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SIXTH BIMONTHLY MEETING
WITH SALT STATES REPRESENTATIVES AND NRC

May 31, 1984

CAPITOL HOLIDAY INN
550 C STREET SW
WASHINGTON, D.C.

TRANSPORTATION AGENDA

A. Introductory Remarks R. W. Peterson

1. Agenda Overview
2. DOE Transportation Programs
3. ONWI Transportation Program
4. Transportation Scenarios
5. Types and Quantities of Waste Shipments
6. Transportation Modes
7. Overview of Transportation Work to Date

B. Transportation Regulations

1. NRC - Packaging R. W. Peterson
2. DOT - Transportation J. C. Allen

C. Routing T. I. McSweeney

1. Regional
2. State
3. Site-Specific

D. Logistics/Economics/Risk Analyses T. I. McSweeney

1. Models/Computer Codes
2. National/Regional
3. Site-Specific

E. Accidents R. W. Peterson

1. Types and Probabilities
2. Natural Events
3. Sabbotage
4. Simulation Testing
5. Record to Date

F. Emergency Response J. C. Allen

1. Federal - DOT, NRC, FEMA, DOE
2. State/Local



SALT ENVIRONMENTAL

ASSESSMENTS

R.C. WUNDERLICH

MAY 31, 1984



EA STATUS

- LATE MARCH AND EARLY MAY SALT SITE EAs PROVIDED TO THE STATES
AND NRC

- COMPARATIVE EVALUATION METHODOLOGY AND SUPPORTING DATA SHEETS

PROVIDED TO THE STATES AND NRC IN APRIL

- SEVEN DRAFT EAS TO BE PROVIDED TO DOE-HQ ON JUNE 1

- DOCUMENTS ARE APPROXIMATELY 70-85% COMPLETE

- PLANNING EFFORT UNDERWAY TO COMPLETE EAs PRIOR TO RELEASE FOR
PUBLIC COMMENT
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FUTURE ACTIVITIES

CONTINUE TO DEVELOP AND REFINE THE EAs

- EXPECTED ENVIRONMENTAL IMPACTS

- ACCESS ROUTES

- WATER REQUIREMENTS

- SALT PILE MANAGEMENT

- AIR QUALITY AND NOISE IMPACTS ANALYSES

- CONSISTENCY

MODIFY EAS TO REFLECT CHANGES IN THE PROGRAM BASELINE

- CHANGES IN THE SITING GUIDELINES

- CHANGES IN THE MISSION PLAN



RADIOLOGICAL EMERGENCY RESPONSE FOR TRANSPORTATION

I. Federal Level

A. Federal Response to Emergencies

Coordination - Federal Radiological Emergency Response
Plan (FRERP)

Monitoring and Assessment - Federal Radiological Monitoring and
Assessment Plan (FRMAP)

B. Federal Planning Assistance

State/Local Guidance - Guidance for Developing State and Local
Radiological Emergency. Response Plans
and Preparedness for Transportation -

Accidents (FEMA-REP-5)

II. State Level

A. Mississippi

Mississippi Natural Disaster Plan

Mississippi Radiological Emergency Response Plan

B. Louisiana

Louisiana Disaster Preparedness Plan

Peacetime Radiological Response Plan

C. Texas

Texas Emergency Management Plan
(Annex L to Part 1 - Peacetime Radiological Incidents)

0. Utah

Utah Natural Disaster Plan

Utah Radiological Emergency Response Plan



Can nuclear
wastes be
transported
safely?

Nuclear waste shipping casks have undergone
rigorous crash and fire tests.

Studies to ensure the safe transporta-
tion of nuclear waste to the repository are
being conducted. These include considera-
tion of the risks of exposure to people from
waste being transported past their homes
and from accidents involving vehicles
carrying nuclear waste casks.

Studies show that any radiation expo-
sure to the general population from
vehicles carrying shielded casks of high-
level or transuranic waste would be insig-
nificant. The dose to persons near (100 feet
to 2,500 feet) the route of a vehicle contain-
ing spent fuel (or high-level waste) would
be from 0.0006 to 0.000001 millirem* per
shipment. If 1,000 casks carrying nuclear
waste went by the same house every year,
the increase in radiation exposure to the
inhabitants would be less than one percent
of the dose due to natural background
radiation.

There is no risk of a self-sustaining
nuclear reaction in a shipping cask. The
spacing of the nuclear waste within each
cask would make it impossible to bring
enough radioactive material together to
initiate a chain reaction.

During almost 30 years of nuclear
waste shipments, there has not been a
death or injury attributable to the radioac-
tive nature of nuclear materials shipments.
There are 2.5 million nuclear materials
shipments per year, representing less than
3 percent of the estimated 100 million
hazardous materials shipments. About 95
percent of nuclear materials shipments
involve small amounts of radioisotopes for

*The average U.S. natural background radiation is
110 millirem per year. A millirem is a measurement
of the effects on human tissue from a dose of
radiation.

Inner containment

Solid waste

High-level nuclear waste will be shipped in heavily
shielded casks via truck or railcar in accordance
with applicable federal regulations.



Transportation of Nuclear Waste
to a Repository

Federal Regulations

* The U.S. Nuclear Regulatory Commission (NRC) provides minimum standards covering the
design, construction, and testing of packaging used for transporting hazardous radioactive
material. The NRC also issues certificates of compliance with its standards (10 CFR 71).

* The U.S. Department of Transportation (DOT) regulates transportation safety and sets standards
for shippers and carriers (49 CFR 171-178).

Containers or Casks

* Casks are designed and constructed to withstand severe accidents without release of radioactive
material.

* Truck casks weigh approximately 25 tons.

* Rail casks weigh up to 100 tons.

* Casks are made of several layers of stainless steel and a layer of radiation shielding material
such as lead. Some casks will also have neutron shielding.

* Casks must be certified according to NRC standards prior to use.

* Casks are inspected and tested during manufacture and prior to being placed in service.

* Casks must be recertified periodically for continued use.

Routing

* DOT regulations require highway carriers to use the interstate highway system.

* State governments, in consultation with local governments, can also designate preferred high-
way routes as provided for in 49 CFR 177.825.

* There are no specific railroad routing regulations for nuclear waste.

Types and Numbers of Shipments

* All shipments will be in dry solid form-no liquids will be associated with the radioactive
material.

* A typical nuclear power plant, which produces enough electricity for about 600,000 households,
normally discharges about 30 tons of spent fuel a year.

* At the turn of the century, it is estimated that there will be an average of 1 to 2 rail shipments per
day and 2 to 3 truck shipments per day to the first repository.



- *4

- #t 

Accidents

* In shipping over 5,500 spent fuel elements during the past 20 years, there has never been an
injury or death to carrier personnel or to the public that can be attributed to the radioactive
nature of the cargo. There have been only two transportation accidents of any kind.

* The federal government has the capability and resources nationwide to assist state and local
authorities in coping with a radiological hazard if it should occur.

Overall Risk From Transportation

* A person living next to the final route into the repository will receive less than 1 percent of
natural background radiation from all shipments.

* No radiological injuries or deaths are predicted to result directly from transportation accidents.

This publication was prepared by Battelle's Office of Nuclear Waste Isolation, Columbus, Ohio, under
contract with the U.S. Department of Energy.

4/84
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LAND ACQUISITION

ALAN HANDWERKER, COUNSEL

SALT REPOSITORY PROJECT OFFICE

DEPARTMENT OF ENERGY

MAY 31, 1984



10 CF.R. 60.121 ESTABLISHES THE NRC LICENSING REQUIREMENT FOR

OWNERSHIP AND CONTROL OF INTERESTS IN LAND FOR THE REPOSITORY.



SECTION (A) REQUIRES THE GEOLOGIC REPOSITORY OPERATIONS AREA (HLW

FACILITY, INCLUDING SURFACE AND SUBSURFACE AREAS WHERE WASTE HAN-

DLING ACTIVITIES ARE CONDUCTED) AND THE CONTROLLED AREA (A SURFACE

LOCATION EXTENDING HORIZONTALLY NO MORE THAN 10 KILOMETERS FROM THE

OUTER BOUNDARY OF THE UNDERGROUND FACILITY AND THE UNDERLYING SUB-

SURFACE FROM WHICH INCOMPATIBLE ACTIVITIES WOULD BE RESTRICTED

FOLLOWING PERMANENT CLOSURE) BE ON LAND UNDER THE JURISDICTION AND

CONTROL OF DOE, OR LANDS PERMANENTLY WITHDRAWN AND RESERVED FOR

ITS USE.



THE REPOSITORY SITE MUST BE HELD FREE AND CLEAR OF SIGNIFICANT

ENCUMBRANCES, SUCH AS:

1. RIGHTS ARISING UNDER THE GENERAL MINING LAWS;

2. EASEMENTS FOR RIGHT-OF-WAY;

3. ALL OTHER RIGHTS ARISING UNDER LEASE, RIGHTS OF ENTRY, DEED,

PATENT, MORTGAGE, APPROPRIATION, PRESCRIPTION OR OTHERWISE.



10 C.F.RI 60.121 (b) REQUIRES DOE TO EXERCISE ANY JURISDICTION AND

CONTROL OVER SURFACE AND SUBSURFACE ESTATES OUTSIDE THE CONTROLLED

AREA NECESSARY TO PREVENT ADVERSE HUMAN ACTIONS THAT COULD SIGNIFI-

CANTLY REDUCE THE REPOSITORYIS ABILITY TO ACHIEVE ISOLATION. THE

RIGHTS OF DOE MAY TAKE THE FORM OF APPROPRIATE POSSESSORY INTERESTS,

SERVITUDES, OR WITHDRAWALS FROM LOCATION UNDER THE GENERAL MINING

LAWS. REQUIRED WATER RIGHTS WOULD ALSO BE ACQUIRED.



LAND OWNERSHIP AND CONTROL REQUIREMENTS ARE ALSO CONSIDERED IN TWO

SITING GUIDELINES:

1. 960.4-2-8-2 - POSTCLOSURE QUALIFYING CONDITION. THE SITE SHALL BE

LOCATED ON LAND FOR WHICH DOE CAN OBTAIN, IN ACCORDANCE WITH THE

REQUIREMENTS OF 10 C.F.R. 60, OWNERSHIP, SURFACE AND SUBSURFACE

RIGHTS AND CONTROL OF ACCESS THAT ARE REQUIRED IN ORDER THAT POTEN-

TIAL SURFACE AND SUBSURFACE ACTIVITIES WILL NOT BE LIKELY TO LEAD

TO RADIONUCLIDE RELEASES GREATER THAN THOSE ALLOWABLE UNDER THE

REQUIREMENTS SPECIFIED IN SECTION 960.4-1 (10 C.F.R 60, 191).



2. 960.5-2-2 - PRECLOSURE QUALIFYING CONDITION. THE SITE SHALL BE

LOCATED ON LAND FOR WHICH DOE CAN OBTAIN, IN ACCORDANCE WITH THE

REQUIREMENTS OF 10 C.F.R. 60.121, OWNERSHIP, SURFACE AND SUBSURFACE

RIGHTS, AND CONTROL OF ACCESS THAT ARE REQUIRED IN ORDER THAT SUR-

FACE AND SUBSURFACE ACTIVITIES DURING REPOSITORY OPERATION AND

CLOSURE WILL NOT BE LIKELY TO LEAD TO RADIONUCLIDE RELEASES TO AN

UNRESTRICTED AREA GREATER THAN THOSE ALLOWABLE UNDER THE REQUIRE-

MENTS SPECIFIED IN SECTION 960.5-1(a)(1) (10 C.F.R. 20; 10 C.F.R.

60; 40 C.F.R. 191).



METHODS OF ACQUISITION - SITE CHARACTERIZATION

PUBLIC LAND. SECTION 302(B) OF THE FEDERAL LAND POLICY AND

MANAGEMENT ACT OF 1976 PROVIDES THAT THE SECRETARY OF INTERIOR

MAY PERMIT FEDERAL DEPARTMENTS TO USE, OCCUPY AND DEVELOP

PUBLIC LANDS ONLY THROUGH RIGHTS-OF-WAY, WITHDRAWALS, AND

WHERE THE PROPOSED USE AND DEVELOPMENT ARE SIMILAR OR CLOSELY

RELATED TO THE PROGRAMS OF THE SECRETARY FOR THE PUBLIC LANDS

INVOLVED, A COOPERATIVE AGREEMENT.



PUBLIC LAND FOR THE EXPLORATORY SHAFT FACILITY AND RELATED SITE

CHARACTERIZATION ACTIVITIES WILL BE OBTAINED BY WAY OF A

COOPERATIVE AGREEMENT.



PUBLIC LAND REQUIRED TO PROTECT THE POTENTIAL REPOSITORY SITE

WILL BE OBTAINED BY WAY OF AN ADMINISTRATIVE WITHDRAWAL OF LESS

THAN 5,000 ACRES. TITLE TO THIS LAND WILL REMAIN IN BLM.



PRIVATE LAND. DOE WILL UTILIZE THE CORPS OF ENGINEERS TO PURCHASE

SURFACE AND SUBSURFACE RIGHTS REQUIRED TO CONSTRUCT THE EXPLORATORY

SHAFT FACILITY.



PURCHASE PRICE WILL BE BASED ON GOVERNMENT APPROVED APPRAISAL.



CONDEMNATION PROCEEDING WILL BE UTILIZED AS A LAST RESORT IF

THE GOVERNMENT IS UNABLE TO NEGOTIATE THE PURCHASE OF THE

REQUIRED LAND.



LAND TO PROTECT THE POTENTIAL REPOSITORY SITE

BY EITHER A FEE SIMPLE PURCHASE OR A LEASE.

WOULD BE FOR A FIVE-YEAR TERM, WITH OPTION TO

WILL BE OBTAINED

LEASES, IF USED,

RENEW.



SHOULD DOE BE UNABLE TO NEGOTIATE PURCHASE OR LEASE AGREEMENTS TO

PROTECT THE POTENTIAL REPOSITORY SITE, CONDEMNATION WILL BE

UTILIZED.



METHODS OF ACQUISITION - REPOSITORY

PUBLIC LAND. A PERMANENT WITHDRAWAL OF THE GEOLOGIC REPOSITORY

OPERATIONS AREA AND THE CONTROLLED AREA WILL BE MADE PURSUANT

TO AN ACT OF CONGRESS.



PRIVATE LAND. DOE WILL COMPLETE FEE SIMPLE PURCHASE OF THE

GEOLOGIC REPOSITORY OPERATION AREA AND THE CONTROLLED AREA.

DOE WILL ATTEMPT TO PURCHASE THE REQUIRED AREAS THROUGH

NEGOTIATION BASED ON A GOVERNMENT APPROVED APPRAISAL.

CONDEMNATION WILL BE UTILIZED AS A LAST RESORT.



CURRENT DOE LAND ACQUISITION ACTIVITY

DOE IS IN THE PROCESS OF NEGOTIATING AN INTERAGENCY AGREEMENT

WITH THE U.S. ARMY CORP OF ENGINEERS. THE PROPOSED AGREEMENT

IS STRUCTURED IN TWO PHASES:



PHASE I. PREPARATION OF SEVEN REAL ESTATE PLANNING REPORTS

AND CORPS ATTENDANCE AT DOE MEETINGS.



PHASE II. ACQUISITION OF REQUIRED PRIVATE REAL ESTATE INTERESTS

FOR SITE CHARACTERIZATION.



PUBLIC INTERACTION. THE INTERAGENCY AGREEMENT REQUIRES APPROVAL

OF DOE PRIOR TO THE CORPS CONTACTING MEMBERS OF THE PUBLIC OR

LOCAL AND STATE GOVERNMENTS.



REAL ESTATE PLANNING REPORT

V AUTHORITY AND PROJECT

V PROCEDURES - CORP OF ENGINEERS PROCEDURES

* DESCRIPTION OF SELECTED SITE-TRACT NUMBERS, NAME OF

LANDOWNERS, ESTATE PROPOSED FOR ACQUISITION

* RELOCATIONS - NEED FOR AND GROSS ESTIMATED COST OF

RELOCATIONS

* OUTSTANDING INTERESTS AND RESERVATIONS - MINERAL RIGHTS,

OIL AND GAS LEASES, WATER RIGHTS, AND THEIR VALUES

* VALUATION - GROSS COST ESTIMATE

* UNIFORM RELOCATION ASSISTANCE COSTS - NUMBER OF

APPLICANTS AND REIMBURSEMENT COSTS

* RECOMMENDATIONS - LAND ACQUISITION, PROTECTION

* ADMINISTRATIVE COSTS - PHASE I, PHASE II

* SCHEDULE - PURCHASE OF ENTIRE AREA, PURCHASE AND LEASE.



Exploratory shaft site
Location to be determined)

70 to 80 acres

Potential
repository

site

4.1 square miles-
about 2,625 acres

Estimated Land Needs for
Potential Site: Louisiana
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Estimated Land Needs for
Potential Site: Texas
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Repository
surface
facilities

About 400 acres

Exploratory shaft site
(Location to be determined)

103 acres

a _______________ -
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Underground
operations area

About 2,000 acres

Possible
repository

site
(protected area)

9 square miles-
about 5,800 acres

Estimated Land Needs for Potential Site:
Davis Canyon, Utah



N01ENOTE
Reprinted from publication prepared by the Interagency Land
Acquisition Conference, January, 1974.

How and Why the Federal
Government Acquires Property
for Public Purposes

Foreword

Wise John Adams reminds us that "prop-
erty must be secured, or liberty cannot exist."
In our country the power of government-local,
state, and federal-must respect and protect
the life, liberty, and property of our citizens.

There are however certain vital government
functions essential to the survival, the general
welfare and the progress of the nation which
require land-specific land. A missile must have
a launching site; a highway, a roadbed; a flood
control and water conservation project, a rese-
voir basin. For the benefit of all the people,
individual convenience must occasionally yield.

This brochure has been prepared by the
Interagency Land Acquisition Conference so
that every citizen may know how and why the
Federal Government acquires land and under-
stands his right to just compensation, if his
property is needed for public use. It reflects the
Federal Government's uniform land acquisition
policies as expressed in Part IlIl of Public Law
91-646 approved January 2, 1971, with particu-
lar relation to payment to owners of the full
amount of just compensation. When doubt
remains ora dispute exists, legal advice should
be secured.

How can the United States acquire the
property of one of Its citizens?

Every Government has certain inherent
powers which are essential to its existence and
effective operation, such as the power to levy
taxes and the power to maintain order. Another
is the power to take private property for public
use. This is known as the power of EMINENT
DOMAIN. The rights of the individual are pro-
tected, however, by our CONSTITUTION, which
guarantees that private property may not be
taken by the Government except for PUBLIC
USE and that JUST COMPENSATION must be
paid to the citizen whose property is taken. This
is vastly different from those countries which
seize what they want, for whatever purpose
they may choose and for whatever payment
they wish to make.

When it acquires property the Government
considers the NEEDS AND WELFARE OF ALL
ITS CITIZENS. Land is necessary for military
installations, for the space program, for naval
stations and for training centers. It is required
for post office and public building sites, for
dams and reservoirs, for flood control and
water conservation, for roads and highways,
the national parks and recreation areas, and for
many other uses essential to the well-being and
protection of all citizens. Your property is not
acquired because the Government wants it, but
because the general public needs t.

What can't our Government buy the
property It wants, like anyone else?

IT USUALLY DOES, but sometimes a
property owner Is not willing to sell his land. If
the United States had no way to acquire prop-
erty when the owner refuses to sell, essential
governmental operations would be seriously
hindered or even prevented entirely. Highways
would have to wind around properties that
could not be purchased. Post offices might
have to be built In locations Inconvenient for
the general public. One owner of an acre or two
in the middle of a reservoir site might prevent
the construction of a reclamation project essen-
tial to the welfare of a vast region. Therefore,
the Government must have the power to acquire
land that Is needed for the public benefit,
whether or not the owner wishes to sell it.
However, before exercising the power of emi-
nent domain, the head of the Federal agency
authorized to condemn property is required to
make every reasonable effort to purchase your
real property expeditiously by negotiation.

But couldn't the Government
usually buy what It needs If It
were willing to pay enough?

This probably Is true, but it would be
UNFAIR TO THE TAXPAYERS to inflate the
cost of public works by paying landowners
whatever price they chose to ask. Also property
sometimes is needed immediately and there is
insufficient time to locate the owners and nego-
tiate with them; or the owners may not have
clear title to the land and therefore cannot
convey it. In such cases the power of EMINENT
DOMAIN enables your Government to proceed
without delay to do what is necessary In the
public interest.
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Who determines what public
projects are necessary?

No public project or Improvement can be
undertaken without an authorization and appro-
priation by CONGRESS. Therefore, the final
determination as to what public projects are
necessary is made by the elected representa-
tives of all the people.

How does Congress decide
what projects to authorize?

A BILL IS INTRODUCED in Congress by a
Senator or Representative who believes that
the project will be beneficial, or sometimes the
bill may be introduced at the request of a
Federal agency which has decided, after careful
study and preliminary planning, that a certain
public project will promote the general welfare
of our country. The bill is REFERRED TO A
COMMITTEE and HEARINGS ARE HELD at
which citizens may explain their reasons for
favoring or opposing the project. The Federal
agency responsible for the project usually pre-
sents at such hearings the results of detailed
studies which it had made. The committee then
reports its recommendation, Congress debates
the bill, and it is passed or rejected.

Does this mean that Congress
decides what particular
land will be acquired?

NO. Congress usually does not make the
decision: Of course, some projects, such as
dams or harbor improvements, relate by their
very nature to a specific location, but even in
such cases Congress usually allows the Federal
agency which will administer the project to
adjust or modify its boundaries as may be
necessary and desirable. Other projects, how-
ever, such as providing office space for a
Federal agency, usually need not be located at
a particular place, and in authorizing such
projects Congress generally lets the Federal
agency involved select the exact location. In
any case, the BASIC AUTHORITY for a new
Federal project is granted by CONGRESS and
the FEDERAL AGENCY administering the proj-
ect fixes the DETAILS within limits laid down
by Congress.

Why must my property be acquired?

EVERY OWNER could ask this same ques-
tion. No one likes to be told that he must do
something, but someone's property must be
taken or the development of our country would
come to a standstill. It is unfortunate that one
person must be Inconvenienced for a program
of the Government for the benefit of the public
as a whole, but this happens to each of us, in
one way or another, every day. This is essential
to progress and is inevitable in a modern
society.

How was the choice of location made?

The Federal agency responsible for the
project makes CAREFUL STUDIES of possible
locations, taking into account such matters as
cost, engineering considerations and useful-
ness to the public. For example, a building site
will be preferred that has soil in which founda-
tions can be put down without excessive ex-
pense. A highway location should be as straight
and level as possible. A post office should be
located where it will best serve an area. And so
far as possible a location is selected which will
benefit rather than harm the immediate neigh-
borhood. Thus, the final selection of a project
site represents the meeting of many minds on
ENGINEERING AND ECONOMIC CONSIDER-
ATIONS, the GREATEST PUBLIC GOOD and
the LEAST AMOUNT OF INJURY or inconven-
ience to the individuals affected.

If the United States buys my land,
how much will It pay me?

Whether our Government purchases your
land or acquires It by filing a condemnation suit
in a Federal court, you will be paid its FAIR
MARKET VALUE. This means the price that
you could reasonably expect to receive if you
sold your property on the open market-in
other words, the price the property would bring
in a sale between a WILLING SELLER and a
WILLING BUYER, neither being under any
compulsion to act. It does not mean some
special value that your property may have to
you or the value that It may have to your
Government for the purposes of the particular
public project for which it is needed. In addition
to paying the fair market value for your prop-
erty, the Government will pay certain expenses
necessarily incurred in the transfer of title to
the United States.



How Is fair market value determined?

The United States employs competent and
IMPARTIAL APPRAISERS who are familiar with
property values. After a thorough examination
and a study of market conditions, they prepare
appraisals which give their opinion of the fair
market value of your property on the date it was
acquired by the Government. Such appraisal
must be made before the initiation of negotia-
tions for the purchase of your property. You or
your designated representative will be given an
opportunity to accompany the appraiser during
his Inspection. When the appraisers examine
your property, you should assist them by
answering any questions which they may have
and also by pointing out any special features
which you feel may add to the value of the
property.

What If only a part of my property
Is taken by the Government?

IF the taking of a part of your property
leaves the REMAINDER of your land LESS
VALUABLE than it was before, you will be paid
for that loss. In other words, you will be paid
fair market value for the land which was taken
by the Government, and in addition you will
receive the amount by which your remaining
land has been decreased in market value. How-
ever, if it is determined that the acquisition of
only part of your property would leave you with
an uneconomic remnant, the Government shall
offer to acquire your entire property. Of course,
If the public project will increase the value of
your remaining land, this benefit will be offset
against the compensation which will be paid to
you.

What happens after an appraisal
has been made of my land?

A GOVERNMENT REPRESENTATIVE will
call upon you to see if you can agree on the
terms of a sale. He will be familiar with the
appraisals of your land and will be prepared to-
DISCUSS in detail the value of your property.
You will be furnished with a written statement
of the fair market value of your property and a
summary of the basis for that value. The repre-
sentative will then make an offer to acquire the

property for the full amount of the approved
appraisal. He also will answer any questions
that you may have about the purchase of your
property to the best of his ability. If you and the
Government representative are able to reach an
AGREEMENT, it will be reduced to writing, and
upon approval by appropriate authority will
become a binding agreement.

Do I have to accept the price put on my
land by the Government's appraiser?

NO. You do not have to accept the Govern-
ment's offer if you do not wish to do so;
however, the owner and the Government's
representative are usually able to reach a satis-
factory agreement for the purchase of the prop-
erty by the Government.

if I decide to sell, when will
I be required to give up
possession of my property?

This depends upon the particular PROJ-
ECT and the CIRCUMSTANCES of each case.
The Government always tries to be reasonable,
and usually a mutually satisfactory arrangement
for transfer of possession can be worked out
with the representative of the acquiring Federal
agency. You will not be required to surrender
possession of your property until you have
been paid the agreed purchase price. Futher-
more, you will not be required to move from
your dwelling, or to move your business or farm
operation without at least 90 days' notice in
writing of the date by which your move Is
required, except In those unusual instances
when there is an urgent need for your property.

May I keep my buildings
and other Improvements?

USUALLY the buildings and improvements
will not be required for the project and In such a
case YOU MAY RETAIN THEM. Of course, you
will be required to move them to a location
outside of the project area by a specified date,
and the SALVAGE VALUE of the improvements
will be deducted from the purchase price or
condemnation award which you will receive.



What will the Government
do If I have growing crops?

WHENEVER POSSIBLE, the acquisition of
land by your Government is scheduled in order
to allow for the HARVESTING by the landowner
of growing crops. Of course, sometimes the
land is needed before crops are ready to har-
vest, and in that case you will receive PAYMENT
for your crops. You should discuss this with the
representative of the acquiring Federal agency.

Will I be paid for my moving costs?

The purchase price does not include mov-
ing costs; however, you are entitled to receive
separate payments for moving expenses to-
gether with relocation assistance, pursuant to
Title II of Public Law 91-646, approved January
2, 1971. The local representative of the acquir-
ing agency will supply full information and
assist you in obtaining the authorized payment.

When will I be paid?

The United States will pay you AS SOON
AS POSSIBLE after you and the Government
representative have reached an agreement as
to price and it has been approved by the Federal
agency in charge of the project. Of course,
payment is SUBJECT TO APPROVAL by the
Government of the title to the property. If the
title examination discloses that further proof is
necessary to show that you have a clear title to
the property, you can expedite the payment of
the funds by assisting the Government's repre-
sentative in obtaining such proof.

Will the money I receive
for my property be subject
to Federal taxes?

Responsibility for the administration of
Federal tax laws rests with the INTERNAL
REVENUE SERVICE, which is a part of the
Treasury Department. These laws contain pro-
visions with respect to gains derived from the
sale of real property, Including sales to the
United States. Questions concerning the appli-
cation of the internal revenue laws should be
taken up with your attorney or with the DIREC-
TOR OF INTERNAL REVENUE in your district.
He will be glad to answer your questions.

What happens if I decide
not to accept?

Where an agreement cannot be reached, it
will be necessary for your Government to file
suit in Federal court in order to acquire your
land. This is known as a CONDEMNATION
case. The amount of just compensation to be
paid to the property owner then will be judicially
detemined and a judgment will be entered by
the court fixing the amount which the land-
owner is entitled to receive.

If a condemnation suit Is
filed, how will I be notified?

The United States Marshal will serve you
with a NOTICE that the United States has filed
a "COMPLAINT," and usually also a "DECLAR-
ATION OF TAKING." This means that a con-
demnation suit has been filed. The Complaint
may include not only your land, but the land of
other property owners as well. Your notice,
however, usually will describe only your partic-
ular tract of land. Ordinarily the local United
States Attorney also advises landowners by
mall of the filing of the condemnation suit and
the amount of money which has been deposited
as estimated just compensation, if a Declaration
of Taking has been filed, and offers to assist in
obtaining disbursement of such funds.

What is a Declaration of Taking?

A DECLARATION OF TAKING is a docu-
ment which the Federal Government files in
court. It contains a legal description of the land
and interests to be acquired, together with an
estimate of the amount of just compensation
that your Government feels is due you. At the
same time, the United States will DEPOSIT into
court the amount of the ESTIMATED COM-
PENSATION. When this Is done, title to the
property passes to the United States and you
have the right immediately to withdraw the
amount of money which has been deposited for
your land, subject of course to liens and other
encumbrances.



Will I need a lawyer?

While you are not required to have a lawyer,
it usually is desirable that you be represented
by an attorney. He can ADVISE you about your
RIGHTS and tell you what steps you should
take next.

How Is the market value of my land
determined In a condemnation case?

The landowner and the Government both
are permitted to Introduce EVIDENCE as to the
fair market value of the property and the court
will hear the evidence and determine Its fair
market value. This decision may be made by
the JUDGE, or by a JURY if either party asks
for one, or the judge may appoint COMMIS-
SIONERS to hear the evidence and make an
award. As a landowner, you may testify as to
your opinion of the land's fair market value, and
you also may bring with you others who are
qualified under Federal court rules to express
an opinion on market value.

When will the Government take
possession of my property If
a condemnation suit Is filed?

The Government will ask the court for an
ORDER fixing a date upon which the posses-
sion of the property is required and on which
the landowner must vacate the property. How-
ever, unless possession Is urgently needed, you
will not be required to surrender possession of
your property until the Government deposits
with the court for your benefit an amount not
less than the acquiring agency's approved
appraisal of the property; and, except in unu-
sual instances when possession of your prop-
erty is urgently needed, you will not be required
to move from your dwelling, or to move your
business or farm operation without a 90-day
notice in writing of the date by which your
move is required.

land. You must submit proof of ownership and
show what mortgages, liens, or other encum-
brances are against the land. The court then
will allow you to WITHDRAW your share of the
DEPOSIT. The local United States Attorney will
assist owners in the withdrawals of funds
deposited as estimated just compensation.
However, If you are not the only person with an
interest In the property, or if your TITLE is in
dispute, this matter will have to be settled by
the court. The Government normally does not
participate In such hearings but will assist the
court In seeing that title matters are cleared up.
After a hearing, the court will enter a JUDG-
MENT fixing the amount of just compensation.
The Government will pay the award as soon as
possible. If the final award Is more than the
amount of money which you have withdrawn,
you will get a judgment against the United
States for the difference, together with interest.
Of course, If the final award is less than the
amount of money you have withdrawn, you will
be required to refund the excess.

If I disagree with the court's
award, what can I do?

Either the landowner or the United States
can APPEAL from an award in a condemnation
case. The appeal will be heard by the United
States Court of Appeals for the circuit in which
the land is located. However, this is not a new
trial but a review by the appellate court to
determine if there were any errors in the pro-
ceedings in the trial court.

Important:

Detailed information concerning the proj-
ect for which your property is to be acquired
will be made available by local representatives
of the Federal agency responsible for the acqui-
sition of land. You should not hesitate to seek
information from the agency representative,
who will be glad to assist you and to answer
questions.

How do I get paid far
my real property?

When a DECLARATION OF TAKING has
been filed by the Government, money will have
been deposited with the court to pay for your
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Interagency land acquisition
conference

The INTERAGENCY LAND ACQUISITION
CONFERENCE was established on November
27,1968, by invitations issued from the Attorney
General of the United States of America. This
Conference has the responsibility for recom-
mending uniform land acquisition policies for
land acquisition agencies; coordination of land
acquisition activities among such agencies and
the Department of Justice; promulgation of
uniform appraisal fee schedules, standards and

guidelines for appraisal reports and review;
improvement in liaison between agency field
personnel and United States Attorney's offices;
and consideration of any other matter relating
to the land acquisition programs of the United
States, looking on the one hand to protection of
the public interest and looking to fair and
equitable treatment of persons deprived of their
lands for Federal use on the other. The Inter-
agency Land Acquisition Conference is placed
under the Chairmanship of the Assistant Attor-
ney General of the Land and Natural Resource
Division of the Department of Justice.

U.S. GOVERNMENT PRINTING OFFICE 1975 0-596-511

For sale by the Superintendent of Documents, U.S. Government Printing Office
Washington. D.C. 20402

Stock Number 027-000-00291-9
Catalog Number J1.2:P94/7

January 1974



a 

Major Regional Railroad and Highway Routes - Richton Dome
InS



Major Regional Railroad and Highway Routes - Cypress Creek

n5



Major Regional Railroad and Highway Routes - Vacherie

L-A



Major Regional Railroad and Highway Routes - Swisher



Major Regional Railroad and Highway Routes - Deaf Smith

-X



I

Grand County I

San Juan County

I
LaSal Junction

!
i

Legend

P Y. - Alternate routes

II

Alternative Highway and
Railroad Access Routes

Davis and Lavender Canyon Sites



\ NationaI uno

I '

Pier

p otash rutMoab
Dead orse PInt,! 

Rtte Parks t Grand Coandy

Rairoed San un County

DavisandLavnr Ca nSal Junction

g _ g C~erlookl \ 

Davisvf -/

Sitel I 

Ca n 

Monticello 

Representative route

Representative Highway and
Railroad Access Routes 

Davis and Lavender Canyon Stes

Legend



Energy Issues In
Perspective-

1. THE ISSUE
Natural radiation is pervasive in our environment.

Virtually everything in and around planet Earth, in-
cluding our own bodies, contains natural radioactive
materials in varying concentrations. Over the past half
century, science has learned much about these
substances - in fact probably more than about any other
substance in our environment.

Today there are a wide variety of commercial,
medical, research and other civilian uses for radioactive
materials such as: making electricity (12 percent of the
nation's supply); special and sometimes revolutionary
medical treatment and diagnosis; research in biology,
archeology and geology; and a variety of industrial pro-
cesses. In order to derive these benefits from radioactive
materials, we have had to learn to handle and transport
them with care, and in particular to devise strong,
reliable containers for transporting the highly radioactive
spent fuel from commercial nuclear reactors. Much of the
recent concern expressed over the transport of these
materials largely overlooks the vast body of scientific and
technical expertise that has resulted in an outstanding
safety record in shipping for over thirty years. This paper
provides some basic information and perspective on the
issues surrounding the transportion of radioactive
materials in the form of answers to common questions.*
*This issue paper addresses the civilian, not military, uses and transport of
radioactive materials. Military programs are clearly for different purposes and
generally under different urisdictions.

include a wide variety of radioactive elements in the form
of such things as machines containing radiation sources,
solids, and small vials of solutions for medical
diagnostics, treatment and research, and materials used
in industry and agriculture. In addition, these materials,
once they have been used up, together with any
associated hardware, or rags, constitute a large volume of
radioactive waste.

2. How much radioactive material is transported?
There are more than 100 million shipments a year of all
types of hazardous materials in the U.S.' About three per-
cent of these, or some three million packages, contain
radioactive materials - of which about one-third are for
medical purposes, about one-sixth are for the nuclear fuel
cycle, and the balance for industrial and research activities.3

Shipments of wastes account for about 10 percent of
radioactive packages transported each year.4 Of this, the
vast majority is low-level waste (55 gallon drums of such
things as slightly contaminated rags, coveralls, tools, etc.)
totalling some two million cubic feet a year.5 The material
frequently of public concern (and the material under the
most restrictive regulatory and safety guidelines) is spent
reactor fuel - i.e. high-level nuclear waste. The few hun-
dred shipments a year of spent fuel amount to a tiny frac-
tion of a percent of the total annual shipments of radioac-
tive materials currently taking place."

3. Why transport radioactive materials?
In order for society to derive the many benefits from
radioactive materials, it must provide for their safe
transport to the point of use and ultimately to a waste
storage site.

For instance, uranium as a fuel for nuclear generating
stations provides 12 percent of the nation's electricity,
and more than 25 percent of the electricity for a dozen
states.7 '8 For the future, nuclear energy accounts for
about 40 percent of all the new electrical generation
under construction or planned."

Radioactive materials are used in procedures for half
of all patients admitted to hospitals in the United
States.' 0 In addition, radioactivity is used in such things

11. BACKGROUND QUESTIONS
1. What kind of radioactive materials are transported?
There are two general categories of civilian radioactive
materials: fuel cycle, and non-fuel cycle. The first
category involves the fuel, materials and waste resulting
from the production of electricity from nuclear energy.
Less than 15 percent of radioactive packages shipped
each year are associated with the nuclear fuel cycle.' The
second category primarily includes radioactive elements
and the wastes resulting from their use in medicine,
research and industry.

The commercial nuclear fuel cycle involves the
transportation of raw uranium fuel in various forms,
completed uranium fuel assemblies, trash such as rags,
tools, paper, coveralls and plastic which have been
slightly contaminated with radioactivity during the fuel
manufacturing process and nuclear power plant
maintenance, and finally used, i.e. spent, fuel that is
discharged from the reactor.

Most of the civilian radioactive packages shipped in
the U.S. are in the second category. These materials
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as smoke detectors, heart pacemakers, illuminated
watches and signs, medical research, sterilizing medical
supplies, improving crops, preserving foods, determining
ground-water resources, x-raying pipeline and ship welds,
controlling industrial processes, and in the exploration
for oil and natural gas.

4. Will there by any increase in the amount of
radioactive material transported in the future?

Yes. The use of radioactive materials can be expected to
increase because they are so valuable as medical and in-
dustrial research tools. For example, radioactivity can be
detected in incredibly small amounts, making it a
valuable "tracer" for medical diagnosis. Also, as the
nation's need for electricity increases in the coming
years, uranium (along with coal) will be a large con-
tributor. Thus, it is expected that by 1985 there will be
some five or six million packages of radioactive materials
shipped a year." About 15 percent of these will probably
be associated with the nuclear fuel cycle.12 '3

5. How are the regulations and standards for radio-
active materials transportation determined?

Standards and safety criteria for shipments of radioactive
materials are established by the U.S. Nuclear Regulatory
Commission. The U.S. Department of Transportation is
responsible for regulating the transportation of all
hazardous materials, including those that are radioactive.
The Department of Transportation specifically
establishes regulations for such things as packaging,
handling, labeling, marking and routing. Standards are
established on the basis of the best scientific and
technical information available, are open to public
scrutiny and review, and are based on national and inter-
national consensus resulting from more than 50 years of
research on the effects of radiation.

6. Are the standards safe enough?
While no standard can provide absolute assurances,
those which have been established for protecting the
public from the effects of radiation are unprecedented in
the extent to which they have been studied and re-
examined to ensure that appropriate requirements have
been used. Fifty years ago the highly respected and still
active International Commission on Radiation Protec-
tion and the U.S. National Council on Radiation
Protection and Measurements were formed to examine
and propose standards. These organizations are com-
posed of physicians, radiologists and scientists expert in
the effects of radiation. In addition, independent reviews
are provided by the National Academy of Sciences and
by the United Nations Scientific Committee on, the
Effects of Atomic Radiation.

7. Would it cause a disaster if an accident
occurred causing radiation release?

No, for two principal reasons. First, there is far too little
radioactivity contained in the vast majority of the
shipments to cause any harm to anyone or anything -
much less a disaster. In fact, in many of the shipments
the quantity of radioactivity involved is not much

different from the amount of natural radioactivity con-
tained in the human body'4.

Second, for those shipments that are much more
radioactive (for example: spent reactor fuel, special medical
irradiators for cancer treatment, or industrial irradiators for
checking welds), the containers are specifically designed to
withstand violent accidents and minimize the amount of
radioactivity that could be released. In addition, the nature
of the more radioactive material (almost always a solid) will
inhibit the release of any radioactivity.

Furthermore, despite the fact that any incremental
commercial releases of radioactivity are considered
serious and carefully regulated by state and federal
agencies, the effect on the environment is not unique or
unpredictable because radiation is a natural, pervasive
phenomenon. In fact, natural sources of radiation can
often reach levels that would violate the Federal
standards established to minimize exposure from man-
made activities. 5,115

111. TRANSPORTATION OF SPENT
REACTOR FUEL

1. What is spent reactor fuel?
Commercial nuclear reactors are fueled with pure
uranium oxide in the form of ceramic-like pellets stacked
in long metal tubes which are grouped together in
bundles (also called assemblies). After producing heat in
a reactor core for about three years, each fuel bundle is
removed, essentially unchanged in appearance and still
retaining about 96.5 percent usable uranium. The fission
process, which produced the energy, leaves behind a
variety of highly radioactive waste products accounting
for most of the remaining 3.5 percent of the spent fuel.' 7
Spent fuel bundles are kept at the reactor site in large
pools of water to cool them and shield the radiation until
they can be shipped off-site. After a year or so, more than
90% of the radioactivity has dissipated as heat.'

2. Why does it need to be transported anywhere?
Twenty years of nuclear electricity has produced 8,000
tons of spent fuel.19 Regardless of the future for new
nuclear plants, this 8,000 tons already exists and is in-
creasing each year from the output from plants currently
on line. This spent fuel must ultimately be shipped to a
disposal site when one is available. (Note: Because
uranium is so dense, the 8,000 tons of fuel assemblies, if
stacked together, would all fit in a box 45 feet on each
side.20)

Currently, spent fuel is stored in pools at reactor sites
which are normally designed with sufficient capacity to
hold the spent fuel discharged over a five- to 20-year
period.2' (At any given time, enough space is normally
reserved to hold all of the fuel in the reactor core in the
event that it should become necessary to remove it.)
After on-site storage has been exhausted, some spent fuel
will have to be removed and transported to another
storage site or the reactor will be shut down. The Con-
gressional Office of Technology Assessment estimates
that numerous generating stations will face this dilemma
before 1990.22 According to the Department of Energy,
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Transporting coal also involves a risk, but for
different reasons. While the coal itself does not present
a risk, the nation's need for this energy commodity in-
volves an immense number of rail shipments. Thus, acci-
dents involving coal-carrying trains cause between 700
and 1300 public deaths a year.64"'5 (This form of risk is
insignificant with regard to nuclear fuel since some
80,000 times less material is transported to produce the
same amount of electricity.)

17. If there were an accident involving radio-
active materials, who would respond?

In the event of an accident, the first and most rapid
response would come from local fire and police depart-
ments, as well as the state or local agencies that have
radiological expertise. If necessary, a community could
call on civil defense personnel and the National Guard.

With regard to the special nature of spent fuel, the
Department of Transportation has developed and
distributed to each state a self-contained training course
on handling radioactive materials transportation
emergencies." In addition, the Federal Emergency
Management Agency is developing a guidance document
on emergency planning for radioactive materials
transportation.67 In the event of a release of radioactive
material, the Department of Energy operates a
Radiological Assistance Program with eight regional
offices staffed with experts in this area available for
immediate assistance."" In addition, the electric utility
industry has developed a voluntary mutual assistance
agreement to provide additional help.

18. If there were a release of radioactive
materials, who would be responsible for
cleaning it up and paying for the cost?

Responsibility for dealing with a release involving a ship-
ment of radioactive materials, as with other hazardous
materials, is divided among carriers, shippers and govern-
ment agencies. As the actual transporters, carriers have
the basic responsibility for confining the spread of
radioactive materials and for any necessary clean-up.
Shippers are required to furnish information to carriers
and government agencies about the characteristics of the
shipment and any special precautions necessary. State
and local government agencies, through their police and
fire departments, are normally recognized as responsible
for protecting people and property at the scene of an acci-
dent. Under the Motor Carrier Act of 1980 and the
Price-Anderson Act, passed in 1957, there is extremely
broad insurance and indemnity protection in the event
of a serious accident which provides coverage for any
damage, regardless of who is liable, currently up to a
maximum of $560 million. There is also a "no fault"
feature applicable to very serious releases of radiation
from any aspect of the operation of commercial nuclear
reactors, including transportations

19. What would happen if terrorists attacked a
shipping cask?

This is considered the worst possible "accident" that could
occur to a spent fuel shipping cask. In order to assess the
consequences of such an event, scientists at the Sandia
National Laboratories simulated such an "accident" on an
actual cask containing segments of a fuel bundle, and
precisely measured the amount of material released. 70 The*
experiment produced two interesting results. First,
previous assumptions about the amount of radioactivity
that could be released during a worst case breach of the
cask were found to be too high by a factor of more than
100.71 Second, the experiment showed that such an event
would not cause any early radiation-related injuries or
fatalities, and could lead to a maximum of one cancer
fatality many years after the event.72

20. What would happen if terrorists hijacked a
shipment of spent fuel?

First, a spent fuel cask weighs between 20 and 100 tons.
It would thus be exceptionally difficult to steal one, and
then escape and hide it. Second, because the spent fuel is
very radioactive, it is encased in lead shielding that stops
almost all the radiation. An attempt to destroy the cask
and its shielding would not result in a significant risks (see
Question 19).

If, on the other hand, terrorists were successful in
removing the spent fuel from the cask - not in itself easy
because the closure plugs themselves weigh many tons -
their close proximity to the unshielded bundle could cause
them to be exposed to lethal levels of radiation before
anything significant could be accomplished.73 Even were
all these problems overcome, solid ceramic-like spent fuel
would not prove very hazardous to the general public
because it does not dissolve in water, makes a very heavy
dust if pulverized (and thus would not be carried far by air
currents), and is non-flammable. A wide variety of
chemical toxins are far more dangerous, and are easier to
acquire and distribute.

However, some people are concerned with the
possibility of terrorists stealing spent fuel in order to
obtain plutonium for the purpose of attempting to make
a bomb. The solid ceramic-like pellets of spent fuel are
about 95 percent uranium, four percent waste products
and the balance, less than one percent, a mixture of
different kinds of plutonium.74 In this regard it is im-
portant to consider four facts: 1) it is far more difficult to
make atomic bombs than is popularly believed75 '76; 2) in
order to obtain a reasonable amount of plutonium, several
of the massive casks of spent fuel would be needed7 7; 3) the
solid spent fuel must then be subjected to an elaborate and
difficult chemical process called reprocessing, in order to
dissolve it to separate out, purify and then resolidify the
plutonium; and 4) the plutonium in commercial spent fuel
is substantially different from weapons-grade material,
thus making a bomb more difficult to assemble, less likely
to work and far less effective as an explosive.78
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travelling at 80 mph; dropped from a height of 2000 feet
onto extremely hard ground; and burned in a pool of
aviation fuel under conditions six times worse than
regulations require.40' 4142 In many cases the violent ex-
periments proved less demanding than the construction
specifications themselves.43

11. Have there been any accidental releases of
radioactivity from spent fuel shipments, and
if the number of shipments increases, is it
likely that there will be releases in the future?

Four shipping casks have been involved in accidents
since 1971, two empty and two containing spent fuel.44
No radioactivity of any kind was released. Inter-
nationally, there has never been a radiation release dur-
ing a spent fuel shipment either.

Ultimately, of course, as the number of shipments in-
crease there is a very small, but nonetheless increasing,
statistical possibility that an accident leading to the
release of radioactivity could occur. It is estimated that
by the year 1990 spent fuel shipments will cover a
cumulative one million miles.45 Thus, it is statistically
estimated that there could be a dozen or so traffic
accidents involving spent fuel casks in that year.* Most
of these accidents are unlikely to occur in urban areas.
Of those that may occur in urban areas, it is estimated
that in more than 90 percent of the cases the conditions
would not be severe enough to cause any radiation
release. And, of those accidents that do release some
radioactivity, it is further estimated that the potential
public risk would be "comparable to a frequency of one
latent cancer fatality in 2,400 years."47

12. What happens if a shipping cask breaks in
spite of all the regulations?

Scientists are able to establish upper bounds on the worst
that could be expected and do in fact make estimates
about the consequences of an accident assuming that
radioactivity is released.45 It is possible to arrive at
reasonable estimates, and to rule out far-fetched dooms-
day scenarios, because there is such a wealth of
knowledge about and experience with the materials in-
volved. If the worst set of events did occur, estimates are
that the "maximum exposed individual" would receive
an inhalation radiation dose of 14 rem (less than three
percent of a fatal level of exposure). 49 '50 While such an
exposure would clearly be undesirable and far in excess
of the maximum permissible for members of the public,
it should be put into perspective. Smokers receive radia-
tion exposures of two to eight rem to their lungs each
year due to natural radioactivity in tobacco products.5 '
In fact, natural background radiation itself can cause ex-
posures of between one and five rem a year in a number
of places in the world.52

13. Can nuclear fuel explode?

No. It is a physical impossibility for commercial reactor
fuel to explode, whether new or spent, and whether by
accident or sabotage.

14. Would a serious accident cause catastrophic
property damage?

The Nuclear Regulatory Commission's (NRC) environ-
mental impact statement estimates that the most severe
urban accident would have the potential for costs of $200
million in an area such as New York City.3 (N.Y.C. is
chosen because it represents the "worst case" conditions
of high population density and congestion.) A more
recent draft study estimates a $2 billion cost for a worst
case accident involving spent fuel in New York City with
the probability of this occuring as less than one in a
billion per year. However, the NRC has been evaluating
this recent draft and found instances of great overesti-
mation of cost as well as large uncertainties.54 In any
case, the potential loss of property is not substantially dif-
ferent from many other real and far more common
natural and man-made events that society and the
economy absorb every year. For example, a single hotel
fire has lead to some $100 million dollars in damages55;
and in the energy arena, a single oil spill has lead to
damage claims of over $2 billion.56 For additional
perspective, floods lead to billions of dollars in damages
each year and individual hurricanes have caused in ex-
cess of $5 billion in damages.57

15. Could an accident require evacuating a large city?

There is no series of events or accidents involving spent
nuclear fuel that could cause sufficient potential risk for
such a measure. First, the material involved, solid
ceramic-like pellets of spent uranium fuel, does not have
the potential to explode or cause a disaster of that
magnitude. Second, the containers are virtually in-
destructible and even the worst accidents would only
lead to localized damage and problems. 8

16. What are the comparative risks of transporting
spent fuel and other commodities?

The unparalleled safety record for transporting spent fuel
and other radioactive materials has resulted in no
radiation-related injuries or deaths to the public, conse-
quently we can only examine the issue in terms of "what
if". By contrast, the transportation of other energy-
related commodities leads to damages, injuries and
deaths every year. In terms of the statistical possibility of
fatalities for every shipment made, the transportation of
gasoline, propane and chlorine are from 300 to 30,000
times riskier than the shipment of all materials associated
with the nuclear fuel cycle.' 9 In fact, accidents involving
chlorine-carrying trains typically cause nine public
fatalities a year; in one case, a chlorine shipment accident
caused the evacuation of 250,00 people.60"61

Fires resulting from accidents involving the transpor-
tation of gasoline on the nation's highways have taken
480 lives and injured another 3,500 between 1976 and
1980.2 Similarly, there are each year some 100 to 150 ex-
plosions and fires causing some two dozen public
fatalities resulting from the transportation of natural gas
in pipeline systems.63
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there are over two dozen facilities in this category.23 In
the event of a shut-down, the additional cost to replace
a nuclear station's electricity would be about $500,000 a
day if coal replacement power were used, or at least
$1,000,000 a day if an oil-burning facility were
substituted.2 4

3. How many shipments need to be made
annually from a nuclear power plant?

A typical large nuclear power plant, which produces
enough electricity for some 600,000 households,
normally discharges about 30 tons of spent fuel a year in
the form of 50 to 80 fuel assemblies. In order to transport
this spent fuel, three to four truck shipments per month,
or about one rail shipment every other month would be
needed.25 ,26

4. How many shipments have there been in this
country? How many are expected in the future?

To date, over 5,000 spent fuel assemblies have been ship-
ped in this country without an accident causing radia-
tion release.27 By the late 1980s, it may be necessary to
make several thousand shipments a year.28 For com-
parison, during the same period, the Department of
Transportation will oversee some 55,000 chlorine
shipments, 3 million propane shipments and 14 million
shipments of gasoline each year.29

5. How are highway shipping routes chosen?
Department of Transportation regulations require
highway shipments to take the most direct interstate
routes, and to bypass cities whenever an interstate bypass
or beltway is available.30 Thus, safety is enhanced by
choosing the most direct route (i.e. limiting the number
of miles to be travelled) and by using interstates
whenever possible (since the frequency of accidents on
these highways is less than for any other road). Also,
under current regulations, any route for the shipment of
spent nuclear fuel from commercial power plants must be
approved by the Nuclear Regulatory Commission.

In general, populated areas are avoided whenever
possible under the above-mentioned conditions. How-
ever, routes are sometimes chosen through populated
areas because the risks of a serious accident are so small,
and because shipping by more circuitous routes could be
riskier due to poorer secondary road conditions.

For perspective, it is important to note that risks are
associated with all systems for providing energy to the
public. For example, many large population centers (up
to 250,000 people in some cases31) are at risk living
downstream from hydroelectric dams.

6. Do states and localities have any role in de-
termining routes and procedures for shipping
radioactive wastes?

Under the Department of Transportation's (DOT)
regulations, states may designate preferred highway
routes for spent fuel when they can be shown to be as
safe as the ones specified by the DOT. States are required
to consult with affected localities before establishing a
preferred route.32 There is also a provision for states to

apply for a "nonpreemption determination" from the
DOT in order to enable a state or locality to enforce any
of its own requirements.33

7. How much radiation exposure would someone
living on a shipping route receive?

There is essentially no risk from the radiation exposure
during the normal transportation of spent fuel. An in-
dividual living 90 feet from a highway where 250 spent
fuel shipments pass each year travelling at an average of
30 miles per hour would receive a radiation dose some
9000 times less than that received from natural sources
- the sun, earth and radioactivity naturally in the
human body. For comparison, the dose would be only
slightly higher than that received from an ordinary
smoke alarm in a year's time.3 4 353 6 (Most smoke alarms
contain tiny amounts of radioactivity in order to detect
smoke.)

8. How is spent fuel shipped?

The bundles of solid spent fuel from commercial reactors
are transported in specially designed shipping casks.
These casks, possibly the strongest containers ever built,
weigh from 25 to 100 tons and are constructed of layers
of steel and lead or other dense metals. Depending on the
specific type of fuel bundle and whether designed for
truck or rail use, casks can hold between one and 24 fuel
assemblies.3 7

9. Is every shipping cask actually tested?

No. It is unnecessary for the same reasons that not every
bridge, high-rise building, or dam is tested. In these cases,
public safety depends on establishing and achieving cer-
tain standards based on sound engineering principles,
stringent regulations and with safety margins established
over decades of experience. In addition, the design
criteria and computer models used are tested for
accuracy, providing guidelines more comprehensive and
demanding than could be achieved by simple testing.

Unlike the containers for transporting essentially all
other hazardous commodities - which are built in a
manner adequate simply to carry the material - spent
fuel shipping casks are designed and built to withstand a
series of violent accident conditions without release of
radioactivity: collision with, an immovable object, an
attempt to puncture with a six-inch steel post, a com-
pletely enveloping fire and submersion under water.38

10. Are the safety standards realistic?

At the Sandia National Laboratories, a number of casks
that have been retired from service have been actually
tested under some incredibly violent conditions and in
every case the casks survived intact and proved the
engineering and computer models and assumptions to be
correct. In numerous instances the models and assump-
tions, designed to be very conservative, in fact
significantly underestimated the casks' survivability.3 9

Shipping casks have, for example been: loaded onto a
truck which was made to crash, first at 60 mph then at
80 mph into a 700-ton concrete wall backed with 1700
tons of dirt; broadsided by a 120-ton locomotive
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SUMMARY AND CONCLUSIONS

This Final Environmental Statement was prepared by the staff of the Office of Standards

Development of the U. S. Nuclear Regulatory Commission (NRC), Washington. D.C. 20555. Mr.

Donald R. Hopkins is the NRC Task Leader for this statement (telephone: 301-443-6910).

1. This action is administrative.

2. This Final Environmental Statement has been prepared in connection with NRC reevalua-

tion of its present regulations governing air transportation of radioactive materials in order

to provide sufficient analysis for determining the effectiveness of the present rules and of

possible alternatives to these rules. This statement is not associated with any specif ic rule

change at this time but will be used as a partial basis for determining the adequacy of the

present transportation regulations. If a rule change results from consideration of this state-

ment, a separate or supplementary environmental statement will be issued with respect to that

action.

When NRC was beginning work on this environmental statement, consideration was given

to covering all aspects of the environmental impact resulting from the transport of radioactive

material by air. At the Federal level, both the NRC and the Department of Transportation,

particularly the Federal Aviation Administration (FAA), are involved in regulating the safety

of such transport. Therefore, NRC proposed to the FAA that the statement be cosponsored by

both agencies and that both the shipper-packaging aspects and the carrier-transport aspects be

covered. In a meeting in early 1975, the FAA declined to actively support the development of

such a statement. As a result, the scope of the statement was limited to the shipper-packaging

aspects. The statement deals with the carrier-transport area only to the extent necessary to

determine the influence of the conditions of transport on the shipper-packaging area, e.g.,

exposures of personnel from packages of radioactive materials under normal and accident

conditions.

Development of the statement began with consideration of transport of radioactive

materials by air. However, in order to examine the environmental impact of alternatives, other

modes of transport were examined, again primarily from the standpoint of the effect such trans-

port would have on packaging as related to exposure of people under both normal and accident

conditions. During the development of the statement, special interest arose in the alternative

of transporting irradiated nuclear fuel by special trains. Some detail was added in the sc-

tion o special trains but the statement scope was not sufficiently broad to deal thoroughly

with this subject. A separate statement on the use of special trains for transporting irradi-

ated nuclear fuel has been issued by the Interstate Commerce Commission (ICC) with NRC coopera-

tion. Some of the same methodology used in this generic statement is used in the ICC study.
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As a result of the limitations on the scope of this generic statement, only limited
study of the conditions of transport, carrier controls, and routing has been undertaken. For

example, no evaluation has been ade of safety aspects of the vehicles or of items related to
carrier controls other than those directly affecting the shipper-packaging area.

Except as noted, this statement does not specifically consider facets unique to the
urban environment such as high population densities, diurnal variation in population, con-
vergence of transportation routes, shielding effects of buildings, or the effect of local
meteorology on accident consequences. A separate study specific to such considerations is
being conducted and will result in a separate environmental statement specific to such an urban
environment.

This statement was started in May 1975 and was completed prior to President Carter's
April 7, 1977, message on nuclear power policy regarding deferral of commercial reprocessing and
recycling of plutonium. Therefore, the 1985 projection of numbers and types of nuclear fuel
cycle shipments and their environmental impact that has been used in this study reflects the
potential development of plutonium recycle to the extent described in the NRC's generic environ-
mental statement on mixed oxide fuel (GESMO). Since the analysis on non-fuel-cycle shipments
remains valid, as does the analysis of all 1975 radioactive material shipments, this statement
is issued with the caveat that it does not reflect changes in national energy policy origi-
nating with the President's April 7, 1977, message.

Although this statement has not been modified to reflect the President's policy
message, it is the NRC staff's judgment, based on related analyses, that the results presented
as realistic in this statement would continue to be realistic and the conclusions reached would
be essentially the same if changes were made in accordance with the President's message.

3. The environmental impact of radioactive material shipments in all modes of transport
under the regulations in effect as of June 30, 1975, is summarized as follows:

a. Radiation exposure of transport workers and of members of the general public
along the transportation route occurs from the normal permissible radiation emitted from pack-
ages in transport. More than half of the 9800 person-rem exposure resulting from 1975 shipments
was received by transport workers associated with the shipments. The remaining 4200 person-rems
was divided among approximately ten percent of the U.S. population. None of these exposures
would produce short-term fatalities. On a statistical basis, expected values for health effects
that may result from this exposure are 1.7 genetic effects per year and 1.2 latent cancer
fatalities distributed gver the 30 years following each year of transporting radioactive material
in the United States at 1975 levels (Chapter 4, Section 4.9). More than half of this effect
results from the shipment of medical-use radioactive materials where the corresponding benefit
is generally accepted (Chapter 1, Table 1-2).

b. Transportation accidents involving packages of radioactive material present po-
tential for radiological exposure to transport workers and to members of the general public.
The expected values of the annual radiological imoDact from such potential exposure are very
small, estimated to be about one latent cancer fatality and one genetic effect for two hundred
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years of shipping at 1975 rates (Chapter 5, Section 5.9). More than two-thirds of that impact
is attributable to nuclear fuel cycle and other industrial shipments (Chapter 1, Table 1-2).

c. Radiological impacts from export and import shipments were evaluated separately

and were determined to be negligible compared to impacts from domestic shipments (Chapter 5,
Section 5.7).

d. The principal nonradiological impacts from the use of resources for packaging

materials and from the use of, and accidents involving, a relatively small number of dedicated
transport vehicles were found to be two injuries per year and less than one accidental death
per four years (Chapter 5, Section 5.8).

e. Examination of the consequences of a major accident and assumed subsequent

release of radioactive material indicates that the potential consequences are not severe for

most shipments of radioactive material (Chapter S. Section 5.6). The consequences are limited

by one or more parameters: short half-life, nondispersible form, low radiotoxicity. However,
in the unlikely event of a major release of plutonium or polonium in a densely populated area,

a few individuals could suffer severe radiological consequences. One early fatality would be

expected, and as many as 60 persons would be exposed to radiation dose levels sufficient to
produce cardiopulmonary insufficiency and fatalities in some cases. The latent cancer fatal-

ities associated statistically with such a major release are estimated to be as many as 150

over a 30-year period (Chapter 5, Section 5.6). Costs for land reclamation associated with

such an unlikely accident could range from 250 million to 800 million dollars for 1975 ship-
ments and up to 1.2 billion dollars for 1985 shipments. The probability of such an event is

estimated to be no greater than 3 x 10 9 per year for 1975 shipping rates (Chapter 5, Section
5.6). It should be noted that, to obtain the above result, all of the following conditions

would have to occur:

(1) A low-probability, extra severe accident would have to involve a vehicle

carrying a bulk shipment of plutonium or polonium in an extreme-population-density urban area.

There are presently about 20 large-quantity shipments of polonium per year and one of plutonium
(Chapter 5, Section 5.2.2);

(2) One or more of the packages of plutonium or polonium that are designed to
withstand severe accident conditions would have to be subjected to the highest of the forces

developed in the accident so as to cause gross failure of the package and subsequent release of

a significant fraction of the radioactive contents from the package (Chapter 5, Section 5.2.3);

(3) The accident would have to create conditions in which plutonium or polonium
released from the package would escape from the vehicle in which it was being transported, and

a significant amount of material would have to become airborne in respirable form (Appendix A,
Section A4);

(4) The meteorological conditions at the time would have to be such that the
plutonium or polonium remains airborne and is dispersed in a way that significant numbers of
people would breathe the air containing the material in high concentrations (Chapter 5, Section
5.3); nd

v



(5) mitigating actions such as evacuation of persons from the area are not

taken.

4. Principal alternatives considered are the following:

a. Transportation mode shifts for various components of the industry (Chapter 6,

Section 6.2).

b. Operational constraints on transport vehicles to minimize accidents (Chapter 6,

Section 6.3).

c. Changes in packaging requirements to minimize release of radioactive materials

in an accident (Chapter 6, Section 6.4).

d. Changes in the physical properties of radioactive materials to minimize conse-

quences in the event of a release (Chapter 6, Section 6.4.1).

Preliminary analyses were made of a number of alternatives to the present regulations

and methods of transport. A few of the alternatives examined were found to be cost effective.

However, the cost-effective alternatives dealing with changes in mode of transport did not

significantly reduce the radiological impact; the others must be analyzed further to determine

whether their adoption would reduce the radiological impact and achieve an impact level as low

as is reasonably achievable (Chapter 6).

The alternative of reducing the amount of radioactive material transported, either

generally or selectively, was not considered on the assumption that the benefits associated

with the use of presently transported materials outweigh the small risk of their transportation.

While future rulemaking may depend in part for its justification on the analysis and

conclusions of this statement, no rulemaking is proposed with its present issuance. The pri-

mary function of this statement is to establish the NRC staff view of the environmental impact

of present transportation of radioactive material and of the projected impact in 1985. This

statement provides an overview of a number of alternatives to present transportation require-

ments and of the changes in impact produced by those alternatives. While this overview serves

to limit the number of alternatives worthy of further consideration, any detailed study of

alternatives in support of rulemaking activities will be considered separately.

The alternatives considered in this statement are limited to those possible with

existing transportation systems. While it might be possible to conceptualize new transpor-

tation systems that might reduce environmental mpact, it is considered unlikely that any could

be Justified on a cost-benefit basis because of the present low risk.

5. The following Federal, State, and local agencies commented on the Draft Environmental

Statement (NUREG-0034) made available in March 1976. Their comments, along with those from

other parties, are in Appendix J.
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a. Tennessee Valley Authority

b. Department of Health, Education, and Welfare

c. Environmental Protection Agency
d. Department of the Interior

e. Federal Energy Administration

f. Energy Research and Development Administration

g. Department of Transportation
h. State of New Mexico

i. State of New York

J. State of Georgia
k. City of New York

6. A draft of this Final Environmental Statement was made available to the public in

February 1977 at the NRC Public Document Room in Washington, D.C., and at NRC's field offices

in King of Prussia, Pennsylvania; Atlanta, Georgia; Glen Ellyn, Illinois; Arlington, Texas; and

Walnut Creek, California. Public comments received on that draft are contained in Appendix K.

7. This Final Environmental Statement was made available to the public, to the Council

on Environmental Quality, and to the above specified agencies in December 1977.

8. On the basis of the analysis and evaluation set forth in this statement and after

weighing the small adverse environmental impact resulting from transportation of radioactive

materials and the costs and benefits of the alternatives available for reducing or avoiding the

adverse environmental effects, the staff concludes that:

a. Maximum radiation exposure of individuals from normal transportation is generally

within recommended limits for members of the general public (Chapter 3, Section 3.5). There

are transportation operations at a few locations where some transport workers receive radiation

exposures in excess of the recommended limits established for members of the general public.

In most cases, these operations employ radiation safety personnel to establish safe procedures

and to train and monitor transport workers as though they were radiation workers.

b. The average radiation dose to the population at risk from normal transportation

is a small fraction of the limits recommended for members of the general public from all sources

of radiation other than natural and medical sources (Chapter 3, Section 3.5) and is a small

fraction of natural background dose (Chapter 3, Section 3.3).

c. The radiological risk from accidents in transportation is small, amounting to
about one-half percent of the nrmal transportation risk on an annual basis (Chapter 4, Section

4.9).

d. For the types and numbers of radioactive material shipments now being made or
projected for 1985, there is no substantial difference in environmental impact from air trans-

port as opposed to that of other transport odes (Chapter 4, Tables 4-15 and 4-17 and Appendix I,

Table 1-9).
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e. Based on the above conclusions, the NRC staff has determined 
that the environ-

mental impacts of normal transportation of radioactive material and the risks attendant to

accidents involving radioactive material shipments are sufficiently small to allow continued

shipments by all modes. Because transportation conducted under present regulations provides

adequate safety to the public, the staff concludes that no 
immediate changes to the regulations

are needed at this time. The staff has already upgraded its regulations on transportation

quality assurance while this environmental statement was being 
prepared and has begun studies

of transportation through urban areas and of emergency response to transportation 
accidents and

incidents. In addition, the staff is continuing to study other aspects 
of transportation, such

as the accident resistance of packages and the physical/chemical form of the 
radioactive con-

tents, to maintain the present high level of safety and to determine the cost-effectiveness of

changes that could further reduce transportation risk.

9. Based on considerations related to security and safeguards for strategic special

nuclear materials (uranium enriched to 20% or more in the U-235 
isotope, U-233, and plutonium),

spent fuel, and other radioactive materials in transit, the staff 
concludes that:

a. Existing physical security requirements are adequate to protect at a minimum

against theft or sabotage of significant quantities of strategic special nuclear materials 
in

transit by a postulated threat consisting of an internal threat 
of one employee occupying any

position and an external threat of a determined violent assault by several well-armed,

well-trained persons who might possess inside knowledge or 
assistance.

b. The level of protection provided by these requirements reasonably ensures that

transportation of strategic special nuclear material does not endanger the public health and

safety or common defense and security. However, prudence dictates that safeguards policy be

subject to close and continuing review. Thus, the NRC is conducting a public rulemaking pro-

ceeding to consider upgraded interim requirements and longer-term upgrading actions. The

objective of the forthcoming rulemaking proceeding is to consider additional safeguards

measures to counter the hypothetical threats of internal conspiracies among licensee employees

and determined violent assaults that would be more severe 
than those postulated in evaluating

the adequacy of current safeguards.

c. The use of the ERDA (now the Department of Energy (DOE)) transport system is

not, at this time, considered to be necessary for the protection of significant 
quantities of

privately owned strategic special nuclear material because the present level of transport

protection provided by the licensed industry is considered 
to be comparable to that presently

required by ERDA (DOE). Similarly, the use of Department of Defense escorts is not 
presently

needed to protect domestic shipments against the postulated 
threat because the physical pro-

tection deemed necessary to defeat this threat can and is being 
provided by the private sector.

d. Shipments of radioactive materials not now covered by NRC 
physical protection

requirements, such as spent fuel (containing fission products and irradiated special nuclear

materials) and large-source nonfissile radioisotopes, do not 
constitute a threat to the public
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health and safety either because of their limited potential for misuse (due in part to the

hazardous radiation levels that preclude direct handling) or because of the protection afforded

by safety provisions, e.g., shipping containers.

Based on the above conclusions, the NRC staff has determined that the risks of suc-

cessful theft of a significant quantity of strategic special nuclear material or sabotage of

radioactive materials in transit resulting in a significant radiological release are suffi-

ciently small to constitute no major adverse impact on the environment.

10. The validity of the risk assessment has been seriously challenged within the NRC

staff. The challenge is with respect to the assessment of the overall level of accident risk

and the relative levels of risk of the various types of shipments on which the total accident

risk is based. The challenge results from the acknowledged conservative assumptions used in

the accident assessment where valid data are not available to support more realistic values for

certain parameters. Principal among these are package release fractions (Chapter 5, Table

5-8), particle size (Appendix A, Table A-7), fraction of released materials becoming airborne

(Appendix A, Table A-7), and areas contained within dose isopleths (Chapter 5, Figure 5-7).

These assumptions are not applied uniformly in the accident analysis over the various types of

shipments (e.g., more data is available on plutonium shipment behavior in an accident situation

than is available for polonium shipments; therefore, more conservative assumptions were applied

to the polonium accident assessment). The resulting challenge is that the assessment is exces-

sively conservative and shows the total accident risk to be greater than a more realistic

assessment would show and that the values of risk assessed for different types of shipments may

incorrectly show that certain types of shipments are more hazardous than others. However,

since the conclusion drawn from the accident assessment is simply that the total accident risk

is small compared to the normal transportation risk, the assessment is considered to support

that limited conclusion and therefore to be adequate for that purpose, at this time. Nonethe-

less, further studies to develop additional data and refine the assessments are planned for the

future; some are already underway in connection with the generic study on Transport of Radio-

nuclides in Urban Environs and other detailed accident studies. Furthermore, rulemaking

actions to reduce the risk in specific areas will not be taken until a more realistic risk

assessment has been completed and the specific costs and the benefits have been evaluated.
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ABSTRACT

This report analyzes the radiological consequences
and risks of transporting radioactive material (RAM) to
and from U.S. nuclear power plants. The analysis defines
risk paths along which the RAM transport occurs. Shipment
information and unit-values of radiological consequence
and risk are developed for each risk path and these are
combined to determine annual radiological consequence
for normal (incident-free) transportation and annual
radiological risk due to RAM transport accidents. The
results of the analysis are presented for the years 1985
and 1990.
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DEC 1 1983
Department of Energy C
Washington, D.C. 20585

Honorable J. James Exon
United States Senate
Washington, D.C. 20510

Dear Senator Exon:

We are pleased to provide, in the enclosures to this letter, our responses

to the important questions you recently posed on the transportation of nuclear
waste to storage or disposal facilities. Because the Nuclear Regulatory
Commission has already replied to Questions 1, 2, and 3 of Study #2, we
have only supplemented their response, in Enclosure 1, with information
specific to the Department of Energy.

In addition to answers to your specific questions, we are enclosing two recent
reports that address, in detail, many of the general concerns reflected in your
questions regarding shipping risks and volumes and emergency responses to

accidents. We also note that the Nebraska Energy Office has asked similar
questions on routing, and we have enclosed our response to them for your
information.

We very much appreciate your Interest and trust that our reply will be
adequate for your needs. Please feel free to contact us again should you
have further questions or wish any clarification or further elaboration.

Sincerely,

Acting Director
Office of Civilian Radioactive

Waste Management

4 Enclosures:
Answers to Specific Questions
International Conference on Radioactive Nuclear Waste

Transportation to Potential Repository Sites, IAEA-CN-Y3/243,
May 1983, T. 1. cSweeney/R. W. Peterson

Guidance for Development of State and Local Radiological
Emergency Response Plans and Preparedness, FHA-REP-5, March 1983

Letter, Roy Garrison to Ms. Kandra Hahn, dated October 26, 1983
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Honorable J. James Exon
United States senate
Washington, D.C. 10510

Dear Senator Iron:

We are pleased to provide, n the enclosures to this letter, our responses
to the important questions you recently posed on the transportation of nuclear
waste to storage or disposal facilities. Because the Nuclear Regulatory
Comaission has already replied to Questions 1, 2, nd 3 of Study 2, we
have oly supplemented their response 8, in Enclosure 1, with information
specific to the Department of Energy.

In addition to anevers to your specific questions, we are enclosing two recent
reports that address, In detail, many of the general concerns reflected In your
questions regarding shipping risks and volumes and emergency responses to
accidents. Ve also note that the Nebraska Energy Office has asked similar
questionB on routing, nd se have enclosed our response to them for your
information.

We very uch appreciate your nterest end trust that our reply will be
adequate for your eeds. Please feel free to contact us again sould you
have further questions or wish any clarification or further elaboration.

Sincerely,

Robert L. Morgsn
Acting Director
Office of Civilian Radioactive

Waste Managment

4 ZEclosures:
Answers to Specific Questions
International Conference on Radioactive Nuclear Waste

Transportation to Potential Repository Sites, IAZA-=-43/243g
May 1983, T. I. HaSweeney/R. V. Peterson

Ouidance for Development of State and Local Radiological
Eergency Rsponse Plans end Preparedness, nMAEP-sv9HKr-,o68iuoz5uqset

Letter, Ry Carrison to Ha. andra ahn, dated October 261 6 1lag jo Wuauxed3l
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ANSWERS TO SPECIFIC QUESTIONS RAISED BY SENATOR J. JAMES EXON

Study No. 

1. For the nine possible sites for the national high-level

nuclear waste repository (one in Louisiana, two in

Mississippi, one In Nevada, two in Texas, two in Utah, one

In Washington), what are the likely transportation routes

for highway shipments? For rail shipments? What volume

can be anticipated for each route segment (e.g., in

truckload per month)?

Answer - Department of Transportation (DOT) regulations, 49 CFR

177.825 (Docket HM-164), require that a carrier and any person
operating a motor vehicle carrying a 'highway route controlled

quantity of radioactive material use the interstate highway

system except when moving from origin to interstate or

interstate to destination. Other preferred routes may be

designated by any state to replace or supplement the interstate

highway system provided that the selection process (1) follows

DOT Guidelines, (2) is appropriately documented, (3) includes

consideration of neighboring state jurisdictions, and (4) does

not have the effect of prohibiting travel or compromising

overall safety. In addition, DOT requires the carrier to

operate over preferred routes selected to minimize transit time

and radiological risk. Within this framework, the actual truck

routes to be used are selected by the carrier. In selecting

routes from origin to interstate highways and interstates to

destination, the carrier is required to minimize radiological

risk. Routes used by a carrier are also influenced by season

of the year, weather conditions, and construction delays.
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There are no regulatory requirements governing routing of rail

shipments. Rail shipment routes depend largely on the railroad

to which the shipment is originally consigned and how that (and

each successive) railroad handles interconnection to other

railroads until the line serving the destination is reached.

If a state is on or near a straight line connecting a point of
origin and a destination and has interstate highways or major

railroad lines through the state, then It is likely that some

shipments between those points will be on those transportation

links. Regarding the use of the Oak Ridge National Laboratory

computer program, we are enclosing a copy (enclosure 4) of our

response to the State of Nebraska Energy Office on this matter.

With respect to.estimates of volumes, we would note that

shipments to repositories may include both rail and highway

shipments. The split of shipments between these modes is

conjectural at this time because it depends on many factors

including repository design and location and available

transportation services and economics at the turn of the

century when operations are expected to begin. Since a rail

shipment can include greater quantities of waste than a truck

shipment, the number of shipments would be minimized if all

transport is by rail and is maximized if all s by truck. The

number of shipments in either mode will also vary depending on

the waste type and treatment selected. One estimate of the

annual number of repository spent fuel shipments expected early

in the next century indicates about 500 if all are made by

rail, and about 3200 if all are made by truck.
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If the spent fuel rods are consolidated (close-packed) a 50 to

100 percent increase in fuel material per shipment and

corresponding decrease in number of shipments might be

attained.

In Nebraska, there is one East-West interstate highway (r-80)

of the seven that cross the central plains and there are no

North-South nterstates. For rail there is a similar
situation. There are four East-West main line rail routes,

which pass through Nebraska of the 18 to 20 which cross the

central U.S., and there are no North-South main line routes.

2. Same questions for the possible Interim storage sites in

Idaho and Tennessee?

Answer - Since no nuclear utility has yet stated its intention

to request Federal interim storage of spent fuel, and DOE has
therefore not selected a site for such storage, routing and

volumes of such shipments would be highly speculative.

However, the same routing considerations given above would

apply.

3. For each of these routes, how many shipments of high-level

waste have occurred in the last five years?

Answer - No shipments of commercial solidified high-level waste

have been made to date, since reprocessing facilities which

produce this type of waste are not yet operating. Spent fuel

shipping activity over the past six years is summarized in

Table 1. Over the past 2 years, shipments of spent fuel have

amounted to less than 300 shipments per year. Most shipments
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were between spent fuel pools belonging to single 
utilities;

however, some interstate shipments have been made 
between

reactors and the General Electric facility at Morris, 
Illinois

and between reactors and DOE research facilities. 
Specific

approved spent fuel routes and information on the 
origin,

destination, and number of shipments are published 
periodically

by the NRC in a public information circular, NUREG-0725.



Table 1 - SPENT-FUEL ASSEMBLY SHIPMENT SUMMARY

'Number of
Assemblies
shipped to a

Reprocessor/APR
NFS GE-MSP

Number of
Assemblies that
were transshipped
between reactors
On-site Off-site

Number of
Assemblies
shipped to
.a Research
Facility

Actual
Number
of Truck
or Railcar
Shipments

Shipment
Year

Total Number of
Assemblies Shipped

Before 1977

1977

1978

1979

1980

1981
1982

TOTAL
ASSEMBLIES
SHIPPED

2465 690

485

19

8

16

197

323

350

71

1

220
284

42

116

109

32

27

13

339

15

2

17

16

S

4

3367

852

502

204

*

*

*

*

54

251

297

28

244

297

2465 1218 1446 59 5527 *

*Number of shipments prior to 1980 are not available at this time.
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Study No. 2

1. For the states (like Nebraska) which could become major

corridors for high level nuclear waste shipments to the

permanent repository or nterim storage sites, is the

Price-Anderson Federal nuclear Insurance ceiling on

liability at $570 million realistic?

a. Compared to worst-case estimates for an urban area

accident for short and long-term health effects and

property damage?

b. Same questions for rural accident?

c. Is the data base of available studies adequate? What

level of certainty is there for estimates of the

likelihood of accidents?

2. Under what conditions are state and local governments

reimbursed by the Federal Government under Price-Anderson

for their expenditures for emergency services to protect

their citizens during a radiation accident? Are states

granted ndemnification coverage under Price-Anderson?

3. What is the scope of Price-Anderson coverage and what are

its omissions? Is there liability under these

circumstances:

a. A transportation accident occurs but there is no

* radiaticr. release?

1 -
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b. A criminal act of theft or sabotage occurs in

transportation or after a successful diversion of
nuclear material?

c. Radiation-induced health effects manifest themselves

twenty years or more after an Incident?

Answer - While questions 1 through 3 of Study 2 were answered

in the October 11# 1983 letter to you from William J. Dircks,

Executive Director for Operations, RC, we would like to

provide supplementary nformation pertinent to the

Price-Anderson system as it applies to DOE.

As pointed out by Mr. Dirckst $570 million is presently

available to pay public claims arising out of transportation

accidents for nuclear waste shipments moving either to or from

NRC-indemnified facilities and the liability limit is presently

$500 million for shipment to or from DOE Indemnified

facilities. While we agree that either limit is sufficient to
satisfy public liability claims should a severe accident or
sabotage event occur, we have recommended, in our August 1982

Report to Congress on the Price-Anderson Act, that the DOE

indemnification and limitation on liability be equivalent to

that afforded by the commercial nuclear sector. This would,

however, require an amendment to the Atomic Energy Act of 1954.

NRC has noted, in response to your question 3, that the

Price-Anderson Act does not provide coverage for spent fuel at

interim storage facilities (non-DOE storage facilities), spent

fuel not in transit either to or from an indemnified nuclear

facility, or acts of theft or sabotage If transportation has

ended or is interrupted (.e, diverted from its normal course

of shipment).



With regard to Federal Interim storage facilities, f that
program is activated, we fully expect that the storage

facilities will be covered by the Price-Anderson Act. We also

anticipate that spent fuel moving to a repository pursuant to
the Nuclear Waste Policy Act of 1982 will be covered by the

Price-Anderson Act because the repositories will be indemnified

facilities. On April 18, 1983, DOE published a final rule

establishing a standard contract to be used by DOE In

furnishing disposal services to owners or generators of spent

nuclear fuel or high-level radioactive waste under the Nuclear

Waste Policy Act of 1982 (WPA). Article XIII of that standard

contract states that, DOE will include In Its contract(s) for

the operation of any DOE disposal facility an indemnity

agreement that would provide Price-Anderson coverage at any

such facility.

In response to your question 3.a., the NRC explained that the

primary and secondary insurance policies furnished by large

power reactor licensees do not use the definitions contained in

the Price-Anderson Act, which are included in section 1 of the

Atomic Energy Act of 1954, as amended. Since the DOE does not
require private insurance of its contractors, the definitions

in the insurance policies referred to by NRC do not apply to

DOE indemnified facilities. The definitions used in section 11

of the Atomic Energy Act of 1954, as amended, apply.

4. Unless a special agreement was reached between a State and

the Department of Energy (such as that between New Mexico

and DOE, December 1982, Supplemental Stipulated Agreement

Resolving Certain State Off-Site Concerns over WIPP"), or

new Federal legislation was passed:

__Iommomm
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a. Can a state Independently monitor the transportation
of high level waste en route to an interim or per-

manent national repository? Conduct point-of-entry

Inspections of trucks? Review all information derived

from DOE's health monitoring program concerning that

State?

Answer - Yes, a State can ndependently monitor transportation

of radioactive materials as it can with any other commodity,
provided it is done consistent with DOT regulations. This

could include, for example, reasonable arrangements for

point-of-entry inspections of trucks f a State felt that such
arrangements were necessary. Hopefully, each State will become

convinced of DOE's and Its private sector contractors'

dedication and ability to provide safe shipments and will not

feel that such ispections are necessary.

It should be noted that existing Federal regulations, namely 49

CFR 177, Appendix A, provide guidance to a State or local

government on the relationship of State and local rules to

Federal rules and how a State can exercise its authority over

motor carriers under its own laws n a manner that the DOT
considers to be consistent with ts rules. The letter to you

of October 31, 1983, from Mr. Howard Dugoff, Administrator#

Research and Special Programs Administration, DOT, provides

additional detail on the subject of consistency between Federal

and State transportation regulations.

A State would be welcome to review all information related to

any off-site health monitoring program sponsored by DOE in that

State. All of DOE's civilian radioactive waste management

programs are conducted openly.

b. Can a State require prior notification of all such ship-

ments of waste?
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Answer - As indicated in the letter to you of October 31, 1983

from Mr. Dugoff of DOT, current Federal regulations already

require that shippers pre-notify the Governor or designated

representative of shipments of spent fuel and high-level waste

and pre-notification requirements Imposed through State or

local regulation would be Inconsistent with the DOT

regulation. The DOE Office of Civilian Radioactive Waste

Management OCRWM), which is responsible for transportation of

commercial power reactor spent fuel and high-level waste under

the Nuclear Waste Policy Act, intends to comply with Federal

regulations governing prior notifications that are in effect at

the time of such shipments.

We also note that, pursuant to section 117(c) of the NWPA, the

Secretary of Energy is required to seek to enter Into a

consultation and cooperation agreement with a State that has a

site that was approved for site characterization or, if

requested by the State, with a State that has a potentially

acceptable site for a repository. Any such agreement is

required to include procedures under which the Secretary shall

notify such State prior to the transportation of any high-level

radioactive waste and spent nuclear fuel into such State for
disposal at the repository.

c. Will the Federal Government supply funds to upgrade

highways or rails to make them safer for high-level nuclear

waste transportation?

Answer - First, we would make clear that no waste would be

transported over highways or railroads known to be unsafe.

Therefore, an inadequate route would have to be upgraded or

else by-passed. Considering that shipments of high level waste

do not pose highway or railroad track-bed requirements that

__ N
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differ from those posed by other commodities, any of the
primary transport routes (i.e. interstate highways or main
line railroads) maintained suitably for general use, including

hazardous material shipments, will be suitable for nuclear

waste shipments.

d. Will DOE respond to transportation accidents?

Answer - Yes, DOE has responded in the past and will continue
to respond to transportation accidents. DOE is a participant
in a national radiological assistance plan for dealing with a
real or suspected radioactive material release from a shipment
while in transit. Under this plan, DOE will make available

from its resources such radiological advice and assistance as

is requested and appropriate to protect the public health and

safety and to cope with radiological hazards. DOE personnel

will respond to requests from NRC licensees, Federal, State,

and local authorities and private persons or companies,

including carriers. Assistance can be obtained from any one of

eight DOE regional areas or jurisdictions shown in Enclosure 3,

Appendix C.

e. Will DOE pay all cleanup costs for any transportation

accident?

Answer - Since the waste and spent fuel shipped under the NWPA

will be owned by DOE and shipped under DOE's general direction

and guidance, DOE will assume initial responsibility for any

cleanup that may be necessary in the unlikely event of a

radiological hazard resulting from a transportation accident

involving such shipments. Of course, the assumption by DOE of

such initial responsibility would not relieve other persons of

their responsibilities regarding safe transport and clean-up of

such materials.
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f. Will DOE provide technical assistance, funding, and equip-

ment to aid state emergency response preparedness?

Answer - In host States for DOE facilities, written agreements

will be negotiated which can address assistance and funding for

emergency response preparations. In other States, limited

funding, or assistance In lieu of funding (e.g., training

courses, equipment, etc.), may be available through Federal

Emergency Management Agency (FEMA) or other Federal agencies.

More information on Federal planning and coordination on this

topic is available in Enclosure 3.

Examples of the type of assistance already provided by the

Federal government are the Emergency Response Workshops

sponsored by DOE at various locations in the country each year

as part of its compliance training program. Responses from

participants in these workshops indicate that they are very

informative and beneficial, and we anticipate that special

workshops will continue to be provided upon request. See also

our response to Question 4(h).

g. Will the Federal Government pay for long-and short-term

health studies of communities on the route, rail workers,

truck drivers or other directly affected groups if, in the

opinion of the State, a significant level of radioactive

material has been released into the biosphere In connection

with transportation to a Federal high-level waste storage

site?

Answer - Precedents have been established for Federal studies

of the after-effects of accidents. DOE cannot commit at this

time, however, to initiating major studies based solely on the

opinion of need by a State. Provisions for Federal and State

-
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agreement on the need for such studies and for actually

conducting the studies can be made when the time comes to begin

working with specific States and the need can be justified.

h. Are agreements provided for In the National Waste Policy

Act of 1982 between a State and DOE about questions of

State liability arising from accidents, necessary road

upgrading, ongoing emergency preparedness and emergency
response, monitoring of transportation of spent fuel

through the State and baseline health studies of

communities exposed to radiation, etc. [Section 117

(c) (5)1, limited to States which contain a repository
within their borders or can any state negotiate such an

agreement under the Act?

Answer - Section 117(c) of the Nuclear Waste Policy Act of

1982 provides that the Secretary of Energy shall seek to enter

into a binding written agreement with an affected State or

Indian tribe not later than 60 days after either --

I...(1) the approval of a site for site characterization

for such a repository under section 112(c), or (2) the

written request of the State or Indian tribe in any

affected State notified under section 116(a) to the

Secretary, whichever, first occurs...-

Hence, a State that has been notified that It has a potentially

acceptable site for a repository pursuant to section 116(a)

may request the Secretary of Energy to enter Into an agreement

under section 117(c) of the Act, and the Secretary is directed

to enter into such an agreement with a State wherein a site has

been approved for site characterization. The actual existence

of a repository is not necessary to trigger application of

section 117(c) provisions.
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The Act does not provide for agreements under section 117(c)

for States other than those specifically notified pursuant to

sections 112(c) or 116(a). However, in keeping with the

spirit of the Act, DOE plans t work with groups of States

surrounding potential host States to resolve their
transportation related concerns. It would be desirable to

Interact with these States on a regional basis, but written
agreements with individual states to document mutual

understanding on specific concerns could be negotiated, if

necessary.

5. What would be the State and national totals of costs if

each State that could have a significant traffic in high-
level waste to interim storage or the permanent repository

were to negotiate an agreement equivalent to New Mexico's

for the WIPP for insurance, route maintenance, emergency

services, etc?

Answer - The Waste Isolation Pilot Plant (WIPP) agreement is of

limited benefit in trying to project the costs of potential

future agreements between DOE and States through which

shipments of a major portion of the wastes might pass. As the

host-state for the WIPP site, New Mexico can expect all

shipments in that State to converge on its secondary highways

and railroads. Such shipments could add significantly to the

nature and volume of traffic on the final rail and secondary

highway links close to the WIPP site, whereas they would not

add significantly to the volume of traffic on primary roads and

interstate routes to and through New Mexico enroute to WIPP.

Thus we would expect DOE agreements with non-host States to be

substantially. different than our agreements with States that

are hosting a major waste facility. With this perspective,

additional information on the insurance, route maintenance and



-15-

emergency service costs resulting from the WIPP agreement are

given below.

On the nsurance matter, the State of New Mexico felt that the

$500 million coverage provided by the Price-Anderson Act might

not be sufficient and asked DOE to consider supplementing this

to cover an additional 60 million of possible damages. DOE

has explored the possibility of securing such extra coverage

from private insurers and found that it could probably be

provided for a cost on the order of $125,000 per year.

However, final arrangements for such coverage have not yet been

made; accordingly, actual cost and availability are not assured.

No DOE funds are being provided for route maintenance. In this

case, the State of New Mexico applied for additional Federal

funding, through the New Mexico Congressional Delegation, on

the grounds that certain State roads needed to be upgraded to

better serve the WIPP site. DOE supported this New Mexico

request and eventually Congress appropriated limited funding

for planning and preliminary engineering.

Federal aid for State emergency response preparedness was

discussed in our response to question 4.f. In the case of New

Mexico and the WIPP project, DOE agreed to furnish some

assistance through training and instrumentation, but not

through direct funding.

6. Will any Federal agency monitor radiation exposure to rail

workers, truckers, and communities on major routes under

routine conditions? How thorough is the program?

Answer - While both NRC and DOT have the authority and

responsibility to do such monitoring, no such programs have
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been found necessary. On a few occasions, both DOT and NRC

personnel have responded to specific requests from State

officials to observe or monitor transportation operations in

certain areas when there was cause for concern over adequate

containers, radiation exposure or contamination. However, the

key control over exposure to transport workers and the public

is exercised at the point of origin of a shipment through

proper preparation and both physical inspection and

radiological survey to ensure that the shipment is in

compliance with all applicable Federal regulations and other

requirements prior to release of the shipment to the carrier

for transport.



Department of Energy
Washington, D.C. 20545

OCT 2 6 1983

Ms. Kandra Hahn, Director
Nebraska Energy Office
P.O. Box 95085
Lincoln, Nebraska 68509-5085

Dear Ms. Hahn:

This will acknowledge receipt of your letter dated September 8, 1983,

expressing your desire for certain spent nuclear fuel routing data from our

contractor, the Oak Ridge National Laboratory. The routing information

which you have requested is in a generic radioactive materials routing 
odel

developed primarily for assessing transportation risks. The routes provided

for the analysis of risk are selected from historical routing data and may

or may not reflect te exact route that future shipments would actually

travel.

Since selection of the first Federal repository has not yet been made 
and

only prelirilnary estimates of utility shipments of spent fuel for 1998 are

currently available, projections of probable shipment routes through

Nebraska would be premature at this time. In addition to being highly

conjectural, our Oak Ridge contractor has indicated that such a study at

this stage to try to determine probable shipment routes through Nebraska 
in

1998 would be costly and no funds are currently budgeted by this Department

for such an undertaking.

All shipments of spent nuclear fuel by commercial carriers are currently

required to be routed in accordance with the Department of Transportation

Regulation, Highway Routing of Radioactive Materials (M-164). This

Regulation designates the interstate highway system as the basic Federal

framework for providing safe and efficient routes for such radioactive

shipments; however, t also provides the states with the option of

designating alternate proposed routes through their jurisdictions.

Should you have any further questions on this or any other transportation
related atters, please do not hesitate to contact e.

Sincerely,

.Grison, Manager

Transportation Operations
and Traffic

--- �1



The Honorable J. James Exon
United States Senate
Washington, D.C. 20510

Dear Senator Exon:

Thank you for your recent letter concerning issues relating to high-level
nuclear waste. We understand that the Nuclear Regulatory Commission (NRC)
and the Department of Energy (DOE) are also responding to the specific
questions you have posed. In most cases, those agencies are responsible
for, and can provide you with, appropriate responses. Since we have
learned that those agencies will be responding to your request directly, it
is not necessary for us to await their input, as was suggested in my
interim response. However, I would like to respond generally from the
perspective of the Department of Transportation to the issues raised in
Study 1 and specifically to two questions posed under Study #2.

Answering the questions posed under Study #1 would require in-depth analy-
sis of current and projected transportation factors involving 11 possible
shipping destination and origin points all across the nation. The Nuclear
Waste Policy Act of 1982 requires the performance of such analyses, but
only for each of that subset of sites which is approved by the President
for characterization as candidate sites for permanent repositories. Once
the site characterization process begins, we expect to work closely with
the DOE in analyzing those site-specific transportation factors of concern
to Study #1. Therefore, please be assured that the issues raised in Study
#1 will receive thorough and comprehensive examination before any candidate -

site is selected for a permanent or interim repository.

Under Study #2, question 4.a. asks whether a state can independently
monitor the transportation of high-level waste enroute to its destination,
and if point-of-entry truck inspections can be conducted. If a state is
conducting monitoring and inspections to assure the compliance of shipments
with state requirements which are consistent with the Federal Hazardous
Materials Regulations (see Title 49, Code of Federal Regulations (CFR),
Parts 170-179), then the answer to both aspects of question 4.a. is yes.
However, particularly in the area of routing (and related areas such as
time-of-day restrictions, and prenotification - see below), inconsistent
State and local transportation requirements can operate to frustrate the
Department's ability to assure the execution of its Congressional mandate
to provide a uniform national regulatory scheme for all hazardous materials
transportation.

-
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To foster a balance between the goal of national regulatory uniformity and
the legitimate safety interests of State and local jurisdictions, Congress
provided in the Hazardous Materials Transportation Act (HMTA) (49 U.S.C.
1801 et seq.) the mechanism for determining inconsistency, the declaration
of preemption of inconsistent State and local requirements, and the re-
demption of those requirements through a waiver of preemption. This
statutory and procedural framework was recently upheld in the United State-s
Court of Appeals for the Second Circuit in a case involving the transporta-
tion of high-level radioactive waste (City of New York, et al., v. United
States Department of Transportation, et al., Docket Nos. 82-6094, 82-6200;
August 10, 1983).

Question 4.b. asks whether a state can require prenotification of all such
shipments of waste. The Department addressed this issue in the advisory
opinion which accompanied its rulemaking on highway routing of radioactive
materials and was retained as Appendix A to 49 CFR, Part 177. Appendix A
states, inter alia, that prenotification requirements imposed through State
or local reguation would be inconsistent with the Hazardous Materials
Regulations. This opinion is based on the fact that the Federal regula-
tions already provide for advance notification of the states. (See 49 CFR
173.22(c).) Therefore, -State or local prenotification requirements would
be duplicative and contrary to the Congressional intent in enacting the
HMTA ". . . to preclude a multiplicity of State and local regulations and
the potential for varying as well as conflicting regulations in the area of
hazardous materials transportation." (S. Rep. No. 1192, 93rd Cong., 2nd
Sess. 37 1974). I should note that the State of Ohio is currently chal-
lenging the validity of Appendix A in the United States District Court for
the Northern District of Ohio (State of Ohio v. United States Department of
Transportation, Case No. C81-1394). We will continue to support the
Justice Department in its defense to the suit.

I hope that the information I have provided gives you an adequate basis for
understanding the relevance of the Department's programs to the issues you
have raised. If you would like further information, please let me know.

Sincerely,

Howard Dugoff

RRawl:DMT-223:kps:62311:10/20/83
Rev/Ret per DCC-1: 10/26/83
cc: DMT-/1/20/22/223

DRP-1/FHWA/FRA/P/C/I/DMA-16/

F ILE#:

- - N __
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The Honorable J. James Exon
United States Senate
IWashington, DC 20510

Dear Snator Exon:

lc are pleased to provide in reply to your August 31, 1933 letter tc th2e
Nuclear Regulatory Commission, the enclose.d responses to Qu-stions 1, 2 ard
3 of Study 2 on coverace of the Price-Anderson Act for tronsportation
incidents involving high level nuclear aste.

Sincere ly,

Williari J. Dircks
t, Executive Director fcr fo; i oris
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1. Q. For the states (like Nebraska) which could become major corridors
for high level nuclear waste hipments to the permanent
repository or interim storage sites, is the Price-Anderson
federal nuclear insurance ceiling on liability at S570.million
realictir?

2. Cc-:rei sto w.::'rst-case esti' -- , t -d r f'rFC- mere ; ri 

for short- and long-term health effeczs ana p-cperty daMge?

b. Sarne questicns for a rural accics-t?

c. Is he data base of available studies adequate? Want level
of certainty is there for estimates of the likelihoc of
accidents?

A. Before discussing your specific question, we should indicate that
vwhile S570 million is presently available to pay third party
public claims arising out of transportation accidents for nuclear
waste shipments moving either to or from NC-indemnified
facilities, the liability limit is presently S5CC m.illion for
shipments moving to or from Departmer.t of Energy contractor-
indemnified facilities. Either limit, hov,,ever, is considered
sufficient to satisfy public liability claims should a severe
transportation accident or a sabotace event occur, both of ;hich
are considered highly unlikely.

Studies have evalua'ed the halth a eccncmic i,cts of
significant radioactive material re.eases in a variet- or
population zones varying from rural to high popula.6ion dsity
areas, such as tNew York City. These studies are "Ffi1 l
Envirormental St ae.ent on the Trans-rtatfcr c Radioactive
Material by Air and Other odes," N; E-G-01O7, Dece,.'er 1?77 and
"Transportation of Radionuclides in Urban Environs: Draft
Environmental Assessment," UP.EG/CP-0743, July 1980 (copies
enclosed). Several tests have measured release fractions under
potential field conditions. Results of the tests and studies,
coupled with recent experimental informatio n explosive
interactions with a spent fuel assembly, indicate the estimated
health consequences from highly unlikely sabotage or severe
accident events to be as follows:

(1) In a highly urbanized area, no early fatalities from.
radiation exposure, less than four latent cancer
fatalities from the reference sabotage event and one
latent cancer from the severe accident scenario, and

(2) in rural areas, no radiaticn related fatalities
(assuming the number of expected fatalities is related
directly to population densities).

The economic impacts, estimated in NWREG-0170, resulting from -
accidents ranged as hich as S400 million for events in extreme
density urban areas to Sl-10 millicn in rural and farmland areas. -
For sabotage events, the impacts cculd be an order o magnitude
less than the above values.

- M
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By contrast, NUREG/CR-0743 has projected economic impacts as high
as 2 billion in high population density-urban areas. The recently
measured radiological source terms from explosive interactions with
spent fuel indicate that the assumptions regarding material release,
which have been made in the above e- autions. ray be hiahly con-
servative. In addition, the high ec'-.cric cost is associated w.ith
highly s-ec-lative costs sSured for 'zse f the use cf land (%°<
of total costs). The evaluations, es;ecially the econromic impacts,
are very uncertain since there is no direct eperience with an
accident of this nature. The results -re only attair ble throuh a-
series of ssumptions or significant sx:rapclatios rch anplicat;e
smaller scale events.

As is apparent, the available data used in making health and
economic consequence estimates is lirited due to the nature of
the rare events being analyzed. For example, the occurrence
frequency of the severe accident evert assessed in NUREG-0170 was
estimated at one event per 100 billicn road miles traveled.
There is no sound basis for an estir-'e of occurrence frequency
for the sabotage event; however, the explosive threats considerc-
are far more severe than those experienced against other targets.
The limit of liability in the Price-Anderson Act is teliev2 to
be "realistic" because it is sufficient to cover all but
extremely rare severe transportation accidents.

2. Q. Under what conditions are state and ccal covernr.cnts reim-'..urs2d
by the federal government un-ier Price-Anderscn. for their
expenditures for eergency servics o pro'-ct their citizeris
during a radiation accident? Are statres granted in'--.-if ication
coverage under Price-Anderson?

A. State and other local overnmental iorities re "rsons"
under the definitions in Section 11 1 the At mi Ecrgy Act of
1954, as amended. As such they car file claims under
Price-Anderson with the insurance pr:ls prcvidinc nuclear
liability insurance to NRC licensees t collect for daia~ces
arising out of a nuclear incident. f the pools do nct pay the
claims on the basis of their normal claims handling procedures,
the state could file suit and a court ould have to dterm-ine
legal liability arising out of the accident ard the extent of
claims to be paid. The statutory pr:visicns, as supported by the
legislative history of the Price-Arterson Act, would seem to
support the position that claims sutrmitted by states for offsite
property damage would more likely be paid than claims for
emergency services. These latter ciaims might be construed by a
court to be part of the normal governmental expenses that states
incur.

Following the Three Mile Island accident, the Commonwealth of
Pennsylvania and a number of localit.es filed suit in the U.S.
District Court for the twiddle District of Pennsylvania (Civil
Action Nos. 81-0419, 81-0437) to reccl'er, amonC oher things, the
cost of overtime and operational enses incurred in responding



to the TMI accident. In an August 17, 1982 decision, the
District Court stated that since the legislative history of the
Price-Anderson Act did not discuss the recovery of expenses by a
state, the Act clearly stated the Congressional intent of not
interfering with state law. The Court further pointed out that
whenever disasters occur, local government has traditionally
borne the resulting costs and any decision to change the law
should be made by the legislature and not the courts.

3. Q. What is the scope of Price-Anderson coverage and what are is
omissions? Is there liability under these circumstances?

a. A transportation accident occurs but there is no radiation
release?

b. A criminal act of theft or sabotage occurs in transportation
or after a successful diversion of nuclear material?

c. Radiation-induced health effects manifest themselves t;:ernty
years or more after an incident?

A. Under the Price-Anderson Act, there is a systcm of funds
presently totaling S570 million to pay public liability clai..s
for personal injury and property dr -e resulting frc;; a ruclear
incident. The Act requires lice..sees of co..- ial nucle'-
plants having a rated cpacity of 00,000 electrical kilow.atts or
rnot~ to provide proo t the N?.C that they havc f nncial
protection in the form of private rclerr liablity insurancŽ, r
in some other form approved by the Co'.,-ission, in aG. amount. equl
to the maximnum anount of liability insurance available at
reasonable cost and on reasonable ternms frc- private sources.
That financial protection, S570 illion, consists of a prima ry
layer of nuclear liability insurance of 160 million and a
secondary retrospective premium insurance layer. In th eent of
a nuclear incident causing damagcs exceeding S160 million each
commercial nuclear power plant icernsee would be assessed a
prorated share of damages in excess of the primary insurancc
layer up to 5 million per reactor per incident. With 82
commercial reactors currently under this syste~n, the secondary
layer totals S410 million. In Nove.ber 1982, when the to
insurance layers reached S560 million, government indemnity as
eliminated. The present $570 mi ilicn limit will continue to
increase in increments of 5 million for each new corTercial
reactor licensed to operate. Modifications and extension of the
Price-Anderson Act, which expires in August 1987, will be
considered by the Congress in the forthcoming months. While S570
million represents the current liability limit, this figure may
be altered after further consideration.

Both the private nuclear liability insurance policies and the
indemnity agreement that the Cc.4ssion enters into with
licensees are "omnibus" in nature. That is, in recognition of
the requirement of the Act.to provide coverage for the licensee
and other "persons indemnified," the policies cover not only the
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named policy holder (the utility) but also persons who may be
liable for the accident.

The scope of Price-Anderson coverage includes any incident
(including theft or sabotage) in the course of transportation of
nuclear fuel to the site, in the storage of nuclear fuel at the
site, the operation of the reactor including discharges of
radioactive effluents, in the storage of nuclear waste at the
reactor site, and in the transportation of radioactive material
from the reactor.

The Act does not provide coverage for spent fuel stored at
interim fuel storage facilities, spent fuel not in transit either
to or from an indemnified nuclear facility, acts of theft or
sabotage occurring after transportation has ended, or to
materials licensees other than those operating production or
utilization facilities. The Commission has the discretionary
authority to extend Price-Anderson coverage to materials
licensees which it has done for certain fuel fabricators
possessing specified quantities of plutonium.

a. The term "public liability" defined in section 11w. of the
Atomic Energy Act of 1954, as amended, states in prt

any legal liability arising out of or resultir.; from
a nuclear incident. . .' Further, the tern "nucle-.r
incident" is define.d in section 1g. as "any occu-rence,
including an extraordinary nucle~r occurrcrice, :i'hn th-
United States causing, within or otside the United Stes,
bodily injury, sickness, disease, or death, or lss o or
damage to property, or loss of use of proFerty, arisin% ou1
of or resulting from the radioactive, toxic, explosive, or
other hazardous properties of source, special nuclear, or
byproduct material. . ." Therefore, if no radiation .:re
released in an accident, the incident would not b a
"nuclear incident," as defined in the Act. Hc::ever, the
primary and secondary insurance policies furnished by large
power reactor licensees as evidence of financial protection
do not use the definitions contained in Section 11 but a
different set of definitions. The policies ill py clains
for "bodily injury" and "property darmce" arising cut of the
"nuclear energy hazard." The term "property daiage" is
defined as "physical injury to or destruction or radioactive
contamination of property, and loss of use of property so
injured, destroyed or contaminated, and loss of use of
property while evacuated or withdrawn from use because
possibly so contaminated or because of iinent dancer of
such contamination." (Emphasis added.) iherefore, in the
absence of a radiation release, coverage may exist if the
"imminent danger" provision had applicability.

b. As previously stated, Price-Anderson coverage applies to anv
incident (including theft or sabotage) in the course of
transportation of nuclear fuel to the site and in the
transportation of radioactive material from the reactor. If

A_~~~~~~~~~~~~~~~~~~~~~~~~~I11IM11-11
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an act of theft or sabotage occurs after transportation has
ended or if transportation has been interrupted, the Act
would not provide -coverage. For your information, the
Commission in 1975, studied the question of Price-Anderson
coverage as it related to sabotage and theft and the study
entitled "Nuclear Regulatory Cor.nission Staff Study
Concerning Financial Protection Against Potential Harm
Caused By Sabotage or Theft of Nuclear M'aterials" (copy
enclosed) was sent to Senator John Pastore in June 1975.

c. Since the Price-Anderson Act establishes a twenty-year
statute of limitations for injuries arising out of a nuclear
incident if the incident is declared by the Commission to be
an "extraordinary nuclear occurrence," radiation induced
health effects manifested more than twenty years after the
occurrence would not be cc-pensable under the Act. However,
the twenty-year statute would supersede any shorter state
statutes of limitation.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.-_
_ ~~~~~~~~~~~~~~~~
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TRANSPORTING SPENT REACTOR FUEL
ALLEGATIONS & RESPONSES

R. M. Jefferson
Manager, Nuclear Materials Transportation Tecnnology Department

TRANSPOREATION TECHNOLOGY CEJTER

Introduction

In January of 1982 the Council on Economic Priorities devoted their entire
monthly newsletter to present allegations that the transportation of spent
nuclear fuel as currently conducted in this country is unsafe. The charges
made in those articles were stated to be based on the results of a study to be
released in the spring on 1982. A draft copy of that study was recently
acquired by the Transportation Technology Center and reviewed. This paper is
an analysis of that report prepared at te request of the Department of Energy
(DOE).

General Cbmments

The CEP report is so filled with allegations supported by inuendo,
incorrect or substantially misleading information that point-by-point
refutation would be unnecessarily tedious. Further, in the draft in hand,
internal inconsistencies further increase the difficulty of review.

The DOE has conducted research in the area of transportation of spent fuel
and other radioactive materials since the early 1970's. In 1978 various
transportation research activities were consolidated with the formation of the
Transportation Technology Center at Sandia National Laboratories. It is from
this extensive background of information that this reply is composed. It must
be recognized that simple, one sentence allegations concerning complex issues
require lengthy rebuttals. The following material is an attempt to address
the principal allegations of the CEP in the form of a brief overview of the
facts as they apply to eayh issue. The report differs only slightly from the
aforementioned newsletter in the allegations it makes.

Allegation 1

The regulations covering the shipping of spent fuel are inadequate to
provide the necessary protection to the public. This inadequacy is partially
the result of a lack of applicable design and operations standards.

Response

The regulations covering the shipment of spent fuel in the U.S. were first
established in 1948 by the National Academy of Sciences ad were later adopted
by the nternational Atomic Energy Agency. The U.S. regulations are updated
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on a regular interval (most recently in 1963). Because the initial
requirements were drawn up with a combination of technical expertise and
conservatism, few changes have been made since their initial drafting in spite
of exhaustive reexamination.

By far the major confusion in this area arises from the fact that the U.S.
regulations are based on engineering criteria and are not intended to simulate
actual accidents. While it is virtually impossible to accurately simulate the
multitude of possible events in every real accident, it is relatively easy to
establish engineering criteria which will produce damage equivalent to that
experienced in real accidents. Furthermore, the criteria require the
sequential application of these engineering conditions, thus adding additional
severity and conservatism to the requirements. The engineering criteria which
form the basis for proper design have proven to be sufficiently severe to
encompass all but the most extremely severe accident situations. A brief
review of t of these engineering test conditions will serve to illustrate
this point.

Impact--7he regulations require spent fuel shipping casks to survive a
30-foot drop onto an unyielding surface. This unyielding surface not only is
non-existent in the natural and man made structures around us, but it is even
extremely difficult to achieve for test purposes. Tests have shown that the
damage created by realistic hard targets such as rock outcroppings or bridge
abutments, would require velocities on the order of 70-80 miles per hour in
order to be equivalent to the 30-foot drop (30 mph) on the unyielding target.
Fbr softer targets such as concrete pavements, retaining walls, other
vehicles, earth embankments and the like, the velocity required to produce
equivalent damage exceeds 200 miles per hour. In spite of research supporting
these findings, the CEP report leans heavily on a study2 involving the
collision of a theoretical spent fuel cask with an absolutely unyielding 1 1/2
meter diameter bridge support (it is impossible to construct this target). In
this study the cask impacts the column sideways at its exact center of gravity
so that none of the collision energy is expended in rotating the cask. Under
these theoretical" conditions, it was calculated that a large hollow lead
cylinder would "fail" when impacting at a velocity of 12 1/2 miles per hour.
Failure was defined as deformation of the cask to the point where wall
thickness was reduced to half of its original thickness. This highly stylized
analysis has little application to spent fuel casks which are constructed of
heavy stainless steel concentric inside and outside walls with lead between
the two shells.

Fire--7he important consideration in determining the thermal effect upon a
spent fuel shipping cask is the product of time, temperature, and surface
exposed. Regulations require exposure to a temperature of 14750 F for 30
minutes over the entire surface of the cask. Again, this is an engineering
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condition which encompasses fires which are burning at higher temperatures for
longer periods of time. In order to have the entire surface of the cask
exposed to the fire, the cask would have to be suspended approximately four
feet above the surface of the fuel. This total surface exposure requirement
encompasses such events as torches which are directed at one portion of the
cask. Thermal modeling and tests have confirmed that these torches are much
less severe than the regulatory requirement even when the torch temperatures
approach 2000-22000 F. Since under most accident conditions the heavy cask
would end up on the bottom of the debris, the actual accident conditions
cannot duplicate the total surface exposure. Further, in spite of the fact
that some materials turn at higher temperatures, they do not radiate at their
adiabatic (theoretical) temperatures. Further, if the fire is nt
sufficiently thick, the cask can radiate heat back through the flames, thus
reducing the severity of the environment.

Likewise some fires experienced in actual accident conditions do burn for
times exceeding the regulatory 30-minute fire, but fires which burn for long
periods of time either burn at lower temperatures (consuming slower-burning
materials such as wood) or are concentrated over small areas thus being
insufficiently large to envelop the entire cask. It is extremely difficult to
conceive of an accident sequence which would produce a thermal environment
exceeding that called for in the regulations. For example, the recent
Caldecott Tunnel fire in California (a very unusual fire situation) appears to
have approximately matched the thermal input required in the current
regulations.

Allegation 2

Transportation accident probabilities utilized by the Nuclear Regulatory
Commission C) and DOT are underestimated.

Response

Since 1954 Sandia National Laboratories has been collecting statistics on
the frequency and severity of accidents involving road, rail, and air
transport modes. Over that period of time a number of changes in our
transportation network have occurred. For instance, highway speed limits went
from 60 to 70 and finally to 55 miles per hour. Evaluations of these data as
they respond to system changes such as these develop confidence in the
validity of this collection. Since 1971, similar data have been kept on
hazardous materials, out of which a subset on radioactive materials has been
compiled. In efforts to validate this subset, Sandia has utilized not only
the DOT reporting system, but has augmented that with NRC reports, newspaper
stories and inquiries to state department of transportation, police
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departments, and highway department personnel. On the basis of this extensive
validation effort we believe that the data base on radioactive materials
accidents is indeed comprehensive and accurate. Studies of shipping volumes
involved, coupled with accident data, show that the transport of radioactive
materials has a lower frequency of accidents and incidents than do other
hazardous materials. Of particular note is the fact that in the 10-year
period following 1971, a total of 1114 packages of radioactive materials were
actually involved in vehicular accidents. Of these, 48 were packages of the
type used to snip spent fuel (only 2 of these accidents actually involved
spent fuel). Nne of these accident-resistant packages released any
radioactive material. Of the remaining 1066 packages of radioactive material
involved in accidents during that 10-year period (none of which were designed
to survive accident environments), only 58 or about 5.4% sustained enough
damage to cause them to release radioactive materials. Of all the hazardous
materials being transported in our society, only radioactive shipments such as
spent fuel are required to be packaged in accident-resistant containers. The
result of this requirement has been, as the data indicate, a very high level
of public safety.

Allegation 3

'Me response of spent fuel shipping casks to the insults suffered under
actual accident conditions is not well understood. Minor accidents could
cause pressure relief valves to fail, thus releasing radioactive steam. te
testing conducted to date does not cover the full range of expected
environments and was performed using obsolete casks.

Response

A fundamental precept in the practice of engineering is that products can
be designed using widely accepted analytical techniques and materials
properties data to produce structures which ehave as predicted. It is this
approach which enables modern society to build such complex structures as high
rise buildings, bridges, dams and pipelines. In keeping with that precept of
engineering, the DOE and Sandia have conducted a number of full scale tests
supported by an even larger number of subsystem and component experiments. To
examine the effects of actual accidents on large spent fuel shipping casks and
the ability to analytically model the pertinent phenomena, these full scale
tests involved high speed collisions of truck mounted spent fuel shipping
casks against massive targets exceeding anything available for such impacts
along our nation's highways. Zoo additional tests involved a simulated grade
crossing accident where a locomotive impacted a spent fuel cask and a severe
rail crash followed by a fire involving a shipping cask in its railcar.
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Te objective of these tests was to verify that the analytical methods
used to design and evaluate shipping casks were accurate. en though the
casks used in these tests had been retired from service because they no longer
could meet the current qality assurance requirements, their general design is
quite similar to those currently in use. Therefore, the validation of
analytical techniques can be carried out equally as well on these as any other
cask. he tests proved the accuracy of the analytical models used to predict
such behavior, thus a high level of confidence can be placed in the ability of
shipping casks to survive even the most severe accidents.

7he pressure relief valve issue is significant because of the confusion it
introduces into the discussions. Most shipping casks currently in use in this
country were originally designed to use liquid coolants (water). However, due
to the fact that the only fuel being shipped or planned to be shipped in the
foreseeable future has been out of the reactor a minimum of five years, it is
no longer necessary to use the liquid coolant and therefore, all shipments
being conducted in the United States at the present time are being made in dry
casks which do not utilize pressure relief valves. Thus, the whole discussion
of relief valves and losses of liquid coolant and pressurization of casks by
boiling the coolant and steam entrained contaminants being released from the
cask are all imaginary situations under the present circumstances.

Allegation 4

The consequences of accidents involving spent fuel shipments are
substantially underestimated.

Response

the CP, in its discussion of accidents involving spent fuel shipments,
consistently uses data derived as the result of studies of sabotage. It is
generally conceded that the worst credible accident" that could possibly be
encountered is one involving a deliberate attempt to open the cask and release
its radioactive contents. In the studies sited y the CEP, extremely
conservative estimates were made on the amount of material that might be
removed from the cask in this way. Subsequent experiments utilizing explosive
attacks on actual shipping casks (contained in chambers which allowed complete
collection of all released materials) indicate that these earlier estimates
were indeed very conservative. Based on the data from these tests, it has
been concluded that, were a successful terrorist attack to be carried out in a
metropolitan area such as Manhatten, the subsequent release of radioactive
materials would not cause any early fatalities and could possibly lead to a
maximum of one cancer fatality years later in a population where the normal
incidence of cancer would produce about 250,000 deaths. These estimates
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are based upon computer models (CRAC and METRAN) designed specifically for
examining the consequences of radioactive release in uroan areas. MERAN
includes the unique characteristics of large cities such as canyon winds and
extensive vertical surfaces. These models are intentionally conservative and
generally overestimate the consequences of accidents. As additional
information becomes available as the result of tests and validation
procedures, the models will continue to be updated. The CRAC model was
updated approximately 1-1/2 years ago to resolve most of the limitations cited
by CEP.

All of the CEP claims concerning underestimation of the consequences of an
accident involving a spent fuel cask are based on the amount of material
released from the cask. While CEP insists that the amount of radioactivity
that could be released is far greater than the best scientific estimates to
date, such claims are unsupported by either experience or experiments. Spent
fuel is a solid ceramic-like material consisting primarily of uranium oxide.
Most of the radioactive materials are also solids contained as an integral
part of this ceramic material. In the original assessments of accidents, it
was assumed that mne of the solid but all of the volatile radioactive
materials and all of the inert radioactive gases contained in the fuel would
escape in a very severe accident. Analyses and tests have shown that this is
a gross overestimation. Unlike Tree Mile Island where the fuel melted, there
is no mechanism available for the release of large portions of these
materials. Thus, allegations of large releases and comparisons of spent fuel
shipping accidents to reactor accidents and atomic explosions are extremely
misleading.

Allegation 5

The quality assurance on spent fuel shipping casks is inadequate.

Response

As with most activities in a free society, the quality assurance function
is provided by the manufacturer and the owner with the regulatory bodies
providing review of the documentation produced. Thus, it is unnecessary for
the regulatory agencies to provide direct quality assurance functions. The
fact that the quality assurance program works is borne out by those few
occasions cited by CEP where the industry has revealed to NRC those variations
which occurred. In all the cases cited, a very conservative approach was
taken to assure cask safety and in every case the variation was resolved and
the casks returned to service. -
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Allegation 6

Emergency response capabilities at the local level are non existent or
inadequate.

Response

In its analysis of emergency response the CEP views the emergency response
capabilities of localities from a perspective inconsistent with that which
actually takes place. There are basically three phases to emergency response
and three different response groups are involved. The initial phase which
must be handled at the local level as been found to be quite adequate. hile
local officials and response personnel have not been trained in the fine
points of radiation safety, they have available response techniques and
decision bases which are quite adequate to handle the initial situation. The
second phase involves the use of experts who are available throughout the
country on a rapid response basis. The existence and location of these
secondary response personnel are known by the states and by private emergency
information systems such as CHEMTREK. The third and final phase of accident
response is handled by commercial firms with great expertise. he accusations
leveled by CEP would indicate that local personnel are not capable of second
and third level responses which, while true, is unnecessary.

Allegation 7

Insurance to cover the costs of a nuclear transport accident is either
unavailable or inadequate.

Response

Since the safety record in the nuclear industry is so good, there has been
little experience in utilizing the insurance currently available to cover
accidents including those occurring during transportation. A careful review
of the applicable federal legislation and insurance industry coverage
indicates that all transport of spent fuel, including empty, but internally
contaminated casks, is covered either by private insurance or by federal
insurance under the Price Anderson Act. Because of this industry and federal
protection, the insurance industry has taken an action to prevent double
coverage and the attendant legal snarls involved, by excluding nuclear
coverage on homeowners' policies. While CEP construes this to be an
insufficient or non-existent coverage, the fact is that nuclear insurance is
provided by the federal government instead of the individual hmeowner. A
recent DOE study confirms this position3 .
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The above allegations are the primary ones contained in the Summary of
Findings of the draft CoP report. The report closes with a chapter of
recommendations, although there is one recommendation contained in the Summary
of Findings which is quite interesting. he CEP states that it would be
possible to solve the transportation problem by shutting down all nuclear
power reactors. This simplistic recommendation assumes among other things
that the existing spent fuel will remain where it is ad infinitum.

Dhe CP makes nine recommendations in its report. A review of those nine
recommendations also reveals severe misinterpretations.

1. Cask standards must be made more severe.

As pointed out in the review of the summary of findings, the cask
standards as they currently exist are indeed adequate to provide
total protection of the public in all but the most extremely severe
accidents, and even then the public involvement would be minimal.

2. Casks in operation today have serious design and construction defects
and should be withdrawn from service.

Cask designs are carefully reviewed by regulatory bodies which also
require extensive quality assurance procedures be followed to assure
that the cask as manufactured conforms to the design. While several
cases have arisen where casks were not manufactured to design
specifications, the industry has reported those and has submitted to
the Nuclear Regulatory Commission analyses evaluating the effect of
such variations. Only after these analyses were completed and
performance capabilities verified, were these casks returned to
service.

3. One copy of each cask model should be physically tested.

As explained under the summary of findings, this is totally
unnecessary since it challenges the very basis of competent
engineering.

4. SM164 should be withdrawn because it will increase accident
probability and consequences.

Since the risk to the public safety in transporting spent fuel and
other high level radioactive materials consists primarily of the
nmn-nuclear hazard of traffic accidents, any attempts to move these
shipments on higher quality roads over the minimum distance
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significantly reduces this non-nuclear risk. Therefore, 14164 as it
currently stands, does reduce accident probabilities and thereby it
also reduces overall consequences.

5. Since communities have no emergency response capability, local
personnel should be trained and equipped at the expense of the
carriers.

Again this shows a total lack of understanding of emergency response
as pointed out in the Summary of Findings.

6. In order to reduce the number of shipments, the practice of making
smaller shipments should be re-evaluated in favor of consolidating
shipments of spent fuel in order to make fewer but larger movements.

While this recommendation may have value, there are other
considerations involved which must be included in the evaluation
process. These considerations include carrier capability for moving
larger casks, access to point of origin and point of destination,
radiation exposure to handling crews and other similar factors.

7. the use of barge shipments as a means of reducing the number of
shipments and the accident severities should be evaluated
particularly for those shipments in densely populated urban areas.

This recomnendation may have some value and efforts to evaluate barge
transport are underway at Sandia.

8. Until shipping casks of a more rugged design are developed and
manufactured, the transportation of spent fuel should be halted.

This recommendation is based on the assumption that current design
standards are inadequate (see recommendation 1). Since analyses,
tests, and experience indicate that the current generation of casks
is adequate, this recommendation, if adopted, would introduce
economic consequences without any commensurate benefit.



-10-

9. Dry storage casks are the preferred reactor storage option.

While this recommendation and the related comments in the summary
section of the report have only indirect application to
transportation, it should be pointed out that the assumptions used by
the CEP to come to this conclusion are shaky at best. Unlike the
remainder of the CEP report where problems are magnified and benefits
are minimized, in the treatment of dry storage casks precisely the
opposite approach was taken.

7his is an abbreviated analysis of the CEP report and as such does not
address much of the fine detail included in that report. Every allegation and
accusation contained in the report could be dealt with on a more detailed
basis. Such a detailed evaluation would reveal that at best, erroneous
information has been utilized as the basis of the CEP recommendations. In
many cases existing data have been misinterpreted, distorted or otherwise
convoluted to reach a preconceived conclusion.
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The results of this full-scale test indicate that approxi-

mately 6 x 10- of the total solid heavy metal inventory (0.5 t)
could be released as a respirable radioactive aerosol as a result
of an explosive attack on a sngle-PMR fuel assembly truck cask.
The measured respirable release fraction has been determined to
within 0.4 x 10- using standard error propagation techniques;
however, release fractions for the volatile fission products will
be larger than that for the actinides. Experimental studies are
currently underway to provide data characterizing the release
of the volatile fission products.

The expected health consequences were calculated using the
derived release fraction of 6 x 10- percent as the grimary input
to the consequence reactor safety model called CRAC. The release
conditions such as population distribution and weather conditions
were assiaed to be equivalent to those of the Manhattan borough
of New York City. The results of this consequence analysis ndicate
that one peak latent cancer fatality and no early fatalities or
early morbidities could occur as a result of this postulated
radioactive release from a single PWR spent fuel truck cask in down-
town New York City.
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IMPACTS OF NUCLEAR MATERIAL FLOWS OH
TRANSPORTATION ROUTING ALTERNATIVES*

J. W. Cashwell
Transportation Technologoy Center

Sandia National Laboratories
Albuquerque, NM 87185

and

0. S. Joy nd S. C. cGuire
Transportation Technology Group

Oak Ridge National Laboratory
Oak Ridge, T11 37830

INTRODUCTION

Research and development activities to support the . S.
Departent of Energy (OE) sponsored efforts n nuclear wste
transportation are coordinated through the Transportation Tech-
nology Center (TTC) at Sandia National Laboratories. Coputer-
Ized logistics and routing models have been developed at Oak
Ridge National Laboratory under the sponsorship of the TIC.
These models are utilized to predict future flows of nuclear
waste materials, forecast transportation requirements, and den-
tify corridors through which these materials might be shipped.

Routing alternatives for shipment of these materials between
sites are evaluated with the HIGHWAY (truck) and INTERLINE rail
and barge) computer models. While actual routings of shiprents
are usually determined by the carrier, use of these models allows
simulation and evaluation of applicable alternatives.

Originally developed to more accurately simulate travel ds-
tances, times and resultant costs for input nto analyses of
waste management system parameters, these models also allow mate-
rial flow information to be graphically depicted on a realistic
transportation network. By utilizing the material flows esti-
mated by the Nuclear Materials Transportation Logistics Model
(NMTLM) together with the graphic routing capabilities, flow den-
sities are Illustrated on the routing network for scenarios of
Interest.

This capability s utilized to identify significant trans-
portation corridors, thus providing a definitive characterization
of transportation logistics for specific waste management require-
ments.

wThs w-FrF-snpported by the U. S. Department of Energy under
Contract D-ACO4-DP00789.
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ROUTING MODELS

The HIGHWAY and INTERLINE computer models are applied to
simulate possible transport routes associated with the movement
of nuclear waste by truck and rail, respectively.

The HGHWAY model Is based upon a commercially available
data base (COMPU.MAP) which has been modified to meet the speci-
fic needs of the DOE program sponsors. The COMPU.MAP data base,
licensed by Logistics Systems, Inc., s essentially a computer-
ized road atlas, containing data describing over 15,000 road seg-
ments (inks) and approximately 10.500 ntersections (nodes).
The data base ncludes nterstate highways, the U.S. highway
system, and ost principal state highways. Data for each of the
links includes highway identifiers, distance, and estimated driv-
ing speed. ode descriptions nclude ntersection identifiers,
latitude and longitude.

The INTERLINE model uses the Federal Railroad dministration
data base which has been updated to include recent rail mergers
and line abandonments and contains over 20,000 links and 15,000
nodes. Rail link descriptions nclude track classification, own-
ership and distance. Applicable barge routes have also been
added to the INTERLINE data base.

Prediction of rail routings must reflect the ownership of
track and equipment by the approximately 100 ndependent compa-
nies. These companies simultaneously compete for business and
cooperate with each other to ensure delivery. Since the origina-
ting railroad will attempt to schedule the long haul, the route
between two sites is often a function of direction, .e. a dif-
ferent route would be used for an eastbound shipment as compared
with a westbound shipment. In addition, the railroads tend to
concentrate traffic on the better maintained routes, even though
the trip might be lengthened. The INTERLINE model simulates
these operational characteristics to aid in the determination of
accurate trip distances and transportation costs.

These models are used to better dentify travel routes and
times, thus permitting greater accuracy n projected costs of
transportation. Mapping algorithms have been linked to the rout-
Ing models, enabling graphic depiction of the routes between
waste source and destination.

LOGISTICS MODEL

The Nuclear Materials Transportation Logistics Mdel (NMTLM)
is used evaluate the Impacts of changes in various waste manage-
ment system parameters upon projected transportation requirements,
as well as the sensitivity of these projections to changes n
specific transport characteristics. System parameter options
such as storage or packaging facility locations, receiving and
processing rates and facility operational dates are varied at the
request of the program sponsors. Transport characteristics, such
as operating speeds, routing restrictions, turnaround times, and

shipment mode options are specified n accordance with the ohjec-
tives of each analysis. Transportation requirements are otrn
reported as numbers of shipments and shipping containers as well
as total capItal and operating costs.

The NMTLM has three basic functions:

1) to prepare a shipment schedule that depicts the rate at which
radioactive waste shipments enter and leave the transporta-
tion system,

21 to evaluate the appropriate shipment destinations and paclag-
ings (should choices be available) using an optimization
technique to minimize transportation costs, and

31 to calculate and report the transportation data describing
the nformation gathered above for the particular scenario
under consideration.

Scenarios of recent interest have focused on spent nuclear
fuel, using the plan2gig base case spent fuel discharge rates
projected by the DOE . This case assumes maximum utilization
of existing storage and the reactor sites but allows for a full
core reserve.

FLOW DENSITY DIAGRAMS

Illustrations of the transportation flow densities shown In
Figures 1-4 are generated by linking the routes predicted with
the HIGHWAY and INTERLINE models with the material quantity
schedules forecast by the NhTLM. The width of the line graphi-
cally depicts the relative quantity of spent fuel shipments fore-
cast to utilize the route.

The examples cited in this presentation were generated for
the National Acadey of Sciences and are used for illustration
purposes only. Although a number of storage/disposal facility
options were nvestigated, a single, national facilitylocatedin
the west and a regional storage concept are used to illustrate
the projected shipments in the year 2004. Two types of transpor-
tation systems were analyzed, a truck-only system and a mixed
truck and ral transportation system. The latter of these options
assumes that a reactor will ship by rail f that mode s avail-
able on site. Intermodal shipments were not ncluded n this
analysis. Federal, state, and local regulations prohibiting the
transport of nuclear wastes through specified metropolitan or
other land areas are not Illustrated in the attached figures.
Such constraints could, however, affect the routes chosen for the
routes chosen for the scenarios of nterest.

Figures 1 and 2 Illustrate the projected annual spent fuel
shipments for a mixed truck and rail system to a single western
storage site in 2004. Rail shipments are concentrated in a cor-
ridor stretching from northeastern Kansas to southern evada. A
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Fig. 1. Projected Annual Spent Fuel Shipments to a Western Storage
Site in 2004. Basis: Reactors with rail service (for
demonstration purposes only).

WW'a

Fig. 2. Projected Annual Soent Fuel Shipments to a Western Storage Site
in 2G04. Basis: Reactors with truck service only (for demnsration
purposes only).
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Fig. 3. Projected Annual Spent Fuel Shipments to a Western Storage Site
in 2004. Basis: Truck shipments from all reactors (For demon-
stration purposes only).
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4U'

Fig. 4. Projected Annual Spent Fuel Shipments to Regional Storage Sites
in 2004. Basis: Truck shipments from all reactors (For defonstra-
tion purposes only).
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number of populated areas lie along this corridor, reflecting the
development of urbanized areas along major transportation routes.

The highway shipments form three separate east-west corri-
dors. The southern corridor follows 1-40 from Tennessee to south-
ern Nevada. The northern corridors follow 1-70 and 1-80 westward
from the eastern states, joining n northeastern Colorado. The
combined flows then follow 1-70 and 1-1 to southern Nevada. As
with the rail corridors, a number of large urban areas lie along
these routes.

Figure 3 llustrates the flow density diagram for a truck-
only shipment scenario. The change n scale of the bandwidth be-
tween this and the previous figures should be noted. Flow densi-
ties along the 1-40 corridor and the western 1-70 corridor are
3-4 times greater than for the mixed-node option. The 1-70 cor-
ridor east of Colorado does not appear to experience a large
change in shipping density, however, the northernmost corridor
(1-80) s substantially impacted by the all-truck alternative.

The shipment patterns for the regional storage concept,
assuming all shipments would be made by truck, is Illustrated n
Figure 4. In this example, the three regional storage sites are
located in the southeast, midwest and western areas of the coun-
try. The scale compares with that of Figure 3. As can be noted,
the trip patterns for the regional concept eliminate the large,
cross-country corridors n the western and southwestern areas of
the country shown for the single facility example. Two heavily-
traveled corridors are identified: 1-80 between Pennsylvania and
Illinois and a southern corridor along 1-20 n South Carolina,
Georgia and Alabama.

CONCLUSIONS

The Illustration of material flows along a transportation
network provides OOE program sponsors with a new method of com-
municating the potential Impacts of various waste management sce-
narios. While the method combines the outputs of other tools
utilized to evaluate system Impacts, it also must be utilized
with an appropriate amount of caution. Routes projected by the
HIGHWAY and INTERLINE models are mathematical simulations of car-
rier transport and are not ntended to explicitly define the
actual routes. Determination of the actual routes will depend
upon facility operational constraints such as construction, road
conditions, weather, and constraints imposed by federal, state
and local governments. Routes will thus be selected at the time
the shipment is being scheduled by the shipper and carrier.
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TiE OAK RIDGE SPENT FUEL LOGISTICS MODEL*

D. S. Joy and B. J. Hudson*
Chemical Technology Division
Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830

In response to continuing interest in the shipment of radioactive materials
and as a mechanism for detailed transportation analyses, a Spent Fuel Logistics
Modell (SFLH) has been developed at the Oak Ridge National Laboratory. The model
was designed to evaluate the impact of waste management policy decision on the
transportation requirements for moving spent fuel from the reactors to alternative
away-from-reactor (AFR) storage facilities and geological repositories. This
effort is currently being funded by the Department of Energy (DOE) through the
Transportation Technology Center (TTC) at Sandia National Laboratories.

The model has three basic functions: (1) to prepare a shipment schedule
that depicts the rate at which the fuel assemblies will enter and leave the
transportation system; (2) to evaluate the appropriate shipment destinations (if
multiple storage facilities are in operation, the model selects the appropriate
destination to minimize transportation costs); and (3) to calculate and report
the transportation data describing the particular scenario under consideration.

The transportation network being analyzed includes shipments between reac-
tors and AFR9, AFRs and repositories, and direct reactor-to-repository ship-
ments. The model is currently designed to handle problems that could involve
ten AFRs, ten repositories, and a study period of 80 years.

A computerized nuclear reactor data base, which is included as part of the
SFUL, contains information for all reactors in the United States which are
either operating, under construction, or are firmly planned through 1990.
Amongother Information, the data base contains a suary of historical and pro-
jected spent fuel discharges, historical fuel shipments, and onsite storage pool
capacities. The data are based on information collected during the sumer of
1979 in the Department of Energy Spent Fuel Survey. The basic data have been
modified to nclude more recent information relating to delayed startup dates
and cancellation of proposed nuclear plants.

In order to make long-range spent fuel shipment projections, it is necessary
to estimate how the nuclear industry will change after the early 1990s. Since
detailed reactor information ts not available for this time period, the model
has been designed to automatically schedule and site a series of standard size
expansion reactors to span the gap between the nuclear data base and the capaci-
ty projection of Interest. The user does have control over how the expansion
reactors will be geographically distributed across the country.

*Research sponsored by the Office of Nuclear aste Management, U.S.
Department of Energy under contract -7405-eng-26 with the Union Carbide
Corporation, through the Transportation Technology Center, Sandia National
Laboratories.

**System Development Corporation, Oak Ridge, TN (formerly with the
Chemical Technology Dvisloh. Oak Ridge National laboratory).
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Once all the reactors have been defined, the spent fuel shipping schedules
are generated. For the reactors in the data base, it is assumed that a full-
core reserve will be maintained at each reactor site. Options are available
which control the onsite storage capacity and whether interreactor shipments
will be allowed. Two onste storage capacities are included in the nuclear data
base: the first represents the current storage capacity, which reflects any
announced additions; the second includes the utilities projection of the maximum
storage capacity available at that site. If nterreactor shipments are per-
mitted, the user can specify which set of reactors will share storage facili-
ties. This option delays the necessity of making a shipment to an AR but fills
the combined storage facilities selected more rapidly. Figure I shows two sepa-
rate shipping projections. The solid line represents the case where there are
no nterreactor shipments; the dashed line indicates the case with nterreactor
shipments. All nterreactor shipments were assumed to remain within a given
utility. Notice that when Interreactor shipments are included, the shipping
rate is lower prior to 1998. After this date, however, a greater percentage of
the reactors have filled their storage facilities, and this option actually pro-
duces an increased number of shipments each year. Since onsite storage capaci-
ties for the expansion reactors are not known, shipments from these reactors are
based on a specific cooling time of the discharged assemblies in the storage pool.

The second basic function of the SFLN is to determine the destination of the
projected fuel-shipments. If only a single destination is available, no deci-
sions are required. However, if multiple destinations happen to be available,
the optimal destination will be selected based upon minimizing transportation
costs or public radiation exposure. The optimization techniques can be con-
trolled to minimize shipments to a set of AFRs only or to include APR-to-
repository shipments in the objective function. This latter option pill have a
significant impact on projected AFR inventories. In the first case, the reac-
tors will make fuel shipments to the nearest AFR. However, in the second case,
the total transportation costs are minimized, and reactors could be directed to
ship to a more distant AFR if the subsequent cost of the AFR-to-repository ship-
ment would result in an overall savings.

Two different optimization techniques are available. The global optimiza-
tion technique, which utilizes linear programming, operates upon all of the
independent variables simultaneously and generates the lowest cost solution.
The second approach is a year-by-year optimization technique where a number of
small transportation problems are solved sequentially. Each technique has its
own advantages and disadvantages. While the particular problem being analyzed
dictates which optimization technique will be selected, both techniques will
give identical results in most cases.

In order to reflect the actual operational characteristics of the transpor-
tation system and receiving facilities (AFRs or repositories), a number of con-
straints have been incorporated into the model. These constraints regulate the
opening and closing dates, fuel receiving rates, and storage capacities at the
various receiving facilities. The numerical values of the constraints can be
changed annually to reflect changing characteristics as a function of time. Any
of the transportation links can be blocked to allow the analysis of regionalized
AFRs and repositories. In this type of study, a particular AFR is allowed to
receive shipments from a selected set of reactors. While a specific set of
regional boundaries can be imposed for a particular scenario, the model has been
designed to calculate the optimal regional boundaries that minimize transpor-
tation costs. The mode of transportation used to make the shipments can also be
influenced. The model is designed to select the optimal transportation mode.
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However, it is possible to maximize rail shipments by requiring all reactors
with direct rail access to make all shipments by rail. The relative amount of
rail or truck shipments which will be used to transport fuel to a particular
receiving facility is calculated in the model. The modal mix is a dependent
variable and not an independent variable to be specified at the start of a run
as is done in some other transportation models.

A large amount of transportation data is tabulated for each run, and the
output report supplies the following information for each year covered in the
study: (I) a schedule and destination for all shipments, (2) inventories of
fuel at reactors, AFRs, and repositories. (3) transportation distance and cost,
(4) radiation exposure to the public, (5) cask fleet requirements, (6) ratio of
rail and truck shipments received at an AR or repository, and (7) the age
distribution of fuel being shipped or stored.

An example of some of the output information is shown in Figs. 2-4. The
projected spent fuel shipments (assuming no nterreactor shipments) were shown
as the solid line in Fig. 1. For these shipments, the estimated rail cask fleet
size by year for transporting all of the fuel to an AR in the southeastern
United States or all of the fuel to an AFR in the northwestern United States to
shown in Fig. 2. A similar estimate of the truck cask fleet requirements is
given in Fig. 3. The data used in generating this information assume a rail
cask capable of moving 10 pressurized-water reactor (PWR) or 24 boiling-water
reactor (BUR) assemblies and a legal-weight truck cask with a capacity of I PUR
or 2 BUR assemblies. In Fig. 4, the relative amount of fuel transported by rail
is outlined. Since only a single AFR site was assumed (either in the southeast
or the northwest United States). this information is not dependent upon AFR
location. If more than one AR was available, the relative amount of rail or
truck shipments would become a function of the individual reactors making ship-
ments to a particular receiving facility.

Over the past two years, the SFLM has been used in several studies for the
Department of Energy (DOE), the Transportation Technology Center (TTC) at Sandia
Laboratories, the Office of Nuclear Waste Isolation (ONWI), and Savannah River
Laboratory (SRL), which are reported in refs. 2-5. The specific studies include
(I) an APR siting study,2 (2) a logistics support for SRL participation n con-
gressional hearings, (3) an ONUI regional repository study,3-5 and (4) a logis-
tics analysis for an APR Environmental Impact Statement.

1. D. S. Joy and B. D. Holcomb, Logistics Models for the Transportation of
Radioactive Waste and Spent Fuel, ORNL/TM-6192 (March 1978).

2. D. S. Joy and L. B. Shappert, The Effects of AFR Storage Location on Spent
Fuel Transport, presented at the American Nuclear Society meeting, Atlanta.
Georgia (June 1979).

3. K. D. Kirby et al., Evaluation of the Regional Repository Concept for
Nuclear Waste Disposal, SSA-123, Southern Science Applications, Inc.
(October 1979

4. D. S. Joy and B. J. Hudson, Transportation Analysis for the Concept of
Regional Repositories, ORNL/Th-7170, TTC-0057 (June 1980).

5. D. S. Joy and B. J. Hudson, Lo Istics Characterization for Regional Spent
Fuel Repositories Concept, ONJI-124 (November 1980).
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ABSTRACT
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SUMMARY

The RADTRAN codel was developed in conjunction with the preparation

of the Environmental Statement on the Transportation of Radioactive Material
by Air and Other Modesz to analyze the radiological impact of the trans-
portation of radioactive material. This report describes an interim revised
version of that code which combines meteorological, demographic, health phys-
ics, transportation, packaging, and material factors to obtain the expected
annual radiological consequences resulting from transportation of radioactive
material. The code, written in FORTRAN, is designed to be used on both
CDC 6600 and CDC 7600 equipment.

Methodology

Figure 1 is a basic block diagram of the methodology used in RADTRAN II.
Two principal computations are performed by the code: computation of the radio-
logical impact due to incident-free"* transportation of radioactive material
and computation of the radiological impact of vehicular accidents involving
radioactive material shipments. This figure illustrates the informational
flow through the various submodels used to yield the final result. Each of
these models will be addressed briefly in this section.

Basic Transportation Scheme and the Standard Shipments Model

Transport of a radioactive material can involve a wide range of events
that can have environmental consequences. To make the source of these conse-
quences clear, the sequence of events in a radioactive material shipment must
be considered. For most shipments, the material is first placed in a package
meeting regulatory standards the radiation exposure levels are noted, the
package is labeled with the appropriate information, a shipping bill is pre-
pared; and the package is put aside until the transportation process actually
begins.

The transportation process may take on one of several forms. The package
might be loaded onto a vehicle that will take it directly to its ultimate des-
tination. However, most packages undergo a secondary mode of transport, e.g.,
a truck or light duty vehicle, which takes the package to a terminal where it
is assigned to a primary vehicle along with other parcels. The primary vehicle
takes it to a terminal near its destination where it is again loaded onto a
secondary-mode vehicle that takes it to its ultimate destination. In some other
instances packages are picked up by or delivered to a freight forwarder and are
consolidated with other packages into a single shipment. This shipment may con-
sist of a large number of packages obtained from a number of different shippers.
When the shipment arrives at its destination, it is separated into individual
packages that are delivered to the consignees. Handling and warehouse storage
can also occur during and between these transport phases as the package moves
between modes or carriers. RADTRAN I allows the user to select one of 13
shipment scenarios for each of his shipments.

*See Glossary

1

wmw-��



r Ataospheric I Impact Due to
Dispersion Me Vehicular Accidents

Dispersibility Characteristics
Accident Ratesl
Accident Severities.[
-Packaging ResponseX C

ImpactD

Standard Transportation Population Health Effects1 Transpor
Shipments odel Distribution i odel Radioact

____________ ______ j aterial

I 7 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

| i Impact ~~~Due toi

Incident
i Free Transport

Figure 1. Block Diagram of Overall RADTRA.4 11 Methodology

2 .



rF

RADTRAN II allows the user to input up to 200 shipments specified by
material, material dispersion category, curie content, transport index (TI),*
type of packaging, number of shipments per year, distance per shipment,
shipment mode,* etc.

Transportation Model

The transportation model used in RADTRAN II is subdivided into three
sections: an accident rate section, a traffic pattern section, and a shipment
information section. The accident rate section contains the annual accident
rate for each mode of transportation, subdivided according to the severity of
the accident and the population zone in which the accident is assumed to occur.
The traffic pattern section contains the fraction of travel which occurs on
various types of roads, in various population zones, and under rush-hour and
normal traffic conditions. The shipment information section contains the
number of passengers or crew per vehicle, dose rate conversion factors, crew
separation distances for various vehicle types, handling and storage times,
length and number of stops, etc.

Accident Severity and Package Release Model

The accident severity model divides all accidents into eight severity
categories keyed to the fractional release of material from packagings. These
categories may be related to the fire, crush, impact, and puncture forces
encountered in an accident as in reference 2 or they may be related to other
abnormal environments of specific interest to the user. The package release
model combines the user-specified fraction of material which is released (from
each package type considered and for each severity of accident) with the frac-
tion of material which becomes airborne and the fraction of respirable size.
These latter fractions are based on a material dispersion categorization.
These results are combined with the accident rates for each severity category,
the distance per shipment, and the number of shipments per year, to determine
the expected annual release of each material in each population zone.

Meteorological Dispersion Model

Any dispersion model may be used to describe the diffusion of the cloud \
of aerosolized debris released at the site of the accident since the basic
dispersion calculations are not performed within RADTRAN II. Instead the
user provides atmospheric ailution factors which are converted to airborne
dispersion and ground contamination factors by RADTRAN II.

Population Distribution Model

The population distribution model specifies population densities in up to
three population zones. In addition, numbers of exposed persons for certain

*See Glossary
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specific areas such as pedestrian walkways, warehouses, and air terminals are
specified.

Health Effects Model

The health effects mdel for RADTRAN II is based on that developed in
the Reactor Safety Study. The relative toxicity of the materials shipped
is analyzed in terms of potential for producing early fatalities,* early
morbidities,* latent cancer fatalities,* and genetic effects.* The analysis
is based on the computed dose received by various organs.

Radiological Impact Due to Accidents

The radiological impact from vehicular accidents is evaluated in terms of
level of consequence, probability of occurrence, and level of risk. The radio-
logical consequences which are evaluated include health effects and economic
impacts. Risk is evaluated in terms of the annual expected value of each of
these effects. This risk figure-of-merit is computed by forming the product
of the probability of each specific accident and its particular level of con-
sequence and summing these products over all accidents.

Radiological Impact Due to Incident-Free Transportation

The accumulation of relatively small doses which result from exposure
of population to the radiation emitted by radioactive material packages is
computed in RADTRAN II by combining the population distribution model, the
traffic pattern model, and the transportation model to compute the annual
dose (in person-rem) to a set of specific population subgroups. Currently,
eight subgroups are used although this number could be expanded if the need
arises. These doses can be combined and expressed in terms of expected
latent cancer fatalities and genetic effects. Because of the quantity and
material form restrictions imposed by current regulations, no early effects
are possible from incident-free transport.

Capabilities of RADTRAN II

The output of RADTRAN II is expressed in terms of expected numbers of
chronic health effects from transportation accidents and incident-free trans-
portation and the annual probability of specific level of health effects and
economic consequences from transportation accidents. Individual shipments are
also analyzed for their contribution to the total radiological impact. The
code has been developed in a generalized format to permit a wide variety of
potential applications. These include analysis of the current radioactive
material transport scheme; analysis of proposed alternative schemes such as
mode shifts, packaging changes, routing changes, etc; and detailed
consideration of specific sectors of the radioactive material industry.

*See Glossary
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ABSTRACT

A spectrum of high severity, low probability, transportation accident
scenarios involving commercial spent fuel is presented together with mechan-
isms, pathways and quantities of material that might be released from spent
fuel to the environment. These scenarios are based on conclusions from a
workshop, conducted in May 1980 to discuss transportation accident scenarios,
in which a group of experts reviewed and critiqued available literature relating
to spent fuel behavior and cask response in accidents.
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Abstract

The transported volume of spent fuel, incident/accident experience and accident
environment probabilities were reviewed in order to provide an estimate of spent fuel
accident probabilities. In particular, the accident review assessed the accident ex-
perience for large casks of the type that could transport spent (irradiated) nuclear
fuel. This review determined that since 1971, the beginning of official U. S. Depart-
ment of Transportation record keeping for accidents/incidents, there has been one spent
fuel transportationaccident. This information, coupled with estimated annual shipping
volumes for spent fuel, ndtgated an estimated annual probability of a spent fuel
transport accident of x 10'r spent fuel accidents per mile. This is consistent with
ordinary truck accident rates. A comparison of accident environments and regulatory
test environments suggests that the gyobabil ity of truck accidents exceeding regulatory
test for impact is approximately lot mile.
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ABSTRACT

The results of a program to provide an experimental data base for
estimating the radiological consequences from a hypothetical sabotage attack
on a light water reactor spent fuel shipping cask in a densely populated area
are presented. The results of subscale and full-scale experiments in
conjunction with an analytical modeling study are described. The experimental
data were used as input to a reactor safety consequence model to predict
radiological health consequences resulting from a hypothetical sabotage attack
on a spent fuel shipping cask in the Manhattan borough of New York City. The
results of these calculations are presented in this report.
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INIRODUCrION

In 197 a study of radiological impacts from transport of radioactive material
through urban areas, the 1978 Urban Study,1 indicated very severe consequences
from a successful malevolent act on spent fuel shipments. On the bais of that
analysis the NRC instituted stringent physical security requirements? for spent
fuel transport which were designed to prevent sabotage events in urban areas. A
subsequent version of Reference 1 the 1980 Urban Study, 3 reduced the postulated
release quantity by a factor of 14 and thus showed reduced numbers of early fatali-
ties, morbidities and latent cancer fatalities. As a result of the second report,
the NRC reduced the stringency of the physical security measures but they remain a
serious restriction on the shipment of spent fuel and have resulted in increased
shipping costs.

Since no relevant experimental data base was available for use in the Urban
Studies, source term estimates were based upon assuced physical and chemical char-
acteristics and estimated quantities of the released fuel. Consequently, there was
a high degree of ucertainty In the estimated source terms and radiological conse-
quences. A need existed to provide experimental data characterizing the quantity,
physical, and chemical form of the fuel released from hypothetical attacks on spent
fuel shipping casks.

This report describes the results of a program conducted at Sandia National
Laboratories (SNL) to provide the experimental data base for estimating the radio-
logical consequences from a hypothetical sabotage ttack on a spent fuel shipping
cask. The primary objectives of the program were limited to (1) evaluating the
effectiveness of selected high energy devices in breaching full-size spent fuel
casks, (Z) quantifying and characterizing relevant aerosol properties of the
released fuel, and (3) using the resulting experimental data to evaluate the radio-
logical health consequences resulting from a hypothetical sabotage attack on a
spent fuel shipping cask in a densely populated area.

Subscale and full-scale experiments in conjunction with an analytical odeling
study were performed to meet the prograatic objectives. The program was divided
into the following tasks.

ND Evaluation

An extensive survey of available high energy devices (HEDs) was performed to
select those that might be capable of breaching a full-size spent fuel truck cask.
From the many different types of attack devices considered in the survey, four gen-
eral types of HEDs were selected for testing and further evaluation. These devices
were those discussed in the 71 and O Urban Studies:

^ Operated by aN&dia Corporation under contract No. DE-AC04-76, DP00789.
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1. Conical-shaped charges.
2. Contact-breaching charges.
3. Platter charges.
4. Pyrotechnic torches.

Tests subjecting both simulated and actual spent fuel truck casks to the four tpes
of ?Ms were performed to provide data for final selection of a reference NE which
shoved the greatest potential for penetrating a full-size cask and dispersing its
contents.

An HED was selected from the four types tested and was used as the reference
attack device for the full-scale source term characterization test from which the
needed source term data base was obtained.

Subscale Tests

Five subscale tests subjecting 1/4-scale casks containing full-size fuel pins
made up of unirradiated depleted U02 pellets to scaled versions of the selected
reference HID were conducted. These tests provided initial experimental data char-
acterizing the fuel material released from a cask subjected to a simulated sabotage
incident.

Full-scale Tests

A full-scale test subjected a 25.4S t generic spent fuel shipping cask contain-
ing a single pressurized water reactor-like unirradiated fuel assembly to the ref-
erence full-scale IED The full-scale test provided a source term data base for
the reference event which, in conjunction with the results of the subscale experi-
ments performed In Task 2, were used as primry input and data base to the Conse-
quence Reactor Safety Model (LC) 4 for estimating the radiological consequences.

Correlation Tests.

Effects of the high energy enviroments created by a variety of His on breakuv
and particulation of spent cercial nuclear reactor fuel (H. . Robinson Unit-2)
and its surrogate, depleted uranium dioxide were evaluated in a series of single
pellet tests. Tests conducted on single irradiated fuel pellets and single
depleted U 2 pellets enabled measurement of the radioactive aerosols produced by
the four types of high energy devices. Correlation functions were obtained from
both filter and sieve data relating particle size distributions for fracture.
breakup, and aerosolization of depleted U02 fuel to that of irradiated fuel.

Health Effects Evaluation

To complete the study, an evaluation of the radiological health effects was
performed using the experimental data derived in the subscale, full-scale and cor-
relation tests as input to the Consequence Reactor Safety Model, OPAC X used in
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the Urban Studies. 1 '3 The expected health consequences from an attack using the
reference of this study on a three-lR fuel assembly truck cask were calcu-
lated assuming a release in the Manhattan borough of New York City.

SU1MAY OF P.MULIS

Subscale Tests

Figure 1 s a schematic of the steel confinement chamber which was used in the
subscale tests. The steel cylindrical chamber was a 28.9 (net volume) pres-
sure vessel sealed at one end and having an air-tight door at the other end. The
HED was mounted externally to the chwmber and fired into the chamber through a
6.4-am-diameter port in a flanged assembly mounted externally to the chamber. An
explosively actuated isolation slide valve between the E) and the chamber was used
to prevent release of gases and dispersed fines from the chamber.

Figure 1. Schematic of Confinement Chamber and l/4-scale cask used in
subscale tests.

Five sampling ports penetrated the chamber In various locations. The ports
were closed by remotely operated pneumaatic 25 c diameter valves. The valves were
kept closed until after detonation to prevent damage to the aerosol sampling equip-
ment by the shock wave. Since no single aerosol Instrnent can size particles over
the size range of interest (from 0.01 to about 2 m diameter), a battery of
instruments was selected to measure the site and mass of particles collected.
Aerosol size parameters as a function of time ere determined from cascade ipactor
samples obtained at various time intervals after ED detonation. Similarly, filter
samples provided a time history of the change n mass concentration. Changes in
morphology were shown by sequential electrostatic precipitator (ESP) samples and
changes in nunber concentration were shown by continuous recording condensation
nuclei counters. After each test, all debris was collected from surfaces inside
the test chamber and separated into aterial not containing uraniun and aterials
suspected of containing uraniu. All uranium containing material was sieved, the
mass determined, and uraniwn fluorometric and wavelength dispersive x-ray
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fluorescence analyses erformed. Tranamission () and scanning (SI4) electron
microscopy and energy dispersive x-ray nalysis (DXA) were used to determine the
elemental crposition and morphology of particles collected by ESPs.

The aerosol-sazpling procedure was designed to provide a time history of
selected aerosol parameters (such as concentration, particle size distribution, and
morphology) in the chamber. From the aerosol time history, calculations could be
performed to determine initial release parameters. The results of these experi-
ments indicated that approximately 4.6 * 5 g of W2 fuel mass was released from
the 1/4-scale cask as a result of the atack. Approximately 1.6 percent (0.73 S)
of the total released U02 mass was in the respirable size range ie. less than 10
microns aerodynamic diameter). Calculations of fractions of released airborne res-
pirable aerosol for a full-size event assuing a three FWR fuel assembly cst (1.4
t of heavy etal (tN4) inventory) of the type used in the Urban Study &O were
made based on the easured /4-scale release parameters. This calculation assueed
the longest path of interaction through the cask together with rupture of, and sub-
sequent release through the cask's alls. The results of these extrapolations of
the scaled tests indicated that approximately 0.0023 percent (32 g) of the total
solid fuel inventory could be released from a full-scale event as respirable radio-
active materials.

Full-Scale Test

Figure 2 is a diagram of the test setup for the full-scale test and shows the
spent fuel shipping cask inside the aerosol containment chamber. The surrogate
fuel assembly consisted of 223 fuel pins configured in a 1S IS array and weighing
255.048 kg. Each fuel pin was ade of 1.2 long zircaloy tubing filled with
depleted U02 fuel pellets (9.33 diameter by 1S2 m length). The dimensions
and mass of the U02 pellets were similar to those of fresh reactor fuel pellets.
The stainless steel/lead cask wall consisted of a 2.54 cm thick stainless steel
outer shell, 21.3 cm thick lead iddle shell and a 1.9 cm stainless steel inner
shell. The cavity dimensions were c in diameter and 56 cm in length. The
shipping cask was placed inside a 31 a diameter by 0.02 * thick x 61 m long
cylindrical chamber for aerosol containment. The NO was mounted and detonated
externally to the chamber. An explosively actuated sliding isolation valve placed
between the ND and chamber port was designed to close illiseconds after detona-
tion in order to prevent the release of the source aerosol and fragments to the
surrounding area. Eleven sampling ports penetrated the chamber at various loca-
tions. These 2.5-ca I.D. sampling ports were closed before and during detonation
by remote controlled pneumatically actuated ball valves and were opened shortly
after detonation in order to allow sampling of the aerosol.

The sampling procedure was designed to provide easurement of high velocity
particles as well as the lover velocity aerosols within the chamber. From these
data, calculations could be performed to determine the initial release parameters,
such as initial fuel mass aerosol concentration and released fuel mass.

After detonation, 198504 kg of the U02 fuel remained in the cask; 2.549 kg
of W2 was released from the cask as a result of the event. Approximately 0.115
percent (2.94 g) of the released U2 fuel was airborne aerosol and all of the
airborne W2 aerosol was assumed to be respirable. Fifty percent (111) of the
233 fuel rods sustainet some degree of mass loss (damage). Approximately 10.3 per-
cent (20.120 kg) of the pretest UD2 fuel mass was fractured. The aximum
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Figure 2. Schematic of the Full-Scale Reference Test Configuration
before Detonation Showing Finned Cask Inside Pressure
(Aerosol Confinement) Camber.

missing (removed as a result of the energy loading) fuel pin length was 6 mIn The
entrance hole In the 2.54 cm thick stainless steel skin was approximately S.25 cm
in diameter (average). The opposite cask wall was not completely penetrated but
the 1.9 cm thick inner stainless-steel shell and 14.29 cm of the 21.3 c thick
lead shell was penetrated. The outer 24 cm thick stainless-steel skin was not
breached. A aximuc W2 aerosol mass concentration of 23.3 g/ was detected in
the pressure chamber at 12 seconds post-detonation. Using the contaiment chamber
volunIe of 42.29 e3 and a easured uniform spatial concentration of 23.8 g/ a
total released U02 aerosol mass of 1.01 g was calculated. Another 1.93 g of
U02 was collected by the high pressure fiberglass filter assembly. Assuning that
100 percent of the measured U2 aerosol mass is in the respirable size range, a
total respirable U02 mass of 24 0.30 g was released from the cask as a result
of the event.

The results of the single fuel assembly cask test can be extrapolated to that
for a three fuel assembly cask sabotage event. Assuning the largest damage path
for the action of the D on the fuel, only two out of three fuel assemblies could
sustain aximuc damage for a three-PR fuel assembly truck cask configuration.
Therefore, based upon the full-scale test data, the maximum release of respirable
unirradiated fuel from a three-PR assembly cask sabotage event is 6 0. g.

Correlation Tests

Tests performed at IGrG!D4L involved single fuel pellets of both depleted
uranium dioxide and H. . Robinson Unit-2 spent fuel subjected to attack by a
scaled version of the reference base attack device. Two types of measurements were
made that can be used in calculating a spent fuel to depleted uranium dioxide aero-
sol production correlation. The first measurement type was obtained from filters
which collected aerosols generated from exposure of both spent and depleted
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uraniun dioxide fuel pins to HED attacks. ecause of their refractory nature the
nuclides 154-Eu and 144-Ce were used as a tracer for uranium in the spent fuel pel-
lets; amounts of these two fission products were determined by gamma spectroscopy.
For the case of depleted uranium dioxide the total miss of aerosolized materials
collected on the filter was 17 mg (gravivetrically determined). Assucing that the
total mass consists of combustion products, fuel pin cladding and pellet material,
an estimate of the relative masses represented by the three main components was
made. It was estimated that percent of the total collected aerosol mass was
combustion products. The pellets consisted of 9 percent by weight of U02 for
experiments with either spent fuel or depleted uraniums dioxide. Therefore a 7 ag
aerosol sample Implied that 11.4 mg was uranium dioxide. The measured mass of
aerosolized spent fuel for the same test correlations was found to be
5 95 * 1.6' g. This analysis suggests a ratio of spent fuel to depleted uranium
dioxile mass of 0.33:1.

A second series of measurements used for calculating the spent fuel versus
depleted uraniun dioxide correlation was based on wet sieving of debris resulting
fron Identical experiments involving spent fuel and depleted uranium dioxide.
Sieves used for classifying particles ranging in size from S diameter to 212 a
diameter were used to separate masses of spent fuel and depleted uranium dioxide.
The mass remaining on each sieve was then used to calculate a ratio of spent fuel
to depleted uranium dioxide for each sieve size fraction A regression line was
fitted to the data and a ratio extrapolated for the respirable size range 3 
actual particle diameter). For particles 3 a and smaller, this analysis sugests
the ratio of spent fuel to depleted uranium dioxide is S6:1.

In considering which correlation ratio is appropriate for use in risk analysis
and calculation of radiological impacts, it would seem that a value of unity is
most appropriate. This implies that the aerosolized release from the reference iD
attack on a three FWR fuel assembly truck cask would yield approximately 6 g of
spent fuel as a respirable aerosol. However, for conservatism in the health risk
assessment, a maximum value of 6 will be used. This implies that the maximun
aerosolized respirable release from a three RR fuel assembly cask subjected to the
reference ED attack would be 33.6 g of spent fuel and for a single PWR fuel
assembly truck cask a release of 16. g.

Health Effects Evaluation

The eactor Safety Consequence Model, CRAC, 4 was used in the Urban
Studies1' to estimate human health consequences from an attack using the refer-
ence M-D on a three R fuel assembly truck cask. The basic scenario as defined in
the Urban Studies was (1) the attack occurred In the borough of Manhattan in New
York City, (2) the attack occurred on a weekday, idafternoon, (3) the spent fuel
inventory was typical of NR assemblies after 0 days cooling at the reactor, (4)
all consequence estimates were made without ay evacuation to avoid early expo-
sure. For this scenario the 1978 Urban Study& estimated the health consequences
to be 4/60 (mean/peak) early fatalities, 160/1600 (mean/peak) early morbidit~es and
350/1500 (mean/peak) early latent cancer fatalities. Using the same GLAC model
and assumptions and this study's experimentally determined release fractions for
the same attack mode on a single R fuel assembly truck cask (0. t, 10 days
cooled), values of health consequences were found to be 0/0 (ean/peak) early
fatalities, 0/0 (mean/peak) early morbidities, 03/1.3 (mean/peak) early latent
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cancer fatalities, nd 2/7 total latent cancer fatalities. Extrapolating thi
study's experimentally determined release fractions to the 1978 Urban Studyl
three WR fuel assembly cask scenario, an estimate of the health consequences of
0/0 (ean/pesk) early fatalities, 00 (ean/peak) early morbidities, /3 (mean/-
peak) early latent cancer fatalities, and 4/14 total latent cancer fatalities were
obtained. These newly calculated latent cancer fatalities are smaller by a factor
of 350/433 (mean/peak early latent cancer fatalities) than the original 1978 Urban
Study predictions upon which the NRC interim regulations' for US transport of
spent fuel were based.

Conclusions

The data from this program indicate that the Urban StudiesI' 3 greatly over-
estimated the impact of malevolent acts directed at spent fuel casks in urban envi-
rons. From that standpoint this work could be the basis of additional regulatory
revisions of the NRC physical protection requirements. In a larger sense this work
can also be the basis of tore credible "worst case" analyses since it defines the
actual result of an event which is well beyond any expectation of cask failures in
accident envirorwents. Thus this experimental program has provided significant new
information on the behavior of spent fuel and surrogate materials under severe
shock and thermal envirorwents. These data can be the basis of a better under-
standing of spent fuel transport risks and safety analyses.
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IAEA-N-43/243

ASSESSING THE ESTIMATED COST AND RISK
OF NUCLEAR WASTE TRANSPORTATION TO POTENTIAL

COMMERCIAL NUCLEAR WASTE REPOSITORY SITES

ABSTRACT

To support the selection of the first commercial nuclear waste reposi-
tory in 1987, the cost and risk of transporting waste to candidate sites Is
being evaluated. The method of assessment is described and some prelimin-
ary results are presented for a reference scenarlo.

In reference scenario 36 000 tonnes of spent fuel are shipped directly
to the repository and an equal amount to Barnwell, South Carolina for repro-
cessing with the resultant wastes then going to the repository. The scenario
also includes 6 720 waste logs from Savannah River and 300 from West
Valley.

For the five repository sites considered, total transportation costs
range from 1.3 to 2.2 x 109 dollars, statistically based accident fatalities
from 5 to 12, injuries from 50 to 110, and calculated latent cancer fatalities
(LCFs) from 13 to 27. Less than 0.02 LCFs are attributable to postulated
releases from extremely severe accidents.

The cost and risks, while significant, are small, in comparison with
other costs and risks generally encountered. Repositories are estimated to
cost US$ 5 x 109. Fatalities from cargo transport by railroad and truck dur-
ing a comparable 26-year period would total almost 100 000 in the USA; this
scenario would add less than 0.02% of fatalities to this number. The popu-
lation exposures (LCFs) shown here are less than 0.03% of those attributable
to background radiation. The maximum exposed individual would receive
about 1 percent of background during a typical year.

Sensitivity analyses show that the volume of reprocessed waste and
the speed of trains are sensitive parameters. By reducing the stop time of
trains by half, the LCls could be reduced almost by half and a significant
reduction in the required rail cask fleet would also be possible. Additional
data on population exposure at stops is being obtained.

It is expected that studies similiar to the one reported here will make
It possible to identify additional ways to reduce nuclear waste
transportation risks

1. INTRODUCTION

Research and development efforts in nuclear material transport have
been striving to develop the capability to evaluate the cost and risks associ-
ated with transport for the nuclear fuel cycles being postulated. The capa-
bility to model future transport systems and estimate their costs and risks Is
important for informed decision making. Such models should build on
currently available experience and information and be capable to project
future impacts.

1
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In this paper, the first part briefly describes the types and sources of
Information that are being used to make cost and risk assessments. Particu-
lar emphasis Is given to the analysis models that have been developed and
the types of Information they use. The second part Is devoted to showing
some preliminary results for a specific transport scenario. The last part pre-
sents the results of some sensitivity analyses made to identify key areas need-
ing further study.

The work shown is the product of the coordinated activities of Edwin
Wilmot, Marcella Madsen, and Jon Cashwell of the Transportation Technology
Center at Sandia National Laboratories, David Joy of Oak Ridge National
Laboratories and the authors. Without such coordination, analysis of the
costs and risks for tranport to sites being evaluated by the National Waste
Terminal Storage (NWTS) Program would not have been possible.

2. TRANSPORT SYSTEM CHARACTERIZATION

One of the more complex aspects of evaluating the costs and risks of a
transportation operation is defining the transport systems characteristics.
The steps in this process are shown schematically In Figure 1. Beginning at
the top, the first step is to identify the quantities of waste and their geo-
graphic distribution relative to the proposed disposal sites. The Spent Fuel
Storage Program provides annual updatestl] of the spent fuel inventories and
projected discharges for each reactor operating, under construction or
planned In the United States.

Waste characteristics are specified using burn-up simulation codes
such as ORIGEN2[21. Reprocessing waste volumes and characteristics are
obtained from published sources(3i or from special studies performed to
evaluate specific reprocessing strategies.

Based on the waste characteristics, cask designs must be evaluated to
determine the quantity of a particular waste type that can be transported
without exceeding transport restrictions. The number of shipments can then
be calculated from the previously determined logistical data.

The next step is to characterize the transport routes and the Impacts
of both normal transport and from accidents that have the potential to
release some of the radioactive material in the cargo. The specification of
route characteristics begins by taking the shipment and waste logistics
information and using two routing models, HIGHWAY(41 for truck and
INTERLINE[5 for rail, to identify some typical routes. Distance data Is
used to estimate cask fleet size. The routes identified by HIGHWAY and
INTERLINE are then evaluated along with demographic data for the United
States to determine the fraction of the routes passing through rural,
suburban and urban areas. These fractions and the total distance
transported are basic parameters used with RADTRAN-i[61. RADTRAN
calculates the impact of normal transport and the consequences of release
in each of the population zones for each waste type and shipment made.

2
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The basic form of the data for normal transport Is a table of unit risk
factors for each waste form, transport mode and population zone. These
factors have units such as fatalities/km. The accident risk part of
RADTRAN-1I requires information on up to eight severity levels of acci-
dents. For each waste form, the probability and the amount of material
released (by isotope) must be specified. RADTRAl-ll then tkes this nfor-
mation and calculates population exposure risk factors should an accident of.
a given severity occur in a given population zone.

The final step s to calculate the overall cost and risk for a given
waste disposal scenario. The cost Is calculated based on knowledge of the
number of shipments, shipment distance, transit time, shipping charges,
fleet size and cask purchase and maintenance costs. The risk is calculated
using the unit risk factors obtained from RADTRAN-1l and the knowledge of
shipment distance and the fraction of the route through each of the three
population zones. Health effects resulting from exposure to low levels of
radiation are calculated using internationally accepted conversion factors.

The following sections will present the Transport System Character-
istics using one specific scenario for transport to each of the five disposal
sites currently being consideredin the NWTS Program. Because only one
scenario is used and because many of the results obtained to characterize
the system are presented here for the first time in composite form, the
results shown should be considered as preliminary.

3. WASTE TRANSPORT CHARACTERISTICS

In order to assess the costs and risks of waste transport to potential
repository sites, it is necessarY to completely characterize the system, even
parameters such as transport mode and route and cask payloads. These par-
ameters are uncertain since operational decisions have not yet been and will
not be made for years to come. The approach taken here Is to pick repre-
sentative values for each of the parameters and Incorporate them In what
will be called a reference scenario.

The reference scenario considers waste transport to each of five loca-
tions within the United States. The locations, shown In Figure 2, are named
after the regions in which they are located; the Gulf Interior Region (dome
salt) the Permian Basin (bedded salt), the Paradox Basin (bedded salt), Yucca
Mountain (tuff) and the Hanford reservation (basalt). For each of the sites,
life cycle costs and operational risks for a 26-year operating period are cal-.
culated.

The reference scenario describing the quantity of waste to be trans-
ported to each site Is shown schematically in Figure 3. 72 000 tonnes of
uranium discharged from commercial nuclear power plants, 6720 high level
waste (BLW) glass logs in metal canisters from Savannah River defence
waste processing and 300 HLW logs from West Valley processing are trans-
ported to the repository sites. Half of the 72 000 tonnes is transported
directly to the repository, the other half is shipped to Barnwell, South

4
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Carolina for reprocessing. Reprocessing wastes are then shipped to the
repository sites. For each waste type, the fraction to be shipped by truck
and rail is selected. For spent fuel4 75% is shipped by rail and 25% by truck.
Wastes from reprocessing requiring heavy shielding are shipped by rail.
Contact-handleable transuranics (CH-TRU) are shipped 50% rail, 50% truck.
All wastes from Savannah River are shipped by rall;, West Valtey wastes are
shipped by truck In this reference scenario. 

For each of the model options reference transportation systems were
specified based upon waste form data from ORIGEN2 and canister configu-
rations being used in the NWTS Program in 1982. Payload estimates for
each of the transportation systems were based on shielding calculations
using DOT allowable radiation levels and vehicle size and weight require-
ments for unrestricted shipment by both truck and rail. Data and results of
these preliminary calculations are given in Table L Transportation distances
and transit times for wastes from nuclear reactors were based upon twenty-
one reactor centrolds to establish routes from all parts of the country to the
Barnwell, South Carolina reprocessing plant and each candidate repository
location. The transport distances and cask payloads were then used to esti-
mate cask fleet size. To make these estimates, current experience was
reduced to empirical formulas for distance versus speed for truck and rail
transport, cask turnaround time and cask availability. The total shipment
distance and fleet size for each type of waste, destination, and mode is
shown in Table IL

4. WASTE TRANSPORT COSTS

Transport costs for the reference scenario were calculated by combin-
ing fleet capital, fleet servicing and maintenance, and shipping charges.
These costs are summarized in Table [3L Fleet capital costs were based on
transportation system characteristics and comparison with costs of existing
transport systems. Servicing and maintenance costs were estimated by tak-
ing a fraction of the unit capital cost per year multiplied by the operating
fleet size. It was also assumed in the capital cost that the neet would be
completely replaced once during the repository operating lifetime for all
waste types except for DHLW and WY-HLW. These two waste types are
shipped to the repository during only a portion of the operating period.
Freight charges were based upon published tariffs, where available, and esti-
mates based on spent fuel where no tariffs were published. Charges for
physical security while in transit were based on current spent fuel escorting
experience. These costs were applied to al waste forms. This s believed to
be conservative in that current regulations do not include such requirements
on reprocessing waste types. Additional charges for administrative func-
tions and traffic management were not Included. Such functions and related
costs would be covered by the staffs at origin and destination facilities.
Also, cost for construction of truck and rail access to repository receiving
facilities was not included; this is assumed to be included in the repository
cost.

7
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TABLE - TRANSPORT DISTANCE,
FLEET AND COST SUMMARY

YUCCA
PARADOX MTN.GIR PERMIAN HANFORD

VEHICLE MILES
TRAVELED
(millions of miles)

FLEET SIZE
(No. of Units)

89

92

325

129

103

362

254

166

117

404

286

194

124

430

305

207

128

439

312

FLEET CAPITAL
(millions of 1982 dollars)

FLEET SERVICING
AND MAINTENANCE 227
(millions of 1982 dollars)

* FREIGHT AND IN
TRANSIT SECURITY 742,
(millions of 1982 dollars)

TOTAL COST 1294
(millions of 1982 dollars)

1003

1619

1182 1371

1872 2106

1418

2169
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TABLE IV - TYPICAL TRANSPORT COST BREAKDOWN (PERMIAN)

WASTE TYPE MILLIONS of 1982 US % OF TOTAL

Spent Fuel to Repository 447 28

Spent Fuel to Reprocessing 355 22

CHLW 78 5

HULLS 83 5

RHTRU 418 26

CHTRU 147 9

DHLW . 84 5

WV-HLW 5 0.3

100%

The relative costs for each waste type for a typical location (Permian
Basin) are given In Table V. It is readily evident that transport of transur-
anium wastes from reprocessing makes up a significant portion of the costs.
These higher costs are due in part to the conservatism in assumptions
related to transuranium waste volumes generated in reprocessing and in the
potential for volume reduction in waste treatment. More detailed future
analyses in this area will probably result in reduced costs for these waste
types.

5. WASTE TRANSPORT RISKS

Risk estimates have been made in terms of health effects-injuries,
deaths, latent cancer fatalities (LCFs)-to both occupational and public
groups, which may result from transportation operations. Both normal oper-
ations and possible accidents were considered. Calculations of non-
radiological impacts were based on References 7 and 8 and radiological
impacts on References 6 and 9. Results of the risk assessment are summar-
ized in Table V. Radiological Impacts under normal conditions Included con-
sideration of radiation levels from the waste transport loadings shown in
Table I, typical truck and rail operational speeds, stops during transit, popu-
lation density distributions in regions traversed and proximity of shipments
to the population. The LCF's shown In Table V consider population exposure
resulting from transport. The maximum individual exposure was also
calculated. It was found that the maximum individual received less than 1.4
mrem/yr, about I percent of background.

11
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TABLE V - TRANSPORT RISK SUMMARY

YUCCA
GIR PERMIAN PARADOX MTN. HANFORD

Non-Radiolozical

Injuries(l) 46 65 85 99 105
Deaths 1) 5 8 10 12 12
Pollution Health Effects 0.2 0.2 0.3 0.3 0.3

Radiological - LCFs( 2 )

Normal Operations 13 19 22 26 27
Accidents 0.01 0.02 0.02 0.02 0.02

(1) Based on Current Accident Statistics

(2) Estimtaes Include Present and Future Generations

Both the non-radiological and radiological estimates of accidents were
based on accident rate experience recorded in national transportation
statics. Accident predictions over the life cycle of repository operations
are summarized in Table VL Of the total number of accidents, it is
expected that less than 2% would be of such severity that a radiological
release is conceivable. Even though very unlikely, accidents of such
severity and related conceivable releases have been Included in the risk
estimates. Injuries and deaths indicated in Table V were those which may
result from ordinary traffic accidents, both truck and rail, and were
independent of the radioactive material present in loaded shipments.
Radiological impact calculations (LCFs)included additional factors such as
accident probability, severity, conceivable isotopic releases, meteorological
conditions, and population distribution. Because of the complexity of the
problem and the number of scenarios and related waste types considered,
the analysis was simplified by calculating unit risk factors that represent
the impact for a unit distance of traveL These unit risk factors were
calculated for each waste type, and urban, suburban, and rural population
densities and then combined with distances traveled to determine total
impact. The results of the risk assessments indicate that the only sig-
nificant radiological risk is from normal transport, not from accidents. No
immediate radiological Injuries or deaths are expected from accidents.

12
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TABLE VI - PREDICTED TRANSPORT ACCIDENT SUMMARY (PERMIAN)

Number of Accidents
TruckWaste Type

- Life Cycle
Rail

26

19

SF to Repository

SF to Reprocessing

CHLW

48
I

31

0 7

HULLS

RHTRU

0 7

C 37

CHTRU 27 10

DHLW 0 7
. t

WVHLW

TOTALS

2.

108

0

115

The magnitude of cost and risk results should be placed In some perspec-
tive to be meaningful. The values In Tables V and VI are for 26 years of
repository operation. In that same period and using the same models and data
as used In this analysis, 117 000 latent cancer fatalities would be predicted
for the nation from background radiation. About 65 000 people would be pre-
dicted to die from truck accidents and 32 000 from train accidents in the
course of moving the nation's freight. With respect to cost, nearly 1 x 1012
US dollars would have been spent by the consumer of the electricity produced
from which these wastes resulted. Some additional comparisons are sum-
marized In Table VII.

TABLE V11 - TRANSPORT COST AND RISK PERSPECTIVES

* Waste transport costs are 0.2% of cost to consumers using
the generated nuclear power

* Waste transport vehicle miles traveled are 0.02% of com-
mercial freight over a comparable period of time

* Deaths predicted are 0.02% of the current annual
total for commercial freight

* LCFs are only 0.03% of those attributable to natural
background radiation.

13
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6. SENSITIVITY ASSESSMENT

Narrowing the uncertainties present in the risk results is dependent
upon refinement of basic inputs such as the quantities of waste, waste form
and the packagings used. Sensitivity analyses, coupled with estimates of the
uncertainty in parameters play an important role in prioritizing a list of
refinements. Comparison with previous results Is a form of sensitivity
analysis. Both will be used here.

By varying the split of rail and truck, large shifts in the risk numbers
are observed. Going fully to truck transport would increase the fatalities by
a factor of 5 but would decrease the LCFs by a factor of 2. Such swings are
greater than the differences observed among sites and points out ,the results
shown should be considered relative to other risks and to a lesser extent as
absolute values which will occur should a decision be made to emplace waste
at one of the sites.

Changing the duration of stops by trains has a large impact on cost and
risk. In the risk model, trains were estimated to stop 8.6 h/lOOkm versus
1.1 h/lOOkm for trucks. Reducing the train stops to 4.3 h/lOOkm reduces
the LCFs by 45%. The values for stop time and the population exposure
while stopped are very uncertain parameters. Additional studies have been
initiated to refine the stop model and the input parameters to the modeL

6.1 Comparison with Previous Work

The results shown here are quite different from the results presented
in previous assessments [ 10,1 I done within the NWTS Program. In the past
assessments, the frequency of non-radiological fatalities per unit of travel
for truck and rail were about equaL Recent statistics show that the
accident fatality rate for rail is about a factor of two lower than ndicated
in previous estimates [3]. When this new data is incorporated into the risk
calculation and Is coupled with the assumption that the rail cargo payload is
approximately five times greater than the truck payload, the number of
fatalities for rail becomes about an order of magnitude lower than truck
results for transport of the same quantity of waste. Previous estimates
showed only the effect of the difference in payload between truck and raiL

The radiological risk calculations also show some major differences.
Previous estimates have considered exposure from accidents which are
severe enough to release material as well as exposure to the population from
passing casks The estimates here are quite similar to previous estimates
for these exposures. In the present calculation, a new model for exposure to
the general population from stops was considered. The stops model
incorporated in RADTRAN-II was developed following observation of both
truck and rail shipments. Incorporating the results of these observations
into the model shows that the dominant exposure to the general population
occurs at stops. The results show that the risk of release, which has been
the focus of many past transport studies, poses a lesser risk than stops. This
last statement Is not meant to Imply that additional modeling of releases is
not important.

14
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Rather, it points out that other components of the risk equation need to be
studied with equal thoroughness.

For perspective, the current modeling of the stops can be compared
with the exposure received by the populace around the reactors that gener-
ated the waste being transported. Based on an assessment of population
doses from operating plants In 19751121, the population dose iWas 1300
person-rem for the generation of 170 x 1012 watt-h of electricity or 7.6
person rem/1012 watt-h of electricity generated. A repository with a
capacity of 72 000 MTU contains waste from fuel that has generated an
estimated 526 x 1Oxl 2 watt-h/a of electricity. The associated population
exposure from reactor operation would be 4000 person-rem/a or 0.8 LCFs/a.
Multiplying by the 26 year operating period results In 20 LCFs which is
approximately equal to the LCFs estimated for transportation. Thus the
transport LCFs shown are very comparable to the LCF of operating plants
generating the waste. An additional perspective, if the same person-
rem/LCF conversion factor were used for background radiation, 117 000
LCF would be projected to occur during the 26 year operating period.

The comparison amorig the five candidate sites shown here considered
only the first repository. Siting of the second and subsequent repositories
can have a significant effect on both costs and risks. Previous assess-
ments[13J of the regional concept Indicated that transportation cost and
risk may decrease by as much as a factor of two by optimal regional siting
of 2 or 3 repositories. Such differences are comparable to the differences in
costs and risks between repository sites reported here. Accordingly, addi-
tional transportation analyses of the regional siting concept are needed.

The results shown here are the initial attempt to estimate the cost and
risks of transporting waste materials to the 5 potential repository sites. The
basis for many of the values shown is taken from work being performed by
Sandia Laboratories for the NWTS Program, soon to be published in refer-
encetl4. The results should be considered preliminary and will be refined
substantially before the site of the first repository is chosen in 1987. The
values shown can be used to estimate transport impacts relative to other
risks encountered daily by society. Such perspective s important in
Informed decision making.
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NOTE TO EDITORS:

Attached iS Nuclear Regulatory CnIsslon ieneral Statement of Policy,defining the agency's role in responding to accidents nd Incidents nvolvingthe transportation of nuclear materials.

NIUCLEAR REULATOR CISSION

NRC Response to Accidents Occurring

During the Transportation of Radioactive Material;

General Statement of Policy

AGENCY: Nuclear Regulatory Coeission.

ACTION: General Statenent of Policy.

SUHURY: The Nuclear Rgulatory Comission (NRC) hs defined

in a general policy Statement ts role n responding to
accidents and ncidents related to the transportation of
nuclear materials. The purpose of the policy statement s to

state clearly the extent of the NRC's participation and involve-

ment in responding to such a transportation accident or incident.

EFFECTIVE DATE: IO I 

FOR FURnER INFORATION CONTACT: Dr. Justin T. Long, Office
of Nuclear Material Safety and Safeguards. U. S. Nuclear

Rsgulatr; Comission. Washington. I. C. 205551 telephone

(301) 427-41t;' 

SUPP.DiVTARY INFORWUTION:

lecround

The Nuclear Regulatory Cmission (NRC), under the Aeic Energy Act f
1954. as aended (42 U.S.C. Chapter 23) and Section 201 of the
Energy Rorganisation Act of 1974, as Mended (42 U.S.C. 41), is
authorized to license and regulate the receipt. possession. use. and

transfer of byproduct materil. 'ource materiel, end sptcial
nuclear material' (as defined n 42 U.S.C. 2014). The RC authority
to license air shipment of plutonium is further governed by Pub. L. 94-79.
Pertinent NRC regulations are contained n 10 CFR Parts 30. 40. 70. 71.
nd 73.

The U.S. Department of Transportation (DOT). under the Dangerous Cargo
Act . S 4472. as amended, 46 U.S.C. 170). Title VI and 902(h) of the
Federal Aviation Act of 1958 (49 U.S.C. 1421-1430 and 162(h)). the
Department of Transportation Act (49 U.S.C. 101, at M.) nd the
Hazardous Materials Transporsation Act 49 U.S.C. 1801-1812). is required

to regulate safety n the transportation of hazardous materials, ncluding
radioactive materials. Pertinent DOT regulations are contained n 49
CFR Parts 100 to 17.

The roles n regulatory responsibility of RC and DOT have been delineated
in a Memorandum of Understanding (MOI) between the two agencies dated

June . 1979 ( FR 38690). The MDU does not define the specific
responsibilities of each agency n responding to transportation accidents
or Incidents. However, n all accidents, Incidents, end-nstances of

actual r suspected ege nvolving packages of radioactive material
regulated by the RC. the N assigns to RC the responsibility to act
as lead agency for investigating the cause of the leakage and preparing
a report of the investigation.

The Federal Emergency Management Agency (FDA) s responsible for preparing
a Federal adiological Emergency Response Plan (FRERP). On ceder 23. 1980.
FEMA published a 'Master Plan, for comercial nuclear power plant accidents
(45 FR 4910). Development of the FIERP. whic Is scheduled for completion
in 1984, entails revision of the 'Master Plan.' ncluding ts expansion
to ncorporate provisions for responding to all types of peacetime

radiological emergencies ncludiog transportation accidents. Availability
Of planning guidance for developing the FRERP was noticed n the Federal
Register on April 2 1983 (48 FR 19229). The FRERP will be based on
the lanning guidance end n the results of a Full Field Exercise conducted
in the vicinity of the St. Lucie nuclear Power plant in March 1984.

The response to transportation accidents Is less structured than the
rediological maergency response to accidents at licensed sites because
of the uncertainties surrounding (1) the location where the accident
occurs. (2) the diversity of authority of those who will be responding.
nd (3) the likely limited radiation knowledge of the firston-scene

responders (wo are usually local officials). The states have the
primary responsibility for protecting the health and safety of the

citizens from public hazards. Recognition of the responsibilities for
radiation hazards is reflected by the existence of on appropriately

designated state agency chartered with the responsibility of respilding
to radiological emrgencies.
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The existing Mmorandma of Understanding be en the DOT Snd the NRC

(mentioned above) assigns RC the responsibility for the regulattan and

certification of shipping containers for tiss11e uterials end

for ether radioactive materials (ther than low specific activity materials)

1n quantities exceeding Type A limits as defined n 10 CfR Part 71.

The NU assigns OT the responsibility fr regulation of most ether

aspects of nuclear transportation activities. DOT operates a National

Response Center which serves to relay Information concerning transportation

Incidents Involving hazardous materials. DOT reguletions require a

carrier, at the earliest practicable mnt. to give notice to the

National Response Center after an incident occurs during the course of

transportation n which. among Other things, fire, breakage, spillage,

or suspected radioactive contamination occurs involving shipwent of

radioactive material. Each notification of a transportation incident of

any kind s relayed by the National Response Center to the Regional

Office of the Environmental Protection Agency (EPA) for incidents on

land r to the U. S. Coast uard Captain of the Port for incidents In

navigable waters. When a reported ncident is known to involve

radioactive material, notification s also made to the Regional Coordinating

Office for Radiological Assistance of the U. S. Department of Energy

(DOE) and to the Regional Office of the Nuclear Regulatory Commission.

NRC may also becoe aware of a transportation incident through other

channels such as the shipper, the carrier, or the police or highway

patrol.

IE has stated that ODOEs Involvement s the maintenance, at about 30

sites, of ts of technically trained nclear and transportation apecialists

available to assist states, upon request, by providing desired advice

and counsel n areas where states my need assistance. Such ems are

highly professional and are equipped to provide analytical and diagnostic

Support, but not to become nvolved n Cleanup activities. Such teams

eperate under the DOE Radiological Assistance Program or the Federal

Radiological onitoring and Assesent Plan (DOE coordinated).

The C1maission nvites all interested persons who desire to submit

written coamnents or suggestions on this general stateMent of policy

to send the to the Secretary of the Comnission, United States Nuclear

Regulatory Comission, Washington, 0. C. 20555, Attenti0n: Docketing

and Service Branch by JUL 27 4

Consideration will be given to such submissions in

connection with possible future revision of the stated policy. Copies

of cments received say be exmined at the Comission's Public

Docuent Roe. 1717 H Street, N. W.. Washington, 0. C.

- Call the agency designted by the ffected State to respond

to transportation accidents involving radioactive materials

as soon as practicable to ensure that agency has been

informed of the ncident. (The State government s responsible

for assuming control of the accident scene to protect the

health and safety of the public.)

* Offer NRC technical asistance n the form of information,

advice, and evaluations to the State at the time the initial

notification s made to the appropriatr State agency.

* Assure awareness of the ncident by the DOE and other affected

agencies, including any agencies specifically designated by

the Federal Emergency Kanagement Agency.

- antin awareness of the situation until normal conditions

are restored at the scene of the accident.

- Provide nformation on packaging characteristics in response

to any ewry regarding NRC4epproved packages.

Respond to requests for information on NRC activities in

connetion with the event. Requests for specific information

on an accident normally will be referred to the appropriate

SUU agency, or to the DOE If the situation relates to

DOE activities.

* If the shipper is an NRC licensee, ensure that the shipper

provides complete and accurate nformation concerning the

radioactive material and details Of the shipent to

ergncy response personnel.

- In accordance with the NRC-DOT Neorandum of Understanding.

act es lead agency for nvestigating all accidents, ncidents.

and instances of actual or suspected leakage nvolving

packages of radioactive material regulated by the NRC. Any

NRC personnel at the scene of a transportation accident

will notify the on-scene coordinator of his or her presence

and make clear that. unless NRC assistance s requested by

the on-scene coordinator NRC activities will be primarily

limited to information collection.

- Provide recomendations to emergency response personnel n

radiological ssues f NRC assistance should be requested

by the on-scene coordinator or if a need is recognized by

IRC personnel.

Statement of NRC Policy:

In ny ccident r ncident occurring in connection with the transportation

of radioactive material in which a report Is required to be sent to the

Rational Response Center by DOT regulations In 43 CFR 171.15, NRC radiation

safety essesament actions will consist of the following.

The policy here st forth relates solely to radiological concerns.

Responding to any ttenpt to steal or sbotage a shipment of nuclear



material is a responsibility of the Federal ureau of Investigation

(FBI) as delineated in the NRC/l PorAlndurs of Understanding dated

April 27, 1979, end published Dember 20. 1979. at U F 7S53S.

Dated at Washington, D. C.. this
.4

igL day of 11.el 1.. 4 l

For the Nuclear egulatory Comission.

Secretary of the Cission.

The Cission also does not intend to vwave or relinquish its uthority
to rquire financial qualifications nformation as necessary n other
Circgwstances or to preclude 8n eception to or waiver of the Proposed rule if
special ci rcustmnces were demonstrated.

The Comission also Is seeking public Cowent on n lternative approach
which would eliminate completely fianciil qualifications r ii, rquirements
for Il license or permit applicants. Experience to dte indicates that these
reviews Probably do not provide ny significant additional assurance gi safety
beyond that provided by pre-lcensting reviews of facility structures. systems
and Components operating nd material handling procedures; and technical
qual1fications.

Written omments on the proposed amendments to Parts 2 and SO of the RC'S
regulations Should be reclened b June 1 1984. They Should be addressed to the
Secretary of the Couission. Nuclear Requlatory Commission. Washington, D.C.
20555 Attention: DoCketing and Service Branch.

Off

eta

110. 64-43
Tel. 01/492-7715

fOR tE0iATE RELEASE
(Monday. April 2 1984)

IRC PROPOSES REVISED FINANCIAL OUALIFCATIOhS REOUTIEMENTS

The nuclear Cegulatory Comission is proposing to amend its regulations
governing the financial qualifications of applicants to buId and operate
nuclear power plants.

The Cousnission eliminated its previously existing financial review
reauirements governino both applicants for operating icenses and construction
permits for nuclear power plants n amendments to ts regulations published in
March 1982. The action was challenged by the New England Coalition of Nuclear
Pollution nd others in a suit filed In the U.S. Court of Apoeals for the
District of Colubtia Circuit.

In a February ruling this yar. the court remanded the rule beck to the
Coff"ision--findin t nconsistent because the reasons advanced for
eliinatitng the requirements for electric utilities would, if supported by the
facts, apply to all license applicants. The court also found that in
promulgating the final rule, the Comnission had abandoned the premise on which
the proposed rule was based--that regulated utilities wre presumed to be
financially qualified because of their regulated status.

In effect, the proposed amendments would reinstate the previous
requirement that applicants for a construction permit be financially qualified
to conduct the activities authorized by the permit. owever, there currently
are no applications to build nuclear power plants pending and this approach
will give the Coanission n opportunity to study the matter further without
delaying a response to the court's remand.

At the operatins license stage, however, the Comnission continues to
believe that the rgulatee status of electric utilities continues to provide a
reliable basis for determining financial ualification and that a case-by-case
review is unnecessary. This view s supported by several ourt decisions which
have established the principle that, once a facility is substantially ompleted,
public tility omwissions are to set rates which Permit utilities to recover
Il reasonable costs of erving the public.

Accordingly, the proposed amendments would not require a financial
qualifications review for applicants for operating licenses who are regulated
public utilities or are uthorized to set their own rates. All other
applicants for operating licenses and construction permits would, under the
proposeds amendments, continue to be subject to case-by-cose financial quali-
fications reviews.
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