 1% of the material would be

released from its package of which only 1 x 10-4 percent

would becoAe aerosolized of which only 3% would be of
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respirable size. The quantity of material in a shipment,

together with radiological properties were obtained from

SAND84-1794.TTC-0506, "A Preliminary Cost and Risk Analysis

for Transporting Spent Fuel and High-Level Wastes to

Candidate Repository Sites" /12/. This report recommended

the use of aerosolizatrion and respirable fractions printed

in the Radtran Uses Guide /18/. The release fractipn used

was obtained from a 1975 study of Type B plutonium shipping

containers presented at the 1976 IAEA Seminar on the Design,

Construction and Testing of Packaging for the Safe Transport

of Radioactive Materials.

Based on the values, the indirect exposure is

negligible compared to the direct exposure route.

1.5 Direct Radiation Dose Model

To calculate the dose rates from direct radiation due

to unshielded RAM, it is necessary to make certain

approximations to model the source. Three approximations

were used in this paper - the point source, the lire source,

and the volume source.

The point source approximation models the unshielded

source as a highly localized point emitting radiation

equally in all directions. Attenuation within the source is

assumed negligible and the exposure rate at a distarce R

from the leading edge of the source is given by:
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N

Dose Rate (mR/hr) = 0.0659 * (7)air * TP,(Eli) * (c1)0)i

where (4 o) i = Si / 4 IT R2 = gamma flux from ith
nuclide

(1.10)

The point source is a very useful approximation and was used

in this study for most shipments. At distances greater than

2.13 x SCL, the point source model and the line source model

give the same results, where the SCL, the source

characteristic length, is the largest physical dimension of

the source.

New fuel, spent fuel and some large quantity and low

spec ific activity sources are physical ly much larger than an

idealized point. For many of these sh ipments, the line

source is a more appropriate model. A 1 ine source can be

imagined as an infinite col lection of point sources

uniformly distributed along a finite line, where again

attenuation within the source has been neglected. The

equation for a line source is given by:

Dose Rate (mR/hr) = 0.0659 * (P )air * yT( *

L=1

where (4) 0) = Si /4 IT R = gamma flux from ith
nuclide (1.11)

The line source was used only to model the completely

unshielded new fuel shipment. Because spent fuel is so

radioactive, dose rates are only of interest many SCLs from

the source, where the point source approximation is valid.

The volume source model was used to estimate the direct

radiation dose from sources with large volumes where
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attenuation within the source can be no longer neglected.

An example of this type of source is a shipment of

contaminated resins immobilized in concrete, due to the

large mass and density of the concrete block. This is

obvious when it is considered that the mean free path in

ordinary concrete for a photon with a typical energy of 0.8

MeV is 0.238 feet and a characteristic dimension for a 120

ft3 block is 3//120 = 4.9 ft. The' dose rate at a distance R

normal to a face of the block is given by:

Dose Rate (mR/hr) = 0.0659 * (u)air
>_(E4 0)i (1.12)

where (E 00)i is now given by

(E0 0)i
4 R

2 * 80(pti)*F(R)*E0

and
S ij = the number of a -rays emitted in the

differential volume element j for the ith

isotope

F(R) = the build-up and attenuation factor in air

tj = the crow's flight distance in concrete for the
jth volume element.

N = 4.2 ft-1

B (ut) = 25.507 * e(0.0723 pt) 24.507 * e(0.01843 pt)
P (the Taylor form of the exposure build-up

factor for Ea = 1 MeV).

Although the attenuation within the source is neglected

for the point and line source models, attenuation and

build-up in air should be included for all models. Dose

rates are multiplied by the factor F to account for these

effects where:

F = exp(-p * R) * B(p * R) (1.13)
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The first factor on the right side of the equation accounts

for photon attenuation, while the second factor accounts for

exposure build-up. A convenient approximation frequently

used for the build-up factor is the linear form:

B(p * R) = 1 +K*p* R (1.14)

where K and u are both functions of photon energies and will

vary for each nuclide. For complex mixtures of nuclides, K

and u are arbitrarily set at a value typical for common

nuclides, i.e., p = 0.00393 m-1, K = 0.458 /4/.

For simple shipments such as new fuel, Mo-99

radiopharmaceuticals, Co-60 irradiators, UF6 shipments and

well-logging sources, the parameters used to evaluate F are

determined for each nuclide and each transition by use of a

least-square curve fit to available data (see Appendix A.

1.6 Atmospheric Dispersion Model

When radioactive material is released from its package

into the atmophere it is dispersed from the accident site to

regions where emergency responders or the public may be

exposed. The processes by which material is transported are

fairly complex, however there exist a variety of analytical

and semi-empirical methods for describing this dispersal.

Two processes responsible for atmospheric dispersion are

buoyant rise, and atmospheric diffusion and wind transport.

Impact and explosive forces may also enhance diffusion

though their effect received little attention in this report

(it was assumed that the source rise can be adjusted to
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account for this effect).

Diffusion is the process by which RAM suspended in the

plume are diluted and transported. The partial differential

equation that describes the diffusion of solids in a liquid,

neutrons in a reactor, or aerosols in the atmosphere is

given by

dx (Kxdx) + d (Kvil) + a (KzALI,
(1. ?5a)

t d ax dY dY dz bz'

where: X(x,y,z) = the mean concentration of aerosolized
material (mass/volume)

K
x'

K
y,

K
z

= downwind, cross-wind, and vertical
diffusivity coefficients (length' /
time)

x,y,z = downwind, cross-wind, and vertical
distance (length)

This equation is subject to the following boundary

conditions:

X-0 as x, y, z-00

X CO as x= v= z= 0

Kz Al-0 as z 0; x, y >0

a z

(1.15b)

u X dy dz = Q, z>0

These boundary conditions suggest some inherent assumptions.

It has been assumed that the source can be described as a

continuous point. This assumption is practical for most

accident conditions. It is also assumed that the cloud is

reflected along an infinitely -extensive flat plain, without

depletion. This assumption is later corrected, alloying

material to be deposited along the ground from natural
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settling and washout. Finally, to solve this equation it is

often assumed that the velocity, u, and the coefficients Kx

Ky , and Kz are constant. It is also recognized that the

downwind transport of RAM is dominated by wind dispersal,

and turbulent diffusion in this direction is neglected.

These assumptions lead to the common Fickian diffusion

solution:
k12

X -
Q exp(---=X__ - (z±2.1...) + exp( -Y2 - (z -11)2'

4TrxiK7z1 4(x/u)K 4(x/u)K
z

4(x/u)K 4(x/u)k
Y Y (1.15)z

where the parameter h is the release height. This equation

is often used to describe the industrial release of

pollutions from elevated sources. It is easy to see that

the Fickian solution is similar to the Gaussian distribution

common in probability:

2TruCT

y; (z+h1
exp( + /

2
) + exp(=-2 ")2)

2---

(z
d-; 2 1

y z
2(1 2(S

(1.17)

where cr = horizontal Gaussian dispersion coefficient

(length)

crz = vertical Gaussian dispersion coefficient

(length)

To simplify the calculations, cfy and , were

determined from polynomial curves fitted to experimental

data /25/. These curve fits have attempted to reconcile the

changes in functional form of the coefficient at changing

distances. At short distances, a power-law adequately
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describes the functional form where at longer distances a

polynomial curve fit has been made to minimize the error

with available data and the discontinuity between the fitted

equations. The curve fits that were used are shown in Table

20 and the calculated dilution factors for Pasquill

categories A to F are plotted in Fig. 1. The curves plotted

in figure 1 are for a receptor height of 6 feet and a

deposition velocity of vd = 0.01 m/s (defined further

below). The Pasquill categories are an empirical method of

categorizing meteorological conditions and associated

dispersion parameters based on atmospheric stability.

Category A characterizes calm sunny days and categories B

through D describe increasingly more windy and overcast

days. At night, the Pasquill category is either D, E, or F

where category D describes windy, overcast nights and

category F nights are

Due to surface

significantly in the

more calm and clear.

friction, the wind speed will vary

boundary layer of the atmosphere (the

boundary layer characteristically lies between 200 meters

and 2000 meters). This surface friction will effect both

the vertical eddy diffusivity and the vertical distribution

for the dilution factor and invalidates the use of the

Fickian diffusion equation because of the assumptions on

which it was based.

The vertical variation of the wind speed can be

roughly, though conveniently, approximated by a power
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Table 20. Diffusion Coefficients Curve Fits

x < 30m 30m ( x <150in

for Pasquill Categories IA to F)

150m < x <100,000m

A = 0.11763 # x0.6994 Cl = 0.1673 * x0.3758 109((ry) = -0.7207 4 1.1201 - 0.0351112

loq(crd = 3.404 2.8411 + 0.863,3012

Cfz = 0.4718 * x0.6016 d7 0.1410 * x0.9385 loq(dv) = -0.9263 1.164L - 0.039711_2

10g(Cfz) = 1.01133 - 0.67481. 4 0.750812

= 0.4867 * x0'5345 Cr7 = 0.1468 * 0.8720 lopfdc) -0.70119 + 0.98831 -0.0159312

10017) = -1.701,0 4 1.2761 - 0.0670212

d1 = 0.5563 * x°'3879 Cf7 = o.12t4 x11-83" 1n9(0*y) -1.0./110 4 1.0651 - 0.020,C612

109(Crz) = -1.4370 + 1.234L - 0.0817312

0°7 = 0.6587 * x02176 d7 = 0.0831 * x0-815 1n9(Cry) = -1.2820 + 1.1021 - 0.0309712

1nq((rz) = -1.8190 4-1.'1451 - 0.125112

F same as x <150m same as x <150m loglaz) = -1.547 4 1.1591 0.03138212

log(cr,) = -2.030 4 1.4531 - 0.131712

erc 1- log X
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function where the velocity increases with height:

u = * (z)n (1.18)
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The vertical eddy diffusivity coefficient, Kz is

related to the wind speed by the Reynolds analogy, resulting

in the surface boundary relationship:

172 = Kz du = constant (1.19)
dz

The stress tensor, 17, is constant in the boundary layer so

that the conjugate power law results:

= K * z(1-n)
z o

Table 21 shows typical values for the exponent n for various

Pasquill categories and surface conditions /2E/.

Table 21
Estimates of the Power, n, for Six Stability Classes

Stability Class
A

(1.20)

Urban 0.15 0.15 0.20 0.25 0.40 0.50
Rural 0.07 0.07 0.10 0.15 0.35 0.53

If the cross-wind and downwind diffusion coefficients

are assumed to be constant and the cross-wind distribution

is assumed to have a gaussian form, then the equation for

the dilution factor that results is given by /27/:

X

,2-r ulzr
4

zi ul s. 2
. * exp - 1 exo(--4)

zl 1 rts)ay r2K1x r2 K1 x 2 c1;

(1.21)

It has been found that the eddy diffusivity is isotropic at

100 meters and nearly isotropic even at ground level, so

that K
x

= l<y
= Kz = K. This would imply that the

assumption that Ky and K are constant is not acceptable,
z



and

K
x

= K = K
z

= Ko * z (1-n) (1.22)
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These forms may be substituted into the differential

equation and again assuming that the cross-wind distribution

has a gaussian form /28/:
Q (zh)n/2 1+2n u1+2n _v2/2,i2

z uo" ) * exp( \-/y)

2n+1 Ko x Ko (2n+1)2 x 2 6 y

2 ue_lzh1( 1+2n)/2

* I-n/(1+2n) K
0

(2n+1)2 X )

(1.23)

This equation can then be solved to calculate the dilution

factor as a function of source and receptor heights, and

downwind location.

For the cases where the vertical eddy diffusivity can

be approximated by a power-law, the coefficient, Ko, can he

related to the vertical gaussian dispersion coefficient, z,

by /27/

= E(lis) rois) 1/sKo x (1.24)

(-1(2/s) _ up ps-1_

where p = ( s(r-1(2/s) / rAl/s)) s)1/(1-s)

s = 1+2n

Fs2K
or Oz = r(3/s) / r(l/s) °

L U
0

1/s
(1.25)

When this is substituted into the two above models, the

following equations result:



K
z

= K
o

zl-n; Kx = K = K

X
Q

2
z

[ (179 ( )s 1

. * exp
/77-1 A(s) upx(13,0z 02 Bfs)dz

where A(s) = s-1 (1-7(1/s))312 / (r(3/s))1/2
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(1.26)

and B(s) = (1.7(1/s ))1/2 / ( (3/s))1/2

K =K=K=Kzl-n
x y z 0 (1.27)

Q s (zhin/2
X

2
* exp( 2) *. (I-7(3/s) /r(l/s))

2

2/s

( s/2
* exp - 9

3/s)
hS

1 2 F-1(3LLJ1112Ei
(1/s) ( z --n/2 (52 7

z I (1/s) /

The gamma and modified spherical Bessel functions are

tabulated in many mathematical handbooks /29/. Series

expansions for the two functions can be conveniently used to

obtain numerical results. The following series were used to

approximate the gamma and Bessel function. The gamma

function series is accurate to within an absolute error of 3

* 10(-7) and the Bessel function series is truncated at a

relative convergence criterion of 1 * 10-6.

fl(x +1) = 1-0.577191652x + 0.98205891 x2 -0.897056937

x
3

+ 0.918206857 x
4 -0.756704078 xc

0.482199394 x6 - 0.193527818 x7 + 0.035868343 x8

+ e (1.28)

where fl(x) = r(x+1) / (x+1) (1.29)

ABS(e) 3 * 10-7 ea

x/2)21 r(V+1)
and Iv(x) = (x/2)v p(1)+1) [ 1 * (v+i+1)

Lt (1.30)
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Figures 1, 2, and 3 show a comparison of the three cases:

constant vertical eddy diffusivity (Fickian), constant

cross-wind eddy diffusivity, and isotropic eddy diffusivity.

The Fickian solution underestimates the concentrations

calculated for typical distances. The results ohtained from

the constant cross-wind eddy diffusivity and the isotropic

case are similar. Again, the isotropic case is most

conservative for most distances and it was used for all

calulations made in this report.

Figure 4 is a plot of the ratio of the isotropic

solution to the Fickian solution. The isotropic case

estimates a concentration that is 5 times greater than the

Fickian case at about 100 feet for a wind speed of 2 m/s.

Figure 5 is a plot of the ratio of the constant cross-wind

solution to the Fickian case. It is seen in these two

figures that the three solutions are in close agreement far

away from the site. At large distances the material is able

to diffuse to greater heights where the constant velocity,

constant diffusivity approximations are more reasonable.

As mentioned earlier, it is necessary to determine the

rate at which RAM is depleted from the cloud. Depletion is

important for two reasons - material depletion reduces

downwind cloud concentrations, and ground deposition results

in a radiation dose from groundshine.

Deposition is accounted for by defining the empirical

deposition velocity, vd. The deposition velocity is defined



from the differential equation:

X(x,z0) * - dx Q(x) (1.31)
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This equation can be simplified and the result is that the

depletion can be accounted for by multiplying the source

term Q by a depletion factor

Q(xl) = Q(0) exp(-1% vd u(z) X(x,z) dz)
0

Jo X(x,z0)
(1..32)

If it is assumed that the cloud concentration is uniform to

height H and the velocity profile is uniform, this equation

simplifies to

Q(xl) = Q(0) exp( -vdxl ) (1.33)
u h

Assuming that the vertical distribution is Gaussian and

taking a power-law growth (with exponent q) of with

distance gives a slightly more complicated form for the

depletion factor approximation /25/:

Ground level source (H = 0)

Q(x) = Q(0) * exp( -
2 v4 x (1.34)

I'(1 -q) u drz

Elevated source (H = release height)

)
blnQ( ( E:(..4.114.1) ['( -m +l)) (1.35)x

Q(0) m

1 H (1-q)/ H2
where m = b - 21/2gfi?

c1

udz ' 2 cl;

Because of its simplicity, this approximation was used to

calculate depletion in this study. A comparison of results

so estimated to results obtained by numerically inteorating

the exact equation for the depletion factor is shown in Fig
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5. It is seen that for long distances where depletion is

significant, the two sets of results agree.

The deposition velocity is dependent on the type of

particulate and environmental surfaces. Because most

natural surfaces are non-uniform, it is likely that the

deposition velocity varies with location. It is expected

that the magnitude of vd averages 0.1 m/s and is greater

than 0.01 m/s /7/. The value of 0.01 m/s was used to

determine cloud depletion whereas 0.1 m/s was used to

calculate the rate of deposition for purpose of groundshine

calculations. Using two deposition velocities may at first

appear inconsistent, however, the results obtained will be

conservative and the spatial variability of vd provides sore

justification /30/.

1.7 Inhalation Dose

Since the inhalation of radionuclides suspended in the

radioactive cloud released in e hypothetical accident is an

internal contamination, the observer is committed to a

radiation dose. A given quantity of material inhaled will

result in a calculable radiation dose determined by the type

of radiation emitted, the radioactive half-life, the

biological half-life, the physical size of the individual,

the life-span of the individual, and the quantity inhaled.

All doses presented in this paper are in terms of 50

year dose commitments for standard man. ICRP 30 /31/

provides weighted committed dose equivalents for various
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internal organs per unit intake for each radionuclide. This

conversion factor is dependent on the chemical form of the

nuclide.

The whole body dose commitment for each radionuclide is

calculated by summing the weighted dose commitment for each

target organ or tissue:

H50,wb EwT * H50,T (1.36)

where H50,T = the total dose equivalent averaged over

a tissue T, over 50 years of dose

commitment,

wT = the ratio of the stochastic risk arising

from tissue T to the total risk when the

whole body is irradiated uniformly,

H50,T = the total whole body dose equivalent.

The committed dose equivalent per unit intake for

inhalation (1-10,w1) / Curie) is tabulated in Appendix 13 for

various nuclides in their most restrictive chemical form.

This value was used to calculate the inhalation dose for

each shipment and accident considered unless the chemical

form of the transported nuclide was known and differed from

the value given in the Appendix (this is discussed later for

such cases). All committed dose equivalent per unit intake

conversion factors were based on the ICRP publication

previously cited.

1.8 Cloudshine and Groundshine Doses

As the radioactive cloud passes over an observer, as
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well as the inhalation hazard, the observer will also

receive an external dose from radioactive material suspended

in the air. By assuming the observer is immersed in a

semi-infinte radioactive cloud having a uniform

concentration of RAM equal to the concentration at the

receptor position, then the gamma dose received as the cloud

passes over is obtained from /32/:

DI = 0.250 Er * X(mrem) . (1.37)

where X and Et, have been previously defined. This component

of the total whole body dose is known as the 'cloudshine'.

As the cloud is depleted and radioactive material is

deposited on the surface of the ground, the observer will be

irradiated by that material which is deposited. This is

known as groundshine. Again it is assumed that the ground

is an infinite plane contaminated uniformly with a ground

concentration vd * X, where X is evaluated at ground level

at the receptor's location. The dose, D (mrem), is given

by /32/:

I r)11. pai
Eji

Li 27i( dr Ki e-AP) vd X t * 0.0404

(1.38)

where b =the receptor elevation with respect to the ground

t = the exposure time (sec)

This integral was evaluated for each transition energy

using values for the attenuation and build-up coefficients,

yi, pai, and Ki, derived as in Appendix B. Lewis /32/

suggests that to account for nonplanar surfaces, the dose
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calculated above should be reduced by 30% to obtain

practical conversion factors. This conversion factor has

been calculated for exposure times of 24 hours (also taking

into account radioactive decay over the exposure time) and

is tabulated in Appendix B. The dose as a function of

distance is easily obtained by multiplying the dilution

factor by the conversion factor:

Dose(24) = X * vd * ( 24 hour conversion factors)

For simple shipments with few isotopes the dose for shorter

exposure times is calculated from:

(-(1 -exp)% t))Dose(t) = Dose(24) * (1.39)

(1 -exp( - 24) )

Where 'A = decay constant (hr
-1

)

For isotopes with long half-lives (most waste shipments)

this becomes Dose(t) = T / 24 * Dose(24)

The contribution from cloudshine and groundshine to the

overall dose is generally quite small in comparison to the

inhalation dose, but it was included for all dispersible

shipments. The inhalation dose can be minimized by use of a

self-contained breathing apparatus, SCBA, whereas the

groundshine and cloudshine components are essentially

unconditional. For this reason, the cloudshine and

groundshine components may be very important to emerg,ency

responders, and may in fact he more limiting than the

inhalation dose.

1.9 Summary of RAM Transportation Hazards

The ten shipments investigated in this report are very
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diverse in their packaging requirements, shipping

requirements, and material characteristics, so the

radiological hazard associated with each varies

considerably. It is this great diversity which makes it

extremely difficult to make meaningful comparisons between

shipments and limits the number of reasonable conclusions

one can draw.

First, because of the differences in packaging, the

quantity of material released varies considerably with each

shipment. For example, if it was assumed that 100% of the

entire Mo-99 shipment was released to the atmosphere for

both the direct and indirect exposure paths it might appear

to be reasonable to also assume that 100% of the enriched

UF6 can be released from its cylinders. Because UFE is

transported in Type B containers, whereas Mo-99 is

transported in Type A containers, one would expect the

actual quantity of UF6 released for a given accident

severity to be less. Therefore, the doses calculated by

assuming complete release for both shipments should not be

compared and applied to any one typical accident. One can

compare the two calculated doses and apply those conclusions

to a worst case accident. These conclusions would show that

UF6 has a potential for a more serious transportation hazard

than does Mo-99, which also explains the difference in

packaging requirements.

The task of summarizing the consequences of accidents
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is complicated even more by the fact that the chemical and

physical characteristics of the radioactive material also

dictates the extent of the atmospheric release. Even if

Co-60 radioteletherapy sources were packaged the same as

uranium ore concentrate or yellowcake, one can easily see

that the type of accident that results in the aerosolization

of cobalt metal in special form is much more severe and much

more rare than an accident thAt would result in the

aerosolization of yellowcake.

Finally, because there is no direct functional

relationship between release fractions and accident

severity, it is difficult to scale release fractions

according to accident severity, or even determine maximum

possible releases. An accident involving the breach of

spent fuel casks would most likely involve the deformation

of, or a crack in the lead shielding and possibly the

release of some of the most volatile nuclides. More severe

accidents would result in greater shielding damage and

possibly the release of less volatile radionuclides. It

would be informative to calculate the consequences for each

shipment as a function of accident severity so that useful

comparisons could be made, but because of the lack of

precise confidence in release fractions, this is not

possible.

As an alternative, Table 22 shows dose commitments

based on what is believed to he reasonable and conservative
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Table 22. Consequence summary of accidents in which
packaging is breached and contents are released

(using reasonable worst case assumptions).

Direct Inhalation Cloudehine 0roundshine Total
Done-12 hra Dose nose Dose Dose

Shipment (creel') (aren) (mrem) (mrem) (mrem)

Mo-99 redlophatmaceutical
(1.2 CI)

150' 2.5 225 35 2.5-650 2.5-650
2000' 0 1.7 <1 0-2 0-160

Nuclear reactor LLB
(19.5 Ci/ehipment)

150' 2.5 295 12 122 5-310

2000' 1 2.9 <1 <1 0-3

Uranium ore concentrate
yellowcake

150' 0 103 <1 <1 0-100

2000' 0 1 <1 <1 0-1

Natural Thorium
(10 cylinder.)

150' 0 950 <1 <1 0-950
2000' n 153 <1 <1 0-9

Commercial reactor
New Fuel (6 cylinders)

150' 7 0 0 0 7

2000' <1 0 0 0 <1

Commercial reactor spent
fuel (0.1cm crack)

150' 570 42,000 4.200 43,000 570-90,000

2000' <1 400 14 100 500

Research reactor spent
fuel(0.1cm crack)

150' 590 4680 462 4763 590-10500

2000' <1 45 2 11 0-58

Cehalt-60 radieteletherapy
source (9,000 ei)

150' 3185 0 0 0 3185

2000' 1.27 0 0 0 1

Cohalt-40 radiography
source

150' 708 0 0 0 0-708
2000' <3 0 0 0 <1

Well-logging Sources
(Am-Be, Ra-226, Cs-137)

150' 14 0 0 0 0-14
2000' 0 0 0 0 0

Neutron Density Gauge
150' 0 0 0 0 0

2000' 0 0 0 0 0
Enriched Urainum Hexafluoride
(1 cylinders)

150' <1 213,000 5.7 31 213,090
2000, <1 2,070 0 0 2,070

Uranium.Metal
(0.6 mCi)

150' 0 1520 0 0 0-1520
7000' 0 15 0 0 0-15

Reactor ionreschange
Resins (700 Ci)

150' 156 0 0 0 155
2000' <1 0 0 0 1

The haward from the radiological done is reported for purposes of comparison with other
shipments
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assumptions applied to those accidents resulting in loss of

package integrity which are considered probable. The direct

exposure and groundshine doses are calculated for a 12 hour

exposure time. As was previously discussed, .the release

fraction used does not always correspond to worst case

because worst case is often so improbable that the results

obtained are meaningless. For example, the direct 'd -

exposure from commercial reactor spent fuel is calculated by

assuming a 0.1cm crack rather than complete exposure of the

irradiated fuel rods.

In all cases the direct gamma dose presented in Table

22 for Type A shipments, assumes complete release frog:

packaging. The release fractions used to determine the

direct ` -dose for Type B shipments is based on hest

estimates where possible. It is also assumed that the

probability of breaching a Type B container is so small that

the probability of breaching more than one is insignificant.

Other assumptions include:

1. Molybdenum-99 radiopharmaceutical - complete

aerosolization of Tc-99m in a 2.5 Curie shipment is

assumed (Mo-99 remains adsorbed on the aluminum

column).

2. Nuclear reactor LLW - The standard shipment

containing 5 curies is involved in an accident and

3.5% of the contents is aerosolized.

3. Uranium ore concentrate (yellowcake) - It was
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assumed that one tenth of the shipment is released

from the canisters. The aerosolization fraction is

calculated by assuming a 2 m/s windspeed and a 12

hour release time.

4. Natural Thorium - The aerosolization fraction was

calculated by assuming a 2 m/s wind speed and a 12

hour release time. Only 10 canisters were assumed

opened.

5. New fuel - The accident is not severe enough to

result in significant oxidation of UO9 to U308.

6. Commercial Reactor Spent Fuel - Complete release of

I, Br, and the noble gases from a 120 day cooled, 2

million Curie shipment. The empirically derived

release fractions were used to model the release

from a fire and the cask is assumed to have a 0.1

cm transverse crack.

7. Research reactor spent fuel - Complete release of

I, Br, and the noble gases from a 150 day cooled

220,000 Curie shipment. The empirically derived

release fractions were used to model the release

from a fire and the cask is assumed to have a 0.1

cm transverse crack.

8. Cobalt-60 radioteletherapy source - It is assumed

that 5% of the source material contained within the

package is unshielded. It is inconceivable that

typical accidents would be severe enough to result
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in any measurable atmospheric release.

9. Cobalt 60 radiography source - It was assumed that

the entire source was unshielded. It is also

assumed that no material would be aerosolized in

typical transportation accidents.

10. Well-logging source - It was assumed that the source

becomes completely unshielded and that no material

is aerosolized.

11. Neutron density gauge - It was assumed that the

source material is completely unshielded but that

no material is aerosolized.

12. Enriched uranium hexafluoride - It was assumed that

only one canister is damaged and the hazard from

the radiological dose was determined for purposes

of comparison with other shipments even though the

chemical toxicity may be more severe.

13. Uranium metal - It was assumed that 10 drums

released material and that in the event of a fire,

all of this material would be aerosolized.

14. Nuclear Reactor Contaminated Resins - Because many

of the solidifying agents are non-flammable, no

atmospheric release of the 700 curies typically

transported is expected.

As stated earlier, one can also compare the calculated

dose commitments for most severe accidents utilizing the

most conservative assumptions applicable. Table 23 shows



85

Table 23. Consequence summary of most severe accidents
Conceivable in which packaging is breached and contents
are released (using absolute worst case assumptions)

Direct Inhalation Cloudshine Groundshine Total
Dose-12 hrs Dose Dose Dose Dose

Shimaent (mram) (mrem) (yawl, (areal) (area)
Mo-99 radiopharmaceutical
(50 Cill

150' 105 15,375 2430 25,000 105-43,910
2000' 0 107 6 47 0-160

Nuclear reactor LLW
(5 Cl/shipment)

150,
2000'

24

1

1,015
9

41

<1

416
<1

24-1,479
0-10

Uranium ore concentrate
yellowcske

150' 0 1029 <1 <1 0-1029
2000' 0 10 <1 <1 0-10

Natural Thorium
1100 cylinders)

150' 0 15,600 <1 <1 0-16,600
2000' 0 153 <1 <1 0-153

Commercial reactor
New Fuel (5 cylinders)

'150' 7 39,500 0 0 14-39,500
2000' <1 360 0 0 0-360

Commercial reactor spent
fuel (unshielded)

150' 2.098+06 3.7E+06 3,900 46,000 2.1-5.811+06

2000' 2480 35,000 12 87 2480-37600

Research reactor spent
fuel(unshielded)

150' 2.38+05- 4.07E+05- 429 5060 2.38+05-6.438+05
2000' 273 3850 1.3 10 273-4130

Cohalt-60 redioteletherapy
source (9,000 CI)

150' 63,700 2.6E+05 11,700 1.168+05 63,700-4.58+05

2000' 2.13 2360 360 250 44-3000

Cohalt-60 radiography
source (unshielded)

150' 708 1500 70 700 700-2300

2000'
well-logging Sources

<1 14 <I 2 9-16

(Am -Be, Ra-226, Cs-137)
150' 14 280,000 <1 7 14-280,000

2000' 0 2500 <1 1 0-2500

Neutron Density Gauge
150' 0 898 0 0 0-900

2000' 0 8 0 0 0-9

Enriched Urainum Hexafluoride
(6 cylinders)

150' 4 4.37E+06 107 641 4-4.378+06

2000' 0 39,700 0 0 0-39,700

Uranium Metal

(3mCi)
150' 0 26,000 0 0 0-26,000

2000' 0 236 0 0 9-236

Reactor ion-exchange
Resins (700 C11

150' 155 4,740 302 2,962 155-8,000

2000' <1 43 <1 65 0-110

The hazard from the radiological dose is reported for purposes of comparison with other shipments



86

the maximum radiation dose calculated for such accidents.

The assumptions used to generate this table are no longer

restricted to reasonable accident scenarios. In all cases,

complete release from packaging is assumed for both the

direct and indirect dose calculations, and the maximum

credible aerosolization was assumed for each shipment.

Localized oxidation of UO2 to U308 was expected and the

empirically derived release fractions were employed. It was

assumed that the atmosphere was a Pasquill F stability and

that the wind speed was 0.5 m/s (the one exception was that

for wind dispersed sands such as 0308, it was assumed that

the wind speed was 5 m/s). Other differences between Table

22 and Table 23 resulted from the following changes to the

previous assumptions:

1. Mo-99 radiopharmaceutical - Table 23 assumes that 50

Ci, the maximum expected activity per shipment, is

aerosolized.

2. Nuclear reactor low-level waste - The shipment

contains 5.0 Curies, of which 3.5% is released to

the atmosphere.

3. Uranium ore concentrate, yellowcake - The

aerosolization fraction is calculated by assuming a

5 m/s wind speed and a 12 hour release tine. All

150 mCi in the standard shipment were assumed

released.

4. Natural Thorium - The aerosolization fraction is
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calculated by assuming a 5 m/s wind speed and a 12

hour release time. All 100 drums in the standard

shipment were assumed released.

5. New fuel for commercial reactors - Table 23 assumes

an entire shipment of new fuel is ejected from the

packaging and 0.19% (0.023 Ci) is aerosolized.

6,7. Commercial and research reactor spent fuel - Table

23 utilizes the thermodynamically derived release

fractions and the direct dose is calculated for

bare fuel assemblies completely removed from the

shipping cask.

8. Cobalt-60 radioteletherapy source - Table 22 assumes

that the shipment is carrying 9,000 Ci, the maximum

expected activity per shipment. It also assumes

that the source is completely unshielded and .3%

becomes aerosolized.

9. Cobalt 60 Radiography source - It was assumed that

all the RAM is unshielded and that 0.3% becomes

aerosolized.

10. Well-logging source - It is now assumed that the RAM

is released from the special form capsules and that

0.05% of the Am-Be is aerosolized.

11. Neutron Density Gauge - It was assumed that the

source material is unshielded and that 0.05% of the

Am-241 is aerosolized.

12. Enriched uranium hexafluoride - Table 23 assumes an
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entire shipment (6 cylinders) releases its

contents.

13. Uranium metal - It was assumed that 0.003 cureies or

the entire contents of 50 drums is completely

aerosolized.

14. Nuclear reactor contaminated resins - 700 Ci are

involved in the accident, all of which is

unshielded and 0.2% which. becomes aerosolized.

The doses reported in tables 22 and 23 are for locations

150 feet and 2000 feet downwind of the accident. The 150 ft

perimeter was selected as the minimum restricted area

boundary for emergency responders suggested by the USDOT/1/.

The state of Oregon recommends two boundaries: one at 150

feet for emergency responders, and one at 1000 feet for the

public. The doses at 2000 feet are shown because almost no

accidents would requires evacuation beyond this limit.

In examining these tables it is seen that there is a wide

range in severities among these shipment types. Commercial

reactor spent fuel, research reactor spent fuel, cohalt-60

radioteletherapy sources, and enriched uranium hexafluoride

have the potential for the most severe accident

consequencences. However, these materials are all shipped

in Type B containers and have much smaller.probahilities for

loss of containment.

The information provided in this report and summarized in

Tables 22 and 23 give the reader a general qualitative
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picture of the hazards involved in radioactive material

transportation. When the assumptions which are used in the

various calculations are carefully considered, it is also

possible to make quantitative statements about various RAM

shipments. This study has investigated the worst case for

all shipments but, in addition, it has tried to refine the

various assumptions to arrive at generic :rases based on

reasonable assumptions. It has been noted that sometimes it

is difficult to define a worst case for a particular

shipment (it would seem that a complete release to the

environment would be a worst case, but for many shipments,

complete release is not possible). The reader may not

always agree with the author as to what should he defined as

worst case, and for this reason, several cases based on a

variety of assumptions were investigated, and it is up to

the reader's best judgement to determine for himself the

validity of the assumptions that were used.

1.10 Protective Action Guides

The purpose of protective action guides is to provide

appropriate and sufficient emergency response guidelines in

advance of RAM transportation accidents allowing for various

levels of severity. Observations accumulated from an

initial incident evaluation can be used to determine

evacuation requirements that are necessary to ensure the

safety of both the emergency responder and the public.

Based on these observations, the level of severity may be
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established and conservative guidelines for standard

shipments can be proposed.

The observations that are made can crudely determine

the type of the shipment, the mechanisms and quantity of

material release, and the physical conditions at the

accident site. The type of material being transported can

often be determined merely by noting the UN number, the

number of packages transported, the type of packaging, the

shipment placard (if any) or whether the transportation

vehicle is open or closed. For example, if the shipment

contains one Type B container on an open truck, placarded

with UN2918, the shipment is probably either commercial or

research reactor spent fuel.

The type of packaging, the number of packages damaged,

the number of curies in each package (if known) and the type

of material being shipped can then be used to determine the

quantity of RAM that is available for dispersal. To allow a

forecast of RAM release, this requires estimates of

quantities shipped in standard shipments and package

responses.

Finally, the physical conditions at an accident site

significantly influence the selection of evacuation

requirements. A wind will result in the atmospheric

transmission of particulate matter. A strong wind will also

increase the rate of dilution of material aerosolized in a

fire. The observor will probably not know the exact wind
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speed. Instead, the wind speed is described as calm,

breezy, and windy and were quantitativly chosen as 0.5, 2.0,

and 5.0 m/s at 10 meters. A 5 m/s wind speed is not

significanly above average and wind speeds upwards of 20 m/s

could be expected, however 5 m/s was chosen conservatively.

The radiological impact from inhalation, cloudshine, and

groundshine is also effected (at short distances) by how the

RAM is released, whether it can be modeled as a point source

at ground level or whether the forces of impact or heat of

fire produce a plume of material that can be modeled as a

vertical line source. Also, an accident at night or morning

is more severe than one during the day because atmospheric

conditions are much more stable at night. If the accident

occurs in an urban or forested area, the dilution of

aerosolized RAM is less than if it occurred in an

agricultural area due to a modified wind profile. The

presence of rain will have a moderate effect on downwind

doses as RAM will be washed out of the plume and deposited

on the ground. However, it was found that the effect of

rain on downwind doses was small in comparison to other

means of cloud depletion and dilution.

The ability to characterize the shipment based on

observations is crucial to the recision making process.

Beginning first with general observations and adding more

and more detailed observations, the shipment

characterization will become more specific. This process
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can be aptly described in flow chart form (see Appendix C).

The procedure is to first determine the UN number, if

possible, then the type of shipment, the number of curies in

the shipment, the extent of damage, and finally, the

physical conditions at the accident site.

The flowchart that appears in the appendix is of

standard form. The reader begins at the top (or far left

CID - Begin

margin) of the chart and continues in the direction of logic

flow by following the appropriate arrows. Decision

statements occur at branches in the logic and observations

- Decision

made at the accident site will determine the appropriate

branch of logic to follow. If there is any uncertainty in

making a given decision statement due to insufficient or

uncertain observations, the path designated with the

question mark (?) should be followed. Connectors refer the

- Connector

reader to the appropriate action guide catalogued later in

the text, or refer the reader to a subsequent page of the

flow chart.

- Off-page connector
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Doses received downwind from the accident site are

determined using the previously discussed models for

calculating direct and indirect exposures. A simple

interactive computer program incorporating these models was

written in BASIC for a small personal computer. A program

listing for this program, "GROUND", is given in Appendix D.

Restriction boundaries are based on regulatory limits

(see Table 3). It has been assumed that the public,

non-lifesaving, authorized non-lifesaving and lifesaving

activities will result in direct exposures of 12, 12, 4, and

2 hours respectively. In all instances the inhalation and

cloudshine doses were calculated for an observer who remains

at the site until the cloud passes over.

These guidelines are based entirely on the radiological

hazards associated with the various shipments. No

consideration has been made of other factors such as

contamination control, fire hazards (from heat or smoke

fumes), or chemical hazards. One exception to this was that

the restriction boundary for enriched and unenriched uranium

hexafluoride shipments (UN2977 and UN2978) was based on the

the toxic nature of uranium hexafluoride since it far

outweighs the radiological hazard.



94

Part 2 - Risks From Transportation Accidents Involving RAM

2.1 Introduction

The general public is constantly subjected to risks from

various natural and man-made causes. The transportation of

radioactive material results in some level of risk which can

he quantified in terms of the number of deaths expected

annually due to this activity.

As stated earlier, risk is a'measure of the degree to

which public safety is compromised. In this sense, risk is

more useful in assessing the merits of a particular venture

than are consequences. Consequences, though they have their

place in emergency planning, may over dramatize the

cumulative transportation hazard.

There are a large number of variables associated with

the more than 1700 reportable inter-state shipments of RAM

made annually in the state of Oregon, including, the type of

shipment, packaging, accident severity, and the

environmental conditions. If the consequences associated

with each set of variables are weighted by the probability

for that set of variables and integrated over the effected

population, the sum would give the total risk associated

with RAM transportation.

The models used to obtain the consequences in Part 1 are

equally valid for determination of risk and extensive use

was made of them here. However, it is necessary to

integrate the calculated dose over the effected population
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and to weight the results by an associated probability.

Sandia National Laboratories developed the Radtran code in

conjunction with the preparation of the 1977 Generic U.S.

Radioactive Material Risk Assessment, Nureg-0170 /4/.

Radiological impacts from transporting material by truck,

air, rail, and water can be analyzed with the Radtran II

code and the risks from both normal transportation and

vehicular accidents can he adequately modeled. Radtran II

was modified (see Appendix E) and then used to calculate

risks from RAM transportation accidents. A complete

discussion of Radtran II cannot be given (see reference 33)

but a general description of the code and all modifications

made will be given below.

As an overview of the calculational method of

determining risk, consider a single shipment made along 1-84

from the Idaho to the Washington border. There exists a

certain probability that the shipment may be involved in an

accident. This probability is dependent on road conditions

and traffic and it is assumed apriori that accident

statistics for the year 1985 can adequately predict accident

rates. Accident rates, accident severities, and population

densities will vary along the transportation route.

Accidents effect more people in high population densities

and accident rates tend to be higher due to the increase in

traffic flow. Accidents are generally more severe in lower

population densities though fewer people may he effected.
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For these reasons, the risk per unit mile is expected to

differ along 1-84 than along the more densely populated 1-5

in western Oregon. For simplicity, the route was divided

into population zones: rural population zones comprise all

stretches of interstate, highway, or county road that do not

pass through any cities or townships; suburban population

zones comprise most stretches of road passing through cities

or townships; and urban population zones comprise all roads

passing through the Portland metropolitan area.

Assumptions used in Part 1 can again he used in Part 2

to predict release fractions. The aeorosilized material

will then disperse to the surrounding population in a manner

dependent on existing meteorological conditions. A

distribution of meteorological conditions are possible so

that a prohabalistic mass function of Pasouill dispersion

categories can be used to calculate risk.

Finally, the dose must be integrated over the effected

population in order to calculate the number of latent cancer

fatalities expected from this one shipment. If all

shipments made in a year from all types of RAM in any region

are considered, the annual number of latent cancer

fatalities can be obtained. This number can then he

compared with other regions and other activities to

determine the extent to which the safety of people living in

each.region of the state is compromised.

This study investigated only part of the overall risk
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associated with RAM transportation. First, the

non-radiological risk was not considered. This

non-radiological risk would he comparable to (probably

smaller than) the risk of transporting other goods and

materials. It would include such non-radiological accident

fatalities as those resulting from the forces of the

collision, exposure to fires and explosions at the accident

site, the emission of toxic (ton -radiologic) gases or

liquids to the environment, etc. The radiological risk can

be considered an additional level of risk associated with

RAM transportation.

Second, this report only investigated the risk arising

from transportation accidents. It is acknowledged that

there is also a risk in normal transportation arising from

the exposure of workers, drivers, and persons along the

transportation route. In fact, this risk is probably much

greater than the accident risk. As an example, a similar

study done by Sandia Laboratories on the transportation of

RAM in urban environments /3/ considered both normal and

accident radiological risk. It estimated an accident risk

of 0.003 Latent Cancer Fatalities (LCF's) and calculated a

value of 0.0196 LCF (7 times as great) for normal

transportation in New York City. This calculation requires

a detailed knowledge of transportation and freight handling

practices and was not considered in this thesis.

Third, early morbidities and early fatalities due to
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radiation exposure were not calculated in this risk

assessment. It is expected that the number of early

fatalaties and morbidities is comparatively smaller than

latent effects and was ignored (the study by Sandia Labs

calculated only 7 x 10-4 early morbidities and 2 x 10-5

early fatalities). However, the risk in terms of these

early effects would be valuable information because early

effects are viewed much differently by the public than are

latent effects.

With these limitations in mind, the risks of RAM

transportation can be compared with other risks and a better

appreciation of the hazards of RAM transportation can he

achieved.

2.2 Consequences Used For The Risk Assessment

Risk is defined as consequences times probability, or

expected fatalities. This can be calculated from:

risk ijkl = (Iijkl+ Cijkl+ Gijkl+ Eijkl+ Rijkl) Ppjk Pijk

where (2.1)

i = index over the accident severity categories

j = index over population zones (rural, suburban, and

urban)

k = index over the radionuclides

1 = index over isopleth areas

All doses I.
Cijkl' Gijkl' Eijkl' and Riiki are for

radionuclides k, and accidents of severity i, occuring in

the lth area in population zone j surrounding the accident
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site.

Iijkl = Inhalation dose averaged over the ith area

Rijkl = Resuspension dose averaged over the lth area

Cijkl = Cloudshine dose averaged over the ith area

Gijkl = Groundshine dose averaged over the lth area

Eijkl = Exposure dose averaged over the lth area

PD = Population density for population zone j

Pijk = Probability of an accident of severity i occuring

in population zone j for kth radionuclide

The factors I, C, and G are derived from X/Q values and

conversion factors. Detailed definitions of these doses was

presented in chapter I. Radtran II supplies dilution factors

for Pasquill categories A-F based on the extensive

meteorologic research conducted by Sandia Labs. When these

dilution factors are weighted by the Pasquill cateaory

probability mass function, an expected distribution of

dilution factors is obtained which can be used in

calculating doses.

Radtran II uses a simple technique for accounting for

cloud depletion due to ground deposition. The amount of

material deposited in any annular region defined by selected

dilution factor isopleths is given by:

D1 = (Vd * X1) * Al (2.2)

where D1 = amount of material deposited in region 1

Vd = deposition velocity (m/s)

Al = area of annular region 1
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Since dilution factors are given for discrete isopleths, the

average over the area is estimated as the geometric mean of

the dilution factors at the two isopleths enclosing the area

increment:

X
1

= X
1

* X
1-1 (2.3)

However, the values for X1 and X1_1 were initially specified

without deposition, so a Netter estimate for Dl (call it

D11) is calculated by reducing the number of curies emitted,

Q, by the initial estimate of the amount of material

deposited in the region 1:

D11 = Vd (X1 * (Q - D1)/0 ) * Xl_i * Al (2.4)

This calculation is repeated iteratively until the estimate

for the amount of material deposited meets a relative

convergence criterion of 0.1%. The amount of material

deposited can then be used to calculate the groundshine

dose.

Population doses are calculated by assuming that the

population is distributed uniformly over each annular

region. If the dilution factors are averaged over each

area, the average dilution factor multiplied by the

population density multiplied by the necessary conversion

factors yields the population dose. The subroutine Int (see

Appendix E) was used to integrate depleted dilution factors

tabulated at arbitrary abscissas by integrating ovarlapping

Parabolas fitted to the available data.
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2.3 Inhalation, Cloudshine, and Resuspension

Inhalation and cloudshine doses are calculated as they

were in chapter 1 using Pasquill categories and conversion

factors defined exactly as before. For the case of

inhalation then, the dose in rems is obtained from:

Iiiki = PJT Oil dA 2(- * (breathing rate) * (rem/curie) * Oik
Q

(2.5)

where .1 represents the depleted average dilution factor for

the region 1

Qik represents the number of curies of radionuclide k

released and aerosolized in an accident of

severity i.

The resuspension dose is a dose component that did not

exist in the consequence analysis because it is accumulated

over many years following the accident. When radioactive

material is deposited on the ground it can be resusnended

into the atmosphere (by wind, traffic, etc.) and is then

available for inhalation. The resuspension dose is

proportional to the inhalation dose where

Rijkl = Kr (Vd , * Iijkl) (2.6)

The resuspension factor, Kr, is an empirically

determined parameter It is defined as the time dependent

ratio of the air concentration at a point one meter above

ground to the surface concentration (Vd X). An initial

value of 10-5 m-1 decreasing exponentially with a 50 day

half-life to a constant value of 10-9 m-1 was used in the
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Radtran II code, so that the dose over 50 years (18250 days)

is given by50

(VdI) *fdt Kr = (8.65 x 104) * (Vd I) * (2.7)
a

(10-5/L1 (1-exp(-18250L1) + 10-9/L2 (1-exp(-18250L2))

where 1-1/2,k = half-life of the kth nuclide (days)

Ll = 0.693 (1/50 + 1/T 1/2,k)

L2 = 0.693 / T1/2,k

The time span following the release of radioactive

material to the atmosphere is small enough that in order to

reduce these doses, emergency responders should evacuate the

area long before the release of any material. For this risk

assessment it was assumed that the material was released

before the evacuation of any people in the area.

2.4 Groundshine

Groundshine is also a component that accumulates with

time following the accident. For Chapter 1, it was assumed

that emergency responders were exposed for time scales

typical of accidents. The risk assessment must include

doses received long after the accident. The method of

calculation was to first determine a level of contamination

requiring cleanup, CULVL. For this analysis it was assumed

that an area would be decontaminated only if contamination

levels for any radionuclide exceeds CULVL = 0.2 pCi/m2 /18/.

The decontamination factor is then defined as DF = V
d

X
1

/

CULVL.

The following assumptions were then made concerning
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exposure and evacuation:

1. No persons are evacuated until the arrival of the

emergency responders and all are exposed to

contamination levels modified only by radioactive

decay

2. Pending the arrival of the state radiological response

team and during the cleanup phase of evacuation, the

public is evacuated to 150 ft or 1000 ft as is

necessary. Six (12 in severe accidents) emergency

responders are present in the exclusion zone for 2

hours and 10 (20 in severe accidents) emergency

responders are in the buffer zone.

3. If OF is less than or equal to 1.0, no remedial action

other than surveying is required, and persons are

assumed to be exposed for 50 years from an area

contaminated to the level initially deposited, reduced

only by radioactive decay.

4. If DF is greater than 1.0 then the area is evacuated

and decontaminated over a period of 10 days to a level

of 1.0.

5. If DF is greater than 40 then the area is assumed to

be interdicted as it is likely that it may not he

possible to decontaminate the area.

2.5 Exposure

To simplify the calculations, all sources are modeled as

point sources. This is a reasonable for most high level
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radiation fields encountered in RAM transportation and dose

rates are calculated as in chapter 1.

In the case of heavy casks used to ship spent fuel it

was previously noted that the source emits a beam of

radiation and the isotropic point source model must he

modified. Since the integrated population dose rather than

the actual dose rate is of interest, the fraction of

material unshielded should be multiplied by the fraction of

the population exposed to the unshielded source. For a cask

of thickness t with a crack of width w this was shown in

chapter 1 to be:

f = 2 = 2 * tan-1(w /t) /Tr (2.8)
TT

The exposure dose is reduced to four components: public,

emergency responders, traffic, and pedestrian doses. The

dose received by each component will change with the phase

of emergency response. In particular, it is necessary to

look first at those doses received before the arrival of the

emergency response team t C Ti, and before the arrival of

the radiological response team and the beginning of cleanup,

T1 < t< T2.

Public Dose

The dose received by a person standing a distance r from

the accident site, for time t (hours), was shown in chanter

1 to be:
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(P)air *Dose Rate (mR/h) = 0.0659 * (
(2.9)

Z( Eai Qi) e-or(l Koor)/417 r 2

The general public is assumed to be uniformly

distributed in an annular region (xl<r<Cx2) surrounding the

accident site with a population density PD. The total

population dose in person rems can he calculated by

integrating the dose over all people in the annular region

or,

Dose =At x PO x 6.59 x 10-5 x ()air (2.10)

f 4E( fli Qi) e-Pr(1 + Kopr)/47rr r2 * 2 r dr
X,

It is necessary to remove the energy dependence of u,

K0, and ua to simplify the calculations. These variables

are assigned values that either are typical of most photon

energies of interest (Pa is set equal to 0.03 cm2 /o) or

conservatively overestimate doses (p=0.00393 m-1 and Ko =

0.458). Then the population dose is dependent only on the

average photon energy:

dose = At * PD * 9.88 x 10-7 ( (ETS)i) * (2.11)

((E1(px1) - E1(px2)) + (exp(-px1) - exp( -px2))

The El function is easily evaluated from its convergent

series form /29/:

E1(x) = _[(_x)m (m *m!).] - ln(Yx) (2.12)
m=1

where ln(X) is the euler constant

Before the arrival of the emergency response team (t<

TI), there is no public evacuation so that xl = 10 ft and

x2 = 15ft. Once the emergency responders arrive, the public
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is evacuated to either x
1

= 150 ft or x
1

= 1000 ft,

depending on whether the calculated dose rate at 150 feet is

greater than 2 mrem/h.

Emergency Response Dose

The emergency responders dose is calculated in a manner

similar to the public dose. However, the population

densities are adjusted so that there are 6 emergency

responders uniformly distributed in the exclusion zone for 2

hours, and 10 emergency responders in the buffer zone until

the arrival of the radiological response team and during the

cleanup period. For the case of spent fuel,

radioteletherapy sources, irradiators, and uranium

hexafluoride shipments the number of emergency responders

was doubled in the exclusion area and buffer zone and it was

expected that there were at least 20 reporters and

bystanders uniformly distributed outside 10 feet of the

exclusion boundary.

Traffic

The dose to other vehicles sharing the transportation

route with the shipment is calculated from one of two models

depending on whether traffic is stopped or not. Accidents

on highways or freeways will not necessarily result in the

immediate stoppage of traffic. It was assumed that until

the arrival of the emergency response team, no traffic is

stopped on freeways and only the traffic in the same lane as

the accident is stalled on highways. Once the emergency
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response team has arrived, traffic on highways and in all

lanes on the side of the freeway where the accident took

place is evacuated, and if the accident is serious enough,

both sides of the freeway are evacuated.

If the traffic is stopped, the dose to stalled vehicles

is calculated by merely summing up the dose received by all

vehicles involved:

Dose = PPV * 6.59 x 10-5 *A t \e,
* ( * (2.13)

1:
exp(-p((d+1)j+x2) (1 Kop((d4.1)i+x))

4 it ((d+1)+x)1
1 =0

Where PPV = number of passengers / vehicle (1.5)

d = distance between stalled vehicles (10 ft)

1 = length of vehicle

x = distance to nearest vehicle

If the traffic is not stopped the dose received by

travelers is calculated by assuming that people are

uniformly distributed along the route with a linear density

of L' people per mile where

L' = PPV * Q /_V

Q = traffic flow (vehicles / hl

V = average speed (miles / h)

The dose for a road or lane separated from the accident by a

distance d, is then given by :

00 fl
* 6.57E-5 * oir( v (E s ) L11 e-Pr\ 'drDose = at

T 1 (r2
-

d251/2air
\(3 1

(2.14)
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r e-pr(l+Kopr)dr =pc) Ko(pd) + 1/x *5 K (w) dw]o
(r2 d2)1/2
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(2.15)

The function Ko(x) is defined as the modified Bessel

function of the second kind. Ko(x) is evaluated from the

following power series approximations /29/.

For 0 <x<= 2 (2.15)

Ko(x) = - ln(x /2) I0(x) - .57721566'

+ .42278420 (x/2)2 + .23069756 (x/2)4

+ .0348859 (x/2)6 + .00262698 (x/2)8

+ .00010750 (x/2)10 + .00000740 (x/2)12 + e

abs(e) < 1 x 10-8

For 2<=x (2.17)

x1/2 ex Ko(x) = 1.25331414 - .07832358 (2/x)

+ 02189568 (2/x)2 - .01062446 (2/x)3

+ .00587872 (2/x)4 - .00251540 (2/x)5

+ .00053208 (2/x)6 + e

abs(e) < 1.9 x 10-7

For 0 < x<= 3.75 (2.18)

I0(x) = 1 + 3.5156229 (x/3.75)2

+ 3.0894424 (x/3.75)4 + 1.2067492 (x/3.75)6

+ 0.2659732 (x/3.75)8 + 0.0360768 (x/3.75)10

+ 0.0045813 ( x/3.75)12 + e

abs(e)<1.6 x 10-7

Typical highway, freeway, and city street vehicle speeds

are 55, 55, and 35 miles per hour, respectively. It is also
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assumed that lanes are separated by 10 feet and that freeway

roads are separated by 50 feet /33/.

Pedestrians

Accidents in urban or suburban areas along city streets

will also result in a dose to pedestrians. It is assumed

that the accident takes place in an intersection and that

pedestrians are uniformly distributed along sidewalks

surrounding the intersection. The population dose is

calculated by integrating over all persons exposed:

2.6 Probability

As noted, the calculation of risk requires the

determination of various probabilities and average

parameters. To allow a more accurate and detailed

evaluation of risk, the state was divided into various

geographic regions. The determination of these regions was

based on lumping together areas in the state with similar

population, meteorological, and shipping characteristics.

The map in figure 7 shows the five regions that were

considered in this study.

The expected number of accidents of specific severity

occuring in a particular population zone for a given

geographic area is:

Pijk Pacc,j * Pi; acc,j * Pj * Qk * Lk (2.19)

where Pijk = Expected number of accidents occuring in

population zone j with severity i for the

standard shipment type k.



FIGURE 7. MAP OF MAJOR OREGON TRANSPORTATION ROUTES

AND 5 REGIONS USED IN RISK STUDY



P acc;j = The conditional probability of a vehicle

accident per unit mile given the shipment is

in the jth population zone.

Pi; acc,j = The probability of a severity i accident for

an accident occuring in population zone j

Pj = The probability the shipment is in jth

population zone.

Qk = The number of k type. standard shipments.

Lk = The typical transportation distance for a type

k shipment.

These various factors are based on statistics specific

to Oregon and are discussed further in following sections.

2.7 Accident Severities and Package Response

The fraction of material unshielded and aerosolized

depends greatly on the severity of the accident. Accident

severities are often categorized by crush force and fire

duration. Figure 8 shows the conventional scheme of

classification. The crush force may result from the

inertial forces of impact or from static loads (i.e.

container crushed beneath vehicle) so that it is seen that

the accident will depend on the type of vehicle,

environmental surfaces, and the speed, object, and angle of

impact. Obviously many of these variables will depend on

the population zone in which the accident occurs. Table 24

shows a typical probabalistic mass function of accident

severities for truck accidents occuring in each of three
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Table 24
Probahalistic Mass Function of Accident
Severities for Truck Accidents Occuring

in Each of Three Population Zones

Severity
Category Rural

PopuTation Zone

Suburban Urban

1

2

3

4

5

6

7

8

4.62 x 10 -1 c!
(5.50 x 10-')"

3.02 x 10 -1
;

(3.60 x 10-')

1.76 x 10-1
(7.00 x 10-2)

4.03 x 10-2
(1.60 x 10-2)

1.18 x 10-2
(2.80 x 10-3)

6.47 x 10-3
(1.10 x 10-3)

5.71 x 10-4
(8.50 x 10-5)

1.13 x 10-4
(1.50 x 10-5)

-1
4.35 x 10 i
(5.47 x 10-')

- 12.85 x ln-_1)
(3.58.x 10-`)

2.21 x 10-1
(6.96 x 10-2)

5.06 x 10-2
(2.04 x 10-2)

6.64 x 10-3
(3.57 x 10-3)

1.74 x 10-3
(1.40 x 10-3)

6.72 x 10
_g

A'

(1.30 x 10-')

5.93 x 10 -6

(2.30 x 10-3)

-15.83 x 10 1

(5.52 x 10--)

3.82 x 10 1
11

(3.61 x 10-"

2.78 x 10-2
(7.03 x 10-2)

6.36 x 10-3
(1.31 x 10-2)

_a
7.42 x 10

(2.30 x 10-1 )

1.46 x 10
-11
A"

(9.02 x 10-')

1.13 x 10
(5.55 x 10-1

9.94 x 10-7
(9.79 x 10-4 )

(8)AcclOents here trucks are the mode of tr'ansportaton.

(b)rip
ccidents where carat vars are the mode of transportation
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population densities /33/. (Typical rural, suburban, and

urban population densities are 15, 1862, and 10000 people /

mile2).

Release fractions are obviously a function of accident

severity. However, the relationship between release

fraction and accident severity is generally not well known -

spent fuel shipments being the one notable exception. The

amount of research conducted on spent fuel shipping

containers has provided a wealth of information concerning

release fractions (see Table 13). It was assumed that for

accident severities 7 and 8, the maximum expected release

fractions (half of the noble gas inventory and .0034% of all

the solid contents of the package) might prove reasonable.

Based on the testing requirements of Type A and Type B

packdages, it is known that all Type A and Type B packages

should withstand category 1 accidents and that all Type B

accidents should survive category II accidents. Because the

regulations do not require shippers to test to failure,

there is really no knowledge of package response beyond

these testing conditions. The model shown in Table 25 is

frequently used in transportation risk assessments to

predict package responses for other severity categories.

2.8 Accident Statistics

The accident rates used to calculate risks were derived

from statistics compiled by the Oregon Highway Division for

the Oregon highway system in 1983 /34/. The main
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transportation route in each geographic region (1-84, 1-5,

US-97, and US-30) was used to characterize most shipments

within that region. All local shipments, such as portable

gauge shipments, were characterized by the state average

values. A summary of accident rates, traffic flow, and

population zone fractions for each geographic region are

given in Table 26. The Oregon Highway Division also

records statistical distributions of vehicle types for

checkpoints scattered throughout the highway system. Table

26 also shows average vehicle lengths and number of

passengers per vehicle for each transportation route. These

values were obtained by assuming that typical vehicle

lengths were 5.6, 10, 12, 17, and 22 meters for passenger

cars, 2-axle trucks and cars with trailers, buses, 4- and

5-axle trucks, and 6-axle trucks respectively /35/ and that

cars and trucks typically carried 1.5 passengers whereas

buses carried approximately 40 passengers.

2.9 Population Densities

It was assumed that any region in Oregon can he

characterized by three population zones: rural, suburban,

and urban. In fact, for all regions other than the Portland

metropolitan area, suburban and rural population zones are

sufficient. The population densities for these zones in

each region was obtained by determining the population

densities for each subregion and weighting these population

densities by the length of highway or interstate that
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Tatle 26
Highway Tranportation Characteristics

Urban
Population

I II III IV V VI

Density (mile-2) 3547 -

Travel fraction .109

Traffic Flow
(per hour) 1962 -

Accident Rate
(per million mile) 1.52 -

Suburban
Population
Density (mile-2) 1206 572 1282 2461 2386 -

Travel fraction .056 0.54 0.052 0.22 0.074 0.024

Traffic Flow
(per hour) 237 977 425 1515 805 829

Accident Rate
(per million mile) 0.786 0.58 2.2 0.19 0.299 1.54

Rural
Population
Density (mile-2) 9.8 40.6 12.2 87 136 -

Travel fraction 0.943 0.352 0.948 0.782 0.926 0.882

Traffic Flow
(per hour) 199 408 163 1150 591 117

Accident Rate
(per million mile) 0.57 0.65 0.76 0.21 0.31 0.95

Average Vehicle
Length (feet) 30 25 23 20 24 24
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traverses that subregion. Table 26 gives the calculated

average population density for each zone in all five

regions.

Various sources were used to determine population

densities for each county. The 1982 Oregon Blue Book /36/

lists population for selected cities and all counties in the

state. When the sum of all major populated cities was

subtracted from the population of a county, the balance when

divided by the total county area provides an estimate of

rural population densities. It was observed that often

population densities are much higher near major

transportation routes so in an attempt to rectify this

error, the calculated population density was doubled.

The U.S. Department of Commerce published a listing of

urban and rural population densities based on 1980

population statistics for selected Standard Statistical

Metropolitan Areas (SSMA's) throughout the country /37/.

Four such SSMA's exist in the state of Oregon - Portland,

Salem, Eugene/Springfield, and Medford. These Population

Densities, together with the population density for Albany

obtained from the city directory, accounts for all major

counties along 1-5. Urban Population densities for central

and eastern Oregon were based on population statistics from

1970 /38/. Though populations have changed significantly

since these statistics were obtained, it is reasonable to

expect that population densities have not changed
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drastically.

2.10 Annual Shipment Characteristics

To simplify the calculations of chapter one it was

necessary to standardize shipments typically transported on

Oregon highways. The calculation of risk utilizes those

same standardizations. In addition to knowing the

characteristics of a standard shipment, it is also necessary

to know typical shipping distances and the number of annual

shipments expected. Many of the more hazardous shipments

made into the state of Oregon are reported to the Oregon

Department of Energy (see Table 1, chapter 1).

In addition, there are many RAM shipments made within

the Oregon borders that are not reported to the state.

These shipments are often less hazardous than those included

in Table I. However, the large number of annual shipment

miles for radiopharmaceuticals and portable density gauges,

and other sources, warrants their inclusion in any valid

risk assessment.

A survey of all state licensees was conducted to

determine typical shipping trends, i.e., number of shipments

per year, average number of curies, shipment distances and

routes, and destinations. The results of the survey

responders were then extrapolated over all licensees to

obtain estimates of typical shipping parameters. Appendix F

discusses more fully the survey results and methods of

extrapolation.
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2.11 Meteorological Data

Meteorological conditions are by nature a very random

phenomenon dependent on a large collection of parameters.

Wind speed, surface roughness, incoming solar radiation,

cloud amount, and time of day all influence the

meteorological conditions and therefore atmospheric

dispersion. A set of curves known as the 'Pasquill-

Gifford' curves have been suggested /27/ as a means of

correlating measurable meteorological parameters to Pasquill

categories. Figure 9 shows such a set of curves for

daylight hours typical of weather and terrain conditions

found in England whereas similar information is given in

Table 27 for night time hours. This is a popular method of

quantitatively determining Pasquill categories because the

correlation is in terms of easily measured and commonly

recorded data. This method requires only a knowledge of the

wind speed at 10 m and the incoming solar radiation to

determine day time stability categories and cloud cover for

night time stability categories.

Table 27 Pasquill Category as a function of
night-time cloud cover (eighths)

Pasquill Wind Speed (m/s) at 10 m
Category 0 2 3 4 5 8

D

E

F

G

6.0-8.0

5.0-6.0

3.5-5.0

0.0-3.5

5.5-8.0

3.5-5.5

2.5-3.5

0.0-2.5

5.0-8.0

3.0-6.0

1.0-3.0

0.0-1.0

5.0-8.0

1.5-5.0

0.0-1.5

4.0-8.0

0.0-4.0

0.0-8.0
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Obviously, meteorological probability distributions will

vary with time of day, season, and geographic location.

Meaningful probability mass functions can be obtained from

historical records of useful meteorological parameters.

Such information has been tabulated by various sources. The

National Climatic Center /39/ has maintained records of wind

velocities and sky cover for several weather stations

throughout the state. A five year study of these parameters

was used to construct night time probability distributions

for the Portland, Medford, Pendleton, central Oregon, and

Willamette valley regions. Oregon State University /40/

accumulated similar information for the Corvallis area

together with solar insolation data for 1980 and 1981. The

National Oceanic and Atmospheric Administration /41/ is also

a source of insolation data for the Medford and Portland

regions. The results of these studies lead to the

distributions given in Table 27.

2.12 Summary of Risk from RAM Transportation Accidents

It is reasonable to expect, from intuition alone, that

the location of the Hanford radioactive waste respository

north of the Oregon border could give rise to an

inordinately high level of RAM transportation in the state.

The location of the Trojan nuclear facility in Ranier Oregon

could also contribute significantly (although probably to a

much smaller degree) to the overall transportation risk.

This is true to some extent. However, the small quantities

of other material that are shipped together with the small
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Season

Table

A

Meteorological Data

Medford Day
(1978, 1979, 1980)

B C 0
Spring
Summer
Fall
Winter
Annual

0.209
0.254
0.149
0.011
0.155

0.2 5
0.278
0.229
0.153
0.224

0.223
0.215
0.215
0.233
0.220

0.357
0.258
0.412
0.602
0.407

Corvallis (day)

Season A B

Spring 0.117 0.266 0.271 0.352
Summer 0.204 0.305 0.218 0.274
Fall 0.086 0.211 0.247 0.456
Winter 0.004 0.077 0.235 0.683
Annual 0.102 0.215 0.243 0.441

Pendleton (night)

Season D E F G
Spring 0.552 0.14 0.049 0.251
Summer - - - -

Fall 0.561 0.117 0.043 0.276
Winter 0.768 0.095 0.027 0.112
Annual - - - -

Portland (night)

Season 0 E F G

Spring 0.625 0.163 0.046 0.158
Summer 0.474 0.187 0.095 0.235
Fall 0.577 0.125 0.048 0.250
Winter 0.807 0.081 0.031 0.100
Annual 0.619 0.139 0.0552 0.186

Eugene (night)

Season 0 F G
Spring 0.643 0.152 0.066 0.224
Summer 0.364 0.156 0.097 0.383
Fall 0.537 0.140 0.051 0.263
Winter 0.722 0.093 0.026 0.111
Annual 0.566 0.135 0.063 0.245



Table 28. (continued)

Medford (night)

Season D E F G

Spring 0.504 0.146 0.039 0.310
Summer 0.240 0.138 0.084 0.538
Fall 0.419 0.095 0.023 0.464
Winter 0.683 0.093 0.022 0.202
Annual 0.462 0.118 0.042 0.379

Region

Pasquill Category Probability Mass

A B C D

Function

E F

0.0869 0.118 0.113 0.494 0.065 0.128
II 0.0869 0.118 0.113 0.510 0.065 0.313

III 0.0869 0.118 0.113 0.494 0.065 0.128
IV 0.0583 0.117 0.124 0.499 0.064 0.142
V 0.0869 0.113 0.113 0.435 0.056 0.107

State 0.0869 0.118 0.113 0.00 0.063 0.130
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population densities of Oregon result in a surprisingly low

level of risk. The current level of risk for

radiopharmaceuticals, reactor LLW, U
3
0 8, natural Thorium,

new fuel, commercial reactor spent fuel, radioteletherapy

sources, radiography sources, well-logging sources, neutron

density gauges, UF6, uranium metal, and resins is only 1.2 x

10 -5 Latent Cancer Fatalities (LCF's) per year in the state

of Oregon alone. At this rate there would be one LCF ever"

83,000 years. This number does not include any unusual

shipments such as spent fuel, which might be made.

The current level of risk for the state can he best

understood by looking at its various components. The

following figures graphically depict the population dose due

to the 17 shipment types listed in Table 29. Figures 10-14

show by geographic region the LCF's expected for each

shipment type. As can be seen, there is a significant

spread in the calculated risk over the appropriate shipment

types, the LCF varying by as much as 4 orders of magnitude.

To summarize this information for the entire state, a

distribution of LCF's among the 17 shipment types is shown

in Figure 15. It is interesting to note that those shipment

types requiring large numbers of vehicle miles such as

low-level waste shipments bound for Hanford and new fuel

shipments bound for Trojan share a significant contribution

to the overall level of risk. The risk from portable

density gauges is also noticeably high considering the low
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Table 29. Legend for Figures 10-17

Shipment

Number Shipment Description

1 Molybdenum-99 Radiopharmaceutical

2 Nuclear Reactor Low-level Waste

3 Industrial Gauge Source

4 Natural Thorium

5 Commercial Reactor New Fuel

6 Commercial Reactor Spent Fuel

7 Research Reactor Spent Fuel

8 Cobalt-60 Radioteletherapy Source

9 Cobalt-60 Radiography Source

10 Well-logging source

11 Portable Density Gauge

12 Enriched Uranium Hexafluoride

13 Unenriched Uranium Hexafluoride

14 Uranium Metal

15 Nuclear Reactor Resins

16 Defense High-level Waste

17 West Valley High-level Waste
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level of hazard associated with accidents involving these

sources. Also of importance to the overall risk is the

transportation of industrial gauges, radiography sources,

spent resins, and enriched uranium hexafluoride cylinders.

These shipments are not as frequent, however, their large

curie content gives rise to high consequence, low

probability accidents.

quite low.

The expected number of LCF's for each geographic region

is summarized in Figure 16. The total risk for the eastern

Oregon region is high, partly because of the large number of

LLW shipments bound for Washington (Region I is also

geographically larger than the other regions). The Portland

region was also quite high even though it was geographically

the smallest. This is explained by the high density of

industrial activity together with high population densities

in and around the Portland metropolitan area.

The placement of a high-level waste repository in

Washington could have an even larger impact on the

transportation risk. Figures 17 and 18 show the expected

number of LCF's due to spent fuel and other HLW shipments

over the lifetime of the HLW repository. The resulting risk

over the repository lifetime is relatively high: .0691 LCF

for spent fuel and 2.18 x 10-5 LCF for other HLW shipments.

Over a 28 year repository life time, this would result in an

average annual LCF rate of .00247 LCF/yr or one LCF every

The risk from other shipments is
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400 years.

The radiological accident risk is small in comparison

to other commonly accepted risks. For example, in 1983

there were 548 traffic accident fatalities in the state of

Oregon. This is much larger than the 1.2 x 10-5 LCF/yr

predicted for current levels of RAM transportation, or the

.002 LCF/yr predicted for the Hanford HLW repository. In

fact, Oregon accident statistics would suggest that there

would be 1.22 non-radiological fatalities resulting from the

more than 7.5 x 105 shipment miles currently made annualy by

RAM transporters in the state or about 3.4 LCF/yr for spent

fuel shipments made to a HLW repository (95 fatalities for

all spent fuel shipments made over the lifetime of a HU.1

repository).

It is important to point out that these calculations

are for transportation accidents and do not include the dose

to handlers and by-standers from normal transportation of

RAM. It is also important to keep in mind the assumptions

previously outlined and the models used. The results

generated are a reflection of those assumptions. Most of

the time spent in preparing this thesis was devoted to

reviewing research reports and statistical tabulations.

Because of the uniqueness of this study, the data was

gleamed from a number of widely diverse sources and the

input parameters chosen were thought to be the most

appropriate and timely.
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PAY' 3 -- Trpininc Erornency Response PersonnP1

3.1 Introduction

In 1981 the Oregon State Legislature enacted Senate

Bill 109 which led to new rules for certain types of

radioactive material transportation in and through Oregon.

The rules required carrier permits for each shipment as well

as indemnity insurance, advance notification for spent fuel

and highway route controlled quantity shipments, and

port-of-entry inspections. In addition there was a

requirement for the training of emergency response personnel

in cities and counties along the main highway routes to

assure that the "response, to a radioactive material

transportation accident is swift and appropriate to minimize

damage to any person, property or wildlife." The Oregon

Department of Energy (ODOE) was given the responsibility for

overseeingr this program and Oregon State University (OSU)

Department of Nuclear Engineering was awarded the contract

to develop and implement the training.

3.2 Training Program Content

The training program consisted of a one-day course

lasting from 9:00 a.m. until 4:00 p.m. as outlined below:

Introduction & Registration

Pretest

Radiation, Its Effects & Control

Instrumentation

Lunch
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Transportation of Radioactive Materials

Radiation Monitoring

Emergency Response Procedures for Transportation

Accidents Involving Radioactive Materials

Post Test

The course consisted mainly of lectures employing the

use of a large number of slides. There were also several

demonstrations and a hands-on radiation monitc-ing exercise.

The course was approved by the Oregon Fire Standards &

Accreditation Board and by the Oregon Board on Police

Standards & Training.

An underlying assumption used in preparing the

material for this course was that the students had no

previous training and that many of the concepts presented

would be new and unfamiliar. The objective of the section

on "Radiation, Its Effects & Control" was to provide a basic

understanding of radioactivity, radiation, and contamination

as well as the methods of controllin -g the hazards from each

of these. The methods of control were used later as a

framework for the emergency procedures.

Rather than probing deeply into nuclear physics, the

observable properties and characteristics of the main types

of radiation were discussed. Each type of radiation can he

characterized by: the type and quantity of shielding

required to reduce dose rates, its detectability by the

Civil Defense meters, and the typical hazard expected from
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each.

It was important to give the trainee an appreciation

of safe and dangerous radiation levels. This was done by

discussing natural and man-made background radiation levels,

the radiation doses required to cause biological effects and

the regulatory dose limits. Throughout the course all dose

rates were quoted in millirem per hour and doses were in

millirem to avoid the rem to millirem conversion.

Because the concept of risk is difficult to

communicate, long term effects from radiation exposures were

explained three different ways:

1. One cancer death resulting from giving every

member of a population of 5,000 people a dose of

1000 millirem.

2. 0.04 cancer deaths from a transportation accident

involving a typical shipment of yellow cake,

assuming worse case conditions and complete

uptake of the contents by a population of

400,000.

3. Comparisons among various types of a

one-in-a-million fatality risks such as 10 mrem

whole body radiation, smoking 1.5 cigarettes, 0.5

liters of wine, 2 days in Boston, etc. were

made.

Great care was taken to present radiation and

contamination as separate and distinct concepts due to the
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different hazards and methods of control associated with

each. Time, distance, and shielding for radiation control

were easy to convey, however the concept of contamination

control by restricting access and the use of protective

clothing required a little more imagination.

The instruments available to most emergency response

personnel are the Civil Defense instruments issued

nationwide. Most of these are in storage and relatively few

people know how to use them. In Oregon, the State Health

Division is responsible for calibrating and distributing the

shelter kits. Each kit contains a CD V-700 geiger detector,

a CD V-715 ion chamber, assorted pen dosimeters, and a

handbook. The instrumentation segment of the course covered

the essential information to read the instrument and use it

correctly for both radiation and contamination monitoring.

Experience in training sessions has shown that reading these

Civil Defense meters is relatively difficult for a novice.

Later in the afternoon, each student performed a radiation

survey of eight packages containing various sources with

radiation levels ranging from 0.5 mrem/h to 50 mrem/h on the

surface.

The purpose of the transportation segment was to

familiarize the responder with the types and quantities of

radioactive shipments made on Oregon highways and the

potential hazards that might he expected if they were

involved in accidents. Both national and state statistics
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were presented to give an overview of radioactive material

transportation and accident probailities. A brief summary

was given of some of the terminology and regulations for

packaging, labeling, and placarding. However, the bulk of

this session consisted of a slide presentation giving an

overview of typical sources packages, and shipments.

The concluding section was on Emergency Response

Procedures, which covered the important initial actions for

emergency responders.

A simple acronym, FIRST, was developed to outline the

priority actions: (F)irst aid and lifesaving rescue,

(I)nform or notify that radioactive material is involved,

(R)estrict access for radiation and contamination control,

(S)top or suppress fires, and (T)hat's all! These first

actions were further expanded, giving details and particular

procedures and precautions for each.

The objective of the emergency response section was to

build on the standard fire, police and medical procedures

and show how to adapt them for an incident involving

radioactive materials using the basic methods of hazard

control discussed in the first section of the course.

3.3 Training Sessions

The training sessions were coordinated locally on a

county basis. Figure 7 illustrates the locations of the

training sessions along the main Oregon highway routes.

Approximately 85% of the "reportable" radioactive materials
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is transported along 1-84 to the Hanford radioactive waste

burial site and therefore special emphasis was given to this

route.

In the year beginning June 1983, 567 people in

twenty-seven sessions received training. The trainees

included fire fighters (44%), local and state law

enforcement officers (25%), emergency medical technicians

and hospital personnel (12%), as well as various other

groups such as state foresters and highway department

personnel. Selection of trainees was commonly determined by

County Emergency Services Directors with preferency being

given to emergency responders in positions of

responsibility.

From registration data gathered, the average trainee

was 40 years old and had twelve and a half years experience

at his job. Thirty-nine percent of all participants had

received training on this topic before, but on average it

was over nine years ago. Only three percent had ever

responded to an incident involving radioactive materials.

3.4 Testing and Results

Each student was tested on the material covered in the

session, both prior to class and immediately after. The

testing had a number of functions in addition to meeting the

accreditation requirements. One of the major purposes of

the testing was to determine the short term effectiveness of

the training. An advantage of the pretest was to sensitize
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trainees to the more important course material being covered

during the day.

The test was subdivided into four independent sections

with the same divisions as the course. Each section was

then graded separately to compare the effectiveness of each.

The individual sections were weighted as follows: Radiation

- Its Effects and Control, 31.5%; Instrumentation, 21.7%;

Transportation of RAM, 9.8%; and Emergency Response, 37.0%.

The emergency response segment was given the most weight as

it was considered the most significant part of the course.

The other sections individually had less emphasis.

The average pretest score was 24.0% and the average

post-test score was 72.4%. Comparing a histogram of test

scores with a histogram for a normal distribution (with the

same average and variance) it was determined that the

post-test distribution deviated only randomly from a

theoretical distribution with an error probability of

0.001.

It is of interest to determine the reason that some

students have a better performance than others on the post

test. To do this the sample of post tests was divided into

3 classes, those less than one standard deviation below the

average, those more than one standard deviation above the

average, and those in between. In particular, the extremes

were compared. Fifteen percent of all students had scores

in the bottom class and 15% had scores in the upper class
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(as is also expected from a normal distribution). A number

of tests were made to determine if there was any correlation

between high (and low) test scores and such things as

profession, experience, education level, previous training,

and age. The only significant correlation that could he

made was between the scores and the level of education.

Seventy-eight percent of all those in the bottom 15% had

only a high school education or less, whereas more than

eighty-four percent from the top 15% had better than a high

school education. This may mean that those who go on to

higher education and did better on the tests are more

intelligent, or just that they are better at taking tests.

Apart from this level of education correlation, there were

no others, in particular there was no correlation between

previous radioactive material training and test scores.

This is not surprising as the average person who had

received training was trained almost ten years ago.

As an example of the improvement resulting from the

training, two sample multiple choice questions are shown,

together with the frequency of each response for both the

pre- and post-test (Table 30). In both cases the frequency

for the correct response increases dramatically, and to an

acceptable level. It is interesting to note that before the

course 31% of all tested indicated they would not perform a

life-saving rescue unless protective clothing and

self-contained breathing apparatus were available, whereas
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Table 30. Sample Questions - Emergency Responders Quiz

Question E.4

A life saving rescue at a transportation
Pre Post Accident scene, which may be contaminated

with radioactive material should be:

Attempted only if self-contained breathing
30.8 12.0 apparatus and full protective clothing are

available for the rescuers.

11.0 86.5 Performed without delay using any available
means for protection from contamination

5.2 1.0 Delayed until arrival of the Radiological
Assistance Team.

2.5 0.5 Delayed until decontamination can be started

50.5 0.5 Uncertain.

Question E.5

To prevent the possible spread of
radioactive contamination, an injured person

Pre Post who is suspected of having some possible
contamination should:

2.7 0.3 Not be touched until the Radiological
Assistance team arrives.

20.7 7.7 Be surveyed with a meter before being moved
in any way.

25.4 89.3 Be wrapped in an uncontaminated blanket
before transport.

18.8 1.9 Be stripped and washed before transport.

32.4 0.8 Uncertain.
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after the course, 86% felt that the rescue should be made

without delay using any available means for protection.

3.5 Plans For Future Training

The training session previously described was carried

out over a two year period from June 1983 to September 1985.

In that time, over 750 people in thirty-seven sessions have

received instruction. These sessions have adequately

fulfilled the short-term need for.training but there exists

a need for the long-term dissemination of RAM training.

Because it was determined that a better system of

training was to have regional trainers, a week long

train-the-trainer seminar was developed to prepare a

state-wide staff of instructors. This session provided a

more detailed overview of this subject than did the

thirty-seven previous sessions and it is hoped that

information and instructional material that was passed on

will provide each instructor with all the tools necessary to

carry on the work. In addition, a qualified representative

of the ODOE will 'sit in' on each trainer's first session to

provide any needed advice.

Thirty-two persons attended the first Regional

Radiological Technical Assistant (RRTA) Summer School

representing 17 counties. Thirteen people were affiliated

with fire departments, four with county sheriff's

departments, four with the State Police, and four were State

Fire Marshall's training deputies. County Emergency
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Directors and medical personnel made up the other four

trainees.

The workshop covered basic radiation principles

(theory, decay, interactions, dosimetry, and biological

effects and risks), and radiological monitoring instruments.

Other emergency response topics included: regulatory

requirements, types and uses of radioactive material,

exposure and contamination control techniques, on-scene

response principles, state radiological protection systems,

overview of radiological emergencies and necessary teaching

techniques. The training session ended with a radiological

emergency exercise. The participants responded to two

simulated accidents, one involving a vehicle with

radioactive materials and an injured driver, the other

involving a laboratory technician having a heart attack

resulting in the spill of radioactive material.

In addition to training responsibilities, each RRTA

may be asked to provide advice and assistance in the event

of a RAM transportation accident. This function may be

required at an accident scene before the arrival of the

state emergency response team. RRTA's have in fact

responded three times within the first year following the

inception of this program. The RRTA will be especially

useful in remote regions of Eastern and Central Oregon

where response times may be on the order of several hours.
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Appendix A

Build-up and Attenuation

Coefficients
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Appendix A

The attenuation and build-up factors are determined for

each photon transition that occurs in simple shipments of

radioactive materials. The parameters, p, andand K whiCh

are all functions of photon energy, are calculated from the

following polynomial curve fits published in the G.E.

report, "Atmospheric Gamma Dose Conversion Factors -

ADOSO/CDOSO Functions" by D. G. Weis /42/.

For 0.10 MeV < E < 10.0 MeV

p = exp(--(al + a2 x + a3 x2 + a4 x 3 + a5 ))

pa = exp(-(b1+ x + x
2

+ b4 b5x3 + b5 x4 + br x5 ))

K = (p - pa)/p

For 0.01 MeV< E-c= 0.10 MeV

p = exp( -(c1 + c2 x + + c4 x' ))

pa = exp(-(d1 + d2 x + d3 x2 + d4 x3 ))

K = (p - pa)/p

For E< 0.01 MeV

p = 5.8 x 10-7/E3

Pa P

K = 0

wherex=ln(E),EinMeVandthecoefficientsa.,b
'

c
i

, di , are found in Table A.1
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Table A.1

Coefficients for Least-Square Polynomial

Coef. 1 2 3 4 5

ai

bi

ci

di

4.809

5.623

5.6576

-4.055

0.4854

0.1823

2.160

-10.040

0.04131

0.1261

0.9924

-3.0218

-0.00741

-0.02753

0:1660

-0.2299

-0.00300

-0.02753 0.00206
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Appendix B

Inhalation, Groundshine, and

Cloudshine Conversion Factors



1 c. C.

Table B.1 REM/CURIE CONVERSION FACTORS

Average
Groundshine Photon

Lung Inhalation rem per Ci/mi Energy
MeV)Nuclide Class (rem/Ci) (1 day exposure) (

Cr-51
Mn-54
Fe-59
Co-57
Co-58
Co-60

Y

W

W

Y

Y

Y

260
6300

()1

703p
1.5x10

10

263
346
52

329
848

.0258
0.839
0.26
0.123
0.863.

2.4

Se-79 W 8880 0 0

Kr-85 INERT GAS 0 0 0

Rb-86 D 6660 29.3 0.0828
Sr-89 Y 42,550 0 0

Sr-90 Y 1.26x106 0 0

Y-90 Y 8070 0 0

Y-91 Y 44,400 0.882 0.0025
Zr-93 Y 71,800 0 0

Zr-95 Y 18,100 247 0.648
Nb-93m Y 28,500 0 0

Nb-95 Y 4400 249 0.564
No-99 Y 3700 77.3 0.28
Tc-99m 0 851 15.2 0.122

Ru-103 Y 777p 175 0.44

Ru-106 Y 4.4x10' 65.1 0

Rh-103m Y 5 0 0

Rh-106m Y 148 97.68 2.374

Pd-107 Y 12,600 0 0

Ag-110m Y 51,800 250 2.5

Ag -ill Y 5,70p 7.86 0.023

Cd-113 D 1.6x10° 0.09 0

Cd-115m D 65,000 9.25 0.031

In-114m W 48,500 26.8 0.078

Sn-113 W 9030 1.7 0.255

Sn-119m W 5,180 5.83 0.004

Sn-121m W 9,250 c_._23n 0.037

Sn-123 W 29,970 0 0

Sn-125 W 14,470 144 0.423
Sn-126 W 618,000 0 0

Sb-124 W 21,090 550.6 1.891

Sb-125 W 9,620 148 0.425

Sb-126m W- 25 0 0

Sb-126 IA 3,910 0 0



Table B.1 (continued)

X55

Nuclide
Lung
Class

Inhalation
(rem/Ci)

Groundshine
rem per Ci/m2
(1 day exposure)

Average
Photon
Energy

Te-123m W 9,290 50.8 0.134
Te-125m W 93,610 1.84 0.003
Te-127 W 284 0.25 0.04
Te-127m W 19,400 36.3

0Te-129m W 20,700 7.7 0.2.9/113

Te-129 W 67 1.98 0.0147
1-129 D 174,000 0 0.004
1-131 32,600 12.8 0.209
Xe-131m Inert Gas 0 0 0

Xe-133 Inert Gas 0 0 0

Cs-134 D 46,250 530 1 4- '-.

Cs-135 D 4,500 0

Cs-136 D 7,440 684.0 1.92

Cs-137 D 33,000 186.0 0.488
Ba-140
La-140

D

W

3,570
44,320

213
649.0

0.175
2.2E8

Ce-141 Y 8,325 27.7 0.0732
Ce-144 Y 351,000 17.2 0.0172
Pr-143 Y 7,437 0 0

Pr-144 Y 41 0.15 0.03
Nd-147 Y 6,100 52.0 0

Pm-147 Y 34,410 0 0

Pm-148m W 17,400 783 2.5

Pm-145 Y 10,000 0.54 0.002
Sm-151 W 28,000 1.59 0.001
Eu-152 W 217,000 309 1

Eu-154 W 259,000 378 1.23
Eu-155 W 39,000 13.9 0.049
Eu-156 W 11,100 266 0.56
Gd-153 D 21,100 10.5 0.056
Tb-160 W 21,800 292 0.95E
Tb-161 W 3,097 12.4 0.025
T1-208 W 0 2.5 3.334
Pb-212 W 155,000 2.5 0.122
Bi-212 W 17400 1.78 0.170
Po-212 W 0 0 0

Po-216 W 0 0.0031 0

Rn-220 Inert Gas 0 0.00012 0.0028
Rn-222 Inert Gas Q 0 0.0032
Ra-228 W 4.3x10(,) 0 0.0088
Ac-228
Th-228

Y

Y

1.1x10'
3 .1x108

45.7
0.0005

0.47
0.0024

Th-230 Y
82.6x100 0 1.64

Th-232 Y 1.6)(10' 0 0



Table 8.1 (continued)

Nuclide
Lung
Class

Inhalation
(rem/Ci)

Groundshine
rem per Ci/m2
(1 day exposure)

Average
Photon
Energy
( MeV)

Th-234
Pa-234m
U-232
U-233
U-234
U-235
U-237
U-238
Np-239
Pu-234
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Am-241
Am-242
Am-242m
Am-243
Cm-242
Cm-243
Cm-244
Cm-245
Cm-246
Bk-249
Cf-252

Y

Y

Y

Y

Y

Y

Y

W
Y

Y

Y

Y

Y

Y

W

W

W

W

W

W

W
W

W
W
Y

33,000

6.7x108
1.1x108

81.33x100
1.22x10'

3,29Q
1.18x10

2,100
3,09

2.66x10°
3.3x108
3.3x10

5.77x10°
3.13x108
5.2x108

1p
5.14x10
5.18x108
1.72x107
3.49x1(4
2.74x108
5.4x108
5.3x108

1.36x106
1.3x10°

E3
0

0

277
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Appendix C

Proposed Protective

Action Guides
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1. This shipment is most likely carrying new fuel.

The cylinders are between 12 and 18 feet long,

will be labelled radioactive, and are often

stacked two high lengthwise. A shipment will

often carry from 6 to 12 cylinders and will be

classified as UN2918 (see Figure C.7, flow

chart).

2. This shipment is most likely carrying spent

reactor fuel. The cylinders are between 18 and 22

feet long, will be labeled radioactive, and are

heavily shielded. A shipment will carry only one

cylinder, will be placarded with a highway route

controlled quantity placard, and will be

classified as UN2918 (see Figure C.7, flow

chart).

3. This shipment is most likely carrying enriched

uranium hexafluoride. The size of the cylinders

vary with diameters ranging from one-half ft. to I!

ft. and lengths ranging from 3 ft. to 10 ft. A

typical canister would have a 30 inch diameter F!r,d

an 82 inch length, often shinned in an overpack.

The canister is equipped with one or more pressure

relief valves and the shipment may carry from 1 to

6 cylinders, will be placarded as radioactive and

corrosive, and is classified as UN2977 (see Figure

C.10, flow chart).
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4. This shipment is most likely carrying unenriched

uranium hexafluoride. The size of the cylinders

vary, with diameters ranging from one-half ft. to

4 ft. and lengths ranging from 3 ft. to 10 ft. A

typical canister would have a 4 ft. diameter and a

10 ft. length. The canister is equipped with one

or more pressure relief valves and the shipment

may carry one to two cylinders loaded lengthwise

on a flatbed truck, will be placarded as

radioactive and corrosive, and is classified as

UN2978 (see Figure C.11, flow chart).

5. This shipment is most likely carrying RAM with low

specific activity (LSA). These drums or cylinders

will be carrying contaminated trash (LLW) or

powders or sands (yellowcake, thorium, mill

tailings, etc.). The trucks will be placarded,

the packages labeled or stenciled as LSA and is

classified as UN2912 (see Figure C.4, flow

chart).

6. This shipment is most likely carrying contaminated

reactor resins. It is impossible to know if the

package in question is an overpack or a cask

unless it is severely damaged. In this case, it

would be possible to see the removable inner

liner. Also, contaminated resins are often

labeled as LSA. Unless there is damage to the
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package, there is no harm in assuming the package

contains contaminated reactor resins and is

classified as UN2982 (see Figure C.12, flow

chart).

7. This shipment is most likely carrying research

reactor spent fuel. The cylinders are

approximately 5 ft. long with a 3 ft. diameter,

are loaded upright, and are heavily shielded.

These shipments are placarded and are classified

as UN2918 (see Figure C.9, flow chart).

8. This shipment most likely contains

radioteletherapy or large irradiator sources.

Casks vary considerably in size, shape, and

design. There is typically one heavily shielded

cask in a shipment, which is placarded (some may

be placarded as Highway Route Controlled

Quantities) and classified as UN2974 (see Figure

C.6, flow chart).

9. This shipment is most likely carrying RAM with low

specific activity (LSA). These drums or cylinders

will be carrying contaminated trash (LLW) or

powders or sands (yellowcake, thorium, mill

tailings, etc). The trucks will be placarded, the

packages labeled or stenciled as LSA, and is

classified as UN2912 (see Figure C.4, flow

chart).
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10. If identification of the shipment is not possible,

it is sufficient to evacuate the public to outside

1,000 ft. of the spill and restrict all

nonlifesaving emergency response activities to

outside 150 ft.

11. Because a large number of radionuclides may be

shipped in cardboard boxes for research or medical

purposes, it is not possible to predict the

contents. However, due the frequency at which

medical shipments are made (particularly Mo-99

generators), it is reasonable to assume that the

shipment contains radiopharmaceuticals, of which

any number of packages may be shipped with a

relatively low level of hazard. The shipment is

classified as UN2910 (see Figure C.3, flow

chart).

12. This shipment is most likely carrying pyrophoric

uranium metal shavings. These shavings may be

shipped in "strong and tight" metal drums or

boxes. The shipments will be placarded and are

classified as UN2979 (see Figure C.12, flow

chart).

13. This shipment is most likely carrying RAM with low

specific activity (LSA). The drums are "strong

and tight," will he stenciled "Radioactive LSA,"

and will contain powders or sands (yellowake,
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thorium, mill tailings, zirconium sand, etc.).

Emergency responders should be aware of a

radiological hazard from inhaling blowing dust.

The shipments are placarded and are classified as

UN2912 (see page C.4, flow chart).

14. This shipment is most likely carrying RAM with low

specific activity (LSA). The drums are "strong

and tight," will be stenciled "Radioactive LSA,"

and will contain low level contaminated trash

(LLW). The radiological hazard associated with

these shipments is small. The shipments are

placarded and are classified as UN2912 (see Figure

C.4, flow chart).

15. Any number of radionuclides could he packaged as

such. The hazards associated with these shipments

are generally small and unless the radioactive

material is in liquid form or the packages are

engulfed in a fire, evacuation distances can he

based on readings obtained with the radiation

detection instruments. Otherwise, public access

should be restricted to outside 150 feet downwind

of the spill, non - lifesaving emergency response

activities should he restricted to outside 30 ft.,

and authorized non-lifesaving and lifesaving

emergency response activities may be permitted

within 30 ft. if stay times are minimized,
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approach is made with radiation detection

instruments, and SCBA is worn, if available.

16. Intentionally left blank.

17. Intentionally left blank.

18. Intentionally left blank.

19. Intentionally left blank.

20. Intentionally left blank.

21. Intentionally left blank:

22. Public access should be based on other factors,

not on radiation levels. The public should not be

allowed so close as to interfere with the cleanup

or promote the spread of contamination.

- Emergency response can be safely conducted near

packages. However, close contact with the package

surfaces should be avoided and contamination

control should he practiced.

23. Public access should be resticted to outside 10

feet of the spill for long stay times (less than

12 hours).

Emergency response can be safely conducted near

damaged packages. However, close contact with

package surfaces should he avoided (surface dose

rates may be as high as 50 mrem/hr).

24. Public access should be restricted to outside 740

feet of the spill for long stay times (less than

12 hours).
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Non-lifesaving emergency response activities

should be restricted to outside 75 feet downwind

of the spill for long stay times (less than 12

hours).

Authorized non-lifesaving emergency response

activities can be safely conducted at 45 feet

downwind of the spill for long stay times (less

than 4 hours), or as close as is necessary, if

there is no fire or SCBA is worn or approach is

made from upwind.

Life-saving emergency response activities can be

safely conducted as near the damaged packages as

is necessary.

25. Public access should he restricted to outside 8F

feet of the spill for long stay times (less than

12 hours).

- Non- lifesaving emergency response activities

should be restricted to outside 35 feet downwind

of the spill for long stay times (less than 12

hours).

- Authorized non-lifesaving emergency response

activities can be safely conducted at 30 feet

downwind of the spill for long stay times (less

than 4 hours), or as close as is necessary, if

there is no fire or SCBA is worn or apnroach is

made from upwind.
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- Life-saving emergency response activities can be

safely conducted as near the damaged packages as

is necessary.

26-31. Public Access should be restricted to outside P1

feet of the spill for long stay times (less than

12 hours) if the packages are involved in a fire

or P2 feet if there is no fire [see Table CI].

Upwind, access should be-restricted to outside 1.(.'0

feet (or at 2mrem/hr, if known).

- Non-lifesaving emergency response activities

should be restricted to outside El feet downwind

of the spill for long stay times (less than 12

hours) if the packages are involved in fire or E2

feet if there is no fire [see Table C.11. Upwind,

access may be as close as is necessary if the wind

direction is carefully monitored.

- Authorized non-lifesaving emergency response

activities can be safely conducted at Al feet

downwind of the spill for long stay times (less

than 4 hours), 30 feet if there is no fire, or as

close as is necessary if SCBA is worn or approach

is made from upwind [see Table C.11.

- Lifesaving emergency response activities can be

safely conducted at L feet downwind of the spill

for long stay times (less than 2 hours), 30 feet

if there is no fire, or as close as is necessary
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PAG# P1 P2 El E2 Al L

26 1,200' 1,050' 450' 360' 160' 60'

27 700' 580' 250' 200' 70' 35'

28 480' 390' 150' 110' 50' 30'

29 550' 420' 170' 110' 50' 30'

30 290' 220' 80' 45' 30' 30'

31 190' 190' 40' 30' 30' 30'

Table C.2

PAG#

Molybdenum -99

Radiopharmaceuticals

P E A

32 320' 95' 40'

33 170' 60' 30'

34 110' 45' 35'

35 120' 30' 30'

36 50' 30' 30'

37 30' 30' 30'

Table C.3

Molybdenum-99
Radiopharmaceuticals

PAG# P E A L

38 600' 200' 50' 40'

39 300' 100' 40' 30'

40 230' 70' 30' 30'

41 240' 60' 30' 30'

42 120' 30' 30' 30'

43 70' 30' 30' 30'
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if SCBA is worn or approach is made from upwind

[see Table C.1]

32-39. Public access should be restricted to outside P

feet downwind of the spill for long stay times

(less than 12 hours) if the package is involved in

a fire [see Table C.2] .

Non-lifesaving emergency response activities

should be restricted to outside 30 feet downwind

of the spill for long stay times (less than 12

hours).

Authorized non-lifesaving emergency response

activities can be safely conducted at 30 feet

downwind of the spill for long stay times (less

than 12 hours) or as close as is necessary if SCgA

is worn or approach is made from upwind [see Table

C.23.

Lifesaving emergency response activities can be

safely conducted at 30 feet downwind of the spill

for long stay times (less than 2 hours) or as

close as is necessary if SCBA is worn or approach

is made from upwind [see Table C.2].

38-43. Public access should be restricted to outside P

feet downwind of the spill for long stay times

(less than 12 hours) [see Table C.3].

- Non-lifesaving emergency response activities

should be restricted to outside E feet of the
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spill for long stay times (less than 12 hours)

[see Table C.3].

- Authorized non-lifesaving emergency response

activities can he safely conducted at A feet

downwind of the spill for long stay times (less

than 12 hours) or as close as is necessary if SCBA

is worn or approach is made from upwind [see Table

C.3 ].

- Lifesaving emergency response activities can be

safely conducted at L feet downwind of the spill

for long stay times (less than 12 hours) or as

close as is necessary if SCBA is worn or approach

is made from upwind [see Table C.3].

44. See 26.

45. See 27.

46. See 28.

47. See 29.

48. See 30.

49. See 31.

50. Public access should be based on other factors,

not on radiation levels.

- Emergency response can be safely conducted near

undamaged packages.

51,52. Public access should he restricted to outside P1

feet of the spill for long stay times (less than

12 hours) or P2 feet if the accident occurs in an
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urban or forested area [see Table C.4].

- Non-lifesaving emergency response activities

should be restricted to outside El feet downwind

of the spill for long stay times (less than 12

hours) [see Table C.4].

- Authorized non-lifesaving emergency response

activities can be safely conducted as near damaged

packages as necessary if. SCBA is worn or other

means of preventing inhalation of hlowing dust is

taken. Without SCBA it is recommentded that stay

times he minimized for distances closer than 30

feet and approach be made from upwind.

- Lifesaving emergency response activities can be

safely conducted as near damaged packages as is

necessary if SCBA is worn or other means of

preventing inhalation of blowing dust is taken.

Without SCBA it is recommended that stay times he

minimized for distances closer than 30 feet and

approach be made from upwind.

53. Public access should be restricted to outside 30

feet of the spill for long stay times (less than

12 hours) or at 2 mrem/hr if known.

- Emergency response activities can he safely

conducted near damaged packages.. However, close

contact with package surfaces should he avoided

(surface dose rates.may he as high as 200 mrem/hr
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Table C.4

Yellowcake and Low Level Waste

PAG# P1 P2 El E2 Al A2

51 330' 360' 30' -- M

52 385' 420' 40' -- -- MOW .000

55 330' 360' 60' 70' 30' 30' 30'

56 150' 170' 40' 55' 30' 30' 30'

57 120' 120' 30' 35' 30' 30' 30'

58 120' 120' 30' 30' 30' 30' 30'

59 120' 120' 30' 30' 30' 30' 30'

60 120' 120' 30' 30' 30' 30' 30'

61 280' 310' 30' 30' 30' 30' 30'

62 120' 120' 30' 30' 30' 30' 30'

63 120' 120' 30' 30' 30' 30' 30'

64 120' 120' 30' 30' 30' 30' 30'

65 120' 120' 30' 30' 30' 30' 30'

66 120' 120' 30' 30' 30' 30' 30'

Table C.5

Natural Thorium - Wind Release

PAG# P1 P2 El E2

69 30' 30' 30' 30'

70 30' 30' 30' 30'

71 40' 30' 30' 30'

72 350' 120' 30' 30'

73 330' 100' 30' 30'

74 420' 140' 30' 30

75 970' 410' 350' 120'

76 940' 370' 340' 100'

77 1,170' 460' 420' 135'
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for a yellow III label).

54. Public access should be restricted to outside 150

feet of the spill for long stay times (less than

12 hours).

- Emergency response can be safely conducted near

damaged packages. Precautions should be taken to

prevent the spread of scattered debris.

55-66. Public Access should be restricted to outside P1

feet of the spill for long stay times (less than

12 hours) or P2 feet if the accident occurs in an

urban or forested area rsee Table C.47.

- Non-lifesaving emergency response activities

should be restricted to outside El feet of the

spill for long stay times (less than 12 hours) or

E2 feet if the accident occurs in an urban or

forested areaa [see Table C.47.

- Authorized non-lifesaving emergency response

activities should be restricted to outside Al feet

of the spill for long stay times (less than 4

hours) or A2 feet if the accident occurs in an

urban or forested area [see Table C.4]. For

shorter distances SCBA should he worn (if

available) or it is recommended that stay times

are limited and approach be made from upwind, if

possible.

- Lifesaving emergency response activities can he
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safely conducted at L feet of the spill for long

stay times (less than 2 hours) [see Table C.4j.

For shorter distances SCBA should he worn (if

available) or it is recommended that stay times

are minimized and approach be made from upwind, if

possible.

67. Public access should be restricted to outside 150

feet of the spill for long stay times (less than

12 hours).

- Non-lifesaving emergency response activities

should be restricted to outside 30 feet of the

spill for long stay times (less than 12 hours).

- Authorized non-lifesaving emergency response

activities should be restricted to outside Al feet

of the spill for long stay times (less than 4

hours) or A2 feet if the accident occurs in an

urban or forested area [see Table C.4]. For

shorter distances SCBA should be worn (if

available) or it is recommended that stay times

are limited and approach he made from upwind, if

possible.

- Lifesaving emergency response activities can he

safely conducted at L feet of the spill for long

stay times (less than 2 hours) [see Table C.4].

For shorter distances SCBA should be worn (if

available) or it is recommended that stav times
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are minimized and approach be made from upwind, if

possible.

68. Public access should be restricted to outside 30

feet of the spill.

Emergency response activities can be safely

conducted near undamaged packages. However, close

contact with package surfaces should be avoided

(surface dose rates may be as high as 80

mrem/hr).

69-77. Public access should be restricted to outside P1

feet of the spill for long stay times (less than

12 hours) when the accident occurs at night or P2

if the accident occurs at day [see Table C.5].

Non-lifesaving emergency response activities

should be restricted to outside El feet downwind

of the spill for long stay times (less than 12

hours) when the accident occurs at night or E2

feet if the accident occurs at day (see Table

C.5].

- Authorized non-lifesaving emergency response

activities should be restricted to outside 30 feet

downwind of the spill for long stay times (less

than 4 hours). For shorter distances SCBA should

be worn (if available) or it is recommended that

stay times be minimized and approach be made from

upwind, if possible.
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Lifesaving emergency response activities can he

safely conducted at 30 feet downwind of the spill.

For shorter distances SCBA should be worn (if

available) or it is recommended that stay times be

minimized and approach be made from upwind, if

possible.

78. Public access should he restricted to outside 30

feet of the spill for long stay times (less than

12 hours) or at 2 mrem/hr if known.

Emergency response activities can be safely

conducted near damaged packages. However, close

contact with package surfaces should be avoided

(surface dose rates may be as high as 200 mrem/hr

for a yellow III label).

79. Public access should he restricted to outside 50

feet of the spill for long stay times (less than

12 hours) or at 2 mrem/hr, if known.

Emergency response activities can be safely

conducted near damaged packages. Close contact

with packages should be limited (surface dose

rates may be as high as 100 mrem/hr at package

surfaces).

80. Public access should he restricted to outside 30

feet of the spill for long stay times (less than

12 hours) or at 2 mrem/hr, if known.

Emergency response activities can he safely
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conducted near damaged packages. However, close

contact with density gauge surfaces should he

limited (surface dose rates may be as high as 15

mR/hr for undamaged gauges and could be several

hundred mrem/hr for damaged gauges with exposed

sources).

81. Public restrictions should be based on other

factors not on radiationlevels.

- Emergency response activities can be safely

conducted near damaged packages. However, close

contact with package surfaces should he limited

(surface dose rates may be as high as 60

mrem/hr).

82. Public access should be restricted to outside 650

feet of the spill for long stay times (less than

12 hours) or at 2 mrem/hr, if known.

- Non-lifesaving emergency response activities

should be restricted to outside 40 feet of the

spill for long stay times (less than 12 hours) or

35 feet for average stay times (3 to 4 hours).

- Authorized non-lifesaving emergency response

activities should be restricted to outside 15 feet

for long stay times (less than 4 hours).

- Lifesaving activities can he safely conducted at 9

feet for long stay timess (less than 2 hours).

For shorter distances, stay times should be
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minimized and approach be made with radiation

detection instruments, if available (dose rates at

1 feet could be as high as 1,500,000 mrem/hr).

83. Public access should he restricted to outside 30

feet of the spill for long stay times (less than

12 hours) or at 2 mrem/hr if known.

- Emergency response activities can be safely

conducted near damaged packages. However, close

contact with package surfaces should be avoided

(surface dose rates may be as high as 200 mrem/hr

for a yellow III label).

84. Public access should be restricted to outside

1200 feet of the spill for long stay times (less

than 12 hours) or at 2 mrem/hr, if known.

- Authorized emergency response activities should he

restricted to outside 40 feet of the spill for

long stay times (less than 4 hours) or at 6,250

mrem/hr, if known.

- Non-lifesaving emergency response activities

should be restricted to outside 160 feet of the

spill for long stay times (less than 12 hours! or

at 416 mrem/hr, if known.

- Lifesaving emergency response activities can he

safely conducted at 17 feet of the spill for long

stay times (less than 2 hours) or at 38,000

mrem/hr if known. For shorter stay times (less
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than one-half hour), this distance may be reduced

to 8 feet.

85. Public access should be restricted to outside

2,200 feet of the spill for long stay times (less

than 12 hours) or at 2 mrem/hr, if known.

Non-lifesaving emergency response activities

should he restricted to outside 580 feet of the

spill for long stay times (less than 12 hours) or

at 6,250 mrem/hr, if known.

- Authorized non-lifesaving emergency response

activities can be safely conducted at 170 feet of

the spill for long stay times (less than one-half

hour) this distance may be reduced to 37 feet.

86. Public access should be restricted to outside 30

feet of the spill for long stay times (less than

12 hours) or at 2 mrem/hr if know.

Emergency response activity can be safely

conducted near damaged packages. However, close

contact with package surfaces should be avoided

(surface dose rates may be as high as 200 mrem/hr

for a yellow III label).

87. Public access should be restricted to outside

1,950 feet of the spill for long stay times (less

than 12 hours) or at 2 mrem/hr, if known.

Non-lifesaving emergency response activities

should be restricted to outside 440 feet of the



spill for long stay times !less than 1 2 hours) or

at 416 mrem /h r, if known.

Authorized non- lifesaving emergency response

activities can he safely conducted at 130 feet of

the spill for long stay times (less than 4 hour!

or at 6,250 mrem/hr, if known.

Lifesaving emergency response activities can he

safely conducted at 52 feet of the spill for long

stay times (less than 2 hour) or at 38,000 mrem/hr

if known. For shorter stay times (less than

one-half hour) this distance may be reduced to 2

feet.

88. Public access should be restricted to outside

3,100 feet of the spill for long stay times (less

than 12 hour) or at 2 mrem/hr, if known.

Non-lifesaving emergency response activities 1,200

feet of the spill for long stay times (less than

12 hours) or at 416 mrem/hr, if known.

Authorized non-lifesaving emergency response

activities can he safely conducted at 500 feet of

the spill for long stay times (less than 12 hours)

or at 6,250 mrem/hr, if known.

- Lifesaving emergency response activities can he

safely conducted at 230 feet of the spill for long

stay times (less than 2 hour) or at 38,000

mrem/hr, if known. For shorter stay times (less



192

than one-half hour) this distance may be reduced

to 120 feet.

89. If the type of source is undeterminined, it should

be assumed that the shipment in question contains

radioteletherapy sources and response measures

should be taken accordingly.

- If the truck is unplacarded, then the shipment

does not likely contain radioteletherapy sources

or radiography shources, one excepton being the

transportation of a spent source (Co-60 or Cs-137)

in which case the following guidelines should be

practiced:

- If there is no fire, public access should he

restricted to outside 250 feet of the spill for

long stay times (12 hours).

- Non-lifesaving emergency response activities

should be restricted to outside 20 feet of the

spill for long stay times (12 hours).

- Authorized non-lifesaving emergency response

activities should be restricted to outside 53 feet

of the source for long stay times (less than 4

hours). Shorter distances may be permitted if

stay times are monitored and radiation levels are

measured.

- Lifesaving emergency response activities can be

safely conducted near packages, however, package
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surfaces should be avoided as dose raates could be

as high as 100,000 mrem/hr one foot from the

package surface.

90. Public access should be restricted to outside 30

feet of the spill for long stay times (less than

12 hours) or at 2 mrem/hr if known.

- Emergency response activity can be safely

conducted near damaged packages. However, close

contact with package surfaces should he avoided

(surface dose rates may be a high as 200 mrem/hr

for a yellow III label).

91. Public access should be restricted to outside 100

feet of the spill for long stay times (less than

12 hours) or at 2 mrem/hr, if known.

Emergency response activities can be conducted as

close to the damaged packages as is necessary for

long stay times (less than 12 hours). However,

close contact with package surfaes should he

avoided.

92-103. Public access should be restricted to outside P1

feet downwind of the spill for long stay times

(less than 12 hours) or P2 feet if the accident

occurs in an urban ox forested area [see Table

C.6].

- Non-lifesaving emergency response activities

should be restricted to outside El feet downwind
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Table C.6

New Fuel - One Cylinder

PAW P1 P2 El E2 Al A2 L

92 270' 310' 40' 80' 30' 30' 30'

93 100' 160' 30' 30' 30' 30' 30'

94 40' 80' 30' 30' 30' 30' 30'

95 710' 740' 215' 250' 30' 30'- 30'

96 410' 430' 30' 45' 30' 30' 30'

97 250' 280' 30' 30' 30' 30' 30'

98 230' 300' 30' 55' 30' 30' 30'

99 75' 120' 30' 30' 30' 30' 30'

100 35' 60' 30' 30'. 30' 30' 30'

101 720' 750' 160' 190' 30' 45' 30'

102 330' 390' 30' 30' 30' 30' 30'

103 170' 190' 30' 30' 30' 30' 30'

Table C.7

PACKS P1 P2

New Fuel

El

Six Cylinders

E2 Al A2 L

104 770' 770' 190' 230' 50' 90' 35'

105 370' 390' 65' 120' 30' 30' 30'

106 210' 250' 30' 50' 30' 30' 30'

107 1,600' 1,660' 570' 590' 250' 270' 70'

108 930' 950' 310' 340' 30' 60' 30'

109 620' 640' 60' 140' 30' 30' 30'

110 750' 760' 160' 220' 40' 70' 30'

111 330' 380' 50' 80' 30' 30' 30'

112 160' 220' 30' 35' 30' 30' 30'

113 1,750' 1,750' 550' 590' 190' 220' 70'

114 910' 920' 230' 260' 30' 35' 30'

115 570' 600' 100' 120' 30' 30' 30'
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of the spill for long stay times (less than 12

hours) or E2 feet if the accident occurs in urban

or forested areas [see Table C.6].

Authorized non-lifesaving emergency response

activities should be restricted to outside Al feet

of the spill for long stay times (less than 12

hours) or at A2 feet if the accident occurs in

urban or forested areas lsee Table C.6].

Lifesaving emergency response activities can be

safely conducted at L feet from the package for

long stay times (less than 2 hours). For shorter

distances, SCBA should be worn (if available) and

stay times should be limited [see Table C.6].

104-115. Public access should be restricted to outside P1

feet downwind of the spill for long stay times

(less than 12 hours) or P2 feet if the accident

occurs in urban or forested areas E see Table

C.71.

Non-lifesaving emergency response activities

should be restricted to outside El feet downwind

of the spill for long stay times (less than 12

hours) or P2 feet if the accident occurs in urban

or forested areas [see Table C.7].

Authorized non-lifesaving emergency response

activities should be restricted to outside Al feet

downwind of the spill for long stay times (less



196

than 4 hours) or P2 feet if the accident occurs in

urban or forested areas [see Table C.7].

Lifesaving emergency response activities can be

safely conducted at L feet from the package for

long stay times (less than 2 hours). For shorter

distances, SCBA should be worn (if available) and

stay times should be limited [see Table C.7].

116-121. Even though the package .appears to be intact,

there is the potential or minor damage and release

of fission product gases. In this case, public

and non-authorized emergency response restrictions

should be based on calculations and not on Civil

Defense instrument measurements.

Public access should be restricted to outside P

feet downwind of the spill for long stay times

(less than 12 hours) [see Table C.8].

Non-lifesaving emergency response activities

should be restricted to outside E feet downwind of

the spill for long stay times (less than 12 hours)

[see Table C.8].

Authorized non-lifesaving emergency response

activities should be restricted to outside 30 feet

downwind of the spill for long stay times (less

than 4 hours) [see Table C.8].

Lifesaving emergency response activities can be

safely conducted at L feet from the package for



197

Table C.8

Research Reactor Spent Fuel
Package Intact - No Fire

PAG#

116 230' 50'

117 110' 30'

118 50' 30'

119 570' 100'

120 340' 30'

121 190' 30'

Table C.9

Research. Reactor Spent Fuel
Package Cracked - No Fire

PAG# P E Al A2 I

122 1,800' 260' 75' 55' 30'

123 1,800' 260' 70' 50' 30'

124 1,800' 260' 70' 50' 30'

125 1,800' 310' 80' 60' 21'

126 1,800' 270' 70' 52' 30'

127 1,800' 260' 70' 30' 30'

Table C.10

Research Reactor Spent Fuel
Cask Cracked - Fire

PAG# P E Al A2 LI L2

122 3,400' 980' 370' 130' 180' 50'

123 1,800' 540' 180' 85' 70' 35'

124 1,800' 540' 180' 85' 70' 35'

125 6,000' 2,000' 880' 320' 530' 170'

126 3,500' 1,200' 510' 200' 290' 100'

127 2,308' 800' 350' 85' 70' 35'



198

long stay times (less than 2 hours). For shorter

distance, SCBA should be worn (if available) and

stay times should be limited [see Table C.83.

122-127. If the package is clacked, then it will emit a

very narrow beam of radiation and perhaps some

fission product gases. Evacuation should be made

both in the direction of the beam and downwind of

the package.

Public access should be restricted to outside P

feet of the spill for long stay times (less than

11 hours) [see Table C.9].

Non-lifesaving emergency response activities

should be restricted to outside E feet of the

spill for long stay times (less than 12 hours)

[see Table C.9].

- Authorized non-lifesaving emergency response

activities should be restricted to outside Al feet

of the spill for long stay times (less than 4

hours) or A2 feet for shorter stay times (less

than 2 hours) Esee Table C.91.

Lifesaving emergency response activities can be

safely conducted L feet from the package for long

stay times (less than 2 hours). For shorter

distances, SCBA should be worn (if available) and

stay times should be limited [see Table C.9].

128-133. If the package is cracked, then it will emit a
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very narrow beam of radiation. Many of the

fission product gases and some of the more

volatile fission products may be released as a

radioactive cloud. Evacuation should be made both

in the direction of the beam and downwind of the

package.

Public access should be restricted to outside P

feet downwind of the spill for long stay times

(less than 12 hours) [see Table C.101. Upwind of

the spill public access should be restricted to

outside 1,800 feet of the spill (or 2 mrem/hr, if

known).

Non-lifesaving emergency response activities

should be restricted to outside E feet downwind of

the spill for long stay times (less than 12 hours)

[see Table C.10). Upwind of the spill, access

should be restricted to outside 200 feet of the

spill (or 416 mrem/hr if known).

Authorized non-lifesaving emergency response

activities should be restricted to outside Al feet

of the spill for long stay times (less than 4

hours) or A2 feet if SCBA is worn. For distances

less than A feet, stay times should be minimized

and approach be made with radiation detection

meters [see Table C.10]. Upwind of the spill,

authorized emergency response may be allowed at 70
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feet or 6,200 mrem/hr, if known.

- Lifesaving emergency response activities can he

safely conducted at L feet of the package for long

stay times (less than 2 hours) or L2 feet if SCBA

is worn. For distances less than L feet, SCBA

should be worn, stay times should be limited, and

approach should be made with radiation detection

meters [see Table C.10] Upwind of the spill,

lifesaving activities can be safely conducted at

35 feet for long stay times (or 37,000 mrem/hr, if

known).

134-139. If the fuel rods are visibly exposed, the direct

radiation could be high in each sector surrounding

the accident site. Public and non-authorized

emergency response personnel should be evacuated

in all directions around the spill. .

Public access should be restricted to outside P

feet downwind of the spill for long stay times

(less than 12 hours) [see Table C.11]. Upwind of

the spill, access should be restricted to outside

3,400 feet of the spill (or 2 mrem/hr, if known).

Non-lifesaving emergency response activities

should be restricted to outside E feet downwind of

the spill for long stay times (less than 12 hours)

[see Table C.111. Upwind of the spill, access

should be restricted to outside 800 feet (or 416
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Table C.11
Research Reactor Spent Fuel
Gross Package Failure - Fire

PAG# P E Al A2 Ll L2

134 5,500' 1,600' 640' 300' 330' 130'

135 3,400' 1,100' 380' 270' 180' 120'

136 3,400' 900' 310' 260' 140' 110'

137 10,000' 3,000' 1,300' , 490' 790' 250'

138 5,400' 1,800' 780' 350' 460' 170'

139 3,500' 1,300' 550' 300' 310' 140'

Table C.12

Conmercial Reactor Spent Fuel
No Apparent Crack - No Fire

PAG# P El E2 Al A2 L

140 680' 180' 220' 70' 30' 30'

141 370' 80' 110' 30' 30' 30'

142 260' 70' 70' 30' 30' 30'

143 1,400' 500' 550' 250' 35' 35'

144 820' 270' 300' 45' 30' 30'

145 580' 80' 140' 30' 30' 30'

Table C.13
Commercial Reactor Spent Fuel

Package Cracked - No Fire
FAG. P1 El E2 Al A2 A3 L

146 1,800' 300' 230' 90' 110' 70' 40'

147 1,800' 260' 270' 75' 80' 70' 32'

148 1,800' 260' 260' 70' 70' 70' 30'

149 1,800' 540' 500' 210' 240' 70' 65'

150 1,800' 360' 370' 80' 95' 70' 30'

151 1,800' 300' 320' 75' 75' 70' 30'
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mrem/hr if known).

Authorized non-lifesaving emergency response

activities should be restricted to outside Al feet

of the spill for long stay times (less than 4

hours) or A2 feet if SCBA is worn. For distances

less than A feet, stay times should be minimized

and approach be made with radiation detection

meters [see Table C.11]. Upwind of the spill,

authorized emergency response may be allowed at

250 feet (or 6200 mrem/hr, if known).

- Lifesaving emergency response activities can be

safely conducted at Ll feet from the spill for

long stay times (less than 2 hours) or L2 feet if

SCBA is worn. For distances less than L2 feet,

SCBA should be worn, stay times should be

minimized and approach be made with radiation

detection instruments, if available [see Table

C.11]. Upwind of the spill, lifesaving activities

can be safely conducted at 110 feet for long stay

times (or 37,000 mrem/hr, if known).

140-145. Though the package appears to be intact, there is

the potential for minor damage and relese of

fission product gases. In this case, public and

non-authorized emergency response restrictions

should be based on calculations and not on Civil

Defense instrument measurements.
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- Public access should be restricted to outside P

feet downwind of the spill for long stay times

(less than 12 hours) [see Table C.12].

- Non-lifesaving emergency response activities

should be restricted to outside El feet downwind

of the spill for long stay times (less than 12

hours) or E2 feet if the accident occurs in urban

or forested areas [see Table C.12].

- Authorized non-lifesaving emergency response

activities should be restricted to outside Al feet

of the spill for long stay times (less than 4

hours) or A2 feet if SCBA is worn [see Table

C.12]. For distances less than Al feet, stay

times should be minimized and approach be made

with radiation detection instruments, if

available.

Lifesaving emergency response activities can be

safely conducted at L feet for long stay times

(less than 2 hours) or less than 30 feet if SCBA

is worn [see Table C.12]. For distances less than

L feet, SCBA should be worn and it is recommended

that stay times be minimized and approach be made

with radiation detection instruments, if

available.

146-151. If the package is cracked, it will emit a very

narrow beam of radiation and perhaps some fission
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product gases. Evacuation should be made in the

direction of the beam and downwind of the

package.

Public access should be restricted to outside P

feet of the spill for long stay times (less than

12 hours) (see Table C.13].

- Non-lifesaving emergency response activities

should be restricted to outside El feet of the

spill for long stay times (less than 12 hours) or

E2 feet if the accident occurs in urban or

forested areas [see Table C.131.

- Authorized emergency response activities should be

restricted to outside Al feet of the spill for

long stay times (less than 4 hours) or A2 feet if

the accident occurs in urban or forested areas.

If SCBA is worn, this distance may be reduced to

A3 feet (see Table 13). For distances shorter

than Al feet, stay times should be minimized and

approach be made with radiation detection

instruments, if available.

Lifesaving emergency response activities can be

safely conducted at L feet for long stay times

(less than 2 hours) or less than 30 feet if SCBA

is worn [see Table C.13]. For distances less than

L feet, SCBA should be worn and it is recommended

that stay times be minimized and approach be made
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with radiation detection instruments, if

available.

152-157. If the package is cracked, then it will emit a

very narrow beam of radiation. Many of the

fission product gases and some of the more

volatile fission products may be released as a

radioactive cloud. Evacuation should be made both

in the direction of the beam and downwind of the

package.

- Public access should be restricted to outside P

feet downwind of the spill for long stay times

(less than 12 hours) [see Table C.14]. Upwind of

the spill, access should be resticted to outside

420 feet of the spill (or 2 mrem/hr, if known).

- Non-lifesaving emergency response activities

should be restricted to outside E feet of the

spill for long stay times (less than 12 hours)

[see Table C.14]. Upwind of the spill, access

should be restricted to outside 53 feet of the

spill (or 416 mrem/hr, if known).

- Authorized non-lifesaving emergency response

activities should be restricted to outside Al feet

of the spill for long stay times (less than 4

hours) or A2 feet if SCBA is worn [see Table

C.141. For distances less than Al feet, stay

times should be minimized and approach be made
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Table C.14

Spent Fuel - Fire
Minor Package Damage

PAW P E Al A2 Ll L2 L3

152 1,650' 540' 230' 65' 125' 30' 30'

153 900' 290' 110' 40' 40' 30' 30'

154 620' 140' '55' 30' 30' 30' 30'

155 3,500' 1,200' 570' 230' 350' 110' 75'

156 2,100' 700' 330' 130' 85' 65' 40'

157 1,350' 485' 200' 95' 30' 30' 30'

Table C.15

Spent Fuel - Explosion
Gross Package Failure

PAGf P E Al A2 L L2 L3

158 7,500' 2,600 1,200' 670' 680' 310' 168'

159 4,800' 1,900' 820' 650' 440' 310' 168'

160 4,800' 1,750' 730' 650' 360' 310' 168'

161 15,000' 4,800' 2,300' 660' 1,400' 310' 168'

162 9,200' 3,000' 1,400' 650' 840' 310' 168'

163 5,800' 2,300' 1,050' 650' 600' 310' 168'

Table C.16

Enriched Uranium Hexafluoride
No Package Damage

Exclusion
Boundary

Night Day
Calm Breeze Wind Calm Breeze Wind

P1 5,200' 3,000' 2,000' 3,000' 1,500' 900'

P2 13,000' 8,000' 5,000' 8,500' 4,200' 2,500'

El 3,600' 2,100' 1,400' 2,000' 1,000' 620'

E2 8,800' 5,200' 3,300' 5,400' 2,700' 1,600'



207

with radiation detection instruments, if

available. Upwind of the spill, authorized

emergency response may be allowed at 114 feet (or

6,200 mrem/hr, if known).

- Lifesaving emergency response activities can be

safely conducted at L feet from the package for

long stay times (less than 2 hours) or L2 feet if

SCBA is worn. For distances shorter than Ll feet,

SCBA should be worn, stay times minimized, and

approach be made with radiation detection

instruments, if available [see Table C.14j.

Upwind of the spill, lifesaving activities can be

safely conducted at 6 feet for long stay times (or

37,000 mrem/hr, if known).

158-163. If the fuel rods are visibly exposed, the direct

radiation could be high in each sector surrounding

the accident site. Public and non-authorized

emergency response personnel should be evacuated

in all directions around the spill.

- Public access should be restricted to outside P

feet downwind of the spill for long stay times

(less than 12 hours) [see Table C.153. Upwind of

the spill, public access should be restricted to

outside 4,900 feet of the spill (or 2 mrem/hr, if

known).

- Non-lifesaving emergency response activities
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should be restricted to outside P feet downwind of

the spill for long stay times (less than 12 hours)

[see Table C.15]. Upwind of the spill, access

should be restricted to outside 1,650 feet (or 416

mrem/hr, if known).

- Authorized non-lifesaving emergency response

activities should be restricted to outside Al feet

of the spill for long stay times (less than 4

hours) or A2 feet if SCBA is worn. For distances

less than Al feet, stay times should be minimized

and approach be made with radiation detection

instruments, if available [see Table C.15].

Upwind of the spill, authorized emergency response

may be allowed at 660 (or 6,200 mrem/hr, if

known).

- Lifesaving emergency response activities can be

safely conducted at Ll feet of the spill for long

stay times (less than 2 hours) or L2 feet if SCBA

is worn (L3 for short stay times, less than

one-half hour) [see Table C.15]. For distances

less than Ll feet, SCBA should be worn, stay times

minimized and approach be made with radiation

detection instruments, if available. Upwind of

the spill, lifesaving activities can be safely

conducted at 310 feet for long stay times (or

37,000 mrem/hr, if known).
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164. Public access should be restricted to outside 150

feet of the spill. If there is any reason to

suspect leakage or any unusual odors at the scene,

other precautions (see PAGs 165-189) should be

taken.

Emergency response activities can be safely

conducted as near packages as is necessary. If

any unusual odors are detected, SCBA should be

worn or access should be restricted to regions

beyond which UF6 can be detected by smell.

165. Enriched UF6 is transported in specially designed

overpacks that are capable of withstanding most

accident conditions. However, there is a

potential for release of radioactive material and

public access should be restricted.

Emergency response efforts should be directed

towards cooling the canisters and controlling the

fire to prevent the possibility of canister

explosion or failure due to the build-up of

internal pressure.

Public access should be restricted to outside P1

feet of the spill for long stay times if only one

cylinder is involved in the fire or P2 feet for

more than one cylinder [see Table C.16].

Non-lifesaving emergency response activities

should be restricted to outside El feet downwind
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of the spill if only one cylinder is involved in

the fire or E2 feet for more than one cylinder

[see Table C.16].

Authorized non-lifesaving emergency response

activities can be safely conducted as near damaged

containers as is necessary if SCBA is worn.

Packages should be continuously cooled with water

and further evacuation should be made if warranted

(see PAGs 166-189 for damaged containers).

- Lifesaving emergency response activities can be

safely conducted as near damaged packages as is

necessary, if SCBA is worn. Further evacuation

should be made if warranted (see PAGs 166-189 for

damaged containers).

166-189. Public access should be restricted to areas beyond

which UF6 can be detected by smell. This distance

will be approximately P feet downwind of the spill

[see Table C.17).

Non-lifesaving emergency response activities

should be restricted to areas beyond which throat

and lung irritation or inflammation and congestion

of the lungs develop. This distance will be

approximately E feet downwind of the spill [see

Table C.17].

Authorized non-lifesaving emergency response

activities should be restricted to areas beyond
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Table C.17

Enriched Uranium Hexafluoride
UN2977

PAW P E L

166 15,000' 3,900' 3,000'

167 7,500' 1,900' 1,500

168 4,300' 1,200' 900'

169 21,000' 6,600' 5,200'

170 14,000' 3,900' 3,000'

171 8,500' 2,500' 2,000'

172 43,000' 11,000' 8,500'

173 23,000' 5,800' 4,200'

174 13,000' 3,300' 2,500'

175 51,000' 17,000' 13,000'

176 40,000' 11,000' 8,000'

177 24,000' 6,500' 5,000'

178 9,500' 2,600' 2,000'

179 4,600' 1,300' 1,000'

180 2,800' 750' 620'

181 15,000' 4,600' 3,600'

182 9,000' 2,700' 2,100'

183 5,500' 1,700' 1,400'

184 77,000' 7,000' 5,400'

185 14,000' 3,500' 2,700'

186 8,500' 2,100' 1,600'

187 37,000' 12,000' 8,800'

188 25,000' 6,600' 5,200'

189 16,000' 4,300' 3,300'
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which throat and lung irritation or inflammation

and congestion of the lungs develop. This

distance will be approximatly E feet downwind of

the spill [see Table C.17]. If SCBA is worn, much

closer approaches can be made and it is estimated

that the radius of lethal concentration (without

SCBA or with failed SCBA device) is L feet

downwind of the spill where L will decrease with

time [see Table C.17).

Lifesaving emergency response activities should be

restricted to areas beyond which throat and lung

irritation or inflammation and congestion of the

lungs develop. This distance is approximately E

feet downwind of the spill. If SCBA is worn, much

closer approaches can be made and it is estimated

that the radius of lethal concentration (without

SCBA or with a failed SCBA device) is approximtly

L feet downwind of the spill where L will decrease

with time [see Table C.17].

190. Public access should be restricted to outside 150

feet of the spill. If there is any reason to

suspect leakage or any unusual odors at the scene,

public access should be restricted to regions

beyond which UF6 can be detected by smell.

- Emergency response activities can be conducted as

near packages as is necessary. If any unusual
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odors are detected, SCBA should be worn or access

should be restricted to regions beyond which UF6

can be detected by smell.

191. The cylinders used for transporting unenriched

UF6 are Type "B" containers and are designed to

withstand most accident conditions. However,

there is a potential for release of RAM, and

public access should be .resticted.

- Because UF6 will vaporize when heated to above

120°F, emergency response efforts should be

directed towards cooling the canisters and

controlling the fire to prevent the possibility of

canister failure or explosion due to the build-up

of internal pressure.

- Public access should be restricted to outside P1

feet of the spill for long stay times if only one

cylinder is involved in the fire or P2 feet for

more than one cylinder [see Table C.181.

Non-lifesaving emergency response activities can

be safely conducted as near damaged containers as

is necessary if SCBA is worn. Packages should be

continuously cooled and further evacuation should

be made if warranted (see PAGs 192-215 for damaged

packages).

- lifesaving emergency response activities can be

safely conducted as near the damaged packages as



Table C.18

214

Unenriched Uranium Hexafluoride
No Package Damage

Exclusion Night Day

Boundary Calm Breeze Wind Calm Breeze Wind

P1 11,000' 6,300' 4,000' 6,500' 3,300' 2,000'

P2 15,000' 9,000' 5,800' 10,000' 5,000' 3,000'

El 7,400' 4,200' 2,700' . 4,300' 2,100' _ 1,300'

E2 11,000' 6,300' 4,000' 6,500' 3,300' 2,000'
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is necessary if SCBA is worn. Packages should be

continuously cooled and further evacuation should

be made if warranted (see PAGs 192-215 for damaged

packages).

192-215. Public access should be restricted to areas beyond

which UF6 can be detected by smell. This distance

will be approximately P feet downwind of the spill

[see Table C.19].

- Non-lifesaving emergency response activities

should be restricted to areas beyond which throat

and lung irritation or irritation or inflamation

and congestion of the lungs develop. This

distance will be approximately E feet downwind of

the spill [see Table C.19].

Authorized non-lifesaving emergency response

activities should be restricted to areas beyond

which throat and lung irritation or inflammation

and congestion of the lungs develop. This

distance will be approximately E feet downwind of

the spill. If SCBA is worn, much closer

approaches can be made and it is estimated that

the radius of lethal concentration (without SCBA

or with failed SCBA device) is L feet downwind of

the spill where L will decrease with time [see

Table C.19].

Lifesaving emergency response activities should be
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Table C.19

Unenriched Uranium Hexafluoride
UN2978

PAG# P E L

192 34,000' 8,600' 6,500'

193 17,000' 4,400' 3,300'

194 10,000' 2,600' 2,000'

195 43,000' 14,000' 11,000'

196 32,000' 8,000' 6,300'

197 19,000' 5,100' 4,000'

198 50,000' 13,000' 10,000'

199 27,000' 6,500' 5,000'

200 16,000' 3,900' 3,000'

201 28,000' 20,000' 15,000'

202 48,000' 12,000' 9,000'

203 30,200' 7,600' 5,800'

204 22,000' 5,700' 4,300'

205 11,000' 2,800' 2,100'

206 6,500' 1,700' 1,300'

207 30,000' 9,000' 7,400'

208 20,000' 5,500' 4,200'

209 13,000' 3,500' 2,700'

210 34,000' 8,600' 6,500'

211 17,000' 4,400' 3,300'

212 10,000' 2,600' 2,000'

213 43,000s 14,000' 11,000'

214 32,000' 8,000' 6,300'

215 19,000' 5,100' 4,000'
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restricted to areas beyond which throat and lung

irritation or inflamation and congestion of the

lungs develop. This distance is approximately E

feet downwind of the spill. If SCBA is worn, much

closer approaches can be made and it is estimated

that the radius of lethal concentration (without

SCBA or with a failed SCBA device) is

approximately L feet downwind of the spill where L

will decrease with time [see Table C.19].

217-219. Public access should be restricted to outside P

feet of the spill for long stay times (less than

12 hours) [see Table C.20]. If radiation

detection instruments are available and time

permits a survey of the area, access should be

restricted to outside the 2 mrem/hr isopleth.

Non-lifesaving emergency response activities

should be restricted to outside E feet of the

spill for long stay times (less than 12 hours)

[see Table C.20]. If radiation detection

instruments are available and time permits a

survey of the area, access should be restricted to

outside 417 mrem/hr isopleth.

Authorized non-lifesaving emergency response

activities should be restricted to outside A feet

of the spil for long stay times (less than 4

hours) [see Table C.20]. If radiation detection
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Table C.20

Reactor Resins - Package Undamaged

PAGii P E A

217' 55' 4' 1' 1'

218 320' 29' 8' 1'

219 800' 95' 26' 11'

Table C.21

700 Ci Resin

PAW P El E2 A

221 320' 50' 70' 30'

222 320' 35' 40' 30'

223 320' 30' 35' 30!

224 630' 170' 200' 30'

225 370' 70' 75' 30'

226 320' 55' 60' 30'

227 320' 40' 50' 30'

228 320' 30' 35' 30'

229 320' 30' 30' 30'

230 620' 120' 140' 30'

231 320' 35' 40' 30'

232 320' 30' 30' 30'
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instruments are available and time permits a

survey of the area, access should be restricted to

outside the 6,250 mrem/hr isopleth.

- Lifesaving emergency response activities can be

safely conducted L feet of the spill for long stay

times (less than 2 hours) [see Table C.20).

220. There is very little radiological hazard expected

from the transportation of such small sources.

Most of the hazard is from direct exposure to

radiation and low negliglible hazard is expected

from inhalation or contamination, even in the

event of a fire.

- Public access should be restricted to outside 70

feet of the spill for long stay times (less than

12 hours).

- Non-lifesaving emergency response activities

should be restricted to outside 30 feet of the

spill for long stay times (less than 12 hours).

- Authorized non-lifesaving emergency response

activities and lifesaving activities can be safely

conducted near package. However, close contact

with package surfaces should be avoided and

approach should be made with radiation detection

instruments, if available.

221-232. It is expected that the indirect components of the

radiological hazard (inhalation, cloudshine and
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groundshine) have an insignificant contribution to

the overall hazard and guideline number 181 should

be used even in the event of fire. If there is a

significant degree of package failure and the

package is engulfed in flames, the following

actions should be taken:

Public access should be restricted to outside P

feet of the spill for long stay times (less than

12 hours) see Table C.21 .

- Non-lifesaving emergency response activities

should be restricted to outside El feet downwind

of the spill for long stay times (less than 12

hours) or E2 feet if the accident occurs in urban

or forested areas [see Table C.21]. (See 181 for

upwind evacuation distances).

- Authorized non-lifesaving emergency response

activities should be restricted to outside A feet

downwind of the spill for long stay times (less

than 4 hours) [see Table C.21]. For shorter

distances, SCBA should be worn (if available). It

is recommended that stay times be minimized and

approach be made with radiation detection

instruments, if available . (See 181 for upwind

evacuation distances).

- Lifesaving emergency response activities can be

safely conducted at 30 feet from the package. For
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shorter distances, SCBA should be worn (if

available). It is recommended that stay times be

minimized and approach be made with radiation

detection instruments, if available.

233-244. Public access should be restricted to outside P

feet of the spill for long stay times (less than

12 hours) [see Table C.22]. Upwind of the spill,

public access should be restricted to outside 780

feet of the spill (or 2 mrem/hr, if known).

- Non-lifesaving emergency response activities

should be restricted to outside El feet downwind

of the spill for long stay times (less than 12

hours) or E2 feet if the accident occurs in urban

or forested areas [see Table C.22] . Upwind of the

spill, nonauthorized emergency response should be

restricted to outside 95 feet of the spill (or 416

mrem/hr, if known).

Authorized non-lifesaving emergency response

activities should be restricted to outside Al feet

of the spill for long stay times (less than 4

hours) or A2 feet if the accident occurs in urban

or forested areas [see Table C.22]. Upwind of the

spill, access may be allowed at 26 feet (or 6,200

mrem/hr, if known).

Lifesaving emergency response activities can be

safely conducted at L feet of the spill for long
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PAG# P

Table C.22

8,400 and Ci Resin Shipment

El E2 Al A2 L

233 880' 220' 280' 100' 100' 50'

234 780' 75' 110' 30' 30' 30'

235 780' 45' 55' 30' 30' 30'

236 2,000' 650' 680' 230' 260' 95'

237 1,100' 310' 340' 65' 80' 30'

238 720' 180' 200' 30' 30' 30'

239 880' 260' 280' 70' 110' 50'

240 780' 140' 160' 30' 45' 30'

241 780' 110' 120' 30' 30' 30'

242 1,850' 650' 670' 290' 320' 50'

243 1,100' 380' 400' 60' 75' 30'

244 770' 250' 270' 40' 85' 30'

Table C.23

Uranium Shavings (Pyrophoric Metal)

PAG# P1 P2 El E2

246 30' 30' 30' 30'

247 30' 30' 30' 30'

248 30' 30' 30' 30'

249 230' 70' 30' 30'

250 40' 30' 30' 30'

251 30' 30' 30' 30'

252 670' 290' 85' 30'

253 380' 140' 30' 30'

254 90' 75' 30' 30'
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stay times (less than 2 hours) (see Table 22). If

SCBA is worn or approach is made upwind of the

spill, lifesaving emergency response activities

may be permitted at 11 feet (or 37,0000 mrem/hr,

if known).

245. Public access should be restricted to outside 30

feet of the spill for long stay times (less than

12 hours) or at 2 mrem/hr if known.

- Emergency response activities can be safely

conducted near damaged packages. However, close

contact with package surfaces should be avoided

(surface dose rates may be as high as 200 mrem/hr

for a yellow III label).

- Authorized non-lifesaving and lifesaving emergency

response activities can be safely conducted as

near the packages as is necessary, though care

should be exercised to prevent the ignition of

scattered material.

246-254. Public access should be restricted to outside P1

feet of the spill for long stay times (less than

12 hours) if the accident occurs at night or P2

feet if the accident occurs at day [see Table

C.233.

- Non-lifesaving emergency response activities

should be restricted to outside El feet downwind

of the spill for long stay times (less than 12
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hours) if the accident occurs at night or E2 feet,

if the accident occurs at day [see Table C.23].

Authorized non-lifesaving emergency response

activities can be safely conducted at 30 feet

downwind of the spill or as close as necessary if

SCBA is worn or approach is made from upwind of

the spill.

Lifesaving emergency response activities can be

safely conducted at 30 feet downwind of the spill

or as close as necessary if SCBA is worn, stay

times are limited, or approach is made from upwind

of the spill.

255. Public access should be restricted to outside

1,000 feet of the spill for long stay times (less

than 12 hours) or at 2 mrem/hr, if known.

Non-lifesaving emergency response activities

should be restricted to outside 85 feet of the

spill for long stay times (less than 12 hours) or

at 417 mrem/hr, if known.

Authorized non-lifesaving emergency response

activities should be restricted to outside 20 feet

of the spill for long stay times (less than 4

hours) or at 6,300 mrem/hr, if known. Approach

should be made from upwind and SCBA should be

worn, if availble.

Lifesaving emergency response activities can be
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safely conducted at 10 feet for long stay times

(less than 2 hours) or at 32,500 mrem/hr if known.

For shorter stay times (less than one-half hour)

this distance may be reduced to 5 feet or 150,000

mrem/hr, if known. Approach should be made from

upwind (if possible) and SCBA should be worn, if

available.
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Appendix 6

'GROUND' - Parameter List

And Program Li.sting
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The Program 'GROUND' is a computer code for calculating

atmospheric dispersion for ground and near-ground level

release to an isotropic atmosphere. It requires as input, a

file listing all nuclides in the shipment together with

nuclide dose conversion factors and half-lifes. It then

prompts the user for other atmospheric and environmental

parameter's and calculates a dose for a requested distance

from the release point. The user, can then manually iterate

the calculation to determine the evacuation distance for

specified dose limits.

The table below is a list of each variable used in the

program 'GROUND' together with a brief definition or

explanation of its physical significance. Following Table

D.1 is a short program listing of 'GROUND' which was used to

calculate downwind doses due to inhalation, groundshine, and

cloudshine.
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Table D.1 -- Parameter List

Variable Definition

A Logarithm of distance between source and receptor

A2 Dummy variable

A8 Dummy variable

AS Inhalation, cloudshine, groundshine, total dose,

and SCBA option

B Total number of curies in. distribution inventory

C Number of curies of nuclide in distribution

CO Cloudshine dose component

C8 Dummy variable

C$ Program command

C(8) Coefficient for gamma function polynomial curve

fit

Total dose

05 Dilution factor

El Total doses for Pasquill categories El to K5 are

searched for a maximum

FO Release fraction for granular powder in wind

(calculated)

Fl Release fraction (input)

F2 Aerosolization fraction

F3 Respirable fraction

F5 Depletion factor

GO Groundshine dose component

H Height of plume rise (input)
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Table D.1 -- Parameter list (continued)

Variable Definition

H5 Distributed height in source plume

I Dummy variable

It) Inhalation dose component

12 Dummy variable

17 Dummy variable

18 Dummy variable

J Dummy variable

K Dummy variable

KO Coefficient for eddy diffusivity coeffient profile

K5 Pasquill category (A=1, B=2,...,F=6)

K9 Exposure time

Ll Wet deposition velocity

L5 Total Groundshine undiluted dose for total (one

curie) shipment

L9 Fraction of a days exposure dose which occurs in

the first K9 hours (adjusting for radioactive

decay)

L9(5) Half-life for each nuclide

N3 Flag (N3=1, Groundshine; N3=2, cloudshine; N3=3,

Inhalation dose calculation)

N5 Intermediate results

N6 Number of increments in source plume

N8 Order of modified Bessel function, I

N(2,6) Exponents of power-law variation of wind profile
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Table D.1 -- Parameter list (continued)

Variable Definition

P Dose component

PO Intermediate value

P3 Tally of dose components

P4 Direct exposure dose

Q Total number of curies in original shipment

QO Total number of curies in new shipment (user can

change shipment characteristics)

Q2 Ratio of number of curies in new shipment to number

of curies in original shipment

Q4 Dummy variable

Q0$ Release fraction for loose powder calculated (Q0$

'Blow') or manually input (Q0$ = 'Noblow')

Q(50) Array of groundshine undiluted dose for each

nuclide in inventory

R Distance between source and receptor

RO Arbitrary distance from source

R(3) Inhalation, cloudshine, and groundshine dose

conversion factorsS

S8 Dummy variable

S(3) Dose from a 1 curie undiluted source for each

nuclide in the source distribution

T(3) Dose from undiluted source for shipment

UO Direct exposure rate at distance RO

U9 Depletion velocity
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Table D.1 -- Parameter list (continued)

Variable Definition

V9 Wind speed at 10 meters

X Gamma function argument

X1 Dummy variable

Y Horizontal dispersion coefficient

Y1 Dummy variable

Z Vertical dispersion coefficient

Z5 Effective release height

Z8 Dummy variable

Z9 Receptor height (1.8m, Inhalation; 0.9m,

Cloudshine; 0.0m, Groundshine dose calculation)
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15 1 DIMENSION ARRAYS

20 DIM C(8),N(2,6),R(3),S(3),T(3),0(50),L9(50)

25 ! INITIALIZE ARRAY OF GAMMA FUNCTION COEFFICIENTS

30 C(1)=-.577191652 @ C(2)=.988205891 @ C(3)=-.897056937 @ C(4)=.918206857

40 C(6)=-.756704078 @ C(6)=.48219939 @ C(7)=-.193527818 @ C(8)=.035868343

50 DEF FNI(N8,Z8)

55 1 MODIFIEDBESSEL FUNCTION OF THE 1ST KIND

60 C8-1/2'N8/FNG(N8+1)

70 S8=1 @ 18=1 @ A8=1

80 A2=A8*28*Z8/I8/4/(N8+18)

90 IF ABS(A2/S8).000001 THEN FNI=(S8+A2)*C8 @ GOTO 120

100 S8=A2+58 @

110 GOTO 80

120 END DEF

18=18+1 @ A8=A2

130 N(1,1)=.07 @ N(1,2)=.07 @ N(1,3)=.1 @ N(1,4)=.15 @ N(1,5)=.35 @ N(1,6)

=.55

140 N(2,1)=.16 @ N(2,2)=.24 @ N(2,3)=.32 @ N(2,4)=.4 @ N(2,5)=.56 @ N(2,6 )

=.64

150 N1=1

155 ! GAMMA FUNCTION ***** *****

160 DEF FNG(X)

170 Y1=1 @ X1=BS(FP(X))

190 FOR 12=1 TO 8

ISO Y1=c+c(I2).xl-I2

200 NEXT I:2

210 IF X>= THEN GOTO 250



2:0 Y1.(1/X1 232

230 IF X1=X THEN GOTO 280 ELSE X1=X1-1

240 GOTO 220

250 X1=X1+1

260 IF X1=X THEN GOTO 280 ELSE Y1=Y1400

270 GOTO 250

280 FNG=Y1

290 END DEF

295 !

300 F1=1 @ F2=1 @ F3=1 ! RELEASE,AEROSOLIZATION,AND RESPIRABLE FRACTION

310 SHORT P

320 V9=2 WINDSPEED (M/S>

330 ! INITIALIZE PARAMETERS

335 PUT '6'

340 INPUT 't OF CURIES';O

350 PUT 'a' @ INPUT '1 OF ISOTOPES';I

355 PUT '-'

360 INPUT 'NAME OF FILE';Z$

365 INPUT 'LONG/SHORT 1/2 LIVES';L$

370 ASSIGN 4 1 TO Z$

380 J=3

390 6=0

395 ! INITIALIZE ARRAY Si

400 FOR K =1 TO .1

410 E(K)=0

420 NEXT K

421



425 L5=0

426 !

427 1

430 FOR K=1 TO I

435

**

CALCULATE DOSE (MREM)

FOR AN UNDILUTED SOURCE

READ I OF CURIES, CONVERSION FACTORS, & 1/2 LIFE
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440 IF L$='SHORT' THEN READ # I ; C,R(),L9(K)

445 IF L$='LONG' THEN READ # 1,k ; C,R()

450 IF L$='SHORT' THEN L9(K)=-LOG(.5)/L9(K)

460 B=B+C

470 T(1)=R(1)*C*1000*F1*F2*F3

480 T(2)=R(2)*C*F1*F2*1000

490 T(3)=R(3)*C*F1*F2*1000

495 Q(K)=T(3) @ L5=L5+Q(K)

500 FOR 17=1 TO 3

510 S(I7)=S(I7)+T(I7)

520 NEXT I?

530 NEXT K

540 ASSIGN # 1 TO *

550 FOR K=1 TO J

560 S(K)=S(K)*Q/B

570 NEXT K

571 ! INITIALIZE PARAMETERS **********

E72 PUT 'a' 5 INPUT 'DOSE F",,TE/D2ET.; U0,P0 @ K9=24 @ FO=P0-12*:.;400

5E0 PUT 'a' @ INPUT 'RELEASE 4-191-1

SEE ********** ;.ELECT C7::0F17:

FEE 1 **** ***** * TO BE SEARCH__ FOP
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590 PUT @ INPUT 'INH,CLD,GRD,TOT,SCBA'; AS @ L1=0

600 IF AS4'1" AND AS4'I' AND AS4'C' AND AS4'G' AND ASt'S' THEN GOTO 590

615 AlS=" @ CS=" @ YS=" @ Y1$='Z' @ 01$='OFF' @ ()OWN'

620 PUT @ INPUT 'DAY/NIGHT/OTHER',A1S;A1$

AND Y$4'E' AND Y$4'F' THEN

GOTO 620

670 K5=NUM(YS)-64

680 IF AlS='0' THEN E1=K5

685 ! INPUT NEW SOURCE/OBSERVOR DISTANCE ***** *****

686 OR CHANGE PARAMETER ****** ****

690 PUT 'a' @ INPUT 'DISTANCE(FT)';CS

710 IF C$='ENV' THEN VS=STRS(N1) @ PUT 'a' @ INPUT 'AG(1) OR CITY(2) ',V$;

N1

715 IF OWN' THEN PUT '-' @ INPUT 'DOSE RATE/DIST'; U0,R0 @ RO=RO*12*2.5

4/100

717 IF 0$='BLOW' THEN INPUT 'BLOW/NOBLOW;00$ ! AEROSOLIZATION FACTOR TO B

E CALCULATED?

718 IF C$='HLIFE' THEN INPUT 'LONG/SHORT 1/2 LIVES';L$ ! RADIOACTIVE DECAY

TO BE CALCULATED?

719 ! CHANGE 4 OF CURIES?

720 IF CWCURIES' THEN GOTO 790

730 VS=STR$(0 @ PUT " @ INPUT '4 OF CUFIES',V$;01

740 02=01/0 0 0=01

750 FOR Q4 =1 TO 3

630 IF AlS='D' THEN YS=AlS @ El=1 @ GOTO 670

640 IF A1$ ='N' THEN Y$='F' @ El=1 @ GOTO 670

650 PUT '-' @ INPUT 'PASQUILL CAT',YS;Y$

660 IF Y$4'A' AND Y$41131 AND Y$4'C' AND Y$4'01



760 S(Q4)=S(04)*O2

770 NEXT Q4

780 GOTO 690

785 I CHANGE PASOUILL CATEGORY?

790 IF CWPASQ' THEN GOTO 620

795 I CHANGE WIND SPEED?
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800 IF CWWIND' THEN VS=STR$(V9) @ PUT 'a' @ INPUT 'VELOCITY ',V$; V9 @ G

OTO 690

810 ! CHANGE RELEASE HEIGHT

820 IF C$='HEIGHT' THEN V$=STR$(H) @ PUT 'a' @ INPUT 'RELEASE HEIGHT',V$;

H @ GOTO 690

825 IMAGE 0.00E00 ,'MR AT ',DOOM,' ft

826 ! DISPLAY DOSE FROM PREVIOUS CALCULATION ***** **** *

830 IF C$='DOSE' THEN DISP USING 825 ; D,R,Y1$ @ WAIT 5 @ GOTO 690

835 ! ACCOUNT FOR WASHOUT **********

840 IF C$ ='RAIN' THEN L1=.0001 @ GOTO 690

850 IF CWORY' THEN L1=0 @ GOTO 690

855 I INHALATION, CLOUDSHINE, OR GROUNDSHINE DOSE

860 IF CWICG' THEN SOTO 900

870 PUT '-' @ INPUT 'INH,CLO,GRD,TOT,SCBA',A$;A$

880 IF ASIt'T' AND A$It'I' AND A$4'0' AND AWG' AND A$4'S' THEN GOTO 870

900 ON ERROR GOTO 690

910 R=VAL(C$)*12*2.54/100

920 OFF ERROR

924 **** **** * INPUT. TIME OF EXFOEUPF

929 VS= STR$(K9) @ PUT @ INPUT =

926 IF LWEHORT' THEN GOSUE 5000 ELSE L9=4,,S/24



930 A=LOGIO(R) @ D=0

940 FOR K6 -E1 TO KS

945 1 DETERMINE PASQUILL CATEGORY PARAMETERS

950 ON K6 GOSUB 1400,1450,1500,1550,1600,1650

951 I CALCULATE WIND RELEASE AEROSOL FRACTION

955 IF 00$=.6' THEN FO=.001+.00046.(1-EXP(-.13*K94*V94,1.52'N(N1,K6)))*(V9*1

.52"N(N1,K6))"1.78

956 IF 00$='N' THEN F0=1

957

960 F5=EXP(-SOR(2/PI)*.001*R/(1-S)/V9/2)*EXP(-L1 *R/V9) ! DEPOSITION FACTOR

970 N3 =t @ B =0 @ P3=0

980 IF A$'T' AND A$#'S' THEN GOTO 1040 ELSE B =1

990 IF A$ ='T' THEN M3=3.ELSE M3=2

1000 FOR N3 =1 TO M3
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1010

1020

1030

IF N3=3 THEN A$ ='I' 1 CALCULATE INHALATION DOSE

IF N3=2 THEN A$='C' ! CALCULATE CLOUDSHINE DOSE

IF N3=1 THEN A$='G' 1 CALCULATE GROUNDSHINE DOSE

1040 IF A$='1' THEN Z9=1.6 1 OBSERVOR HEIGHT (INHALATION)

1050 IF A$='C' THEN Z9=.9 ! OBSERVOR HEIGHT (CLOUDSHINE)

1060 IF A$='G' THEN 29=0 1 OBSERVOR HEIGHT (GROUNDSHINE)

1070 IF A$='G' THEN U9=.01 ELSE U9=.001 1 DEPOSITION VELOCITY

1075 1 CALCULATE DILUTION FACTOR. 4.********.

1080 N6=5 @ NS=I+2+N(N1,KE) @ HS=- H /NE /2 @ 05=0

1090 V0 =V9/10-N(N1,KE

1100 S=1+2*N NI ,KE,

1110 P0='E,*(FNG2/S)/FNEI/E.

1 1:0 KO=ZISDPFNG1/5)+FNGCZ/SPNO.T./E,
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1130 KO=1:0"SV0P0-(5-1)/R/S

1140 IF H=0 THEN H5=0 @ N6=1 @ GOTO 1170

1145 APPROXIMATE PLUME RISE AS

1146 A DISCRETIZED LINE SOURCE

1150 FOR 17=1 TO N6

1160 H5=H5+H/N6

1170 F2=EXP(V0*(Z9"N5+H5"N5)/K0 /N5/N5/R)*(FNI(N(N1,K6)/N5,(Z94.H5)A(N5/2)

/K0 /N5/N5/R*2*V0))

1180 F2=F2*N5/2/V0*(2*V0 /K0 /R/N5/N5)"((1 tN(N1,K6))/N5)

1190 IF H=0 THEN GOTO 1210

1200 Z5=SQR(PI/2)*Z*EXP(H5*H5/2/Z/Z) @ F5=EXP(.0014R/V9/35)

1210 05=F2/N6*F5/SOR(2*PI)/Y+05

1220 IF H=0 THEN GOTO 1240

1230 NEXT 17

1240 D5 =D5 *F0

1241 CALCULATE DILUTED INHALATION,CLOUDSHINE, OR GROUNDSHINE

DOSE **** ** * ***

1245 IF A$='1' THEN P=05*S(1)o.000266 @ I0 =P ! INHALATION

1250 IF A$='C' THEN P=05*S(2) @ CO=P CLOUDSHINE

1270 IF A$='G' THEN P=054PS(3)*(U9+L1)*L9 @ GO=P GROUNDSHINE

1280 P3=P3+P

1290 IMAGE 'DOSE COMMITMENT',D.DDEDD,2X,A

1300 IF 8=0 THEN GOTO 1320

1310 NEXT N3

1315 ; DETERMINE MOST SEVERE PASQUILL CATEGORY

1320 IF P3,0 TkEN O =F_ I c? P4=F

1330 IF 5=0 THEN GOTO 1 3F0



1340 IF N3=3 THEN AS='S' ELSE A$='T' 238

1350 NEXT K6

1351 i CALCULATE DIRECT EXPOSURE DOSE

1355 P4=UO*R0*RO/R/R*(1+.00179994*R)/(1+.0017994*R0)*EXPHRO-R)*.00.7931*K9

1356 ! CALCULATE & DISPLAY MAXIMUM TOTAL DOSE

1357 D=P4+0

1360 BEEP 4000 @ DISP USING 1290 ; D;Y1$

1370 WAIT 2 @ R=R/2.54/12*100

1390 GOTO 690

1395 ! PASQUILL CATEGORY A

1400 Z=10"(3.464-2.841*A+.6636*A*A) @ S =.9

14t0 IF R<150 THEN Z=.1783*R".9738 @ S=.9738

1420 IF R<=30 THEN Z=.4763*R".6994 @ S=.6994

1430 Y=10"(-.7207+1.12*A-.03511*A*A)

1440 RETURN

1445 ! PASQUILL CATEGORY B

1450 Z=10'(1.043-.6948*A+.3508*A*A) @ S=.85

1460 IF R<150 THEN Z=.141*R".9385 @ S=.9385

1470 IF R=30 THEN Z=.4718*R'.6016 @ S=.6015

1480 Y=10"(-.9263+1.164*A-.03971*A*A)

1490 RETURN

1495 ! * ***** **** PASQUILL CATEGORY C ***** *****

1E00 Z=10"-.1.396+1.276*A-.06733*A*A) @ S=.8

1510 IF R<150'THEN Z=.146E.R".872 @ 5=-572

120 IF P. =30 THEN :=.4267*P-.E74E. @ S=.74F

1530 Y=10-(-.7645+.36534,-.015.934

1640 RETURN
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1545 I PASQUILL CATEGORY 0

1550 Z10"(-1.437+1.234*A-.08473*A*A) @ S..76

1560 IF R<150 THEN Z-.1214*R".8102 @ 5-.8102

1570 IF R<-30 THEN Z-.5563*R".3879 @ S=.3879

1580 Y=10"(-1.094+1.065*A-.02606*A*A)

1590 RETURN

1595 1 PASQUILL CATEGORY E

1600 Z=10"(-1.849+1.445*A-.1251*A*A) @ S=.73

1610 IF R<150 THEN Z=.0831*R".8159 @ S =.8159

1620 IF R<=30 THEN Z-.6587*R".2576 @ S=.2576

1630 Y=10"(-1.282+1.102*A-.03097*A*A)

1640 RETURN

1645 ! PASQUILL CATEGORY F ****** ****

1650 Z=10"(-2.03+1.453*A-.1317*A*A) @ S=.67

1660 Y=10"(-1.547+1.159*A-.03882*A*A)

1670 RETURN

4990 ACCOUNT FOR RADIOACTIVE DECAY

4995 ! FOR EXPOSURE CALCULATIONS

5000 L9=0

5005 FOR 17=1 TO I

5010 L9=L9+Q(I7)*(1-EXP(-L9(I7)*K9/24))/(1-EXP(-L9(I7 ))

5020 NEXT 17

5030 L9=L9/L5

5040 RETURN
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Appendix E

'RADT' -Parameter list

and Program Listing



241

'RADT' is a modified version of Sandia Laboratories

RADTRAN II code used to calculate risk from highway

accidents involving RAM. It requires as input, a file for

each shipment type listing all nuclides in the shipment

together with nuclide dose conversion factors and

half-lifes. The user must then input data describing

shipment characteristics, population densities, traffic

flow, meteorological conditions, accident statistics, etc.

It then calculates risk in LCF's for the direct exposure,

inhalation, cloudshine, groundshine, and total radiological

dose.

The table below lists each variable that appears in RADT

together with a short definition or explanation of its

physical significance. Following the parameter list is a

program listing of RADT together with a short integration

subroutine called by RADT.
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Table E.1 RADT Parameter Listing

Variable Definition

A() Nested Pasquill Areas

A9(,) Aerosolization fractions (spent fuel)

AO Dummy variable

Al Dummy variable

A3 Area between isopleths

A7 Aerosolization factor

A9 Area increments

BO Intermediate results

Bi Intermediate results

B9 Building dose factor

B(1) Building shielding factor for rural zone

B(2) Building shielding factor for suburban zone

B(3) Building shielding factor for urban zone

C Total number of curies

C5 Tally of number of curies in distribution

C7 Intermediate results

C8 Intermediate results

C9 Cleanup level following an accident (uCi/m2)

Co) Dilution after deposition

C9(,) Cargo van accident severity fraction (population

density, severity)

CO Curies (unweighted)

Cl Dummy variable

C2 Dummy variable
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Table E.I RADT Parameter List (continued)

Variable Definition

C3 Dummy variable

D() Population density (Pop. zone)

D0() Exclusion boundaries

DOM = 10 feet

00(2) = 150 feet

DO(3) = 200 feet

DO(4) = 1000 feet

D0(5) = 1050 feet

D Decontamination factor

DO Total expected dose

D1 Dummy variable

D2 Dummy variable

D3 Dummy variable

D4 Dummy variable

F(.) Pasquill probability distribution (A-F)

F2() Exposure release fractions

F1(,) Release fraction(package type, severity)

F Dummy variable

F5 Special form flag (Normal form, F5=1; Special form,

F5=0)

G( ) Release fraction, fraction aerosolized, and

fraction respirable (RFRAC, AEROSOL, RESP)

G1 Dummy variable

G2 Expected direct dose
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Table E.1 RADT Parameter List (continued)

Variable Definition

H Area integrated dilution

H1 Intermediate results

H2 Intermediate results

H(,) Freeway, highway, and street travel fraction for

all 17 shipment types

I Dummy variable

19 Dummy variable

J Dummy variable

J2 Dummy variable

K Dummy variable

KO Build-up factor

L Half-life

Ll Effective resuspension 50 day decay constant

L2 Decay constant

L9() Shipment distance

M Dummy variable

M1 Mass attenuation coefficient

N Number of Nuclides

No Exponent for power-law variation of wind profile

N9 Number of areas used

NO Shipment index

06 Aerosolization factor for granular powders

(calculated)

P(,) Pasquill dilution factors (Pasquill category,area)
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Table E.1 RADT Parameter List (continued)

Variable Definition

P1 Intermediate results

P2 Intermediate results

P9 Population density

Q Packages/shipment

Q9 Dummy variable

Q2() Number of shipments per year for each shipment

type

Q9(,) Freeway and highway traffic flow for three

population zones (cars per hour)

R() Inhalation, cloudshine, and groundshine dose

conversion factors

R5 Resuspension dose factor

R7 Ratio of pedestrian density to population density

R8 Inverse of half-life

R9(,) Respirable factors (spent fuel)

S() Probability weighted dilution factors

S1() Accident Dose Components

S1(1) = inhalation dose

S1(2) = Cloudshine dose

S1(3) = Groundshine dose for 150 feet evacuation

S1(4) = Exposure dose for 1000 feet evacuation

S1(5) = Exposure dose for 150 feet evacuation

S1(6) = Resuspension dose

S1(7) = Groundshine dose for 1000 feet evacuation
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Table E.1 RADT Parameter List (continued)

Variable Definition

Package type

T1 Intermediate results

T2 Intermediate results

T3 Intermediate results

T4 Intermediate results

T5 Intermediate results

T6 Intermediate results

T6 Intermediate results

T(,) Short and long emergency response delay times for 3

population densities

T9(,) Truck accident severity fractions (population

density, severity)

TO() Truck accident rates (pop zones)

U(,) Population, pedestrian and highway traffic doses

U(1:5,1:3) Population dose for 5 evacuation

distances and 3 population zones
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Table E.1 RADT Parameter List (continued)

Variable Definition

U(6:8,1:3) Exposure traffic dose when traffic is

not evacuated, evacuated 150 feet, or evacuated

1000 feet for 3 population zones.

U(9:11,1:3) Pedestrian dose when pedestrians are

not evacuated, evacuated 150 feet, or evacuated

1000 feet for 3 population zones.

U1(,) Freeway traffic dose (0, 150, and 1000 ft

evacuation for 3 population zones)

U2(,) Highway traffic dose (0, 150, and 1000 ft

evacuation for 3 population zones)

U3(,) City traffic dose (0, 150, and 1000 ft evacuation

for 3 population zones)

Ul Intermediate results

U7 Exposure for stalled cars when traffic is evacuated

150 feet

U8 Exposure for stalled cars when traffic is evacuated

1000 feet

U9 Exposure for stalled cars when traffic is not

evacuated

V Vehicle type

V3 Average vehicle length

V() Contamination level

V9 Deposition velocity

W(3) Gaussian quadrature weights



Table E.1 RADT Parameter List (continued)

Variable Definition

Y5 Intermediate results

Z(,) Fraction of travel (pop zones)

ZO(3) Gaussian quadrature zeroes

248
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10 MARGIN 90 0 PWIOTH 90

20 OPTION DASC 1

30 1 DIMENSION ARRAY

40 INTEGER I01012,K,N9.N,I9,J3,N0

SO SHORT A(18),A9(6,8),C(18),C9(3,0) ,13(3).00(6),E(3),F(6),F1(3,0),G(3)

60 SHORT L9(17),P(6.18),09(3,2),R(3),R9(5,8),S(18),S1(7).T(2,3),T9(3,0).TO

(3),U(11,3)

70 SHORT 111(3,3),U2(3.3),U3(3.3),V(18),W(3),Z(17,3),Z0(3),N(6),U9(6),02(17

),H(17,3)

80 ! INITIALIZE ARRAYS **********

90 N(1)=.007 0 N(2)=.007 0 N(3)=.1 0 N(4)=.16 0 N(S)=.3S 0 N(6) =. SS

100 W(1)=.40 0 Wt 2) =.361 0 W(3)=.171

110 20(1)=.23S 0 20(2)=.661 0 20(3)=.332

120 1 WWI* MDCSTRIAN DOSC ssallwaltx:

130 Du FNMX9,T7,,TG)

I43. AO=TS/SIN(X9) 0 80=TS/SIN(X9)

150 IF M1.80<10 THEN Y=1(0*(EXP(-M10$0)-EXP(-M1*80))+(FNE(M1*A0)-FNE(M1*60

160 IF M1030)10 AND M1,A0(10 THEN Y=11,0*(EXP(-M1 *A0)-EXP(-M1,60))-FNE(M1*A0

170 IF M1 x80)10 AND MI*A0)10 THEN Y=1-1.0%(CXN-MI*A01-EXP(-M1,801)

180 FNF=Y

190 ENO DEF

200 DES' FNP(TS,T6,T71

10 T3=0

220 Al=e I 91=ATN(TSIT7)

230 FOR I2=1 TO 6
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24e IF 12:4 THEN T3=T3+W(I2)*FNF(((61-A1)*Z0(I2)+(A1+81))/2,TS,T6)

250 IF 12`3 THEN T3=T3+W(I2-3)*FNF(((A1-61)*20(I2-3)4(A1461))/2,TS,T6)

260 NEXT 12

270 FNP=T3*(131-A1)/2418

280 ENO OEF

290 1 El FUNCTION

300 DEF FNE(X)

310 61=-L06(1.781073*X) @ F=1 @ M=1

320 F=F*M

330 62=61-(-X)"M/M/F

340 IF A8SUC2-61)/61).0000001 THEN GOTO 370 ELSE 61=62

350 M=M+1

360 60TO 320

370 FNE=G2

380 END DEF

390 1 INITIALIZE ARRAYS *** ***** **

400 INPUT 'IRK ACCIDENT RATE(/KM)'ITO(1),T0(2),T0(3)

410 INPUT 'VEHICLE LENGTH';. V3 0 V3=0+3

420 ASSIGN t 1 TO 'PDATA'

430 READ t 1 ; A()

440 READ t 1 ; P(,)

450 READ t 1 ; T9(,)

460 READ t 1 ; C9(,)

470 READ t 1 ; F1(,)

480 READ t 1 ;

430 READ t 1 ; R9(,)

SOC READ t i ; DO()



510 ASSIGN t 1 TO S PURGE 'POATA' 251

520 COPY CARD TO 'INT'

530 INPUT 'TITLE RUN' ;AS

540 PRINT USING 550 1 AS

550 IMAGE 90('*')/80A

560 * * * ** *a* ** INPUT PASQUILL DISTRIBUTION
41** ***** **

570 IMAGE 'PASQ PROB ',A

S80 PRINT ' PASQUILL CATEGORY PROBABILITY DISTRIBUTION'

590 PRINT USING 600 ; A , B , C , 0 , E , F

600 IMAGE BX,A,5X,5(4X,A,SX)

610 FOR I=1 TO 6

620 OISP USING 570 ; CHRS(64+I);

630 INPUT F(I)

640 PRINT USING 650 ; RI);

650 IMAGE 4X,I.D000

660 NEXT I

670 1 INPUT POPULATION DENSITIES AND FREEWAY/HIGHWAY TRAFFIC FL

OW 4,.********41.

680 INPUT 'RURAL POEN, OF, OH'10(1),Q9(1,1),Q9(1,2)

690 INPUT 'SUB PDEN,OF,OH '10(2),09(2,1),09(2,2)

700 INPUT 'CITY PDEN,QF,QH '0(3),09(3,1),Q9(3,2)

710 1 CALCULATE RISK FOR 18 SHIPMENT TYPES

720 FOR I=1 TO 18

7:e 1 *,==x:=1** WEIGHT:: PASQUILL DILUTION BY CATESOP DISTRIETION ******

740 S I )=0 0 C ( )=0

7SZ FOR J=I TO S



:(I)-s(I)+F(i)=P(J,I):1000000
252

770 NEXT J

700 NEXT I

790 INPUT 'DEPOSITION VCL' ;V3 1 P4211*****INPUT DEPOSITION VCLOCITY

800 INPUT 'DELAYED OR NOT';84 ! IS.EMERGENCY RESPONSE DELAYED?

810 PRINT ID PRINT ' EMERGENCY RESPONSE IS ';B$

820 GOSUB 3400 ! DEPLETION OF THE CLOUD

830 t *** *** * * ** PASSES VARIABLES TO SUBROUTINE 'INT'

840 1 *a * * * * * * ** VIA TEMPORARY FILE 'TEMP' ***** *****

850 ASSIGN 4 1 TO 'TEMP'

860 PRINT $ 1,1 N9,0

870 PRINT $ 1,2 ; A(1),A(2),A(3),A(4),A(S),A(6 )

880 PRINT 4 1,3 ; A(7),A(8),A(9),A(10),A(11),A(12)

890 PRINT 1,4 ; A(13),A(14),A(16),A(16),A(17),A(18)

900 PRINT 4 1,5 C(1),C(2),C(3),C(4),C(S),C(6)

910 PRINT 1,6 ; C(7),C(8),C(9),C(10),C(11),C(12)

920 PRINT * 1,7 1 C(13),C(14),C(15) ,C(16),C(17),C(113)

930 CALL 'INT'

940 !

****** .

CALLS INTEGRATION SUBROUTINE,'INT'

* READS VALUE OF INTEGRAL, H, FROM TEMPORARY FILE 'TEMP' **

950 READ 4 1,100 ; H

960 ASSIGN 1 TO *

970 PURGE 'TEMP' @ PURGE 'INT'

980 1 'NITIALIZES SHIPMENT CHARACTERIZATION ARRAYS *

990 FOR It TO 17



1000 INPUT 'SHIPMENTS/YEAR'102(I) 253

1010 IF 02(1)=0 THEN GOTO 1130

1020 INPUT 'FILE NAME 't AS 0 COPY CARD TO AS

1030 IF Ill THEN 1( I , 1 ) = Z ( 1 , 1 ) 0 2( I ,2 ) = 2 ( 1 , 2 ) 0 Z( I ,3 )=1( 1,3 ) 0 H( I .1 )=H(

1,1) 0 H( I ,2 )oil( 1,2 )

1040 IF I81 THEN H(I,3)=14(1,3) 0 INPUT 'CHANGE ROUTE? ';AS[1,1]

1050 IF A0[1,1] ='N' THEN SOTO 1120

1060 INPUT 'RURAL TRAVEL FRAC'a(I,1)

1070 INPUT 'SUBURBAN TRAVEL FRAC '1Z(I,2).

1080 INPUT 'CITY TRAVEL FRAC';Z(I,3)

1090 INPUT 'FREEWAY FRACTION'IH(I,1)

1100 INPUT 'HIGHWAY FRACTION'IMI,2)

1110 INPUT 'STREET FRACTION'tH(I,3)

1120 INPUT 'SHIPMENT DISTANCE(KM)'1L9(I)

1130 NEXT I

1140 M1=.00387 0 K0 =.50886

1145 I +++++++++* EXPOSURE DOSE FOR PARKED CARS e******4"4

1146 **mill.*** WHEN EVACUATION DISTANCE = 150 ft

1150 I=1 0 U7=EXP(-M114S.72)/415.72^2*(1+K0 *M1*45.72)

1160 U1=EXP( M11(45.72+I*V3))/(46.72+IeV3)"2*(1+K0 *M1*(45.72+I*V3))

1170 IF ABS(U1/U7)<.001 THEN U7=U7+UI 0 GOTO 1190

1180 U7=U1+U7 0 .1=1+1 0 SOTO 1160

119c I EXPOSURE DOSE FOR PARKED CARS

1166 1 WHEN EVACUATION DISTANCE - 1000 FT *4.4. *401.***

1150 I-1 S ue-Expc-m1 .3s4.8)/304.s-2..1,Ke.m.304.8)

1200 U1=EXP-M1,1304.9.+I*01.3e4.6-I*V.7i-2fi+K04,111*(304.8+I*V3))

1210 IF AS:ftli/U0:.:.00: THEN U8=US,U; 0 GOT 1230



1220 U8Ul+U8 0 11+1 0 6010 1200

1225 ! EXPOSURE DOSE FOR PARKED CARS WHEN

1226 I NO VEHICLES ARE EVACUATED **********

1230 I1 0 U9EXP(M1413)/3"2*(1+K0M1,3)

1240 U1=EXP(M1*(3+I*V3))/(3+I=V3)"21,C1+K0 *M1 o(V341I+3))

1250 IF ABS(U1/U9) .001 THEN U9 -U9 +Ut 0 60T0 1270

1260 U9U1 +U9 0 I=I+1 0 60TO 1240

1270 U7=U7*1000000 0 U8=1)8.1000000 0 U9=U9+1000000

1275 1 LCF CALCULATED FOR EACH SHIPMENT TYPE

1280 FOR N0=1 TO 17

254

1290 IF Q2(N0) -0 OR N007 THEN 60T0 2700

1295 1 *********. POPULATION DOSES FOR EVACUATION DISTANCE D0(I) 41.41.*******

1300 FOR J2 -1 TO 3

1310 FOR I1 TO 5

1320 IF M1+00(I)<10 THEN U(I,J2)=FNE(M14100(I))+K0 *EXP(M1 *D0(I)) ELSE U(I,

J2)=KO*EXP(M1 *00(I)

1330 NEXT I

1335 I

1340 U(9,J2)FNI5(3,6,3) *H(N0,31) ! PEDESTRIAN DOSE: NO EVACUATION DISTANCE

1350 U(10,J2)=FNP(3,6,45.72)*H(N0 ,J2) I PEDESTRIAN DOSE: EVACUATION DISTAN

CE 150 FT.

1360 U(11,J2)FNP(3,6,304.8)*H(N0,J2) ! .PEDESTRIAN DOSE: EVACUATION DISTAN

CE 1000 FT.

13T0 IF U(11,J2).0 THEN 1.1(1;,12)0

1380 u1 ..095 .09(r2,1)/8e50e.1e00ee.: FREEWAY TRAFFIC DIRECT EXPOSURE DOSE

:TRAFFIC NOT STOPPE .
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1390 U1(1 ,J2 )=1.5*( 2*U94U1 ) 0 U1(2,32 )=1.54( 2*U7+U1 ) 0 U1( 3 ,J2 )=1.544,UT

1400 U1=.499(J2,2)/6111600*1000000 ! HIGHWAY TRAFFIC DIRECT EXPOSURE DOSE

(TRAFFIC NOT STOPPED

1410 U2(10/2)=1.5*(U9+U1) 0 U2(2,32)=1.5*U72 0 U2(3,J2)=1.5*U8 *2

1420 U3(1012)=1.5*4*U9 0 U3(2012)=1.5*4*U7 0 U3(3,J2)=1.5.4*U8

1430 FOR K=6 TO 8

1440 U(1(012)=U1(K-5,J2)*H(N0,1)+U2(K-5,J2)*H(NO,2)+U3(K-5,J2)*H(N0,3)
! EX

POSURE TRAFFIC DOSE

1450 NEXT

1460 NEXT J2

1465 ! ***** ***** INITIALIZE VARIABLES * ********

1470 T(1,1)=.5 0 T(1,2)=.5 0 T(1,3)=.25

1480 83=.016 0 62=.67 0 R7=6 0 C9 -.2 0 B9 -.0086 0 8(1)=1 0 B(2) -82 0 0(3)"

B3

1490 IF N0 >13 THEN 60T0 1510

1495 10*****441140 READ DATA FILE FOR SHIPMENT NO *-**' * * **** *

15ee ON NO GNUS 2730,2770,2610,2650,2690,2990,2990,3060,3120,3160,3200,32

. 40,3270 0 60T0 1520

1510 ON N0 -13 60SUB 3300,3330,3360,3360

1520 ASSIGN t 1 TO Gt

1530 IF NO=6 OR NO=7 OR NO=10 THEN GOTO 100

1540 FOR 1=1 TO 8

1550 F2(I)=F1(T,I)

1560 NEXT I

1670 51(7)-e.

lsae C5=0 0 5111)=0 S1(2 ),Q 1:1'.7)=0 8 El(4)..0 SI(Etige ''1:C24.1 S4

me @ SS=0 I A5=0



1585 1

1590 FOR I1 TO N

1595 1

CALCULATE DOSE FROM EACH NUCLIDE

READ DATA FOR EACH NUCLIDE "1411""

_1600 IF T:S THEN READ $ 1 CO,R(),L,A7

1610 IF T..5 THEN READ 1 s CO,R(),L,AS

1620 R(1)2.R(1)41370

1625 1 * 22222 1211 CALCULATE RESUSPENSION FACTORS

256

1630 L1.u.693*(1/50+1/L) 8 1.2*.693/L

1640 IF L1>.0629 OR L2>.0629 THEN GOTO 1670

1650 R541+0*86400*(.00001/L1*(1EXP(-18250*L1))+.000000001/L2*(1-1XP(.-182

EPL2))/

1660 GOTO 1700

1670 IF L1).0629 AND L2.0629 THEN R5=144/9!86400*(.00001/L1+.000000001/L2)

0 GOTO 1700

1680 IFA:1).0G29 THEN RSm.1+V91$864001.00001/L1+.-000000001/L2*(1EXP(-18250

44.2))) 0 60T0 1700

1690 IF L2>.0629 THEN RS=14-V9'864004,(.00001/L1.(1EXP(-1-8250*LM4.000e000

0111,2/

1695 I

1700 C5=C0+CS

1710 FOR J=1 TO 8

1715 ! 6(1) = RELEASE FRACTION

1716 ! 6(2) = AEROSOLIZATION FRACTION

1717 ! 6(3) = RESPIRABLE FRACTION **********

1720 IF T<E AND J(4 THEN G(2)=A7*F5

1730 IF Te.E AND J',.3 THEN 8(2)=A7

1740 IF T(8 THEN 6:1)=F1(T,Ji 0 60TO 1780



1760 6(1)=F1(NUM(AS)-64,1) 257

1760 6(2)=A9(NUM(A5)-64,1)

1770 6(3)=R9(NUM(AS)-64,J)

1780 R8=1/L

1790 IF 6(1)=0 THEN 6010 2370

1795 I

1800 H2=.0031*L+.693

1810 H1=-R8*H2

1820 P2=.000021*L+.693

1830 P1=-R8*P2

1840 A=.63/H2

1860 T1=A*(1-EXP(H1))+.37/P2*(1-EXP(P1))

1860 IF P1<.0629 THEN T2=A*EXP(10041)+.37/P2*(EXP(10*P1)-EXP(18300*P1))

1870 IF P1>.0629 THEN T2=A*6P(10*H1)+.37/P2*EXP(10*P1)

1880 FOR 32=1 TO 3

1890 IF V=1 AND (T0(.12)=0 OR T9(J2,J)=0) THEN GOTO 2350

1900 IF V=2 AND (T0(.12)=0 OR CS(J2,J)=0) THEN GOTO 2350

1910 IF N0 =4 THEN GOSUB 3760

1915 I CALCULATE INHALATION, CLOUDSHINE, AND RESUSPENSION DOSE

*04141414.44141.41

1920 IF V=1 THEN Y6=0*02(N0)*T0(J2)*T9(J2,J)*Z(N0,J2)*L9(NO)*D(J2)*.000001

1930 IF V=2 THEN Y6=01102(N0)*TO:J2)*C91.12,J;2(NO,J2)*L9(N0)*D(J2)*-.000001

1935 ! **** ***** * INHALATION DOSE

1940 IF J2413 THEN S1(!)=R(I)*C0*.00033*6(1)*G2)*9(3)*H*Y54S1(i)

1950 IF J2.3 THEN E111).F1)*C0*.00033,611)*G(2)*6(3)*HeYS*(69*.52+.14,P7,

S1(1)

1955 ! RESUSPENSION DOSE
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1960 IF J2$3 THEN S1(6)=R(1)*C04.00033*G(1),G(2)*G(31PHIO'SgiR5 1)4S1(Gf

1970 IF J2=3 THEN S1(6)=(:494.5174.1R7)*R(1)*C0*.00033*6(1)*6(2)06(3)*HAYS*

(115-1)+51(6)

1975 ! *** ****** * CLOUDSHINE DOSE

1980 IF J2$3 THEN S1(2)=R(2)*C0 *6(1)*6(2)*H*Y5+S1(2)

1990 IF J2=3 THEN S1(2)=(89*.52+.1*R7)*R(2)*C0 *6(1)*G(2)*H*Y5+51(2)

1995 ! ********* GROUNOSHINE DOSE **x ***** ***

2000 P9=0(.12)

2010 IF J2=3 THEN P9=P9*(.52691..1*R7)

2020 FOR K=1 TO N9

.2930 T4=A*(1-EXP(Hl*T(1,J2)/24))+.37/P2*(1LEXP(P1*T(1,J2)/24))

2040 IF K>5 THEN T3 -T1 ELSE T3=T4

2050 A0=1 0 D.41(K)G(1),G(2)11C0Q/C9 *C 1 DEPOSITION FACTOR

2060 IF 0:1 AND A(K)>AS THEN AS=A(K)

2070 IF 0=2-OR D>=40J11EN GOTO 2100

2088 IF DO THEN AO=D

2030 IF K=1 THEN A3=A(1.) ELSE A3=A(K)-A(K-1)

2100 IF ABS(1EXP(-L2))<EPS THEN CO=A3*L*C3*.000001*R(3)- 0 GOTO 2120

2110 C8=A3*L*C9*.000001*R(3)*L21(1-EXP(-7L2))

2120 C7=C9

2130 IF K=1 THEN C8=C8/P9*914 0 C7=C7/129,1027

2140 IF K>1 AND K.<6 THEN C7=C7/P9*140

2150 IF V=1 THEN S1(3)=C8*(D*T1+A0*T2)*P9*T0(12)*Z(N0,J2) ,000001.*T9(42,J)

4019(N0)4,02(NO)+st(3)

2160 IF V=1 THEN S1(7)=C7,(0*T3+A0.1T2)=P9TW.12)*Z(N0,32: .000001TIPJ2,..!

+1.9(40),02cNO4S1(7;

2170 IF V=2 THEN li1 (1)=C2+q),T1+ACal )+1.132*TO(J2),N0,J2)1,0000CI*C9J:,:;
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111.911481,07.1N0 t+s 1 ( 3 )

2180 IF V -2 THEN S117 teC710T3+AOT2 tP9T0( 32 )Z(1410 ) .0000 @1 C9t 32 ,J )

l.9(N0 ).02(N0 ) +S1(7

2190 NEXT K

2195 1 ** ***** CALCULATE DIRECT EXPOSURE

2200 IF V -2 THEN 60T0 2230

2210 SAIgF2( J )*Ce*R12 t.4*C1T01J2 /*TV J2 ,J )40Z NO , J2 t*L9( N0 )*. 0000010N( Net

0900695..03

2220 60TO 2240

2238 64F21.1 tC0*R1 ti4QTilt J2 t*C91J2 ,J )*it NO ,J2 /*LS( NO )*.00000102(140)..

9990659..03

2240 St ( 4 )i.S1( 4 ) +S44Tt 1 ,J2 )*CD( J2 t*U(1 ,J2 )1613( 32 )/2+U( 6 ,J2)+R7*Dt 32 t*UC 9 ,J2

2260 S1141PS1( 4 )t.S4*1836,2,(U11 ,J21-U12 ,J2 )1/2

2260 S1(4 )1.'51(4 ) +S43915,T(2 ,J2 )*(U12 ,J2 t-U1 3 ,J2 /12-

2270 S1( 4 ) BSI( 4 )+S4*T12 ,J2 titD( J2 )11.U( ,J2) .6( J2 )/2

2290 St ( 4 )51( 4 )+S4*670*T( 2 ,J2,)*(u(4 ,J2 )-U(S,J2 ))/2

2290 SI (4 )-Si ( 4 )+S44,T( 2 ,J2 )*(U( 8 ,J2 )+R74,0( J2 )itu( 11 012 ) )

2300 St (6 )=S1( )4.54*(7(1 ,J2 )*DC 32 t*U( ,J2 )*8( )/2+u(S ,J2 )+R7k)( )*U( ,J2

2310 S1(5)-51(5 )+S4.9i84,2*(U( 1 ,J2 )-U1 2 ,J2 )/2

2320 Si (5)-S1(5)+S4 195740*(2 ,J2 )(U( ,J2 )-U( 3 ,J2 1)/2

2330 SI( >usSi (S )+SoFT( 2 012 )*0( J2 )4,u( 3 ,J2 )41,8( J2 )/2

2340 SI (5 )-SI( )+S4 I( ,J2 )*(u( 7 ,J2 )+R71( *12 1,U: 10 012 )

2350 NEXT J2

2360 55055+F2( J )*C0*( Rt )*4 )*(J/4/PI7314.°000 I DIRECT EXPOSURE AT 150 FEET

2370 NEXT 3



2380 NEXT

2385 1 PRINT OUT CALCULATION RESULTS

2390 PRINT USING 2400 'POP.','TRAVEL','FREEWAY','HIGHWAY','DENSITY','FRA

CTION','FLOW,'FLOW

2400 IMAGE //90('-')/22X,4A,13X,6A,2(9X,7A)/20X,7A,10X,8A,2(11X,4A)

2410 IMAGE 12A,10X,Oc000,12X,D.000,2(12X,40).

2420 PRINT USING 2410 'RURAL',0(1),Z(N0,1),O9(1,1),O9(1,2)

2430 PRINT USING 2410 'SUBURBAN',0(2),Z(NO,2),09(2,1),09(2,2)

2440 PRINT USING 2410 'URBAN',0(3),Z(N0,3),09(3,1),09(6,2)
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2450 ASSIGN $ 1 TO * 0 S5mS5C/C5

2460 PRINT USING 2470 'SHIPMENT','OISTANCE','SPY','NO.','(KM)'

2470 IMAGE //1311,2X,8A,2X,3A/2X,3A,7X,4A

2480 PRINT USING 2490.1140,L9(N0),02(N0)

2490 IMAGE 3X,D0,6X, 50,4k,40

2500 PRINT 'FREEWAY FRACTION'IH(N0,1)

2510 PRINT 'HIGHWAY FRACTION'IH(NO,2)

2520 PRINT 'STREET FRACTION' ;H(N0,3)

2530 FOR It TO 7

2540 IF 1$7 AND 143 THEN S1(I) =S1(I) +C /C5

2550 S1(I)S1(I)+.00012

2560 NEXT I

2570 IF.F5=0 THEN PRINT 'RAM IS IN SPECIAL FORM'

2580 PRINT 6$

2590 PRINT TA6(8),'LATENT CANCER FATALITIES'

2600 PRINT USING 2610 ; 'INHALATION','CL:AJOSHINE',1GPOUNDSHINE', REEUEPENF

10W,'EXPOSURE'

2810 IMAGE 4Y,10A,4X,10A,3X,11A,2X,12A,4X,BA,SX



2620 IF 55/00(2)/00(2)<=2 THEN GOTO 2660

2630 00-51(1)*S1(2)+51(7)+51(4)+51(6)

2640 PRINT USING 2680 ; 61(1),S1(2),S1(7),S1(6).51(4)

2650 GOTO 2690

2660 00=51(1)+61(2)+61(3)+51(5)+51(6)

2670 PRINT USING 2680 1 61(1),S1(2),S1(3),S1(6),S1(5)

2680 IMAGE 6(4)(.0.000E)

2690 PRINT 'TOTAL DOSE = ';00

2700 NEXT NO

2710 PRINT USING 2720 0 STOP

2720 IMAGE 90('-')

2725 1 **mom* MOLYBDENUM-99 RADIOPHARMACEUTICAL ********.*

2730 C=1 0 0=1 0 6(3)=1 O V=2 0 T=1 0 N=2 0 F5=1

2740 60='MOLLY'

2750 GOSUB 3690

2760 RETURN

2765 1 ***I'm*** NUCLEAR REACTOR LLW **********

2770 C=5 0 Q=50 0 6(3)=1 0 Val @ Tal 0 N=12 @ F5=1

2780 GO='LLW'

2790 GOSUB 3690

2800 RETURN

2805 ! ********** INDUSTRIAL SOURCE *****104,***

2810 C=182 0 0=1 0 6(3)=1 0 V=1 O T=1 0 N=1 0 F5=0

2820 60='CESIUM'

2830 60SU8 3690

2840 RETURN

2845 ********** NATURAL THORIUM **********
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2850 C=.01 0 0=100 0 6(3)=.06 0 Vo1 0 Ta1.0 N=11 0 F5.0

2860 61='TW

2870 60SUB 3690

2880 RETURN

2885 ! 4,4P ****** 4o. NEW FUEL FOR NUCLEAR REACTOR

2890 Ca2 0 0=6 0 6(3)=.2 Q V=1 0 T=2 0 N=5 0 F5=0.

2900 616='NFUEL1

2910 FOR I=1 TO 5

2920 F2(I)=0

2930 NEXT I

2940 F2(6)=.0000000123

2950 F2(7)=.00000123

2960 F2(8)=.000123

2970 60SUB 3690

2980 RETURN

2995 ! * * * * * * * ** COMMERCIAL REACTOR SPENT FUEL

2990 C =110000! 0=1 0 U=1 0 6S='SFUEL' 8 N=29 8 T=5-

3000 FOR I=1 TO 5

3010 F2(I 0

3020 NEXT I

3030 F2(6)=.0000000123

3040 F2(7)=.00000123

3050 F2(8)=.000123 .

30E0 605116'3720

3070 RETURN

3075 ! RAOIOTELETHERAPY, SPENT FUEL

3080 F =. ®5 I C.Ocog 8 o=1 8 6(3.1 8 V=I 8 1=2 0 N=I 0 F5=0

262.



3090 611'C060.

3100 GOSUB 3690

3110 RETURN

3115 1 RADIOGRAPHY SOURCE

3120 C=100 0 0=1 0 6(3)=0 0 V=1 0 T=1 0 N=1 0 F5=

3130 60='C060'

3140 60SUB 3720

3150 RETURN

3155 1 WELL - LOGGING SOURCE *****41"4"

3160 C=17.6 0 0=1 0 6(3)=.005 0 V=2 0 T -1 I N=3 0 F5=0

3170 611='AMBE'

3180 GOSUB 3690

3190 RETURN

3195 1 ".4"1" PORTABLE DENSITY GAUGE

3200 C=.046 0 0=1 0 6(3)=.05 0 V=2 0 T=1 0 N=3 0 F5=0

3210 6111='AMBE'

3220 GOSUB 3690

3230 RETURN

3235 I ENRICHED URANIUM HEXAFLUORIDE

3240 C=4.6 0 0=6 0 6(3)=1 0 -V=1-0 2 0 65='UF621 0 N=5 0 F5=1

3250 GOSUE 3720

3260 RETURN

3265 UNENRICHED URANIUM HEXAFLUORIDE

3270 O=.9.A @ Q=2 0 G(3)=1 0 V=1 @ T=1 @ GS=1UFG11 @ N=3 @ FE..1

nee GOSUE 372C

3290 RETURN

3295 1 URANIUM METAL

263
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3300 C=;00006 0 0=50 0 6(3)=1 0 V=1 O Tol 0 65='UMET' O N=3 0 F5=1

3310 60SUB 3690

3320 RETURN

3325 I NUCLEAR REACTOR RESINS **** ***** *

3330 C=700 0 0=1 0 6(3)=1 0 V=1 0 T=2 0 6$- 'RESINS' N=18 0 F5=1

3340 60SUB 3690

3350 RETURN

3355 ! ** ***** *** DEFENSE HLW arema.41,

3360 C=I70000 0 0=1 0 6(3)=.05 0 V =1.0 T=2 0 68='DHLW' 0 N=1 @ F5=0

3370 RETURN

3375 I ***I' *** WEST VALLEY HLW ********

3380 C=110000 0 0=1 0.6(4)=.05 0 V=1 0 T=2 0 60='WVHLW' 0 N=1 0 F5=0

3390 RETURN

3395 I ********** DEPLETION OF 'CLOUD *********

3400 01=0 0 02=0 0:N9=18

3410 C1=8(1) 0 C2=S(2) 0 C3 =C2 0 K=2

3420 C(1)=C1 0 v(1)-c1 VS*1000000

3430 A9=A(K)A(K-1)

3440 03=V9*SQR(C1*C2)*A9

3450 04=03

3460 I9=0

3470 09=1-02-04

3480 C2=C3*09

3490 134=V9*SOP(CI*C2)*A9

3500 IF AM(03-04)/03).001 THEN SOTO 3550

3510 19=1'9+1

3520 03=04



3530 IF 19(100 THEN GOTO 3470

3540 STOP

3550 C(K)=C2

3560 V(K)=V9+C21000000

3570 01=01+04

3580 IF 001 THEN GOTO 3660

3590 IF K=18 THEN RETURN

3600 K=K+1

3610 IF Aw>200e000ee0 THEN 60T0 3670

3620 C1=C2

3630 C2=S(K)*(1-01)

3640 C3=C2

3650 02=01

3660.60T0 3430

3670 N9=K-1

3688 RETURN

3685 ! RESPONSE TIME (HOURS).

3690 IF -80=TELAYEIP TAN T(2,1) =4 0 T(2,2 )=4 0 T(2,3)=4

3700 IF 8S1VDELAYED' THEN T(2,1)=2 0 T(2,2)=2 0 T(2,3)=2

3710 RETURN

3720 IF 80='0ELAYED' THEN T(20)=9 0 T(2,2)=9 0 7(2,3)=9

3730 IF 894'0ELAYED' THEN T(2,11=7 0 T(2,2)=7 I T(2,3)=7

3740 RETURN

3745 I ****** ***

3746 AND 07HEF POWDERS

3750 6(2)-e

3760 FOR I0=1 TO 6

AEROSOLIZATION FRACTION FOR U308
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3770 06=.000464.(1-EXN-.13*(T(I.J:)+1)4,21.52"N(Tem

3780 6(2).,6(:)+F(I0)*(.001+06(:1.5:-N(I0))^1.78)

3790 NEXT Ie.

3800 RETURN
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INT B 1262 06:07 01/02/00

5 ASSIGN $ 1 TO 'TEMP'

10 SHORT X(18),Y(18)

20 DEF FNF(X)

30 W1=()(41X X/3-X.X/2*(X1+X2)+X1*X2*X)/(X0-X1)/(X0-X2)*Y0

40 W2=(X0(41X/3-PIX/241(X0+X2)+X00(20()/(X1-X0)/(X1-X2),Y1

50 W3=( X0(*X/3-X*X/2*(X0+X1)+X0*X1*X)/(X2-X0)/(X2-X1)41Y2

60 FNF=Wl+W2+W3

70 END DEF

80 READ * 1,1 ; N,L0

90 READ * 1,2 ; X(1),X(2),X(3),X(4),X(5),X(6)

100 READ $ 1,3 X(7),X(8),X(9),X(10),X(11),X(12)

110 READ * 1,4 X(13),X(14),X(15),X(16),X(17),X(18)

111 READ * 1,5 Y(1),Y(2),Y(3),Y(4),Y(5),Y(6)

112 READ * 1,6 ; Y(7),Y(8),Y(9),Y(10),Y(11),Y(12)

113 READ * 1,7 ; Y(13),Y(14),Y(15),Y(16),Y(17),Y(18)

180 T=0

190 FOR I-0 TO N-1

200 IF ISO THEN R=X(I+1) 0 L=X(I) ELSE R=X(1) 0 L=L0

210 IF I40 AND ISN-1 THEN X0=X(I) 0 X1=X(I+1) 0 X2=X(I+2) 0 YO=Y(I) 0 Y1=Y(I+1)

215 IF I=0 THEN X0=X(I+1) 0 X1=X(I+2) 0 X2=X(I+3) 0 YO=Y(I+1) 0 Y1=Y(I+2) @ Y2=Y

220 IF I=N-1 THEN X0=X(I-1) 0 X1=X(I) 0 X2=X(I+1) 0 Y0 =Y(I-1) 0 Y1=Y(I) 0 Y2=Y(I

230 T=T+(FNF(R)-FNF(L))

240 NEXT

250 PRINT * 1,100 T

260 END
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APPENDIX F

Survey of RAM Licensees
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Appendix F

The ability to accurately estimate the number of RAM

shipments is crucial in determining the overall

transportation risk. Both interstate shipments crossing

state borders, and intrastate shipments originating and

ending in the state must be considered.

The number of interstate RAM shipments made through

Oregon was obtained from the Orego.n Department of Energy and

used in this study. Because state senate bill-109 requires

certain types of shipments to carry permits, the ODOE has

accumulated a record of the number of shipments made on

major highway routes for all reportable RAM shipment types..

A summary of all such shipments for the year 1983 is given

in Table 1.

In addition, a survey of state licensees was made to

estimate the total number of intrastate shipments made

annually. The Oregon State Health Division maintains a

record of all state licensees. A list of the various

licensee categories, the number of licensees and the number

of those who responded to the survey is given in Table F.1.

Many of the categories (limited gauges, limited academic,

gas chromatography, dew pointers, etc.) have a small hazard

associated with them and were largely ignored. Other

categories are of interest due to the large number of

shipment miles or a high associated radiological hazard. In

particular, Inst NM (radiopharmaceuticals of which
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Molybdenum-99 predominates), SS Med Therapy (small sources

used for medical therapy), radiography, industrial gauges,

industrial R & D, teletherapy, irradiated waste, and

well-logging sources all present a significant level of

hazard which may contribute to the overall risk.

One of two survey forms were sent to each licensee -

one form was strictly for medical therapy licensees, the

other for non-medical therapy licensees. A sample of the

form that was sent to each medical therapy licensee is shown

in_Table F.L Of the 256 licensees who received a survey

form, 123 eesponded, of which 88 shipped radioactive

materials. shows a more detailed description of

the types, quantities, and transportation routes required by

licensees as determined by this survey.

For each geographical region, the average number of

curies, the number of miles per shipment, and the number of

packages per shipment were determined. The total number of

shipments per year was estimated by extrapolating the

results obtained from the survey over all licensees. It was

assumed that those licensees who did not respond to the

survey, shipped RAM at the same rate as those who did

respond:

SPYr = Z Nro ( Lr - Br) / Rr
1=1

where:

SPYr = estimate of the total number of shipments per year

for region r.
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Lr - total number of licensees in region r

Br = total number of responding licensees in region r

who do not ship radioactive materials.

Nr,i = the average number of shipments per year made

through region r for each responding licensee in

region i.

Rr = total number of responding licensees in region r.

This information is summarized in Table F.4.

Radioteletherapy sources are shipped very infrequently

and as a result, none of the facilities licensed to own such

devices responded to the survey. As an educated guess, it

was assumed that each owner shipped both a new and a spent

device approximately once every 10 years (about once every

two half-lives). Each device is approximately 9000 Curies

and would be shipped from out of state.

It was also assumed that the Trojan nuclear power

facility refueled 1/3 of its core each year requiring

approximately 11 shipments of new fuel. These shipments

would be transferred from Richland Washington along 1-84 to

Ranier Oregon.

Currently, there is very little high level waste

transported in Oregon or in any other state. However, the

selection of the Hanford site in Washington could lead to a

drastic increase in the number of shipments made through

Oregon.

Assuming that Hanford is chosen as a high-level waste
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repository with enough capacity to store 70,000 tHM (tons of

heavy metal) in spent fuel and that each shipment contains

one 5-year cooled PWR spent fuel assembly, the required

number of shipments to fill the repository (assuming all

spent fuel is transported by truck) is about 173,229 over a

28 year period. Other assumptions such as origin of

shipments, etc. are detailed in Sand84-1795.TTC-0506 /12/.

According to this study conducted by Sandia Laboratories,

the maximum number of shipments expected in any one year is

almost 7000.

A complete summary of all shipment types and estimates of

number of shipments per year, average number of curies per

shipment, average shipment distance, and average number of

packages per shipment is given in Table F.4.
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Table F.1

State Licensees and Survey Results(a)

License type I II III IV V State Total

Inst NM 4/2 19/14 2/1 7/3 7/5 0/0 39/25

SS Med Therapy 0/0 7/0 1/1 2/0 3/3 0/0 13/4

Portable Density
Gauges 5/2 17/10 4/4 11/3 13/3 1/1 51/23
Radiography 0/0 17/10 4/0 0/0 3/1 1/1 25/12
Industrial Gauge 0/0 24/2 4/1 8/1 14/2 0/0 50/6

Limited Gauges 0/0 3/0 0/0 0/0 0/0 0/0 3/0

Limited Academic 1/0 3/1 1/1 1/0 1/1 0/0 7/3

Normal Processing 0/0 2/2 0/0 0/0 1/0 0/0 3/2

Basic License 0/0 10/1 1/0 1/0 4/1 0/0 16/2

Manufacturing and
Distribution 0/0 5/0 0/0 0/0 0/0 0/0 5/0

Industrial R & D 0/0 7/0 1/1 0/0 1/0 0/0 9/1

Teletherapy 0/0 3/0 0/0 1/0 0/0 0/0 4/0

Gas Chromatographs 1/1 7/2 0/0 0/0 9/3 0/0 17/6

Dew Pointer 0/0 1/1 0/0 0/0 0/0 0/0 1/1

Broad Academic 0/0 3/0/ 0/0 0/0 2/1 0/0 5/1

Irradiator 0/0 1/0 0/0 0/0 0/0 0/0 1/0

Waste 0/0 2/2 0/0 0/0 0/0 0/0 3/2

Private NM 0/0 1/0 0/0 0/0 1/0 0/0 2/0

Portable NM 0/0 1/0 0/0 0/0 0/0 0/0 1/0

Well-logging 0/0 0/0 0/0 0/0 0/0 1/1 1/1

Total 11/5 133/45 18/9 31/7 59/20 3/3 255/89

(a) The table shows the total number of licensees within each
region followed by the number of survey responders
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Table F.2

Qu stionnaire

QUESTIONNAIRE
For each type of radioactive material received or shipped by your

facility, complete the short transportation survey. Types of radioactive

shipments you would likely receive (or ship) might include Mo-99 generators

Co-60 radioteletherapy sources, Au-198, 1-131, Hg-203, Cs-137 sources,

etc. Please do not include x-ray equipment as a source. If your facility

neither ships nor receives any radioactive material, please return the

blank survey form. (The occasional transportation of radioactive material

required for field studies should be regarded as a shipment made by your facility).

Location of your facility

Type of material

No. of packages received or shipped annually (e.g. 70 received, 10 shipped)

Typical Maximum number of Curies in package

Typical Average number of Curies in package

Typical Maximum number of packages in shipment

Typical Average number of packages in shipment

Typical Average total millirem/hr at package surface

Typical Average total millirem/hr at 1 meter (transport index)

Type of packaging (e.g. 90% Type A; 10% Type B)

Typical package size (give largest dimension)

14ajor transportation routes and average transportation distance within

Oregon borders (e.g. 1-84, 30%, 1-5, 70%; 200 miles)

Seasonal distribution of shipments (e.g. 25% Spr., 40% Summer, 25% Fall,

10% Winter)

Name(s) of shipper(s) from whom you receive shipments (e.g. Northwest

Pharmaceuticals 10%, etc.)

Name(s) of receiver(s) to whom you make shipments

Name(s) of carrier service(s) (e.g. Northwest Freight, 5%, etc.)
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Table F.3-Licensee Survey Results
EASTERN OREGON,

AVERAGE

SHIPMENT LOCATION SPY CURIES PPS MILES ROUTE

INST NM and SS Med Therapy_

Molly-99 Lagrande 52/55 0.5.C1 1 250 1-84

Molly-99 Hermiston 70/50 0.8 Cl 1.25 180 1-84

***** ***************** Portable density gauges

Port gauge Lagrande 30 40/8 mCi 1 ? ?

Port gauge Pendleton 24 40/8 mCi 1 ? ?

*********** *** * * ********* industrial gauges
**** ********* ****** ***** ***

Cs-137 Hermiston .3 (35uCi - 1 200 1-84
200 mCi

CENTRAL OREGON

VERAGE

SHIPMENT LOCATION SPY; CURIES PPS MILES ROUTE

Inst NK and SS Med Therapy

Molly-99 Bend ISO 1.0 Ci I 135 US-97

Industrial Research and development

U-235 Bend 212 2 uCi 1 200 US-97
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Table F.3 (continued)

WILLAMETTE VALLEY

AVERAGE

SHIPMENT

Molly-99

LOCATION SPY culls

Inst NM and SS Med Therapy

Eugene 7 20 mCi

PPS

I

MILES

I

ROUTE

?

Molly-99 Albany 52/52 1.7 Ci 1 75 1-5

Pharm Corvallis 110 20 uCi 1 90 1-5

Ir-192 Eugene ? 8. mCi 1 1 Other

Xe-133 Albany 52 0.064 Ci 1 75 1-5

1-125 Eugene 408 6 uCi 1 100 1-5

Co-57 Eugene 27 4 uCi 1 100 1-5

Cs-137 Corvallis 0.10 0.270 Ci I 100 1-5

Ir-192 Corvallis 10/10 0,025 Ci 1 ?CO 1-5

Portable gauges

Am-241 Corvallis 10 48 mCi 1 7 Other

Am-241 Coriallis 35 48 mCi 1 100 Other

**** * ***** **** **** ****** Gas chromatography * ****************** * ***** *

Ni-63 Corvallis 0.5 8 mCi 1 100 1-5(80%)
1-205(20%)

Ni-63 Salem 2 8 mCi 1 ?

Ni-63 Eugene 8 mCi 1 ?

Radiography

Ir-192 Albany 3/3 100/20 mCi 1 235 1 -5

Industrial Gauges

Cs-137 MdMinville 1 250 mCi 1 ? 7

Kr-85 Springfield 0.2 440 mCi 2 ? ?

Cs-137 Springfield 0.33 100 - 1.5 ? 7

1000 mCi
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Tale F.1 (continued)

SOUTHWEST OREGON

AVERAGE
SHIPMENT LOCATION SPY CURIES PPS MILES ROUTE

Irst Nt. and SS Med Therapy

Molly-99 Coos Bay 52 1.1 Ci 1.1 261 I-5(71%)
Other(29%)

Molly-99 Grants Pass 52 100 mCi 1 30 1-5

Molly-99 Roseburg 50 2 Ci 1 190 1-5

Xe-133 Coos Bay 52 0.064 Ci 1 261 I-5(71%)
Other(29%)

11-201 Coos Bay 104 261 I-5(71%)
Other(29%)

1-131 Coos ray 10 ? ? 261 1-5(71%)
Other(29%)

1-125 Roseburg 1 25 uCi 1 140 1-5

1r-192 Roseburg 3/3 50 mCi 1 140 1-5

1-123 Grants Pass 23 300 uCi 4 30 I-5

11-201 Roseburg 32 2.2 mCi 1 190 1-5

1-131 Roseburg 15 1.1 mCi 2 190 1-5

Portable density gauges

Am-241 Grants Pass 2 .0477 Ci 1 30 1-5

Am-241 White City ? SO mCi 1 ? Other

Am-241 Merrill ? 50 mCi 1 ? Other

Industrial Gauge

Pu-238 Riddle 2 30 mCi 1 110 I-5



278

Tatle F. (continues)

, PORTLAND

AVERAGE
SHIPMENT LOCATION SPY CURIES PPS MILES ROUTE

Inst NM and SS Med Therapy

Molly-99 Astoria 50/35 .5/.125 Ci 1/4 40 US-30

Molly-99 Portland 52/52 1.1/.6 Ci 1 10 Other

Molly-99 Portland 52 1.5 Ci 1 ? ?

Molly-99 Oregon City 52/52 1.6/.6 Ci 1 ? ?

Molly-99 Portland 52 1.1 Ci 1 ? ?

1-125 Portland 250 1 mCi 1 ? ?

Ir-192 Portland 5/5 0.1/.07 Ci 1 ? ?

1-131 Portland 260 1 uCi I 2 ?

1-125 Portland 10 500 uCi 1 15 Other

Cr-51 Portland 3 1 mCi 1 13 Other

Pharm Portlane 40 5 mCi 2 15 1-84

Pharm Portland 3000 10 mCi I ? ?

Pharm Scapoose ? 100 mCi 1 10 1-84

Pharm Beaverton 120 .001-02 Ci 1 30 Other

Pharm Portland 7 600 uCi 1 7 ?

Pharm Portland 85 10 uCi 3 ? ?

Pharm Tualatin ? ? 1 10 Other

Pharm Hillsboro ? .05/.01 Ci ? ? ?

Pharm Portland 2600/50 10 uCi 1 ? 2
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SHIPMENT

Table F.3 (continuedl

PORTLAND

AVERAGE
LOCATION SPY CURIES PPS PILES ROUTE

Portable Gauges

Am -241 Tigard ? 48 mCi 1 ? Other

Am-241 Portland SO 48mCi I ? Other

Am-241 Lake Oswego, 90 60 mCi 1 10 Other

Am-241 Portland ? 40-60 mCi 1 ? Other

Am-241 Beaverton 7 78 mCi 1 15 Other

Am-241 Beaverton 1 60 mCi 3 1 Other

Am-241 Portland 50 4E mCi 1 15 Other

Am-241 Portland ? 100 mCi 1 ? Other

Am-241 Hillsboro ? 60 mCi 1 1 Other

Am-241 Portland. 400 60 mCi 1 ? Other

Am..241 Portland 3!-50 1 mCi 1 200 1-34

Waste

Waste Beaverton 2 12 mCi 7 30 Other

Small lab

sources

Beaverton 6

Basic

1 mCi

licence

10 35 Other

Cs-I37 Portland 1 z Ci 1 7 r

Cs-137 Portland .33 100 mCi 1 7 ?

* Norm Process

Thorium Portland 600-1400 .01 Ci 80 ? ?

Zircon sand Portland 7 ? 7 7 ?
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Table F.3 (continued)

PORTLAND

AVERAGE

SHIPMENT LOCATION SPY CURIES PPS MILES ROUTE

Radiography

Co-60 Portland 2/2 100/30 Ci 1 10 1-84

Co-60 Portland 33/33 loom ci 1 ?

Co-60 Portland ? 100/5 Ci I ? ?

Co-60 Portland 10/10 100/60 Ci 1 30 Other

STATEWIDE

AVERAGE

SHIPMENT LOCATION SPY CURIES PPS MILES ROUTE

Radiography
(Co-60) ? 1 100 Ci 1 ? ?

Well-logging 1 15 18 Ci 1 ? ?

Port. Gauges 'I 4100 70 mCi 1 ES Other
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Table F.4

RAM Transportation Data for Oregon

Shipment I

By Geographic Region

Region

II III 'IV V State

Radiopharmacuticals
Molybdenum -99i)

291 2465 215 791 414 0

PPS(2/ 1 1 1 I 1 1

MPS(3) 151 25 200 .103 83 0

CI(4) 1 1 1 1 1 1

LIM (contam-
inated trash)

SPY 1379 43 58 27 27 0

PPS 20 20 20 20 20 -

MPS 204 29 298 126 163

CI 5 5 5 5 5 5

Industrial
Gauge (Cs-137)

SPY
PPS

1.7
1

15
1

1

I

5.4,
A

2
?

0

MPS 136 27 25; 31 72

CI 0.168 0.270 0.182 0.186 0.182

Natural Thorium
. SPY 0 1400 0 0 0 0

PPS 80
MPS - 16 -

CI - 0.01 - -

New Fuel
SPY
PPS

42
6

11 0
-

0 0
-

0
-

MPS 345 -

CI 2 - - - -

Spent Fuel ,r,
SPY" 173200 4534 9070 4534 4534 0

PPS 1 1 1 1 1 1

MPS 328 101 298 12C 16; -

CI 1.1x10' 1.1x10 1.1x10 1.1x10 1.1x10'
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Table F.4 (continued)

Shipment II

Region

III IV V State

TeletheraDY
(Co-60)

SPY
PPS
MPS
CI.

-

-

0.4
1

10
9000

0
-

-

0.1
1

126
9000

0.1
1

130
9000

0

Radiography
(Co-60)

SPY 0 75 0 48 0 0
PPS 1 - 1
MPS - 10 54
CI 0.134 0.130 -

Well-logging
SPY 0 0 0 0 15
PPS

1
MPS - 55
CI 1P

Portable Density
Gauge (Am-241)

SPY 165 1170 148 452 372 4100
PPS 1 1 1 1 1 1
MPS 55 39 34 3P 34 55
CI 56 57 48 48 48 70

Enriched UP
SPY 37, 0 0 0 0
PPS 6
MPS 345
CI 4.6

Uranium Metal
SPY 10 0 o .

PPS 50
MPS 346
CI 2x10-6

Resins
SPY
PPS

96
1

5
1

4

1
3
1

3

1
0

MPS 323 35 298 126 163 -
CI 700 700 700 700 700
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Shipment

Table F.4 (continued)

Region

I II III IV V State

DHLW
SPY(5) 6720 0 0 0 0 0

PPS 1 - - -

MPS 323 - - - -

CI 1.7x1P - - -

WVkk
SPY (5) 300 0 0 0 0 0

PPS 1

MPS 323
CI 1.1x10°

(1)Expected number of shipments per year

(2)Expected number of packatet per shipment

(3)Expected number of miles per shipment

(4)Average number of curies per package

(5)Total number of Hig-level shipments expected, from current

levels stockpiled waste assuming that the Hanford reservation

is chosen as a high-level waste repository.


