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1.2.3

Introduction

Site history

The Low Level Waste Repository near Drigg, Cumbria (LLWR) is located six miles south of
the Sellafield site in the northwest of England. Radioactive waste disposal began at the site
in 1959 when the LLWR was managed by the United Kingdom Atomic Energy Authority
(UKAEA). The LLWR site occupies around 100 hectares; waste disposal operations take
place in the northern 40 hectares of the site. During the early period of disposal operations,
solid low level radioactive waste (LLW) was tipped and buried in shallow, clay-lined
trenches, a practice similar to that used now in the landfill industry. Between 1959 and
1995, approximately 800,000 m® of waste was disposed in seven trenches. These trenches
are now covered by an interim earth cap, which incorporates a plastic membrane to
minimise water ingress.

In 1986 the House of Commons Environment Committee published a report on radioactive
waste (House of Commons, 1986). In response to the report’'s recommendations, the
LLWR operator at the time, British Nuclear Fuels plc (BNFL), made major changes to Q
disposal operations. Since 1988, wastes have been disposed of in containers emplac%w
an engineered concrete vault (Vault 8). Typically, the waste is put into steel drum Cl

are then compacted into ‘pucks’. These pucks are packed into freight contain

conform to published standards of the international standards organisation | %he
wastes in full containers are encapsulated in cement grout before belng ed In the vault.
Vault 8 has a total capacity of 200,000 m?; at the time of writing it is ne I. The current
operator of the LLWR, LLW Repository Ltd plans to build addltlonal@s to accept further
waste, subject to receiving planning permission from Cumbria C(%ty ouncil.

Regulatory background $®’

The Environment Agency of England and Wales (th cy; also referred to as “we” and
“us”) is responsible for authorising disposal of radi e waste under the amended
Radioactive Substances Act 1993 (RSA 93). In dance with government policy, we
periodically review authorisations for the dispesgal of radioactive waste. When we review an
authorisation, we consider a wide range o ation, including our conclusions from
reviews of the environmental safety cas Cs) produced by the operators of a disposal
facility. b

The Health and Safety ExecutivéSE), through its Nuclear Installations Inspectorate (NII),
regulates nuclear safety. | that radioactive waste on nuclear licensed sites is
managed, conditioned an@ed safely. The NIl also has regulatory responsibility for
accident risk managem

In 1999, we started view of the RSA 93 authorisation for the LLWR, which was then
held by BNFL. ime, however, BNFL had not updated the impact assessment
carried out in 980s by the National Radiological Protection Board (NRPB, now part of
the Health&tlon Agency, HPA). Our review was therefore unable to assess the

i ct of the site from existing and future (predicted) disposals. Consequently, in
0 we changed (varied) the LLWR authorisation and required BNFL to provide
inforiation about the environmental safety of the LLWR during its operational lifetime
tional Environmental Safety Case, OESC) and after its final closure (Post Closure
ty Case, PCSC). BNFL submitted these two ESCs in September 2002 (BNFL, 2002a
nd 2002b). Between 2002 and 2005 we carried out a detailed assessment of the safety
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cases (Environment Agency, 2005a) which raised a number of criticisms, many of which
were formally recorded in Issue Assessment Forms (IAFs)®.

1.2.4 Following the review of the 2002 ESCs, we reviewed the RSA 93 authorisation and in May
2006 granted a new one (Environment Agency, 2006a) to the operator, which by that time
had become known as British Nuclear Group Sellafield Limited (BNGSL). In addition to the
ESCs submitted by BNFL in 2002, this authorisation review also took account of the
legislation and guidance in effect at the time (RSA 93, and the UK environment agencies’
Guidance on Requirements for Authorisation (the GRA), Environment Agency et al., 1997).
Our concerns regarding the safety cases presented in 2002 led us to authorise disposals
only to Vault 8, and required the operator to deliver an updated ESC by May 2011.

operated on behalf of the NDA by a Site Licence Company (SLC). The SLC was initially

BNGSL, but the authorisation was transferred in 2007 to a new SLC, LLW Repository Ltd, '\
with no major changes to the authorisation. This change in SLC paved the way for the NDA \

to open the operation of the site to competitive tender. In 2008 United Kingdom Nuclear /\\

1.2.5 The LLWR site is now owned by the Nuclear Decommissioning Authority (NDA) and is @

Waste Management Ltd (UKNWM Ltd) was awarded a contract from the NDA to manage
and operate the LLWR. Shares in the SLC were transferred to UKNWM Ltd on 1 April 2008
and the SLC continues to be known as LLW Repository Ltd.

1.2.6 LLW Repository Ltd is currently authorised to dispose of solid low-level radioactive v@ in
Vault 8 of the LLWR, and to discharge from the site gaseous and liquid effluents @
associated with the LLW disposal operations. LLW Repository Ltd has planni Ission
to construct Vault 9 at the site to store LLW, but does not have planning per nor
authorisation to dispose of LLW to Vault 9.

1.2.7 In Schedule 9 of the current authorisation we set a number of legal § ments for the
operator to carry out improvements or supply us with additional in on by defined
dates (e.g. reviews of best practice and establishing a resear development
programme). This report relates to our review of LLW Repos E@Md s work to fulfil
Schedule 9 Requirement 2 and their progress towards ful@ hedule 9 Requirement 6.

full report of a comprehensive review of national al ernational developments in best

practice for minimising the impacts from all wast sals on the site. This shall include a
comprehensive review of options for reducin k risks from deposit of solid waste on
the site, where those risks arise from pote te termlnatlon events (e.g. coastal erosion

and glaciation) and potential future hlg |on "

1.2.8 Requirement 2 states that the operator, by 1 May 20 st “provide the Agency with a
0

1.2.9 Indiscussions with LLW Reposit e agreed that, in addition to the specifics of
Requirement 2, their response also aim, as far as possible, to address the wider
expectations expressed in os(f Decision Document (Environment Agency, 2006a), to:?

(a) demonstrate that b ctice is being applied to keep the peak risks from the site as
low as reasonably ﬁevable (ALARA);

(b) substantiate a osal for the radiological capacity of the site (the maximum amount
of waste that mbe disposed of while still maintaining the site’s environmental
safety)

! Issue Assessme (IAFs) are detailed records of concerns raised as part of the Environment Agency's review of
BNFL's 2002 enwgorental safety cases. In a systematic manner they record issues that we expect the operator of the
LLWR to add ior to submission of the next fully updated ESC in 2011.

2 In sectio 4 of the Decision Document (Environment Agency, 2006b) we stated that “we will not authorise LLW disposals
to t sed Vault 9, until ... BNGSL has provided us with adequate information to allow the radiological capacity of the
sﬂeﬁt etermined ... and we will undertake a full review on the radiological capacity of the site and publish our findings.”
Lat he same sectlon we stated that “we will not allow BNGSL to construct the final cap over the existing Vault 8 and
ch disposals until BNGSL has provided us with the outcome of a wide-ranging risk management study ... that
onstrates that future impacts will be As Low As Reasonably Achievable (ALARA).” The latter decision is clearly reflected
Q n Requirement 2. We have interpreted the former decision also to be reflected in Requirement 2 as it comes from the same
& section of the Decision Document. We have confirmed to LLW Repository Ltd that this is the case and they have agreed to
include their proposals on radiological capacity in their Requirement 2 submission.

Environment Agency Review of LLWR “Requirement 2" Submission Volume 5 2



1.2.10 Requirement 6 states that, by 1 May 2011, the operator must “update the Environmental
Safety Case(s) for the site covering the period up to withdrawal of control and thereafter.”
This update should address our criticisms of the 2002 ESCs and supporting programmes
(Environment Agency, 2005a, 2005b, 2006b). It should also take account of developments
since the 2002 ESCs were produced, such as evolution of operating practices, additional
information about the site, the design of the repository and the waste inventory, changes in
ownership, and developments in government policy (Defra, 2007) and regulatory guidance
(Environment Agency et al., 2008).

1.2.11 Since 2006, we have had regular dialogue with LLW Repository Ltd about progress }<\
towards meeting the Schedule 9 requirements. We expected the information in LLW
Repository Ltd's response to Requirement 2 would provide some indications of progress on
the updating of the ESC, and so serve as a milestone for assessing progress towards the \(l/
2011 deadline for the submission of the ESC. '\

1.3 Objectives of our review /\

1.3.1 The main objectives of this review are to:

(a) assess whether the information supplied by LLW Repository Ltd represents a $
satisfactory response to Requirement 2; @

(b) identify from the information supplied any immediate implications for the ¢ s of
LLW Repository Ltd’s authorisation;

(c) assess the |nformat|on supplied against the new regulatory gwdangg@(onment
Agency et al., 2008%), and to provide additional guidance to LLW R ory Ltd on its
programme to develop an ESC that appropriately addresses th@ements of the

GRA;

(d) identify any additional assessment that we might need to ¢, ut, such as
independent R&D, model development, conduct of inde t calculations, or
examination of further documents, so that we can eff ly and efficiently assess the
ESC when it is provided. 6

1.4 LLW Repository Ltd’'s submissi@

1.4.1 On 1 May 2008, LLWR Repository Ltd delh@ to us five volumes setting out its response
to Requirement 2:

i. Volume 1 (LLW Repository L ga) summarises the submission and directly
addresses the issues raise quwement 2;

ii. Volume 2 (LLW Reposi[sga , 2008b) summarises the “comprehensive review of
options for reducing th k risks from deposit of solid waste on the site”;

iii. Volume 3 (LLW Re y Ltd, 2008c) summarises developments in characterising
the inventory and n&a¥ field processes;

iv. Volume 4 (Lh@pository Ltd, 2008d) summarises developments in site
understanding Wicluding geology, hydrogeology and coastal evolution);

v. Volume Repository Ltd, 2008e) summarises updates (since the 2002 ESCs) to
LLW sitory Ltd’s assessment of the future performance of the facility.
1.42 Thes evolumes refer to a large number of supporting documents that provide details of

yses, assessments and evidence that underpin the arguments presented in the top
olumes. In our assessment of LLWR Repository Ltd's submission we have also

\4
A Qltaﬁon draft of the GRA for near surface disposal was issued in May 2008 (Environment Agency et al., 2008), and
inal version (Environment Agency et al., 2009) in February 2009. In conducting this review we had access to the
%sulta’[ion draft, and initial indications of modifications likely to be made in finalising the GRA for near surface disposal.
Q he final version was published as we were finalising our documentation of this review, and so was not explicitly taken into
& account. However, we do not believe that any differences between the consultation draft and the final version would
significantly alter any of our conclusions or recommendations.
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reviewed the supporting documentation to the extent we considered necessary for us to
establish the soundness of the submission.

Our review

Our review considers LLW Repository Ltd’s submission primarily in relation to:

(a) Schedule 9 Requirement 2;

(b) the April 2008 consultation draft of the environment agencies’ Guidance on
Requirements for Authorisation for near surface disposal, as an indication of progress
towards meeting Schedule 9 Requirement 6; and

(c) the IAFs from the review groups participating in our review of the 2002 ESCs.

This report and our four other main review reports (Environment Agency, 2009a—d) present
our findings in relation to Requirement 2, the GRA/Requirement 6, and any general or
significant observations arising from our consideration of the IAFs. Our full review of the
submission against the IAFs will be reported separately to LLW Repository Ltd as part of
our continuing dialogue leading up to the delivery of the full ESC due in 2011.

We report here on our technical review of LLW Repository Ltd’s response to the techni
authorisation requirement we set out in the RSA 93 authorisation granted to the LL
operator in 2006. This does not constitute a review of LLW Repository Ltd’s auth @U n,
although it will be taken into account in the periodic review of the authorisatio iCh is
due to be completed in early 2009. This review may also provide input int% eriodic

reviews.

We have aimed in our review to identify all significant issues arising@ e Requirement
2 submission and supporting documents. Where we do not com a particular point
in the submission or accompanying documentation, it is unlikel ed upon the
information presented to us at this stage) that we would rais point as an issue in the
future (particularly in our review of the full ESC). However@ cannot be taken as an
absolute guarantee; we reserve the right to revisit any fssues that we think warrant
attention at any time in the future. 8

Where we have made recommendations to LLW! ository Ltd in this and the four other
main review reports, we have classified therr@a Sist in the prioritisation of action:

(a) Category A
Relatively major issues for WhICh propriate course of action is not immediately
obvious. For these issues, w t LLW Repository Ltd to provide substantial
additional information, evid ranaIyS|s in the full ESC. We also expect LLW
Repository Ltd to report n their progress between now and delivery of the ESC.
Such reporting mlght ample, include detailed plans of action, descriptions of
proposed approach@ dels or data, or results from interim or provisional analyses.
(b) Category B
Relatively mawues for which it is fairly clear what needs to be done. For these
i LLW Repository Ltd to provide substantial additional information,
alysis in the full ESC. We will keep these issues under a degree of

ues for which LLW Repository Ltd will need to provide some additional information,

OC)evidence or analysis in the full ESC, and report some or all of this to us between now

and delivery of the ESC. Generally, we estimate the effort needed to address Category
C recommendations will be substantially less than for Category A.

(d) Category D
Issues for which LLW Repository Ltd will need to provide some additional information,
evidence or analysis in the full ESC, without the need for formal reports on progress.
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Generally, we estimate the effort needed to address these points will be substantially
less than for Category B.

Where our recommendations or other observations are not assigned to any of the above
categories, we do not expect or require a specific response from LLW Repository Ltd.
Nevertheless, LLW Repository Ltd may wish to consider these points as suggestions
because they may, individually or collectively, affect our general confidence in the ESC or
the ease with which we can review it. For example, individual typographical errors in
reports may be considered trivial, but if persistent or present in large numbers, they could
affect our confidence in the quality controls applied by LLW Repository Ltd.

We recognise that some of the issues raised in our review may be at least partly addressed
in the updated and expanded Safety Case Approach document that LLW Repository Ltd
produced at the end of 2008 (Baker et al., 2008), but we have not included consideration of
the Approach document in this review.

Our review mirrors the structure of LLW Repository’s submission. Four separate technical
review documents address Volumes 2-5 of the submission (and the supporting
documentation), and an overarching summary review document provides specific

Q
\'\'\\(L
/\

comments on any aspects of Volume 1 not covered elsewhere and presents our overall Q

assessment of the submission.

This technical review document addresses Volume 5: Performance Update for th

\
&
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' 1Review of Volume 5 and key
supporting documents

2.1 General

2.1.1  Overall, we found that Volume 5 presents a concise but coherent overview of
developments in the assessment of the long-term performance of the LLWR. Considering

X\

the breadth and complexity of the issues addressed, this is a creditable achievement. \(l/
2.1.2 Sometimes, for conciseness or emphasis, Volume 5 provides examples rather than a '\

complete set of descriptions or results (e.g. a graph based on calculations for one scenario '\

rather than a series of graphs covering all scenarios). This is a commendable approach for

an overview document, but it is not always clear from the text that the example is used to Q
illustrate or emphasise a point. It is not always clear why a particular example has been
selected.

2.1.3 We note the point, emphasised in this volume and elsewhere, that Volume 5 is no $
intended to present a full environmental safety case (ESC). Nevertheless we o%
that this submission presents a good opportunity for us to review and comme LLW
Repository Ltd’s progress towards a full ESC (due by May 2011). We hav ore
included comments related to the preparation of the full ESC, but we ha%r' edto
distinguish clearly between any conclusions that relate to the suitabil e submission
as a response to Requirement 2 (and any resulting regulatory decisi ; and our
recommendations on issues which in our view should be consid by LLW Repository
Ltd in their work towards an updated ESC. @

ission as a whole. A
he LLWR necessarily requires
ical models that in turn represent

2.1.4 In this context, we note one particular observation on the
guantitative assessment of the long-term performance
the use of computational models, implementing m
conceptual models. These are inevitable feature: n environmental safety case and we
fully support the use of models for these purpos owever, an ESC must also provide
adequate evidence that any model used in t ssessment is fit for the particular purpose
to which it is put and that the results fro odel can therefore be considered to be
meaningful. A recurring theme in ou nts on many different aspects of the
Requirement 2 submission is the % f LLW Repository Ltd to provide sufficient

t

evidence to justify its modelling w This may well be a feature of the interim nature of the
performance update; we recog at several of the models are to some extent work in
progress and we take this i ccount when commenting on these specific models and
their output. Nevertheles% ave found a consistent lack of evidence in the submission,
so it is appropriate for rovide clear, advance notice now of our expectations for the
full ESC.

2.15 We make a gegﬁ bservatlon that different documents list radionuclides and elements in
me alphabetically, others by atomic number. This is apparently trivial,

iSssurprisingly irritating for the reader and makes comparisons between tables

unnec difficult. The situation is easily remedied and we request that LLW

Re&'t y Ltd require all of its contractors to follow one convention or the other.

2. proach and criteria for assessments

@erpretatlon and application of the GRA

® 2.1 We have based our review on the consultation draft of the GRA for near surface disposal,
& issued on 15 May 2008 (Environment Agency et al., 2008). We have done this because the

Environment Agency Review of LLWR “Requirement 2" Submission Volume 5 6



final version of the near surface GRA is expected to have been issued before any
substantive decisions are taken on the basis of the review. The publication of the
consultation draft post-dates the deadline for submission of LLW Repository Ltd’'s response
to Requirement 2, and therefore the submission necessarily refers to the extant version of
the GRA published in 1997 (Environment Agency et al., 1997) which covers both near-
surface and deep geological disposal. We have taken account in our review of differences
between the GRA referenced in the submission and the new guidance in the consultation
draft. We have made some observations and clarifications concerning the different
versions of the GRA, but we conclude that changes in the GRA have not made any
substantial difference to this review or its outcome.

2.2.2 The consultation draft contains six principles and 15 requirements (compared to four
principles and 11 requirements in the 1997 GRA). It is now made clear (para. 3.5.1 of the
Consultation Draft) that all near surface disposal facilities for which an RSA 93 \(l/
authorisation is in force or being sought are expected to meet the principles, and to meet '\
“each requirement in a manner proportionate to the level of hazard the waste presents.” \
The intent of the 1997 GRA was broadly the same, although this may not have been stated \
explicitly. Q/\

2.2.3 Inrelation to existing facilities for which an RSA 93 authorisation is in force”, para. 3.5.5
the consultation draft states: E

“If an existing facility ... is significantly deficient in relation to any of the @
requirements ... we shall expect the holder of the RSA 93 authorisation t r% e
improvements and may well include these as conditions in the authorisatiQn.y...
Requirement R9, concerning optimisation, entails judgement to find %b t way
forward by balancing many different considerations. We envisage balance
of judgement for an existing facility will be significantly different e balance of
judgement for a new facility. But the holder of the RSA 93 authorisation will still
need to show that all the requirements are met.” %

2.2.4  This is more explicit than the 1997 GRA and essentially r@f@s current practice. Based on
this guidance, we do not agree, as a matter of principléywitf*LLW Repository Ltd’s position
on the most appropriate criteria for judging the assess ng term-performance of the
trenches. In its submission LLW Repository Ltd co that dose criteria for intervention
are most appropriate, but our interpretation of th ance indicates that we should
continue to require a risk assessment for the gsenches (except for human intrusion).
However, we will judge consistency with thxéﬁiance levels in light of the fact that the
trenches were designed and largely fi e@ r a significantly different regulatory regime.
Furthermore, the adequacy of LLW ory Ltd’'s case that the risks from the trenches
are ALARA will also be an importént cérisideration. This part of LLW Repository Ltd’'s case

is rather more consistent with t litative description of their approach (Section 2.4.1 of
Volume 5) than with their argumaads for applying intervention criteria. In practice, however,
it does not appear that this ence in interpretation is likely to substantially affect the
arguments put forward Repository Ltd or our judgement on those arguments.

GRA requirements . 6

2.2.5 The key requij nts from the 1997 GRA referred to in the submission all have
counterpar e consultation draft; one new requirement is also relevant.

2.2.6 Requ@nt R2 from 1997 (risk target) is replaced by Requirement R7 (risk guidance
leve ere are some changes in terminology, but the essence of the new requirement is
ged, except that its scope now excludes risks associated with human intrusion,

h are addressed through the new Requirement R8 (see below).
o~
* (ﬁara. 3.5.6 of the Consultation Draft makes clear that the guidance does not apply to closed facilities where no relevant

&Q SA 93 authorisation is still held. Such facilities would rightly be considered in terms of intervention. However, the LLWR

trenches do not fit this description — disposal is not considered to be complete, the facility is not closed and an RSA 93
authorisation is still in place.
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2.2.7

2.2.8

2.2.9

2.2.10

2211

One minor change has been made to the application of the risk target/guidance level
(Requirement R2/R7). In Section 2.4.2 of Volume 5, LLW Repository Ltd quote para. 6.25
of the 1997 GRA, which states that, if the assessed risks are below the risk target and
good science and engineering have been applied, “...then no further reductions in risk
need be sought”. This has no counterpart in the consultation draft because the principle of
optimisation requires that reasonably achievable reductions in risk should always be
sought. However, it is implicit in the principle that major efforts or expenditure to further
reduce risks that are already very low are unlikely to be warranted. This difference in
interpretation does not appear to materially affect LLW Repository Ltd’s arguments or our
appraisal of them.

Requirement R3 from 1997 (use of BPM) is replaced by Requirement R9 (optimisation).
Again, there are some changes in terminology but the intent of the new requirement is
essentially unchanged. It may be noted, however, that Requirement R9 now explicitly
requires radiological risks to the environment (as well as those to humans) to be ALARA.

Requirement R4 from 1997 (environmental radioactivity) is replaced by Requirement R10,
which clarifies the intent of the requirement. Whereas the old Requirement R4 referred to a
need to avoid “significant increases in the levels of radioactivity in the accessible

requires that the radiological effects on the accessible environment be demonstrated to
acceptably low. The new requirement makes the requirement for the radiological pr

of non-human species more explicit (whilst acknowledging that there are current!
established numerical criteria). In the context of the LLWR, this has to date b
addressed separately through Schedule 9 Requirement 11, but the expectati
that this will be integrated into the updated ESC due to be completed by

environment” without any reference to impacts, the new Requirement R10 explicitly S
n

Requirement R8 from 1997 (waste form and characterisation) is rep@ y Requirement
R14 (waste acceptance criteria (WAC)). The requirement to establish WAC that are
consistent with the ESC and with handling and transport requir ts is essentially
unchanged, but Requirement R14 adds explicitly a requirem “demonstrate that these
can be applied during operations”. $

Requirement R8 in the consultation draft (human intru§iol) has no counterpart in the 1997
GRA. It requires the assessment of potential consefiu@nces of human intrusion and
indicates guidance levels for judging the accept of such consequences (3—30
mSvl/year depending on whether the exposu likely to be chronic or short-lived).
Requirement R8 also requires the operat: @bnsnder practical measures to reduce the
likelihood and potential consequenceg@ an intrusion.

Assessment of human intrusion

2212

2.2.13

broadly consistent with the Requirement R8. The information provided in Volume 5 is
appropriate for consider, gainst Requirement R8 and the generic criterion of 10
mSv/year used in the s@uission is within the range of values for dose guidance level
specified in the con@ation draft (3—30 mSv/year).

LLW Repository Ltd’s app:§1bghe assessment of human intrusion appears to be

Para. 6.3.33 GRA consultation draft indicates that the dose guidance level applies to
human intri irectly into a facility and to “other human actions that damage barriers or
degrade i functions”. This allows some flexibility for an ESC to present arguments that

ures (e.g. a region of host rock) as well as engineered barriers should be
S “barriers” for the purposes of Requirement R8. Para. 6.3.34 makes clear that
xibility does not extend to the sinking of a well into an aquifer contaminated by

§&muclides from the facility. LLW Repository Ltd may not have been aware of this
o}

14

ssibility, however they have not presented arguments for the existence of any “barriers”
beyond the engineered ones.

We do not accept LLW Repository Ltd’s argument that doses from large scale human
intrusion scenarios should not be taken into account during the determination of the

Environment Agency Review of LLWR “Requirement 2" Submission Volume 5 8



radiological capacity of the vaults. The text of the new Requirement R8 makes clear that

measures to reduce the chance of such intrusion should be considered and implemented

where appropriate, but it also requires a quite separate appraisal of the consequences of

human intrusion “on the basis that it is likely to occur”. Furthermore, para. 6.3.42 indicates

that the doses associated with human intrusion scenarios are “likely to be important in

deriving facility-specific authorisation limits and conditions, such as inventory limits and

allowable activity concentrations for specified radionuclides.” Of course LLW Repository

Ltd could not have been expected to take account of the new guidance as they had not

seen it prior to their submission of the Requirement 2 response. Furthermore, LLW

Repository Ltd claim that the assessed doses which represent the highest reasonable «
potential impact of human intrusion for the proposed vault inventory (which is, in effect, the '\
proposed radiological capacity) are in the region of 1 mSv/year; the exclusion of human

intrusion may therefore not be essential to their case. Nevertheless, our assessment of an

appropriate radiological capacity will have to take some account of the potential \

consequences of reasonable human intrusion scenarios. '\'\
2.3 Cross-pathway issues /\\

2.3.1 Volume 5 is structured according to the four main types of pathway to exposure: via
groundwater, gas, coastal erosion and human intrusion. In the following sections we Q
comment on the assessment of these four pathways in turn. In this section, we comm@
on some issues that cut across the assessment of the different pathways. In partj
address the approach to identify and characterise potentially exposed groups
PEGs are the hypothetical groups of people in the future whose habits will |
coming into contact with radionuclides from the LLWR via the different p
they are hypothetical, they need to be chosen so that the calculated do
PEGs give a reliable indication of the highest impacts that might re
by real people in the future.

s. Although
d risks to

Volume 5; the application of this approach to the different ays is described briefly in
the relevant sections of Volume 5. A more detailed dis&yssion regarding how PEGs have
been identified and characterised is provided in a su g document by Thorne (2007).
We provide some more detailed comments on thii orting document in Appendix 1 of

2.3.2. LLW Repository Ltd’s general approach to defining PEGs is E@narised in Section 2.2 of

this review, but in general the approach describ ms reasonable. We particularly note
that the local resource dominated PEGs congiglered in the 2002 PCSC (BNFL, 2002a) are

no longer included in the analysis: this is d@ent with recommendations from our review
of the 2002 PCSC (Environment Age§ a).

2.3.3  Our only other comment on the aggrg to PEGs is that the definition of PEGs seems to
be started ‘from scratch’ for eac, rent scenario. As a result, relatively minor differences
in habits can occur betweeny\PEG¢’in different scenarios, presumably because they have
been derived on different b or using different references. For example, it is not clear
why people assumed t@ use of water from the Drigg stream in Case D of the
groundwater pathway ( se to near surface pathways) would be different from the
smallholders usi %cap area in human intrusion scenarios. We would have expected
these two PE r:& e common habits because there is no particular reason for them to

have differen'séiuts. We do not see any evidence that these differences create any

serious di cies, but when they are presented without explanation it appears to be an
unnece ource of possible inconsistencies. We suggest some cross-checking of
PEngEbss scenarios.

234 /ggp&r general point concerns the interrelationship between assessment reports and
orting documents. Supporting documents (for example, the data reports by Thorne
é 007, 2008)) often present more information and discussion than is used in the
assessment. In these cases, assessment reports should be absolutely clear about which
. 6 information they have taken from supporting documents and (if necessary) why it has been
\Q\ used. On a few occasions, the Requirement 2 submission does not do this, as outlined
& below:
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2.35

2.3.6

2.3.7

2.4

24.1

(@) Some of the habit data recommended by Thorne (2007) refer to both “typical” and
“high” values, but it is not always explicit in Volume 5 (or the more detailed assessment
report by Paksy and Henderson (2008)) which values have been used as the
“reference” values in the assessment.

(b) Some of the recommendations for soil K4s in Thorne (2008) are dependent on the
characteristics of the soil, but it is not explicit in the assessment reports which soil type
has been assumed.

(c) ltis not entirely clear exactly which animal products have been considered for each
PEG, nor the basis for their selection. For the groundwater pathway it appears that a
range of animal products (excluding goat products) has been considered with data
specific to each animal, whereas the assumption is made that the smallholders
considered for the scenarios of site occupation following human intrusion keep goats,
modelled as generic animals.

Finally on general matters - and perhaps most significantly - we accept that LLW
Repository Ltd’s assumption that the facility is likely to be destroyed by coastal erosion
within a few thousand years is robust, and that the main focus of the ESC should therefore
be on impacts that might reasonably be foreseen within that time frame. We will
nevertheless expect a full ESC to include some appraisal of the potential consequences i

for whatever reason, the erosion did not occur as assumed. This consideration falls int b
two categories, outlined in the following sections.

The first category is the possibility that erosion occurs, but significantly later thgrfassumed.
This possibility should be covered within the sensitivity analysis of the assessfegt of
impacts from the various pathways. We stress that this does not only ap o%he
assessment of the coastal erosion scenario: the possible effect of later gg0sidn on impacts
from all scenarios and pathways should be considered.

here has been rapid

The second category is the possibility that erosion does not ocgus
change and coastal

and sometimes dramatic development in understanding of cli
evolution over recent years; considerable uncertainties repgi&iy regarding the course of
climate change, particularly when short and medium-t projections are extrapolated to
the timescales relevant to the LLWR. We do not think these uncertainties would
significantly alter current understanding to such an nt as to invalidate the assumption
that the facility will be eroded, but history sugge!& t we cannot entirely rule out the
possibility that current understanding is wrongsWe must also consider the possibility
(which was outside the scope of the coas lution work) that some currently unforeseen
human actions (intentional or not) or a% ent could modify or override the processes
currently in place and stop or reverse@ t trends so as to invalidate the projections into
the future. Again, we do not cons% to be at all likely, but again we cannot entirely
rule it out. We will therefore requi LW Repository Ltd to provide some evidence in the
ESC that, if such a situationwe arise, impacts in the very long term would not be
unacceptable. We will, how , expect the effort devoted to this question to be
proportionate to the low, ility of such eventualities. Similarly, we will take account of
the low probability whe ging whether potential impacts are unacceptable.

Ground ér pathway and impacts

asse ent is described in more detail in a supporting document by Paksy and Henderson

Volumeg%marises the assessment of impacts via the groundwater pathway. The
2

ich in turn draws on supporting documents on the near field and geosphere. The

ting documents that deal with geological and hydrogeological topics are covered
arily in our review of Volume 4 of the submission. The documents that address the

ventory and near field are addressed primarily in our review of Volume 3, although some
comments are made below, in particular on the model of flows from the near field
described in Paksy (2008). More detailed comments on Paksy and Henderson (2008) and
on Paksy (2008) are provided in Appendix 1 at the end of this report, but the more
important points are incorporated in the discussion below.
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2.4.2 The calculation scheme used for the groundwater pathway appears to be as follows:

i. The groundwater flow paths to be modelled were derived from the near field water
balance model described in Paksy (2008).

This model takes account of the planned engineered features of the LLWR, and

also draws upon results from site-scale hydrogeological modelling. Four cases

were defined:

- Case A represents the expected performance of the facility but with the
current geosphere;

- Case B represents the expected performance of the facility but with the
geosphere modified by coastal erosion;

- Case C represents failures of the engineered systems leading to increased
vertical flows (into the regional groundwater);

- Case D represents failures of the engineered systems leading to increased
horizontal flows (in the upper groundwater).

ii. Results from the DRINK model from the 2002 PCSC, modified to incorporate changes
described in Volume 3 (particularly the updated inventory and the new dissolution
model for uranium wastes), were used to calculate radionuclide concentrations in the
groundwater.

geosphere for the different cases.
iii. GoldSim models were developed to represent transport in the geosphere fort
different cases.
These were derived from an assessment of the more complex geol
hydrogeological models described in Volume 4.
iv. Biosphere models were used to assess doses to a number of defing
from the discharges from the geosphere in the different cases.

Combined with the flows from step i, this gave radionuclide fluxes into the §

Near field 6

243

244

245

In our review of Volume 3 of the Requirement 2 submissi% comment on the technical
basis for assessment modelling of the near field, including tfe inventory, the
biogeochemical evolution of the near field and the n a%ld engineering performance. The
comments in this review of Volume 5 focus on the r@esentaﬁon of the near field in the
assessment modelling, which is summarised in n 4.3.1 of Volume 5 and described in
more detail in Paksy and Henderson (2008).

both leaching and sorption of radionu are characteristic of a homogeneous saturated
system. We do not dispute this C"% a reference case for a deterministic assessment.
However, we expect a full anal consider other possibilities. For example, leaching in
an unsaturated heterogene @em (e.g. flow through cracks in grout) could be locally
enhanced compared to the @ ogeneous saturated case while the potential for sorption
could be reduced. It is ious how such a case would affect the release to
groundwater and how |muld compare with the reference case.

We note the assessment’s assumptio@n 2.2.3 of Paksy and Henderson (2008)) that

*
From the descti t%@ ‘Trench region B’ in Section 2.2.3 of Paksy and Henderson (2008),
it is not clear er the higher uranium and fluoride concentrations in this region can be
whether they are an observed phenomenon that is not understood. If the
would be helpful to include in the description a brief explanation. If the latter,
then ommend that the phenomenon is investigated further rather than simply taken
at fa alue.

2.4.6 & near field water balance model of Paksy (2008) plays a central role in the treatment of

&
~N

11

e groundwater pathway. We consider it is important therefore to note a number of
limitations in the basis for this model and its use:

(a) The descriptions in Paksy (2008) about the derivation of the model and its underlying
assumptions seem to refer to few ‘hard facts’.
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2.4.8

2.4.9

2.4.10

(b)

(©

()

We

uncertainties implied by these issues have not yet been fully addressed. However
makes it very difficult to determine at this stage which ‘conclusions’ derived frog

are

implications. For example, the model results are used to support the ass
upper groundwater paths from the trenches are thought to be feasible i i

that

upper groundwater, the assumption that these paths are not plaua ble'

They generally sound sensible, but it is far from clear that an equally plausible set
of explanations might not have been constructed, leading to quite a different
model.
Cases have been run for no rise in sea level and for a 6.5 m rise, but not for the higher
sea level rise considered in the coastal evolution work (23.8 m above the current level)
(Thorne and Kane, 2007).
The eight calculation cases assessed with the model cover the two sea level scenarios
described above, combined with upper and lower bound assumptions for three other
sets of parameters, but only in certain defined combinations that do not seem
particularly systematic.
The result is that the combinations of parameter values may not be such as to
provide the full range of possible outputs from the model.
Paksy (2008) acknowledges that the results are very sensitive to several key
parameters, values for which are derived from other models or from
elicitation/estimation exercises; there may be complex interactions between the effects
of the different parameters.
This being the case (even just based on the limited investigation of sensitivity

assessment of the groundwater pathway is based on the results from just one
deterministic run of the model.

represented by the eight calculation cases), it is a little surprising that the Q

recognise that the limited scope of the performance update means that the $

robust and which are not. In some cases these ‘conclusions’ could have
poffen that no
e future. Given
the groundwater paths actually observed at the site to date are fr&wjthe trenches to
the future would

need much more robust justification than has been provided s

We

be vertical drains between the trenches and the vaultsgnd
drains will be directed into the regional groundwater n@
given of what would happen if the vertical drains w
intended. Clearly the full ESC will need to confiri

demonstrate that the assumptions made are pli

3

note that the entire treatment of the groundwater path%a so assumes that there will
t all flow that reaches these

sandstone. No indication is

ewot present or did not work as

intended design of the drains and

, or adequately address the potential

consequences of failure of the vertical dra W Repository Ltd acknowledge that they
have not attempted to do this in the perf; ce update.
There is considerable discussion ubmission and supporting documents about the

assumed performance of the fut@j |te cap, but very little about that of the current interim
cap. The groundwater pathway

performance of the cap isé§med to be that of the final cap. Since the scope of
Requirement 2 focuses g

elling starts at 1995, but throughout the modelling the

-term performance, this may not be critical, but the full ESC

will need to address th ects of the interim cap.

*
re is some con\&n in the descriptions of the upper groundwater pathway from the

The

future vaults. rror appears to be in Figure 4.3 of Volume 5 (which is identical to Figure
3 of Paksy enderson (2008)). This figure shows a flow from the future vaults to the
East-Wi eam, but the descriptions of the pathway and the modelling used suggest
that thy is to the Drigg Stream. There are also one or two misleading references to the
Eas st Stream in the text.

Geosé&’transport

2.4% Our review of Volume 4 of the Requirement 2 submission provides comments on the

&
~N

technical basis for modelling of the geosphere. The comments here focus on the
representation of the geosphere in the assessment modelling, which is summarised in
Section 4.3.2 of Volume 5 and described in more detail in Paksy and Henderson (2008).
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2.4.12

2.4.13

Although it seems unlikely to be a major issue, for completeness we expect some
explanation why 1/100 is considered to be a suitable vertical transverse dispersivity
(Section 2.3.2 of Paksy and Henderson (2008)).

Section 3.2.3 of Paksy and Henderson (2008) briefly describes the GoldSim
implementation of the geosphere model. We have the following two observations on this
description:

(a) We note some increases to the flow rates into the geosphere model as described by
Arthur et al. (2008) to allow for higher flow rates out of the near field calculated using
the model of Paksy (2008).

Besides reiterating our observations about the sensitivity of the Paksy model (see
para. 2.4.6 above), we expect a full ESC to resolve any inconsistencies between
models by iteration rather than by a quick ‘fix’ at the implementation stage of the
assessment model.

(b) For some modelling tools, it could not be assumed that the division of the geosphere
path length into three (in order to observe intermediate results) would not affect the
behaviour of the model.

This particularly requires explanation in view of the use of 1/10 of the pipe length
as a mixing depth to calculate dilution (Appendix 2 of Paksy and Henderson

(2008)). We expect to see some confirmation either that GoldSim pipe Ieng@
general have no effect on model results or that there is no significant eﬁe@ is

particular case. e K

Biosphere and PEGs

2.4.14

2.4.15

2.4.16

Paksy and Henderson (2008) describe the basic structure of the b|o§®( model; the data
describing the compartments of the biosphere model and the transferstetween them; and
the models and data used to calculate doses. The supporting r on the biosphere
database (Thorne, 2008) provides a detailed account of rec ded values for element-
dependent biosphere data, namely Ky values for soils an iments, concentration factors
applied to terrestrial crops from soil and to aquatic foods froth water, and transfer
coefficients to animal products. 6

Some detailed comments on the biosphere datal@aoreport (Thorne, 2008) are provided in
Appendix 1 at the end of this report. These a@m tly minor points of detail, particularly
since:

(a) overall, the biosphere database r@&ppears to be a thorough, coherent and largely

well reasoned review of the d a;

(b) long-term modelling of the ere and PEGs will inevitably be arbitrary to a degree,
because the detailed evgluties’of the biosphere will be essentially unpredictable far
into the future, so provi he biosphere modelling is reasonable, we would expect
effort on the groun pathway to focus on the somewhat more predictable areas of
near field and geosphgre;

(c) the risks from t@roundwater pathway are relatively low;

One comme does seem worthy of note here, however, is that Thorne (2008) makes
little refere t& sources of data that reflect local conditions, for example data from
Sellafiel ell as the LLWR. Even allowing for the fact that local conditions might not
persi;&finitely, such data could provide a useful context, particularly in cases where
gen anges of parameter values are very large because of how behaviour varies with
@&n conditions.

e}O
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2.5 Gas pathway and impacts

2.5.1 Volume 5 summarises the assessment of impacts via the gas pathway. The assessment is
described in more detail in a supporting document by Ball et al. (2008). Some detailed
comments on the supporting document are provided in Appendix 1 at the end of this report.

2.5.2 The calculation scheme used for the gas pathway appears to be as follows:
wastes, based on modelling of the processes generating gas and those that prevent

some of it being released in gaseous form (namely dissolution of gases in near field
groundwater and reaction of CO, with cement). \(l/

i. The DRINK model of near field processes produces estimates of gas releases from the /\

These estimates are not fed directly into the main assessment model for the gas
pathway, but are used manually to set up that model. Although there is some \
discussion of factors that would affect the results from DRINK — notably current '\
knowledge of the nature of the wastes making up the C-14 inventory — results from \
the 2002 PCSC model have continued to be used for assessment purposes.

ii. The main assessment model, DEGAS, represents the generation and transport of gas

and calculates the rate at which gas is released to the accessible environment.

The sub-model representing gas generation is set up to give releases of gas Q
similar to those predicted using the DRINK model. The DEGAS model used@wis
submission is essentially unchanged from that used for the 2002 PCSC,
assumed rates of gas generation have been changed, based on a rei ation
of results from the DRINK model.

iii. The RIMERS model calculates the concentration of C-14 in crops r‘e@ from C-14-

labelled gases being released into the soil.
The model represents the behaviour of C-14 in the biosphe@. the various
processes by which it transfers between soil, plants and air. RIMERS model

has been significantly modified since the 2002 PCSC was compared with a
new model developed for the Food Standards Agen A) (Thorne, 2005).
iv. No exposure model is used to represent inhalation of s released to the
atmosphere.

For gases containing C-14, based on result I@the 2002 PCSC, the doses via
inhalation are assumed to be much lower hose calculated with the RIMERS
model. Exposure via inhalation is not m d for radon® because the amounts of
gas expected to penetrate the cap (atsny time prior to the assumed destruction of
the facility by coastal erosion) are\' all to give significant doses to anybody on

the surface.

2.5.3 Compared to the 2002 PCSC, thesﬁs;tihﬂed inventory of C-14 is now lower by a factor of 2
to 3 and the peak rates of gas tion (fed into DEGAS from examination of DRINK
results) are now lower by a factowef 15 to 100. However, the updated RIMERS model
(Thorne, 2006) predicts su tially higher concentrations of C-14 in crops for a given
release of gas to the soj e overall effect is that estimated doses are lower than in the
2002 PCSC, butby a f of no more than about 2.

*

2.5.4 We note that Rall . (2008) conclude that entrainment of radon by landfill gas appears to
be occurring Ei%@nd could occur in future, however the Requirement 2 submission

assumes t Qy effects of entrainment are not significant. This does not seem

ﬁd as an interim position, but we expect to see the issue addressed more

in the full ESC, either by substantiating the assumption made for Requirement 2

essing the potential effects of entrainment. In particular, it seems to be argued

neration rates for landfill gas are highest in the near future so any effects of

ainment will be cancelled out by controls over the site. However, it is clear that landfill

G ases will continue to be generated — albeit at lower rates — in the more distant future,

when the effects of any entrained radon might not be mitigated.

>

\S

&Q ® Note that potential doses from indoor radon inside buildings constructed on the site in the future are addressed under the
human intrusion pathway, not in this section.
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2.5.5 From the limited tiers of documentation considered in this review, it is not clear why there
are such large differences between the initial rates for gas evolution used in the 2002
PCSC and those used in the Requirement 2 submission. The more recent calculation is set
out in Equation 4 in Ball et al., but no similarly concise description appears to be available
of the corresponding calculation from the 2002 PCSC. One alteration that is mentioned has
been the use of a gas production profile with a half-life of 250 years instead of the 50 years
used in the 2002 PCSC. This change seems sensible in the context of the time
dependence of the DRINK results shown in Figure 18 of Ball et al., but the figure is rather
misleading in other ways. If both assessments had used Equation 4, the initial (peak) gas «
generation rate for the 50-year half-life would be five times higher than that for the 250-year '\
half-life, not approximately the same as shown in Figure 18. However, a factor of five is not
sufficient to explain the difference in generation rates. @

2.5.6 The other parameter from Equation 4 that is discussed explicitly in Section 4.4.2 (“Updated '\
scoping calculations”) of Ball et al. is the cellulosic volume fractions of the wastes. The
adopted values are claimed to be conservative, but it is not clear whether the discussion in \
this section is meant to imply that the 2002 PCSC calculations assumed cellulosic volume /\
fractions of 1. If they did, the 2002 calculations would be conservative beyond any doubt
(and probably excessively so), and this conservatism could explain to a much larger exte
the difference between the calculated generation rates. §

2.5.7 Some care is needed to support claims that radon is not a significant concern Whilfae
proposed engineered barriers — notably the cap — are in place and there is no 6 ity of
buildings on the site. It is evident that radon is currently passing through (or othe)wise
bypassing) the interim cap in non-trivial amounts (via venting or cracks, iffision or
entrainment). The 20 Bq/m3 that is quoted as the “background level” for, te is not only
several times higher than UK average outdoor radon levels — indica@n tthereis a
significant local source — but is comparable to average indoor radgn Is in the UK. With
a very high occupancy, this radon level could give annual dose. 0 1 mSvl/year. Even
allowing for a lower occupancy and a contribution from natur @ccurring radon, there is
scope for the facility to cause doses that challenge the G guidance level. A full ESC
will need to demonstrate (rather than assert) that the fikal cap will perform significantly
better than the interim cap in this regard, and that th e ‘unmanaged’ situation with
regard to radon will be better than the current ‘man one.

2.5.8 The various stages of modelling exposures f]
layers of models and assumptions; it is n
supported by any comparisons with real

~14-bearing gases seem to rest on

ibus to what extent this approach is

see, for example, para. 2.5.5 of this report,
above). Indeed, at times the text slip escribing modelling results as though they were
reality. While some of the claims %: ments of the modelling are conservative are
clearly true, it is less clear whet e overall assessment is reliably conservative because
some elements do not seemto onservative. For example, it is stated that the factor for
uptake by plants could be r of 10 higher. Perhaps more significantly, the origin of the
assumptions (“correctio at 20 per cent and 10 per cent of the C-14 inventory in the
trenches and vaults, re tively, may be released in gaseous form is cited as McGarry
(2003a), but this d ent actually refers to a 2002 PCSC parameter input form (Lee,
2003). This p am\ input form derives the values from a graph of DRINK output, but
does not exp hy the 20 per cent value after 100 years is chosen rather than the 70 per
cent or so jnticated by the graph for times closer to the 50 years assumed as the half-life
for cellu @egradation. Furthermore, it is not entirely clear that these “corrections” do not
alrea@ver some of the conservatism subsequently claimed on the basis of the forms of
was aking up the C-14 inventory.

25.9 &n that the GE Healthcare waste stream 1A09 (“incinerated waste”) is estimated to
present more than 40 per cent of the C-14 inventory for future vaults, we would expect
LLW Repository Ltd to have a better understanding of the nature of the waste stream than
. 6 is apparent in the submission. We therefore recommend dialogue with GE Healthcare to
\ clarify the status and nature of this waste and whether it is likely to be suitable for disposal
,QQ at the LLWR.
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2.6

26.1

2.6.2

2.6.3

264

2.6.5

Coastal erosion and impacts

Volume 5 summarises the assessment of impacts during, and immediately following, the
assumed coastal erosion of the facility. The assessment is described in more detail in a
supporting document by Galais and Fowler (2008). Some detailed comments on the
supporting document are provided in Appendix 1 at the end of this report.

The current view is that the LLWR is likely to be destroyed by coastal erosion within a few
thousand years, so we attach particular importance to the assessment of risks during the
erosion of the facility. The exposure scenarios and models used in the 2002 PCSC were
framed more like ‘what-if’ scenarios and addressed what was at the time an emerging
issue. Understanding has now shifted considerably; we now expect the assessment of
coastal erosion to be based on a level of analysis and underpinning more like that applied,
for example, to the groundwater pathway. We recognise that there are substantial inherent
uncertainties in the exact nature, sequence and timing of events in the erosion of the
facility; simple robust modelling — supported by a robust analysis of sensitivities — might still
be the most defensible approach. However, we expect to see evidence that the potential
impacts, and the uncertainties surrounding those impacts, have been explored with a
thoroughness appropriate to the ‘normal’ or expected evolution of the site. Q

As well as this general concern, we have some more specific points, as follows. F@, we
are keen to understand fully why the conditional risks quoted in the performan Q‘) ate
are so much lower than those quoted in the 2002 PCSC (1,000 times lower i @case of
large sources on the beach), particularly if the models are broadly the s‘a@ before.
Some changes are apparent — indeed some were introduced during th ﬁ( w of the 2002
PCSC (Penfold, 2004) — but these do not account for all of the differ in the calculated
values. Unfortunately the documentation from the various stages af thé’work does not
make it easy to trace all of the assumptions and identify all of t rces of difference. We
expect LLW Repository Ltd to provide us with a breakdown hanges they have made
to the modelling of the coastal erosion scenarios since th@z PCSC and how their
contributions have altered the results.

The absence of exposure scenarios to accompan ‘Increasing sediment’ scenarios
(reflecting a barrier-lagoon and/or expanded Ra ss Bay) is a significant omission,
which we expect to be rectified in the Requirgipent 6 submission. This scenario could be
significantly different in terms of both the t f PEG and the distribution of radionuclides
from the facility. We expect to see at ronriate times LLW Repository Ltd’s proposed
approach to the modelling of these c% nd preliminary results indicating the likely
magnitude of risks.

We recognise that it is prob%@e that impacts via marine pathways following the
dispersion of eroded materi o the sea will be substantially lower than those from other
pathways during coast?d&on (as stated, for example, in Section 2.2 of Galais and
Fowler (2008)). Nevertheless, since erosion of the facility into the sea is now considered to

be the most likely c%e of events (rather than, as in 2002, a possibility), we consider that
a complete ESC s d include an explicit assessment of the impacts arising from that

course of ev t may be possible to base this assessment on the marine model used for
the groun pathway, but we would expect some appraisal of any effects arising from
the diffi rm in which radionuclides would enter the sea.

Th mption that exposure comes from a facility-wide average concentration of
uclides is probably reasonable for the majority of the time while erosion is taking

e. However, we do not accept that this will always be an adequate representation of
e “average over all the wastes exposed at any one time” (Volume 5, p. 82). The gradual
progression of erosion will be slow compared with the timescales for dispersal and mixing
of waste materials once they are in the accessible environment (Galais and Fowler (2008)
guote an average residence time for eroded material on the beach of about a month) and

compared with the lifetimes of individuals. Given the highly heterogeneous distribution of
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2.6.7

2.6.8

2.6.9

2.7

2.7.1

2.7.2

2.7.3

S
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some radionuclides that contribute significantly to the risk (e.g. radium-226), there would
seem to be a real possibility that doses could be significantly higher than the average
values assessed here over a period of some years when erosion is affecting an area of
high radionuclide concentrations. This is a stage that is likely to occur in the expected
evolution of the site (only the exact timing is undefined); it is not a random event that might
or might not occur. Since this situation is expected to occur at some point in time, and
since the impact is likely to be relatively insensitive to timing, it would not be appropriate to
dismiss such a variation in exposure by probability arguments. It would not be sensible to
speculate on the exact composition of the waste eroded in each specific year, but we
expect some assessment of exposure to waste at average concentrations that are more
representative of the cross-section of waste likely to be exposed during periods when
known areas of high concentrations of key radionuclides are being eroded.

Section 3.4 of Volume 5 indicates that the models and data used for assessing these
scenarios are largely the same as for the 2002 PCSC (Penfold, 2003 and 2004). It should
also acknowledge that we raised a number of questions in our review of the 2002 PCSC
about the suitability and justification of those models and data. Some aspects were not
sufficiently substantiated in the 2002 PCSC and our concerns remain unresolved: we
expect these to be substantiated in the full ESC.

Some form of figure would help those who are not particularly familiar with the geogra

of the site to visualise the different areas used by the PEGs and their relative orientati
For example, it is not clear why the (soundly based) occupancy for leisure use of %a tal
area (300 h/year) should be divided into 100 h/year near an eroding cliff face, ear
on a beach and 100 h/year on a contaminated foreshore. In particular, it woul m
logical to imagine that the waste on the beach would be near the foot oI @)ding cliff,
and that somebody on the beach would be exposed to both sourcessi@ eously (i.e.

occupancy should be 200 h/year for each ‘pathway’).

The exclusion from the analysis of a beach hut, in which radon o accumulate, is not
unreasonable. However, the raised sea level scenarios gene tmply higher
temperatures and therefore it is not too difficult to envisag@ possibility of increased
leisure use of the Cumbrian coastline. It might thereforg be €asier to justify the inclusion of
a beach hut in a full safety case, but with realistic ch ristics of such a hut, namely
shielding and ventilation parameters closer to thos vant outdoors than to the inside of
a substantial, permanent structure.

Human intrusion and i

Volume 5 summarises the assesﬂasn f impacts resulting from possible future human
intrusion affecting the facility. T essment is described in more detail in a supporting
document by Galais and Fog@ 08).

Section 3.4 of Volume 'Qtes that the models and data used for assessing these
scenarios are largely th me as for the 2002 PCSC (Penfold, 2003 and 2004). It should
also acknowledge tliaywe raised a number of questions in our review of the 2002 PCSC
about the suitabilit d justification of those models and data. Some aspects were not
sufficiently s tiated in the 2002 PCSC and our concerns remain unresolved: we
expect the@%e substantiated in the full ESC.

Itis n@ (though not surprising) that the peak doses from the trenches are in most
ca tained at the latest date considered in the analysis. In other words, the potential
are still rising when the assessment is cut off at 5,000 years from now. It is not clear
ther a peak dose arising after more than 5,000 years in any of the cases for the vaults
ould exceed that within the assessed period. In a complete appraisal of human intrusion,
we would expect to see an estimate of the actual peak in the potential dose curve (which
could of course, if appropriate, be accompanied by arguments as to the relevance of that
peak value in the light of other factors such as the expected erosion of the facility).

Environment Agency Review of LLWR “Requirement 2" Submission Volume 5



274

275

It is assumed that waste disturbed by human intrusion will only be suitable for growing
crops if it is diluted with soil, and a dilution factor of 10 is used in the assessments (Volume
5, Section 7.4.3). A chain of references for the value of 10 (Galais and Fowler, 2008;
Penfold, 2003; Thorne and Kane, 2003) does not reveal an explanation for this choice,
except that it is considered by the authors to be reasonable. The value seems at least
plausible in the context of the materials making up the waste in the trenches and Vault 8,
but future vaults are projected to contain waste that is 48 per cent soil (Volume 3 Figure
4.3). Volume 3 also indicates that most of the Ra-226 (one of the key radionuclides) in the
future inventory of the vaults is from contaminated land remediation at Aldermaston, and so
is likely to be more than 48 per cent soil. Furthermore, it appears from the descriptions in
Galais and Fowler (2008) that this factor of 10 is independent of any dilution of waste for
other reasons (e.g. where the volume disturbed by the intrusion is insufficient for the
exposure scenario). If the rationale is to make the soil just suitable for cultivation, then it
seems illogical that it should be the same in all cases. How is the factor of 10 justified in
general, and in particular how is it justified for future vaults?

radionuclide concentrations is discussed quantitatively, but the discussion is confined to
Volume 1 of the submission; there is only a qualitative mention in Volume 5. Nevertheless,
the notional doses for intrusion in areas of higher-than-average concentration are

interesting as indicators of the robustness of the case: §

The sensitivity of the calculated doses from human intrusion to heterogeneity in /\\'\

(a) We agree with the implied argument that the 38 mSv value, based on intrusiom@o
only the 20 worst contiguous bays of Trench 3, is sufficiently implausible t;
inappropriate for comparison with the primary dose criteria (although th él at the
notional dose is well below 100 mSv provides some additional reas

(b) We attach somewhat more weight to the 3 mSv figure, calculated
Ra-226 concentration in Trench 3 and a ‘realistic’ exposure mo

An excavation would be highly unlikely to follow the shape of Trench 3's footprint,
but the assumption generally reflects excavation over a that represents a

reasonable basis for averaging concentrations. Sinc; 0:60 dilution of waste

assumed in these calculations is already on the ¢ S side, it seems reasonable
to be cautious also in assumptions for the exp&sure“modelling or for waste
heterogeneity, but perhaps not both. The com tion of a cautious exposure
model and an overall average waste conceqtration produces a lower dose (1.3
mSv according to Volume 5 Table 7.7) t e realistic exposure model and
higher waste concentration. We thergfpre™elieve that the 3 mSv might be an
appropriate ‘high’ figure for comp& with the primary dose criteria.

Exposures from radon and thoron b

2.7.6 The largest assessed doses froénan intrusion scenarios arise from the inhalation of

O

radon isotopes in a building cted on the site following large scale disruption of the
facility at some time in the fi . The models used to assess these doses are therefore of
particular importance. T, del used for the 2002 PCSC aimed to simulate the processes
involved in:

(a) the gener ton\q%adon gas (Rn-222 and Rn-220, the latter known commonly as
thoron) fr solid parent radionuclides in the waste (radium isotopes Ra-226 and

(c) it se into the air above the ground,;

(b) the ion of this gas through the mixture of waste and soil;
(d) distribution in indoor and outdoor air.

@ odel used several parameters whose values were highly uncertain, and therefore the

ults from the model were either extremely cautious or difficult to justify as robust. A quite
ifferent approach has been used for the Requirement 2 submission, based on a much

simpler empirically based model.
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2.7.12

2.7.13

The new model is based on an assumption that radon and thoron levels in buildings are
broadly correlated with the concentrations of radium isotopes in the material underneath
the building. There is extensive information on measured radon and thoron levels in
buildings and on radium concentrations in soils in the UK and worldwide. This work can be
used to derive a typical ratio of Bq/m3 radon/thoron in buildings to Bg/kg radium in soil. This
ratio is applied to concentrations of Ra-226 and Ra-224 in the waste-soil mixtures
estimated to arise in human intrusion scenarios at the LLWR.

It is acknowledged by LLW Repository Ltd that this is a considerable simplification of
reality, and that radium concentration in soil near the surface is actually only one of a
number of factors that determine radon and thoron levels in buildings. However, we
consider that this is a reasonable and robust means of estimating radon concentrations
that might typically be expected in a hypothetical building of unknown design under
unknown conditions.

We agree that the new approach provides a sensible, robust way to scope the likely
impacts of human intrusion; it also avoids many of the drawbacks of the previous process-
based modelling. Although considerable uncertainties remain and are acknowledged, this
approach makes the uncertainties more visible and more understandable.

pessimistic overall. Particular care is needed in making any claim that assessments

It must be recognised, however, that it is much less clear that the empirical model is sQ

on averages are pessimistic. Future work should focus on providing a firmer unde ing
of the variability of doses and the key factors that cause this variability, in ord vide
robust underpinning evidence for the definition of ‘reasonably cautious’ case

“extreme case” for radon and thoron exposure following human intrusieeis included. This
scenario could only occur if the cap had first been largely eroded (or otherwise removed),
which is elsewhere considered implausible within the timescale r to the expected

destruction of the facility. So long as the cap remains Iargelyg@(, it is difficult to imagine

It seems slightly inconsistent with other arguments presented in thiss%\@s on that the

anything approaching the “extreme case”. However, this ay be worthwhile as an
illustrative ‘what-if'case. e

On the other hand, while it is clear that the “cautioug case” is notably pessimistic for thoron,
it is less clear that it is so for radon. The averag kground) radon concentration
measured outdoors on the surface of the tre@i s quoted as 20 Bg/m®, i.e. between five
and 10 times average outdoor radon level%i UK. The average Ra-226 concentration
in the trenches is quoted as 110 Bg/kg, @gs than five times the national average
concentration in soil. The average R% oncentration in Trench 3 (according to Volume
3) is approximately five times the Gverage for the trenches as a whole; measured
concentrations on the trenches y a factor of 4 (10-40 Bg/m®). These figures tend to
suggest that Ra-226 concer\lﬁl‘ti in soil may be quite a good indicator of the airborne
radon level — and more pertiodatly these measured values do not suggest that assuming
such a correlation is ne@ly pessimistic to a significant degree.
The one parameter, e in the new model that is not derived directly from an authoritative
reference is that 6 cent of the thoron in the building is assumed to derive from the soil.

i %,this figure appears to be that it is one-tenth of the value quoted by
) for radon, but the choice of one-tenth has no particular basis. The actual
resented by this fraction are rather different from those that apply for radon,
0 obvious reason for any connection between the two. The UNSCEAR value
simply allows for radon from sources other than the soil, notably underlying rocks
ilding materials, which typically contributes to the concentration in a building. The
r fraction for thoron reflects the fact that much of the thoron in a building comes from
uilding materials rather than the soil; this is because of the short half-life of thoron and the
disequilibrium that results from its decay to longer lived daughters, neither of which play
such a role in the case of radon. However, since the model with this parameter value

predicts a ratio of radon to thoron concentrations in buildings that is consistent with the
observed ratio, we must conclude that 6 per cent is a reasonable value.
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2 Conclusions in relation to
Schedule 9 Requirement 2

3.0.1

3.0.2

3.03

3.04

3.0.5

3.0.6

In relation to Requirement 2, the function of the performance update is to support LLW
Repository’s position on the two main elements of the requirement:

(@) A demonstration that best practice is being applied to keep the peak risks from the site '<\
ALARA.

(b) A substantiated proposal concerning the radiological capacity of the site (the amount of
waste that could be disposed of while still allowing a satisfactory environmental safety \(l/
case to be made). \

Ltd make little explicit reference to the assessment of post-closure impacts; their
conclusions (tentative as they are) do not rely in detail on the results of the performance
update. However, the broad indications of impacts outlined in the performance update do
appear to have had some implicit influence on the reasoning behind these conclusions. Q

In their arguments on the question of whether risks are being kept ALARA, LLW Repository /\\'\

The need for Requirement 2 was mainly due to the high assessed risks from the tg s
in the 2002 PCSC. It seems to have been implicit in the recent ALARA work ( \
stakeholders involved in the associated workshops were given the impressio the
performance update would show that assessed risks from the trenches
much more similar to those from the vaults, and not too far from regula
cannot pinpoint specific judgements that have been fundamentally a , but there is a
general sense that consideration of measures to reduce actual risks the trenches may
be regarded as less urgent, based on the assumption that the @é‘_?sed risks have become

less of a concern. We therefore think it appropriate to comm he extent to which the
performance update supports this assumption.

In our view, and for reasons given elsewhere in this re@ of our review, there seems to be
clear evidence that some of the highest assessed ri rom the 2002 PCSC will be
reduced significantly by the updated understandi coastal evolution (which shortens the
timescales for the main assessment) and by more*ealistic modelling of exposure due to
indoor radon and thoron following large sc}*k man intrusion. At this stage, we also
regard the claimed reductions in assess s due to updated understanding of the
inventory and the dissolution behaviowanium as credible, but unproven. We believe it
is likely that, coupled with the reddgce escales for the main assessment, assessed risks
could also be reduced significal ith a more detailed appraisal of the effects of the
engineered barriers, although t tter analysis is not yet sufficiently complete to provide
any reliable quantification %&y effect.

In our view the perform@e update does not yet provide a fully substantiated case that
assessed risks fro 14-bearing gases will not be higher than indicated by the 2002
PCSC. Overall, wi e take account of the likely relative sizes of effects on the assessed
risks from the hes and the vaults, we conclude that the performance update provides
maximum assessed risks from the trenches (absolute risks and relative
risks to rom the vaults) are likely to be reduced significantly, but that the extent of
the re n remains to be substantiated.

I@of the considerations above, we consider that the conclusions of LLW Repository
ALARA work are sufficiently tentative and not distorted by an unwarranted confidence

G the results of the performance update. In this sense, we conclude that the performance

O

update adequately supports LLW Repository Ltd’'s position on this element of Requirement
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We stress that this conclusion rests in part on the fact that LLW Repository Ltd’s
conclusions are tentative; we will require further refinement and application of the
methodology before the final configuration of the trenches is decided. Such future work to
refine the ALARA analysis, whether generally or in the context of specific potential actions,
may need to be supported by assessments of the risks that are underpinned more robustly.

The connection between the performance update and proposals for the radiological
capacity is in principle much more direct. Ideally, firm proposals for the radiological
capacity would be supported by robust assessments of the risks. At this stage, however,
we do not think that the assessments of the risk in the performance update are sufficiently
robust and we would not accept the current performance update as a basis for firm
decisions on radiological capacity. Apart from the various specific weaknesses identified
elsewhere in this review, while the performance update lacks a systematic treatment of
uncertainty, we cannot reach firm conclusions about the overall acceptability of the risks.
However, LLW Repository Ltd’'s proposals on radiological capacity in this submission are
tentative, and therefore the standard of support needed is lower. The question of whether
such tentative proposals are sufficient to meet Requirement 2 is discussed in our Overview
report (Environment Agency, 2009a). Here we consider whether the performance update is
adequate to support the tentative conclusions presented by LLW Repository Ltd.

LLW Repository Ltd’s basic proposal is that, for the time being, the radiological capacit
should be the current reference inventory, and that this should be reviewed in the li

the results of the full ESC due by 1 May 2011. In the mean time, the current CFA
Repository Ltd, 2008) should be retained. This decision appears to rest on twi ions,
namely that:

is acceptable (if its disposal was clearly found to be unacceptab continuing any
further on the basis of that inventory could not be justified);

(b) application of the CFA between now and a decision on radj al capacity (post-
2011) will not lead to waste being prepared for or accept§ LLW Repository Ltd that

(a) itis credible that a full ESC could demonstrate that disposal of the ‘%&:e inventory
@e

cannot be disposed of in the LLWR while maintaining ceptable ESC.

Bearing in mind the weaknesses identified in the per nce update, and without pre-
judging any future decisions, we consider that LL ository Ltd have provided evidence
that an acceptable ESC could be made. Clearly osition is subject to the issues

identified in this review being adequately ad s€d, but we believe that their resolution is
plausible.

We consider that the condition set ou&a 3.0.9(a) is already met; we believe that
condition in para. 3.0.9(b) is Iikely&b et with respect to waste streams that do not
depart too far from the ‘typical’. econd condition might not be met if specific waste
streams, identified as presegtin rticular challenges to the ESC (see below), were due to
arrive at the LLWR within t xt five years or so. We understand that this is not the
expected case, but we ﬁ{}éxpect LLW Repository Ltd to ensure that this does not
happen. Pending full resglation of the radiological capacity, LLW Repository Ltd should err
on the side of cauti hen considering whether to accept waste streams that potentially
pose particular,ch ges to the ESC.

td suggest that the radiological capacity may be defined by the physical
planned facilities coupled with limits on the average activity concentration of
s in wastes. This definition is based on an expectation that the highest risks

by the full ESC will result from scenarios in which the risk (or dose, in the case of
intrusion) depends on the activity concentration rather than the total activity. Such
arios would include those used in the performance update for assessing risks from
uman intrusion and coastal erosion. The performance update provides some support for
the view that this is likely to be the case, but the full ESC would have to provide a robust
and substantiated demonstration. However, LLW Repository Ltd’s proposals at this stage
do not rest on this expectation.
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3.0.13 Overall, we conclude that the performance update does adequately support LLW
Repository Ltd’s tentative conclusions on radiological capacity.
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\ 3Recommendations in relation to s
the environmental safety case

4.0.1 Inanumber of areas, the performance update represents significant progress compared to
the 2002 PCSC. It goes some way towards addressing some of the issues we identified in
our review of the 2002 PCSC (Environment Agency, 2005a). It also touches on some
significant advances in understanding of the site and its impacts. However, as is
acknowledged in the submission, there are issues that have not yet been addressed and

others for which the advances claimed in the performance update need to be further

underpinned. \(l/
4.0.2 The structure and presentation of the update itself and of the documentation describing it '\'\

Repository Ltd understand our expectations for the full ESC due in 2011. The key \

are substantially improved compared to the 2002 PCSC. We take some comfort that LLW /\

arguments are generally presented clearly and concisely, and in most cases the evidence
to support arguments within the main volume and supporting documents is well signpost
There are some areas where we would expect improvement for the full ESC, as
documented in this report, but these are of a number and nature that might reasona@
expected in an interim update. (b

4.0.3 LLW Repository Ltd does not claim that the performance update is a full ESC ave
identified in this review — and in detailed feedback prepared for LLW Repgsit td on
various issues still outstanding from our review of the 2002 PCSC — ma] cific areas in
which we expect to see additional work reflected in the full ESC due@ ay 2011. We
expect LLW Repository Ltd to address all the issues that we have idemified (and any
further issues identified by the Environment Agency in the cour our dialogue in the
coming years). However, we also expect LLW Repository Lt @main alert to and
address any further issues arising out of their work, which@ ay identify themselves or
have drawn to their attention, for example by their Ind«$\ t Peer Review Group.

4.0.4 For the majority of the issues identified, we are esséntially content for LLW Repository Ltd
to proceed with whatever work they consider ne ry; we expect to see the issues
addressed in the full ESC. Nevertheless, thege issdes will be kept under a certain level of
review via our regular dialogue with LLW @itory Ltd; we will engage in more detailed
dialogue or provide further guidance qn %issues if requested, but we do not intend to
seek or require any further specific reb . For the few issues that we believe are of
particular importance, or where thg extent and nature of the work required is currently
unclear, we expect LLW Reposi@td to provide us with more detailed and explicit
information at defined times, for mple detailed plans of action, descriptions of proposed
approaches, models or dat sgg;esults from interim or provisional analyses. These issues
are discussed below. Wi gnise that some of these important issues may be
addressed, at least in pQrt)by the updated and expanded safety case approach document
that LLW Repositorgiltd produced in late 2008 (Baker et al., 2008), but we include all the
issues here for co teness.

4.0.5 A fundame t@equirement of the full ESC is to identify and address systematically the
uncertaintt ssociated with the performance of the disposal system. Our review of the
2002 identified a large number of issues relating to the treatment of uncertainty in
mal rent areas of the case. LLW Repository Ltd acknowledge that the performance
for the Requirement 2 submission does not include a systematic treatment of
rtainty, and therefore the issues raised in relation to the PCSC have not been
b solved. This was not explicitly required by Requirement 2, but we consider it to be a
priority for the development of the ESC. We expect LLW Repository Ltd (Category A
6 recommendation) to provide us at an early date with details of their proposed strategy and
\ approach for addressing uncertainty in the ESC. In the absence of such information in the
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Requirement 2 submission, we cannot with confidence agree or disagree with LLW
Repository Ltd’s claim that the performance update results are generally cautious.

4.0.6 LLW Repository Ltd also need to address more systematically the sensitivity of
assessment results to waste heterogeneity and to changes in operation of the LLWR.
Waste heterogeneity is discussed in various parts of the submission, but is not addressed
systematically or coherently. We expect to see a more comprehensive analysis of
heterogeneity and its effects in the full ESC. We recognise that this analysis will often rely
on judgements, so dialogue with us during development of the approach may be helpful.
The effects of changes in operation of the LLWR are barely addressed in the submission,
despite clear statements of intent from LLW Repository Ltd®. The future inventory, and its
behaviour, will be affected by proposed improvements to the segregation of VLLW from
LLW, reductions in voidage (and hence grout content), increased flexibility in packaging,
etc. We recognise that this is just one of a number of areas of uncertainty about the future
inventory. However, they are matters over which LLW Repository Ltd have considerable
control, and therefore we expect the ESC to consider the potential effects of these
proposals. We suggest (Category C recommendation) early dialogue with us to discuss
LLW Repository Ltd’s intentions and their anticipated effects on the ESC.

4.0.7 Given the fundamental shift to an assumption that the facility will be eroded within a few
thousand years, we expect LLW Repository Ltd (Category B recommendation) to pro @
a more carefully justified and robust assessment of the exposures that could arise w.
that erosion takes place. The exposure scenarios and models used in the perform
update are essentially the same as those used in the 2002 PCSC, when they

designed to explore an emerging issue. Overall, we expect the assessment stal
erosion in the ESC to be consistent with its status as the ‘normal’ or exp volution of
the site. We also expect LLW Repository Ltd to give specific attention t ollowing

points identified from our review:

(a) No exposure scenarios have yet been defined for the ‘incr
reflecting a barrier-lagoon and/or expanded Ravenglass
omission from the Requirement 2 submission, which ill'expect LLW Repository
Ltd to rectify in the full ESC. This scenario could b&sigrificantly different from those
already considered, for example in terms of both_the Yypes of individuals exposed and
the distribution of radionuclides from the facj;@e expect LLW Repository Ltd

% sediment’ scenarios,
his is a significant

(Category A recommendation) to provide updates to describe the proposed
modelling approach and early indication likely results (e.g. from preliminary
calculations) for this scenario.

(b) LLW Repository Ltd should clarify,al ify the details of the assessment calculations
used to estimate impacts during of the facility. As a first step, we expect LLW
Repository Ltd (Category C §o endation) to explain the large differences

between the results from ¢ erosion scenarios in the 2002 PCSC and in the
performance update, byite g and justifying the differences between the

calculations.

(c) The activity concen@% assumed in calculations need to be more carefully
considered. We ac that, for most exposed individuals, annual doses in a given
year are likely determined by the average activity concentrations in waste

in t year. However, this average will change from year to year due to

in the wastes being eroded. By analogy with other pathways, we expect

ish
c&traﬂon will be uncertain, but we expect LLW Repository Ltd (Category D
mmendation) to consider explicitly the time variation in risks during erosion.

@) addition, we expect LLW Repository Ltd (Category D recommendation) to consider
the possibility that individual discrete items from the LLWR might be found on the
beach following erosion, e.g. by considering potential doses to a ‘beachcomber’. This
possibility may be adequately covered elsewhere in the assessment (e.g. by a human

2

*
Q ® We note that the Requirement 2 submission was in the final stages of preparation at the time these proposed changes
were being formalised in site Lifetime Plans.
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intrusion scenario), but we wish to be reassured that all possibilities that are
reasonable in the context of the wider assessment have been covered. For example,
LLW Repository Ltd might consider whether pieces of insoluble calcium fluoride matrix
containing uranium from the trenches might appear on the beach.

(e) We recognise that risks resulting from waste after it has been dispersed into the sea
are likely to be lower than those from other pathways. However, for completeness, we
expect LLW Repository Ltd (Category D recommendation) to assess these risks as
part of the ‘normal evolution’ scenario.

At the same time, we do not regard erosion of the facility on the timescales described by
LLW Repository Ltd as an absolute certainty. For the Requirement 2 submission, we
accept that it was reasonable to focus on risks and doses up to the expected time of
erosion. However, in the full ESC we will expect LLW Repository Ltd (Category B
recommendation) to assess the potential effects that a delay in erosion — either for a
relatively modest time, a very long time or indefinitely — may have on impacts via the
various pathways. This consideration should be proportionate, given that such a course of
events is of low likelihood. We will take account of the low likelihood of delayed erosion
when we decide on whether the indicated level of impacts is acceptable.

We agree with LLW Repository Ltd (Category B recommendation) that further attentio
should be given to the well pathway in the groundwater scenario. The assessment of thi
pathway must provide a reasonable and robust indication of the risk associated with
possibility. In the light of the simplistic nature of the assessment, we do not consi W
conditional risks from the well pathway calculated for the Requirement 2 subn % 0 be
a major concern in relation to the risk guidance level — the calculations are gefieally
pessimistic and they are conditional risks. However, these calculations‘h@ht two
broader concerns: \

(@) LLW Repository Ltd need to obtain a more reliable understanding™ef future waste

streams. In particular, it is important to have reliable estim r wastes with
significant levels of long-lived mobile radionuclides such 14, CI-36 and Np-237.
LLW Repository Ltd ultimately will need to ensure tha uitability of such waste

streams for disposal in the LLWR are carefully assgsset

(b) In view of legislative trends, notably the GroundwdtelpDaughter Directive, we may have
to consider not only what the updated calculatiéwor the well pathway indicate about
risks to humans, but also whether they indic equate protection of groundwater as

disposal of the proposed future inven the LLWR is the optimum solution for those
wastes. This analysis would be or&ea ent of the demonstration that best practice will be
applied to keep the risks from di Is in the vaults ALARA (see the Overview document
of our review (Environment Ageitey, 2009a)). We may ultimately also expect to see an
additional, more specific@ tration that disposal in the LLWR is the optimum solution

a resource. @
Further to para. 4.0.9(a) above, we eE@e ESC to demonstrate that, in general,

for particular waste stre at are major contributors to the risk (i.e. on current evidence,
those containing the bu the future inventory of C-14, CI-36, Ra-226 and Np-237), but
this may be beyon scope of what can reasonably be expected of LLW Repository Ltd
for the full ESC du ay 2011. As a step towards this, however, for the full ESC we
expect LLW itory Ltd (Category B recommendation) to have at least reviewed the
accuracy o urrent characterisation of future waste streams to obtain as reliable a

picture sible of which waste streams are likely to present challenges to the ESC by
virtue@heir long-lived radionuclide content.

an intrusion scenarios can be excluded from the assessment of radiological capacity.
e would not expect radiological capacity to be constrained by the inclusion of a highly
improbable extreme worst case, but we consider that reasonably cautious human intrusion
scenarios should be taken into account. There are a range of possible scenarios and (in
the consultation draft of the GRA (Environment Agency et al., 2008)) a range of dose
criteria that could be applied to human intrusion scenarios. We expect LLW Repository Ltd

4.0.11&&n0t accept LLW Repository Ltd's arguments that the assessed conditional doses for
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(Category A recommendation) to propose, in broad terms, appropriate scenarios for us to
approve. Once appropriate scenarios have been agreed, we intend to determine which
criterion (from the range of dose guidance levels specified in the GRA) we consider
appropriate to apply to each scenario, taking account of the plausibility of the scenarios.
We expect this process to be completed before the full ESC is submitted, and we will
therefore require proposals from LLW Repository Ltd in good time to allow that process to
occur.

It has been assumed throughout the Requirement 2 submission that vertical drains — or
some other engineered feature having a similar effect on near field flows — will be included
in the design of future vaults and that these will be completely effective at whatever time in
the future they are called upon to operate. If LLW Repository Ltd decide that the optimised
design includes such features, we will expect (Category C recommendation) to see, as
soon as possible, evidence for the assumptions to be made about their performance.

For clarity, we repeat briefly in the following table the recommendations from the main text

may be considered Category D recommendations unless otherwise stated — they are
listed in order of occurrence in the text, not of priority.

of this report that we expect to see addressed in the full ESC. These recommendations /\

Vo
Recommendation ‘ Para(s) in tg&\\

Development of assessment

Consider using identical habits in different PEGs if they are intended to 2.3.6\\,
represent broadly the same behaviour. AN

Improve the near field water balance model and/or its underpinning, \4
particularly to include a consideration of uncertainty (Category B Q
recommendation).

K NAM6-2.4.7
\

Vat

Include in assessments realistic assumptions about the nature and @‘.g 249
performance of the cap in place at any given time. ‘A

Consider including an assessment for a beach hut, but taking cmn of its 2.6.9
high ventilation rate. N

Ensure the empirical model for indoor radon exposure is@ous by 2.7.10
considering variability in ratios of radon level to soil caonc ation.

Justification of assumptions ,1\'

. [ — .
Show that models are appropriate for the ranﬁafmdmons and timescales 214
being represented (Category B recommend n, but effectively a

compilation of comments on specific mg, .

Confirm that assumption of a homo e%tlls. saturated medium is conservative | 2.4.4
compared to a heterogeneous unsal ed one.

Clarify reasons for high uraniun@dvﬂuoride levels observed in Trench Region | 2.4.5

B. N2
Clarify and justify disci isa?on assumptions used in implementing the 2.4.13
geosphere model in im,

§
Improve the justi '@bn for not considering explicitly entrainment of radon with | 2.5.4
landfill gas.

Explain \early the change in C-14-bearing gas generation rates from the | 2.5.5
2002 assessment.
CIWrrent ambient radon levels above the interim cap. 257
r;gnstrate that the final cap will contain radon sufficiently that ambient 257
\\ els above the cap do not differ significantly from background.
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Recommendation Para(s) in text

Address recommendations from IAFs on impact assessment models for 2.6.7
coastal erosion from 2002 (to the extent that the models are used in the ESC).

Address recommendations from IAFs on human intrusion models from 2002 2.7.2
(to the extent that the models are used in the ESC).

Justify the factor of 10 dilution in human intrusion calculations for ‘soil quality’ 274
and use of the same factor for all trenches and vaults.

Documentation '<\

Clarify when data, figures, graphs, etc, in the main volumes are intended as 2.1.2

examples or illustrations and when they are meant to give a complete picture. (1/
List radionuclides consistently, either alphabetically or by atomic number. 2.15 \\
Clarify exactly which data from supporting documents (e.g. data reviews) have | 2.3.4 '\

been used in assessments. /\\

Provide an annotated map of the area around the site to aid understanding of | 2.6.8 (b

descriptions of PEG locations and behaviour.

4.0.14 Appendix 1 at the end of this report lists a substantial number of relatively minor
observations from our review of several key documents supporting the presentatj
Volume 5. Any substantial issues from these documents have been covered i
text of this report. We recommend (Category D recommendation) thatpl;%ﬂ ository

Ltd take note of these comments, and act upon them as appropriate, in, afng the full

ESC. $\
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Appendix 1: Review of supporting
references

This appendix provides detailed comments on a number of the documents cited in support of the
Requirement 2 submission (Volume 5). The main points arising from our review of these
documents are, however, addressed in the main text.

Thorne, M. C., 2007. Data for Exposure Groups and for Future
Human Actions and Disruptive Events, Mike Thorne and
Associates Ltd MTA/P0022/2007-4: Issue 2, Nexia Solutions
Report 8856, Issue 2.

The first section of the report refers to the 2002 OESC (BNFL, 2002b). Since no parts of the OESC
have been updated for the Requirement 2 submission, we have not reviewed this section in detaif.
We note in passing, however, that Table 1 gives no information for Trenches 5, 6 and 7.
Descriptions of the different parts of the Drigg area, such as those in Section 2.3 of th r@are
considerably easier to follow with the benefit of a simple annotated map showing the nt parts
referred to in the text. We have indicated this to LLW Repository Ltd, and they ha ded such

a map to us for this review. In future, we suggest that such a map be included in5\§' ant
documents.

Section 2.3.2 of the report (the cliff) does not seem to take account of all gi,the coastal evolution

scenarios whereas Section 2.3.8, for example, refers to the lagoon-ty arios as well as the
linear cliff erosion ones. We recognise that the lagoon-type scenari e not been included in the
assessments for the Requirement 2 submission, but the docume should take a consistent
approach. ’6

We understand from discussions with LLW Repository L% their contractors that they consider
the range of PEGs and habits to be sufficiently broad to pfovide reasonable coverage of the types
of behaviour that might occur if, in a future warmeg clipfate, West Cumbria were to become a
popular location for beach holidays and the Rav estuary became a substantial bay
(potentially with a harbour). If this is the case, explanation to that effect should be given.

be modelled for the Requirement 2 sub! ion. For a full ESC we would expect either a more
robust justification of this approach K@a Included in the documentation or the separate modelling
of different animal products.

We are content to accept the approach :Egﬂtion 2.5.2) that only generic animal products needed to

The descriptions of PEGs a tQ habits are generally clear. However, some further brief
comments would be helpt larify:

(a) whetherég\ﬂgging is included in the assumed habits of the occupational beach

users;

(b) wi eshwater fish catches are considered for the surface waters affected by near
e groundwater pathways;

(c 95" percentile food intake rates are used to represent “high” consumers, rather

an the 97.5" percentile commonly used in defining critical groups (see, for example,

QO Smith and Jones (2003)).

e fiote that the uncertainty-related issues discussed in Section 3.1.4 do not appear to have been
* %ked up in the assessment work. We assume that this aspect will be followed up as the treatment
\Q\)f the uncertainty in the assessment is developed, but we note in passing that the discussion here
& does not mention uncertainty in the inhalation pathways.
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The discussion of smallholders’ habits (Section 3.2.2) mentions that goat’s milk is enriched in some
trace elements compared to cow’s milk. This appears to contradict the earlier discussion indicating
that generic animal products may be used as representative of all animals.

A general feature of supporting documents of this type is that they present more information and
discussion than is necessarily used in the assessment that the document supports. It is primarily
the responsibility of the authors of the assessment reports to be absolutely clear about what
information from the supporting documents they have used and how.

Paksy, A. and Henderson, E., 2008. Assessment of Radiological
Impacts for the Groundwater Pathway, Nexia Solutions Report
9449, Issue 2.

Near field

The ease of reading the report is not helped by the references to Calculation Cases A-D, Trench
Regions A—D and Smallholders A—C. Some variation in designations might help clarity (e.g. Tre%
Regions i—iv, Smallholders a—c).

The assumed characteristics of the Trench Regions A-D are not well explained in Appe
the report. It is not clear why a different concentration of dissolved uranium is conside
appropriate for Region B (perhaps this is explained in Volume 3 or its supporting
brief summary of the reason in Volume 5 would be useful), and it is not clear whagi\different in
Regions C and D compared to Region A: all three regions appear to have a ¢ ation of 1E-07

mol L™,

It is also unclear why the solubility limit for the vaults should be set at %mol L™ (“under the
alkaline conditions of the vaults”) when that is the lower bound of t e of “uranium
concentrations under vault pH conditions”.

The discussion of “lower bound performance” is perhaps lit orrect, but rather confusing in the
context of the performance of the vault walls. The term | ound performance” apparently
refers to the numerical lower bound of the range of perm%llities (“very low or negligible flow into
the near field from the Upper groundwater”), but i c@non parlance this would surely be
considered the best performance. K

The presentation of decay chains in Tabl lgéhe report may be closely linked to the way data
are represented in the GoldSim model, b&% rather peculiar to the general reader.

The presentation of estimated vault #ows{Tables 26 and 27) to four, five and even six significant
figures surely gives a false impres@ f precision.

O

Some explanation s;l&%given for the use of 1/10 of the pipe length as a mixing depth to

Geosphere

>

calculate dilution, esgledidily since the pipe length has been arbitrarily divided into three to provide

intermediate outpy®, Fhe calculated doses from Case B, where the path length is shortened but
represented b ne pipe, are lower than those for Case A, but it is unclear whether this is
simply an artj aused by the assumption of a mixing depth of 64 m in Case B (10 per cent of

640 m) r righan 22.5 m in Case A (10 per cent of the length of Drift 1).

Agai @oting values to up to six significant figures (Tables 32, 33, 35 and 36) seems unduly
pr given the context.

@
~N
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Biosphere and PEGs

For the well water pathway (Section 2.4.5), there is a reference to “contaminated pasture and soil”,
but it is not clear how pasture comes to be contaminated. It is unusual in the UK for pasture to be
irrigated; in our discussions with LLW Repository Ltd and their contractors we had understood that
animals took in radionuclides only with drinking water from the well.

In relation to the land that is irrigated by the smallholders, it is not clear why the 0.2 m/year

irrigation rate quoted from the BIOMASS Reference Blospheres work is regarded as an upper

bound. The summer moisture deficit in Cs* conditions” is 0.432 m, and this might perhaps have /\
been considered a more definitive upper bound. '\

committed by an intake of 1 Bq of the named radionuclide (including in-growth of daughters after
intake). However, the dose coefficients do not appear to take account of the fact that the short-lived
daughters of some radionuclides are likely to be present in secular equilibrium with the parent '\
before intake. The environmental transport of these daughters has evidently not been modelled /\\

The dose coefficients for inhalation and ingestion listed in Table 43 represent the effective dose \(l/

explicitly — reasonably, as they would not have time to demonstrate any environmental behaviour
independent of the parent.

In this circumstance the normal procedure would be to assume that any intake of 1 Bq of the Q
is accompanied by an intake of 1 Bq each of the short lived daughters, and increase the effi

dose coefficients for the parent accordingly. With the exception of Pb-210, for which a co, @mon
for Po-210 has been added, this has not been done. Fortunately, this makes little diﬁe&e n most
cases. The largest differences in the ingestion dose coefficients used would be fo (1.4E-7
Sv/Bg instead of 7.2E-8, mostly due to Ra-224), Np-237 (1.6E-7 Sv/Bq rather th -7 when
Pa-233 is added in), and Th-229 (6.1E-7 Sv/Bq rather than 4.9E-7 due to Ra-2 Ac-225). We
have not checked the inhalation values, but we would expect similar discrepaés (the modelling
of the inhalation of radon and thoron — for which the treatment of short-lived datghters would be
critical — does not use these coefficients). These discrepancies do not j ate any conclusions in
the Requirement 2 submission, but we would expect them to be c$ for the full ESC.

The dose coefficients for external exposure come from a differ:
checked against authoritative references. In this case, the dj
greater, but should also be easier to spot. There are no o
recommend that all of the data in Table 43 be checked t
been handled correctly. @

source and are less readily
ncies could be substantially

signs of a similar omission, but we

ure that short-lived daughters have

stream. If the latter is not modelled, then the d table headings should be amended to refer

Tables 47-49 give data for compartments rewng the Drigg Stream but not the East—West
only to the Drigg Stream.

It is not clear why the near surface p&i@s require a separate set of assumptions. In particular, it
is not clear why characteristics of more of the smallholder PEGs could not have been used,
rather than creating a new set S

Paksy, A ., 200 I%ar field engineering performance: methods
and data, Ne olutions Report 9275, Issue 3.

r the groundwater pathway calculations reported in Volume 5 (state of

uch leachate goes where and when, etc.) come from the water balance model
IS supporting report. As the report stands, we have some doubts that the basis of
iS5 sound; our comments below focus on this aspect.

Th scriptions of what was done in the expert elicitation process, how the model works and what
. %assumed seem to refer to little in the way of hard facts. The steps taken and assumptions made

& 7 Cs* designates a climate state similar to those currently observed in Mediterranean countries.
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generally appear sensible, but we are not convinced that an equally plausible set of explanations
might have been constructed, leading to quite a different model.

Cases have been modelled for no rise in sea level and for a rise of 6.5 m, but not for the higher sea
level rise considered in the coastal evolution work (23.8 m above the current level). If the intention
is to scope the range of near field flows that might be experienced, then this seems to be a
significant omission.

The eight calculation cases considered cover the two sea level scenarios described above
combined with upper and lower bound assumptions for three other sets of parameters — the elicited
near field component data, the estimated near field component data and the heads. However,
these parameters are used only in certain defined combinations that do not seem particularly
logical and do not seem to explore the full range of possibilities. For example, the estimated and
elicited parameters are never varied together, even though it might be reasonable to suppose that
the experts could systematically over- or underestimate the elicited parameters, so there is a good
chance the project team might do the same with the estimated values. The higher regional
groundwater head associated with a 6.5 m sea level rise (which is supposedly considered more
likely than no sea level rise) is also not considered in combination with the other parameter
variations.

derive their values from other models or from elicitation/estimation exercises. The report als S
that there may be complex interactions between the effects of the different parameters. Tr@e g
the case (even just based on the limited investigation of sensitivity presented here), it &{ ising
that the assessment is then based on the results from one deterministic run. We rec &e that in
general the performance update is not intended to include a full treatment of unc@m but in this
particular case there seems to be the potential for the results from the chosen e& inistic case to
be misleading rather than simply incomplete.

Thorne, M. C., 2008. The Biosphere Database @?se from the
Present Day through to Scenario Terminatj ike Thorne and
Associates Ltd MTA/P0022/2007-3: Issu b\lexia Solutions
Report 8854, Issue 2 (b'%

Introductory text \Q
)

The text refers to a requirement to evaluate u§ Inties in the assessed radiological impact,
presumably referring to the Environment &ge s IAF BIO_006. We interpret this IAF to imply a
guantitative evaluation of uncertainty in ansport of radionuclides through the biosphere but not
in the characteristics of PEGs. The isc@on of uncertainty in this document seems to be
consistent with our interpretation. K

As stated previously, the asses@nts in the Requirement 2 submission do not include systematic
treatments of uncertainty — guch of the information in this document on ranges of parameter
values has not been usedx e Requirement 2 submission. This review therefore pays less

of ranges than to the reference values used in the assessment.

attention to the discus$g

We note that the ere database does not include data for goats. Our understanding of the
documentatiol at the smallholder PEGs used for some human intrusion scenarios are
assumed to goats, but that the modelling of radionuclide transfer to goat products is based on
data for animals. However, it is not entirely clear whether our understanding is correct, nor
Xisting data specific to goat products have not been used. We do not necessarily think
detailed analyses would be justified, but we expect to see a more explicit statement of

s been done and why it is considered appropriate.

*
Gﬂae balance of this document seems slightly inconsistent with the assessment presented in the

,QQ

Requirement 2 submission. This document relates primarily to the groundwater pathway, for which
the overall assessment in the submission indicates that the impacts arise largely from releases to
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the marine environment. Yet the larger part of the discussion of biosphere parameters in this
supporting document concerns terrestrial parameters. There is no clear indication that this focus is
to the detriment of the appraisal of marine parameters — we recognise that this is a reflection of the
greater number of parameters needed for the terrestrial parts of biosphere models — but it does
give a slightly strange impression.

We recognise that there may be a particular issue regarding proportionate assessments in the
context of the Requirement 2 submission.. The Requirement 2 assessment overall suggests that
the groundwater pathway does not dominate the risks from the LLWR, and the biosphere is
probably not the most critical component of the modelling of the groundwater pathway. Therefore,
while we offer comments on this document taken at face value, we recognise that the effort
expended to address them should not be grossly disproportionate to the importance of these data
to the overall ESC.

We would welcome some clarification of the author’'s comments on the sorption data in IAEA
Technical Report 422 (IAEA, 2004). It is not clear whether these are recognised limitations in the
IAEA data that are acknowledged in the IAEA report itself or discussed elsewhere, or are criticisms
by Thorne of the approach followed by the authors of the IAEA report.

We note that little reference is made to experimental data obtained locally, although significant
amounts of data exist (e.g. from studies at Sellafield). While such data could not automatically
regarded as preferable to generic values for long-term assessments, there would seem to b it
in giving some consideration to evidence from studies conducted under local conditions a{b
been done in the case of technetium in lobsters). {

Main analysis and discussion ‘\

Overall, we find the text describes a thorough, coherent and largely well reas@i review of the
data. Our comments below question what appear to be exceptions to this,everall impression, but
these are small in number (and mostly relatively minor in nature) in th(ﬂ@%xt of the scope of the

review

The report appears to rest in many cases on a series of indivi ﬁert judgements rather than
an application of any overriding ‘rules’. This is an appropriat; oach, but it does provide a
greater challenge in terms of documentation. We would ex0®{ct*to see every judgement explicitly
explained, briefly but clearly. This has largely been done ady, but we note a small number of
possible exceptions.

considerations used in the expert judgement is document stands, we can infer what appear
to have been some of those consideratio e cannot be sure without explicit information. An
important principle, not surprisingly, se have been to avoid seriously underestimating risks,
but a brief discussion would be helpgl dicate the parameters for which this approach meant

We also suggest that the introduction to the a § should include a brief statement of the main

erring on the side of higher or low, es, and for which the effect on doses is less predictable
(e.g. soil Kys) and therefore wh tion calls for a more central value. Some consideration also
seems to have been given to thmmtinuity of data from previous assessments versus the most
recent evaluations, of dire erimental data versus data derived via models, and perhaps
others. It would be hel % ese considerations were at least listed in general, and then referred
to as needed in mdnvﬁ xpert judgements.

It is clear that triti always assumed to occur in the form of tritiated water (HTO) and not as

organically b itium (OBT), but it is not clear why. Given the range of potential environmental
conditions,s explanation should be given as to why the occurrence of OBT is not considered
possible

Th&ment of strontium as an analogue for calcium (Section 2.4) is a little confusing. For

tra rs to animal products (Section 2.4.3), EMRAS data for calcium are used as evidence to
imprease (by an order of magnitude) the values derived from biokinetic modelling for strontium,
ather than using the calcium data themselves. Despite indications that strontium may not be an
ideal analogue, values for strontium are used for freshwater, estuarine and marine parameters
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(Sections 2.4.4 and 2.4.5). There may well be good reasons for these decisions, but some
explanation does appear to be needed.

For a number of elements (the first being calcium, Section 2.4) the EMRAS data for transfer to
animal products differ somewhat from those derived from biokinetic modelling for the 2002 PCSC.
Where the EMRAS values are lower, it is reasonable to retain the biokinetic modelling values, but it
seems odd that the ranges are not extended downwards to include the lower values from EMRAS.

For a number of elements (the first being nickel, Section 2.5), soil K4s are considered to be

dependent on characteristics of the soil. There is, however, a gap in the documentation because «
this document does not make a recommendation for which characteristics are considered similar to '\
soils in the Drigg area. The assessment reports do not make clear which values have been used.

We would accept that the primary responsibility for clarifying such matters would lie with the
authors of the assessment reports, but it nevertheless seems slightly odd that no mention is made \(l/
in this document of the nature of soils near the LLWR site. '\

The text on uptake by marine organisms of nickel (Section 2.5.5) does not appear to fit the choice \\
of 100 L/kg as the reference value for marine fish (c.f. 1,000 for other organisms). /\

The discussion of parameters for strontium (Section 2.6) gives a slight impression (possibly

unintentionally) that the wide ranges of values are to some extent a result of the extensive stud

strontium. This could be taken to suggest that the ranges assumed for elements for which d e

sparse may be unrealistically narrow, whereas some cases (e.g. soil Kgs for zirconium) ac

display large ranges even from few data. It may be inherently impossible to address tti icion

in great detail without the ‘missing’ data, but it might be helpful to include some disc % of the

question and explanations (where they are known) of why the ranges for certain @nts will

genuinely be larger than those for others. \

There appears to be a typographical error in the range quoted for strontium’s ftarine sediment Kg.
If the proposed distribution is lognormal, then the first number in the br should be the
geometric mean (0.05) rather than the lower bound (0.002). Similarlys ble 2.6 (Section 2.10), if

the two observations for root crops are 14 and 79 the average ca € 4.6.

The discussion of freshwater data for iodine (Section 2.11.4 '@es changing the range of K4
values (which has been done) but might also be taken to judtifysa change in the reference value
(which has not been done). b

The discussion of freshwater K4 values for caesiu @ttlon 2.12.4) might be considered to provide
enough evidence of a preference for mid-ran @L to justify a lognormal rather than loguniform
distribution. %

In the discussion of freshwater K4 value s\ead (Section 2.13.4), it is not clear why the perceived
limitations in the IAEA (2004) data assdmed to be more important than the obvious limitations
of applying data from soils directly taigediments. Given that this assumption results in a reference
value that is lower than the Iowﬁad of the IAEA range, some further explanation would appear
to be necessary. The same res ccurs for sorption of uranium to marine sediments (Section
2.18.5): again the referenc ue is below the lower end of the IAEA range. Similarly, for thorium
and freshwater sediment ion 2.17.4) the proposed reference value is the minimum of the
(large) range cited in (2004).

In the discussio @otactinium (Section 2.16), it would be helpful to explain why thorium is
considered ar@opriate analogue for soil-to-plant transfer, but plutonium is used as an analogue
for concent actors in freshwater fish. This may be because higher values are clearly cautious
for the | ﬁhereas it is not clear what is cautious for the former. The reason should be stated

briefgo

&
~N
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Ball, M., Willans, M., Cooper, S. and Lennon, C., 2008. Review of
the Gas Pathway. Nexia Solutions Report 9277, Issue 2.
(Restricted)

We note a conclusion of our Gas Review Group in its report on the 2002 PCSC (Galson Sciences

Ltd, 2004d) that: “The fitness-for-purpose of the DEGAS model and code has been demonstrated

adequately through the Program User's Guide for DEGAS version 3.4 ... and the Program

Verification Report for DEGAS”. Our comments on the Requirement 2 submission therefore

address the provenance of DEGAS only where its use may have changed since the 2002 PCSC. '<\

Results are presented from the monitoring of landfill gases above the trenches (Section 2.1)
followed by results from modelling the generation of landfill gases using DRINK (Section 2.4).

However, no attempt is made to check whether the DRINK predictions bear any resemblance to \
the observations. We recognise that such a comparison might not have provided very strong

evidence for or against the validity of the modelling because the resolution of the DRINK model is '\
low and it represents only the generation of gases, not their transport to probe locations. However, \
the absence of even a ‘broad brush’ comparison seems an odd omission. /\

We note that the contributions to Rn-222 generation from the nuclides above Ra-226 in the deca
chain are taken into account in calculations. Nevertheless, the text in Section 2.5 is slightly Q

misleading because it suggests that these contributions will necessarily be negligible on tim S
of 2,500 years or so. Ra-226 will approach secular equilibrium with its much longer-lived t Th-
230 with a half-life similar to that of Ra-226 (i.e. 1,600 years), so the in-grown activity -226 will

reach something like two-thirds of the activity of Th-230 in 2,500 years. The fact t -grown
component will indeed be negligible is therefore more a result of the relatively sns%n entory of
Th-230 than of the timescales. $\

The discussion in Section 3.3 suggests some similar confusion (althoughthe eifects on the
assessment may be similarly unimportant). The chemical processing o pringfields uranic
waste would not have separated U-234 from U-238, and so the two i es will be in equilibrium
with each other. The time at which the uranic wastes could contrib@ignificantly to radon
generation therefore depends on the half-life of the longest-lived,member of the chain below U-234,
i.e. Th-230. In-growth from the uranic wastes could contribu ificantly to radon generation on
timescales comparable to the half-life of Th-230 (75,000 % In most trenches the inventory of
U-234 is much greater than the initial inventories of Th-2®nd Ra-226, and so in-growth would
dominate within one half-life. In Trench 3, the startingrimventories of Ra-226 and U-234 are similar,
so radon generation would fall off over thousands @rs as the initial Ra-226 decayed, then
increase gradually over tens of thousands of y eventually approach the initial level. Times of
“several millions of years” would be needed fﬁ effects of in-growth to become important only if
U-238 and U-234 were substantially out odeq rium, which would require physical (e.g. gas
centrifuge) rather than chemical separaty

y™1) and therefore “degradation r “fractional degradation rate” would seem to be more

The terminology referring to DF@&}l’degradable fraction” is a little misleading. DF is a rate (units
appropriate terms.

*
Since the changes to t Q@RS model substantially increase the calculated doses via the food
pathway for a given t of gas, the assumption that doses from inhalation of C-14-bearing gas

are likely to be m er than those from food seems to be justified. However, we expect the full
ESC to confirm sumption.
The discussi n intakes by PEGs in Section 4.4.3 appears to repeat the explanation given at the

end of S 4.3.1, but does so in different words and without reference to the earlier section.
Assu it is the same argument, then this is simply confusing: if there are in fact two different
ar% S

then it may be misleading.
e
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Galais, N. and Fowler, L., 2008. Assessment of Potential Impacts
from Human Intrusion and Coastal Erosion at the LLWR. Nexia
Solutions Report 9278, Issue 3

No mention is made in the discussion about the exposure of intruders of the possibility that people
handling items contaminated with beta-emitting radionuclides (Section 3.2.1) could receive
significant skin doses. Given the levels of effective dose from most pathways, it seems unlikely that
any organ equivalent doses could approach levels of concern, but this is one case where it might
be conceivable. The full ESC should include either an assessment of skin doses for these
scenarios or a demonstration by some other means that they will not be significant.

It is acknowledged in Section 3.3.2 that the assessment of impacts during coastal erosion does not
include the possibility of an individual (‘beachcomber’) recovering a discrete item or piece of
material of particular interest from the eroded material on the beach. It is indicated that the human
intrusion scenario with small quantities is considered sufficiently similar in terms of potential impact
to make an additional scenario unnecessary. If this approach is to be retained in the full ESC, the
assumptions and parameter values for that scenario should be reviewed, and adjusted if
necessary, to cover the ‘beachcomber’ case.

An explanation should be given for the statement in relation to Equation 6 (Section 3.4.2) that
dose rate at 10 m from a six-metre band source is one-fifth of the dose rate at 1 mfroma s
infinite slab source. \

We note that the calculation of doses from inhalation of dust assumes that the actjvj
mass of resuspended particles is the same as the average in the bulk material.,
that some smaller particles are both more likely to be resuspended and contai activity per
unit mass than average. We expect this possibility to be considered in the f , either by
incorporating an enhancement factor into the calculation or through sensitivity Studies, as
appropriate.

evidence

Some explanation should be given for the assumption that PEGs iq%/ed in human intrusion
activities experience high dust levels for 5 per cent of the time&ian ey are exposed to the
wastes and ambient levels for 95 per cent of the time (Secti :3). These values appear to be
applied to all scenarios, which seems odd given that the volved ranges from laboratory
analysis to the digging of trial pits or major excavation w

Given that they are arbitrary assumptions, the dur 'Q&f exposure values in Table 5 seem oddly

precise (two or three significant figures). Theyg 9‘, 0 expressed in odd units, jumping between

hours per year, days per year and fractions of@y€ar for no apparent reason. This makes it difficult

to compare values across pathways and twcoriSider whether the values used are reasonable. We

suggest that all values should be expre tn the same units.

It would be helpful to add a note t s%ﬁe 6 reminding the reader that this excludes modelling of

exposures due to radon and th@

Table 10 lists parameter v for transfer to crops and goat’s milk. We have not checked all of

the values but the trangfer crops appear to be the values recommended by Thorne (2008),
ssgoat’s milk appear to be 10 times the values recommended by Thorne

whereas the transfer
(2008) for cow’'s mj wever, this latter assumption does not appear anywhere in the
documentation e seen, so should be fully justified or re-assessed.

The dose o ients for ingestion and inhalation in Table 11 do not include contributions from
ghters taken into the body in equilibrium with the parent radionuclide (see the

n Paksy and Henderson (2008) above). We have not checked the dose coefficients for
xposure in detail but they appear plausible (although the fact that C-14, Ca-41 and Tc-99

co
ex
ia ave one zero and one non-zero value seems slightly odd).
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List of abbreviations

ALARA As low as reasonably achievable

BIOMASS IAEA Biosphere Modelling and Assessment Programme

BNFL British Nuclear Fuels plc

BNGSL British Nuclear Group Sellafield Limited

BPM Best practicable means

CFA Conditions for Acceptance by LLW Repository Ltd of radioactive waste for disposal
at the LLWR

Defra Department for Environment, Food and Rural Affairs

ESC Environmental safety case

GRA Guidance on Requirements for Authorisation

HSE Health and Safety Executive

HTO Tritiated water

IAEA International Atomic Energy Agency

IAF Issue assessment form

IRF Issue resolution form

ISO International Organization for Standardization Q

LLW Low level waste $

LLWR Low Level Waste Repository near Drigg, Cumbria

NDA Nuclear Decommissioning Authority K@'

NIl Nuclear Installations Inspectorate 6

NRPB National Radiological Protection Board

OBT Organically bound tritium . 5&

OESC Operational environmental safety case \

PCRSA Post-closure radiological safety assessment $

PCSC Post-closure safety case

PEG Potentially exposed group %

R&D Research and development

RSA 93 Radioactive Substances Act 1993 (as amended)

SLC Site licence company

UKAEA United Kingdom Atomic Energy Authority q

UKNWM United Kingdom Nuclear Waste Managern@ d

WAC Waste acceptance criteria
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