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1. INTRODUCTION 
General 

1.1 This Remediation Change Note Report presents a summary of the issues and consequences of 
the finding of Very Low-Level and some Low Level Radioactive waste at Construction Zone 3a; 
and how it is intended that the remediation process will be amended to take into account the 
unexpected contamination. The contamination is in the form of contaminated wastes (see Section 
1.3), discovered in discreet patches across Construction Zone 3a, including broken pipes within 
Area A, (see Appendix A for a location plan). No isolated hot-spots were discovered within 
Construction Zone 3a, but some radioactive artefacts were found and are recorded in the CZ6a 
Change Notice (Ref 7).  

1.2 The finding of this contamination represented unexpected contamination pursuant to planning 
condition SP 0.36 of the Olympic, Paralympic and Legacy Transformation Site Preparation 
Planning Permission (0790011FUMODA) (the "SP Permission") and as such triggered the need 
for a reappraisal of the remediation methods and the submission of a Remediation Change Note 
(pursuant to section 1.13 of the Remediation Discharge Protocol at Annex 5 of the SP 
Permission).    The purpose of this report is to provide a record of the actions taken and the 
assessment of the potential impact that the event has on the Site Specific Remediation Strategy 
(SSRS) for Construction Zone 3a within the Olympic site. 

Classification  
1.3 Radioactive waste is classified as High Level Waste (HLW), Intermediate Level Waste (ILW), and 

Low Level Waste (LLW). All radioactive wastes discovered on the Olympic site have been in the 
LLW category. There is a sub-set of LLW, known as Very Low Level Waste (VLLW). The vast 
majority of the radioactive wastes found on the Olympic site have been in this category, the 
definition being wastes with no more than 4Bq/g of any radionuclide at unit density ("Policy for the 
Long Term Management of Solid Low Level Radioactive Waste in the United Kingdom" :March 
2007 – section 5). 

1.4 There is a further and non-related classification of radioactive waste, which is radioelement 
dependent, and also depends to some extent on the history of the radioactive material. Below 
certain thresholds, which are approximately 5Bq/g for the kind of radioactive wastes found on the 
Olympic site, the low level/very low level wastes are deemed to be ‘exempt’ under the provisions 
of the Radioactive Substances Act 1993 ("RSA 93"). The relevant Exemption Order is the 
Phosphatic Substances and Rare Earths Exemption Order 1962, (the "1962 Exemption Order") 
made under the RSA 93 and which is still in force1.    Wastes exempt from the RSA (either due to 
the fact that they fall below the thresholds set out in Schedule 1 to the RSA 93 or due to the 
application of the 1962 Exemption Order) are below regulatory concern, because the risks posed 

                                                      
1 It should be noted that the majority of provisions on radioactive substances contained in the RSA 93 have 
been superseded by Schedule 23 the Environmental Permitting Regulations 2010 ("EPR 2010").  The EPR 
2010 came into force in England and Wales on 6 April 2010.  Overall, there will be no substantial changes in 
the Government's regulatory policy for radioactive substances or in the Environment Agency's regulatory 
practice.  Although the Department of Energy and Climate Change is currently carrying out a review of the 
exemption orders, the exemption orders (including the 1962 Exemption Order) made under the RSA 93 
currently remain in force under EPR 2010.  Existing registrations and authorisations granted under the RSA 
93 will have automatically become environmental permits under Regulation 69 in Part 7 of the EPR 2010.  All 
references to the RSA 93 in this Remediation Change Note should therefore be read as references to the 
relevant provisions of the EPR 2010. 
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are deemed to be trivial. The vast majority of the low level/very low level radioactive wastes found 
at the Olympic site fall within this exempt category. 

Description of Events 
1.5 Very Low-Level (VLLW) and some Low-Level (LLW) Radioactive waste was detected in spoil 

excavated from Construction Zone 3a, following reassurance monitoring provided by NUKEM Ltd., 
the Radiation Protection Advisor (RPA) in February 2008. The majority of this waste was found, 
on detailed assay, to be below the thresholds for authorisation set out in Schedule 1 of the  
RSA93 (now Schedule 23 of the EPR 2010) or under the 1962 Exemption Order  made pursuant 
to the RSA93; that is, the waste was ‘exempt’ from the RSA and no authorisation for its 
accumulation or disposal was required from the Environment Agency (the "EA"). However, a small 
quantity – some few % of the total finds - was not in this exempt category and was therefore 
regulated pursuant to the RSA93. Further surveys of the main stadium handover area, by NUKEM 
Health Physics surveyors, confirmed the presence of radioactive waste in a number of areas as 
shown on the attached plan in Appendix A. 

1.6 The main area of contamination was identified as Area A. This comprised mixed nuclides of 
natural uranium, protactinium [231Pa] (part of the   235 U decay chain), thorium [232Th] and radium 
[226Ra], which are naturally occurring radioactive materials (NORM). These radioactive 
wastes were used in chemical and industrial processes, but without, so far as is known, any 
processing intended to alter their radioactivity. 

1.7 The main excavation area for the stadium bowl was surveyed and discrete areas marked as areas 
D, F, G, H and I on the plan in Appendix A, were identified. All areas contained 231Pa, 226Ra and 
232Th. A stockpile (Area B) was known from delivery tickets to have been the destination of waste 
from these discrete areas and this was found to have some elevated radioactivity readings above 
background levels.  

1.8 Discrete radioactive materials were also found in Area C in 22 Marshgate Lane (CZ3a). This area 
is outside the stadium handover area and has also been fenced and quarantined. This is also a 
NORM source area [232Th], where the radioactive contamination is around buried concrete 
foundations. 

1.9 All the radioactive waste in the above mentioned discrete areas were found to be above the sub-
formation level (within the area of excavation). 

1.10 Analytical results and supporting Radiological Protection Advisor (RPA) advice are to the effect 
that the principal radionuclides present are 232Th, 238U, 226Ra and 231Pa (the latter from the 
235U decay chain). The maximum concentrations measured in samples at the time of assessment 
by the RPA were: 

• 40Bq/g for 226Ra; 

• 15 Bq/g for 232Th; 

• 16 Bq/g for 231 Pa; 

• 72 Bq/g for 238U. 

1.11 The findings of the RPA are presented in Appendix B as the Radiation Protection Advice Note and 
the Radiological Risk Assessment Report. It should be noted that these documents are produced 
by NUKEM, subsequently the company was renamed and became NUVIA. 

1.12 The unexpected radioactive waste found was predominantly contaminated soils containing 
distributed radioactivity, rather than artefacts. Some broken clay pipes were found in Area A. This 
would be consistent with the source being a deposit of wastes from the use or refining of materials 
with radioactive waste as an unwanted by-product. 
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2. PROPOSED CHANGES TO 
REMEDIATION METHODOLOGY 

2.1 Following the finds of unexpected radiological contamination arising from material excavated in 
this CZ3a the Contractor prepared an Addenda to the Remediation Method Statement to cover 
radiological occurrences (Ref.: MST-ENL-CE-03a-OLP-SP1-E-0106) in the Main Stadium Area, 
which was approved by the PDT on 26 June 2008 (PDT ref. 08/90127/AODODA) (the 
"Addendum"). The purpose of the Addendum is to describe the process by which remediation of 
ground contamination resulting from the unforeseen radioactive materials and its verification at  
Construction Zone 3a will be undertaken, including the route the material will take from CZ3a to 
CZ6a to CZ4, taking into account existing information of ground conditions gained from site 
investigations, risk assessment and monitoring, and to be consistent with the relevant planning 
approvals and related discussions. 

2.2 In the instances in CZ3a where radioactively contaminated materials were not directly transported 
to CZ6, the radioactive materials were temporarily stockpiled (Stockpile reference CZ5a/S03) in 
CZ5a prior to onward transportation to CZ6 for assaying by Nuvia. These radioactively 
contaminated materials were subsequently determined for either relocation in CZ4 or for off-site 
disposal. Following the removal of the stockpiled arisings from CZ5a, NUVIA conducted a 
clearance survey of the temporary stockpile area which recorded concentrations below the action 
limit2. Further details are provided in Appendix A Drawing Reference 2DD-ENL-CK-ZZZ-OLP-
SP1-E-0280.  

2.3 This report also confirms that the final location for the deposits as being beneath the approach 
embankment to the L03B bridge abutment in CZ4 on the Olympic site. 

3. REGULATORY OVERVIEW 
3.1 With regard to the control of radioactive substances, the Environment Agency is the regulatory 

body responsible.  The PDT is responsible for planning decisions relating to the Olympic Park and 
whether the planning conditions within the SP permission can be discharged based on the 
compliance with such conditions. Discussions were held with the Environment Agency following 
the identification of excavated waste suspected of containing elevated concentrations of 
radioactivity regarding the process for dealing with radiological waste on the Olympic site, which 
comprised: 

1. Obtaining an Authorisation as required under the RSA933 for Accumulation of non-exempt 
waste, by Morrison Construction who are formally responsible for the accumulation, storage 
and movement of radiological waste arising on the Olympic Park. This authorisation (varied 
and re-issued in January 2010) is presented in Appendix C; and 

2. The methodology for segregation / sorting and co-processing of all radiological waste 
identified (with the exception of discrete artefacts) has been agreed with the Environment 
Agency.  

                                                      
2 The ‘Action Limit’ was an internal limit, established by Nuvia, for screening. The limit was based on 
conservative assumptions such that all ‘cleared’ material could definitely be confirmed as being below the 
relevant thresholds set out in the RSA 93/1962 Exemption Order without the need for further detailed assay.  
3 Note: the authorisation will have automatically become an Environmental Permit under the Environmental 
Permitting Regulations 2010. 
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3.2 In addition to discussions and agreements with the Environment Agency, agreements were 
provided by the pertinent stakeholders namely ODA Planning Decision Team, London Borough of 
Tower Hamlets and the London Development Agency regarding the retention of waste on the 
Olympic  site and its placement in the discrete deposition area beneath the approach 
embankment to Bridge L03B in CZ4.  

4. RISK REVIEW 
4.1 Relevant worker safety risk assessments and method statements were prepared in advance of the 

proposed works and submitted to the relevant parties and the Health & Safety Executive in order 
to demonstrate that any workers exposed to ionising radiation during excavation works were 
protected, and that the consequences of the works did not lead to any adverse radiological 
consequencs for members of the public or visitors to the site. The implementation of these 
documents and the monitoring information available to date lead to the conclusion that neither 
site workers nor the general public have been unnecessarily exposed to ionising radiation as 
a consequence of the activities on the Olympic site.  

4.2 A further risk assessment (radiological risk assessments, sometimes known as a radiological 
impact assessment) was carried out to determine the longer-term impacts of the proposed 
reburial. This assessment has shown that the calculated doses received as a result of the 
deposition are several orders of magnitude below any appropriate limits, these being 300 
microsieverts per year for a member of the public and 1millisivert per year for a worker and the 
ALARP principle (As Low As Reasonably Practicable) has been implemented.  

4.3 Further details of these assessments are provided in the NUKEM risk assessments document ref. 
87230/PRA/001 ’Groundwork operations in CZ3 at the Olympic Park Site, Radiological Risk 
Assessment’ which covers the transport and deposition of this waste as attached at Appendix B 
and document ref. 87216/PRA/007 Issue 2 ‘Transfer and Deposition of Exempt and LLW into 
Approach Ramp to Bridge L03’ in the Morrison Construction Report as attached at Appendix D. 

5. MONITORING 
5.1 The excavated and stockpiled waste was monitored during the works by the Health Physics 

Surveyor using a GroundhogTM (hand-held sodium iodide detector). The Health Physics Surveyors 
also supervised the transfer and disposal of waste, and the sampling of waste. The samples were 
taken for high resolution gamma spectrometry to classify spoil and to verify the clearance of the 
site. 

5.2 Air monitors were established at selected locations around the works, both high volume for 
radiation and low volume pumped tubes for chemical contamination. No airborne 
contamination has been detected by the Health Physics Surveyors. 

6. WASTE AND OPERATIONAL ISSUES 
WASTE 

6.1 The waste implications of the radiochemically contaminated waste found at Construction Zone 
3a are as follows:- 

• The majority of the contaminated wastes, although they may be defined as radioactive 
under the RSA93 (Ref 3) (now Schedule 23 of the EPR 2010), are exempt from the 
authorisation requirements according to the 1962 Exemption Order. As such, they will be 
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deposited on the Olympic site beneath the L03B bridge embankment in Construction Zone 
4, with the appropriate measures to ensure it does not pose a risk to the public. 
Calculations and modelling have been carried out to demonstrate that the long-term 
radioactive dose to members of the public will be within statutory limits. Removal and reburial 
of the radioactive waste constitutes a ‘practice’ as defined in legislation (Radioactive 
Substances Basic Safety Standards (England & Wales) Direction 20004, based on the 
requirements of the Euratom Basic Safety Standards Directive 1996 )  for which the 
appropriate dose limit for members of the public now and in the future is no more than 300 
microsieverts per year5. The Nuvia assessments have demonstrated that, using pessimistic 
assumptions of future uses of the site and human habits, the dose will be 2 orders of 
magnitude below this – a matter of a maximum of a few microsieverts (Appendix B). 

 
• Co-processing of all spoil wastes(with the exception of discreet items and artefacts (which 

were classified as Low Level Waste and subject to the RSA93 Authorisation for the Olympic 
Site and will be removed from the Olympic Park site to the repository near Drigg within the 
timeframe noted in the RSA93). This implemented "co-processing" approach has had the 
effect that all of the bulk radiochemical waste is now in the ‘exempt’ from RSA93 regulation 
category as the bulk concentration values are below the thresholds for exemption as reported 
in Appendix B.  

• With the agreement of the Environment Agency, the total volume of material placed in the 
deposition area CZ4 after co-processing was a total of 4146m3 of ‘exempt’ material such 
that, overall all the spoil was below the exemption thresholds as set out in the 1962 
Exemption Order. All of the exempt material originated within the Olympic park, and from 
generally the same locations. Thus all the contaminated waste buried beneath the L03B 
bridge abutment in CZ4 on the Olympic site is "exempt waste", not requiring an authorisation 
under RSA93. The waste is both excluded from the Act by virtue of the concentration limits in 
Schedule 1 to the Act, and unconditionally exempted by reference to the concentration limits 
set out in the 1962 Exemption Order, which are higher. It has not been necessary to send 
any radiochemical contaminated soils off-site for disposal from this zone, but there will be a 
requirement to dispose of the artefacts towards the end of 2010 due to the expiry of the 
RSA93 Authorisation and completion of the Enabling Works earthworks. The EA acceptance 
to the co-processing methodology was taken due to the pressure on the Low Level 
Radioactive Waste Depository at Drigg in West Cumbria. The capacity of this national 
resource is limited, and the EA have a remit to ensure that only waste which really needs to 
go there actually does so.  

• Removal and reburial of the radioactive waste constitutes a ‘practice’ as defined in legislation 
(Statutory Guidance to the Environment Agency, implementing aspects of the Euratom Basic 
Safety Standards Directive 1996), for which the appropriate dose limit for members of the 
public now and in the future is no more than 300 microsieverts per year, (see first bullet point 
above). The Nuvia assessments have demonstrated that, using pessimistic assumptions of 
future uses of the site and human habits, the dose will be 2 orders of magnitude below this – 
a matter of a maximum of a few microsieverts.  

• As part of the validation process a review was made of the possible risks of radionuclides 
getting into the groundwater system, and in particular the River Terrace Deposits. This 
concluded that amongst other things that any radionuclide in the groundwater would be 
below the levels of detection, and would take at least 60 years to travel 10 metres. The full 

                                                      
4 Due to the implementation of the EPR 2010, the 2000 Direction is no longer available.  The relevant 
provisions of the Basic Safety Standards Directive (96/20/Euratom) are set out in Schedule 23 to the EPR 
2010.  The effect is the same as set out in the first bullet point of section 6.1 above. 
5 See also section 7 below. 
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assessment is presented in Appendix E and shows that there will be no impact to controlled 
waters.  

• A small quantity of radiochemical contaminated waste is destined for off-site disposal at 
the Low Level Waste Repository (LLWR) near Drigg in West Cumbria. These artefacts were 
identified following the assaying completed by NUVIA.  

6.2 There remains the potential for discrete areas of radioactive contamination at depth, outside the 
known areas for excavation proposed and completed during Enabling Works (for foundation 
piling or service trenches etc). Following an assessment of the impact (carried out by both 
monitoring and modelling), this discrete radioactive contamination has been left in-situ. The 
assessments show that possible future doses resulting from this waste are trivial.  
Background radiation in this area is of the order of 2000 microsieverts per year. The radiation 
dose from the material left in situ is no more than 1 microsievert per year and a small fraction of 
those arising from natural background radiation in CZ3a.  

6.3 Average concentrations for bulk material reburied are: 

• 3.84 Bq/g for 226Ra; 

• 4.64 Bq/g for 232Th; and 

• 3.87 Bq/g for 238U. 

6.4 Both Schedule 1 to the RSA93 and the 1962 Exemption Order  are couched in terms of 
radioelements, not radioisotopes. Using conservative assumptions, the appropriate limits to apply 
are approximately 5 – 7.5Bq/g for the above radioisotopes. 

Authorisation 
6.5 The appropriate correspondence dealing with the authorisation of the activities under the RSA93, 

and in relation to the co-processing of the exempt waste and the Low Level waste is contained 
within Appendix C.  As agreed with the Environment  Agency, as part of the discussions in relation 
to co-processing,   the material(taking all the radiological results and treating all the material  as  a 
single whole entity), is within the exemption thresholds from regulation under RSA93 after co-
processing a small quantity of waste which was initially above the thresholds set out in the 
1962Exemption Order. The details of the testing are contained in the relevant validation reports 
(see section 6.7 below).. 

Operational Issues 
6.6 Radioactive waste has been removed from areas within Construction Zone 3a where:- 

1. Excavations took place, and the waste was due to be moved. 

2. Radioactive Contamination was found at or close to the surface. 

Validation 
6.7 Details of the validation process for the CZ3A zone will be contained in the Human Health and 

Unsaturated Zone Validation Reports for CZ3a.  While details of validation of the waste deposited 
beneath the L03B bridge abutment is contained in the CZ4 Human Health Validation Report 
(REP-ENL-CK-04Z-OLP-SP1-E-0278 Rev03).  
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7. OLYMPIC AND LEGACY USES 
7.1 As detailed in the Site Specific Remediation Strategy for CZ3a (Ref. 6), the remediation work has 

been substantially implemented to prepare the site for Olympic and Legacy end use. In 
radiological protection terms, the changes the site is going through (from the current site use to 
the Olympic and, later, the Legacy use) are defined as a ‘practice’ as defined by the 
International Commission on Radiation Protection (ICRP); this definition has subsequently been 
adopted into European and UK legislation.  

7.2 For any ‘practice’, the three principles of radiological protection must be applied. These are: 

• Justification: There must be an overall benefit in carrying out the practice. 

• Limitation: Radiation dose to any individual must be within acceptable limits. For the case 
in question, the appropriate legal limit is 300μSv, as defined in legislation (Radioactive 
Substances Basic Safety Standards (England & Wales) Direction 2000, based on the 
requirements of the Euratom Basic Safety Standards Directive 1996 )  to the most exposed 
individual. Doses should be estimated based on scenarios relating to the future use of the 
land. 

• Optimisation: Notwithstanding the fact that dose limits will not be breached, doses post-
change must be As Low As Reasonably Practicable (ALARP), economic and social 
factors being taken into account. 

7.3 Restoration of contaminated ground is a justified practice – the Justification principle need not be 
covered here. 

7.4 For the contamination in question it is likely that, based on current site knowledge gained from 
desk studies, site investigation and further works resulting in  the majority of the excavated NORM 
waste having been removed from the Olympic site for disposal elsewhere, the remaining 
radiochemically contaminated materials can remain in-situ, with the site still complying with the 
Limitation and Optimisation principles. This will also apply to in-situ, undisturbed radiochemically 
contaminated materials present below the subgrade. Limitation and Optimisation principles will be 
complied with, as evidenced by this report and detailed in Appendix B. 

7.5 External dose. The dose rate will be measured at the locations where members of the public or 
site workers are likely to have access for any length of time. An occupancy factor can be used to 
calculate dose. However, due to the nature of the radiochemical contamination identified to date, it 
is highly unlikely that any dose above area background will be detected, even with minimal ground 
cover above the buried contamination. Results of the gamma survey will be recorded as part of 
the demonstration that external dose limits have not been breached. There is no question of 
exceeding any external dose limits – this is barely conceivable. At about 300mm of soil cover, no 
external radiation above background will be detected at the surface as a consequence of the sub-
surface material. This surface gamma survey was intended simply as re-assurance and for the 
record. This information will be provided in the validation report for CZ4, but note that placement 
of thickness of clean soil over the radioactive material found on the Olympics site, will attenuate 
the emissions back to background level, and the deposition area in CZ4 is due to have more than 
2 metres of capping. 

7.6 Internal dose. The possible pathways are: 

• Inhalation of airborne dusts. 

• Ingestion of contaminated spoils. 

• Leaching to groundwater, followed by a drinking water pathway. 

• Uptake in root vegetables, followed by ingestion of foodstuffs. 
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7.7 The first pathway (inhalation of airborne dusts) is to be mitigated by a ‘clean’ capping layer. The 
second pathway (ingestion) is also mitigated by the cap. The third pathway (leaching to 
groundwater) is mitigated by the nature of the radiochemical contamination identified to date (low 
mobility substances, low concentrations) and the results provided by past and ongoing 
groundwater monitoring (no significant radiochemical contamination above local background 
levels detected). The fourth pathway will be mitigated by restrictions on the Legacy land use, 
although bearing in mind the depth of ground cover currently proposed, this will probably not be 
necessary.6 In any case where a Planning Application is made dealing with a  change of use, or 
change in the condition of the site, an appropriate assessment should be made of the potential  
impact and mitigation works in relation to the possible presence of radiological material.  

7.8 The Site Specific Remediation Strategy (SSRS) provides general recommendations to assist 
management of the earthworks program. One of them is carrying out post-formation validation 
testing, following the redeposit of soil waste. According to this recommendation, the programme 
for this has to be agreed with the relevant authorities, but will be linked to the sensitivity of the end 
use, controlled waters and level of existing contaminant data. This is covered in the Remediation 
Method Statement (ref. MST-ENL-CE-03a-OLP-SP1-E-0106) which was approved by the PDT, 
see section 2.1. 

7.9 As mentioned above, for the particular case of radiochemical contamination of soils, a 
demonstration that the principles of radiological protection have been met will be achieved by 
simple modelling. For the modelling aspect, a simple dose model is appropriate, supported by 
some realistic assumptions. The Radioactive Contaminated Land Exposure Assessment (RCLEA) 
model is the tool to be employed. In order to assemble the argument and carry out the modelling, 
information has been assembled during the course of the restoration work at the Olympic site. 
This model was developd by the Healthy Protection Agency on behalf of the Government, and is 
the industry standard for such assessments. 

8. Arrangements for Deposit of the 
Radioactive Waste on Site 

8.1 All the radioactive material excavated in Construction Zone 3a and retained on the Olympic Park 
has been deposited at Construction Zone 4. This is a purpose made defined area for deposit (in 
short called the deposit area), within an approach embankment to bridge L03. A drawing 
(Reference ENW-ATK-4-SP1-DR-C-3-H11-0011, “Enabling Works, Zone 4, Possible Location of 
Deposit Area for Very Low Radioactive Waste") shows the details and is enclosed in Appendix F. 
It should be noted that exempt radioactive wastes arising from CZ6A/D within the Olympic Park 
have been placed within the same repository on the basis that such wastes complied  with the 
same depositional requirements, including the NUKEM risk assessments document ref. 
87230/PRA/001 ’Groundwork operations in CSZ3 at the Olympic Park Site, Radiological Risk 
Assessment’ which covers the transport and deposition of this waste is contained in Appendix B 
and document ref. 87216/PRA/007 Issue 2 ‘Transfer and Deposition of Exempt and LLW into 
Approach Ramp to Bridge L03’ in the Morrison Construction Report in Appendix D. 

 

                                                      
6 Root vegetables will not have roots extending below the ground-cover depth. Use of the legacy site for a 
change in use, including allotments will be subject to a further application.  At which point the site will be 
assessed again and additional cover may be required. 
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8.2 From the geometry of the deposit area in CZ4, minimum depth of cover is approximately 2.3 
metres, rising in some areas to approximately 6.5 metres. 

8.3 The waste material has now been deposited and the deposit area was completed in November 
2008. Discussions were held with all parties, including the EA, local borough environmental health 
officers and the ODA Planning Decision Team on these operations. These parties were aware that 
the exempt radiological material was to be deposited beneath the approach embankment to the 
L03B bridge abutment in CZ4 on the Olympic site and were kept informed of the works at the 
monthly remediation forum held at the PDTs offices.  As part of the validation process a review 
was made of the possible risks of radionuclide’s getting into the groundwater system, and in 
particular the River Terrace Deposits. This concluded that amongst other things that any 
radionuclide in the groundwater would be below the levels of detection, and would take at least 60 
years to travel 10 metres. The full assessment is presented in Appendix E. 

9. CONCLUSIONS AND 
RECOMMENDATIONS 
During construction 

9.1 All working procedures and practices at the site have been designed so as to demonstrate the 
application of the As Low as Reasonably Practicable (ALARP) principle. 

9.2 The Health Physics Surveyor has monitored excavated materials for radioactivity and put in place 
procedures to deal with any detected activity. 

Waste 
9.3 All the radioactive material excavated in Construction Zone 3a has been deposited beneath the 

LO3B bridge abutment at Construction Zone 4. A drawing (Reference ENW-ATK-4-SP1-DR-C-3-
H11-0011, “Enabling Works, Zone 4, Possible Location of Deposit Area for Very Low Radioactive 
Waste") shows the details and is enclosed in Appendix F. It should be noted that radioactive 
wastes arising from CZ6a/6d within the Olympic Park have also be placed within the same deposit 
area on the basis that the wastes  complied with the same depositional requirements, including 
the risk assessment (Appendix B). 

9.4 Radiochemically contaminated materials can remain on site, as long as there is sufficient cover 
and the ground conditions are such as to guarantee that:- 

• the dose for the general public will be below 300 μSv per year and, furthermore, the ALARP 
principle is applied, 

• the release of α–emitting radionuclides to the atmosphere (as dust particles) is restricted to 
acceptable levels, and 

• The transfer of α–emitting radionuclides to groundwaters is also restricted to acceptable 
levels. 

9.5 The Waste Regulator (the Environment Agency) was kept informed of the associated activities 
related to this find. In addition the appropriate Certificate of Authorisation under the RSA93 was 
obtained and extended as appropriate. The Certificate and relevant correspondence are 
presented in Appendix C. 
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Olympic and Legacy Uses  
9.6 In order to address the issues related to the as-built condition of the Construction Zone 3a site 

and its immediate (Olympic) and long-term (Legacy) use, a demonstration (via post-formation 
testing of the areas identified) of its ‘radiologically safe’ condition should be carried out when the 
construction work is finished as part of its validation. This demonstration should be by way of 
measurement (for the external component of the dose) and simple modelling (for the internal 
component of the dose)7. 

9.7 The external dose can be measured by gamma dose-rate equipment already available on site. 
The key information requirements for the internal dose modelling are:- 

• As-built site plans showing depth of cover, areas of public and worker access, concreted 
areas etc; and 

• Areas of contamination, radiochemical concentrations and radionuclide types. This 
information has been collected as site remediation and restoration proceeded. 

9.8 The results of the post-formation validation testing are included in the various validation reports. 
Drawing number 2DD-ENL-CK-ZZZ-OLP-SP1-E-O280, Rev01, “Olympic Park-Location of 
Radioactive Material Encountered (Sheet 2: South Park)" also identified the locations of “finds”. 
This is included in Appendix A. The proposed ‘clean’ cover, show that the measures are likely to 
be appropriate to meet the requirements for External and Internal dose. This means that the 
current basis of the SSRS remains unchanged. 

10. REFERENCES 
1. Department for Environment, Food and Rural Affairs. ‘Industry Profile. Industrial Activities 

Which Have Used Materials Containing Radioactivity’. March 2006. 

2. The Ionising Radiations Regulations 1999. Statutory Instrument 1999 No. 3232. 

3. Radioactive Substances Act 1993. HMSO 1993 

4. Town and Council Planning Acts (various). 

5. The Radioactive Substances (Phosphatic Substances and Rare Earths, etc) Exemption Order 
1962. Statutory Instrument 1962 No. 2648. 

6. Atkins. ‘Site Specific Remediation Strategy – Construction Zone 3a – Main Site’. Final Rev01. 
October 2007. ODA Ref. REP-ATK-CH-03a-OLP-XXX-E-0002. 

7. Atkins. ‘Change Notice Report Discovery of Radioactive Substances – Construction Zone 6a. 
December 2009. ODA Ref. REP-ATK-CM-06a-OLP-SP 1-E-0003 

                                                      
7 This work need not necessarily need to wait until the works are complete. Sufficient information may 
become available well before this time, at which the issue could be screened out of further consideration. 
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Appendix A Drawing 2DD-ENL-CK-ZZZ-
OLP-SP1-E-0280 Rev01, Olympic Park 

Location of Radioactive Material 
Encountered (Sheet 1 and 2: North and 

South Park) 
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1. Description of the Work 
 

This method statement describes the procedures for transporting and placing exempt and Low 
level radioactive material at the designated area of permanent deposition at Zone 4 and the safety 
measures that will be implemented in connection with this operation. This method statement is part 
of the overall radiation protection strategy and must be read in conjunction with the Nuvia project 
specific procedures and methodologies. 

 
 

2. Reference Documents 
 

•  MCL Safety Policy. 
 

• ENW-ATK-4-SP1-DR-3-H11-0011 Rev.C1 
 

•  MCL Health and Safety Management System. 
 
• Test and Inspection Plan 

 
 
3. Responsibilities 
 

o MCL Supervisor will undertake and record the Site Induction / Safety Awareness talk to all 
site employees, including sub – contractors’ employees, prior to commencement of their 
works. A record of this induction will be kept on site and all operatives will sign to show 
that they have been inducted. 

 
o The MCL Supervisor is to have a copy of this Method Statement and its corresponding 

Risk Assessment on site. All members of the site team involved in carrying out this work 
are to sign to show that they have understood this method statement and a record of this 
is to be kept on site. 

 
o Work on site will adhere to the “Site Specific Code of Construction Practice”. Document 

no: 
 PRO-MOR-CE-05c-OLP-SP1-E-0002. 

 
4. Sequencing of the Work 

 
MCL will issue a copy of this method statement to the ODA for approval.   

 
Prior to commencement of works:  

o MCL staff shall provide a site induction identifying the full scope of work to be carried out 
and highlighting all associated risks.  

 
o Morrison Construction shall set up a Safe System of Work. All work personnel involved in 

the site wide operations shall read and understand this method statement and sign to 
record that it has been understood.  

 
o Morrison Construction shall ensure all personnel involved have the correct personal 

protective equipment (PPE) to carry out the work in accordance with this method 
statement and risk assessment. 

 
o Welfare facilities will be provided at both 6A and Zone 4site offices. 
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o Loading of the contaminated soils at the Morrison’s site will be under the supervision of 
Nuvia and in accordance with the RPA’s recommendations and guidelines. Particular 
attention must be paid to the procedure for loading and unloading wagons as the risk of 
cross contamination is high. To this end the presence of Health Physics Surveyors at both 
ends of the operation is critical in order to carry out inspections and maintain concise and 
unambiguous internal waste transfer tickets, description of contents and signatures for 
despatch and receipt. Great emphasis will be placed on the prevention of accidental 
spillage of material en route. This can be achieved by ensuring that the trucks are not 
overloaded, the material is adequately covered and random checks are undertaken along 
the route. Under loading the trucks is therefore a safe method of verification that no cross 
contamination or spillage takes place .Furthermore it is proposed that all road wagons 
leaving 6a are weighed on route to zone 4.    

  
o No lorries arriving from the Morrison site will be allowed to tip unless directly instructed by 

the Nuvia Health Physics Surveyor whose key role is to ensure that the deposition of soils 
is undertaken as per RPA’s recommendations.  

 
o Prior to commencement of material deliveries the proposed area will be clearly identified, 

surveyed and fenced off. The Herras fencing will be positioned at such a distance from 3rd 
parties fencing so that a 5m exclusion zone is maintained. Radiological reassurance 
monitoring of the proposed deposition area will be undertaken by the Nuvia Health 
Physics Surveyor. All existing services in the area of works will be identified with the help 
of a cat scan .Service dwgs information from the various utility companies will be available 
on site at all times. 

 
o All plant movements will be controlled by Banksmen.Two banks men, one at the point of 

loading and one at the point of off loading will be present. All operators of plant must hold 
a current certificate of training achievement a copy of which is to be retained in the site 
office along with the relevant test certificates for the plant in use. Records of weekly plant 
inspections must also be regularly entered in the LOLER register retained in the site 
office.  Goal posts will be erected next to any overhead cables with the height restraints in 
place for all machines working in the vicinity. 

 
o The material will be delivered in sheeted 8 wheeler trucks and will be spread in layers not 

exceeding 200mm in depth by a D6 dozer and will be compacted using a single drum 
roller as per Table 6/4 method 2 of the Specifications for Highway Works .Geotechnical 
testing will be as per table 6/1 Baseline Earthworks Specifications .It is proposed that the 
testing is carried out on the basis that 3no PSDs, 5no MCs, 2no MCVs and 3no PLs are 
carried out per 1000m3 of fill placed. In addition to the above periodical nuclear gauge 
testing will be undertaken in order to demonstrate that the fill has been adequately 
compacted. 

 
o Once the material has been deposited it will be further tested in terms of chemical 

acceptability by sampling at a rate of approximately 1 test per 500 m3 of fill placed.  
 

o Although screening of the existing stockpiles for radiological contamination has been 
undertaken by Nuvia the likelihood of other contaminants in the soil such as asbestos or 
heavy metals must be considered. It is therefore proposed that regular monitoring is 
undertaken during placing of the fill and it is essential that all operatives are familiar with 
the health and safety guidelines and procedures for work undertaken in a contaminated 
environment; particular emphasis will be placed on the PPE issues, air monitoring and 
dust suppression during backfilling. A crop spraying equipment ,or similar system,will be 
employed in order to ensure that the workforce or other contractors are not exposed to 
dust generated by the site operations. A decontamination unit will be installed within the 
site compound and all personnel will be inducted in the procedures to be adopted and the 
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dirty/ clean protocol currently in implementation at the 6a Earthworks contract. A series of 
tool box talks will be carried out by the site supervisor in order to highlight the hazards 
associated with contaminated soils.     

 
o As previously stated the risk of cross contamination must be addressed at both ends of 

the operation and to this end a jet wash will be employed at the deposition area for the 
duration of the works. 

 
  
5. Emergency Rescue Procedures 
 

First Aid boxes will be stored in the Site Office and the Security Cabin. The hospital route is shown 
on a plan and can be found within the site file for the project. If any person suffers an injury then 
the emergency services should be called if necessary and first aid administered.  
 
If an ambulance is required the site address is: 
 
TBC 
 
All accidents / incidents must be reported to a member of the Morrison CL management team         
and reported in the site accident book. 

 
6. Unexploded Ordnance 
 
          N/A 
 
7. Contaminated Ground 
 

Contaminated ground awareness and protocol will be covered in the Site Induction. 
 
Dirty / Clean working will be adhered to. 
 
Washing and shower facilities will be available at the site compound. 
 

 
8. Resources (Labour, Plant, Materials, Sub-Contractor) 
 

Labour 4 no operatives    
 Sub-Agent     

Engineer       
Supervisor      

   Health Physics Surveyors (2 no) 
 

Plant 35t Excavators,  8 wheeler trucks,D6 dozer,  single drum roller, Decontamination 
unit, weigh bridge, jet washer, Nuvia equipment as per their method statement.  
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9. Access and Working Area 

 
Access to the proposed are4a of works site will be over the River Lea crossing between CZ 5 and 
CZ 6 via a security gate. The working area will be fenced off with Heras panels where there is not 
already a boundary fence or wall.   

 
 
10.  COSHH and PPE 
 

Full PPE will be worn at all times . 
 
 
 

11.  Protection for the Public and Other Contractors 
 
Due to the area being closed to the public third party injuries are not expected.  

 
 
12. Site Specific Rules 

 
As site induction. 

 
13. Security Systems 
 

No plant shall be left on site unattended during the shift in a potentially unsafe manner. All plant 
shall parked in the specified location as shown on the site plan.  
 

14. Permits (safe systems of work) 
 

This method statement should be read in conjunction with the Risk Assessment. Together with the 
permits to excavate and excavation check sheets. 

 
15. Programme 
 

The works will be carried out during normal working hours through the week. 
 

16. Sub-contractors 
 

Works will be carried out by plant hire operatives with hired plant. All operations will be supervised 
and controlled by Morrison Construction. 
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Emergency Instructions  
for Drivers Transporting  

Radioactive Material on site 

87216/LR/003 
Issue 1 

Page 8 of 71

 

 
 
 
 
 

Please read these instructions before commencing your journey and keep them on your person at 
all times for reference. 
 
1. Do not carry passengers without the prior permission of the person consigning the 

radioactive material and the Health Physics Surveyor. 
 
2. Do not leave the vehicle unattended when loaded.  In the event of an emergency, stay with 

the vehicle and get a message to the supervisor who will arrange recovery.  All breaks to be 
taken after discharge of load. 

 
3. Breakdowns and minor accidents, which do not affect the integrity of the load, may be dealt 

with at the discretion of the driver, provided that none of the above are infringed.  Inform the 
Site Supervisor and the Health Physics Surveyor of any such occurrences immediately. 

 
4. You must as soon as reasonably practicable, arrange for the Site Supervisor / Recipient  to 

be informed if you suspect that in the course of the journey: 
 
a) any radioactive material has spilt from the vehicle; 
 
b) the vehicle or its load is in danger, e.g. from fire. 
 
 
IN THE EVENT OF SUCH AN ACCIDENT OR INCIDENT CARRY OUT THE INSTRUCTIONS ON 

THE REVERSE OF THIS SHEET IMMEDIATELY. 
 
 
 
      



Method Statement No: - CE/06A/0018   
Deposition of exempt/LL radioactive soils at Bridge L03 Zone 4. 
 _________________________________________________________________________________________ 
 

EMERGENCY INSTRUCTIONS 
 
The following instructions apply for any accident or incident in which damage to, or loss of any part 
of the radioactive load cannot be ruled out. 
 
1. Ring the Site Supervisor and provide details of incident, including location and return telephone 
number 
 
2. The Site Supervisor to inform the Health Physics Surveyor and Site Manager for recovery 
assistance who can seek recovery advice from the Radiation Protection Adviser.  

3. If you are in an accident whilst carrying radioactive material there is no cause for alarm.  
 If,  however, there is any reason to suspect the load has been spilt you should take the 
 following action whilst awaiting a response from steps 1 and 2 (above): 
 

a) Keep people away from the vehicle subject to the overriding need of saving life 
 
b) Keep at hand any documentation relevant to the consignment, especially this document 

 
c) Do not attempt to remove the load from the vehicle. 

 
d) If there appears to be any escape of radioactive material, and especially if it is spilt on the 

road, erect, if possible, a temporary barrier around the affected area.  As far as possible any 
approach should be made from upwind. 

 
e) If any person at the scene has handled, or otherwise come into contact with the 

contaminated soil that person should remain at the scene and be instructed not to eat, 
drink, smoke or otherwise put their hands to their mouth. 

 
f) Any such person who may be contaminated should be kept in a safe position and 

arrangements should be made through the Health Physics Surveyor via the Site Supervisor 
for expert attention as soon as possible 

 
g) If any radioactive material is thought to have settled on anyone’s clothing, e.g. shoes, the 

affected items should be removed at the earliest practicable opportunity, taking care not to 
touch the contaminated parts, and should be placed where they cannot contaminate other 
people or property, pending examination by Health Physics Surveyor. 

 
 

Distribution:  Carrier,   

 





 

 

 
 

 
Background and scope 
During the excavation of Olympic sites, as part of the enabling works, radioactively contaminated spoil was discovered in areas in CSZ3A, CSZ6A and 
CSZ6D. This spoil has since been removed and transferred to a bunded area at CSZ6 (Morrison Construction) and assayed prior to disposal under 
controlled conditions (ref. MS/87216/003).  The disposal location for this material is in the foundations to the approach ramp of bridge “L03”, the construction 
of which is the responsibility of Nuttalls. 
As required by the Ionising Radiations Regulations IRR1999 (Regulation 13), both Morrison Construction and Nuttalls have appointed a Radiation 
Protection Adviser (RPA) from Nuvia to provide radiation protection advice to comply with the Ionising Radiations Regulations 1999.  Due to the nature of this 
work (the transport and deposition of active material from the Morrison site to the Nuttalls site), this Method Statement has been prepared to detail the 
radiological protection requirements for both contractors.   
The specific steps within this Method Statement have been colour coded such that steps that are the responsibility of Morrison are coloured red, and those 
that are the responsibility of Nuttalls are coloured green.  Any steps that are relevant to both Morrisons and Nuttalls are coloured blue. 

A Prior Radiological Risk Assessment (PRA) has been completed for the deposition of the active spoil at bridge L03 (ref. 87216/PRA/007).  This forms the 
basis of controls as described in this method statement to ensure that personnel and equipment exposures to ionising radiations are adequately minimised 
and dose uptakes are ALARP (As Low As Reasonably Practicable). 
These items are identified with this method statement: 

Standard PPE Requirements HP Monitoring Equipment Associated Documentation 
 Hard hats 
 Light Eye Protection (LEP) 
 Gloves 
 Hi Vis Jacket 
 FFP3 Ori-nasal mask 
 Disposable coveralls 
 Mid-sole safety boots 

 GroundHog probe 
 44B gamma probe 
 Alpha + Beta contamination probe 
 110v Static Air sampler 
 Personal Indicating Dosimeter (PID) 
 Static Air Sampler (SAS) 

 Prior Radiological Risk Assessment 
(87216/PRA/006) 

 

 
Additional equipment may be required as the work evolves. 

The role of the Nuvia Health Physics team (contracted to Morrison or Nuttalls) is to carry out radiological re-assurance monitoring of the recovered spoil 
stockpile areas, new deposition area, surrounding areas and personnel, plant, machinery and equipment used in the works. Radiological hold points are 
defined within the Method Statement to determine whether any additional controls are required.  Material with radioactive contamination will be moved under 
the supervision of Health Physics from CSZ6 and placed for safe final deposition in one of the bridge L03 approach ramps. 





































 

 

 
 



 

 

 

 
 
 
 
 



 

 

 
 
 
 
 
 



 

 

 

 
 
 
 
 
 



 

 

 

 
 



 

 

 

 
 
 
 

 
 
 
 



 

 

 
Summary of Actions: 
 
Action 1.  Ensure that prior to moving current stockpiled material, it is damped down if there is the potential for dust 
arisings or dust arisings are observed (note that the minimum amount of water should be used in order to prevent 
the build up of pools of water or generating running water).  In addition, damping down may be required when the 
exempt and LLW is deposited into the deposition area in order to prevent any material becoming airborne.  
Morrison Construction 
 
Action 2.  Ensure that vehicles used for transporting active spoil are only partially filled, and are covered to prevent 
spillages.  Morrison Construction 
 
Action 3.  Ensure that static air sampling is undertaken at the stockpile area during excavation of the stockpiles, 
and at bridge footings during the deposition of the waste.  Morrison Construction / Nuttalls 
 
Action 4.  Ensure that access is only permitted to the stockpile and deposition area to personnel that are required 
for the completion of the works, and under the supervision of a Health Physics surveyor.  Morrison Construction/ 
Nuttalls 
 
Action 5.  Ensure that puncture resistant gloves are worn by any personnel likely to handle contaminated material 
or equipment during the waste assay operations.  Morrison Construction / Nuttalls 
 
Action 6.  Ensure that all personnel undergo a toolbox talk on the radiological hazards associated with the waste 
deposition work.  Morrison Construction / Nuttalls 
 
 



 

 

 
APPENDIX 1 
 
Potential Airborne Activity Assessments 
 
Activity Estimates for Waste accumulated in the Bunded Area 
Site ‘A’ = 34 Bq/g U-238 
Site ‘B’ = 40 Bq/g Ra-226 and 10 Bq/g Pa-231 
Site ‘C’ = 15 Bq/g Th-232 
 
Dust Loading Fraction:  Although relatively high dust loading fractions have been measured on the site 
as a whole, these are generally due to dried out mud on roads etc.  The average dust loading fraction 
measured in a land remediation project where similar methods have been used was 0.3 mg/m3, which 
tallies with the fact that no airborne activity has been measured on any air sampling at the site to date. 
 
Potential airborne activity release, pessimistically assuming that all activity is mobile: 
 
Site ‘A’ = 34 Bq/g  ×  0.3 × 10-3 g/m3  =  0.0102 Bq/m3 
Site ‘B’ = 40 Bq/g  ×  0.3 × 10-3 g/m3  =  0.012 Bq/m3 
  10 Bq/g  ×  0.3 × 10-3 g/m3  =  0.003 Bq/m3 
Site ‘C’ = 15 Bq/g  ×  0.3 × 10-3 g/m3  =  0.0045 Bq/m3 
 
Dose Uptake via Inalation 
 
Breathing rate for average man (ICRP model)  =  1.2 m3/h 
 
Dose co-efficient (Sv/Bq) for workers, ICRP68: 
 
U-238  = 5.7 × 10-6 Sv/Bq 
Ra-226 = 2.2 × 10-6 Sv/Bq 
Pa-231  = 8.9 × 10-5 Sv/Bq 
Th-232  = 2.9 × 10-5 Sv/Bq 
 
Potential internal dose from inhalation: 
 
Site ‘A’ Material:  0.0102 Bq/m3  ×  1.2 m3/h  ×  5.7 × 10-6 Sv/Bq  =  0.07 μSv/h 
Site ‘B’ Material:  0.012 Bq/m3  ×  1.2 m3/h  ×  2.2 × 10-6 Sv/Bq   
  +  0.003 Bq/m3  ×  1.2 m3/h  ×  8.9 × 10-5 Sv/Bq  =  0.35 μSv/h 

 
Site ‘C’ Material: 0.0045 Bq/m3  ×  1.2 m3/h  ×  2.9 × 10-5 Sv/Bq  =  0.16 μSv/h 
 
Note that all personnel will be wearing an orinasal FFP3 face mask, which will offer a protection factor of 
10, therefore these dose rates will reduce by a factor of 10.  Any internal doses from inhalation are 
therefore assessed to be negligible, however the work will be reviewed if any positive static air sample 
results are reported, or if dust arisings are visibly noticed. 

 
 
 
 
 
 
 
 
 
 
 
 





 

 

 
 
 
 

EXECUTIVE SUMMARY 

During the excavation of sites as part of the enabling works for the main Olympic Stadium and other facilities at the 
Olympic Park, Stratford, London limited areas of radioactively contaminated spoil were discovered in areas in 
Construction Zones 3A, 6A and 6D (CSZ3A, CSZ6A and CSZ6D).  All of the radioactive contamination discovered 
was naturally occurring radioactive material (NORM).  The spoil was monitored, excavated and assayed.  It was 
temporarily stored in stockpiles in CSZ6A.  It is now proposed to dispose of that waste in a dedicated disposal cell 
to be constructed in the approach ramp to bridge L03A over the River Lee at Olympic Park.  The total mass of 
radioactively contaminated spoil to be disposed of is 7370.5 tonnes. 
 
This report describes a radiological risk assessment that was undertaken to determine the impacts of the disposal 
of waste with radioactive contamination in a dedicated waste disposal cell in the eastern approach ramp to bridge 
L03A at Olympic Park.  The assessment addresses potential radiation exposures to humans living, working and/or 
playing on the site, now and in the future, after completion of the disposal cell. The assessment identified four 
groups of potential contamination receptors, who will occupy the site, both during the Olympic Park construction 
works and during use of the completed park.  These were: potential future residents on the disposal site (adult, 
child and infants); roadway maintenance workers, general site workers and visitors to the Park. 
 
The results show that wastes in the proposed disposal cell with the design of that cell present a negligible risk to 
roadway maintenance staff, general site workers or visitors to Olympic Park today or likely at any time over at least 
the next 1000 years.  All potential exposures will be very much below both the Environment Agency’s and the 
International Commission on Radiological Protection’s risk target for the public from the disposal of low and 
intermediate level radioactive waste of 10-6 per annum, i.e. an effective dose of 2 x 10-2mSv/a.  In accordance with 
the European Commission’s Basic Safety Standard doses below a few tens of μSv/a would be below regulatory 
concern.  Should the disposal cell area at sometime in the future be used for housing, the same conclusion will 
generally apply.  However, there would be a restriction.  This is that the house would need to be designed to 
minimise radon intrusion.  In addition, water should not be abstracted from below the disposal site to water 
vegetables, etc, in the garden, which are then to be consumed.  Even without any of these restrictions the 
exposure to the resident would only be ~0.9 mSv/a over the first 100 years, rising to 2 mSv/a by year 1000.  The 
public dose limit is 1 mSv/a.  Radon control measures would be sufficient alone to avoid exceeding the public dose 
limit. 
 
It may be concluded, therefore, that the that the disposal cell is fully fit for the purpose of disposing of the NORM 
waste arising from the redevelopment works at Olympic Park.  No dose limits would be exceeded and the disposal 
has been optimised to reduce resulting doses to “as low as reasonably practicable”. 



 

 

DISCLAIMER 
 
NUVIA Limited has prepared this report for the sole use of Morrison Construction Ltd in accordance with the 
Agreement under which our services were performed using all due care and diligence and in accordance with the 
standards of a qualified and competent consultant experienced in carrying out work of a similar scope and 
complexity to the services provided and current at the time when the services were performed. No other warranty, 
expressed or implied, is made as to the professional advice included in this report or any other services provided 
by us. No extract from this report shall be taken as representative of the report as a whole. This report may not be 
relied upon by any other party without the prior and express written agreement of NUVIA Limited. 
 
Unless otherwise stated in this report, the assessments made assume that the sites and facilities will continue to be 
used for their current purpose without significant change. The conclusions and recommendations contained in this 
report are based upon information provided by others, and upon the assumption that all relevant information has 
been provided by those parties from whom it has been requested. Information obtained from third parties has not 
been independently verified by NUVIA Limited unless otherwise stated in the report. 
 
Where field investigations have been carried out, these have been restricted to a level of detail required to achieve 
the stated objectives of the services. Morrison Construction Ltd and any other party to whom NUVIA Limited may 
extend reliance shall recognise that the services conducted will not necessarily reveal all adverse or other material 
conditions at the site that could be identified either through a different formulation of the services or through more 
detailed work being carried out by NUVIA Limited. The results of any measurements taken may vary spatially or 
with time and further confirmatory measurements should be made after any significant delay in using this report. 
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1  INTRODUCTION 
During the excavation of sites as part of the enabling works for the main Olympic Stadium and other facilities at the 
Olympic Park, Stratford, London limited areas of radioactively contaminated spoil were discovered in areas in 
Construction Zones 3A, 6A and 6D (CSZ3A, CSZ6A and CSZ6D).  All of the radioactive contamination discovered 
was naturally occurring radioactive material (NORM).  The spoil was monitored, excavated and assayed.  It was 
temporarily stored in stockpiles in CSZ6A.  It is now proposed to dispose of that waste in a dedicated disposal cell 
to be constructed in the approach ramp to bridge L03A over the River Lee at Olympic Park.  The total mass of 
radioactively contaminated spoil to be disposed of is ~7500 tonnes.  This has been used as the base case for the 
assessment. 
 
This report describes a radiological risk assessment that was undertaken to determine the impacts of the disposal 
of waste with radioactive contamination in a dedicated waste disposal cell in the eastern approach ramp to bridge 
L03A at Olympic Park.  The assessment addresses potential radiation exposures to humans living, working and/or 
playing on the site, now and in the future, after completion of the disposal cell. The assessment identified four 
potentially exposed groups of people, who will occupy the site, both during the Olympic Park construction works 
and during use of the completed park.  These were: potential future residents on the disposal site (adult, child and 
infants); roadway maintenance workers, general site workers and visitors to the Park. 

1.1  Background 

During the excavation of sites as part of the enabling works for the main Olympic Stadium and other facilities at the 
Olympic Park, Stratford, London limited areas of radioactively contaminated spoil were discovered in areas in 
Construction Zones 3A, 6A and 6D (CSZ3A, CSZ6A and CSZ6D).  All of the radioactive contamination discovered 
derived from naturally occurring radioactive material (NORM).  The radioactivity was technologically enhanced 
above natural levels, likely by past processing, etc, operations undertaken on or near the site.  Phosphate-based 
fertiliser manufacture and metals processing were known to have occurred on the site.  In addition, part of the site 
formed the West Ham Tip.  This received a wide variety of wastes from the local area.  Other industries, which 
generated and disposed of NORM wastes, including Thorium Ltd, are known to have operated within 5 km of the 
site.  They may have sent wastes to the tip. 
 
The areas of contamination were identified by gamma monitoring and sampling.  The contaminated spoil was 
removed and transported to a central bunded storage location within CSZ6A, which was operated by Morrison 
Construction.  In this area the spoil was assayed by gamma spectrometry, using a bag or calibrated bucket 
monitoring system.  Some waste also underwent basic assaying prior to delivery to CSZ6A by monitoring the 
trucks, carrying the loads, with a calibrated monitoring system.  In CSZ6A the assayed waste was stored in 
stockpiles to await disposal. 
 
The contamination derived from a number of discrete processes.  Some included the full natural uranium (U238) 
series, some derived from the truncated natural chain, based upon radium (Ra226), some derived from a truncated 
uranium U235 chain, based upon Pa231, and some included the full natural thorium (Th232) chain. 
 
Samples of these wastes were also sent for laboratory analyses.  The maximum concentrations measured in 
samples were: 
 

• 40 Bq/g for 226Ra; 
• 15 Bq/g for 232Th; 
• 16 Bq/g for 231Pa; 
•    72 Bq/g for 238U. 

 
 
 
 
 
 
 
 
 
 
 



 

 

In the waste assaying operations a total of 786 bags of waste, weighing 658 tonnes, were assayed on a rotating 
turntable using a high resolution gamma spectrometer.  The results were used to generate radionuclide fingerprints 
for the bucket and truck assaying systems.  They were also used to generate the radionuclide fingerprints for the 
radiological risk assessment presented in this report.  Of the 786 bags some 741 were assayed to contain waste, 
which was classified as Exempt under the Phosphatics Substances and Rare Earths Exemption Order(1) under the 
Radioactive Substances Act of 1993 (RSA 93).  The remaining 45 bags contained waste, which was above the limit 
for that exemption order.  This was in the low-level waste category (LLW), albeit at the very bottom level of that 
category.  Taken as a whole lot, the bagged waste was Exempt.  It has been treated as such for the purpose of 
disposal on-site. 
 
Table 1 summarises the analyses of the bagged wastes in terms of their total and mean specific activities for the 
Schedule 1 (RSA 93) radioelements.  It also lists the Schedule 1 limits defined in RSA 93.  These Schedule 1 limits 
define the specific activity levels below which a material containing any of these radioelements is not deemed to be 
a radioactive material under UK law (RSA 93). 
 
Table 1 Summary of the Radioelement Analyses of the bagged Wastes 
 
 Schedule 1 Elements 
Element Actinium Lead Polonium Proactinium Radium Thorium Uranium 
Total Activity, 
Bq 

3.95E8 4.43E9 6.52E9 1.53E9 2.53E9 3.06E9 2.55E9 

Mean Specific 
Activity, Bq/g 

6.00E-1 6.73 9.91 2.32 3.84 4.64 3.87 

RSA 93 
Schedule 1 
Limit, Bq/g 

3.7E-1 7.4E-1 3.7E-1 3.7E-1 3.7E-1 2.59 1.11E1 

 
Table 2 summaries the total and mean specific activities of individual gamma-emitting radionuclides, as measured 
by high resolution gamma spectrometry during the bag assaying.  These radionuclides were used to derive 
maximum estimates of the specific activities of other members in the uranium and thorium series in the risk 
assessment. 
 
Table 2 Measured total and mean specific Activities of individual gamma-emitting Radionuclides from the Waste 
Bag Assays 
 
 208Tl 214Bi 219Rn 223Ra 234mPa 234Th 
Total Activity, 
Bq 

1.80±0.60E7 3.24±0.77E8 7.14±2.85E7 7.19±2.72E7 1.47±0.87E8 1.58±0.96E8 

Mean Specific 
Activity, Bq/g 

2.74±0.91E-2 4.92±1.17E-1 1.09±0.43E-1 1.09±0.41E-1 2.23±1.32E-1 2.41±1.45E-1 

 
The bucket monitoring involved assaying 5964 buckets with 6712.5 tonnes of spoil, i.e. in approximately 1 tonne 
lots.  Of these only 6 buckets were assessed to have LLW. 
 
Thus the total mass of radioactively contaminated spoil to be disposed of is ~7500 tonnes. 
 
The proposal now is to dispose of all of this radioactive spoil in a dedicated disposal cell in the approach ramp to 
bridge L03A. 

2  THE Proposed Disposal CELL 
The location of the bridge L03A is shown in the above section of the site plan.  It is located almost due north of the 
main stadium site in Construction Zone 3A and just south of Stratford International station.  The disposal cell is 
located in the bank under the approach road to the bridge.  It is on the eastern bank of the River Lee, which forms 
the boundary between the London Boroughs of Tower Hamlets to the west and Newham to the east.  Further to the 
west is the Lee Navigation channel. 
 



 

 

 
 
Figure 1 Section of the Olympic Park Site immediately north of the main Stadium Area 
 
A section and plan of the disposal cell are shown in Figures 2 and 3 below. 
 

 
 
Figure 2 A Section through the proposed Waste Disposal Cell 
 
 
 
 
 
 
 
 



 

 

 
 

 
 
 
Figure 3 A dimensioned Plan View of the proposed Waste Disposal Cell 
 
 
The disposal cell is in the form of a truncated pyramid.  It is covered on its sides and capped with a layer of clean 
general fill.  Over the top surface will be a road.  This will form an additional shielding layer of 0.5 m thickness.  Its 
bitumen top surface will also restrict water infiltration.  The contaminated fill zone will be covered, top and bottom, 
by an overlapping marker.  This will likely be a polymer sheet wrap.  In the short term this will also act as a further 
barrier to water infiltration into the waste. 

3  Background to the POST-CLOSURE RISK ASSESSMENT 
An assessment has been made of the potential radiation exposures to humans living, working and/or playing on the 
site, now and in the future, after completion of the disposal cell. 
 
The modelling work has four main components: 
 
 i) source analysis.  This addresses the problem of deriving the source terms that determine the rates at 

which the contaminating radioactivity is released into the environment.  This rate is a function of the 
geometry of the contaminated zone, the concentrations of the radionuclides present, the rates of in-growth 
and decay of the radionuclides present and their rates of removal by physical processes, such as surface 
erosion and leaching; 

 
 ii) environmental transport analysis.  This addresses the problems of identifying environmental pathways by 

which the radionuclides can migrate from the source areas to others where they can directly or indirectly 
affect human populations.  It also determines the rates of radionuclide migration along these pathways and 
hence determines the relative significance of each; 

 



 

 

 iii) dose/exposure analysis.  This addresses the problem of deriving dose conversion factors for the 
radiation dose that will be incurred by exposures to ionising radiation; and 

 
 iv) scenario analysis.  The parameters, which control the rates of radionuclide release into the environment 

and the duration and extent of human exposure at any given location, are determined by the patterns of 
human activity.  These activities include workers operating on the site, construction workers undertaking 
later repairs to the roadway over the disposal cell, etc, nearby residents as well as potential future 
scenarios for the use of the site for potential housing uses. 

 
The modelling treats the contaminated zone as effectively a vertical cylinder of land with the contaminated 
soil/material as one layer.  The underlying unsaturated and saturated geology is then approximated by a series of 
discrete, homogeneous layers of defined thicknesses.  Variations in the shape of the contaminated site are 
accommodated by the use of a shape factor or drawing out the shape.  If the shape factor is used, it is unity, if the 
area is circular and less if it is irregularly shaped.  If the radionuclide distributions are approximately uniform 
throughout the contaminated region, a single cylinder is used as the source geometry.  This is the case with the 
disposal cell. 
 
The model considers the evolution with time of doses from each individual pathway.  The time dependence of dose 
is controlled by: 
 
 i) the rate at which radionuclides are leached from the contaminated zone; 
 
 ii) the rate of in-growth and decay of the individual radionuclides; 
 
 iii) the rate of erosion of any clean cover and the contaminated soil, as will occur due to the action of rain 

and wind.  Such erosion is affected by a number of factors, including climate, vegetation, ground slope, 
agricultural and land usage practices; 

 
 iv) the rate of contaminant transport through the environmental pathways. 
 
The first three of these processes occur within or primarily within the contaminated zone, whereas the last process 
occurs outside. 

 

3.1  The potential Receptors 

The assessment identified four groups of potential contamination receptors, who will occupy the site, both during 
the Olympic Park construction works and during use of the completed park. These are described in Table 3. 
 
Table 3 The potentially exposed Human Receptor Groups 
 
Receptor group  
Potential future residents on the 
disposal site (adult, child and infants) 

Resident of a house constructed over the disposal cell and who 
consumes vegetables, etc, grown in the garden 

Roadway maintenance workers Workers involved in maintaining the bridge, the roadway, possibly 
installing services below the road surface, etc. 

General site workers Workers engaged in the construction of Olympic Park 
infrastructure, its later use and redevelopment 

Visitors to the Park  Visitors using the amenity facilities, including the grounds, of the 
Olympic Park 

3.2  The potential Exposure Pathways 

Three major pathways by which humans may be exposed to the contaminants are considered in the model.  A 
schematic diagram showing these pathways is given in Figure 4.  Radionuclides can migrate by the pathways from 
the source to points, where humans can become exposed.  Some of the components of these can occur as 
segments in more than one pathway.  Thus contaminated ground or surface water can contribute to the human 
drinking water pathway.  It can also contribute through the food chain, if contaminated water is used to irrigate 
crops or water livestock.   



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 4 The potential Exposure Pathways to Human Receptors 
 
The pathways considered are: 
 
 i) External radiation. 
    - Ground 
  - Volume source 
  - Surface source 
    - Air 
  - Dust 
  - Radon and its decay products 
  - Other gaseous airborne radionuclides 
    - Water 
 
 ii) Inhalation. 
    - Dust 
    - Radon and decay products 
    - Other gaseous airborne radionuclides 
 
 iii) Ingestion 



 

 

    - Food 
  - Plant foods, e.g. vegetables, grains and fruits; 
  - Meat, e.g. chickens, sheep and cattle; 
  - Aquatic foods, e.g. fish, crustaceans and molluscs; 
    - Water 
  - Groundwater, e.g. through wells; 
  - Surface water, as through rivers and canals; 
    - Soil 
 
The disposal cell at Olympic Park is of limited size (~40 m x 40 m in area).  The Olympic Park site is located in a 
major urban area.  The adjacent River Lee is a small river in terms of lateral dimensions and flowrates.  As a 
consequence of these geographical factors, the following assumptions have been made in the dose calculations in 
respect of ingestion routes: 
 
• Chickens could be reared in gardens, but not larger livestock; 
 
• The river can sustain recreational fishing, but its use as a major source of food has been discounted; 
 
• All domestic water in the area derives from sources away and upstream of the site, e.g. River Thames and 

New River.  Hence the use of a well to access the groundwater immediately below the site or of the adjacent 
river for use as the drinking water source is discounted. 

 
The potential pathways by which the receptors identified in Table 1 may be exposed to contamination at Olympic 
Park are summarised in Table 4, below. 
 
Table 4 Potential Exposure Pathways for the different Receptor Groups 
 
Exposure Pathway Residents Maintenance 

workers 
Visitors Site workers 

External radiation √ √ √ √ 
Inhalation of contaminated dust √ √ √ √ 
Ingestion of contaminated soil and dust √ √ √ √ 
Ingestion of contaminated crops grown on-
site 

√    

Ingestion of meat from animals (fowl) reared 
on-site 

√    

Dermal contact with soil and dust √ √ √ √ 
Inhalation of radon gas √ √ √ √ 
 

3.3  The Assessment Codes used 

The prime code, which has been selected for this assessment is the RESRAD code.  This is an internationally 
accepted computer model code, which is designed to estimate radiation doses and risks from RESidual 
RADioactive materials.  It was developed by Argonne National Laboratory (ANL) with direct support from the US 
Offices of Health, Safety and Security and of Environmental Management and from the U.S. Nuclear Regulatory 
Commission.  It has been extensively used to assess contaminated sites in the United States and overseas.  It has 
also successfully been used in a number of international intercomparison exercises.  RESRAD (V.6.4)(2) is the most 
recent update of the RESRAD family of codes which provides a model for assessing radiation dose and risk from 
soil containing residual radioactive material.  It has been developed into an extensive family of codes.  These 
codes share the same radionuclide database and include International Commission on Radiological Protection 
(ICRP) 72 age-dependent dose conversion factors. The codes have also been tested successfully on Windows 
Vista and XP operating systems. 
 
RESRAD offers greater flexibility than codes, such as RCLEA(3) and ReCLAIM(4), which were primarily developed to 
determine the current risks posed by levels of contamination on sites.  RCLEA and ReCLAIM have been used for 
this purpose at Olympic Park, in determining acceptable levels of residual contamination, which might be left on or 
near the surface after remediation works.  RESRAD enables account to be taken of the evolution of sites with time.  
This enables predictions to be made on future doses resulting from the migration of radionuclides from the site.  
This is particularly important in disposal situations, as the half-lives of many of the radionuclides of concern are in 
the range of 102-107 years. 
 



 

 

In the modelling radiation from the ground is the only external radiation source considered.  External radiation from 
surface layers formed by any re-deposition of contaminated dust carried off-site by the wind or from airborne dust 
or surface waters are at least two orders of magnitude smaller and are judged as insignificant, when compared to 
the residual material in its original location. 
 
Inhalation exposure results primarily from inhalation of contaminated dust and of radon decay products.  The 
inhalation pathway is treated as comprised of two components; an airborne exposure part linking the contaminated 
zone to the exposure location and an inhalation component linking the airborne radionuclides to the exposed 
individuals.  The former is the critical part.  It is characterised by the air/soil concentration ratio, which is the ratio of 
the airborne concentration of a radionuclide at the point of human exposure to the concentration in the soil.  The 
air/soil concentration ratio depends on the complex processes by which soil particles become airborne by 
resuspension and are transported to the exposure point.  It is also used in the food chain pathways for the foliar 
deposition component.  Modelling of the airborne pathway component is divided into two parts.  The first is the 
modelling of the process by which the radionuclides become airborne.  This step gives the ratio of the 
concentration in the air near the source, before it is dispersed and diluted to the concentration in the resuspendable 
soil layer.  The second step gives the ratio of the airborne concentration at the point of exposure to the undiluted 
airborne concentration at the source. The inhalation component is characterised by an occupancy factor in a 
contaminated air zone and an inhalation rate, which is linked to age and physical activity. 
 
The food pathway considers four separate chains: plant foods, meat, milk and fish.  The plant food pathway is 
comprised of a further four components: 
 
 i)   root uptake from any crops grown in the contaminated zone; 
 ii)  foliar uptake from contaminated dust deposited on foliage; 
 iii) root uptake from contaminated irrigation water; and 
 iv) foliar uptake from contaminated irrigation water. 
 
The plant food pathways are also applicable to animal fodder, such as grass growing in contaminated water.  
Hence, they apply to the pathways through which meat from chickens, etc, could become contaminated by 
ingestion of contaminated fodder.  For the meat pathway there is also the more direct pathway of ingestion of 
contaminated water by the livestock.  The aquatic food pathway is for the ingestion of fish and any crustaceans and 
molluscs from the surface of the adjacent River Lee and its tributaries, which could become contaminated by 
radionuclides leached from the contaminated zone.  This would apply to fish caught in water linked to the 
contaminated zone through the groundwater pathway.  The food pathways are primarily linked to any crops grown 
in or close to the contaminated zone, especially if also irrigated with contaminated groundwater. 
 
The time dependence of these pathways is controlled by that of the radionuclide concentrations in the 
contaminated water, as determined by the hydrological model used for the groundwater pathway.  A 
fraction of each radionuclide will potentially have been leached from the root zone before the 
radionuclide first reaches a point of water withdrawal in above background concentrations (break-
through time).  Hence, the contributions to the dose from the water-dependent and water-independent 
pathways will occur at different times. 
 
After breakthrough the contaminated irrigation water would create a new contaminated zone as it 
percolates through the soil.  The contribution of this secondary contaminated zone to pathways other 
than that for food is judged to be small and has not been considered further. 

4  Significance of Individual Pathways to THE RECEPTOR Groups 

4.1  Road maintenance workers 

Historically, once created roads have tended to have lifetimes extending into centuries and even millennia.  During 
this period maintenance will be undertaken on timescales of 10-20 years on the surface of the roadway and any 
services placed below that surface.  Maintenance of the roadway and services will involve the construction of holes 
and trenches, likely ~ 1-2 m in depth.  In these circumstances the amount of shielding afforded by the clean cap will 
be markedly reduced.  The road maintenance staff will then be exposed to higher levels of direct external radiation, 
inhalation of contaminated dust and radon and possible intakes through any open wounds routes.  They should not 
be exposed through ingestion of contaminated food or drinking water, as their food will not be derived from the site 
and all drinking water is derived from surface water sources at least 10 km from the site.  Road and services repair 



 

 

and replacement over an area the size of the disposal cell would be expected to last a maximum of 8 weeks in one 
year in 10-20 years.  The dose received in that year, assuming a 10 hour working day, has been assessed. 

4.2  Future on-site Residents 

Given the location of the disposal cell within a raised ramp of a roadway, the probability of a future 
dwelling on this site with a garden producing produce for home consumption is low.  Hence this may be 
seen and used as a very conservative case of potential residential exposure.  It is assumed that the 
house is constructed on the top of the soil cap above the disposal cell, i.e. with the proposed roadway 
removed.  The house can be expected to have a base slab, but with openings for mains services.  The 
services will likely be constructed up to 1 m below the ground surface, i.e. still within the clean cap.  The 
main pathways by which the inhabitants could receive exposures are through inhalation of radon, 
permeating through the soil cap, by direct irradiation and through the ingestion of contaminated food.  
The external radiation pathway is likely to be very limited due to the shielding afforded by the thickness 
of the remaining soil cap, supplemented within any house by the base slab.  It also drops off rapidly with 
distance to attain negligible proportions within a few metres of the contaminated areas.  The roots of 
green vegetables, grass, etc, will not penetrate the 2-2.5 m to the contaminated zone, although the roots 
of fruit trees could.  Inhalation of contaminated dust is much less likely to be significant, given both the 
remaining clean cover and the fact that it will diffuse and disperse readily.  The dust pathway to any 
exposed population will be strongly influenced by the speeds and directions of the winds and the 
distance of that population from the contaminated source area. 

4.3  Future Site Visitors and other Workers 

The exposures of future site visitors and site workers, who use the roads and bridges to traverse the site, are likely 
to be very limited.  The bridge will be a vantage point to survey the site for visitors.  Given the areal extent of 
Olympic Park and the absence of items of interest above the disposal cell, it is likely that general residence above 
the cell will be extremely limited.  In addition, most visitors are only likely to visit the site one to a few times per 
year.  It is assumed that the most exposed visitors will be local dog walkers and joggers, etc.  It has been 
conservatively assumed that they may be above the disposal cell for up to 10 minutes per and each day.  They will 
be present, when the roadway is there.  This will provide both an extra 0.5 m of shielding against external radiation 
and an additional barrier against upward diffusion of radon gas.  This will reduce exposures from both of these 
pathways.  The exposures of general site workers will be very similar.  It is assumed that a site worker, such as the 
grounds maintenance staff, may pass along the road above the disposal cell in up to 20 return trips per day.  The 
worst case would be on foot.  On the basis of 1 m/s walking speed and 40 m traverse across the disposal cell area, 
this would represent a daily residence of 27 minutes.  With 5 day/week and 46 week/year working this would lead 
to an annual exposure time of 102 hours.  This may be compared to ~56 hours for the dog walker/jogger.  It is to be 
appreciated that the exposure scenarios of these two groups of receptors are very similar, differing only in the total 
exposure time. 

5  Results 

5.1  Base cases 

The RESRAD model has been used to determine the magnitude of the potential doses from each pathway at the 
site for each of the key receptors, assuming exposure to each pathway proportionate to their assumed exposure 
time.  The results are compared to a 300 μSv/a constraint level for a disposal site for the most exposed 
individuals(5). This corresponds to an annual risk of death or serious harm of ~10-5.  They are also compared 
against the ALARP de minimus level of 20 μSv/a, which corresponds to an annual risk of death or serious harm of 
~10-6.  This represents the level below which further optimisation to reduce exposures does not warrant the 
expenditure of significant resources. 

5.2  Exposures of above-site Residents 

Figures 5 and 6 show the predicted exposures for a future resident living over the disposal cell and 
consuming green produce and meat (chicken, etc.) from the garden.  Figure 5 shows the exposures 
attributable to all and each key radionuclide, summed over all of the exposure pathways.  Figure 6 



 

 

shows the exposures attributable to all and each exposure pathway, summed over all of the 
radionuclides.  Figure 7 shows the lifetime excess cancer risk summed over all pathways for individual 
radionuclides.  These results are summarised in Table 3. 
 
The results show that in all cases the dominant exposure pathway is through radon inhalation with 
external radiation being very much lower.  At time 0 years the radon dose is estimated to be 8.6 x 10-

1mSv/a with the external radiation dose at 3.3 x 10-15mSv/a.  The contributions of other pathways are 
very much lower still and make no significant contribution.  This situation persists until 30-100 years, 
when the water pathway results in doses from the consumption of vegetables grown and meat reared 
on-site.  This presumes that contaminated water is abstracted to water the garden.  These pathways 
have no significance, if mains water is used.  If contaminated water is abstracted, by 100 years the 
doses from plant and meat consumption would be 4.51 x 10-2 and 1.25 x 10-3mSv/a respectively, rising to 
7.45 x 10-1 and 1.64 x 10-2mSv/a by year 1000.  By comparison the exposures received through the dust 
pathway are negligible, i.e. <10-15mSv/a over the whole time period due to the maintenance of the 
disposal cell cap.  Under the worst case conditions of crops being grown in the contaminated areas 
exposures via the plant pathway could rise to some ~40% of the total exposure by year 1000.  The total 
dose over the period 0-1000 years increases from 0.86 to 1.98 mSv/a.  These results are based on very 
conservative assumptions.  Under any credible scenario they are likely to be at least two orders of 
magnitude lower. 
 
 
 
 
 
 
Table 5 Summary of exposure Components in mSv/a for an Inhabitant living directly above the Site and 
consuming Produce grown on the Site 
 
Pathway Year 0 Year 1 Year 10 Year 30 Year 100 Year 300 Year 1000 
External 
radiation 

3.34E-15 7.56E-15 1.85E-14 2.37E-14 5.27E-14 5.16E-13 1.62E-9 

Dust 
inhalation 

<1.0E-18 <1.0E-18 <1.0E-18 <1.0E-18 <1.0E-18 <1.0E-18 <1.0E-18 

Radon 8.58E-1 8.58E-1 8.59E-1 8.61E-1 8.68E-1 8.99E-1 1.17 
Radon(Water) <1.0E-18 <1.0E-18 <1.0E-18 <1.0E-18 <1.0E-18 5.47E-3 7.45E-1 
Ingestion- 
Plant 

<1.0E-18 <1.0E-18 <1.0E-18 6.44E-4 4.51E-2 2.35E-1 7.45E-1 

Ingestion-
Meat 

<1.0E-18 <1.0E-18 <1.0E-18 1.08E-5 1.25E-3 4.30E-3 1.64E-2 

Total 8.58E-1 8.58E-1 8.59E-1 8.61E-1 9.14E-1 1.14 1.98 
 
Radon exposures can be mitigated very substantially through house design.  In particular, the use of either a 
sealed or externally ventilated base to any house is standard practice in affected areas.  If the radon doses are 
excluded and abstracted contaminated water from below the site is not used to irrigate the garden, the doses to 
residents are completely negligible.  They will be much below the de minimus level of 2 x 10-2mSv/a. 

5.3  Exposures to Road Maintenance Workers 

Figures 8 and 9 show the predicted exposures for a road maintenance worker, working over the disposal cell.  
Figure 8 shows the exposures attributable to all and each key radionuclide, summed over all of the exposure 
pathways.  Figure 9 shows the exposures attributable to all and each exposure pathway.  The key results are 
summarised in Table 6.  The modelling shows that the only significant exposure pathways are those associated 
with radon inhalation and external radiation.  However, even the doses derived from these pathways are very low, 
being ~2.5 x 10-6 mSv/a for radon inhalation and ~5 x 10-8 to 2.7 x 10-6 mSv/a for external radiation.  The net 
consequence is that the total exposure to the maintenance worker is only predicted to vary from 2.5 x 10-6 -5 x 10-6 
mSv/a over the 1000 year timescale.  It is always very much below the lower threshold for optimisation of 2 x 10-

2mSv/a.  Hence the disposal cell presents no significant risk to road maintenance workers. 
 
Table 6 Summary of exposure Components in mSv/a for a Road Maintenance Worker 
 



 

 

Pathway Year 0 Year 1 Year 10 Year 30 Year 100 Year 300 Year 1000 
External 
radiation 

4.36E-8 5.27E-8 6.42E-8 7.95E-8 1.02E-7 2.38E-7 2.73E-6 

Radon 2.45E-6 2.45E-6 2.45E-6 2.45E-6 2.46E-6 2.48E-6 2.57E-6 
Total 2.50E-6 2.50E-6 2.52E-6 2.53E-6 2.56E-6 2.72E-6 5.30E-6 
 

5.4  Exposures to Site Visitors and General Workers 

Figures 10 and 11 show the predicted exposures for a site worker, who uses the road over the disposal cell 
periodically during the day.  Figure 10 shows the exposures attributable to all and each key radionuclide, summed 
over all of the exposure pathways.  Figure 11 shows the exposures attributable to all and each exposure pathway.  
The key results are summarised in Table 5.  The modelling shows that the only significant exposure pathways are 
those associated with radon inhalation and external radiation.  However, even the doses derived from these 
pathways are very low, being ~7 - 10 x 10-8 mSv/a for radon inhalation and ~1.9 x 10-19 to 9.7 x 10-14 mSv/a for 
external radiation.  The net consequence is that the total exposure to the general site worker is only predicted to 
vary from 7.4 x 10-8 – 1.0 x 10-7 mSv/a over the 1000 year timescale.  It is always very much below the lower 
threshold for optimisation level of 2 x 10-2mSv/a.  Hence the disposal cell presents negligible risk to general site 
workers. 
 
Table 7 Summary of exposure Components in mSv/a for a Site General Worker 
 
Pathway Year 0 Year 1 Year 10 Year 30 Year 100 Year 300 Year 1000 
External 
radiation 

1.93E-19 4.77E-19 1.21E-18 1.55E-18 3.44E-18 3.33E-17 9.73E-14 

Radon 7.41E-8 7.41E-8 7.43E-8 7.44E-8 7.51E-8 7.77E-8 1.02E-7 
Total 7.41E-8 7.41E-8 7.43E-8 7.44E-8 7.51E-8 7.77E-8 1.02E-7 
 
As indicated in Section 4.3 the exposure scenarios for the site visitors are identical to those for the site general 
workers.  The only difference lies in a reduced occupancy.  The maximum visitor occupancy over the disposal cell 
is likely to be a factor ~0.55 of that for the site workers.  The doses will scale in linear proportion in Table 7 to give 
the potential visitor exposures.  Hence the maximum total exposure to the visitor is only predicted to vary from 4.1 – 
5.6 x 10-8 mSv/a over the 1000 year timescale.  It is always very much below the lower threshold for optimisation of 
2 x 10-2mSv/a.  Hence the disposal cell presents a negligible to site visitors.  The site visitor exposures are 
summarised in Table 8 below. 
 
Table 7 Summary of exposure Components in mSv/a for a Site Visitor 
 
Pathway Year 0 Year 1 Year 10 Year 30 Year 100 Year 300 Year 1000 
External 
radiation 

1.06E-19 2.62E-19 6.66E-19 8.53E-19 1.89E-18 1.83E-17 5.35E-14 

Radon 4.08E-8 4.08E-8 7.43E-8 4.09E-8 4.13E-8 4.27E-8 5.61E-8 
Total 4.08E-8 4.08E-8 7.43E-8 4.094E-8 4.13E-8 4.27E-8 5.61E-8 
 

6  Conclusions 
1. The results show that wastes in the proposed design of disposal cell present a negligible risk to 

roadway maintenance staff, general site workers or visitors to Olympic Park today or likely in the next 
1000 years.  All potential exposures will be very much below the lower threshold level for 
optimisation of 2 x 10-2mSv/a. 

 
2. Should the disposal cell area at sometime in the future be used for housing, the same conclusion will 

generally apply.  Bar a restriction on radon exposures, doses to the occupants from all other sources 
would always be below the lower threshold level for optimisation of 2 x 10-2mSv/a.  Even without any 
restrictions for radon, the exposure to the resident would only be ~0.9 mSv/a over the first 100 years.  
The public dose limit is 1 mSv/a.  The dose from radon could then rise to 2 mSv/a by year 1000.  
Radon control measures would be advised.  They would be sufficient to ensure that total doses were 
always much below the public dose limit. 

 



 

 

3. It may be concluded, therefore, that the disposal cell is fully fit for the purpose of disposing of the 
NORM waste arising from the redevelopment works at Olympic Park.  It not only meets all relevant 
dose criteria, but the cell has been optimised such that calculated prospective doses are 
substantially lower than the thresholds for optimisation. 
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APPENDICES 

 

 
 
Figure 5 The predicted radiation exposures for a resident living over the contaminated area and consuming 
green produce, etc, from the garden.  (Exposures summed over all pathways for individual radionuclides) 



 

 

 
 
Figure 6 The predicted radiation exposures for a resident living over the contaminated area and consuming 
green produce, etc, from the garden.  (Exposures given per pathway, summed over all radionuclides) 
 



 

 

 
Figure 7 The predicted excess cancer risk for a resident living over the contaminated area and consuming 
green produce from the garden.  (Exposures summed over all pathways for individual radionuclides) 
 
 
 
 
 



 

 

 
Figure 8 The predicted radiation exposure for a road maintenance worker involved in road/service repair.  
(Exposures summed over all pathways for individual radionuclides) 
 



 

 

 
Figure 9 The predicted radiation exposure for a road maintenance worker involved in road/service repair.  
(Exposures summed over all radionuclides for individual pathways) 
 



 

 

 
Figure 10 The predicted radiation exposure for a site general worker.  (Exposures summed over all pathways 
for individual radionuclides) 
 



 

 

 
 
Figure 11 The predicted radiation exposure for a site general worker.  (Exposures summed over all 
radionuclides for individual pathways) 
 



 

 

 
 
 
 
 

 
 
 
 
 
 
 

Appendix B 
 

Acceptance / Sign Off sheets 



 

 

 
ACCEPTANCE FORM 

Method Statement / Risk Assessment 
 

Olympic Park – Storage of radioactivity contaminated soils at 6a 
 

I Have Read the Method Statement No. 2140/CN/06A-00 
Olympic Park – Deposition of assayed soils at zone 4 

 
I agree to abide by the Method Statement Described and will seek 

Approval of my Supervisor Prior to Undertaking any Deviation 
 
 
Name:      Signature 
 

Contract Name: Olympic Park Stratford,  
Operating Unit: Earthworks Zone 6A 
Contract Number: 2140 Date:  
Briefing Start time  Briefing Finish time  
Briefing Type: Method Statement   

*Delete as Required 

Briefing Title(s) / Reference(s): Olympic Park – Deposition of assayed soils at zone 4 
 

If Method statement briefing and 
Safety Critical Operation Tick as appropriate YES  NO x 

Briefing Given By:  
 

Name MCSL LO S/C Other Signature: 
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                                              Hospital Route 
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ROUTE     TO    HOSPITAL 
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    Programme of Works 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

              Appendix E 
 
 
    Test and Inspection Plan 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 

ITEM  
T=Testing 
I = Inspection  
B = Both 
testing & 
Inspection. 

No Description 
A

t s
ou

rc
e 

  A
t d

el
iv

er
y 

In
 p

ro
ce

ss
 

Fi
na

l 

Acceptance Criteria 
(results required) 

Verification 
(method of checking) 

Hold 
Point Records 

Comments and 
Actions 

(Who is responsible, 
frequencies of tests or 
inspections, sampling, 
instructions in case of 

failure etc) 

1 Deposition 
control of 
assayed waste 
at LO3. 

  I  Waste transfer tickets Visual inspection  Copies of Waste transfer 
ticket/return of signed 
tickets to despatching 
Health Physics Surveyor.  

Control/traceability 
of waste from 
loading point to 
deposition. 

2 Recording of 
radiation levels 
at deposition 
area. 

T T   <900 cps GroundHog probe  >900c
ps 

HPS Report Pre and post 
placement survey. 
Ensure the area is at 
general background 
levels. 

3 Approval of 
Method 
Statement 

I    Approval by PM if safety 
critical. See MST-MOR-CK-
06a-OLP-SP1-E-000 

Signed by person 
responsible for approval. 

 Updated on iPronet. Prior to work 
commencing.   

4 Approval of 
Construction 
Phase H&S Plan 

I    Approval by Arup’s CDM 
Coordinator. 

Signature of Arup’s CDM 
Coordinator. 

 Updated on iPronet Prior to work 
commencing.  

5 Setting out I    As per drg.ENW-ATK-4-SP1-
DR-C-3-H11-0011.Setting out 
to comply with Specification 
for Highway  Works ,series 
100 preliminaries, Ciria 
Special Publication 145 
setting out procedures to be 
used as guidance.  

All work to be checked by 
competent person ie critical 
levels and positions to be 
checked by another engineer 
.Level check sheet (CS-CON-
025) to be performed at max. 
Interval of every week. 

 As built drgs. Uploaded in 
iPronet and included in 
H&S File. 

Prior to 
commencement of 
Earthworks. 



 

 

ITEM  
T=Testing 
I = Inspection  
B = Both 
testing & 
Inspection. 

No Description 

A
t s

ou
rc

e 

  A
t d

el
iv

er
y 

In
 p

ro
ce

ss
 

Fi
na

l 

Acceptance Criteria 
(results required) 

Verification 
(method of checking) 

Hold 
Point Records 

Comments and 
Actions 

(Who is responsible, 
frequencies of tests or 
inspections, sampling, 
instructions in case of 

failure etc) 

6 Earthworks/ 
Placing of fill. 

I    Baseline Earthworks 
Specification /Specification 
for Highway works series 
600 

Waste transfer notes/ Sub 
formation inspection sheets. 

 Survey book, site diary 
and as built records. 

Record areas where 
material originated 
from and area of 
deposition; 
destination tracking. 

7 Geotechnical 
testing of soils. 

  B  Baseline Earthworks 
Specification, Table 6/1, 
Appendix 1/5(Frequency of 
testing) Table 6/4 method of 
compaction. 

Lab sampling reference 
/CoC. Fill check sheet CS02 

 .Geotechnical Lab reports  

8 Chemical 
acceptability of 
soils. 

  B  Site Specific Remediation 
Targets/Site Specific 
Assessment Criteria. Atkins 
SSRS 

Lab sampling reference/ 
Hyder CoC forms. 

 Chemical Lab reports.  

           

 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix    F 
 
 
 
 

Access  Routes 
And 

Traffic Management Plan 
 

         
 
 
 





 

 

 



Construction Zone 3a Change Notice Report Discovery of Radioactive Substances 
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Appendix E Controlled Waters Assessment 
in Relation to the CZ 4 Defined Area for 

Deposit 



























Construction Zone 3a Change Notice Report Discovery of Radioactive Substances 
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Appendix F  Drawing Showing Location and 
Details of Deposit Area 

 
 






