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COMPETITION: Mobuoy Road Waste Remediation SBRI 

Reference: SBRI_DA_313_009   
 

SBRI End of Phase 1 Report Form  

NOTE: The Authority reserves the right to amend this form and/or issue additional guidance 
notes on how it should be completed during the duration of the project. 

This Report is the contractor’s opportunity:- 

• to describe the work undertaken during the project, what outputs were obtained and 
why these are relevant to the objectives of the Competition 

• to explain and prove expenditure; and 

• to develop a comprehensive report for contractor’s to share with their stakeholders and 
those that may help further commercialisation pursuant to the terms of the contract. 

The Authority may use the Report as part of the assessment for any Phase 2; it is therefore 
important that contractors complete the form as completely as possible.  

The Report will be considered to be confidential and commercially sensitive by the Authority 
and its contents (other than the response to Section 5) will not be disclosed to third parties 
other than in accordance with the terms of the contract.  

The Report must be submitted via MobuoyRoadSBRI@sibni.org within 14 days of the 

completion, or termination, date. The contractor is reminded that completion of this report is a 
contractual obligation and forms part of the payment terms.  The report should be completed 
by the lead contractor, with input from any sub-contractors or project partners as appropriate. 
Please answer, wherever possible, on behalf of the business units, divisions, or companies 
which were involved in the work.  If this is not possible (as a result of merger or acquisition, for 
example), please specify the organisation to which your answers refer.  
 
Please answer the questions fully, but keep your answers succinct and no longer than 
necessary to provide a clear explanation. When describing technical solutions, please regard 
your audience as being someone familiar with the technology, but not an expert. The report 
may be done in narrative alone, however diagrams or pictures may be annexed to the Report 
where these aid clarity Please limit your response to a total of ten sides of A4 plus an 
additional limit of ten sides for any supporting diagrams or pictures. (Please keep to a 

maximum limit of 5MB per email when submitting supporting information).    
Because the true impact of an R&D project often takes several years to emerge, InnovateUK 
and the Authority may approach you for up to six years after project completion to follow up on 
the questions in this report. Your co-operation with any such follow up work is greatly valued. 
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All binders were mixed with parent samples as a wet mix (as per installation methodology in-
situ), prior to being placed in columns. The “Optimum Dry Binder to Water mix” in the table 
above details the ratio of ‘water’ to binder that was made prior to mixing with the parent soil. 
This ratio was defined by visual assessment by Deep Soil Mixing Ltd as being suitable for 
pumping in-situ. Note the ‘water’ used was either GW Sample 1 or 2, depending on the 
particular column test that was being set up i.e. the GW used for setting up the column was the 
same as that used to permeate the column. 
 
For all column tests where binder was used, a ratio of 30% by dry unit weight was used. 
 
When creating the column media, binder and water – the latter being groundwater - was mixed 
as per the ratios detailed in Table 2, then added gradually to the designated portion of parent 
ground type whilst mixing constantly. The media was placed and compacted in three layers 
into the column as per CEN_TC_292_N1384. 
 
Permeant flow in columns was from base to top.  A constant head was applied (by applying 
controlled pressure to a sealed GW drum). The applied permeant at base was equivalent to 
10kPa above column base datum (i.e. a head of 1m applied at column base). Sufficient flow 
was initially applied to get output flow; then it was stopped and the column left to saturate for 3 
days. Columns were permeated until approximately 2 times the equivalent void ratio (1.5litres) 
of output leachate was obtained (to ensure flushing of the sample and to obtain ‘steady state’ 
conditions/results).  Following sampling of eluate for chemical testing (into the glass jars 
supplied for chemical testing) took place, with glass bottles sub-sampled as necessary for the 
chemical testing laboratory’s requirements (i.e. syringed with filters where necessary into vials), 
output flows where measured at intervals (along with head difference in standpipes) to obtain 
flow rate and define permeability values. 
 
 

2.2 Results 
 

The following subsections detail the results of analysis of the column leachates, for each of the 
different binder types investigated. The results of contaminant concentrations and permeability 
results from each column test are presented in Appendix B. 
 
2.2.1 No Binder Added  
Samples N1A and N2A represent site soils placed in the column and leached with composite 
groundwaters - Type 1 and 2. There is little difference in the leaching properties of these 2 
columns, although Column N2A, which had Type 2 water applied, shows a significant reduction 
in . The concentrations of  

 all decreased within the leachate from 
both columns. The concentrations of  are decreased in the leachate from 
column N1A and all other tested parameters increase in the leachates for both columns. 

 
 

 
 

Assessment of permeability from column tests indicate a permeability of  
 for the natural ground type and waste ground type respectively.   

 
2.2.2 EHC  
EHC is an “off the shelf” product, composed of controlled-release carbon, zero valent iron (ZVI) 
particles and nutrients used for the in-situ treatment of groundwater and saturated soil impacted 
by heavy metals and persistent organic compounds, such as chlorinated solvents, pesticides 
and energetics.  
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number of binder mixes within the column experiments. Fate and transport modelling should 
be undertaken to assess impact of column leachates on receiving waters using the site 
boundary as the compliance point. This information can then be used to assess optimum 
distance from boundary for a PRB.   

 
 
 

 
 

3. Low Permeability ‘Funnel’ Assessment 
Constant head permeability tests in a tri-axial cell were completed on both Ground Type 
Samples (i.e. both Natural Soils and Waste Soils) obtained from the site. A total of 6No 
permeability tests were completed using varying proportions of cement, bentonite and waste, 
with Pulversised Fuel Ash (PFA) as binder agents. Given that PFA is a waste product itself, the 
investigation was designed to optimise/maximise the proportion of PFA as a suitable alternative 
to standard cement and bentonite slurry mixes in the construction of soil mix low-permeability 
barriers. 
Results of Low permeability funnel assessment are presented in Table 3 (Appendix A), and 
indicate relatively low permeability for all mixes investigated, with permeability values ranging 
from 6.6x10-9m/s to 4.5x10-10m/s. The increased ratio of PFA is shown to have only negligible 
effect on the permeability obtained and it was shown that lowest permeability obtained related 
to the highest proportion of PFA relevant to the mix completed on natural soil material. 
For all low permeability Funnel tests, 30% binder content was used. Further sensitivity tests, 
reducing the overall binder content but maintaining a high proportion of PFA for funnel 
assessment, should be completed to fully optimise the most economical mix design. 

 

4. Groundwater Flow Assessment 
Funnel and gate PRB systems are often of lower permeability than the aquifer units they are 
installed in. Installing low permeability material within a permeable aquifer will inhibit the natural 
flow of groundwater and will result in groundwater levels rising and/or altering the natural 
groundwater elevation and flow direction. As such, an initial simple steady-state groundwater 
flow model has been constructed to support the assessment of how groundwater flow might be 
affected when a ‘Funnel and Gate’ PRB system is installed, with the main objective being to 
assess the lower permeability limit for both the funnel and gate system, based upon a set of 
idealised hydrogeological conditions, to ensure that groundwater levels do not rise too close to 
the ground surface and/or groundwater flow direction is not significantly altered. 
The installation of the PRB system was simulated by applying a low permeability funnel zone 
and a separate permeability zone for the gate. The permeability values of each zone were 
altered to investigate the effects on the local groundwater flow regime. Suitable permeability 
values for each zone were set to ensure that groundwater levels did not rise to within 1m of the 
ground surface and that groundwater flowed through the funnel system towards the gate. The 
initial permeability values for the funnel and gate zones were set at    
At this low permeability it was found that the groundwater mounded at the surface in discrete 
locations and the flow direction was reversed along the funnel, resulting in groundwater flowing 
away from the gate zone and around the funnel. To prevent the groundwater from flowing away 
from the gate and ultimately increasinhg the capture area of the funnel system, the permeability 
of the gate had to be increased to readily permit the flow of water through the gate and induce 
flow through the funnel system towards the gate. With the permeability of the funnel zone set 
to a constant value of   it was found that the permeability of the gate zone had to 
be increased to   to allow for an effective capture area for the funnel system and to 
ensure water levels remained below 1m of the ground surface. As such, the increased 
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Working relationships between all organisations involved in this project team have been 
formed leading to associated knowledge transfer between different specialist 
disciplines.  
 
As a result of the relationships built within this project team (specifically Deep Soil 
Mixing, ByrneLooby and Queens University), other avenues of research into soil 
stabilisation have been generated and it is proposed to investigate both testing 
methodologies and various potential binder types as part of the development of the 
knowledge base for this new, innovative and ever-expanding technology. 
 
Discussions regarding SMT and its potential for both use in soil stabilisation and 
contaminant remediation has highlighted the lack of industry awareness in this 
technology. As such, a seminar, hosted at Queens University in September, is currently 
being organised by a number of members of this project team, in collaboration with 
Northern Ireland Geotechnical Group to promote and publicise SMT and its various 
applications. It is intended to discuss the results of this investigation at this seminar, 
highlighting the construction of PRBs and the use of waste products as binders, as a 
potential application of Soil Mix Technology. 
 
The roles undertaken by members of the team are as follows: 
 
ByrneLooby 

  has project managed this project, providing GI site 
supervision, setup, monitoring and analysis of laboratory testing, liaison with relevant 
stakeholders, sub-contractors and other technical key project members and has 
produced the project documentation/reports.  

  has provided an advisory role, reviewing and approving 
documentation pertaining to this project.  
 
Deep Soil Mixing 

 has provided an Assistant Project Manager 
Role in this project, defining potential site restrictions to potential remediation options, 
and input into soil mix design.  

 has provided an advisory role, providing important input from 
the contractor’s perspective.  
 
White Young Green 

 was WYG’s project hydrogeologist for works completed to date 
(by WYG) at the Mobuoy Waste Site. His extensive knowledge of the site, its associated 
constraints and its Hydrogeological characterisation provided great value to the project. 

has provided an advisory input into the intrusive GI works and groundwater 
characterisation and has undertaking high level groundwater modelling to predict 
alterations/variations to groundwater flows from the proposed remedial solution and 
define the physical property requirements of the funnel and gate system. 

 specialises in the behaviour of contaminants in the 
environment, and is a remediation expert. has experience in undertaking R&D 
and technical review for various organisations and universities and has direct 
experience working on the Mobuoy Waste Site. On this project,  has undertaken 
internal peer review of results and provided input into both the remediation design, 
interpretation of test data, conclusions and the appropriate geochemistry of the effective 
functioning of a valid PRB.  
 
Queens University 
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As with all new technologies, the proposed remedial solution defined in this application 
suffers from a proven track record in application and, by association, lacks stakeholder 
confidence. The opportunity to successfully apply this solution to a high-profile site, such 
as the Mobuoy Waste Site, will provide the publicity required to highlight its benefits to a 
wide range of potential users. 
 
Given that both PRB Technology and Soil Mix Technology are established as existing 
processes, it is believed that there is not existing IP or restrictions associated with the 
combination of these technologies. Accordingly, no IP has arisen as part of this 
investigation. 
 
To fully realise the commercial potential of this remedial solution, the applicants plan to 
utilise the following marketing tools to increase publicity - however only where this is 
deemed satisfactory to stakeholders: 
• Feature the project (Phase 1, Phase 2 and Construction) on our company websites 
and through social media outlets (LinkedIn, Twitter, etc). 
• Incorporate Soil Mix PBRs and ‘Funnel’ and ‘Gate’ remedial solutions within the 
current advertised scope of possible Soil Mix applications already advertised. Include this 
application within already commonly given industrial talks and seminars provided to 
industry (e.g. CPD accredited lunch time talks to professional bodies). 
• Produce a number of research/technical papers on the outcomes of the Phase 1, 
Phase 2 and construction assessment. 
• Publish this innovation technique and successful construction outcome at relevant 
industry seminars/conferences via poster presentations and expert talks. 
• Encourage and undertake further university funded research into Permeable 
Reactive Barriers and ‘funnel and gate’. 
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APPENDIX A – Figures and Tables 

 

 





 

 

 










