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Abstract

To widen its range of spent fuel management services, BNFL entered the fuel storage market in 1995; entry was by
acquisition rather than internal product development. The need for a transportable product was identified very early, but
represents only the first phase of a philosophy of continuous improvement. Strong synergy exists between the new business
area and existing fbe] handling and transportation expertise, which has been of considerable assistance to the new business.

1. BACKGROUND

In the early 1990's BNFL decided to enhance its portfolio of products and services and to
provide a comprehensive range of spent fuel management options to its customers. To this end, dry
storage was added to the portfolio. Rather than create a new system, to shorten the time to have a
licensed product it was decided to buy in the technology. Following a series of desk studies and
meetings with potential vendors/licensers, the technology marketed by Sierra Nuclear Corporation
(SNC) was selected. Amongst several criteria, cost-effectiveness and development potential were
considered particularly important. The SNC product came first on both counts. A series of agreements
was therefore concluded with SNC in 1995, allowing BNFL to begin marketing the system outside the
USA.

In April 1998 BNFL acquired all of the SNC stock; following the acquisition a new company -
BNFL Fuel Solutions - was set up to build on the US business base already well established by SNC.
The adaptability of the storage system is demonstrated by the contracts list in Table I, which already
includes VVER and test reactor fuel in addition to PWR.

TABLE I. BNFL FUEL SOLUTIONS - DRY STORAGE PROJECTS

UTILITY

USDOE
Consumers Power
USDOE
Wisconsin Electric
Entergy
Portland General
Ukratomenergoprom
(Ukraine)

FACILITY

INEEL
Palisades
FFTF
Point Beach
Arkansas Nuclear
Trojan
Zaporozhye

PROJECT START

Sept 1988
Feb 1989
Nov 1993
Dec 1992
May 1992
June 1995
Dec 1993

LOADED CASKS

1
13
10
3
5
[April 1999]

[ ] = anticipated dates

2. THE NEED FOR TRANSPORTABILITY

The first-generation SNC product, the Ventilated Storage Cask (VSC), was the first vertical
canister/concrete cask storage system to be licensed for LWR fuel, and rapidly gained market share in
the USA. Well before 1995 both BNFL and SNC had recognised the need for any future dry storage
system to be readily transportable off-reactor site. Possible other locations included at-reactor (AR) or
away-from-reactor (AFR) domestic sites, repositories or overseas reprocessing plants.
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While metal Dual Purpose (DP) casks offer such transport capability, assuming both storage
and transport licences can be obtained, it is generally recognised that DP casks are not so cost-
effective as concrete casks, given the same ground rules. Also, each DP cask has in-built transport
capability. This can be advantageous if off-site transport is anticipated to be at short notice, but in
general that is an unlikely scenario. The in-built transportation capability may then become a liability
if transport regulations are altered at some future date, time horizons of 50 years or more are possible.

In contrast, a canister-based fuel storage system with its own purpose designed and built
shipping cask has a number of clear advantages:

1. changes in transport regulations can be taken into account before manufacture;
2. approved new structural or shielding materials can be used if appropriate;
3. the shipping cask/fuel canister ratio can be tailored to individual customers, perhaps 1:10

instead of the effective 1:1 ratio for DP casks; and
4. the transport element only needs to be bought near the time of off-site transport

Significant cost savings arise from all four of these items. A joint BNFL/SNC development
programme was therefore set up to design and licence a transportable storage system - TranStor™.

3. OVERVIEW OF THE TRANSTOR™ SYSTEM

Operation of the TranStor™ system requires the spent fuel to be loaded into a specially
designed canister. Fuel loading takes place within the fuel pool, during which time the canister is held
within a steel transfer cask. Upon completion of fuel loading the canister has its shield lid emplaced
and, in the transfer cask, removed from the fuel pool. The shield lid is then welded shut, and a second,
structural, lid welded into place. The canister is then vacuum dried and back-filled with helium. If the
fuel is to be shipped off-site the canister is transferred to a shipping cask. Otherwise, the canister is
loaded into a concrete cask and stored outside on a concrete pad. The VSC system is identical, except
for the absence of off-site shipping capability.

The primary components of the TranStor™ system, as shown in Fig. 1, are :
• The sealed canister, providing containment for the spent fuel;
• the concrete cask, providing physical protection and shielding for the canister during

storage;
• The transfer cask, providing shielding during fuel loading and during transfer operations

into or out of either the concrete cask or the shipping cask;
• The shipping cask, used to transport a loaded canister off-site to another storage site, a

final disposal site or a reprocessing facility.

These components were developed using experience gained from previous concrete-based
system designs and from metal cask designs. The TranStor™ canister contains an array of steel
storage sleeves inside a circular steel shell. The base is a large steel disc welded to the shell. The
canister has two lids, shield and structural. These are emplaced after fuel loading and are multi-pass
welded to the canister shell. The transfer cask has a steel, lead and neutron shield composite wall and
is used to move the canister around. It has thick steel bottom doors operated by detachable hydraulic
arms. The concrete cask has a thick internal steel liner for enhanced shielding and strength and
contains two rows of reinforcing bar. It provides shielding during storage and creates a natural
circulation air flow path for cooling the canister - air taken in at the base passes up the annulus
between the canister outer wall and the cask inner wall and is ejected at the top. The use of vertical
storage increases the heat transfer capability compared to horizontal storage. The concrete
cask/canister combination can be easily transported around the reactor site.

The shipping cask, plus its payload of the loaded canister, is a package designed to meet US
Code of Federal Regulations and IAEA Safety Series 6 requirements. It is thus compatible with
shipping to reprocessing, storage or disposal sites anywhere in the world, keeping all spent fuel
management options open for the reactor operator.
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Concrete Cask

Transfer Cask

Shipping Cask

Canister

FIG. 1. TranStor ™system components

Loaded concrete casks are stored on a simple reinforced concrete pad with a compact layout,
typical centre-to-centre spacing of five metres. No building or other cover is needed, although one can
be constructed at minimum cost if necessary to enclose the casks and minimise visual impact. Vertical
storage minimises the land area required, in comparison to horizontal storage. In addition to
inlet/exhaust air temperature measurement and radiation monitors, the storage facility may also
include security fencing and lighting depending on local requirements.

The TranStor™ system base design can store zircaloy or stainless steel clad fuel, and can
accommodate heat loads of 26 kW (storage) or 24 kW (transport). These can be various combinations
of initial enrichment, burnup and cooling time. The primary components in Fig. 1 can be tailored to
some extent to suit older reactors which may have smaller fuel assemblies or reactor building
restrictions such as crane capacity. As an example of such flexibility, the first-generation VSC system
was modified to store highly enriched, high burnup fuel from the USDOE's Fast Flux Test Facility.
TranStor™ is also sufficiently flexible to allow storage of a large variety of fuels, as the basket
configurations in Fig. 2 illustrate. Photographs of operational casks are presented in Fig. 3.

4. LICENSING EXPERIENCE

This now covers two generations of storage systems, and Ukraine as well as the USA, as shown
in Table II. The TranStor™ design has a carbon steel fuel basket (strength) and a stainless steel
canister shell (corrosion resistance). The VSC canister is all carbon steel.

5. APPLICATION OF EXISTING BNFL TECHNOLOGY TO INTERIM STORAGE

BNFL experience in designing and operating transport casks proved very helpful from the
beginning. In particular, the TranStor™ PWR fuel basket design drew heavily on tried and tested
BNFL design principles. Other technology transfer examples are :
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PWR BWR

VVER440 CANDU

FIG. 2. Fuel basket configuration

VVER 1000

RBMK

Consumers Power: Palisades Arkansas Nuclear: ANOI

Wisconsin Electric: Point Beach US Department of Energy: FFTF
FIG. 3. Loaded storage casks
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TABLE II. BNFL FUEL SOLUTIONS - STORAGE SYSTEMS LICENSING EXPERIENCE

SYSTEM LICENCE APPLICATION LICENCE APPROVAL
SUBMITTED (USNRC UNLESS

INDICATED)

VSC - 24 Topical Report February 1989 March 1991
VSC - 24 Certificate of April 1991 May 1993
Compliance
TranStor™ site-specific for March 1996 [Early 1999]
Trojan nuclear plant
TranStor™ 10CFR71 for December 1996 [Early 2000]
transportation
TranStor™ 10CFR72 June 1996 [Late 2000]
Certificate of Compliance
VSC - 24 site-specific for 1996
Zaporozhye

[ ] = anticipated dates

• use of ultrasonic know-how to ensure the USNRC-requested weld crack detection
technique could be properly implemented. The ultrasonic testing equipment and process
developed by BNFL/SNC and the VSC users group has been successfully implemented at
the Point Beach, Palisades and Arkansas Nuclear storage projects;

• development of new coatings for the carbon steel canisters - BNFL already had a testing
route for radiation-resistant coatings; and

• design of a "hot cell" for the Chernobyl Dry Storage bid. In order to reduce the RBMK
fuel to manageable sections, a fuel dismantling cell was required. BNFL's considerable
fuel dismantling and remote handling expertise, derived from around 40 years operations
at Sellafield, proved particularly valuable in this task. Linking this know-how with US
fuel storage technology enabled the design of a single building covering the whole
process from fuel receipt to production of a fully sealed dry container holding a number
of fuel sections.

BNFL radiometric instrumentation may also assist customers, for example benefits can be
derived from the use of burn-up measurements to support the application of burn-up credit. Such
credit is expected to offer considerable savings to storage, and to a greater extent transport, of spent
fuel. These would be achieved through a reduction in storage cost per assembly from increased
packing density or by reductions in the amount of neutron absorber required for the fuel basket.
Increased packing density would also mean fewer transport journeys, again bringing lower cost per
assembly. These examples illustrate how BNFL can exploit a wide range of know-how from other
operations to assist TranStor™ and VSC users.

6. DEVELOPMENTS OF THE TRANSTOR™ SYSTEM

At present, technical resources are being focussed on meeting the licensing targets shown in
Table II. Although development work is at a reduced level for now, it is still continuing; two recent
patent applications may help to illustrate this:

• A double-containment canister design developed for the Chernobyl Dry Storage bid,
Fig. 4. This concept is applicable in principle to any type of fuel, and could be used by
any customer who wished to demonstrate an additional containment barrier (beyond the
fuel cladding and the single-walled canister).
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• A system to monitor the atmosphere inside the canister, but without breaking the
containment barrier. Both BNFL and BNFL Fuel Solutions are fully convinced that the
present double-lidded, multi-pass welding practice provides sufficient confidence in
integrity of the canister seals. The recently developed ultrasonic weld testing technique
only adds to an already satisfactory procedure. However, to provide the ultimate level of
confidence in maintenance of 100% confinement integrity BNFL is developing a system
for non-intrusive monitoring of the atmosphere inside the canister. Currently, the system
has been demonstrated to work in the laboratory under non-radioactive conditions. The
next stage will be tests on a larger scale, perhaps using the sort of arrangement shown in
Fig. 5. The monitor is based on the ultrasonic detection of oxygen in helium, which
would indicate air in-leakage.

7. CONCLUSION

The combination of US-developed storage systems with BNFL's existing technology affords
complete flexibility to users in tailoring the systems to meet their own particular needs. Such
flexibility already ranges from compact storage of non-LWR fuel to design of special fuel handling
facilities and testing of radiation-resistant coatings. BNFL has, and will maintain, a policy of
continuous enhancement to the current systems. Enhancements such as double-containment designs
and non-intrusive monitoring are already emerging from the long-term development programme.
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FIG. 4. Fuel storage canister
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FIG. 5. Non-intrusive canister atmosphere module
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