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PREFACE

mmwbuafcmdwprwideWouu-
tion on the shipment of irradiated reactor fuel (spent
fuel) subject to regulation by the U.S. Nuclear Regu-
latory Commission (NRC). It provides a brief de-
scription of spent fuel shipment safety and safe-
guards requirements of general interest, a summary
of data for 1979-1991 highway and railway ship-
ments, and a listing, by State, of recent highway and

i

railway shipment routes.

The enclosed route information reflects specific
NRC approvals that have been granted in response to
requests for shipments of spent fuel. This publication
does not constitute authority for carmiers or other
persons to use the routes described to ship spent fuel,
other categones of nuclear waste, or other matenals.
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1 INTRODUCTION

The Nuclear hegulatory Commission (NRC) is author-
ized under the Atomic Energy Act of 1954, as amended,
to zegulate the commercial nuclear industry for the pur-
pose of protecting the public health and safety and the
commoa defense und security of the United States. In-
cluded in this authonty is the regulation of certain aspects
of the transportation of irradiated reactor fuel (spent
fuel). NRC's role in this regard is explained in Section 2 of
this report. Section 3 provides descriptive statistics on
spent fuel shipments in the commercial nuclear industry
for the period 1%79-1991. Section 4 contains a listing. by
State, of highway and ratlway segments used in each State
for transporting spent fuel in recent years (1987-1991).

2 REGULATORY REQUIREMENTS
FOR SPENT FUEL SHIPMENTS

Spent fuel shipments are regulated from both the safety
and safeguads standpoints. Safety deals with protection
of public health and safety during routine transport as
well as in the event of handling or transportation acci-
dents, whereas safeguards deals with the protection of
shipments against deliberate, malevolent acts by persons.

2.1 Safety Requirements

Federal regulatory responsibility for spent fuel transpor-
tation safety is shared by NRC and the U.S. Depanment
of Transportatior (DOT). Basically, NRC's safety role is
to ensure that the spent fucl packagings meet strict regu-
latory design rules, and includes approving packaging de-
signs and Quality Assurance Programs, and conducting
mspections. NRC packaging requirementis are specified
in 10 CFR Part 71. The DOT rolc in regulating spent fuel
shipment safety is broad, and covers all aspects of actual
transportation, including route selection, vehicle condi-
tion and placarding, driver training, package marking. la-
beling, other shipping documentation, etc. These re-
quirements are specified in 49 CFR Parts 171-178. Of the
NRC and DOT safety requirements for spent fuel ship-
ments, NRC's packaging standards and DOT’s routing
rules have been of most general interest, and are briefly
described below.

2.1.1 Packaging Standards

The basic strategy for regulating spen* fuel shipments is
to rely on the packaging to protect the pubuc health and
safety during transportation. The packaging standards
that have beer established in the regulations provide that
a spent fuel | , kaging (cask) shall prevent the loss or dis-
persion of the radioactive contents, provide adequate

shielding and heat dissipation, and prevent nuoclear
criticality under both normal and accident conditions of
transportation. The normal conditions of transportation
that must be considered are specified m the regulations in
terms of hot and cold environments, pressure differential,
vibratior, water spray. impact, puncture, and compres-
sion tests. Acciden. conditions that must be consdered
are specified in terms of impact, puncture, fire conditions,
and immersion.

The NRC initially reviews the cask design to venify its re-
sistance 1o accidents. NRC must issue a certificate before
a cask fabncated from the reviewed design can be used to
transport spent fuel.

The ability of yackaging 10 provide protection has been
demonstrated by the responses of packaging during actual
traffic accidents. For example, an acident occurred on
December 8, 1971, on a major highway near Oak Ridge,
Tennessee. In this accident, the driver of a vehicle carry-
ing a spent fuel cask swerved to avord colliding with an on-
comitg vehicle, lost control, and over*urned off the road-
way. The cask assembly was thrown into a ditch, traveling
more than 100 feet beiore coming to rest. No release of
contents or release of radiation occurred. The outer sur-
face of the cask substained minor damage. The spent fuel
cask was placed on another trailer and taken to its destina-
tion. The cask was returned to service after repair of the
minor damage and inspection,

The accident resistance of casks has also been demon-
strated in controlled tests. In one test, sponsored by the
U.S. Department of Energy (DOE), a truck bearing a cask
v & deliberately placed in the path of and struck by a
120-ton locomotive traveling about 80 miles per hour. In
another DOE test, a cask aboard a truck moving about 80
miles per hour was deliberately crashed into an wamov-
able concrete structure. Subseguent examination in both
these tests confirmed that no radioactive material would
have been v leased from the casks had they been loaded
with spent fuel. Thus, both ficld expenience and con-
tt "ed tests have substantiated the strategy of depending
on packaging design for safety in transit.

For further information on spent fuel shipment safety,
please consult NUREG/BR-0111, Transporting Spent
Fuel-Protection Provided Against Severe Highway and
Railroad Acciderts.”

2.1.2 Routing Requirements

DOT requirements in 49 CFR 177.825(b) designate the
use of the Interstate System of highways and available city
beltways as the primary roadways over which radiwactive
material shipments under an NRC safeguards-approved
route plan are to be carried. There is no rovting rule for
rail shipments. The general designation as preferred

NUREG-0725
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highways is given to roadways, based on their capacity for
reducing transit times. Appropriate State routing agen-
cies, followi:  prescribed criteria, may designate an
alternaie -oute to the preferred Interstate System. It is
the responsibility of spent fuel carriers to abide by the
routing rule when they transport spent fuel by highway.

2.1.3 Spent Fuel Shipment Safety Record

The safety record for spent fuel shipments in the U.S. and
in other industrialized nations s enviable, Of the thou-
sands of shipments completed over the last 30 years, none
has resulted in an entifiable injury through release of
radioactive material.

2.2 Safeguards Requirements

In May 1979, NRC adopted new regulations, in 10 CFR
73.37, for strengthening the protection of shipments of
spent fuel against radiological sabotage. These regula
tions were subsequently revised in May 1980, in response
o public comments. The regulations require, among
other actions, NRC approval of routes for the transporta-
ton of spent fuel, 1o ensure adequate planning for physs-
cal pratection against actual or attempted acts of radio-
logical sabotage. Physical protection requirements for
NRC licensees who transport or deliver spent fuel to a
carner for transport include: shipment prenotification to
NRC; procedures for coping with emergencies: a commu-
nications center; contact ...th the communications center
every 2 hours: & written log of shipraent cvents; arrange-
ments with local law enforcement agencies (NRC often
coordinates this item); avoidance of intermediate stops;
surveillance of the shipment vehicle while stopped;
armed escorts in heavily populated areas; escort traiming;
orboard communications; immobilzation devices on
trucks; driver training: and notification of State governors
before shipments. Of these safeguards requirements,
route approval and State notification have been of most
general interest, and are hriefly described below.

2.2.1 Route Approval

NRC licensees planning to ship spent fuel are required to
submit proposed routes for such shipments to the NRC
for approval, from the safeguards standpoint, before the
use of a given route. For highway shipments, the licensee
must propose a route that confarms with DOT’s routing
rules. NRC surveys proposed routes for communication
reception, location of safe havens, etc. Routes may be ap-
proved for a single shipment, or a specified series of ship-
ments. Once a shipment series is approved, the route may
be used for all shipinents, without reapproval of the route
for each shipment, provided that NRC is notified n ad-
vance of each shipment. The route approval is for 4 stated
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number of shipment: snly; any subsequent shipments not
part of an approval nust be additionally approved. NRC
approval authorizes on'y spent fuel shipments, and does
not include other categones of nuclear waste material.
From time to time, NRC may authorize alternaie routes
or detours, as circumstances dictate at the time of ship-
ment. Also, detours may be taken without prior approval,
in response to unforeseen circumstances that arise during
a shipment. Criteria for determining when and how such
detours may be taken are provided i published regula-
tory guidance (Physical Protection of lrradiated Spent
Fael,” NUREG-0561, Rev. 1).

2.2.2 Notification of State Governors

NRC requires its licensees to notifv the governor or the
governor's designee before the transport of spent fuel
within or through the State {10 CFR 73.37(0)]. Spent fuel
is identified in 10 CFR 73.37(a) as *. . .net weight of irra-
diated fuel, exclusive of cladding o+ other structural or
packaging matenial. . . " The notification must be in writ-
ing and postmarked at least 7 days before transport, of
mailed, or delivered at least 4 days before transport, of
sent by messenger. The notification must include:

¢ the name, address, and telephone number of the
shipper, carner, and receiver

e  adescription of the shipment, as specified by DOT

a listing of the routes to be used within the State

¢  astatement that NRC requires that shipment sched-
ule information (provided as an enclosure) be pro-
tected from unauthorized disclosure.,

The enclosure to the notification provides:

e the estimated date and time of departure from the
point of origin of the shipment

e the estimated date and time of entry into the gover-
nor's State

s astatement that schedule information must be pro-
tected from unauthorized disclosere until at least 10
days after the shipment (or 10 days after the last
shipment of a series) has entered or originated
within the State.

The licensee must also notify the governor of schedule
changes that differ by more than 6 hours from the fur-
nished schedule. Subsequent distribution of the schedule
information 15 at the governor's discretion, but NRC
regulations require all persons who receive the schedule
mformation to protect ot from pnauthorized disclosure,
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TOTAL NUMBCR OF SHIPMENTS - 1214

HIGHWAY 81 8%

RAILWAY 8.2%

Figure 3.2 Number of Spent Fuel Shipments by Mode: 1979-1991
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Figure 3.3 Number of Spent Fuel Shipments by Year: 1979-1991
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TOTAL KILOGRAMS OF SPENT FUEL SHIPPED - 989.5 THOUSAND

pped by Mode: 1979-1991
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Figure 3.7 Spent Fuel Shipment Miles by Year: 1979-1991
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TOTAL KILOGRAM-MILES ~ 396.1 MILLION

HIGHWAY 35 2%

RAILWAY 64 B%

Figure 3.8 Spent Fuel Shipment Kilogram-Miles by Mode: 1979 -1991
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Figure 3.9 Spent Fuel Shipment Kilogram-Miles by Year: 1979-1991
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Table 4.1 (Continued)

Highwa;, Shipment Route Segment

e o e bt S . . 1 e, S e 2 A . At A S A e S . il 1 e S 4 S,

Shipments
State Shipment From: Route T Completed
- -
CA General Alomies (o GA local road | -5 1987
{Cont.) Idaho Naticaal local road I-4N CA-S5
Engineening 1-$§ CA-S§ N CA-91
Laboratory CA-5§ CA-91F 1-21%8
| CA-9] =218 N I-15
'I 1-2158 1SN NV line
Babcock & Wilcox, NV line 180 W i-$ 1987
Lynchburg, to 1-80 I-58 1-205
GL/Vallecitos 1-$ 1208 W 1880
1-20% I-580 W 1-680
1-580 1-680 § CA-84
1680 CA-84 | GE/NVAL
o Michigan State Univer- WY line 1-25 8 Exit 209 1989
sity (MSU) 1o Denver Denver
Federal Center 6th Ave.
1-25 61h Ave. W, Denver
Fed. Cir
Fort S8t Viuin heactor Fort St. Viain ~ Weld Co. R WOR 34 1991
to Idaho National Engincering 1958
Laboratosry WCR 19.5 WOR 34 W WCR 19
WOR M WCR 19 CO-66
WCR 19 CO-66 W 1-25
CO-b6 I-25 N WY line
GA Port of Savannah to Terminal Port Roads W GA-17 1987/88
Savannah River Project Port Roads GA-17 8 GA-21
(SRP) GA-17 GA-218 1-16
GA-21 1-16 W 1-95
| 1-16 1-98 N SC line
1D University of Missouri UT line I-1§ N US-26 1959
to ldaho National 1-1§ US-26 N US-20
Engineering Laboratory U5-26 US-20W INFL
g Michigan State (same as above route) 1989
; University 1o Idaho
! National Ungineening
Laboratory
| University of Calif. (same as above route) 1989
’ Berkeley 10 Idaho
National Engineering
j or)
| General Atomics to (same as above route) 1987
' Idaho National
| Engineering Laborato:y
[ Fort $t. Vrain 10 Idaho (s.me o8 above route) 1991
National Engineering
Laboratory
NUREG-07258 16
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Table 4.1 (Continued)

B ————— T —— S S et b

Highway Shipment Route Segment
- Shipments
State Shipment From: Route Ta Completed
- —
IN Michigan State M1 line 149§ 1-80 1989
University to Idaho 1-69 180 W 11 line
National Engineering
Laboratory
Michigan State (same as above route) 1089
University to Denver
Federal Center
Portsmeath, Virginia, OH line 70w 1468 1UES
Mariae Terminal to 1-70 1-468 N 1-74
GENVallecitos |-465 - 4W I line
Dresden Reactor 10 IL. line 1-74 F 1468 1987
Portsmouth, Virginia, 1-74 1-465 § 1-70
Matine Terminal |-468 =70 E OH ling
Dresden Reactor 10 (same as above route) 1987
Babeock & Wilco,
Lynchburg
Babcock & Wilcox, OH line 1-70 W 1-465 1987
Lynchburg, to 1-70 1-465 § 1-74
GE/NVallecitos 1465 1-714 W IL line
Batielle Columbus to (same as above route) 1987
GE/Maorns
Bahoock & Wilcox, KY line I-65 N 1468 1987
Lynchburg, to Quad 1-65 1-465 W I-74
Cittes 1-465 1-74 W 11, line
Byron 1o Alexandria Bay 1L line 1-80F OH line 1991
Callaway 10 Alexandria 11, line 1-70 N/E 1-46S8 1991
Bay 1-70 1-465 S/E/N 1-70
I-465 1-70E OH hine
1A Mtdum State Il line 1280 W [-80 16089
University to Idaho 1-280 1-80 W 1-6%0
National Enginecring 1-80 1-680 W 129
Laboratory 1-680 1-29 § 1-680
1-29 1680 W NE line
Michigan State (same as above route) 1089
University 10 Denver
Federal Center
Babeock & Wilcox, (same as above route) 1987
Lynchburg, to
GENValleoitos !
Portsmouth, Virginia, (same as above route) 1988 |
Mavsine Termunal to
O’i:'vanm‘“&
|
= A
NUREG-0725 I8 |










e L e i i h o

Table 4.1 (Continued)
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Highway Shipment Route Segment

a— Shipments
State Shipment From: Route To: Completed
NV Baboock & Wilcox, (reverse of above route) 1987
{(Cont.) Lynchburg, 10
GE/NVallecitos
Genera! Alomics Lo CA line I-18§N A7 line 1987
1daho International
Engineering 1 aboratory
NY Alexandria Bay to Alexandria Lul S 1-481 1988
Savannah River Project Bay
1K) 1-481 S 1-81
[-4%1 I-81§ PA lineg
Summer to Alexandria (reverse of above route) 1990
Bay
Calvert Cliffs to (reverse of above route) 1990
Alexandria Bay
Byron to PA line 1-90 I 1-81 1991
Alexandria Bay 1-90 I-81I N D Border
Callaway 10 (same as above) 1991
Alexandria Bay
CINTICHEM 10 Savannah CINTICHEM  Longmeadow RAN  NY-210 198791
River Project Longmeadow Rd NY-210 E NY-17
NY-210 NY-17 N 1-84
NY-17 -84 W PA line
NC Oconec Station o SC line 1-26 N 1-40 19K8/89
Babeock & Wilcox, 1-26 i-40 | 1-77
Iynchburg, Virginia 1-40 I-77N VA lin¢
Oconee Station to SC line ]-88 N 1-77 1987/88
McGuire Station 1-85§ I-77 N NC-73
1717 NC-T3 E McGuire
Summer to SC line I-77 N VA line 195G
Alexandria Bay
Alexandria Bay o VA line I-77 8 1-40 1988
Savannah River Project 1-77 [-40 W 1-26
1-40 I-26 8 SC line
NIST to Savannzh River (same as above route) 1987
Project
University of Virgimia (same as above route) 1987/88
1o Savannah River
Project
Baboock & Wilcos, (same as above route) 1987
Lynchburg. to Oconee
Portsmouth, Virginia, VA line 1-95 8§ SC line 1987/88

Marine Terminal to
Savannah River Project
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Table 4.1 (Continued)

Highway Shipment Route Segment

Shipments
State Shipment From: Route T Completed
sC Portsmouth, Virginia, NC ling 195§ US- 201 1987788
(Cont.)  Marine Terminal 1o 1-95 LIS-301 W SC-70
Savaunah River Project LIS 301 SC-70 W SC-64
SCA SC-64 W SRP
Norfolk Int'l Terminal (same as above route) 1987
10 Savannah River Project
Newpot News to (same as above route) 1989
Savannah River Project
Oconee Station to Oconee SC-130 § LUS-123 19R7/8K
MeCuire Station SC-130 US-13 E US-76
US-123 US-76 8 I -85
US-76 I-85 N NC line
Alesandria Hay 1o NU Line 1-26 § SC-121 JURN
Savaunah River Project 1-26 SC-121 8 SC-19
SC-121 SC-198 SC-118
SC-19 SC-1IRW SC-19
SC-118 SC-19 8§ SRP
University of Michigan (same as above route) 1987
1o Savannah River
Project
CINTICHEM 1o Savannah (same s above route) 1987
River Project
CINTICHEM 1o NC ling 1-717 8 1-20 1991
Savannah River Project 1-77 20 W SC-19
1-20 SC-198 Skp
University of Missoun NC ling 126§ SC-121 1987
1o Savannah River [-26 SC-121 8 SC-19
Project SC-121 SC-1935 SRP
Laiversity of Virginia (same as above route) 1987/8%
10 Savannah River
Project
NIST to Savannah River (same as above routie) 1987
Projezt
Port of Savannah o GA line 198 N 1-26 19R7/8K
Savannah River Project 195 I-26 W LIS-301
1-26 US-301 W SC-10
US-301 SC-70W SC-64
SC-70 SC-H4 W SRP
Babeock & Wilcox, NC line 1-26 § I-8% 1087
Lyuchburg, to Oconee 126 1-85 SW SC-153
Station 188 SC-153N US-123
SC-153 LIS~123 SW SC-130
LIS-123 SC-130 N Oc¢onee
Station
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Table 4.1 (Continued)

M

Highway Shipment Route Segment
Shipments
State Shipment From: Route To: Completed
VA Oconee 1o Baboock & NC hing I-77 N 1-K1] 198K/89
(Cont.)  Wilcox, Lynchburg, 1-77 I-81 N |- 581
1-81 1-581 ¢ LS -460
1- 581 US-a60 | Mt. Athos
Road
US-460 Mt Athos Rd. | B&AW
Newport News Terminal Term, US-6L N Us-17 1989
1o Savannah River US-60 US-178§ VA-R2
Project Us-17 VA-32 8§ US-58
VA-12 US- S8 W 1-95
US-5K 1-95 § NC line
Ports nouth, Virginia Portsmouth US-58 W US§-17 1957/8%
Marine Terminal to US-58 US-178 1-264
Savannah River Project USs-17 1-264 W US-58
1-264 US-S8 W 1-9§
US-S8 1-95 § NC line
CINTICHEM 10 Savannah WV line 1-81 8§ TN ling 1987
River Project
CINTICHEM 10 WV line 1-K1 S/'W -n 1901
Savannah River Project 1-K1 1-77 8 NC line
University of Virginia UVA Alderman Rd. N U§-250 1987/88
to Savannah River Alderman Rd.  US-250 W USs-29
Project US-250 US-29 § 1-64
US-29 1-64 W I-¥1
164 I-81 8§ -7
1-81 15778 NC line
Norfolk Int'l Term. 10 Term, Port roads © Term
Savannah River Project Bivd 1987
Port roads Term. Blvd, E 1- 564
Term. Bivd 1-564 § 1-64
1-564 164 § US-58
164 US-S8 W 1-95
US-58 I-98 8§ NC line
Alexandria Bay to MD line I-81 8§ 1-77 1988
Savannah River Project 1-81 1778 NC line
Portsmouth, Virginia, Ports, Marine  US-S8 8§ VA-17 108K
Marine Terminal 1o Term
GEMNVallecitos US- 58 VA-178§ 1-264
VA-1? 1-264 § US-4/)
1-264 US-460 W VA-32
US-460 VA-A2N LIS-258
VA-32 US-258 N 164
US-258 64 W 1-295
[-6H4 =208 W 164
1295 [-64 W 1-81
1-64 I-XI N WV ling
NUREG-0725 26




Table 4.1 (Continved)
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Highway Shipment Route Segment
Shipments
State Shipment From: Route To: Completed
VA Dresden Reactor to (reverse of above route) 1987
(Cont) Portsmouth, Virginia
Marine Termina
Arkansas One 10 TN Line [-B4 N [-81/1-64 199]
Portsmouth Marine 1-54 I-81/1-64 NI 164
Terminal 1-81/1-64 64 1 1-295
1-64 [-205 1 1-64
1-2058 164 1 US-258
1-64 US-258 § VA-R2
LIS-258 VA-A2 L US-460
VA-82 US-460 | 1-264
LIS-460 1-264 1 VA-17
1-264 VA-17TN LIS-58
VA-17 UIS-58 Portsmouth
Muarine Terminal
NIST to Savannah River WV line 1-81 8 I-77 1987
Project 1-%1 1-718 NC line
Rabcock & Wilvox, Site W Mt Athos RJ. W US-460 1987
Lynchburg, to Oconee ML Athos R4, US-460 W 1-581
Station LiS-460 |-581 W 1-81
1-581 W 1-81W 1-77
1-81 1-778 NC line
Babcock & Wilcox, Site VA-726 8§ L5460 1987
Lynchburg, to VA-T26 US-460 W VA-220
GE/Vallecitos Al
LIS-400 VA-220 Alt. N US-11
VA-220 Al US-11 N 1-81
US-11 [-81 N WV line
Dresden Reactor 1o WV line 1818 LIS-11 1987
Babeock & Wilcox, 1-K1 us-1s VA-220
Lynchburg Alt.
Us-11 VA-220 AlL. § US-460
VA-220 Alt, US-460 E Mt. Athos
Road
US-460 Mt. Athos Rd. E B&W
Baboock & Wilcox, Site M1 Athos Rd. W LIS-460 1987
Lynchburg, to Quad Mt. Athos Rd.  US-460 W I-581
Cities US-460 1-581 W 1-8]
1-581 1-81 8 IN line
Summer to NC line 1-77TN 1-81 1990
Alexandna Bay - 1-81 WV line
wv Alexandria Bay 1o MD line I-818 VA ling 1688
Savannah River Project
CINTICHEM to Savannah MD line 1-818 VA ling 1987/91
River Project
27 NUREG-0725
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Table 4.1 (Continued)

Railway Shipment Rouie Segment

Shipments
State Shipment From: Route To: Completed
S——
| Cooper Reactor 1A line Burlington FOLA 1987/88/89
to GE/Morris Northern
FOLA Flgin, Gl /Morris
Johet,
Eastern
Monticello to (Same as above route) 1987
GE/Morris
1A Cooper Reactor to NE line Burlington 1i. line 1987 /RR/89
GE/Morris Northern
MN Monticello to Monticello Butlington W1 line 1987
GE/Morris Northern
NE Cooper Reactor Coaper Burlington IA line 1987/88/89
1o GE/Morms Naorthern
NC Brunswick to Brunswick Military Occan Leland 1980
Shearon Harris Term, track
Leland C8X Hamlet
Hamlet CSX Bonsal
(Shearon
Harris)
Robinson to SC line CSX Hamlet 1990/91
Shearon Harmis Hamlet CSX Bonsal
{Shearon
Harris)
: Robinson 10 SC line Seabarrd Brunswick 1979/80/81
| Brunswick Coast Line (8CL)
! SC Robinson to Robinson CSX NC line 1964491
Shearon Harris
Robinson to Robinson SCL NC line 1979/80/81
Brunswick
wi Monticello to MN line Burlington IL line 1987
GEMorris Northern
-
b NUREG-07258
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