STREIVED
999 JUL -8 P 7: 18

RULES & i BRANCH STATE OF NEVADA
US NRC OFFICE OF THE ATTORNEY GENERAL
T 100 N. Carson Street
Carson City, Nevada 89701-4717 y

FRANKIE SUE'DEL PAPA ~ Telephone (775) 684-1100  THOMAS M. PATTON
Fax (775) 684-1108 First Assistant Altorney General

Altorney General
WEBSITE: http/Mww.state.nv.us/ag/
E-Mail: aginfo@govmail state.nv.us

June 22, 1999

_ Dr. Shirley Ann Jackson |
Chairman
U.S. Nuclear Regulatory Commission
Washington, D. C. 20555-0001

Re: Nevada’s Petition To Institute Rulemaking To Amend Regulations Governing
Safeguards for Shipments of Spent Nuclear Fuel (SNF) Against Sabotage and

Terrorism and To Initiate A Comprehensive Assessment

Dear Dr. Jackson:

sy

Negacfi Govemnor Kenny Guinn, on behalf of the people of the State of Nevada, has
requested that this office file the attached Petition for rulemaking with the Commission. The
Petition requests that the Commission initiate rulemaking to reexamine and strengthen its
regulations governing safeguards for shipments of spent nuclear fuel against sabotage and
terrorism in light of real world conditions.

.....

It has been nearly two decades since the Commission reviewed its regulations designed
to ensure the physical protection of spent nuclear fuel shipments. It is imperative that the
Commission factor into its regulations the changing nature of threats posed by domestic
terrorists, the increased availability of advanced weaponry and the greater vulnerability of
larger shipping casks traveling across the country.
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I respectfully urge the Commission to conduct the needed risk and consequence
assessment of the existing safeguards and security regulations to determine if changes need to
be made, publish new proposed rules for public comment, and ultimately to make the
necessary modifications to the regulations. It is my sincere belief the current regulations
expose the public across the country to unacceptable levels of risk from the transportation of
highly radioactive materials. If you need additional information concerning this vital matter,

please contact Marta Adams of my staff at (775)684-1237.
Cordially,

Qe hee (T

FRANKIE SUE DEL PAPA
Attorney General

FSDP:MA:nc

cc. Sec;recary, U.S. Nuclear Regulatory Commission
See attached list
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cc Governors :
Nevada Congressional Delegation
Attorneys General '
U.S. Dept. of Energy
U.S. Dept. of Justice
U.S. Dept. of Transportation - .
Federal Emergency Management Agency



NUCLEAR TRANSPORTATION SECURITY AND SAFETY ISSUES
' THE RISK OF TERRORISM AND SABOTAGE
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION
Before

THE COMMISSIONERS

IN THE MATTER OF THE PETITION OF THE
STATE OF NEVADA FOR THE AMENDMENT
OF THE PHYSICAL PROTECTION
REGULATIONS CONTAINED IN 10 C.F.R. 73
AS THEY RELATE TO THE SAFEGUARDS FOR)

SPENT NUCLEAR FUEL SHIPMENTS )

AGAINST TERRORISM AND SABOTAGE AND )

FOR THE INITIATION OF A COMPREHENSIVE) PETITION TO INSTITUTE

ASSESSMENT OF THE CONSEQUENCES OF ) RULEMAKING AND TO INITIATE
RADIOLOGICAL SABOTAGE ) A COMPREHENSIVE ASSESSMENT

N N N

The State of Nevada (Petitioner) hereby respectfully requests and petitions the Nuclear!
Regulatory Commission (the Commission), pursuant to 5 U.S.C. § 553 and 10 C.F.R. 2.800-804, to
exercise its rulemaking authority for the purpose of amending its regulations governing safeguards for

shipments of spent nuclear fuel (SNF) against sabotage and terrorism. Specifically, Petitioner requests

that the following regulations be amended:

(H) Design Basis Threat: “Radiological Sabotage” (10 C.F.R. 73.1(a)(1));

(2) Definitions: “Radiological Sabotage” (10 C..F.R. 73.2); '

(3 General Requirements: Advance Approval of Routes (10 C.F.R. 73.37(b)(7));

4) General Requirements: Planning and Scheduling (10 C.F.R. 73.37(b)(8));

(5)  Shipments by Road (10 C.E.R. 73.37(c)); and

6) Shipments by Rail (10 C.F.R. 73.37(d)).

Petitioner further resp;:ctfully requests and petitions the Commission, in support of the
aforementioned rulemaking to amend safeguards regulations, to conduct a comprehensive assessment
of the consequenceé of terrorist attacks that have the capability of radiological sabotage, including

attacks against transportation infrastructure used during nuclear waste shipments, attacks involving

capture of nuclear waste shipments and use of high energy explosives against a cask or casks, and

L



& 4

t 3

o

(93]

h

N 3]
h BN

o
(o)

27

direct attacks upon a nuclear waste shipping cask or casks using antitank missiles or other miljtap

weapons.
I PROPOSED AMENDMENTS TO EXISTING REGULATIONS

a

Petitioner believes that the Commission should amend the current safeguards regulations i

order to better deter, prevent, and mitigate the consequences of any arrempted radiological saborag:

against shipments of spent nuclear fuei (SNF). ~ The Commission last publicly addressed (h
consequences of terrorist attacks on SNF shipments and the adequacy of its safeguards regulations ir
1984.. Petitioner is submitting an ovérview of the Commission’s safeguards regulatory activities since
1979, and an analysis of the .Commission’s 1984 proposed rule. See Attachment A, Robert J.
Halstead ahd David J. Ballard, Nuclear Waste Transportation Security and Safery Issues: The Risk bj
Terrorism and Saborage Against Repository Shipments at 23-30 and Appendix B (October 1997)."
Petitioner believes that a general ‘Strengthening of the regulations intended fo safeguard SNF

shipments is necessary because of new developments in two critical areas since 1984: (1) changes in

the nature. of the terrorist threat; and (2) increased vulnerability of shipping casks to terrorist attacks

‘involving high-energy explosive devices. -

A. Reexamine the Design Basis Threat: “Radiological Sabotage”
The Commission should reexamine the design basis threat used to design safeguards systems
to protect shipments of SNF against acts of radiological® sabotage. Current regulations require

Y

licensees to design safeguards systems which can protect shipments against attacks involving several

well-trained and dedicated individuals, hand-held automatic weapons.-a-four-wheel.drive land vehicle.

TSR

and hand-carried equipment. including incapacitating agents and explosives. (10 C.F.R. 73.1(a)(1)(i))

The regulations also specifyv that the attackers may receive insider (emplovee) assistance (10 C.F.R.
7‘3.1(a)_( 1)_(ii)) and utili_},ﬂf_il.ﬁgtl_r;_\imcgl_dr.i‘v,c-la-nd—-v@h-i@-le-bom.b..(J,O C.F.R. 73.1(a)1)(ii)). |

Petitioner requests that the Commission clarify the meaning of “hand-carried equipment™:
within the current design basis threat. Section 73.2 does not provide a definition of “hand-carried:

equipment.” Petitioner believes that the definition of hand-carried equipment, in the hands of several

' Report prepared for Nevada Agency for ;Nucléar Projects, Carson City, Nevada
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well-trained attackers, using a four-wheel drive vehicle to carry their equipment, includes (bur is not
limited to) the following explosive devices identified in Attachment A: (1) one or more largve milim.rj.'
demolition devices, such as the U.S. Army M3Al shaped charge weighing 40 pounds: (2) ,
significant quantitv (limited only by the carrving capacity of the vehicle) of commercial explosives
packaged in crates, boxes, suitcases, or other hand-carried containers; and (3) numerous man-
portable antitank weapon svstems such as the Carl Gustav M2 recoilless gun (weight 15 kg), the

Milan antitank missile (weight 32 kg), and the infantry version of the TOW 2 antitank missile (weight,

116 kg with tripod launcher).

Petitioner fur[her‘req'uests that the Commission. as part of a comprehensive reassessment of
the consequences of terrorist attacks, éonsider amending the design basis threai 10 include use of
explosive devices aﬁd other weapons larger than those commonly considered to be hand-carried or
hapd-held, and the use of vehicles otherlthan four-wheel drive civilian land \ﬂ'ehi;:lés. Well-trained and
dedicated adversaries could conceivablv obtain and use military attéck vehicies or military aircraft
armed with bombs. m‘issiles. or other powerful weapohs. The possibility of attacks involving stolen
or otherwise diverted military weapons systéms should be given special consideration considering the

number and nature of military installations in Nevada and along the transportation corridors to

Nevada.

—

B. Reexamine the Definition éf “Radiological Sabotagek\

.. L . \.. . . »
The Commission should reexamine the definition of <tradiological sabotage. Current

regulations define “radiological sabotage” as aﬁy deliberate act “which could directly or indirectly
endanger the public health and safety by exposure to_.radiatio'n.” (10 C.F.R. 73.2) Petitioner%
requests that the Commission clarify the definition of “radiological sabotage.” Petitioner believes
that the wording “could directly' or 'indirectly endanger” implies a judgment by the Commission
regarding the consequences of the action, as opposed to the intentions of the individuals carrying out
the action. Actions against SNF shipments which are 'twded to cause a loss of shielding or a

release of radioactive materials should be included in the definition of “radiological sabotage”

regardless of the success or failure of the action.
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Petitioner also believes that the definition of “radiological sabotage™ should be amended (¢
explicitly include deliberate actions which cause, or are intended to cause economic damage or sociy!
disruption regardless of the e,\'btem to which public health and safety are actually endangered by
exposure to radiation. An incident involving an intentional release_ of radioactive materials,
especially in a heavily populated area, could cause widespread social disruption and substantia)
economic losses even if there were no immediate human casuaities and few projected latent cancer
fatalities. Local fears and anxieties would be amplified by national and international media coverage.
Adverse economic impacts would include the cost of emergency response, evacuétion.
decontamination and disposal; opportunity costs to affected individuals, property-owners, and
businesses; and economic losses resulting from public perceptions of risk and stigma effects.

C. .Reexamine Requirements for Advance Approval of Routes.

ﬂ The Commission shouid reexamine its regulations requiring advance approval of routes. The
current regulations require Commission approval of the routes to be used for rqad and rail shipments
of SNF. (10 C.F.R. 73.37(b)(7)) Advance réute approvals are part of a safeguards system designed
to “[m]inimize the possibilities for radiological sabotage of spent fuel. shipments, especially within

. .7 (10 C.F.R. 73.57(a}(1)(1)) In 1980, the Commission issued a

|

regulatory guidance document which identified five types of route characteristics that receive special|
|

heavily populated areas .

consideration when the Commission staff reviews requests for route approval: (1) routes through%
highly populated areas; (2) routes which would place the shipment or the escort vehicle in a
significantly tactically disadvantageous position (for example, tunnels which would prevent the escortl
vehicle from maintaining continuous surveillance of the shipment vehicle); (3) routes with marginal

safety design features (for example. two-lane routes, absence of guard rails, etc.); (4) routes with

limited rest and refueling locations; and (5) routes where responses by local law enforcement

agencies, when requested. would not be swift or timely."

: * U.S. Nuclear Regulatory Commission, Office of Nuclear Material Safety and Safeguards, Physical Protection of
Shipments of Irradiated Reactor Fuel: Interim Guidance, NUREG-0561, Revision 1 Washington DC: U.S: Nuclear

Regulatory Commission, June, 1980, at 20-5.
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Petitioner believes that the Corﬁmission s'hould thoroughly reexamine its advance route
approval requirements. in light of the expected dramatic increase in SNF shipments once a Federa ‘
reposvitory or interim storage facility begins operations. Neither the current physical protectjon
regulations, nor -the U.S. Department of Transportation’s routing regulations. require shippers and

carriers to minimize shipments through highly populated areas. Since 1979. the Commission has

approved many highway routes through heavily populated areas. including I-15 through Las Vegas

and 1-80 through Reno-Sparks.” A transportation risk assessment recently published by the

Commission assumes that tens of thousands of truck shipments to a repository at Yucca Mountain

could travel through Las Vegas and other heavily populated areas Qf Clark County, Nevada.*
Moreover, neither the current physical protection fegulations, nor any of the U.S. Departmemé
,
of Transportation’s routing regulations, require shippers and carriers to follow the Commission‘sE
route selection criteria as set forth in NUREG—OSél. The U.S. Department of Energy is currently
evaluating highway and rail routes to Yucca Mountain which do not comply with the Commission’s
route selection criteria. The Petitioner is submitting an analysis of highway and rail routes currently
under consideration in Attéchmem B, Planning Information Corporation, The Transportation of Spent
Nuclear Fuel and High-Level Waste: A Systematic Basis for Planning and Management at National,
Regional, -and Communiry Levels at 43-100 (September 10, 1996);5 Attachment A identifies Nevada
highway and rail routes currentl_\"under consideration which include tunnels, steep grades, sharp
curves and other features that would place shipments or escorts in tactically disadvantageous

positions; routes with marginal safety design features; routes with limited rest and refueling locations;

and routes with a low likelihood of swift local law enforcement agency response. Attachment A at 10-:

22.

3 U.S. Nuclear Regulatory Commission, Spent Fuel Project Office, Office of Nuclear Material Safety and
Safeguards, Public Information Circular for Shipments of Irradiated Reactor Fuel, NUREG-0725, Rev. 13, October, 1998,

Washington DC US Nuclear Regulatory Commission at 3-9.

U.S. Nuclear Regulatory Commission, Generic Environmental Impact Statement for License Renewal of

Nuclear Plants, Main Report, § 6.3 - Transportation, Draft Report for Comment, NUREG-1437, Vol. 1, Addendum 1, 2-

5 (February, 1999).
5 Report prepared for Nevada Nuclear Waste Project Office, Carson City, Nevada.

-5-




.

|0

(V8]

w

‘transport vehicle must be:

o

<
>

Petitioner requests that the Commission, as part of a comprehensive reassessment of the

[~3

o . .
consequences of terrorist attacks, consider amending the advance route approval requirements. The

Petitioner. believes that the Commission shéuld@ specificallv require shippers and carriers to identifyv

[=4

primary dnd alternative routes which minimize highway and rail shipments through heavily=populaicd

areas. Petitioner also believes the Commission should adopt the route selection criteria in NUREG-

10561 as part of the regulations, and specifically require shippers and carriers to minimize use of

o

routes which fail to comply with the route selection criteria.
e

)D  Amend Escort Requirements for Shipments by Road

The Commission should reexamine its regulations requiring armed escorts for SNF shipments
by road. The current regulations establish one armed escort standard for shipments “within a h‘eavil_v!
populated area” (10 C.F.RA. 73.37(1)) and a -lesser escort standard for shipments “not within a_r_1_vt
heavily populated area.” - (10 C.F.R. 73.37(2)) For puprses of régulating SNF shipments, the
Commission designates heavily pdpulated areas as urbanized areas having a population of 100,000 or
more persons, based on population data and boundaries determined by the Bureau of the Census. “A |
shipment within three miles of the boundary of a designated urbanized area, or located anywhere

within a designated urbanized area, is considered to be within a heavily populated area.”®

The current regulations require that for road shipments within heavily populated areas, the

(i) occupied by at least two individuals, one of whom serves as escort,
and escorted by an armed member of the local law enforcement agency
In a mobile unit of such agency; or (ii) led by a separate vehicle
occupied by at least one armed escort, and trailed by a third vehicle
occupied by at least one armed escort. (10 C.F.R. 73.37(1))

Petitioner requests that the Commission amend its regulations to eliminate the differential

armed escort requirements based on population. The current requirement for shipments within a

heavily populated area should be uniformly applied to all road shipments. As a matter of equity.

Petitioner believes that residents of small cities, towns, and rural areas along shipment routes are

entitled to the same level of protection as residents of heavily populated areas. As a practical matter,

* NUREG-0561, Rev.' 1, p.8
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there are many Nevada locations outside of designated heavily populated areas with significan;

population concentrations within one-half mile of a potential SNF shipment route. Many difficult-to. »

| evacuate facilitiés, such as schools, hospitals. industrial plants. shopping centsrs, hotels. and resorts.
are located immediately adjacent to potential truck shipment routes in small cities and towns. Severai
major water supplies and outdoor recreation facilities with high seasonal population densities are
located in close proximity to potential truck shipment routés in rural Nevada.

Petitioner further requests that the Commission. as part of a comprehensive reassessment ot
the consequences of terrorist attacks, consider increasipg the armed escort requirements for truck
shipments. Petitioner believes that new, high-capacity, legal-weight truck SNF shipping cask designs
may'be particularly vulnerable to attacks involving high-energy explosive devices. At a minimum, [hej

Commission should consider requiring at least one armed escort each in a lead vehicle and a chase!
{

vehicle, with one escort being a state or local law enforcement officer. The Commission's!

|

consequence assessment should evaluate the ,advantages and disadvantages of requiring the same!

i

level of protection provided for truck shipments of strategic special nuclear materials, seven armed;

escorts in two escort vehicles (10 C.F.R. 73.26(1)).

E. Amend Escort Requirements for Shipments by Rail ’,
The Commission should reexamine its regulations requiring armed escorts for SNF shipmentsi
}

by rail. The current regulations establish .one escort standard for shipments “within a heavily]

populated area™ (10 C.F.R. 73.37(d)(1)) and a lesser escort standard for shipments “not within any
l

1
i

heavily populated area.’" (10 C.F.R. 73.37(d)(2)). For purposes of regulating SNF shipments, the'
Commission designates hedvily populatéd areas as urbanized areas hﬁving a population of 100,000 or!
more persons, based on population data and boundaries determined by the Bureau of the Census. “Al
shipment within three mﬂes of the boundary of a designated urbanized area, or located anywhere
within a designated urbanized area, is considered to be within a heavilv populated area.”’

The current regulations require that for rail shipments within heavily populated areas, the

shipment car must be: “accompanied by two armed escorts (who ‘may be members of a local law

" NUREG-0561, Rev. 1, p.8.




S

(8]

2 3]
) 8]

o
$a

{

enforcement agency), at least one of whom is stationed at a location on the train that will permj

observation of the shipment car while in motion.” (10 C.F.R. 73.37(d)(1)

Petitioner requests that the Commission amend its regulations to eliminate the differentia]
armed escort reqﬁirememé for rail slhipmen;s based on population. The éurrem requirement for
shipments x’ifithin' a heavily populated area should be uniformly applied to all ra‘il shipments. In
Nevada and other \Qesrern states. many small cities and towns grew up around rail lines and rai
service facilities. In these communities, there are significant population concentrations within one-half”
mile of a potential SNF rail shipment route. In Nevada and other western states, mainline rail;oadsf

are frequently located in river valleys near major water supplies. Additionally, mainline railroads of

national economic significance may, in-and-of themselves. be as attractive targets for terrorists as;
heavily populated areas. The Union Pacific Salt Lake City-Los Angeles mainline through southern

Nevada, potentially the primary shipment route to Yucca Mountain, is a rail route of national

economic significance.

Petitioner further requests that the Commission, aS part of a comprehensive reassessment ot
the conséquénces of terrorist attacks, consider substantially increasing the armed escort require-ments
for rail shipments. Petitioner believes that new, high-capacity (125 ton) rail shipping cask designs
may be barticularl_v vulnerable to attacks im)olving antiiank missiles, and that armed escorts aboafd
the train could be incapacitated at the beginning of an attack, or as ‘a result of train derailment. At z

minimum, the Commission should consider requiring at least two armed escorts in an escort vehicle

in addition to the two armed escorts aboard the train.

Based on recent experience dur'ing the foreign research reactor SNF shipments throug
Nevada,' Petitioner believes the Commission should also c'onsider requiring cominuou‘s,b real-tim
aircraft surveillance along certain rail route segments through rough terrain and ' through heavil
populated areas. The Commission’s consequence assessment should évaluate” the advantages an
disadvantages of requiring a level of protection comparable to that provided for rail shipments
strategic special nuclear fnateria]s, seven armed escorts (10 C.F.R. 73.26(k)), stationed in a varie

of configurations aboard the train and in one or more escort vehicles.

-8-
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| safety and security. The U.S. Nuclear Waste Technical Review Board recently stated: “One possible

F. Adopt Additional Planning and Scheduling Requirements

The Commission should adopt additional planning and scheduling requirements for the
physical protection of SNF shipments based on the precautions already applied to shipments of special
nuclear materials.. The current regulations for shipments of special nuclear materials require;

Shipments shall be scheduled to avoid regular patterns and preplanned
to avoid- areas of natural disaster or civil disorders, such as strikes or
riots.. Such shipments shall be planned in order to avoid storage times
in excess of 24 hours and to assure that deliveries occur at a time when
the receiver at the final delivery point is present to accept the shipment.

(10 C.F.R. 73.26(b)(1))

Petitioner requests that the Commission, as part of a comprehensive reassessment of the

consequences of terrorist attacks, consider amending the general requirements for physical protection

| of irradiated reactor fuel in transxt (10 C.F.R. 73.37(b)) by adopting the same planruno and

scheduling requirements for spec1al nuclear material in transit.
G. Amend Regulations To Require That All Rail Shipments Be Made In Dedicated Trains

The Commission should amend its regulations for shipments by rail (10 C.F.R. 73.37(d) ) w0

require that all rail shipments of SNF be made in dedicated trains. Considering the potential large

number of cross-country rail shipments to a répository and/or storage facility, more than 12,000 rail
cask shipments of SNF and more than 1-,000 rail cask shipments of HLW, Petitioner beliéves that the
performanée objectives set forth in 10 C.F.R. 73.37(a)(1) can 6nly be met by requiring all rail
shipments to be ma.de in dedicated trains. Petitioner further requests that the Commission, as part of

a comprehensive reassessment of the consequences of terrorist attacks, consider the physical

protection implications of shipping SNF in dedicated trains compared to general rail freight service. .
Petitioner, along with other stakeholders including the Association of American Railroads, has;

long advocated mandatory use of dedicated trains for all rail sh_ipments of SNF in order to promote

approach to maximizing safety and to preventing undue burdens on the nationwide railroad network
could be the use of dedicated trains for transporting spent nuclear fuel.”S While continuing to believe

that use of dedicated trains should be mandatory, Petitioner acknowledges arguments that dedicated

8 Repo_rt to the U.S. Congress and the Secretary of Energy at 23 (January to December 1998).
-9.
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trains may pose certain disadvantages from a physical protection standpoint. For example. dedicate¢

trains may facilitate target tracking and attack scheduling by potential adversaries. and multiple casks

in a short train may facilitate target selection and weapon delivery. The Commission’s consequence

assessment should evaluate the advantages and disadvantages of shipping SNF in dedicated trains,

assuming both current and enhanced requirements for rail shipment armed escorts.

Conduct A Comprehensive Assessment Of The Consequences Of Terrorist Attacks Thar
Have The Capability Of Radiological Sabotage ,
and petitions the Commission t0 conduct 0

H.

Petitioner further respectfully requests
comprehensive assessment of the consequences of terrorist attacks that have the capability of:

radiological sabotage, including ‘attacks against transportation infrastructure used during nuclear!

|
waste shipments, attacks involving capture of a nuclear waste shipment and use of high energy!

. i ~- i
explosives against a cask or casks, and direct attacks upon a nuclear waste shipping cask or casks!
using antitank missiles or other military weapons. Petitioner is submitting a recommended general

approach for conducting such an assessment in Attachment A at 31-48. Petitioner is submitting

i
1
|
{
(
specific guidelines for assessing the consequences of terrorist attacks employing antitank weapons in|

Attachment A at 49-71.
II. GROUNDS AND INTEREST

Petitioner State of Nevada (Nevada) has been. and will likelv continue to be, a corridor state

for spent nuclear fuel (SNF) shipments. Nevada has been a destination _and origin state for SNF

H

shipments to and from federal research facilities. Aé the potential host state for a federal géologici
. |

repository and/or interim storage facility,. Nevada would be the ultimate destination for the emire%
, ~ i
nation's SNF and high-level radioactive waste (HLW). Nevada has an interest in protecting its
citizens from risks associated with the transportation of SNF and HLW. Nevada also has an interest. as

the entity responsible for immediate emergency response, in ensuring that transporters of spent nuclear

fuel have adequately prepared for potential emergencies. Nevada is particularly concerned about the

physical protection of shipments of SNF under the Commission’s regulations at 10 C.E.R. Part 73.
~ Between 1964 and 1998, Nevada was traversed by approximately 321 truck shipments and 16

rail shipments of civilian SNF to and from nuclear reactor sites, research facilities, and interim

-10-
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storagé facilities.” Nevada will likelv cominué to be a corridor state for SNF shipments to and from
the Idaho National Engineering Labcratory. Nevada. would also likelv be traversed bv SNF ship-
ments to and from the Private Fuel Services storage facility proposed for the Skull Vallev Goshute
Reservation in Utah.

Petitioner’s primary interest is the potential for many thousands of SNF and HLW shipments

to Yucca Mountain and the Nevada Test Site. The Nuclear Waste Policy Amendments Ac

(NWPAA) designated Yucca Mountain as the only site to be characterized for a national geologic
repository for SNF and HLW. Legislation pending in Congress would designate the Nevada Test-
Site as sole location for a centralized interim storage facility. According to a study prepared for thelt
Nevada Agenéy for Nucle‘ar Projects, the base case projection for repository transportation require-
ments is 20,200 shipments (13,900 rail/6.300 truck) over about 30 years. The Same study projected

56,600 to 104,500 shipments over 40 vears, for a repository combined with an interim storage

facility. See Attachment B at 61-4. A recent study prepared for the Commission estimated 50,000 to

75,000 shipments to Yucca Mountain if all civilian SNF were transported by truck. '

While repositdry shipments are not scheduled to begin until 2010 or later, the U.S.

v

Department of Energy (DOE) has already begun planning for transportation t6 a repository at Yucca
Mountain. DOE plans to release a draft EIS addressing transportation risks and impacts in July,
1999. Cross-country SNF shipments to Nevada could begin as early as 2004 if Congress enacts
interim storage facility legislation. |

Under the NWPAA. DOE is responsible for the transportation of SNF and HLW from more

than 80 generator and storage sites to the repository. Once repository and/or storage facility

operations begin. DOE shipments of SNF and HLW will impact more than 40 states, dozens of

Indian nations, and hundreds of cities and local governments. For the first time in its historv, DOE

’ U.S. Department of Energy, Nevada Commercial Spent Nuclear Fuel Transportation Erpeiienée, YMP/91-17,
5-7 (September 1991), U.S. Nuclear Regulatory Commission, Public Information Circular for Shipments of Irradiated
Reactor Fuel, NUREG-0725, Rev. 13, 6-7, 20-21, (October 1998)). An unknown number of naval reactor SNF

shipments traveled through Nevada during the same period.

' U.S. Nuclear Regulatory Cdmmission, Generic Environmental Impact Statement for License Renewal of
Nuclear Plants, Main Repori, § 6.3 - Transporiation, Drafr Report for Comment, NUREG-1437, Vol. 1, Addendum 1, 2-
5 (February, 1999).

-11-
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will ship SNF and HLW as a fuIvaregulated licensee of the Commission. The NWPAA specifically
requires that DOE transport SNF and HLW in accordance with the Commission’s regulations promu-
gated under 10 C.F.R. parts 71 and 73. Petitioner Nevada is particularly concerned about the physical

protection of DOE shipments of SNF under the Commission’s regulations at 10 C.F.R. part 73.

Spent nuclear fuel shipments to a geologic repository and/or centralized interim storace

| facility will be dramatically different from past shipments in.the United States. See Attachmen: A ar

18-22. Petitioner Nevada believes the following differences, discussed in detail in Attachment AI

will create greater opportunities for terrorist attacks and/or sabotage against SNF shipments, and may
also increase the consequences of any incidents which occur: o ’
(a) long-duration, highly visible, nationwide shipping campaign; }1
(b) regular and predictable shipments, 10 a si’nglé destination;
(c) large increase in amount of spent fuel shipped, and increased numbers of truck

and rail shipments annuallv, averaging several cask shipments per day, every day, for 30

years;

(d) substantial increase in number of active routes and average shipment distances,

with potential implications for selection of targets and attack locations;

(e) significant concentration of shipmehts along certain highway and rail routes
west of the Mississippi River, with implications for shipments through heavily populated areas
(HPAs) and through locations which place shipments in significantly disadvantageous tactical
positions; and v

| (f) potential use of routes within Nevadé with marginal safety design features,
limited rest ahd refueling locations, and low likelihood of swift local law enforcement agency
response.

Petitioner believes. that a national repository or interim storage facility may have a greater
symbolic value to terrorists as a target for attack than current at reactor storage facilities, and that the
enhanced symbolic value of the facility as a target may extend to SNF shipments to such a facility. In
its review of natiohal storage and disposal policy options, the U.S. Nuclear Waste Technical Review
Board (NWTRB) observed that compared to reactor sites “a single facility with a large stockpile of

-12-
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spent fuel might be a more tempting and visible target.”'!  Petitioner’ concurs with the NWTRB

conclusion that more analyses are needed to determine if “either an at-reactor or centralized storage
facility would be more exposed to theft or sabotage.” and that such analyses should also consider

SNF shipments to. a centralized facility. Petitioner requests that the Commission consider this issue

In rulemaking.

Petitioner furthér believes that a storage or disposal facili:[y operated by DOE., the U.S.
government agency responsible for produci;lg nuclear weapons, may have gfeater syrﬂbolic value to
terrorists as a target for attack than commercial storage facilities, and that the enhanced symbolic:
value may extend to DOE’s shipments of SNF and HLW to such a facility. In the mid-1980s, DOE‘s;;

‘ _ {
Inspector General commissioned two studies of potential terrorist threats against DOE nﬁciear}f
facilities and programs. Both reports, prepared for DOE by the Rand Corporation and published in

1986,videntiﬂed potential domestic and foreign threats to DOE nuclear facilities, and recommended

continued safeguards vigilance and further studies. l

The first study concluded:

With their greater resources and lesser political concerns, state-
sponsored terrorist groups could constitute a significant danger to
nuclear weapons sites. This not to say that the. threat from domestic
terrorist groups is negligible. On the basis of past modus operandi,
targeting, motivation. and mindset, Islamic fanatics, right-wing
terrorists. left-wing terrorists. and Puerto Rican separatists could
conceivably attack a nuclear installation.™” '

The subsequent - reassessment concluded:

Increased visibility of American nuclear programs could make them
inviting targets for disruptive and destructive missions. The increased
resources of state-sponsored terrorists (and the concomitant use by states
of terrorists as instruments of national policy) should alert policy makers
against any relaxation of the safeguards regimen. Renewed analysis of
nuclear safeguards should be actively considered, even though current
trends do not indicate any immediate or pressing danger. ~

11 Disposal and Storage of Spent Nuclear Fuel - Finding the Right Balance: A Report 1o Congress and the
Secretary of Energy at 20 (March 1996).

" Bruce Hoffman, Terrorism in the United States and the Potential Threat to Nuclear Facilities, prepared for the
U.S. Department of Energy, Rand Publication Series, R-3351-DOE, at 53 (January 1986).

"* Bruce Hoffman, et al., 4 Reassessment of Potential Adversaries 1o U.S. Nuclear Prbgrams', prepared for the
U.S. Department of Energy, Rand Publication Series, R-3363-DOE, at 25-6 (March, 1986).
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Petitioner believes that DOE SNF facilities and shipments may be peculiarly attractive targets to 2
wide range of enemies of the United States, and reguests that the C-ommission consider this issue ir
mlemaking. '
HI. STATEMENT IN SUPPORT OF PETITION

A. Request for Amendments to Current Regulations

Petitioner believes that the Commission should amend the current safeguards regulations in

‘order to better deter, prevent, and mitigate the consequences of any attempted radiological sabotage

against shipments of spent nuclear fuel. The Commission last publicly addressed the _conseduences of
terrorist attacks on SNF shipments and the adequacy of its safeguards regulations in 1984. The
Petitioner believe§ that va general strengthening of the regula(tions intended to safeguard SNF
shipments is necessary because of new developments in two critical areas since 1984: (1) changes in.
thevnamfe of the terrorist threat; and (2) increased vulnerability of. shipping casks to terrorist attacksjé
involving high-energy explosive devices. ‘ ' |

1. Changes in the hatu_re of the terrorist threat. The nature of the terrorist threat has:3

changed significantly since the Commission last evaluated the adequacy of its SNF transportation

safeguards regulations. In the decade and a half since 1984, three major changes have occurred in the

nature of the terrorist threat that argue for a strengthening of the safeguards regulations; (1) the
increasing lethality of terrorist attacks in the United States; (2) an increase in serious terrorist attacks

and threats against transportation systems; and (3) renewed concerns about nuclear terrorism

generally, and specifically, terrorist actions involving potential radioactive contamination.’

The lethality of terrorist intentions was generally down plaved at the time the Commission last’

publicly considered the consequences of a terrorist attack on a spent fuel shipment. A 1980

contractor study prepared for the Commission reported:

Pronuclear activists and the nuclear industry believe radioactive
materials, in general, are highly overrated as targets for acts of sabotage

" The following discussion is primarily based on, and documented in, Attachment A at 31 - 48; and James David
Ballard, A Preliminary Study of Sabotage and Terrorism as Transportation Risk Factors Associated with the Proposed
Yucca Mountain High-Level Nuclear Waste Facility, NWPO-TN-018-96, Published by State of Nevada Agency for

Nuclear Projects, 9-24, 34-49 (September 1997).

-14-




e

(OS]

v

| attacks with greater care.” The FBI also noted

to produce widespread death and destruction or for acts of theft for
purposes of weapons fabrication. A crude nuclear device requires
technical expertise to construct, which is usually not available in today’s
terrorist organizations. Such terrorist groups would find it easier to try
to disperse radioactive materials through other means. such as by
dvnamite. Still. it has not been the pattern of terrorist groups in the past
to kill large numbers of people or to cause large numbers of lingering
dedths. Terrorist groups have tvpically used violent means 1o make a
political staternent. “Terrorists want a lot of people watching, not a lot

of people dead.”

During’ the past few vears, however, the willingness of terrorists to kill large numbers of
Americans has been demonstrated in the World Trade Center and Oklahoma City bombings. The
Federal Bureau of Investigation (FBI) reported in 1995: “In the past year, the country witnessed the

re-emergence of spectacular terrorism with the Oklahoma City bombing. Large-scale attacks designed

to inflict mass casualties appear to be a new terrorist method in the United States.” The Oklahoma

City bombing reflected a “general trend in which fewer attacks are occurring in the United States, but

individual attacks are becoming more deadly.” The FBI voiced concern about terrorist interest in

advanced technologies and improving terrorist capabilities regarding electronic communications,
computer databases, and analysis of past events which “could prompt future terrorists to plan their
a chilling trend” in continued terrorist interest in:
“terrorists and other criminals

16 The

unconventional weapons such as biological agents, concluding that
may consider using unconventional weapons in an attack here sometime in the future.

. . . ’ . . ! . . !
willingness of terrorists to kill or injure large numbers of Amiericans, demonstrated in the World

Trade Center and Oklahoma City bombings, compels a focus on incidents which are clearly intended;

to cause, or could cause, radiological sabotage.

- America’s Achilles Heel b_\'=i

One of the most comprehensive recent terrorism studies,
|

Falkenrath, Newman, and Thayer, attributes the increasing lethality of attacks to increased terrorist

activity by “violent non-state actors:”

!

P C. Clueu, et al., Identification and Assessment of the Social Impacts of Transportation of Radioactive Materials
in Urban Environmenits, Prepared by Batielle Human Affairs Research Centers, NUREG/CR 0744, Washington D.C.:

U.S. Nuclear Regulatory Commission at 100 (July 1980).
' Terrorist Research and Analytical Center, National Security Division, Terrorism in the United States : 1995,
Washington DC: U.S. Department of Justice, Federal Bureau of Investigation at i,14-15 (no date).
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Terrorist oroups and most other non-state actors have historically had
little interest in killing large numbers of people with their attacks. and
for many non-state actors, the reasons for this aversion will remain
compelling. Nonetheless, non-state violence appears 1o be growing

~more lethal: mass-casualty terrorist attacks are becoming more frequent.
and the percentage of attacks that result in fatlities is increasing. The
best explanation for this trend is that there are increasing numbers of
violent non-state actors for whom the logic of limited lethality applies
onlv weaklyv, such as fanatical religious groups and cults. anti-American
[slamic extremists in the Middle East. right-wing chauvinists. and
loosely affiliated terrorists who lack the traditional concern mth group

preservation.
Terrorism threats against transportation systems have increased since the Commission's 1984

consequence assessment. The FBI reported in 1996:

Recently, terrorist attacks against aircraft and other transportation
~facilities, both here in the United States and abroad, have taken a
disturbing upswing. Examples include the conspiracy by Ramzi Ahmed
Yousef and others to bomb U.S. airliners in Asia in 1994; the derail- |
ment of an Amtrak passenger train near Hyder, Arizona, in October
1995, which killed 1 and injured 78; and the bombing of the World
Trade Center in February 1993, which substantially damaged the Port
Authority Transportation and Housing Railway Line. The latter is a
major commuter line running from New Jersey to New York City. At
~one point, it passes through the parking garage of the World Trade
Center Complex, where the 1,200-pound urea nitrate bomb detonated.
Less than four months later, a group of followers of Shavkh Omar
Abdel Rahman planned to use explosives to unleash a campaign of
terror in New York City. -Their targets included the Lincoln and
Holland Tunnels, major arteries into and out of New York City.
Obviously, the worldwide terrorist threat to aviation and transportation
systems still exists, both within the United States and outside.

The George Washington Bridge on Interstate 95 was one of the facﬂmes taroeted for bombm0
by the followers of Sheik Omar Abdel Rahman. The George Washington Bridge is a major gateway

from Manhattan, Long Island, and New England into New Jersey for trucks travelingvl-95 to the

South and I-80 to the West,.and has previously been used for truck shipments of irradiated reactor:

fuel and plutonium from Brookhaven National Laboratory to the Savannah River Plant in South

Carolina. The George Washington Bridge could potentially be used for truck shipments of spent fuel

from Connecticut reactors to a storage or disposal site in Nevada. Attachment A at 40-41.

'7R.A. Falkenrath, R.D. Newman, and B.A. Thayer, America’s Achilles Heel: Nuclear, Biological, and
Chemical Terrorism and Covert Attack, Cambridge, MA: The MIT Press at 214 (1998).

$ Counter-Terrorism Threat Assessment and Warning Unit, National Security, Division, Terrorism in the
United States: 1996, Washington D.C.: U.S. Department of Justice, Federal Bureau of Investigation at 24 (no date).
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Lessoﬁs learned from the 1995 Arizona derailment and previous in;idems of rail saborage
and from the Abdel Rahman transportation terrorism prevention. 4include four findings about the
intentions and capabilities of potenual adversaries: (1) their willingness to attack trains. bridges. anc
tunnels withbut warning shows a willingness if not an intention t kill. maim, and terrify tens 1
ﬁundreds of people at a time: (2) their technical expertise in planning their attacks. at least in the cas:
of the raﬂ sabotage events. may be sufficient to defeat existing warning systems; (3) their ability tc
cause accident conditions such as 50 mph collisions and 30 foot drops, demonstrates their ability to a:
least challenge the co'ntainment performance standards of NRC-certified shipping containers; and (4)
attacks on infrastructure may be carried out with use of homemade explosives and do not require the
procurement of exotic weapons to be successful. "Attachment A at 41-42.

Concerns about nuclear terrorism generally have increased significantly since the early 1990s.
Recent threat assessments have addressed potential terrorist use of nuclear weapons, potential
terrorist actions to disperse radioactive contamination using so-called “radiological weapons,” and
reactor sabotage.19 Indeed, the Commission responded to similar concerns by adopting new

safeguards regulations in 1994 to protect commercial nuclear reactors from attacks using truck

bombs.

The U.S. Interagency Counterproliferation Program Review Commitiee (CPRC) 1997 Report-
to Congress summarized potential threats resulting from terrorist acquisition of nuclear weapons and.

dispersal of radioactive materials utilizing conventional weapons. Based on extensive literature:
|

reviews, the CPRC concluded:

[N]on-fissile radioactive materials dispersed by a conventional
explosive or even released accidentally could cause damage to property
and the environment, and cause social, political, and economic
disruption. Examples of non-fissionable, radioactive materials seen in
press reports are cesium-137, strontium-90, and cobalt-60. These cannot
be used in nuclear weapons but could be used to contaminate water.

* See for example: Robert W. Marrs, “Nuclear Terrorism: Rethinking the Unthinkable”, MA Thesis, Naval
Postgraduate School, Monterey, CA (December 1994); Peter J. DiPaolo, “Motivations for Nuclear Terrorism in the
United States,” MA Thesis, Naval Postgraduate School, Monterey, CA (June 1995); Stanley S. Jacobs, “The Nuclear
Threat as a Terrorist Option,” Paper Presented at the Annual Meeting of the American Society of Criminology, San
Diego, CA (November 19-22, 1997); and Denise A. DeLawter, “Nuclear Weapons, Proliferation, and Terrorism: U.S..
Response in the Twenry-First Century,” MA Thesis, U.S. Army Command and Genera! Staff College, Fort Leavenworth,

KS (June 1998).
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nuclear warheads.

supplies, business centers, government facilities, or transportation
networks. Although it is unlikely they would cause significant numbers
of casualties. thev could cause physical disruption, interruption of
economic activity, and psychological trauma to the work force and
general populace, and require some measure of post-incident cleanup.”

Falkenrath, Newman. and Thaver conclude similarly:

The simplest radiological weapon would consist of ‘a conventonal
explosive surrounded by a quantity of any radioactive material. Crude
radiological weapons are far more accessible than nuclear weapons, and
are therefore more likely to be used by non-state actors. However,
although a radiological weapon could contaminate an area and be costly
to clean up, building and using such a weapon IS not an easy way o0
produce mass casualties. Large quantities of highly radioactive material
would generally be needed to produce strong effects over even a
moderate area. Obtaining and working with large. amounts of such
materials would be challenging because of the high radiation levels
involved. Due to widespread public fear of radiation, however, a
radiological attack might trigger panic and social .and economic
disruption out of proportion with its real destructiveness.”' ;

x
incidents by terrorist groups to date. In 1995, Chechen insurgents threatened to turn Moscow into an!

According to the C'PRC, there have been threats but no actual radiological contamination

“eternal desert” by dispersing cesium-137. ’ ' *
‘ |
. i

The Chechens directed a Russian news agency to a small amount of .
cesium-137 in a shielded container in a Moscow Park which the !
Chechens claimed to have placed there. Government spokesmen told the ;
press that the material was not a threat, and would have to have been
dispersed by explosives. to be dangerous. According to DoD
assessments, there was only a very small quantity of cesium-137 in the i
container. If it had been dispersed with a bomb, an area of the park ‘-
could have been contaminated with low levels of radiation. This could
have caused disruption to the populace, but would have posed a minimal '
health hazard for anyone outside the immediate blast area.™ '

)

The CPRC also noted that the Japanese Aum Shinrikyo cult “which twice attacked Japanese civilians;
with deadly sarin nerve gas, also tried to mine its own uranium in Australia and to buy Russian

»l3

0 Counterproliferation Program Review Committee (CPRC), Report on Activities and Programs for Countering
Proliferation and NBC Terrorism, Washington, DC: U.S. Congress, 3-4 (May 1997).

2! America’s Achilles Heel, at 15.

* Counterproliferation Program Review Committee(CPRC), Report on Activities and Programs for Countering
Proliferation and NBC Terrorism, Washington, DC: U.S. Congress, 3-4 (May 1997).

B 1bid.
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On March 2, 1999, Secretary of Energy Bill Richardson began his speech to the Nationa)

Press Club by disclosing a previously unreported threat:

The FBI receives word of a phone threat that radioactive material is
aboard an AMTRAK train in Montana and that its passengers are in
danger. Within hours. specialists including the Department of Energy's
Nuclear Emergency Search Team arrive. Both the eastbound and
westbound trains are diverted to a loneiyv stretch of track and searched
for a potential killer. This is not a plot twist in a Tom Clancy thriller
nor a figment of a Hollvwood screenwriter’s imagination. This incident
occurred February 20th, aboard the Empire Builder in central Montana.
No radioactive material was found. No one was injured. This time.™

To Petitioner’s knowledge, only two threats against spent fuel shipments have been reported
in the Upited States since 1984. In November, i984, Northern States Power (NSP) began shipping
spent fuel from the Monticello reactor north o% the Twin Cities to the General Electric storage facility,
at Morris, lllinois. On February 4, 1985, NSP corporate headquarters received a telephone threati

warning that a group of anti-nuclear protesters would use a small airplane to stop a train carrying

spent fuel from Monticello to Morris.™ On October 27, 1986 '@ person or persons unknown

removed a 39-foot long section of rail along the Burlington Northern route used for these shipments
. . 2 .. . . “
in Golden Valley, Minnesota.® Near the tracks authorities found a sign reading “Stop Rad-Waste

Shipments.” This incident did not result in damage to the train transporting spent fuel. However, a

Burlington Northern train hauling lumber, scheduled immediately prior to a train transporting spent

fuel from Monticello, derailed at the site of the sabotage. The initial investigation focused on anti-

nuclear activists and disgruntled railroad employees. Attachment A -at 37-9

The October, 1986 apparent attempted sabotage of a spent fuel shipment has not been studied;
in detail. The incident is not reported in the relevant volume of the Commission’s Safeguards@
, . |
Summary Evenr List (SSEL). The omission of this incident is curious because Governor Tony Earl of

Wisconsin, a state along the route, formally notified the Chairman of the Commission of his concerns

4 “Securing America from Emerging Threats in the 21st-Century,” Department of Energy Secretarial Speeches.,
< hutp://home.doe.gov/news/speeches99/marss/ussec21.htm > .

3 Preliminary Notification of Event or Unusual Occurrence, PNO-111-85-15, Date February 2, 1985, Subject:
THREAT AGAINST SPENT FUEL SHIPMENT, PDR, 8502080205 850201.

% Preliminary Notification of Event or Unusual Occurrence, PNO-1I11-86-123, Date October 27, 1986, Subject:
APPARENT SABOTAGE OF RAIL LINE, PDR, 8611040366-861027.
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about the reported sabotage incident and requested specific regulatory and investigative actions by the

Commission.”” The omission of the incident from the SSEL is incongruous considering that the

SSEL doés report the February 4. 1985 telephone threat.” Petitioner Nevada believés the 1986

Minnesota incident is evidence of a credible risk of terrorism or sabotage against nuclear waste
shipments, specifically damage to transportation infrastructure with the intent of causing an accident.

although there is no clear evidence that the perpetrators intended to damage the shipping casks or

cause a release of radioactive materials. Attachment A at 37-9.

Falkenrath, Newman, and Thayer point out: “The absence of attacks can be mistaken for zhel

absence of vulnerabmty, since both have identical manifestations.”® Petitioner Nevada believes that

, . ( : o
the threat of a terrorist attack on a spent fuel shipment capable of causing radiological sabotage|

should be considered credible, even though no such attacks have occurred. Petitioner requests that the
Commission judge the potential threat to-spent fuel shipments by the same standard it applied in
adopting additional safeguards regulations to protect reactors from truck bomb attacks:

NRC has concluded there is no indication of an actual vehicle threat
against the domestic commercial nuclear industry. However, based on
recent events, NRC believes that a vehicle intrusion or bomb threat to a
nuclear power plant could develop without warning in the future. To
maintain a prudent margin between what is the current threat estimate
(low) and the design basis threat (higher), NRC is amending 10 C.F.R.
73 to modify the design basis threat for radiological sabotage to include
protection against malevolent use of vehicles at nuclear power plants.”*

2. Increased vulnerability of shipping casks to terrorist attacks involving high-energy
explosive devices. Developments in two related areas have increased the vulnerability of spent fuel
shipping casks to terrorist attacks involving high-energy explosive devices since the Commission last
evéluated the adequa'cy of its SNF transportation safeguards regulations. First, the capabilities ~and

availability of explosive devices, especially antitank weapons, have increased significantly. Second,

7 Preliminary Notification of Events or Uﬁusual Occurrence, TNO-III-86-123 A, Date October 31, 1986, Subject:
APPARENT SABOTAGE OF RAIL LINE-UPDATE PDR, 8611070025 861031

Safeguara’s Summary Event List: Pre-NRC through December 31, 1989, NUREG-0525, Vol. 1, WashmOton DC:
U.S. Nuclear Regulatory Commission, at 381 (July 1992). .

¥ America’s Achilles' Heel, at 145,
** D.K. Rathbun to J. Lieberman, July 28, 1994, 73 59FR14085 PDR 9408110274 40728
: -20-
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new spent fuel shipping cask designs, developed to increase pavloads without exceeding specified
weight limits, appear to be more vulnerable to attacks involving past, current. and future weapons
systems and commercial explosives. These developments argue for a strengthening ot the safeguards’

regulations.

Portable antitank ‘weapons have become more powerful, more reliqb)e. and more available’
worldwide since the eaﬂy 1980s. This development is documented in Attachment A at 4963
Publicly available performance data on some of the better known antitank missiles is summarized ini
Attachment A, Table 5. Under. the currént deéign basis threat (10 C.F.R. 73.1(a)(1)(i)), Petitioner
believes thaf the definition of hand—carfied equipment, in the hands of several well-trained and
dedicated attackers, ‘using a four-wheel drive vehicle to carry their equiprhent, includes (but is not
limited to) all of the weapons idémiﬁed in Attachment A, Table 3.

Petitioner believes that most. if not all, of the antitank missiles identified have warheads|

capable of completely perforating a truck cask and its spent fuel cargo, and most are capable of

Publishing Limited, ar /03-115 (1996); lan Hogg, Tank Killing: Anti-Tank Warfare by Men and Machines, New York:

deeply penetrating or completely perforating a rail cask and damaging the spent fuel inside. These
weapons are designed to hit moving targets at a distance of 30 meters or more, eliminating the need
to capture the cask, and facilitating selection of optimal attack times and locations. Portability of
these weapons allows further flexibility in attack planning, including use of multiple warheads, and in
escape planning. Many different types of antitank missiles are currently being produced, in many
different countries, and in some instancés, tens to hundreds of thousands of units of particular designs
have been produced. Most older weapons have been used in battle, and newer versions have been
extensively field tested. The limitatiobns and deficiencies of specific weapons (such as backblast
effects, operator error in guidance control, guidance system failure, fuse and warhead failure) are;
known, and can be factored into a consequence assessment. Given the general trend of improved
armor penetration capability over the past four decades, it should be assumed that even more effective

weapons will become available over the next four decades when repository shipments occur. Potential

f” See also, Chris Bishop, Editor, TheVital Guide to Combat Guns and Infantry Weapons, London: Airlife

[=2=24

Sarpedon Publishers, at 54-64, 101-103, 170-202 (1996); and John Norris, Anti-Tank Weapons, London: Brassey’s Inc., at
7-8,92-95, 114-113, 130-132, 139-140 (1996).
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adversaries could obtain such weapons through a varietv of channels. including terrorist state-

sponsorship, purchase, theft, or blackmail. Attachment A at 50-7.

Under the current design basis threat for radiological sabotage. man-portable versions of the
TOW or Milan missiles, or their equivalent. should be used as the reference weapon for terrorism

Consequence.assessmem. The reference weapon should be assumed hand-carried to and from the

four-wheel drive vehicle, transported to or -near the attack site by the reference vehicle, operated by

one to three persons, capable of firing up to three missiles, with a minimum range of 75 meters and a

|

méximum range of 2,000. The reference weapon shopld‘ be assumed capable of penetrating 25 to 40
inches of armor plate steel, with a héle diameter of 3 to 6 inches. A hit—probébility of 90 percent or
greater should be assumed. Attachment A at 59-63.

Petitioner believes that SNF shipping casks are vulnerable to attacks utilizing military and
commercial explosives, particularly conical shaped charges. DOE sponsorea tests in the early 1980s
demonstrated that an attack on a truck cask using a large military shaped charge could result in a
release of one percent of the SNF cargo. Commeming on those tests in response to the NRC’s 1984
proposed reduction in transportation safeguards regulations,.the Sierra Club Radioactive Waste
Campaign took the position thét terrorists might attack a cask more effectively with commercial
e'xplosives.: “‘Sabotage of an irradiated fuel shipment cbuld be relatively fast and simple, with
explosive dévices that are commercially available. Because of its long association with the military,

Sandia Laboratories tested the military M3A1 shaped charge device, weighing 45  pounds.”

According to the Sierra Club reviewers:

(E]ffective devices weighing much less, on the order of 1 1/2 pounds
are available. A conical-shaped charge, with an incendiarv device, . . .
would be much more effective. Such a device could pierce 14 inches of
metal, thus entering and exiting a shipping cask. The interior of the
cask could be heated to 1,649 degrees C. This would ignite the
zirconium cladding, further raising the temperature until the oxygen in
the cask were exhausted. These temperatures would vaporize certain of
the radionuclides, such as cesium. These devices [conical shaped
charges] are commercially available and in use in well-drilling,
spaceship and other applications. . . . We therefore disagree with the

-22-
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NRC assumption that tens to hundreds of pounds _ Of explosives are
needed to disperse radioactivity from a shipping cask.~

Petitioner believes that the threat described by the Sierra Club reviewers in 1984 has orown

more urgent in the decade of the 1990s. Well-trained terrorists planning to capture, control, and

directly attack sp’ent fuel shipping casks are likely to use shaped charges as their weapon of ¢hojcs.

The technology of shaped charges and detonation systems, especially for applications in the

construction and petroleum industries. and for specialized purposes such as military demining. have
continued to evolve since the early 1980s. Numerous “off the shelf” military and commercial shaped
charges weighing around one kilogram are capable of penetrating 10 to 20 inches of steel.™ Shaped

charges developed for use in oil and gas well perforating are particularly powerful efficient, and

stable.** Secular oil-producing regimes such as Iraq and theocratic 011 states such as Iran would have!

ready access to commercial shaped charges, as would governments, groups and individuals in natural

gas and petroleum production regions around the world.
Petitioner believes that terrorists planning to attack transportation infrastructure are likely to

use commercial or homemade explosives, rather than military devices. Indeed, most illegal bombings

in United States are committed by perpetrators using non-military explosives. The vast majority of

commercial explosives sales are used in the mining industries, and the bulk of these sales involve

unpackaged ammonium nitrate and related explosives.” Ammonium nitrate explosives could be used

in a variety of ways to attack the transportation infrastructure used for spent fuel shipments.

New spent fuel shipping cask designs. New spent fuel shipping cask designs, developed to

increase payloads without exceeding specified weight limits, appear vulnerable to attacks involvingI

current and future military weapons systems and commercial explosives. The casks used for!

32 «Comments by the Sierra Club Radioactive Waste Campaign on Proposed Ruie 10 CFR Part 73 Modification
of Protection Requirements for Spent Fuel Shipments,” prepared by Dr. Marvin Resnikoff, cited in Attachment A at 43—,

> Paul W. Cooper and Stanley R. Kurowski, Jarroduction to the Technology of Explosives, New York: Wiley-
VCH Inc., 132-157 (1996).

* Andrew Pettitt, “Perforating - An Qilfield Application of Explosives, * in John E. Dolan and Stanley S.
Langer, Explosives in the Service of Man: The Nobel Heritage, Cambridge: Royal Society of Chemistry, 141-152 (1997).

® National Research Council, Containing the Threat from Illegal Bombings, Washmgton D.C.: National
Academy Press, 24-38 (1998).
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shipments to a repository and/or interim storage facility shipments will have different design
configurations and use different structural and shielding materials. 'compared to casks currently ip
use. and compared to the dlder casks which were assumed in the DOE and NRC sabotace
consequence assessments in the early 1980s. Some or these differences mav make them more
vulnerable to attack with armor-piercing weapons or high-energv explosives.™ |

The majority of truck shipments to a repository and/or storage facility will likely use the new
General Atomics GA-4 and GA-9 legal-weight truck casks, or new high-capacit;w' césks of similar
design. The side-to-side width of the GA-4 is 37 inches, with a shell containing‘ 2 inches of stainless
steel, 2.6 inches of depleted uranium, and 4.5 inches of borated pol_vprofayiene. The GA-9 is 35;
inche; wide, with a shell containing slightly more stainless Steel and slightly less depleted uranium.
The Petitioner believes that either of these casks would be completely perforated by an attack utilizing}
the reference antitank weapon and by most of the military weapons and commercial explosives
previously discussed. Moreover, the GA 4/9 designs differ from the casks assumed in previous DOE
and NRC radiological sabotage consequence assessments in several respects: founded square versus
circular body, polypropylene neutron shielded versus steel shelled water jacket, and depleted uranium|
gamma shield versus lead gamma shield. The first two of these differences could result in even
greater vﬁ’lnefability-to attack with the re_:ference weapon-. The elimination of the water jacket could
result in a larger release of respirable particulates.

The majority of rail shipments to a repository and/or‘interim storage facility will likely use
new high-capacity casks similar to the Nuclear Assurance Corporation NAC-TSC, the Holtec HI-
STAR 100, or the DOE—proposéd design for the large MPC Rail Transporter. The diameter of the[

NAC-TSC is about 96 inches, with a shell containing 4.1 inches of stainless steel, 3.7 inches of lead,

and 5.5 inches of borated polypropylene. The diameter of the HI-STAR 100 is about 96 inches, with
a shell containing about 7 inches of stainless steel, 2.5 inches of carbon steel, and 4.6 inches of

Holite neutron absorber. The diameter of the large MPC transportation cask is 835 inches, with a

sheH containing 5.25 inches of stainless steel, 1.5 inches of depleted uranium, 0.5 inches of lead, and

% The following discussion is based on Attachment A, at 63-9, and Marvin Resnikoff to Bob Halstead,
Unpublished Memorandum Report on HI-STAR 100 Shipping Cask Vuinerability Assessment at 1-4 (October 21, 1998).
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6 inches of borated polypropylene. Petitioner believes that all three of these casks would be easil:
breached and deeply penetrated by an attack utilizing the reference .amimnk weapon and by most o
the military weapons and commercial explosives previously discussed. Petitioner further believes tha-
all three of these casks could be completely perforated by an attack utilizing the Milan or TOW
antitank weapons. Moreover. the new rail cask designs differ from the casks assumed in previpu:
DOE and NRC radiological sabotage cdnsequence assessments in the use of polypropylene ne&tror.
shields versus steel shelled water jabkets. The elimination of the water jackets could result in a large;
release of respirable particulates.

Petitioner believes that a successful terrorist attack using large antitank missiles, such as the
Milan or TOW, or sufficient hand-carried quantities of commercial shaped charge explosives, against
a GA-4 truck cask, would cause a release of radioactive materials at least equal to the one percent
release demonstrated in the SANDIA full-scale test. A one percent release from a GA-4 cask loaded
with reference 10-vear cooled SNF would involve a source term of more than 8.000 curies, with
fission products such as Sr-90, Cs-134, and Cs-137 constituting over-a third of the total curies, and
transuranic such as Pu-241 could constitute twenty percent or more. A one percent release from a
large rail cask similarly loaded could involve more than 40,000 curies. Attachment A at 68-9..
Petitioner"is further concerned that a successful attack, éspecially on a GA-4 truck cask, could haveé
far greater radiological consequences than those calculated in previous assessments due to: (1) a
potentially larger percentage release of SNF; (2) a potentially higher percentage of respirablez
particulates and/or vaporized radionuclides; and (3) potentially more widespread dispersal \and'
deposition because of complete cask body perforzition, accompanying use of an incendiary device or

multiple high-energy explosive devices, and a potential accompanying fire from combustion of the

transport” vehicle fuel supply or another fuel source. Petitioner requests that the Commission

specifically consider these issues in rulemaking supported by a new consequence assessment.

B. Need for a Comprehensive Consequence Assessment

As-documented_in_the foregoing sections-of this petition, Petitioner Nevada is requesting that

the Commission completely reexamine the issue of terrorism and sabotage against spent nuclear fuel

and high-level radioactive waste shipments, in order to determine the adequacy of the current physical
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‘the response of spent nuclear fuel to such attacks (specifically, to determine fuel mass release from a

protection régulations under 10' C.F.R. 73, and in order to assist the DOE and thé affecte¢
stakeholders in the preparation of a legally sufficient environmental impact statement as part of the
NRC licensing process_for a geologic repository or an interim storage facility. To acc‘omplish this.
the Commission should conduct a comprehensive assessment of t'é consequences of three types of
attacks which have the potential for radiological sabotage: attacks aéainst transportation infrastructure
used by nuclear waste shipments, attacks involving capture of a nuclear waste shipment and use o
high energy expilosives against the cask, and direct attacks upon a nuclear waste shippirig caék using
antitank missiles. The consequence assessment for repository shiprﬁents shouldb be based on program-
specific and location-specific assumptions as outlined in Attachment A at 49-71, and should address
the full range of impacts of a terrorism/sabotage event resulting in a release of radioactive materials:
immediate and long-term implications for public health; environmental impacts, broadly deﬁned;f

standard socioeconomic impacts, including cleanup and disposal costs and opportunity costs to:

affected individuals and business; and so-called special socioeconomic impacts, including individual:
|

and collective psychological trauma. and economic losses resulting from public perceptions of risk!

and stigma effects.

As part of its comprehensive reexamination of terrorism/sabotage consequences, the

Commission should engage an independent technical organization with appropriate expertise to advise

the Commission on two critical 1ssues: (a) the need for physical testing, f:li-scale and/or scale modeal,|

to evaluate weapons capabilities, cask vulnerability 1o attack with high-energy explosive devices, and

cask, particle size distribution of released fuel, and special concerns associated with volatile:

radionuclides such as~€s=I34-and Cs-137); and) (b) the appropriateness of existing computer models
for evaluating near-site environmental dispersion of released radionuclides, resulting health effects,
cleanup and disposal requirements, an‘d €CONOmicC COosts.

The Commission should conduct its comprehensive reassessment of terrorism/sabotage
consequences in a forum conducive to meaningful participation by all affected stakeholders.

Commission should consider creation of a stakeholder advisory group to assist the Commission in this

task.
26-
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The Commission should publish a full report on all unclassified findings of its consequénc;
o |

reassessment, regardless of whether the Commission determines that modifications are necessary ¢
the physical protection regulations. The Commission should specifically avoid the approach followe¢
in the 1984 prop'osed rulemaking. where stakeholders and the general public were never advised o
the Commission’s findings and coﬁcluéions.

As part of the comprehensive reassessment. the Commission should reevaluate the currep:
deﬁ_nftion of .radiological sabofage used for determining inclusion of évenrs in the Safeguards
Summary Event List. Current practice apparently results in the omission of at least some potential

threats from this important risk assessment and risk management data base.

IV. - CONCLUSION

Based on the foregoing petition, Petitioner State of Nevada respectfully requests that the

Commission exercise its relemaking authority pursuant to 10 C.F.R. 2.800-2.804, by_amending 7

sp_e,ci’ﬁe~regux1a_t-i0ns—enumerated“herein*governing—savfégﬁdifor:@-pw

against:sabotage-and-terrorism—Further, Petitioner State of Nevada petitions the Commission to

conduct a comprehensive assessment of the consequences of terrorist attacks that have the capability

of radiological sabotage.

Petitioner submits that the foregoing regulatory amendments and the need for a comprehensive
assessment are necessitated by changes in the nature of the terrorist threat and increased vulnerability
of shipping casks to terrorist attacks involving high-energy explosive devices as set forth in the

petition. In the interest of safeguarding the public health, safety and welfare, the State of Nevada

urges the Commission to undertake the tasks outlined in the petition.

Dated this ;?'.Tf’day of Jiuna , 1999,

FRANKIE SUE DEL PAPA
Attorney General

44 Aoz /\L 4(4/»1./.)—-/
MARTA ADAMS

Senior Deputy Attorney General
Nevada Bar No. 1564

100 North Carson Street

Carson City, Nevada 89701
(775)684-1237

Attorneys for State of Nevada
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EXECUTIVE SUMMARY

The U.S. Senate debate on the Nuclear Waste Poiicy Act of 1996 (S. 1936) n July", 1996, reopened
the public controversy over the risk of terrorism and sabotage against spent nuclear fuel shipments.
This issue last received widespread public attention in the mid-1980s when the Nuclear Regulatory
Commission (NRC) proposed reducing the physical protection regulations designed to safeguard
shipments from terrorist attack. Senate action brought a new sense of urgency to the terrorism issue,
since cross-countfy shipments to the proposed interim storage facility in Nevada could havebegun
as early as 1999, compared to a start date of about 2010 for shipments to a repository under current

U.S. Department of Energy (DOE) plans.

The purpose of this report is to reexamine the risks of terrorism and sabotage against nuclear waste
shipments in light of developments that have occurred since the NRC last publicly addressed these
1ssues in 1984. We begin with an overview of the radiological characteristics of spent nuclear fuel
and the risks associated with spent fuel transportation. We examine the outlook for shipments of
spent nuclear fuel and high-level radioactive waste to a repository or storage facility in Nevada. We
réview and critique the NRC's assessment of the consequences of a successful terrorist attack on a
spent fuel shipping cask. We suggest an alternative approach to terrorism risk assessment,
recommend new assumptions‘for assessing the consequences of terrorist attacks using high-energy
explosive devices, and conclude with specific recommendations for actions by the NRC, DOE, and

the State of Nevada.

Nuclear Waste Transportation Risks _

The risks associated with transporting spent nuclear fuel (SNF) and high-level radioactive waste
(HLW) to a repository or centralized storage facility result from the large number of cross-couhtry
shipments required, the highly radioactive nature of the cargo, and the potentially devastating
consequences of a very severe transportation accident or successful terrorist attack. Public perception

of these risks is an additional consideration in terrorism risk assessment. The well documented public



dread of nuclear waste transportation could be a significant consideration in the selection of a nuclear

waste shipment as a target for terronst attack.

Outlook for Shipments to Nevada '

A report prepared by Planning Information Corporation (PIC) for the Nevada Agency for Nuclear
Projects (NANP) projects nuclear waste shipments to Nevada for two scenarios: a repository at
Yucca Mountain opening in the year 2010, the current DOE plan; and a storage facility at the Nevada
Test Site (NTS) opening in 1999, as proposed in S. 1936. The repository-only scenario, assuming
heavy reliance on rail, construction of a new rail spur, and use of high-capacity casks, result§ in
approximately 18,400 shipments over 30 years. The NTS storage scenario, assuming intermodal
transfers at Caliente, Nevada and much heaﬁer reliance on trucks, results in 56,600 to 104,500 totgl
shipments over about 40 years. The lower number would occur if market conditions are favorable
for the rapid deployment of a large fleet of GA4/9 casks or their equivalent and if DOE chooses to

pursue lower shipment numbers as a matter of policy.

PIC also identified the most likely cross-country routes to Nevada for two scenarios. Assuming that
Nevada does not designate alternative routes and that DOE contract motor carriers follow the
quickest routes consist with federal regulations, the primary east-west highway corridors would Be
‘I-80 from Chicago, I-70 from St. Louis, and I-15 from Salt Lake. City. The primary rail corridér
would be the Union Pacific mainlines out of Kansas City and Chicago, through Cheyenne and Salt
Lake City. PIC also identified alternative southern routes that would minimize winter weather
disruptions, avoid highway tunnels in Colorado, and reflect recent rail industry mergers and
acquisitions. PIC concluded that alternative routes like 1-40 from Nashville, Tennessee tb Barstow,
California, could be the primary east-west highway corridor and that the Santa Fe-Burlington

Northern line from Kansas City to San Bernadino could be the primary east-west rail corridor.

Shipment Characteristics Relevant to Terrorism Risk Assessment
NANP staff and contractors have used the PIC report to identify projected shipment routes and

characteristics relevant to terrorism risk assessment. Factors potentially advantageous to attackers



and disadvantageous to law enforcement and emergency response personnel include multiple
transport modes and routes, long distance shipments (average length greater thah 2,000 miles), daily
shipments (as many as 3 to 9 cask-shipments per day), routes through highly populated areas, routes
that place shipments in tactically disadvantageous poéitions, routes with marginal safety design
features, routes with limited rest and refueling locations, and routes with a low likelihood of swift
local law enforcement agency response. NANP staff and contractors have identified highly vulnerable
route segments in Nevada including: I-15 and US 95 throﬁgh downtown Las Vegas, especially the
intersection known locally as the “Spaghetti Bowl;,” the Union Pacific (UP) mainline through
downtown Las Vegas, and tunnels along the UP between Uvada and Elgin; and steep grades to and
from mountain passes along US 93, State Route 375, and US 6, the proposed heavy haul truck route

between Caliente and Tonopah.

Previous Assessments of Terrorist Attack Conseduences ‘

NRC contractor reports prepared in the late 1970s estimated that sabotage of a spent fuel shipment
in an urban area could result in hundreds of early fatalities, thousands of latent cancer fatalities, and
economic losses in the billions of dollars. NRC responded to these risk assessments by issuing interim _
physical protection requirements for spent fuel shipments in July, 1979, followed by amended rules,
10 CFR 73.37(a) through (e), effective July 3, 1980, that required advance notification of the NRC,
procedures for coping with safeguards threats and emergencies, designétion of heavily populated
areas, instructions to escorts (including usé of deadly force by armed escorts in heavily populated
areas), establishment of a communications center, maintenance of shipment logs, arrangements with
local l]aw enforcement agencies, advance route approval by NRC, avoidance of intermediate stops,

procedures for stops, escort training requirements, and periodic contacts with the communications

center

Concurrent with issuance of the new safeguards regulations, NRC and DOE sponsored further
research on the consequences of terrorist attacks. These studies included scale-model and full-scale
tests at Sandia National Laboratories and Battelle Memorial Institute to determine the effects on

shipping casks of attacks involving high energy explosive devices. These studies demonstrated that

x



terrorists using military explosives could blow a é-mch hole in the cask wazll, penetrate the cask
deeply, and disperse one percent of the fuel mass to the environment. Since only a tiny fraction of
the fuel was released in respirable form, NRC concluded that the health efects of a successful attack
would be far less than previously estimated (no early fatalities and less toan 7 latent cancer fatalities
even if the attack took place in New York City under worst case conditicns). As a result of these
tests, NRC concluded that the safeguards regulations could be reduced. NRC proposed a reduction
in regulatory safeguards in 1984 and solicited public comments, many of which were Highly critical
of the NRC’s technical analysis and rulemaking proposal. With no public explanation, the NRC
a]loived the proposed rule to lapse in 1987, ignoring the technical criticisms raised by the U.S. Army
 Ballistics Research Laboratory and other reviewers. NRC and nuclear industry representatives have‘
continued to cite the Sandia and Battelle reports as evidence that terrorist attacks pose only a minimal
threat to nuclear waste shipments. | ' |

DOE adopted these questionable research findings in the 1986 Environmental Assessment for the
Yucca Mountain repository site: “Though transportation packagings have not been spectfically
designed to mitigate the consequences of a sabotage eveﬁt, they have been shown experimentally to
limit to low levels the potential adverse health consequences to the public. Predictions based on
releases experimentally determined in both DOE and NRC studies indicate no immediate radiation-
induced deaths and a small number of latent cancer fatalities would be expected even 1n a very densély
populated area (Sandoval et al., 1983). To create the level of hazard ehcountered in the experiments,
such sabotage attempts would have to be performed by trained experts, and precise placement of the

explosives in the most vulnerable positions would be necessary.”

The NRC’s 1984 terrorism assessment is fundamentally flawed because it fails to fully evaluate the
consequences of the total amount of spent fuel released to the environment by a terrorist attack using
explosives. Neither logic nor evidence support the NRC’s contention that the “consequences of an
act of sabotage would be a direct function of the quantity of spent fuel that would be released in
respirable form [particles having a diameter of less than four microns].” The Sandia full-scale test
may or may not have represented a worst case attack, but it did demonstrate that a successful attack

using a less than optimal weapon could disperse 1% of the casi contents (more than five pounds of



.

spent fuel fragments) from a truck cask containing one irradiated PWR assembly. The NRC health
eﬁecté analysis considered only the fraction of an ounce of material released as a respirable aerosol’
and ignored the human health, environmental, social, and economic consequences of the total release,
certainly in excess of 2,000 curies, and the intense gamma and neutron radiation emitted from the
damaged cask. Even if the blast damage and contamination zone were confined to an area within 100
meters distance (an area of about 8 acres), the consequences of such an attack in a highly populated
urban area certainly deserve a more thorough assessment than that conducted by the NRC and 1ts

contractors.

The NRC analysis was deficient in other respects. First, the NRC failed to consider the social and

psychological impacts of a successful terrorist attack. Second, the NRC failed to consider the

‘standard economic impacts including business losses and cleanup and disposal costs. Third, the NRC

failed to consider the potentially enormous economic losses resulting from stigma effects and
percerved risks. Finally, the choice of cask, reference weapon, and mode of attack assumed by Sandia
and Battelle did not represent a credible worst case scenario in the early 1980s and are even less

representative today.

Preferred Approach to Assessing the Risks of Terrorism and Sabotage Against Repository
Shipments ' . ‘ |
Events since 1984, especially the increasing lethality of terrorist attacks in the United States, argue

for a new, more comprehensive assessment of the risk of terrorism and sabotage against repository

'shipments. At the same time, changes in spent suclear fuel shipping cask designs and improvements

in the capabilities of weapons available to potential adversaries make the NRC’s 1984 terrorism

assessment increasingly irrelevant.

A comprehensive assessments should, at a minimum, evaluate potential consequences and impacts
of three types of actions: (1) actions to disrupt shipments without causing damage to the cask; (2)

actions to induce severe accidents, possibly causing damage to the cask and release of contents; and



(3) attacks on shipping casks that are clearly intended to cause a significant release of radioactive

matenals.

The willingness of terrorists to kill or injure large numbers of Americans, demonstrated in the World
Trade Center and Oklahoma City bombings, compels any current assessment to focus on incidents
that are clearly intex.1ded to cause, or could cause, radiological sabotage. The FBI's Terrorism in the
United States: 1995 reported: “In the past year, the country witnessed the re-emergence of |
spectacular terrorism with the Oklahoma City bombing. Large-scale attacks designed to inflict mass
casualties appear to be a new terrorist method in the United States.” The Oklahoma City bombing
reflected a “general trend in which fewer attacks are occurring in the United States, but individual

attacks are becoming more deadly.”

Actions to induce severe accidents. A comprehensive terrorism/sabotage risk assessment must
consider that: transportation infrastructure used by spent nuclear fuel shipments could be attacked
by a range of adversaries including antinuclear activists, political terrorists, and transportation
industry personnel; that rail and/or highway infrastructure could be targeted; and that attacks could

occur at urban and/or rural locations.

Lessons learned from pfevioué incidents of sabotage against passenger trains and highway

infrastructure, particularly insights into the intentions and capabilities of the attackers, must be applied

to the assessment of potential attacks on infrastructure used by nuclear waste shipments. These
lessons include: (1) attacks on trains, bridges, and tunnels without warning that shdw a willingness
if not an intention to kill, maim, and terrify tens, hundreds, or thousands of people at a time; (2) the
attackers technical expertise, at least in the case of the rail sabotage events, has been sufficient to
defeat 'existihg technical countermeasures, such as electronic warning systems; (3) the attackers
success in causing accident conditions such as derailments at speeds of 50-60 miles per hour,
followed by 30 foot drops, demonstrates their ability to at least challenge the containment
performance standards of NRC-certified shipping containers; and (4) future attacks on infrastructure



may be carried out with use of home-made explosives and do not require the procurement of exotic

weapons to be successful.

A comprehensive ierroxisrim/sabotage risk assessment must consider a range of responses by the cask
and its contents to the forces generated by an attack on transportation infrastructure components.
Such a comprehensive assessment is difficult because of the absence of full-scale physical test results
for the new cask designs that will be used for repository shipments. ‘Under such conditions as
hypothesized above, there may be no signiﬁcant likelihood of a loss of cask shielding or containment.
For example, the simple derailment of a single rail cask car, even at a maximum normal operating
speed of 50 to 70 miles per hour, would probably not result in a significant radiological exposure or -

release of contents, absent unexpected human factors.

On the other hand, high-speed derailment of a rail cask car or cars could result in a significant
radiological exposure or release of contents if coupled with other déngerous conditions, such as
collision with a massive rock face or outcrop, collision of the cask side midpoint against a bridge
support column, fall from a high bridge or trestie, tumble down a steep canyon wall, or rupture of a
collocated petroleum or natural gas pipeline. The derailment and pile-up of a dedicated train could
subject a cask to considerable impact and crush forces from the locomotives and other casks. In
addition, supplexﬁental attack tactics like the use of explosives to éreate a boulder slide or collapse

a rail tunnel could also subject casks to severe crush forces.

Attacks on shipping casks. A comprehensive terrorism/sabotage risk assessmeﬁt must consider
direct attacks on casks with a range of high-energy explosive devices, with and without capture of
the cask, by a range of potential adversaries with widely differing objectives and capabilities.
Adversaries capable of capturing and controlling the cask and transport vehicle could attack the cask
with a variety of devices, including military demolition charges, commercial conical shaped charges,
commercial _cutting charges, or a massive diesel fuel and fertilizer truck bomb. Attackers may well
be able to control the cask for a period of 30 to 120 minutes, for example, by threate;ling to kill the

driver, train crew, escorts, or other hostages. Given sufficient time, the attackers may be able to



increase the effectiveness of their weapons, for example, by removing an impact limiter and applying
explosives directly to the cask closure lid, by removing the persennel barmer and applying explosives

around the middle of the cask, or by applﬁng multiple charges at different points.

Adversaries could use a variety of weapons to attack a cask without the necessity of capturing it.
Remote-controlled or self-detonating mines could be used against either truck or rail shipments. Man-
portable mortars, rifle-fired grenades, recoilless guns, and a variety of anti-tank missiles could be used
to attack shipments while in transit, in some cases from a distance of hundreds or thousands of
meters. It is also conceivable that adversaries could obtain and use military aircraft or attack vehicles
armed with bombs, missiles, cannons, or other powerful weapons. The risk of attacks involving
stolen or otherwise diverted military weapons systems must be given special attention considering the
number and nature of military installations in Nevada and‘along the transportation corridors to

Nevada.

A number of different adversary profiles must be considered. Potential perpetratofs include domestic
and foreign polin'éa.l terrorist groups and individuals, radical antinuclear activists, disgruntled nuclear
or transportation industry employees, organized criminal enterprises, and foreign governments. The
individuals actually carrying out attacks may have much greater technical expertise than assumed by
those compiling their profiles. The attackers may very well be current or former military or civilian
explosives experts. During wartime, declared or undeclared, the attackers could be enemy military
personnel or specially trained agents. A comprehensive assessment should test different combihatiohs
of weapons capabilities and attacker capabilities and objectives because each combination could result

In greater or lesser consequences.

A sufficient repository transportation risk assessment must, at a minimum, consider two scenarios:
an attack in which the cask is captured, penetrated by one or more explosive devices, and releases
a significant amount (at least one percent) of its radioactive contents; and an attack in which the cask
is perforated by one or more armor-piercing rockets or missiles and releases a significant amount (at

least one percent) of its radioactive contents.

[y



Guidelines for Assessing the Consequences 6!’ Terrorist Attacks Employing Anti-tank Weapons
The consequences of a successful terrorist attack involving armor-piercing weapons or other high
energy explosive devices will constitute one of the most important components of a comprehensive
assessment of the risk of terrorism against repository shipments. A new consequence assessment 1s
necessary because the assessments conducted by DOE and NRC contractors in the late 1970s and
early 1980s are methodelogically deficient and based on assumptions that do not accurately represent
the types of shipments likely to be made to a repository (or storage facility) in the first decade of the

21st century and the threats those shipments will face.

A meaningful terrorism consequence assessment must employ assumptions consistent with
information about the weapons currently available, and weapons likely to become available, to
potential adversaries and the technical and tactical expertise of potential adversaries. It must employ
assumptions consistent with current DOE spent fuel and high-level waste transportation plans,
particularly as those plans determine the characteristics of the shipping casks that will be used and
the charactenistics of the spent fuel shipped. In order to be legally sufficient for purposes of the
Yucca Mountain Environmental Impact Statement, a new and comprehensive terrorism consequence
assessment must employ credible worst case assurﬁptions about the timing and location of a potential
attack, weather conditions during and after the attack, and other assumptions consistent with the
actual characteristics of the routes most likely to be used for shipmehts to a repository or stdrage site

in Nevada.

Portable anti-tank missiles should be the reference weapon for the follewing reasons. munitions,
range, and availability. First and foremost, virtually all of the available anti-tank rockets and missiles
have warheads capable of completely perforating a truck cask and its spent fuel cargo and are capable
of deeply penetrating (if not completely perforating) a rail eask and damaging the spent fuel inside.
These weapons are designed to hit moving targets at a distance of 30 meters or more, eliminating
the need to capture the cask, and facilitating selection of optimal attack times and locations.
Portability of these weapons allows further flexibility in attack planning, including use of multiple

warheads, and in escape planning. Many different types of anti-tank missiles are currently being



produced in many different countries and, in some instances, tens to hundreds of thousands of units
of particular designs have been produced. Most older weapons have been used in battle, and newer
versions have been extensively field tested. The limitations and deficiencies of specific weapons
(backblast effects, operator error in guidance control, guidance system failure, fuse and warhead
failure) are known and can be factored into the consequence assessment. Potential adversaries could
obtain anti-tank weapons through ‘a varety of channels; including terrorist state-sponsorship,

purchase, theft, or blackmail.

A new consequence assessment should evaluate a terrorist attack using anti-tank weapons at Jeast
equal to current versions of the U.S. TOW and French Milan missiles. For purposes of scenarno
development, the reference weapon should be assumed to be man-portable, operated by one to three
. persons, capable of firing up to three missiles, vﬁth a minimum range of 75 meters and a maximum
range of 2,000. The reference weapon should be assumed capable of penetrating 40 inches or more
of armor plate steel with a hole diameter of 3 to 6 inches. Based on U.S. Army experience with tHe _

TOW, a hit-probability of 90 percent or greater should be assumed.

A future-oriented risk assessment must acknowledge that the shipping casks used for repository
shipments will have different design configurations and use different structural and shielding materials |
than the casks that were assumed in the DOE and NRC conseciuehce assessments. Some of these
differences may make them more vulnerable to attack with armor-piercing weapons or high-energy
explosives. The new casks will also have significantly larger payloads, resulting in larger source term

amounts available for release even when loaded with ten-year old spent fuel.

The GA 4 cask Should be used as the reference truck shipment target. The NAC-TSC should be
used as the reference rail shipment target. With side-to-side widths of 37 inches and 96 inches,
respectively, the GA 4 aﬂd the NAC-TSC appear to represent the softest targets among ihe new
casks designed to transport PWR SNF, the predominant waste type in the projected repository
inventory. The GA 4 truck cask design has nearly completed the NRC certification process. The
NAC-TSC has completed the NRC certification process.



The spent fuel shipped to a) repository or centralized storage facility will have different radiological
and physical characteristics and will be shipped in larger quantities per cask than was assumed in the
DOE and NRC consequence assessments. The spent fuel radionuclide inventorv (calculated
according to initial enrichment, burnup, and cooling time) and the quantity of spent fuel (weight‘ and
number of assemblies) per package determine the total amount of radioactivity (the source term) that
could be released in a terrorist attack. The physical characteristics of the spent fuel and its response
to blast impact and heat, particularly the fracture characteristics and the size distribution of particles,
determine the potential amount of radioactive materials released from the cask, their dispersion,

health and environmental impacts, and cleanup requirements.

The reference spent fuel for terrorism consequence assessment should be a 10-year-cooled, medium-
high burnup, Westinghouse PWR assembly. A GA 4 truck cask loaded with 4 assemblies of the
reference fuel would represent a total radioactivity of about 850,000 curies. A NAC-TSC rail cask
loaded with 26 assemblies of the reference fuel would represént a total radioactivity of about 5.5
million curies. In either case, but especially in the case of the large rail cask, a terrorist incident
resulting in a one percent release of cask contents would have radiologicél consequences far greater

than those assumed in the outdated DOE and NRC consequence assessments.

For purposes of the Yucca Mountain Environmental Impact Statement, a new and comprehensive
terrorism consequencé assessment must employ credible worst case assumptibns about the timing and
location of a potential attack and weather conditions during and after the attack, consistent with
characteristics of the routes most likely to be used for shipments to a repository or storage site in

Nevada.

Combinations of location, timing, and weather conditions are important determinants of impacts on
public health and safety, environmental qualify, business activities, and property values. These factors
determine the number of people initially exposed to incident consequences, the nature and duration
of exposure to incident consequences (especially exposure to released radionuclides), and the timing

and effectiveness of emergency response activities.



Given current routing assumptions, the consequence assessment should evaluate an attack on a truck
or rail shipment at an urban location in metropolitan Clark County. The a_ssessinent should assume
that the attack occurs during heavy evening commuter traffic congestion or during a nighttime special
event. Credible severe weather scenarios for Clark County include a 12 hour period of sustained
winds in excess of 30 miles per hour and 6 or more inches of rain during a 24 hour period. Immediate
special concerns would be the evacuation of as many as several hundred thousand visitors and
residents and the potential contamination of hotel, resort, and casino properties worth billions of

dollars. -

The consequence assessment should alsd evaiuate an attack on a rail shipment at a rural location
between Las Vegas and the Utah-Nevada state line. The assessment should assume that the attack
occurs at a time when emergency response would be slowed or delayed by other events or limited
personnel, for example during a weekend or on a major holiday. The assessment should assume
worst-case weather conditions appropﬁate for the postulated attack location. If the attack occurred
- along a route segment subject to flash flooding, - a credible severe weather scenario would be 6 or
more inches of rain dﬁridg 24 bours. Immediate special concerns, depending upon the postulated
location of the attack, could include contamination of Indian reservation lands, private residences,
agricﬁltural lands, and Lake Mead (a major recreational resource and water supply source for
Arizona, California, and Nevada). ‘ ' ‘
Recommendations to the NRC, DOE , and the State of Nevada
The NRC should completely reexamine the issue of terrorism and sabotage against spent nuclear fuel
and high-level radioactive waste shipments, in order to determine the adequacy of the curreht physical
protectibn regulations under 10 CFR 73 and in order to assist the DOE and the affected smkeholde}s
in the preparation of a legally sufficient environmental impact statement as part of the NRC licensing

process for a geologic repository or an interim storage facility.

The NRC should conduct a comprehensive assessment of the consequences of three types of attacks
that have the potential for radiological sabotage: attacks against transportation infrastructure used -



* by.nuclear waste shipments; attacks involving capture of a nuclear waste shipment and use of high
energy explosives against the cask; and direct attacks upon a nuclear waste shipping cask using anti-

tank missiles.

The NRC should engage an independent technical organization with appropriate expertise to advise
the Commission on: the need for physical testing, full-scale and/or scale modeL to evaluate weapons
capabilities, cask vulnerability to high-energy explosive devices, and the response of spent nuclear
fuel; and the appro;;n’ateness of existing computer models for evaluating near-site environmental
dispersion of released radionuclides, resulting health effects, clearmp and disposal requirements, and

€Conomic COsts.

The NRC should conduct its comprehensive reassessment of terrorism/sabotage consequences in a
forum conducive to meaningful participation by all affected stakeholders. NRC should consider the

- creation of a stakeholder advisory group to assist the NRC in this task.

The NRC should publish a full report on all unclassified findings of its conséquence reassessnient,
regardless of whether the Commission determines that modifications are necessary to the physical

protection regulations.

The NRC should reevaluate the current definition of radiological sabotage in the Safeguards

Summary Event List.

DOE should evaluate the impacts of terrorism and sabotage against spent fuel and nuclear waste
shipments in the Yucca Mountain repositbry environmental impact statement (EIS) and in any EIS
prepared for an interim storage facility. The impacts of a terrorism/sabotage event resulting in a
reléase of radicactive materials include: immediate and long term public health effects; environmental
impacts, broadly defined; standard socioeconomic impacts, including cleanup and disposal costs and
opportunity costs to affected individuals and businesses; and so-called special socioeconomic impacts,

including economic losses resulting from perceptions of risk and stigma effects.



DOE should incorporate terrorism/sabotage risk management and countermeasures in all DOE
transportation plans and contracts relating to operation of a repository, interim storage facility, and/or

intermodal transfer facility.

DOE should prepare a comprehensive report on the liability for costs and damages resulting from
terrorism/sabotage against nuclear waste shipments under the Price Anderson liability system and

private nuclear insurance coverage.

The State of Nevada should participate in any NRC terrorism/sabotage consequence asse'ssment
and/or rulemaking proposal and should continue to address terrorism/sabotage issues as part of its

oversight of DOE site characterization activities, EIS preparation, and transportation planning.

The State of Nevada should, as part of its oversight of DOE activities, address Nevada-specific
issues such as State and local enforcement agencies preparedness for terrorism/sabotage incidents;
impacts of terrorism/sabotage incidents on rural communities, including outmigration; and impacts

on Native American communities.

The State of Nevada should, as part of its oversight of DOE activities, continue to address larger
transportation terrdrism/sabotage issues, such as the comparative vulnerability of at-reactor storage
versus shipment to and storage/disposal at centralized facilities and consequences of attacks on

infrastructure and shipping casks.



_INTRODUCTION

On July 31, 1996, the U.S. Senate debated the Nuclear Waste Policy Act of 1996 (S. 1936),
a bill sponsored by Senators Craig, Johnston, and Murkowski. S.1936 proposed that the U.S.
Department of Energy (DOE) construct and operate an interim storage facility for spent
nuclear fuel and high-level radioactive wastes at the Nevada Test Site, while continuing
studies to 'determine the suitability of the nearby Yucca Mountain site for a permanent
geologic repository. One of the most contentious portions of this debate addressed the risks
of terrorist attacks on spent fuel and nuclear waste shipments to Nevada, shipments that could
begin as early as 1999 under the provisions of S. 1936. Perhaps the most extraordinary
aspect of this debate was that both the proponents and the opponents of the bill agreed that
terrorists could breach a spent fuel shipping cask with high energy explosives or anti-tank

weapons, resulting in a release of highly radioactive materials. The major point of

- disagreement was over the consequences of a successful terrorist attack.[Ref-1] The Senate

debate reopened a controversy that had last received widespread public attention in the mid-
1980s when the Nuclear Regulatory Commission (NRC) proposed reducing the security

regulations designed to protect spent nuclear fuel shipments from terrorist attack.

This report begins w1th an overview of the radiological characteristics of spent nuclear fuel
and the risks associated with spent fuel transportation. We examine the outlook for spent fuel
and high-level nuclear waste shipments to Nevada for two scenarios: a repository beginning
operations in 2000; and an interim storage facility beginning operations in 1999. We then
review and critique the NRC’s assessment of the consequences of a successful terrorist attack
on a spent fuel shipping cask. We suggest an alterrlative approach to terrorism risk
assessment, recommend new assumptions for assessing the consequences of terronist attacks
using high energy explosives, and conclude with specific recommendations for actions by the

State of Nevada, the DOE, and the NRC



NUCLEAR WASTE TRANSPORTATION RISKS

While there have been several potentially serious accidents involving spent fuel shipments,

there have been n: radioactive releases since the early 1960s and 1no radiological injuries or
- deaths. Why then should nuclear waste transportation risks receive such special attention
compared to other hazardous materials shipménts? The answer is found by examining the
potential near-term increase in the number of shipments, major changes in the nature of the
shipments, the radiological characteristics of spent fuel, and the potential consequences of

transportation incidents and accidents involving spent fuel.

During the past decade and a half, nuclear utilities and research facilities in the United States
have made relatively few shipments of irradiated reactor fuel, more commonly referred to as
spent nuclear fuel (SNF). According to the NRC, nuclear utilities and research facilities made
1,306 shipments containing 1,335 MTU (metric tons uranium) of SNF between 1979 and
1995.[Ref. 3] During the same period; DOE made several hundred shipments of naval reactor
and foreign research reactor SNF and several dozen shipments of SNF from commercial
reactors and reactor core debris from Three Mile Island to DOE facilities in Idaho and South
Carolina. The DOE shipménts were not regulated by NRC and are therefore not included in
the NRC data presented in Table 1.

Table1

U.S. Spent Nuclear Fuel Shipments, 1979 - 1995
« Amount Shipped: 1,335 MTU (79 MTU/year)

« Total Shipments: 1,306 (77 Shipments/year)

« Truck Share of Shipments: 89% '

» Rail Share of MTU: 75%
» Average Rail Shipment Distance: 346 miles (79% less than 500 miles)

« Average Truck Shipment distance: 678 miles (82% less 900 miles)

Source: Reference 3
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.. DOE currently plans to begin shipping SNF from nuclear power plants to a geologic

repository about the year 2010. Legislation pending in Congress could start SNF shipments
as early as 1999 or 2000. Each and every year, for three or four decades, DOE will ship more
highly radi'oactivev waste and spent nuclear fuel, and make more shipments, than the entire
U.S. nuclear industry has shipped in the past two decades. The average distanée for rail
shipments will increase six times, and truck shipments will be three times longer than in the
past. ’These dramatic incréases in the number and length of fumre shipments challenge the
relevancy of the nuclear industry’s past safety record. In particular, the longer distances will
create additional opportunities for equipment failure and human error and additional exposure

to accidents caused by other vehicles, by infrastructure failures, and by bad weather.

Spent fuel from commercial nuclear reactors is expected to make up about 90 percent of all
the material shipped to the repository or storage facility. Figure 1 shows a typical commercial
fuel rod and fuel assembly. Because there are dozens of different fuel assembly designs, and
since each batch of irradiated fuei has somewhat different radiological chéracteristics, DOE
has designated “reference” fuel assemblies for system planning purposes. About two-thirds
of the SNF will come from pressurized water reactors (PWRs), with the remainder coming
bmostly from boiling water reactors (BWRs). The “refereﬁce" PWR assembly is about 13 feet
long, 8.5 inches wide and deep, and holds a.lniost 300 long, thin rods filled with fuel pellets
containing 0.46 metric tons of uranium (MTU). The “reference” boiling water reactor (BWR)

assembly has a somewhat different configuration and contains less uranium fuel (0.19

~ MTU).[Ref. 2]

The shipping casks currenﬂy in use require different fuel baskets for different types of SNF.
New cask designs may have separate versions for PWR and BWR shipments. Truck casks
similar to that shown in Figure 2 have been used for the majority of SNF shipments in the
United States. Since rail casks have larger payloads, most of the SNF, when measured by

weight, was actually shipped in rail casks similar to that shown in Figure 3.
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Figure 1. Nuclear Reactor Fuel Rod and Assembly

Note that loaded casks mounted on truck trailers or rail cars are usually covered by a.
personnel barrier which conceals the distinctive shape of the SNF casks. Federal regulations
require a placard outside the personnel barrier that clearly ‘identiﬁe's the material being
shipped. Current generation shipping casks could, and probably will, be used for some
shipments to a repdsitory or interim storage facility, especially during the first decade of
operatfons. The majority of repository shipments are expected to use new, high-capacity
casks that carry four or five times larger payloads. The new cask designs have major

implications for terrorism risk assessment, which will be discussed later in this report.



Figure 3. Current Generation Rail Spent Fuel Shipping Cask

Fuel assembly and cask design differences aside, all of the spent fuel shipped to a federal
storage or disposal facility will be highly radioactive for thousands of years and thermally hot



-for hundreds of years. Nuclear fission inside the reactor transforms some of the oﬁginal
uranium fuel into other uranium isotopes, isotopes of plutonium and other transuranic
elements, and fission products éuch as strontium-90 and cesium-137. Fission products
account for most of the radioactivity in spent fuel for the first hundred years after removal
from the reactor and are the major source of radiological concern during storage and
transportation operations. Fission products, which emit both beta and gzirhma radiation, are
the primary sources of exposure during routine operations and the major potential source of

irradiation and contamination in the event of an accident or terrorist attack that breaches the

cask. [Ref. 2]

DOE plans assume that spent fuel will be cooled in storage at reactors for ten years on
average before shipment to a repository. SNF shipped to an inferim storage facility (ISF)
could be cooled as little as five years. Table 2 summarizes the two most important
radiological characteristics of SNF for assessing transportation risks, total activity and surface
dose rate, as a function of cooling time br age. Even after 10 years in storage, spent fuel is
still extremely dangerous.[Ref. 4] While the radioactivity in the “reference” PWR fuel
assembly has declined from more than one million curies to about 180,000 curies, the
remaining strontium-90 alone would be sufficient to contaminate Lake Mead (23 trillion
gallons) lbeyond permissible drinking water standards. A person s'ianding one yard ziway from
an unshielded, 10-year-old fuel assembly would receive a lethal dose of radiation(500 rem)
in less than three minutes. A thirty-second exposure(100 rem) at the same distance would

significantly increase the risk of cancer or genetic damage.[Ref. 2]

Table 2 . ,
Radiation Characteristics of a Spent Fuel Assembly (33,000 MWd/MTU burnup)
Age (Years) Activity (curies/assembly) Surface Dose Rate (rem/hr)

1 2,500,000 234,000
5 600,000 46,800
10 400,000 _ 23,400
50 100,000 | 8,640

Source: Reference 4
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- One measure of nuclear waste transportation risk is the potential exposure to members of the
public from a truck shipment caught up in a traffic gridlock incident. There is no damage to
the cask, but since NRC regulations allow emissions of 10 mrem/hour at 2 meters from the
cask surface, passengers trapped in elevated vehicles (such as vans or buses) next to the cask

could, according to DOE, receive exposures equivalent to several medical X-rays.[See Figure

4]

Figure 4

Exposure to Members of the Public in “Gridlock” Incident
DOE Assumptions:

. Group located 1 meter from vertical plane of trailer

. 4 - 8 people in vehicles closest to trailer

. Grnidlock lasts 2 - 4 hours

. No remedial action tvo ‘move group members

. Exposure rate to group: 5 - 10 mrem/hr

DOE Conclusions: |

. Exposure to group member: 10 - 40 mrem |

Source: Reference 5

A second measure of nuclear waste transportation risk is the potential consequence of a
severe accident involving a very small release of cask contents. A DOE study prepared in
support of the 1986 Environmental Assessment for the Yucca Mountain repository site
evaluated the consequences of such an accident in a rural area and concluded that cleanup

costs could exceed half a billion dollars. The results are summarized in Figure 5.



Figure 5 |

Consequences of a Rural Transportation Accident Resulting in Release

. Scenario: Rail Cask (14 PWRs), High-Speed Impact, Long-Duration Fire, Fuel
Oxidation ' '

; Release : 1380 curies of Co-60, Cs-134, Cs-137

. Area Contaminated: 42 Square Miles

. Clean-up Time: 460 Days

. Clean-up Cost: $620 Million

Source: Reference 6

The probability of an accident severe enough to cause even a small release of radioactivity 1s
extremely low. The DOE study previously cited estimated the probability of the very severe
rail accident at no more than two accidents per million shipments. [Ref. 6] Spent fuel
transportation accidents and incidents have occurred, however, and the number will likely

increase if past trends continue.

Between 1957 and 1964, there were 11 transportation accidents and incidents involving spent
fuel shipments by the U.S. Atdmic Energy Commission and its contractors. Several of these
incidents resulted in radioactive releases requiring cleanup, including coolant leakage from
a rail cask in 1960 and from a truck cask in 1962. There is no comparable data for the period
1964 to 1970, when utility shipments to reprocessing plants began.[Ref. 7] Between 1971
and 1990, there were six accidents and 47 incidents involving spent fuel casks. Three
accidents (two truck, one rail) involved casks loaded with spent fuel. No radioactivity was
released in these accidents. Most of the reported incidents involved excess radioactive

contamination on cask surfaces, a result of the so-called “weeping” phenomenon on casks

loaded and unloaded in wet storage pools. [Ref. 8]

Based on the 1971-1990 data, DOE calculated accident and incident rates for commercial
spent fuel shipments to a repository. For truck shipments, DOE calculated 0.7 accidents and
10.5 incidents per million shipment miles. For rail shipments, DOE calculated 9.7 accidents

.7



- and 19.4 incidents per million shipment miles. DOE compared these accident rates to the
accident rates for large commercial trucks and freight trains in general service and concluded
that the general truck and rail accident rates should be used for repository tranSportation risk
and impact studies. DOE recommended using a truck accident rate of 0.7-3.0 accidents pér '

million shipment miles and a rail accident rate of 11.9 accidents per million shipment mules.

[Ref 8]

The number of accidents and incidents likely to occur during sbent fuel shipments to a
repository can be obtained by multiplying these rates by the expected cumulative shipment
miles over the life of the repository for two scenarios studied by Planning Information
Corporation (PIC). [Ref. 9] If two-thirds of the shipments to a 'repository are made by rail,

- about 175 to 355 accidents and 425 to 925 réportable regulatory incidents would be expectéd '
over 30-40 years. If nine-tenths of the shipments are made by rail, about 185 to 250 accidents
and 355 to 550 reportable regulatory incidénts would be expected over 30-40 years.

The Stéte of Nevada has identified a number of unresolved nuclear waste transportation safety
issues.[Ref. 2] Two are of particular importance to terronism risk assessment. First, the
Department of Energy has made ﬁo commitment to full-scale testing of the new, high-capacity
truck and rail shipping casks that will likely be used for shipments to a federal facility.
Second, the Department of Energy has made no commitment to use dedicated trains, leaving

open the possibility that spent fuel casks will be shipped in mixed freight trains.

An additional consideration in terrorism risk assessment is the public’s perception of nuclear
waste transpdrtation risks. An extensive body of public opinion survey li.te:ature. has
documented that the public believes spent fuel transportation is very hazardous.[Ref.10] In
Nevada, a majority of survey respondents believe that accidents are likely to occur and that
the shipments cannot be made safe from terronist attack.[Ref.11] The well-documented
public dread of nuclear waste transportation could be a significant consideration in the

selection of a nuclear waste shipment as a target for terrorist attack.



- OUTLOOK FOR SHIPMENTS TO NEVADA

Under contract with the Nevada Agency for Nuclear Projects, Planning Information
Corporatioﬁ of Denver recently prepared a report on the outlook for nuclear waste shipments
to Nevada for two scenarios: a repository at Yucca Mountain opening in the year 2010, the
current plan; and a storage facility at NTS opening in 1999, as proposed in S. 1936. [Ref.9]
Past NWPO analyses have focused on shipments to a repository. The new PIC report
assumes that, for the repository- only scenario, shipments would begin in 2010; they would
be primarily rail shipments; and truck shipments would use new, high-capacity casks. This
scenario assumes a rail line to Yucca Mountain, nb intermodal facility, and a total of 18,400

shipments over 30 years.[See Table 3]

Table3

Outlook for Shipments to a Repository at Yucca Mountain (Current Plan)
° Shipments Begin: 2010

. SNF Modal Mix: 12% Truck, 88% Rail

. Casks: New Designs, High-Capacity

. Rail Access to Repository: Yes

. Intermodal Transfer Facility: No

Total Cask Shipments
X Legal-Weight Truck: 6,200
«  Rail 12,200
Combined Total: | 18,400

Source: Reference 9

Under the legislation proposed in 1996, shipments to an interim storage facility (ISF)
would have begun in late 1999. Legislation currently pending in Congress, H.R 1270 and
S.104, would begin shipments in 2002 and late 2002 or early 2003, respectively. Except
for the shipment start date, the essential transportation details assumed for S.1936 in the

10
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. PIC report are the same as for HR.1270 and S.104, and the PIC analysis of shipment

numbers, modes, and routes applies equally to S.104 and H.R.1270.

S.104 and H.R 1270 would be expected to shift the modal mix heawvily to truck. For the

first five years or so, many truck shipments could be made using lower capacity, current
generation casks such as the NAC LWT. The bills do not provide for construction of rail
access, although rail access might be constructed at a later date. An intermodal transfer
facility would be constructed at Caliente, Nevada, where large dual-purpose casks would
be delivered by rail, then transported by heavy haul trucks on hundred and fifty foot long
trailers to NTS. The total number of shipnﬁents to and within Nevada could increase
dramatically. Depending on the capacity of the legal weight truck casks, there could be
56,600 to 104,500 total shipments. The lower number would occur if market conditions
are favorable for the rapid deployment of a large fleet of GA4/9 casks or their equivalent.
[See Table 4] ‘

The PIC report also identified the most likely cross-country routes to Nevada for two

scenarios. Assuming that Nevada does not designate alternative routes and that DOE

~ contract motor carriers follow the quickest routes consistent with federal regulations, the

primary east-west highway corridors would be I-80, 1-70, and I-15. The base case
primary rail corridor would be the Union Paciﬁc mainjines out of Kansas City and
Chicago, merging in Gibbon, Nebraska, and coﬁtinuing west through Cheyenne and Salt
Lake City. These routes are shown in Figure 6. |

11



.Table 4
Outlook for Shipments to an Interim Storage Facility and Repository

(Proposed)

. Shipments Begin: 1999

. SNF Modal Mix: 35% Truck, 65% Rail

»  Casks: Current Designs, Current Capacity

. Rail Access to Repository: No
o Intermodal Transfer Facility: At Caliente
. Total Cask Shipments Current Casks  (New Casks)

Legal-Weight Truck: _ 79,300 (31,400)
Rail: | 12,600 (12,600)
Heavy Haul Truck: , 12,600 (12,600)
Combined Total: 104,500 (56 ,600)

Source: Reference 9

PIC also identified alternative southern highway routes that might be used if DOE and its
contractors seek to minimize winter weather disruptio'ns for trucks using 1-80 and 1-70
through the Rocky Mountains and to avoid a legal fight with the State of Colorado over
shipment restrictions through the Eisenhower and Glenwood Tunnels. PIC also identified
an alternative southern rail route that considered recent ré.il industry mergers and
aéquisitions and considered the possibility that the Union Pacific might seek to avoid
nuclear waste shipments along its high-traﬁc-dehsity mainlines through Nebraska. Under
| these circumstances, PIC concluded that ]-40 could be the primary east-west highway
corsidor and that the Santa Fe-Burlington Northern line from Kansas City to San

Bernadino could be the primary east-west rail corridor. These routes are shown in Figure

7.
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Figure 6. Base Case Nuclear Waste Transportation Routes to Nevada
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~ PIC also identified the most likely nuclear waste routes W1thm Nevada for the base case and
southern routing scenarios. Under the base case, about 85 percent of rail shipments enter
Nevada oﬁ the Union Pacific line from Utah, with the remainder entering from California and
traversing downtown Las Vegas. [See Figure 8] Under the southern routing scenario, about
two-thirds of the rail shipments enter Nevada from California on the Union Pacific line
through Las Vegas. [See Figure 9] If no rail spur is constructed, rail casks would be moved
by heavy haul trubks (HHT) from Caliente to NTS by one of several possible highway routes.
Under the base case, the majority of legal-weight truck shipments would travel I-15 from
Utah and Arizona to the Las Vegas intersection with US 95, known locally as the Spaghetti
Bowl. Under the southern routing scenario, the majority of truck shipments would enter

Nevada from California on I-15 and proceed to the Spaghetti Bowl.

In the absence of a State of Nevada designation of alternative routes, the vast majority of
truck shipments from reactors in the eastern U.S. would traverse the Las Vegas Valley en
. routeto Yucca Mountain or NTS. The Nevada Department of Transportation (NDOT) has
identified a number of possible é.ltemative highway routes that would avoid the Spaghetti
Bowl. Some of the potential alternatives (Craig Road and State Route 160), would still affect
the Las Vegas Valley. Nevada designation of the so-called NDOT B Route would shift the
~ point of entry to West Wendover off of I-80 from Utah and route the majority of shipments
through northeastern and central Nevada on US 93A, US 93, US 6, and US 95. Many
observers believe that political pressure from Clark County will result in the eventual
designation of the NDOT B Route. To date, NDOT has not formally designated any
alternative routes for spent fuel shipment, and it ca.n_riot be assumed that NDOT will
deéignate any alternative routes because of legal liability issues and because the risk factors
for some alternatives are changing (for example, rapid population growth near West
Wendover). Until NDOT formally designatés different routes, the base case routing
assumption is that shipments will come through the Las Vegas Valley on I-15 and US 95.

15



- Figure 8. Base Case Nuclear Waste Transportation Routes in Nevada
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'SHIPMENT CHARACTERISTICS RELEVANT TO TERRORISM RISK
ASSESSMENT ' |

Based on the outlook for shipments to Nevada developed by PIC, it is possible to identify
certain characteristics of these shipments that are particularly relevant for terrorism risk

assessment. These characteristics are summarized in Figure 10.

Figure 10

Shipment Characteristics Relevant to Terrorism Risk Assessment
. Multiple Modes and Routes

* . Long Distance Shipments (>2,000 miles)

. Daily Shipments (3 - 9 per day)

. Routes through highly populated areas

. Routes that place shipments in tactically disadvantageous positions
. Routes with marginal safety design features

. Routes with limited rest and refueling locations

. Routes with low likelihood of swift local law enforcement agency response

Multiple Modes and Routes. Under any of the scenarios identiﬁéd, spent fuel and high-level
nuclear waste will be traveling to Nevada, and within Nevada, by multiple transport modes
_and routes. Any potential adversary will therefore have ia variety of transportation targets and
attack environments from which to choose. Those responsible for protecting shipments will
have to defend a number of different routes (some exceeding 300 miles in length) and

different locations in different parts of the State. .

Long Distance Shipments. The overwhelming majority of rail and legal weight truck
shipments to Nevada will be long distance shipments of 2,000 miles or more. This is
particularly important for truck shipments. On average, truck drivers and their equipment will
have been on the road for 40 to 60 hours by the time they get to Nevada. Driver fatigue and

18



- equipment performance will have to be considered in any meaningful assessment of shipment
vulnerabﬁity. Likewise, fatigue could be a‘cc.)ncern for shipments and‘shipment escorts within
Nevada along the NDOT B Route for legal weight truck shipments, elong all of the heavy
haul truck routes from Caliente to NTS, and for rail shipments within Nevada if an access

spur is constructed along the Carlin or Caliente routes.

Daily Shipments. Spent nuclear fuel and high-level waste will be shipged to and within
Nevada on a daily basis for 30 years or more, a period of almost 11,000 days. Depending |
upon the scenaﬁo, Nevada can expect between two and nine Shipments from out-of-state
every day for 30 years. In addition, if Congress mandates the operaﬁon of an intermodal
transfer facility at Caliente, Nevada can expect an average of one or two heavy haul truck
shipments every day for 30 years. Compared-to the relatively small numbers of past and
current spenf nuclear fuel shipments, the frequency and regularity ef shipments to a storage
facﬁity or a repository will create enormous opportunities v‘for_ any potential adversaries.
Those shipments will have to be protected from terrorism and sabotage every day for at least
11,000 days. |

The NRC has identified five types of route characteristics that receive special consideration
when NRC staff review routes for approval pursuaﬁt to 10 CFR 73: (1) routes through highly -
populated areas; (2)- routes that would place the shipment or the escort vehjcle In a
significantly tactically disadvantageous position (for example, tunnels that would pfevent the ‘
“escort vehicle ﬁ'omvmajntaining continuous surveillance of the shipment vehicle); (3) foutes
with marginal safety design features (for example, two-lane routes, absencerof guard rails,
etc.'; (4) routes with limited rest and refueling locations; and (5) routes where responses by
local law enforcement agencies, when requested, would not be swift or timely.[Ref. 12] The
Nevada routes likely to be most heavily used for shipments to Yucca Mountain or NTS
exhibit many of the aQoidance factors identified in the NRC safeguards regulations and

regulatory guidance document.

1
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. Routes through highly populated areas. Under both the base case and the southern

alternative routing case, the primary highway and rail routes traverse downtbwn Las . Vegas.
The NRC Guidance Document specifically identifies Las Vegas (and Reno) as a highly
populated area for safeguards route evaluation purpdses. The ten-mile corridors along the
I-15 and US 95 routes through Las Vegas contain almost one million people. The estimated
nonresidént population of the same corridors is over 300,000 and includes all the major hotels
and casinos of the Las Vegas Strip. Indeed, the estimated nonresident population within the
one-mile corridor along I-15 from California is over 110,000. [Ref. 13,14]

Routes that placé shipment vehicles in significantly tacticaily disadvantageous

positions. NRC has specifically identified the presence of tunnels as a disadvantageous route

characteristic. Tunnels are a prominent feature of the Union Pacific mainline through
southeastern Nevada, the most likely route for shipments using a newly constructed
repository rail access spur or an intermodal transfer facility at Caliente. There are eight
tunnels on the Union Pacific route between the Utah-Nevada border and Caliente and seven
tunnels between Las. Vegas and Caliente on the route through Meadow Valley Wash and
Rainbow Canyon. Rail shipments along the Union Pacific mainline in northern Nevada, which

. could be a primary route if a new repository access spur originates between Carlin and Battle

Mounta'm, would travel through as many as five tunnels aﬁér entering Nevada at West
Wendover. [Ref. 15]

The State of Nevada believes that the definition of route features that result in a significantly
tactically disadvantageous position should explicitly include the steep grades and sharp curves .

typically associated with high mountain passes on western highways. There are numerous
examples along the NDOT B Route [White Horse Pass, Currant Summit, Black Rock '

Summit, Sandy Summit, Warm Spn'ngs Pass, Tonopah Summit, Goldfield Summit, Stonewall '

Pass] and along the proposed HHT route from Caliente to NTS [Oak Springs Sumanit, Pahroc -

Summit, Hancock Summit, Coyote Summit, Queen City Summit]. These grades, often as

steep as 5 to 7 percent, require trucks ascending passes to slow down to speeds of 35 miles

N
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. per hour or less in good weather. Even slower speeds are required during winter storms.
Cautious driving is also required when tractor trailers descend from these summits. Both the
steep grades and the sharp curves associated with these passes will make continuous visual
contact between the shipment vehicle and any escort vehicles difficult. More importantly, the
slow speed of trucks climbing these grades, combined with grade lengths of four to six miles
or more, will make shipments more vulnerable to attack while moving. The terrain along
these route segment§ frequently includes dropoffs into deep canyons or river valleys that
would make response to an attack or recovery of a cask, damaged or not, quite difficult. The
rough terrain, coupled with the remoteness and isolation of many highway segments, would

provide potential attackers with hiding places and escape routes.

The State of Nevada also believes that the steep grades and sharp curves along certain rail
routes may place nuclear waste shipments at a significantly tactically disadvantageous
position. One such route segment of particular concern is located along the Union Pacific
mainline between Crestline and Calierlte, where the track elevation drops from 6000 feet to
4250 feet over a distance of about 37 miles. [Ref. 15] Under the current base case routing
scenario for shipments to an intermodal transfer facility at Caliente, this segment could be the

most heavily traveled nuclear waste rail route in the United States. -

Routes with marginal safety design features, limited rest and refueling locations, and
limited law enforcement response capabilities. For truck shipments, the NRC route
selection criteria cléa_rly prefer interstate highways because of their advanced safety design
features, specifically, divided highwlays,‘ guard rails, and limited access. In Nevada, the
v preﬁent preferred routes, I-15 to Las Vegas, and US 95 from Las Vegas to Mercury, meet the
NRC'’s standards for “good transportation safety design features.” The most likely state:
alternative routes identified to date, and the most likely HHT routes between Caliente and
NTS, do\ not meet the NRC route selection criteria. To the contrary, the likely alternative
routes are.almost exclusively two-lane highways with narrow road shoulders, limited guard -

rails, and virtually unlimited access (espécially if the potential adversaries are equipped with

21



_ off-road vehicles). Moreover, the only routes in Nevada likely to meet the NRC standards
for rest and réﬁleling locations and swift law enforcement response capz-zbﬂiﬁes are the routes
through the §tate’s most heavily populated areas. Indeed, the potenial alternative routes,
especially the NDOT B Route, are characterized by long segments yuy: '[ 0 60 miles in length)
where there are no safe parking areas, no refueling facilities, and very limited local law

enforcement response capabilities.

22



- PREVIOUS ASSESSMENTS OF TERRORIST ATTACK CONSEQUENCES

In the early 1980s, NRC and DOE sponsored research on the consequences of terrorist
attacks on spent nuclear fuel shipping casks. These DOE and NRC research studies were
designed to address concerns raised by earlier government reports, particularly a 1977 draft
assessment by Sandia National Laboratories, Transport of Radionuclides in Urban Environs,
which concluded that sabotage of a truck cask could result in several tens of early fatalities
and hundreds of latent cancer fatalities and that sabotage of a rail cask could result in
" hundreds of early fatalities and thousands of latent cancer fatalities. [Ref. 16] A revised and
expanded version published in 1980 as Transportation of Radionuclides in Urban Environs:
Draﬁ Environmental Assessment [SAND79-0369/NUREG/CR-0743] reduced the estimated
consequenées, but still concluded that a successful attack using high-energy explosives 1n a
highly populated area could cause hundreds to thousands of casualties. Radiological health |
effects were expected to be pﬁman'ly early morbidities (illnesses appearing within weeks after
exposure) and latent cancer fatalities. Early radiological fatalities w.ere not expected because
“those close enough to receive lethal radiation doses would be killed by the explosion.” The
study considered releases of 10% to 25% of the noble gases (primarily Kr-85) and 0.07% to
0.2% of the solids as respirable material from a truck cask containing three 150-day cooled
PWR fuel assemblies and a rail cask containing 10 PWR assemblies. For an attack releasing
1,000 to 11,000 curies of the cask contents in respirable fofm in an industrial area, the
economic costs of e(mergency response, recovery and cleanup, and denial of use of
contaim'nated property were ‘estimated to range from $500 million to $3.0 billion (in 1979
dollars). The cost estimate did not include the “indirect sociopolitical, economic or litigation

“costs of the loss (however temporary) of the business, finance and government facets of an

urban area ... ." [Ref. 17]
Acknowledging the potential threat, NRC issued interim physical protection requirements for

spent fuel shipments in July, 1979. NRC subsequently issued a proposed rule, took public
comments, and promulgated an amended rule as 10 CFR 73.37(a) through (e), effective July
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3, 1882, This rule established the current system of physical protection requirements

includirg advance notification of the NRC, procedures for coping with safeguards threats and

>

emergencies, designation of heavily populated areas, instructions to sscorts (including use of
deadly force by armed escorts in heavily populated é.reas), establishment of a communications
center, maintenance of shipment logs, arrangements with local law enforcement agencies, A
advance route approval by NRC, avoidance of intermediate stops, procedures for stops,
escort training requirements, and periodic contacts with the communications center.
Additional requirements specific to road, rail, and sea shipments were established. NRC
issued an interim guidance document, Physical Protection of Shipments of Irradiated Reactor
Fuel [NUREG-0561, Rev. 1], in June, 1980, to explain the new requirements to potential
shippers and carriers. [Ref. 12] '
( .

Meanwhile, NRC and DOE sponsored additional research on the consequences of terrorst
attacks and/or sabotage involving high-energy explosives. NRC stated‘ that additional
research was needed because the original draft report that “prompted issuance of the
protection requirements, contained estimatés that were unavoidably subject to large
uncertainties due to a lack of technical data,” and even with the lower consequences estimated
by the subsequent report, “a significant degree of uncertainty still remained that could be
resolved only by further study and experiments.” The experimental program was premised
on two critical assgmptions: “(1) that consequences of an act of sabotage would be a direct
function of the quantity of spent fuel that would be released in respirable form [particlés
having a diameter of less than four microns], and (2) that the only credible means of
malevolent generation of respirable particles would be through the use of a large quantity
(tens to hundreds of pounds)‘of high explosives skillfully applied.” [Ref. 16] Both of these

assumptions would later be challenged.

NRC sponsored a series of scale-model tests and laboratory analyses conducted by Battelle
Columbus Laboratories to assess the response of shipping containers and irradiated spent fuel
to attacks with explosives. The results were published iz: October, 1982. [Ref. 18] DOE “
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. sponsored a separate but coordinated program of studies, including one full-scale and several
, scale-model tests at Sandia National Laboratories. Those results were published in October,
1983.[Ref. 19] Many reviewers considered the full-scale test conducted at Sandia the most
important aspect of the entire research program, and the test assumptions, instrumentation,
data collection and analysis, and interpretation of results later became the subject of
considerable controversy. Inside a pressurized containment vessel, a General Electric TF-200
truck cask containing an unirradiated fuel assembly was attacked with a military shaped
charge, the U.S. Army M3A1. The results, illustrated in Figures 11 and 12, demonstrated
that casks could indeed be breached by military gxplosives and that a cbnsiderable fraction of
spent fuel could be released by such an attack, although only a small fraction of the release

consisted of respirable particles.

i
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Figure 11.  Sandia Full-Scale Test: Schematic of Test Configuration

Immediately After Detonation
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Figure 12

Sandia Full-Scale Test: Scenario and Summary of Results

. Scenario: Terrorists Attack Truck Cask Containing 1 PWR Assembly with HED
(M3A1)

. Hole Diameter: 152.5 mm (6.0 inches)

. Fuel Rods Damaged: 111 of 223 (50%)

. Fuel Mass Fractured: 20.82 kg (10%)

. Fuel Mass Released: 2.55 kg (5.6 pounds) (1%)

. Released as Aerosol: 2.94 g (1/10 ounce)

Source: Reference 19

In summanzmg the findings of these experiments, NRC maintained its focus on the release
of respirable particles. Irradiation and contamination as a result of the loss of shielding and
the dispersal of larger particles of spent fuel were ignored, perhaps because these events had
been downplayed in Sandia’s revised urban tra.nsportatioh study. [Ref. 17.] For example, in
a pamphlet designed to educate the general public about the safety of spent fuel shipping
casks, NRC summarized the findings thusly: “A shipping cask has been subjected to attack
by explosives to evaluate cask and spent fuel response to a device 30 times larger in explosive
weight than a:typical anti-tank weapon. This device would carve an approximately 3-inch
diameter hole tbrough the cask wall and the contained spent fuel and is estimated to cause the
release of 2/100,000 of the total fuel weight (~10 grams of fuel) in an inhalable form.” [Ref.
20]

Based on these findings, NRC dramatically reduced its estimate of the consequences of a
successful terrorist attack. NRC-sponsored researchers “found that the average radiological
consequence of a release in a heavily populated urban area such as New York City would be
no early fatalities and less than one (0.4) latent cancer fatality. ... For the most densely
populated area studied (up to 200,000 persons per square mile), at evening rush hour on a

business déy, and in the most unfavorable location for a release, the calculated radiological
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-.consequence (peak consequence) ... is no early fatalities and less than three (2.9) latent
cancer fatalities. ... the releases and health consequences for a three-assémbly cask are
calculated to be, at worst, double those for a single-assembly cask. The presence of
additional assemblies in a cask would increase the likely release, but only in proportion to the
number of assemblies that lie in the roughly straight line path of the jet. For more than three
PWR assemblies (a fully loaded rail cask could contain 10 PWR assemblies), the upper bound
release would likely increase roughly in proportion to the square root of the total number of
assemblies contained in a cask.” NRC added that DOE-sponsored studies confirmed that the
“peak consequence” of a 17 gram release “in a heavily populated area such as New York City”
would be “no early fatalities and about 7 latent cancer fatalities” for a single-assembly cask

and double that amount (14 latent cancer fatalities) for a three-éSsembly truck cask. [Ref. 16]

Based on these new research findings, the NRC concluded that the consequences of a terrorist
attack on most shipmenfs of irradiated reactor fuel no longer justified the strict physical
protection requirements adopted in 1980. While retaining the original requirements for
shipments of spent fuel éooled less than 150 days, the NRC, in June, 1984, proposed
eﬁminating certain requirerﬁents for other Shipments: armed guards for shipments through
highly populated areas, advance review and approval 6f shipping routes, advance notice to
local law enforcement agencies along routes, and periodic communications between escorts
and a communications center while shipments were under way.[Ref. 16] Since fuel cooled
less than 150 days was unlikely to be shipped under normal circumstances, the proposed rule
for all intents and purposes eliminated major physical protection requirements for all

anticipated spent fuel shipments.

The NRC published its proposed rule and a summary of the research findings in the Federal

Register on June 8, 1984. The notice allowed 90 days for written comments, but the NRC
apparently accepted comments as late as January, 1985. At least 32 parties submitted more
than 100 pages of comments in response to the notice. Maﬁy commenters not only opposed

the proposed rule, but also submitted detailed criticisms of the research findings upon which
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. the proposed rule was premised. The NRC never publicly responded to thése criticisms. No
final rule was issued, although the proposed rule was never formaliy withdrawn. On January

”"

20, 1987, the NRC Executive Director of Operations “terminated activity on this rulemaking.
[Ref. 21]

Because of the manner in which the rulemaking was terminated, the DOE- and NRC-
spbnsored research findings and the NRC’s interpretation of those findings were never fully
debated in a public forum Figure 13 summarizes the major criticisms raised by commenters
in response to the Federal Register notice and afterwards. A draft study prepared for the
Nevada Agency for Nuclear Projects concluded that the NRC had seriously underestimated
the potential damage to the cask and spent fuel and the potential health effects of the resulting

release of radioactive matenials. [Ref. 22]

Figure 13

Primary Criticisms of the NRC’s 1984 Terrorism Consequence Assessment
| and Proposed Rule _

. NRC underestimated potential damage to cask and spent fuel

. NRC underestimated potential health effects of attack resulting in release

. NRC did not evaluate standard economic impacts of attack resulting in release

. NRC did not evaluate special social and ¢-onomic impacts of attack resulting in

reléase _
. NRC terminated rulemaking without explanation or response to comments
* - NRCand VDOE continue to use findings as basis of terrorism risk assessment .

A detailed discussion.of these criticisms is beyond of the scope of this article. However, three
issues deserve special attention here. First, NRC failed to evaluate the consequences of the
full amount of spent fuel released to the environment by a terrorist attack using explosives.
Neither logic nor evidence support the NRC’:  :ntention that the “consequences of an act of

sabotage would be a direct function of the quantity of spent fﬁel that would be released in
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- respirable form [particles having a diameter of less than four microns].” [Réf. 16] The Sandia
full-scale test may or may not have represented a worst case attéck, but it did demonstrate
that a successful attack could disperse 1% of the cask contents, more than five pounds of
spent. fuel fragments, from a cask containing one irradiated PWR assembly.- The NRC’s
approach to such an event would be to evaluate only the health effects of the fraction of an
‘o'unce of material released as a respirable aerosol and to ignore the human health,
environmental, economic, and social consequences of the total release, which would likely
iﬁvolve about 2,000 curies, and the gamma and neutron radiation emitted from the damaged
cask. Even if the blast damage and contamination zone were confined to an area within 100
meters, an area of about 8 acres, the consequences of such an attack in a highly populated
urban area certainly deserve a more thorough assessment than that conducted by the NRC and

its contractors. [Ref. 23]

Second, the NRC failed to consider the potentially severe social impacts of a successful

terrorist attack. This omission is difficult to understand, since NRC was 2 major sponsor of
social impact research in the late 1970s, and an NRC contractor report published in 1980

warned that a successful terrorist attack could “produce large psychological consequences.

Closé friends or relatives of those who were killed or injured would experience intense grief,

possibly prolbnged by the belief that the deaths were preventable. Those individuals who

were contaminated could experience anxiety about long-term health effects, which could

cause other mental health problems such as loss of sleep and loss of appetite. Although these
impacts would be limited to those directly affected by the event, media coverage would be
widespread and belief changes would likely occur nationwide.” [Ref. 24]

The same report reviewed the psychological, social, legal, and organizational impacts of
“malevolent acts” against radioactive materials transportation, and concluded: “...a successful
event in any urban area, such as terrorists threatening and carrying out the sabotage of a
shipment of high-level radioactive material with subsequent dispersal, could cause widespread

social impacts. - Such events would produce many of the same impacts as a serious vehicular
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.accident, except that causal attribution would be different. In uddition, individuals in the
community would undergo more fear and anxiety, because of the terrorist component, than
would be the case for a vehicular accident. This could i.ud to sl disruption. News
coverage of such an event would be extensive and widespread, serving as motivation for
existing organized groups locally and nationally to step up their opposition to nuclear power
generally and to transportation specifically. Ambiguities about responsibility at the 1ocai, state,
and federal level for the response to such an event would become apparent, and, after the.
event, would likely become more clearly delineated through new statutory or regulatory

requirements.” [Ref. 24]

Third, DOE uncritically adopted NRC’s terrorism risk findings and proposed reduction 1n
safeguards regulations as part of its 1986 environment assessment (EA) for the Yucca
Mountain repository candidate site. After reviewing the NRC and DOE-sponsored studies
and NRC’s 1984 proposed rules, DOE’s Yucca Mountain EA concluded; “Though
transportation packages have not been specifically designed to mitigate the consequences of
a sabotage event, they have been shown experimentally to limit to low levels the potential
adverse health consequences to the public. Predictions based on releases experimentally
determined in both DOE and NRC studies indicate no immediate radiation-induced deaths and
a small number of latent cancer fatalities would be expected even in a very densely populated
area (Sandoval et al., 1983). To create the level of hazard éncountered in the experiments,
such sabotage attempts would have to be perfoﬁned by trained experts, and precise placement
of the explosives in the most vulnerable positions would be necessary.” DOE’s EA added
reassuringly: “In order to protect the health and safety of the public, the packaging of

shipments made to a repository will be as strong as those used in the experimental studies.”

[Ref. 25]
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PREFERRED APPROACH TO ASSESSING THE RISKS OF TERRORISM
AND SABOTAGE AGAINST REPOSITORY SHIPMENTS '

In 198.8, NWPO hired,an independent contractor, Mountain West Research (MWR) of
Phoenix, Arizona, to prepare a comprehensive high-level nuclear waste transportation needs
assessment (TNA). MWR assembled an expert study team which identified and prioritized
major issues to be addressed in the State of Nevada nuclear waste transportation impact
asSessment program. The TNA described and cn’ﬁqued DOE’s planned transportation
system, developed a set of preferred management options that Would maximize safefy and
minimize adverse impacts to Nevada,. and recommended an interdisciplihary study plan for

transportation impact assessment, risk communication, and risk management. [Ref. 26]

As part of the TNA, MWR developed a set of preferred managemeht options for the physical
protection of spent nuclear fuel and HLW shipments to a centralized geologic repository.
From the beginning, the MWR study team emphasized the difficulty of applying prObabthtIC
risk analysis: “Social nsks, such as sabotage and terrorism, are difficult to quantify. Since
these actions are directed towards deliberate destrucuon of containers or vehicles, however,
a few attempts may be sufficient to release a large amount of radioactivity or, in the case of
manipulation, to cause an accident. Hence, the small probability of occurrence is superseded
by the near-certainty of the effect.. That is why risk management has to deal with these risks
in great detail; for just one incident. may well cause tremendous damage. But even inéidents
causing only minor damage are likely to yield a long-lasting impact on social and poliﬁcal :
perceptions. This could not only weaken public confidence and trust in official decision
makers and decision-making institutions, but also hurt economies in the host state and

corridor states.” [Ref. 26] -

Figure 14 presents a list of options for terrorism and sabotage identified by the MWR study

team.
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: Figure 14 |
Options for Terrorism and Sabotage Against Nuclear Waste Shipments

1. Use of explosives
- air blasts
- contact or breaching charges
- shaped charges
- platter charges

2. Highjacking of transportation vehicles
- stealing a vehicle during a work break
- gaining control over the vehicle in a remote area
- taking a driver as hostage
- stopping a vehicle and threatening to blow it up

3. Manipulating the vehicle
- initiating malfunctions of safety related devices (breaks, steenng wheel, tlres)

- placing obstacles on the road (like glass splinters)
- loosening the links between vehicle and coptamer

4. Manipulating the vehicle’s operator
- smuggling drugs into operator’s diet
- exerting physical power on the operator
- blackmailing the operator
- exerting psychological power on the operator (like threatening to kill family
members)

5. Theft
- initiating an accident for obtaJmng material

- initiating a highjacking for obtaining material

- theft of a vehicle during a night stop

- exchange of vehicles during a night stop /

- armed robbery during loading or unloading
Source: Reference 26
In order to evaluate these terrorism and sabotage options, the TNA recommended a risk
assessment/risk management process involving six steps: scenario assessment, vulnerability
analysis, screening of management options, resilience analysis, decision analysis, and

sensitivity analysis. The recommended process depended heavily upon credible scenario
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-assessment, and the MWR study team emphasized the limited usefulness of probabilistic

analysis for these purposes.

The MWR study team report also stated: “Traditional nsk assessment méthods rely on a
sufficient data base to derive meaningful probabilities for each investigatgd incident.
Funhermore,' the occurrences of failures must follow a specific pattern including random
vaniation. But sabotage and terrorist attacks meet neither of these criteria. Past data on
human intrusion does not allow any numerical extrapolation to determine relative frequencies
nor do we have a good model on the underlying distribution function of such incidents.
- Apparently, terrorist attacks are not randomly distributed, but depend on political or
psychological circumstances. Unless we find an adequate model to explain and predici such
circumstances, we are unable to determine probabilities for different types of incidents. Using
expert judgment to elicit probabilities does not overcome this conceptual problem,'because

experts themselves lack the necessary knowledge to make such judgments.” [Ref, 26]

The TNA recommended an alternative approach, summarized in Figure 15, for “the

construction of scenarios and their rank ordering.”

Figure 15

- Recommended Approach to Terrorism Scenario Assessment

. Interpretive methodology: role playing by researchers or groups of experts,
based on assum;ition that terrorisfs will design attacks on traditional concept of
cost-effectiveness | '

. Consider range of attack objectives and methods: disruption of shipment_é,
accident without release, accident or attack with explosives intended to cause
release , |

° Consider range of perpetrators: political terrorists, antinuclear radicals, right-
wing extremists, disgruntied employees

Source: Reference 26
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. The authors of this paper have reviewed and reconsidered the MWR study team’s
| recommendations in light of developments over the past decade. We generaily agree with the
TNA’s contentions regarding the limited value of probabilistic analysis and predictive
modeling for terrorism risk assessment. The TNA did not specifically address the issues of
terrorism event definition, data collection, and analysis. Ballard’s report [Ref. 27] examines
these matters and supports the conclusion that current data bases on nuclear terrorism and
sabotage in the United States, such as the NRC’s Safeguards Summary Event Listing(SSEL),
are not adequate to support probabilistic analysis or predictive modeling. (One problem is the -
NRC SSEL’s restrictive definition of radiological sabotage as a “deliberate act directed
against a safeguarded activity which could endanger the public health and safety by exposure '
to radiation.”) [Ref. 28] However, we believe that dedicated data collection and improved
analysis could significantly enhance terrorism risk asséssment and risk management activities.
Prior to any attempt to construct reasonably aécurate risk assessment studies, improved
information resources are needed regarding terrorism and sabotage events generally, terrorist
attacks on transportation inﬁaSUuéture and nuclear facilities, and all events that appear to be
specifically intended to disrupt spent nuclear fuel and/or high-level radioactive waste

shipments in the United States and abroad.

A comprehensive assessment of the risk of terrorism'and.sabotage against repository
shipments should, at a minimum, fully evaluate three types of actions: (1) actions to disrupt
shipments without causing damage to the cask; (2) actions to induce severe accidents, f
possibly causing damage to the cask and release of contents; and (3) attacks on sh1ppmg casks

that are clearly intended to cause a release of radioactive materials.

Actions to disrupt shipments without causing damage to the cask. Experience with such
incidents primarily involves mass demonstrations, using tactics ranging from passive civil
disobedience to violent confrontation, intended to stop specific shipments of spent nuclear
fuel or high-level waste or as a means of making a larger political statement. We assume that

incidents of this nature are not intended to cause a release of radioactive materials. Such
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. incidents would clearly not meet the NRC’s definition of radiological sabotage, but have the

potential, by accident or design, to create a hazardous situation.

The most significant disruption event to date occurred in Germany in ea;lyf March, 1997,
when thousands of protesters attempted to stop a shipment of spent nuclear f}lel to an interim
storage facility. The shipment consisted of one train hauling six 100-ton CASTOR casks 400
miles from Walheim, near Stuttgart, to Dannenberg, a small city in nbrthern Germany. There
the casks were transferred to heavy haul trucks and transported about 11 miles to an above-
ground storage facility near Gorleben. Human blockades along the rail route and a pipe bomb
attack on the trécks delayed the shipment eight bours. In one instance, according to press
reports, “two men cemented themselves to the tracks and had to be removed with jack
hammers.” More than 10,000 demonstrators attempted to disrupt the truck shipments from
Dannenberg to Gorleben. Protester tactics included human blockades, farm tractors chained
together, barricades of trees and cement, and tuhneling under the roadway of the preferred
route. A minority of the protesters engaged in violence, hurling stones and firebombs at the
large police force present. It is not unreasonable to foresee an escalation of violence that
could directly threaten cask shipments under these conditions. The protests did.ﬁot prevent
the shipment from reaching its destination. However, secuﬁty for the shipments required “the
largest police 6peration in Germany’s postwar history, involving _arbund 30,000 officers,” with
total security costs estimated at $40 million to $60 miHion. [Refs. 29,30,31,32,33]

There have been protests against nuclear waste shipments in the United States, ‘mainly
involving relatively small numbers of people engaged in peaceful picketing, but to date, there
have been no aftempts to disrupt shipments comparable to the March, 1997 protests in
Germany. However, protest demonstrations in southern Nevada duﬁng April, 1997, may
indicate significant 'potential for disruption of nuclear waste shipments to Yucca Mountain or
to an interim storage facility at the Nevada Test Site(NTS). At the end of a week of
demonstrations in.Las Vegas and at the NTS entry gates, demonstfa;ors pr‘dtesting against

nuclear waste storage and disposal and against weapons testing, stopped traffic for three
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. hours on US 95, the major highway route to Yucca Mountain. Police mested 24 protesters
who closed the road 65 miles northwest of Las Vegas by chaining themseives to vehicles and
steel drums filled with concrete. "Appfoximately 60 police officers and security guards had
to be called to the scene Thursday [April 3, 1997] to use special tools to cut the protesters '
from the drums and get them off the roadway,” according to a Nevada Highway Patrol

spokesperson. [Refs. 34,35,36]

Actions to disrupt shipments without causing damage to the cask and its contents are not in
and of themselves terrorist acts, but create an atmosphere in which violent actions could be
encouraged, or that could mask the intentions of tenoriéts. Nor do such actions in and of
themselves fit the traditional notion of sabotage, which implies disruptive action by workers
or by persons posing as workers or other “insiders” to gain access to facilities or sensitive
activities. Such actions should, however, be included in a terrorism/sabotage risk assessments
because they may create the atmosphere for the same types of social and economic impacts
as more violent terrorist/sabotage actions. Public perception of nuclear waste transportation
risks combined with extensive media coverage means that such incidents could result in the
same social amplification of stigma effects that would be expected with more violent

terrorist/sabotage actions.

A further reason for including disruption events in a terrorism/sabotage risk assessment is the
potential for such incidents to escalate into more violent actions. Organizers of mass
demonstrations may be unwilling or unable to control the behavior of all participants,
particularly if they believe the authorities have used excessive force m making arrests or
employed what they believe are provocative crowd control weapons (such as water cannons,
mace, or tear gas). More radical factions may participate in initially nonviolent
demonstrations with the intention of provoking violent confrontations. The March, 1997
-demonstrations in Germany appear to have contained the potential for actions thz: might have

damaged the spent fuel casks and transport vehicles.
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-Finally, while the individuals or groups engaged in protest demonstrations may not be
sympathetic to specific terrorist groups-or their objectives, nonviolent protests may be
exploited by terrorists planning to attack nuclear waste shipments. For example, terrorists
might use a mass protest demonstration as a diversionary tactic to draw the attention of law
enforcement authorities, creating enhanced opportunities for attack and escape. Terrorists
might schedule an attack to coincide with a well publicized protest event in order to exploit
the media attention focused on the protest. In a worst case scenario, terrorists might view
hundreds or thousands of protesters as conveniently assembled victims for an intentional

contamination incident.

Actions to induce severe accidents, possibly causing damage to the cask and release of
contents. Experience with such events in the United States appears limited to one incident,
a 1986 attempt to derail a train transporting spent nuclear fuel in Minnesota. One or more
incidents associated with efforts to disrupt spent fuel shipments in Germany between 1995
and 1997 could also be categorized as attacks on infrastructure. Incidents of this nature may,
- .or may not be, intended to cause a release of radioactive materials. Such incidents would not
meet the NRC’s definition of radiological sabotage, unless significant exposures or releases
occurred or unless there was clear evidence that the action was intended to, and was capable

of, causing a'radiological threat to public health.

In November, 1984, Northern States Power (NSP) began shipping spent fuel from the
Monticello reactor north of the Twin Cities to the General Electric stdrage facility .at Moms,
Illinois. NSP planned 30 or more dedicated train shipments over five years. This shipping
campaign was highly visible because of opposition by the State of Wisconsin (including a
court challenge and a rulemaking petition to the NRC), protest demonstrations by antinuclear
groups in Minnesota and Wisconsin, and extensive media coverage, including a documentary
produced by Wisconsin Public Television. The public controversy over the shipments was
fueled by widespread public 6pposition in Minnesota and \szconsin to DOE’s Crystalline
Repository Program. As directed by Congress in the NWPA of 1982, DOE was evaluating
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~ candidate sites 15 both states for a second geologic repository. Cuncern about the safety of

the NSP shipments followed several years of public debate over the transportation impacts

of a geologic repository. [Ref. 37]

On October 27, 1986, four days after the NRC refused the State of Wisconsin’s petition for
rulemaking on spent fuel transportation, a person or persons unknown removed a 39-foot
long‘ section of rail along the Burlington Northern route used for these shipments in Golden
Vé.lley, Mimiesota. Near the tracks authorities fouxid a sign reading “Stop Rad-Waste
Shipments.” This incident did not result in damage to the train transporting spent fuel.
However, a Burlington Northern train hauling lumber, scheduled immediately prior to a train
transporting spent fuel from Monticello, derailed at the site of the sabotage. The initial
investigation focused on anti-nuclear activists and disgruntled railroad employees. - To our
knowledge, no one was ever arrested or charged in this case, and the current status of the
investigation is uncertain. No group or individual claimed responsibility. A spokesperson for
the Northern Sun Alliance, which had organized protests against the shipments, denounced

the attempted sabotage. [Refs. 38,39,40,41,42)

The October, 1986 apparent attempted sabotage of a spent ﬁel shipment 'has not been studied
in detail. Indeed, as far as the NRC’s SSEL is concerned, the'ihcident never happened. The
incident is not reported in the relevant volumes of the SSEL. The omission of this incident
is curious because Governor Tony Earl of Wisconsin, a state along the route, formally notified
the Chairman of the NRC of his concerns about the reported sabotage incident and requested
specific regulatory and investigative actions by the NRC.[Ref. 41] The omission of the
incident from the SSEL is incongruous considering that thé SSEL does report a February 4,
1985 telephone threat to NSP corporate headquarters warning that a group of anti-nuclear
protesters would use a small airplane to stop a train carrying spent fuel from Monticello to
Moris. [Ref. 43]
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. The MWR study team, apparently unaware of the 1986 Minnesota attempted derailment, .

hypothesized that one attack scenario developed by role-playing “inight be an attack by a

radical antinuclear group determined to end the nuclear program in the United States.

Although bombing has been a preferred option by terrorists so far, the peculiar situation of
waste trahsportation may render this option less effective than the manipulation of vehicles
or transport routes sincé the same effect can be obtained at lower cost. Such manipulations
are less costly and less detectable than the purchase and undetected emplacement of
explosives. In addition, a radical antinuclear group is less likely to endanger “innocent™

bystanders, but would be content with causing a major accident, even without a radioactive

| leak, and thereby jeopardize the continuation of the waste trahsportatibn program as a result

of the social amplification of such an event.” [Ref. 26]

The 1986 Minnesota incident is evidence of a credible risk of terrorism or sabotage against

nuclear waste shipments, specifically damage to transportation mfrastructure with the intent

of causing an accident, although there is no clear evidence that the perpetrators intended to

damage the shipping casks or cause a release of radioactive materials. The 1986 derailment
attempt therefore d'oes’not constitute a worst case event for the purpose of repository
transportation risk and impact assessment. In addition to this important omission of the
Minnesota incident from the SSEL, two significant instances of railroad sabotage against
passenger trains and ope foiled terrorist plot against highway bridges and tunnels suggest -

parameters for specification of credible maximum severe attack scenarios.

“Nevada’s worst rail disaster,” a Southern Pacific train wreck at Harney, west of Carlin, on
August 12, 1939, was caused by sabotage. Railroad spikes “in perfect condition evidently had

been remoVed and the diesel-powered C1ty of San Francisco, among the most luxurious trains

~ of the day, became a macabre pile of twisted metal in an isolated, rocky canyon. ... three

locomotives and 10 of the trains 14 cars were derailed. Five of them plunged into the river.”
Twenty-four people were killed and 114 injured. Whoever was responsible had selected a

location designed to cause maximum damage, had tampered with the rails less than four hours
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before the wreck, and had wired the rail gap “to show a clear-track signal.” The train was

| traveling at 60 miles per hour at the time. State and Federal investigations concluded that

sabotage caused the Harney disaster, but the crime was never solved. [Ref 44] A DOE |

contractor study, part of DOE’s larger effort to “determine the feasibility of rail shipment of
spent fuel to a proposed repository at Yucca Mountain, Nevada,” identified the 1939 Harney
disaster as “one of three past Nevada accidents that represent worst-case scenarios of

potential railroad mishaps.” [Ref. 45]

On October 9, 1995, the Sunset Limited, a 10-car Amtrak train carrying 248 passengers and “

20 crew members, derailed near Hyder, Arizoza. One person died and over 70 were injured.

The train had been traveling at 50 miles per hour when it derailed on a trestle at about 1:00 .

a.m. Two locomotives and four cars fell 30 feet into a dry creek bed. Spikes had been |

removed from ties holding a 19-foot section of rail, a metal bar connecting two rails had been

removed, and the open joint had been wired to circumvent an electronic warning system. A

typewritten note found near the scene took credit on behalf of a group calling itself the Sons

of the Gestapo. The note criticized Federal and State law enforcement agencies and

mentioned the Waco, Texas and Ruby Ridge, Idaho, confrontations. The derailment remains

under investigation by the FBI. [Refs. 46,47 48 49]

In addition to these railroad sabotage incidents, a significant terrorist prevention should be
poted. On October 1, 1995, a Federal jury in New York City convicted Sheik Omar Abdel
Rahman, a Muslim religious leader, and nine other militant Muslims of conSpiracy to carry out

a massive campaign of terrorist bombings and assassinations. Prosecutors charged the group
with planning “a cataclysmic ‘day of terrorﬁ five bombs that were to blow up the United
Nations headquarters, the Lincoln and Holland tunnels, the George Washington Bridge and
26 Federal Plaza, the Government’s main office building in New York.” The goal of the

attacks, using bombs made of diesel oil and fertilizer, was to “kill hundreds of people and

force Washington to abandon its support for Israel and Egypt.” [Ref. 50] The George

Washington Bridge is on Interstate 95, a major gateway from Manhattan, Long Island, and
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- New England into New Jersey for trucks traveling I-95 to the south and 1-80 to the west.
The George Washington Bridge has previously been used for truck shipments of irradiated
reactor fuel and plutonium from Brookhaven National Laboratory to the Savannah River
Plant in South Carolina. [Ref. 51] The George Washington Bridge could potentially be used

for truck shipments of spent fuel from Connecticut reactors to ‘a storage or disposal site in

Nevada. [Ref. 52]

A comprehensive terrorism/sabotage risk assessment must consider that: (1) transportation
infrastructure used by spent nuclear fuel shipments could be attacked by a range of
adversaries including antinuclear activists, political terrorists, and transportation industry
personnel; (2) rail and/or highway infrastructure could be targeted; and (3) attacks could
occur at urban and/or rural locations. Attacks on rail infrastructure at remote locations may
be especially attractive to perpetrators because of greater opportunities to isolate the target,

carry out the attack, and escape:

Lessons learned from previous incidents of infrastructure sabotage, particularly insights into
the intentions and capabilities of the attackers, must be applied to the assessment of potential
attacks on infrastructure used by nuclear waste shipments. These lessons include: (1) attacks
on trains, bridges, and tunnels without warning that show a willingness if not an intention to
kill, maim, ahd terrify tens, hundreds, or thousands of people at a time; (2) the attackers
technical expertise, at least in the case of the rail sabotage events, has been sufficient to defeat
exiéting technical countermeasures, such as electronic warning systems; (3) the attackers
success in causing accident conditions such as derailments at speeds of 50-60 miles per hour,
followed by 30 foot drops, demonstrates their ability to at least challenge the containment
performance standards of NRC-certified shipping containers; and (4) future attacks on
infréstructure may be carried out with the use of home-made explosives and do not require

the procurement of exotic weapons to be successful. -
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- A comprehensive terrorism/éabotage risk assessment must consider a range of responses by

| the cask and its contents to the forces generated by an attack on transportafion infrastructure
components. Such a comprehensive assessment is d: Jicult -because of the absence of full-
scale physical test results for the new cask designs that will be used for repository shipments.
Under such conditions as hypothesized above, there may be no significant likelihood of a loss
of cask shielding or containment. For example, the simple derailment of a single rail cask car,
even at a maximum normal operating speed of 50 to 70 miles per hour, would probably not,
in our opinion, result in a significant radiological exposure or release of contents, absent.
unexpected human factors. On the other hand, high-speed derailment of a rail cask car or cars
could result in a significant radiological exposure or release of contents if coupled with other
dangerous conditions, such as collision with a massive rock face or outcrop, collision of the
cask side midpoint against a bridge support column, fall from a high bridge or trestle, tumble
down a steep canyon wall, or rupthre of a collocated petroleum or natural gas pipeline. The
derailment and pile-up of a dedicated train could subject a cask to considerable impact and
crush forces from the locomotives and other casks. In addition, supplemental at_tack tactics
like the use of explosives to create a rock slide or collapse a rail tunnel could also subject -

casks to severe crush forces.

Attacks on shipping casks that are clearly intended to cahse a release of radioactive
materials. There is no experience with such incidents.‘ Past analyses of the consequences of
terrorist attacks by NRC and DOE contractors focused upon direct attacks with high-energy |
explosive devices, specifically military demolition charges, although to date there have been
no such attacks on spent fuel shipping casks. Peer reviewers and critics of the DOE and NRC
studies have suggested the possibility of attacks on casks using similar weapons under
different circumstances, other military weapons, commercial explosives, and massive truck‘
bombs. We assume, as have previous analyses, that incidents of this nature are intended to
cause a release of radioactive materials and that such incidents are credible. Such incidents

would meet the NRC’s definition of radiological sabotage.
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- The U.S. Army Ballistic Résearch Laboratory (BRL) reviewed the choice of weapons
assumed in the DOE and NRC contractor studies in 1983, BRL’s commenfs are instructive
regarding both past and future assessments of attacks using military explosives. According
io the BRL review, “Since releasé of contaminants depends on breaching the cask and
disrupting the fuel rods, the threat must have adequate penet‘ration‘ Considering generic
classes of HED [High Energy Devices] threats, shaped charges generally have the highest
penetration for a fixed weigﬁt. (For example, a well-designed charge weighing as little as 5
Ibs. could penetrate a cask, but in such a case the hole diameter and the amount of fuel
disrupted would be small. ) Hence, the shaped charge approach provides the minimum weight
HED nécessary to breach a cask and disrupt fuel. Within the weight constraints implicit in the

scenario, a shaped-charge is the device of choice to meet the objective.” [Ref. 53]

BRL concluded that the M3A1 military demolition shaped charge selected by Sandia as the
~ reference terrorist weapon was “an appropriate threat simulant, given considerations of
weighg penetration, and availability,” and that Sandia’s “penetration results for the M3Al into
the IF-200 cask are consistent with that HED’s known performance.” The M3Al weighs 40
pounds, contains 27 1/2 pounds of Composition B high explosive, and * is primarily used to
produce craters in soil, rock, pavement, and ice targets.” BRL noted that “fragmentation and
blast effects from the M3Al might be significant in the urban scénario. This device projects
lethal fragments over 100m.” [Ref. 53] |

The BRL analysis found that the M3 A1 was capable of penetrating at least one cask wall of,
and damaging the fuel rods inside of, an? of the four available truck cask :designs [the NFS-4,
NLT 1/2, TN-8, and TN-9]. The widely used NFS-4 was the rgferénce target in the Sandia
full-scale tests. However, Sandia used the M3Al against an obsolete GE IF-200 cask
because it was available for destructive testing, in spite of the fact that it had “thicker walls
than NFS-4 and would be more difficult to perforate.” Because the NFS-4 has “about four
inches less lead and an inch less of steel along its diameter,” BRL concluded that “complete
cask perforations should occur if the M3A1 attacks the NFS-4.” [Ref. 53]
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. BRL also pointed out that “if one wished to modify the M3A1 to produce more fuel release,

the design should be changed to increase hole diameter more than to increase penetration. -
Design modifications could employ modern liner and explosive technology to increase the jet
diameter and hence increase fuel rod damage. Another method of attack would be to breach
the cask with a shaped-charge and then iﬁsert several pounds of HE [high explosive] into the
resulting crater, thus increasing damage to the fuel rods and dissemination to the surrounding

area.” [Ref. 53]

Other reviewers of the NRC’s 1984 proposed rule argued that terrorists might attack a cask .
more effectively with commercial rather than military explosives. The Sierra Club ‘
Radioactive Waste Campaign argued: “Sabotage of an irradiated fuel shipment could be
relatively fast and simple, with explosive devices that are commercially available. Because
of its long association with the military, Sandia Laboratories tested the military M3A1 shaped
charge device, weighing 45 pounds.” According to the Sierra Club reviewers, “effective
devices weighing much less, on the order of 1 1/2 pounds are available. A conical-shaped
.-charge, with an incendiary device, ... would be much more effective. Such a device could
pierce 14 inches of metal, thus entering and exiting a shipping cask. The interior of the cask.
could be heated to 1,649 degrees C. This would ignite the zirconium cladding, further raising
the temperature until the oxygen in the cask was exhausted. These temperatures would |
vaporize certain radionuclides, such as cesium. These devices [conical shaped charges] are !
commercially available and in use in well-drilling, spaceship, and other applications. They are
available to secular regimes such as Iran. We therefore disagree with the NRC assumption
that tens to hundreds of pounds of explosives are needed to disperse radioactivity from a |

shipping cask.” [Ref. 54]

The 1ssue of terrorist attacks using armor-piercing weapons was raised at a March 23, 1989,
U.S. DOE public hearing in Reno on the Yucca Mountain Site Characterization Plan. A
Nevada resident testified: “Terrorists or saboteurs using military weapons, especially man-

portable armor-piercing anti-tank rockets or missiles, could threatened or actually cause the
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- release of large amounts of lethal radiation from one or more of the cask containers at almost

any point along the transport routes in or out of Nevada." The speaker provided for the
record detailed information on armor penetration capabilities of ten man-portable weapons
systems. He also addressed the availability of anti-armor weapons: "Modern anti-armor
portable weapons are widely distributed in large numbers. Whether through direct supply by
a weapon-producing nation or by theft, blackmail, treason, or purchase on the world arms
black market, they can and have fallen into enemy,' unfriendly, or terronist hands. To
summarize, the proposed transportation of high-level waste to Yucca Mountain across public
highways in Nevada would create a virtual nuclear shooting gallery for terrorists armed with‘

any of these weapons.” [Ref. 55]

' NWPO staff and contractors were present at the Reno hearing, but did not testify on the issue

pending completion of scoping studies on cask vulnerability to explosives, NRC safeguards
regulations, and DOE physical protection plans. DOE has never publicly responded to the
concerns raised at the March, 1989 hearing in Reno. Six months pfeviously, NWPO had
proposed in the ACR 8 Report [Ref. 2] an ambitious plan for an independent assessment of
sabotage and terrorism risks following the recommendations of the Transportation Needs
Assessment. The NWPO terrorism study project. was scaled back and finally deferred in early
1990 due to:budget cuts, and none of the research products were published in final form.

In February, 1990, NWPO contractors prepared an internal document outlining key issues to
be studied in detail if funding became availz;ble. The outline identified three types of attacks
involving high energy explosives: capture of shipment with intent to ransom cask (threat to
blow up cask); capture of shipment with intent to cause radiological contamination; and
attack on shipment with intent to cause radiological contamination. Four types of weapons
were identified: man-portable explosives, remote-controlled mines, massive truck bombs, and
armor-piercing guided miseiles. The outline also identified future secial and politieal
conditions that might increase the probability of attacks with high energy explosives: (1)

repository proceeds in spite of intemse local/state/regional opposition to siting and
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. transportation impacts; (2) widespread social/economic/political urmoil in the U.S. creates
opportunities for extremist political organizations and/or criminal enterprises; and (3) U.S.

involvement in declared or undeclared war with foreign country or countries. [Ref. 56]

A 1980 NRC contractor study reported: “Pronuclear activists and the ﬁuclear industry believe
radioactive materials, in general, are highly ovefrated as té:gets for acts of sabotage to

. produce widespread death and destruction or for acts of theft for purposes of weapons
fabrication. A crude nuclear device requires technical expertise to construct, which is usually
not available in today’s terrorist organizations. Such terrorist groups would find it easier to
try fo disperse radioactive materials through other means, such as by dynamite. Still, it has
not been the pattern of terrorist groups in the past to kill large numbers of people or to cause
large mumbers of lingering deaths. Terrorist groups have typically used violent means to make
a political statement. ‘Terrorists want a lot of people watching, not a lot of people dead.’” |
[Ref. 24]
Nuclear industry views and the views of most DOE and NRC oﬁcials and technical experts
appear to have changed little over the past two decades. The authors agree that attacks to
capture and divert spent fuel for purposes of fabricating a nuclear bomb currently appear so
unlikely that they could be omitted frc_Sm a repository risk asSéssment. The willingness of
terrorists to kill large numbers of people, however, has been demonstrated in the World Trade
Center and OklahomavCity bombings. Many terrorism experts believe that while the number ~
of attacks are séemingly decreasing, the lethality of attacks is seemingly increasing. One
international risk management specialist summarized the global situation in 1996: “Terrorism
pefsists [aﬁer the end of the cold war] and although the total volume of incidents may wobble
from year to year, incidents of large scale indiscriminate violence - attacks calculated to kill

in quantity, have become more common.” [Ref. 57]

The FBI's Terrorism in the United States: 1995 reported: “In the paSt year, the country

witnessed the re-emergence of spectacular terrorism with the Oklahoma City bombing.
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- Large-scale attacks designed to inflict mass casualties appear to be a new terrorist method in
the United States.” The Oklahoma City bombing reflected a “general trend in which fewer
attacks are occurring in the United States, but individual attacks are becoming more deadly.”

The FBI voiced concern about terrorist interest in advanced technologies and improving

terrorist capabilities regarding electronic communications, computer databases, and analysis

of past events which “could prompt future terrorists to plan their attacks with greater care.”

The FBI also noted “a chﬂling trend” in continued terrorist interest in unconventional weapons

such as biological agents, concluding that “terrorists and other criminals may consider using

unconventional weapons in an attack here sometime in the future.” [Ref. 58]

- A comprehensive terrorism/sabotage risk assessment must consider direct attacks on casks
with a range of high-energy explosive devices, with and without capture of the cask, by a
range of potential adversaries with widely differing objectives and capabilities. Adversaries
capable of capturing and controlling the cask and transport vehicle could attack the cask with |
a variety of devices, including military demolition charges, commercial conical shaped
charges, commercial cutting charges, or a massive diesel fuel and fertilizer truck bomb.
Attackers may well be able to control the caslt: for a period of 30 to 120 minutes, for example,
by threafening to kill the driver, train crew, escorts, or other hostages. Given sufficient time,
the attackers may be able to incr‘ease the effectiveness of their weapons, for example, by
removing an impact limiter and applying explosives directly to the cask closure lic.i, by
removiﬁg the personnel barrier and applying explosives around the middle of the cask, or by

applying multiple charges at different points.

Advérsaries could use a variety of weapons to attack a cask without capturing it. Remote-
controlled or self-detonating mines could be used against either truck or rail shipments. Man-
portable mortars, rifle-fired grenades, recoilless guns, and a variety of anti-tank missiles could
be used to attack shipments while in transit, in some cases from a distance of hundreds or
thousands of meters. It is also conceivable that adfzersan'es could obtain and use m1htary

aircraft or attack vehicles armed with bombs, missiles, or other powerful weapons. The risk
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- of attacks involving stolen or otherwise diverted military weapons systems must be given
special attention considering the number and nature of military instaiations in Nevada and -

along the transportation cornidors to Nevada.

A pumber of different adversary profiles must be considered. Potential perpetrators include
domestic and foreign political terrorist groups and individuals, radical antinuclear activists,
disgruntled nuclear or transportation industry employees, organized criminal enterprises, and
foreign governments. The individuals actually carrying out attacks may have much greater
technical expertise than assumed by those compiling their profiles. The attackers may very
well be current or former military or civilian explosives experts. During wartime, declared
or undeclared, the attackers could be enemy military personnel or specially trained agents.
Different combinations of weapons capabilities and attacker capabilities and objectives could

result in greater or lesser consequences.

A complete assessment of the full range of options for direct attacks on casks with high-
energy explosives is clearly beyond the scope of this paper. - Indeed, the authors’ major
conclusion is that a comprehensive terrorism/sabotage risk assessment will require a |
significant combined effort by DOE, the NRC, the State of Nevada, and affected stakeholders.
Available information, however, lead us to conclude that a sufficiént repository transportation
tisk assessment must, at a minimum, consider 2 scenarios: 1) an attack in which the cask is
captured, peretrated by an emplaced explosive device, and releases at least one percent of its
rédioactive centents, and 2) an attack in which the cask is perforated by an anti-tank missile |
and releases at least one percent of its radioactive contents. The first scenario would
‘esséntially involve updating the analyses conducted by DOE and NRC contractors in the late
1970s and 1980s, with due consideration of various reviewers’ criticisms. The next section
- of this paper describes an approach to specifying and assessing the consequences of an attack

with man-portable armor piercing weapons.
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. GUIDELINES FOR ASSESSING THE CONSEQUENCES OF TERRORIST

ATTACKS EMPLOYING ANTI-TANK WEAPONS

)
The consequences of a successful terrorist attack involving armor-piercing weapons or other

high energy explosive devices will constitute one of the most important co_mponems of a
comprehensive assessment of the risk of terrorism against repository shipments. A new
consequence assessment is necessary because the assessments conducted by DOE and NRC
contractors in the late 1970s and early 1980s are methodologically deficient and based on
assumptions that do not accurately represent the types of shipments likely to be made to a
repository (or storage facility) in the first decade of f,he 21st century and the threats those
shipments will face.

A meaningful terrorism consequence.assessment must emplo'y assumptions consistent with
information about the weapons currently available, and weapons likely to become available,
to potential adversaries and the technical and tactical expertise of potential adversaries. It
must employ assumptions consistent with cuﬁent DOE spent fuel and high-level waste
transportation plans, particularly as those plans determine the characteristics of the shipping
casks which will be used and the characteristics of the spent fuel shipped. In order to be
legally sufficient for purposes of the Yucca Mountain Environmental Impact Statement, a new
and comprehensive terrorism consequence assessment must employ credible worst case
- assumptions about the timing and location of a potential attack and weather conditions during
and after the attack, consistent with characteristics of the routes most likely td be used for

~ shipments to a repository or storage site in Nevada.

Selection of Reference Weapon. British strategic affairs journalist Brian Beckett wrote one
of the earliest references to tﬁe potential use of anti-tank missiles against nuclear waste
shipments. In a discussion of the difficulties terrorists would féce in fabricating a nuclear
weapon from stolen fissile material, Beckett noted: “A more obvious danger is posed by
nuclear waste. The likelihood of theft is small because nuclear waste is usually stored and

transported in large metal and concrete drums which would be extremely difficult to remove.
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- Instead, nuclear waste could be blown up in transit to spread radicactive cont;mination in the
air. In 1980, the London Observer reported that a demonstrator carring a dummy rocket-
launcher had walked onto a railway platform where a train hauling nucizar waste was due to |
pass - accordmg to a subsequent statement from Bmlsh Rai. reguiations did not forbid

passengers carrying rocket-launchers from going onto starxoa platiors. " [Ref. 59]

<

* There has been little discussion of the use of anti-tank missiles against SNF shipping casks in
the official debate over nuclear waste transportation safeguards regulations since the 1980s.
Even then, government and university experts, such as British security specialist Richard
Chnterbuck,‘have minimized the public health and environmental consequences of successful
penetration of the cask wall unless an attack with anti-tank weapons was accompamed by a |
prolonged, engulfing, thh-temperature fire. “Nevertheless a well-sited attack or hijack of a
nuclear flask could cause serious disruption by closing a bottleneck or (with the case of fire
creating a fall-out of radioactive dust) evacuation of a large area for a considerable fime while

testing, clearing and removal is completed.” [Ref. 60]

The most detailed discussion of potential terrorist use of anti-tank missiles occurred at the
March 23, 1989, DOE public hearing in Reno, Nevada, on the site characterization plan for
Yucca Mountain. Testimony there addressed not“only general concerns, such as the
widespread évailability of shoulder-fired weapons and the armor-piercing capability of
shaped-charge warheads, but specific weapons capabilities. Heavier wire-guided missiles such
as the U.S. TOW and the Frenct/NATO Milan were identified as terrorist weapons of choice
because of their armor penetration, effective range, and proven ‘battlefield performance

around the world. [Ref. 55]

We recommend that a new consequence assessment assume portable anti-tank missiles as the
reference weapon. First and foremost, virtually all of the anti-tank missiles evaluated in the
following discussion have warheads capable of completely perforating a truck cask and its
-spent fuel cargo and are capable of deeply penetrating (if not completely perforating) a rail
cask and damaging the spent fuel inside. These weapbns are designed to hit moving targets
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. at a distance of 30 meters or more, eliminating the need to capture the cask, and facilitating
selection of optimal attack times and locations. -Portability of these weapons allows further
flexibility in attack planning, including use of multiple warheads, and in escape planning.
Many different typeé of anti-tank missiles are currently being produced in many different
countries, and in some instances, tens to hundreds of thousands of units of particular designs -
have been produced. Most older weapons have been used in battle, and newer versions have
been extensively field tested. The limitations and deficiencies of specific weapons (backblast
effects, operator error in guidance control, guidance system failure, fuse and warhead failure)
are known and can be factored into the consequence assessment. [Ref. 61] Potential
adversaries could obtain anti-tank weapons through a variety of channels, including terrorist

state-sponsorship, purchase, theft, or blackmail.

| Weapons Availability and Capabilities. Many portable anti;tank missiles currently available
to potential attackers apparently have armor penetration capabilities equal to, or exceeding,
the M3 A1 military demolition charge used as the reference weapon in the ‘Sandia and Battelle
test program. Detailed _perfdrmance data on the latest versions of most systems are classified,
for obvious reasons. Given the general trend of improved armor penetration capability over
the past four decades, it should be assumed that even more effective weapons will become

available over the next four decades when repository shipfnents occur.
Table 5 summarizes publicly available performance data on some of the better known anti-

tank missiles currently in use. It is useful to segment the discussion of these weapons, their

availability, and their capabilities into three chronological groupings.
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-Table 5

Man-Portable Anti-Tank Weapons

Weapon/Country

Milan Anti-Tank Missile
France

Eryx Anti-Tank Missile
France ’
Panzerfaust 3 Anti-Tank

Launcher/ Germany
Folgore Anti-Tank System

Italy

Apilas/South Africa
RPG-7 Anta-Tank
Launcher/Soviet Union
C-90-C Weapon System
Spain

AT-4 Anti-Tank Launcher

Sweden
Carl Gustav M2 Recoilless

Gun/Sweden
LAW 80 Anti-tank

Launcher/ UK.
M72 66mm Anti-tank

Launcher/USA
SMAW/USA

AT-8 Bunker Buster/ USA
Superdragon Anti-tank
Missile/USA

TOW 2 Anti-tank Missile
USA

Javelin AAWS/M/USA
Source: Reference 62

Weight

32kg

21kg

13kg

21kg

9 kg
11 kg

5 kg
Tkg
15 kg
9kg

4ke

- 14kg

8 ke

17kg -

116 kg

16 kg

Range
2000 m
600 m
300 m
4500 m

330m
300 m

' 200m

300 m

700 m

500 m

220m

500 m

250m

1500 m

3750 m

2000 m

Warhead Dia./Wt.

133 mm/3.12 kg
160 mm/ 3.8kg
110 mm/NA
80 mm/3 kg

112 mm/NA
85 mm/NA

90 mm/NA
84 mm/NA
84 mm/NA
94 mm/NA
66 mm/NA

83 mm/NA
84 mm/NA
140 mm/10.07 kg

127 mm/28 kg

127 mm/NA

Armor Penetration

>1000 mm
900 mm

> 700 mm

\%

450 mm

> 720 mm
330 mm

500 mm

> 400 mm

> 400 mm

700 mm

350 mm

> 600 mm
NA
> 500 mm

> 700 mm

> 400 mm
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-First, the earliest shoulder-fired anti-tank weapons, from their origins in World War II
through the 1950s, were recoilless guns and tube-launched rockets that could deliver a
warhead capable of piercing a few inches of modern armor plate. These weapons include the
original German Panzerfaust series, the U.S. Bazookas, and the Soviet RPG-2. [Ref. 63]
Long since abandoned by modem armies and irregular forces, such weapons could be
available from military museums or private weapons collections. It seems unlikely that
knowledgeable adversaries would use such weapons to attack a shipping cask, but if skillfully

deployed, these weapons could damage or breach certain cask designs.

The second group of anti-tank weapons, capable of penetrating a foot of armor or more,
evolved in the 1960s and were used extensively through the 1980s. Important examples are
the Soviet RPG-7 and U.S. M72 LAW rocket launchers; the Swedish Carl Gustav M2
recoilless gun; and the first man-portable guided missiles: the French SS IIO, SS 11, and
Entac; the German .Cobra; and the British Vigilant and Swingfire. The new weapons
penetrated Cold War. arms markets as quickly as ;hey penetrated tank afmor. By 1969,
116,000 Entacs had been delivered to six countries, and 120,000 Cobras had been sold to 18
countries. [Ref. 63] o ‘

The Soviet RPG-7, shown in Figure 16, first appeared in the early 1960s. Capable of
penetrating a foot of armor at 300 to 500 meters, the RPG-7 and its successors were widely
used by the former Warsaw Pact countries and by Soviet-supplied guerrilla forces in Africa,
Asia, and Latin America. China, Czechoslovakia, Egypt, Iraq, Pakistan, and other countries
made and sold it. [Ref. 62, 64] Early versions were “easily short-circuited by hanging chicken

wire outside the target, but this defect was rapidly overcome and present day fuses are

reliable.” [Ref. 62]
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Specifications:

Caliber of warhead: 85 mm Maximum velocity: 300 m/sec
Weight in firing order: 10.15 kg Penetration of armor: 330 mm
Length of launcher: 950 mm Manufacturer: State arsenals, Russia

Max. range: 500 m stationary target
300 m moving target

¢

Left and right side view of an }
Afghan Mujahedeen guerilla
taking aim with an empty
RPG-7, and showing the
sights and pistol grip.

Figure 16 reproduced by permission of the Publisher from Ian V. Hogg, nfang'_v_ Support Weapons: Mortars,
Missiles, and Machine Guns, Greenhill Military Manual, No. 5, (1995) Greenhill Books, Lionel Leventhal

Limited, London.
Figure 16. Schematic, Specifications and Photos of RPG-7 Anti-tank Missile
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F

. The U.S. M72 66mm LAW (Light Anti-armor Weapon), shown in Figure 17, was also

developed in the 1960s. Ian Hogg describes it as “a revolutionary idea: a pre-packaged rocket
which could be fired and the launcher then thrown away."[Ref. 62] Like the RPG-7, the M72
1s capable of penetrating a foot of armor, but its effective range is oply 170 to 220 meters.
Manufactured by Talley Industries in the U.S. and under license in Norway, it ﬁot only
became a NATO standard but was copied and produced in Czechoslovakia and Russia (as th¢
RPG-18 and RPG-26). Early versions were frequently inaccurate, corrected by an improved

sight and a more powerful rocket motor. [Ref. 62]

M72 66mm Anti-tank Missile
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Specifications:
Caliber of warhead: 66 m Maximum velocity: 200 m/sec
Weight in firing order: 3.45 kg Penetration of armor: 350 mm
Length of launcher: 980 mm Manufacturer: Talley Industries, USA

Maximum range: 200 m/sec

Figure 17a: Schematic and Specifications of the M72 66mm Anti-tank Missile
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Figures 17a and 17b reproduced by permission of the Publishér from Ian V. Hogg, Infantry Support

Weapons: Mortars, Missiles, and Machine Guns, Greenhill Military Manual, No. 5, (1995) Greenhill
Books, Lionel Leventhal Limited, London.

Figure 17b. Photo of the M72 66mm Anti-tank Missile

The third group of weapons, advanced guided missiles capable of penetrating half-a-yard to
a yard or more of armor plate, appeared in the 1970s and 1980s and are currently in use
around the world. 'By the mid-1980s, Jane’s Weapons Systems listed more than twenty
varieties being pi'bduced by a dozen countries. [Ref. 65] Important examples are the U.S.
Dragon, Sﬁperdragon, and TOW (Tube-launched, Optically-tracked, ere-gmded) anti-tank
missiles and the French Milan and Eryx anti-tank missiles.

The U.S. Dragon was introduced in 1971, was redesigned twice, and evolved into the present |
Superdragon by 1990. (See Figure 18) - The current version is capable of penetrating 18 .
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- 1nches of armor at 2 maximum effective range of 1,500 meters. Manufactured by McDonnell
Douglas, the Dragon was adopted by the U.S. Army and Marine Corps and is used by at least
10 other countries. [Ref 63.] The Dragon saw limited use in Operation Desert Storm. One
authoritative source réporté that “Iraq is believed to have captured Dragons from Iran.” [Ref.
66] The Dragon guidance system has been criticized for requiring excessive gunner control,
inaccuracy in general, and some early versions suffered recurrent focket thruster failure. [Ref.
65, 66] In March, 1997, a woman exploring caves néar Fallon, Nevada, found a Dragon
missile launcher. Noting the 1977 date on the launcher tube, the Churchill County Sheriff
speculated that the device could have been obtained through the surplus arms market or could

have been someone’s personal souvenir. [Ref. 67]

- | ; -
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Figure 18a: Schematic of the Superdragon Anti-tank Missile
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Specifications:
Guidance: Semi-automatic, wire Max. effective range:. 1500 m
Warhead diameter: ca 140 mm Max. velocity: ca 200 m/sec
Launch unit weight: 6.9 kg Penetration of armor: >500 mm
Missile Weight: 10.07 kg Manufacturer: McDoznnell Douglas
Missile length: 852 mm - Aerospace, USA

7

7

%

Figures 18a and 18b reproduced by permission of the Publisher from Ian V. Hogg, Infantry Support Weapons:
Mortars, Missiles, and Machine Guns, Greenhill Military Manual, No. 5, (1995) Greenhill Books, Lionel
Leventhal Limited, London.

Figure 18b: Specifications and Photo of the Superdragon Anti-tank Missile
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- The U.S. TOW anti-tank missile of Iran-Contra fame was introduced for seryice inthe U.S."
Army in 1970. Current versions are capable of penetrating more than 30 inches of armor, or
“any 1990s tank " at a maximum raxige of more than 3,000 meters. It can be fired by
infantrymen using a tripod, as well from vehicles and helicopters, and can launch 3 missiles
in 90 seconds. Manufactured by Hughes Aircraft Company, the TOW is “the most widely
distributed anti-tank guided missile in the world,” with over 500,000 built and in service in
the U.S. and 36 other countries. The TOW has extensive combat experiénce in Vietnam and
the Middle East. Iran may have obtained 1,750 or more TOWSs and used TOWs against Iraqi
tanks in the 1980s. [Ref. 66]

Specifications:
Guidance: Semi-auforﬁatic, wire Max. effective range: 3750 m
Warhead Diameter: 127 mm Max. velocify£ 200 m/sec.
Launch unit weight: 87.5kg Penetration of armor: >700 mm
Missile weight: 28 kg Manufacturer: Hughes Missile |
Missile length: 1174 mm - Systems, USA

- Figure 19a: Schematic and Specifications of the TOW 2 Anti-tank Missile

59



Figures 192 and 19b reproduced by permission of the Publisher from Ian V. Hogg, Infantry Support Weapons:
Mortars, Missiles, and Machine Guns, Greenhill Military Manual, No. 5, (1995) Greenhill Books, Lionel
Leventhal Limited, London.

Figure 19b. Photo of the TOW Anti-Tank Missile
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-The Milan anti-tank missile, developed by a French-led consortium, is considered “one of the
. most successful” man-portable guided missiles. The current version, the Milan 3, is capable
of penetrating over 40 inches of érmor at a maximum range of 2,000 meters. Manufactured
| by Aerospatiale—l\/ﬁssﬂes in France and under license in Britain, Germany, and India, “sevéral
tens of thousands have been produced, it is ﬁsed by most NATO and several other armies, and
the basic principle has been widely copied.” [Ref. 62] The Milan is noted for its sight-on-
target guidance system, its night vision sight, and its ability to defeat reactive armor with an
extended explosive probe. In addition to the NATO forces, Milan is used by Iran, Irag,
Pakistan, and India. The Milan has extensive combat experience in Chad, the Irén—Iraq Gulf
War, and the Falklands/Malvinas War between Great Britain and Argentina. [Ref. 55, 62]

Specifications:

Gudance: Semi-automatic, wire - Missile length: 1200 mm

Warhead diameter: 133 mm : Max. effective range: 2000 m
Warhead weight: 3.12 kg . Max. velocity: 210 m/sec

Launch unit weight: 16.9 kg Penetration of armor: >1000 mm
Missile weight: 11.91 kg Manufacturer: Aerospatiale-Missiles, |

France

Figure 20a: Schematic and Specifications of the MILAN Anti-tank Missile
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Figures 20a and 20b reproduced by permission of the Publisher from Ian V. Hogg, Infantry Support Weapons:
Mortars, Missiles, and Machine Guns, Greenhill Military Manual, No. 5, (1995) Greenhill Books, Lionel
Leventhal Limited, London. '

Figure 20b. Photo of the Milan Anti-tank Missile
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- We recommend that a new consequence assessment evaluate a terrorist attack using anti-tank
weapons at least equal to current versions of the U.S. TOW and French Mﬂan missiles. For -
purposes of scenario development, the reference weapon should be assumed to be man-
portable, operated by one to three persons, capable of firing up to three missiles, with a
minimum range of 75 meters and a maximum range of 2,000. The reference weapon should
be assumed capable of penetrating 40 inches or more of armor plate steel, with a hole
diameter of 3 to 6 inches. Based on U.S. Army experience with the TOW, a hit-probability

of 90 percent or greater should be assumed.

Selection of Reference Shipping Cask Designs. The shipping casks used for repository
shipments will- have different design configurations and use different structural and shielding
materials than the casks that were assumed in the DOE and NRC consequence assessments.
Some of these differences may make them more vulnerable to attack with armor-biercin_g

weapons or high-energy explosives.

DOE has not formally selected cask‘designs for repository shipménts. Under the provisions
of DOE’s current transportation privatization proposal, cask procurement decisions ultimately
may be made by transportation service contractors. Moreover, with one éxcepﬁon, the cask
designs usually assumed for repository shipments have not yet completed the NRC

certification process.

Based on the information available as of June, 1997, it is probable that the majority of truck
shipments to a repository, assuming repositofy operations begin in 2010, will use GA 4 and
GA 9 casks or new high-capacity casks of similar design. If Congress directs DOE to begini
shipments to an interim storage facility in or about the year 2000, currently licensed casks,
or enhanced-capacity casks based on current designs would probably be used for the majority
of truck shipments during the first five years of operation, after which GA 4/9 casks or sxmﬂar
designs would carry most SNF cargoes. [Ref. 9]
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- Based on the information available as of June, 1997, it is probable that the majority of rail
shipments to a repository, assuming repository operations begin in 2010, will use new high-
capacity casks similar to either the currently licensed NAC-TSC or the proposed design for
the large MPC Rail Transporter. If Congress directs DOE to begin shipments to an interim
storage facility in or about the year 2000, it is likely that relatively few rail shipments would
be made during the first five years of operation, and those shipments would use currently

licensed casks, the IF-300 and the NAC-TSC, to the extent of their availability. [Ref. 9]

The new-high capacity truck and rail casks assumed for repository shipments carry payloads
three to four times greater than the currently licensed NAC LWT and IF-300 casks. The
increase in truck cask capacity results primarily from lower shielding requirements for old,
cooler SNF and from the use of different shielding materials. The increase in rail cask
capacity results partly from lower shielding requirements for old, cooler SNF and the use of |
different shielding materials, but also from an overall increase in loaded cask weight to 125
tons, opposed by the Association of American Railroads because it exceeds the maximum
weight limit for universal railcar interchange. Table 6 summarizes available inforﬁlation on

current and proposed cask shell materials and thicknesses.

Table 6
Shipping Cask Shell Materials and Thicknesses(Inches)

Shell Materials - [NSF-4{GA-4 {GA-9 [NAC-TSC |Lg MPC [Sm
MPC|
{
Containment: Stainless Steel 173 2| 213 41 5.25| 438
Gamma Shield: Lead ' 6.6 37 0.51 0.5
" |Gamma Shield: Depleted Uranium | 263 245 - 15 1.5
Neutron Shield: Borated Water 4.5
Neutron Shield: Borated ' 4.5 3.5 55 6 4
Polypropylene
'Total Thickness 12.86, 9.13 8.08 13.3 13.25(10.38
Source: Calculated from References 27 and 53




Figure 21. GA 4 and GA 9 Truck Casks (Cross-section)

Figﬁre 21 shows a cross-section of the GA 4 and GA 9 casks. The side-to-side width of the
| GA 4 1s 37 inches, while the GA 9 is 35 inches. The GA 4/9 designs differ from the casks
assumed in the DOE and NRC consequence assessment in sg:veral respects: rounded square
versus circular body, polypropylene neutron shielded versus steel shelled water jacket, and
depleted uranium gamma shield versus lead gamma shield. These differences could result in
greater vulnerability to attack with the reference weapon. The elimination of the water jacket

could result in a larger release of respirable particulates.

Figure 22 shows a cross-section of the 125-ton MPC transportatibn cask. The side-to-side

diameter of the 125-ton MPC transportation cask is 85 inches. The MPC transportation cask
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Figure 22. Lafge MPC Rail Transport Cask (Cross-section)

design differs from the casks assumed in the DOE and NRC consequence assessment in its
polypropylene' neutron shield (versus steel shelled water jacket) and its composite
lead/depleted uranium gamma shield (versus solid lead gamma shield on the NFS-4 and solid_
depleted uranium gamma shield on the IF-300). There is isufficient information to determine
whether or not these diﬁ'ereﬁces could result in greater vulnerability to attack with the
reference weapon. The elimination of the water jacket could result in a larger release of

respirable particulates.
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Figure 23. NAC-TSC Storage/Transport Cask

Figure 23 shows a cross-section of the NAC-TSC Storage/Transport cask. The side-to-side
diameter of the NAC-TSC is about 96 inches. The NAC-TSC design differs from the casks
assumed in the DOE and NRC consequence assessment in its polypropylene neutron shield
(vefsus steel shelled water jacket). The NAC-TSC’s solid lead gamma shield is comparable
to, although thinner than, the solid lead gamma shield on the NFS-4. There is insufficient
information to determine whether or not these differences could result in greater vulnerability
to attack with the reference weapon. The elimination of the water jacket could result in a

larger release of respirable particulates.
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- We recommend that the GA 4 cask be used as the reference truck shipment target and that
the NAC-TSC be used as the reference rail shipment target for terrorism consequence
assessment by NRC, DOE, and the State of Nevada. The GA 4 truck cask should be used
because its design has nearly completed the NRC certification process and because it is
designed to transport PWR SNF, the predominant type of SNF in the projected repository
inventory. The NAC-TSC should be used because it has éompleted the NRC certification
process And because it is also designed to transport PWR SNF. '

Selection of Reference Spent Fuel Characteristics. The spent fuel shipped to a repository
or centralized storage facility will have different radiological and physical characteristics and
will be shipped in larger quantities per cask than was assumed in the DOE and NRC

consequence assessments.

The reference spent fuel for repository shipments is a .10-year-old cooled PWR assembly.
Under contract to DOE, Oak Ridge National Laboratories has characterized a wide variety
of SNF and HLW types using the ORIGEN2 computer code. [Ref. 68] Table 7 summarizes
the estimated inventory of majdr radionuclides and total radioactivity in one MTU of the
reference spent fuel, in a truck cask with four reference assemblies, and a rail cask with
twenty-one reference assemblies. [Note that the NAC-TSC rail cask contains 26 PWR

assemblies, resulting in about a 24 percent greater source term. ]

The spent fuel radionuclide inventory (calculated according to initial enrichment, burnup, and
cooling time) and the quantity of spent fuel (weight and number of assemblies) per package
determine the total amount of radioactivity (the source term) that could be released in a
terrorist attack. The physical characteristics of the spent fuel and its response to blast impact
and heat, particularly the fracture characteristics and the size distribution of particles,

determine the amount of radioactive materials released from the cask and their dispersion, -

health and environmental impacts, and cleanup requirements.
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~We recommend that the reference spent fuel, as characterized v Qak Ridge National
Laboratories using the ORIGEN2 computer code, be used for testonsm consequence

assessment by NRC, DOE, and the State of Nevada.

Table 7

ESTIMATED INVENTORY., BY MAJOR RADIONUCLIDE. OF

IREFERENCE PWR SPENT FUEL
Nuclide curies/ Percent of curies/ curies/

MTU Total TRUCK CASK RAIL CASK

Kr 85 5,660 1.2 10,188 53,487
Sr 90 67700 14.39 121,860 639,765
Y 90 . 67700 14.4 _ 121,860 639,765
Cs134 7420 158 13,356 70,119
Cs137 98200 20.89 176,760 927,990
Bal37m 93000 19.77 167,400 878,850
Pmi47 9120 1.94 16,416 86,184 |
Euls54 5700 1.21 10,260 53,865
Pu241 95700 20.36 172,260 904,365
Cm244 : 2880 0.61 5,184 - 27,216
Other | 171 3.65 30,895} 162,200
Total 470,244 100 846,439 4,443,806
Source: Reference 68
The Reference PWR Assembly is a Westinghouse 17x17, 0.45 MTIHM,
Initial Ennichment 3.72%, Burnup 40,000 Mwd/MTIHM, Decay Time 10 years

Selection of Credible Worst Case Attack Time, Location, and Weather Conditions. For
purposes of the Yucca Mountain Environmental Impact Statement, a new and comprehensive
terrorism consequence assessment must employ credible worst case assumptions about the

timing and location of a pdtential attack and weather conditions during and after the attack,
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.. consistent with characteristics of the routes most likely to be used for shipments to a

repository or storage site in Nevada.

Combinations of location, timing, and weather conditions are important determinants of
impacts on public health and safety, environmental quality, and business activities and
property values. These factors determine the number of people initially exposed to incident
consequences, the nature and duration of exposure to incident consequences (especially
exposure to released radionuclides), and the timing and effectiveness of emergency response

activities.

The following examples are offered to illustrate the level of detail that should be expected in

a comprehensive consequence assessment.

Urban location, attack on rail or truck cask. Given current routing a;sumptions, the
conséquence assessment should evaluate an attack at an urban location in metropolitan Clark
County. The assessment should assume that the attack occurs during heavy evening
commuter traffic congestion or during a nighttime special event. The assessment should
assume worst-case weather conditions. High vvind§ with no precipitation could caﬁse rapid
and widespread dispersal of radioactive particulates. Concentrated heavy rainfall could
disperse radioactive materials through funoff and flash flooding. Credible severe weather
scenarios for Clark County include a 12 hour period of sustained winds in excess of 30 miles
per hour and 6 or more inches of rain during a 24 hour period. Immediate special concerns
would be the evacuation of as many as several hundred thousand visitors and residents and

the potential contamination of hotel, resort, and casino properties worth billions of dollars.

Rural location, attack on rail cask. Given current routing assumptions, the consequence
assessment should evaluate an attack on a rail shipment at a rural location in southern Nevada
between Las Vegas and the Utah-Nevada state line. The assessment should assume that the

attack occurs at a time when emergency response would be slowed or delayed by other events
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- or limited personnel; for example, during a weekend or on a major holiday. The assessment
should assume worst-case weather conditions appropriate for the postulated attack location.
If the attack occurred along a route segment subject to flash flooding, a credible severe

‘weather scenario would be 6 or more inches of rain during 24 hours. Immediate special
concerns, depending upon the postulated location of the attack, could include contamination

_ of Indian reservation lands, private residences, agricultural lands, and Lake Mead (a major

recreational resource and water supply source for Arizona, California, and Nevada). [Ref.

69] -
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- RECOMMENDATIONS

Recommendations to the U.S. Nuclear Regulatory Commission

1

The NRC shdufd completely reexamine the issue of terrorism and sabotage against

spent nuclear fuel and high-level radioactive waste shipments in order to determine

the adequacy of the current physical protection regulations under 10 CFR 73, and in

.order to assist the DOE and the affected stakeholders in the preparation of a legally
sufficient environmental impact statement as part of the NRC licensing process for a

geologic repository or an interim storage facility. The NRC should conduct a

comprehensive assessment of the consequences of three types of attacks that have the

potential for radiological sabotage: attacks against transportation infrastructure used

by nuclear waste shipments; attacks involving capture of a nuclear waste shipment and

use of high energy explosives against the cask; and direct attacks upon a puclear

waste shippirig cask using anti-tank missiles. The consequence assessment should

address the full range of impacts of a terrorism/sabotage event resulting in a release

of radioactive materials: immediate and long term implicatioﬁs for public health;

environmental impacts, broadly defined; standard socioeconomic impacts, including

cleanup and disposél costs and opportunity costs to affected individuals and business;

and sé-ca.lled special socioeconomic impacts, including individual and collective

psychological trauma and economic losses resulting from perceptions of risk and

stigma effects.

As part of its comprehensive reexamination of terrorism/sabotage consequences, lthe
NRC should engage an independent technical organization with appfopn'ate expertise
to advise the Commission on two critical issues: () the need for physical testing, full-
scale and/or scale model, to evaluate weapons capabilities, cask vulnerability to attack
with high-energy explosive devices, and the response of spent nuclear fuel to such
attacks (speciﬁcilly, to determine fuel mass release from a. cask, particle size

distribution of released fuel, and special concemns associated with volatile
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radionuclides such as Cs-134 and Cs-137); and (v} the appropnateness of existing
computer models for evaluating near-site emironmental dispersion of released
radionuclides, the resulting health effects, cleanup and disposz! requirements, and

€COonomic costs.

The NRC should conduct its comprehensive reassessment of terronism/sabotage
consequences in a forum conducive to meaningful participation by all affected
stakéholders. NRC should consider the creation of a stakeholder advisory group to
assist the NRC in this task.

The NRC should publiSh a full report on all unclassified findings of its consequence
reassessment, regardless of whether the Commission determines that modifications
are necessary .to the current physical protection regulations. The NRC shouid
specifically avoid the approach followed in the 1984 proposed rulemaking, where |

stakeholders and the general public were never advised of the Commission’s findings

- and conclusions.

The NRC should reevaluate the current definition of radiological sabotage used for
déterrhining the inclusion of events in the Safeguards Summary Event List. Current
practice apparently results in the omission of at least some potential threats from this

important risk assessment and risk management database.

Recommendations to the U.S. Department of Energy

1.

DOE should address the issue of terrorism and sabotage against spent nuclear fuel and

high-level radioactive waste shipments in the Yucca Mountain repository

. environmental impact statement (EIS), in any EIS prepared as part of the NRC

licensing process for an interim storage facility, and in any separate EIS regarding
construction of a new rail spur or other transportation infrastructure associated with -

a repository or Storage facility. The State of Nevada and other stakeholders raised
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these issues during the scoping process for the Yucca Mountain EIS 1n 1995. Since
these issues have been previously presented to DOE, the Dep artment should address
these issues in detail in the draft EIS for Yucca Mountain. Specifically, DOE should
evaluate the consequences of attacks against transportation infrastructure used by
nuclear waste shipments, attacks involving capture of a nuclear waste shipment and
use of high energy explosives against the cask, and direct attacks upon a nuclear
waste shipping cask using anti-tank missiles. The draft EIS should address the full
range of impacts of a terron'sm/sabotage. event resulting in a release of radioactive
materialé: immediate and long term implications for public health; environmental
impacts, broadly defined; standard socioeconomic impacts, induding cleanup and
disposal costs and opportunity costs to affected individuals and businésses; and so-
called special socioeconomic impacts, including individual and collective |
psychological trauma and economic losses resulting from perceptions of risk and

stigma effects. The draft EIS should evaluate these 1mpacts assuming worst case

. locations along probable transportation routes in Nevada. The draft EIS should also

address impact mitigation and compensation strategies.

DOE should incorporate terrorism/sabotage risk management and countermeasures
in all DOE transportation plans and contracts relating to.the(operation ofa repository,
intenm storage facility, and/or intermodal transfer facility. In particular, DOE should
address terrorism/sabotage risk management in any transportation service contracts
awarded as a result of OCRWM’s December, 1996, Draft Request For Proposals for

Acquisition of Waste Acceptance and Transportation Services..

DOE should prepare a comprehensive report on the liability for costs and damages
resulting from terrorism/sabotage attempts, successful or unsuccessful, against
shipments to a repository, interim storage facility, or other DOE facility operated
under authority of the Nuclear Waste Policy Amendments Act. DOE should
specifically address the applicability of the Price Anderson liability system, including
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limitations on liability for DOE transportation contractors and conditions necessary
for NRC declaration of an Extraordinary Nuclear Occurrence; current requirements
for transportation contractor coverage under private nuclear insurance pools; issues

associated with negligence by shippers and carriers; and the applicability of state

liability laws.

' Recommendations to the State of Nevada

1.

The State of Nevada should be prepared to participate in any NRC terrorism/sabotage
consequence assessment and resulting proposal for rulemaking. The State of Nevada
should continue to address terrorism/sabotage issues as part of its oversight of DOE

site characterization activities, EIS preparation, and transportation planning.

The State of Nevada should, as part of its oversight of DOE activities, address

" transportation terrorism/sabotage issues specific to the State of Nevada, Nevada local

governments, and Nevada Indian tribes. High priority issues include: (a) State, local,
and tnbal law enforcement agencies préparedness for terronsm/sabotage incidénts; (b)
rural impacts of terrorism/sabotage incidents, including impacts on farming, ranching,
water supplies, and outmigration from small communities; and © impacts on Native

American communities.

The State of Nevada should, as part of its oversight of DOE activities, continue to
address larger transportation terrorism/sabotage issues such as the definition of
domestic terrorist events, federal-state-local law enforcement responsibilities,
comparative vulnerability‘ of at-reactor storage versus shipment to and
sforage/disposal at centralized facilities, and consequences of attacks on infrastructure
and shipping casks. Given the record of the past two decades, the State of Nevada
should not assume that DOE and NRC will adequately address these issues.
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ongressional Record

%}tﬁf:: PROCEEDINGS AND DEBATES QF 'TH.E ] 4 : CONGR.ESS SECOND SESSION
Vol. 142 WASHINGTON, WEDNESDAY, JULY 31, 1996 No. 115
The Sepate met é.c 9 a.x;n., and was alderation of the transportation appro- Mr. MURKOWSKI. Mr. President,

called to order by the Presideat pro
tempore (Mr. THURMOND].

PRAYER

The Chaplain, Dr. Lloyd Johzn
Ogilvie, offered the following prayer:

Holy Lord God. we admit that we
_often try to live our lives within the
narrow, limited dimensions of our own
wisdom and strength. As a result, we
order our lives around our own abilities
and skills and miss the adveature of
life You have prepared for us. We cop-
fess to You all the things we do not at-

tempt; the courageous deeds we conm- .-

template but are afraid we cannot do,
the gracious thoughts we do not ex-
press; the forgiveness we feel, but do
not communicate. Forgive us, Lord, for
settling for a life which is a mere shad-
ow of what You have prepared for us,
forgetting that You are able to do in
and through us what we could never do
by ourselves.

Plant in us the vivid picture of what
You are able to do with lives like ours,
and give us the gift of new excitement
about living ‘life by Your triumphant
power in the name of our Lord and Sav-
jour. Amenp..

RECOGNITION OF THE ACTING
MAJORITY LEADER

The PRESIDENT pro tempore. The "

able Senator from Idaho is recoguized.

SCHEDULE

Mr. CRAIG. Mr. President, this
moraing the Senate will immediately
turn to the consideration of S. 1936, the
Nuclear Waste Policy Act. The bill will
be considered under a previous unani-
mous-cogsent agreement that limits
the bill to eight first-degree amend-
ments with 1 hour of debate equally di-
vided on each. Following disposition of
. that bill, the Senate will resume con-

priations bill which will also be consid-
ered under an agreement limiting first-
degree amendments to that bill. Fol-
lowing disposition of those bils, the
Senate may also be asked to twrn to
consideration of the VA-RUD appro-
priations bill. Therefore, Senators can
expect a full legislative day with roll-
call votes expected throughout the day
and {nto the evening in order to com-
plete action oo-the bills just mentioned
or any other {tems cleared for action.

RESERVATION OF LEADER TIME

The PRESIDING OFFICER. Under
the previous order, the }eadershlp time
is reserved.

NUCLEAR WASTE POLICY ACT OF
199

The PRESIDING OFFICER (Mr.
INHOFE). The Chair lays before the Sen-
ate S. 1936, which the cierk will report.

The assistant legislative clerk read
as follows:

A bill (S. 136) o mend the Nuclear Waste
Policy Act of 1982

The Senate mumed consideration of
the bill.

AMENDMENT NO. S088

Mr. MURKOWSKI. Mr. President, I
call up amendment No. 5055 which is at
the desk.

The PRESIDING OFFICER. The
clerk will report the amendment.

The assistant legisiative clerk read
as {ollows:

‘The Senator rom Alaska [Mr. MURKOWSKI)
proposes an amesdment numbered 5055. -

Mr. MURKOWSKI. Mr. President, I
ask unanimous consent that further
reading of the amendment be dispensed
with.

The PRESIDING OFFICER. Without
objection, it is so ordered.

(The text of the amendment is print-
ed in today's RECORD under “‘Amend-
ments Submitted.'")

this amendment ‘'will solve a pressing
environmental problem, a mafor envi-
ronmental problem i{n our Nation., a
problem that is looming as a Uabdility
to the taxpayers, and this will end an
era of irresponstble delay.

This major environmental [ssue is
simple to understand. That is, do we
want 80 nuclear waste dumps (n 41
States serving 110 commercial reactors
and defense sites across the country—
near our neighbors, our schools and
populated cities? Or do we want just
one {n the remote, unpopulated Nevada
desert where we tested and cxploded
nuclear weapons for decades?

Mr. President, I am going to yield
some time on the amendment to the
distinguished Senator from South
Caroiina, the Senate President pro
tempore, Senator THURMOND, without
losing my right to the {loor.

Mr. 'I'HURMOND I thank the able
Senator from Alas

The PRESIDING OFFICER. The Sen-

ator from South Carolina.
h Mr. President, I

rise today in strong support of S. 1936,
the Nuclear Waste Policy Act of 1886.
In 1982, Congress passed the Nuclear
Waste Policy Act, which directed the
Department of Energy to develop a per-
manent repository for highly radio-
active waste from nuclear powerplants
and defense facilities. This act was
amended {n 1987 to limit DOE's reposi-
tory development activities to a single
site at Yucca Mountain, NV. Since
1983, electric consumers have been
taxed aimost $12 biilion to finance the
development of a permanent storage
site. Despite DOE's obligation to take

‘title to spent nuclear fuel in 1998, a

permanent repository at Yucca Moun-
tain will not be ready to accept this
waste until the year 2010, at the earhi-
est.

Mr. President, a July 16, 1996, Wash-
ington Post editorial states that the
nuciear waste storage situation is not

'® This “bullet” symbol identifies scatements or insertions which are noc spoken by a Member of the Senatc on the flooc.
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July 31, 1996

"The PRESIDING OFFICER. The Sean-
ator {from Nevads (Mr Rem) is recog-
nized. -

Mr. REID. Mr. Preaident the Nuclear
Waste Technical Review Board, in
March 1996, recognized the problems
with transportation. They recognized,
as the senior Senator from’ Louisiana
indicated, that there have been small
loads of nuclear waste that traveled
very short distances. But they go on to
say—and that is the whole point. that
they are in effect legislated out of busi-
ness, because they said, ‘“the Board
sees no technical or safety reason to
move spent fuel to a ceatralized stor-
age facility.”

Caliente of course means hot. It is
not because it is hot weather. It is be-
cause they bave hot water in the
ground there. That is how this town
got its name. The city of Caliente rep-
resents 0.05 percent of the people of the
State of Nevada, 0.05 percent. They are
desperate. We have 17 counties in Ne-
vada. There is no county that is in
more desperate economic condition.

Their mineral abflities are pgone.
Their agricultural interests are very
sparse. A Jot of land is owned by the
Federal Government. And they have
really struggled. Caliente was a rail-
road town. The railroad, in effect, has
moved out oa them. It does not stop
there anymore. People who used to
work for the railroads do not work
there anymore. It is in deep, decp eco-
nomic depression.

Senator BARYAN talked about one
thing they wanted. They also wanted
to start a cyanide piant there. They
will take anything. I am sorry to say,
they are so desperate for money.

Caliente represents, I think, a sub-
ject we want ‘to talk about here,
Caliente is remote. It is about 150 miles
from Las Vegas. Nevada is. surpris-
ingly, the most urban State in Amer-
ica. Mr. President, 90 percent of the
people, approximately, live in urban

areas, the Reno-Las Vegas areas. Only
about 10 percent of the people live in
rural Nevada, as we remember it. We
have a lot of areas in Nevada that are
lonely.

We have the loneliest road.in Amer-
ica in Nevada. But Nevada is not the
only place that has remote sreas. Utah,
eastern Utah Is extremely remote. [
have driven through parts of Colorado
that are as remote as any place in Ne-
vada ever was, as are parts of Arizona

CONGRESSIONAL- RECORD — SENATE

- units. All over this Capitol complex

and New Mexico. The reason [ mention
that is we need to understand that not
only ‘'is transportation ‘s problem for
the safety of carrying these canisters—
and I say to my Criend {rom Idaho, the
150 mile an‘hour—they may have run &
test at 150 miles an hour, [ do ot know
about that But'I do know the canisters
have besn certified by the Nuciesr Reg-
ulatory Commisaion to this potnt for 30
miles an bour and for burning for 30
minutes. That is {act. So the 150 miles
an bhour, [ do not know where that
came from. They may have run some
tests. But certification is for burning
at 1,475 degrees for 30 minutes and
speeds of 30 miles an hour.

We are concerned about unforesee-
sble accidents.. We bhave pictures of
train wrecks, Ledger, MT, Verzon, CA,
Alabamsa. All over the country they
have about 600 train wrecks a year.
Most of them. thank Heavens, are not
bad, but some are disastrous, like the
one that burned for ¢ days last year,
like the one that closed the {reeway be-
tween Las Vegas and Los Angeles for ¢
days. So we have bad train wrecks.

I am not talking about what [ am
going to say in just a few minutes, be-
cause of what took place with TWA,
and what took place in Atlapta with
the bomb.

I talked about this 3 weeks ago prior
to these horrible incidents. | want the
RECORD to show [ spoke earlier about
these and other threats before these
tragic event at.the Olympics and TWA
incident off the coast of New York.

No one wants to exploit the pain, the
suffering. and the anguish of those peo-
ple. Those of us who serve in the Con-
gress, especially serve the western part

of the United States, we seemingly live -

on airplanes. So, when these accidents’
happen, we all look inward.

But I must speak to the threat of ter-
rorism, because the nationwide trans-
port of spent nuclear fuel will provide
targets of {nconceivable attraction to
terrorists, both foreign and. [ am sorry
to say. domestic; we have people who
are teirorists within our own counctry,
as jindicated in the Oklahoma City
bombing and probably in the Atlanta
Olympic bombing.

We have enemies and they are not all
outside the boundaries of this country.
For whatever reason. though. these en-
emies detest parts of our country, and
the foreign operations detest what our
country stands for and {ts values. Qur
very freedoms are threatened. They
dwell on hitting points of interest to
the American public. That is why the
White House is such a target. That is
why this building is such a target. That
{s why we have a police force of almost
2.000 men and women who protect the
people who work in these buildings and
the tourists who come to this Capitol
compiex. That is why the Capitol Po-
lice have animals that sniff out explo-
sives, animals -that are around at all
times looking at cars that come in and
out, snifling to find out if there are ex-
plosives. We have bombd detection
units. We have bomb disassembiy

$9229

thers are plainclothes officers protect
ing the people who come into this
building.

Thers are people who would do any-
thing to cause terror to this country
So, Mr. President, we have to eliminate
whataver we can that allows them tar-
[{]” %

There are many clandestine {oreigr
interests. We know tha:. Some are lec
by leaders of countries. They want tc
publicize their existance and promotc
their goals through outrsgeous scts o
blatant terror and destruction. Wha:
bettar stage could be set for any o
these enemies of our country than »
trainload or & truckload of the mos:
hazardous substance known to man
clearly and predictably moving
through our {ree and open society? :

You cannot move & 125-ton object or
a train that {s full of nuclear wascc
without having {t marked and without
notilying people It I8 coming through.
These shipments, of pecessity, must
pass through our most populated cen-
ters, which provides opportunity for a
success{ul attack for a terrorist tc
strike terror and public confldence ir
our form of Governunent.

Earlier today, I talked aboul some-
thing [ received in the mall {rom St.
Louts. It is & newspaper calied Cateway
to tho Waste. It talks about how in St.
Louis they are afraid of nuclear ship-
ments there.

Each cask would contain a radiologi-
cal equivalent of 200 Hiroshima bombs:
All together the nuclear tonnage would
be enough to kill everybody on Earth.
These shipments would not only pass
through populated centers hut through
remote and inaccessible territory. Re-
member, [ say to my colleagues of the
Senate, that the accident that occurrecd
tn Arizona occurred in a very remote
area. A person went out there unde-
tected and simply took some tools anc
toock the track apart. When the train
came over, the tracks spread and death
and destruction was in its wake.

The oppor:umcy to inflict widespreac
contamination to engender real health

-risk to millions of Americans is appar-

ent. And people say, '*Oh. no one woulc
do that.”

What happened in Japan? Sarin gas
was collected and dispersed. They dic
not do a very good job. They only
wound up killing dozens of peopic anc
causing respiratory problems and othet
forms of {llness to hundreds and hun
dreds of people. That was a failure
even though tney caused death and dc-
struction to that many people. I they
had don€ it right, it would have killec
thousands.

We must prepare for the cealitics ac
companying a massive transportatior
campaign that would be requxred N
consolidate nuclear waste at a reposi:
tory site. We must deter our enemiu:
through readiness and compefent re
sponse before we undertake this dan
gerous program.

One of the things the Nuclear Wast.
Technical Review Board said is we an
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not ready for this. The Governors’ As-
sociation hired some people to conduct
a test to see how the State of Nevada—
this was not done by the State of Ne-
vada, but -the Govermors’ Association
did it ¢o Oind out how Nevada 13 pre-
pared-—now remember, Nevada has
dealt «rith things nuclesr before with
aboveground and underground nuclear
testing—how we would deal with nu-
clear waste transportation through Ne-
vada if something went wrong. We are
not ready. not even close. If we are not
ready, you can lrmagine how other
States are. We must assure our citizens
we only have -to undertake tihis-dan-
.gerous venture once. It is paramount

" we do {t right the frsc time.

- ‘There i3 a growing danger in this
country from both domestic and inter-
national terrorism. Exposure of this
substance can lead to immediate sick-
ness. It is much worse than: sarin gas.
Eacriy death, and for less scute expo-
sare, to years of anxiety and uncer-
tainty as the exposed popuiations wait
helplessly for the rst onset of thyroid
cancer, bone cancer, leukemia, liver
and kfdney cancer, and 6n and on.

We know that we must be prepared,
and we are pot prepared. The com-.
preheasive assessmment of its capacity
to respond and manage a radiological

- {ncident in Nevada did not work out

well. That 18 the way it l3 all over the
country.

.Mr. President, why are we concerned
about terrorist lacidents? We have
weapons that are almost unbelievable.
Most of us in this Chamber have gone
shooting with a shotgun. We know how
big & shotgun shell is.

Here we have 2 abell not evea double
the size of a shotgun shell, and this is
a shaped charge warhead terrorist tool.
it i3 1% inches in diameter and 4 inches
long and, as described by sclentists, it
kind of warks like a watermelon. When
you squeeze the seed of & watermelon it
squeezes the liner material and squirts
out. This will pierce 5 tnches of steel.
That is what this chart shows.

Mr. President, {f the Presiding Offi-
cer wanted to buy & weapon to apread
terroriam around the United States, he

“could do tt. It might take you & week,

2 weeks, .but if you have moaey, you
can buy from an arms dealer. I have

" pictured one weapon. We have lots of

other weapons we can show, but this
one wewapon is a Russian version of a
portable antitank weapon. This weapon
is pretily accursts. At J30 yards. you
can hit a target the size of my fingers
here. It weighs 15 pounds. That is all it .
weighs. This weapon is a litile more
powerful than the one I just showed
you, because this will fire 330 yards. It
will go through 16 inches of steel.

The typical rail canister of nuclear
waste is about 4 inches of steel plus
some lead and some water. A piece of
cake for this weapon that I just showed
you.

Buat, Mr. President. weapons are all
over, easy to pick up and purchase,
weapons weighing 16 pounds, 22 pounds,
penetrating up to 3 feet of steel.
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You might say. 0o aone cowld ziTors
this. These weapcns you can bur lor
25,000, $10,000. That is all lhey cost
Buy a few shells with tiem. These are
aatiarmor weapons

The reason, Mr. Freaiden! wu showis
be concerned ahout this {a thal all nu-
clear wsaste ts funneled :3to one small
part of our country. It starts oul tals
big with tens of tZousaasds <f ship-
menta, but tbe more it goes, by the
time {t gets to Colorado, ths clrcie ts
that big, and ell through these parts of
the country, Mr. President. you keep
narrowing the scope. It {s becoming
easler gnd easier the farther wast you
go, the more remota it becomes, and
the more concentrated volame of nu-
clear waste will be abipped there.

If [ were a terrorist organization,
this would be a pieces of cakea. These
weapons will fire op to 300 to 400 yards.
They are {n very remots areas. You can
€0 places in Nevada, Arizopa, saad Colo-
rado where people do not go for days.
Along those railroad tracks, you can be
out there, camp. and all you are going
to be interrupted by are the trains
coming by. That is why they have been.
unable to catch the person in Arizona
because he could have been gone for a
day before the tracks separated, or
longer.

So what are we going to do? I think
what we should do {s do what the Nu-
clear Waste Technjical Review Board
did and say, let us pot subject the
world and the country to the spread of
this nuclear poison. We have not {n-
vested in the transportation plaoning.
And the preparations are absolutely
necessary for the safs transportation of
this dangerous material through our
heartland.

We have not addressed the spectrum
of threats to safe transportation and
not developed a transportation process
that guards against these threats and
are not ready to meet the emergencies
that could develop because of a nuclear
accident or a terrorist act. The Nuciear
Waste Technical Review Board recog-
nizes our lack of readiness. That i3 one
of the reasons they argued against the
transporration program proposed by
this legisiation. The lack of readiness,
preparedness and careful planning is
one of the main reasons I urge my col-
leagues to vote against this ill-con-
ceived, ynnecessary and premature ap-
proach to managing nuclear waste for
our country. )

Mr. President, we are talking sbout a
substance that is the most poisonous
substance known to man. We have been
told by preeminent scientists, Dr. John
E. Cantlon. Michigan State University;
Dr. Clarence R. Allen, California Insti-
tute of Technology: John - Arendt, of
Arendt Associates; Dr. Gary Brewer,
University of Michigaa:. Dr. Jared
Cohon. Yale University: Dr. Edward
Cording. University of Illinois. and on
and on. .

These people, 12 in number. are emi-
nent scientists with no political agen-
da, scientists saying we are not ready
to move this stufl. It is safe to'leave it
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wiers {t (8. Leave {t where (t is. So we
3bould leave {t where It {a.

This legislation is unn . It s
ceing pushed by the ngclear lobby
That ls why it i3 being dobe, to save

the nuclear industry money end pags
the expense off to American ary

They are always io & rush—aiways in
a rush. It 0Ok us many years befors
ihe permalent repository. We got it
waere science would control what went
on. Lawsuits had to be flled. Legisla-
tion bad to be passed. But that is nagt
{ast enough for them. Now they do nat
want to wait for scfence. which wi]]
come back and tell us io 1998 haw the
Yucca site 1s going to be. They are un-
willing to walt for that because they
want to save & huck.

They want to save 8 buck by passing
the responsibility off to the Federal
Government way ahead of time and, in
the process, making this country.-vul-
nerable to accident by rall or car, and
opening our countiry to more terrorist
acts. The terror we have known in the .
past pales any time we think about
what could bappen if & terrorist was
able to penetrats one of these nuclear

shipmenta. :
The PRESIDING OFFICER. Wbo
ylelds time?

Mr. MURKOWSKI addressed the
Chadlr.

The PRESIDING OFFICER. The Sen-
ator from Alaska is recognized.

Mr. MURKQWSKI. I thank the Chair.
I would like to comment about the
remarks made by my good friend from
Nevada relative to the concern we all
bave, the legitimate concern we have
over terrorism. He makes the case
that, you know, there is a terrorist
threat and therefore we ought to leave
{t where it {s.

. Let us look at where {t is, Mr. Presi-
dent. The chart behind me shows it is
in 41 States. There are Bl sites out
there. Is {¢ logical to assume that we
are better off to leave it there whers it
i3 exposed in 41 States at 81 sites or put
it in one place—one place—out in the
Nevada desert, where we have had over
a pertiod of some 50 years extensive nu-
clear testa, time and time again, as
area where it {8 concentrated and can
be supervised and guarded, namely, the
one gite iz Nevada?

It just does not make sexse if you are
going to argue the mertls of terrorism
to have it all over the country, as [
have {ndicated on this chart-—4{ States,
81 sites—or put it in one place where
you capn monitor. you cap control it,
you can guard {t. You can take the nec-
essary steps to ensure ‘that the threat
from terrorism is at a minirmnmum.

I do not know an awful lot about bal-
listics, Mr. President. but [ know some-
thing about a shotgun because [ hunt
ducks. I cannot comprehend a type of 2
shotgun that cah go 300 yards and
pierce through 5 inches of steel. What I
do know is what the Department of En-
ergy has supplied us with. They have
done eight sabotage studies.

One of those included a 4.000-pound
ammonium nitrate bomb that was
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stmilar 1 size, same makeup of what -

was used o tze Oklahoma Federsl
bullding. They placed it {n & container

to sée i they could Dierce the cask. It .

was not breached, Xr. Prestdent.
‘Another test—unfortunately, they
are not able. to. discloss ilig type of
technology because (% i & blick pro-
gram. but they stataed that this device
was 30 timies larger than az aatitask
weapon. Although this weapon made o
small hole in the container, there was
no significant releass of radioactivity.
Make po mistake about i, if there ls s
puncturs, it {8 not going to blow up.
The suggestion was made, you are

going to have. the equivalent of so-

many-times of Hiroshima. i{f you are
going to penetrals that cask, the radio-
active material can come out. But {t {s
very, very heavy. As a consequence, its
tendency is to remain {a the imme-
diste ares. But the point i3, these.
casks are designed to withstind, If you
will.. the exposures associatzd with an
accideat. whether it be s railroad,
whether it be & 8Rip, or whegher it be a
highway.

I would like to turn a little bit to at-
titudes prevalling (n Nevada. As | {ndi-
cated eariler, we have some 268 signa-
tures {rom Caliente. [ have been able to
obtain the completed Xerox of the one
that I started on earlier, Mr. President,
and was cut off. I think it is tmportant
to read what these people said., and
that has been inserted {n the RECORD.

We the undersigned. support recommenda-
tons for maximizing denelits and minimiz-
log risks es outlined {o the city of Callente
Lincoln Couaty Nevada joint resolution [-9S.
As residests of the State of Nevadsa, the

* United Scates Constitution provides thac, if
the Nuclear Waste Policy Act is going to be
amended to allow transportation of spent
fuel rods through Lilacols County and the
ity of Callente. we are estitled to provide
input to apy such proposals. Such taput
would request oversighc of salety {ssues and
receipt of deneflts that may be associated o
any traaspartatios aad/or storage facility lo-
cated within Lincoln Couaty. 3

That is the point of this amendment,
Mr. President, to provide that assist-
ance. ,

Mr. President, I ask unanimous con-
sent that a letter from the Inter-
national Association of Fire Chiefs,
dated July 26, be printed {a the
RECORD.

There deing no objection. the letter
was ordered to be printed in the
RECORD,. as follows: .

INTERNATIONAL ASSOCIATION OF
FIRZ CHITFS.
Fairfaz, VA, July 6. 1956.
Hon. FRANK H. MURKOWSKL,

. Chairman, Energy and Notural Resources Com-

mittee, U.S. Senate, Washington, DC.
DEAR CHAIRMAN MURKOwWSKI: The Inter-
nations! Association of Fire Cilefs (1AFC)
{ully supports S. 1936 and uryges its prompt

passage.

Nuclear {uel has deen sccumulating sand
temporarily stockpiled since 1982 &t numer-
ous staging locations throughout the Usnited
States. The stockpiling of nuclear wasts in
30 mapy removed locales renders them most
vulperable Lo potential sabotage and terror-
ist actacks. A plag to remove Lbis puclear
fuel and coordinste its traosport to a siagle
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securs designated interium storage {acility at
Yacea Flat, NV, 1o accordance with prudent
plasning. tralning, And preparation can be s
aafe, logical and scosptadle alternative.

5. 1598 offers a plan to remove tiis spent
fus] end coordinates its TrAnSPoOrs Lo a alagle
secure interim storsge factlity. Wit proper
planning., wainiog asd preperation, s
spegt fuel can be transportad safely asd effl.
clegtly over the nation's rallways and bigh-

waAyS.
. We appreciats your leadership on tals dif-

ficwlt but important lsme.
Very Wuly yours,
? Direczor, Government Reladons.
Mr. MURKOWSKIL It states:.
DEar CUAIRMAN MORXOWSKX: Tde Inter-
pationsl Assactstion of Fire Cutels (IAFC)
fully supports 8. 138 apd uryges its prompe

passage.

Naclear .fuel bas been accumulstisg aad
temporsrily stockpiled since 1962 at pumer-
ous stagiag locations throughout the United
Statss. The stockpiling of puciear wasts 1o
90 many removed locales resders them most
wulaerable Lo poteatial sabotage and terror-
18t attscks. . . .

That {s what I said before. Do you
want it over here in the 4] States in
over 80 sites? The fire chlels say. no,
put {t in one site. ' ) ’

A plan [they further say] t0 remove this
nuclear fuel and coordinate Ita transport to-
a singie secure designated interim storage

" facility at Yucca Flat. NV, la accordaace

with prudeat plaantag. tralaing. and prepa-
ration can be a safe, logica! and acceptadle
alternative. Senate bill 1336 offers s pisn to
remove this speat fuel. coordinate {ts trans-
port to & single secure {nterim storage {acil-.
ity. With proper plaaning, tralaiag snd prep~
aration, this spent fusl cas dbe transported
safoly and efficiently over the Natlon's rall-
ways and highways.

It is signed by Alan Caldwell, direc-
tor, goverament relations. {rom the
International Association of Fire
Chiefs. .

Here i{s a petition, Mr. President, to
the President of the United States,
signed by 600 workers associated with
the. Nevada test site. I previously en-
tered cthe specific petiticn and nar-
rative in the RECORD, but let me read
what it says. This i3 signed by over 600
workers at the Nevada test site.

We wbo have signed this petitios live in
the State of Nevada Many of us work at the
Nevada Test Site. Some of us work oa the
Yucca Mountain projecst.

The (Nevada Test Sitel, as area larger
than the State of Rhode Island. was chosen
a3 a nuclear weapons testing site dy Presi.
dent Trumas. Its dry climate sad remote lo-
cation made {¢ {deal for weapons testing 45
years sg0. Those same {actors make the NTS
1deal for storing bigh level guclear waste and
speat auclear fuel. There is Bow, o southers
Nevada. a resident work force that is well
trained agd experienced in dealing with pu-
clear matertals. We, who &re part of that
work farce, believe the NTS presents a soiu-
tion for the United States far the temporary
and permagent storage of bigh level nuclear
waste and spent suclear fuel. It {3 a well se-
cured site, It I3 remote. it Bas already been
utiliized for puclear purposes. it Bas ap expe-
rtenced aad well-truiged work force and we
a3 Nevada workers, wagt {C.

We urge you to work with Cougress wo
make the NTS the solution to this Nation's
guclear waste dilemma.

There you have it, Mr. President.

A Sy231

How much time !s rema's:ag”

The PRESIDING OF?ICER?."T!: s
ator from Alssks has 17 minutes § peo.
oads. - ¥ sec-

Mr. MURRKOWSZT. I read the follow.
izg letter from the Soutters Nevads

f 2
Bulldiag & Comstructioa Trade Cous-
cil, dated July 23, a letiar to Seaator

CARL LEVIN.

Deax Szu‘m.n LEvpe 1 am writizp o
Aok you [0Ff yous suppors of Senate BRIl
1336 43¢ 1 2779 y0u %0 coatinae taas suppors

1 am s ropresentative of zhe oany 'ornn;
med a8d womez of Nevads who scIongly sup-
part the paasage ol S, 1508,

Altlough we more ofian tias not suppors
the posiions of Senator Hasry Rald a3d Sen.
ator Richard Bryss, our views oo this par-
ticular tsaue differ significacsly from theiry,
Og beball of my members [ urgs you to con.
tioue your support of S. 1936, as reflecied by
your recent vote in favor of cloture. We sia-
cerely thank you for your pesicien.

A3 way of iotroductian. | am Presidans of
the Southers Neveda Buildizng and Copatme-
tion Trades Cousncii, Vice President of she
Nevadas AFL~CIO. and serve as an appointee
of Nevala Governor Bob Miller to the Ne-
vada Commission on Nuclear Projecta. [ have
followed the nucliear waste issue In Nevada
for many years. My years of experieace ai
tde Nevada Test Slte goes back Lo & Ume
whea ' Neveds elected . offlcials ectually
sought the oppertunity to swore high-level
waste at the Test Site.

The 18,000 craftsmen that [ represent. as
well a3 over 100.000 members of the Nevada
AFL~CIO, feel stroggly taat the Yucea
Mountain Project i3 sale and can be good for
Nevada. We recognize. perhaps Detter than
most. tbe importance of healzd azd safely in
dealiog with ligh-level waste and nuclesr
macerials. We have dealt with {¢ (or many
years and a3 the woricers handiing this maste-
rial we have the most to lose If this program
{3 not safely run. Based upon our past experi-
ence {o Nevada, wa have a great deal of con-
fidence that this facility will be safe.

Nevedans are pragmalic people sad 1 be-
lieve that, contrary to statements made by
some Nevada officials. many if not most Ne-
vadans would oot contest the location of tiis
facility in Nevads Resmember that we have
tested over 900 nuclear devices io the Nevadsa
desert with litCle local opposition. Like the
ouciear weapons Lesting program the nuclear
waste program s essentially s non-issue
amoag rank and flle Nevadans. We find i¢ ex-
tremely difficult to Imagioe that you could
possibly. {ind a more willing political climate
anywhore else in the United States for this
type of facility.

We ugderstand that you maey hz%e been
asked, by members of the Novada delegation.
to oppose legisiative elforts to move the au-
clear material storage program forward. An
immense amount of scientific study has deen
conduced at Yucea Mountain and i1t has con-
clusively found the location 1o be s supenor
one for this type of {acility. Some officials
(rom Nevada Bave made a concerted effor:,
ustiag every cogoceivable means, o thwers
this scientiflic and environmestal program.

Enclosed you will (1ad petitions sigaed by
many Nevadans who support passage cf this
legisiation. We "intend to meet with the
White House shortly to express our position
and to transmit the petitions. Qur message
to the President will be: Move this program
forward—do not aliow partisan politics tw
stand in the way of a suiution to this prod-
lem. Any other approach would be both dad
politics and bad public policy. .

As a fellow American, a fellow Democrat.
204 A3 a represestative of the working men
and women of Nevada, 1 urge your costinued

suppart of S. 1936. :
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It i3 signed by Frank Caige, president

of the Soutkers Nevada Bullding Con-
struction & Trade Counctl. :

"Mr. CONRAD. WilI the Serater yield?

.Mr. MURKOWSKL I do not attsmpt
to spesk, obviously, for ‘the people in
Nevads. That is the job of the Senators
ftom Nevads. [ do thiak It represents a
significant voica to be heard and to be
brought to the floor.. e

I yield on the Senator's time.

The PRESIDING OFFICER The Sen-
ator from Nocth Dalkota has no time.

Mr. MURKOWSED I yield very brief-

1y for a question {f it is or my time be-

cauge we are running short.

Mr. CONRAD. I have been i{zcreas-
ingly concerned about the notion of the
tervorist threat, and I am very luter-
ested {n the answer of the Senator from

It strikes this Senator, when you are
talking about 100 different locations ia
the shipment of nuclear fuel from
around the country to a single spot,
that the risk of a terrorist threat in-
creases dramatically; [ just ask the
Senator from Alaska, in talking to se-
curity people—in fact, I talked ta Se-
cret Service peopie about when the
President is most vulnerable, and they
told me they belleve the President or
anybody that they are guarding is
most vulnerable when they are {2 ran-
sit. [n fact, they feel they are most vul-
narable when they are getting in or out
of the vehicle. ' : ’
© I was thinking how that relates to
the circumstazces we f(ace here. We saw

that with Pres{dent Reagan and the as-
sassination attempt when he was get-
ting into a vehicle. Rabin was assas-
sinated when he was getling into a lim-
ousine, because you know where a per-
son is, you know where they will be,
that {s when they are most vulnerable.

It strikes me that the same thing
may be the case with respect to the
transporting of these materials, and [
am interested {n the reaction of the
Senator from Alaska to that.

Mr. MURKOWSKI. If I may respond .
to the Senator from North Dakota,
that is the very point we are talking
about. Terrorism {s a thresl, but we
have this currently in 41 States at 81
sites, and the ability to secure those
sites {rom terrorism in {ts curreat form

.18 much more difficult than having it

in one central spot, because that {s

" where it will be permanently stored, ei-

ther until Yucca Mountain has a per-
manest repository or, during the in-

" ‘tertm, until the permanent repository

18 set.

What we are looking at here is one
site, one storage capability, one set of
experienced personnel to guard against
terTorist activity, as opposed to the
chbart, which I will again leave for the
Senator to view, 41 States and 81 sites.

It jus: simply makes gense. The Sean-
ator from North Dakota was not here
when [ entered into the RECORD & letter
from the International Association of
Fire Chiefs which simply says:

. . .3 many removed locales recders them
most vuloerable to potential sabotage and
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tarTorists attACKS. A DIad to Temave this nu:
clear fusl and coordinats ity rinspart to &
siggle secure dssignated lotartm storage {a-
clity st Yucea Flat, NV, Lo accordsacs with
prudest: plasaing, walnlng. a3d preoaration

can be & safs, logical and accepiabls altsr-

native.

So this {s the very coucers we &m.
talking about. Obviously, ycu are not
going to store in these xitexs foruver.
That s a given. You have to Lake it cut
of thess sites &t some polni iz time.
The Federasl Governmant has coliected
almost 312 billlen from the ratepeyers.
It has sntered {nto a contractuss ag:ee-
ment. We are talking about reneging
on the agreement, basically, if we don't
go abead with {¢, and leaving it where
it is for an undetermined period of time
until then you decide to move it. It is
inevitable thal you are going to move
it. We sre talking about here—once
you move {¢, the threat of tarrorist ac-
tivities agsociated with it are much re-
duced becsuse you don't have that
number of sites iz that exposure in the
41 States. ’ .

So the logic. I think, speaks for it-
self. [ think, from the standpeoint of
terroriam, exposure is less dramatic If
you have {t &t one site where it is easi-
er Lo secure. -

I think my time has about expired.

The PRESIDING OFFICER (Ma.
SNOWE). The Senator has 8 minutes re-
majning.

Mr. CONRAD. Might I ask my col-
league to yield me some time so [
might pursue this?

Mr. BRYAN. How much time does my
{riend require?

Mr. CONRAD. A couple of minutes.

Mr. MURKOWSKI. How much time
rematns on the other side?

The PRESIDING OFFICER. There
are 9 minutes S0 seconds remaining.

Mr. BRYAN. [ yield 3 minutes to the
Senator from North Dakota. . ’

Mr. CONRAD. Madam President. I
can understand, with respect to a ter-
rorist threat, that if you had it at one
site, it (s easier to guard and secure
than at 81 sites. What really raises
questions, at least in my ming, is when
this material is {0 transit, because now
you are not talking about 81 sites, you
are talking about an infinite number of
places where you are vulnerable to
some kind of terrorist threat. So, o
me, {t {3 not a question of 81 sites ver-
sus 1 site, it is a question of being in
trapsit from 81 aites to 1 known place.
1If I were trying to put myself in the po-
sition of & terrorist, and I knew that
all this materisl has to go through s
sertes of locations to arrive at one des-
tination, that makes it very vulnerable
to a terrorist attack. So the question I
really have {3, aren’t you most vulner-
able when this material {8 {n transit?

Mr. MURKOWSKI. [ respond by ask-
ing my friend from North Dakota, is it
not inevitable that AL some point in
time, in order to meet the contractual
commitment, you are going to have to
move this anyway?

Mr. CONRAD. Yes.

Mr. MURKOWSKI. So it is still going
to be vuinerabie to terrorist attacks.
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and ot have to be tm?pg:‘w:gx&d;n:
single aits {0 one placs in the country
where you are vulnerable. It would
seem thst it would be easy for s terror-
ist t0 look at the map sad say. “'Here
are the sites it s comisg from. arc
here la the ome place on the map 1% ie
going to." You could draw a series of
sequential rings and, with a high de-
gree of confidence, know Ziis materis:
{s gotag to pass through there, and you
are, {n that way, bighly vulnersable to a
terrorist threat.

Mr. MURKOWSKI. Madam President.
the Senator (rofme—— .

Mr. BRYAN. On whose time is the
Senator {rom Alssks responding? .

Mr. MURKOWSKI. On my own time.
First of all, the Senator from North
Dakota I3 suggesting that we dispose of
it on-site somehow through advanced
technology. That suggests reprocess-
{ng. which we don't allow. So that is
basically a nonalternative. Some pec-
ple suggest that is somewhat unfortu-
nate because, In France, thoy do re-

- process, reigject. They don’'t bury the

plutonium Iike we do. They put it back
{o the reactors and burn it.

Now, the inevitability of the question
of whether or not you leave it where it
is and subject yourssif to the potsntial
terrorist exposure {o 41 States and 81
sites—that suggests that you sre not
going to bhave the same degree of secu-
rity and experience in all these sites
because you cannot possibly cover that
many sites. So you put it at thes one
site {n Nevada where you can provide
the securily. So the terrorism exposure
in Nevada s, for all practical purposes,
eliminated. Your exposure is shipping
them. granted. That is why the casks
are designed as they are designed.

As I said in an earlier statement, the
Army bas tested a device 30 times larg-
er than an antitank weapon. and al-
though {t made a small hole in the
cask, there was no reiease of radio-
activity. So you can't eliminate the en-
tire risk, but you can eliminate, to a
large degree, the tecknical design—this
is a heavy thing; the terrorists are Dot
going to run off with it. They have to
do something very significant. Qbwvi-
ously, there {3 going to be security as-
soctated with the mavement. I think
we are taliking about 10,000 casks. I
defer to the Senator from Louisiana

who, I think. wants to address the Sen-

ate. .
Mr. JOHNSTON. Madam President, 1
appreciate my colleague yielding to
me. They have done studies on thes_e
shippings. and what they have found i3
that upward of 10,000 to 20.000 ship-
meats bave already been made. They
say numerous analyses have been per-
formed in recent years coscerning
transportation risks associated with -
shipping spent fuel. The results of
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these analyses all show very little Yisk
under both normal and sccident condi-
tiops. The safety record has beea' very
“good 1B. ¢ - "
estimats snalytically. In fact, during
tha. docades that spent fuel- haz. been
shipped, no sccideat bas caused:a. ra-
. dioactive release. What they have dons
1s they-have mads modals both.on:
computer and ‘they have done actual
tests. For example, there.was &’ chart
up there that.showed that they .hit.a
cask &t 80.miles an hour with'a train,
and they dropped them {rom bulldings
and all that. In none of these was thers

arisk.. . . : e

I might add that we ghip nuciear was-
heads all the time, We don't ship those
actually in these kind of casks. Frank-
ly.’ I don't know how they ship them,
but they are not sealed of as these
casks are. They have gone to the ex-
tent—in one instance, they safd a ship-
ping cask has been subjected to attack
by explosives to evaluate the cask and
spent fuel response to & device 30 times
larger than an antitank weapon. They
attacked one of these with & weapon 3¢
times larper than an aatitank weapoa.
The device would carve approximately
a 3-inch diameter hole through the

- cask wall that contained spent fuel,
and it was estimated to cause a release
of about one-third of an ounce. **No
transportation’—-this {s & quote—‘‘can
be identified that would impose any-.

* where near the energy per unit volume

. caused by this explosive attack.’”

. So even {f you get a weapon 30 times

larger than an antitank weapon and at-
tack the cask with {t, all it does is
bave a release of about one-third of an
ounce. So ‘I sudmit to my colleague
that, .I guess you can postulate some
accident where some meteorite might
come down and happen to hit a raliroad
train in just the right way and some-
how that could harm somebody. But
they have postulated about every con-
ceivable risk, iocluding a weapon X0
times larger than an antitank weapon,
agd chey postulate only ose-third of an
ounce of release—that, plus the fact
that there has never been a release of
radioactivity in 4 decades of these
transportations, f{rom 10,000 to 20,000
shipments in this country alone, pot to
mention those around the world. ~ °

[ would say there are things to worty
about. But I honestly do not believe
that transportation is one of them.

Mr. CONRAD. Let me ask my col-
teague. .

Mr. REID. Madam President, 1 would
be happy to.yield to my friend, but I
want to respond directly to the state-
ments made by the Senator from Lou-
islana.’ .

This is pure doubletalk. The fact of
the matter is that the weapon that
they used to test was a device designed
to destroy reinforced concrete pillars
and piers. The weapon was not designed
to destroy a structure like a puclear
waste caniater. ln fact. the weapon
used for testing performed its military
mission so poorly that our military
forces abandoned this device for a bet-

ter .design. The. weapon. used. even
though It was not much good, did per-
forata the canister. The hole is email.
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. and there was leakage, but {t was not s

groat deal of leakage. - - . -
- But everyone looking -at thls kaows
that the weapon -that has been used—
any of the weapons that I have on this

- chart. are manufactared all over the

warid—would . parforate  this thing like
that—16 inches of -steel, 36 inches of
steel, 28 inches of steel. -

. This is, in all due respect to the Sen-
stor from Louisizas, who is s tremen-
dous advocate for the nuclesar industry,
part of their doubletalk They have Dot
been willing to test these canisters the
way they should be tested, and the Nu-
clear Regulatory Commiasion has said
to this point that sll they bave to do is
to be able to withstand & maximum of
30 miles an bour and a fire for 30 mun-
utes. That s totally fnadequate not
only for accidents, but for tarrorist ac-
tivities. .

I yleld now %0 my friend {rom North
Dakota.

Mr. CONRAD. Madam President, I
thank my f{riend from Nevada.

1 just go back to this questiom. It
does strike me, given the rise of terror-
ist activity not only in this country
but around the world, that when you
put in motion from 80 different sites
around the country, from 41 States,
thousands of these casks headed for
one location, that {{ you were a terror-
{at organization=-it would take very
iittle calculation, to figure out where
this {s most vulaerabie—you would
have the potential here for a terrorist

‘ organization when this stuff s’ most

vulperable. when (t {8 {n motiocn, when
it is in transit, to attack either a train
or & truck and get passession of this
material and thereby be able to threat-
en dozens of citles in America. )

I must say, when [ have talked to se-
curity people—agatin, [ talked to a per-
son who was in the Secret Service—
with respect to when they think aome-
thing that they are guarding is most
vulnerable, they said without question
it 1s'when it i3 {n transit, when it is on
the move. That'is when {t is the most
vulperable.

Mr. JOHNSTON. Madam President.
will the Senator yield?

Mr. CONRAD. Yes.

Mr. JOKNSTON. Is the Senator sug-
gesting that we leave {t permanently
at the 70-plus sites around the country?

Mr. CONRAD. No. This Senator is
suggesting that maybe we ought o re-
visit the question of reprocessing in
this country. That is an alternative.
Maybe we ought to consider various
other technological slternatives that
may present thermselves. I am just rais-
ing the question. With what is going on
in terms of terrarist threats abroad
and in this country, are we doing a
wise thing by setting up a cir-
cumstance in which this material
starts to move from 80 sites around the
country to one defllned location in
America? That troubles me. :

- 1 really am struggling myself with
the question of how to respond to that.

X

S9233
I must say 1t bas made me ry y
whole questian of ,mm:‘hf?ﬁ:':‘_
der sometimes {f we bave mayg, wia
cholce:cht)lH:Nhh country.- ;..

. Mr, - STON. . ! may angw
m;,beamthe&u:aru"‘g
thoughtful Sepator and ¢ 8.5 falr

question. .
the lssue

First of all, let me say, qn
of - reprocessing. you would Zeed  a
central facllity for reprocessing any.
way. So thet does not solve the trans.
portation problem. .

Second, [ would say to my friend that
the studies Lbat have been done-—and
you have four decades of experience
with transportation of this fuel with
never a radloactive release, pius you
have a lot of poatulated accidents. For
example, they have taken actual scci-
dents and made the atudies of what
that would have done to nuciear waste
had it been involived. In vne. != April
1982, there was & three-vehicis ¢oiiision
involving a gasoline truck trailer. a
bus, and an sutomoblie which occurred
in a tunnel in which 88.000 gallons of
gasoline caught fire and burped for 2
hours and 42 minutes. For 40 minutes
the fire was at 1,900 degrees Fahr-

_enbeit. If a nuclear waste canistar had

been involved in this accident, it would
have suffered no significant impact
damage, and the fire would not have
bresched the canister. Theres would
have been no radialogical hazard. The
spent {uel in the canister wauld not
have reached temperatures high
enough to cause fuel cladding to fall.

We go on here to other postulated ac-
cidents. A train containing both.viny!
chloride and petroleum—the tanker
cars derailed and caught fire. The fire
burned for several days and moved over
& large area. There were two explo-
sions. Had nuclear waste canisters been
on the train. they would not have sus-
tained any damage {rom the explosion.
They might have been exposed tQ the -
petroleum flre for a period ranging
{rom 82 hours to 4 days. Even so, the
canisters themseives would not have
been breached. .

Mr. CONRAD. Will the Senator yield?

Mr. BRYAN. Madam President. we
have just a little time left.

Mr. CONRAD. I would like to con-
clude with this question.

My understanding {s that those are
accident scenarjos. What concerns this
Senator is a terrorist scenaric when
terrorists launch an attack on these
materials when they are in transit and
most vulnersble. [ must say that [
think it is something that we have to
be concerned about.

Mr. JOHNSTON. The point is this,
though: They have tested it with weap-
ons 30 times bigger than antitank
weapons with direct hits. That caused
& breach. Only a third of an ounce
comes out. There are many. many
much more lucrative targets. by orders
of magnitude more Jucrative for terroc-
ists, everything from chemicals that
travel throughout the country every
day, from LP gas to others which are
many. many times easier to breach and
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2 bigger problem:
The" ¢svential thing'’is . that :nuclear:

‘ "« wasteis pot's volatile matter. o 3 - 2
* r,Mr. BRYAN. Madam President, I say -

to: my: colleagus’ that this is’on my
Hme e e S R
.How much time {s left? .. ™ .o :
. The PRESIDING OFFICER. Approxi-.
mately 2 minutes. - - - e
Mr. BRYAN: If the Senator uses his
own time, I have no problem with &
But I am not prepared to-yield. any
more time. o e
-Mr.  JOHNSTON. I 'would be finished
in just a moment. B
Mr. MURKOWSKI. Madam President,
‘I ask . unanimous -consent ‘that ' the
other side bave 2 more minutes total
and that we may have 1 minute on this
aide. - .
The PRESIDING OFFICER. Is there
objection?
Without objection, it Ly s0 ordered.
Mr. JOENSTON. Madam Presideat,
nuclear. waste traveling the country ls,
first-of all, solid in form. It is sealed in
a cask that, as I say, If you get & direct
hit by something 30 times more power-
ful than an antitank weapon, what do
you get? You get a third of an ounce of
release. What does that do? It does not
explode. It is not gaseous. It does not
get down to the water supply. It is, as

. these matters go, relstively bdeaigm.

And, even 80, you cannot imagine & sit-

uation other than a terrorist attack

where there is any release at all. .
So I submit that there are & jot of

. things to worry about, but transpor-

tation {3 not one of them.

Mr. MURKOWSKI. If I may, Madam
President. take the last 30 seconds in
response to the Senator from North
Dakota, we have seen in Europe the
movement of over 30,000 tons of high-
level nuclear waste in countries that
-are exposed to terrorism at a {ar great-
er theoretical semse than the United
Statps. There has never been one {n-
stance of a terrorist activity sssociated
with movement by rail, highway, or
ship. Terrorists are not gotng to nec-
essarily look at terrorizing a shipment
when they can move {nto nerve gas and

- weapons disposals that are moving

across this country—all types of mate-
rial that sre associated with weapons

. —where they can create an incident of

tremendous annihilation oz & popu-
lation. )
This {3 very. difficult because {t is se-

‘cure, 1o & cask; it is guarded; and it bas.

been proven it has moved through
other countries, particularly Great
Britain, France. in Scandinavia, and to
some exteat starting (o Japan. So
there is & risk assoolated with every-
thing. But we have not had terrorist
activity in this area because there are
other more suitable sites.

The PRESIDING OFFICER. The Sen-
ator's time has axpired.

Mr. BRYAN addressed the Chair.

The PRESIDING OFFICER. The Sen-
ator from Nevada, -

Mr. BRYAN. I thank the Chalir.

Mr. President. I appreciate the state-
ment of the senior Senator {from North

\

| Daxotas :‘Bis {“axpression. of. concern

-.about the valasrability that we have to.

tarrorism. It is'a factof life to 20w
ceatury America- All of us apprehend,
-larnent. and regret {t;.bat it 15a.very

real fact. ] must say, just ss the bad .

guys -in the .Old West always klew
where Lhe-stagecoach was most vulner
able—it.was not whea It was at the of-
Oce: it was Dot when it was being un-
loaded a4t the bank—It was out on the
road. 80 too when we sre faliing sbout
thousands and thousands of miles of
rall and highwsy shipments. Thers are
80 many places thal s terrodist could
find & point of valneradility. The con-
cerns that my colleague f{rom North
Dakota mentioned I beliave are very
real and very genuins, 80 [ thank him
very much for bis explanation.

Let me just make one other point
here. It is somsthing we coastantly
hear about. that this bill will result
automatically 1o not 109 sites but 1
site. Mr. Presideat, that i3 just abso-
lutely false, shsolutely false. Each of
the nuclear reactors that are currently
generating power have spent {uel rods
contaiped {n the poois. They remain
there at lesst for § years. If we sssume
that every reactor in the country {s
going to close, which la certainly not
the predicats of the Nuclear Regu-
latory Commission, under the current
existing licenses some nuclesr utflities
would rerpain open at least until the
year 2033. So all this bill would do in
terms of conceatrating storage would
add not 109 but you would have 110

sites, namely tke new [acility that .

they have proposed to construct at the
Nevada test aite for {nterim storage.

So this ad. I know, the nuclear utili-
ties love. They spend milllons of dol-
lars in advertisements iz magazines
and publications that give one the im-
pressjon, wow, {f we just opened up this
facility at the Nevada test site there
will got be nuciear waste stored aay
place in the country.

That is wrong.

May I {nquire as to how rmuch maore
timo the Senator {rom Nevada has?

The PRESIDING OFFICER (Mr.
HELNS). All time bas expired.

- Mr, MURKOWSKI -addressed the
Chalr.

The PRESIDING OFFICER. The Sen-
ator from Alaska.

Mr. MURKOWSKI. Mr. President, !
ask for a voice vote on the amendment.

The . PRESIDING OFFICER. The
question occurs Op agreeing to amend-
ment No. 5048 offered by the Senator
from Alasks.

The ameadment (No. 5048) was agreed

to. B

Mr. MURKOWSKI. Mr. President, [
move to reconsider the vote.

Mr. JOHNSTON. [ move to lay that
motion on the table.

The motion to lay on the tadble was
agreed to. )

The PRESIDING OFFICER. Are there
further amendments to the bill?

Mr. REID. Mr. Presideat. if I could
just confer for a few minutes with my
friend from Alaska and loform the rest
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of the Semate, what we are trying

work out now—end we do got know ::
can do1L, but are are trying to-o this
aids we uve-vmm.-mamcna: We
waol €0 'Yote..on one.of thoge amend-
ments, & recorded yote. W would lixs
that, Uf X 18 OK—we have.a Democratic

.conference that |s staczing at 4 We

would like to do that at 340 and
bave {lnai passags at .mnmageg
o'clock and dispose of the other amend-
ments iz the tatenim by voice vots. -

-] have.spoken to the Semator '&'um

-Alsaksa. I know he has to confer with

othars to see if that can be work
Otherwisa, we can do aomecun:d :1:::
1o the meantime. we will go ahead and
offer an amnendmaent. .

- Mr. MURKOWEKI. Mr. President, I
conferred with the Senator from Ne-
vads and my colleague, Senator Joun-
STON, and [ want to check with our
leadershlp. .

It is ‘my understanding. the pext
amendment will be offered dy the Sen-
ators {rom Nevada, and they would
want a rolleall vote on that amend-
ment? :

Mr. REID. No, the next amendment,
we will offer and talk about it & little
bit and have & voice vote. '

Mr. MURKOWSKL Voice vote. The
one after that you would like—

Mr. REID. The one after that we
would— '

Mr. MURKOWSKI. Might 1 ask
whether the Senators intend to use
their full 30 minutes? :

Mr. REID. We would be willing to.
work out something after. this so the
time is equally balanced.

Mr. MURKOWSKI. I will entertain
then the amendment that i{s about to
be offered that would require simply a
voice vote, and that will give me an op-
portunity to check with the leadership
on this side and then respond to the
Senators concerning their propoaal.

I thank the Chair and yield to my
colleague [rom Nevada.

The PRESIDING OFFICER. The Sen-
ator 18 recogmized.

Mr. BRYAN. I thank the Chair.

| AMENDMENT NO. 8013
(Purpose: To speci{y cootractual obligations
between DOE and wasts generators)

Mr. BRYAN. I send an amendment
numbered 5075 to the desk and ask for
ita immediate conaideration.

The PRESIDING OFFICER. The
clerk will report.

- Mr. MURKOWSKI. If I may interrupt,
I assume there is acknowiedgement
that the Senators contemplate & voice
vote prevalling on our side?

Mr. BRYAN. That is correct. We are
not requesting that a rollcall vote
occur with respect to amendment S07S.

Mr. MURKOWSKI. The volce vota
that the Senators are proposing, they
are assuming we would prevail?

Mr. REID. I would say to my friend
from Alaska. he has not heard the ar-
gument yet. He may be persuaded.

Mr. MURKOWSKI. [ will take my
chances. :

The PRESIDING OFFICER. «The
clerk wil} report.
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NUCLEAR REGULATORY
COMMISSION

10 CFR Part 73

Modificaiion of Protection
Requirements for Spent Fuel
Shipments

AGENCY: Nuclear Regulatory
Commission.
ACTION: Proposed rule.

SuUMMARY: The Nuclear Regulatory
Cormission is considering amending its
regulations for the physical protection of
irraciated reactor fuel in transit. The
issue under consideration is one of
safeguards rather than safety. The
amendments would take into account
new data from a research program and
from other sources that indicate that the
consequences of successful sabotage of
an jrradiated fuel shipment in a heavily
populated area would be small
compared to the consequence estimates
that prompted issuance of the current
rule. For certain spent fuel shipments.
these amendments would provide

- continued protection against sabotage. ‘

while at the same time relieving the
licensee of non-essential requirements.

. DATE: Comment period expxres ‘

September 10, 1984.

ADDRESSES: Written comments should
be submitted to the Secretary of the
Commission, U.S. Nuclear Regulatory
Commission, Washington, DC 20535,
Attention: Docketing and Service
Branch. Copies of comments on the
proposed rule may be examined and
copied for a fee at the NRC Public
Document Room. 1717 H Street NW
Washington, DC.

FOR FURTHER INFORMATION CONTACT:
Carl B. Sawyer, Office of Nuclear
Material Safety and Safeguards, U.S.
Nuclear Regulatory Commision,
Washington. DC 20555, Telephone 301-
427-—4186

SUPPLEMENTARY INFORMATION'
Back,_,round

The NRC carries out a continuing
series of studies to aid in determining
the measures that are needed to protect
radioactive material, including
irradiated (spent) fuel, against sabotage.
During the mid-1970s, studies [NUREG-

" 0194, "Calculations of Radiological

Consequences from Sabotage of
Shipping Casks for Spent Fuel and High-
Level Waste,” February 1977; and
NUREG-0170, “Final Eavironmental
Statement on the Transportation of
Radioactive Material by Air and Other
Modes,” December 1977), estimated the

_health effects of a radiological release in

a non-urban area resulting from a high-
explosive assault of a spent fuel cask.
The estimated risks were not considered
to be substantive enough to warrant
regulatory action. A subsequent study
by Sandia Laboratories included a
chapter on the sabotage of spent fuel in
urban areas of high population deasity
{SAND 77-1927, “Transport of
Radionuclides in Urban Environs: A
Working Draft Assessment"). This study
suggested that the sabotage of spent fuel
shipments had the potential for -
producirg serious radiological
consequences in areas of high
population density. The Commission
concluded that, in order to protect
health and minimize danger to life and
property (sections 161b and 161i(3) of
the Atomic Energy Act of 1954, as
amended). it was prudent and desirable
to require certain interim safeguards
measures for spent fuel shipments. The
focus of concern was on possible
successful acts of sabotage in densely
populated urban areas. Because of the
possibility that spent fuel shipments
could be hijacked and moved from low
population areas to high population
areas, the interim requirements applied

- to all shipments. even though the
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planned shipment route did not pass
through a densely populated urban area.
The interim requirements were to be in
effect until the results of confirmatory
research became available and were
analyzed. :

The interim rule, which set forth
physical protection requirements in 10
CFR 73.37, was issued on June 15, 1973,
and was made effective on July 3, 1979.
The rule was issued without benefit of.
public comment, but at the time of
publication public comment was invited.
Afte reviewing the public comments and
after taking into account its experience
in administering the rule, the NRC, on
June 3, 1980, published amendments to
the rule. The amendments were made
effective on July 3, 1580, and the
amended rule is currently in effect as 10
CFR 73.37(a) through (e).

Related Research

SAND 77-1927, which prompted
‘issuance of the protection requirements,
contained estimates which were
unavoidably subject to large
uncertainties due to a lack of technical
data. A later draft of the Sandia report
(“Transportation of Radionuclides in
Urban Environs: Draft-Environmental
Assessment”) was published by the

" NRC as NUREG/CR-0743. Although this
draft predicted less serious
consequences. a significant degree of
uncertainty still remained that could be
resolved only by further study and
experiments. .

Investigators at that time agreed and
continue to agree (1) that consequences
of an act of sabotage would be a direct
function of the quantity of spent fuel
that would be released in respirable
form, and (2) that the only credible
means of malevolent generation of
respirable particles would be through
the use of a large quantity (tens to
hundreds of pounds) of high explosive
skillfully applied. Little information was
available to aid in predicting the
response of spent fuel and spent fuel
casks to explosive sabotage.

The NRC and the Department of
Energy (DOE) responded to this need for
technical data by sponsoring separate
but coordinated experimental programs.
Both programs were designed to yield
information about the release from a
specified reference sabotage event,
which was defined as follows. Saboteur
skills were specified as those of an
experienced military or commercial
explosive demolition specialist.
Familiarity with a wide range of kinds
and configurations of explosives was
assumed. Use of up to hundreds of
pounds of military or commecial
explosives was permitted. For the
_special case of shaped charges, use of

v

the U.S. Army M3A1 was assumed. [t is
the largest shaped charge readily
available. An M3A1 causes damage
through formatin of & high pressure
particulate jet which may be a fraction
of an inch in diamter and has the
capability to penetrate two or more feet
of metal, eroding everything in its path.
From the outset. it was expected thata
shaped charge would be more efficient
than other configurations in producing
respirable particles. For that reason the’
M3A1 was designated as the . ~ference
explosive. The refernece cask was
specified as a single-assembly cask. The
specificaton is conservative since a
single-assembly cask has smaller
dimensions than a multiassembly cask
and is, therefore, more likely to yield a
greater quantity of respirable particles
(per assembly) in response to a given
level of explosive sabotage.

A series of experiments using model}
(small-scale) explosives ageinst
simulzated casks containing irradiated
fuel characterized the NRC-sponsored
program. These experiments used
pressurized water reactor (PWR]) fuel
with a burnup of approximately 30,000
megawatt days per metric ton of heavy
metal and approximately six-and-a-half-
year cooling. Measurement of the
quantity of released material revealed
the fraction that was made up of
particles of respirable size (those having
a diameter of less than four microns)-
Upward scaling permitted the datato !
take into account the effect of the
reference explosive and a full-scale
cask. Scaling led to the conclusion that

less than nine grams of spent fuel would -

be released in respirable form if the
reference charge were used successfully
against a cask containing a-singie PWR
spent fuel assembly. Using results of the
METRAN computer code for health
conseuences (one of two health
consequence codes used in SAND 77-
1927 and NUREG/CR-0743} as set forth
in Table 56 of NUREG/CR-0743 ard
assuming 150-day rather than six-and-a-
half-year cooling, reserachers found that
the average radiological consequence of
a release in a heavily populated area
such as New York City would be no
early fatalities and less than one (0.4)
latent cancer fatality. Early fatalities are
those that occur within one year after
exposure to the radioactive material.
Latent cancer fatalities are those that

occur at any time following the exposure

and could result from the intitial
exposure or from any long-term
exposure to low levels of contamination.
The average consequence values just
cited were selected as being the most
representative of the values that were
calculated for the specified release.
Either higher or lower consequence

values can be obtained, depending on
the circumstances that are assigned. The .
following is an example from among the
higher values that can be obtained from
the data. For the most densely populated
area studied {up to 200.000 persons per
square mile), at evening rush hour on a
business day. and in the most
unfavorabie location for a release. the
calculated radiological consequence
(peak consequence) based on data from
Table 54 of NUREG/CR-0743 is no
early fatalities and less than three (2.9)
latent cancar fatalities.

The results of an explosive sabotage
experiment vary frcm experiment to
experiment, and only a limited number

_ of experiments can be performed. The

results of the NRC-sponsored program
are based on four scaled experiements
using irradiated fuel, and the largest .
measured release value was used to
derive the nine-gram value cited. In
additicn, a number of supporting tests
weve performed to establish shaped
charge jet characteristics and jet-to-fuel-
pin interaction.

Results of the NRC-sponsored
research program {as wel! as those of
the DOE program to be discussed
subsequently) assume sabotage ofa
single-assembly cask. while the original
SAND 77-1927 and NUREG/CR~0743
estimates assume a three-assembly
cask. For the levels of release under
consideration here, the releases and the
health consequences for a three-
assembly cask are calculated to be. at
worst, double those for a single-
assembly cask. The presence of
additional assemblies in a cask would
increase the likely release. but only in -
proportion to the number of assemblies
that lie in the roughly straight line path
of the jet. For more than three PWR
assemblies (a fully loaded rail cask
could contain 10 PWR assembilies) the
upper bound of release would likely
increase roughly in proportion to the
square root of the total number of
assemblies contained in a cask. On the
‘basis of energy release from the
explosive, it is expected that the number
of fatalities from a sabotage explosion
would be greater than the number of
radiologically induced fatalities.

Explosive charges other than shaped
charges were considered. In other
experiments, scaled charges
representing full-scale charges of up to
several hundred pounds of explosive did
not breach the cask’s inner containment
components. Accordingly, such full-
scale charges appear unlikely to produce
any release of spent fuel and hence
unlikely to cause radialogical

~ consequences.
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The program sponsored by DOE
included one full-scale and several
small-scale experiments. The full-scale
experiments used a reference charge.
against a full-scale cask containing a
single unirradiated surrogate fuel
assembly. Again the quantity of material
released from the cask was measured,
and the released quantity was analvzed
to determine what fraction was
composed of respirable-sized particles.
About three grams of respirable
surrogate fuel was released. On the
basis of the results of small-scale fuel
characterization experiments which had
been conducted separately, it was
determined that a release of three grams
of surrogate fuel was equivalent to a
maximum release of 17 grams of
irradiated fuel. Using the CRAC
computer code for health consequences
(the second of the computer codes used
in SAND 77-1927 and NUREG/CR-0743
and acode which generally predicts

. higher kealth consequences than the
METRAN code) and again azsuming
150-day cooling, researchers found that
the average radiological consequence of
a 17-gram release in a heavily populated
area such as New York City would be
no early fatalities and about 2 latent
cancer fatalities.! The peak
consequences appearing in the computer
runs were no early fatalities.and about 7
latent cancer fatalities. Values of
1verage or peak consequences should be
doubied to account for the case of a
three-assembly truck cask.

Conceivably, an adversary could use
more then one shaped charge in
attacking a cask. and that possibility
was considered. For shapad charges the
size cof the reference charge, the likely
result is that the release would be in
proportion to the number of charges
used. The use of larger shaped charges
is conceivable but less credible. These
types of charges would probably have to
be cusiom-made, thereby introducing a
formidable rew problem fer an
adversary. There is no known
technology that wouid allow a
disproporticnately large increase in
producticn of respirable particles with
credible increase in a saboteur’s
explesive rasources.

Most consequence calculations
discussed herein ara based on fuel
subjected to burnup of 33,000 megawatt
days per metric ton of heavy metal
(MWAd/MT) at a power density of 40
kilowatts per kilogram of heavy metal

! The current CRAC code that is cited here
(sumetimes referred to as CRAC 2) is a modified
version of the code that was used in SAND 77-1927
+*nd NUREC/CR-0743. The modifizd version

dicts conssquences a iew percent higher than the

lier version: the estimated consequences are
.sed on this modified version.

(KW/Kg), which is termed reference
fuel. The possible transport of spent fuel
subjected to higher burnup was
considered. although these shipments
are not now being made. For fue!
subiected to 40,000 MWd/MT (which is
typical of the higher burnups being
considered) at a power density of 36.4
KW/Kg, the calculated consequences of
successful sabotage are about 45 percent
higher than the conseguences of
successful sabotage of reference fuel.
Additional information on the NRC-
sponsored program can be found in a
report entitled “Final Report On
Shipping Cask Sabotage Source Term
Investigation.” Additiona!l information
on the DOE-sponsored program can be
found in a report entitled “An
Assessment of the Safety of Spent Fuel
Transportation in Urban Eavirons.” A
peer review of both research programs
was carried out by the U.S. Army's
Ballistic Research Laboratory. The
review focused on the interaction
between explosives, cask. and fuel and
on the experimental techniques used.
The conclusions in the peer review
report generally confirm the
reascnableness of the appreaches taken
in the research. and based on the
assumptions of the research approach.
confirmed the estimated release levels.
The two research repcrts, the peer
review report, and SAND 77-1927 are
available for inspection at the NRC
Public Document Rcom, 1717 H Street
NW., Washington, DC. NUREG/CR-0743
is available from the NRC/GPO Sales
Program, U.S. Nuclear Regulatory
Commission, Washington, DC 20533. -

Conclusions

Fcr the following reasons. the
Commission conciudes that moderation
of the current interim rule (16 CFR 73.37)
for the protection of spent fuel
shipments against sabotage is justified:

1. Issuance of the interim rule was
based chiefly on consequance estimates
set forth in SAND 77-1927. A baseline
estimate, a high estimate, and a low
estimate were provided. At the time the
rule issuance was under consideration,
the high ccnsequence estimate was
based on 14,000 grams of respirable
release for a truck cask containing three
fuel assemblies and on 47,500 grams of
rcspirable release for a rail cask. At the
time, the high-estimate releases could
nct be ruied out. The calculated average
consequences for truck cask sabotage
were summarized as several tens of
early fatalities and hundreds of latent
car.cer fatalities. The calculated average
consequences for a rail cask were
summarized as hundreds of early
fatalities and thousands of latent cancer

fatalities. The research recently
comgpleted has shown that the likely
respirable release from sabotage and the
resulting consequences are but a tiny
percentage of the estimated values
which originally prompted issuance of
the rule. Accordingly, the original basis
for the rule is no longer valid.

2. The value of consequence now
predicted (no early fatalities and about
four latent cancer fatalities average for
reference basis sabotage of a three-
assembly cask} is obtained only when a
set of assumptions very favorable to the
saboteur are made. The effects of
assumptions less favorable to a
saboteur are discussed below:

a. Fuel burnup and cooling.
Consequence calculations are based on
reference fuel cooled for 150 days.
Because of lower burnup and longer
cooling. assemblies currently being
shipped typically contain a radioactive
material inventory 0.2 to 0.5 as
hazardous as the assumed inventory for
reference fuel.

b. Population density. The release of
radioactive material was postulated to
take place within an area with
population density in the range between
62.CC0 and 2C0.000 persons per square
mile. Very few {perhaps only one}
locations in the U.S. are characterized

by this population density.

Consequences decline markedly for
lower pepulation density.

c. Lifetime of respircble particles. A
respirable particle tends to adhere to the
first sizeable particle it encounters or to
serve as a condensation site for vapors
(such as water), thus possibly limiting
its lifetime to one that is shorter than
that necessary for human inhalation and
deep deposition ir the lung. In an actual
sabotage, products of the explosion
would undoubtedly previde numerous
larger-than-respirable particles that
would act as agglomeration sites for
respirable pariicles. In both sets of
experiments, the products of the
explosion were isolated from the cask to
‘keep the measurement problems
manageable. Water particles (fog-like
droplets) would also serve as
agalomeration sites. Finally, water
vapor or materials vaporized by the
explosive earlier do not account for a
water jacket or annulus of wet material
present in all truck casks now in use. An
experiment has shown that the presence
of water (water jacket and water-filled
cavity) between the explosive and the
fuel reduces the quantity of respirable

material released by a factor of 40.
Simultaneous occurrence of worst- or
near-worst-case values for each of these
factors. plus an assumption of successful
sabotage appears remote in the extreme.
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Calculated consequences reported
herein are reduced by factors of up to
kundreds if values other than the most
favorable are assigned.

3. Although the experiments have
reduced the uncertairty in the quantity
of material likely to be released as a
result of successiul sabotage, there are -
limitations to the conclusions of the
program that must be taken into
account. The reduced consequences
described herein are necessarily subject
to several assumptions, including that of
a reference explosive. While the shaped
charge selectad for the explosive threat
represents a very severe threat, even
more severe threats cannot be ruled out
if an adversary is granted protracted
control of a shipment and unhinderad
movement. In a similar vein,
consequenice medeling assumptions
more severz than those postulated in
NUREG/CR-0743 can also be
conjectyred {e.g., localized areas, such
as stadiums, with extremely high
population densities}, if completely
unrestricted movement of the shipment
and urrestrained use of sabotage
resources against the shipment are
allowed. For these reasorns a set of
moderate requirements that would
continue to provide & significant leve! of
protection against protracted loss of
control of a shipment znd unhindered |
movement of a shipment by a sabnteur
is being considered. The reguirements
shouid () deny an adversary easy
access to shipment location information:
(b} provide for ear!y detextinn of
malevolent moves agzinst or !ass of
control of a shipment: (c} provide a
means to guickly summon assistance
from local law enforcement authorities:
and (d) provide 2 means to impede
unauthorized movement of 2 truck
shipment into a heaviiv popuizted area.
Summary of tbe Proposed Rule

A rule is propased that 1zkes into
account ti:e new informaticn and
cenclusions which have emergad from-
the research program. The impertant
featuras of tha propssed rule are:

1. The performence requiresients for
protection of spent fuel shipments have
beon medified to empiasize protection

against sadetage with high censeguence.

hiigh consequence refers to the levels of
conseguance thai prompted issuznce of
the criginai interim ruie. For a truck
skipment, high consecuence refers to
tzas of eariy fatalities and hundreds cf
latent cancer fatalities.

2. Fer shipment of spent fuel cooled
less than 150 days, the current
reguirements would continue to apply.
because detailed conseqguence
calculations for such fuel have not beea
carriad out.

3. For shipments of spent fuel cooled -
150 days or more, a new set of mecderate
requirements would apply that are
consistent with the experimentally
determined leve] of consequence. The
requirements call for a shipment to be
accompanied by an unarmed escort
(who may also serve as driver, raii
employee, or ship's officer) who would
carry out prescribed security
procedures. In addition, present
requirements for protection of shipment
schedule information. onboard
communications (all transport modes),
and immobilization (truck mode only)
would be ratained.

Among other requirements considersd
no longer needed (for shipments of fuel
ceoled 150 days or more) are those for
route surveys and advance coordination
with local law enforcement agercies
(LLEAs). New DOT reguirements for
routing {49 CFR 177.825] issued in the
interest of safety and receptly putin
force apply to NRC licensees and
require them to use routes consistent.
with NRC safeguards routing policy.
With resgect to LLEA ceordination, a
separate NRC rule [the presant
§ 73.37(0}] requires the nctificaticn of
governors (or dasignated state vificials)
whenaver spent fuel is to be transported
within a state to enable t5e state to
contribute ta the salety, security, and
esse of transpert of the shipment. Siate
LIEAs typicaliy are informed of
impending shipments through this
procass.

Environmental Impaci: Negative
Deciaration

The promulgaticn of these
amendments would not result in any
activity that affects the environment.

ccordingly, the Cemmission has
determined under the National
Environmental Qualitv guidalines and
the criteria of 10 CFR 51.5{d; that neither
an environmen:al impact statemen? ror
environmental impact appraisal to
support a nezative declaration for the
proposed emandments to Title 10 is

-reguired.

Paperwork Reduction Act Statemaent
Thiz proposed ruie amends
information cnilecticn requirements that
are subject ic the Pzperwvork Reduction
Act of 1650 {43 U.S.C. 23301 et seq.} by
reducing the burden. This rule has been
submitted to the Office of Management
and Budgzet for review ¢i the proposed
revised paperwerk requirements.
Regulctory Flexikility Certification
Based on the information available at
this stage of the ruiemaking proceeding
and in accordance with the Regulatory
Flexibility Act of 1530. 5 U.S.C. €33(b). a

significant economic impact upon a
substantial number of small entities. Tke
rule, if promulgated, would apply to
licensees who transport or deliver to a
carrier for transport a shipment of spent
fuel in a quantity in excess of 100 grams.
Tvpical of the licensees whao ceiiver
spent fuel to carrier for transport are
nuciear power reactor cperators,
independent spent fuel storage pool
operators, and research institutions.
None of the licensees who deliver spent
fuel to a carrier for transpert are known
to be small entities. Licensees who
transport spent fuel are typically large
carriers who specialize in the transport .
of radioactive materials and other
hazardous materials and who have
many empleyees. No small entiiies are
known to be within this licensee group.

The NRC has estimated the cost
impact of these amendments upon the
licensed industry. According to these
estimates licensees would incur the
follcwing costs, assuming continuation
of the current approximately 1235
shizments annually. One-tima costs for
the proposed amendments have alreacy
been expended due to the same
requiremen!s under the present interim
rule. Annval maiatenance cast of
eguipment required by the proposed
amendmen:s is estimated at 514,000.
Annua! planning and administration
cost is estimated at $7,600. T=tal cost to
licensees is therefore estimated st
$21.000 annually.

One savings to indusiry under the
sroposed arzendmentz would be the
elimination of about $27,000 expended
aninueily for armed escorts preszniy
required under the interim rule.
Simplifization of administration is
estimated to result in an additicna!l
saving of 513,000 annually. Furtzer
irformation regarding these estimates is
s¢i forth in @ document entitled
“Modificaticn of Protection”
Recuirements for Spent Fue! Shipments:
Pegulatery Analysis™ and is available
inspection and copying i the NRC
Pyblic Document Room. 1717 H Straet
N%.. W.achingion, D.C.

Any smaii entity subject te tnis
regulaticn which determines tha:.
bucause cf its size, it is likely {5 bear a
disproportionate adverse ecorormnic
:npact chould notity tne Commissicn ef
this in a comment theat indi

{2} The licensee's size interms of
annuz!l income or revenus and number
of emplovees: )

{bj FHiew the proposed reguiation
weuld resuit in a signilicen! ecenemis
barden upon tha licansze as comparsd
to thct on a larger licensee; and

(¢} How the propasead regulations
could be modified to take into zceount
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the licensee's differing needs of
capabilities.

Puklic Comment Solicitéd

Although it welcomes public comment
on any aspect of the proposed
regulation, the Commission particulary
solicits comment on the following topics:

1. Is more research justified for
safegurads of shipments of spent fuel
cooled less than 150 days before
shipment?

2. Should the NRC simplitly its
safeguards regulations by prohibiting
shipment of fuel cooled less than 150
days before shipment?

3. Are the NRC cost estimates in_
accord with licensee experience?

List of Subjects in 10 CFR Part 73

Hazardous materials—Transportation,
Incorporation by reference, Nuclear
materials, Packaging and containers,
Penalty. Reporting requirement.

For the reasons set out in the

‘preamble and under the authority of the
Atomic Energy Act of 1954, as amended,
the Energy Reorganization Act of 1974,
as amended, and 5 U.S.C. 553, notice is
hereby given that adoption of the
following amendments to 10 CFR Part 73
is contemplated

PART 73—PHYSICAL PROTECTION OF
SLANTS AND MATERIALS

1. The authority citation for Part 73 is
revised to read as follows:

Authority: Secs. 53, 161. 68 Stat. 930. 948. as
amended. sec 147, 84 Stat. 780 {42 U.S.C. 2073,
2167, 2201); sec. 210. 88 Stat. 1242, as
amended. sec. 204, 68 StaL 1245 (42 US.C.
5841, 5844).

Sections 73.37 (g) and (h) are also issued
urder sec. 301, Pub. L. 96~295. 94 stat. 789 (42
U.S.C. 5841 note).

For the purposes of sec. 223. 68 Stat. 958. as
amended (42 U.S.C. 2273): §73.21. 73.37(h).
73.55 are issued under sec. 161b. 68 Stat. 948,
as amended (42 U.S.C. 2201(b)); §§ 73.20.
73.24, 73.25. 73.26, 73.27 73.37, 73.40, 73.45.
73.50. 73.55. 73.67 are issued under sec. 161i.
68 Stat. 949, as amended (42 U.S.C. 2201(i)}:
and &§ 73.20 (c)(1). 73.24 (b)(1). 73.28 (b)(3).
(h)(6), and (k)(4), 73.27 (a) and (b). 73.37 (g)
and (h). 73.40 (b) and (d). 73.46 (g)(6) and
(h)(2). 73.56 (g)(2). (3)(iii)(b} and (h). 73.55
(h)(2). and (4)(iii)(B). 73.70, 73.71. 73.72 are
issued under sec. 1610, 68 Stat. 950, as
amended {42 U.S.C. 2201(0)).

2. Section 73.37 is amended as follows:

a. Paragraphs (a)(1)(i). (a)}{2)(iii}, and
(b)-{e) are revised.

b. Existing paragraphs {f} and [g) are
redesignated as paragraphs (g) ana (h)
respectively and are revised.

c. A new paragraph (f] is added.

73.37 Requiremerts for physical
tection of lrraciated fuel In transit.

ia) Performance objectives.

(1) * * 0w

{i) Minimize the possibilities for high
consequence radiological sabotage of
spent fuel shipments; and

(2) LR Y

(iii} Impede attempts at high
consequence radiological sabotage of
spent fuel shipments or attempts to
illicitly move spent fuel shipments
containing materials with high
consequence potential, until response
forces arrive.

(b) General requirements for
protection of shipment of spent fuel
cooied for less than 150 days. The

-

* licensee, in order to achieve the

performance objectives of paragraph (a}
of this section, shall provide for a
physical protection system that has

.been established, maintained, or

arranged for fuel that has been used as.
part of an assembly to sustain nuclear
fission in a self-supporting chain
reaction at any time during the 150-day
period before the date on which the fuel
is loaded aboard a transport vehicle for
transport. This physical protection
svstem must include the following:

* - . . *

{c) Shipments by road of spent reactor
fuel cooled less than 150 days. In
addition to the provisions of paragraph
{b) of this section, the physical
protection system for any portion of a
spent fuel shipment subject to paragraph
{b)of this section that is by road must
provide that:

() Shipments by rail of spent reactor
fuel cooled less than 150 days. In
addition to the provisions of paragraph
{b} of this section. the physical
protection system for any portion of a
spent fue] shipment subject to paragraph
{b) of this section that is by rail must
provide that:

(e) Shipments by sea of spent reactor
fuel cooled less than 150 days. In
addition to the provisions of paragraph
(b) of this section, the physical
protection system for any portion of a
spent fuel shipment subject to paragraph
{b) of this section that is by sea must
provide that:

(f) Requirements for protection of
shipments of spent fuel cooled 150 days
or more. To achieve the performance
objectives of paragraph 73.37(a) of this
section, a physical protection system
established, maintained, or arranged for
by the licensee for fuel which has not
been used as part of an assembly to
sustain nuclear fission in a self-

supporting chain reaction at any time
during the lso—day penod before the
date on which the fuel is loaded aboard
the transport vehicle for transport shall:

(1) Provide for notification of the
Nuclear Regulatory Commission in
advance of each shipment. in
accordance with § 73.72 of this part:

(2) Include procedures for coping with
circumstances that threaten deliberate
damage to a spent fuel shipment and
with other safeguards emergencies;

{3) Provide that shipments are
planned so that scheduled intermediate
stops are avoided to the extent
practicable;

(4) Provide for at least one escort, who
may be a shipment vehicle operator or
an officer of the shipment vessel, and
who maintains visual surveillance of the
shipment during periods when the
shipment vehicle is stopped, or the
shipment vessel is dacked:

(5) Assure that the escort has been
familiarized with, and is capable of
implementing the security procedures;

(6) Include instructions for each escort
that, upon detection of the abnormal
presence of unauthorized persons,
vehicles or vessels in the vicinity of a
spent fue! shipment. or upon detection of
a deliberately induced situation that has
the potential for damaging a spent fuel
shipment, the escort will:

(i) Determine whether or not a threat
exists;

(ii) Assess the extent of the threat, if
ary:

-{iii) Inform local law enforcement
agencies of the threat and request
assistance: and .

(iv) Implement the procedures
developed in accordance with
paragraph (f){2) of this section: .

(7) Provide, for shipments by road, a
capability for an escort to communicate
with local law enforcement agencies
through the use of the following
equipment located on the transport
vehicle:

{i) citizens band (CB) radio: and

(ii) radiotelephone or other NRC-
approved equivalent means of two-way
voice communication:

(8) Provide, for shipments by road,
NRC-approved features that permit
immobilization of the cab or cargo-
carrying portion of the vehicle:

(9) Provide, for shipments by rail, a
capability for an escort to communicate
with local law enforcement agencies
throughn the use of a radiotelephone or-
other NRC-approved equivalent means
of two-way voice communication, which
must be available on the train; and

(10) Provide, for shipments by water
in U.S. territory, a capability for an
escort to communicate with local law
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enforcement agencies through the use of
rudiotelephone or other NRC-approved
cquivalent means of two-way voice
communication.

{g] Prior to the transport of spent fuel
within or through a state a licensee
subject to this section shall notify the
governor or the governor’'s designee. The
licensee shail comply with the following
criteria in regard to & notification.

(1) The notification must be in w‘ntmg
and sent to the office of each
appropriate governor or the governor's
designee. A notification delivered by
mail must be postmarked at least 7 days

" before transport of & shipment within or

through the state. A notification
deliverec by messenger must reach the
office of the governor or the governar's
designee a! least 4 days before transport
of & shipment within or through the
State. A list of mailing addresses of
governors and governor's designees was
published in the Federal Register on
June 7, 1882 (Val. 47, No. 109, pages
24671-24673). An updated list will be
published an.nuall» in the Fedcral
Register on or about June 30.

{2) The notificatios must include the .
foliowing inforrzation:

(i) The name. address. and telephone
‘number of the shipper. carrier and
receiver,

{ii) A description of the shlpmcnt as
specified by the Departrment of
Trarsportation in 48 CFR 172.202 z-.¢
172.203(d}: '

(iii; A listing of the rautes to be used
within the state; and

(iv} A statement that the information
described below in § 73.37(g){3) is
reguired by NRC regulations to be
protected in accordance with the
requirements of § 73.21.

{3) A licensee shall p‘ovxde the
following information on e separate
enclosure to the written notification
ailong with a statement that the
information is required by NRC
regulations to be protected in

* accordance with thé requirements of

§ 73.21.

(i) The estimated date and ticie of
departure from t.‘e point of origin of the’
shipment;

(ii} The estimated date and time of
entry into the governor's state:

(iii) For the case.of a single shipment
whose schedule is not related to the
schedule of any subsequent shipment. a
statement that'schedule information
must be protected in sccordance with
the provisions of § 73.21 until at least 10
day's after the shipment has entered or
originated within the state; and

(iv) For the case of a shipmentina
series of shipments whose schedulcs are
related. & statement that schedule
information must be protected in

accordance with the provisions of

§ 73.21 until 10 davs after the last
shipment in the series has entered or
originated within the state and an
estimate of the date on which the las!
shipment in the series will enter or
originate within the state.

{4) A licensee shall notify by
telephone or other means a responsibie
individual in the office of the governor
or in the office of the governor's
designee of any schedule change that
differs by more than 8 hours frcm the
schedule information previously
fumnished in accordance with paragraph
{8)3) of this section. and shall inform
that individual of the number of hours of
advance or delay relative to the written
schedule information previously
furnished.

(h) State officials, state employees.
and other individuals, whether or not
licensees of the Commission. who
receive schedule information of the kind
specified in paragraph (g)(3) of this -
section shall protect that informaaticn
against unauthorized disziosure es
specified in § 73.21.

Dated at Weshington. DC. this 5tb day of
June. 1884.

For the Nuclear Regulatnry Comrission
Samuel ]. Chilk,

Secretcry of the Commission.
[FR Doc. 841300 Fllad -7=84: £4S ax]
BULMG COOE TH0~0 vl

DEPARTMENT OF THE TREASURY
Bureau of Alcohol, Tobacco and

_Firearms

27 CFR Part 55
[Notice No, 530]

information Gathering on Safe
Hand!ling of Expiosives Materials in the
Fireworks Industry

AGENCY: Bureau of Alcahol, Tobacco
and Firearms. Treasury.
acnox Reguest for comments.

SUMMARY: The Bureau cf Alcohol.
Tobacco and Firearms (ATT) is
responsible under 18 U.S.C. Chapter 40
for protecting interstate and foreign
commerce against irterference and
interruption by reducing the hazard to
persons and property ansmg from
misuse and unsafe or insecure storage of
explosives materials. Accordingly,
regulations have been promulgated in 27
CFR Part 55. Subpart K. which prescribe
standards for.the storage of explosives
malerials.

Nevertheless; accidental explosions
causing death, injuries and property

damage have occurred at fireworks
manufacturing/assembly facilities.
Therefore. the Bureau is soliciting
suggestions from members of the
explosives industry and other interested
pcrsons as to whether more eliective
safetv standards are needed in the
regulations in order to reduce the Ha.ard
to the general public. Suggestions shoulc
be forwarded to the address set forih
below.

ATT will not recognize any material
as confidential. Any materials submitted
may be disclosed tc the public. Any
material which the transmitter considers
to be confidential or inappropriate for
disclosure should not be included in the
suggestion. The name of the person
submitting the suggestion is not exempt
from disclosure.

DATE: There is no official comment
deadline.

FOR FURTHER INFORMATION CONTACT:
Arthur Cunn, Fireams and Explosives
Operations Branch. 202-566-7391.

ADORESS: Chief, Firearms and
Explosives Operations Branzh, Bureau
of Alcohol, Tobaces and Firearms, P.O.
Box 189, Washington, DC 20044.

Copies of this notice, and all
suggestions received pursuant therete,
are available for public inspection
during normal business hours at Office
of Public Affairs and Disclosure, Rocz=
4407, Federal Building, 12th and
Pennsvivania Avenue NW. Washingtor.-
DC 20228,

Signed: June 1, 198 )

[FR Doc. 3415478 Piied 6-2-84; &4S am)
BRLING CODE 4830-3 =t ’

DEPARTMENT OF THE INTERIOR

Otfice of Surface Mining Reciamation
and Enforcement

30CFR Pﬂ't 915

Public Comment Procedures and
Opportunity for Public Hearing on
Proposed Modifizations to the lowa
Permanent Reguistory Prognrn

aceney: Office of Surface Mining
Reclamation and Enforcement (OS\{).
Interior.

AcTION: Proposed rule.

summary: OSM is announcing
procedures for & public comment period
and for requesting a public hearing on
the substantive adequacy of program
amendments submitied by lowa as
amcndements to the State's permanernt
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Executive summary

Background on the Problem and Rules

Shipments of spent nuclear fuel involve a large inventory of highly radioactive materials
that, if dispersed, could create a major health and contaminatioh problem. While studies
had been performed on the potential dispersal due to an a_ccidmt,'ohly aﬁpmximaﬁ "
analyses had been done on the releasable quantity (called a "sburce term"”) that would result
from an intentional effort to breach a cask via terrorist actién. A 197? shxdy found thata
1% release could yield an unacceptably high number of cancer deaths due to inhala_tibn of
radioactive particles. To address this hazémd, the NRC created interim security rules in 1979
réquiring armed escorts, secrecy, coordination with local law enforcement officials, and
other measufcs.

S’m;:e' the 1978 studyv was largely theoretical, several experimental studies were
.performcd that involved tests, both scale and full-size, using explosives to damage spent
fuel and an out-of-service cask. These experiments appeared to show that much less than
1% of the speht fuel would actually escape from a breached caskv and, in 1984, NRC
proposed relaxation of its interim security rules. Many interested parties, from the nuclear
industry to environmental groups, opposed changing the rules, often for very different

reasons, and the interim regulations were left in place.

DOE Involvement in the Security of NWPA Shipments

The advent of the Nuclear Waste Policy Act (NWPA) and the involvement of the DOE
in shipping the wastes to a final repository raised new questions concerning cask security,
| however. DOE had relaxed most of ifs own security rules based on the tests.Since it would
take title to the spent fuel prior to shipping, armed escorts, etc. would no longer be required

for shipments of spent fuel from power plants. The validity of the tests then became an
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important question: did they indeed demonstrate that a sabotage attempt would not create a

serious health hazard?
Validity of the Tests

Questions were raised about the test results and énalysis, both by respondents to a
public cofnmcnt request and by peer reviewers at a U.S. Arfny'laboratory. Independent
examination of the documentation and related studies shqws ihat a number of factors could
affect the final source term derived in the sabotage study. Unforrunately, backup data that
supposedly detailed some of the questioned aspects has nc\.(cr been assembled or reviewed
since the study was done, so a bomplétc critique is not possible. Such poor documentation
was one of the problems cited in the public criticism. Other problems included the
following: |

»  The test apparatus could have affected the results in several ways but there was
iittle or no evaluatioﬁ of this problem.

* The spent' fuel samples were 6 1/2 years old and had cooled down significantly.

- The analysis was designed to address 150-day-old fuel, which will normally self-
heat, and the lack of this thermal factor could affect creation of airbome particles.

»  The surface crud on the fuel, which is rich in cobait 60, appears to have been
ignored in the source teﬁn.

+  The reference explosive charge was not the most potentially damaging device
available to terrorists. Commerc'_ial charges, designed to penetrate steel or destroy
rocket boosters, could be more effective. Armor-piercing devices, developed
since the tests, could also do more damagc.

*  The cask chosen for analysis was not the most vulnerable. Other.commercial fuel
casks and research fuel casks are more easily damaged.

*  Some characteristics of spent fuel that could affect the source term, such as grain

shattering and chemical reactions, were not fully addressed.
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«  No effort was made to quantfy the vapor component of the source term; this
could be especially important in the analysis of an event involving older fuel.

*  The computer code pscd in the consequence analysis was ncither appropriate to a
transportation incident nor as up-to-date as others that were available.

*  Only the respirable componcn_t of the source term was evaluated for health effects;

the impacts of any other material that escaped ﬂ}c cask were ignored.
Relevance to the NWPA Shipments

While most (if not all) shipments under the NWPA will involve cargoes much older and
somewhat less radioactive than 150-day-old spcm fuel, many of the problems found in the
sabotage study may still apply to the assessment of this hazard. Difficulties with
procedures, documentation and peer review alone raise questions about the legal basis for
modifying NRC's interim rules. Design changes to the next generation of casks (e.g., more
fuel, thinner shielding) may also make them more vulnerable tb attack. If indeed the tests
do not support less secure shipping procedﬁrcs, then appropriate legal action is needed to
modify NWPA security sfandards to the proper level. |

While the sébotage tests were a necessary start in the right dircétion, there exists a need
to update, improve and verify them, with on-going independent oversight, before their

results can be considered acceptable.

‘Background

While initial environmental analyses of spent fuel shipments (e.g., NUREG-0170)
indicated little danger from sabotage, later calculations (i.e., SAND77-1927 and
NUREG/CR-0743) found that a potendally serious threat existed, if one assumed a release
of 1% of the fuel inventory outside the cask. As a result of this 'ﬁnding, the NRC
promuigated an interim rule requiring armed escorts for shipments while they traversed

urban areas, as well as other security procedures. Commonly referred to as NUREG-0561,

~
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aﬁer the publication outlining these procedures, this rule required (in addition to.armed
escorts in a separate vehicle) all of the following actons: |
» radio or telephone c‘ommunications between the vehicle and a moniton'ng base
every 2.hours while the vehicle was in motion |
+  prior route approval from the NRC, which vcriﬁqd the location and means to
communicate with local law enforcement agencies in event of an attack - |
» significant advance notice of all shipments to an appiopﬁatc state agency (usually
a governor’s iiaison for emergency preparedness)
*  tghtrestrictions on information concerning the sﬁipping route and starting time.
Since the quantification of the threat was based only on theoretical calculations, NRC
and DOE cooperated on several laboratory experiments!+2 to more closely simulate an
actual anack with high explosives. Performed between 1980 and 1982, these tests utilized
federal and private labs to develop factors that could be used to determine the fraction of
spent fuel that could be aerosolized (i.e., converted to a respirable size that would lodge in
the lung) during a sabotage attack. The results appeared to indicate that the original 1%
estimate grossly exaggerated the possible release. o
NRC concluded that some of its restrictions could be rela;xed and, in 1984, proposed
new rules3 eliminatin g the need for armed escorts (but leaving in place most of the other
rules). The proposal was not well received by state agencies responsible for public safety
or by environmental groups. Even some nuclear utilities and representatives were critical,
though usually for~different reasons?. NRC shelved its proposed changes, with the
understanding that its security restrictions remained "interim" until it decided otherwise.
Since it had already received public comment, NRC is under no rcquirément to make
any further announcements should it _désire to finalize its proposal (unless the content of

that proposal is altered).
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It should be understood that spent fuel shipments occur in thé United States under ,
control of three separate agencies: NRC (which covers shipments fro.m power reactors and
private research facilities), DOE (which is responsible for shipments from government labs
and weapons plar;ts) and DOT (which oversees DOE s}npments and certain aspects of NRC
shipments). Both DOE and DOT promulgated rules that reflected a reduced concern for
~ sabotage after the tests mentioned above. DOE no longer reqmred armed escorts on its
shipments, while DOT created ité own framework of mlc$ (usually refexjred to as HM-164,
after the rulemaking number’) covering both #afety and secunty measures While DOT
required DOE to adbpt security rules equivalent to those of NRC, DOT interpreted this to
~allow the absence of armed escorts. If NRC eliminates its other ;csuicﬁons, DOT's rules
automatically allow DOE to do so, as well.

The final piece of the regulatory puzzle involves shipments under the NWPA. While
that law (as amended) requires DOE to follow NRC's prenotification rules, it does not
necessitate precise adhérencc to the other NRC security regulations. However, discussion |
with OCRWM officials indicated that DOE would be treated by NRC "like any other
licensee, like Duke Power, for instance,"6 implying full coverage of NRC's rules. Since
DOE is paying for the shipments, there is reason to believe thét prcssufe could be brought
on NRC to finally drop its interim rules, thereby avoiding the cost of security forces and

other measures.

Overview of technical issues involved in
sabotage tests

F’uel‘ and Rod CharéCteristics_

To fully understand the contrdversy over the potential ,dahgers .inherent in sabotage, a
grasp of the physical and chernical processes involved is essential. Nuclear fuel is often

perceived as a solid ceramic encased in welded tubing, not prone to leakage even under the
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éXtrcmes of heat and pressure experienced in a nuclear reactor. It is important to realize that
different interactions with the fuel will occur, depending upon the medium surrounding it
and other factors that are not immediatcly obvious. |

After several years of irradiation, nuclear fuel pellets and their smfoﬁnding claddmg
(i.e., tubing) have experienced a number of changes. The pcllcts (which are little more
than enriched powdered uranium oxide pressed and heated imo pellet form) may have
sv?elled and cracked, and a ‘porti,on of their mass has been converted into radioactive form.é
of other elements (i.e., iSotopes), each having its own capacity fdr diverse chemical and
physical reaction. The cladding (usually a zirconium alloy) may also have microscopic
cracks and tiny pits that, under certain conditions, form pin hole; open to the fuel. The
cladding's surface will be coated with a thin film of particles that have flaked off the inside
of the reactor pressure véssel. Commonly called "corrosion products,” these particles
contain isotopes of cobalt, ifpn and other metals, and the film they form on the rods is
called "crud.” Past analyses have fouhd that a fuel assembly may hold a significant
ra.diolégical inventory in the form of dispersible crud.

Depending on its time out of the reactor, the fuel will also be quite hot, remaining so for
several years. :

'When subjected to high temperatures and pressure in a reactor core, the fuel is
submerged in water heavily treated to remove dissolved oxygen and other minerals. While
scal:d in the cladding, the pellets themselves are surrounded by helium, a gas that will not
chemically react (i.e., it is "inert") with the fuel. The pellets do become hot, but that heat is
consfantly drawn off by the circulating water moving across the cladding.

Neith;r the rods nor the pellets ever come into contact with air while being heated in the
- reactor. Similarly, the pressure in the core is uniform and the rods are held by springs in
the assembly, so they are rarely subjected to bending stresses, physical shock or vibration.
Reactor conditioxis are controlled to maintain slow changes in temperature and pressure, so

fuel assemblies are generally never subjected to thermal shock, or rapid cycles of

e
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bfessurization or decompression. Handling of the fuel after it is spent also exhibits care,
and involves slow movements (always under water), conditioned and cooled water in the
storage pool and support by metal baskets when it is inserted into a storage or shipping
container. | ‘

An attempt to disperse the fuel would likely involve a high explosive device (HED) that
must first penetrate a transport cask. Scale model tests show that the best candidate for this
initial penetration is a shaped charge designed to focus itsj ehergy ona small pbint, and to
fire molten high- velocity particles of metal, along with an imcnﬁe shock wavel:2, Sucha
device would penetrate one or both sides of the cask, shatter the fuel rods and pellets inrits
path, and heat the area along that path. The shock and heat invol:/ed would loosen and
disperse thc‘T crud layer and initiate several processes not normally experienced by uranium
dioxide and zirconium Alloy. At high temperatures in pfesence of oxygen, both materials
will change form. Uranium dioxide UO; will "re-oxidize" and become U30g (its natural
form), expanding and forming a very fine powder in the process’. Zirconium will literally
ignite, vaporizing itself and the crud coating. In doing so, it gives off a great deal of heat,
thereby initiating or enhancing other processcsvthat mqﬁire thetmal input (such as uranium
re-oxidation). The fuel pellets may also shatter back to the cdhsistency of the uranium
powder involved in their manufacture. Several of the isotopes formed in the nuclear
reaction will also be affected by heat in the pfc.scnce of air. Ruthenium, for example, will \
vaporize and combine with oxygen to form minute particles, while other elcméms, such as
iodine, will be released as gases (some of which already exist in-the spent fuel rods prior io
an explosive event). 7

Some of these reactions are enhanced by the fineness of the powdering of the fuel,
demonstrating the interaction of the proccsses themselves. Finally, some isotopes will
chemically combine with each other (both before and during an event) to form additional

compounds (e.g., plutonium iodide) having their own unique characteristics.
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Analyzing the Results of a S'abotage Event

Measuring the conditions and results ofa rapid and intense explosion can be quite
difficult, especially if fh’e dispersed substances are poisonous to the examiner. To examine
the dispersal potential of damaged spent fuel involves development of a secure way to
damage real fuel rods and compare the results to)simulatcd rods undergoing the same
stresses. It is then possible to damage simulated rods in a semng very sixﬁila: to a{ real cask
sabotage incident and extrapolate the results back to spent fuel were it to be in the same
setting. Such a setting must be carefully designed and ins@mentcd so that it measures the
magnitude and distribution of particle sizes, as well as the temperature, pressure and other
variables needed to verify the realism of the test. It is especially important that the test
conditions and apparatus not influence the results of the simulation.

To be sure that the simulation has not been affected usually requires more than one test,
with more than one apparatus, to discern the sensitivity of the experiment to its
surroundings. Failure to do so leaves open the possibility that‘ a real sabotage event could
prove significantly different from the simulation. Since real fuel rods are not used in the
simulation, it is necessary to assume an inventory of actual m;clidés as input to the
computer analysis of radiation exposures. That input should accurately reflect the quantity
and distribution of isotopes to properly quantify the radiological impact of the felcasc.
Finally, it is essential that the extrapolation of simulated fuel rods to real fuel rods

- demonstrate attention to the characteristics of the fuel as it is to be analyzed by the cofnputer v
program. For example, if 150-day-old fuel is assumed at one point in the analysis, then
150-day-old fuel rods must be used to develop the extrapolation. The only alternative is to

~ come up with factors té compensate for the differences between 150-day-old fuel and the
older fuel actually used in bench-scale tests. This requirgs correcting fo. temperature,

internal gas pressure and any other variables that change with age. The simulated rods must
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also have the same cladding material, thickness dimensions and grouping to eliminate any

éffect those variables could have on the test.

Technical Deficiencies in the Sabotage Tests

Structure of the Tests

While the rulemakin g documentation discusses the tests asAthough they were an
integrated effort, there were really two unrelated series of tests, one by DOE labs (Sandia
and the Idaho National Engmeenng Laboratory, known as INEL) and the othcr by an NRC
contractor lab (Battelle Columbus Laboratory, known as BCL) The DOE tests involved
destructive evaluation of irradiated and fresh fuel rods at INEL and explosive attacks on
scale models and a full sized cask containing fresh fuel rods at Sandia. The Battelle tests
used fresh and irradiated fuel rods in highly simplified simulated casks. Each set of tests
attempted to do two things:

develop a ratio of the masses of respirable particles derived from shattering fresh
fuel to that obtained by an identical shattering of spent fuel |
*  determine the mass of respirable fuel particles that would escape from a cask
punctured by a shaped charge. The Sandia analysis then went on to assess the
health impact of the respirable release in terms of latent cancer fatalities. No other
- parameter (e.g;, decontamination cost) was utilized to quanﬁfy the damage of a
sabotage incident.

The testing apparatus used in all the tests were similar: sealed chambers containing the
target (cask and/or fuel) and a "gun" attachment through which the explosive charge was
aimed at the target. Each chamber contained measuring/sampling devices to determine the
quantity and size distribution of the fuel particles irnmcdiatelf after the fuel was shattered.
In some cases, x-ray photos were taken of the shock wave as it penetrated the fuel rods for

more detailed examination of the physical mechanisms at work.
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The explosive charges in the sub-scéle tests were all designed to replicate the reference
explosive assumed to provide the most serious likely threat, that being an M3A1 platter
| charge. This device is a military explosive that uses a conical shaped charge (CSC)
designed to focu§ its exblosive impact into a narrow beam containing inbltcn metal (usually
iron). The beam consists of compressed, high-temperature gases that form a series of high-
velocity shock waves. When striking a surface, the shock Wavcs apd high-temperature |
gases may be sufficient to disrupt concrete and melt stecl,.‘w'hile the impact of the molten
particles will penetrate ‘armor plate by transferring to it their heat and kinetic energy. The
M3A1 was designed for destroying steel-reinforced concrete bunkers, highways and other
stationary facilities. |

Weighing about 45 pounds, it can be carried and emﬁlaced by a single soldier.

- The fuel rods used in the two sets of tests (Sandia/INEL and BCL) were similar: both
INEL and BCL used spent fuel from the H.B. Robinson power plant reactor, aged 6 1/2
ycars after irradian‘oﬁ, and all three labs used fresh fuel pellets of about the same size.
INEL shattered pellets of both fresh and spent fuel, while BCL shattered segments of
zircalloy clad fuel rods containing the pellets. Sandia used a segment of a zircalloy-clad
fresh fuel assembly for a PWR reactor in its full-scale test.

On the other hand, the sub-scale casks used by Sandia and BCL varied significantly.
Sandia's containers appeaf as scale models of actual casks, cylindrical in shape, consisting
of layers of steel and lead surrounded by a water jacket (simulating a water neutron shield).
BCL'S casks were much more schematic: a flat 1 3/4" thick inner layer of steel was used to
simulate the exterior shell of a cask, and a 1/4" thick inner layer of steel simulated the innerv’
shell. No radiation shields (i.e., lead and water) were involved.

Thé Sandia analysis included use of the CRAC computer program to estimate the health
impacts of a release, while the BCL analysis stopped at comparing the respirable release to
that assumed in the 1978 study that led to NRC's interim security rules. The CRAC code

was designed for releases beyond the boundaries of a nuclear power plant, and does not
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_aadress dispersions in very close proximity to damaged fuel. Alterations were made to the
input data to overcome this limitation. The assumed inventory of radionuclides used by'
Sandia was that of 150-day-old fuel as utilized in the original 1975 Rasmussen study of a
reactor meltdown (NUREG 75-014, also known as WASH-1400).

Questionable Aspects of the Tests

Trying to simulate a complex phenomenon that lasts _onlyla few seconds, invélving
extremely hazardous substances, high temperatures and pressures, and a spectrum of
particle sizes created by a range of simultaneous physical pfocesses is indeed a difficult
task. Without numerous verification tests, the best result one can-hope to attain is an order
of magnitude estimate of the respirable release fraction. In essence, that is what resulted
from the BCL and Sandia/INEL tests. Confidence in such a result can be high when there
are no major irregularities in the xeszs,‘or only a small number of minor irregularities, and if
the simulation of reality is reasonable. v

Unfortunately, both sets of tests exhibit a lack of attention to quality control, nurﬁcrous
anomalies in their data, oddities in their test apparatus and deﬁcicné_ies in their radiological
analysis. The peer review of the tests is also incompleté, and docufncntation on details of
the tests remains unavailable for public inspection.

Temperature and Age of Fuel

Perhaps the most glaring example of poor quality control was in the choice of the
irxadiatedkfucl test specimens. Fuel that has cooled 6 1/2 ycars}is barely warm, but fuel only

| 150 days out of the reactor will normally maintain a temperature of about 500°F while in the
cask (somf;timés higher, depending on cask design). The pressure of the gases in the rods
is therefore much hi gher, and the hot fuel pellets may re-oxidize (and turn to powder) when
exposed to air8. Use of cool fuel eliminates sevcxai important physical mechanisms
associated with temperature, all of which could worsen the hazard of a cask breach.

Another of those mechanisms involves ignition of the zircalloy cladding. Once heated to
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ébout 1500°F, zircalloy and air combine in an exothermic reacton that, in a confined space,A
can be self-sustaining.

The cladding could continue to burn down and across the fuel rods, thereby re-
oxidizing fuel imé powacr, vaporizing cesium and other potential volzirilcs, considerably
increasing the source term. Furthermore, fuel cooled for several years no longer contains
~ some isotopes that are chemically reactive. Once these isotdpes have decayed to other
elements, there is no way to know how they could inﬂucnéé particle fqrmation and/or
disproportionation of themselves or even more dangerous nuclidés.

Crud as Part of the Source Term

No attention was paid to the cleanliness of the fuel cladding. —After 6 1/2 years of water
storage where circulating chemical treatment is common, plus sample handling and cutting,
itis likely.that a portion of the exterior crud has been removed. None of the tests paid any
attention to the crud aspect of the source term: BCL never considered measuring it.and
INEL used pellets already removed fror  -he cladding. A 1980 NRC-sponsored study9
(performed at Sandia) found that release of the cobalt 60 in the surface crud could lead to a
major radiation dispersal, potentially causing billions of dollars in contamination damage.

- Prior studies héve found that crud can be released under shocic, and will flake off in air as
cool as 212° F. Particle sizes are in the respirable range10.

Sabotage Scenario

Poor control was aiso evidenced in assumptions regarding the sabotage scenario, type
of cask and fuel, and choice of the.reference charge. It does no’t.appear that anyone |
(including the Army peer reviewers) considered the real life events that could ﬁr_xfold during
an attack and its followup. To také temporary control of the cask, it is likely that some
violence, and j)robably shooting, will occur. The truck fuel tanks may have been
punctured, so the area may be soaked in fuel that could be ignited by the flash of the HED
explosion. Alternately, a sophisticated terrorist may know the sensitivity of exposed fuel

pellets to heat and purposely arrange ignition of the truck fuel and/or other combustibles to

4



¥ ' ' v
Cask sabotage involving portable explosives: a Critique p 14 10/17/89 DRAFT

a&d greater disruption and dispersal. Coming upon thc.ﬁlrc, most fire brigades would
attempt 1o extinguish it, thereby adding other mechanisms (e.g., steam flashing and water
flow) for dispersal. The ease with which a greater source term could occur was highlighted
during one test wﬁen merely bumping the shattered rods during rcmo‘val significantly
increased the amount of shaneréd material available for release2- '

Cask Vulnerability | .

The cask assumed to be most vulnerable was the NFS—4, also knpwn as the NAC-1.
The Sandia analysis examined only casks used for shipping comxbcrcial nuclear fuel from
PWR or BWR power plants, and excluded the TN-9 (even though it was felt to be more
vulnerable) because it was 2 foreign cask not used in the United States at the time of the
study. Ironically, the NFS-4/NAC-1 casks were subsequently withdrawn from service
(and only returned for 'very limited use years later for moving fuel from a Canadian
research reactor), while the TN-9 has been used in extensive shipping campaigns in the
populous northeast states. If the examination of casks had included all those available for
use at the time, it would have found numerous smaller containers used to move highly
irradiated research fuels that are much more vulnerable due to their thin aluminum cladding,
shape and alloying. One such container, the MH-1A, was acfﬁally used to ship spent fuel
through New York City 'in 1985 (a year after the NRC considered withdrawing its security
rules) until it was permanently withdrawn when its design defects became the subject of an
investigation by the U.S. Department of Transportation.

Reference Charge

The choice of a reference charge did include attention 1o various possible weapons, but

‘resulted in a device that was not designed for penetrating thick layers of metal. The M3A1
is more of an all-purpose explosive, rather than a system designed for puncture of sthI.
More inclusive research would have found commercial explosives, smaller in size and more
feadily‘availablc than military hardware, specifically designed to penetrate up to 14 inches

of steel , yet weighing much less than the M3A111. The potential for numerous (and more
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ihorough) penetrations therefore exists. Perhaps the most lethal of these commercial
devices is an offshoot of the Amcn’can space shuttle program. To abor: the operation of its
solid fuel boosters, the outboard engines of the shurtle contain small comcal-shaped
charges to shattcx; the ro>ckcts.' and an exothermic pellet that "smears" t&ough the damaged
solid fuel, fully igniting it 5o that it burns out before retuming t earihl1,

Such a device would present a major threat by addmg a sustained, vcry h1gh
temperature (over 3,000° F), thermal component to the sabotage incident

Claims (by Sandxa) that the heat of the blast was too short (or too cool) to yield nuclide
vaporization or uranium re-oxidation therefore cease to be mlevant

Since the tests were performed, other more potent (and ponablc) devices have become
available to pierce armor. Anti-tank weapons that can be carried and fired by a single
soldier are able to penetrate several inches of hardened steel and composite materials much
more resistant to puncture than the steel shells of a spent fuel cask. These systems resemble
spears with sharp tips of depleted uranium that puncture the outside of a iank, and contain
shaped charges that explode after penetrating the armor!2, In the hands of a saboteur, such
| equipment could do much more damage than a single M3Al. The fact that it is fired from a
distance also opens the possibility of multmlc openings in the cask since the saboteur need
not approach a cask already leaking from an initial attack. Recent experiences in the Middle
East demonstrate that terrorists have access to such portable weapons via sponsoring states
or by contact with American-supponed guerrillas in Afghanistan. Such a threat cannot be
ignofed in any realistic analysis of possible sabotage scenarios.

Taken together, these examples of poor selection and limited research should be
sufficient to make the value of these tests suspicious, at best. However, the tests
.themselvcs exhibit problems of an even more serious nature.

Effects of Chamber Size

The Sandia chamber was so small (compared to the size of the full-scale cask) that it

may have affected the measurement of the respirable fraction. Sandia's own analysis found
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that particles tended to rapidly agglomerate in the air, dcpendjng on their density. When
respirable particles agglomerate prior to measurement, they may appear to be too large 1o be
respirable, and may rapidly settle out of the air being sampled. No auempt'Was made to
determine if a larger chamber could have bener replicated the open outdoors, where
agglomeration is far less likely.

Limitations on Test Charge .

During the last BCL test on fresh Afuel, a particularly "_éricrgetic" scaled down version of
the M3A1 was so powerful that it blew out a hole in the test chamber (after penetrating both
sides of the sirnulated cask). Since such a result with spent fuel could prove dangerous to
the technicians (aS well as making impossible any accurate meaéxzrcment of a dispersal), the
BCL test apparatus was altered. Instead of accepting the possibility that a scaled down
M3A1 was capablé of such a major cask breach and strengthening the test chamber, BCL
decided to weaken the ex plc;sivc impact by placing (in all tests to follow) a 2-inch-thick
steel "condidoning plate” into the path of the explosive's shock \'vavc before it reached the
 surrogate cask's outer shell2. |

Recall that the simulated cask outer shell was only 1 3/4 inchgs thick; the conditioning

- plate therefore may have considerably weakened the cxplosivé jet. Again, no scnsitivity'

analysis was performed to determine the impact of this action. The extra 2 inches of stgel
may have also absorbed a considerable amount of the thermal output of the jet, so ii is
arguable if the final result of the BCL tests could be considered an accurate scaling down of
the impact of an M3A1 charge.

Grain Shattering

The INEL tests on spent fuel pellets revealed a potentially important mechanism for
creation of respirables. One of the shattered pellets broke down inio a powder whose
particle size was the same as the uranium grains used in the pellet's manufacture. When
pellets shatter this way, their respirablc fraction increases by a factor of 100 or morei. The

assumed basis for this phenomenon was "grain swelling," a characteristic of pellets after
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.c'onm'nuous bombardment by radiation. In some cases, many rods in a group of assemblies
have demonstrated this problem due to manufacturing problems, and it cannot be assumed
to merely be a "fluke.” Since only a few pellets were tested, averaging this one pellet with
the others may have skewed the results too much or too litte. Again, ﬁofnc sensitivity
analysis is essential to assess the impact of this phenomenon on the overall results. If gram .
swelling becomes more common with high burnup fuels, 6r after extended dry storage, the
respirable fraction could be many times greater than previ_bﬁsly calculated, making the
results more comparable to the hazard initially conceived when 1% release was
postulated. _
Missing Data
All three sets of experiments also suffered from missing data due to problems with
apparatus or measurements. The BCL tests with spent fuel in a simulated cask, for
example, involved 15 deposition plates to pick up particles for analysis. While there was
significant non-uniformity in the readings, no data was available on 40% of the points. No
reason was given for the missing points, and it is doubtful that no deposition whatsoever
occurred at thos; points. Some of the Sandia tests also exhibited missing information. One
quarter-scale test did not account for 4.3% of the surrogate fuel pellets mass, which was 10
times greater than the amount measured as an airborne aerosol. The missing material "was
believed to be of particle sizes greater than 30 um (1 um = 1 micron) which were deposited,
but not collcctcd, on surfaces inside the test chamber." No basis for this conjecture was
furnished: if no sample was collected, then there is no way to verify its particle sizes. The
potential for a much larger aerosol fraction existed, but was simply assumed by Sandia to
not have occurred. Another suspicious aspect of the Sandia tests involved the effort to
cﬁeck the temperature ef’ fecté on the uranium oxide. X-ray diffractometry was used to
analyze the crystal structure of the shattered fuel and should have been able to find any

UQ3 (the normal form) that had re-oxidized to U30g (which wouic yield particles of

-respirable size). While this re-oxidization phenomenon occurs slowly at low temperatures
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(i.e., below 400°F), it occurs.much more rapidly at very high temperamresw. Examination

of non-fuel matcﬁals indicates that a peak temperature between 1744°C and 1850°C (3173°F

and 3362°F) was attain_éd, so some conversion to U30g would definitely be expected. But

none was found: 6nly physical (not thermal) mechanisms for particle for;mation were

identified by Sandia. No explanation for this anomaly was provided, and it raises questions

on the validity of the x-ray diffractometry analyses. | | o
 Distribution of Hazardous Isotopes |

Two factors influenced the distribution of the most hazardou§ isotopes in the source
term: the concentration of such materials in the spent fuel prior to the explosion, and any
disposition to respirable particle formation of the isotopes due to ;hysical or chemical
phenomcha. Failure to properly address thésé factors could raise questions about the
accuracy of the simulated release.

The crud 4laycr (containin gbcobalt 58 and 60, mangancsc 54, iron 59 and chromium 51)
appears to have been ignored by the BCL analyses and a close look at the Sandia isotope
list sholws that it, too, differs sharply from more up-to-date fuel inventories. Not only is the
cobalt 60 curie content too low (by a factor of 6), but that problem also exists for other
isotopes of a short-lived nature, such as strontium 89, zirconium 95 and niobium 95, all of
which exist in the structural parts of the fuel assembly that would be vaporized by the heat
of the blasp Of even greater importance (éue to their health impacts) are low values of
plutonium 239 and 241, americium 241 and curium 242. Other isotopes of lesser hazard -
are missing completely from Sandia's list14. |

When the fuel pellets were shanércd, there was a need to analyze the proportion of
isotopes present in particles of 3.5 microns or less (in order to be respirable), or as vapors.
Sandia felt that particles would contain the same proportion of nuclides after dispersal as
existed in the intact f uél, except for those that could be vaporized (primarily isotopes of

ruthenium and cesium). Since the vapors might condense on cask inner surfaces and these

isotopes make up only a small part of the hazard of 150-day-old fuel , Sandia did not feel
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- that zhéir "enhanced release” affected the overall nisk estimate. 58CL, however, performed
an extensive analysis of the potential fbr such disproportional release and concluded that |
"there appears to be a definite trend toward higher concentrauons of ﬂésion products in
smaller particles.;' Thé major isotopes affected by this phencinenon wese cesium 134 and
137, ruthenium 106 and cerium 144. While this phenomenon is of secondary importance
with 150-day-old fuel, it becomes more important with older fuel 2s many hazardous, but
short-lived, isotopes decay but cesium and ruthenium liv§ on. The differing conclusions
between the Sandia and BCL anélyses are not resolved in either répon or in later NRC or
peer review comments. BCL's disproportionation analysxs also lacks any attention to one
of the larger hazards of "young" fuel, that being strontium 90. Due to technical problems,
BCL was unable to separately detg:ct it and it was not included in the analysis.

Lack of Vapor Analysis

Some of the isotopes that would be released by physical and thermal action would
vaporize into gaseous compounds, such as 1odme and cesium. Vapors would not be
captured by the filters set up in both the BCL and INEL spent fuel tests, so these
components of the source term were not sufficiently addressed by the experiment. Since
some of these elements could be released in dxspropomonately greater quantities, or even
condense on the cooling aerosol particles, there is a need for a- more complete examination
of them. Again, the temperature of the fuel would strongly influence the potental
vaporization of its components, especially in the presence of air. No reason was given for
thé lack of any method to capture or sample the gaseous aspects of the potential soizrce
term. Other tests on breached fuel rods (e.g., at Oak Ridge National Laboratory) utilized
techniques for capturin ¢ and sampling gases, so the technology Was available.

One can only conclude that these studies were a step in the right direction, but
‘insufficient to clarify the isotopic content of respirable particles. Taken together with the |

apparently incomplete isotopic inventory, it is difficult to have confidence in the calculated

hazard of the source term.
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Other Irregularities

The use of the CRAC code for afransponation accident, when better software existed
(e.g., RADTRAN, PATHRAE) is inappropriate and may skew the results. It would not be
difficul: or cxpeﬁsivc to update this analysis (once Aothcr corrections arc done) by simply
inputing the source term into an up-to-date simulation.

Because respirable particles are difficult to remove, hélth éffepts are most likely to be
due to those particles, assuming that timely decomaminaﬁon is available and enforced to
remove larger particles. Such particles can lodge in the nasal and throat passages, cling to
surfaces, etc., and their gamma emitters will yield ‘a significant exposure before they are
mmo?éd by natural or artificial processes. Both BCL and Sandi; calculated their source.
terms based solely on the concentration of airborne particles present after the first seconds
following the explosion. By multiplying that concentration by the volume of the cask, they
developed a total mass of afrborne material that could be expected to escape to the
atmosphere. In so doing, they ignore the groundshine exposure resulting from particles that
would escape but quickly settle on the ground, on buildings, etc., as well as particles that

would do damage by direct contact with living tissue. The proportion of these particles

~ leaving the cask will vary with the scenario (e.g., perforation of the rear wall, fire, etc.),

but thg "worst case” consequence analysis of both laboratories completely ignored any
consideration of these hazards.

While sub-scale cask models and the opinion of the peer reviewer!S indicated that the
explosion could penetrate both sides of the cask, the Sandia full scale tests did not. Based
on the results with a cask quite different than the NFS-4, Sandia assumed no such rear
penetration. This item is important because BCL's analysis of the explosive gas jet (which
were rr_xuch more detailed than Sandia's or INEL's) found that it entrained a sigﬁiﬁcant |
amount of the shattered fuel. Had the jet penetrated the other side of the cask, it might have

carried with it much more fuel, leading to a much larger dispersal of non-respirable
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pé‘rticlcs. Failure to consider this possibility and assess its impact is a major deficiency in
the work of the laboratories involved in vthis analysis.

Many of the questions raised in this section might have been clarified or refined had
details of the tests been évéilable for examination. Sandia's rcpoﬁ indicates that such data
existed in its appendices, which were available in Volume II of its document. Whea (in
1984) this author requested that volume, he was told it was Elassiﬁgd. When an attempt to
declassify it was made, he was told it would take months beyond the qnd of the public
comment period. When NRC was told that the public comment périod should be extended - | ‘
to allow for this since failure to supply such data could be a violation of the Administrative
Procedures Act, he was then told by a DOE official that Volume iI had never actually been
compiled, so there was no document to supply16. The DOE official was unable to explain
how a rion-cxistcnt document could alrcédy have been broken into four distinct sections,

! paginéted, and included in a table of contents in Volume I of Sandia's study. Further i.
discussions with DOE officials indicated that the appendices would be compiled at some

future date. As of mid-1989, five years later, this work has never been done, nor are there

any plans to do so, according to a Sandia officiall7.

Itis disconécm'n g to realize that a major security decision 'éould be made using such
inconsistent and incomplete analysis when even the supporting data remains unexamined,
by either the NRC or any peer reviewer. Should such a decision be imminent, examination
of the Administrative Procedures Act and relevant case law is suggested as a possible

remedy to the further application of what may be scientific and regulatory incompetence.

Application of the Peer Review Process

The U.S. Army Ballistic Research Laboratory (BRL) at Aberdeen Proving Ground in
Maryland was used in 1983 to peer review the results of the BCL and Sandia work. It

produced a brief ten-page report!3 which was limited in its support for the results of that
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Wbrk. BRL confined itself to the explosive effects on the fuel since it lacked expertise 10
evaluate the exﬁcrimwra_l and anal}fdcal techniques to measure .thc release of radioactive
material. Thus, no peer review was ever performed on the behavior of the spent fuel (e.g.,
physical mechani;sms for shattering, vaporization, disproportionation 6f ’isozopcs, fuel
inventory). This fact makes BRL's effort quite incomplete and unacceptable as a true peer
review. ‘ . '

BRL also lacked any detailed penetration/damage data relevant to i_ts review because all
of it was contained in the unfinished appendices in Volume II of Sandia's study. BRL
states: "Such information would permit independent confirmation of conclusions regarding
. HED performance.” The absence thereof then indicates that no s:xch conﬁrmau’onvwas ever
done.

BRL artempted to integrate the Sandia and BCL findings but found it necessary to place
several qualifications on its conclusions. Regarding the potential for perforation of the cask
on both sides by a single blast, BRL concludes "that while the IF-200 [the actual test cask
used by Sandia] was not perforated in seven full scale tests, the NFS-4 could be perforated
since it hés about four inches less lead and an inch less steel along its diameter... We
believe that entrainment of particles in the jet's wake would enhance release at the jet's exit
hole.” But in deference to Sandia, it notes that "if we assume that the concentration change
[of particles in air] is small over time required to vent the cask, then the difference between
. perforation and penetrazidn s zilso small." BRL noted that this "argunicnt {is] plausible,
while not conclusive” thereby avoiding direct criticism of Sandia.

When discussing the relation between sub-scale and full-scale tests, BRL concluded
that assumptions made by BCL and Sandia “cannot be verified based on testing conducted
to date...The fact that both predictions are of the same order of magnitude is a necessary
but not sufficient condition to consider the results mutually confirming.” When a question

arose concerning spent fuel behavior due to irradiation, BRL deferred again: "...we must in
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this analysis take their data at face value, as we have no expertise in the experimental
procedures or analytical techniques employed.”

BRL finishes its report by indicating that the blast effects of the M3A1 should not have
been ignored by -Sandia-: "While not part of our analysis or wnclusioﬁs, we wish to point
out that fragmentation and blast effects from the M3A1 might be significant in the urban
scenario. This device projects lethal ﬁagmmm over 100 meters.” | '

NRC's Responses to BRL's Conclusions

NRC responded to the peer review with a 3 1/2-page comment!8 on BRL's final
conclusions. Most wére general in nature and concerned the choice of the M3A1 and the
NFS-4 as appropriate for the analysis.

-Much of the c'iiscussion covered the simﬁltancous perforation of the front and rear walls
of the cask. NRC paésed off BRL's disagreement with Sandia’s results by stating that this
\riew only affected Sandia's results because the "BCL experiments all resulted in double-
§ided penetration and the related consequencé calculations take double-sided penetration _
into account.” Since it was assumed that all the airborne particles existing in the cask during
the first few minutes after the explosion would eventually leave b'y the initial penetrition, it
made no difference, in NRC's view, if they left by one or two holes. There was therefore
also no problem with Sandia's tests.

NRC further stated that "we are aware of no physical mechanisms stemming from the
reference explosive sabotage event that could lead to an increase in the concentration {of
particles in air] with the passage of time" so the initial concentration of airborne particles
would be taken as the only index of a release. There are two problems with this

rationalizaton.

First, there is the potential for a fire that would provide hot gases and a thermal source
C s

to drive expansion and convection of air inside the cask, thereby creating mechanisms for

flow, further dispersal and re-oxidation of exposed fuel particles. This process would be
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éﬁhanccd if there were.two holes in the cask since one could serve as entry of air while the
other provided an exit for air containing more airborne particles. Second, both BCL and
Sandia considered only the particles that were still airborne 12 seconds to a minute after the
explosion, theréb& ignoring the material that could be sucked out of a,éask (via entrainment
in the jet's wake) through a rear perforation in the first few milliseconds of the explosion
itself . L -
While much of this material might be too large 1o l.odgé in the lungs of nearby victims,
it could settle on their bodies, in nasal passages, etc., and providé a significant gamma and
beta dose until removed. It would also provide a major grdundshihc component to
emergency workers and law enforcement personnel dealing with—xhc event. Focusing o_nlf

on the respirable fraction of the release significantly limited the perspective on ways that a
cask could release its contents.

The remainder of NRC's views conccrﬁcd the lack of "mutual confirmation™ by .the two
sets of tests. Such was not a goal of the tests, _said NRC, and the results were close enough
to show that the threat had previously been quite exaggerated. This was sufficient, in

NRC's view, to support the contention that security regulations could be safely relaxed.
Conclusions Regarding the Peer Review

While addressing several aspects of the analyses, BRL was unable to evaluate a number
of impbr_tant aspects of the studies. Its review was therefore incomplete. Overall, the
review reads like a reluctant effort 1o support the plausibility of the laboratories’ arguments
without becoming involved in the details of the testing procedures. Due to its distinct lack
of expertise concerning nuclear materials and radiation, BRL could in no way be
considered a "peer” to Sandia or BCL. At best, its review could be characterized as an
open-minded, but unéritica!, examination by a disinterested, but ijiendly,' agency. Inno
way could it be considered a peer review within the definitions normally used by

professional scientitic journals.
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Public Comments and Analysis B

After publication of the proposed rule changes, the NRC received a number of
comments on meh. A review of these views shows that ghcy came from three types of
sources:

*  nuclear utilities and nuclear industry representatives
+ -state health, safety and environmental agencies . | _
. conéerned pu'blic interest groups and individuals. Within these categories, the |

comments were generally of either regulatory or technical concern4.

Nuclear Industry Comments

Surprisingly, some members of the nuclear trade fpcuscd on the public's pex';epﬁon-of
the armed guards and felt that they should not be removed because doing so would appear
as a reduction in security, leading to pressure for state laws requiring them. At this time,
HM-164 had not been finalized so such state laws were a possibility; that ruling now bans
any cxtra‘ se&;.urity forces beyond those required by NRC rules. Some of the industry
commenters also pointed out that maintaining secrecy on the 's'hip.ping dates and routes only
added to public fears and - if indeed the shipments were not dangerous, even if attacked -
there was therefore no need to maintain such secrecy. Shipping data was easily discerned
through various means and NRC's own staff had suggested making it public. (It is not
clear why the Commissioners chose to ignore the staff suggestion and kept the data secret.)

Not surprisingly, all pro-nuclear commenters concuf_red that the test results served as
ample basis for dismissing the threat of sabotage. There was no evidence in any public

comments that this group had examined the technical aspects of the tests.
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State Agency Comments

State agencies were unanimous in demanding no reductions in escorts, and questioned

both the need to n:mové them (also citing their value in the public’s pci'ception) and the

validity of the sabotage analysis. Most comments were general and had more the character

of protest than critique, but several were substantive. The State of Wisconsin Radioactive

Waste Review Board and the Michigan Department of Publié»He’aIth raised these concerns:

deletion of route surveys and halting coardination with local law enforcement
agencies would make difficult any assessment of Aloca] emergéncy preparation and
response capabilities -

no attention wés given to consequences due to surface water contamination or -

public reaction even if no immediate deaths occur

only aerosol distribution was considered: where is groundshine from dispersed

- solids, or line-of-sight exposure due to the hole in the cask?

other realistic cifcumstanccs éxist to worsen consequences: inversion layers,
higher ‘populmion densities, loss-of coolant leading to self-heating and nuclide
vapoﬁzarion: hijacking could lead to mechanical (as versus explosive) opening of
the cask and later placement to maximize contamination; a suicide bomber coﬁld
use more or much larger explosives |

scale up of rods from experiment to simulation did not address self-heating or
high tempérznure in the cask just pfior to the cxpl'osion; would water in the cask

be hot enough to flash 1o steam, thereby creating an additional mechanism for’

‘removing particulates?

- Other state agencies questioned the validity of the tests on these grounds:

rail shipments involve two cask targets, each holding 18 PWR assemblies (the

sabotage tests covered one truck cask holding one assembly)
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newer casks will house older fuel but have much thinner shells, hold more fuel,

etc., and none of these variables was considered.

Public Interest Comments

- The most substantive technical questions came from representatives of the

environmental community, however. Many of these are echoed in this report's technical

critique.

The reference.charge was designed to break up éqncrctc and roadways, not to
penetrate steel; much more effective commercial explosives exist that would
punch holes in the cask and one is even designed to ignite anything left after the
puncture. | |
Research fuel casks exist with much thinner steel walls and contain a similar
inventory of nuclides in fuel elements that are much more vulncrablg; the subject
cask therefore did not represent a worst case s;cnario.

The peer review and supporting documentation was found to be inadequate and
incomplete. |

Qualfty control of the tests left a great deal to be dcsi'md.; in some cases, large
portions of shattered simulated fuel could not be accounted fof, while in others it
appears that actions were taken to either ignore important physical or chemical
mechanisms. or to mute these effects without any attention to the impact these

actions had on the vaiidity of the overall tests.

Final Conclusions

It is not known which comments convinced the NRC to suspend implementation of its

rulemaking, but most of the criticisms remain valid today. NRC must either address them

or perform new tests to justify a change in its own security rules. DOE on the other hand,

based its elimination of anned escorts on the tests and was not required to address the
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.‘criu'cis,ms. Since it is still not clear if DOE will have to follow NRC's security regulatons

(depending on DOT s definition of "equivalent” security), the deficiencies and applicability

(to new casks) of these tests remain as important and open questions.
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SUMMARY

To describe a national shipment campaign in a fashion which provides the inputs needed for risk
and impact analysis as well as the information needed for coordinated planning and management requires
an integrated assessment process for systematic consideration of at least the following factors:

. Waste origins, storage locations, and shipment sites

*  Waste inventory: current and projected

. Waste acceptance startup and rate

. Priorities for waste acceptance and pickup

. Waste shipment groups

. Transportation cask options

. Transportation mode and cask choices by shipment site
. Routing criteria and routing options

- Consideration of these factors enables one to provide useful information in response to basic
questions regarding the shipment campaign in prospect under legislation proposed in the 104th Congress:
e.g., How many cask shipments are expected? In which acceptance/pickup years? On which rail and
highway routes? Through which states and communities? Sections 1 through 15 of this report discuss
the factors in an integrated assessment process for a national shipment campaign, the assumptions used
in this analysis, and the sources and bases for these assumptions. Sections 16 through 20 discuss the
results of alternative scenarios involving three sets of transportation mode and cask choices, and two
regional routing options. Section 21 illustrates a process for assembly of additional information on route
features needed in risk analysis and management of transportation operations.

'

Three alternative sets of transportation cask choices at 80 shipment sites are considered:

. An assessment of current capabilities for cask loading and near-site transportation suggests that
32 commercial plant sites could choose to ship by legal-weight truck—either in currently-
available casks for highway transport of uncanistered fuel or in a high-capacity cask such as the

GA-4/9, if and when available. '

. An MPC base case scenario of transportation choices could reduce to 17 the number of
commercial sites shipping by legal-weight truck, and encourage 14 sites to use large-capacity
rather than smaller capacity rail casks. However, implementation of the MPC base case requires

" investments to improve loading capabilities and/or near-site transportation at many sites, plus
provision of as-yet-uncertified high-capacity transportation casks and canisters.

. A maximum rail scenario of transportation choices could reduce to three the number of
commercial sites shipping by legal-weight truck. The maximum rail scenario is almost identical
to the scenario assumed by DOE in its recent strategy study for transport to a potential repository

at Yucca Mountain. ‘

The current capabilities scenario results in 79,300 legal-weight truck casks shipped 62.3 million
miles on 13,700 miles of the nation’s public highways, plus 12,600 rail casks shipped 14.0 million miles
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on 18,800 miles of the nation’s railroads. The high-capacity legal-weight truck cask, if available and used
‘consistently, could reduce highway transport to 31,400 casks shipped 14.7 million miles. Implementation
of the MPC base case scenario with high-capacity truck casks could further reduce highway transport to
6,300 casks shipped 5.7 million miles over 10,200 miles of the nation’s public highways. These
reductions, however, would require investments to improve loading and/or near-site transportation
capabilities at 29 sites, and would also involve ir_xdreases in rail cask shipments (10 percent), rail cask
shipment miles (9 percent), and rail route miles affected (13 percent). Implementation of the maximum
rail scenario would further reduce highway transport to 1,150 high-capacity casks shipped 1.0 million
miles over 4,200 miles of the nation’s public highways. These reductions would require further
investment in loading and/or near-site transportation capabilities at 14 sites, and it would also invoiv=
further increases in rail cask shipments (9 percent), rail cask shipment miles (10 percent) and rail rou
miles affected (11 percent). '

Different phases of the 30-year shipment campaign affect different portions of the nation’s rail
and highway networks to different extents. For example, truck shipment comprises 35 percent of the
86,600 metric tons shipped under the current capabilities scenario of transportation choices, but 66
percent of the 4,400 metric tons shipped in the first three years of the 30-year shipment campaign. Truck
shipment comprises 11 percent of the MTU shipped under the MPC base case scenario, but 27 percent
in the first three years. These differences reflect the loading and near-site transportation capabilities of
sites storing fuel with high-priority for acceptance and pickup.

Perspectives on a national shipment campaign tend to correlate with one’s position as an’ origin,
corridor or destination community for shipments of highly-toxic and long-lived radioactive materials.
Under the MPC base case scenario (default routing), seven states comprising two percent of the nation’s
population are neither origins, corridors nor the destination for shipments of SNF or HLW. Another seven
states comprising 18 percent of the nation’s population are origins for such shipments but not corridors
for shipments from other states. Still another seven states plus the District of Columbia are corridors but
not origins for such shipments; these comprise seven percent of the nation’s population. Twenty-eight
states comprising 71 percent of the nation’s population are both origins for SNF or HLW shipments and
corridors for shipments originating elsewhere. The major corridor states under the MPC base case
scenario (default routing) are Utah (65 sites), Nebraska (60 sites), Wyoming (58 sites), Illinois (47 sites),
Iowa (32 sites), Kansas (28 sites), Missouri (27 sites) and Indiana (25 sites). ‘ '

All shipments converge in Nevada, the destination state and intended permanent storage location
for the nation’s SNF and HLW. Nevada has about 0.5 percent of the nation’s population. Under default
routing, truck shipments enter the state on I-15, either from California moving north alongside the Las
Vegas Strip, or from Arizona moving southwest through the Moapa Indian Reservation. Accessing US-95
at the interchange locally known as the “Spaghetti Bowl,” truck shipments move northwest through
rapidly developing Las Vegas suburbs, entering the Nevada Test Site at the Lathrop Wells, in the Nye
County community of Amargosa Valley. Rail shipments enter the state on the Union Pacific railroad,
either from California moving north alongside the Strip and through Las Vegas and the Moapa Indian
Reservation, or from Utah south to the Lincoin County community of Caliente. At Caliente, rail casks
would be transferred to heavy-haul trucks for shipment along U.S. highways and state roads, accessing
the Nevada Test Site via a newly constructed road across the Nellis Air Force Range (a 162-mile journey),
or continuing on public highways along a circuitous route north and west of the Nellis Air Force Range.
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Many departures from default routing could occur as states consider designated alternative routes

+ for “highway route-controlied quantities” of SNF and HL W, and as utilities consider alternative railtheads

for rail shipments and carriers consider implications for rail freight traffic. These departures have
implications, some major, others minor, for the national routing system for SNF and HLW
shipments—which route segments are affected, when and to what degree. One major option is a
“consolidated southern” routing in which truck shipments from the East and Midwest are oriented to 1-40 -
through St. Louis, Oklahoma City, and Albuquerque rather than to 1-80 and 1-70, and rail shipments are
oriented to the Santa Fe lines through Kansas City, Amarillo and Barstow rather than to the Union Pacific
through Nebraska and Wyoming or the Southern Pacific through Kansas and Colorado.

The assessment compares cask shipments under default and consolidated southern routing for five
rail and five highway route segments in four states (Wyoming, Colorado, New Mexico, and Nevada).
Consolidated southern routing could eliminate or substantially reduce rail and highway cask shipments
on the selected Wyoming and Colorado route segments and on the Nevada route segments for shipments
from the north. At the same time, however, consolidated southern routing would increase rail and
highway shipments on route segments through New Mexico, Arizona and California (east of Barstow),
and on the Nevada route segments for shipments from the south and alongside the Las Vegas Strip.

The national shipment campaign in prospect under legislation proposed in the 104th Congress -
involves 80 sites shipping on different schedules, by different modes, using large portions of the nation’s
major rail and highway systems, over a 30+ year period, through many states and communities which may
have widely varying perspectives on the potential risks and impacts, and widelv varying resources for
planning and coordination with other affected states and with the relevant federal agencies. Policy
considerations to limit, divert or manage impacts need to be combined with an integrated assessment
process which provides all parties with systematically-developed information on the implications of the

shipment campaign at national, regional, and community levels.
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INTRODUCTION

The 1982 Nuclear Waste Policy Act (NWPA) formalized the goal that spent nuclear fuel (SNF)
and high-level radioactive waste (HLW) from roughly 80 temporary storage locations in 36 states should
be transported to one or perhaps two permanent geologic repositories for permanent disposal. 1987
amendments to the NWPA specified that Yucca Mountain (NV) was to be the site for the nation’s single
_prospective geologic repository and the uitimate destination for these highly-toxic and long-lived

materials.

Less clear since 1987 has been the strategy for managing waste until the time that the permanent
repository is available. Should it continue to be stored at its current “temporary” locations, and shipped
to the permanent repository when it is available? If so, federal government acceptance could be delayed
10, 20 or even more years beyond the 1998 acceptance date promised in-1982. Should it be transported
to a centralized above-ground storage facility (which under current law cannot be in the same state as the
permanent repository) to await a second shipment to the geologic disposal site? If so, the federal
government would have to find a suitable site outside Nevada, and persuade its stakeholders that
centralized storage would not become de facto a permanent above-ground repository.

Legislation proposed in the 104th Congress” would deal with these questions by shipping waste
early and to Nevada. The legislation directs DOE to accept spent nuclear fuel at specified annual rates
beginning not later than November 1999 for transport to a specified destination—a centralized above-
ground storage facility on the Nevada Test Site, adjacent to Yucca Mountain. A viability assessment
completed in 1998 is intended to provide some assurance that the wastes shipped to Nevada for above-
ground storage could ultimately be disposed at a Yucca Mountain geologic reposntory, and that a second
shipment to another interim or permanent site will not be necessary.

Nelther Congress nor DOE has developed a plan for implementing the transportation and storage
provxsxons of the proposed legislation. It is uncertain, for example, when shipments would begin, how
rapidly they would proceed, what shipment priorities might be, what transportation/storage casks might
be available, how utilities would choose among available casks, what routes would prove most acceptable,
etc. How would these questions be resolved, and who would be involved in their resolution, at what stage '
‘and with what authority, responsibility and capability? How will the risks, “real” and “perceived,” be
addressed, assessed, and effectively managed? Even the role and accountability of DOE is uncertain,
given its recent initiative to privatize the entire civilian spent fuel transportation system, leaving decisions
about shipping containers, modes and routes largely up to private contractors.

~ -Though occasional shipments of spent fuel and other highly-radioactive materials (e.g., cesium,
naval reactor fuel) have been safely conducted and effectively managed, no land-based shipment campaign
of the scale implied by proposed legislation has been conducted in the U.S. or elsewhere. How best to
plan for and effectively manage such a campaign in our participatory federal system of governance of the
1990's has not been decided. It is generally assumed that such a campaign would require the coordinated
participation of several federal and many state, local, and private agencies—each responsive to its own
constituencies. It is acknowledged that these agencies would need to participate in an extensive array of

* Senate bill 1936 (S. 1936), a substitute for the earlier Senate bill 1271. A companion bill (H.R.
.1020) is under consideration in the House of Representatives.
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activities over many months, years, even decades. It is generally acknowledged that a detailed description
of the national shipment campaign, including an inventory of key local conditions potentially affected,
- is required as the basis for coordinated planning and management. But, though proposed legislation
would make an unprecedented national shipment campaign a near-term prospect, such a detailed
description is not available as a resource for the many parties which would expect to participate in its
coordinated planning and management. :

One way to reduce uncertainty is to develop scenarios which reflect specific assumptions
regarding relevant factors, and which then provide detailed information (e.g., shipments by cask type.
‘origin, route segment, and year) needed as the basis for planning and management. One purpose of this
report is to describe several possible scenarios for the shipment campaign in prospect under S. 1936, and
the direct consequences of these scenarios—prospective cask shipments of particular types on particular
rail and highway routes in particular years. In the process, the report identifies the several factors and .
assumptions that underlie any scenario for a national campaign for shipment of SNF and HLW. These
factors, combined in an integrated assessment process, suggest the type of information base needed in the
planning and management of national shipment campaign—the inputs needed for analysis of risks and
impacts, and for identification and resolution of issues ranging from overall campaign efficiency, to
regional routing options, to issues specific to particular communities or route segments.

This study applied an integrated assessment system to develop scenarios considering three sets
of potential utility transportation choices, two alternative routing strategies and two alternative truck cask
options. It will be apparent in review of the factors and assumptions that many other scenarios for the
prospective shipment campaign are possible.. The integrated assessment process supports the consistent
development of alternative scenarios with comparable outputs at the national, regional, and route-segment
level. ' :

As introduction to the scenarios, this section discusses the activities involved in planning and
managing a national shipment campaign, the agencies which must coordinate to conduct these activities.
the information needed as a basis for coordinated planning and management, and the facrors that must
be considered in generating this information.

Activities

To identify the range of activities involved in planning and managing a national shipment
campaign, one might consider DOE’s ‘May 10, 1996 notice of proposed policies and procedures for
implementing section 180(c) of the Nuclear Waste Policy Act regarding training for safe routine
transportation and emergency response training.! A review of this notice, which summarizes and responds
to previous stakeholder comments on the subject, provides a useful list of the activities which will be
involved in the transportation of SNF and HLW from about 80 origin sites across the country, along
numerous highway and rail routes, across many jurisdictions and communities, over a 30-year period 10
an interim or permanent storage site in Nevada. The list of activities, only a few of which DOE proposes
to support with 180(c) funds, includes:

* route selection

* alternative route analysis

« route risk analysis

* route inspection (highway and rail)
 contingency routing plans

* transportation infrastructure improvements
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« shipment notification
» shipment tracking

"« shipment escorting
 provision of public information on routing and shipments

* preparation and enforcement of transportation operations protocols
* carrier and shipper compliance reviews

assessment of state and local capabilities regarding safe routine transport and emergency response

+ enhancement and maintenance of state and local emergency preparedness
* enhancement and maintenance of emergency response and recovery capabilities
* awareness training for first-on-scene and first responder personnel

* specialized training for emergency management and recovery personnel
* public information training for route community liaison personnel

* training for hospital personnel, if and as necessary

* waste acceptance scheduling (start date and annual rate)

* waste acceptance prioritization

* transportation cask design, certification, productlon and delivery

* cask loading (wet or dry)

¢ accident notification

* safe parking desngnatnon and procedures
* provision of equipment for emergency response, inspection, first response personnel

Agencies

If the activities involved in nuclear waste transportation are numerous and varied, the actors are
numerous and varied as well—adding to the need for federal agencies as well as potentially affected states
and local governments to have a sound description of and an effective role in planning the shipment
campaign in prospect. The actors, whose respective roles and responsibilities have been much discussed
but not decided, include federal, state, local agencxes as well as utxhty shippers, contract carriers, and

others.

. Federal agencies include:

DOE/OCRWM (Office of Civilian Radioactive Waste Management) . . . manager of the

Nuclear Waste Fund and responsible for high-level waste management strategy.

DOE/EM (Environmental Management) . . . responsible for HLW in the DOE complex, and

 for the Nevada Test Site Area 25, designated as the site for centralized above-ground storage

in proposed legislation.

DOT/RSPA (Research and Special Programs Administration) . . . responsible for implemen-
tation guidelines for HMTUSA (the Hazardous Materials Transportation Uniform Safety
Act).

responsible for implementation of

DOT/FHWA (Federal Highway Administration) . . .
HM 164, and for inspection of highway shipments.

DOT/FRA (Federal Railroad Administration) . . . responsible for rail inspections and regu-
lation, and for special studies regarding rail shipments.

. Planning Information Corporation
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~— NRC (Nuclear Regulatory Commission) . . . responsible for certification of storage and trans-
portation canisters and casks.

— FEMA (Federal Emergency Management Agency) . . . responsible for emergency
management and response in transport of radiological materials. ’

— Coast Guard/Corps of Engineers . . . responsible for regulation of barge shipments and
intermodal transfer at barge terminals.

»  State agencies include state police and highway patrols, emergency management agencies, utiliy
regulatory commissions, agencies responsible for route designation. radiological health agencies.

environmental regulation agencies, etc.

. State agencies need to coordinate with their counterparts in adjacent states and with Indian tribes.
perhaps via regional groups.

. State agencies also need to coordinate with local jurisdictions (especially police, fire, and
transportation departments) and with utility (and DOE) shippers and their selected carriers.

. Operating under federal and state guidelines, various private organizations are likely to be directly
responsible for cask fabrication, truck transport, and/or rail transport. Furthermore, DOE could
convey to private industry contractors broad responsibility for planning and managing campaigns
for transporting high-level nuclear waste from various sections of the country. A May 28, 1996
notice in the Federal Register” indicates that DOE/OCRWM -anticipates contracting with private

industry for:

— virtually all aspects of spent fuel acceptance
— supplying transportation (and storage) casks

— transportation to a designated storage facility
— any required intermodal transport or heavy-haul
— handling uncanistered spent fuel, as necessary.

Under such contracts—DOE anticipates two or more contractors serving four regions—the privaze
companies would be permitted to: '

— alter the order of spent fuel acceptance (presumably in consultation with utilities) and/or
— recommend preferred transportation routes (presumably in consultation with states).

Assessment and Management Information Needs

However roles and responsibilities are decided, any federal, state, local agency or contractor wiil
need certain information as a basis for planning, coordination, and management:

— how many cask shipments are expected?
— containing what types of SNF or HLW?
— in what types of casks?

— in which acceptance year?

— from which storage locations?

— by what mode? (rail, highway, barge)

— on which rail or highway route segments?
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In sum, though they may focus on topics or geographic areas of particular relevance to their own
responsibilities or contributions, any participating agency will need to plan and manage with reference

'to a detailed description of the shipment campaxgn, consistently developed at national, regxonal and
community levels.

Assessment System Factors

To generate such information for a transportation scenario, however, requires an assessment
system in which explicit assumptions are made and information systematically generated regarding at least

the following factors:

. Waste origins and storage locations (section 1)

. Current and projected inventory (section 2)

. Waste acceptance startup and rate (section 3)

. Priorities for waste acceptance and pickup (sectlon 4)

. Waste shipment groups (section 5)

. Cask options (section 6)

. Transportation choices and choice factors (secnons 7 throuOh Il)
. Annual cask shipments (section 12) ‘
. Routing criteria, mapping, and segmentation (sections 13 and 14)
. Routing options: origin-destination pairs (section 15)

Combined in an integrated assessment system, these factors generate information regarding:

. Routes and cask shipments over the 30-vear (life of operations) national campaign (section 16).
. Routes and cask shipments at the Nevada destination—the end of the funnel (section 17).

. Regional routing alternatives and consequences for particular routes in various states (section 18).
. Annual cask shipments and the routes involved in various phases of the campaign (section 19).
. Transportation operations requirements—cask shipment miles, cask shipment miles per MTU

shipped, cask shipments per route mile affected (section 2(_)).

 Assessment of risks, impacts, and policy opt)ons requires systematically- assembled information
on key features-along affected routes, as illustrated in section 21.

Scenarios Considered in this Study

Using an integrated assessment system, this study describes the national shipment campaign for
scenarios which differ in utility ransportation choices (three alternative sets), routing strategy (a base case
and a consolidated southern routing strategy across central and western states) and cask options (two rail
casks, plus one of two legal-weight truck casks). Figure 1 summarizes the factors varied and held
constant in these scenarios, providing references to relevant sections of the report.

The integrated assessment system can be used to describe in similar dimensions and detail any
national shipment campaign which could emerge—e.g., scenarios reflecting a different current or projected
inventory, different acceptance rates or priorities for pickup, alternative cask options, different utility
transportanon choices and/or alternative routing criteria.
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Figure I-1. The Transportation of SNF and HLW: Key Assess System Factors and Variables

1.WASTE ORIGINS

STORAGE LOCATIONS

SHIPMENT SITES
2INVENTORY

3.ACCEPTANCE START

ACCEPTANCE RATE
4. ACCEPTANCE ﬁRlORITY
5.SHIPMENT GROUPS

6.CASK OPTIONS

7.CASK LOADING FACTORS
8.NEAR-SITE INFRASRUC

9.0THER TRANSPORTATION
CHOICE FACTORS

10.TRANSP CHOICE DECISION

SPENT NUCLEAR FUEL

124 commercial reactors in 34 states

Spent fue! from research reactors:
Genera! Atomics.... priority ranking -
DOE: 8 sites :
Domestic non-DOE: 8 sites~ -
Foreign: 3 temp storage sites in US

82 pools assoc with individual reactors
20 pools joined by transfer canals

11 pools shared by two reactors

7 pools at offsite locations (3 DOE)

14 onsite dry strg facil (ex & planned)

83 sites (4 DOE) in 36 states

Nov'94: 10809 MTU in 59418 BWR assemblies
19149 MTU in 44602 PWR assemblies
86 MTU in HTG, RSC, MSC SNF
30044 MTU totat

Cumul: 30,682 MTU in 169,675 BWR assemblies
55,931 ° MTU in 129,517 PWR assemblies
86 MTU in HTG, RSC, MSC, SNF
86,699 MTU total

Annual estimates, w/o specified start yr

Years 1-5: 9100 MTU
Years 6-10: 15000 MTU
Years 11-15: 15000 MTU

Oldest fuei (current & projected) first
No within utility realiocations
No among utility trades

Among acceptance years? No
Among assembly types? Yes
Among reactor types? No
Among waste origins? No

R12S: similar to DOE's 125-ton MPC
R75: similar to DOE's 75-ton MPC
LWT: legai-weight truck cask

T4/9: the GA-4/9 cask, used if available
T1/2: similar to the NAC LWT

Design crane capacity (tons)

Operating crane capacity (tons)

Cask set-down area (max cask option)
Cask iength requirement (max cask option)

Onsite rail ?

Operating onsite rail ?
Onsite rail upgrade cost
Distance to offsite railhead

-Federal policies
Utility cholce criteria
Changes at or near utllity sites

Four case exampies:
Monticello
Big Rock Point
Point Beach
Salem/Mope Creek
Enrico Fermi

HIGH-LEVEL WASTE -

4 major DOE sites:
Hanford (WA)
idaho Nat Eng Lab {ID)
Savannah River (SC)
West Valiey Demo Proj (NY)

Same 4 major DOE sites

Same 4 major DOE sites

15789-28372 canisters of vitrified HLW
Hanford: 7067-15000 canisters

INEL: 704-8500 canisters
SRS: §717-4572 canisters
WVDP: 300 canisters -

Year 15: ie 2015 if 2000 start yr

Years 15-20: 4000 canisters"
Years 21-25: 4500 canisters

Years 26-30: 5000 canisters

Generally: 1. WVDP
2. SRS
3. HANF
4. INEL

Not appiicable (canistered waste)

R100: an adaption of DOE's 125-ton MPC

Assume adequate to load R100

Assume adequate to ship R100

DOE policy
Changes at or near DOE sites

Factors 6-8 determine
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Figure 11 (Cont).

11.TRANSP CHOICE SCENARIOS

12.CASK SHIPMENTS

13.ROUTING CRITERIA
Defauit route/ highway:

Default route/ rail:

_Consolidated southern route/
Highway
Consolidated southern route/ Eail:

14.ROUTE IDENTIFICATION
& MAPPING

15.ROUTING CASE EXAMPLES

16. NATIONAL SHIPMENT CAMPAIGN

17. NEVADA IMPLICATIONS

18. REGIONAL ROUTING OPTIONS

19.NATL SHIPMENT CAMPAIGN: -
ANNUAL SHIPMENTS

SPENT NUCLEAR FUEL

Current capabilities
MPC base case
Maximum rail

BWR/PWR assemblies in shipment group/
cask capacity (partially-filled cask=1}.

Non-BWR/PWR MTU in shipment group/
MTU per cask (BWR/PWR)

HM 164; max use of interstate hwys;
Min transit time; two drivers;
Pop centers not avoided.

Nearest railhead or designated barge;
Min carrier transfer; min transit time;
Pop csnters not avoided

Uses Interstate 40 west of Okla City,
Interstate 15 north to Las V & Yucca Mtn

Uses Sante Fe lines west of Kansas City,

Union Pacific north to intermodai transfer

Locate designated route segments
Identify on base highway/rail maps
Route segmentation

Oyster Creek (NJ) to Yucca Mtn (NV)
Fermi (M!) to Yucca Mtn (NV)

Browns Ferry (AL) to Yucca Mtn (NV)
Cooper Station (NE) to Yucca Mtn (NV)
Grand Gulf (MS) to Yucca Mtn (NV)
Diablo Canyon (CA) to Yucca Mtn (NV)

Lite of Operations Cask Shipments
Default routing
3 transportation choice scenarios

Life of operations cask shipments
Default routing

Nevada route segments

3 transportation choice scenarias

Life of operations cask shipments
Default and So consol routing
Selectsd route segments in:

Wyoming (UP and 1-80)
Colorado (SP and I-70)
New Mexico (SF and 1-40)
Nevada (UP and I-15)

3 transportation choice scenarios

Current capabii choices/default routing’
Year 1 cask shipments by origin:
Year 2 cask shipments by origin:
Year 3 cask shipments by origin:
Year 20 cask shipments by origin:

‘ Maximum rail choices/default routing
Year 20 cask shipments by origin:

HIGH-LEVEL WASTE

All rail shipment, using R100

Canisters in shipment group/
§ canisters per cask
(partiaily-filled cask=1)

NA

Same as SNF

NA

Same as SNF

Same as SNF

NA

Year 15.30 cask shipments
Sames as SNF

Year 15-30 cask shipments
Same as SNF -
Same as SNF -

Year 15-30 cask shipments
Same as SNF '

All rail shipment/default routing:
Year 1 cask shipments by origin:
Year 2 cask shipments by origin:
Year 3 cask shipments by origin:
Year 20 cask shipments by origin:
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Figure I-1 (Cont).

20. TRANSP OPER REQUIREMENTS Life of operations and years 1-3 Year 15-30 cask shipments
Cask shipment miles (total and per MTU) Cask shipments miles (total)
Cask shipments per route mile Same as SNF
2 transportation choice scenarios Same as SNF

21.ROUTE FEATURES . lustrative: Co- - Same as SNF

Key route characteristics

Route conditlons

Key facilities alongside

Administrative boundaries
Segment-specific management policies

Planning Information Corporation September 10, 199¢
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*  The Transportation of Spent Fuel and High-Level Waste : 1

1. WASTE ORIGINS, STORAGE LOCATIONS AND SHIPMENT SITES

In common practice, a reactor name may be used to refer to any of several facilities at a site, or
to the site itself. Thus, the term “Calvert Cliffs” may be used to refer to either or both of Baltimore Gas
and Electric’s two nuclear powerplants, to the joined spent fuel pools at those reactors, to the site’s
concrete module dry storage facility, or the site itself on the Patuxent River near Lusby in Calvert County.
In assessment, however, it is useful to maintain a distinction between the facilities which generate spent
fuel, the facilities where this waste is temporarily stored, and the sites from which such waste may be
shipped to a centralized or permanent storage facility. The same applies to high-level waste at DOE’s
defense sites and to other nuclear waste requiring geologic disposal.

Spent Fuel Origins and Storage Locations

“In its Acceptance Priority Ranking reports,’ DOE identifies SNF by the reactor from which it was
discharged and by its current storage location. For example: -

. The 136 BWR assemblies discharged from the Oyster Creek reactor in Ocean County, New Jersey
on May 1, 1972 are now stored at Oyster Creek—meaning the spent fuel pool associated with the
Oyster Creek reactor.

. The 85 BWR assemblies discharged from the Quad Cities 2 reactor in Rock Isiand County,
[llinois on December 22, 1974 are now stored at Quad Cities 1-—meaning the joined spent fuel
storage pools for Quad Cities reactors 1 and 2.

. The 509 BWR assemblies discharged from the Dresden 2 reactor near Morris, Illinois on February
19, 1972 are now stored at Morris—meaning that they have been moved to the nearby General
Electric spent fue] storage facility.

. The 102 PWR assemblies discharged from the Robinson 2 reactor in Hartsville, South Carolina
on May 4, 1974 are now stored at the Brunswick | PWR pool—meaning that they have been
transported to Southport, North Carolina for storage in the portion of the Brunswick 1 spent fuel
pool designed for BWR assemblies.

Thus, there is a distinction between spent fuel origins and storage locations. Origins are nuclear
reactors. Storage locations are spent fuel pools which are sometimes shared among two reactors, or joined
by a transfer canal, or, increasingly, on-site dry storage facilities such as those at Surry or Calvert Cliffs.
or off-site pools such as those are Morris, or the Idaho National Engineering Lab (INEL). Tables 1-1 and
1-2 present the list of spent fuel origins and storage locations used in this assessment.

In aggregate, DOE’s listing of spent fuel discharges describes where spent fuel from particular
reactors is now stored, and where spent fuel at particular storage locations came from. For example:

. The 2,200 BWR assemblies discharged through November 1994 from the Peachbottom 3 ‘reactor
near York, Pennsylvania are all stored at the Peachbottom 3 spent fuel pool, which has capacity
to store 3,814 BWR assemblies.

Planning Information Corporation : _ " September 10, 1996
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2 The Transportation of Spemt Fuel and High-Level Waste
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. Of the 808 PWR assemblies discharged through November 1994 from the Oconee 3 reactor in
the western comer of South Carolina, 444 (55 percent) are now stored at the Oconee 3 spent fuel
pool, 244 (30.2 percent) are in dry storage facilities at the Oconee site, 58 (7.2 percent) are stored
at the Oconee 1 spent fuel pool shared by the Oconee 1 and Oconee 2 reactors, and 62 (7.7
percent) are stored at the McGuire 2 spent fuel pool in North Carolina.

. Of the 3,217 spent fuel assemblies stored at GE’s Morris facility in Gundy County, Illinois in
November 1994, 1,054 (32.8 percent) are BWR assemblies discharged from the Copper Station
reactor in Nebraska, 1,058 (32.9 percent) are BWR assemblies discharged from the Monticello
reactor in Minnesota, 753 (23.4 percent) are BWR assemblies from the nearby Dresden 2 reactor,
270 (8.4 percent) are PWR assembiies from the San Onofre 1 reactor in California, and 82 (2.5
percent) are PWR assemblies from the Haddam Neck reactor in Connecticut.

. Of the 1,018 spent fuel assemblies stored at INEL in November 1994, 744 (73.1 percent) are
HTG assemblies from Fort St. Vrain in Colorado, 177 are PWR assemblies from the damaged
Three Mile Island 2 reactor in Pennsylvania, 69 (6.8 percent) are PWR assemblies from the Surry
1 and 2 reactors in Virginia, 18 (1.8 percent) are PWR assemblies from the Turkey Point 3
reactor in Florida, 6 (0.6 percent) are PWR assemblies from the Point Beach 1 reactor in
Wisconsin, and 4 are BWR assemblies from Dresden 1 in Illinois and Peachbottom 2 in -
Pennsylvania.

Waste Origin and Storage Location Assumptions

. The Cﬁrrent Inventory of Spent Nuclear Fuel

As mentioned, spent fuel discharges through November 1994 are identified in DOE Acceptance
Priority Ranking reports by the reactor from which the fuel was discharged and by the current
storage location. In this assessment, the 30,044 MTU discharged through November 1994 are
assumed to remain at their November 1994 storage location until accepted by DOE for transport
to an interim or permanent storage facility. We have not attempted to project future transfers of
spent fuel among storage locations.

. Projected Inventory of Spent Nuclear Fuel

For the no-new-reactor-orders case in which nuclear reactors are assumed to operate at an
assumed percentage of capacity through their NRC license term, DOE forecasts annual discharges
through 2042 by the reactor from which the fuel is discharged. In this assessment, we have
identified the pool location to which the fuel would be discharged. For example, projected
discharges from the Point Beach 2 reactor near Two Creeks, Wisconsin would go to the Point
Beach 1 pool shared by Point Beach reactors 1 and 2, while projected discharges from the
Comanche Peak 2 reactor near Glen Rose, Texas would go to the Comanche Peak 1 and 2 pools
which are connected by a transfer canal. However, we have not attempted to project future
transfers of this fuel either to onsite dry storage facilities or to pools at other sites owned by the
same utility, or to pools at sites such as Morris or INEL.

Planning Information Corporation September 10, 1996
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The Transportation of Spent Fuel and High-Level Waste

L. High-Level Waste Origins and Storage Locations

For HLW generated at defense sites, DOE forecasts the projected number of canisters (containing
vitrified HLW) which will require disposal in a geologic repository.” In this assessment, we
assume that the HLW is vitrified, canistered, and stored until pick up at the site at which it was

generated.

Shipment Sites

Route analysis requires the identification of a point of origin for each shipment—the place from
‘which the legal-weight truck, heavy-haul truck, rail or barge shipment begins. This assessment associates
each storage location with a shipment origin (Table 1-3). For example, spent fuel stored at the separate
pools at Arkansas Nuclear’s reactors 1 and 2 or at the Arkansas Nuclear dry storage facility all have the
same shipment origin. Similarly, spent fuel stored at the connected pools at Calvert Cliffs reactors 1 and
2 or at the Calvert Cliffs dry storage facility all have the same shipment origin. '

As will be discussed in Sections 7 and 8, transportation choices are keyed both to the facilities
at the storage location (e.g., the characteristics of the separate, shared or joined spent fuel pools, or of the
dry storage facility) and to the characteristics of near-site infrastructure (e.g., the availability of onsite rail,
the distance to an offsite railhead, and the characteristics of the community along the heavy-haul route).

Planning Information Corporation ' September 10, 1996
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4 : The Transportation of Spent Fuel and Hi igh-Leve1 Waste
Table 1-1. Originators of Spent Nuclear Fuel or High-Level Waste

DESIGY  UTIL UTIL
WASTE WASTE CAPAC STRTUP SHUTD

# WASTE ORIGINS: COMPANY : ) STATE TYPE TYPE (MWE) YEAR  YEAR
1 ARKANSAS NUCLEAR 1 ARKANSAS POWER & LIGHT AX PWR  COMM 850 1974 2014
2 ARKAHSAS NUCLEAR 2 ARKANSAS POWER & LIGHT AK PWR COMM 912 1978 2018
3 BEAVER VALLEY 1} DUQUESNE LIGHT COMPANY PA PWR COMM 835 1976 2016
4 BEAVER VALLEY 2 DUQUESNE LIGHT COMPARY PA PWR  COMM 857 1987 2027
5 BELLEFONTE 1 TENNESSEE VALLEY AUTHORITY AL PWR  COMM 1235 7777 7?77
6 BELLEFONTE 2 TENNESSEE VALLEY AUTHORITY AL PWR  COMM 1235 7777 1172
7 BIG ROCK 1 CONSUMERS POWER COMPANY - Ml BWR  COMM 721962 2000
8 BRAIDW0OD 1 COMMONWEALTH EDISON CO. IL PWR  COMM 1175 1987 2026
9.BRAIDNOOD 2 COMMONWEALTH EDISON CO. It PWR  COMM 1175 1988 2027
10 BROWNS FERRY 1 TENNESSEE VALLEY AUTHORITY AL BWR  COMM 1065 1973 2013
11 BROWNS FERRY 2 TENNESSEE VALLEY AUTHORITY AL BWR COMM 1065 1974 2014
12 BROWNS FERRY 3 TENNESSEE VALLEY AUTHORITY AL BWR - COMM 1065 1977 2016
13 BRUNSWICK 1 CAROLINA POWER & LIGHT NC 8WR  COMM 821 1976 2016
14 BRUNSWICX 2 CAROLINA POWER & LIGHT NC BWR COMM 821 1974 2014
15 BYRON 1 COMMONWEALTH EDISON CO. IL -~ PwR  COMM 1120 1985 2024
16 BYRON 2 COMMONWEALTH EDISON CO. IL PWR  COMM 1120 1987 2026
17 CALLAWAY 1 UNION ELECTRIC CO. M0 PWR  COMK 1171 1984 2024 A
18 CALVERT CLIFFS 1 BALTIMORE GAS & ELECTRIC CO. M0 PWR COMM 845 1975 2014
19 CALVERY CLIFFS 2 BALTIMORE GAS & ELECTRIC (0. MD PWR  COMM 845 1976 2016
20 CATAWBA 1 DUKE POWER COMPANY SC PWR  COMM 1145 1985 2024
21 CATAWBA 2 DUKE POWER COMPANY s PWR  COMM 1145 1986 2026
22 CLINTON 1 ' ILLINOIS POWER CO. IL BWR  COMM 633 1987 2026
23 COMANCHE PEAK 1 TEXAS UTILITIES ELECTRIC CO. TX PRR  COMM 1150 1990 2030
24 COMANCHE PEAK 2 TEXAS UTILITIES ELECTRIC €O. T PWR  COMM 1150 1993 2033
25 COOK 1 INDIANA MICHIGAN POWER CO. Ml PWR  COMM 1030 1975 2014
26 COOK 2 . INDIANA MICHIGAN POWER CO. Ml PWR  COMM 1100 1978 2017
27 COOPER STATION - NEBRASKA PUBLIC POWER DISTRICT N8 BWR  COMM 778 1974 2014
28 CRYSTAL RIVER 3 FLORIDA POWER CORPQRATION FL PWR  COMM 825 1977 2016
20 DAVIS-BESSE 1 TOLEDO EDISON CO. OH PWR  COMM 906 1977 2017
30 DIABLO CANYON 1 PACIFIC GAS & ELECTRIC CO. CA PWR  COMM 1086 1984 2008
31 DIABLO CANYON 2 PACIFIC GAS & ELECTRIC (0. CA PWR  COMM 1119 1985 2010
32 DRESDEN 1 COMMONWEALTH EDISON CO. It BWR  CCMM 200 1960 1978
33 DRESDEN 2 COMMONWEALTH EDISON CO. IL BwR  COMM 794 1970 2006
34 DRESDEN 3 COMMONWEALTH EDISON CO. I BWR  COMM 794 1971 2011
35 DUANE ARNOLD 10WA ELEC LGT & PWR (1ES UTIL) 0 BWR  (OMM 538 1974 2013
36 ENRICO FERMI 2 DETROIT EDISON CO. L} BWR  COMM 1093 1985 2025
37 FARLEY 1 ALABAMA POWER & LIGHT AL PWR  COMM  82¢ 1977 2017
38 FARLEY 2 ALABAMA POWER & LIGHT AL PWR  COMM 829 1981 202:
39 FITZPATRICK POWER AUTHORITY QF NEW YORK STATE NY BWR (oM 821 1975 2014
40 FORT CALHOUN OMAHA PUBLIC POWER DISTRICT N8 PWR  COMM 486 1973 2008
' 41 FORT ST VRAIN PUBLIC SERVICE CO. OF COLORADO 0~ HTG COMM 330 1979 1989
42 GINNA ROCHESTER GAS & ELECTRIC NY . PWR COMM 490 1969 2009
43 GRAND GULF 1 SYSTEM ENERGY RESQURCES MS . BWR (oMM 1250 1984 2022
44 HADDAM NECK CONNECTICUTT YANKEE ATOMIC POWER (T PWR . COMM 582 1967 2007
45 HARRIS 1 CAROLINA POWER & LIGHT NC PWR  COMM 940 1987 2026
46 HATCH | GEORGIA POWER COMPANY GA BWR  COMM 777 1974 2014
47 HATCH 2 GEORGIA POWER COMPANY GA BWR  COMM 784 1978 2018
48 HOPE CREEK PUBLIC SERVICE ELECTRIC & GAS CO NJ BWR COMM 1118 1986 2025
49 HUMBOLDT BAY PACIFIC GAS & ELECTRIC CO. CA BWR . COMM 65 1963 1976
50 INDIAN POINT 1 CONSOLIDATED EDISON OF NY LA PWR  COMM 265 1962 1¢3C
51 INDIAN POINT 2 CONSOLIDATED EDISON OF NY NY PWR  COMM 873 1973 2012
52 INDIAN POINT 3 PORT AUTHORITY OF NEW YORK NY PWR  COMM 965 1976 2015
§3 KEWAUNEE WISCONSIN PUBLIC SERVICE CO. L PWR  COMM 535 1974 - 2013
54 (ACROSSE OAIRYLAND POWER COOP. . )t BWR  COMM 50 1968 1987
§5 LASALLE | COMMONWEALTH EDISON CO. L BWR  COMM 1122 1982 2022
§6 LASALLE 2 COMMONWEALTH EDISON CO. IL BwR COMM 1122 1984 2023
§7 LIMERICKK 1 PHILADELPHIA ELECTRIC CO. PA BWR COMM 1055 1985 2024
58 LIMERICX 2 ) PRILADELPHIA ELECTRIC CO. PA BWR COMM 1055 1989 202¢
59 MAINE YANKEE MAINE YANKEE ATOMIC ME PWR  COMM 825 1972 2008
60 MCGUIRE 1 DUKE POWER COMPANY NC PWR  COMM 1180 1981 2021
61 MCGUIRE 2 DUKE POWER COMPANY NC PwR COMM 1180 1983 2022
62 MILLSTONE 1 NORTHEAST UTILITY SVC CO. 4] BWR  COMM 660 1970 2010
63 MILLSTONE 2 NORTHEAST UTILITY SVC CO. T PWR  COMM 870 1975 2015
64 MILLSTONE 3 NORTHEAST UTILITY SVC.CO. oy PWR  COMM 1150 1986 2025
. 65 MONTICELLO NORTHERN STATES POWER CO. MN BWR  COMM 545 1971 2010
’ 66 NINE MILE POINT 1 NIAGRA MOHAWK POWER (CO. NY BWR  COMM 620 1969 2009
67 NINE MILE POINT 2 NIAGRA MOHAWK POWER CO. NY 8WR COMM 1080 1987 2026
68 NORTH ANNA 1 VIRGINIA POWER VA PWR  COMM 907 1978 2018
69 NORTH ANNA 2 VIRGINIA PONER VA PR COMM 907 1980 2020
70 OCONEE 1 DUKE POWER COMPANY SC PWR  COMM 887 1973 2013
71 OCONEE 2 OUKE POWER COMPANY SC PWR  COMM 887 1973 2013
72 OCONEE 3 DUXE POWER COMPANY SC PWR  COMM 886 1974 2014

Source: Spent Fuel Storage Requirements: 1994-2042 (DOE/RW-0431-Rev.l: June 1995)

’ Planning Information Corporation , September 10, 1996
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# WASTE ORIGINS:
OYSTER CREEK 1
PALISADES
PALO VERDE 1
PALO VERDE 2
PALO VERDE 3
PEACHBOTTOM 2
PEACHBOTTOM 3
PERRY 1
PILGRIM 1

82 POINT BEACH 1

83 POINT BEACH 2

84 PRAIRIE ISLAND 1

85 PRAIRIE ISLAND 2

86 QUAD CITIES 1

87 QUAD CITIES 2

88 RANCHO SECO 1

89 RIVER BEND 1

90 ROBINSON 2

91 SALEM 1
92 SALEM 2
93 SAN ONOFRE 1
94 SAN ONOFRE 2
95 SAN ONOFRE 3
96 SEABROOK 1
97 SEQUOYAH 1
98 SEQUOYAH 2
99 SHOREHAM
100 SOUTH TEXAS 1
101 SOUTH TEXAS 2
102 ST LUCIE 1
103 ST LUCIE 2
104 SUMMER 1
105 SURRY 1
" 106 SURRY 2
107 SUSQUEHANNA 1
108 SUSQUEHANNA 2
109 THREE MILE ISLAND 1
110 TROJAN
111 TURKEY POINT 3
112 TURKEY POINT 4
113 VERMONT YANKEE 1
114 VOGTLE 1
115 VOGTLE 2
116 WASHINGTON NUCLEAR 2
117 WASHINGTON NUCLEAR 3
‘118 WATERFORD 3
119 WATTS BAR 1
120 WATTS BAR 2
121 WOLF CREEK 1
122 YANKEE-ROWE 1
123 ZION 1
124 ZI0N 2
125 GENERAL ATOMICS
126 HANFORD
127 INEL
128 SAVANNAH RIVER
129 WEST VALLEY

The Transportation of Spent Fuel and High-Level Waste

COMPANY :

GPU NUCLEAR CORP

CONSUMERS POWER (0.

ARIZONA PUBLIC SERVICE CO.
ARIZONA PUBLIC SERVICE CO.
ARTZONA PUBLIC SERVICE CO.
PHILADELPHIA ELECTRIC CO.
PHILADELPHIA ELECTRIC CQ.
CLEVELAND ELEC ILLUMINATING CO.
BOSTON EDISON CO.

WISCONSIN ELECTRIC POWER CO.
WISCONSIN ELECTRIC POWER CO.
NORTHERN STATES POWER CO.
HORTHERN STATES POWER CO.
COMMONWEALTH EDISON CO.
COMMONWEALTH EDISON CO.

SACRAMENTO MUNICIPAL UTILITY DIST.

GULF STATES UTILITIES CO.
CAROLINA POWER & LIGHT

PUBLIC SERVICE ELECTRIC & GAS (O
PUBLIC SERVICE ELECTRIC & GAS CO

SOUTHERN CALIF EDISON
SOUTHERN CALIF EDISON

"SOUTHERN CALIF EDISON

NORTH ATLANTIC ENERGY SERVICE
TENNESSEE VALLEY AUTHORITY
TENNESSEE VALLEY AUTHORITY
LONG ISLAND LIGHTING CO.
HOUSTON LIGHTING & POWER CO.
HOUSTON LIGHTING & POWER (Q.
FLORIDA POWER & LIGHTING (O.
FLORIDA POWER & LIGHTING CO.
SOUTH CAROLINA ELECTRIC & GAS
VIRGINIA POWER

VIRGINIA POWER

PENNSYLVANIA POWER & LIGHT
PENNSYLVANIA POWER & LIGHT
GPU NUCLEAR CORP

PORTLAND GENERAL ELECTRIC €O,
FLORIDA POWER & LIGHTING CO.
FLORIDA POWER & LIGHTING CO.
VERMONT YANKEE NUCLEAR POWER
GEORGIA POWER: CO.

GEORGIA POWER CO.

WASH PUBLIC POWER SUPPLY SYSTEM
WASH PUBLIC POWER SUPPLY SYSTEM
LOUISIANNA POWER & LIGHT
TENNESSEE VALLEY AUTHORITY
TENNESSEE VALLEY AUTHORITY

WOLF CREEK NUCLEAR OPERATING CORP.

YANKEE ATOMIC ELECTRIC CO.
COMMONWEALTH EDISON CO.
COMMONNWEALTH EDISON CO.
GENERAL ATOMICS
DOE/HANFORD

DOE/INEL

DOE/SAVANNAH RIVER
DOE/WEST VALLEY

WASTE
STATE TYPE
N BWR
MI PWR
AZ PWR
AZ PHR
AZ PHR
PA BHR
PA BWR
OH BWR
MA BWR
Wl PWR
Wl PWR
MN PHR
MN PWR
IL BWR
I BWR
CA PWR
LA BWR
sC PHR
N PWR
NJ PHR
CA PHR
CA PWR
CA PWR
NH PWR
N PWR
™ PWR
NY BWR
X' PR
TX PHR
FL PHR
FL PWR
sC PWR
VA PHR
VA PWR
PA BWR
PA BWR
PA PWR
R PWR
FL PHR
FL PHR
vT BHR
GA PHR
GA PWR
WA BWR
WA BWR
LA . PWR
N PHR
b PHR
KS PMR
A PHR
It PHR
I PHR
CA RSH
WA HLW
1D HLW
SC - H
NY HLW

WASTE
TYPE

‘Table 1-1 (Cont).

DESIGN
CAPAC
(MWE)

UTIL
STRTUP
YEAR

UTIL
SHUTD -
YEAR

1065
1065
819
1130
693
693
514
1069
1069
1100
1250
1104

1165.

1165
1150

175

1085
1085
NA
NA
NA
NA
NA

Source: Spent Fuel Storage: Requirements: 1994-2042 (DOE/RW-0431-Rev.1: June 1995)
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The Transportation of Spent Fuel and High-Level Waste

Table 1-2. Storage Locations for Spent Nuclear Fuel and High-Level Waste

UTIL  UTIL STRG CAPAC
WASTE STRTUP SHUTD (ASSEMBLIES)
STORAGE LOCATIONS: TYPE YEAR YEAR LICEN  MAX
1 ARKANSAS NUCLEAR 1 PWR 1974 2014 968 948
2 ARKANSAS NUCLEAR 2 PWR 1978 2018 .988 933
3 ARKANSAS RUCLEAR DRY STRG PWR 1995 2015 192 192
‘4 BEAVER VALLEY 1 = PWR 1976 2016 833 1621
5 BEAVER VALLEY 2 PWR 1987 2027 1088 1088
6 BELLEFONTE 1 PWR 7777 77?77 1058 1058
7 BELLEFONTE 2 PWR 7777 7777 1058 1058
8 BIG ROLK 1 BWR 1962 2000 441 441
9 BRAIDWOOD 1&2 PWR 1987 2027 2870 2834
10 BROWNS FERRY 1-2 BWR 1973 2014 3471 6942
11 BROWNS FERRY 3 BWR 1977 2016 3471 3471
12 BRUNSHICK 1 BWR 1976 2016 1803 1767
13 BRUNSWICK 1 BWR POOL PWR 1976 2016 NA 160
14 BRUNSWICK 2 BWR 1974 2014 1839 1767
15 BRUNSWICK 2 BWR POOL PWR 1974 2014 NA 144
16 BYRON 1&2 PWR 1985 2026 2870 2824
17 CALLAWAY 1 PWR 1984 2024 1340 1340
18 CALVERT CLIFFS 1-2 PWR 1975 2016 1830 1778
19 CALVERT DRY STORAGE PWR 1991 2011 1152 1182
20 CATAWBA 1 PWR 1985 2024 1419 2615
21 CATANWBA 2 PWR 1986 2026 1418 2615
22 CLINTON 1 BWR 1987 2026 2512 2512
23 COMANCHE PEAK 1-2 PWR 1990 2030 1693 1289
24 COOK 182 PWR 1975 2017 2050 3613
25 COOPER STATION BWR 1974 2014 2366 2366
26 CRYSTAL RIVER 3 PWR 1977 2016 1357 1357
27 DAVIS-BESSE 1 PWR 1977 2017 735 720
28 DAV]S-BESSE DRY STRG PWR 1995 2015 192 192
29 DIABLO CANYON 1 PWR 1984 2010 1324 1324
30 -DIABLO CANYOH 2 PWR 1985 2010 1328 1317
31 DRESDEN 1 BWR 1960 1978 720 720
32 DRESDEN 2 BWR 1970 2006 3537 3537
33 DRESDEN 3 BWR 1971 2011 - 3537 3537
34 DUANE ARNOLD BWR 1974 2014 2050 1898
35 ENRICO FERMI 2 8WR 1985 2025 2383 2383
36 FARLEY 1 PWR 1977 2017 1407 1407
37 FARLEY 2 PWR 1981 2021 1407 1407
38 FITZPATRICK BWR 1975 2014 2797 2797
39 FORT CALHOUN PWR 1973 2008 729 1083
40 FORT ST VRAIN HTG 1979 1989 1482 0
41 FORT ST VRAIN DRY STRG HTG 1991 2011 1482 1482
42 GINRA PWR 1969 2009 1016 1083
43 GRAND GULF 1 BWR 1984 2022 2324 3872
44 HADDAM NECK . PWR 1967 2007 1172 1167
45 HARRIS 1-2 PWR 1987 2026 4184 1128
46 HARRIS 1-2 BWR POOL BWR 1987 2026 NA 1573
47 HATCH 1-2 BWR 1974 2018 3181 5830
48 HOPE CREEK BWR 1986 2026 4006 3998
49 HUMBOLDY BAY BWR 1963 1976 486 485
50 INDIAN POINT 1 PWR 1962 1980 756 756
51 INDIAN POINT 2 PWR 1973 2013 1374 1374
52 INDIAN POINT 3 PWR 1976 2015 1345 1340
53 KEWAUNEE PWR 1974 2013 990 990
54 LACROSSE BWR 1968 1987 440 440
55 LASALLE 1-2 BWR 1982 2023 5153 7780
56 LIMERICK 1-2 BWwR 1985 2029 2040 6798
. 57 MAINE YANKEE PWR 1972 2008 1476 1464
58 MCGUIRE 1 PWR 1981 2021 1463 1581
59 MCGUIRE 2 PWR 1983 2023 1463 1460
60 MILLSTONE 1 BWR 1970 2010 3229 3229
61 MILLSTONE 2 PWR 1975 2015 1072 1299
62 MILLSTONE 3 PWR 1986 2025 756 756
63 MONTICELLO . BWR 1971 2010 2237 2229
64 NINE MILE POINT 1 BWR 1969 2009 2776 2560
65 NINE MILE POINT 2 BWR 1987 2026 4049 2528
66 NORTH ANNA 182 PWR 1978 2020 1737 1677
67 NORTH ANNA DRY STRG PWR 1998 2018 256 256
68 OCONEE 142 PWR 1973 2013 1312 1311
69 OCONEE 3 PWR 1974 2014 825 818
70 OCONEE DRY STORAGE PWR 1990 2010 960 960
71 OYSTER CREEK 1 BWR 1969 2009 2600 2600
72 OYSTER CREEK DRY STRG BWR 1996 2016 416 416

FULL
CORE
ASMB
177
177
NA
157
157
205
205
84
193
764
764
560
NA
560
NA
193
193
217
NA
193
193
624
193
193
548
177
177
NA
193
193
464
724
724

532
764
187
NA
i
177
NA
0

HOTES: "

VSC-24 under gnrl lic, starting 1995

NUHOMS-24 under 1992 site specific lic

NUHOMS-24 under gnrl lic, starting 1995

Foster Wheeler MVDS under 1991 site specific lic

TN-32 under 1998 site specific lic

NUHOMS-24 under 1990 site specific lic

NA  NUHOMS-52 under gnrl lic, starting 1996

Planning Information Corporation
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Table 1-2 (Cont).

UTIL  UTIL STRG CAPAC FULL
WASTE STRTUP SHUTD (ASSEMBLIES) CORE

STORAGE "LOCATIONS: TYPE YEAR YEAR LICEN MAX ASMB NOTES:
73 PALISADES - PWR  "1971 2007 892 888 204 B
74 PALISADES DRY STRG PWR 1993 2013 . 48 48 NA NUHOMS-24 under gnrl lic, starting 1996
75 PALO VERDE 1 PWR 1985 2024 665 1323 241 ’
76 PALO VERDE 2 PWR 1986 2025 665 1323 241
77 PALO VERDE 3 PWR 1987 2027 665 1322 241
78 PEACHBOTTOM 2 BWR ~ 1974 2008 3819 3819 764
79 PEACHBOTTOM 3 BWR 1974 2008 3819 3814 764
80 PERRY 1 BWR 1986 2026 4020 4020 748
81 PILGRIM 1 BWR 1972 2012 2320 2875 580
82 POINT BEACH 142 PWR 1870 2013 1502 1500 121
83 POINT BEACH DRY STRG PWR 1995 2015 192 192 NA vSC-24 under gnrl lic, starting 1995
84 PRAIRIE ISLAND 182 PWR 1973 2014 1386 1378 121
85 PRAIRIE ISLAND DRY STRG PNR 1993 2013 320 320  NA TN-40 under 1993 site specific lic
86 QUAD CITIES 1-2 BWR 1972 2012 7554 7533 724
87 RANCHD SECO 1 PWR 1974 1989 1080 1080 177
88 RANCHO SECO DRY STRG : PWR 1996 2016 561 861 NA NUHOMS-MP187 under 1996 site specific lic
89 RIVER BEND 1 BWR 1985 2025 2680 3172 624
90 ROBINSON 2 PWR 1970 2010 544 8§37 157
9] ROBINSON DRY STRG PWR 1986 2006 56 56 NA NUMOMS-07 under 1986 site specific lic
92 SALEM 1 PWR 1976 2016 1170 1117 193
93 SALEM 2 PWR 1981 2020 1170 1139 163
94 SAN ONOFRE 1 PWR 1967 1992 216 216 157
95 SAN ONOFRE 2 PWR 1982 2013 1542 1542 217
96 SAK ONOFRE 3 PWR 1983 2013 1542 1542 0
97 SEABROOK 1 PWR 1990 2026 1236 1236 193
98 SEQUOYAH 182 . PHR 1980 2021 1386 2091 193
99 SHOREHAM : BWR 1986 1987 2436 2685 560
100 SOUTH TEXAS 1 PWR 1988 2027 1969 1958 193
101 SOUTH TEXAS 2 . PWR 1989 2028 1969 1958 193
102 ST LUCIE 1 PWR 1976 20316 1706 1705 217
103 ST LUCIE 2 PWR 1983 2023 1584 1076 217
104 SUMMER 1 ’ PWR 1982 2022 1276 1276 157
105 SURRY 142 PWR 1972 2013 - 1044 1048 157
106 SURRY DRY STORAGE PWR 1986 2006 533 533 NA CASTOR-32 (& other) under 1986 site spec lic
107 SUSQUEHANNA 1-2° BWR 1982 2024 2840 5680 764
108 SUSQUEHANNA DRY STRG BWR 1997 2017 416 416 NA NUHOMS-52 under gnri lic, starting 1997
109 THREE MILE ISLAND 1 PWR 1974 2014 752 1288 117
110 TROJAN PWR 1975 1992 1408 1395 193
111 TURKEY POINT 3 PWR 1972 2007 1404 1376 157
112 TURKEY POINT 4 PWR 1973 2007 1408 1376 0
113 VERMONT YANKEE 1 BWR 1972 2012 2870 2860 368
114 VOGTLE 1-2 PWR 1987 2029 2386 2283 193
115 WASHINGTON NUCLEAR 2 BWR 1984 2023 2658 2654 764
116 WATERFORD 3 - PWR 1985 2024 1088 1070 217
117 WATTS BAR 142 PWR  2777- 7777 1312 1294 193
118 WOLF CREEK 1 PWR 1985 2025 1340 1327 193
119 YANKEE-ROWE 1 PWR 1960 1991 721 21 76
120 ZION 142 PWR 1973 2013 2112 2929 193
121 HANFORD SNF STRG PWR 7272 777 1NN MM NA
122 HANFORD SNF STRG BWR 7727 1177 17?7 N NA
123 INEL SNF STRG PR 1777 MM 1IN 1M MA
124 INEL SNF STRG - BWR 777 MM MMM 1IN MA
125 INEL SNF STRG HTIG 77 11 M1 7171717 MA
126 SAVANNAH RIVER SNF STRG PHR 2772 MMM 1M 1777 MA
127 SAVANNAH RIVER SNF STRG BWR 1777 777 1777 NN MA
128 WEST VALLEY SNF STRG PWR 7777 1717 1777 11T MA
129 WEST VALLEY SNF STRG BWR 7777 MM NN MM NA
130 MORRIS OPERATION PWR 7777 2002 1?77 80 N
131 MORRIS OPERATION BWR 7777 2002 7777 2928 -MNA
132 GENERAL ATOMICS RSK 2?77 7772 1777 7?77 MA
TOTAL
Source: Spent Fuel Storage Requirements: 1994-2042 (DOE/RL-0431.... June 1995

Spent Nuclear Fue! Discharges From US Reactors: 1994 (SR/CHEAF/96-01..... Feb 1996)
1-2: Joined pools; 1&2: Shared pools.... later shutdown reactor date applies

Max pool capacities: generally from SFSR; SNFD as noted

Ory storage capacities: generally from SFSR; SNFD or PIC as noted

Planning Information Corporation | September 10, 1996
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Table 1-3. Spent Nuclear Fuel and High-Levél Waste Shipment Sites

WASTE . WASTE

SHIPMENT SITE: TYPE FUEL STRG LOCATIONS TYPE

1 ARKANSAS NUCLEAR PR 48 PEACHBOTTOM BWR
2 BEAVER VALLEY PHR . 49 PERRY BWR
3 BELLEFONTE - PWR 50 PILGRIN BWR
4 BIG ROCK BWR 51 POINT BEACH PWR
5 BRAIDWOOD PWR 52 PRAIRIE ISLAND PWR
6 BROWNS FERRY BWR . 53 QUAD CITIES BWR
7 BRUNSWICK : BWR 54 'RANCHO SECO PHR
PWR 55 RIVER BEND BWR

8 BYRON PWR 56 ROBINSON PR
9 CALLAWAY PWR _ 57 SALEM PHR
10 CALVERT CLIFFS PYR 58 SAN ONOFRE PHR
11 CATAWBA PWR 59 SEABROOK , PWR
12 CLINTON BWR . 60 SEQUOYAH PWR
13 COMANCHE PEAK PHR 61 SHOREHAM BWR
14 COOK PWR 62 SOUTH TEXAS PHR
15 COOPER STATION BWR 63 ST LUCIE PHR
16 CRYSTAL RIVER PWR 64 SUMMER PHR
17 DAVIS-BESSE PWR 65 SURRY ) PWR
18 DIABLO CANYON PWR 67 SUSQUEHANNA . BWR
19 DRESDEN BWR 68 THREE MILE ISLAND PWR
. 20 DUANE ARNQOLD BWR 69 TROJAN : PWR
21 ENRICO FERMI BWR 70 TURKEY POINT PHR
22 FARLEY PHR 71 VERMONT YANKEE BWR
23 FITZPATRICK BWR 72 VOGTLE PWR
24 FORT CALHOUN PWR 73 WASH NUCLEAR BWR
25 FORT ST VRAIN HTG 74 WATTS BAR PWR
26 GINNA PHR 75 WATERFORD PHR
27 GRAND GULF BWR ' 76 WOLF CREEK PWR
28 HADDAM NECK PHR 77 YANKEE-ROWE PHR
29 HARRIS PWR 78 ZION ~ PWR
. BWR 79 HANFORD PWR

30 HATCH BWR BWR
31 HOPE CREEK BWR . HLW
32 HUMBOLDT BAY BHR 80 INEL PHR
33 INDIAN POINT PHR : BWR
34 KEWAUNEE PWR ’ BTG
35 LACROSSE BWR ) HLW
36 LASALLE BWR ‘ NRF
37 LIMERICK BWR 81 SAVANNAH PHR
38 MAINE YANKEE PWR BHR
39 MCGUIRE PWR HLW
40 MILLSTONE BWR FRF
41 MONTICELLO BWR 82 WEST VALLEY BWR
42 NINE MILE POINT BWR PWR
43 NORTH ANNA PWR HLW
43 NORTH ANNA PWR 83 MORRIS 8WR
44 OCONEE PWR PHR
45 OYSTER CREEK BWR : 84 GENERAL ATOMICS RSH
46 PALISADES PHR MSC

47 PALO VERDE PWR
Waste Types: BWR: Assemblies from boiling water reactors

PWR: Assemblies from pressurized water reactors

HTG: Assemblies from high-temp gas reactors

MSC: Miscellaneous spent fuel discharges thru Nov 1994 {@GA)
RSH: Spent fuel for research, thru Nov 1994 (@GA) '
NRF: Naval reactor fuel

FRF: Foreign research fuel

HLW: High-level defense waste (not spent fuel)

Planni . .
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2. THE INVENTORY OF SPENT NUCLEAR FUEL AND HIGH-LEVEL
WASTE

!

The radioactive wastes which require geologic disposal and which could be shipped to a
centralized storage facility at the Nevada Test Site (Area 25) to await permanent disposal are in three
broad categories: SNF from commercial power plants, HLW from the nation’s defense complex, and other
wastes requiring geologic disposal. It is convenient to consider the current and projected inventory of
these wastes with reference to their key relevant information sources. This, however, introduces some
minor anomalies. For example, a portion of research and miscellaneous spent fuel is included in the
current inventory of commercial SNF, since it is included in the key information source (prioritized spent
fuel discharges) for this category. Also, the consideration of other wastes requires specxal attention to
avoid double-counting.

2.1 Spent Nuclear Fuel from Commercial Plants
The Current SNF inventory

Through November 1994, 30,044 metric tons of SNF had been permanently discharged from U.S.
reactors, and had received priority ranking for acceptance by DOE (see Table 2-1). Of the November

1994 total,

. About 10,809 MTU (36.0 percent) was in 59,400 assemblies discharged from 41 commercial
~ boiling water reactors. The average BWR assembly weighs .182 tons or 364 pounds.

. About 19,149 MTU (63.7 percent) was in 44,600 assemblies discharged from 78 commercial
pressurized water reactors. The average PWR assembly weighs .429 tons or 869 pounds.

. About 86 MTU (0.3 percent) was discharges from the high-temperature gas reactor at Fort St.
Vrain, Colorado, or discharges of research or miscellaneous spent fuel.

Ranked spent fuel discharges do not include naval reactor fuel, foreign research fuel, or spent fuel

discharged from defense reactors. Nor does it include the HLW that have accumulated at defense sites.

The Future SNF Inventory

DOE has projected annual spent fuel discharges from 1994 through 2042 at commercial reactors,*
under a case which assumes no-new-reactor orders and operations through the current NRC license term
(with no early shut downs and no license extensions). The projected discharges include 56,655 MTU in
19,900 BWR and 36,800 PWR assemblies.

In this assessment, 1994 discharges are the “actuals” reported in DOE’s 1995 Acceptance Priority
Ranking through November 28, 1994. The differences between the actuals for 1994 and DOE’s 1994
projections are included in the projected discharges for 1995, so that the projections for 1994 through
2042 are consistent with DOE’s forecast for the no-new-orders, NRC license term case.

Planning Information Corporation , i September 10, 1996
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DOE’s forecast is presented by the reactor from which the assemblies are discharged. This

-~ assessment identifies the pool location (separate, shared, or joined) to which the fuel would be discharged,

but does not attempt to project future transfers of spent fuel to onsite dry storage facilities or to pools at
other sites owned by the same utility or others.

s

The Total SNF inventory

Combining projected spent fuel discharges with those through November 28, 1994, the total
inventory includes 86,699 MTU in 30,700 BWR and 55,900 PWR assemblies. This total, however, does
‘not include projections of spent fuel from research reactors, or projected naval reactor fuel, foreign
research fuel, or HLW from defense facilities.

\

Alternative Inventory Projections

Alternative projections of waste requiring geologic dispoéal could be considered in alternative
scenarios. Some of the contingencies that might be considered in alternative scenarios are briefly
discussed below: '

. Reactors licensed for startup after 1993.

DOE’s forecast for the no-new-orders, NRC license term case includes discharges for five reactors
scheduled for startup after 1993, the base year for the DOE forecast:

— Bellefonte 1, projected to discharge 2,193 PWR assemblies and 913 MTU between 2000
and 2039. ' . .

— Bellefonte 2, projected to discharge 2,076 PWR assemblies and 864 MTU between 2003
and 2042.

— Comanche Peak 2, prbjected to discharge 2,081 PWR assemblies and 856 MTU between 1994
and-2033. ’

— Watts Bar 1, projected to discharge 1,725 PWR assemblies and 800 MTU between 1996 and
2035.

— Watts Bar 2, projected to discharge 1,648 PWR assemblies and 763 MTU between 1998 -
and 2037.

" It is possible, even likely, that the above plants, though licensed, will never operate. In this case,

- projected discharges would be reduced by 9,723 PWR assemblies or 4,196 MTU, about 17.4
percent of the total inventory of 55,900 PWR assemblies in the no-new-orders case, and about
4.8 percent of total projected MTU.

. Reactors shut down before their NRC license term
The economics of generating nuclear power in increasingly competitive electric power markets,

as well as the cost of dealing with aging nuclear reactors® and/or problems in providing onsite
storage capacity, could persuade utilities to shut down some reactors before their NRC license

Planning Information Corporation September 10, 1996
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term. The transportation effects of such decisions, which would reduce the revenue base for the
nuclear waste fund, and complicate the financing of plant decommissioning, could be considered
in an alternative inventory scenario.

*  Reactor license extensions

Extension of operating licenses beyond the standard 40-year term has been periodically considered
by the NRC and utilities. Extensions would be contingent on the solution of problems associated
with aging reactors and onsite storage, but could augment the nuclear waste fund as well as funds
for decommissioning. The transportation effects of possible license extensions could be
considered in an alternative inventory scenario.

2.2 High-Level Wastes from the Defense Complex

High-level waste is generated by the chemical reprocessing of spent research and production
reactor fuel, irradiated targets and naval propulsion fuel. It exists in a variety of physical or chemical
forms, all of which must be stored behind heavy shielding and usually in underground tanks or bins.
Since DOE decided in 1992 to phase out the domestic reprocessing of irradiated nuclear fuel for the
recovery of enriched uranium or plutonium, little additional generation of HLW is expected.

Current DOE plans are to immobilize HLW through a vitrification process, and to package it in
canisters for storage at the four sites where it was produced (Hanford, INEL, Savannah River, West
Valiey) and for shipment to the geologic repository for disposal. The canisters are expected to be about
2 feet in diameter and from 10 to 15 feet in length. However, since pretreatment and waste minimization
processes at the INEL and Hanford sites have not yet been finalized, the dimensions and number of
canisters to be produced from those sites is less certain than at Savannah River and West Valley.

DOE’s Integrated Data Base Report® (the source for the above summary) provides a projection
of the number of canisters of HLW expected to be produced at each of the four sites, noting that
“projected inventories. . .(are) based on certain assumptions, and therefore should be considered only as
current best estimates.” An alternative projection, with substantially higher production estimates for
Hanford and INEL, is provided in DOE’s Waste Management Programmatic EIS.” This assessment
combines the canister production rate from the first source with the canister production totals from the
second (Figure 2-1). It is assumed that the canisters would be stored at the sites where they are produced,
awaiting shipment to a centralized storage or permanent disposal facility.

23 Other Wasteé Requiring }Geologic Disposal

A variety of other radioactive wastes require permanent geologic disposal. Under DOE waste
management plans or DOE agreements with states such as Idaho, these wastes could be shipped to a
centralized above-ground facility for storage while awaiting permanent disposal. A recent DOE
document® provides the best available information on the inventory of such wastes, which could total
about 2,700 MTU, about 9.0 percent of the commercial spent fuel discharged through November 1994.
This section briefly discusses the categories and projected inventory of “other wastes requiring geologic
disposal,” but the schedule, packages, and routes by which they would be shipped to Nevada are not
included in this assessment. '

Planning Information Corporation : September 10, 1996
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. Naval Reactor Fuel

Spent fuel from the power plants of the Navy’s submarines and aircraft carriers is being shipped
to INEL for storage, but, under an October 1995 agreement with the State of 1daho, must be
removed from the state by 2035. The current inventory of such fuel at INEL is about 10.23

MTU, and an additional 55 tons may be accumulated.

. Defense Production Reactor Fuel

About 2,100 MTU of SNF has been generated at Hanford’s weapons production reactors (reactors
N and K) and about 150 MTU at Savannah River. Prior to DOE’s 1992 decision, this spent fuel
would have been reprocessed—producing enriched uranium or plutonium as well as HLW. Under
the 1992 decision, however, it will be packaged for shipment to a permanent geologic repository,
perhaps via a centralized above-ground storage facility.

. Spent Fuel from Research Reactors: DOE

Spent fuel has been discharged from research reactors at INEL (about 263.9 MTU), Savannah
River (about 56.3 MTU), Hanford (about 32.4 MTU), Oak Ridge (about 1.8 MTU), and elsewhere
(Battelle, Sandia, Los Alamos, Argonne-East: about 2.3 MTU). This material, which is in
assemblies generally about one-quarter of the size of BWR assemblies will require geologic

disposal.
. Spent Fuel from Research Reactors: Non-DOE

About 5.5 MTU from non-DOE research reactors (about 90 percent from research reactors at
universities, about 10 percent from research reactors at other federal agencies or commercial sites)
will require geologic disposal. This total does not include the 3.2 MTU of spent fuel from the
General Atomics research reactor near San Diego, which has acceptance priority under the
standard contract. '

. Spent Fuel from Research Reactors: Foreign

About 21.7 MTU of spent fuel provided for research in foreign countries is being returned to the
U.S. (arriving at various ports of entry) for management and disposal at a geologic repository.
The fuel may be shipped for storage at DOE facilities (e.g., Hanford, INEL, Savannah River)
pending subsequent transportation to a centralized storage or disposal site.

Planning Information Corporation September 10, 1996
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Table 2-1. Spent Nuclear Fuel: Discharges, Assemblies, MTIHM
Current Inventory: Discharges Through November 28, 1994

Future Additions: Discharges 1995 through 2042

DISCHG  ASSMBL MTU MTU/A  LBS/A A/OSCHG MTU/D
CURRENT: =emma-  mmmcee ciomce mmor cecece emaeeen coooe
BWR 411 59418 10809 0.182 64 145 26
PWR BA3 44607 19148 0.429 855 53 23
HTG 6 2208 24 0.011 22 368 4
RSC 32 72 3 0.084 89 2 0
Mse 3 0 59 NA 0 0 NA -
SUM 1295 106300 30044 0.283 565 82 23,
FUTURE : sees cocoae cmmme mmcee cmemees maeee
BWR 1872 110257 19873 0.180 360 59 11
PHR 3552 84915 36782 0.433 866 24 10
HTG ) 0 0 M 0 NA NA
RSC 0 0 0 NA 0 NA NA
MSC 0 0 0 NA 0 NA CNA
SUM 5424 195172 56655 0.290 581 36 10
TOTAL:  ecmmec cscmmc memcce caoce ccecee sameves  meoen
8 2283 169675 30682 0.181 362 74 13
PHR 4395 129517 55931 0.432 864 29 13
HTG 6 2208 24 0.011 22 368 4
RSC R 72 30,084 89 2 0
NSC 3 0 59 NA 0 0 NA
SUM 6719 301472 86699 0.288 575 45 13
DISCHG ASSMBL  MTU MTU/A  LBS/A A/OSCHG MTU/D
_BWR: Current 411 59418 10809 0.182 364 145 - 26
Future 1872 110257 19873 0,180 360 - 59 11
Total 2283 169675 30682 0.181 362 74 13
PWR: Current 843 44602 19149 0.429 859 53 23
Future 3552 B4915 36782 0.433 866 24 10
Total 4395 129517 55931 0.432 854 29 13
HTG: Current 6 2208 24 001 2 38 4
Future 0 0 0 NA 0 NA NA
Total 6 2208 24 0.011 2 368 4
RSC: Current 32 72 3 0.044 89 2 0
Future 0 0 Q A /] NA NA
Tota) ‘32 72 . 3 0.0M 89 2 o
MSC: Current 3 0 59 NA 0 0 NA
Future - 0 0 0 M 0 N NA
Total 3 0 59 NA 0 0 NA
SUM: Current 1295 106300 30044 0.283 565 82 23
Future 5424 195172 56655 0.290 581 36 10
Total 6719 301472 86699 0.288 575 45 13
Source: DOE Acceptance Priority Ranking: Nov 28, 1094
Spent Fuel Storage Req: 1994.2082 (Tables B.1a & 1b),
via PIC: DISCHG, ACCPT94v, ACCPT95X
Planning Information Corporation September 10, 1996
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Figure 2-1a. Cumulative Projected P‘roduction of HLW Canisters at West Valley,

Savannah River, Hanford, and idaho National Engineering Lab
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Figure. 2-1b. Cumulative Projected HLW Canisters—Shipped and Remaining at
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3. ACCEPTANCE STARTUP AND RATE

When the federal goVernment is obligated to take title to SNF, and the annual rate at which it
must pick up waste for transportation to and management at a federally-licensed facility are matters of
current legal and legislative controversy - ‘

Acceptance Startup Year

DOE has argued that acceptance would begin when a federally-licensed facility is available.’
Since current legislation does not authorize construction of a centralized above- ground storage facility in
Nevada, and since the suitability of Yucca Mountain as a permanent disposal site is uncertam a date at
which acceptance would begin cannot be specified.

Industry, on the other hand, has argued that the standard contract established by the NWPA
requires the federal government to begin acceptance in 1998, in return for payments to the nuclear waste
fund of 1 mill per kilowatt hour of nuclear generated electricity.'°

This assessment does not specify the acceptance start year; acceptance begins in “year 1” and -
extends through “year 31”. Assuming a 1998 startup year, and the acceptance rate specified in proposed
legislation (see below), at least 84,100 MTU of SNF would be accepted by the end of the year 2027 (the
30th acceptance year)—reducing spent fuel in temporary storage to about 850 MTU. This spent fuel, plus
about 1,610 MTU generated between 2027 and 2042 (under DOE’s no-new-orders, NRC license term
forecast®) is included in the “31st acceptance year,” though in fact the fuel would be accepted in small
quantities over a 22-year period between 2028 and 2050.

Changing the startup year to 2003 84,100 MTU of SNF would not be accepted until the end of
the year 2032 (the 30th acceptance year)—at which point the SNF in temporary storage would be about
1,715 MTU. This spent fuel, plus about 750 MTU generated between 2032 and 2042, is included in the
“31st acceptance year”, though in fact the fuel would be accepted in small quantities over a 17-year
period between 2033 and 2050.

Acceptance Rate

DOE has suggested!! that spent fuel would be accepted at a rate of 400 MTU in the first
acceptance year, 600 MTU in the second, and 900 MTU.in years three through ten. Only after year 10,
other DOE reports'? suggest, would acceptance and pick up increase to 3,000 MTU annually.

By contrast, proposed legislation would require acceptance of at least 1,200 MTU in the first and
second acceptance years, 2,000 MTU in the third and fourth acceptance years, 2,700 MTU in the fifth
acceptance year, and 3,000 MTU in the sixth and subsequent acceptance years.

This assessment uses the acceptance rate required by proposed legislation. The implication is that
at least 9,100 MTU would be accepted for pickup and transport to a centralized storage facility over the
first five acceptance years, and 15,000 MTU over each subsequent five-year period. Compared with
acceptance rates implied by DOE reports, proposed legislation (e.g., S-1936) would increase pick up by

Planning Information Corporation " - ' September 10, 1996
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5,400 MTU over the first five years, by 10,500 MTU over the second five years, and by 3,000 MTU over
. the third five years. '

~

SNF Acceptance and Pick Up (MTU)

' DOE S-1936 | Difference
Years | - § 3,700 9,100 5,400
Years 6 - 10 4,500 15,000 10,500
Years 11 - 15 12,000 15,000 3,000
Years 16 - 20 _ 15,000 15,000 0
Years | R 15 20,200 ‘ 39,100 18,900

Shipment of High-Level Wastes

This assessment assumes that the start date for shipment of canisters of vitrified high-level waste
from DOE defense sites in year 15—that is, 15 years after the start date for spent fuel shipments, or 2015
assuming that spent fuel shipments begin in the year 2000. Once begun, this assessment assumes that
- HLW canisters would be shipped at an annual rate of 800 in the first five years, 900 in the second five,
and 600 in subsequent years. At these rates, shipments would continue through 2049, roughly 20 years
beyond the conclusion of SNF shipments. '

Would a permanent geologic repository be available in year 15 (i.e., in 2015 if SNF shipments
begin in the year 2000, in 2025 if SNF shipments begin in 2010), and could or would HLW be shipped
to Nevada for centralized above-ground storage while awaiting permanent disposal? The answer is
uncertain. The October 1995. settlement agreement between the State of Idaho and the DOE suggests
(Section C3) that all HLW as well as naval reactor fuel and foreign research reactor fuel must be moved
out of Idaho (i.e., to Nevada) by January 2035, and a possible interpretation of proposed legislation would
allow shipment of HLW for centralized above-ground storage if a geologic repository is unavailable. As
mentioned, this assessment assumes HLW shipments begin year 15 after the start of SNF shipments,
whether the Nevada destination is a centralized storage facility or a permanent repository.

Planning Information Corporation . September 10, 1996
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4. ACCEPTANCE PRIORITY

Spent Fuel Discharges ‘and Prioritization

The first spent fuel permanently discharged from a commercial nuclear plant occurred on June
21, 1968 and included five assemblies from the Big Rock Point boiling water reactor in northern
Michigan. These assemblies, plus 80 others discharged from Big Rock in the late 1960s and-early 1970s,
are now stored at West Valley, in western New York State. The next spent fuel discharge from a
commercial nuclear plant occurred on September 6, 1969 and included 94 assemblies from the Dresden
1 boiling water reactor in northeastern Illinois. These assemblies have been transferred for storage in the
Dresden 2 and 3 spent fuel pools. The most recent spent fuel discharge in the current listing occurred
on November 28, 1994 and included 204 assemblies from the Fitzpatrick boiling water reactor, north of .
Syracuse, New York, near the southeast coner of Lake Ontario.

Overall, there have been 1,108 discharges from commercial nuclear reactors through November
28, 1994—each of which is ranked for acceptance by year, month and day, and many of which have been
subsequently separated into portions stored at various temporary locations. Assuming that DOE accepts
“oldest-fuel-first,” spent fuel would be picked up in the order in which it was discharged. This is the
assumption in this assessment, though utilities are free to apply priorities to other fuel in their system, |
or to sell or auction priorities to other utilities. Also, proposed legislation might give priority to fuel at
shut down reactors, which might help certain utilities to shut down their spent fuel pools earlier, and avoid
the significant expense of continued pool operations at shut-down plants.

The Use of Spent Fuel Priorities

Though difficult to predict, some examples illustrate how utilities might use the priorities of spent
fuel in their system: ' :

*  Pacific Gas and Electric has 29.2 MTU in BWR assemblies stored at Humboldt Bay, whose

reactor was shut down in 1976, and 427.7 MTU in PWR assemblies stored at Diablo Canyon.

~ whose reactors are scheduled for shut down in 2008 and 2010. The spent fuel at Humboldt Bay

was discharged in the early and mid-1970's, giving it priority for pickup in the first two

acceptance years, while that at Diablo Canyon was discharged after 1985, giving it priority for
pickup in years 7 to 12.

Pacific Gas and Electric could use the priority of its fuel at Humboldt Bay to empty and shut
down the Humboldt Bay pool, thus avoiding the expense of its continued operation. Or, it could
use the priority of its fuel at Humboldt Bay to ship from Diablo Canyon, thus providing
additional pool capacity at the still-operating Diablo Canyon plants.

° Consumers Power Company has 44.7 MTU in BWR assemblies stored at Big Rock (whose
reactor is scheduled for shut down in the year 2000), and 316.8 MTU in PWR assemblies stored
at Palisades (whose reactor is scheduled for shut down in 2007). While Consumers Power has
181.1 MTU of spent fuel with rankings which qualify for pickup in the first five acceptance years,
almost all (91.9 percent) is stored at Palisades rather than at the Big Rock spent fuel pool.

Planning Information Corporation 4 September 10, 1996
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Consumers Power could choose to use the priority of fuel in its svstem to empty the Big Rock
pool after the Big Rock reactor shuts down in 2000, thus eliminating the expense of its continued
operation. The Palisades dry storage facility would be rquzred to cnable its reactor to continue
operation through its NRC license term.

. Northern States Power has 198.7 MTU in BWR assemblies stored ai Morris, 147.5 MTU in BWR
assemblies stored at Monticello (whose plant is scheduled for shut down in 2010), and 502.0
MTU stored at Prairie Island, whose plants are scheduled tor shut down in 2013 and 2014, but
which has very limited onsite storage capacity (wet or dry) 10 support continued plant operations.
While Northern States Power has 191.8 MTU of spent fuel with rankings which qualify for
pickup in the first three acceptance years, over half is stored at Morris (46.9 percent) or

Monticello (5.0 percent) rather than at Prairie Island.

Northern States could choose to use the priority of its spent fuel at Morris and Monticello to ship
from Prairie Island, making additional storage capacity availabie there. While the capacity
limitations at the Monticello spent fuel pool are much less severe than those at Prairie Island, the
dimensions of the pool at Monticello (which was designed for BWR assemblies) preclude the
transfer of PWR assemblies from Prairie Island. With . confidence regarding an accep-
tance/shipment start date, Northern States might choose to purchase priority positions from one
or more utilities with more sufficient onsite storage capacity.

Planning Information Corporation September 10, 1996
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5. SHIPMENT GROUPS

Spent Fuel Forms and Ages

Spent fuel discharged from boiling water reactors is in 52 different types of assemblies.'> As of
July 1, 1996, 8.6 percent of the MTU discharged from boiling water reactors is over 20 years old, 41.4

percent is between 10 and 20 years old, and 50.0 percent is less than 10 years old.

Spent fuel discharged from pressurized water reactors is in 54 different types of assemblies. As
of July 1, 1996, 5.3 percent of the MTU discharged from boiling water reactors is over 20 years old, 374
percent is between 10 and 20 years old, and 57. 3 percent is less than 10 years old.

Under an oldest-fuel-first acceptance prioritization, spent fuel which is over 20 years old on July
I, 1996 would be picked up in the first and second acceptance years. Spent fuel which is between 10 and
20 years old would be picked up in the second through seventh acceptance years, while fuel less than 10
years old would be picked up in the seventh through twelfth acceptance years. If acceptance begins in
January 1998, the 40 PWR assemblies discharged from the Trojan plant in May 1986 would be picked
up in 2005—meaning that Portland General Electric will have stored these assemblies in an operating
spent fuel pool for 19 years, and for 13 years after the Trojan plant shut down in 1992.

Criteria for Cask Loading

How would the discharges at various storage locations be grouped for loading into transportation
casks for shipment in a particular acceptance year? ‘

. Would discharges whose priority ranking places them in different acceptance years be mixed in
the same transportatlon cask" Under an oldest-fuel-first acceptance prioritization, the assumption
in this assessment is *

. Would BWR or PWR discharges of different assembly types be mixed in the same transportation
cask? The assumption in this assessment is “yes, as necessary.” Thus, for example, the 335
assemblies at Big Rock, which include seven BWR assembly types fabricated by three companies
(General Electric, Siemens and Nuclear Fuel Services), could be mixed in the same transportation
cask if they fall into the same acceptance year.

. Would BWR and PWR assemblies be mixed in the same transportation cask? The question arises
at storage locations such as Brunswick and Harris, whose pools have sections for storage of BWR
and PWR assemblies, and at locations such as Morris, West Valley, and INEL, where BWR,
PWR, and (in the case of INEL) HTG assemblies have been shipped for temporary storage. The
assumption in this assessment is “no”—BWR and PWR assemblies would not be mixed in the

same transportation cask.

. Would BWR or PWR assemblies discharged from different reactors be mixed in the same
transportation cask? The question arises at Morris, which stores BWR assemblies discharged
from Cooper Station and Dresden 2, or at McGuire 2, which stores PWR assemblies discharged
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from the three Oconee reactors as well as the McGuire 2 reactor, or at INEL, which stores PWR

assemblies discharged at TMI 2, Surry 1 and 2. Turkey Point 3, and Point Beach. The
assumption in this assessment is “no”—BWR or PWR zsszmblics discharged from different
reactors would not be mixed in the same transponation cask.

Among the four shipment grouping criteria diszussa:d #hove, the ast may be considered too
restrictive in its application in certain cases. An example is Gie BWF. acsemblies stored in the joined
Hatch 1 and 2 spent fuel pools, near the Altamaha River ahour 75 miies west of Savannah, Georgia.
These pools contain about 900 BWR assemblies of the 8GS 1ype, about 750 of the 8GP type, and about
1,450 of the 8GB type,'? each of which has been discharged in sutistantial numbers from both the Hatch
I and Hatch 2 reactors. There may be no impediment i mixing such assemblies in the same
transportation cask, if they fall into the same acceptance year.

While shipment grouping is considered in this assessment, it iz 2 factor which as a limited effect
on the number of transportation casks shipped from a particular site ii: a particular acceptance year. More
elaborate grouping criteria sometimes result in a few additional one or two partially-filled casks shipped
from a particular site in a particular acceptance year.
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6. CASK OPTIONS

Rail Transport Casks

Several casks are potentially available for rail shipment of SNF or HLW, some of which may also

be used for above-ground storage of these materials:

The NAC STC cask, designed by Nuclear Assurance Corporation, would have a capacity of 26
PWR assemblies at least 6% years old, or'57 BWR assemblies at least eight years old. The cask
would weigh at least 125 tons loaded. The PWR version has been certified by NRC for storage
and transport, while the BWR version was scheduled for license submission in the fall of 1995.
No NAC STC casks have been fabricated and none are currently available for delivery to storage '
or shipment sites. It is estimated that fabrication and delivery would take about two years after
the order for a certified cask is made.

The IF-300 cask, designed by General Electric, has a capacity of 7 PWR or 18 BWR assemblies.
The cask weighs about 70 tons loaded. Four such casks have been fabricated. Two have been -
used by Carolina Power and Light for transfer of PWR and BWR assemblies among their’
Robinson, Brunswick, and Harris facilities. Two are owned by Vectra Technologies, formerly
Pacific Nuclear Corporation. The IF-300 is certified for transport only, and no new fabrication
is permitted under its current NRC certificate of compliance, which expired in May 1995.

The TN-8 and TN-9 casks, designed by Transnuclear Inc., have capacities for 3 PWR or 7 BWR
assemblies. Assemblies transported in TN-8/9 casks are uncanistered—meaning that, on arrival
at its destination, the transportation cask must be moved to a spent fuel pool, where bare fuel
assemblies are removed for pool storage or canistering. Though four such casks are available,
they are not currently certified for use in the U.S. The TN-8 and TN-9 casks weigh just under
40 tons loaded. They are designed for transport only, not for storage, and the current certificate
of compliance expired in May 1996.

The Hi-Star 100 cask, designed by Holtec International, has a capacity of 24 PWR and 68 BWR
assemblies. It is designed for storage as well as transport. None are currently available, as its
NRC license application is currently under review. The cask weight, empty or loaded, is currently
considered proprietary.

The Vectra MP-187 cask, designed by Vectra Technologies for storage as well as transport, would
have a capacity of 24 PWR assemblies. Its NRC license application is currently under review.
The cask is intended for storage and transport of spent fuel at the Rancho Seco plant (near
Sacramento, California) which was shut down in 1989.

The small MPC (multiple-purpose canister) cask, designed by Westinghouse'Electric for transport,
storage, and (possibly) permanent disposal, would have a capacity of 12 PWR or 24 BWR
assemblies. The large MPC cask, also designed by Westinghouse Electric for transport, storage,
and (possibly) permanent disposal, would have a capacity of 21 PWR or 40 BWR assemblies.
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)

Through FY 1995, MPC cask design and licensing was supported by DOE via the Nuclear Waste
Fund, but this support was not continued in aporopriations for FY 1995. While the U.S. Navy
Is considering an adaptation of the MPC design for the transport and storage of naval reactor fuel,
the schedule for its design and licensing for use with SNF is uncertain. It appears unlikely that
such casks could be delivered for a 1998 acceptance date.

. DOE has expressed its intention to adapt the MPC design for transport and storage of five
canisters of vitrified HLW, each of which would be about 2 feet in diameter and 10 to 15 feet
in length.14 (The 48" diameter cavity of the MPC-75 might accommodate four two-foot diameter
canisters, while the 58" diameter cavity of the MPC-125 might accommodate six two-foot
diameter canisters.)’> DOE has not begun detailed design or licensing of such a cask, however.

Dry Storage of Canistered Spent Fuel

Several designs for dry storage of canistered spent fuel have been approved by NRC. In these
designs, spent fuel canisters are loaded and sealed in an operating spent fuel pool, then inserted into a
nearby concrete or metal facility for onsite storage. The Electric Power Research Institute is currently
developing a “dry transfer” facility, by which the sealed canisters could be transferred to a transport.cask
without return to a spent fuel pool. If successful, dry transfer could enable certain spent fuel pools to be
shut down, even while spent fuel remains onsite in dry storage. Dry storage designs include:

. The NUHOMS concrete modules, designed by Vectra Technologies for storage of canistered PWR
or BWR assemblies. The NUHOMS-7 design was licensed in 1986 and has a capacity of 7 PWR
assemblies, while the NUHOMS-24P design was licensed in 1989 for storage of 24 PWR
assemblies. A standardized version of the NUHOMS-24P and NUHOMS-52B (for 52 BWR
assemblies) received an NRC certificate of compliance in January 1995.'® The NUHOMS-7
design is in use at Robinson 2, while the NUHOMS-24P design is in use at Oconee, Calvert
Cliffs, and Rancho Seco.

. The VSC-24 ventilated cask, designed by Pacific Sierra Nuclear for storage of 24 PWR
assemblies. The design received its NRC certificate of compliance in 1993 and is in use at the
Palisades nuclear plant, about 40 miles west of Kalamazoo near the eastern shore of Lake
Michigan.

Legal-Weight Truck Transport Casks

Several designs are potentially available for legal-weight truck shipment of SNF and HLW. In
contrast to dry storage casks and recently-designed rail casks, legal-weight truck casks are designed to
transport uncanistered assemblies—meaning that, on its arrival at its destination, the cask must be placed
in a spent fuel pool or hot cell, where the assemblies are removed for pool storage or canistered for dry
. storage. '

. The GA-4 and GA-9 casks, designed by General Atomics, would have capacity for four PWR or
nine BWR assemblies. The design is currently in review by NRC. - The cask would weigh 27
tons, loaded. Adding the truck and transportation tackle, shipments would barely meet legal
highway weight (80,000 Ibs.).
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There is some question whether General Atomics would find it advantageous to produce the GA-
4/9 casks for a shipment campaign which emphasizes rail transport and reduces the inventory
shipped by truck. Ironically, the number of smaller capacity truck shipments in a shipment
campaign emphasizing rail transport could be as large or larger than the number truck shipments
in a campaign which uses the higher capacity GA-4/9 casks combined with less rail transport.
. The NLI-1/2 cask designed by National Lead Industries, but not currently certified for domestic
use, and the NAC-LWT cask designed by Nuclear Assurance Corporation have capacity to
transport a single 860 pound PWR assembly or two 360 pound BWR assemblies. Such casks
have been used in most spent fuel transport to date. These casks weigh 24 to 26 tons loaded.

Transport Cask Options: This Assessment

This assessment limits the array of transport cask options to essentially four:

. A 75-ton rail transport and storage cask simildr to the MPC-75 design.

. A 125-ton rail transport and storage cask similar to the MPC-125 design.

. A high-capacity legal-weight truck transport cask similar to the GA-4/9 designs. :

. A standard legal-weight truck transport cask similar to the NLI-1/2 or NAC-LWT designs.

. In addition, we have included a 100+ ton rail transport and storage cask for canisters of vitrified
HL W-—an adaption of the MPC-75/125 designs.

Note that, with the exception of the standard legal-weight truck transport casks, none of the above
cask options are licensed by NRC, in production, or currently-available for delivery and use. The GA-4/9
cask design is in review in NRC, but, even if it is licensed, its production is uncertain. Despite
considerable DOE investment in the 1990's, the designs for the MPC- 75 and 125 casks are conceptual
and have not yet been submitted to NRC for licensing.

This assessment considers the high-capacity and standard capacity truck casks as alternatives for
legal-weight truck transport. We estimate truck shipments using either cask, but do not attempt to
estimate the mix of high and standard capacity casks that could be used in legal-weight truck shipments.”

Map presentation of annual cask shipments (Sections 16-20) assume the use of standard capacity
legal-weight truck casks in the “current capabilities™ scenario, and the high-capacity, legal-weight
truck cask in the “MPC base case” and “maximum rail” transportation choice scenarios.
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7. CASK LOADING

Key Factors in Cask Loading

The facilities at each storage location must be able to load the cask option selected. The key
requirements include:

. A crane at the spent fuel pool with operating capacity to safelv lift the loaded cask.

. A-cask loading area in the spent fuel pool of sufﬁcxent dlmensmn to accommodate the upended
cask and with a floor capable of supporting the cask during loading.

. A pool depth sufficient to maintain necessary water coverage while assemblies are moved over
- the upended cask during loading.

. A receiving area of sufficient dimension to accommodate the loading of the upended cask onto
the rail car or truck, and a receiving area door of sufficient height to accommodate the rail car
or truck along with its horizontally-positioned transport cask.

. In addition, sites with canistered spent fuel stored in concrete modules or vaults (e.g., Robinson,
Oconee, Calvert Cliffs, Palisades, Rancho Seco) must have facilities necessary to remove the
canisters and load them (wet or dry) into the selected transport cask.

DOE’s “FICA” Database

DOE’s “Facility Interface Capability Assessment (FICA)” project!” assessed the capability of each
commercial SNF storage facility to handle shipping casks. The assessment, which was conducted in the
late 1980s and has not been systematically updated, found one or more limitations at many storage
locations (particularly in handling larger and heavier rail casks). Some limitations, however, might be
overcome by modifications to facility licenses, administrative controls or physical aspects of the facility.

Application of FICA Data in this Assessment

This assessment has reviewed the FICA data to consider the capability of each storage location
to handle the cask options selected (Table 7-1). The key considerations were operating crane capacity,
cask loading area dimensions, and pool depth. The assessment recognizes that facilities at some locations
have been upgraded since the FICA assessment—particularly with regard to operating crane capacity at
sites where onsite dry storage has been developed. The assessment also recognizes that facility limitations
are often not absolute; current limitations may be eliminated or reduced through modification of facility
licenses, administrative controls or physical aspects of the cask-handling building.

At the same time, the utility must decide that it is advantageous to invest in the changes necessary
to enable their facilities to handle cask option “A” rather than cask options “B,” or cask option “B” rather
than cask options “C” or “D.” These decisions “at the margin” will be made in the context of other
factors (near-site rail infrastructure, site community characteristics, utility choice criteria) which are
discussed in the following sections.
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Table 7-1. Cask Loading Factors: by Storage Location

FUEL STRG LOCATION:
1 ARKANSAS NUCLEAR 1
2 ARKANSAS NUCLEAR 2
3 ARKANSAS NUCLEAR DRY STRG
4 BEAVER VALLEY 1
5 BEAVER VALLEY 2
6 BELLEFONTE 1
7 BELLEFONTE 2
8 BIG ROCKK 1
9 BRAIDWO0D 1
10 BROWNS FERRY 1-2
11 BROWNS FERRY 3
12 BRUNSWICK 1
13 BRUNSWICK 1 PWR POOL
18 BRUNSWICK 2
15 BRUNSWICK 2 PWR POOL
16 BYRON 1
17 CALLAWAY 1
18 CALVERT CLIFFS 1-2
19 CALVERT DRY STORAGE
20 CATANBA 1
21 CATAWBA 2
22 CLINTON 1
23 COMANCHE PEAX 1
24 COOK 1
25 COOPER STATION
26 CRYSTAL RIVER 3
27 DAVIS-BESSE 1
28 DAVIS-BESSE ORY STRG
29 DIABLO CANYON |
30 DIABLO CANYOH 2
31 DRESDEM 1
32 DRESDEN 2
33 DRESDEN 3
34 QUANE ARNOLD
35 ENRICO FERMI 2
36 FARLEY 1
37 FARLEY 2
38 FITZPATRICK
39 FORT CALHOUN
40 FORT ST VRAIN
41 FORT ST VRAIN ORY STRG
42 GINNA
43 GRAND GULF 3
44 HADDAM NECK
45 HARRIS 1
46 HARRIS 1 BNR POOL
47 HATCH 1-2
48 HOPE CREEX
49 HUMBOLDT BAY
50 INDIAN PQINT 1
51 INDIAK POINT 2
52 INDIAN POINT 3
53 KEWAUNEE
54 LACROSSE
55 LASALLE 1.2
56 LIMERICX 1-2
57 MAINE YANKEE
58 MCGUIRE 1
59 MCGUIRE 2
60 ‘MILLSTONE 1
61 MILLSTONE 2
62 MILLSTONE 3
63 MONTICELLO
64 KINE MILE POINT 1
65 NINE MILE POINT 2
66 NORTH ANNA 182

Cask Loading Factors:

CASK LOADG FACTOR:

125 105 RI25 RI125

FUEL STRG LOCATION:
67 NORTH ANNA DRY STRG
68 OCONEE 182
69 OCONEE 3
70 OCONEE DRY STORAGE
71 OYSTER CREEK 1
72 OYSTER CREEK DRY STRG
73 PALISADES
74 PALISADES DRY STORAGE
75 PALQ VERDE 1
76 PALO VERDE 2
77 PALQ VERDE 3
78 PEACHBOTTOM 2
79 PEACHBOTTOM 3
80 PERRY 1
81 PILGRIM 1
82 POINT BEACH 142
83 POINT BEACH DRY STRG
84 PRAIRIE ISLAND 1&2
85 PRAIRIE ISLAND DRY STRG
86 QUAD CITIES 1
87 RANCHO SECO 1
88 RANCHO SECO DRY STRG
89 RIVER BEND 1
90 ROBINSON 2
91 ROBINSON DRY STORAGE
92 SALEM 1
93 SALEM 2
94 SAN ONOFRE 1
95 SAN ONOFRE 2
96 SAH ONOFRE 3
97 SEABROOK 1
98 SEQUOYAH 1
99 SHOREHAM
100 SQUTH TEXAS 1
101 SOUTH TEXAS 2
102 ST LUCIE 1
103 ST LUCIE 2
104 SUMMER 1
105 SURRY 1&2
106 SURRY DRY STORAGE
107 SUSQUEHANNA 1-2
108 SUSQUEHANNA ORY STRG
109 THREE MILE ISLAND 1
110 TROJAN )
111 TURKEY POINT 3.
112 TURKEY POINT 4
113 VERMONT YANKEE 1
114 VOGTLE 1-2
115 WASH NUCLEAR 2
116 WATTS 8AR 182
117 WATERFORD 3
118 WOLF (REEX 1
119 YANKEE-ROWE 1
120 ZION 1&2
121 HANFORD SNF STRG
122 HANFORD SNF STRG
123 INEL SNF STRG
124 [NEL SNF STRG
125 INEL SNF STRG
126 SAVANNAH RV SNF STRG
127 SAVANNAH RV SNF STRG
128 WEST VALLEY SNF STRG
129 WEST VALLEY SNF STRG
130 MORRIS
131 MORRIS
132 GENERAL ATOMICS

Shipment Cask Options:

CASK LOADG FACTOR:

100 100 LWT RI125

150 150 R125 R125

N0 MO N0 ND

CRD: design crane capacity (tons) R125: Large MPC for up to 21 PWR or 40 BWR

CRD: operating crane capacity (tons) R75: Small MPC fcr up to 12 PWR or 24 BWR

CDI: cask set-down (loading) diameter (max cask option) LNT: Legal-weight truck casks.... GA-4/9 if avail,
CLG: cask length (loading) req (max cask option) NLI-1/2 or NAC LWT otherwise
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8. NEAR-SITE INFRASTRUCTURE

Sites with Onsite Rail -

At many storage locations, a rail line extends to the plant site and to the cask receiving area in
the fuel handling building and/or the.dry storage facility or barge loading platform. At some such
. locations, however, the onsite rail line requires upgrading for spent fuel rail shipments.

Sites without Onsite Rail

Locations without onsite rail may choose to transport the rail cask by heavy-haul truck or barge
to an offsite railhead where the cask can be loaded onto a rail car for cross-country shipment. Such a
decision, however, can introduce complications which could persuade a utility to choose to ship by legal-
weight truck, or at least to hesitate before choosing to ship by rail.

. The additional load/unload operation in heavy-haul truck or barge transport is both costly and
logistically complex.

. Heavy-haul truck transport involves state regulatory agencies in ways that legal-highway-weight
transport does not.

e ° The communities along the heavy-haul route may object to such shipments.

-

Branch Rail Line Abandonments

Due to branch rail line abandonments, a number of storage locations which had onsite rail when
the reactor was constructed do not have onsite rail now, or may not have onsite rail by the time a national
shipment campalgn begins. For example:

. The Central Railroad of New Jersey branch rail line, which provided onsite rail access when the
Oyster Creek plant was constructed in 1969, has since been abandoned. The nearest currently
available railhead is on the Conrail line at Lakehurst, New Jersey, and would be reached via a
somewhat circuitous 30-mile heavy-haul truck shipment.

. The Elgin Joliet and Eastern branch rail line which has provided onsite rail access to General
Electric’s storage facility at Morris, Illinois is being considered for abandonment. The nearest
available offsite railhead is on the Santa Fe Railroad at Coal City, and would be reached via a
seven-mile heavy-haul truck shipment.

DOE’s “NST!” Database

DOE’s Near-Site Transportation Infrastructure (NSTI) project'® assessed the existing »capabilities
and upgrade potentials of transportation networks near 76 spent fuel storage sites. The assessment was
conducted in 1989, and has not been systematically updated. Also, the NSTI final report makes clear that

it does not recommend which transportation mode or shipping route should be used at the 76 sites, or
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imply that the utility or plant operator for any facility or transportation system has expressed the intention
" of completing the upgrades assessed (Table 8-1).

Onsite Rail, Plus Rail Cask Loading

In fact, the utility’s transportation choice will not be made on the basis of either near:site
transportation or storage facility infrastructure, but on the combination of these factors with other
considerations. This assessment generally assumes that a site will ship by rail if onsite rail is available
and if the storage location facilities are able to load a 75 or 125-ton rail cask. In other words, it is
generally assumed that a utility will find it advantageous to ship by rail if the additional investment
required is small. For example,

. Arkansas Nuclear 1 and 2, located near Russellville, Arkansas, about 65 miles northwest of Little

Rock, is a site which has operating onsite rail, and two separate pools—each capable of loading

casks up to 9'6" in diameter and 19'2" in length, and each with an operating.crane capacity of 100

~tons. In this case, rail shipment using 75-ton casks would appear to require limited additional

investment in pool facilities or near-site infrastructure, and it is assumed that this would be the
choice of Arkansas Power and Light.

. Perry, located on the south shore of Lake Erie about 35 miles northeast of Cleveland, has
operating onsite rail with modest upgrade requirements and two separate pools—each capable of
loading casks up to 10'0" in diameter and 20'11" in length, and each with an operating crane
capacity of 125 tons. In this case, rail shipment using 125-ton casks would appear to require
limited additional investment in pool facilities or near-site infrastructure, and it is assumed this
would be the choice of Cleveland Electric Illuminating Company.

No Onsite Rail or Rail Cask Loading

This assessment generally assumes that a site will ship by truck if on-site rail is not available and
if current storage location facilities are unable to load a 75 or 125-ton rail cask. In other words, it is
generally assumed that a utility will ship by legal-weight truck if the additional cost (in facility upgrades
or logistical complication) to ship by rail is large. For example:

. Indian Point, located on the Hudson River about 35 miles north of Times Square, does not have
onsite rail, though an offsite railhead is less than five miles distant. The pool at reactor #1, which
was shut down in 1980, is capable of loading casks only 3'1" in diameter and 12'11" in length.
The pools at reactors 2 and 3 are capable of loading casks of only 7'6" and 8'0" in diameter and
15'10" to 162" in length. The operating capacities of the pool cranes are 40 tons or less. In this
case, rail shipment would appear to require substantial investment in pool dimensions, crane
capacity and heavy-haul logistics. It is assumed that Consolidated Edison would avoid this
investment, and ship by legal-weight truck.

. Ginna, located on Lake Ontario about 15 miles east of Rochester, New York, does not have onsite
rail, though an offsite railhead is less than five miles distant. Its pools is capable of loading casks
of 8'7" in diameter, but only 16'9" in length, and its operating crane capacity is only 30 tons. In

* this case, rail shipment would appear to require substantial investment in pool dimensions, crane
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capacity and heavy-haul logistics. It is assumed that Rochester Gas and Electnc would avoid this
investment, and ship by legal-weight truck. : :

Near-Site Transportation/Cask Loading Combinations

Many sites have combinations of characteristics that complicate the utility’s transportation choice:

. Onsite rail is available but pool facilities are unable to load a 75 or 125-ton rail cask.

. Pool facilities are sufficient but onsite rail is unavailable, or, if available, requires expensive
upgrading.

. Pool dimensions are sufficient, but operating crane capacity is insufficient to lift a loaded 75- or

125-ton rail cask.

« ., Crane capacity could be improved, but requires substantxal investment in equipment and drop
tests.
. An offsite railhead is available but would require an additional loading (to a heavy-haul truck),

plus highway travel through nearby communities, plus state heavy-haul permits.

In such circumstances, utilities must choose among available transportation cask options and make
the consequent investment in pool facilities or near-site infrastructure to support the choice.
DOE/OCRWM, which is responsible for the national shipment campaign, has an interest in and influence
on the utility’s choice, but cannot force utility investment beyond what the utility considers reasonable
and appropriate. Each utility also has an interest in the success of the national shipment campaign—that
is, an interest beyond minimizing the cost of moving spent fuel off its particular sites. In sum, choices
among available transportation cask options will be made pool by pool and site by site, based on each
utility’s choice criteria and in the context of federal policy and the various facility, site and transportation
network circumstances at the time the choice must be made.. For planning purposes, this assessment
specifies the available cask options (section 6), and considers three sets of possible utility transportation
choices (section 11). Before reviewing the transportation scenarios, we consider several other choice
factors—federal policy, utility choice criteria, and changing circumstances.
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Table 8-1. Near-Site Infrastructure: by Storage Location

NEAR-SITE FACTOR:

OSR 0P? 0S§ OFD

FUEL STRG LOCATION:

FUEL STRG LOCATION:

NEAR-STTE FACTOR:

QSR OP? 0SS OFD

1 ARKANSAS NUCLEAR 1 Y Y 0 0 67 NORTH ANNA DRY STRG Y Y 50 0
2 ARKANSAS NUCLEAR 2 Y Y 0 0 68 OCONEE 142 K NA 0 35
3 ARKANSAS NUCLEAR DRY STRG Y Y & O -69 OCONEE 3 N K 0 3
4 BEAVER VALLEY 1 Y Y 0 0 70 OCONEE DRY STORAGE N NA 0 35
5 BEAVER VALLEY 2 Y Y 0 0 71 OYSTER CREEK 1 N KA 0 3
6 BELLEFONTE 1 N0 ND ND ND 72 OYSTER CREEK DRY STRG N NA o 30
7 BELLEFONTE 2 ND ND ND ND 73 PALISADES N HA 10 13
8 BIG ROCK 1 N KA 0 13 74 PALISADES DRY STORAGE N HA 10 13
9 BRAIDWOOD 1 Y Y 10 0 75 PALO VERDE 1 Y Y 0 0
10 BROWNS FERRY 1-2 N M 20 9 76 PALO VERDE 2 Y Y 0 0
11 BROWNS FERRY 3 N M 20 9 77 PALO VERDE 3 Yy y o0 0
12 BRUNSWICX 1 Y Y 0 0 78 PEACHBOTTOM 2 N NA 0 35
13 BRUNSWICK 1 PWR POOL Y Y o0 0 79 PEACHBOTTOM 3 N NA 0 35
14 BRUNSWICX 2 Y Y 0 0 80 PERRY 1 Y Y 40 0
15 BRUNSWICK 2 PWR POOL Y Y 0 0 81 PILGRIM 1 N NA 0 12
16 BYROX 1 Y Y 0 0 82 POINT BEACH 142 N NA 0 16
17 CALLAWAY 1} N NA 0 15 83 POINT BEACH DRY STRG N NA 0 16
18 CALVERT CLIFFS 1-2 N M 0 ¥ 84 PRAIRIE ISLAND 142 Y N 25 0
19 CALVERT ORY STORAGE N NA 0 37 85 PRAIRIE ISLAND DRY STRG Y N 25 0
20 CATANBA 1 Y N 0 0 86 QUAD CITIES 1 : Y N 0 0
21 CATAWBA 2 Y N 0 0 87 RANCHO SECO 1 Y N 0 0
22 CLINTON 1 Y N 0 0 88 RANCHO SECO DRY STRG Y ] 0 0
23 COMAKCHE PEAX 1 Y Y 125 0 89 RIVER BEND 1 Y N 175 0
24 CO0K 1 Y N 100 0 90 ROBINSON 2 Y Y 0 0
25 COOPER STATION Y Y 0 0 91 ROBINSON DRY STORAGE Y Y 0 0
26 CRYSTAL RIVER 3 Y Y 80 0 92 SALEM 1 N NA 0 23
27 DAVIS-BESSE 1 Yy Y 0 0 93 SALEM 2 N NA 0 2
28 DAVIS-BESSE ORY STRG Y Y o 0 94 SAN QHOFRE 1 Y Y 200 0
29 DIABLO CANYON 1 N NA 0 19 95 SAN ONOFRE 2 Y Y 200 0
30 DIABLO CANYON 2 N N 0 19 96 SAN QNOFRE 3 Y Y 200 0
31 DRESDEN 1 ’ Y Y 25 0 97 SEABROOK 1 Y N 135 0
32 DRESDEN 2 Y Yy 25 0 98 SEQUOYAH 1 Y Y 10 0
33 DRESDEN 3 Y Y 25 0 99 SHOREHAM K NA 0 10
34 DUANE ARNOLD Y Y 0 0 100 SOUTH TEXAS 1 Y Y 85 0
35 ENRICO FERMI 2 Y N 125 0 101 SQUTH TEXAS 2 Y Y 8 0
36 FARLEY 1 Y Y 45 0 102 ST LUCIE 1 N NA 0 10
37 FARLEY 2 Y Y 45 0 103 ST LUCIE 2 N NA 0 10
38 FITZPATRICK Y Yy 10 0 104 SUMMER 1 { Y Y 0 o
39 FORT CALHOUN N N 0 6 105 SURRY 152 . H N 0 30
40 FORT ST VRAIN Y N 100 0 106 SURRY DRY STORAGE N NA 0 30
- 41 FORT ST VRAIN DRY STRG Y N 100 O 107 SUSQUEHANNA 1-2 Y Y 0 0
42 GINNA N R 0 4 108 SUSQUEHANNA DRY STRG Y Y 0 0
43 GRAND GULF 1 N KA 0 24 109 THREE MILE ISLAND 1 Y Y 0 0
44 HADDAM NECX N NA 0 14 110 TROJAN Y Y 4} 0
45 WARRIS 1 Y Y [] 0 111 TURKEY POINT 3 N NA 0 30
46 HARRIS 1 BWR POOL Y Y 1] 0 112 TURKEY POINT 4 N NA [ 1]
47 HATCH 1-2 - Y Y 0 0 113 VERMONT YANKEE 1 Y Y 75 0
48 HOPE CREEX N M 0 23 114 VOGTLE 1-2 Y N 25 0
49 HUMBOLDT BAY Y Y 150 0 115 WASH NUCLEAR 2 Y Y 0 0
S0 INDIAN POINT 1} N M0 3 116 WATTS BAR 182
51 INDIAN POINT 2 M NA 0 3 117 WATERFORD 3 Y Y 2% 0
SZ INDIAN POINT 3 N NA 0 3 118 WOLF CREEK 1 Y N 10 0
53 KEWAUNEE N NA 0 10 119 YANKEE-ROWE | N NA 0 7
54 LACROSSE Y N 100 0 120 ZI1ON 182 Y Y 0 0
§5 LASALLE 1-2 Y Y 0 0 121 HANFORD SNF STRG ND ND ND WD
§6 LIMERICK 1-2 Y N 50 0 122 HANFORD SNF STRG ND ND NO ND
§7 MAINE YANKEE Y Y 0 0 123 INEL SNF STRG N0 NO ND ND
58 MCGUIRE 1 Y N 0 0 124 INEL SNF STRG ND ND ND XD
59 MCGUIRE 2 Y N 0 0 125 INEL SNF STRG ND ND NO ND
60- MILLSTONE 1 Y N 115 0 126 SAVANNAH RV SNF STRG ND ND ND ND
61 MILLSTONE 2 Y & 115 0 127 SAVANNAH RV SNF STRG ND ND ND ND
62 MILLSTONE 3 Y K 115 0 128 WEST VALLEY SNF STRG ND KD ND ND
63 MONTICELLO Y Y 0 0 129 WEST VALLEY SNF STRG D ND ND ND
64 NINE MILE POINT 1 Y Y 125 0 130 MORRIS Y Y 0 0
65 NINE MILE POINT 2 Y Y 125 0 131 MORRIS Y Y 0 0
66 NORTH ANNA 132 Y Y S0 0 132 GENERAL ATOMICS KD NO NO ND

Near-Site Infrastructure Considerations: Shipment Cask Options:
SR: onsite rail (yes, no, not applic) R125: Large MPC for up to 21 PWR or 40 BWR
0P?: onsite rail operating? {yes, no, not applic) R75: Small MPC for up to 12 PR or 24 BWR
0S3: onsite rail upgrade cost (000S) LWT: Legal-weight truck casks.... GA-4/9 If avail,
OFD: distance to offsite rail (miles) NLI-1/2 or NAC LWT otherwise .
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9. OTHER TRANSPORTATION CHOICE FACTORS

Utility transportation choice decisions will reflect factors in addition to current near-site
infrastructure and pool .capabilities—e.g., federal policy, utility choice criteria, changes in near-site
infrastructure cask handling capabilities, or site community characteristics.

Federal Policies
Federal policies affect utility transportation choices. For example,

. Via the nuclear waste fund, DOE has invested in the design of the GA-4/9 cask and the MPC 75
and 125-ton casks, and has set the parameters for these designs. However, as of FY 1996, DOE
withdrew its financial support for design, and indicated that it does not intend to support
certification or fabrication of these or other transportation or transportation/storage casks.

. Via the nuclear waste fund, DOE could fund modifications to spent fuel pools or near-site
infrastructure at origin sites—modifications which would enable these sites to choose
transportation options considered more desirable from the perspective of the natlonal shipment
campaign. However, in its draft scope for acquisition of transportation services,” DOE states that
“OCRWM will not fund any on-site infrastructure modifications or improvements to the
purchasers’ facilities” (page 1). '

. In its May 28, 1996 notice,” DOE proposes to delegate major responsibilities for waste
acceptance, transportation and storage to contractors operating under competitive fixed price
contracts. The resulting transportation choices negotiated with utilities could be quite different
from those reached under another decision framework.

. DOE intends to provide the final route links to a permanent repository or centralized storage site
in Nevada, and has conducted major studies of aiternative heavy-haul and rail routes for this link.
In the process, DOE would enable origin sites to choose rail over legal-weight truck transport,
without, however, providing an incentive for origin sites to ship by rail.

Utility Choice Criteria

Utilities will have different sets of transportation choice criteria, based on their financial positions,
their nuclear waste and other transportation experiences, their relationships with nearby communities, etc.
Given the same origin site circumstances, utility “A” might choose to upgrade for rail shipment while
utility “B,” approaching the same decision from a different perspectwe might choose to avoid upgrades
and ship by truck.

Changes At or Near Origin Sites

Changes at or near origin sites will affect utility transportation choices at the time those choices
must be made—generally, five to ten years from now. For example, -
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. The development of dry storage facilities often involves investment to enable pools to hand.e
sealed spent fuel canisters, if not loaded transportation/storage casks. The resulting capabilities,
many of which were not anticipated in DOE’s 1989 FICA study, will be available for off-site

transportation as well.

. While mainline railroads are receiving increasing freight traffic, branch lines—some serving
nuciear plant sites—are being abandoned. For example,

— The branch line of the Central Railroad which extended along US-9 through the Oyster Creek
(New Jersey) site when the plant was constructed in the late 1960s has since been abandoned.
Rail casks would now be heavy-hauled to Conrail’s railhead in Lakehurst, New Jersey, along
a 30-mile route which avoids the towns of Forked River, Tom’s River, and Pinewold. Or,
rail casks might be heavy-hauled across US-9 for barge shipment to an off-site railhead.

— Burlington Northemn’s rail spur to the Cooper Station plant site on the Missouri River about
60 miles south of Omaha may be abandoned when it is no longer needed for shipments to
Morris. Rail shipments might be heavy-hauled 30 miles to a Burlington Northern railhead
in Nebraska City, or barged down the Missouri River through St. Joseph and Kansas City to
a Union Pacific railhead in Boonville, Missouri.

— The Eligin, Joliet, and Eastern rail spurs to the Morris and Dresden sites about 40 miles
southwest of Chicago may be abandoned, as may Conrail’s spur to West Valley, about 35
miles south of Buffalo, New York.

. Community conditions (resident population, community character, etc.) in near-site communities
may also change, affecting the utility’s transportation choice.
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10. TRANSPORTATION CHOICES

Given the factors discussed in Sections 6 through 9, how would the transportation choice actually
be made? Using Monticello, Big Rock Point, Point Beach, Salem/Hope Creek, and Enrico Fermi as case
study sites, this section illustrates the transportation choice decision as it might be addressed by utilities.
Section 11 presents three scenarios of transportation choices for all shipment sites. Appendix A compares-
the three transportation choice scenarios considered in this assessment with two developed by DOE.

1

Monticello

Given the cask options identified in Section 6, and the factors discussed in Sections 7 through 9,
how would Northern States Power (NSP) choose to ship from its Monticello plant, located on the
Mississippi River about 35 miles northwest of Minneapolis? Monticello has operating onsite rail which
does not require upgrade for shipment of spent nuclear fuel. It has the operating crane capacity (85 tons)
but currently has neither the cask set-down diameter (6'4") nor the maximum cask length (16'S") required
to load a small MPC. :

. Would NSP upgrade its spent fuel pool loading area and depth in order the ship by small MPC
using its onsite rail?

. Would NSP avoid upgrade investments and .ship by legal-weight truck, probably using Interstate
94 towards Minneapolis and Interstate 494 to circle the city on its western side?

The current capabilities and MPC base case scenarios assume that NSP chooses to ship by legal-
weight truck. The maximum rail scenario, as well as scenarios identified by DOE, assume that NSP
chooses to upgrade in order to ship by small MPC.

Big Rock Point.

Given the cask options identified in Section 6, and the factors discussed in sections 7 through 9,
how would Consumers Power Company choose to ship from its Big Rock Point plant, located on the
upper reaches of Lake Michigan? Big Rock does not have onsite rail; rail shipments would require
heavy-haul to the Tuscola and Saginaw Bay railhead in Petoskey about 13 miles east of the plant site.
Neither the operating crane capacity (24 tons) nor cask set-down diameter (5'11") nor maximum cask
length (15'11") at Big Rock Point currently meet requirements for loading a small MPC.

. Would Consumer’s Power upgrade its crane and spent fuel loading area and depth in order to
' heavy-haul small rail casks for shipment from Petoskey?

e Would Consumers Power avoid investment in cask handling upgrades and heavy-haul operatioris,
choosing to ship by legal-weight truck, probably south on 1-75 to Flint, then southwest on I-69
through Lansing and west on 1-95 through Battle Creek and Kalamazoo?

The current capabilities and MPC base case scenarios assume that Consumers Power chooses to
ship by legal-weight truck. The maximum rail scenario (as well as DOE’s Transportation Strategy Study
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2) assumes that Consumers Power will upgrade its facilities and heavy-haul to Petoskey in order to ship g
small MPCs by rail.

Point Beach

Given the cask options identified in Section 6, and the factors discussed in Sections 7 through 9,
how would Wisconsin Electric Power choose to ship from its Point Beach plant site, located on the
western shore of Lake Michigan about 85 miles north of Milwaukee? Point Beach does not have onsite
rail; rail shipment would require heavy-haul to a railhead, such as the Fox Valley and Western railhead
Wisconsin Central in Kewaunee.!® It has the operating crane capacity (125 tons) and mammum cask
length (18'8") but not the cask set-down diameter (7'10") required to load a large MPC.

. Would Wisconsin Electric upgrade the cask set-down area in its spent fuel loading area in order
to heavy-haul large rail casks for shipment from Kewaunee?

. Would Wisconsin Electric ship by legal-weight truck in order to avoid the cost of heavy-hauling
small MPC casks to the Kewaunee railhead?

The current capabilities scenario assumes that Wisconsin Electric chooses to ship by legal-weight
truck, via I-43 from Manitowoc through Sheboygan to Milwaukee. The MPC base case and maximum .
rail scenarios (as well as scenarios identified by DOE) assume that Wisconsin Electric chooses to upgrade
its cask loading area and heavy-haul off site in order to ship large MPCs by rail.

Salem an¢ Hope Creek

Given the cask options identified in Section 6, and the factors discussed in Sections 7 through 9,
how would Public Service Gas and Electric (PSG&E) choose to ship from its Salem and Hope Creek
plants on the New Jersey side of the Delaware River, about 12 miles south of Wilmington, Delaware?
The sites do not have onsite rail; rail shipment would require heavy-haul 23 miles north to a railhead on
the West Jersey Railroad in the Town of Salem. Hope Creek has the cask set-down diameter (11'0"),
maximum cask length (19'9") and operating crane capacity (130 tons) required. to load a large MPC.
Salem has the cask set-down diameter (10'0") and maximum cask length (21'4") but insufficient operating
crane capacity (110 tons) to load a large MPC.

. Would PSG&E upgrade operating crane capacity at its Salem facilities in order to heavy-haul
large rail casks 23 miles for shipment by rail?

. Would PSG&E ship by legal-weight truck in order to avoid the cost of heavy-hauling or barging
~ small MPC casks?

The current capabilities scenario assumes that PSG&E chooses to ship by legal-weight truck from
both its Hope Creek and Salem plants. The MPC base case and maximum rail scenarios assume that
PSG&E upgrades operating crane capacity at Salem in order to use the large MPC cask, which in the
MPC base case would be heavy-hauled 23 miles to the Salem railhead on the West Jersey railroad, and
in the maximum rail scenario would be barged up the Delaware River to a Conrail railhead in

Wllmmgton
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~ Enrico Fermi

Given the cask options identified in Section 6 and the factors discussed in Section 7 through 9,
how would Detroit Edison Company choose to ship from its Enrico Fermi plant on the western shore of
Lake Erie, about midway between Detroit, Michigan and Toledo, Ohio? The Fermi site has onsite rail
which is not operating and would require significant investment to upgrade for shipment of spent nuclear
fuel. While its cask set-down diameter (9'0") meets requirements for a large MPC, its operating crane
capacity (100 tons) currently meets requirements only for the small MPC, and its maximum cask length
(14'9") currently meets requirements for neither the large nor small MPC.

. Would Detroit Edison upgrade the rail spur, the maximum cask length-in its spent fuel loading
facilities and its operating crane capacity in order to ship large MPC casks by rail?

. Would it ship by legal-weight truck in order to avoid or postpone some or all of these expenses?

The current capabilities scenario assumes that Detroit Edison chooses to ship by legal-weight
truck, probably using I-275 to access 1-94 for travel across the southern portion of the state. The MPC
base case scenario assumes that Detroit Edison upgrades it facilities and rail spur in order to ship large
MPCs north to Detroit and west through Lansing and Battle Creek on Grand Trunk Western rail lines.
The maximum rail scenario assumes that Detroit Edison upgrades its facilities but not its rail spur at

- Fermi, choosing to barge rail casks east across Lake Erie to a railhead in Buffalo. .

Table 10-1. Transportation Choice Factors and Scenarios: By Storage Location

CASK LOADG FACTOR: NEAR-SITE FACTOR: TRANSP CHOICE:
' WASTE : -
FUEL STRG LOCATION: TYPE CRD CRO DI CLG OSR 0P? 0S§ OFD cCP MPC  MXR TS2  APD
MONTICELLO BR 85 B5 LT LT | Y Y 0 0| LW LW RIS RIS RIS
BIG ROCK 1 BWR 75 28 LWT O LWT N KA 0 13 LWT WWT RIS R75 . LWT
POINT BEACH 182 PWR 125 125 R75 R125 N M 0 ‘16 l LWT RI25 Ri25 R125 R125
POINT BEACH DRY-STRG PWR NA NA NA HNA N N 0 16 LWT  R125 R125 R125 R125
HOPE CREEK BWR 150 130 R125 R125 N N 0 23 LWT  R125 R125 R125 RI125
SALEM 1 PWR 110 110 R125 R125 § N 0 23 LWT  R125 R125 R125 R75
SALENM 2 PR 110 110 R125 R125 N M 0 23 LWT R125 R125 R125 R75
ENRICO FERMI 2 BWR 125 100 R125 LWT Y N 128 O LWT  R125 R12% R125 R125

Site/Facility Charac: CRD: design crane capacity (tons)
CRD: operating crane capacity (tons)
CDI: cask set-down (loading) diameter (max cask option)
CLG: cask length {loading) req (max cask option)

OSR: onsite rail (yes, no, not applic)

0P?: onsite rail operating? (yes, no, not applic)
0S$: onsite rail upgrade cost (000$)

OFD: distance to offsite rail (miles)

Shipment Cask Options: R125: Large MPC for up to 21 PWR or 40 BWR
. . R75: . Small MPC for up to 12 PWR or 24 BWR
LWT: Legal-weight truck casks.... GA-4/9 {f avail,
NLI-1/2 or NAC LWT otherwise

Yfansp Choice: MPC: MPC “Base Case” (NWPQ: Jan 1994)
CCP: Current Capabilities (NWPO: May 1996)
MXR: Maximm Rail (NWPQ: May 1996)

" TR2: NV Transp Stategy, Study 2 (DOE: Feb 1996, Table F-3 & PIC)
APD: MPC Prelim Evaluatfon (DOE: Mar 1993, Appendix D)
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~3

11. TRANSPORTATION MODE AND CASK CHOICES: THREE
SCENARIOS

Considering the factors discussed in sections 8, 9, and 10, this assessment identifies three
transportation choice scenarios, each specifying the assumed utility choice among available cask options
(see Section 7) for each storage location (see Section 2). These scenarios, detailed in Table 11-1, assume
that the utility’s transportation choice does not change during the shipment campaign.

The MPC Base Case Scenario

. The “MPC base case” set of utility transportation choices reflects previous work conducted by
the state of Nevada to represent the most likely highway and rail routes for shipments of nuclear waste
to Yucca Mountain using DOE’s proposed Multi-Purpose Canister system for nuclear waste storage,
transportation, and disposal.?® For this assessment, the previous MPC base case transportation choice
assumptions were reviewed; rail shipments by small and large MPC were specified; transportation choices
for defense sites (e.g., Hanford, INEL, SRS, West Valley) and certain other storage locations (e.g.,
General Atomics research fuel) were specified.

In the MPC base case scenario, spent fuel stored at 17 commercial plant sites (listed below) is
shipped by legal-weight truck; all other commercial plant sites ship by small or large MPC. If the high-
capacity GA-4/9 cask is not available, the scenario assumes that legal-weight truck shipments would use
a cask similar in capacity to the NLI-1/2 or NAC LWT. ‘

Big Rock Haddam Neck Peachbottom

Crystal River Humboldt Bay Pilgrim

Fitzpatrick Indian Point. St. Lucie -
Fort Calhoun LaCrosse Vermont Yankee

Fort St. Vrain  Monticello Yankee Rowe

Ginna Palisades

Spent fuel stored at Hanford, INEL, and West Valley, as well as research fuel stored at sites such
as General Atomics are shipped by legal-weight truck in the MPC base case scenario. However, HLW
vitrified and stored in canisters at Hanford, INEL and Savannah River is shipped by rail in an MPC
adapted for this purpose.

The Current Capabilities Scenario

Assuming that utilities may be reluctant to make major investments to upgrade cask loading
capabilities or near-site infrastructure, the current capabilities scenario identifies 15 additional commercial
sites which could choose to ship by legal-weight truck, and assumes that the high-capacity GA-4/9 cask
is not available: ' . ' '
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Browns Ferry Dresden/Morris : Oconee
Calvert Cliffs Fermi Oyster Creek
Cook Grand Gulf Point Beach
Cooper Station Hope Creek/Salem Surry

Diablo Canyon Kewaunee Turkey Point

Furthermore, the current capabilities scenario identifies 14 sites which might choose to ship by
small MPC, rather than by large MPC as assumed in the MPC base case:

Arkansas Nuclear Duane Armmold Nine Mile Point
Beaver Valley Harris North Anna
Braidwood La Salle Rancho Seco
Byron Limerick Zion

Clinton ~ McGuire

Obviously, the current capabilities scenario generates a larger number of shipments with greater '
highway impacts than does the MPC base case.

The Maximum Rail Scenario

Considering the upgrade potentials at each storage location, and assuming effective incentives for
utilities to make the upgrades, the “maximum rail scenario” identifies 14 commercial sites (of the 17
which ship by truck in the MPC base case) which might ship by rail:

Big Rock LaCrosse Fitzpatrick
Crystal River Monticello Palisades
Fort Calhoun Pilgrim Peachbottom
Haddam Neck Vermont Yankee St. Lucie
Humboldt Bay Yankee Rowe

The sites in columns 1 and 2 above are assumed to upgrade for shipment by small MPC, while
those in column 3 are assumed to upgrade for shipment by large MPC. The upgrades reduce the number
of commercial sites which ship by truck to three: Ginna, Indian Point, Fort St. Vrain—all of which ‘are
assumed to use the high-capacity GA-4/9 cask. :

In addition, the maximum rail scenario assumes that Three Mile Island upgrades for shipment by
large MPC, rather than by small MPC as in the MPC base case.

DOE’s Transportation Choice Assumptions

While DOE has not estimated annual shipments by route segment, several DOE studies consider
transportation choices on a site-by-site basis: a 1996 “preliminary transportation strategy study for a
potential Nevada repository”,?! and a 1993 evaluation of the use of MPCs in DOE’s waste management
system.” Appendix A reviews the transportation choice assumptions in these DOE studies, comparing

them with the transportation choice scenarios outlined above.

Planning Information Corporation September 10, 1996
1033R042.023 B



Y

The Transportation of Spent Fuel and High-Level Waste 39

Table 11-1. Utility Transportation Choice Scenarios: by Storage Location

TRARSP CHOICE: TRANSP CHOICE:
FUEL STRG LOCATION: CCP MPC  MXR FUEL STRG LOCATION: CCP MPC MR
1 ARKANSAS NUCLEAR 1 | R?5 R125 R125 67 NORTH ANMA DRY STRG R75 RI125 R125
2 ARKANSAS NUCLEAR 2 . R75 R1Z5 R125 68 OCONEE 182 LWl RI25 RIZ25
3 ARKANSAS NUCLEAR DRY STRG RIS RI25 Ri2S 69 OCONEE 3 LT R125 R125
4 BEAVER VALLEY 1 R75 R125 R125 70 OCONEE DRY STORAGE LWT  R125 R125
§ BEAVER VALLEY 2 RIS RIZ5 RIZS 71 QYSTER CREEK | LWT  RI25 RI125
6 BELLEFONTE 1 . R125 R125 RI125 72 OYSTER CREEK DRY STRG LWT  R125 R125
7 BELLEFONTE 2 . R125 R125 R125 73 PALISADES LWT  LNT R125
8 86 ROKX | LWT  LWT  R7S 74 PALISADES DRY STORAGE LWT LT RI25
9 BRAIDNOOD 1 R75 RI125 Ri125 75 PALO VERDE 1 ‘ © R125 R125 RI2S
10 BROWNS FERRY 1.2 LWT  R125 RI25 76 PALO VERDE 2 R125 R125 RI125
11 BROWNS FERRY 3 LWT  RI25 RI125 77 PALO VERDE 3 R125 R125 'RI2S
12 BRUNSWICX 1 R75 RIS RIS 78 PEACHBOTTOM 2 LWT LT RI25
13 BRUNSWICK 1 PWR POOL R75 R75 R75 79 PEACHBOTTOM 3 . LNT  LWT  R125
14 BRUNSWICK 2 R?5 RIS R7S 80 PERRY 1 - R125 R125 R125
15 BRUNSWICK 2 PWR POOL R?5 RIS RIS 81 PILGRIM 1 INT LWT RS
16 BYRON 1 R75  R125 RI128 82 POINT BEACH 1&2 Wl R125 RI25
17 CALLAWAY 1 LT R125 RI25 83 POINT BEACH DRY STRG " OLWT RI25 R125 .
18 CALVERT CLIFFS 1-2 LWT  RI25 RI125 . 84 PRAIRIE ISLAND 142 R125 R125 RI125
19 CALVERT DRY STORAGE LWT  RI125 RI12§ 85 PRAIRIE ISLAND DRY STRG  R125 R12S RI12S
20 CATANBA 1 R125 R125 R125 86 QUAD CITIES 1 R?S R?5 RIS
21 CATAWBA 2 R125 R125 RI1Z5 87 RANCHO SECO 1 R75 RI125 R125
22 CLINTON ) R75 R125 R125 88 RANCHO SECO DRY STRG R75 RI25 R125
23 COMANCHE PEAX 1 R125 R125 RI125 89 RIVER BEND 1 R125 RI25 R12§
24 CO0K 1 LWT  R125 RI25 90 ROBINSON 2 R75 RIS RIS
25 COOPER STATION L¥T RI5 RIS 91 ROBINSON DRY STORAGE RS RIS RS
26 CRYSTAL RIVER 3 . LWT  LWT  R7S 92 SALEM 1 LWT  R125 R125
27 DAVIS-BESSE 1 RI25 R125 R125 93 SALEM 2 LWT  RI25 RI25
28. DAVIS-BESSE DRY STRG R125 R125 R125 94 SAN ONOFRE 1} R125 R125 R125
29 DIABLO CANYON 1 LWT  R125 RI125 95 SAN ONOFRE 2 R125 R125 RI125
30 DIABLO CANYON 2 LWT  R125 R12§ 96 SAN ONOFRE 3 R125 R125 R125
3) DRESDEN ! KT RIS R7S 97 SEABROOK 1 R125 R125 RI25
32 DRESDEN 2 LWT RIS R7S 98 SEQUOYAH 1 R125 R125 R12S
33 DRESDEN 3 LWT R75 R7S 99 SHOREHAM NA  NA NA
34 DUANE ARNOLD } R?5 R125 R125 100 SOUTH TEXAS 1 © R125 R125 RI125
35 ENRICO FERM] 2 LWT  RI25 RI25 101 SOUTH TEXAS 2 R125 R125 RI125
35 FARLEY 1} R125 RI125 RI125 102 ST LUCIE 1 LWT  L¥T  RI25
37 FARLEY 2 ' f125 RI25 RI125 103 ST LUCIE 2 LWNT  (WT RIZS
38 FITIPATRIKK LWT LWT  R125 104 SUMMER 1 R125 R125 RI125
39 FORT CALHOUN . LWT LWT R7S 105 SURRY 182 LWT  R125 RI12S
40 FORT ST VRAIN LWT  LWT  LWT 106 SURRY DRY STORAGE LWT  R125 RI25
41 FORT ST VRAIN ORY STRG LWT  AWT  LWT 107 SUSQUEHANNA 1-2 R125 R125 R125
42 GINNA LWT  LWT  LWT 108 SUSQUEHARNA DRY STRG R125 R125 RI125
43 GRAND GULF ] LWT  R125 R125 109 THREE MILE ISLAND 1 R75 R75 RI125
44 HADDAM NEKX LT LWT  R7S 110 TROJAN R125 R125 R125
45 HARRIS 1 . R7S R125 RI2S 111 TURKEY POINT 3 LWT  R125 R125
46 HARRIS'1 BWR POOL R7S RI125 R125 112 TURKEY POINT 4 LWT  R125 RI12%
47 HATCH 1-2 R125 R125 RI125 113 VERMONT YANKEE 1 LWT LWT R7S
48 HOPE CREEX LWT R125 RI125 114 VOGTLE 1-2 R75 R75 RIS
49 HUMBOLDT BAY LWT  LWT  R7S 115 WASH NUCLEAR 2 R125 R125 R125
S0 IKDIAN POINT 1 LT (WT LT 116 WATTS BAR 142 R12S R125 R125
51 INDIAN POINT 2 LWT  LWT  LNT 117 WATERFORD 3 R125 R125 R125
52 INDIAN POINT 3 LWT  LNT  LWT 118 WOLF CREEX 1 R125 R125 R125
53 KEWAUNEE LNT  RI25 R125 119 YANKEE -ROWE 1 LWT LWT R7S
54 LACROSSE LNT  LWT RIS 120 ZI0N 182 R?S R125 R125
55 LASALLE 1-2 R7S  RIZS RIZ5 121 HANFORD SNF STRG LHT  LNT LT
56 LIMERICK 1-2 ) RIS R125 R125 122 HANFORD SNF STRG LWT  LMT LNT
57 MAINE YANKEE R125 RI125 R125 123 INEL SKF STRG LWT  LWT LT
58 MCGUIRE 1 RIS R125 R12S 124 INEL SNF STRG LWT  ANT  LWT
59 MCGUIRE 2 R?S R125 R125 125 INEL SNF STRG LWT  LWT  LWT
60 MILLSTONE I . RIS RIS RIS 126 SAVANKAH RV SKF STRG LWT LNT T
61 MILLSYONE 2 R75S RIS R7S 127 SAVANNAH RV SNF STRG LNT  LWT  LNWT
62 MILLSTONE 3 R75 R75 R?5 128 WEST VALLEY SNF STRG LWT  LWT  R125
63 MONTICELLO LWT LWT  R7S 129 WEST VALLEY SNF STRG LWT  LWT  R125
64 NINE MILE POINT 1 R75 R125 R12§ 130 MORRIS LWT  R125 R125
65 NINE MILE POIKT 2 R75 R125 RI1Z25 131 MORRIS . LWT  RIZ5 RI125
66 NORTH ANNA 142 R75 R125 RI125 132 GENERAL ATOMICS LWT  LWT LWT

AR SRS SO S0ES N DN TS OTES 6
Transp Choice: CCP: Current Capabilities (NWPO: May 1996) Shipment Cask Options: R125: Large MPC for up to 21 PWR or 40 BWR
) MPC: MPC “Base Case® (NWPO: Jan 1994) R75: Smal) MPC for up to 12 PWR or 24 8WR
MXR: Maximumm Rafl (NWPQO: May 1996) LWT: (Legal-weight truck casks.... GA-4/9 if avail,
NL1-1/2 or NAC LNT otherwise

[
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12. CASK SHIPMENTS

The assessment of shipment groups (section 5) determines the assemblies and MTU to be picked
up for shipment from a particular storage location in a particular acceptance vear. The identification of
cask options (section 6) determines the transportation casks available under the particular scenario, and
the transportation choice assessment (sections 7 through 11) determines the cask option selected for
shipment from each storage location.

The next step in the assessment process is to determine the number of cask shipments from each
storage location in each acceptance/pickup year.

. Cask shipments of spent fuel ﬁom BWR or PWR reactors are estimated by dividing the number
of assemblies in the shipment group by the assembly capacity of the selected cask—rounding up
to accommodate any fractions required to ship all assemblies in the group. :

. Cask shipments of other spent fuel (e.g., spent fuel from research reactors or HTG assemblies
from the Fort St. Vrain reactor) are estimated by dividing the MTU in the shipment group by the
average MTU per cask for BWR and PWR assembilies shipped during the same period—generally
about .40 MTU per T-1/2 cask, 1.655 MTU per T-4/9 cask, 4.28 MTU per R75 cask and 7.41
MTU per R125 cask. In effect, the assumption is that casks for HTG, research and other wastes
will be as efficient as those designed for transport of BWR and PWR assemblies.

. Cask shipments for HLW assume that an MPC-like cask to accommodate five two-foot diameter
canisters will be designed and certified for transport of HLW. The estimated shipments of HLW
canisters from a particular site is thus divided by five—rounding up to accommodate any
remaining canisters in the shipment group.
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13. ROUTING CRITERIA

Having determined the number of shipments of a particular cask type from each site each
acceptance year, we must then determine the highway or rail shipment route. Aggregating shipments from
each origin site, a community along a particular route segment in Pennsylvania, or in Indiana or Missouri
could then understand, for example, that in the second acceptance year it should expect “x” shipments
of certain cask types originating from certain storage locations, while in the fifth acceptance year it should
expect “y” shipments from a somewhat different set of storage locations. This information should help
state and local agencies conduct their planning in the context of the national shipment campaign.

In most cases, the routing decision will be made by the carrier, under certain constraints. Most
notable is the requirement (based on 49 CFR§397.101(a), referred to as HM 164), that in transporting
radioactive waste by truck, drivers must reduce transit time by using interstate highways or state-
designated alternative routes. :

In addition to the HM 164 requirement, we also assume that certain routing practices will be
followed by shippers and carriers. For example, we assume that shippers will generally choose the closest
Class I (highest volume) rail carrier, and that rail carriers will prefer Class A (highest volume) mainline
rail segments.

Default (Quickest) Routes

To assist in identifying possible routes for waste shipments, DOE (through the Oak Ridge
National Laboratory) has developed and made availabie two computer-assisted models, HIGHWAY and
INTERLINE. In determining the truck shipment routes for this study, the HHGHWAY model*® was used
to calculate the “quickest route” (minimizing travel time) subject to HM 164 requirements. In
determining the rail shipment routes, the INTERLINE model** was used to calculate the quickest route.
In both cases, the models were run without other special limitations, such as avoidance of population
centers and recognition of the BN/Santa Fe merger or the anticipated UP/SP merger.”

Consolidated Southern Routes

A second alternative for each route scenario was also developed to consolidate the rail and
highway shipments into fewer routes, both to minimize the number of affected communities and to avoid
_certain seasonal weather conditions or problematic highway segments (e.g., the Eisenhower Tunnel and
Glenwood Canyon on 1-70 west of Denver). The consolidated route orients truck shipments from the
Northeast, Southeast, and Midwest to [-40 in Oklahoma City, generally avoiding I-70 west of Kansas City
and I-80 west of Omaha. Compared to their roles under the default routing criteria, 1-44 between St.
Louis and Oklahoma and I-70 east of St. Louis play more significant roles as a feeders to the consolidated
southern route across the western states.

: BN: Burlington Northern; UP: Union Pacific; SP: Southern Pacific
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The consolidated route orients rail shipments from the Northeast, Southeast, and Midwest to the

Santa Fe rail lines extending southwest from Kansas City through Amarillo and across New Mexico, and

Arizona to Daggett in southeastern California. It thereby avoids the UP and SP lines west of Kansas City

- and Omaha. The route increases feeder shipments along the Burlington Northern lines between Chicago

and Kansas City, and on the Norfolk Southern lines between Cleveland and Kansas City, but reduces

shipments on the Chicago and North Western lines between Chicago and Omaha. Otherwise, it has
limited effects on routing patterns east of the Missouri River.
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14. ROUTE IDENTIFICATION AND MAPPING

As currently developed, the HHGHWAY and INTERLINE models deséribe, but do not map,

shipment routes. Figure 14-1 presents the HIGHWAY description of a cross-country truck shipment route
to Yucca Mountain, using _Oyster Creek (NJ) as the trip origin for_illustration purposes:

The first line of the output shows the origin (“OYSTER CREEK NP, NJ”) and the departure date
and time.

The second line shows (reading from left to right ):
— the distance to the nearest “node” or intersection (12.0 miles),

— the route to that intersection (U.S. Highway 9, or “U9”);
— the name of the node (“TOMS RIVER” at the intersection of “TGSP,” or the Garden State

Parkway, and “X82,” or exit 82, in “NJ”);
— the cumulative distance from the origin (12.0 miles);
— the cumulative time required to complete travel from the origin to thls node (*“0:16™); and

— the date and time of arrival at the node (“2/01 @ 16:19”).

Each line thereafter includes similar information for subsequent links in the route from Oyster
Creek to Yucca Mountain.

According to the model output, the 2,688-mile route from eastern New Jersey to southern Nevada
would pass through Pennsylvania, Ohio, Indiana, Illinois, Iowa, Nebraska, Colorado, and Utah;
travel time at an average speed of 53.4 miles per hour would be just over 2 days (50.4 hours).

Figure 14-2 presents the INTERLINE description of a cross-country rail route to Yucca Mountain,

again using Oyster Creek (NJ) as the trip origin for illustration purposes:

For each node along the route, the listing indicates the rail carrier, the node number and name,
the state in which the node is located, and the cumulative route distance. ‘

| ‘According to the model output, the default rail route under the MPC base case from Oyster Creek
to Yucca Mountain would use Conrail lines to travel to Chicago where shipments would be

transferred to the Chicago and North Western to Fremont, Nebraska, and from there on the UP
to Caliente or Valley. The total travel distance, excludmg new rail construction or heavy-haul
segments at either end, is 2,847 miles.

: Note that INTERLINE assumes construction of a rail spur from Valley to Yucca Mountain,
" operated by the U.S. government (USG). In this analysis, we assume construction and use of an
intermodal transfer facility and a heavy-haul route for all rail shipments.
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Mapping HIGHWAY or INTERLINE Route Descriptions

In route mapping, each segment in the model output is identified on a master map of the nation’s
-major highways or railroads. The mapped route can then be shown in relation to state boundaries. county
boundaries, or other more detailed information. Mapped routes for all shipment origins reveal combined
shipment impacts for each route segment (see Figure 14-1).

Figure 14-1. HIGHWAY Model Output (Oyster_Creek to Yucca Mountain:
LWT Truck Base Case Route)

Rzuting through:
Q.0 OYSTER CRE:S NP . NJ 6.0 0:00 2/01 @ 16:03
32.0 U9 TOMS RIVER NW TGSP X82 NJ 12.0  0:16 2/01 & 16:19
2.0 1357 . PLEASANT PLNS S TGSP XE3 NJ 1.0 0:18 2/01 @ 16:21
12.0 TGSPS GLENDOLA SW TGSP 1195 NJ 25.0  0:31  2/01 3 16:34
23.0 1195 ALLENTCWN NW TNJT 1195 NJ £5.0 1:06 2/01 & 17:07
10.0 INJTS KEDDING SE TNJT 1276 NJ 6.0 1:15  2/01 @ 17:17
7.0 12762 BRISTOL N 12756 X29 PA 73.0 1:23 2701 @ 17:25
31.0 12788 PORT KZNNEDY SZ 1276 176 PA 104.0 1:56 2/01 & 17:59
166.0 176 S © BREZZEWOD SW 170 176 PA 270.0 5:27 2/01 8. 21:30
85.0 170 $ 176 $ YOUNGWOGO SW 170 176 PA  336.0 7:01 2/01 3 23:04
35.0 170 LABORATGRY NE 170 179 PA  395.0 7:44  2/01 & 23:46
3.0 170 I79 WASHINGTON N 170 179 PA 358.0 7:47 2/01 & 23:49
27.0 170 WHESLING SE 1470 170 WV 425.0 8:17 2/02 @ 0:19
3.0 1470 ST CLAIRSVILLE E 1470 I70 OW 437.0 8:30 2/02 8@ 0:32
116.0 70 COLUMBLS E 1270 170 oOH S33.0 11:06 2/02 @ 3:08
21.0 1270 COLUMBLS W 1270 170 OH 740 11:29 /028 3:3%
157.0 170 INDIANAPOLIS E 1465 I70 IN  731.0 %4:30 2/02 @ 6:52
5.0 1445 INDIANAPOLIS  SE 1485 I74 IN  733.0 14:56 2/02 @ 6:58
13.0 1465 174 INDIANAPOLIS SW [465 I70 IN 7+%.0 15:10 2/02'8 7:12
132.0 170 TEUTOPOL!S NW IS7 170 IL 881.,0 17:34 2702 8 10:36
8.0 157 170 EFFINGHAM SWw IS7 170 1L &87.0 18:11 2/02 ® 11:12
78.0 172 EDWARCSVILLE  SE 1270 155 IL ©45.0 19:358 2/02 & 12:37
29.0 1270 . ST LoU!s NW 1270 170 MO 994.0 20:07 2/02 3 13:09
227.0 170 KANSAS CITY SE 1435 170 MO 1221.0 24:45  2/023 17:47
33.0 1435 KANSAS CITY W 1435 170 kS 1254.0 25:21 2/02 & 18:22
47.0 I70 S TKSTS TOPEKA E 1470 I70 XS 1301.0 25:12 2/02 @ 19:14
5.0 14708 TKSTS TOPEKA $ 1335 1470 KS 1306.0 26:18 2/02 3 19:19
7.0 1470 TOPEKA W 1470 170 kS 1313.0 26:25 2/02 @ 19:27
1049.0 170 COVE FORT W 115 170 UT 2382.0 48:53 2/03 8 16:54
262.0 115 LAS VEGAS NV 2504.0 S4:17 2703 3 21:18
85.0 uU9s AMARGOSA VALLY U9S SI7TI NV 2590.0 55:59 2703 @ 23:00
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Figure 14-2. INTERLINE Model Output, Rail Base Case, Oyster Cr to Yucca Mtn.

RR RZOE STATE DIST
CR 1273-T0MS RIVER N 0.
CR 1337-TRENTON NJ &s3.
CR 1454 - CONSHOHOCKEN PA 116,
CR 1525-READING PA  160.
crR 2350-HARRISBURG PA 213
cr 2291-ALTDONA PA 355,
] 2254 - JOHNSTOWN PA 391,
CR 2086-BESSEMER PA 458,
CrR 2124-PITTSBURGH PA 471,
CR -~ 2125-ROCHESTER PA  497.
CR 2798-ALLIANCE o8 553,
CR 2743-RAVENNA O 570.
cR 2728-CLEVELAND oK 611,
CR 2633-ELYRIA ON  638.
CR 3452-TOLEDD O Ti7.
CR 3525-GOSHEN In 839,
CR 3523-ELKHART IN  B4S.
CR 4022-SOUTH BEND IN 88,
CR &057-PORTER I 909,
LR 4070-GARY IN 925,
CR 4073-CLARKE IN 929,
CR 4L074-INDIANA HARBOR IN  932.
CR 4232-SOUTH CHICAGD IL 939,
(o] 4217-CHICAGO L 952.
s e s e e o LI - TRANSFER
CNW  4217-CHICAGO 1L 9s2.
CNW  4234-PROVISO IL 964,
CNW  4311-DE KALB IL 1008.
CNW 4324-NELSON IL 1053,
CNW  10304-CLINTON 1A 1084.
CNW  10289-CEDAR RAPIDS JA 1187,
CNW  10245-MARSHALLTOWN IA 1234,
CNW  10246-NEVADA 1A 1261,
CNW  10271-AMES A 12,
CNW  10176-MISSOURI VALLEY 1A 1405,
ONW  10198-CALIFORNIA JCT 1A 1411,
CNW  11340-FREMONT NE 1439,
S °%es o e e+ ee e« o - - TRANSFER
UP  11340-FREMONT NE 1439, :
UP  11404-GRAND ISLAND NE 1548.
UP  11410-GIBBON NE 157,
UP  11352-NORTH PLATTE NE 1652.
UP  11358-0 FALLONS NE 1701,
UP  13703- JULESBURG o 1769.
UP  13465-CHEYENNE Wy 1915,
UP  13482-LARAMIE WY 1967,
UP  13494-GRANGER VY 2243,
UP  13548-0GDEN Ut 2382.
UP  13595-SALT LAKE CITY UT 2417.
Up  13630-LYNNDYL Ut 2530.
UP  14766-VALLEY - NV 2847. :
R R I A S e e e ~ = TRANSFER
USG  14766-VALLEY NV 2B47.
USS  16333-YUSCA MOUNTAIN NV 2946.
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15. SIX ROUTING CASE EXAMPLES

This section describes possible routes to Yucca Mountain from six shipment origin sites. The
level of description may be termed “regional” rather than “national” or “local.” Key routes, rail carriers,
and urban centers are identified, but local features are not. The sites selected are among those which are
assumed to make different transportation choices under the current capabilities and maximum rail
scenarios, and/or different near-site options for accessing a railhead under the MPC base case and
maximum rail scenarios. The description focuses on the possible route, not on the cask options, the
transportation choice or the routing criteria. The question of the number and type of prospective
shipments along particular route segments is addressed in sections 17 and 18.

Oyster Creek (NJ) to Yucca Mountain (NV).

How might shipments from the Oyster Creek (NJ) nuclear plant, located in Ocean County near
Barnegat Bay about 55 miles due east of Philadelphia, travel to Yucca Mountain? Under the “current
capabilities” scenario, the transportation choice of GPU Nuclear for shipments from Oyster Creek is legal-
weight truck—using the high-capacity GA-9 cask if available, or a transportation cask for two BWR .
assemblies otherwise: '

. The “default route” for truck shipments from Oyster Creek would use US 9 and SR-539 to access
the Garden State Parkway (a state highway, constructed to interstate standards) northbound at
Forked River. The route then continues to I-195 north of Allenwood, to the New Jersey Tumpike
and [-276 north of Philadelphia, and to the Pennsylvania Turnpike (I-70 and I-76) through
Pennsylvania. From Youngwood in western Pennsylvania, the route continues on I-70 (except
for bypasses around major cities) to I-15 in Utah, then through Las Vegas to US 95 and Yucca
Mountain. '

The “consolidated southern” option for truck shipments from Oyster Creek would depart from the
default route east of St. Louis, continuing on 1-70/255 (rather than the I-270 bypass) through East
St. Louis, then via 1-44 through Tulsa, Oklahoma. From there, the route would follow I-35 to
Oklahoma City, 1-40 to Barstow, California and I-15 to Las Vegas, US 95 and Yucca Mountain.

Under the “MPC base case” and “maximum rail” scenarios, GPU Nuclear’s transportation choice.
for shipments from Oyster Creek is a large rail cask similar to DOE’s 125-ton MPC, containing up to 40
BWR assemblies. However, while the MPC base case assumes heavy-haul transport to the Conrail
railhead at Toms River (NJ), the maximum rail scenario would ‘involve barge shipment to Conrail
facilities in New York City."”

. The “default route” for rail shipments uses different Conrail lines from Toms River (NJ) or New
York City to Trenton (NJ). ' ' '
Planning Information Corporation » : September 10, 1996
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Figure 15-1. Alternative Nuclear Waste Transportation Routes: Oyster Creek NP
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. From Trenton, the default route for rail shipments uses Conrail lines to Chicago (via
Conshohocken, PA, Pittsburgh, Cleveland, and Toledo). In Chicago, shipments are transferred
to the Chicago and North Western line for travel to Fremont, NB. In Fremont, shipments are
transferred to the Union Pacific line for transport (via Grand Island, Cheyenne, Ogden, and Salt
Lake City) to an intermodal facility at Caliente or Valley, Nevada.

. The consolidated southern route for rail shipments would depart from the default route in
Chicago. In Chicago, shipments would be transferred to the merged Burlington Northern and
Southern Pacific lines for travel to Daggett, California (via Kansas City, Amarillo. and Flagstaff).
In Daggett, rail shipments would be transferred to the Union Pacific for travel north through Las
Vegas to an intermodal transfer facility at Valley or Caliente.

Fermi (M) to Yucca Mountain (NV)

How might shipments from the Fermi (MI) nuclear plant, located at the western end of Lake Erte,
between Toledo and Detroit, travel to Yucca Mountain? Under the “current capabilities” scenario, the
transportation choice of Detroit Edison for shipments from Fermi is legal-weight truck—using the high-
capacity GA-9 cask if available, or a transportation cask for two BWR assemblies otherwise:

. The “default route” for truck shipments from Fermi would use Interstate 275 (the Detroit metro
beltway) to access Interstate 94, which is used to travel across the State of Michigan, passing near
Ann Arbor, Jackson, Battle Creek, Kalamazoo, and other cities and towns. The route links with
1-80 east of Gary, Indiana, which is used to travel past Chicago and across Iowa, Nebraska, and
Wyoming. In Salt Lake City, the default route then links with I-15, which is used for travel south
through St. George (UT) and Las Vegas to Yucca Mountain.

. The consolidated southern route for truck shipments from Fermi departs from the default route
west of Joliet, Illinois, where, rather than continuing west on I-80, it would access [-55 for travel
through Springfield to St. Louis.” In St. Louis, the southern route would access 1-44 for travel
west through Oklahoma City, Amarillo, Albuquerque, and Flagstaff to Barstow, California. In
Barstow, the route would access I-15 for travel north to Las Vegas and Yucca Mountain.

Under the “MPC base case” and “maximum rail” scenarios, the transportation choice of Detroit
Edison for shipments from Fermi is a large rail cask similar to DOE’s 125-ton MPC, containing up to 40
BWR assemblies. However, while the MPC base case assumes use of a substartially upgraded on-site
rail spur, the maximum rail scenario would involve barge shipment from the w: .;zern end of Lake Erie
to Conrall facilities in Buffalo (NY) at the eastern end.'’

. The “default route” for rail shipments from Fermi would use the Grand Trunk Western (GTW)

- line through Detroit to Blue Island, Illinois where shipments would transfer to the Indiana Harbor

Belt line. From Blue Island, the route would travel to the Argo and Proviso yards near Chicago,

transferring to the Chicago & North Western (CNW) for transport through Cedar Rapids, Iowa

to the UP line at Fremont, Nebraska. From Fremont, Union Pacific lines would be used for travel
across Nebraska, Wyoming, and Utah to intermodal facilities at Caliente or Valley.

Planning Information Corporation _ : September 10, 1996
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Figure 15-2. Alternative Nuclear Waste Transportation Routes: Fermi NP

B RT I T RO

—m b

Buffalo, New

MPC Base Case
MPC Southern Route

*Current Capabilities™ Alternative

*Current Capabilties® Southern Route

*Maximum Rail” Alternative
“Maximum Rail” Southern Route

PLANNING INFORMATION
CORPORATION

September 10, 1996

Planning Information Corporation

$0.0042 00



52 The Transportation of Spent Fuel and High-Level Waste

. The consolidated southern route for rail shipments from Fermi would depart from the default roue
at the Argo yards near Chicago, where, rather than transferring to the Chicago and Northwestern
line, shipments would be transferred to the consolidated Burlington Northern and Santa Fe lines
for travel southwest through Galesburg (IL), Kansas City, Amarillo, and Flagstaff to Daggett
(CA). In Daggett, rail shipments would be transferred to the UP for travel north through Las
Vegas to an mtermodal transfer facility at Valley or Caliente.

e Rail shipments from Buffalo (after barge shipment from Fermi, under the maximum rail scenario)

. would use Conrail lines for travel along the southern shore of Lake Erie through Erie (PA),

Cleveland, and Toledo. Shipments would continue on Conrail through Elkhart and South Bend

(IN) to the Argo yards near Chicago, where the route would link with routes for rail shipments
directly from Fermi.

Browns Ferry (AL) to Yucca Mountain (NV)

How might shipments from the Browns Ferry plants, located across the Tennessee River from the
City of Decatur, travel to Yucca Mountain? Under the ‘current capabilities” scenario, the transportation
choice of the Tennessee Valley Authority for shipments from Browns Ferry is legal-weight truck—using
the high-capacity GA-9 cask if available, or a transportation cask for two BWR assemblies otherwise:

. The “default route” for truck shipments from Browns Ferry would use 1-65 to travel north to
Nashville, where it would link to I-24 for travel across southwestern Kentucky and southern
Illinois to St. Louis. In St. Louis the default route would access I-70 for travel across Missouri
to Kansas City, across Kansas and eastern Colorado to Denver, and across western Colorado
(through the Eisenhower tunnel and Glenwood Canyon) into Utah. About 160 miles south of Salt
Lake City, 1-70 links with I-15, which is used for travel south through St. George and Las Vegas
to Yucca Mountain.

. The consolidated southern option for truck shipments from Browns Ferry departs from the default
route in Nashville, where, rather than continuing west on 1-24, it would access 1-40 for travel west
through Memphis, Little Rock, Oklahoma City, Amarillo, and Albuquerque to Barstow,
California.. In Barstow, the route would access I-15 for travel north to Las Vegas and Yucca
Mountain.

Under the “MPC base case” and “maximum rail” scenarios, the transportation choice of Tennessee
Valley Authority for rail shipments from Browns Ferry is a large rail cask similar to DOE’s 125-ton
MPC, containing up to 40 BWR assemblies. However, while the MPC base case involves heavy-haul
transport across the Tennessee River to a Norfolk Southemn railhead in Decatur, the maximum rail
scenario involves barge shipment down the Tennessee River to Paducah, Kentucky and down the Ohio
river to the Illinois Central railhead at Cairo, Illinois: '

. The “default route” for rail shipment from Decatur uses Norfolk Southern lines for travel across
northern Alabama and Tennessee to Cairo (IL), St. Louis, and Kansas City. In Kansas City,
shipments would be transferred to the UP for travel across Nebraska and Wyoming, through
Ogden and Salt Lake City (UT) to an intermodal facility at Caliente or Valley.

Planning Information Corporation - September 10, 1996
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Figure 15-3. Altgrnatwe Nuclear Waste Transportation Routes: Browns Ferfy NP
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. The consolidated southern route from Decatur would depart from the default route in Kansas City,
’ where, instead of transferring to the UP, shipments would be transferred to the merged Burlington
Northern and Santa Fe lines for travel to Daggett, CA (via Amarillo and Flagstaff). In Dagzett
rail shipments would be transferred to the UP for travel north through Las Vegas to an intermodal
facility at Valley or Caliente.

. Under the maximum rail scenario, rail shipment on the default or consolidated southern route
would begin in Cairo, after barge shipment along the Tennessee and Ohio Rivers.

Cooper Station (NE) to Yucca Mountain (NV)

How might shipments from the Cooper Station site, on the Missouri River about 65 miles south
of Omabha, travel to Yucca Mountain? Under “current capabilities” scenario, the transportation choice of
Nebraska Public Power for shipments from Cooper Station is legal-weight truck—using the high-capacity
GA-9 cask if available, or a transportation cask for two BWR assemblies otherwise:

. The “default route” for truck shipments from Cooper Station would follow US 135 west and US
75 north to link with I-80 in Omaha. From Omabha, the route would use I-80 for travel across
Nebraska, Wyoming, and Utah, linking with I-15 in Salt Lake Cxty, for travel south through St..
George and Las Vegas to Yucca Mountain.

. The consolidated southern route for truck shipments from Cooper Station would follow US 135
east across the Missouri River, and US 59 south to I-29, continuing south on I-29 through St..
Joseph (MO) to Kansas City. In Kansas City, the southern route would access 1-35, which it
would follow south through Wichita (KS) to Oklahoma City, where it would access 1-40 for
continued travel west.

Under the “MPC base case” and “maximum rail” scenarios, Nebraska Public Power’s
transportation choice for shipments from Cooper Station is a small rail cask similar to DOE’s 75-ton
MPC, containing up to 24 BWR assemblies. However, while the “MPC base case” assumes heavy-hajul
transport north to a Burlington Northern railhead in Nebraska City (about 50 miles east of Lincoln), or
across the Missouri River and south to a Burlington Northern railhead at Phelps City (MO), the maximum
rail scenario assumes barge shipment down the Missouri River to a UP railhead in Boonvxlle about 120
miles east of Kansas City and about 20 miles west of Columbxa (MO): 19

. The “default route” for rail shipments from Cooper Station involves heavy-haul north to the
Burlington Northern railhead at Nebraska City. Burlington Northern lines would be used for
travel to Omaha, where shipments would be transferred to the UP railroad for travel west across
Nebraska, Wyoming, and Utah, then south through Ogden and Salt Lake City to an mtermodal
facility at Caliente or Valley. ‘
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Figure 15-4. Alternative Nuclear Waste Transportation Routes: Cooper Station NP
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e The consolidated southern route for rail shipments from Cooper Station involves heavy-haul east
across the Missouri River to the Burlington Northern railhead at Phelps City (MO). The route
uses Burlington Northern lines for travel southeast to Kansas City, and Santa Fe lines (now
merged with Burlington Northern) for travel southwest and west to Daggett, Califonia, where
shipments would be transferred to the UP for travel north through Las Vegas to an intermodal
facility at Valley or Caliente. :

. Default route rail shipments from Boonville (after barge shipment from Cooper Station) would
use UP lines for tra+2l through Kansas City to Gibbon (NE), about 120 miles west of Lincoln,
then west across Newraska and Wyoming, and south from Ogden (UT) to an intermodal facility
at Caliente or Valley.

. Consolidated southern route rail shipments from Boonville would transfer to Santa Fe lines in
Kansas City, using these for travel through Amarillo to Daggett, California, where they would
transfer back to UP lines for travel north through Las Vegas to an intermodal facility at Valley
or Caliente. ' ‘

Grand Gulf (MS) to Yucca Mountain‘ (NV)

- How might shipments from the Grand Gulf (MS) nuclear plant, located on the Mississippi River

about 30 miles south of Vicksburg, travel to Yucca Mountain? Under the “current capabilities scenario,

- the transportation choice of Systems Energy Resources for shipments from Grand Gulf is legal-weight

truck-—using the high-capacity GA-9 cask if available, or a transportation cask for two BWR assemblies
otherwise:

. The default and consolidated southern route for truck shipments fro:n Grand Gulf would follow
US 61 north to Vicksburg, where it would link with 1-20 for travel w=st throug:: Shreveport (LA)
to Dallas and Fort Worth, where it would access 1-35 north to Oklahoma City and 1-40 for
continued travel west to Barstow, California, where it would access I-15 for travel north thre
Las Vegas to Yucca Mountain.

Under the MPC base case and maximum rail scenarios, the transportation choice of Systems
Energy Resources for shipments from Grand Gulf is a large rail cask similar to DOE’s 125-ton MPC,
containing up to 40 BWR assemblies:

. The “default route” for rail shipments from Grand Guif involves heavy-haul north on US 61 and
east on I-20 to the Illinois Central railhead at Jackson (MS). The route uses Illinois Central lines
for travel north through Memphis to St.. Louis, where shipments would be transferred to UP lines
for travel west to Kansas City and across Nebraska, Wyoming, and Utah, then south from Ogden
through Salt Lake City to the intermodal facility at Caliente or Valley.

. The consolidated southern route for rail shipments from Grand Gulf departs from the default route
in Kansas City where, instead of continuing on the UP, shipments would be transferred to Santa
Fe lines for travel southwest to Amarillo and west to Daggett, California, where they would be
transferred back to UP lines for travel north through Las Vegas to an intermodal facility at Valley
or Caliente.
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Figure 15- i :
gure 15-5. Alternative Ngclear.Waste Transportation Routes: Grand Gulf NP
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~Diablo Canyon (CA) to Yucca Mountain (NV)

How might shipments from the Diablo Canyon (CA) nuclear plant, located on the Pacific Ocean
near San Luis Obispo, about 85 miles northwest of Santa Barbara, travel to Yucca Mountain? Under the
“current capabilities” scenario, the transportation choice of Pacific Gas and Electric for. shipments from
Diablo Canyon is legal-weight truck—using the high-capacity GA-4 cask if available, or a transportation
cask for a single PWR assembly otherwise:

. The route for truck shipments from Diablo Canyon would follow US-101 north through San Luis
 Obispo to Paso Robles, and CA 46 east to access I-5 at Lost Hills. The route would follow I-5
southeast towards Los Angeles, accessing 1-210 (Foothill Parkway) for passage across LA’s
northemn suburbs—Burbank, Glendale, Pasadena, Glendora, etc. The route accesses I-10 (San
Bernadino Freeway) near Pomona, which is used for travel east through Montclair and Ontario

to I-15, which is used for travel north through Las Vegas to Yucca Mountain.

Under the MPC base case and maximum rail scenarios, Pacific Gas and Electric’s transportation
choice for shipments from Diablo Canyon is a large rail cask similar to DOE’s 125-ton MPC, containing
up to 21 PWR assemblies.  However, while the MPC base case assumes heavy-haul transport to the

Southern Pacific railhead in San Luis Obispo, the maximum rail scenario involves a 150-mile barge .

shipment south to Point Conception and east through the Santa Barbara Channel to the raithead of the
Ventura County Railway Company at Port Hueneme near Oxnard:'® '

. Rail shipments from San Luis Obispo would use Santa Fe lines for trave!l through Santa Barbara,
Ventura, Oxnard. Burbank, and east Los Angeles to San Bernadino, where they would be

transferred to the UP for travel north through Las Vegas to an intermodal facility at Valley or

Caljente.
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Figure 15- i |
gure 15-6. Alternative Nuclear Waste Transportation Routes: Diablo Canyon NP
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16. THE NATIONAL SHIPMENT CAMPAIGN: LIFE OF OPERATIONS

What are the overall effects of the national shipment campaign, aggregated for each origin site
and all major rail and highway segments over the entire prospective 30-year shipment campaign? What
are the effects under the “current capabilities” scenario of transportation choices, or under the “MPC base
‘case” or “maximum rail” scenarios? What are the effects of using a high capacity cask for legal-weight
truck shipments,” rather than the currently-available casks limited to one PWR or 2 BWR assemblies?

This section uses maps to present the rail and highway segments affected, and tables to present
the total (life of operations) cask shipments in the 30-year shipment campaign. Both maps and tables
reflect factors discussed in previous sections—e.g., the current and projected inventory, the acceptance
rate and pickup schedule. Under these assumptions, shipments of HLW from DOE sites begin in year
17 and extend through year 44; only those shipments in years 17 through 31 (54 percent of the total) are
included in this summary. Subsequent sections consider implications for Nevada (section 17), regional
routing alternatives (section 18), the phasing of shipments dunng the 30-year campalgn (section 19),.and
transportation operations vanables (section 20). :

Mapping Routes and Cask Shipments

To visualize the cask shipment findings of a multi-faceted assessment process, this.study has
developed a map presentation in which route segments are scaled according to the number of projected
shipments on each segment over the 30-year shipment campaign. The scale is consistent among cask
options and among transportation choice scenarios. That is, in this presentation, 100 prospective cask
shipments are shown at the same map scale whether the shipments are truck casks containing 1 PWR or
2 BWR assemblies, high-capacity truck casks containing 4 PWR or 9 BWR assemblies, a small rail cask
containing 12 PWR or 24 BWR assemblies or a large rail cask containing 21 PWR or 40 BWR
assemblies.” The-amount of waste shipped in these casks ranges from about 800 pounds in the case of
the small truck cask to about 14,800 pounds-in the case of the large rail cask, a factor of 18. Another
map presentation might be developed to show the amount of waste shipped, rather than the number of
cask shipments.

Rail and Highway Routes Affected

Figure 16-1 shows the rail and highway routes affected by default routing under the current
capabilities scenario of transportation choices, scaling the routes according to the number of projected
shipments on each segment over the 30-year shipment campaign. Figures 16-2 and 16-3 present similar
results for the “MPC base case” and “maximum rail” scenarios of transportation choices. Over the 30-
year shlpment campalgn (and assuming default routing), about 18,800 miles of the nation’s railroads carry

: A cask sumlar to the GA-4/9 cask designed by General Atomxcs with capacity for 4PWRor9
' BWR uncamstered assemblies.

- Also, no attempt has been made to project rail consists. The maps indicate the number of casks
' shipped on each rail route segment, not the number of trains containing cask shipments.
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shipments of SNF or HLW, a figure which increases to 21,200 miles under the MPC base case and to

123,500 under the maximum rail scenario of transportation choices.” Rail rather than highway shipmént
from certain sites (e.g., Turkey Point, FL, Diablo Canyon, CA, Kewanez, WT) adds significantly to total
affected rail route mileage, but from other sites (e.g., Dresden, IL. Browns Ferry, AL) has much lé_ss
effect.

Over the 30-year shipment campaign (again, asswing defaait vouung; about 13,700 miles of the
nation’s highways carry shipments of SNF or HLW, a figure whict decreases to 10,200 miles under the
MPC base case and to 4,200 under the maximum raii scenario of transportation choices. Rail rather than
highway shipment from certain sites (e.g., Grand Gulf, MS, Surry, YA, Peachbottom, PA) significantly
reduces hxghway route mxleage but from other sites (e.g., Calvert Ciiffs, MD, Salem, NJ) has much less
effect.

Total Cask Shipments

Table 16-1 presents total cask shipments over the 30-year campaign, under the current capabilities,
MPC base case and maximum rail scenarios. Rail cask shipments of SNF ~ increase from about 9,900
in the current capabilities scenario of transportation choices to about 11,200 under the MPC base case and
14,100 under the maximum rail scenario. The changes reflect both the number of sites shipping by rail
(and their projected inventory) and the type of rail cask used. Compared to the current capabilities
scenario, the MPC base case and maximum rail scenarios include more rail shipment sites (increasing ‘t'he
number of rail cask shipments) making greater use of the large MPC (reducing the number of rail cask
shipments). Shipments of uncanistered fuel in currently-available legal-weight truck casks are estimated
at 79,300 under the current capabilities scenario of transportation choices, a figure which decreases to
26,100 under the MPC base case and to 4,700 under the maximum rail scenario. The decreases reflect
the number of sites shipping by truck rather than by rail, and the projected inventory requiring shipm?nt.

The high-capacity legal-weight truck cask (if available and consistently used throughout the 30-
year shipment campaign) dramatically reduces the number of truck cask shipments from 79,300 to 31,400
under the current capabilities scenario, from 26,100 to 6,300 under the MPC base case, and from 4, 700
to 1,150 under the maximum rail scenario. Ever so, truck cask shipments of SNF would comprise about
71 percent of total cask shipments under the current capabilities scenario, about 31 percent under the MPC
base case scenario, and over 6 percent under the maximum rail scenario of transportation choices. 1

The Use of Affected Rail and Highway Routes

~ How intensively would the nation’s rail and highway networks be used by the national shipment
campaign? Over the 30-year campaign, each affected rail route mile would receive an average of about
1,500 cask shipments under the current capabilities scenario, with similar figures for a somewhat more
extensive affected rail route network under the MPC base case and maximum rail scenarios. More
intensively used rail route segments, however, could receive up to 8.5 times the national average. |

: Route mileage excludes 162 miles of heavy-haul from an intermodal transfer facility at Caliente.
" An additional 2,700 rail cask shipments of HLW are expected between years 17 and 31.
Planning Information Corporation "~ September 10, 1996
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Over the 30-year shipment campaign, each affected rail route mile would receive an average of
13 700 cask shipments under the current capabilities scenario (usmg currently-available legal-weight truck
casks), or about 1,500 shipments (using the high-capacity legal-weight truck cask) under the MPC base
case, or about 700 under the maximum rail scenario. A Again, more intensively used highway route
segments could receive up to six times the national average. '

A State-Level Review

Perspectives on nuclear waste transportation are highly correlated with the degree to which waste
will be shipped out of, through or to one’s own community—that is, the degree to which one’s.
community serves as an origin, corridor or destination for shipments of these highly-toxic and long-lived
radioactive materials. Origin communities have lived with nuclear sites for years, even decades, have
directly benefited from the electricity and jobs produced, and, with shipment, have the opportunity to rid
themselves of the resulting wastes. Corridor communities provide transportation routes for wastes whose
origin and destination are elsewhere. Under safe, routine conditions, waste shipments will not linger in
corridor communities, but they require attention by public officials and raise anxieties among residents.
Destination communities receive the wastes generated elsewhere. In the case of spent nuclear fuel and
high-level waste, there is only one prospective destination community, and the waste received, even if
safely contamed will remain toxic for centuries.

Under the MPC base case scenario of transportation choices (assuming default routing) only seven
states are neither origins, corridors, nor the destination for shipments of SNF or HLW (see Figure 16-4).
Together, these jurisdictions comprise 2.4 percent of the nation’s population. Another seven states located
along the perimeter of the country are origins but not corridors for shipments of SNF and HLW.
Together, these states comprise 18 percent of the nation’s population. It should be observed, however,
that many communities within these states will consider themselves as corridors rather than as origins for
shipments of nuclear waste. Still another seven states (three east of the Mississippi River) plus the
District of Columbia are corridors but not origins for shipments of SNF and HLW. Together, these states
comprise seven percent of the nation’s population. :

Most states are both origins and corridors for prospective shipments of SNF and HLW under the
MPC base case scenario of transportation choices with default routing. Together, these 28 states comprise
71 percent of the nation’s population. Five of the 28 are origins for shipments from one (or in the case
of Nebraska, two) nuclear site, but are corridors for shipments from 20 sites or more. These states are
Iowa, Kansas, Missouri, Nebraska, and Arizona. Together, they comprise 6.2 percent. of the nation’s
population

Under the MPC base case scenario with default routing, 8 states are corridors for shipments from
25 or more sites. These states, including five with commercial reactors and two east of the Mississippi
comprise 11 percent of the nation’s population. Illinois is a comdor state for 47 sites and an origin state
for eight sites. '

Nevada is the destination state, the end of the funnel for the national shipment campaign and the
intended permanent disposal site for the nation’s SNF and HLW. Nevada has 0.5 percent of the nation’s
- population. Similar to origin-only states, parts of Nevada are likely to consider themselves more as
corridors than as the destination for shipments of SNF and HLW. But these communities are corridors
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for all shipment sites, and are in the destination state where the wastes will be permanently stored, not
an origin state that has previously chosen to developed nuclear power and is now removing the resulting
wastes. Section 17 provides additional detail regarding cask shipments into the destination state.

Table 16-1. Route Miles Affected and Cask Shipme-ts
+ Life of Operations (YR 1-31) . . . Default Routing
» Currently-Available and High-Capacity Truck Cask

' RAIL  HWY:T1/2 TOT:T1/2  HWY:T4/9 TOT:T4/9
ROUTE MILES: coecccoe ccmmece mcmcceoe mmmmeen mceeee

Current Capabilities 18805 13695 32500 13695 32500

MPC Base Case 21210 10224 31434 10224 31434

Maximum Rail 23507 4178 27685 4178 27685
CASK SHIPMENTS: ’

Current Capabilities 12636 79345 91981 31370 . 44006

MPC Base Case 13916 26093 40009 6322 20238

Maximum Rai} 16792 4722 21514 1150 17942
CASK SHIP PER RT-MILE:.

Current Capabilities 1496 13356 " 6493 3154 2194

MPC Base Case 1463 6505 3103 1536 1487

Maximum Rai} 1494 2764 . 1686 703 1375

Table 16-2. States by Origin/Corridor Status

Neither Origins Nor Corridors Origin Only States . Corridor Only States Major Corridor States’

Rhode Island Michigan Indiana Utah ’ (65/0)
District of Columbia Wisconsin ' Kentucky Nebraska (60/2)
Delaware ) " Maine ' Oklahoma Wyoming (58/0)
Alaska New Jersey West Virginia Itlinois (47/8)
Hawaii ~ Florida ‘ New Mexico Towa (3211)
Montana " Louisiana Utah "~ Kansas (28/1)
North Dakota Washington Wyoming Missouri (2711)
South Dakota Indiana (25/0)

. Percent of U.S. population: 18 percent -7 percent 11 percent

* (60/2): corridor for 60 sites, origin for 2.
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Figure 16-1.‘ Life of Operations Rail and Highway Cask Shipments
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Figure 16-2. Life of Operations Rail and Highway Cask Shipments
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Figure 16-3. Life of Operations Rail and Highway Cask Shipments
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17. NEVADA IMPLICATIONS: THE END OF THE FUNNEL

The end of the funnel for the prospective national shipment campaign is Nevada, where rail and
truck shipments from 80 sites in 35 states would converge. Under default routing, rail shipments would
move on the Union Pacific rail line north from California or south from Utah to an intermodal transfer
facility at the Lincoln County community of Caliente. From Caliente, shipments would continue by
heavy-haul truck along U.S. highways and state roads, accessing NTS Area 25 via a newly constructed
road across a corner of the Nellis Air Force Range, or continuing on public highways along a circuitous
route north and west of the Nellis Air Force Range. Truck shipments would move on Interstate 15 north
from California or south from Utah and Arizona to a major interchange with US-95/93 in the heart of Las
Vegas, locally known as “the Spaghetti Bowl.” From the Spaghetti Bowl, truck shipments would continue
northwest on US-95, entering the Nevada Test Site at Lathrop Wells in the Nye County community of
Amargosa Valley. :

Figure 17-1 shows the rail and highway routes affected by default routing under the current
capabilities scenario of transportation choices, scaling the routes according to the number of projected
shipments on each segment over the 30-year shipment campaign. Figures 17-2 and 17-3 present similar
information for the “MPC base case” and “maximum rail” scenarios of transportation choices.

Table 17-1 presents total cask shipments over the 30-year shipment campaign, under the current
capabilities, MPC base case and maximum rail scenarios. Under the current capabilities scenario
assuming default routing, Nevada would receive about 12,600 rail cask shipments, of which about 9.2
percent would move north from California through Las Vegas. The state would also receive about 79,300
truck shipments (31,300 using the high-capacity T-4/9 cask) of uncanistered fuel, of which about 8.3
percent would move north from California to the Spaghetti Bowl.

Under the MPC base case scenario of transportation choices, rail cask shipments into the state
would increase from 12,600 to about 13,900 while truck cask shipments would decrease from 79,300 to .
26,100 (from 31,300 to 6,300 using the high-capacity T-4/9 cask). Assuming default routing, the portion
of rail and truck shipments moving north into the state from California or south from Utah would change

only slightly.

Under the maximum rail scenario of transportation choices, rail cask shipments would increase
to 16,800 while truck cask shipments would decrease to 4,700 (to 1,200 using the high-capacity T-4/9
cask).. Again, assuming default routing, the portion of rail and truck shipments moving north into the
state from California or south from Utah would change only slightly. ‘

Part of a strategy to limit the impacts of transportation shipments in Nevada could involve efforts
to avoid Las Vegas, the major urban center of the state. Such a strategy would emphasize rail shipment
from the north (where shipments can be intercepted at Caliente) rather than rail shipment from the south
or truck shipment on 1-15, from the north or south. Among the alternatives considered in this assessment,
the maximum rail scenario using default routing (combined with truck shipment using the high-capacity
T-4/9 cask) goes the farthest towards this objective. Unfortunately implementation of the maximum rail
scenario requires an expensive and not yet devised set of incentives for the choice of rail over truck
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shipment, and for large rail over small rail shipment. Furthermore, default routing has implications for
‘corridor communities “upstream” in the route system for shipments of SNF and HLW, which we address
in the next section. In addition, even if these arrangements and commitments could be made, it is
difficult to envision that they could be implemented in time for a shipment campaign beginning in 1998.

CURRENT MPC BASE MAXIMUM

CAPABIL

Rail Segments: = =~eem----
RV: UP @ UT line 11485
NV: UP @ LV Strip 1151

Hwy Segn\enfs: .......
NV: [-15 @ Moapa 72768
NV: 115 @ Strip " 6577

CASE RAIL
12399 15405
1517 1387
6277 1150

45 0

Table 17-1. Life of Operations Rail and Highway Cask Shipments
- Nevada Rail and Highway Route Segments
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_Figure 17-1. Life of Operations Rail & Highway Shipments in Southern NV Region
' Current Capabilities Transportation Choices/Default Routing
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4

| . Figure 17-2. Life of Operations Rail & Highway Shipments in Southern NV Region
' ' MPC Base Case Choices/Default Routing
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_ Figure 17-3. Life of Operations Rail & Highway Shipments in Southern NV Region
' Maximum Rail Transportation Choices/Default Routing

Rail

Highway

CALIFORNIA - o

Planning Information Corporation September 10, 1996
1033R042.023 .



74 The Transportation of Spent Fuel and High-Level Waste

A

[THIS PAGE INTENTIONALLY LEFT BLANK]

Planning Information Corporation ' September 10, 1996
1033R042.023



»

The Transportation of Spent Fuel and High-Level Waste - . - S 75

18. REGIONAL ROUTING ALTERNATIVES

The maps presented in Section 16 can be viewed from many different national, regional, or local
perspectives. National. perspectives may involve the overall safety or cost efficiency of the national
shipment campaign, while regional perspectives may seek to limit impacts on certain centers of population
and commerce, and local perspectives may focus on certain facilities (e.g., a hospital or elementary
school) or route conditions (e.g., a hazardous interchange) or special events (e.g., the upcoming winter
Olympics in Salt Lake City). Under HM164, for example, states may choose to designate alternative
routes for shipment of “highway route controlled quantities” of hazardous materials, including SNF and
HLW. In a national shipment campaign, such designations have system effects which require coordination
with “upstream” and “downstream”™ states. ~ Rail routes are generally determined by rail carriers, in
negotiation with utility shippers and DOE. But the choice to heavy-haul to one railhead rather than
another at the origin site, or changes in' ran]road ownership, can substantially alter a 2,000 mile cross-
country route. »

The use of Interstate 43, which extends south from Green Bay through Milwaukee and southwest

to Beloit, WI provides an example of possible regional perspectives on the routing of SNF shipments.
In the current capabilities scenario, I-43 is used to move wastes-away from the Kewaunee and Point
Beach sites in Wisconsin. In northern Illinois, where the Byron and Zion plants are located, I-43 connects
to 1-80 via 1-39 in Rockford and 1-88 in Moline, However, since Byron and Zion ship by rail in the
current capabilities scenario, the connecting segments in Illinois are used only by. shipments originating
in Wisconsin. These circumstances, which are just one example of hundreds involved in 2 national
shipment campaign, could affect the perspective of various state agencies and local communities in
Wisconsin and Illinois.

Consolidated Southern Routing

A major alternative to the default routing criteria reflected in the results presented in Sections 16
and 17, is a “consolidated southern” option which would concentrate cross-country rail shipments on the
Santa Fe rail line rather than the Union Pacific and Southern Pacific, and concentrate cross-country
highway shipments on I-40 rather than 1-80 or I-70. To illustrate the effects of regional routing
alternatives, we have compared cask shipment estimates under default and consolidated southern routing
options for five rail and five highway route segments in four states—-Wyommg, Colorado, New Mexico,
and Nevada (see Figures 18-1 through 18-3):

. The Wyoming route segments are along the Union Pacific line near Rawlins in south-central
Wyoming, and along a nearby segment of 1-80.

. The Colorado segments are along the Southern Pacific rail line near Glenwood Springs in western
Colorado and along a nearby segment of 1-70.

. The New Mexico segments are along the Santa Fe rail line near Grants in northwestem New

Mexico, and along a nearby segment of 1-40.
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Figure 18-1a. Life of Operations Rail and Highway Cask Shipments

Current Capabilities Transportation Choices/Default Routing

| SHIPMENTS

—

CASK SHIPMENTS

1000 50000 80.000
——m@® Highway

;e —
P — A
po7 T N Cask Shipments
- ! ———— _
S ARt ’. - )
= ! ; ' SR e T =
¥ 2, ; (e T .
¢ —_— N — T .
- ' :
~\
s
\-
L

1,000 10000 20,000
Rail l - -
G Default Highway Routes and
: 7 P T Cask Shipments

Default Raii Routes and

—

PLANNING INFORMATION
CORPORATION

Planning Information Corporation
1033R042.023 -

’ September 10, 1996



>

The Transportation of Spent Fuel and High-Level Waste | 77

Figure 18-1b. 'Life of Operations Rail and Highway Cask Shipments
Current Capabilities Transportation Choices/Consolidated Southern Routing
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Figure 18-1a (NV). Life of Operations Rail and Highway Cask Shipments in (NV)
Current Capabilities Transportation: Choices/Default Routing
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Figure 18-1b (NV). Life of Operations Rail and Highway Cask Shipments in (NV)
Current Capabilities Transportation Choices/Consolidated Southern Routing
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Figure 18-2a. Life of Operations Rail and Highway Cask Shipments
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Figure 18-2b. Life of Operations Rail and Highway Cask Shipments
MPC Base Case Transportation Choices/Consolidated Southern Routing
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Figure 18-2a (NV). Life of Operations Rail and Highway Cask.Shipments in (NV)
MPC Base Case Transportation Choices/Default Routing
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Figure 18-2b (NV). Life of Operations Rail and Highway Cask Shipments in.(NV)
MPC Base Case Transportation Choices/Consolidated Southern Routing
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Figure 18-3a. Lif.e of Operations Rail and Highway Cask Shipments
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Figure 18-3b. Life of Operations Rail and Highway Cask Shipments

Maximum Rail Transportation Choices/Consolidated Southern Routing
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Figure 18-3a (NV). Life of Operations Rail and Highway Cask Shipments in (NV)

Maximum Rail Transportation Choices/Default Routing
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Figure)18-3b (NV). Life of Operations Rail and Highway Cask Shipments in (NV)
Maximum Rail Transportation Choices/Consolidated Southern Routing
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. One pair of Nevada segments are the Union Pacific line and a segment of I-15 near the Las Vegas
Strip. A second pair of Nevada segments are the Union Pacific rail line near the Utah-Nevada
border, and a segment of I-15 as it crosses the Moapa Indian Reservation northeast of Las Vegas.

Under all three scenarios of transportation choices (as indicated in Table 18-1), consolidated
southern routing would eliminate rail and highway shipments through Wyvoming .and Colorado, .and

- substantially reduce rail and highway shipments from Utah into Nevada. At the same time, however,

consolidated southern routing would substantially increase rail and highway shipments through New
Mexico, through California east of Barstow and into Nevada along the Las Vegas Strip. Though not
presented in table 17-1, consolidated southern routing has effects further east in the national routing
system for SNF and HLW—e.g., in Chicago, Kansas City, and St. Louis. Other routing options would
also have systems effects, increasing rail or highway shipments through certain communities, and reducmg
shipments through others.

Rail Segments:
Wyo: UP
Col: SP
NV: UP @ UT line

NM: SF

NV: UP @ LV Strip

Hwy Segments:
Wyo: 1-80 .
Col: 1-70
NV: 1-15 @ Moapa

NM: 1-40
NV: I-15 @ Strip

Table 18-1. Life of Operations Rail and Highway Cask Shipments

Default and Consolidated Southern Routing
5 Rail and § Highway Cask Segments

CURRENT CAPABILITIES MPC BASE CASE MAXIMUM RAIL
Default Consol Default Conso! Default Consol _
Routing So. Rtg Change Routing So. Rtg Change Routing So. Rtg Change
8286 0 -8286 9315 0 -9315 11114 0 -11114
362 ] -362 79 0 =79 214 0 -214
11485 4077 -7408 12399 3566 -8833 15405 5105 -10300.
770 9418 8648 808 10202 9394 631 11959 11328
1151 8559 7408 1517 10360 8843 1387 11687 10300
- 31109 54  -31055 14319 10 -14309 1083 10 -1073
39496 0 -39496 9877 o} -9877 0 ] 0
72768 1348  -71420 6277 82 -6195 1150 82 -1068!
3630 74181 70551 0 24186 24186 0 1073 1073
6577 77997 71420 45 6240 6195 0 1068 1068
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19. THE NATIONAL SHIPMENT CAMPAIGN: ANNUAL SHIPMENTS

What are the annual impacts of the national shipment campaign for the nation’s network of major
railroads and highways? ‘Do the impacts vary from year 1 to year 2, or 3, for example, or from year |
to year 10 to year 20? These questions are relevant to the planning and management of a national
shipment campaign. For example, DOE’s May 28, 1996 notice regarding the acquisition of transportation -
services mdlcates (pg. 1) that “Initially, spent-fuel delivered to the Federal site would be canistered. . .but
at some point . . . the contractor may be required to handle uncanistered spent-fuel.” What modifications
in the oldest-fuel first’ prioritization for spent fuel acceptance and pickup (see Section 5) would be -
necessary to limit pickup to canistered fuel in the first two acceptance years?

Another concemn is the preparedness of state, focal, and tribal officials to manage risk and respond
to emergencies associated with SNF and HLW shipments. Compounding this concern is the current
Congressional intent to accelerate the first shipments of SNF and HL W, perhaps as early as 1998 or 1999.
Further complicating the planning process are the initiatives to privatize the transportation process,
through a series of contracts with regional servicing agents (RSAs). Finally, many analysts share the
belief that the number of shipments should be reduced by using higher-volume rail and truck containers
that are yet to be developed or licensed, and by improvements to waste-handling infrastructure that could
be expensive to complete. ’ :

The scenarios developed for this assessment reveal significant differences between the overall
campaign and its initial shipment years. In the current capabilities scenario, for example, about 35 percent
of the MTU would be shipped by truck, a percentage which increases to 66 percent in the initial three
shipment years. In the MPC base case scenario of transportation choices, about 11 percent of total MTU
would be shipped by truck, a percentage which increases to 27 percent in the initial three shipment
years—even more if improvements in loading capacity and/or near-site infrastructure were not
implemented with casks available for the startup of the shipment campaign.

Figures 18-1, 18-2 and 18-3 present origin sites and affected rail and highway routes (default
routing) under the current capabilities scenario of transportation choices in years 1, 2, and 3 of the
prospective shipment campaign. While it is possible that the special arrangements and improvements
implied by the MPC base case and maximum rail scenarios could be implemented by year 1, it can also
be argued that the current capabilities are likely to be operative in the initial years, regardless of the
strategy for the overall shipment campaign.

- Figures 18-4 and 18-5 present origin sites and affected rail and highway routes (default routing)
in year 20 of the prospective shipment campaign—in this case comparing affected routes and cask
shipments under the current capabilities and maximum rail scenarios of transportation choices.

* RSA Phase C contract years 3-5 (see “Timing of RSA Phases™: VU-Graph Presentations for July .,
9, 1996 Presohcxtatxon Conference, ref 2).
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Figure 19-1 shows the likely patten of shipments comprlsmg the 1,200 MTU first-year
requirement of S. 1936, assuming the oldest-fuel-first priority acceptance ranking described above. The -
default routing is essentially unconstrained, as might be developed by an RSA or by DOE contract
carriers. Shipments would be made from 8 sites with rail access and 20 sites with truck-only access:

Rail Shipments
Qrigin

CA: San Onofre

CT: Milistone

IL: Quad Cities

NC: Brunswick

NC: McGuire

ME: Maine Yankee
NY: Nine Mile Point
SC: Robinson

TOTAL

ask

12
14
11
15

64

Truck Shipments

Qrigin

CA: Humboldt Bay
CT: Haddam Neck
FL: Turkey Point
ID: INEL

IL: Braidwood

IL: Dresden

IL: Morris

MA: Pilgrim

MA: Yankee Rowe
MI: Big Rock Point
MN: Monticello
NE: Ft. Calhoun
NJ: Oyster Creek
NY: Ginna

NY: Indian Point
NY: West Valley
SC: Oconee '
VA: Surry

VT: Vermont Yankee
WI: LaCrosse
WI: Point Beach -

TOTAL

Casks

87
131
90

344.
755
10
73
12
25
246
118
160
83
35

189
28

151

2,605
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Figure 19-1. Year 1 Cask Shipments by Route and Origin
Current Capabilities Transportation Choices/Default Routing
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kY]

In the second year, the shipment schedule shows an increased number of shipment origin sites
(13 railroad, 24 truck), as shown in Figure 19-2. The weight of SNF is the same as in year 2 (at least
1,200 MTU) and the number of casks is somewhat lower than year 1:

Rail Shipments

Truck Shipments

Qrigin : Casks Origin Casks
AR: Arkansas Nuclear S CA: Humboldt Bay 109
CA: San Onofre 2 CT: Haddam Neck 101 ¢
CT: Milistone 13 FL: Turkey Point 95
GA: Hatch 1 ID: INEL 17
IA: Duane Amoid 8 IL: Braidwood 11
IL: Quad Cities 21 IL: Dresden 184
IL: Zion 9 IL: Morris 235
MN: Prairie Island 6 MA: Pilgrim 66
NC: Brunswick . 10 MA: Yankee Rowe 40
NC: McGuire 9 MD: Calvent Cliffs 32
NY: Nine Mile Point 18 MI: Big Rock Point 11
PA: Three Mile Island 3 MI: Cook 63
SC: Robinson ml MI: Palisades 205
MN: Monticelio 13
TOTAL 106 NE: Ft. Calhoun 36
NJ: Oyster Creek 28
NY: Ginna 37
NY: Indian Point 72
PA: Peach Bottom 187
SC: Oconee 26
VA: Surry 226
WI: Kewaunee 56
WI: LaCrosse 13
WI: Point Beach 119
TOTAL 1,982
Planning Information Corporation September 10, 1996
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Figure 19-2. Year 2 Cask Shipments by Route and Origin
Current Capabilities Transportation Choices/Default Routing
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Year 3 Routes and Cask Shipments
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In year three, the volume of shipment increases from 1,200 o 2000 MTU, increasing both the
number of casks and the number of shipment sites (18 rail and 27 :ruck), as shown in Figure 19-3.

Rail Shipments

Truck Shipments

. However, we still assume the current capabilities scenario and uncensiraing routing.

Origin Casks Origin Casks
AL: Farley 3 AL: Browns rerry 165
AR: Arkansas Nuclear 6 CT: Haddam Neck 100
CA: Rancho Seco 7 FL: Crystal River 2
CA: San Onofre 2 FL: St. Lucie 52
CT: Milistone 22 FL: Turkey Point 151
GA: Hatch 1 ID: INEL 31
IA: Duane Amold 6 IL: Braidwood 23
IL: Quad Cities 27 IL: Dresden 451
IL: Zion 17 IL: Morris 68
ME: Maine Yankee 10 MA: Pilgrim 214
MN: Prairie Island 6 MA: Yankee Rowe 76
NC: Brunswick 17 MD: Calvent Cliffs 184
NC: Harris 6 MI: Big Rock Point 25
NC: McGuire 16 MI: Cook 64
NY: Nine Mile Point 8 MI: Palisades 68
OR: Trojan 1 NE: Ft. Calhoun 96
PA: Three Mile Island 15 NI: Oyster Creek 148
SC: Robinson 1 “NY: FitzPatrick 134
: NY: Ginna 122
TOTAL 171 NY: Indian Point - 124
PA: Peach Bottom 342
SC: Oconee 215
VA: Surry 165
VT: Vermont Yankee 109
WI: Kewaunee 41
WI: LaCrosse 16
WI: Point Beach 125
TOTAL 3,309

\
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Figure 19-3. Year 3 Cask Shipments by Route and Origin Current Capabilities
Transportation Choices/Default Routing

Rail Routes

'Planning Information Corporation ' September 10, 1996
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After several years, it is possible that the utilities and RSAs (or DOE) would implement changes
in containers and transportation infrastructure to improve the efficiency and cost-effectiveness of
shipments. Figures 19-4 and 19-5 compare the current capabilities (CCP) and the maximum rail (MXR)
scenarios in year 20 of the transportation program postulated in this analysis. Under the CCP scenario,
rail shipments would be made from 37 sites and truck shipments from 27 sites; under the MXR scenario,
62 of 64 sites would be rail-capable. Modes are indicated as T1 and T2 for legal weight one- or two-
assembly containers, or R75 and R125 for the small and large rail containers.

Srigi

AL: Browns Ferry
AL: Farley

AR: Arkansas Nuc.
AZ: Palo Verde
CA: Diablo Canyon
CA: San Onofre
CT: Haddam Neck
FL: Crysual River
FL: St. Lucie

FL: Turkey Point
GA: Hatch

GA: Vogtle

IA: Duane Amold
IL: Braidwood

IL: Byron

IL: Dresden

IL: La Salle

IL: Quad Cities
IL: Zion :
KS: Wolf Creek
LA: River Bend
LA: Waterford
MA: Pilgrim

MD: Calvert Cliffs
ME: Maine Yankee
MI: Cook

MI: Fermi

MI: Palisades

MN: Monticello
MN: Prairie island
MS: Grand Gulf

CCP Scenario  MXR Scenario

Mode Casks

T 112
RI25 6
R75 11
RI25 10
T1 213
R125 5
T1 41
Ti 66
TI 139
T1 88
RI25 10
R75 14
R75 6
R75 15
R7S 20
T2 439
R75 19
R7S 15
R7S 6
RI25 4
RI25 5
RI25 5
T2 74
T1 81
RI25 3
TI 148
T2 97
Tl S6
'y 68
RI25 3
i

140

Mode Casks  Qrigin

R125

. RI125

R125
R125
R125
R125
R75

R75

R125
R125
R125
R75

R125 |

R125
R125
R75

R125
R75

R125
R125
R125
R125
R75

R125
R125
R125
R125
R125

R75

R125
R125

6
6
7
10
1t

5
4
6
8
5
10
14
3

9
12
43
10
15

o

N W W00 W RS b

TN:

NC: Brunswick
NC: Harris

NC: McGuire

NE: Ft. Cathoun
NH: Seabrook

NJ: Hope Creek
NI: Oyster Creek
NJ: Salem

NY: FiwzPatrick
NY: Ginna

NY: Indian Point
OH: Davis-Besse
OH: Perry

PA: Beaver Valley
PA: Peach Bottom
PA: Susquehanna
PA: Three Mile Isld
SC: Catawba

SC: Oconee

SC: Robinson

SC: Savannah River
SC: Summer

TN: Sequoyah
Watts Bar
Comanche Peak
South Texas
North Anna

Surry

TX:
TX:
VA:
VA:

" . VT: Vermont Yankee

WA Hanford
WA: WNP

WI: Kewaunee
WI: Point Beach

TOTALS
Truck
Rail

Mode Casks
R125 15
R7S 4
R75 20
Tl 43
RI25 4
v 15
T 89
T 137
T2 100
TI 38
T 139
RI25 3
RI25 7
R75 11
T 119
RI25 13
R75 6
RI25 9
TI 223
R75 4
R 18
RI25. 4
R75 7
RI25 6
R125 13
RI25 7
R75 6
T1 107
1Y 64
R 143
RI25 4
Tl 37
Tl 52
2,925
461

CCP Scenario
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Figure 19-4.. Year 20 Cask Shipments by Route and Origin
Current Capabilities Transportation Choices/Default Routing

Rail Routes
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FigUre 19-5. Year 20 Cask Shipments by Route ahd Origin
Maximum Rail Transportation Choices/Default Routing

Rail Routes S

PLANNING INFORMATION

CORPORATION

Planning Information Corporation

1033R042.023

September 10, 1996



100 ' The Transportation of Spent Fuel and High-Level Waste
: -

[THIS PAGE INTENTIONALLY LEFT BLANK]

Planning Information Corporation ’ ~ September 10, 1996
1033R042.023



* The Transportation of Spent Fuel and High-Level Waste _ 101

20. TRANSPORTATION OPERATIONS REQUIREMENTS

0

Planning and managing a national shipment campaign requires reliable information on total metric
tons shipped, total cask shipments, affected rail and highway route mileage, and total cask shipment miles.
These variables yield useful indexes for comparing scenarios for the national shipment campaign: e.g.,
cask shipments per MTU shipped, cask shipments per affected route mile. Presented on an overall basis
in this section, these measures may in other contexts be reviewed on a year-by-year or sub-region basis.

MTU Shipped

Given the inventory assumptions discussed in Section 2 above, about 86,600 MTU of SNF would
be shipped to a centralized storage facility in Nevada. Given the acceptance rate assumptions discussed
in Section 3, about 4,440 MTU would be shipped in the first three acceptance years. Given current
capabilities transportation choices discussed in Section 11, about 36 percent of total MTU would be
shipped via public highways, about 66 percent in the first three acceptance years. (This assumes, of
course, that the centralized storage facility would be capable of receiving legal-weight truck shipments
-and reloading its bare fuel into storage canisters and casks.) Given the MPC base case scenario of
transportation choices, about 11 percent of total MTU would be shipped by public highways, about 27

- percent in the first three acceptance years. (This assumes the implementation of policies required to

persuade utilities and/or regional servicing agents to upgrade loading facilities and near-site infrastructure.)

Cask Shipments

Given the cask options discussed in Section 6 and the “current capabilities” transportation choices
discussed in section 11, about 92,000 cask shipments would be made over the 30-year shipment campaign,
of which 86 percent would be on public highways by legal-weight truck. If the high-capacity GA-4/9
legal-weight truck were available and used throughout the shipment campaign, total cask shipments would
be reduced to about 31,400, including about 71 percent by legal-weight truck.

During the. first three acceptance years, about 8,200 casks shipments should be expected under
the current capabilities scenario, almost all (96 percent) by legal-weight truck.. Again, the high-capacity
GA-4/9 cask, if available and used during the initial years, would reduce cask shipments substantially,
from 8,200 to about 2,200. Even so, about 85 percent of the casks shipments would be by legal-weight
truck on public highways. The MPC base case scenario of transportation choices, if implemented, would
reduce total cask shipments from 92,000 to about 40,000 and the portion involving legal-weight truck
shipments on public highways would be reduced from 86 percent to 65 percent. If, in addition, the high-
capacity GA-4/9 cask were available and used, total casks shipments could be further reduced to 20,200,
and the LWT portion of total cask shipment could be reduced to 31 percent.

Planning Information Corporation’ September 10, 1996
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~ Route Miles Affected

Given the transportation choices discussed in Section 11, and the default routing criteria discussed
in Section 14, about 18,800 miles of railroad” and about 13,700 miles of public highways would receive
shipments of SNF and/or HLW during the national shipment campaign. The MPC base case scenario of
transportation choices increases the miléage of railroads impacted, from 18,800 to 21,200, and reduces
the mileage of public highways impacted—from 13,700 to about 10,200. Total route mileage, however,
is similar in the two cases—about 32,500 rail and highway route miles in the current capabxlmes scenario
versus about 31,400 route miles in the MPC base case.

Route mileage impacted is the basic measure by which DOE proposes to allocate the variable
amounts to be distributed to states for training local emergency responders and/or rail and highway
inspectors. 2 In addition to a base amount provided to any affected state for planning and coordination,
the variable amount would be allocated to response areas of an 80-mile radius, with no double counting
of rail or highway routes within a response area (pg. 14). Wyoming, for example, with over 400 1-80
route miles and another 400 miles of UP railroad impacted under default routing, might receive variable
funds for 2'4 response areas. Nevada, where cask shipments couid impact 1-15, US-95, and the UP
railroad, might receive variable funds for two response areas. The route mileage measure does not reflect
the number of casks shipments along particular segments, or the amount of radioactive material in those
shipments.

Cask Shipment Miles

Cask shipment miles, the product of cask shipments and distance from each origin site, is a
measure which adjusts route mileage for the number of cask shipments expected along each segment.
Given the cask options discussed in Section 6 and the current capabilities scenario of transportation
choices discussed in Section 11, the national campaign would involve about 76 million cask shipment
miles, 5 million in the first three acceptance years. Of these, 82 percent would be legal-weight truck
shipments on public highways, 95 percent in the first three acceptance years.

The high-capacity GA-4/9 cask, if available and used, would substantially reduce total cask
shipment miles, from 76 to 29 million, and from 5.1 million to 1.4 million over the first three acceptance
years. The legal-weight truck portion of total cask shipment miles would be reduced (from 82 to 51
percent, from 95 to 82 percent in th= first three acceptance years), but would still comprise a substantlal
ma_;onty of total cask shipment mijes.

The MPC base case scenario of transportation choices, if implemented, would further reduce cask
shipment miles, from 29 to 21 million and from 1.4 million to 1.0 million over the first three acceptance
years. In the process, the legal-weight truck portion of total cask shipment miles would be reduced from
51 percent to about 27 percent, and from 82 percent to 66 percent in the first three acceptance years.

Identified by route segment, information on cask shipment miles would assist state and local
officials to estimate route-specific accident and incident rates, allocate shipment monitoring and escorting
efforts, estimate radiation exposure for corridor populations, etc.

°  Excluding the 162-mile heavy-haul route from Caliente to Yucca Mountain.
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Cask Shipment Miles Per MTU Shipped

Cask shipment miles per MTU shipped is a measure of the amount of radioactive material in
shipments expected along particular routes, or along all affected routes. It is one measure of the
efficiency of the overall shipment campaign, or of its effects in particular corridor segments.

Given the current capabilities scenario of transportation choices, the average cask shipment
mileage per MTU shipped is about 2,400 miles, about 4,300 over the first three acceptance years. On
average, each MTU shipped by legal-weight truck requires 5,900 cask shlpment miles, compared with
about 430 cask shipment miles when shipped by raxl

, The high-capacity GA-4/9 cask, if available and used, would substantially reduce cask shipment
miles per MTU shipped, from 2,400 to about 820. The reduction reflects the reduction in cask shipment
miles required to ship an MTU on public highways by legal-weight truck.

The MPC base case scenario of transportation choices, if implemented, would also effect a
substantial reduction in cask shipment miles per MTU shipped. This reduction reflects the mix of rail
and truck shipment in the MPC base case scenario. Cask shipment miles per MTU shipped by legal-
weight truck is actually higher in the MPC base case than in the current capabilities scenario. Sites which
are more difficult to upgrade for rail shipment are among those most distant from the Yucca Mountain
destination.

Cask Shipments Per Route Mile Affected

How many cask shipments are expected over each route mile affected by the national shipment
campaign? How many cask shipments are expected over particular route segments?

Given the current capabilities scenario of transportation choices (Section 11) and default routing
criteria (Section 13) each affected rail route mile should expect about 1,500 rail cask shipments over the
30-year shipment campaign, and each affected highway route mile should expect about 13,400 LWT cask
shipments.

The high-capacity GA-4/9 legal-weight truck cask, if available and used, would reduce cask
shipments along each affected highway route mile from 13,400 to about 3,200.

The MPC base case scenario of transportation choices would reduce cask shipments along each
affected highway route mile from about 13,400 to about 6,500, and shipments along each affected rail
route mile (more rail route mileage is affected in the MPC base case) from 1,500 to about 1,460 rail

casks.
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Table 20-1. MTU Shipped, Cask Shipments, Route Miles Affected Cask Shipment Miles
' Life of Operations and Shipment Years 1 through 3 . . . Default Routing

MTU SHIPPED:
Current Capabilities
MPC Base Case
Maximum Rail

CASK SHIPMENTS:
Current Capabilities
MPC Base Case
Maximum Rail

ROUTE MILES AFFECTED:
Current Capabilities
MPC Base Case
Haximum Rai)

CASK SHIPMENT MILES:MIL
Current Capabilities
MPC Base Case
Maximum Rail

CASK SHIP MI PER MTU:
Current Capabilities
MPC Base Case

" Maximum Rail

CASK SHIP PER RT-MILE:
Current Capabilities
MPC Base Case
Maximum Rail

LIFE OF OPERATIONS (YR 1-31)......

55593
76844
84704

12636
13916
16792

18805
21210
23507

14.0
15.3
16.8

425
345
362

1496
1463
1494

HWY:T1/2

5892
6749
5790

13356
6505
2764

T0T:T1/2

91981
40009
21514

32500
31434
27685

76.3
39.4
20.8

2384
1073
487

6493
3103
1686

HWY:T4/9 T0T:74/9

1391
. 1893
1472

3154
1536
703

823
53¢
439

2194
1487
1378

SHIPMENT YEARS 1-3

RAIL

18805
21210
23507

——
o s o

2491
2842
2471

43
75
103

HWY:T1/2 TGT:T1/2 HWY:T4/G TZT:T4/8
2944 39 2944 4435
1200 4440 1200 4330

255 4440 253 4440
7856 8183 1855 2182
3352 3826 791 1365

692 1473 181 962

13695 32500 13695 32500
10224 31434 10224 31434
4178 27685 . 8178 27888
18.2 S.1 4.3 5.1

8.2 9.6 1.9 3.3

1.7 3.5 0.4 2.4
2322 2228 2322 2147
2458 2455 2458 2351
2476 2473 2416 2461
1332 586 314 158
438 813 103 178

194 23 126

91

Planning Information Corporation

1033R042.023

September 10, 1996



.

The Transportation of Spent Fuel and High-Level Waste : 105

21. ROUTE FEATURES

The routing and cask shipment results presented in Sections 16 through 20 are in a sense only the
first part of the information base required in planning and managing a national campaign for shipment
of spent fuel and high-level waste. The second part is information regarding key features on or along the
routes identified. The “key features” may include:

. Features of the route itself—e.g., bridges, intersections, grades, road geometry.

. Route condmons—e g., pavement and bridge condmons average daily and peak traffic flows,
traffic service levels, accident rates.

. Route segments particularly affected by seasonal traffic, special event traffic, scheduled
construction projects, or seasonal weather conditions. ~

. Facilities along routes which may require consideration in transportation opuons——e g schools
hospitals, sports stadiums, weighing stations, rest areas. -

. Administrative boundaries—e.g., state, county, and city boundaries, state patrol and highway
maintenance zones.

. Socioeconomic conditions—e.g., resident population, per capita income, workplace employment.

. Route-segment specific transportation management policies—e.g., state-designated routes, rush
" hour avoidance zones, designated rest or staging areas, safe havens.

Much of the relevant route-specific information must be assembled from various state and local
sources. Other elements may be generated in process, as shippers coordinate with federal, state and local
agencies in planning and managing a national shipment campaign. A geographically-referenced
information base could help organize information on a complex and evolving array of topics and
alternatives in origin and corridor communities, as well as provide a record of segment-specific policies
and agreements among relevant stakeholders. The following figure?® suggests how geographically-
referenced information regarding route features might be developed, maintained and shared (in hard-copy
or electronic form) among stakeholders in a national shipment campaign.
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APPENDIX A: VTRANSPORTA_TION CHOICE
SCENARIOS: DOE ASSUMPTIONS

While DOE has not estimated annual shipments by route segment, several DOE studies consider
transportation choices on a site-by-site basis: a 1996 “preliminary transportation strategy study for a
potential Nevada repository”,?! and a 1993 evaluation of the use of MPCs in DOE’s high-level waste

management system.?> This appendix reviews the transportation choice assumptions in the two DOE
studies, comparing them with those in the scenarios developed for this report.

Transportation Strategy Study 2

This study,?! prepared as a basis for evaluating transportation options to a potential repository in
Nevada, includes in Table F3 an estimate of the number of casks and MTU shipped from each
commercial site and the four defense sites over the life of the program. The estimates are not annualized
or keyed to proposed acceptance schedules or prioritization policies. Also, while the number of cask
shipments is presented, the type of casks shipped is not.

To provide a basis for comparison, we have estimated the types of casks implied by Table F3 of
DOE’s Transportation Strategy Study 2 (see Table A-2): Data on the number of assemblies and MTU at
each reactor was assembled (Ref #13, Table B6), aggregated for shipment sites, and used to calculate the
average MTU per assembly at each site. The number of assemblies implied by the MTU in Table F3
was estimated by dividing MTU by the average MTU per assembly. The implied assemblies per cask
was estimated by dividing assemblies by the number of casks identified in Table F3. The type of casks
implied by Table F3 was identified by comparing estimated assemblies per cask with the capacity (in
PWR or BWR assemblies) of small and large MPCs. ‘

DOE’s Transportation Strategy Study 2 implies that 11 sites which ship by truck in Nevada’s
MPC Base Case would instead ship by rail: Sites in columns 1 and 2 below would ship by small MPC,
while those in column 3 would ship by large MPC.

Big Rock LaCrosse Palisades
Crystal River Pilgrim Peachbottom
Fort Calhoun Vermont Yankee St. Lucie

. Humboldt Bay Yankee Rowe

‘Also, DOE’s Transpo_nati_on Strategy 2 implies that Three Mile Island would ship by large MPC,
rather than by small MPC, as assumed in Nevada’s MPC base case.

The transportation choices implied by DOE’s study are, with the exception of a single site
(Haddam Neck, assumed to ship by truck in the DOE study), identical to the “maximum rail scenario”
discussed in Section 11 above, and could be implemented only through a set of incentives such as those
discussed in the maximum rail scenario. Compared to Nevada’s MPC base case, the transportation
choices implied by DOE’s study would significantly reduce highway impacts and total cask shipments,
in the process increasing reliance on rail shipment. However, the necessary investments to improve cask

Planning Information Corporation
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loading capabilities and near-site infrastructure could be greater than those required under the MPC base
case scenario of transportation choices, and substantially greater than under the current capabilities

scenario.

Evaluation of Using MPCs -

This study,™ prepared as part of DOE’s MPC initiative, includes in Appendix D a set of shipment
projections “based on the assumption that individual utilities will request the largest cask they can
effectively handle” (page D-1). The study did not include shipments of HLW or spent fuel from defense
sites. Nor did it explain the basis for its judgement that 83 storage locations could effectively handle a
large MPC, while 19 could effectively handle a small MPC, and only 14 require canistered truck
shipments. Perhaps it refers to locations that, with incentives, could be upgraded to effectively handle
the cask types specified. The study did consider storage locations, reaching different judgements for
storage locations at the same site (e.g., Millstone 1 versus Millstone 2 and 3, San Onofre 1 versus San

Onofre 2 and 3, St. Lucie 1 versus St. Lucie 2).

The MPC evaluation assumes ten storage locations would ship by truck (or require special
handling: heavy-haul, cask-to-cask transfer, baroe) which the transportation strategy study assumes will
be shipped by rail:

Big Rock : Humboldt Bay Callaway

Dresden | LaCrosse Oconee

Fort Calhoun , Yankee Rowe Point Beach
o San Onofre |

The transportation strategy study assumes that the locations in columns 1 and 2 above would ship
by small MPC, while those in column 3 would ship by large MPC.

The 1993 MPC evaluation and the 1996 transportation strategy study reach differing rail cask
conclusions at thxrteen sites:

Arkansas Nuclear Rancho Seco Brunswick

Duane Arnold Salem Dresden 2 and 3

Oyster Creek Three Mile Island 1  Quad Cities

Palisades Turkey Point Robinson
Vogtle

The transportation strategy study assumes that the locations in columns 1 and 2 would ship by
large rail; the MPC evaluation assumes these locations would ship by small rail. The transportation
strategy study assumes that the locations in column 3 would ship by small rail; the MPC evaluation

assumes these locations would ship by large rail.

Planning Information Corporation September 10, 1 ©
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Table A-1. Utility Transportation Choice Scenarios: by Storage Locatiqn

FUEL STRG LOCATION:

———————— o ———————

2 ARKANSAS NUCLEAR 2

3 ARKANSAS NUCLEAR ORY STRG

4 BEAVER VALLEY 1

5 BEAVER VALLEY 2

6 BELLEFONTE 1

7 BELLEFONTE 2

8 816 ROX 1

§ BRAIDWGOD 1

10 BROWNS FERRY 1.2

11 BROWNS FERRY 3

12 BRUNSWICK 1

13 BRUNSWICK 1 PWR POOL
14 BRUNSWICK 2

15 BRUNSWICK 2 PWR POOL
16 BYRON 1

17 CALLAMAY 1

18 CALVERT CLIFFS 1-2
19 CALVERT DRY STORAGE
20 CATAWEA 1

21 CATANBA 2

25 COOPER STATION

26 CRYSTAL RIVER 3

27 DAVIS-BESSE 1

28 DAVIS-BESSE ORY STRG

32 ORESDEN 2

Bl

T ST VRAIN

ST WRAIN IRY STRG
GLF 1

HADOAM NECX

g

33t I X 1Lt AL ]
[ 3]
£

55 LASALLE 1-2

56 LIMERICK 1-2

§7 MAINE YANKEE

58 MCGUIRE 1

59 MCGUIRE 2

60 MILLSTONE 1

61 MILLSTONE 2

62 MILLSTONE 3-

63 MONTICELLO

64 NINE RILE POINT 1
65 RINE MILE POINT 2
€6 NORTH ANNA 182

67 NORTH AMMA ORY STRG
68 OCOMEE 182

69 OCONEE 3

TRMSP CHOICE:

R125
/125
R125

R125

R125

R125
R125
R125
R125

R125

R125-

R125

R12§

R125
R125
R125
R12§
R12S
R125
R7S

R7S

R125
R125
R125
R125

R12S§

5 RI2S

RI2S
wr
T

FUEL STRG LOCATION:
70 OCONEE DRY STORAGE
71 OYSTER CREEK 1
72 OYSTER CREEK ORY STRG
73 PALISADES
74 PALISADES DRY STORAGE
75 PALO VERDE 1
76 PALO VERDE 2
77 PALO VERDE 3
78 PEACHBOTTOM 2
79 PEACHBOTTOM 3
80 PERRY 1
Bl PILGRIM 1
82 POINT BEACH 182
83 POINT BEACH DRY STRG -
84 PRAIRIE ISLANO 152
85 PRAIRIE ISLAND DRY STRG
86 QUAD CITIES 1
87 RANCHO SECO I
88 RANCHO SECO DRY STRG
89 RIVER BEND 1
90 ROBINSON 2
91 ROBINSON DRY STORAGE
92 SALEM 1 .
93 SALEM 2
94 SAN ONOFRE |
95 SAN ONOFRE 2
96 SAM ONOFRE 3
97 SEABROCK 1

100 SOUTH TEXAS 1

101 SOUTH TEXAS 2

102 ST LUCIE |

103 ST LUCIE 2

104 SUMMER 1

105 SURRY 182

106 SURRY DRY STORAGE

107 SUSQUEHAMNA 1-2

108 SUSQUEHANNA ORY STRG

109 THREE MILE ISLAND |
TROJAN

- 110

111 TURKEY POINT 3
112 TURKEY POINT 4
113 VERMONT YAMKEE 1
114 VOGTLE 1-2

115 WASH MUCLEAR 2

120 ZIon 182

121 HANFORD SNF STRG

122 HANFORD SNF STRG

123 INEL SNF STRG

124 INEL SNF STRG

125 INEL SNF STRG

126 SAVANMAH RV SNF STRG
127 SAVANNAH RV SNF STRG
128 WEST VALLEY SNF STRG
129 WEST VALLEY SNF STRG
130 MORRIS

131 MORRIS

132 GENERAL ATOMICS

TRANSP CHOICE:

R125 LWT
R125 LT

R125 R125
R125 R12S
LWT LT

Shipment Cask Opttons: R12S: Lar?e MPC for up to 21 PWR or 40 BWR
R75: Smail MPC for up to 12 PWR or 24 BWR

Transp Choics: m NV Transp Strategy. Study 2 (DOE: Feb*96, Tbl F-3), PIC
i : WC Prelim Evaluation (DOE: Mar 1993, Appendix D)

L¥WT:

Legal-weight truck casks...

. GA-4/9 if a

NLI-1/2 or MAC LWT atherwise
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Table A-2. Cask Types Implied by DOE’s Transportation Strategy Study 2

PIC EVALUATION:

PIC EVALUATION:
00E TR2:TBL F3 -comececce-cmeemamenceneocana- DOE TR2:TBL FJ  ee-commccmmcmmma e
-------------- REAC £ST s mmmeece-ae---- REAC EST
NUCLEAR REACTOR SITES:  CASKS MTU TYPE MTU/A  A/CASK C-TYPE NUCLEAR REACTOR S{TE3:  CASKS MIL  TYPE  MTU/A  A/CASK C-Tyer
SITEF wmomcmceccccecccceome  wecccn  ~smem=  =eess= e=m=cs  m=amco essooe SITE# wceecmmmmmmmmeemee-=n  cmmce=  mmem-e  mceme socsse ecemae amel
1 ARKANSAS NUCLEAR 1,2 128 1151 PWR 0.44 20 R125 41 MONTICELLO 95 394 BWR 0.18 23 R75
2 BEAVER VALLEY 1,2 106 1015  PWR 0.46 21 R125 42 NINE MILE POINT 1,2 148 1030  BWR 0.19 38 R125
3 BELLEFONTE 1,2 0 0 PWR NA HA 777 43 NORTH ANNA 1,2 131 1149 PWR 0.46 19 R125
4 81G ROCK 40 63 BWR . 0.13 12 R7S 44 QCONEE 1,2,3 204 1897  PWR 0.46 20 R125
S BRAIDWOOD 1.2 119 1089 PWR 0.42 21 RI125 45 OYSTER CREEK 1 92 651 BWR 0.18 39 R125
6 BROWNS FERRY 1,2,3 210 1537 BWR 0.19 39 R125 46 PALISADES 69 575  PWR 0.40 21 R12S
7 BRUNSWICX 1,2 207 915  BWR 0.18 24 R7S 47 PALO VEROE 1,2,3 208 1687  PWR 0.41 20 R125
8 BYRON 1,2 130 1147 PWR 0.42 21 R125 48 PEACHBOTTOM 2,3 225 1602 BWR 0.18 38 R125
0 CALLAWAY 1 75 640 PR 0.44 19 R125 49 PERRY 1 86 605 B8WR ¢.18 38 R125
10 CALVERT CLIFFS 1,2 145 1143 PWR 0.38 21 R125 50 PILGRIM 1 - 117 506  BWR 0.19 23 R75
11 CATAWBA 1.2 128 1193 PWR 0.43 22 R125 §1 POINT BEACH 1,2 107 837 PWR 0.39 20 R125
12 CLINTON 1} 65 453  BWR 0.18 38 R125 52 PRAIRIE ISLAND 1,2 106 807 PWR 0.38 20 R125
13 COMANCHE PEAK 1,2 105 918  PWR 0.45 19 R125 §3 QUAD CITIES 1,2 314 1347 BWR 0.18 23 RIS
14 COOK 1,2 146 1350 PWR 0.44° 21 R125 54 RANCHO SECO 1 24 228 PWR 0.46 21 R125
15 COOPER STATION 106 458 B8R 0.19 23 R7S 55 RIVER BEND 1 69 488  BWR 0.18 38 R125
16 CRYSTAL RIVER 3 89 491  PWR 0.46 12 RJS 56 ROBINSON 2 70 345  PWR 0.44 11 R7S
17 DAVIS-BESSE 1 58 509 PWR 0.47 19 R125 57 SALEM 1,2 123 1136  PWR 0.46 20 R125
18 DIABLO CAMYON 1,2 133 1191  PWR 0.45 20 R125 58 SAN ONOFRE 1,2,3 175 1469  PWR 0.40 21 R125
19 DRESDEN 1,2.3 355 1424 BWR 0.17 23 R7S 59 SEABROOK 1 47 439 PWR 0.46 20 R1Z5
20 DUANE ARNOLD 64 457  BWR 0.18 39 R125 60 SEQUOYAH 1,2 103 679  PWR 0.46 21 R125
21 ENRICO FERMI 2 17 501  BWR 0.18 36 R125 61 SHOREHAM 0 0 BWR NA NA NA
22 FARLEY 1,2 - 123 1140 PN 0.45 20 R125 62 SOUTH TEXAS 1.2 76 808 PWR 6.5¢ 20 R125
23 FITIPATRICK 73 519 BWR 0.18 39 R125 63 ST. LUCIE 1,2 147 1151  PWR 0.38 21 R125
34 FORT CALHOUN 89 38l PWR 0.36 12 R7S 64 SUMMER 1 59 525  PWR 0.45 20 R125
25 FORT ST VRAIN 777 71 HTG 0.01 NA LWT 65 SURRY 1,2 120 1085 PWR 0.46 20 R125
- 26 GINNA 77 7. PR 0.38 NA LWT 66 SUSQUEHAMNNA 1,2 211 1470 BWR 0.18 39 R125
27 GRAND GULF 1 121 852 BWR 0.18 39 R12S 67 THREE MILE ISLAND 1 56 523 PWR 0.46 20 R125
28 HADDAM NECX 717 777 PR 0.4] NA LWT 68 TROJAN K[} 359 PWR 0.46 21 RI25
29 HARRIS 1 69 598 PWR 0.45 19 R125 65 TURKEY POINT 3,4 107 1611 PWR 0.45 2t R125
29 HARRIS 1 8WR POOL 77 7 B8R 0.19 NA R125 70 VERMONT YANKEE 1 138 602  BWR 0.18 24 R75
30 HATCH 1.2 184 1332 BWR 0.18 39 R125 71 VOGTLE 1,2 218 1024 PWR 0.46 10 R75
31 HOPE CREEX 101 nz 8WR 0.19 38 R12S 72 WASHINGTON MUCLEAR 2.3 81 555 BWR 0.18 38 RI25
32 HUMBOLDT BAY 17 29 BW 0.07 23 R7S 73 WATERFORD 3 15 507 PWR 0.41 19 R125
33 INDIAN POINT 1,2,3 7 777 MR 0.43 NA LNT 74 WATTS BAR 1,2 2 300 PWR 0.46 20 R125
34 KEWAUNEE 59 466 PWR 0.39 21 R125 75 WOLF CREEX 1 ° 63 575 PHR 0.46 20 R125
35 LACROSSE ‘14 18 BWR 0.11 24 R7S 76 YANKEE-ROWE 1 45 127 PWR 0.24 12 R7S
36 LASALLE 1,2 176 1262 8w 0.18 39 R12S 77 LI0N 1,2 144 1375  PWR 0.46 2L R125
37 LIMERIX 1,2 165 1129 8w 0.18 3IRI2S 2 emeecs esemes ececsc ecoee-
38 MAINE YANKEE 91 717 PWR 0.38  21-RI12S © Sub-Tota) 8385 60195 0.28 25
39 MCGUIRE 1,2 151 1419 PWR 0.44 22 R125°
40 MILLSTONE 1,2.3 347 1738 BWR 0.26 19 R75
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