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TRANSPORTATION OF RADIOACTIVE MATERIAL

Background
In September 1977, an accident involving a truck shipment of uranium ore
concentrate (yellowcake) occurred near Springfield, Colorado. Several
tons of yellowcake were spilled on the ground. Although the effects of
this spill on the publi:z health and safety were very small,l/ the unusu-
ally large amount of material spilled combined with uncertainties in the
overall management of the incident focused public and Congressional
attention on the transportation of yellowcake in particular and of all
radioactive materials in general. In response, the Nuclear Regulatory
Commission (NRC) and the Department of Transportation (DOT) undertook to
review and assess the regulations and practices related to package integ-
rity and to emergency response to transportation accidents invoelving

&/

radioactive materials. An agenda of topics for the study,=" given in

Table I, was established.

1

Colorado Department of Health, to R. P. Pollock, Director, The Citizen's
Movement for Safe and Efficient Energy (January 16, 1978). .

2The general subject areas examined in this study have been recently
analyzed, publicly reviewed, and reported in the NRC environmental
impact statement "Transportation of Radioactive Materials by Air and
Other Modes," NUREG-0170, which was pubiished in December 1977. The
present study represents a reexamination of certain specific topics as
identified in the study agenda. In particular, the risk analysis of
yellowcake and other low specific activity material shipments in
NUREG-0170 is here expanded to include consideration of improvements in
package requirements and emergency response requirements.

b(a ;“G

Letter from A. J. Hazle, Director, Radiation and Hazardous Wastes Control,



TABLE I. TRANSPORTATION OF RACIOACTIVE MATERIAL
STUDY AGENDA

The following is a list of actions related to safety in transportation of
radioactive materials which the NRC will evaluate in coordination with

por.

The evaluation will inciude consideration of feasibility, practi-

cality, authorities and cost-benefits.

(M

(2)

(3)

(4)

(%)

(6)

7

(8)

A modification of NRC rules to require licensee shippers to prepare
and maintain emergency procedures to be followed in the event noti-
fication is received that a licensee's shipment is involved in a
transportation accident. This will include development of the
various elements <hich the emergency plan should contain. Agreement
States would te encouraged to adopt simildr requirements.

Require that changes be made in the method of shipping LSA meterials
including specifically natural uranium oxicde, to increase surviva-
bility in transportation. A short-term study (about 6 months) will
be undertaken to investigate what changes might be made. Changes to
be investigated will include: (a) heavier gauge drums; (b) improved
drum closure methods; (c) tie-down systems; and (d) type »f vehicles
to be used.

Require that an information packet accompany each shipment of
hazardous materials (radioactive). The package would contain infor-
mation concerning the hazardous na‘ure of the materjal in the ship-
ment, the precautions to be taken in the event of leakage or
spillage under nermal or accident conditions of transport, and
notification requirements.*

Require routing controi for certain types of sh.uments; e.g., so as
to avoid densely populated areas and adverse road conditions.

Clarify Federai, State, local, carrier and shipper response and
responsibilities in the event of an accident.*

Clarify financial responsibility for coping with accidents, including
clean-up and recovery.

Develop a system for obtaining up-to-date transportation data; e.g.,
types, quantities, etc.

Deveiop a system for advance notification of shipments of radicactive
materials.



TABLE I (Continued)
(9) Increase the DOT inspection capability for transpertation of hazardous
materials.*
(10) Other facets of emergency preparedness not mentioned above.
Time Tab'
The above study is expected to be completed in about six months. Imple-

mentat . un of recommendations for changes may take a year or longer, where
changes in DOT or NRC regulations are necessary.

¥In the study, consideration is limited to radioactive materials.
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A Study Group comprised of representatives from the NRC and the DOT was
formed o consider the items on the agenda and to report on those con-
siderations. The report consists of two parts: an executive summary and
a more detailed discussion. JIn the executive summary, each item is
briefly discussed to identify problems, summarize issues, and express
conclusions of the Study Group. The recommendations of the Study Group

are given at the end of the executive summary.
Discussion
The observations and conclusior. of the Study Group for each agenda item

are summarized below:

Obser vations and Conclusions

Item (1) ~ modification of NRC rules to require licensee shippers to
prepare and maintain emergency procedures to be followed in the
event notification is received that a licensee's shipment is
involved in a transportation accident. This will include
development of the various elements which the emergency plan
should contain. Agreement States would be encouraged to adopt
similar requirements.

Item (5) Clarify Federal, State, local, carrier and shipper response and
responsibilities in thg/event of an accident involving lov ievel
radioactive materials.=

!7;Although the discussion is restricted to low-level radioactive materials,
many of the general principles also apply to all radioactive materials.
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Items (1) and (5) will be discussed together, since the resolutions of
each are interdepenagent. Four substantially different parties
are involved in emergency response to a transportation accident
involving any radioactive material: the Federal government,
State (including both Agreement States and non-Agreement States)
and local governments, the carrier, and the shipper. The
responsibilities shared by these parties related to trans-
portation accidents are complex and can be formalized through
regulations or guidance for shippers and carriers and through
formal agreements among Federal, State, and lecal ageicies.

Qur present views or the primary responsibilities of each party

are given as foliows:

(a) The Federal government ‘primarily the NRC and the DOT) is resgonsible
for regulating safety ispects of carrier and shipper activity;
designating prior to an accident responsibilities in emergency
response tc the ac-ident; supply ng guidance and assistance to State
and local governments in planning effective response to transporta-
tion accidents when they occur; advising responseé personnel at the
scene of an accident on request (this function is primarily executed
by the Department of Energy (DOE), see Item (10)): and investigating
the causes of an accident, taking steps tc prevent recurrence, and
enforcing compliance of carriers and ¢ with Federal

regulations.



(b)

(c)

State and local governments are responsible for regulating certain
aspects of carrier and shipper activity within their borders (vehicle
weights, speed limits, routing away from weak roads or bridges,
etc. ); controiling the scene of an accident, implementing protective
action if necessary; and developing emergency response plans for
protection of public health and safety. State and local agencies,
such as emergency crews, police, health and environmental depart-
ments, should have emergency plans both to advise and assist the
carrier and to take appropriate control actions at the scene to
assure protection of pubiic health and safety. T'iese agencies are
expected to exercise their police and emergency powers to control
traffic, provide communications, direct evacuation and sheltering
acticns if necessary, and to assura adequate cleanup of contaminated

property.

Ordinarily, the carrier and not the shipper is responsible for

proper care of cargo in transit. In common, contract, and private
carriage, the shipper is responsible for proper packaging of radioac-
tive material delivered to the carrier for transportation, and the
carrier has a right and a responsibility to control such property in
transit. Accordingiy, the carrier should be responsible for emergency
response p'anning, and the shipper should be responsible for informing
concerned persons about the hazardous nature of his radiocactive
material in situations where emergency response plans would be put

into effect.



Under existing Federal! regulations, the carrier is responsible for

promptiy notifying the shipper and the Federal government of any

incident invoiving death, hospitilization, property damage exceeding

$50,000, fire, breakage, actual or suspected leakage of radioactive

materials or etiologic agents, or in the judgement of the carrier a
danger to life; for isolating any spilled radioactive material from
personnel contact, pending disposal instr:ctions from qualified
persons; and for not placing vehicles, buii‘'ings, aveas, or equipment
in which radiocactive materials have been spilled in*o service or
routine occupancy until the radiation dose rate &t any accessible
surface is less than 0.5 millirem per hour ana no significant removable
radioactive contamination resides on the surface (in the cases of

air and water carriers, only aircraft, holds, compartments, or deck

areas are included in this requirement).

In practice, the carrier may have to rely on expertise and services
of others to accomplish these duties. The carrier would depend on
advice from the shipper (including the procedures in the shipper's
plan decribed below), an Interagency Radiological Assistance Program
(IRAP) team, or State and local agercy teams or representatives who

may respond to the accident scene.

To fulfill its responsibility for emergency response actions most

effectively, the carrier should be required in the DOT requlations



d)

S-8

to prepare, maintain, and execute an emergency response plan for
these actions. This plan could depend upon advice given by the
shipper, IRAP organization, or State and lc¢zal agencies. Further,
it could call for contractual arrangements between the carrier and
shipper or between the carrier and other emergency response organiza
tions. The plan should include means to notify shipper and carrier
management and government authorities, to arrange the protection and
care of any nearby people, and to isolate and clean up any spilled

radioactive material.

In an accident, the shipper is clearly the most appropriate party
for providing hazards information on a shipment of radioactive
material. At present, shippers are required by DOT regulations to
provide such information for their shipments on the shipping papers.
In certain instances, such as for bulk shipments of yellowcake and
uranium hexafluoride, shippers also voluntarily provide instructions
for responding to emergencies. Prior to his first shipment of
fissile or Type B quantities of radioactive materials, the DOT
regulations require the shipper to notify each consignee of any

special loading or unloading instructions (49 CFR 173.22(b))

To most effectively use its knowledge in emergency response actions,

the licensee shipper should be required in regulations to prepare

¥
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and maintain an emergency plarn ror promptly conveying hazards
information about the shipment to the carrier and government authori
ties. The shipper plan should describe clearly and simply the hazard
associated with the material, a recommended procedure for isolating
any spilled material from the populace, precauticns for handling
eath package or spilled material, and equipment required (including
new packages) for cleanup and availability of such equipment. The
information in the shipper plan should be available at all times
that the shipper has a shipment in transit so shipper personnel can
knowledgably and promptly inform, say by telephone, non-shipper
personnel requesting advice about an accident.

Item (2) Require that changes be made in the method of shipping LSA
materials including specifically natural uranium oxide, to
increase survivability in transportation. A short-term study
(about 6 morths) will be undertaken to investigate what changes
might be made. Changes to be investigated will include:

(a) heavier gauge drums; (b) improved drum closure methods;
(c) tie-down systems: and (d) type of vehicles to be used.

Both the NRC and the DOT have authority to prescribe improved package

performance standargs under normal as well as accident conditions of

transportation. At present, low specific activity (LSA) materials, such
as yellowcake, are most commonly transported in exclusive-use vehicles,
using non-prescription “sirong, tight packages" (see 49 CFR 173.392(c)(i)).

Shipments of LSA materials in uther than exclusive-use vehiclas are,

however, required to be in packages which must comply with the performance

o0 025



requirements for "Type A" packaging, i.e., designed to withstand prescribed

environmental and test conditions for normal transportation. However,
neither strong, tight packages nor Type A packages are inherently d:signed
to withstand severe accidents, as would Type B packages. The risk of
damage to public health and safety from the transportation of LSA materials
is very small although the number of LSA packages shipped each year is
large. Assessment of the health and safety consequences of an accidental
spill of such material indicates that a requirement for more accident
resistant packaging than currently used is not cost-effective. However,
transportation experience and incident report data do suggest that the
non-prescription strong tight package authorization for LSA material does
not in some instances result in desired package performance under normal
transporiation conditions. Accordingly, the DOT intends to issue in the
near future a proposed ruie-change which would impose a requirement for

use of Type A packages for both exclusive-use and nonexclusive-use shipments
of LSA material. This proposed change, which was under consideration

prior to the Colorado incident, can be expected to significantly enhance
performance of packages used in shipments of LSA materials, and to some

gxtent even their accident resistance.

a. Gauge (wall thickness) of drums

As for requiring heavier gauge drums, the strength of a material

generally increases with thickness of the material, especially

against uniform axial, internal pressure, external pressure, and

o
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crush loading, hut not necessarily against impact loading. Since
accident experience (Colorado 1977) and package testing (Sandia
Laboratories 1976) do not indicate that failure of material walls or
seams is significant compared to loss of lids, improving drums by
requiring heavier gauge construction does not appear to be necessary

or advantageous and should not be required.

Drum closure methods

Accident experience and package testing do show that Toss of 1ids on
drums used to transport yellowcake contributes to spillage of contents
in severe accidents. Improvements in 1id closure methods are feasible,
but do not improve safety significantly, essentially because any
spilled material has low concentration of radiocactivity. The minimum
annual equipment costs are estimated to exceed the annualized decontami-
nation costs of a severe accident and also to exceed a reaconable
annualized expenditure for saving dose from a severe accident. The
minimum annual equipment costs can be realized only from effective

cost control practices. Thus, such improvements are not cosi-effective.
For these reasons, requirements for such improvements should not be

imposec.

Tiedown systems

Current DOT requlati.is (49 CFR Parts 174, 177, and 393) require
restraints against shifting or loss of cargo under conditions normally

incident to transportation. For LSA materials, tiedown requirements

60 230
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exceeding those in force are technically feasible, but do not improve
safety significantly, since any spilled material has low concentra-
tion of radioactivity. Such improvements are not cost-effective
because both annual equipment and installation labor costs exceed

the annualized decontamination cost of a severe accident and exceed

a reasonable annualized expenditure for saving dose from a severe
accident. For these re:usons, tiedown requirements exceeding those

in force should not be imposed.

d. Vehicle types

Requirements for specially designed vehicles must be coupled with
requirements for tiedown devices or package closure improvements
capable of withstanding the forces generated in severe accidents to
realize a reduction in the quantity of LSA material that might be
spilled. As the latter improvements are generally not cost-effective,

requirements for specially designed vehicles are even less cost-effective.

Item (3) Require that an infoimation packet accompany each shipment of
radioactive materials. The package would contain information
concerning the hazardous nature of the material in the shipment,
the precautions to be %aken in the event of leakage or spillage
under normal or accident conditions of transport, and notifica-
tion requirements.

Present DOT regulations (49 CFR 172.200-172.203) require that snipments
of radioactive materials be accompanied by a description of each radio-

nuclide contained, its chemical and physical form, its radioactivity, the

40 |



labe) category and transport index (measure of external radiation levels),
and whether the package is Type A or Type B (accident resistant). A
review of accident experience indicates that a change in the DOT regula-
tions to require additional technical descriptive information on shipping
papers, vehicle placards, package labels, or other package markings is
not likely to be of any significant assistance in the case of a spill or
leakage. However, the addition of an emergency telephcne number on
shipping papers could assist emergency response in the event of an acci-
dent and should be requiréd.
Item (4) Require routing control for certain types of shipments; e.g.,

so as to avoid densely populated areas and adverse road conditions.
Current DOT regulations (49 CFR 397.9) require that "Unless there is no
practical alternative, a motor vehicle which contains hazardous materials
must be operated over routes which do not go through or near heavily
populated areas...." Almost all of the large cities on the limited
number of highways over which yellowcake is transported have by-passes
which would be considered "practical alternatives" to ~issing through the
city centers. Any yellowcake shipments seen passing through densely
populated areas should be reported to the DOT for investigation and

possible enforcement action.

State and local agencies currently designate roads with adverse condi-

tions as unsafe for transportation and limit use of such roads if necessary.

50



The risk to public health and safety from shipments of LSA material,
including yellowcake, is very small essentially because of the low con-
centration of radioactivity distributed throughout the material. In view
of the limited number of routes normally used and of the low risk, no
additional routing controls appear to be necessary for yellowc:ke ship-

ments.

For other radioactive materials, the matter of routing control is preseantly

under separate studies: the NRC environmental statement on transportation

of radionuclides through urban environs and the DOT public rulemaking

proceeding on the routing of highway movements of radioactive materials.

The draft NRC environmental statement is expected to be published for

comment in 1979. The DOT rulemaking proceeding can be anticipated to

take about two years.

Item (6) Clarify financial responsibility for coping with accidents,
including clean-up and recovery.

Ultimate financial responsibilty for damagas resulting from a transporta-

tion accident involving radioactive material depends on the particular

circumstances associated with the accident and is usually settled in the

courts. If the origin or destination of the radicactive material being

transported is an indemnified facility (e.g., a nuclear power plant),

then the provisions of the Price-Anderson Act !'42 USC 22101 assure a

source of funds ($560 million per nuclear incident) for personal injury

or property damage resulting from the transportation accident. These
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funds would be provided by a combination of facilily licensee insurance
and ‘ederal government indemnity. However, transportation of many types
of radioactive material, particularly yellowcake, is not covered by the
T~ice-Anderson Act. In the event of a1 accident involving transportation
of these radioactive materials, liability for damages would be determined

according to the applicable state tort law.

Aside from the question of ultimate financial responsibility for a trans-
portation accident involving radiocactive material, the carrier should be
prepared to assume initial costs required to discharge his responsibili-
ties !Tisted in discussion of Items (1) and (5)1 and the State or local
agency involved should be prepared to assume initial costs incurred
because of protective actions required by the agency as in other emergency
situations, e.g., fires, floods, etc.
Item (7) Develop a system for obtaining up-to-date transportation data;
e.g., types, quantities, etc.
Collection of radioactive material shipment data does not directly improve
transportation safety. However, such information is necessary to estimate,
either on a national or regional basis, the risks to society from trans-
portation and the impact of changes in the safety regulations on shipments.
A selective survey involving a significant sample of shipments made in
the U.S. may be sufficient to satisfy this need for such information. A
system for maintaining up-to-date transportation data on all shipments of

radicactive material would not contribute more in terms of safety than

()4) T



selective surveys because the volume of shipments is large and does not
vary significantly from year to year. If any one type of shipment increases
significantly, a specific survey can be conducted to obtain information
on that particular type of shipment. Based on experience with a broad
base shipment survey conducted in 1975, the cost to obtain up-to-date
information for all shipments of radioactive materials in the U.S. appears
prohibitively exnensive, probably more than one million dolla~s per year.
In our opinion, the benefits derived from expending a million dollars per
year are not sufficient to warrant imposition of a system for maintaining
up-to-date transportation data. Accordingly, rather than instituting a
new information collection system covering all radioactive material
shipments, available government and industry sources of such data sh'. d
be supplemented as required by selective surveys.
Item (8) Develop a system for advance notification of shipments of
radioactive materials.
Mere advance notice from a shipper to a State or local agency of a ship-
ment of radioactive material does nothing to improve public health and
safety. If the advance notice is ccupled with some followup action, such
as a police escort of the shipment, independent surveillance of the
shipment, or notice to emergency response teams along the route, then
safety might be improved. In view of the low overall risk to public
health an1 safety from transportation of radioactive materials, as esti-

mated in a recent NRC environmental statement,ﬁ/ lTittle increase in

5/“Transportation of Radioactive Materials by Air and Other Modes,"
NUREG-0170 (December 1377) ‘
r' (ﬂ Ldd




safety would result from such actions. Recognizing, however, that some
States may desire to obtain such information, the Study Group is not
adverse to discussing wth the States the merits of advance notice require-
ments. However, State or local requirements for advanced notification of
shipments of quantities and types of special nuclear material protected

in accordance with NRC regulations or DOE directives should not be imposed
because such requirements may conflict with certain Federal restrictions

related to controlling sensitive information pertaining to such protected

shipments.

Item (9) Increase the DOT inspection capability for transportation of
radioactive mater als.®

The compliance efforts of the DOT in transporiation of radiocactive materials

are an integral part of the Department's overall program in compliance

and enforcement of the hazardous materials transportation regulat ons.

Radioactive materials therefore are not specially singled out and treated

separately in this activity. Experience indicates that such materials

have been transported very safely. When measured against actual experi-

ence therefore, the present staff level of compliance and enforcement in

transportation of radicactive materials is appropriate.

S[etter from J. M. Hendrie, Chairman, U.S. Nuclear Regulatory Commission,
to the Honorable T. E. Wirth, U.S. House of Representatives (January 10,
1978). This item is addressed by tne DOT since it relates solely to their
staffing requirements.

L)
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Item (10) Other facets of emergenc, prepared:ess not mentioned above.

Many activities are focusing on emergency respense to accidents in trans-
paortation of all radioactive materials. The Federal government conducts
an Interagency Radiological Assistance Program. The Department of Energy,
as lead agency in this program, operates and maintains extensive capability
to respond to radiological accidents. These response teams can advise

the State and local agencies and carriers responsible for protective
actions on radiological matters. The NRC and the DOT sponsor a training
course for response to radiological accidents, including transportation
accidents, at the Department of Energy Nevada Test Site. The American
National Standards Institute drafted a standard entitled, "Emergency
Response Procedures for Highway Transportation Accidents Involving Radio-
active Materials," N-692. Communication between Federal and State govern-
ments on all aspects of transportation of radioactive materials has been
improved through the State surveillance program jointly sponsored by the
NRC and the DOT and through the establishment of State Liaison Officers.
The State surveillance program in which 12 States have participated

serves to famiiiarize them with transportation of radicactive materials

and its emergency response requirements ard to augment the Federal inspection

capability in a significant way.




Recommendations

fhe Study Group makes the following recommendations concerning emergency
response to transportation accidents involving radioactive materials.

1. Staie ond local agencies, such as emergency crews,
pol ce, health and environmental departments, should
have emergency plans to both advise and assist the
carrier and to take appropriate control actions at
the scene to protect public health and safety. The
NRC and the DOT should foster development of these
plans.

2. Carriers of radiocactive material should be required
by the DOT regulations to prepare, maintain, and
execute an emergency response plan for promptly noti-
fying the shipper and government authorities, control-
1ing the spread of radioactive material in the cargo,
segregating the radioactive material from the populace,
and cleaning up any spilled radioactive material.
This recommendation essentially augments existing
regulations, guidance, and environmental impact
statements on transportation of radioactive materials.

3. Shippers of radioactive materials should be required
in regulations to prepare and maintain an emergency
plan for promptly conveying hazards information about
the shipment to the carrier and government authorities.
The information in this plan should be available at
all times that the shipper has a shipment in transit
50 shipper personnel can respond knowledgeably and
promptly when they receive notice of an accident and
are asked for advice. This recommendation essentially
augments existing regulations, guidance, and environ-
mental impact statements on transportation of radiocactive
materials.

4. Shippers of radioactive materials should be required
in the DOT regulations to show an emergency telephone
number on shipping papers and should be encouraged by
both DOT and NRC policies to voluntarily include
emergency instructions with shipping papers, especially
on bulk shipments.
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Carriers of radicactive materials should be prepared
to assume initial costs for their responsibilities
and State and local agencies should be prepared to
assume initial costs for protective actions involving
radioactive material as with other emergencies where
protection of publiic health and safety is involved.

The NRC and the DOT should initiate discussions with
States on the merits of advance notice requirements
for shipments of radioactive material. If an advance
notice requirement is judged necessary, a national
requirement is preferred over a conglomeration of
State requirements. Precaution against requirements
for advance notice of -hipments of quantities and
types of special nuclea: material protected in accor-
dance with NRC regulations or DOE directi.2: should
be taken, however, because such requirements may
conflict with certain Fuderal restrictions related to
controlling sensitive information pertaining to such
protected shipments.

Efforts of the NRC and the DOT tc cooperute with the
States in the surveillance program to evaluate compli-
ance with the Federal regulations for safe transporta-
tion of radioactive materials should be expanded to
include more States as monetary constraints allow.

Since several Federal agencies must evaluate the
environmental impacts of transportation of radiocactive
materials from time to time and since complete survey
information is essential to such evaluations, the NRC
should at selected times update its shipment survey,
in consultation with the DOT and the Environmental
Protection Agency.
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I. PRELIMINARY

In September 1977, an accident involving a shipment of uranium ore concen-
trate (yellowcake) occurred near Springfield, Colorado. Several tons of
yellowcake were spilled on the ground. Although the effects of this
spill on the public health and safety were very smal],l/ the unusually
large amount of material spilled combined with uncertainties in the
overall management of the incident focused public and Congressional
attention on the transportation of yellowcake in particular and of all
radiocactive materials in general. In response: the Nuclear Regulatory
Commission (NRC) and the Department of Transportation (DOT) undertook to
review and assess the regulations and practices related to package inte-
grity and to emergency response to transportation accidents involving
radioactive materials. An agenda of topics for the study, given in

Table 1, was established.

These two agencies formed a joint study group to accomplish this review
and assessment as reported in this document. The members of the joint
study group are named in Appendix I. For continuity of discussion, the
report is organized somewhat differently than che agenda. To aid the
reader, a key between agenda item and section(s) of the report is given

in Table II.
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Table I

TRANSPORTATION OF RADIOACTIVE MATERIAL
STUDY AGENDA

The following is a T1ist of actions related to safety in transportation of
radioactive materials which the NRC will evaluate in coordination with

DOT.

The evaluation will include consideration of feasibility, practicality

authorities and cost-benefits.

1.

A modification of NRC rules to require licensee shippers to prepare
and maintain emergency procedures to be followed in the event
notification is received that a licensee's shipment is involved in a
transportation accident. This will include development of the
various elements which the emergency plan should contain. Agreement
States would be encouraged to adopt similar requirements.

Require that changes be made in the method of shipping LSA materials
including specifically natural uranium oxide, to increase surviv-
ability in transportation. A short-term study (about 6 months) will
be undertaken to investigate what changes might be made. Changes to
be investigated will "nclude: (a) heavier gauge drums; (b) improved
drum closure methods; (c) tie-down systems; and (d) type of vehicles
to be used.

Require that an information packet accompany each shipment of
hazardous materials (radioactive). The packet would contain infor-
mation concerning the hazardous nature of the material in the
shipment, the precautions to be taken in the event of leakage or
spillage under normal or accident conditions of transport, and
notification requirements.*

Require routing control for certain types of shipments; e.g., so as
to avoid densely populated areas and adverse road conditions.

Clarify Federal, State, local, carrier and shipper response and
responsibilities in the event of an accident.*

Clarify financial responsibility for coping with accidents,
including clean-up and recovery.

Develop a system for obtaining up-to-date transportation data; e.g.,
types, quantities, etc.



Table I (Cont'd)

8. Develop a system for advance notification of shipments of radioactive
materials.

9. Increase the DOT inspection capability for transportation of hazardous
materials.*

10. Other facets of emergency preparedness not mentioned above.
Time Table
The above study is expected to be completed in about six months. Imple-

mentation of recommendations for changes may take a year or longer, where
changes in DOT or NRC regulaticns are necessary.

*In the study, consideration is limited to radioactive materials.
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Table II
KEY BETWEEN AGENDA ITEM AND REPORT SZCTION(S)

Agenda Item Report ection(s)
1. Emergency Planning Requirements 11.8.3
2. Packaging Improvements I1.A.1,2
3. Hazards Information Requirements I1.A.4
4. Routing Controls IT.A.3.a
5. Safety Responsibilities I1.B.3.a
6. Financial Responsibilities I1.B.3.b
7. Up-to-Date Transportation Data System II.A.3.d
8. Advance Notification System I1.A.3.c
9. Increase in DOT Inspection Capability II.A.5
10. Cther Facets of Emergency Response I1.8.3.d



From its inception in January 1975, the NRC has reviewed the existing
regulations and prccedures for transportation of radicactive materials.
As part of this review, the NRC initiated in June 1975 a public rule-
making proceeding regarding the packaging and transportation of radio-
active materials. With the technical assistance of Sandia Laboratories,
the NRC prepared an environmental impact statement to assess the impacts
associated with the transportation of radioactive materials, including
relative costs and benefits of alternative modes of transportation.
Information derived from research into the accident-resistant properties
of packages used for shipping plutonium and information from the NRC's
1975 Radivactive Material Shipments Survey were used in preparing the
statement. The draft statement entitled "Transportation of Radioactive
Materials by Air and Other Modes," (NUREG-0034), was made available for
public comment in March 1976. About 30 Jetters o1 comment were received.

The final statement (NUREG-0170) was issued in December 1977.2/

The study 7:dicates that transportation of radioactive materials is being
conducted under the present regulatory system in an adequately safe
manner. For example, routine shipments may be expected to adud only one
latent cancer fatality per year and accidents only one case per 200

years, assuming 1975 accident and shipping rates. By 1985, it is expected

that these estimates might increase three-fold as a result of an increased
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volume of shipments. These rates compare to a nationwide total of 300,000

cincer deaths per year from all causes.

Consequently, many of the general subject areas referenced in the agenda
for this joint study have been analyzed, publicly reviewed, and reported
in NUREG-0170. The present study represents a reexamination of certain
specific topics as identified in the study agenda. Accordingly, the

basic document NUREG-0170 is referenced freely in this report. In parti-
cular, the risk analysis of yellowcake and other Tow specific activity
material shipments in NUREG-0170 is here expanded to incliude consideration

of improvements in package requirements .nd emergency response requirements.

Radioactive materials, packaged and offered for transportation, appear in
many forms. The radiological hazard posed by the contents of these
packages varies over some eight orders of magnitide, depending on how the
radiotoxicity is measured. Some materials, such as spent fuel from
nuclear reactors, waste generated by reprocessing spent fue!, or
irradiated components of nuclear reactors or other fuel cycle facilities,
are highly radiocactive and must be well-shielded and well-contained by
packaging when in the transportation system. In cortrast a variety of
materials appear at the low hazard extreme of the spectrum and accordingly
are not required to be so well-contained when in the transportation

system, since factors other than packaging provide assurance of safety.



This report deals primarily with this last category of materials. As may
be expected, some of these low hazard materials are found in nature and
also are transported in much larger volumes than are materiais of greater
hazard. These low hazard materials include ores of uranium and thorium,
which are basic fuel materials for nuclear reactors, concentrates of
granium or thorium oxides produced from processing those ores, purified
uranium or thorium which has not been irradiated, acueous solutions
containing tritiated water, liquid and consolidated wastes, and activated
solid materials. In addition, this category of materials has been expanded
to include contaminated objects, for example, pipes and machinery which
ordinarily would not be radioactive, but which bear radioactive material

on their surfaces.

These low hazard materials may appear in many physical forms in the
transportation system. Ores and concent.ates are commonly shipped in

bulk gquantities, ores being unpackaged and concertrates being packaged in
containers such as 55-gallon drums before being placea 1n cargo spaces.
Larger containers, such as tanks, are also used. Liquids may be shipped

in small packages, drums, or tank cars. Consolidated waste or activated
solid materials are usually shipped in drums, boxes, or concrete containers.
The common forms of lowly radioactive waste generated in the nuclear

power industry are evaporator concentrates, spent resins, filtersr and

miscellaneous solid material such as paper and rags. These wastes are

solidified, dewatered, or compressed and shipped as consolidated wastes.
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Since these low hazard materials appear in the transportation system in
much greater volumes than do mate-ials of relatively greater hazard, and
since they do not pose the degree «f safety concern that materials of
greater hazard present, then for reasonable regulation of the transpor-
tation of these materials, the package standards for the low hazard
materials are made less stringent than the package standards for higher
hazard materials Such a regulatory stance appears reasonatle from both
the views of properly protecting the pub]ic-ngalth and safety and of
refraining from imposing ndue economic burden\an individuals using the

transportation system for commerce in these materials.

This stance was adopted many years ago by the regulatory bodies in the
United States Federal government and by foreign nations through the
International Atomic Energy Agency (IAEA). The IAEA has adopted a signi-
ficant number of definitions, rules, and advisory c.ncepts which provide
for safe transportation of low hazard radioactive mat.:rials without
requiring exacting package standards. Most nuclear nations have adopted
outright or have essentially incorporated the IAEA regulatory system into

their regulatory systems. The United States is one of these nations.gl
In the United States, the U.S. Department of Transportation (DOT) and the

U.S. Nuclear Regulatory Commission (NRC) share che responsibility for

regulating safety in the transpertation of radioactive materials. Other
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government entities, such as the U.S. Postal Service, the States, and
some local governments, also regulate this activity, but their regula-
tions in most instances are compatihle with the regulations of the DOT
and the NRC. The DOT and the NRC partition their overlapping responsi-
bilities by means of a Memorandum of Understanding, agreed to in March
1973, but now under revision. The regulations of these twe bodies
regarding the transportation of such low hazard materials as those
discussed above are essentially patterned after the 1967 IAEA requla-
tions. As explained in Neference 3, the IAEA has revised som= of these
regulations in 1973 and the DOT and the NRC are now in the process of

revising their regulations to reflect the changes.

Briefly, the current regulations of the U.S. agencies apply in part to a
class of materials called Low Specific Activity (LSA) material, which
includes by definition unenriched u~anium and thorium ores and concentrates,
materials in which the radioactivity per unit mass or per unit volume is
less than prescribed limits, and solids bearing surface contamination in
less than prescribed densities. The concept underlying the regulation of
the safe transportation of these LSA materials is that the concentration

of radicactivity is low enough to obviate the requirement for rigorous
packaging standards. The low concentration of radicactivity conceptually
renders the material "inherently safe," considering radiological effects

of the material, because it s highly unlikely, under any circumstances
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arising in the transportation of these materials, including accidents in
which the material is released to the environment, that a person could
take in enough material to produce a significant radiological effect.
Consequently, only minimal packaging standards are necessary; operational
controls may be used to supplement these standards to achieve safety in

transportation.

II1. ASSESSMENT OF REGULATORY ASPECTS OF TRANSPORTATION ACCIDENTS INVOLVING
RADIOACTIVE MATERIAL

A. Preparation of Radioactive Material for Shipment

1. Packaging of Low Specific Activity Radiocactive Material

a. Material Form
(1) Bulk material

Bulk solid low-level radiocactive material may mean

0 ores of uranium or thorium (material as it comes out of the g.ound),
or

0 concentrates, physical or chemical, of ores of uranium or thorium
(material--commonly called yeilowcake or greencake-- subjected to
physical or chemica’ ‘ractive processes and which may be granular,
fine or chunky, or evaporated precipitate), or

0 extracted product uranium or thorium (material that has been refined,
but not enriched or irradiated and which could be monolithic metal

or granular solid), or
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0 radioactive material in which the radioactivity is essentially
uniformly distributed with estimated small average value of concen-

tration.

Packaging requirements for this material are minimal because of the small

radioactivity involved and because of the solid nature of the material.

Bulk liquid low-level radiocactive material may mean

o Radioactive water (tritium oxide) in aqueous solutions, or

0 Slurries of ores of uranium or thorium or concentrates of these
ores, or

0 Aqueous solutions of unenriched, unirradiated uranium or thorium, or

] Aqueous solutions of radioactive source, byproduct, special nuclear,
or waste material in which the concentration of radioactivity is

smaller than regulatory limits.

Packaging requirements for this material are minimal because of the small
concentration of radioactivity involved. Since the liquid form increases
the probability of release, some types of shipments require preventive
measures, such as use of a Type B package or use of binding materials or
enough absorbent material to soak up twice the volume of the liquid
radioactive contents of a package. Liquid radioactive material does not
differ much from solid radioactive material with respect to health effects.

The main difference is that liquid material is more difficult to contain.
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(2) Contaminated solids

Contaminated solids may include sections of decommissioned reactor or
fuel cycle facility process piping, ventilation ducts, housings, manu-
facturing equipment, and other components. Such material could also be
empty vials of radioisotopes used in the practice of medicine or any
number of waste items. Packaging requirements for these materials are
the same as those for bulk material. Limits are set on fixed surface
contamination, since health effects from contaminated solids released
from a package in an accident are limited primarily to radiation field
effects and skin contamination transferred by touching the contaminated
solids. Under the regulatory requirements, the surface radioactivity is
not readily dispersible and the amount of radioactivity is small; conse-

quently, health effects are very small.

b. Package Designs
(1) Philosophy

The required integrity of the packaging should rightly be a function of
the hazard that the radioactive mater.al represents tn people. The
radioactive materials for which packaging improvements are under study in
this report are called low-level radioactive ma.erials because either the
total quantity of radioactivity within a given lot of material is small
or the concentration of radioactivity is small by virtue of the uniform
or nearly uniform distribution of radioactivity throughout the material.

Small total radioactivity and small concentration of radioactivity both

mean small health effects, even with the premise that no threshold exists

660 255
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in the number of health effects predictad from a given dose of radiation.
Consequently, packaging requirements for lTow-level radivactive materiais
are less stringent than those for materials containing larger gquantities

of radioactivity.

In 1959, the regulations in force for the safe transportation of radio-
active material provided a means whereby radioactive ores, slag or resi-
dues from processing could be carried in bulk or in sacks or other
packaging subject to a radiation control limit. When the IAEA panel
convened in 1959 to review the international regulations for transpor-
tation of such LSA materials, both considerable experience and increasing

shipping requirements existed.

The panel faced the problem of deriving a definitive basis by which
transportation of these materials would be regulated safely but not be
unduly rastricted. The panel's solution was the concept that LSA materials
must be inherently radiologically safe, that is, under any circumstances
arising in transportation the possibility must be inconceivable of a

person taking in enough radioactive material to cause significant internal
radiological health effects. The resulting main purpose of the packaging

is to facilitate such handling and transportation.

The initial thinking was that inhalation of more than 10 milligrams (mg)

of any radionuclide by any individual during a single exposure was

TR
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unlikely.il This quantity was considered to pe the maximum mass likely
to be inhaled in a short time. Inhalation by a working person of this
much material requires breathing for 50 minutes an atmosphere laden with
10 mg of the radionuclide for every cubic meter (n3) of air, assuming the

breathing rate for a working person is 20 liters per minute (2/min).

Inhalation by a non-working person of this much material would require
twice as much exposure time; for heavy exertion the breathing rate would
increase by about 50 percent so the exposure time would decreise from 50

minutes to about 30 minutes.

Such a concentration represents an extremely dusty atmosphere, as might

occur inside buildings.éf For comparison, a typical dusty industrial

3. &/ and the

3. U

atmosphere has a dust concentration of about C.33 mg/m

average dust concentration in metropolitas districts is 1.4 mg/m
Inhalation by a working person of 10 mg of dust in these atmospheres
would require exposure times of 25 hours and six hours, respectively.
Vigorous agitation of dust producing materials can produce dust burdens
of 5000 ng/n3, but most of the dust settles to the ground within five
minutes.gl If a working person were to breathe in this atmosphere for

five minutes he would inhale about 500 mg of dust.

If the Colorado accident had produced a uniform dusty atmosphere compar-

able to that produced from vigorous agitation of dust producing materials,
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the volume of air with this large a conceiitration can be seen to be

small. Assuming all the material spilled on the ground, 7000 1b, was
unifermly distributed in a hemisphere above a plane surface with a concen-
tration of 5000 ng/m3. one finds the radius of the hemisphere to be about
70 m (220 ft or 75 yd).

The earliest reported measurenentg/ of the largest concentration of
uranium in air at the site of the accident (enclosed area sample) was
about 6.1 x 10°'0 microcurie per milliliter (uCi/me), which is equivalent
to 2 mg/m3. During the course of the zleanup operations, this measurement
increased to about 3.8 x 1078 uCi/m1, equivalent to 125 mg/m>. The

-10

largest reported open area measurement was about 3.1 x 10 pCi/ml,

equivalent to 1.0 mg/m3. The largest measurement on the perimeter of the

10 LCi/m1, equivalent to 0.3 mg/m>, which

working site was about 1.1 x 10
can be compared to the typical dusty industrial atmosphere above. However,
this concentration is a peak vzlue. The arithmetic average of all 26

perimeter measurements reported is about eight percent of this peak

value.

Considering the long exposure times required to inhale 10 mg of a radio-
nuclide for the low atmospheric concentrations actually messured in the
1977 Colorado yellowcake accident, the initial thinking of the IAEA panel
about the small chance of such inhala*ion is confirmed for this case.
However, 'he IAEA panel eventually chose an arbitrary upper limit of one

mg for possible individual inhalation as the basis for defining LS5A
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materials in the 1961 IAEA regulations. The reason for this change in
basis had to do with differences in dose commitment assumptions in estab-

lishing the radiotoxicity classification scheme for radionuclides.il

The 1973 revision of the IAZA regulations introduce further changes in
the definition of LSA material. Each radionuclide is individually classi-
fied by radiotoxicity 'nstead of by groups of radionuclides. Generally
speaking, the concentrztion limits for most LSA materials are increased,
since the previous concentration limits for each transport group were
restricted by the most radiotoxic member. This relaxation is compensated
by & decrease in the volume permitted in the definition of LSA material

tc the minimum volume to which the material can be reduced under condi-
tions Tikely to occur in transportation, such as dissolution in water
with subsequent recrystallization, precipitation, evaporation, combustion,
aprasion. etc. The environmental impacts of these changes are judged to

be negligible.g/

In the United States, both the NRC and the DOT have authority t prescribe
improved package performance standards under normal as well as accident
conditions of transportation. At prezent, low specific activity (LSA)
materials, such as yellowcake, are most commonly transported in exclusive-
use vehicles, using non-prescripton “strong, tight packages" (see 49 CFP
173.392(c)(i)). Shipments of LSA materials in other than exclusive-use
vehicles are, however, required to be in packages which must comply with

the performance requirements for “Type A" packaging, i.e., designed to



withstand prescribed environmental and test conditions foi normal trans-

portation. However, neither strong, tight packages nor Type A packages
are inherently designed to withstand savere accidents, as would Type B
packages. The risk of damage to public health and szfety from the trans-
portation of LSA materials is very small although the number of LSA
packages shipped each year is large. Assessment of the health and safety
consequences of an accidental spill of such material indica.es that a
requirement for more accident resistant packaging than currently used is
not necessary. However, transportation experience and incident report
data do suggest that the non-prescription strong tight package authori-
zation for LSA material does not in some instances result in desired
package performance under normal transportation conditions. Accordingly,
the DOT intends to issue in the near future a proposed rulz-change which
would impose a requirement for use of Type A packages for both exclusive-
use and nonexclusive-use shipments of LSA material. This propesed change,
wnich was under consideration prirr to the Colorado incident, can be
expected to significantly enhar performance of packages used in ship-
ments of LSA materials, and to some extent even their accident resistance.
In the following discussion, ways to improve the accident resistance of

LSA packages, particularly yellowcake drums such as were involved in the

Colorado accident, are considered.
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(2) Orums
One packaging design for transporting low-level radivactive material is a
metal drum. In the Colorado accident, 55-gallon steel drums with lids
secured by bolted steei ring closures were used for a shipment by Exxon
Minerals Company of bulk solid uranium concentrate, commonly called
yellowcake, which is LSA material by definition. Twenty nine of the 50
drums failed in the accident by loss of the lid. w: 12,000 1b of the
40,329 1b total load were actually spilled, so that failure of 58 percent
of the drums resulted in a spill of 30 percent of tre load The average
loss from each opened drum must have been about 414 1b, meaning that the
average release fraction from each drum was about 52 percent, since the
average content of each drum was about 800 1b. Undoubtedly some of the
drums might have been severely smashed and possibly ruptured, say by
failure of a wail seam or bottom weld, but the 1id loss is clearly the

mechanism chiefly responsible for such a large release fraction.

(a) Closures
Tests have been carried out to study ways of improving drum closure
nethods to prevent such spills in accidents.lg/ These tests were
conducted on a drum of slightly different design than the strong indus-
trial drum invoived in the Colorado accident, but significant error will
probably not be introduced in applying the results of these tests to an

ordinary 55-galion steel drum.

640 2:
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Most of the tests in the program consisted of free drops of the loaded
drum from a height of 30 feet (9 meters) onto a flat, essentially
unyielding surface with the drum oriented in such a way as to maximize
the probability of maximum damage. The package design must also pass a
thermal test in which the package is exposed to a thermal radiation
environaeﬁt of 1475F (802C) temperature for 30 minutes. However, since
thermal tests for each container were not feasible in the program, a
failure criterion was established by which the package would be considered
failed if the Celotex acking material within the drum was visible after
the drop test, since it would then be vulnerable to a fire in a real
accident. This failure criterion allows use of the test results for
nonspecified industrial drums, since failure of only the drum component

of the test package is indicated.

Su‘ficient testing was performed to determine the maximum or minimum

values of weight of the package required to observe this failure criterion.

Different methods of drum closure were tested; these mcthods are described

as follows:
1. Standard 1id with bolted lock ring;
2. Standard 1id and bolted lock ring with a steel sheet extension

welded onto the inner side of the 1id and which fits inside the drum

(Figure 1);
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3. Standard 1id and bolted lock ring with an inner 1id inside the drum.
The inner 1id is a flat steel sheet with a steel sheet extension of

varying width welded ontc the underside of the inner 1id (Figure 2);

4. Standard 1id fastened to drum with varying number of equally spaced
C-clampswith and without the bolted lock ring (Figures 3a,3b);

5. Standard 1id with a modified bolted lock ring, either by clips
welded to the underside of the lock ring, by clips welded to the top
and bottom of the lock ring and alternately spaced, or by a steel
sheet extension fitting around the outside of the barrel and welded

onto the underside of the lock ring (extended lock ring; Figures

4a.4b)

6. Standard 1id with a bolted extended lock ring with moulded rubber
gasket fitted tightly over the 1id/container interface and compressed

underneath the extended lock ring (Figure 5).11/

Crush tests were also conducted on specimens representing closure methods
1-4. These tests consisted of applying static loads to loaded drums
lving on the side, noting deflections and structural reactions with
increasing loads until the failure criterion of visible internal packing
was obtaned. The load was evenly distributed over the drum by means of

an aluminue piate
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Square Head
Set Scrow

Figure 3a. C-Clamp With Lock Ring

Figure 3b. C-Clamp Without Lock Ring
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8 Ton Clips

7 Bottom Clips

Figure 4a.

Details of Top and BSottom Clips Welded to Lock Ring
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Weld

Clamp Ring
Extension

4b. Extension of Lock Ring

Moulded Rubber Gasket

Weld

Clamp Ring
Extension

Figure 5. Sketch of Drum Closure Design
(U.S. Reg. Pat. No. 3,790,020)
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The test results are summarized in Table III for our assessment purposes
here. More comp’<te discussion of the tests, packages, and closure

designs is given in Reference 10.

For comparison, two drums which would be considered strong industrial
packaging were subjected to the 30-foot drop test. At package weights of
800 and 600 pounds, the lock ring and 1id were completely pushed off the
drum, a severity o failure that w» not experienced by the DOT Specifica-
tion 17C drims in any of the other tests. These two data points suggest
that package: meeting Type A package standards (normal transportation
conditions) are significantly more .ccident resistant than are strong
industrial pac¥-ges. The magnitude of the weight for failure, however,

is approximately the same for the 17C and industrial containers, s these
data points also weakly support the hypothesis that these 17C test res.lts

can be transferred adequately to a strong industrial drum.

The 3andia report lists several conclusions and rates the different
closure methods according to several criteria. These conclusions and

ratings are reproduced in Tables IV and V.

These conclusions and ratings indicate that feasible means to increase
accident resistance of LSA drums are available. Such simple closure
method improvements would not prevent accidental spills entirely, but

they would limit the accidentally spilled material to small quantities.
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Table 111

SUMMARY OF TEST RESULTS AND COST INFORMATION &
ON CLOSURE DESIGNS FOR DRUMS CONTAINING RADIOACTIVE MATERIAL

Closure Design
Modification Package Weight (lgs) for Static Force (Ibs) for Fatlure Estimated Unit Cost H)
100 Unit t

Modification to to Standard Failure Criterion® to be Criterion to be Obsr'ved
Standard Lid Lock Ring Observed in Impact TestC in Crush Test Order Order
1. MNone None > 600 110,000
2. Extension None >1500 120,000 (failure 45.00 33.75
shirt, 6-inch at bottom of drum)
3. None, plus None ,
skirted inner i
Yid o
a. 4-inch skirt 975 - '
b. 6-inch skirt >1000 120,000 (failure 60.00 45.00
of bottom of drum)
4. None C-clamps
a. 6 C-clamps >1000 105,000 15.00 15.00
with lock-cing
b. 12 C-clanps with 1000 - 9.00 9.00

no lock ring

-.\‘Adapted from Otts, John V., “Special Closure for Radioactive Shipping Container," SAND 75-0517, Sandia Laboratories,
wn Albuquerque, NM 87115, (March 1976).

d’lf the internal packing material was visible after the impact or crush test, the package was considered failed, since
it then would be vulnerable to fire.

CThirty foot (9m) drop of the loaded package onto a flat, essentially unyielding surface, with package in orientation
deemed to produce the most damage.
. d

Static lcad applied to loaded drums lying on the side, the load being evenly distributed over the drum by means of &
aluminum plate.
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Table 111 (Continued)

Cleosure Desi
agdif!cation Package Weight (1bs) for Static Force (ibs) for Failure Estimated Unit Cost g*[
t

Modification to to Standard Failure Criterionb to be Criterion to be Observed
_ Standard Lid Lock Ring Observed in Impact Test® in Crush Testd Order Order

5. None Clips and
extension skirt
a. 6 clips under-
neath standard
lock ring 700 - 45.00 33.75
b. No clips with
extended lock
ring 700 - 45.00 33.75
c. 8 clips alternately '
above and below 3
standard lock ring 750 - 60.00 45.00 .,

6. None Extended lock ring
plus inserted moulded
rubber gasket (U.S. Reg.
Pat. No. 3,790,020)  >1000 14.00% 12.60%

€Correction to Reference a included in a letter from Harry H. Fine Associates to Mr. Charles E. MacDonald, U.S. Nuclear
Regulatory Commission, dated May 4, 1978,

L
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Table [V
CONCLUSIONS OF SANDIA DRUM TEST STupy?

1. The critical container weight of a standard 17C closure is 600 pounds.

2. The critical container weight of a standard 17C container, neglecting
closure, is a minimum of 1000 pounds.

3, The "six-inch 1id extension" technique strengthens the 17C closure to
a critical container weight of 1500 pounds minimum.

4. The "six-inch internal 1id" technique strengthens the 17C closure to
a critical . ntainer weight of 1000 pounds minimum. A four-inch
internal 1id protects to 1000 pounds maximum.

5. The “C-clamp" technique strengthens the 17C closure to:
a. 1000 pounds minimum with six C-clamps over the lock ring, and
b. 950 pounds maximum with 12 c-clamps and no lock ring.

6. The "clip" technique, using eight clips on the top and bottom of the lock
ring, strengthens the closure to 800 pounds maximum. The technique was
not pursued beyond this point.

7. The closure manufactured under U.S. Reg. Pat. No. 3,790,000 strengthens th
17C closure to a critical container weight of 1000 pounds minimum.

8. The 17C 1id closure fails a crush test at 110,000 pounds static load,
while the 17C container battom fails at 120,000 pounds.

3, Both the "six-inch 1id extersion” and "six-inch internal 1id" techniques
extend the 17 C closure failure beyond the container bottom capability
of 120,000 pounds static load.

10. Using six C-clamps and lock ring, the "C-clamp" technique fails to
improve the normal 1id closure crush limit of 110,000 pounds.

aOtts, John V., "Special Closure for Radioac ive Shipping Container,"
SAND 75-0517, Sandia Laboratories, Aubuquergue, NM 87115 (March 1976).
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Table V
CL( SURE TECHNIQUES RATED BY CATEGORIES?

Vulnerability
Impact Static Added Redesign Ease of to Operator
Protection Protection Cost Required Assembly Error
tension 1 1 2 No 1 1
" Inner Lid 2 1 3 No 2 1
-Clamp on
ock Ring 3 2 1 No 3 2
(Moulded Rubber
sket & Extended
ock Ring 2 ? 1 No 3 2

Ltts, John V., "Special Closura for Radioactive Shipping Container,"
SAND 75-0517, Sandia Laboratories, Albuguerque, NM 87115 (March 1976).

Categary 1 is the best of three categories.
This closure was designed and patented under U.S. Reg. Pat. No. 3,790,020.

J
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The risk to public health and safety from accidents to shipments of LSA

materials is quite small. In NUREG-0170 (Table 5-9, p. 5-34), the

highest such risk is represented by an annual expectation of 7.x 10-4
latent cancer fatalities per year for 1975. This risk derives from

trunsportation accidents to shipments of packages of mixed fission products
and mixed corrosion products (MF + MC (LSA) in Table 5-9). The corre-
sponding risk from yellowcake shipments (U308 in Table 5-9) is nearly ten
times smaller. This discusson illustrates that the value of taking
regulatory action t. zrctecy against accidents involving LSA shipments

can vary depending on the details of the shipments, but in no case is the
existing accident risk or the consequences of a single accident so high

that action need be ‘aken without regard for its cost-effectiveness.

The cest-effectiveness of requiring these improvements in drum closure
met'iods may be examined by comparing the cost of the improvements with
the possible savings in radiological dose and with the cost of decon-
taminating the area affected by the spill. In this cost-benefit analysis,
different parties pay the costs or reap the benefits. The shipper might
be assessed the cost of improving drum closures, but the public as well

as carrier and rescue personnel, who might be Federz), State, local
government, or possibly shipper employees are saved the radiological

doses from spills that the closures would minimize; the carrier is saved
most of the cost of decontamination from the resulting minimization of

spills.
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Costs of Improving Lrum Closures

Cost of all improved packages for one shipment

From Table III, the cost of improving drum closures varies from
$12.60-$60 per drum. This cost is significant when compared to the
probable price range of $10-520 for a single drum. The drum contains
valuable material, but this value does not enter the cost effectiveness
consideration because none of the material would be lost in an accident
in which the spilled material is recovered. Ir the standard shipments
model developed in NUREG-0170, a standard shipment of drummed yellowcake
was estimated to hold 40 drums. In the Colorado accident, tne trailer
was loaded with 50 drums, which is probably as large a shipment as occurs.
The cost of providing all improved packages for one shipment is then

$500-$3000.

Cost of all improved packages for one year

Since every shipment does not encounter an accident, more than one ship-
ment's worth of drums must be improved to realize the savings in cleanup
costs or radiological dose. If enough drums were improved for one year
of shipments, which was estimated in the standard shipments mode! of
NUREG-0170 as 5.4 x 104 drums by truck and 6.6 x 104 drums by rail, or
120,000 drums in all, the cost would be 1.5-7.2 million dollars.

4D
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Some of these improved drum closures could be used more than once. For a
projected mill capacity of 1000 tons of ore daily.lg/ about 25 shipments
are required per year. If the cost of improving drum closures is incurred
only for the first of these shipments, then the optimal first-year cust

is $60,000-3290,000. The actual range of first-year costs probably lies
between these extreme ranges. If a typical improved drum closure is used
for ten shipments, the first-year drum closure improvement cost would be

$150,000-$720,000.

Cost of all improved packages for one severe accident

If the improved drum closures could be used under normal conditions
indefinitely without replacement, the costs for a year's supply of
improved closures wou'd be incurred initially and the costs for improved
closures in the damaged shipment would be incurred after each severe
accident. However, if an improved drum ciosure can'only be used 10-25
times, as assumed above, then a year's supply of improved drum closures
must be purchased each year or more often. Since the severe accident
rate implies that the time between such accidents is about ten years,gg/
the annualized cost of improving drum closures is represented by the
first-year cost discussed above plus one tenth the cost of providing all
improved drum closures in the damaged shipment (assuming the entire

shipment is damaged in the accident). For the assumed optimum case, the

annualized cost would thus range from $60,050 to $290,300.
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Savings in Radiological Doses

In the Colorado accident, a total of 44 persons were exposed to uraniua
and 126 samples of urine were taken. Nine of these samples showed concen-
t:atinns larger than the detectable 1imit of 10 micrograms uranium per
liter of urine (ug/2), but the maximum concentration was 18.1 ug/2.= 8/

For comparison, the normal concentration in individuals with no known
exposure to uranium has been found to vary from C.03-0.3 pg/2.—= 12/ In
guidance now under development, 13/ a value of 130 uyg/2 obtained within
two weeks following a single intake of yellowcake is used to indicate
possible chemical damage to kidney tissue. This value roughly corresponds
to a blood content of 2.7 mg uranium, which corresponds to a weekly
average of the limiting concentration for kidney damage (3 pg uranium/g
kidney,. In the literature, "one case of acute inhalation exposure
'seemed to produce albuminuria [water soluble protein in the urine]’

where the urinary excretion rate was 2 mg/2, which ¥s equivalent to 4.2

mg instantaneously iniected into the blood."lﬁ/ Other estimates of blood
content ranging from one mg to 14 mg with either no observed effects or

observed effects judged as safe have been discussed in the literature.li/

The maximum concentration detected translates to a lung dose commitment
(total radiation dose-equivalent to the lung that will be received from
an intake of radioactive material during the 50-year period following the

15/

intake) of about 450 millirem (mrem). a small lifetime dose. The

total population lung uose frem this accident is estimated to be 7.5

man-rem. To convert these lung deses to whole body deoses, we note tha

(qu; -
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inhalation of one microcurie (mCi) of yellowcake dust results in a lung
dose of 47.3 rems and a whole body dose of 1.17 ren.lﬁ/ Applying this

ratio to the lung doses above, the largest individual whole body dose ic
found to be 11 mrem and the total population whole body dose is found to

be 0.19 man-rem.

The NRC regulations provide that until better information becomes avail-
able, measures taken to reduce popuiation exposure from nuclear reactors
need not cost more than $1,000 per nan-ren.lz/ In the case of the
Colorado accident then, improvements in drum closure methods are not
cost-effective unless they are sure to save 0.2 man-rem for each accident
of the Colorado severity and do not cost more than $200 for each such
accident. The corresponding annualized reasonable expenditure for saving

radiological dose is $20.

Savings in Cleanup Costs

The cost of cleaning up the Colorado accident has been estimated at
SlS0,000-SZO0,000.lg/ The annualized cost for each such severe accident
would be $15,000-$20,000.2%/

Cost-Benefit Comparison

Comparison of the annualized costs discussed above for improving drum
closures to the estimated total costs of cleanup for the Colorado spill

of yellowcake indicates that such an improvement could be cost-effective

(}‘ﬁi
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only if the least expensive closure method is used and if individual drum
closures are reused sufficiently often. The actual management of drums
may work against these efficiencies. For example, some drums of yellowcake
may be stored temporarily at the conversion plant rather than returned
empty ba « to the mill, as is necessarily assumed in these estimates.

Such storage would either require that new drums be outfitted with new
closures or that the improved closures be removed from the drums going

into storage and reused on drums actually in transit. The stored drums
must then be outfitted with standard closures. Al] these extra operations

would increase the costs.

In summary, on comparing the optimum annualized drum closure improvement
cost range of $60,050-$2590,300 to the annualized estimated cleanup cos®
range of the Colorado accident, $15,000-$20,000, and the corresponding
annualized reasonable expenditure for saving radiation dose, $20, the

improvement of drum closures does not appear to be cost-cffective,

(b) Gauge
The strength of a package constructed with 3 specific shape and material
is defined by failure criteria associated with different types of loading.
Since many types and combinations of loads can be produced in a transporta-
tion accident, it is not possible tc give specific statements about
strength as a function of gauge thickness but, in general, strength of a

material increases with thickness of the material. For a thin walled

4
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cylindrical vessel (e.g., a drum), the strength with respect to uniform
axial and internal pressure loads increases linearly with thickness. The
buckiing of long thin cylinders with respect to axial loads also varies
linearly with thickness but for external pressure loads, the buckling
varies with the cube of thickness. Under accident crush conditiors, the
defcrmations of a thin-walled cylinder would usually be local and the
bending strength of the cylinder would be most significant. Bonding
strength of a material generally increases with the square of the thick-
ness of the material. Under impact loading, increase in strength with
wall thickness is probably not as important as for these static loads.
For drop tests of drums of LSA material, a much greater fraction of the
energy absorbed by the package during impact may go into deformation of
the contents than of the drum walls. The effect of increasing wall

thickness may thus ot be significant.

2. Shipment Configuration

a. Tie-Down Systems
For an exclusive use shipment of packaged LSA material, the DOT requires
bracing to prevent leakage or shift of lading under conditions normally
incident to transportation (49 CFR 173.392(c)(5,6)) and prohibits any
loose radioactive material in the vehicle. Usually these requirements
are met by close packing of closed packages. No tie-down system is

snecifically required tc meet these requirements.

oy




Assuming the Colorado shi-ment was braced according to DOT rules, the
bracing was partially effactive in keeping some of the barrels in the
truck. If tiedowns h-u been required, all the barrels would likely have
remained in the truck. Would the top of the truck have been punctured?
If not, then even if the barrels had spiiled their contents, the contents
would have stayed in the truck. I7 so, then the tiedown req. rements
would not be as effective as planned because material would still be
spilled on the ground, although the amount of spillage would probably be

decreased from that which actually occurred in the Colorado accident.

Two possible simple arrangements of restraining apparatus are considered
here. Other arrangements are conceivable but probably would be more
complicated and thus less cost-effective. One arrangement is a bar or
cable nlaced across the top of a row of drums in each layer of drums
within the cargo space of the vehicle. Another arrangement is a bar or
cable separating groups of drums, say two rows in each layer, to spread
crushing forces evenly among a number of drums thereby preventing damage
to drums loaded in the front of the vehicle from the crush loads of those

pu.ning forward from the rear.

Either arrangement of such restraining apparatus is estimated to cost
$1,000 for a single vehicle (truck or rail car), but could be reused
perhaps 25 times a year (for a typical uranium mill} and may last 20

years. In the standard shipments model of NUREG-0170, the number of

(40
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yellowcake shipments is estimated to be 3,000 for 1975 and 12,000 for

1985. Assuming a constant rate of increase and assuming that restraining

devices are required, the number of vehicles that would have to be out-

fitted the first year (1975) is 120 and for each of the first 20 years

afterward is 36. Uuring the second 20 year period, the number of annual

installations would include the linear increase of shipping and aiso be

increased by the number of installations made 20 years before (see Table VI).

For example, in 1995 the number of installations would be 156 and in each

successive year of the second 20 year period, the number of installations
would be 72. Consequently, the annual cost of such restraining devices
would vary from $120,000 in the first year to $36,000 in each of the
second to twentieth years to $156,000 i the twenty first year to $72,000

in each of the twenty second to fortieth years and so on.

However, the cost of the apparatus is probably not the deciding factor in
determining the cost-effectiveness of such a system. The crucial costs
would probably be the manpower needed to install the apparatus, which may
vary from 1 hour (for both ends of the trip) for 2 rudimentary system
where the restrainers ciould be connected quickly and the separators are
simply set in place, to perhaps 5 hours where the apparatus is carefully
bolted in place and perhaps prestressed to provide an engineered tiedown
system clearly capabie of withstanding accidents. At an average cost of
$5 an hour for three persons, the rudimentary system could be installed

for $15 per shipment and the engineered system could be installed for $75
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TABLE VI
ESTIMATED ANNUAL COSTS FOR YELLOWCAKE
SHIPMENT RESTRAINING SYSTEMS

Installation Cos s ($K)

No. Systems Equipment Rudimentar Engineered
Year No. Shipments Installed Costs (3K) (315/5hipment ) (§7§7§ﬁxpment)

1975 3,000 120 120 45 225
1976 3,900 36 36 58 292
1985 12,000 36 36 180 900
1994 20,100 36 36 302 1,508
1995 21,000 156 156 315 1.575

1996 21,900 72 72 328 1,642
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per shipment. The estimated equipment ard installation costs are
summarized in Table VI. None of these estimates includes the effects of

inflation, which wouid increase tha costs.

As estimated earlier, the pepulation lung dose commitment from the
Colorado accident is 7.5 man-rem. In NUREG-0170, the annual® -~ ected
number of latent cancer facilities from accidents tc yellowcake shipments

3 for 1975 and 3.4 x 10°% for 1985. These

is estimated to be 8.2 x 10°
estimates correspond to annuai population lung doses of 3.7 and 15 man-
rem, respectively. The corresponding annu:i population whole body doses
are 0.09 and 0.38 man-rem, respectively. According to the NRC guide of
not spending mors than $1,000 per man-rem to save that much dose, the
tiedown systems are not cost-effective unless they are sure tn save 0.09

man-rem per year for 1975 and 0.38 man-rem for 1985 and do not cost more

than $90 per year for 1975 and $380 per year far 1985.

If a transportation accident as severe as the Colorado accident occurs no
more often than once every ten years, as predicted from the known accident
rates, then the annualized cleanup costs taken from the Colorado experi-
ence, averaged over that recursion period, would be $15,000-$20,000 per
year. From the foreging discussion, the annual costs of tiedown systems
clearly exceed this range of values. Therefore, requiring tiedown systems
for yellowcake or LSA mater.al shipments does not appear to be a cost-

effective alternative.




b. Vehicle Design

The elements of vehicle design of chief interest in this study pertain to
whather the cargo space is open, closed, or partially closed. A partially
closed cargo space is exemplified by a truck bed with high walls but no
top. The DOT requires that unpackaged bulk LSA material be transported

in a closed vehicle consigned to the exclusive use of the consignor
(shipper), but for packaged bulk material a closed vehicle cirgo space is

not required.

If requirements for tie-down systems were to be introduced without con-
comitant hardening of the package designs, then requirements for closed
vehicies might also be desirable to minimize spillage from the vehicle.
For the restraining systems discussed above, the vehiclie may impose an
additional structural constraint. For example, trucks in normal trans-
portation usage may be able to accommodate the rudimentary gquick-connect
system of bar or cables, but may have to be specially designed to accom-
modate the engineerad prestressed system. The use of specially designed
trucks could be very expen:ive. We have not developed information on
this factor since the engineerud tiedown system does not appear to be

cost-effective, at least not ror yellowcake shipments.

3. Shipment Planning

a. Routing Control
The Department of Transpertation (DOT) has broad authority to regulate

safe transportatiun of all hazardous materials, including radioactive
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materials, in interstate and foreign commerce. Routing control as related

to safe transportation is within DOT's broad authority.

The (nterstate Commerce Commission (ICC) regulates economic aspects of
surface carriers, approving or disapproving routes and rates requested by
carriers. The approval is based on public interest and on noninterference

with other carriers.

The NRC regulates the receipt, possession, use and transfer, including
transportation, of byproduct, source, and special nuclear materials. In
view of the regulatory controls exercised over common and contract carriers
by the DOT, the NRC exempts these carriers from its regulations. In

terms of routing control, the NRC could impose routing requirements on

its licensees and thus indirectly control the carrier routing. Otherwise,
rule changes would be required for the NRC to remove the carrier exemptions

and directly control carrier routing.

The shipper licensee may control routing when he transports his ¢ .n
material or when a contract carrier transports his material. The shipper
may not be able to control the routing of a common carrier because a
shipper-specified route may or may not be authorized by the ICC for that

carrier. The ICC classification recognizes two general types of common

carriers: regular route carriers and irregular route carriers. Regular
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route carriers have fixed routes and, in general, fixed schedules.
Irregular route carriers are authorized to transport goods between origin
and destination with no restrictions on routing. If a carrier wants
additional routes, he may request ICC approval on either temporary (emer-

gency) or permanent bases.

The DOT's motor carrier safety regulations (49 CFR 397.9) require that

Unless there is no practicable alternative, a motor vehicle

which contains hazardous materials must be operated over routes

which do not go through or near heavily populated areas, places

where crowds are assembled, tunnels, narrow streets, or alleys.

Operating convenience is not a basis for determining whether it

is practicabie to operate a motor vehicle in accordance with

this paragraph.
Although the intention - the requirement is well defined, it is not
known how v3hicle operators implement this requirement. Furthermore,
only token efforts are made to determine whether carriers are observing
the requirement. Almost all of the large cities on the limited number of
highways over which yellowcake is transported have by-passes which would
be considered "practical alternatives" to passing through the city centers.
Any yellowcake shipments seen passing through densely populated areas

should be reported tn the NOT for investigation and possible enforcement

action.

In terms of safety, it is desirable to have shipments of radioactive

material transported along routes which present minimum risk. Two cf the
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shipment variables which dirsctly bear on risk are the population environ-
ment 0 .1 accident and the probability of a severe accident. Conse-
quently, two ways to minimize risk are to route shipments to avoid densely

populated areas and to avoid adverse road conditions.

It is not practical to prohibit all shipments of radicactive material
from all densely populaled areas because the benefits from the use of the
material frequently occur in the cities (e.g., in hospitals and universi-
ties). Furthermore, it is not necessarily true that routing around
densely populated areas would have the effect of reducing risk, as will

now be discussed.

In NUREG-0170 "Final Environmental Statement on the Transportation of
Radioactive Material by Air and Other Modes," one alternative to the
present transportation system considered was the restriction of radio-
active material transportation to avoid high population zones by routing
shipments around cities and routing air shipments into suburban airports
rather than urban airports. This alternative produced very small changes
in the estimated radiological risk, out relatively large increases in the

estimated monetary costs of delivering the packages.

dents involving major releases of highly toxic radioactive materials,

such as plutonium or polonium in densely populated areas (extremely low
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probability events) could produce serious injuries and up to 150 latent
cancer fatalities over a 30-year period. Because such shipments are
infrequent and made in accident resistant packages, such a major release
is very improbable, and thus contributes little to the national average
annual impact of transportation activities. Selective routing of high-
consequence shipments might be useful in reducing consequences of severe

accidents and apprehension about such accidents, but would have very

little effect on the overall risk.

It is desirable for shipments of radioactive material to avoid routes
that are designated dangerous by local or state authorities, for example,
highways covered by snow and ice, highways covered by oil or other
chemicals, routes under attack during civil unrest, highways with load
limitations, wea. bridges, narrow passages, or roads under flood or
landslide. Routing restrictions regarding local temporary conditions are

generally imposed by local authorities and are not considered further

here.

Based on the detailed assessment in NUREG-0170, the risk to public health
and safety from shipments of LSA material, including yellowcake, is very
small essentially because of the low concentration of radioactivity
distributed throughout the material. In view of the limited number of
routes normally used and of the low risk, no additional controls appear

to be necessary for yeliowcake shipments.

640 203
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For other radioactive materials, the matter of routing control is presently
under separate studies: the NRC environmental statement on transportation
of radionuclides through urban environs and the DOT public rulemaking
proceeding on the routing of highway movements of radioactive materials.
The draft NRC environmental statement is expected to be published for
comment in 1979.223/ The DOT rulemaking proceeding can be anticipated

to take about two years.ggg/

b. Speed Control
One of the fundamental causes of transportation accidents is excessive
speed. All State and local governments post speed limits to control both
the accident rate and the severity of accidents that do happen. The
Federal government supports State speed 1imits on its system of inter-
state highways through its funding of State maintenance programs on these
highways. The possibility of additional Federal controls on speed has
been suggested in Conqress.gl/ However, in view of the existing speed
limits and the excellent safety record for transportation of radioactive

materials under these limits, any additional regulations or licensing

conditions on this matter appear to be unwarranted.

c. Advance Notification
The DOT has the authority to require carriers or shippers to notify the

DOT of shipments of radioactive materials in interstate and foreign

commerce. The NRC has the authority to require its licensees to do the




same for shipments of NRC licensed materials. State and local juris-
dictions can also, under their police powers for protecting their citizens,
require shippers or carriers to rotify them in advance of shipments of

radioactive materials passing through their respective jurisdictions.

In the 1960's, the Atomic Energy Commission (AEC), on a trial basis,
required licensees to notify it in advance of each shipment of spent
fuel. The AEC in turn notified each State through or into which each
shipment would go. After a few months, the procedure was discontinued
because the States seldom used the information and scon expressed lack of
interest in that information. The effort required to administer this
notification system was significant for the small number of shipments
involved, primarily because of frequent changes in the timing and routing

of the shipments.

The NRC currently requires licensees to nctify NRC Regional Offices seven
days in advance of licensed shipments containing certain quantities and
types of special nuclear materials (10 CFR 73.72). After such notifica-
tion, the Regional Office may inspect these shipments for compiiance with

the applicable Federal regulations.

Recently, several States have required advance notification of certain
shipments. They have imposed such requirements through State legislative

or other procedures or in some cases obtained such commi*ments through

e
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informal agreements with individual reactor operators. State or local
requirements for advanced notification of shipments of quantities and
types of special nuclear material prutected in accordance with NRC
regulations or DOE directives should not be imposed; such reguirements
may conflict with certain Federal restrictions related to controlling

sensitive information pertaining to such protected shipments.

In the IAEA regulations for the safe transport of radioactive materials
(1973 revision), advanced notification of the national competent authority
is required for transporting through or into a country shipments of large
Type B packages fur which only unilateral approval is required, all Type

B packages for which multilateral approval is required, Fissile Class III
packages, and packages transported under special arrangements.glé/ The
DOT is working on amendments to its regulations to make them consistent
with the 1973 IAEA reguiations. A requirement for advanced notification
of international shipments similar to the IAEA requirement will likely be

proposed by the DOT.

Advance notification may or may not affect safety, depending on the
subsequent actions taken by State or local jurisdictions in respoise to
such notification. For example, upon notification, if the State takes
action such as to provide pclice escort, to notify State and local health
authorities, or even *o keep a close watch on the shipment, the notifica-

tion could reduce the likelihood of an incident and could assure early
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response of emergency crews if an incident did occur. However, based on
the assessment of NUREG-0170, such improvement in safety wouid be small.
On the other hand, if no action is taken, the notification would merely

represent a transfer of information and no improvement in safety would

result.

The cost of notification would be high if all types of shipments were
included in the procedures. About 2.5 million packages of radioactive
material are shipped each year in the United States.gﬁ/ However, ship-
ments of small quaniities or shipments with limited potential conse-
quences even though released, such as those on which “his report is
focused, could be excluded from such 2 requirement. Uue to the
documentedgg/ large number of shipments of low-level radioactive material
compared to shipments of high-level radioactive material, notification
for shipments of low-leve! radicactive material does not appear

cost-effective.

4. Up-to-Date Transportation Data System
Collection of shipment data does not directly improve transportation
safety. However, such information is necessary to estimate, either on a
national or regional basis, the risks to society from transportaticn and
the impact of changes in the safety requlations on shipments. An occa-
sional survey involving a significant sample of shipments made in the

U.S. may be sufficient tc satisfy this need for such information. A

(;430 ’AZVZ
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system for maintaining up-to-date transportation data would not contribute
more in terms of safety than a selected survey because the volume of
shipments is large and does not vary significantly from year to year. If
any type of shipment increases significantly, a separate survey may be

conducted to obtain information on that specific type of shipment.

The NRC has the authority to require licensees *o report data on shipments
of lTicensed materials. However, any reporting requirement must be cleared
through the General Accounting Office (GAO). The GAO will consider each
request for approval on criteria such as: the need and purpose for
requesting the information, availability of that information from other
sources, justification for each item requested, the burden on industry in
providing the information, and the cost to the Federal government for

collecting the information.

In 1975 the NRC contracted with the Facific Northwest Laboratory (PNL) to
conduct a one-time survey of radiocactive material shipments in the U.S.
The data have been used in NUREG-OI70§§/ as the hasis for evaluating the

environmental impact of the transportation of rac oactive materials.

An ongoing study of the environmental impact of transportation of radio-
active material through urban areas will also use the information
extracted from the data collected from the FNL survey. Both regional and
national information may be obtained from the data base through the

computer program system maintained at Sandia Laboratories.
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As part of the NRC safeguards program, a Nuclear Material Information
System (NMIS) is maintained at the Oak Ridge Mational Labcratory by the
Department of Energy (DOE). Each licensee who transfers one gram or more
of special nuclear material, 1,000 kg or more of source material or
certain quantities of byproduct materials, must complete Form NRC 741 and
submit copies to the DOE Qak Ridge Operations Office and to the st ‘pper
within 10 days after the material is received (10 CFR 70.54). In iddition,
advance notification of NRC Regional Offices is required for shipients

containing strategic auantities of special nuclear material (10 CFR ,3.72).

The cost to obtain up-to-date information for all radioactive material
shipments in the U.S. appears to be zrohiibitively expensive. A previous
one year shipment survey conducted in 1975 cost $165,000 in contract
funds, not including the cost to the industry i- providing the requested
information. This study con'acted about one seventh of NRC and Agreement
State licensees. Except for special nuclear materials and source materials
for which the survey period was one year, the survey period for byproduct
materials varied from one week (for shippers with large shipping activi-
ties) to six months (for shippers with infrequent shipping activities).
For a continuous system to collect up-to-date shipment information, the
contract cost is estimated to exceed one million dollars annually.

Accordingly, a system for maintaining up-to-date trarsportation data

should not be imposed.



-52-

4, Hazards Information

A basic aspect in the manacement of the on-scene situation during hazardous
materials transportation incidents is the communication of information to
interested parties on the type of hazardous material, its properties, and
the hei1'th and safety hazards of the material. One means by which basic
information on hazardous materials shipments is conveyed is give: by
Hazardous Materials Communications requirements of 49 CFR Part 172.

These regulations require that shipments of radiocactive materials be
accompanied by a description of each radionuclide contained, its chemical
and physical form, its radioactivity, the label category and transport
index (measure of external radiation levels), and whether the package is
Type A or Type B (accident resistant). These requirements involve a
system of labels for packages, placards for vehicles, shipping paper
description and other package markings. In general, however, these
requirements do not specify the inclusion of detailed information
concerning the nature of the material or precautions to be taken in the
event of its leakage or spillage. The question discussed here is whether
there should be a regulatory requirement that each shipment of radio-
active materials be accompanied by an information packet, with the packet
containing information concerning the hazardous nature of the material,
precautions to be taker in the event of leakage cr spillage in normal or

accident conditions, and notification requirements
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In many cases, huwever, detailed handling instructions are provided
voluntarily by the shippers such as in the Colorado yellowcake spill (See
Appe~dix I1). Another example is in the case of U.S. government shipments
of uranium hexafliouride where it is customary for the shippers to actually
post a set of instructions on the side of the transport vehicle. These
types of instructions can and have been very instrumental in providing
early detailed information on how to handle the material in a spill.
Clearly, however, early information on how to contact the shipper can

alsc accomplish the same result.

For radioactive materials shipments the DOT regulations (49 CFR

172.203(d)) contain an extensive list of “equired information (See
Appendix III). This information is in addition to that required for all
hazardous materials shipments pursuant to 49 CFR 172.200 through 172.202
(See Appendix III). Examination of those sections indicates that consider-
able additional shipping paper detail is already required for radioactive

materials that is not required for other hazardous materials.

It is not clear from the history of past incidents involving low-level
radioactive materials that a lack of detailed information beyond that
already available from shipping paper descriptions has been a serious
contributing factor to either the severity of the event or to its manage-

ment.
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The Depar‘ment of Transportation has previously considered the adoption
of a Hazard Information System (HI) which would enhance the communication
of information on the nature of the hazards of a material during normal
and accident conditions of transportation. The first proposal in 1974
for a HI system scheme was withdrawn in 1975 in favor of a request for
public advice on that system and on 2 number of alternative schemes. A
large number of public comments have also been received. At the United
Nations (UN), the Group of Experts on Transport of Dangerous Goods has
been considering the adoption of an Hl system for several years. It now
appears that the UN group will not aaopt a “ormal HI number scheme but
will base its emergency response information needs on the UN Serial

Number which is assigned and peculiar to each listed hazardous material.

The foregoing discussion serves to illustrate the complexity of the
matter. In this particular issue, the question really involves more than
tne HI system itself, i.e., whether to require something additional tc
labels, placards and shipping paper descriptions, in the form of a HI
code number, but going beyond that to require provisions for an "instruc-
tion sheet" on the hazards of the material involved. In the Colorado
yellowcake incident, the shipper had provided such information (See
Appendix II), and the availability of this data sheet was reportedly very

helpful in enabling the sheriff, first arriving at the scene to contact

the shipper quickly for early advice and instructions.




There does not appcar to be a need to amend DOT regulations at the present

time to include requirements for shippers to provide, and carriers to
maintain during transport, emergency personnel deta‘led instructions on
the hazards of low-level radioactive materials. Tae existing require-
ments for inclusion of shipping paper descriptions appear to be adequate.
Effc.ts by shippers to provide such information voluntarily, especially
in the case of bulk cargos, should however be encouraged. The future
development and implementation of a regulatory reqguirement for additional
communications on the hazards of the materials by means of the UN Serial
Number may provide another means of supplementing the information currently
provided by shipping papers. However, the addition of an emergency
telephone number on shipping papers could assist emergency response in

the event of an accident and should be required.

o Inspection of Regulatory Compliance

Both the NRC and the DOT conduct programs of inspection and enforcement

to assure compliance with their respective regulations. Qverlaps in
responsibilities and activities of the two agencies in regulating the

safe transportation of radicactive materials are addressed in a Memorandur
of Understanding to avoid unnecessary duplication of regulation. This

Memorandum of Understanding is now under revision.

a. NRC Inspection and Enforcement

The NRC Office of Inspection and Enforcement approaches this aspect of

requlation by means of two types of inspection--preventive or routine
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inspections and reactive inspections. During these routine inspections,
NRC inspectors may observe work in progress, check records of all types,
interview people, and, where appropriate, make direct measurements.
Transport activities subject to inspection include quality assurance
during package fabrication, use of packaging techniques, procedures for
opening and closing packages, package maintenance, records of shipments,

and reports of incidents and defective packages.

Reactive inspections are conducted by the NRC Office of Inspectioi and
Enforcement in response to information received by NRC regarding transport
conditions or occurrences involving NRC licensed material. Such informa-
tion may come from routine NRC inspections, from an NRC licensee, or from
a member of the public. The NRC responce to the information depends upcn
the significance of the particular condition as determined by NRC's

independent investigations.

Since 1973, the NRC and its predecessor agency, the Atomic Energy Commis-
sion (AEC), through its Office of State Programs, has been conduc*ing
with the DOT a State Surveillance Program. Under this program, individual
State and local governments contract with the NRC to inspect packages of
radioactive material, the vehicles in which they are shipped, and the
facilities in which they are handled. Twelve States and local governments
have participated in this program. The program provides a means for

these governments to becomr familiar with transportation of radiocactive

660 27

~

7



-57-

materials and with the Federal regulations and provides significant
inspection assistance to the Federal government. The primary program
objectives are: (1) to obtain data on the physical condition of packages
containing radioactive material and the degree of compliance with existing
regulations, (2) to gather information and data co..cerning radiation
levels in the transportation systems work places, {3) to determine radia-
tion doses received by personnel in such work places, and (4) to obtain
data on the extent personnel comply with instructions and regulations for

handling radicactive material packages.

In general, the surveillance programs do not indicate a significant
health or safety hazard to cargo handlers or members of the public due to
the transportation of radioactive materials. Compliance with the DOT
regulations is observed in most cases. In those reported instances of
non-compliance, none of the viclations had any immediate health and
safety significance. These programs have detected a problem with the
routine exposure of employees of freight forwarder firms. Tne partici-

pating States recommend that the program continue.gz/

b. DOT Compliance Assurance

The general objectives of the DOT radioactive materials compliance assur-
ance program are to assure that such shipments are offered in compliance
with the regulations, and that packagings are manufactured, marked, and

maintained as prescribed in the regulations. These compliance objectives



are fulfilled by the programs of the modal operating administrations of
DOT (i.e., the Federal Aviation Administration, Coast Guard, Federal
Railway Administration, and federal Highway Administration), supplemented
by - - *forts of the Materials Transportati.un Bureau (MTB). Specifically,
one of the MTB's compliance objectives is to perform inspection, compli-
ance, and surveillance in the areas not covered by the DOT operating
administrations in their normal operations, particularly intermodal
shippers and packaging or container manufacturers, sellers, recondi-
tioners, and repairers. This involves a specialization of personnel in

the areas of multi-modal regulations and container manufacturer's

requirements.
The operational appruach taken in the MTB's hazardous material compliance
program is believed to he representative of that taken by the other DOT

operating administrations. It is basically as follows:

Analysis Activity

Analysis of compliance information for indication of noncompliance. The
(HMI) Hazardous Materials Incident Reports (DOT Form 5800.1) are the
primary source of data. Indications of carrier violations are transmitted
to the appropriate operating administration. Indications of shipper
violations are handled by the MTB or forwarded to the appropriate modal
operating administration. Other sources of informatisn include MTB field

operations, complaints from the public, and information from oticr 37en-
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Inspection Activity

Information is gathered during compliance surveys of shippers and
container manufacturers as well as by observations of shippers, consignees,

and carriers to detect noncompliance.

Investigation Activity

Information is developed from HMI reports, field operations and compl. *s

from the public.

Enforcement Activitv

Civil forfeiture and criminal cases, as well as compliance orders, are

prepared and issued as cases warrant.

Accident Investigation

Such activity is principally in selected cases, sometimes where technical

expertise is needed concerning the material or packaging involved.

The compliance efforts of DOT in trzasportation of radicactive materials

are an integral part of the Department's overall program in compliance/
enforcement of the hazardous materials transportation regulations. i
Radioactive materials therefore are not specially singled out and treated
separately in this activity. As mentioned earlier, these efforts are

carried out in the programs of the modal operating administrations,

supplemented by the MTB program. In Table VII, the personnel resources

of the Department for 1976-1977 are indicated.
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TABLE VII

DOT COMPLIANCE AND ENFORCEMENT ACTIVITIES

Operating Compliance and Full-Time Hazardous Part-Time Hazardous Total Inspector
Administrations Enforcement Materials Inspectors Materials Inspectors Person-Years
Person-Hours
1976 1977 1976 1977 1976 1977 1976 1977
No. ¥ Time No. % Time

Coast Guard 249,840 193,680 0 0 694 20 7 15 138.8 107.6
Federal Aviation
Admin. 115,200 117,360 22 20 109 39 129 35 o4 65.2
Federal Highway
Admin. 62,280 62,280 9 9 128 20 128 20 34.6 34.6
Federal Railway
Admin, 54,540 40,140 18 16 82 15 42 15 30.3 22.3
Materials Trans.
Bureau 1,800 9,360 0 5 4 25 i 6 1 5.2

Totals 483,660 422,820 4y 50 1,017. - 1,019 - 268.7 234.9

'
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Experience in transportation of radioactive materials indicates that such
materials have been transported very safely. At the present time, the
volume of radioactive shipments is about 2.5 million packages per year in
the U.5.A.2% During the period 1971-1975, i.e., the first five years of
operation of the DOT's hazardous materials incident reporting system
(HMI), more than 32,000 HMI reports were submitted by carriers for all
types of hazardous materials. Only 144 reports, or 0.45 percent, were
indicated to involve radioactive materia]s.gg/ By comparison, 16,406
reports involved flammable liquids and 10,672 involved corrosives, or 5]
and 33 percent of the total, respectively. Of the 144 radioactive
materials reports, only 36 reports indicated any release of materials
from its containment, or unusual radiation levels. The majority of the

incidents involved only minor leakage and radioactive contamination.

When measured against actual experien.e therefore, the DOT believes that
the present level of compliance/enforcement in transportation of radio-
active materials is appropriate, as is the integration of such efforts

into its overall hazardous materials program.

B. Transportation of the Radioactive Material

1. Review of Past Events

Since 1975, three incidents have drawn particular attention, two 1n North
Carolina and one in Colorade. The first was a truck incident involving a

load of low specific activity material being shipped from the Millstone
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Nuclear tacility in Connecticut to Savannah River. When the driver

pulled into a truck stop in North Carolina he noticed that the lid of one
of the crates was 'oose. He immediately called the State Highway Patrol
who in turn called a representative of the Radiological Health office of
North Carolina. This office responded to the scene and determined that a
leakage had occurred of about three tablespoons of water which was slightly
radioactive and came from condensation on some of the metal parts in the
box. The radiological health officer was slightly contaminated but was
able to clean himself off by wasning. The lid was then put back on the

crate and the truck proceeded on its way.

This incident is a good example of the problem of maintaining perspeciive
in transportation accidents invelving radioactive materials. News stories
sent back to Connecticut indicated that a relatively large amount of
radioactivity was released and that the radiological healih officer was
"deluged" with contaminated water. The elected officials in Connecticut
became concerned because the shipment originated there. An NRC inspector,
however, indicated that in his professional judgment the amount of radio-
activity released was insignificant. The State radiological health
officer concurred with this opinion. In thic exampie, concern was gener-
ated by lack of adequate communications and understanding rather than by
health consequences; in short, perspective was lost. Connecticut subse-
quently urged the NRC and t..e DOT to improve reporting of incidents
involving nuclear wastes. The actual response capabilities of the State,

the shipper, or the carrier were not questioned.

e
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The second incident invoived a derailment of 29 cars from a Seaboard
Coastline train at 7:30 a.m., on March 31, 1977, near Fort Bragg and
Rocvingham, North Carolina. Included in the shipment were four 16-ton
casks of unenriched uranium hexafluoride enroute to the Paducah, Kentucky,
gaseous diffusion plant. The UF6 casks were slightly damaged in the
accident and in the resulting fire, but no radiocactivity was released. A

large number of agencies responded to this incident.

The Division of Civil Preparedness of North Carolina was notified at

8:30 a.m. of this accident and the Radiation Protection Branch of the
North Carolina Department of Human Resources was notified at 8:45 a.m.
After preliminary inquiries to the designated consignee, Union Carbide in
Paducah, Kentucky, and to the carrier, Seaboard Coastline in Raleigh, the
North Carolina Radiation Protection Emergency Team departed by Highway
Patrol helicopter, arriving at the accident site at 11:00 a.m. Before
this Team arrived, howaver, the following groups of people had arrived:
(1) State Highway Patrol, (2) County Sheriff, (3) Civil Preparedness Area
Coordinatur, (4) Seaboa 1 Coastline officials, (5) Fire Department, (6)
ambulance and rescue squad, (7) news reporters, and (8) the Fort Bragg

Emergency Ordinance Disposal Team.

As assessment and recovery operations proceeded, the following groups of
people arrived at the accident site: (1) Energy Research and Development

Administration (ERDA) team from Oak Ridge, Tennessee, (2) ERDA team frow

q(
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Savannah River in South Carolina, (3) South Carclina Division nf Radiolo-
gical Healtn Mobile Laboratory, (4) EPA representalivc from Atlantz, (5)
NRC representative from Atlanta, (6) National Transportation Safety Board
representative from Washington, (7) North "arolina Department of Natural
and Economic Resources, Fayetteville Regional "ffice representative,

(8) Union Carbide representative from Oak Ridge, Tennessee, and (9)

Transnuclear, Inc., representative (shipper).

The biggest problem noted in the response to this accident was the lack

of adequate communications. In addition, a critigue of responses following
the accident revealed that (1) without fail al! Federal, State and local
agencies are willing and anxious to respond and provide available resources
to cope with radiation accidents, (2) the prior development of written
emergency response plans and standard operating procedures does drama*i=
cally improve the speed and effectiveness of response by all agencies
concerned, (3) failure to cont’nually update and periodicaily test emer-
gency plans and standard operating procedures does detract from an

agency's ability to respond during emergencies, 4) formal critique of
response to actual radiation accidents represents an effective means of
identifying weaknesses and improving emergency response capabilities, and
(5) more exercises are required, especially cnes involving the activation

of the State Emergency Operating Center in conjunction with field units.

No one mentioned that shippers <*ould develop a response capability.
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The third incident was the spilling of considerable amounts of yellowcake
(uranium oxide) in Colorado in September of 1977 when tne truck carrying
the material collided with three horses. This incident precipitated this
study and is described more fully below. Although no radiclogical casu-
alties resulted from this incident, some people thought the general
response to the accident was inadequate and tnat the ma*erial sheould have

been transported in better packaging.gﬁ/

e Description of the Co}orado Accident

A transportation accident occurred near Springfield, Colorado, about one
o'clock the morning of September 27, 1977, which involved a spill of
radiocctive material called yellowcake (uranium oxide concentrate).gﬁ&gz/
A tracto: rig with enclosed trailer struck three horses and overturned.
The trailer was loaded with 50 steel drums of yellowcake being shipped
from a uranium mill at Highland, Wyoming, to a plant at Gore, Oklahoma,
for corversion to a form suitable for enrichment and fabrication into

fuel for nuclear power reactors.

The driver and his com. nion were pinned inside the tractor. After they
were extricated, they were taken by ambulance to a nearby hospital where
they were decontaminated and treated for cuts and fractures. As learned

from later bioassays, the drivers did not show uranium in urine samples.
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As a result of the truck's overturning and subsequent sudden stop when it
slid into an excavated sump for a drainage culvert, 32 of the 50 drums
were thrown through the top of the trailer near the front. These drums
came to rest on the shoulder of the highway. Drum lids, which were
secured to the drums by bolted steel ring closures, came off 17 of the 32
drums which left the trailer. Lids also came off 12 of the 18 drums

which remained in the trailer.

A total of about 12,000 pounds of concen.rate spilled from the opened
drums. About 5,000 pounds of this spilled material was contained in the
overturned trailer. The remaining 7,000 pounds were spi’'ed on the

ground within an area of 3,000 to 4,000 square feet.zi/

The bill of lading in the truck was accompani2d by written detailed
emergency instructions, which had been prepar.d by the shipper of the
yellowcake, Exxon Minerals Company. In xefereunce 27, Exxon indicates
that it prepares such emergency instructions “or each of its yellowcake
shipments. These instructions directed the individuals who arrived first
at the scene, personnel from the Baca County Sheriff's Office, to notify
the shipper and to cover the spiiled material with tarpaulins or heavy
plastic sheeting to prevent airborne dispersion. Before any shipper

personnel departed for the accident site, the Sheriff's Office advised

them that the spill was completely covered with no short-term risk of air

,4 J7

dispersion.
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The shipper dispatched Highland Mill personnel by commercial airline from
Casper, Wyoming, at 7:50 a.m. on the 27th with several large boxes of
emergency equipment. The shipper dispatched a truck with 20 drums and
additional eguipment shortly thereafter. The first shipper personnel
arrived at the accident site at 3:30 p.m. on the 27th.

The spill was more extensive than initially reported to the shipper, so
the amount of equipment that the shipper took to the accident site was
inadequate for cleanup of the spill. Because the risk of the material
spreading into the environment was minimized, however, sufficient time

was available and was taken to plan the cleanup.

The Colorade Department of Health also responded to the accident site.
After being notified of the accident at 4:00 a.m. on the 27th, the Depart-
ment dispatched personnel to the accident site 2t 10:00 a.n. and arrived
there at 2:30 p.m.gg/ The initial protective actions of covering the
spilled yellowcake; notifying all interested narties, including the local
police agency, the State radiological health agency, the shipper, the
carrier, and the cognizant Federal agencies; and directing traffic around

the scene of the accident had been done. The remaining job was to clean

up the spilled yellowcake and to decontaminate and restore the scene to

().ﬁ 20

its c~iginal condition.




The cleanup was not started as soon as possible. A planning meeting was
held the evening of September 27, in the Baca County Sheriff's office in
Springfield, Colorado.g/ The cleanup procedure decided on was to pick up
the yellowcake and topscil with a front end loader and transfer it to new
drums, using water spray to control dust and hand shovel transfer if

windy cunditions were encountered. Workers were to use protective clothing
and respiratory equipment. An air sampling program was to be ccnducted

to aid evaliation of air concentrations of uranium dust.

In the morning of September 28, the Colorado Department of Health estab-
lished requirements for the cleanup oreration. The yellowcake was to be
nand shoveled into new drums within a portable shelter covering about 100
sq. ft. of spill area. The portable shelter was constructed of jumber
and plastic sheeting. The spill area outside the housing was to remain
covered. Contamination surveys, continual air monitoring, respiratory
protection, and personnel monitoring were to be performed. Cleanup was
to continue until background radiation levels were achieved. To prevent
spread of the yellowcake, a dike and wind break were to be constructed
around the spill. To comply with these requirements, however, the

cleanup operation was delayed until the afternoon of September 30.

Work progressed siowly. By the evening of October 2, five drums of dirt
and yellowcake had been barreledgg/ and eleven drums of the 50 on the
shipment had been recovered.g/ Vacuum cleaning and ventilation equipment

was ordered October 3 to speed the cleanup. That day was also taken for

(jm J 1 !
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more planning ana for rest. On October 4, a snow fence lined with plastic
sheeting was set up to reduce wind velocity in the work area and the

vacuum cleaning and ventilation equipment was installed.g/

Calm weather and a light mist on Uctober 5 allowed work to proceed out-
side the portable shelter.gl All the 32 drums outside the trailer were
recovered by the end of that day. Work on October v and 7 concentrated
on the yellowcake spilled in the trailer. All 50 drums of the shipment
were recovered and removed to the storage area by the end of work on

October 7.

During October 8-10, final decontamination of the truck, the spill area,
and the equipment was done. Topsoil replacement and grass reseeding was
completed by the Colorado Department of Highways.g/ Final surveys inai-
cated several areas with readings ranging from 20 pR/hr to 100 uR/hr,
which were subsequently decontaminated. The acceptable standard con-
sistent with NRC guidancegg/ is 60 pR/hr.gg/ After all operations, the
average exposure in the area was less than 20 uyR/hr with a few spcis
reading up to 30 uR/hr.zg/ A1l equipment was decontaminated to standards
required for further unlimited use.g/ The Colorado Department of Health
representative released the entire spill area for unrestricted use the

afternoon of October 10.

TS
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The results of the air sampling program are discussed in Section II.A.1.b(1)

on philocophy of package designs. The arithmetic mean of all the 26

&/

measurements=" reported for the boundary of the work area from September

30 to October 10, which value is of most significance for public health

and safety, was about 9 x 10712

puCi/me. The magnitude of annual average
air concentration of scluble uranium dust in an unrestricted area from
likely effluents of NRC-licensed uperations incident to the possession,
use, or transfer of soluble uranium must not exceed 5 x 10‘]2 pCi/me (10
CFR 20.106). The accidenta] concentration averaged over a short period
of time compares well with the limiting concentration that might be
expected under normal conditions averaged over a year. This comparison
illustrates the limited hazard associated with an accidental spill of

yellowcake.

The results of the urinalysis program to detect uranium intake of persons
involved in response to the accident are discussed in Section [[.A.1.b(2)
on improvements to drum closure metiods. Clear interpretation of the
health effects from uptake of uranium signified by urine concentration
measurements does not directly follew from a limited number of samples,
such as were taken in this program bioassay program, but experience
indicates that no observable health effects would be expected from small

urinary concentrations as were meaurea in this bioassay program.
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3. Emergency Response

a. Safety Responsibilities
Ordinarily, the carrier and not the shipper is responsible for proper
care of cargo in transit. In common, contract, and private carriage, the
shipper is responsible vor proper packaging »f radioactive material
delivered to the carrier for transportation, 2nd the carrier has a right
and a responsibility to control such property in transit. Accordingly,
the carrier should be responsible for emergency response planning, and
the sh%pper should be responsible for informing concerned persons about
the hazardous nature of his radioactive material in situations where

emergency response plans would be put into effect.

Under DOT, NRC, and State regulations, the shipper is responsible fcr
complying with all applicable regulations in packaging, labeling, marking
and otherwise preparing any goods for transportaticn.ég/ For ha:.ardous
materials, JOT regulations require tha shipper to certify on the shipping
papers that the goods are properly identified, packaged and prepared for
carriage and to inform the carrier of any special precautions for the

guads.

The activities involved in responding to trensportation accidents are
divided among several agencies and persons. For purposes of this discus-
sion, the response can be broken down into four phases: the initial

phase, the confinement phase, the cleanup phase, and the cost recovery

phase.
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(1) Initial Phase
During the first fifteen to thirty minutes after the accident occurs,
emergency action may be required for saving lives, attending to the
injured and identifying the threat and tiie action required to prevent
further damage to life or property. Local public safety officials
invariably are the persons who exercise this responsibility. The carrier
has a responsibility for action in this initial phase, as in all phases,
including notifying the DOT,él/ the shipper, and the driver's own manage-
ment at the earliest practicahle moment. However, the driver and hel er
are often victims in the accident and may not be able to act. Others may
report the accident. Furthermore, in some cases sufficient information
of the details about the cargo to assess the hazard may not be immediately

available.

These reporting requirements do not necessari’'y provide radiological
monitoring assistance in the event of a transportation accident. To
obtain such assistance, any person may call upon the services of the
Interagency Radiological Ass.stance Plan (IRAP) ope}ated by the U.S.
Department of Energy or the State radiological health department. The

DOT requirements for shipment description or the shipping papers accom-
panying the shipment provide certain basic information which can be used

as a ead to obtaining chemical hazards information from Chemical Transpor-
tation Emergency Center (CHEMTREC) via an "800" number. Both the IKAP

and CHEMTREC services are described below in Sections 'I.B.3.c¢ and d,

respectively.

r/o i




State and local police and emergency crews are usually recognized as ihe
parties most likely to take early action in a transportation accident.
They have authority and responsibility for protecting the health, safety,
and welfare of the general public, and wiil take necessary actions, for
example to control traffic, extinguish small fires, call firemen, rescue
the injured, etc. At this early stage, State and local capabilities to
handle radiation incidents or incidents with materials of unknown hazard
are often tested, since assistance from persons having specialized radio-
logical knowledge or chemical safety expertise is rarely available during
the early period following the incident. For this reason lucal emergency
response planning must provide for the proper initial emergency actions.
Some State and local police and emergency response crews are trained and
equipped with simple radiation detection instruments and are aware of
CHEM: *€C, IRAP or other resources of information. These capabilities may

be part of any local or regional plan.

(2) Confinement Phase
In additicn to assuring that the shipper and the DOT are notified in the
event of fire, accident, breakag2, or suspected radioactive contamination,
the carrier must also segregate packages and spilled radicactive materials
from personne! cortact and assure that vehicles, area, or equipment in
which radioactive material may have spilled, are not placed in service

again until they have been decontaminated and surveyed.él/

In carrying
out his responsibility for cleanup and decontamination, the carrier most

often must utilize the technical services of others, such as State health

r(b 510
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department personnel, nearby technicians from hospitals or military
installations, etc., or other radiological safety experts. In any event
the regulations place on the carrier the burden of responsibility for

cleanup.

State and local police equipped and trained to monitor radia.icn can help
to identify the location and extent of any existent radiation hazard.
These agencies are expected to exercise their police and emerjency powers
to control traffic, provide comrunications, direct evacuation and
sheltering actions if necessary. The IRAP teams mentioned ear.ier are

also available as a secondary advisory resource.

The shipper is required by DuT regulations to provide the carrier, when
shipment is made, information on any special precautions required for
safe shipment of his material. If called in case of an accident, the
shipper is also expected to provide whatever details about his shipment
that are necessary for its safe control and cleanup. Since the shipper
could be involved in a 1iability suit later, he may offer assistance in

confining and cleaning up anv accident involving his shipment.

In the highly unlikely event. where a reiease of radicactive material in a
transportation accident necessitates a decision concerning evacuation of
persons from certain areas, the decision and subsequent actions would be

made by responsible local public safety officials. These same officials

T{ I
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also make similar decisions as a result of transportation accidents

involving other hazardous materials.

(3) Cleanup Phase
This phase includes the removal of any radioactive material, contamina-
tion, or other residue of the accident to restore as nearly as possible
or as practical the scene of the accident to its original state. The

carrier has the basic responsibility to see that cleanup is completed.

Under existing Federal regulations, the carrier is responsible for promptly
notifying the shipper and the Federal government of any incident involving
death, hospitalization, property damage exceeding $50,000, fire, breakage,
actual or suspected leakage of radioactive materials or etiologic agents,
or in the judgement of the carrier a danger to life; for isolating any
spilled radicactive material from personne! contact, pending disposal
instructions from qualified persons; and for not placing vehicles,
buildings, areas, or equipment in whcih radioactive materials have been
spilled int. service or routine occupancy until the radiation dose rate

at any accessible surface is less than 0.5 millirem per hour and no
significant removable radioactive contamination resides on the surface

(in the cases of air and water carriers, only air craft, holds, compart-

ments, or deck areas are included in this requirement).

6fd 318
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Since, in many cases, the carrier will have neither technica! expertise,
nor the experience and equipment to handle radioactive or hazardous
materials, the carrier may find it necessary to contract with others to
perform certain functions in the cleanup. In many cases, the shipper
will provide such expertise and equipment; however, the basic burden of
assuring that such pr-visions are made remains with the carrier. Since
in most releases of radioactive material, handling of unshielded, uncon-
tained radioactive material (repackaging, disposal, or removal) is neces-
sary, some responsible person must be present who is experienced and
equipped to handle the radioactive material. Such experience would
normally be evidenced by an NRC or State license to perform such cleanup
and handling activities. That person would need the authority of the
carrier to take necessary and appropriate actions at the scene and might
be the consignor-licensee, the consignee-licensee, or someone licensed
for such activity and working under contract to the consignor, carrier,

or consignee.

The State or local government agencies, such as emergency crews, police,
health and eavironmental departments, are expected to exercise their
police and emergency powers to direct cleanup of both public and private

property.

General standards for cleanup are being developed by the Environmental

Protection Agency (EPA). Some contamination limits are given in the DOT
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regulations for vehicles, facilities, and equipment. General standards
for exposure control and contamination limits are given in the NRC regula-

tions and regulatory guides.

(4) Cost Recovery Phase
The cost of cleanup and any liability for damages to life or property
resulting from a transportation accident are borne in most cases initially
by the carrier. Furthermore, in most cases, the fixing of such costs and
of the real responsibility for them will be determined in the courts. In
more than 20 years of experience with transportation of radioactive
materials, only 12 incidents have been reported to the nuclear insurance
pools. Of these incidents, nine did not result in any personal injury
claims. Further discussion of the cost recovery phase is included in

Section b below.

In summary, present regulations do not include deflinitive requirements

for emergency response to transportation accidents involving radioactive
materials. State and local government authorities, under their inherent
police powers, have the ultimate decision making responsibility to protect
the public. The carrier has certain basic responsibilities for confining
the immediate threat anc for notifying the public authorities. The
shipper has no specific responsibilities for sending expert personnel to
the accident scene but is expected to provide on request expert advice cn

the hazards of the shipment and any necessary precautions.

Ay 0



-78-

b. Financial Responsibilities
(1) Applicable Federal Statutes

The present provisions of the ?rice-Anderson Actég/ furnish a statutory
basis for private funds and government indemnity, un to an aggregate
amount of $560 million, to pay public iiability claims resulting from
certain transportation accidents involving rudioactive materials.
Although carriers may purchase $i40 million in third party liability
insurance from the nuclear insurance pools (Suppliers and Transporters
Form), they are not required by the NRC or the DOT to purchase any insur-
ance. The insurance and indemnity applicable to transportation accidents
is ancillary coverage having its basis in the financial protection

agreeaentséé/

executed by Ccmmission licensees. This insurance and
indemnity protection afforded the public while radioactive materials are
in the course of transportation to or from an indemnified facility is
part of the coverage of the Price-Anderson Act.éﬁ/ fFederal law requires
that any person issued a construction permit for or a license to operate
a producton or utilization facilityéé/ have and maintain financial protec-
tion and government indemnity as required by the NRC.QQ/ For nuclear
power plants having a rated capacity of 100 electrical megawatts or more,
the amount of financial protection that must be maintained by licensees
of these plants must equal the maximum amount of liability insurance
available at reasonable cost and on reasonable terme from private
sources.éz/ For ail other Commission licensees, the Commission in the

exercise of its licensing and regulatory authority and responsibility may
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require, but is not compelled by statute to require, that other classes
of licensees have and meintain financial protection in such amounts as
the Commission considers appropriate to cover public liability c!ains.éﬁ/
Whenever the Commission requires a licensee to have and maintain financial
protection, the lTicensee must execute an indemnity agreement with the

Coanission.ég/

Prior to the most recent amendments tc the Price-Anderson Actﬁg/. the
Commission had never exercised its discretionary authority to require
licensees (other than production or utilization facility licensees speci-
fically reguired by statute) to maintain financial protection and govern-
ment indemnity. However, the NRC regulations implementir: these amend-
ments require that plutonium processors and fuel fabricators licensed,
pursuant to 10 CFR Part 70, to possess or process specified quantities of
plutonium have and maintain $125 million in financial protection.ﬁl/
Since then the amount of financial! protection required of these licensees

ha- increased to $140 mil]ion.ig/

Neither persons delivering radioactive materials to a carrier for trans-
port (“shippers") nor carriers, exempted from Commission licensing

13/

reguirement--=" because they are reguiated by the Department of Transport-
ation, nave been specifically required to have and maintain financial
protection and government indemnity solely on the basis that radioactive

material licensed by the Commission or an Agreement State is being

TR
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transported from point X to point Y. For the provisions of the Price-
Anderson Act to apply to the transportation of radioactive material in

the postulated hypothetical situation, an indemnified production or
utilization facility or a plutonium processing and fuel fabricatio~ plant
(for which the NRC, in the exercice of its discretionary authority,
requires that financial protection be maintained) would have to be located
at either poirt X or point Y. If this condition were not met, any damages
resulting from an accident during the transportation of radioactive
material from point X to point Y could not be matched by funds otherwise
available under the Price-Anderson Act. Generally, the transportation of

special nucliear material (i.e., plutonium and certain isotopes of enriched

/

uram'un)55 between two Commission licensees authorized "to transfer or

receive in interstate commerce, transfer, ...acquire, possess, own, [or]

145/

receive possession of..." such materia is not covered by the Price-

Anderson Act.

The NRC staff is currently studying the issue of whether Price-Anderson
coverage should be exter ed, pursuant to the Commission's discretionary
authority, to other areas of NRC-licensed activities. Upon completion of
this study and consideration of the staff's recommencations, ‘e Commis-

sion will take such action as it deems aporopriate.

After enactment of the 1975 amendments to the Price-Anderson Act, the
Commission published in the “ederal Registerﬂé/ a rotice of intent to

implement the provisions of the new law through the rule making process.
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The Commission invited public commerts and suggestions with respect to

eight specific issues. The notice stated that the Commission was parti-
cularly interested in receiving views, together with the bases therefor,
on, among other issues, the extension of Price-Anderson tc specifically

cover the transportation of radioactive materials. The notice stated:

8. Under the present Price-Anderson system, no separate
insurance contracts or indemnity agreements are issued to
cover transportaticn of nuclear materials. Carriers are,
however, covered under the "omnibus" feature of Ticensee
financial protection and indemnity. It has been suggested
that transportation be separately covered. The Commission
invites comments with respect to any advantage to the public
and/or the carrier that would result from such coverage by
the Price-Anderson Act, as contrasted with present coverage
under the omribus features of the Price-Anderson Act. In
this respect, deficiencies, if any, in public protection under
present coverage should be identified.

Interested persons are invited to submit written

comments and suggestions, with supporting documentation,

on the foregoing matters, or on any other matte5§/

pertinent to the subject matter of this notice.—
Twenty three sets of comments were .¢.:.ved in response to this notice.
Of those commenters addressing the transportation issue, none expressed
the need for or desirability of covering transportation by separate
insurance and indemrity agreements. When the proposed rule to implement
the 1975 amendments to the Price-Anderson Act was published on
September 20, 1976 (41 Fed. Reg. 40511), the following statement appeared
in the preamble to the proposed rule:

9. Uider the present Price-Anderson system, no separate insurance
contracts or indemnity agreements are issued to cover liability

(8 124
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arising from the transportation of nuclear materials. Carriers are,
however, covered under the "omnibus" feature of licensee financial
protection and indem:.:ty--that is, transporters are covered for
liability with vespect to nuclear incidents occurring during shipments
to or from all existing indamnified facilities.

It has been suggested that transportation be separately
covered The Commissicn has considered whether any advantage
to the public or the carrier would result from such coverage
and whether there are any deficiencies in public protection
under the present coverage.

Comments received on this issue generally expressed the
view that the "omnibus" provisions of licensee financial
protection plus indemnity coverage are adeguate. Additionally,
it was felt that if areas of difficulty with the existing
“ystem were identified, remedies to such areas should be
developed within the existing framework rather than be developed
within the context of a separate additional system of policies
and indemnity agreements for transportation. No contrary views
were received.

Concerns had been expressed previously about the :zaxistence
of potential gaps in the existing system in such situations as
transportation of materials. The Commission believes that these
concerns do not warrant changing the existing system by initiating
s2parate transportation coverage, because present coverage uncer
the "omnibus" provision of existing financial protection and
indemnity is extensive. Additionally, Suppliers and Transporters'
liability coverage is available to a maximum of $125 million.

* Another c¢-'nsideration against extension of coverage to
transportation of nuclear materia’s 1s an insurance industry
concern that such coverage may l¢ad to pyramiding of coverage.
Currently, transporters are covered through the "omnibus"
provisions of the financial protection and indemnity agreement
with facilities. If, during transportation, an accident arose
which involved multiple indemnity agreements because of
multiple transporters, a confused legal situation might
ensur. 1t might be difficult to determine whi~h policy or
agr.«ment applied.

One expressed concern--that it would be aifficult to
relate injuries occurring as a result of exposures to radio-
active material, without accident, to particular shipments--
is overs ted. It is difficult to see how this situation
would be rectified by separate transportation coverage.
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Finally, the Commission's discretionary authority to
provide inremnity coverage extends only to materials iicensees.
Common ca: “iers are exempted from licensing unier present
Commission regulations. In order for the Commission to indemnify
such carriers either new authority under the Price-Anderson Act
would have to be provided by Congress or common carriers would
have to be Ticensed.
Consequently, the Commission does not intend to
extend separate coverage under the Pricgg’nderson Act
to transportation of nuclear materials.—
The Price-Anderson Act does not preempt applicable State tort law. Only
in the event of an extraordinary nuclear occurrence (ENO)QQ/ does the Act
require that facility licensees waive certain defenseség/ (e.g., short
statute of limitations, contributory negligence and assumption of risk)
that would otherwise be available to the licensee, thereby creating a
situation where the licensee is, in effect, subject to a strict liability
standard. In the event of an ENO, the Act also provides for consolida-
tion of all claims resulting from the nuclear incident in the U.S. district

court in the district in which the incident occurred.él/

(2) Liability in Situations to Which the Price-Anderson Act
Does Not Apply

As previously discussed, Price-Anderson coverage does not apply to ali,
or even to most, shipments of radioactive materials. Should a transpor-
tation accident resulting in the release of radicactive material occur,
there would be no sure source of funds (except for insurance carried by
the s ipper or carrier) available to pay public lTiability claims arising
from the accident. The applicable State tort laws would determine the

respective liabilities of the shipper and carrier.

£y




¢. Role of the Federal Government
(1) Response and Advice

Tne Interagency Radiological Assistance Plan (IRAP) was developed in 196]
by an interagency committee of Federal agency representatives as a means
for providing rapid and effective radiological assistance in the event of
a peacetime radiological incident.§g/ The IRAP provides a means whereby
the participating Federa' agencies may coordinate their radiological
emergency related activities with those of State and local health, police,
fire, and civil defense agencies. The plan provides operatin; .idelines
for interagency radiological emergency operations and training and is
intended to use existing Federal, State and local capabilities to most

effectively protect the public health and safety from radiological hazards.

The IRAP is coordinated by the Department of Energy (DOE) because of its
extensive resources in the national 'aboratories. Response teams
consisting of Federal personnel are located at all of the national DOE
laboratories and at laboratories and offices of other Federa! agencies
scattered across the country. When any individual needs help in a radio-
logical matter he can call the nearest Regional Coordinating Office of
the DOE to contact the IRAP. The IRAP representative then takes the
information and decides what action is needed. If necessary, the IRAP
representative will actually send a team to respond tn the incident to
help and advise the authorities in charge. This plan has been used many

times since its inception in 1961.

(,(0 et
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(2) Guidance
The NRC is involved with the DOT and six other Federal agencies in a
cooperative Federal effort to provide guidance and training to State and
local governments for radiologica! incidents involving fixed facilities
and transportation gccidents.éé/ The NRC is the lead agency in the

program and is responsible for:

s Issuance of guidance to other Federal agencies concerning their
responsibilities and authorities in radiological incident emergency
response planning and in providing planning assistance to State and

local governments.

0 Development and promulgation of guidance to State and local govern-
ments in coordination with other Federal agencies for the prepara-

tion of radiological emergency response plans.
0 Review and concurrence in such plans. (Proper correlation among
State, local government, licensee, and naticnal plans is an element

of this review.)

0 Determination of the accident potential at each licensed fixed

nuclear facility.




0 Issuance of guidance for establishment of effective systems of

emergency radiation detection and measurement.

The Department of Transportation is responsible for:

0 Providing guidelines, in cooperation with NRC and other Federal
ager ies, and consistent with NRC guidance, for the development of
that portion of State and local emergency plans pertaining to trans-

portation incidents involving radioactive materials.

0 Assistance to State and local governments in emergency planning for

such transportation incidents.

The guidance on planning for transportation accidents has not yet been
developed in final form. In the-interim, the NRC and the DOT advocate the
use of guidance developed by the Western Interstate Nuclear Board and
Region VIII of the Cenference of Radiatior Control Program Directors.gﬂ/
This guidance is currently being updated by the DOT and s scheduled for
publication in revised form before the and of calendar year 1978. In
addition, the DOT is scheduled to publish by end of calendar year 1978 an
operations manual for use by those emergency personnel who actually
respond to radiation emergencies. A proposed standard for emergency
response plans to accidents in the transportation of radioactive materials
is being developed by the American National Standards Institute with

review and comment by the pertinent Federal agencies.gé/

{ (o J
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The NRC has a contract with Sandia Laboratories to develop scanarios for
transportation accidents involving radioactive materials. This program

is designed to expand the data base from which practical emergency plans
and response procedures can be developed at the State and local government
level. To provide a greater data base than presently axists, the

following tasks will be performed:

0 Selection of Transportation Accidents - A limited number of poten-
tial transportation accidents involving radicactive materials will
be selected to provide a complete spectrum of accidents. The selec-
tion will be based on the likelihood of the accident involving
radiation exposure of individuals, magnitude of radiological conse-
quences, nature of radinlogical hazard and pathway of exposure to
man, physical and chemical form of radioactive material, and loca-

tion of the accident.

0 Characterization of Radiological Environment - The radiological
environment resulting from transportation accidents involving radio-

active material will be characterized in terms of:
0 Time-dependent airborne and ground surface concentrations of

radioactive materials.

0 Potential radiation doses to individuals and the potential

f)(b / I(J

pathway of exposure.




0 Size of area likely to be contaminated above levels of concern.

Post-Accident Responses - Following a transportation accident
involving radioactive materials, the pcssible actions to be taken by

responsible officials will most Tikely be limited to recovery measures.

Therefore, the time in which recuvery measures should be initiated
following the different transportation accidents utilized in the

previous task will be estimated.

The information obtained from these tasks will be used to write a series
of accident scenarios which will describe mechanistically the postulated

accidents and their consequences.

As part of an overall Radiological Emergency Preparedness Program, the
Office of Standards Development in the NRC is studying the role of the
States in preparedness, particularly in responding to transportation
accidents. The general goal of the Preparedness Program is to increase
the expertise of the States in managing transportation related nuclear
emergencies and to decrease their dependence on Federal assistance in
this area. The primary thrust of the program is to identify those
elements necessary to provide a minimum "adequate" response capability;
and to suggest to the States the steps ihey sinould take to bring their

capaoility to the desired level. The program has three steps:

¥
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(a) Survey of current State capabilities.

(b) Evaluation of needs based on transportation patterns, accident
scenarios and other related factors.

(c) Development of recommendations to the States, based on

cost-benefit analyses.
A contract to accomplish the first step has been established.

Finally, thc EPA, as one of the agencies with which NRC and DOT have been
coordinating their emergency planning activities, has published a "Manual
of Protective Action Guides and Protective Actions for Nuclear Incidents.”
The manual wiil eventually have eight chapters covering all types of
radiation emergencies, and Chapter § is devoted to Protective Acton
Guides for transportation incidents. According to the EPA, the first
draft of Chapter 8 will be available for interagency review by the end of

calendar year 1978.

(3) Training
Several Federal agencies are developing a series of training programs for
State and local government emergency response personnel. These programs
are geared for response to radiological emergencies and are furnished at
no cost to the State and local government personnel. Initially, the
funding came from several of the invoived Federal agencies, but beginning

in FY 1979 the entire funding will be provided by the NRC.

680 52
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One of the courses developed to date is an eight-day course on radio-
logical emergency response operations. The curriculum includes such
topics as basic concepts of nuclear science, biological and medical
fmplications of radiation, air sampling techniques, area monitoring and
control, protective action guides, DOT regulations, sample collection and
analysis, anti-contamination equipment and procedures, and emergency team
organization and prucedures. The first three days consist of classroom
lectures which provide the participants with basic information on radio-
logical emergencies. These sessions are primarily intended for indivi-
duals with little or no health physics expertise but also se‘ve as a
review for the more experienced individuals. The second part of the
course consists of field exercises. Students break up into teams and
respond to simulated radiologcial emergencies involving a nuclear power

plant, a transportation accident, and an industrial accident.

The course is conducted at the Department of Energy's Nevada Test Site
and was originally scheduled to be presented 10 times per year. However,
because of the demand, the MRC is increasing the frequency of presenta-
tion to 16 times per year. To date, approximately 200-250 State and
local emergency response personnel have attended the course (class size

is limited to 20 students per session).

The Department of Transportation, through a contract with the Naticnal

Fire Protection Association, has developed a 20-hour training courses for
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firemen and policemen who would be responding to transportation accidents
involving any hazardous material. Because of the demand for more specific
training on radiation emergencies, however, a supplement is being developed
to that course which will deal primarily with radiation hazards. A
contract was recently awarded by the DOT and the work should be completed
by September 1379.

d. Other Facet” of Emergency Response
The chemical industry through a system called Chemtrecéﬁ/ maintains
information on hazardous chemicals. Although it possesses limited informa-
tion on radioactive materials, it will refer a caller to the nearest I[RAP
regional coordinating office for more extensive information. This service

provides a telephone numberéz/

for receipt at all times of direct-dial
to!l-free calls from any point in the continental United States. Separate
numbers are maintained for receipt of calls originating within the District
of Columbia and outside the continental U.S. This service by design is

confined to dealing with transportation emergencies.

Chemtrec can usually provide hazard information warnings and guidance
when given only the name of the product and the nature of the problem.

For more detailed information and assistance, especially if the product

is unknown, the caller must provide as much information as possible: his
name and the callback telephone number, the location of the problem, the
shipper or manufacturer, the container type, the rail car or truck number,

the carrier name, the consignee name, and local conditions.

(50 o4
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In the Colorado accident, the Colorado Department of Health consicered
the shipper to be responsible for emergency actions and for cleanup of
the spill because the shipper is most knowledgeable of the hazards oY the
material, is most capable of handling the material, and has most vested
interest in the naterial.l/ This State agency recommended that the NRC
amend its rules to require licensee shippers (specifically uranium mill
operators) to have an em¢rgency response plan and an emergency response
team which could be transported immediately to the site of an accident

involving material owned by the mil].gﬁ/

Other States do not necessarily hold the same view. South Carolina for
example recently wrote that it is generally satisfied with the arrange-
ments that currently exist for the transportation of radioactive materials,
that the containers developed under NRC and DOT regulations are adequate,
that this activity is adequately regulated and more restrictive regula-
tions are not necessary, and that no documentation exists of problems to
justify consideratien of special routes.ég/ In addition, the Vermont
Agency of Transportation has recommended the development of a State
centralized hazardous material emergency response capability within the
59/

Department of Public Safety.=—' No mention is made of any need to require

an emergency response capability of a shipper.

Several aspects of transportation of radioactive materials have recently

been reviewed in a study sponsored by the DOE.QQ/ including the principal

RS
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Federal activities affecting transportation of radiocactive materials, the
State and local activities that may affect such transportation, transpor-
tation of these materiils by rail, emergency response planning and imple-
mentation, transportation safeguards and security, insurance issves, and

labor relations.

With respect to emergency response, the report states that although
elaborate plans of response to transportation accidents are now being
formulated, it appears that the primary responsibility may very well rest
with local policemen and fire departments who are the ones most likely to
be the first on the scene. In the unlikely event of a transportacion
accident that involves a serious release of radioactive material, even a
few minutes are important. Thus, greater efforts are needed to assure
that local response capabilities are upgraded.

A studySY

of hazardous materials indicates that emergency response coordination is

nerformed for the State of I11inois on highway transpertation

a most critical area needing State attention. A review of State regula-
tory programs throughout the country and of the [1linois experience in
particular revealed that the response to an emergency becomes less ef|ac-
tive from lack of response coordination, inadequate crowd control, lack
of accurate information, and conflicting goals and instructions of parti-

cipating officials.

(80 ¢



With respect t . radioactive materials, the I11inois report conciudes that
normal highway transportation hazard to the I1linois general public is
essentially zero. It further concludes *hat worst case releases of
radioactive materials are nearly impossible. In the event of such
releases, the catastrophic consequences popularly feared and often alleged
will not ensue. The resulting deaths, injuries and property damage will
not begin to approxirate the casualties and damage that have actually and
frequently accompanied accidents involving bulk transportation of other

kinds of hazardous materials, man-caused disasters, and natural disasters.

The I1lincis report also found that the safe transportation of nuclear
materials relies primarily on packaging integrity under both normal and
accident conditions. It states that the safety standards of the Nuclear
Regulatory Commission and the Department of Transportation do not rely on

restriction of routing and similar medsures to assure safety in transport.

Outside Iilinois, various State and local authorities have proposed or
taker action to impose various routing restrictions and prohibitions on
the highway movement of radioactive material, cstensibly to increase
safety. Apart from the legal status of such actions, the report states
that these restrictions cannot bz justified as safety enhancing measures.
The contractor s investigation indicates no need in I1linois for the
enactment of legislation or promulgation of regulations to restrict or
prohibit highway transportation of radioactive materials in the interests

of health and safety.
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A second important finding of the report is that from the perspective of
highway transportation, State arencies are well aware of, and have
responded promptly to, surveillance, enforcement, emergency response, and
related requirements called for by existing traffic and shipping practices.
These agencies have further developed close and effective working rela-
tionships with Federal regulatory agencies in improving existing regula-
tions and in designing new regulations.

The NRC has received a petitionég/

to modify its rules and require
licensee shippers to prepare and maintain emercency procedures to be
foliowed in the event of a transpoirtation accident. As the present study
addresses these topics, the NRC has decided to hold the petition in
abeyance until the results of this study have been considered. The NKC
environmental statement on transportation of radionuclides through urtan

environs and the DOT pubiic rulemaking proceeding mentioned in II.A.3.a.

are also expected to influence the disposition of this petition.

In conclusion, various ind’ {uals and government entities have different
opinions about emergency -sponse to transportation accidents involving
radioactive materials. In our opinion, the shipper should not be respon-
sible for the safety management of transportation accidents or for
cleaning up spills of radioactive material that might result from such

accidents, but should be responsible for proper packaging and for communi-

- N
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cating hazards information if requested. ’;/'
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Priester, L. E., Jr., Deputy Commissioner for Environmental Health
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“The Transportation of Hazardous Materials in Vermont, Vermont
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in I1linois," Study sponsored by I1linois Department of Transporta-
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Hon. T. S. Weiss and Hon. T. E. Wirth, U.S. House of Representatives
and R. P. Pollock and W. B. Schultz, Critical Mass Energy Project,
"Petition for Rulemaking in the Matter of Amending the Nuclear
Regulatory Commission's Regulations Pertaining to Licensee Responsi-
bility for Emergency Response Planning and Transportation Accidents,”
(November 1, 1977).
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GLOSSARY

Agreement State: An Agreement State is one entering into an
agreement with the MRC by which the NRC relin-
quishes its authority under the Atomic Energy
Act of 1954, as amended, to regulate within the
borders of the State the receipt, possession,
use and transfer (including transportation) of
source material (including yellowcake) byproduct
material, and subcritical configurations of
special nuclear material.

Byproduct Material: Radicactive material (except special nuclear
material) yielded in or made raaioactive by
exposure to the radiatien incident to producing
or using special nuclear material (See 10 CFR 30.4(d))

Conversion Plant: A facility for producing uranium hexafluoride
(UF6) from yellowcake (U308)'

Curie: A unit of radioactive decay defined as 3.7 x 10]0

disintegrations per second.

Enriched Uranium: Uranium in which the U-235 content has been
increased above its natural abundance of 0.72%
by weight (see "Natural Uranium").

Evaporator Concentrate: The radioactive resicdue left after evaporating
the water from contaminated liquid wastes.

Fuel Faciiity: A place where nuclear reactor fuel is manufac-
tured or fuel materials are processed.

Latent Cancer Fatality: A radiation induced cancer death which occurs
more than one (often many years) year after
exposure to the radiation.

Low Specific Activity Material in which radicactivity is distributed
Material (LSA): essentially uniformly in small limited concentra-
tions. LSA material includes natural uranium
compounds, low level reactor wastes, and contam-
inated solids. (See 10 CFR 71.4(g)).

Modal: Refers to the transportation vehicle--rail car,
truck, barge, aircraft, etc.

\1 6€) 34



Yatural Uranium:

Radiography:

Radionuclide:

Radioactivity:

REM (Roentgen Equiva-
lent Man):

Resins:

Source Material:

Special Nuclear
Material:

Spent (or Irradiated)
Fuel:

Type A Package:
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Uranium which contains the natural abundance of
U-235, 0.72% by weight. Also called "Unenriched".

The examination of the structure of materials
using radiation from sealed radioactive sources.

An atom (such as Co-60 or U-235) which is radio-
active.

The property of emitting particles, such as
alpha or beta particles, or radiation, such as
gamma radiation, from an atomic nucleus, such as
uranium.

A unit of dose equivalent which is numerically
equal to the dose in rads (a unit of absorbed
dose for any ionizing radiation; one rad is 100
ergs energy absorbed per gram of absorbing
substance) multiplied by appropriate modifying
factors.

Ion exchange substances used in nuclear power
plants to remove unwanted radionuclides from the
primary system water. After use, resins may be
highly radioactive.

Uranium or thorium in any physical form, inclu-
ding ore containing more than 0.05% by weight of
uranium or thorium. Source Material does not
include Special Nuclear Materia'! (See 10

CFR 40.4(h)).

Plutonium, U-233, U-235 or any material artifi-
cally enriched in these nuclides (See 10 CFR 70.4(m

Special nuclear material which is not readily
separable from other radiocactive material and
which has a total external radiation dose rate
in excess of 100 rems per hour at a distance of
one meter (three feet) from any accessible sur-
face without intervening shielding.

A package containing a limited quantity of

radioactive material, and designed to withstand
the rigors of normal transportaticn.

()éfi? i"f;



Type B Package:

Uranium Hexafluoride:

Yellowcake
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A package designed to contain its radioactive
contents, which exceed the radicactive contents
of a Type A package, and to maintain adequate
radiation shielding effectiveness under normal
transportation conditions and alsc in the event
of a severe accident during transportation.

The uranium compound used in the enrichment
process.

A uranium ore concentrate, consisting mostly of
uranium oxide (U308). It is usually yellow-green
in color.

T{RAT
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Appendix I. Joint Study Group Members and Advisors

Nuclear Regulatory Commission

D. A. Nussbaumer (Chairman), Assistant Director for Material Safety and
Licensing, Division of Fuel Cycle and Material Safety, Office of
Nuclear Material Safety and Safeguards (ONMSS)

C. V. Hodge (Technical Coordinator), Transportation Branch, NMSS

R. F. Barker, Chief of Transportation and Product Standards Branch,
Office of Standards Development (0SD)

H. E. Collins, Assistant Director for Emergency Preparedness, Office of
State Programs (OSP)

E. E. Jakel, Regulations Division, Office of the Executive Legal
Director

Advisors
A. N. Tse, Transportation and Product '*andards Brancn, 0SD

. Hopkins, Transportation and Product Standards Branch, 0SD

o

R
. E. MacDonald, Chief of Transportation Branch, ONMZS
W

o)

. DeFayette, QSP

I. P. Dinitz, Antitrust and Indemnity Group, Office of Nuclear
Reactor

Department of Transportation

A. W. Grella, Chief of Research and Development Management Division,
Macerials Transportation Bureau, Office of Hazardous Materials
Orerations
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Appendix II
INSTRUCTIONS FOR EMERGENCY ACTION INCLUDED IN THE
SHIPMENT WHICH WAS ACCIDCNTALLY SPILLED IN COLORADO
SEPTEMBER 27, 1977
YOUR CARGO IS Uranium Concentrate

THIS MATERIAL:

1. Is not explosive.
2. Will not burn.

3. Is a naturally radioactive material of low specific activity. It
should not be inhaled, eaten, or allowed to get into an open wound.

4. Can be approached without danger of injury from external radiation.

IN THE EVENT OF ACCIDENT, AS SOON AS POSSIBLE:

1. Take preliminary precautions below. ODisplay these instructions as
necessary to local authorities on the scene to obtain their help (see
2 belaow).

2. Call (or have locai authority call fo' you) the Manager, Administrative
Superintendent or Purchasing Agent, EXXON COMPANY, U.S.A., Telephone
(307) 358-3244, Douglas, Wyoming collect. If possible have local
law or civil authority participate in call.

4. Make no other statements or phone calls except on instructions from
your dispatcher or EXXON COMPAWY, U.S.A.

PRELIMINARY PRECAUTIONS

CONTAINERS ARE NOT LEAKING, and are not seriously damaged. Container may
or may not be thrown from vehicle. Vehicle may or may not be damaged.

1. Caution people not to tamper with the containers. Use civil authorities
to help you if necessary.

2. It is not necessary to have a specific distance between humans and

the containers or truck, but for ease of controliing the situation,
ask people to stay back 10-15 feet.

f\‘fo J;A >
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Appendix Il (Cont'd)

Keep fire away from uranium containers if possible.

Use resp.cator if necessary to avoid breathing smoke from any fire
involving your carge because of possibilit, of airborne particles,
if the drums are ruptured.

Do not spray water intn open or leaking containers. There is no
reaction with water but a heavy stream of water will spread the
material and make cleanup more difficult.
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APPENDIX III

DEPARTMENT OF TRANSPORTATION REGULATIONS
(49 CFR) PERTAINING TO HAZARDS INFORMATION
ACCOMPANYING A SHIPMENT OF RADIOACTIVE MATERIALS

Chapter |—Materials Transpertation Bureau

Subpart C—Shipping Papers

SoumcE: Amdt 172-20A. 41 PR 40677,
Sept. 20, 1876, uniess otherwise noted.

5 172.200 Applicability.

(a) Description of hazardous materials
required. Except as otherwise provice
in this subpart, each person who offers
a hazardous material for tranzportation
;hall describe the hazardous material on
the snipping paper in the manner re-
quired by this subpart.

‘b) Ezceptions. This subpart does not
apply to any material that is—

(1) An ORM-A, B, or C, unless it is
offered or intended for transportation by
21r when [t is subject to the regulations
rertaining to transportation by air as
specified in § 172.101; or

(2) An ORM-A, B, or C, unless it is
offered or intended for transportation
by water when it i3 subject to the regu-
lations pertaining to transportation by
water as specified in § 172.101; or

(3) An ORM-D unless it is offered or
intended for transportation by air.

§172.261 General entries.

(a) Contenis. When a descr, «
hazardous material is required to b« n-
cluded on a shipping paper, that de-
scription must conform to the following
requirements:

(1) Wher . hazardous material and a
material not subject to the requirements
of this subrhapter ire described on the
same shipping paper, the hazardous ma-
terial description entries required by
§ 172.202 anc those additional entries
that may be required by § 172.203

(1) Must be entered first. or

(i) Must be entered in a color that
clearly contrasts with any description of
a matarial not subtect to the require-
ments of thiz subchapter ou the ship-
ping paper except that a description oi. a
reproduction of a shipping paper may be
highlighted., rather than printed. in a
contrasting color (The provisions of this
paragraph apply caly to the basic de-
scription required by § 172.202¢a) (1)
and (2).) or

111" “Must be identified by the entry of
an “A" placed before the proper ship-
ping naune in a column captioned “HM"

(2) The required shipping description
on a shipping paper and all copies
thereof used for transportation purposes,
™ust be legible and prited ‘manually
or mechanically) in English.

f2) Uniess it is specifically authorized
or required in this subpart, the required

§ 172.202

shipping description may not contain
any ~nde or abbreviation.

(4) A shipping paper may contain
additional information concerning the
material provided the information is not
inconsistent with the required descrip-
tion. Unless otherwise permitted or re-
quired by this subpart, additional infor-
mation must be placed after the basic
description required by § 172.202(a) (1)
and (a)(2).

(1) When appropriate. the entrr
“IMCO" may be entered immediately
following the class in the basic descrip-

i) Por a meterial meeting the defini-
ticn of more than one hazard class, the
additional hazard class or classes may be
entered after the hazard class in the
basic description.

(b) Name of shipper. A shipping
paper for a shipment by water must con-
tain the name of the shipper.

[Amdt. 172-20A, 41 FR 40877, Sept. 20, 1978,
as amended by Amdt. 172-29B, 41 FR 57087,
D=, 30, 1978]

§ 172.202 Description of hazardous ma-
terial on shipping papers.

(a) Each description of a hazardous
material on the shipping paper must
include—

(1) The proper snipping name pre-
scribed for the material as required by
§172.101.

(2) The class prescribed for the ma-
terial as required by § 172.101. When the
words of the proper shipping name are
identical ‘exciuding the entry “m.os.™
with the words of the class, the inclusion
of the class is not required.

(3) [Reserved]

(4) Except for empty packagings. tne
total quantity (by weight, volume, or as
otherwise appropriate; of the hazard-
ous material covered by the descrip-
tion.

(b) The basic description specified in
paragraphs (a)(1) and (a)(2) of this
section must be shown [n sequence ex-
cept that the technicai name of the ma-
terial may be entered bhetvreen the
proper shipping name and the class. For
axample: “Gasoline, Flammable liquid":
or “Flammable solid. n.os.”; or “Cor-
rosive liquid. n.os. (caprylyl chloride),
corrosive material.”

(¢) The total quanti’y of the material
covered by one description must appear
before or after, or both before and after,

the description required and aumonzgd5 D

by thi~ subpart.
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APPENDIX III (Cont'd)

§172.203

(1) Abbreviations may “e used Lo spec-
l‘!thotywotmundmuhta

(2) The type of packaging may be ea-
tered !n any appropriate manner.

§ 172203 Additional description re.
quiremes.

(a) Eremptions. Each shipping paper

issued In connection with a shipment
made under an exemption mus: bear the
notation “DOT-E" followed by the ex-
emption number assigned and so located
that the notation is clearly associated
with the description o which the exemp-
tion applies.
(b) Limited quant’ 'es. The descrip-
tion for a material defilned as “limited
quantities ' in this subchapter must in-
clude tlie words “Limited Quantities” or
“Ltd. Qty.” following the basic descrip-
tion.

(¢c) Blasting caps. The description for
a shiptr ~v . of blasting caps must have an
entry stating the aumber of caps in the
shipment, either before or alter the basic
description.

(d) Radiogetive material. (1) The de-
scription for a shipment of radioactive
materia. ~.1st include the following ad-
ditional er rics as appropriate:

‘1) The name of each radionuclide in
the radicactive material that is listed tn
§ 173.390 of this subchapter. Abbrevia-
tions, e.g., ““Mo" are authorized,

(1) A description of the physical and
chemical form or the matenal, {f the
material i3 not in special form.

(11) The activity contained in each
package of the shipment (n terms of
curies, millicuries, or microcuriez. Ab-
brevations are authorized.

(iv* The category of label applied to
each package {n the shipment. For exam-
ple: "RADIOACTIVE WHITE-L."

(v) The transport index assigned to
each package in the shipment bearing
RADIOACTIVE YELLOW-II or RA-
DICACTIVE YELLOW-III labels.

(vi) For a shipment of flssile radioac-
tive matenals—

(A) The words “Fissile Exempt,” if the
package is exempt ;. rsuant to § 173.296
(a) of this subchapter, or

{E) If not exempt, the fissile class of
each package in the shipment, pursuant
to §173.3897a) of this subchapter: and

(C) Por a Pissile Class I shipment.
the additional notation: "Warning—gis-

PG

Title 49—Transportation

sile Class III Shipment. Do not Load
More Than * * * Pacikages per Vehicle.”
(Asterisks to be replaced by appropriate
number.) “In loading and Storage Areas,
Keep at Least 20 Feet (6 Meters) {rom
gd&mer' Packages Bearing Radioactive La-

(D) If a PFissile Class III shipment is
to be transported by water, the supple-
mentary notation must also include the
following statement. “For shipment by
water, only one Plssile Class III ship-
ment is permitted in each hold.”

(vil) For a package approved by the
U.S. Energy Research and Developruent
Administration (ERDA) or U.S. Nuclear
Regulatory Commission (TUSNRC), a no-
tation of the package Identifi~ation
marking as prescribed in the applicabie
ERDA or USNRC approval. (See § 173.-
393a of the subchapter.)

(viii) For an export shipment or a
shipment in a foreign made package. a
notation of the package identification
marking as prescribed in the applicable
International Atomic Energy Agency
(IAEA) Certificate of Competent Au-
thority which has been issued for t'e
package. (See §173.393b(a)(3) of the
subchapter.)

(@) Evipty packagings. For other than
a tank car, the description on the ship-
ping paper for an empty packag.ng con-
talming the residue of a hazardous
munﬂ may contain the word(s)

“EMPTY"”: or “EMPTY: Last con-

tained * * *" followed by the name of
th2 hazardous material last contained
in the packaging. This entry may be
before or after the basic description. For
empty tank cars, see § 174.25(c) of this
subchapter.

if) Transportation by air. When a
package containing a hazardous mate-
rial is offered for transportation by air
and this subchapter prohibits its trans-
portation aboard passenger-carrying air-
craft, the words “Cargo-only aircraft”
must be entered after the basic descrip-
tion.

(g) Transportation by rafl. (1) The
shipping paper for a rail car containing
a hazardous material must contain the
notation “Placarded” followed by the
name of the placard required for the
rail car.

¢2) The shipping paper for each speci-
fication DOT 112A or l14A tank car
(without .ead shields) contaning &
flammaoble compressed gas must contain
the notation. “"DOT 112A" or "DOT
114A," as appropriate, and either “Must

'

R \Fbinn\ﬁ ‘
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be nandled in accordauce with FRA E.O.
No. £" or “Shove to rest per EO. No. 5.

‘h! Transportation by highwuy. Pol-
lowing the besic description for a haz-
ardous material in a specification MC
330 or MC 331 cargo tank made of
cuencaed and tempered steel, thers must
be entered for——

‘1) Anhdyrous ammoma. ) Th»
words “J.2 per cent water” to indicate
the suitability for shipping anhydrous
ammonia in the cargo tank as author-
ized by § 177.817 of this subchapcer, or

‘i) The words “NOT FOR Q AND T
TANKS"” when the anhydrous ammonia
does not contain 0.2 per cent or more
water by weight.

(2) Liquefled petroleum gas. The word
‘Non-corrosive” or “Non-cor” to indicate
the suitability for shipment of the “Non-
corrosive” ligquefled petroleum gas of-
fered for transportation by cargo tank
2s authorized by §173.315(a) (1) Note
i3 of this subchapter.

1) Transportation by water. (1) Each
shipment by water must have the foi-
lcwing additional shipping paper
entries:

1) Identification of the type of pack-
a1zes suc.. as barrels. drums, cylinders,
and boxes,

(i1) The number of each type of pack-
age including those in a freight container
or on a palley, anc

111) The gross weight of each type of
sackage or the individual gross weight
of each package.

12) The shipping paper for a hazardous
material offered for transportation by
water to any country outside the United
States must have in parenthesis the tech-
nical name of the material {ollowing the
proper shipping name when the material
is described by a “n.os.” entry in § 172.-
10i. For Example: Corrosive liquid, n.o.s.
‘caprylyl chioride), Corrosive materal.
However, for a mixture, only the techni-
cal name of any hazardous material fiv-
Ing the mixture !ts hazardous properties
must be identified.

[Amdt. 173-20A, 41 PR 40677, Sept. 20, 1076,
As amended by Amdt 173-298, 41 PR 57067,
Dec. 30, 1978)

ANn AN
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APPENDIX IV
SOME CORRESPONDENCE CONCERNING THE COLORADC “CCIDENT

Letter from R. D. Siek, Assoc:ate Director of Environmental
Programs, Colorado Department of Health, to S. Meyers, Director,
Division of Fuel Cycle and Material Safaty, U.S. Nuclear Regulatory
Commission (October 3, 1977).

Letter from S. Meyers, Director, Division of Fuel Cycle and
Material Safety, U.S. Nuclear Regulatory Commission, to A. J.
Hazle, Director, Radiation and Hazardous Wastes Control, Colorado
Department of Health (December 14, 1977).

Letter from A. H. Hazle, Director, Radiation and Hazardous Wastes
Control, Colorado Department of Health, to S. Meyers, Director,
Division of Fuel Cycle and Material Safety, U.S. Nuclear Regulatory
Commission (January 13, 1978).

Lettr from A. J. Yazle, Director, Radiation and Hazardous Wastes
Contrel, Colorado Department of Health, to R. P. Pollock, Director,
The gitizen‘s Movement for Safe and Efficient Energy (January 16,
1978).

Letter from A. J. Hazle, Director, Radiation and Hazardous Wastes
Control Division, to the Honorable Gary Hart, U.S. Senate
(November 1, 1977) and enclosure: "Radiation Inciden Report:
Uranium 'Yellow Cake' Spill, September 27, 1977, Southeastern
Cclorado," Coiorado Department of Health.

"Fact Sheet - Transportation of Radivactive Material - Natural
Uranium Oxide (Yellowcake)," U.S. Nuclear Regulatory Commission.

|
|
Letter from G. Ortloff, Requiatory Affairs Manager, Exxon Minerals |
Ca., U.S.A., to S. Meyers, Director, Division of Fuel Cycle and ‘
Material Safaty, U.S. Nuclear Regulatory Commissicn (December 12, |
1977).

"Clean-up of Natural Uranium Concentrate Spilled in a Transpertation
Accident near Springfield, Colorado on September 27, 1977," Exxon

Mineral Company, U.S.A., Technical Report (March 1978).
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COLORADO DEPARTMENT OF HEALTH

4210 EAST 11TH AVENUE - DENVER COLORAL D 80220 - PHONE 388-6111
Anthony Robbins, M.D,, M.P. A, Executive Director

October 3, 1977

Sheldon Meyers, Director

Division of Fuel Cycle and Material Safety
U.S. Nuclear fegulatory Commission
Washington, D.C. 20555

Re: Truck Accident, September 27, 1977, which released 21
tons of yellowcake near Springfield, Colorado

Dear Mr. Meyers:

On September 27, 1977, the Colorado Department of Health sent a
response team to a site about 15 miles north of Springfield,
Colorado on U.S. Highway 287. A Leeway Trucking Co. tractor/
enclosed trailer rig had hit three horses and rolled on its side
about 1:00 a.w. that morning. The truck was enroute from the Exxon
Mill at Highland, Wyoming to the Kerr-McGee Plant at Gore, Oklahoma
with a load of 42,000 pounds of yellowcake. About 30 of the barrels
penetrated the side and top of the trailer and ruptured on the
ground. Most of the other 20 barrels remaining in the trailer also
ruptured. It took about 2 hours to cut the cab opeu and remove the
injured drivers. They were taken by ambulance to Southeast Colorado
Hospital atr Springfield, Colorado where they were decontaminated

and treated for cuts and fractures. Upon advice from the Exxon
Corporation, Baca County Sheriff's Officers had the truck and the
adjacent spill arez (about 50 x 100 ft.) covered with plastic tar-
pauiins soon after the accident. Two people from the Exxon Mill
arrived at the scene about 3:30 p.m. on September 27, 1977 with one
Geiger counter. They had the misconception that cleanup would be
supervised and carried out by the Colorado Health Department Personnel.
They were not only improperly instructed but inadequately trained
and equipped for their aission. An Exxon Co. Industrial Hygienist
who arrived on September 28, 1977 was similarily inadequate for

the mission. Colorado Health Department personnel requested that
cleanup not proceed until Exxon furnished adequately trained and
equipped personnel. This included someone equipped with and
knowledgeable in the use of the gamma scintillometer and alpha survey

134{15



Sheldon Meyers, Director
October 3, 1977
Page 2

meters, and also trained in the fitting and use of respirator
equipment. In response -0 this, Exxon sent a Certified Health
Physicist and respirators the evening of September 29, 1977.

Cleanup

commenced on September 30, 1977 in accordance with the

following recommendations from the Colorado Department of Health.

1.

2-

Personnel be properly suited, and fitted with respirators.
(This is a very windy area).

Provisions be made at the site for decontamination of
personnel and storage of coataminated clothing.

The yvellowcake b. moistened enough to prevent blowing
while being hand shoveled into new barrels.

The old barrels be put into larger containers instead
of being patched up with tape as per Exxon's request.

A truck or other construction be placed upwind of the
site as a windbreak.

The truck be decontaminated at the site prior to removal.
The site be decontaminated to background levels as

measured with a calibrated scintillometer per Nuclear
Regulatory Commission Criteria.

Colorado Department of Health personnel will be at the site until
this cleanup is completed.

The Colorado Department ¢ Health recommends that the U.S. NRC
rcappraise its licensing and regulatory program for uranium mills
‘n order to insure the fcllowing:

1.

All mill licensees be made aware of their respensibilicy
for immediate rasponse to control and cleanup of their
materials in transit.

All mill licensees submit to the U.S. NRC or appropriate
agreement state authority an acceptble exergency response
plan for transportation accidents. Such plans should
include at least the following:

668 376
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A.

A training program for a response team.

Provision of adequate clothing and survey equipment
for a response team.

Arrangement for transpert of the response team to an
accident scene.

Arrangement for an adequate number of trucks and empty
containers to be dispatched on very short notice to
an accident scene.

Provision for personnel and equipment to handle such
problems as covering spills, constructing windbreaks,
constructing watey diversions (including pumping

systems), and handling such other logistical problems

as decontamination, sanitation, security and communication
facilities.

Establishment of an zdequate company command structure
to ensure that the plan is promptly and effectively
executed.

Shipments of uranium and thorium concentrates be made in

containers adecuate to withstand the hazards of truck and
rail transport. It appears that the containers involved

in this accident were completely inadequate.

Provisions be made for prompt reimbursement for expenses
incurred by state and loczl agencies who respond and asiist
at the scene of accidents invelving fuel cycle material.
Expenses at this particular accident include so far:

A’

State Highway Patrol cars convoyed traffic om a detour
for over a week during cleanup operations.

County Sheriff's personmnel provided site security
round the clock for over a week.

The County Sheriff provided covering tarpaulins for
the truck and contents.

The State nighway Department provided equipment on
standby to dig diversion ditches in case of a rainstorm.

(){9 i1



IV-5

Sheldon Meyers, Director
October 3, 1977
page 4

E. The State Department of Military Affairs provided
tents to serve as dacontamination and shower facilities.

F. The State Health Department personnel incurred
transportation and per diem expenses for over a week.

It is fortunate that this accident occurred in a remote, dry, level,
open location. If it had occurred near a water course, in a
metropolitan area, or in a mountain area, the problems wculd be
compounded many fold. While many individuals responded with ccmmon
sense to this accident, it is clear that preparedness for such an
eventualitr was inadequate. The Colorado Department cof Health
requests the Nuclear Regulatory Commission to take imrmediate steps
to close this gap in their administration of the Nucliear Fuel Cycle.

tssociate Director of
Environmental Programs
QOffice of Health Protection

RDS:wsr |

CC: A.J. Hazle, Colorado Department of Health
Gerald Ortloff
¢/o Highland Uranium Operation
Exxon Corporation
Box 3020
Douglas, Wyoming
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DEC 1 4 €17

Mr. R. D. Siek

Associate Director of
Environmental Programs

Office of Health Protection

Colorado Departinent of Health

4210 East 11th Avenue

Denver, Colorado 80220

Dear M. Slek:

Thank you for your jetter of Octoter 3, 1977, describina the actions taken
by your office in response to the recent transportation accident near
Springfiela, a J recosmending various steps to improve future emergency
response. Your recommendations are being considerad by the Nuclear
Regulatory Commission (lNRC).

The NRC and DOT have initiated a program to identify and study areas where
possible improvements in the safety of transporting uranium oxide and
other low-level radiocactive material might be achieved. We have developed
a list of areas to be studied which considered those areas reccmmended in
your letter. We have reviewed this 1ist with Congressman wirth and uncer-
stand that he plans to send the 1ist to the Governor with a request for
comments from Colorado. We would appreciate receiving a copy of your re-
port and other infcrmation dealing with the yallowcake accident and copies
of any photographs taken at the accident scene, particulariy those showing
the condition of the drums. lie are referring here to information that you
may not as yet have furnished to Mr. Wayne Kerr.

we note that the Colorado Department of Health is an active member of the
American tlational Standards Institute ¥632 task group which prepared a

draft proposed standard, "Emergency Procedures for Highway Transportation
Accidents Involving Radiocactive !Materfals.” We would like to know 1f vou
are in agreement with the draft proposed standard and 1f you have imple-
mented any part of it in your emergency response program. We would also
appreciate recefving your comments on the respective roles and interfaces
among Federal, State, local anc licansee programs for emergency response.

We will keep your office informed of the progress and results of our :ludy.

Sincerely,
Original signed by
SHELDON MEYERS

Sheldon Meyers, Director
Division of Fuel_ Cycle and Material ngety

(60 LY
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COLORADO DEPARTMENT OF HEALTH

4210 EAST 11TH AVENUE «- DENVER, COLORACDO 80220 - PHONE 388-6111
Anthomy Robbins, M.D., M.P.A. Executive Director

January 13, 1978

Sheldon Meyers, Director

Division of Fuel Cycle and Material Safuty
U. S. Nuclear Regulatory Commission
Washingtor,, D. C. 20555

Dear Mr. Meyers:

Thank you for your letter of December 14, 1977, to Mr. R. D. Siek
regarding the Springfield, Colorado uranium spill, our report and
photographs which were sent to Mr. Wayne Kerr several weeks ago.

Mr. Siek is no longer with our Department, therefore, I will attempt
to answer the questions raised in your letter.

Mr. Jim Montgomery of my staff is chairman of the American National
Standards Institute N692 task group and expects to be submitting the
final standard for publishing within the next few weeks. We are, of
course, in agreement with the draft proposed standard and have been
conducting our emergency response program in accordance with the standard
far several years.

It should be noted that the Standard addresses procedures to be followed
by emergency response personnel in the event of an accident. Other ANSI
Standards will have to appropriately iddress the transportation and
packaging of radicactive materials.

Mr. Montgomery is a member of the Inter-agency Task Force on Emergency
Response which is working with the Office of State Programs to address the
subject of Federal, State and local interfacing for emergency response.

The position of this Task Force will hopefully reflect the views of our
Department and, as such, should be responsive to the second to last santence
in your December 14, 1977 letter.

[f we can be of further assistance, please contact thic Oivision

S1ncere1§f

4/4%—}7’61%/Q

Albert J. Hazle, Director
Radiation and Hazardous
Wastes Control

AdH: JLM:pp

680 DU
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COLORADO DEPARTMENT OF HEALTH

4210 EAST 11TH AVENUE - DENVER, COLORADO 80220 - PHONE 383-6111
Aathony Robuins, M.D., M.P.A. Executive Director

January 16, 1978

Mr. Richard P. Pollock, Director
The Citizens' Movement for

Safe and Efficient Energy

?2.0. Box 1538

Washington, D. C. 20013

Oear Mr. Pollock:

This will acknowledge receipt of your letter of November 3, 19.7,
which included a copy of an investigation report on the September 27, 1977
accidert which involved uranium concentrate.

t is the purpose of this letter to provide additional informatir: to
clarify some of the statements made in your investigation report.

The Tocal emergency perscnnel and the State Patrol who were first to
arrive on the scene did an excellent jeb of rescuing the injured truck
driver and passenger, covering the spilied yellowcake to prevent its
spread, and securing the names and addresses of all persons who had
stopped at the accident and might have been contaminataed. This list of
names was latar used by the Exxon Company to contact everyone who had
assisted'at tne accident.

The Exxon Cumpany had providad the trucking conapany with written instructions
— concarning the nature of the cargo and listed exactly what a2ctions were

to be taken in the event of an accidentc. These instructions were included

with the shipping papers.

One of the Highway Patroimen, and perhaps others who responded to the accident
had attendad a hazardou:z materials workshop presented in cooperation with

this Division in the southeastern part of the state. Because of the freg-
uency of the highway use in this part of Colorado by trucks carrying yellow-
cake, the handling of accidents involving yellowcake was discussed in detail
at that workshop by Departmental staff.

The "general rules” to follow in emergency response are written in bocklets
provided by this Division to the local emergency personnel (see attached).

Each incident to which the Department must respond is unique and no specific

. 5h
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Mr. Richard P. Pollock
January 16, 1378
Page 2

written inscructions can be given to the Health Physicists regarding

all possible accidents . However, there is basic knowledge and training
which Divisional personnel possess which applies to handling all aspects
of the accident and cleanun.

A letter has Jeen sent to each producer of uranium concentrate by this
Department to notify them of the need to have equipment and personnel

to respond immediately to such an accident, should their material be
involved. Each producer's response plan will be reviewed by the Depart-
ment for adequacy.

The initia?! notification o/ this Division by tha State Patrol Dispatcher
at 4:00 A. M. was incomplete »nd Tollow-i~ ietails were to be piovided as
they became available. No further information concerning the severity of
the accident were received until after 8:30 A. M. that moming. It was
not until the Health Physicistis arrived at the scene that the magnitude
of the accident was known.

The Exxon Company was notified that a total of six to twelve barrels had
been .amaged, 21d their response was to send two people with protective
ciothing, respirators, a Geiger-Mueller Survey Meter, one air sampler and
twenty barrels.

The two Exxon people who responded were misinformed as to their responsi-
bility for cleanup, having been sent to assist the State of Colorade in
doing the cleanup. Aftar being informed that they (Exxon) would do the
cleanup, tiey took immediate acticn to comply.

There was no "quarreling" between stave officials and the firms involvec.
There were discussions between Health Department personnel and Exxon
representatives concerning responsibility and cleanup techniques to be

used. These were noc arguments, but were statements of the Cepartment's
position and then discussing how these requirements :ould be carried out.

The Exxon people were very cooperative in meeting a' 1 demands. They complied
with all requests and requirements as set by the C,lorado Depa.tment of Heal n.

The trucking company had financial responsibili.y for cleanup of the
ac.ident, however, the Department conside 2d Exxon as the agency responsible
for cleanup for the folluwing reasons:

1) Exxon had personnel who were accustomed to working with yellowcake
and knew of its hazards and the precautions to take in its_hand11ng.
2) The Exxon Company had personal protective gear and the equipment

to use in the cleanup. ' .
3) The Exxon Company had about $1.5 millicn in yellowcake spilled

along the roadway.

™~ ™A
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Mr. Richard P. Pollock
January 16, 1978
Page 3

The trucking ..mpany provided payment for all rental and purchases of
equipment used during cleanup.

On September 27th, the day of the accident, the Exxon Company employed
several local men to assist in the cleanup. Howe'er, it was the posi-
tion of the Department that:

1) The cleanup should not be attempted with a "front-loader”
because of the continual wind in the area.

2) Adequate survey meters should be available to define the con-
tamination area and to determine the adequacy of cleanup.

3) Continual air moni“oring would be done during the cleanup
operation.

4) Cleanup personnel would wear anti-contamination c¢lothing and
“fitted" respirators. This required a Health Physicist or
someone knowledgable in fitting respirators.

5) Perscanel monitoring, i.e., bicassays, would be reguired on all
persons involved in the initial rescue and in the cleanup.

6) A dike was to be constructed around the spill to prevent rain
from washing acress the area and spreading contamination.

Exxon decided it would be easier to use it's own personnel for cleanup rather
than the lo.al personnel and brought about twelve employees from the Highland
Uranium Mill in wyoming.

Since the spill was contained, with no risk of spreading into the environ-
ment and:no radiation hazard to personnel, it was best to proceed slowly and
deliberately with the cleanup to prevent the situation from becoming a
larger probiem.

The first newspaper coverage was an ar*icle in the Pueblo Chieftan the
morning of the day after the accident (September 28).

The Colorado Department of Health press release was issued on September 30,
with genaral farts about the accident, initial response, plans for cleanup,
and informing people that bathing and washing of clothes would remove surface
contamination (see attached).

Appropriate action has been taken within the Department to hasten press
releases should a similar situaticn re-occur.

The final evaluation of whether the Department's decision and action were
Justified should be macde on the basis of cleanup results.

1) There wers no perscnnel exposures which approached any establisned
limits.
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Mr. Richard P. Pollock :
January 16, 1978
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2) The spill was contained within the original accident area with no
contamination of additional land during cleanup as confirmed by
the cuatinual air monitoring and radiation surveys.

3) The spill site was decontaminated to background levels, i.e.,
after cleanup, the spill site radiation levels were the same

as adjacent non-involved areas.

We hope that this helps clarify some of the statements which have been
made regarding the Springfi_ld accident.

We share the expressed conr.2rns regarding increasing numbers of hazardous
materials shipments on heavily traveled highways and through metropolitan

dareas.

Since ly,/ ay /C/

oy

A]beﬁt J Hazle bi tcr
Radiation and’ Hazardous
Wastes Control

AdH:er

cc: Tom Vernon, M.D.
Enclosure
Gearld D. Orhoff, Regulatory Affairs
Exxon, Houston, Texas

A. W. Greila, O0ffice ot Hazardous Matermals
Department of Transpertation, Washingten D. C.

Carlton Kammerer, Director, Office of Congressional Affairs
Nuclear Regulatory Commission
Washington, D. C.

E. Morris Howard, Director
Nuclear Regulatory Commission, Region IV
Arlington, Texas



COLORADO DEPARTMEN, (QF HEALTH

4210 EAST 11TH AVENUE - DENVER. COLCORADOQ 30220 - PHONE 388-6
Aathowy Robbins, M.D., M.7.A. Executive Di

Novembar 1, 1977

Tha Honorable Gary Hart, Chairman
United States Senate

254 Russell Senate O0ffice 31dg.
Washiagton, D.C. 20510

ATTN. Zavin Corzell

Dear Senator Hares:

Pursuant to vour reque.t we are enclosing the summary report of the
Colorado Department ¢ Health on the uranium concentrats truck accident
aear Springfield, Colorido com September 27, 1377.

Mr. Cormell of your office ali» requested the Deparcment's comments oa

the U.S. Nuclaar Regulacory Commission's (ORC) TEPOTT o you datad QOctab
12, 1977 and signed by Carltcan Xame. ver.

L. Om page 2 of cheir summary repo.™ tley state thart '"the hazard
€0 perscmmel i3 thersfors relative’v low since significace
quantities must be taken iaco the bYou~ hefaore damage to tissue
occurs”. The ingestion and inhalaricn . azard of "yellow cake"
as both a heavy zecal poison and as a vadi “active hazard is
such that scringent precautions are required “or chose who
Toutinely handle it in processing under control.ad conditions.
These precautions include the use of protective c.ithizg,
Tespirators, and rescriczed work ceriods. C was sev-ral days
before such protective equipment was svailable for the ..ron-
trolled comditions ac the Springfiald accidene.



Homorable Cary Hart, Chairman V=13
Unitad States Senate b¥=13
Page Two, November 1, 1977

2. On page 5 several statements are made about the "high improbe
abilicy” of a persom havicg an intake of as much as 10 or 17
milligrams of uranium concentrate due to a transportationm
accident. In the Springcield accident situatiom finely powdered
granium coosantrate was spread over am area of several thousand
square feet and as deep as a foot. This was far worse than
previcus estizates of a aaxiomum crediole accident provided in
severa. NRC Eavirommental Lumpact Statements. One rescue workar
reportedly fell ca bis face in this material during early rescue
efforts. In view of Colorade’'s experience with uranium concen-
trate accidencs, it would appear that the NRC underestinates
the accideat petential and the rasultant impaces.

3. Tha "RC has in the past oot required its licensees ts prepars
transportation accident contingency plans and apparencly scill
does oot feel inclined to do so. While the carrier does ave
soma legal responsibiliry under such circumstances, the,
tainly do not have the expertise, perscmnel and equipment o
adequataly respound iz a tioaly zanner. The licensee however is
iz a posicion to raspond and also should protect its Lnterests.
Therefore, Colcorad: will be requiring its uranicm =mill licensee
to plan accordingly.

4. The recommendations for decontaminatiocn 2f the equisment and
accident sita made bv the NRC wers based on the zuclear power
plant decommissioning criteria of NRC's Regulatcory Guide 1.36.
The Colorado Department of Health felz the applicatiocm of such
2 criteria inapprcpriate as the situation could be easily decosn-
tamizated to levels well below those speciiied in 1.36. The "as
low as reascnably achievable " ghilcsopity as reqairesd bv Colorade
allowved decomtaminaticn of the equicment and sita =0 ba:kground
levels. Apparently the AEC's old philoscpny 2f just zrgQuisiag
what the csgulaticns specilically state still exists ia the MNRC.
The Rocky Tlats Plant ocff-gize soil comcaminaticn and the old
{inacetive uranium =ill tailiags pile legacy wers a result of this
regulatory stance.

As a sida issue regarding ifam & above, the IRDA/Z?A Phase I, Titcle I £inal
reports resquestad by Congress sre 2ow beiang sublished. The appropriatas remadial
dction will require in excess of a hundred ailliom dollars. 3Because chis
siftuation cccurved as a rasult or the Federal procursment program aad izadae-
quata regulacicn by the Federal Government, the State of Cgolorado, alcng with
other states and jurisdictions, have taken the posiziocn that any remedial
measures taken are to ba at full Fedaral axpense.

-

[ S VR



The . Honorable C.. art, Chairman =14

United States [an..a
Page Three, November 1, 1977

Should you have any questiouns regarding the Departzent’'s Springfield
Accident Report or our comments regarding the NRC repert, please do not
besitate to contact this offica.

Sincerely,

Akt

Albert J. Bazle
Director, Radiation
& Hazardous Wascas
Contzol Divisicn

AJH:els
Eaclosures
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RADTATION INCIDENT REPORT
URANTIUM "YELLON CAKE" SPTIL
SEPTEMEER 27, 1977 - SOUTEHEASTERN, COLORADOC

A Colorado State Patro. dispatcher zotified Jim Montzomary of the
Colorado Department of ZFealth than a truck carryiag uranium "vellow
caka" was iovolved ia an accidant lear Springfield, Colorade. The
dispatcher was o cotify Jinm Montgzomery of further datails as chev
hecama @mowu.

Jim Montgomery actified the Colorads Department of Health office
staff of cthe accident zear Springfeld, Colorads of a tzuck carryizg
"yellow caka”. Tweo pecple were raportad izfured and anm unkzown
quanciry of the yellow cake had beenm spillad. Darvel McDanial and
Cancic Mattison wera cdelegated o respomd for the Jepartment.

Chuck Mattsom callad 3411 Dumn, of the Cslurade Departzment of Zealzh
Laboratory Division, who said he :ad Geen callad by zhe 2oiscn Comszol
Centar comcerning treatzent of the victims. Se had =20 zore izformacica
on the tTuck aczident.

Chuck Mattsom called Poiscn Comessl Canter and discussed =:: accidans
victims. I was suggestad thac urize and fecal samples, an! zasal
wipes Se taken to indicata any ingesticn of uranium. They vere
foforned that chere was little radiacion 2azazd, 2ut a pocascial

for a heavy =scal poiscming.

Anci-contaminacicn clocthing, samplizg amd couasiag acuisment was
gatberad tcogether, and Healch Fhysicistcs Macticn and Melanmial
departad for Lamar at abous 10:00 A.M.

William Somars of tle Colorado Depastmams of Zealih received a piacue
call foom Mr. Garald Orzlcfs (713-636-4239) of Zxzon Carsoration
concernilg tle tTick aceident zear SpringTfield, Colorade. Ee infarmad
Mr. Somars thac Lee Way Mocor Traight of Cklaboma Cicy was the czar—ar
and was responsibla for the clean-un. .‘r. Orslzsf? scazad that e

vas sending the eovircomental Iagineer (Tom the =ill, Mr, ickard T.
Horasby, and cue technician, Nancy Demmis, %o the siza. The7 are
equipped vith a completa emergency <if and would check the undamaged
drums for contamizaction bSefore lsadi=g cthem Im ancther =Tuck tSe
carTiar 7as sending. They would alsc ccordizaca the claaz-up with
the Depar=mant of Sealsh 3cafs a2t 2he scase of che accidens. Zxzcu's
{atancion was 9 ooisten the 7ellow caka =2 2elp srevent :the spraad
of aizborne comtaminacion and recover the vellow caka and scil wet.
Twent7-35 gallon drums are beizg sent 20 tle siza 22 Se used far
pisiing up the yellow cake and scoil.

i WAL Lo uisiet idwa
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Mr. Ortloff askad about evacuating nearby residents L{f the yellow
caks was being bHlown towards them. William Somers statad thac chis
could be dome with Departmasat sanctiocn Lf there was a definire zisk.
Mr. Ortloff then askad about blockiag the higbway to traffic and

W. Somars stated that would be up to the Colorado State Patrol. The

conversation was concluded at approximately 11:43 AM.

Chuck Mattscn and Darral McDanial arrived at accident sita and cbserv
that the rruck and spill area had been covered with plastic shaecs.
It appeared that the zajority of the dru=s had bHeen throwm frcm tle
truck and the "shapes’” of the coverad drums indicated that mamy had
been severely damaged. No vne from Zxxcm had arvived at the scena.
C. Mattson and D. McDaniel talksd tn Baca County SherifZ's leputias
and Mr, Walters from Colorado Eighway Department concarming the acci-
dent, accident 7ictins, and rescuas perscumel. D, MeDaniael staved at
the sita while C. ¥at=scu and ¥r. Waltars drove iato Sporiagfiald oo
inspect the hospital, viccims and ambulance.

A gamma radiaction survey was JerZormed at the azccident scene using
Caleradc Departmant of Health micro-3 zater U.3. AZC 139136, The
fallowing readings were recorded: *  (see Siguve 1)

Chucic Mactson asTived at hcspital, i=ztroducad himself to the Adminise
tragor, Zdna Chensweth, and was introduced o zhe ambulance crew.

The ambulance wes posted wizi 3 00 NOT INTER sigm and bags contaizizg
clothing of amoulanca perscunel and the =ruck drivers wers stsesved
outside the rear zcspital door.

A survey wiil the Ludlum algha radiazion survey nater of che ambulazcas
{adicatad the floor, enctTy ways, ind scme scuisment was csufamizatad
£ 400 cpm alpna. The intericr of the ampulazcs was vacuumed and
scmbbed, and all the aquijmen: was cleazed, after which z2ara wers
20 raadings on the zetar.

T e bospizal shower rcoms, emergency ssom, and the vizziz's rzem
7as Iree from contaminacion.

Clet' ‘2g iz plascic dags was cbserved o Se coversd wizh e yellow
cSks and gave readings o 100 pR/hr. wizh the zamma radiaticn scizn-
cillacor. GZospizal jerscomel vers zold o leave e cl-thizg iz the
bags umeil it 7vas decided zow they would Se cleamed or c.ipcsed of.

Gamma and alpha radiacion susveys of the 7icsizs' zands, facas, acsd
sasal wijpes showed zo acsivisy.

* Natural background radiacicn levels were dacarmized %o e 13-20
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Rick Hornsby and Mancy Dennis of Zxxom Corporatiom'’s Fizghland Uranium
Operaticus arrived at the scene of the incident. Mr. Hornsby askad

¥r, McDanial how che Colorado Department of Health was going =2 =anage
the clean-up operaticom. Mr. McDanial cold him that che Calorado lepart-
oeat of Health was at the scenme to iansure that the zatarial was clsamed
up properly and that the Department would not do the actial claan-up.
Mr. Horusby asked questions coumcerming the respousidbilisy for the claaz-
op. He ma actaizad ti'at i should be Lae Way's responsibilicy o claan
up tha spill. He ous acvised by the Calorado lepartment of Zealth thac
the yellow caks would have to be hand shoveled into naw bdarTels, acd
mistenad vhen necassary o prevent blowing.

¥r. Borasby began makiag arrangements for security of the tTuck and
granima barTels during the zight. e also began =akizg arTangements
for equipmant and manpower for the claan-up cperations which were o2
begiz at dswm, Septambar 213, 1377.

Alex Ewing, Exxon Securicy Agent, Srom Midland, Taxas arTived act tle
scane.

Mr. Borzsby and Ms,. Dennis conductad an iziziz]l inspectiom of the =I=ck

!

and comtents t3 datar=ine cthe extant of damage t=o the dr .. A
McDaniel was informed of the followizg:
1. A tTuck with twency empty drums 7as Se’1g dispatched

from Wyoming so = it the uranium oxida ould =
shipped back %o the z=ill Zor raclamation,

2. Exzon 7as going to buy all the contaminmgted cloclki=zg
£rom the resczas perscmmel, and

3. A plapning oeecing 73s S0 ce -:d that evenizg to
oaks all logistics plans.

Dar=al McDaniel and Rick Bormsby, o Lizg Tespirators apd anti-contass=z-
tion clothing, entared the Zrailar to examine the axtant of damas- =
tha drums chat bad 20t Desan throwwm from if. Tlhers wera 13 drums iz tDe
trailer, all damsged ©3 somm extent. At least halZ of the 13 drums ver:
visibly laaking ar zad ducmped the yellow caka.

A visual examization of the surTounding ars=a was zade by Ms, Jemnis,

Mr. Sornaby and Mr. McDamial t3 determine the exzanc 3f Hlowiag of

the yellow cakas (wind f£rsm southeast). Thare was 20 conclusive evidance

that significant amounts of yellow cake had blowm. Rick Zorzmsdby iz-

formad Darrel Mclamial that all drmms and yellow cake would 2ave I3 e

shipped back ts Wyoming. M¥r. Hormsby requestad assistance ITom the

Calorado Departaent of Sealth for moniroring and relsase oI aquijzact
tar decontaminacion. Ee alsc sequasted that traliiic comtral and

decision maicisg be i3 cooperatiss with the Colorado Departmenc of Zeal:il,

AY UJ7
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Chuck Mattsou left the Bospital. Mr. McDaniel performsd a gamma
radiacion survey of the area surrounding the accident scenme to
detarz=ine background. The following readings were cbtaized with
micro-d matar - AEC 139196: (see figure 2)

Darrel McDanial and Chuck Matison arTived 4t the acsident site. Mo
progress had been 27+ toward clean-up. Mr. Zornsby drove %o Spring-
field to talephome .i: ffice prior to malkdag amy decisions or answer-
ing aoy questicns. He was told chat the Colorado Department of Health
regarded Ixxom as the igency responsidla for clean-up, and providiag
encugh traited perscmmel with proper equipment, to get the job done.
The remainder of the day was spent waitiag for the persomnel and equip=
asnt. Mr, Mattscn and ¥r, dcDaniel returmed to Dexver lata that eveni

Chuck Mactson phoned ichard Gamewell at thae Colorado Department of
Health., Mr, Gazewell requascted that >icasssys bDe cbtaized Ior a iz
who rsportedly had fallenm in tha yellow caka shortly afzaer the accidant

¥r. Gamewell zotifled Jobn 3arTy of the T.S. ZRDA Radiological Assis
Taam, Idahe Falls. Help was zot requestad. This was their inicial =oti

cat
¥r. Gamewell notifiad Trank ozich, Dirsctar of zhe Colorado Jepasomant
of Health Watar Juality Contral Divisicn. Sincs local Sarmers use
effluent Zrom the Springiield sewer plant, 3ozich decided 22 have it
samplad.

¥r. Gamewell zotiflied Paul Smizh, Begizz TIZI, U.S. 224 and Aca 3ischaxd
Calorado Depar—mant of 3ealth Ais Pollucion Cenersl Divisiom.

Tloyd Nichols, egiom TIZ, T.5. ZPA notified ¥, Gamewell 27 =Se Calze
Deparezgns cf Sealth that a phots £lizhet sver the accide~ = was slicmed
chat a“<erzcon.

Garald Ortlcofs, Zxxom, called the Colcorado Depar=ment of Jeal:h (Camswe!
Mattscn, and Mclanial). Tha Colorado Deparzment of Zeal:th adwvisad hia
of the dasirabilisy of getsizg seopls 25 the acciiant size who wers
thorougitly traised I3 the £15tisg cof <Taspisacors and tte use 2f sensi-
tive rTadiatico survey mmtars.

-
¥r. Gamawell updatad Jiz Yontzemesy of the Colar do Department of Jeals
who recuestad tiat Chuck Magsson recurm izmadiacaly =9 the siza and =ha
4 press ralzase e Lssued.

¥r. Crtloff celaphonad the Csloracde lepar=—ant 3F Zealzh and said ==o
{adividuals, Mar7iag Smich, 3 carsiiisd Sealzh hysicisc, and Zd Tascer,
a Bealsh Physics Technician, from Zxxcn Nuclaar 3¢ Richland, Washisgaonm
would arvive in Lamar abeuz 7:00 2.M. They 7ill supervise =he claan-up
job. Theay ara also sendi=g I Scott air packs and 10 2ull Zace =asks
with Jiczings for comprassed ais Cottlas. It was rsccmmanced zhat thav

-

contact Chuck Mat=scn at tha Z1 Mar Motal, lLamar, Calorads.
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Mr., Gamewell of the Colcrado Departzment of Health called Ms. Davis,
Head Nurse at Scutheast Colorado Hospital in Springfield, abouts
bicassays on the drivers. Urines were still being collected and
would be sent for analysis to the Universicy 2f Colorads ‘fadical
Cantar, Dexver (Dr. Rwbert Patarscn).

Jerry Hemsel, U.S. ZPA, advised Mr. Gamewell of the Colcorado Depart-
oant of Health of succassiul ghoto flight.

Chuck Mactson arTived at accident sita and talked briafly with Rick
Hornsby who was om his way .o a dinner mseting with his Ixxom crew.
Photos wers taken of the accident scema. The only work which was
being dona was izprovemsnt of roadside barTicades by the Tw@o evening
guards., Chuck Mattson returmad o “he motel atc 3:15 2.4,

Cinck Mattson rscaived a telepbona call from Mr. Marv Szitl who iztro-
duced himsels as the Comsulting Zaalth Physicist nirzad oy Zxxeou o
assist i3 the clean-up. fe 2ad workad Zor Zxxon beforsa anu is on the
facalcy of the Graduate School of the Universicy of W shiagton. Ha
discunssed his plans to build an enclosure as a "wizd shiald"” 2o keep
the dust dowm during clean-ap. The faca masks which e racommenced
taat the clean-up crew wear were tha Sull face, dcuble czannister cyve,
because he tad used these before iz plutonium weork. 4o appoiaczenc
vas made Sor breukiast ac 7:00 A.M.

Cinck ¥attson istroduced hizself =9 Mazrv Smith, of Txxon, and went =2

the Breakfast nmeeting. Ten Exxon emplcoyess, whc tad been senn o assisc
in claan=-up, also actanded the mmeting. ¥z, Mactacn talkad briaesly

with Mr, Smith concerming his plan Zor the zlean-up iacludiag the Tuilde
ing of & por=abla skeltar so that all clean-up work could be dome witlcut
wind {ntaerfarence. The use of protactive clothizg and Zull-face ~aspizs-
acors 7as also discussed.

Mr. Gamewall advised Alberz J. la, Colorado Department of Zealszh, of
the situacion.

¥, Gamewell advised 3chbers J. Siek, Caloradc Departmamt cof Sealth, of
the situacion. Mr. Siak Tequestad an i=mediate lattar ¢35 the T.3. Nuclea:

2sgulacory Commissioun.

Cuck Mactscn arzived at the accident sita. II 7as cbserved thac a
£acmar and Ris dog ewre om guard, A-~l Rzatal Company amployees wer2
setfing up a portab 1 cailac.

A gamma vadiaciom survey of che area was conductad with 2 Mocdel TRM-TC
survey zatar. (see figure 3)

LR el
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Zd Foster was using a Thyac III with a pancake srobe for all
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eovirommental surveys. Mr, Ed Foscter was the Zealth Physics
Technician Specialist for Zxxon Nuclear, where he had worked far
6% years. Prior to this, he 2ad four vears axperience at 3actelle
(Eansford). 3is "ru.n;f.ng consistad of ome year as a "trainee”,

3 years as a "momitor”, and then experience as a " journeyman".
Marv Smith talkad abcn: "taping” holes iz damaged barTels then
wrapping iz plaatic for shipping. He stated this was prafecadla
Co emptying the barvels and handling the vellow cake.

Chuck Mattsom called the Department and relacad the following:

1. The 2 Haalth Physicists from Richland, Washington
have azTived.

2. They ara :u.l.'.i:;g 4 acvable strzczurs of 2 £ 4's and
plastic t3 act as a wizd block arcund =za spill.

3. A shower and changisg tent from the Naticnal Gua~d
vas being ‘et up at thae sica.

4. Urine samples of 1] jerscms iawvolved iz the rescze
were being collected and semt =o ...S. Testing Labora-
tory for amalysis. 32esults should be availabla on
Approxizacely 3/30/77.

5. Exxom wamts =2 tape and zar sunccurad Sarrels. It was
recommended that tley cbtaiz Jepartmonc of Transporzaciosa
and Colorado Department of Zeal:zh avproval.

6. Workars would wear Zull face masks with canistars
suitable for plutomirm.

7. Mr., “attsom suggestad :;-.ax: sontizgzency plans be =ada
£0 cope Witk Tains amd flcodizg.,

Quck Mattscom 3topped at the Southeast Colarado Jospizsal. The
Admizdstrator, Ms. Chenswet:, relacad Low =he 7ictims’' urize sacpl.s
adad oot been fsrwardad =0 the Cslarado Coiversisy Madizal Cantar

for analyses. Ske also iadi:atad thac the zielasziag agents oac ot
Sean Teceived from tha sugplier. A surse 2ad Seez =old =3 ssllacs
urize saz-'es Iov I4 hours aftar tne admiscstraciom 3f the drug
"euprimizs”. She 2ad understscd that she was o semd iz all saxplas
tcgether, sc 3zhe 13d zeld onmzcs zhem.

Mr, Mactson talkad o Jr. Robers Pecezscn it the Calotads Cniversisy
dedical Camtar and was askad Juessisns socur the vissizs condirioa and
thesa questicns wers £z "arded 23 the zhvsisian at =Se Bospisal. 12
there 2ad been a he4vy zecal problam wizh sizkar vicsin, Cthey would ha
already been symptomacic. Tha Admiaistrator was askad =2 jend the
samplas by the fiastest zeans possibla for azalrses.

¥r. Mactsom arTive Back at the iccidant siza. The OLA3 (TSaF Jperac:

Locatiom Alpha 3: Cheyemne Momtaiz), 747th Medical Company (Ar=y
Sacional Guaxd) 3 te ..a:n' Fise Department vers ccmplatiag che

iostallaciom of a4 3£ for showering. A zorzabla skeltar for sarvsl

exchange was Seing :m::uc:m.
POOR ORICEL
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Mr, Smith stated that he had tilked ro Depar=ment of Transporzatio:
in Washi-gton, D.C. concerning the shippiag of damaged drums. Their
reply according tc Mr. Samith was ©o use satisfacto., indusezial
containars, acd to ship the yellcw cake iz a 'sole use veaicle'.
There were zo specificaticns cn the containers

Gerald Ortloff, Regulatory Alfairs Manager, for Sxxom, arrTived it the
sitea. Mr. Ortloff is cthe Ragulatory Alfairss Mapager fovr the Mizerals
Department of Exxon, U.S.A. He has worked in the Minerals Deparwment
for 53 years. 2 Llor %o this he workad iz the Ixxom Producticn Depars-
oent as a chemical enginger.

Mr. Al Zazle talephoned Dr. George Vcelz, Los Alamos, NVew Mexico, and
requastad that he call Southeast Colorado Hospital, Sprimgfield, Coloracc
to datermice whether the bicassay mechods being usad ware appropriata.
Mr, Hazlae also requesntad that Or. Toelz advise the hospital of the
pProper procedurss anc. Dathods o e used iz am i -idame of chis Cype.

Traffic vas datoured around the site via Zighway 115, a dirt road about
1 mile esast of T.S5. 287. It requirad cne way trafiic and an escors

by the Stata Patrol through the detsur. Tais deatsur would remais iz
effgce, during daylizat hours, mtil clean-up 7as csmpletad.

The portabla barvel exchange emclosure was set down om black tarp gver
ona barzel, and the cutside sealed arsund the bHeottcom. One zanm wiszh
protactive clothizg and full face respirator went iaside the enclosurs
and cat the plastic cover. Tha barvel, dentad cn the side, bdut zoc
brokan, was washed, liftad 5y Zzomt loadar, surveved and then tTrans-
farred S0 a dacontamisaced barvel arsa.

Two additiomal bSarvels weres Zilled with 7ellcow caka, dizs, and weecds
from the area insida the emclosure. These wers then washed, survaved
by wiping the cutside and moved =2 the decontaminzated barTel azea.

Work czontizumad uncil duski.,

Tha Colorado Deparzzent of Zealth =mailed cut first sress ralaase.

Mr., Marctson callad and updazad ¥r. Gamewell. Mz, MatZaon was rsquested
£o raturn £3 Denver on Cctober lstc iZ che situacice agpearsd undar
coutrol.

Cuck Matsson arTived at the accident sita. 4 gamm~ radiacicn survey
vas done witd a MicTa-2 aater (U.S. AZC 139136): (see Sigure &)

Work was progressizsg slcowly; tha Zealszh Fhysicist was being very cst-
servative in the handling of the clean-up. The Hsalth “hysics Tachni-
¢ian appeared <aowledgeadla and comsc.ancious wizh his surveys.
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Chuck Mattson talked to Garald Ortloff and Rick Hormnsby and requesced
that they call ac 9:00 A.M. and 4:00 ?.M. daily with a report of
progresas, moniforing results, bicassays and any problems encsuntered
~aring clean-up. Mr. Mattson then recturmed t: Denver.

Chuck Mattson recaived a talephone call from Nancy Demnis, who provided
results of urine analyses for the pecple iavolved in the rescue. S3he

stated that che minimum detectable amcunt was 10 ugms uranium per litar
of urina.

Two persons exceeded this minizum detectable amount:
- 16.4 pgms/1

- 10.2 pgms/L

These lavels are considerably Selow Safecy and HSeal:th Standards.

A Natiomal Guard temt had been used ar the size as addicicnal cover
for tha truck to pravent blowiag of the yellow caka.

A mumber ol plastic bag drum liners had beer purchased.
Five drums of dirz and yeilow caka had been barrelad.

A 3taff review of the iacident aad clean-up attempts to data was
conducted at the Colorads Departxment of Health. Questions wera
raised concerning respensibility for cleameup, adequacy of serscmmel
and equipment, and the tachmiqua £o e used fcr the final survey t=
assures completa claan-up.,

1 raceived ac the Colcrado Department of Heal:zh from the lamar
Dewspaper. The Teportar was referved o the Colorado Department of
Sealch Public mlacicns ofiice.

Chuek Mattscn stopped at the Denver Federal Cantar, 3uilding 53,
Room 32217, and talked =3 Jerry Hensel concaraing the aerial pnoto-
graphs of .the acczident sita. ALl photos wers viewed zf8d 15 wera
selected o be sent o the Colorado Dapartsent of Healch.

Darzel Mclaniel received a telephcne call “som Mr., Coleman Smitch of
the QOl:lahcma Jepar:ment cof Health, Ceccupational and Radioleogical Healsz:
Service, (405) 271-5221. Mr, Smicth indicatad he 2ad talked c2 a Lae

Way truck driver named Harold . Shea. Mr. Shea had stopped his =Tuck

at the accidanc scene and was involved in the rescue operations. A
urine ticassay had Seen =aken from Mr., Shea and Mr. Smith wantad to
«now where i: should be assayed. Mr. McDaniel 25ld Mr, Smith zhat 3Ze
should zallc to Mr. Gamewell of cthe Colorado Department £ Healch Labora-

POGR i ‘;am
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Chuck Mattson arrived at the accideny site. NMr. 3lcunt and two
Exxon employees wers at the site. They wers working on the e¢lactzical
wiring.

A pickup trTuck from A-l rental dalivered a comprassor. Four mores Ixxon
employees arTived with twelve rolls of plascic tarp.

A foutheast Colorado Power Associaticn trTuck arTived ana the nen began
ts install a chree-phase transformer and Two street Tights om tle power
polas.

Two Calorado Highway Department trucks dalivered eight rolls of snow-
fance. This was used %2 emcircla the accidant site. The fence vas
then covered with plasctic tarps which served as 3 wiad dreak.

Tacomm cleaners, £ilsars, and miscellanecus bcxas 2f equipcmant Jere
delivered durizg the day by taxi service Z-om 2ueblo.

Ciuck Mattson rstusmed to Denver.

Darrel McDaniul received a talephcme call ac the Colcorado Departmect of
Health from Mr. Garald Orsloff, ZIxxon Corporatiom, o report tla pTogTess
of clesm-up cperations. Mr, Ortloff isfsrmed him that the comtants of
27 drums had been racovered and placed with 50 drums previcusly fillaed
for shipment back °3 Wyoming. He hoped that clean-up would Se completad
by the weekand and that Zinal grading and scrapizg would be fizisbed Oy
the firsc of tia Sollowing week.

Me, Ortloff alsc rsportad the Zollowiag infsrmation:

Tot 1 aceivity om air filtars iz the clean-up area
(c&.xi.:ncusﬁ sampling 7:30 A M. t3 11:30 A.M.) =
2.2 x 10°1C gci/ml

Activicy om air filtars samplad 30 feec dowmwiad Ircm
work area (comtizuous sampli=zg 7:30 A ¢ 11:30 A.4,) =
1.3 x 10°10 pct/al

Urine sample Tesulzs from 7.5, Tasctizg Servica:

All samplas for men doing claan-qp wers less than the 1Ixils
of dataction (i.a. <10 uzg/al).

Tan results had Seen received f£or the =eo izvelved i Teascue
work. Twe of these were above the limizs of dateaczicm,
ons 10.2 pg/=ml and the ocher 15 ug/=l.
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Darrel McDaniel listened iz om a phone couversacicn Yetween Jon
Hendricks, EPA, Las Tegas and Chuck Martsom, Mr., Hendricks was
interestad in kmowing about the accident sud specifi: questicns about
the makeup of the yellow cake, its soludbilirty, and £ 2al calcindng
temperat.:s. He meactioced that ammouium diuracate was zcre solebdle
than uranium oxida.

Mr. Hendricks offared che e of scme Gaigsr-Muller izstruments that
bad been calibrated for counting vellow caks om air filtars. However,
we declined ac thact tiza, but Mr. Martson callad back latar amd had
twe iastruments sent to the Colorado Department of Zsal:zh.

Tha attached handurizten note Zrom Mr., Albert 3azle contains cali-
braction information for the I24 Geiser-¥uller instruments and alss
decontaminacion levels.

¥argo Sormblowar, of Washington Post, called Chuck Mastson with raquess
for an intarview wich Al Zacle. Mr, Sazle was not iz che office at
chat tiza,

Mark Veaver, of TTEN radio, called Chuck Mattscn Sor an isterview
with Al 3az’e, vho was cut of tha ofsice.

Wayne Zarr, U.S. MRC, talephomed and talked with Al Fazls comcsr=izg
Represencactive Tino Wirth's quascicns abous zhe accident. CongTessman
Wirth had reportedly requestad a zsecing with zhe NRC Commissicmers
for 10:00 A.X. the Zollowing =ormiag.

¥r., H. Hacsori of the Mitsubishi Compamy -equastad 7y talasione a cspy
of the Cepartment’'s final zews ralaase ccumcarzing the fpill. Ze rTead
about the iacident iz a Tokyec Japan zewscacer.

¥y, David lange of Ixxcm in Ushkland, Waskicgton talapiooned Chuck
Matsson comcerning the Zakeup and ralative solubilisy of cheis yvellow
cake product. Za statad that their 7ellos ammonium disramasa i3 calsiz
at 1000° 7 which comverts pars of the =atarial to che black T308. The
praduct in the accident was an olive greem, and was astizatad by .
2ange &0 be about 805 oxide and 40% diuranacta. A probablae chemizal
aakeup Jf the product was stactad =2 3e:

U10g = 5%
SE3
320 = T 2%
3Qq

lass than 1/20 =ozal of Si, 2, C1, a=d Mo.
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Mr, Garald Ortloff called Darral McDaniel and informed him that of
the 18 drums on the trailar, 7 had been pliced iz plastic bags and
soved to the storage area. The other 1l drums had been turmed =ight
side up in the trailer. All the locose yellcw cake had Dee': pickad
up and secured.

Ha did zot feel that there would Se a problem with yelliw caks under
the trailer beczuse the side of the t-ailer lying on thae ground appearsd
tos ba intacs.

Mr. Crtloff alsc statad that all of the damaged drums would de shipped
by a "super tiger" container tTuck while the new repackaged drums
would be shipped back to Wyoming via conventiomal trucks.

Ha statad that eighteen drums had bYeenm filled with 7ellow cakas a.r.d
dire. The vacuum claanars were -esported working well for pickup ¢

the 4= jowder. Work had begun iz che Srack, with seven draxs ..av" 3g
been remcved. The walls of the tT=ck wers scuad, damage 2 the oD

was extansive. Thare was litsle dusc problem, accordizg o Mr. Crzlcil.

The micro-2 mecer had oot yet been raceived. Twenty-six persons vare
iovolved in the rascue alter the acsident and twenty-cme of tlese tad
already been contactad and urize samples taken. These samples 2ad beex
sent t3 U.3. Tasting Corporaticn for uranium analysaes.

Jerzy Everets, of Regiom IV, UT.S. NRC, was ac the sita. Alr samples
bad been takes and given praliminary analysis Leifcre shipment 2
Highland, Wycmiag Zor lab analyses.

Pralimisary analysis results 7are aa ‘cllows:

2 3. 15 ma. - 1.3 x 10°:0 uci/mL
28r. 15 =a. - L x 10°:0 uci/mi - (dowewiad - 30 2z,
§ min, 1.3 z 1040 pACLi/mal -« ia immediata work aTea

Jer=y Combs Srom tbe Izargency Zreparsdness 3ranch, Jepartmexnt of
Znargy, callad Chuck Mastson and rsquestad i report and jbotss of
the incident.

Jarry Iverscs, called Chuck Matzscm and Richard Camewell Izcm Lamar.
He said e had talked =2 Marv Smith and Jerzy Or=lofi comcerming ais
position on decsmtamingciag cthe sT=ck and soil. e quotad ITom tle
U.5. AEC Ragulacory Guide 1.36.

His recommendation for soil was based om an erposure of 0.5 Ram/7T.
£ the gemeral public. This crauslates to 0.06 =®/hr. atc 3 It.
(gomadal cegiom), or 50 pR/hr.

.
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Richard Gamewell and Cir k Mattson quotad the NRC Branch Posizionm
Uranium Mill Tailings Managemeat' from Wayne Rars om 3/13/77, req:ice
ing decontamination o "essexntially backgrouand". Mr. Everett was

told that the Divisicn would discuss this mactar and staca the Departc-
ment's positicm at the 4:00 P.M. call.

Mr. Crtloff related that the tTuck was to be claaced cur tais day,
dr cotaminated possibly tomorrow, then rsleased to Lae Way Trucking.

H3e Gad talked %o the Lamar Daily Yews, reporticg ke vellow caka
was 99 +% cleaned up.

The plywood ca the lef: side of "he tTuck was %o Se torz cut and
barreled, then the IIuck vacsumed, decontaminatad and turmed upright.

The Caot used o cover the trick was purchased by Ix=om Zrom _.‘.-.c
Colorado Yatiomal Guard, The radiaticn surveys of tha iaterior
face masks and 2asal wiges continue =0 Se nagative,

Weather is cloudy and ccol, with no wiad.,

Call received at tie Colorads Depar=munt 3f Zealzl from Garald Orslafs,
He stated that a "super tiger” container had beem loaded with 21 do==s
and had dapartad for Jyeming. The truck 7as to returm =z Spriagsiald
at about 3:00 P M, the follcwiag day for another 21 bazrals.

The plywoad liniag of the sruck had been remcved and the walls wec=
beiag scrubbed witk watar and spomnges. Zlans weare 55 uprighc the

truck the zext dgy. All sides of the tTuck 7era rsportad o e in
good comditicm, with the aexception of the racf. The area izmediataly
arcund the trailer had alsc Ceen zleazed up. I was amsticipacad cthat
the tTailar would be celaased to Lae Way oo latar than Sunday. Tiald
calenlaticns of the air samples ...n.c:x:-d. ~~nc:n::z.:.:ns of 20-43 x 10~
pCLi/al iz the izmmediata woTk area, 0.7 x 19=L1 uci/al ac zhe zsmeTsllad
arsa perizacar, and 13 x 1g=ks acCi/zl dowmwizd (50 32.) 2=om zhe con-
t=olled ares.

-

chard Camewell arTived at the accident sita. He zmt 7izh sk Icrashy
Marvia Smith, Garald Or:tloff, az Zxxom lawyer, and an Zxxom Public lala
ticus =an.' The tTuck had beem uprightad. ‘::.:e- Ixxon zam, afzar vac:
ing the inside of the trailer, wers scrubbing it dowm with “~=shes,
sponges and I gallom portabla tree spravyars :t"ad 7izh watsr. Thers
was plastic sheeting undar the Stuck. Scme of the watar iz the =ruck
7as being vacuumed up. The plywood lizer om zhe laft 3ida of zhe ctrail
23d been complecaly removed, cut up and barreled. The cpening iz zhe
roof that had been torm by the vellow cake SarrTels cu impacs 2adé Seexn
enlarged to facilizats dacsatamizasiosn. Algka readiags iz the zTuck 7
lass chan 700 cpm which Mr, Smith calculited vas equivalaatc o 25CQ
dpm/10C e=*. Thae rear end of the tTuck was sulled abcout 5 Zzec vest
and then tha "Tuck was =owed forward abouct 75 fset. The resar vheels
showed slizht comtamisacion 3o they were hosed o2, Tha STuck was :towe
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ts Springfiaeld at 7:00 P.M. for transfer to a low bay track and
hauled to Lee Way's main repair shop ir Cklahoma. Mr. Smith said
they found oo comtaminaticn {ia che cab. Sgt. 3enson of the State
Patzol said that the aorther:s edge of the spill was about 5 feec ia
front (scuth) of the cab. Scme pesple =mizght have contaminatad them-
selves while standing in the area but he perscnally advised evervona
ts shower, and leave the.r clothes cutdocrs in plastic bags uncil
they could be checked for contaminmation. He Surthaer said that the
driver's lag was piznad under the cab and could ot °= zoved uncil
a drilling rig lifcead the whola cab cf£f the ground. The driver was
then pulled ocut through the top of the cab.  The left fromt of zhe
cab was complataly zangled from impact with the culvert. The Tigac
front and radiacor of the cab were damaged from impact with the three
horses. Sgt. 3enson believed that onm the basis of the skid marks,
the truck 2ad not Seen 3peeding.

Mr. Gamuwell took cclor slidas of the tTuck and acciient sita. Damaged
barrels were encased iz plastic bags and shipped to the Zighland
Uranimm Mill iz Wyoming via the "super tiger' truck. The barTels
containizng the clean-up zaterial were lcaded om ancther Lae Way tIuck
which left for Bighland about 7:45 P.M. The locad was over the fraont
and rear zxles. EZxpcy bSarrels and I x 4’3 were used as a spacer
between the axle lcads. 3arvels wers lcaded with a Zovie 1ilt wizk

& barrTsl loading attachment. =4 Tostar (Zxxom) =Horsughly wijped tlhe
.0p, bottom and sides of each barvel and chacked the wiges with their
fhyac IT. Sgt. Benscn said that bot™" he and tie Baca Sherilf had
benafitad from the Colsradsc Hazardous Matarials Safacy Co vTse whizh
they attanded iz Lamar Two vears ago. Sgt. 3enscn said zuat the Ixxon
shipoping papers were handed zo iz as scon as 2e arTived on the scaza.
Copy acttached. Tihey briafly descrilbed che zacure cf cthe carzgo, i1
Jotantial hazard, and a3 lisc of protactive acsisms ia case of aczident.
Mr, Zorusby said tha yellow caka 2ad teem DarTeled Certwesz 3-4 and
$=13-77. '

Garald O0r=loff called Chuck Mattscn it home i Decver to sapert the
clesn-ap progress. Za said chat the t=uck had ceen turned upri it
and £ina]l decontamizacion was beizg dome aricr o ramoval.

The "super tiger” had been lcaded with ctwvenrcy-cne drums of 7e.low cake
and had lefs for Casper, Wycming. 1= 7as schedulad - Terurz om 3uzdly
acraing for the remainiag damaged darzTels.

A Lae Way tTuck was at the accidant site and was being lcaded wich
approximacaly fifcy drums.

Al> sample results wers raportad and were stacted IS e la2ss than

10~10 uCi/ml ia che izmediace wo“k area and =0 diflsrsac Irom back-
gTound at the restrictad arsa boundary.

"“f -,‘“E . A
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- The bicassay (urine analyses) results wera reportad az:

- &10 uCi/l {che detecziorn ii
e 14 uCi/l
- 410 uct/1

10/9/77
10:20 A.M.

10/10/77
6:50 A.M.

7:15 AM.

9:30 A. M.

9:15 A. M.

10:00 A.M.

A large vacuum cleaner, a "Cyclovac" with self cleami.~ dag, had
arrived at the sita and would be used in final clezz-up, .. .ecessary.

"Newsweaek' had called Mr. Ortloff and quasticued him, in genmaral
terms, concerning the accident.

Rick Hornshy callad Chuck Mattsom 4t home and stated that all the d=m
had been removed from the truck, wa.ch nad undergene final decputamina
ticn and been towed away.

No new informationm was received coucerning biocassays or air monitoring.
Rick Horasby staced that all the yellow cake should be cleaned up this
day aad they would be ready fur their final survey early the next
moraing. Chuck Mattsom tald him he would be available the follcwing
morning o assist and %o check their survey and to perform a final
furvey.

Chuck Mattson arvived ac accident sita. Four people were cosarved
shoveli.g <i.. Lato barrels, cne man driving the barrel lcader, and
Nancy Dennis talxing =0 a m:an from the higiwvay “‘epartment. Mr. Lampke
stated that thers was 3 lot more cleaz-up to be dome, probably =ore
than could be completed ia one day.

A survey of cthe area surrsunding cthe accident site was ccmpletad. ALl
ground readisgs were becween 14 and 20 uR/hr. The Zfilled barTels zave
readizgs of 170 o 300 uR/hr.

Cauck Mattson was introduced %o Paul Pluzmer, Attarmey of the Zxxom
Lagal Department, Zouston, and Wilay 3ragg, Zxxom Fublic AZZairs Mamag
douston; both were suitad aod shoveling dirs.

Chuck Mattson pickad up a Spriagfiald sewage sample witd the assistanc
of Mr. Tommy Licka, City of Springfiald.

Chuck MatT®scn picked up a sample of watar Zrom :the vell at the house
approxizataly oune half =mile souch of the accident sile.

It was stated by the home ocwner thac the vell locatad 1/4 mile southea
o tha accident 7as a3oC sperable due o a bSrokem pusa rod, and was oot
; 9iag to te used.

POOR ORici




11:00 A.M.

11:45 A M.
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Chuck Mattson assisted Marv Saith with a survey of the accident sita.
Theres weres two patches of ground which showed "greem which read =2

100 uR/hr. Ona of these was a patch of asphal:r which the crew attamptac
2o clean, but iz was decided it would be easier to L:ieak the asphalt
and barrel it. Approval to remcve the asphalt (appooximately 3 feeg bHv
5 feet) was granted by dr. Walters of the Iighway Department.

Two areas of approxizacely 2 faet by 4 faet and ome area zsasuring
2 feet by L5 faet zave readinsgs of about 43 uR/ar. These areas vere
stakad =2 Ye further decontaminated. All other readings vere lass
thaz 20 ui/br, as osasured with a Ludlum micro-R zeter. Claan-up
contisued on the remaininag comntamination.

A Lae Way txuck was filled with barrels, each barreal havizg been
cheackad for extera:al contamization at locadiag. When filled the trTuck
was postad as "radicactive”, and was driven o Springflald far weighizg

A highwey worikar driving a U.S. Army road grader broke up the cone
tamioacsed asphals, and the pieces were barrTeled for shiyment back I3
Nyomizg.

The grader was used t3 scrape the top of the 3Toumd 3 a dept:h of one
to @0 iaches.

The "wiad rows' bulls up by the rocad grader wers suzveyed and the locse
saterial which read greater than 30 uR/ar. was shoveled izgo drums.
The culy iixad areas wnich read grsatar than dackground weres araas oo
which water :ad bCeen usad. T se Zixed arsas were shoveled into drums.,

Apocher survey indicatad scoe small fatches which rmad 30 ul/hr., These
wers pickad up and bdarTeled as discoverad.

Yo armas remaized wtichk read greatar tham 30 uR/hr, A compleZa survay
showed the average esposure i3 the arsa o Se less chan 20 u/hz, a
few lLocal areas of exposurs =3 30 w2 ar. but acue greatar.

A compariscn of the Departmsnt's Ludlum migro-3i mecar 7ifl the Ixzoe
Ladlum micrs=-2 satar gave ideatical ceadizgs.

i comparison of the IPA Ludlum/Thyac mecar and that wiich 2ad been used
by Ixxon was mada. The readings diifered slizncly. The Ixzon =atar
had an additicral 7ire scrsen added over the =ylar Zor zrocacticm.
Readisgs with the IPA Ludlum/Thyac zetar over tle area gave Tsadiags
varying frem 0.05 af/hr. %o 0.15 =R/2r. at the soil suriics, over
twenty~-five diffsresnt locacicms. The backgTound zeasured Sfrom 0.03

ts 0.06 =/hr.

Messrs. Orcloff and Hormsby wers told by Chuck Matsscm thac the araa
appearsd o have been adequataly decontaminsaced and the clean-up vas
accap.able to this lepartzant.

NRA»
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10/12/77
2:15 .M.

10/13/77
&:00 2.M.

1:15 2.4,

V=30
.u-

Removal of the area deccontaminacion equipment and the leveling and
replanting of the highway right-of-way was begun. Mr. Waltars, of

the Colorzdo Department of Higzhways appeared to be iz zharge of this
portion of the operatiom.
Chuck Mattson left for Demver just after 4:00 2.M.

The completa list of Exxon ewployees iovolved ia the clean-up:

Richard T. Sorusby Tomy .. 'tiestavens
Nancy Demnis Larry Zvans
Carl Lampke Mar.’ Smith
Johsni Qsterman Zd Foster
Marv Harmsen Don Crawtord
Laroy Moore 3ill Msyer - Ixzon
B1ll Tibbs Alex Ewing - Securisy, Midland, Texas
Dor Raitar John Hunt - Securicy, Denver
Izmat 3curgui: Pzul ?lummer
Wiley 3ragg

The Colorado Depar=ment of Zealth received a talepbome call Zrom Tom
Tasseigne, hazardous materials specialist with the Nationul Trazspur-
tation Safecy 3cazd. Za askad gereral questicans comcerxizng the accsilent
and requestad 2 ccpy of cur fimal rapors. 3is sumber was (202) 435-2372
Mailing address: T= 40, Washingtez, D.C. 2C094.

3¢chb Luna of Sandia Labs callad and requaested copias of ocur fizal rTepors
and also of scma slides showing cthe smashed bHarwels and spillad yellcw
caks. B5is address is: 3Icbert lLuzma, Divisiom 3432, Sandia Labs,
Albuquerque, Yew Yaxicz §7115.

Chuck Mactscen racsived a2 call frsm ZarTy Callay of T24 who rsquestad a
copy of the Calcradso Departmant cf Esalil cews Talease.

Staps that should be takasn =9 preclude Zufire uranium tramspor:aticn
accidents:

1. All uramium mill licemgees e zade aware of =feir
rasponsgidilicy far i-madiaca response 3 comtTol and
clean-up of their aacarials i= cransis,

2. Itam 2, botzcm of page 2, A th=u ¥ of 10/3/77 ’.e:"e:
from 3lchert 3. 3Siak 3 §. Myers. (see attacTment

3. Altsrnate rouces Ssr uranium srucks ¢35 take which

aveid populatad arsas.
POCR O
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Fact Sheet - Transportation of Radicactive Material - Natural Uranium
Oxide (Yellowcake)

OCTOBER 1977

Regulations - The transportation of radioactive materiais is regulated
principally by the Department of Transportation {DOT) and Lt the Nuclear
Regulatory Commission (NRC). Safety regulations for transporting radio-
active material in the United States are based on standards developed
internationa!ly by the International Atomic Energy Agency (IAEA). The
international standards were developed through the active participation
of 1AEA member states. The United States participated through repre-

sentatives from both NRC and 0OT.

The enclosed Memorandum of Understanding delineates the reupective responsi-
bilities of NRC and DOT for regulating safety in transportation of radio-
active materials. Generally, the DOT is responsible for regulating safety

in transportation of all hazardous materials, including radioactive materials,
and the NRC is responsible for regulating safety in receipt, possession,

use and transfer of byproduct, source, and special nuclear materials. The
NRC reviews and approves or denies approval of package designs for fissil2
materials or for other radicactive materials in quantities exceeding Type A
limits, as defined in 10 CFR Part 71 (copy enclosed), i.e., the mcre
hazardous typec and quantities of radioactive materials.

DOT regulations pertaining to shipment of radioactive material

are contained in Title 49, Code of Fedcral Regulatiors, Parts 171-188.

NRC regulations pertaining to shipmemt of radipactive materials are

contained in Title 10, Code of Federal Regulations, Part n.



'V-36

From its inception in January 1975, the NRC has been reviewing the
existing regulations and procedures it inherited from the AEC. As

part of this review, the NRC initiated in June 1975 a public rulemaking
proceeding regarding the air transport of all nuclear materials, in-
cluding plutonium and enriched uranium. With the technical assistance
of Sandia Laboratories, a draft generic environmental impact statement
was prepared tc assess the impacts associated with the transportation

of radioactive materials by air and other modes, including relative
Tosts and bene“its of alternative modes of transportation. Information
derived from research into the accident-resistant properties of plutonium
shipping packages and data collected from the NRC's Radicective Materials
Shipments Survey were used in preparing the statement. The draft state-
ment (NUREG-C034, copy enclosed) was completed in Mar<h 1976 and made
available for comment to the general public anc other Federal and State
agencies. About 30 letters of commen. were received and analyzed, ard
changes to the statement are being made, as appropriate. The final

environmental impact statement 1s expected to be issued this year.

As a follow-on, the NRC has undertaken a study of the special features
of radiocactive material transport -- under both normal and accident
conditions -- in large, densely populated area., that will resvit in a
generic environmental impact statement on the transport of radionuclides
in urban environs. The study will evaluate the effects, including
radiological safety, of characteristics peculiar to large cities, such

as high population density, ocal meteorology, and numerous tall buildings.

T
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Sand‘a Laboratories, the NRC contractor for this study, has begun
model formulation and preliminar, uata.gathering. A draft statement is

expected to be issued in the spring of 1978.

A1l indications from the present studies are that the risk associated
with the transportation is very low, is within established national
guidelines, and is very small in comparison to other risks accepted by
the general public, such as accidents involving motor vehicles and

death associated with electrical shocks.

Uranium Concentrate Characteristics - Uranium concentrate (yellowcake)

typically is produced from uranium Gre by a process in which the ore is
crushed and ground, leached with sulfuric acid or sodium carbonate-
bicarbonate, separated by filtration, decantaticn or centrifugation, further
separated by a solvent extraction or ion exchange process and finally
precipitated by neutralization with ammonia, magnesia or caustic soda.

The resultant product is a solid usually canary-yellow in color (though

it may be dark brown or even black) and ranges in consistency from granular
to powder. This material, commonly called "yellowcake," is what is

shipped from yranium milling plants in the Western United States to two
sites in the United States for conversion to uranium hexafluoride (UFg),

the feed for the enrichment process.

Shipping Requirements - Uranium concentrate is classified as low specific

activity materials (LSA) according to the Department of Transportation

-3- (,l 51 (179
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Hazardous Material Regulations (49 CFR 173.389(c)) and, due to its low
concentration of radiocactivity, is not required to be shipped in special pack-
aging. The typical packaging, which has been used for many years, is a 55-gallc
steel drum. A 55-gallon drum has a capacity of about 850 pounds, though

this may vary from shipment to shipment depending upon the moisture con-

tent of the conientrate. Where larger capacity Jrums are used, the number
shipped per vehicle is less and where smaller capacity drums are used,

the number shipped per vehicle is more.

When packaged and shipped in transport vehicles which are for the sole use
of the consignor, the following requirements (49 CFR 173.392(c)) must be met:

1. Materials must be packaged in strong, tight packages so that
there will be no leakage of material under conditions normally
incident to transportation.

2. Packages must not have any significant removable surface con-
tamination. This means the average amount of radiocactive
contamination which can be removed by wiping the external surface
of the package with an a.sorbent material, as measured on the
wiping material, does not excaed 10'10 curie per square centi-
meter beta-gamma and IO’]] curie per square centimeter alpha.

3. External radiation levels must not exceed the following:

a. 1,000 millirem per hour at three feet from the external
surface of the package (applies to closed transport

vehicles only);

-‘-
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b. 200 millirem per hour at any point on the external surface
of the vehicle (applies to closed transport vehicles only);
c. 10 millirem per hour at six feet from the external surface
of the vehicle;
d. 2 millirem per hour in any normally occupied position in
the car or vehicle (does not apply to private motor carriers).
4, Shipments must be loaded by the consignor and unloaded by the
consignee from the transport vehicle in which originally loaded.
5. There must be no loose material in the vehicle.
6. Shipment must be braced so as to prevent l2akage or shift of
lading under conditions normally incident to transportation.
7. The outside of each exterior package must be stenciled or
otherwise marked "Radicactive-LSA."
8. Specific instructions for maintenance of exclusive use (sole use)
shipment controls must be provided by the shipper to the garrier.
Such instructions must be included with the shipping paper
information.
Packaging requirements for LSA materials are less restrictive than for
other radicactive materials because safety factors reside in the Tow
concentration of radicactivity uniformly distributed in the material.
The basic premise behind this concept is the high improbability of the
intake of 10 mg or mere by any one person as a consequens® of a transpor-
tation accident. Although such material (LSA) may be assoc 4 with a
maximum permissible body burden, meaning a dose to organs of 15 rem per

year, equivalent to a small radiocactivity (5 x 10-2 Ci for U-238 in

B
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soluble form), the corresponding mass of material (17 mg for U-238) would

be so large that the intake of such a mass of material as a result of a
transportation accident is highly unlikely. The validity of the LSA classi-
fication depends on the high improbability of the intake of 10 mg or more

by any one person as a consequence of a transportation accident.

In addition, each shipment of nuclear fuel material is classified according
to a transport group. Uranium concentrate is in transport group [II which
means that the quantity of curies allowable in one package (strong, tight
package) cannot exceed three (approximately 10 tons) to be subject only

to the regulations of the DOT. Depending on the purity of thc concentrate
and the size package used, the typical package of uranium concentrate has
approximately .053 to .096 curies and is well below the limit where NRC

would be involved.

Estimated Quantities Shipped - Based on a Radicactive Materials Shipments

Survey made by NRC in 1975, it is estimated that 45,000 MT of uranium
concentrate is shipped each year by truck and rail. There are no specific
federal regulatory requirements with regard to routing of hazardous materials
other than truckers carrying hazardous goods are required by DOT regulations
to avoid congested places insofar as is practicable. The transport of

yellowcake is in the Central-Western States.

Accident Probabilities - The probability of occurrence of a transportation

accident, such as the recent spill of yellowcake near Springfield, Colorado,
is small, about one accident per million vehicle miles, and decreases with

increasing seve~ity of the accident to about one severe accident per 100

6=



Iv-4]

million vehicle miles. Assuming 2000 shipments per yea: at an average
distance of 1000 miles each, two accidents could be expectad per year

with a severe accident occurring approximately once every 50 years at the
assumed shipping rate. When both the probability of occurrence and the
extent of the consequences are taken into account, the risk to people and
the environment due to the radiological effect from transportation accidents

is negligilly small.

Transpertation Incidents - The enclnsed "A Review of Five Years Accident

Experience in the U.S.A. Tnvolving Nuclear Transportation,” discusses the
reco~ded accident experience during 1971-1975. In that period, there

were 32,000 Hazdardous Material Accident Reports submitted to the DOT of
which 144 were related to radicactive material. I[n 36 cases, there was

an indication of release of contents or excess r-~‘ation levels. Also
enclosed is a copy of NUREG-0179 which d°.cusses functional responsibilities

of the different parties involved in dealing with transportation accidents.

A summary of the accident invelving uranium concentrate near Springfield,

Colorado is enclosed.
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SUBJECT: SUMMARY REPORT, SPILL OF URANIUM CONCENTRATE NEAR

SPRINGFIELD, COLORADO
At 0130 hours, September 27, 1977, a commercial carrier, carrying 50 steel
drums of uranium concentrate (42,000 pounds) overturned near Springfield,
Colorado. Twenty-nine drums lost their 1ids and lost various amounts of
concentrate. Concentrate spillage was estimated to have been 10,000 pounds
on the ground and 5,000 pounds in the truci trailer.

Police and Fire Department personnel covered the truck and contaminated
areas with canvas and heavy plastic sheets. The carrier [Leeway Lines),
the Ticensee (Exxon) and State of Colorado Health authorities were notified
by the Sheriff's Department. Region IV (Dallas) and DOT were notified by

the licensee on September 27, 1977.

Exxon personnel arrived on September 27 and working with the State of
Colorado and locai authorities devised a decontamination plan. The operation
is now essentially complete with only minor cleanup of equipment and soil
*emaining. For the decontaminatisan of soil, Colorado has insisted upon

background levels.

Wind conditions at the time of the accident were calm. Other than at the
time of initial spillage, airborne uranium concentration at the perimeter

of the restricted area has been minimal.

The persons involved in the accident have been monitored for contemination.
Once the restricted area around the spill was established by Exxon on

September 27, 1377, exposures were limited to Exxon personnel performing

e
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recovery of the yellowcake and decontamination of the area. Exxon
employees wore full .ticontamination gear with respirators. Entrances
and exits to the restricted area were monitored. Traffic on the highway

was detoured around the site to preclude resuspending any uranium.

The licensee is not required by his license to have a plan for respondine
to transportation accidents ur incidents. The use cof DOT apprci/ed cc.ciiners
and acceptance by an interstate carrier places the responsibility on the

carrier for safe delivery and response to accidents.

Colorado has access to RAT* fur such incidents, with the closest location
being at the Department of Energy Rocky Fiits facility. Region IV (Dallas)
contacted the Agreement State of Colorado on September 27, 1977; Coloradn
advised that the situation was being handled and no help was needed.

On September 2&. 1977, the EPA representative in Demier contacted Region [V
requesting information concerning aczeptable lTevels following cleanup and
acceptable measuring techniques. On October 6, a Region [V inspector

observed and reviewed the licensees recovery operations.

The uranium concentrate (commenly referred to as yellowcake) is a concen-
tration of the uranium isotopes which occur naturally in the environment.
This material is classified as a low specific activity material since the
radicactivith per unit weight is low. The hazard to personnel is tnerefore
r2latively low since significant quantities must be taken into the body
before damage to tissue occurs. For this reascn, the DOT packaging require-

ments are less stringent for yellowcake than for many of “he other radiocactive
isotopes.
* RA, Radiological Assistance Team - Thes. .pecial Decartment of Znergy teams

may be called by licensees and States to provide early advice and
assistance for radiological incidents.
6501 009
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JN MINERALS COMPANY, USA.

LAMCE 854 2139 - MCUSTON TERAS 7O

s 7 N Sou SRR December 12, 1977

Mr. Sheldon Meyers, Director

Niyision of Fuel Cycle and Materfal Safety
S. Nuclear Regulatory Commission

Washington, D. C. 20555

Dear Mr. Meyers:

Mr. Robert D. Siek of the Colorado Department of Health wrote to
you on Octcber 3 regarding a transportation accident which occurred
near Springfield, Colorado on September 27, 1977. ' The accident
resulted in spillage of natural uranium concentrate which was in
transit by common carrier from casun s nigaid.d uranium mill. Un-
fortunataly, the copy of Mr. Siek's letter whicn he sent tG me was
improperly addressed and was dalayed by scme two weeks in reaching
me.

We do not believe that Mr. Siek's account of the accident and the
ensuing clean-up operaticn properly describes either Exxon's response
to the situation or the role wnhich the Colorado Department of Health
chese to play. The enclosed report provides a concise and accurate
account of “he entire occurrence. Please feel free to contact me if
you have any questions concerning the accident or the clean-up.

Sincerely,

Al ﬂuﬁﬁ/

GO0:mr

Enclosure

c: Mr. Recbert 0. Siek bec: M.
Calorado Department of Health Mr.
Mr. A. J. Hazle M.
Colorado Departmant of Health Me.
Yr. A. H. Grella Mr.
O0ffice of Hazardous Matarials Operaticns Mr.

U. S. Department of Transpertation
{21l w/enclosure)

D.
Jd.
R.
J.
J.
R.
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UR_ Tum COMNCENTRATE SPILL - BACA COUNTY, CCLORADO

At about 1:00 A.M. MOT on September 27, 1977, a tractor-trajler cperated
Lee Way Motor Freight, Inc., a common carrier, overturned after colliding
th three horses on U.5. Highway 287 in a sparsely perulated farming and
1ing area about 14 miles north of the town of Springfield in southeastern
lorado. The trailer was loaded with 40,329 pounds of Exxon's natural
ium concentrate (yellowcake) contained in fifty 55-gallon steel drums and
s en route from the Highland uranium mill to the Kerr-McGee conversion
cility at Gore, Oklahoma. The concantrate had been packaged, loaded, and
ipped in full compliance with applicable regulations of the Nuclear Regulatory
mmission and the Department of Transportation.

As a result of the truck's overturning and subsequent sudden stop when it
id into an excavated sump for a drainage culvert, 32 of the 50 drums wera
rown through the top of the trailer near the front. These drums came ta rest

the shoulder of the highway. Orum lids, which were secured to the drums by

ited steel ring closures, came off 17 of the 32 drums which left the trailer.
ds also came off 12 of the 18 drums which remained in the trailer.

p. total or about 12,000 pounds of concentrate spilled from the cpened drums.
out 5,000 pounds of this spilled material was contained in the overturned
ailer. The remaining 7,000 pounds was spilled on the ground within an area of
000 to 4,000 square feet.

The Highland Mine Manager was notified of the accident by a telephone call
em the Baca County Sheriff's Office at about 2:00 A.M. MOT. The written

tailed emergency instructions prepared by Exxon which accompany each bill of
ding for our concentrate shipments had been found, and the mine had been called
acrordance with those instructions. At that time, efforts of law enforcement
rsonnel and others wera being directed primarily at extricating the driver, who
s pinned in the tractor cab. Because of the concentration on the rescue of

e driver and the difficulty of assessment of the magnitude of the spill in the
r.iess, the initial estimats relaved from the scene was not accurate. The
tinate was that 5 to 12 of the drums had lost 1ids and part of their contents.

Highland reiponded quickly and appropriataly to tne notification. The

eriff's office was requested to see that the truck a=” spilled concentrata
ra coverad by tarpaulins or heavy plastic sheeting as socon as possibie to prevent
reading of the concentrate by wind. Highland's Environmental Coordinator
d one technician left Casper by commercial airline at 7:50 A.M. MDT, taking
th them several large boxes of emergency equipment which included protactive
othing, respirators, radiation menitoring and air sampling equipment. This
uipment was appropriate and adequate for handling and monitoring the situation as
ported. Prior to leaving, the Envircnmental Coordinatsr had Deen advised by the
ca County Sheriff's Department that thoe spill had been completeiy covered by heavy
astic sheeting, and that there was no near-term risk of airborne migration of the
ncentrate. Shortly after the departure of the Environmental Cocrdinator by plane,

experienced mill shift supervisor and an experienced operating technician left

e mill in a truck carrying 20 drums and additional equipment for uie in recavering
d repackaging spilled concentrata.



Mine 'als Headgque~*  was adviséﬁ g? the accident by the Highland Mi, e
Manager av about S:3L ... ". . A security agent was dispatched to the scene
from Midlard, “¢ 5. He»ju. ters lledical wes notified and an Industrial
Hvgienist was ~ent to assist the Highland personnel.

BecLuse t ccident occurre  while the concentrate was in interstate
t. a.iSp rt, notJicution of the "rffice of Hazardous Materials COperations, Oepart
ment of Transportation, by the carrier was required. Exxon nctified the carri
of its reporting obligation, then followed up with direct telephoned notificati
to the DO/. Exxon also telephoned the Offica of "nspection and Enforcament,
Region IV, U.S. Nuclear Regulatary Commission, and the Colorado Cepartment of
Health to notify those agencies of the accident ind to advise them of the step
being taken by Exxcn to mitigate the effects of .%e spill. The Huclear Regula
Commission advised that since Colarads is an "Agreement State®, it has the res
sibility for regulating scurce material within its borders, and that Exxon sho
work with the Colorado Department of Health in cleaning up the spill. They
requested that they be kept advised of developments, and advised that they woul
communicate alsc with the Colorado Health Department.

Soon after notification by Exxon, the Colorado Department of Health sent
health physicists to the scene by automobile from Denver.

The Highland Environmental Coordinator arrived at the scene at about 3:30
MOT. He quickly determined that the spill was considerably more extensive tha
had been reported initially by the Baca County authorities. He also detarmine
that an excallent job of covering the truck and the spilled material had been
by the Sheriff's [epartment. Because there was no significart remaining risk a
spreading, there was time for proper planning for the clean-up and recovery.

It was our expectaticn that Exxcn would work closely with the Colorado Beq
ment of Health in the clean-up cperations. However, the two health physicists
the Health Oepartment at the scene declined to participata in detailed plannin
the clean-up. Instead, they indicated that the clean-up was £xxon's responsib
and that the Health Cepartment would observe the operaticn, set standards for
decontamination, and determine the adequacy of the clean up.

Exxon personnel then procesded to make detailed plans with full cocoperati
and assistance from the other stats and county agencies - the State Patrol, th
Stata Hignway Department, and the Sheriff's Department. The willing assistanc
of those agencies was greatly appreciated by our pecple.

The plan which was developec included the use of a front-end loader to pi
up the spilled material along with a thin layer of tcpsoil, transferring it to
new drums. Water sprays were to be used to contral dust, and an air sampling
program was designed to evaluata airborne concentrations. All personnel were
be equipped with appropriate respiratory protective eguipment and clothing whi
was already on site.

On ti. morning of September 28 the representatives of the Colorado Depart
of Health returned to the scene and set cut detailed requirements they had dec
upon independently. They insisted that tne clean-up be accomplished by hand
shoveling with only a limited area uncovered at any one time to minimize the
potential for airborne contamination of the surrounding area. They further
required Exxon to conduct a thorough radiation survey outside the immediate sp
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krga to establish background radiation levels, which would then be set as the
imit for acc table clean-up in the spill area. They laid out other requirements
or air sampiing, contamination surveys, respiratory protection, and bioassays.

reiterated that the Colorado Department of Health would not assist in the
lean-up, and that their function was to set standards for Exxon to acet.

After conferring by telephone with Minerals Headquarters, the Environmental
rdinator agreed to conduct the clean-up operation in accordance with the direc-
ives of the Colorado Health Uepartment representatives. Those reoresentatives
en “eparted on September 28 for their headguarters in Denver. Four additional
11 operating techni:ians were tien sent by Highland via commercial airline to
ist in the clean-up.

On the following morning, September 29, Minerals Headquarters discussed the
ituation by telephone with several Colcrado Health Department officials in
nver.

Later in the day, Minerals Headquarters requested assistance from _:xon
uclear Company. Exxon Nuclear sent their Consuliting Health Physicist and a
ealtlr Physics Technician frem Richland, Washington to assist at the scene. Both
rrived via chartered aircraft at Sxxon's clean-up headquarters in Lamar late
n Septamber 22, bringing with them additional respiratory prutection equipment
d additicnil radiation survey equipment.

The Regulatory Affairs Manager, Minerals Department, departed from Houston
n the afternocon of September 29 to ccordinate the clean-up operation and act as
faisen :ith the Colorado Heaith Cepartment and cther interested government agencies.

Clean-up operations began on September 30. In order to meet Health Cepartment
equirsments, ground decontamination was accomplished on about 100 square feet at a
ime under a specially constructed “greenhousa” while the remainder of the spill

rea remained covered by plastic sheeting. Progress was very slow for several days.
jacuum cleaning devices and greenhouse ventilation equipment reccmmendad by Exxcn
uclear arrived on COctober 4; employment of these devices incrzased the rate of
rogress materially.

On October >, hcwever, the Colorade Health Department ordered Exxon =g
bandon the greenhouse, uncover larger areas of ground and work in the open to
ccelerate the operation. The Health Department had come around to crdering Exxon
cenduct the operation in a fashion similar to that planned originally by Exxon.,
lean-up then procseded in an orderly and rzpid fashion. The truck was cleaned,
ighted and decontaminated on Octsber 8, and the entire area was released by the
2alth Departnent on October 10 after their final survey.

Damaged drums were doubla-bagged in heavy plastic bags prior to shipment ta
ighland in a special container designed for transport of high-level waste which
as rentad from Nuclear Engineering Company. Material which was repackagad in new
rums was shipped to Highland in conventicnal common carrier tractor-trailer rigs
signad to Exxon for exclusive use.

All equipment used in the cperation was surveyed and deccntaminated to meet
11 applicable standards before shipment ts Highland or release for unrastrictad
se.

Final topsoil replacement and any necsssary replanting of grass in the
econtaminated area will be completad by the Colorado Hignway Cepartment.

l LT N7c¢
-3- \ ! Uo7
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.. It should be noted that while natural uranium concentrate 15 classified by
=he Departwent of Transportation as a hezardous material, it is unlikely that
the health of any members of the public - even those most intimately involved -
would be adversely affected by exposure to yellowcake spilled in a transportation
accident.

Radiation doses to the body from external exposure to yellowcake for hours
or days are insiganificant. Ir yellowcake is ingested, the principal concern is
chemical toxicity rather than radiotoxicity; yet the chemical toxicity of uranium
is lower than that of lead, cadmium or mercury. Ingested yellowcake is rapidly
eliminated from the body. While chronic yellowcake inhalation can cause urarium
to build up to toxic levels in kidney tissue, there is no recurded occurrence
of detectable adverse health effects resulting from a single acute ingestion.

Urine specimens for uranium biocassay were cbtained by Exxon from some 25
persans who were known to have beer “n the vicinity of the spill before it was
covered. Results of the bioassays show that phytically damaging uranium inges-
tion did not occy~. Results of his bicassay are beina reported by letter to
each indivicual.

In retrospect, the foilowing conclusions can be drawn:

1. Initial securing of the spilied concentrate was prompt and
effective.

2. Exxon responded in a timely and appropriate manrer to the accident,
even though Exxon did not have the primary ohligation for response.

3. Effective clean-up was delayed by the initial clean-up and recovery
techniques insisted upon by the Colorado Department of Health.
Despite the delay, physical security of the yellowcake was maintained
and public health was not endangered.

4. Other state and lc al agencies involved were most cooperative and
fully supportive of Exxon's efforts.

GDO:mr
12-6-77



Iv-49

acﬁ-“‘eo
EZXON MINERALS CCMPANY, US.A. RE" o
POST OFFICE BOX 2180 - ~OUSTON. TEXAS 77001 \5&8- "
| pet’ o

et s — March 15, 1978

Mr. Albert J. Hazle, Director
Ridiation and Hazardous Wastes Control
Colorado Department of Health

4210 East 11th Avenue

Denver, Colorade 80220

Lear Mr. Hazle:

As agreed with Mr. Lnarles Mattson last October, we have prepared the
enclcsed technical report on the clean-up of the uranium concuntrata
spill which resulted from the truck accident near Springfield, Colorado
on Septamber 27, 1977. The report presents the results of the environ-
mental and personnel menitaring programs which were conductad at the
accident site. [t also contains the results of the bicassays which

were performed to assess the intake of uranium by individuals who wore
invalved in the rescue of the injured truck driver and in the subsequent
yellowcake containment and clean-up cperations.

We believe that this report provides useful documentaticn of the condi*ions
which prevailed during the ciean-up, the low levels of exposurs uf perscn-
nel involved, and the completeness of the removal of the spilled concentrate
from the enviromment.

Sincarely,

GO0:mr
Enclosure

€: Mr. Charles Mattson (Colcrade Department of Health)
Mr. L. C. Rouse (Nuclear Regulatory Commission-Washington)
| Mr. E. Morris Howard (Nuclear Reguiatory Commission-Ariingtcn)
Mr. R. Jerrel Everett (Nuclear Regulatory Commission-Arlingtan)
Mr. A. W. Grella (0ffice of Hazardous Materials Operations,
U. S. Department of Transportaticn,
(a1l w/enclosure)

be: 3 Mr. Warren Nechodem s ,
4 - m B
Mr. Maryin L. Smisn-cXxon Nuclear Compam;

Mr. 0. 3. Achttien ) l
A OPRRATING Dr 500 CF S070N COMPANY US4 A DMISION OF fuaon CSRACHATON My Q3 3 Soivey l‘.;} . L‘ 4 l
Mr. J. 3. Shanncn i
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At about 1:00 A.M. MDT cn September 27, 1977, a
tractor-trailer operated by Lee Way Motor Freight, Inc.,

a common carrier, overturned after colliding with three
horses on U.S. Highway 287 in a sparsely podulated
farming and ranching area about 14 miles north of the
town of Springfield in southeastera Colorado. The
trailer wss loaded with 40,329 pounds of Exxon's natural
uranpium cincentrate (yellowcake) contained in fifty
53-gallon steel drums and was en route from the Highland
uraspium mill to the Kerr-McGee ccnversiom facility at
Gore, Oklahoma. The concentrate had been packaged,
loaded, and shipped in full compliance with applicable
regulations of the Nuclear Regulateory Commission and

the Department of Traasportation.

As a result of the truck's overturning and subsequent
sudden stop when it slid iato an excavated sump for a
drainage culvert, 32 of the S0 drums were thrown through
the top of the trailer near the front. These drums came
to rest on the choulder of the highway. Drum lids, which
were secured tc the drums by bolted steel ring closures,
came off 17 of the 32 drums which lef: the trailer. Lids
also came off 12 of the 18 drums which remained in the
trailer.

A total of about 12,000 pounds of concentrate spilled
from the cpened drums. About 5,000 pounds of this spilled

material was contained in the overturned trailer. The

-1-
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remaining 7,000 pounds was spilled on the grouad within

an area of 3,000 to 4,000 square feet.

The Highland Mine Manager was notified of the accident
by a telephone call from the Baca County Sheriff's Oflice
at about 2:00 i.M. MDT. The written detail«d smergency
instructions prepared by Exxon which accompany each bill
of lading for our coaceantrate shipments had been found, and
the mine had been called in accordance with those iastruc-
tions. At that time, efforts of law enforcement persoaonel
and others were being directed primarily at extricating the
driver, who was pinned in the tractor zab. Because of the
concentration on the rescue of the driver and the difficulty
of assessment of the magniiude of the spill in the darknesg,
the initial estimate relayed from the scene was not accurate.
The estimate was that 6 te 12 of the drums had lost lids aad
part of their conteatcs.

Bighland responded quickly and appropriately to the
potification. The Sheriff's Office was requested to see that
the truck and spilled conceatrate were covered by tarpaulizs
or heavy plastic sheeting as scon as pecssible to prevent
spreading of the concentrate by wiad. Highland's Eaviron-
mental Coordinator and one technician left Casper by commer-
eial airline at 7:50 A.M. MDT, taking with them several large
boxes of emergency equipment which included protective
clothing, respirators, radiation menitoring and alr sampling
equipment. This equipment was appropriztie and adequate Ior
bandling and monitoriang the situation as reported. Prior to

leaving, the Envircomental Cocrdisator had been advised by

D
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the Baca County Sheriff's Department that the spill had

been completely covered by heavy plastic sheeting, and that
there was no near-term risk of airborne migration of the
concentrate. Shortly after the departure of the Eanviron-
mental Coordinator by plane, an experienced mill shift
supervisor and an experienced operating technician left the
mill in a truck carrying 20 drums and additional equipment
for use in recovering and repackaging spilled concentrate.

Minerals Headquarters was advised of the accident by
the Highland Mine Manager at about 8:30 A.M. MDT. A
security agent was dispatched to the scene from Miu'and,
Texas. Headquarters Medical was notified and an Industrial
Hygienist was sent to assist the Higiland personnel.

Because the accident occurred while the concentrate
was in interstate traasport, notification of the Cffice of
Hazardous Materials Operations, Department of Transportation,
by the carrier was required. Exxon notified the carrier of
its reporting cbligation, then followed up with direct
telepbcned notification to the DOT. Exxcn also telepnoned
the Office of Iaspection and Enforcement, Region IV, U.S.
Nuclear Regulatory Commission, and the Colorado Department
of Health to notify those agencies of the accident and to
advise them of the steps being taken by Exxon to mitigate
the effects of the spill. The Nuclear Regulatory Commission
advised that since Colorado is an "Agreement State”, it has
the responsibility for regulatiag source material within its
borders, and that Exxon shculd work with the Colorado Depart-

ment of Health in cleaniag up the spill. They requested that

A/
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they be kept advised of developments, and advised that they

would communicate alsc with the Colorado Health Denartment.

Soon after notificaticn by Exxon, the Colorado Department

of Health sent two health physicists to tle scene by auto-
aobile from Denver.

The Highland Eavirommental Coordinator arrived at the
scene at about 3:30 P.M. MDT. He quickly determined that
the spill was considerably more extensive thaa had been
reported initially by the Baca County Autherities. He also
determined that an excellent job of covering the truck and
the spilled material had been acne by the Sheriff's Depart-
ment. Because there was no significant remaining risk of
spreading, there was time for proper planning for the clean-

up and recovery.

-4-



CLEAN-UP METHODS AND CHRONOLOGY
IV-56

Detailed planning of the clcan-dp operation began on
the evening of the accident, September 27. The planning
sessicn was held in the Baca County Sheriff's office in
SpringZis’d. Full cooperatiocn and assistance of the
State Patrol, State Highway Department, Sheriff's Depart-
ment, Springfield Police Department, and local merchants
during the planning sessicn made it pessible for clean-up
operations to start the next morning, September 28. On
that moraing, however, Colorado Department of Health
representatives informed Exxon of their clean-up requirements.
The pature of the requirements was such that Exxon could not
immediately proceed with the c¢lean-up and comply with Health
Department stipulations. Exxcn's plans had included the use
of a front-end loader tc pick up the spilled material along
with a thia layer of topsoil, tramsferring it to new drums.
If windy conditions were encountered, clean-up would have
proceecded with hand shovels instead o0f the loader. Water
sprays were to Le used to control dust, and an air sampling
program had been designed "o evaluate airborne cconcentrations.
All personnel were to be equipped with appropriate respiratory
protective equipment aad clothing which was already on site.

Feilcwing the discussicns with the Colorado Department
of Health representatives cn September 28, four additicnal
mill cperating technicians were flown to Lamar, arriving on

September 29. They joined two other mill employees (one milil
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operating technician and one mill shift supervisor) who

had arrived late on September 27 with a truckload of
clean-up materials. Also on September 29 a health
physicist and a health physics technician from Exxon
Nuclear Company arrived in Lamar, bringing with them
additional respiratory protecticn equipment and additional
radiation survey equipment. Opn September 30, Exxon's
Regulatory Affairs Manager arrived to seive as liaison
with the Colorado Health Department and other interested
government agencies.

Clean-up operations started on September 30. Prior
to starting the clean-up a portable toilet was brought to
the site, anod a 16" x 32' tent was erected to serve as a
changehcuse, shower facility, and storage area. A '"green-
house"” was constructed of lumber, plywood and plastic
sheeting. The purpos. of the greenhcuse was to minimize
the potential for airborne dispersion of the concentrate
as required by the Department of Health. Cleaan-up was to
be conducted by haad-shoveling within the greenhouse which
covered an area of about 100 square feet. A radiaticn
survey of the surrcunding area was coanducted to establish
background radiation levels, which would then be set as the
limit for acceptable clean-up in the spill area. Air sampling,
contamination surveys, respiratory protection. and bioassay
programs were set up to comply with Health Department stipula-

tions.
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Work progress from September 30 through October 2

was very slow due to the difficulty of cuttiang through

grass and weeds with shovels to pick up the conceatrate,

the contining nature of th2 greenhouse work area, heat in
the greenhouse causiog rapid fatiguiang of cleaa-up person-
nel, and muddy conditions created by the use of water to
reduce airborne dust inside the greennocuse. Two trailers
were rented to serve : 3 wind breaks for the work area.

Due to the location of the spill in a low area next to the
highway, two earthen dikes aod a diversion ditch were
constructed to prevent possible spreading of the concentrate
by rainfall and run-off. Also, a road block and detour was
set up to eliminate traffic during work hours. During these
three daj;s a total of 11 out of 5C drums on the shipment
were recovered.

Iz order to accelerate the clean-up, vacuum cleaning
devices and greenbouse ventilation equipment were ordered
October 3 azd arrived Cctober 4. Octoper 3 was spent in
detailed planniag of future operaticns and as a day off for
the fatigued clean-up crew. Cctober 4 a snow fence lined
with plastic sheeting was constructed around the spill site
to reduce wind velocity in the work area. Use of the vacuum
eleaners aad ventilation equipment was initiated late on
October 4 with positive results.

On Cctoker 5 the air was calm and a light mist was fallin
These conditions permitted werk in the ¢pen. Clean-up then
proceeded in an corderly and rapid fasion using both hand-

shoveling and the vacuum cleazers. By the end of the day the

.
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remainder of the 32 drums outside the trailer had been

recovered. Damaged drums were double-bagged in heavy
plastic bags prior to shipmeant to Highlaad iz a special
container designed for transpert of high-level waste which
was carried on a flat-bed tractor-trailer. Shipments in
this container were classified as bulk shipments under DOT
rezuli%ions. Material which was repackaged in new druums
was shipped to Highland ia conventiogal :ommon carrier
tractor-trailer rigs assigoned to Exxcon for exclusive use.
Work on October 6 and 7 was concentrated on cleaning
up the damaged trailer and removiag the 18 drums coantained
inside. The vacuum cleaners worked especially well for this
purpcse. By the eand of the day October 7 all of the 30
drums on the shipment had been recovered and moved to the
storage area.
On October 8 final decocatamization of the trailer
was begun, using scrub brushes, water with detergeat and
a water rinse. By mid-afternocon the truck was righted.
Decontamination of the tractor and trailer was completed
late in the afterncon and it was hauled from the site.
Final clean up of the grouand ia the spill area continued
on October 9 and 10. The spill area was bladed on October 10
and radiation surveys located a few remaining concentrations
which were promptly cleaned up with shovels. All eguipment
used in the operation was surveyed and decontaminated to meet
previously agreed upon standards before shipment to Exxon’'s

Highland Uraaoium Operation or release for unrestricted use.

"8‘ mn r
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By mid-afternoon on October 10 the Health Department

cond' sted a final radiation survey and the entire area
was released for unrestricted use. Final topsoil replace-
ment and reseeding in the cleaged area was completed by

the Colorado Departaent of Highways.



HEALTH PHYSICS AND ENVIRONMENTAL ASPECTS
R ) -

Assessmeat of Accidental Radiation Exposures
The truck upset and resultaant spill probably caused

suspeasion of uranium conceatrate ia the air for a shors
period of time in the immediate area of the apill. The
truck driver, his relief driver, and anyone who rendered
assistance immediately after the accident until the sus-
pended aaterial settled would have been exposed to this
aircorne uranium. An upper limit to the airborne yellow-
cate conceantration that could have existed during this
pericd is the concentration of the dust that could be
suspenaed in air. When vigorously agitated, dust burdens
of up to about five grams per cubic meter are cbtained.
jue to settliang, however, withia five minutes most of the
dust would 30 longer be airborne. reathing air containing
five grams cf uranium per cubic meter for five minutes
would probably result ia a depositica in the lungs of
about 0.045 uCi. Since the material is eliminated from
the body with 2 balf-life of 30 days or less, the bdody
burden averaged over a year's time would be about 0.00S5
aCi. The Internaticnal Committee on Radiation Protection
has recommended that the continuous, steady-sta.2 body
burden of uranium be limited to less than 0.009 uCi. This
value, of course, was established to provide at least an
order of magaitude margin to perceivahle health effects.

Hence, it is unlitely that anycne at the accident scene

-10- o
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would be found to be injured by inhalation of yellowcake.

This conclusion is borne out by the biocassay results,
where che rescue workers are found not to have inhaled
significant quantities of yellowcake. Those arriving
more than one-half hour after the initial impact, the
ambulagce crew and the hospital emergency staff, were
exposed to much lower concentrations of airborna uranium.
The Sheriff's Department personnel and the State Police
wau were involved in covering the yellowcake were oxposed.

to low levels of airborne uranium.

Bicassay Program

Urine specimens for uranium bioassay were obtained
from 27 persons wha were known to have been in the near
vicinity of the spill, includiag the law enforcement aad
rescue personnel present during the time period following
the accident. Additionally, specimens were obtained from
17 Exxon personnel who were present during the clean-up
operations. Results of the bicassays are tabulated in
Exhibit 1 and show that physically damaging uranium iagestion
did pot occur. Exhibit 2 summarizes the bioassay results
and indicates that only 7% of all specimens submitt { were
above the detection level of 10 mg/l. It should be noted
that biocassays for the two truck drivers were arranged by
the Colorado Department of Health and the medical persennel

at the Southeastera Colorado Hospital ia Springfield, where

(&

re

the drivers were taken for treatmen

cr
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their injuries and
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for observation. We have been advised by the Colorado

Department of Health that uranium was not detected in
urine specimens from the drivers.

The highest uranium conceatration observed, 18.1
ug/l, was found in the urine ?rom came of the rescue
(personzel, This level is below the typical auclear
ind atry action level as shown in Exhibit 2. Uranium
concentrations in urine of up to SO ug/liter are considered
to be tolerated by the body with no effects. If SO ug/liter
is exceeded, then resampling is done; if the concentraticn
exceeds 200 mg/liter, the persun is restricted from working
with uranium until the concentration ir the urine drops
below S50 wg/liter. The chemical toxicity is the limiting

consideration with natural uranium. This toxicity is

compared to other heavy metals in Table 1.

TABLE 1
iement Threshhold Limit
Uranium 0.2 mg/moter3 of air
Lead 0.18 mg/meter3 of air
Mercury 0.08 mg/meter3 of air
Cadmium 0.0S mg/meter3 of air

If the concentrations do not exceeu these threshhold
limits in a work location, personnel are permitted to wcrk
in the location without restriction for a 40-hour work week.

This would result in an equilibrium concentration of

-l2-
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3 millionths of a gram of uranium per gram of kidaey.

The nealth effect of uranium is the resul. of a gradual
buildup of toxic levels of uranium in tissue of the
kidney. There is no recorded occurrence where a single
acute exposure of a human to uracium has caused a detect-
able health effect resulting from its chemical toxicity.
The members of the public involved in the rescue cperation
will not experience aany physical effect as a res'.it of
their exposure to uranium.

In the letter notifyiang each person of the result of
bis urinalysis, Exxon offerea to provide ia-vivo chest
counting for any persors who wanted this additional
evaluation. As a result of this offer, eighteen chest
counts were performed or. December 20, 1977 in Lamar, Colo-
rado by Helgeson Jduclear Services, l.c. Springfield {iremen,
State Patrol officers, and Highway Department personnel
who participated in the rescue of the truck driver or who
were present duriang the clean-up operation were izncluded ia
the grovp. No Jetectable uraaium lung burden was found in

aay person.

Radiological Safety Program
The Certified Health Physizist and Senior Health Physici

Technician from Exxon Nuclear Companv conducted the radiologi
safety programs. They set up a restrictel »* contro..ed area
which ircluded all of the area in which yellowcake c.uld be

detected by surveys. This controlled area was marked off
using yellow and mageata rope, and appropriate signs indicati4

~
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rope. The health physics personnel then conducted a

training session for all Exxon employees to ba involved
in the clean-up operation.

Exhibit 3 summarizes the items covered in the
training session.

Throughout the clean-up operation frequent radiation
surveys were made to insure that containment was maintained.

In making the contamination surveys the following guidelines
were used:

© A "less than" value was used whenever contamination

above background was not detected.

o A value of 25 c/m was used as a minimum detection

level when the unshielded probe was used. This
requires a very slow, methcecdical survey.

¢ A value of 100 ¢/m was used as a minimum detection

level when a shielded probe was used. This probe
generally was used for large survey areas.

Radiation surveys made during the clean-up operation
are documented in the Appendix.

Radiation doses to the skin and whole bedy from external
exposure to yellowcake weire measured by thermcluminescent
dosimeter badges (TLD's) worn by the personnel who were directly
involved in the clean-up. The maximum dose to any individual was
less than 2% of the quarterly li:nit1 for the skin and less than

4% of the quarterly limi:l for the whole body.

Environmental Sampling

An air sampling program was established to evaluate
personnel exposures to airborne yellcwcake dust and to assess , .,
61 INY.
wlde
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potential dispersion of the concentrate. Three types of

air samples were collected: 1) enclosed area samples
taken in the greenhouse and the trailer; 2) open area
samples taken in the work area; and 3) perimeter samples
taken close to the boundary of the controlled area. The
first two types of samples were used to evaluate personnel
exposures, while the perimeter samples were used to
evaluate dispersion beyond the controlled area. Samples
used to evaluate personnel exposures were taken with the
air sampler at breathing elevation. Exhibit 4 summarizes
the results of the air sampling program. High concentra-
tions of airborne yellowcake dust were occasionally present
in the enclosed areas. Open area concentrations were
relatively low, while perimeter concentrations were usually
below maximum permissible conceatrations (annual average)
for unrestricted areas as set forth in Appendix B of 10CFR20.
Air sample data were usecd to evaluate exposures to
clean-up personnel. Ia the calculaticn of the exposures,
conservative protection factors were assumed for the
respirators. A factor of 10 was used for cthe balf-face
mask, while a factor of 50 was used for the full-face mask.
Individual cumulative exposures during the clean-up opera-
tion were less than 20% of the weekly maximum permissible
occupational exposures to soluble uranium compounds, as s=2t

forth in 10 CFR 20.103 and in Appendix B of 10 CFR 20.
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In addition to envircnmental air sampling, soil

and vegetation samples were taken in the spill area.
Results, which are shown in the Appendix, show that the
clean-up effectively removed the spilled concentrate

from the environment. The very effective job of covering
the spill by the Baca Couanty Sheriff's Department allowed
time for effective clean-up measures to be established

without airborne dispersion of the material.

Decontamination Program

T e decontamination program employed radiation surveys
of ground, personael, and all equipment or supplies that
could have been contaminated. Each person leaving the
controlled area was survey2d. This included ccuntiog of
nasal smears, facial areas, aad the ianside of the face mask.
Showers were required as necessary at the site to insure
decontamination of perscnnel. All personnel were surveyed
to insure that they were carrying no detectable uranium
offsite. All equipment used in the cperation was surveyed
and decontaminated to meet the standards s2t out below
before shipment to Highland or release for unrestricted use.
All automobiles and motel rooms used LDy the clean-up person-
nel were also surveyed and found to Se uncontaminated.

Prior to release of the tractor-trailer from the
restricted area, a complete contamination survey was conducted.

Before the tractor-trailer was havled from the site, the

1=
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release limits below were achieved:

Fixed Alpha 5000 d/m/100 cm>
Smearable Alpha 1000 d/m/100 cm?
Beta-Gamma 0.2 mR/hour at 1 cm

These limits were also applicable to all other surveyed
equipment.

The final site release survey was conducted by a
health physicist from the Colorado Department of Health,
using a sensitive gamma survey meter. The baseline survey
conducted prior to the start of clean-up showed background
gamma levels to be in the 14-21 uR/hour range. The finzl
survey showed that all ground withia the restricted area
bad been cleaned up to less than 30 uR/hour gamma. On
the afternocn of October 10 the entire spill area was
released by the Health Department representative for

unrestricted use.



Individual

Member of Public
Member of Public
Member of Public
Member of Public
Member of Public
Member of Public
Member of Public
Member of Public
Member of Public
Member of Publie
Member of Public
Member of Publice
Member of Public
Member of Public
Member of Public
Member of Public
Member of Public
Member of Public
Member of Public
Member of Public
Member of Public
Member of Public
Member of Public
Member of Public
Member of Public
Mecmber of Public
Member of Public

Exxon Employee #1
Exxon Employce #2

Exxon Employee #3
Exxon Employee #4

#1l
#2
#3
#4

#o

i

8

#Y

#10
#11
412
#13
#1i4
#15
#16
#17
#18
#19
#20
#21
#22
w23
#24
#25
#26
#21

Date

9/29/77
8/29/717
8/29/717
9/29/717
10/4777
9/29/717
100477
8/20/717
1074711
10/4/77
10/4/77
10/4/717
10/4/77
10/4/77
9/29/77
10/4/77
9/29)11
9/29/717
10/4/77
10/4/77
9/29/77
9/29/77
8/29/717
9/29/17

10/11/717

10/10/717
10/4/77

10/6/77
10/11/77

- 10/10/77
10/5/17

10/1/77
IN/G177

BIOASSAY (URINALYSIS) RESULTS

EXnipir 1

ugU[l

<10
10.2
<10
16.4
<10
<10
<10
<10
<10
<10
<10
18.1
<10
<10
<10
<10
<10
<iu
<10
<10
<10
<10
<10
<10
<10
<10
<10

<10
<10
<10
<10

<1C
<1n

Date

10/11/77

10/7/77

10/7/77
10/2/77

1IN i

agl/l

<10

<10

<10
<10

YN

Date

10/8/77

10/9/77
10/4/77

NAAA e

<10

<10
<10

Date agl
10/8/77 <1
10/5/77 <1



Exxon

Exxon

Exxon

Exxon
Exxon

Exxon
Exxon
I'xxon
Exxon
Exxon
Exxon

Exxon
Exxon

Individual

Employee

Employee

Employee

Employee
Employec

Employee
Employece
Employce
Employee
Employee
Employee

Employce
Employece

#5
#6

#l

8
#9

#10
#11
W12
#13
#14
#15

#16
#l7

Date

9/30/717
10/4/77
9/30/77
10/5/77
10/9)717
9/30/71
106717
10/11/77
10/6/77
8/30/77
10/4/77
10/9/77
8/30/717
10/4/77
16797717
9/30)717
1071771
10/5/77
10/1/77
10/6/71
97304717
10/6/77
10/10/77
10/6/77
9/30/71
10/4/77

agl/1

<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<10
<l0

Date

10/1/77
10/6G/77
10/1/77
10/6/77
10/10/77
10/1/77
10/7]717

10/7/77
10/1/717
10/5/71
10/10/717
1071771
10/6G/77
10/10777

10/2/71
10/6/77
1072777
107107717
10/1777
10/8/71

10/7/717
10/1/77
1075777

EXHIBIT 1 CONTINUED

apU/1

<10
<10
<10
<10
<10
<10
<10

<10
<10
<10
<10
14.3
<10
<10

<10
<10
<10
<10
<10
<10

<10
12.4
<10

Date

10/2/77
10/7/77
10/2/77
10/7)77

10/2/77
10/8/77

10/2/77
10/6/77

10/2/77
\0/7)77

10/3/77

10/4/77
10/11/7%
107277

10/9/717
10/2/77
10/7/717

Agy/L

<10
<10
<10
<10

<10
<10

<10
<10

14.9
<10

<10

<10
<10
<10

<10
13.6
<10

Date
10/3/77

10/3/77
10/8/77

10/5/77
10/9/77
10/3/77
10/7/77
10/3/717
10/8/77
10/4/77
10/5/77
10/5/77

10/10/77
10/3/717




Iv-71

EXHIBIT 2

SUMMARY CF BIOASSAY SAMPLE RESULTS

matal number cf samples submitted:

126

Total number of sample results above

detection level of 10 ugl/1

Maximum concentration found:

9
18.1 agl/L

TYPICAL NUCLEAR INDUSTRY ACTICN LEZVELS

For soluble uraanium compounds:

For iansoluble uranium compouads:

=20

Results > SO ug/l requires

resampling until < 25 ag/l.
If two resamples show
2 25 mg/l an interzal dose

evaluation shall be performed.

Result > 25 ug/l requires

i / |
resampling. f resample shows
2 10 mug/l an internal dose

evaluaticn shall be performed.




EXHIBIT 3
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RADIOLCGICAL SAFETY TRAINING RECORD

(Subjevts Coverad [X] )

Redistian I'rotection

Relative hazards of the varmouas nranaum amd/ore
platonium compounds that may be encountered,

Defimtions and Foundaries of Radioactive Materials,
Radiation, Intermadiute and (Clean Arcus.

Radiation Work Procedures:

Pratective clothing requirements.
Change Room Step-Off-Pad procedure.
Personnel survey instruments and requirements.

R 0 W W

Instziled radiation ind radicactive material monitoring
instruments and alarms,

Air smpling and monitoring programs.

N

Radioactive material containment and contamination
control programs.

Glovebox operations.
Clovebox glove change procedure.
Glavebox hag-in and bag<ut procedure.

Regquirements and procedures for removal ol sguipment
o materals from Rediagton Areas.

Personnel and equipment decuntamiration regurements
and provedures,

Radivactive materials packaging and unpackaging
prucedres,

Requirements.and procedures for performing non-routine
jobs:

Treatment of injuries incuried in Radiation Areas;
protection for cuts and abrasions.

Personnel external radiat:on exposure controls

Personnel externa! radiation expusure dosimetry programs
and requirements.

Bioassmay ard in-vivo measurement pregrams and
requirements.

Radivactive wasie disposal procedures.
Cthers.

OF CH BFCaE 0 E E ®yooo

Emervency Procadures

UF gas release.

Auburne UO:.

Awburne pintonium,

Plutonium contamination spread.
Fire involving rudiwactive materizl
Criticality.

Qthers:

O0D0o00O00

tl
[

POOR ORIGINAL -

— 9-30-77

}E Respirtory Protection

Reyuirements and procedures For the nse of' v
protecion equipment and Jdevices

Availability of respiratory equipment and de
Proper selection of eyuipment and devices,
Care and use ol cqupment and drvives,

Mask fitting and testing.

Mask maintenance, repair, deconigmination,
and sturage.

Personnel and mask surveys required followm
respiratory protection equipment and/or dev

Bioassay and in-vivo measurement requiremer
Special air smpling requirements,

Protection factors.

OHHE W JARMEREE B

QOthers:

D Rudiation Exposure (v Female Employees (Reg. 5. |
E Training Aids Used

Full Face Masgk

Hal{ Mask

Protactive Clathing

Partahla Suyryey Ingariymant

Air Samnlers

Nonald Keitar

Yiilliam Tibhhs

Marvin Harmmscn

Jaohn Ostorman
Carl Lembke
Nancy Dennis

Richard Hornsby

Laroy Moore

L]

Sdvard L, Fostar

-~ ,

{ -’
SJ]'.M'B.—W o~ Y

" September 30, 1377
Date: =

651 (044



LXHIBIT 4
IV-73

AIR SAMNCLING RESULLS

Uranium
Concentration
Date fuCizml x 10-11)
Enclosed Area Samoles 9/30 60.7
10/1 5.2
10/1 3737.86
10/1 6.3
10/1 136.7
10/1 ' 370.7
10/2 21.0
10/2 167.2
10/4 16.7
10/5 23.2
10/5 4.0
10/5 3.7
10/6 2.4
10/6 41.1
10/7 - Wy
9/30 1:d
Cpen Area Samples 10/1 8.3
10/2 1.3
10/4 1.3
1C/5 0.2
10/5 14.2
10/5 a9
10/6 2.7
1016 y
10/6 30.8
12/7 0.6
10/7 0.2
10/7 0.2
10/8 0.3
10/8 1.5
10/8 0.1
10/8 0.3
10/9 4.0
15/ 29.2
10/9 4.2
10/10 0.8
Perimeter Samoles /30 0.56
10/1 0.9
10/1 0.03
10/1 0.0&
10/2 0.03
/2 0.02
10/2 0.09
19/4 g1
10/5 10.7
10/5 1.91
10/5 0.58
10/5 1.81
10/5 0.00
10/6 2.80
10/6 0.93
10/6 0.c8’

-
I



IV-74 Uranium
Concentracion

Rato (uCi/m1_x 10-41)
Perimeter Samples Continued 10/7 0.02
10/7 0.10
10/7 0.02
10/8 0.29
10/8 0.03
lo/8 0.0s
10/9 1.12
10/9 Q.05
10/10 0.23
10/10 0.03

*23= 0J1 Ut



1)

2)

3)

IV-75

COXCLUSIONS

rnitial securing of the spilled yellowcake by
local law enforcement officers was prompt and

effective.

The clean-up operation effectively removed the

spilled uranium concentrate from the environment.

Intake of uranium by members of the public and

by clean-up personnel was far less than the intake

required to cause adverse health effects.

-24-
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APPENDIX

RADIATION SURVEYS




RADIATION SURVEY DETAILS CMITTED
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