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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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Untreated site soils were found to contain insufficient organic matter, nitrogen or phosphate to comply 
with the BS for topsoil. Additions of sand do not have any significant influence on the nutrient profile 
of the soil. Addition of WTR generally increases levels of nitrogen above the required minimum 
threshold required by the standard for topsoil, although has little effect on levels of phosphorus, 
magnesium or potassium. Additions of compost substantially increases levels of essential plant 
nutrients.  

 Given the 
results obtained for other compost amendments, it is believed that these results are anomalous and 
not representative of concentrations that would be realised in practice for the material overall. The 
elevated results could be due to localised sampling issues. Confidence in the suitability for use of this 
compost is given by the fact that in bulk it complies with current requirements of the PAS-100 
classification confirming suitability for re-use. 
 
To establish water holding capacity (WHC) of the engineered soil, testing was carried out based on 
methods developed by Kerr et.al. (2016). An increase in total water holding capacity was observed 
for all soils amended with compost and WTR compared to the baseline soil. Soils amended with 
sand only did not show a significant change in water holding capacity. Soils amended with 30% 
sand were not sufficiently cohesive to form laboratory cores and no meaningful test results were 
therefore obtained. Highest water holding capacity was observed in soil amended with 30% 
compost with the 30% compost + WTR co-amended soil performing almost as well. Soils containing 
either 15% compost or 15% WTR in combination with 15% sand both performed well in terms of 
total water holding capacity. Total water holding capacity of the best performing amendments was 
more than twice that of un-amended soil on a volumetric basis and between 2 to 3 times greater on 
the basis of equivalent soil mass.  
 
Figures 14 to 16 below show the results obtained from laboratory trials completed to date. Graphs 
show results averaged over three test cores for each condition. Results are presented in terms of 
gravimetric water content in units of g/cm3, g/g dry weight of soil and g/g wet weight of soil for 
comparison. Water holding capacities show a close negative relationship with soil dry density and 
void ratio with lower density soils having higher water holding capacity. 
 
Change in water content over time through the wetting and drying cycles indicates that amended soils 
retain water at least as well or slightly more effectively than un-amended soils, exhibiting a slightly 
slower drying curve. Due to time constraints, it was not possible to fully dry amended soils, however, 
the slope of the drying curves approaching re-wetting at approximately 940 hours indicates that further 
moisture would be released from these soils and that estimates of available water content based on 
these test results are likely to be significant underestimates. Laboratory testing of amended soils 
at -1500kPa indicates that minimum water contents of <0.1g/cm3 would eventually be reached. 
 
Amended soils were generally observed to recover well from drying, although the single amendment 
of WTR at 30% performed notably less well than other amendments. Co-amendments of sand and 
compost appear to assist re-wetting. None of the soils regained their maximum pre-drying moisture 
contents. 
 
Available water contents have been calculated from minimum water contents achieved during the 
drying cycle and maximum water contents measured following re-wetting. This provides an estimate 
of the available storage capacity within the soils. Results are summarised in Figure 19 on volumetric, 
dry weight and wet weight bases. Based on dry mass, available water contents for best performing 
amended soils are more than double those of the untreated soil. On an equivalent volume basis, 
increases in available water content are observed within all the amended soils, except for sand only. 
Amendments of compost and sand with compost showed the highest overall available water contents 
by volume. As noted above, it is considered that the actual water holding capacities of these soils will 
be significantly higher than measured within this initial trial if further time is available for drying of 
amended soils.    
  
Comparison of soil density measured in cores used for water holding tests and cores obtained from 
the field trial plots after 8 weeks is given in Figure 17. Laboratory remoulded samples tend to have 
slightly higher density than those recovered from the field. Relative densities across samples are 
consistent and indicate that the amendments are the primary factor influencing soil density. Results 
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confirm that remoulded samples used in lab trials provide an appropriate surrogate for field conditions 
and allow a meaningful comparison of amendments to be made. 
 
Discussion 
Initial trials provide strong evidence that significant improvements in soil water holding capacity can 
be achieved by the addition of the amendments tested. In terms of pure water holding capacity, the 
single amendments of compost appear to show the best results, however, the co-amendment of 
compost and WTR at 30% also performs well. 
  
In practical terms, addition of 30% compost on a dry weight basis results in a large volume of additives 
due to the comparatively low dry density of these materials. A 10% amendment by dry weight is likely 
to be a more practical proposition in the field. Results show that amendments at this level also have 
a significant positive impact on water holding capacity with increases of approximately 1.5 times by 
volume achievable.  
 
Additions of sand have little effect as a single amendment but, in combination with compost or WTR, 
increasing the fraction of sand sized material appears to reduce the moisture content at the 
Permanent Wilting Point (PWP), thereby increasing the total available water content within the soil. 
The presence of sand also seems to improve the re-wetting behaviour of the soil. 
  
Overall available water contents have been shown to be increased by a minimum of 20% to 33% on 
an equivalent volume basis, and by significantly more in terms of dry density of soil. Due to the limited 
time available for the laboratory water-holding trials, amended cores were not allowed to reach their 
minimum water contents and consequently, calculated available water contents are likely to be 
underestimates. Water holding capacity is negatively correlated with dry density and positively 
correlated with void ratio, indicating that the significant changes to the physical structure of the soil 
by addition of amendments are of primary importance in modifying its water holding behaviour. Initial 
trials show that water holding of amended soils is reduced following a severe drying episode. 
However, amended materials retained significantly higher water holding capacities than the un-
amended soils. The ongoing behaviour of engineered soils under repeated cycles of wetting and 
drying is not established at this stage and further work is recommended in this area. It is, however 
notable that soils are unlikely to become so severely dried under field conditions, especially as the 
significantly higher levels of soil moisture present within amended materials provides a large buffer 
against such severe drying. This in turn will make the soils less vulnerable to drying induced structural 
changes such as cracking which can cause problems in engineered capping materials. 
 
Initial trials indicate that amended soils can be engineered to have an available water content of 
>0.4Mg/m3 compared with un-amended soils at approximately 0.29Mg/m3. As an example within the 
specific context of the Mobuoy site, these water holding capacities have been assessed for site-
specific conditions. Based on Met Office MORECS climate data for the site (2007-2015 data), the 
estimated annual soil moisture surplus beneath deciduous tree cover, assuming 20% runoff is 
approximately 495mm. Based on available water holding capacity data derived within this project, 
retention of this quantity of water would require a thickness of 1.2m of amended soil compared with 
a thickness of 1.7m of un-amended soil. Retaining moisture within a shallower layer will also place it 
within the effective root zone of potential surface crops for efficient use. Studies carried out on high 
water demand short rotation coppice willow indicate that such a crop has the potential to utilise the 
quantities of available stored water during the course of a growing season (Guidi et.al. 2008; Pistocchi 
et. al. 2009), although the potential water demand and specific design of an environmental cap in this 
location would need to be further investigated. 
 
Analysis of amended soils to date confirms that amendments of compost and WTR are likely to 
enhance the suitability of soils for supporting healthy plant growth which would be essential to aid in 
removal of excess soil water stored over the winter period.  
 
WTR is acknowledged to contain high concentrations of aluminium sulphate, although initial 
leachability testing indicates that mobile concentrations of aluminium are low. Aluminium toxicity to 
plants is usually increased in the presence of acidic soil conditions, although the exact mechanism is 
not well understood and is likely to vary considerably with soil and plant type (Delhaize and Ryan 
1995). Amended soils have been found to be neutral or slightly alkaline which indicates that the 
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toxicity of soil Al may be limited, however, further investigation of the potential for aluminium toxicity 
associated with WTR and proposed biomass willow or similar crops will be required. 
   
Standard laboratory testing of samples at field capacity (-33kPa) and permanent wilting point (-
1500kPa) indicates increases in water holding capacity on a dry weight basis due to amendment with 
compost and WTR. However, overall effects on a volume basis are lost using this method due to the 
removal of soil structure during the test process. Addition of sand reduces the moisture content 
at -1500kPa, so increasing total available water content, and may be beneficial as a co-amendment. 
Field observations indicate that sand significantly assists in mixing and integration of the soil additives 
and may also assist in re-wetting behaviour of the soil with little negative impact on total water holding 
capacity when used together with compost and WTR. Further research is required to investigate the 
potential influence of all three amendments used together as this combination was not fully explored 
within this trial.  
 
Geotechnical analysis indicates that amendments of compost, WTR and sand can have a beneficial 
effect on the overall particle size distribution of the material in terms of its suitability for cultivation and 
water holding capacity. Increases in the proportion silt and sand sized materials, which are 
instrumental in favourable available water holding characteristics, is generally seen, with a 
concomitant reduction in gravel content. 
  
Laboratory permeability testing has shown a decrease in permeability due to addition of both WTR 
and compost. In the context of use within an environmental capping system for landfill management 
this is a beneficial characteristic as it slows the vertical movement of soil water into the underlying 
wastes and improves the potential of the engineered soils to act as a barrier to gas migration, 
enhancing the effectiveness of any associated gas collection systems. Reduction in gas permeability 
is likely to be due to increased water filled porosity and reduction in soil cracking due to the altered 
physical properties of the soil, however, results obtained here in terms of gas permeability are based 
on hydraulic permeability only as an indicator and require further investigation.  
 
Further Work 
Initial trials give a clear indication that the addition or organic amendments has a significant beneficial 
impact on the water holding capacity of the soil, its available water content and its wetting and drying 
behaviour. Results indicate that a co-amendment of compost and WTR show the best performance 
in terms of water holding properties. This is consistent with earlier findings using laboratory mixed 
soils (Kerr et. Al. 2016). At this stage sample size is relatively small (n=3 observations per condition) 
and further trials are recommended focussing on selected amendments to repeat experiments for a 
larger sample size and thereby increase the level of confidence in the results obtained. 
 
Although the mixing during the Phase 1 trials was undertaken in a way that is reasonably 
representative of field application, subsequent laboratory analysis has necessarily been limited to 
much smaller sub-samples. The potential influence of scale effects has been controlled to some 
extent by use of duplicate analysis, however, the next stage in advancing this technology towards 
viable application will be establishment of a field scale trial with in-situ monitoring of soil processes to 
investigate performance of soils at application scale. 
  
At present, the potential for soils to support healthy plant growth and maximise evapotranspiration 
has not been fully assessed. Results obtained as part of the Phase 1 trials indicate that soils should 
be capable of supporting a willow or similar crop but a field scale trial established over a longer period 
of time, perhaps two growing seasons, will be required to further investigate how effective this element 
of the system is likely to be and which soils are best suited to optimising biomass growth. 
 
Observations made during the Phase 1 trials, together with postgraduate research undertaken by the 
author at the University of Durham, indicate that addition of WTR imparts additional beneficial 
properties to engineered soils in addition to WHC. Increases in strength have been reported, which 
will be important in maintaining the performance of the environmental capping system over the longer 
term and will help to protect the environmental cap from degradation in performance as a result of 
compaction. This is especially important where cultivation of the surface is proposed. 
  
The next logical progression of this project would be to establish a series of site scale test cells 
(lysimeters), using site-mixed soils based on the best performing amendments established from the 
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Figure 14 - Water holding capacity (g/cm3) 10 Comp
10 Sand
15:15 Sand:WTR
Base soil
5:5 Comp:WTR
30 WTR
5:5 Sand:WTR
15:15 Comp:WTR
30 Comp
5:5 Comp:Sand
10 WTR
15:15 Sand:Comp
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Figure 15 - Water holding capacity (g/g dw)
10 Comp
10 Sand
15:15 Sand:WTR
Base soil
5:5 Comp:WTR
30 WTR
5:5 Sand:WTR
15:15 Comp:WTR
30 Comp
5:5 Comp:Sand
10 WTR
15:15 Sand:Comp
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Figure 16 - Water holding capacity (g/g ww) 10 Comp

10 Sand

15:15 Sand:WTR

Base soil
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30 WTR
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