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DEVELOPMENT PLAN FOR THE EVENTUAL CLOSURE OF THE UK DRIGG NEAR
SURFACE LOW LEVEL WASTE DISPOSAL FACILITY

1. Introduction

The Drigg site, owned and operated by BNFL, is the UK's principal site for the disposal
of low level radioactive waste. The site has operated since 1959 and receives wastes from a
wide range of sources including nuclear power stations, nuclear fuel cycle facilities, isotope
manufacturing sites, universities, general industry and cleanup of historically contaminated
sites.

Disposals until the late 1980s were solely by tipping essentially loose wastes into
excavated trenches. More recently, trench disposals have been phased out in preference to
emplacement of containerised, conditioned wastes in concrete vaults. The standardised
wasteform consists of high force compacted (or non-compactable) waste immobilised within
20 m3 steel overpack containers by the addition of cementitious grout. Larger items of wastes
are grouted directly, in situ in the vault.

The disposal trenches have been completed with an interim cap, as will the vaults when
filled. It is currently estimated that sufficient capacity remains at Drigg for disposals to
continue until at least 2050. Post-operations it is planned that the site will enter a phase
including shut down of operational facilities, emplacement of long term site closure features
including a final closure cap and then to an institutional management phase. Planning has
therefore been carried out as to the strategy for eventual closure of the site. This closure
strategy is also underpinned by an engineering evaluation studies programme to develop and
evaluate appropriate closure measures including assessment of the long term performance of
such measures. This appendix summarizes some of this work.

2. Site closure plans

BNFL anticipate a series of phases relating to the control and management of the site:

- operational,
- post-operational management,
- institutional management,
- post-institutional management.

Planning by BNFL is on the basis that operational disposals are expected to continue
until at least the middle of the next century. A further period of active management of the site
for of the order of 100 years is planned. At the end of this phase, subject to a final assessment,
the site would be closed as a disposal site and would potentially be available for other uses. At
this stage the records would be transferred to the appropriate authority and a phase of
institutional control would commence. This would incorporate planning controls to minimize
the potential for human intrusion. As such controls cannot be guaranteed, in principle a final
post-institutional management phase may also prevail in the longer term.
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During the post-operational management phase the site would be maintained and
appropriate facilities and environmental pathways monitored. Any remedial work would be
carried out as necessary, for example to the interim cap in place over the trenches and vaults.
During this period operational facilities would be progressively decommissioned and long
term site closure features constructed. The detailed nature of these features will be developed
with time in order to take into account good environmental and engineering practices and
enabling future developments of relevance to be taken into account.

It is currently expected that specific engineering features will be provided during the
post-operational management phase in order to augment the natural barriers provided by the
site geology. The detailed nature of such provision is the subject of the ongoing scientific and
technical studies. However, the features will take into account both the trenches and the vaults
and act as an integrated system potentially composed of the following components:

- a multi-layer cap which includes vegetative cap, both human and animal/plant intrusion
barriers and a number of infiltration barriers;

- a cut-off barrier surrounding the disposal area which will limit groundwater intrusion
and lateral migration of leachate;

- an enhanced engineered drainage system within the disposal area to capture any ingress
of water and to conduct any resulting leachate via a preferred pathway.

The overall aim of such a system is to minimize water ingress into the wastes, whilst
maximizing dilution of residual contaminants released from the site before they impact upon
the human environment. At the same time the system incorporates a number of features which
are designed to minimize inadvertent human intrusion into the wastes and to allow gas release.

Of these three components identified above, it is fully expected that a cap broadly of the
type described below will be installed as the primary component of site closure measures. The
installation of the cut-off barrier and the enhanced engineered drainage system are at this stage
more speculative pending engineering risk assessment work of their potential performance
and evaluation of their radiological value in future optimization studies. For example it is not
yet clear whether cut-off walls will decrease or increase the potential for bathtubbing, this
being partly influenced by the performance of the cap and the timescales considered. For
completeness however, all three concepts are described here.

2.1 Final cap

The purpose of installing the interim cap rather than immediate construction of the final
cap is to allow time for the waste to settle under the influence of self weight and as a
consequence of degradation. Only when the remaining settlement, as assessed by both the
direct monitoring and from supporting considerations, is within the design specification of the
final cap will construction proceed.

The potential total settlement in the trenches and vaults depends on a number of factors
including waste degradation and the void volume associated with the waste. Current disposal
practices restrict and minimize voidage in the wasteform disposed of within the vaults. This is
achieved through good waste management practices during filling of disposal containers and
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by grout injection after the waste has been placed in the ISO containers to minimize residual
voidage. It is currently planned that final capping of the vaults and trenches will proceed as a
single project around 2100.

The principal functions of the final cap are to:

- maintain cap over the waste to minimize the effect of surface environmental processes
(e.g. erosion, desiccation, freeze/thaw),

- deter intrusion by humans, animals and plant roots,
- minimize leachate volumes by controlling rainwater infiltration.

The cap must also allow degradation gas to vent to atmosphere in order to prevent
pressure build up that may adversely affect the integrity of the overlying cap formation layers.

It is currently expected that the overall design will be a 1:40 graded earth mound
overlying a 3 m thick sequence of specially selected engineering materials. The preliminary
design for the basic structure of the cap incorporates the following:

- vegetated top soil to encourage runoff and evapotranspiration of rainfall. (The roots
systems will also provide an initial barrier to erosion. Vegetation will comprise
indigenous shallow rooted species. The depth of top soil proposed is sufficient to ensure
that adequate water is present to sustain plant growth during dry periods.);

- a layer of markers to minimize the potential for human intrusion;

- a layer of hard cobbles to provide a physical barrier against erosion and intrusion.
(Markers may be sandwiched within the cobble layer to ensure that not all the markers
are removed in the event of erosion.);

- a graded sequence of free draining sand and gravel to promote lateral flow of infiltrating
rainwater;

- a composite layer of clay sandwiched between two flexible membranes and
incorporating a reinforced geogrid (Whilst the man-made components may only have a
relatively short durability, they are expected to remain effective during the early life of
the cap whilst final settlement of the waste takes place. A discontinuity will be
incorporated into the clay layer to permit venting of degradation gases from the apex of
the cap. A cowl of clay prevents rainwater infiltration.);

- a conductive layer of sand, gravel and, possibly, a water conducting material such as
diatomaceous earth for gas collection and routing and to encourage lateral flow of any
water that penetrates the impermeable layer;

- fill material to generate the cap profile.

The cap as configured above contains a number of barriers to prevent water impacting
on the waste. The first of these is the vegetative cap which will reduce the amount of rainfall
which is hydraulically effective through evaporation and evapotranspitration. The shape of the
cap itself acts as a barrier by promoting surface runoff. There are two capillary breaks, one
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above the cobble layer and one below the resistive layer which will serve to intercept
infiltrating rainwater. There are three resistive layers, two of man made materials and one of
clay, and there is a drainage layer above the resistive layer to prevent the accumulation of
standing water. Surface runoff will be collected at the cap perimeter and discharged into the
local surface watercourse.

Of note is the potential role for and use of markers to maximize the potential for
memory and control of the site to continue for as long as possible in order to further minimize
the residual potential impact from human intrusion into the wastes. Markers, either on or off
site structures or both, would be intended to signify the presence and characteristics of the
site. Markers would be designed so that they protect both low and high technology societies
from these risks and would be relevant only if they are likely to survive and be recognizable
over periods of thousands of years. If markers are to be successful they need to indicate not
only the presence of the site but also some indication of the risks associated wr:h its
excavation. This means that markers need to be sufficiently sophisticated that they
communicate a clear message.

The long term survival of markers is also of course crucial to their effectiveness and
care will need to be given to their size and the materials of construction. Markers may
therefore comprise one or more of the following: a large scale marker, for example a large
earth mound perhaps supplemented by a limited number of large monolithic markers at
strategic locations; smaller scale above-surface markers describing the site characteristics on
their outer surface; and/or buried markers distributed over the area of the site and giving
information as to its characteristics. Consideration of the need and value of such markers is as
yet at an early stage. The issues of both institutional controls and the role of markers is a
topical one internationally and which it would be valuable to see a consensus develop in view
of the long term nature of this topic and the need for a degree of societal acceptance of their
role.

2.2 Cut-off barriers

The final site closure system may include the placement of cut-off barriers around the
disposal area and beneath the cap. There are a variety of potential cut-off barriers but the one
currently under consideration is a combination of a conventional cut-off wall composed of a
low permeability bentonite enhanced soil and a protective band drain. The band drain is
placed between the cut-off wall and the waste. In this configuration the band drain can
intercept any residual water which does pass through the cut-off wall and at the same time
reduce the amount of waste-derived leachate which comes into contact with the cut-off wall.
The band drain could potentially be constructed as a gravel-filled drain protected on either
side by a coarse sand filter layer. This configuration has the advantage that if the cut-off wall
cracks, the drain would still be in place to intercept incoming water and any outflowing
leachate. The band drain would be constructed so that it is in contact with both the capillary
break below the resistive layer in the cap and the engineered drainage. In this configuration
any infiltration which passes the resistive layer would be intercepted, channelled around the
waste and out of the site via the engineered drainage. This cut-off barrier concept is however
at a relatively early stage of consideration and it will be important to carefully evaluate its
performance relative to that of the cap and the resulting potential for bathtubbing.
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3. Conclusion

Following installation of the closure measures, a period of maintenance and monitoring
is anticipated. Monitoring and security will then be maintained until such times as the results
confirm that the facilities have stabilized sufficiently that the residual risk, as evaluated by a
final safety case, demonstrates that restrictions on access to the site are no longer required. At
that time, the final records associated with the site will be completed and lodged with the
appropriate regulatory authority.

The purpose of a site development plan is principally two fold. Firstly, to outline the
current strategy relating to both the operation (although not included in this appendix) and
closure of the Drigg site. It can be noted that the site development plan forms the main basis
for the business plan for the site on which principal funding is made to ensure the necessary
financial provision is available throughout the site's lifetime. Secondly, the development plan
forms a basis on which to carry out engineering performance evaluation and radiological
assessment studies. The former will drive the development of more specific and detailed
closure plans and designs. The latter will also be used to assess and optimize potential
alternative development plans.
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