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1 INTRODUCTION 
1.1 RPS Appointment 

RPS Consulting has been appointed by Crest Nicholson to review an existing Phase 1 Desk Study 
and undertake an initial phase of ground investigation works at a site located on Land North East of 
Harpenden between Lower Luton Road, Bower Heath Lane and Common Lane.  
Geophysics surveys have been carried out as part of the investigations – these were undertaken by 
Terradat, a recognised leading geophysics specialist, on behalf of RPS.     

1.2  Scope and Objectives 

The objectives of the investigation works by RPS Group were to: 

• Confirm the general geology of the site and ground conditions.  

• Assess the potential presence of cavities in the chalk bedrock either as a result of natural 
dissolution processes or from extraction by quarrying/mining.  

• Make an initial assessment of likely foundations.  

• Make an initial assessment of design parameters for infrastructure including roads, 
earthworks and soakaway drainage.  

• Determine suitable further investigation works.   

• Assess contamination presence and the need for remediation or mitigations measures.  
Land contamination is reported in a separate report.     

The present report has been produced to support an outline planning application. The approach of 
the investigation is intended to be in accordance with National Planning Policy Framework 
(Specifically paragraphs 196-201: Ground Conditions and Pollution) 
It should be noted that further investigations will be required in order to undertake final designs and 
to support a reserved matters planning application.  It is recommended that these further 
investigations should be designed and undertaken when there are fuller details available of the 
proposed development including final layout, stormwater strategy and proposed changes to ground 
levels.   

1.3 Existing Reports 

The following reports have been made available to RPS and have been used and relied upon by 
RPS in the preparation of the present Geotechnical Report.  

• Phase I Desk Study Report, by Southern Testing, dated 29 October 2024. 

• Soakage Test Report, by Southern Testing, dated 15 October 2024 
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2 THE SITE 
2.1 Location and Description 

The site is located on the northern edge of Harpenden to the north east of the Lower Luton Road 
(the B653). 
The near centre of the site is at National Grid Reference 514500 216080. 
The Site is located within the Metropolitan Green Belt.  
The Local Planning Authority is St Alban’s District Council. 
The site covers 32.937 hectares.  It comprises an irregularly shaped parcel of land consisting of 
several fields which at present are mainly used by an Equestrian Centre; a further part in the east is 
also used for keeping horses.  
The buildings associated with the Equestrian Centre are located in the west and include stables, 
hay storage buildings, yards and training grounds.        
Ground levels fall from around 130.5m AOD in the north to 89m AOD in the west and 112.5m AOD 
in the south east.  The eastern half of the site has a shallow valley feature running north west to 
south east; levels fall relatively steeply across the western half towards the west.  
Other features of the site include: 

• A communications mast and compound near the site centre.  

• A main farm track runs east to west through the middle of the site from the Equestrian 
Centre to the north east boundary.  

• Trees and hedgerows are at the field boundaries.  

• There are several shallow depressions at the site surface in the centre and the east – these 
are discernible on aerial LIDAR images and on the topographic survey.    

There are no permanent surface water features on site.  The present site layout is shown on the 
Trial Pit Layout in Appendix A.    

2.2 Surrounding Land Uses 

The site is surrounded mainly by farmland to the west, north and east with small areas of woodland.  
Low-rise residential housing exists to the south together with allotments, a primary school and small 
light industrial units.  
The River Lea (or Lee) is present around 30m south of the western-most part of the site.     
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3 INVESTIGATION WORKS 
3.1 Findings of Desk Study by Southern Testing 

3.1.1 Site History 

The site has a history of use for farmland.  The buildings that form the Equestrian Centre date from 
the 1950s and later. 
A small mineral extraction pit is recorded to the immediate south east to the north of Whitings Close 
but not apparently impinging on the site. 
For full details of the site history and setting reference should be made to the Phase I Desk Study 
Report, by Southern Testing.        

3.1.2 Geology 

The majority of the site is indicated to be underlain by bedrock of the Lewes Nodular Chalk 
Formation and Seaford Chalk Formation (undifferentiated).   
The Chalk Rock Member outcrops in the lower western part of the site with the underlying Holywell 
Nodular Chalk Formation and New Pit Chalk Formation outcropping in the extreme west of the site.   
Most of the eastern half of the site (above approximately 123m AOD) is shown to have a superficial 
cover of Clay With Flints over the chalk bedrock; the Clay With Flints is shown as absent in the 
valley to the east of the site centre.     

3.1.3 Cavities Occurrence Assessment 

A Cavity Occurrence Assessment was undertaken by Stantec as part of the Desk Study by 
Southern Testing.  The main findings of this include: 

• A record exists of natural solution pipes approximately 730m south of the site.  

• Records exist for 2 man-made mining records at 180m and 890m from the site – to the east 
and south.   

• No records exist of natural or man-made cavities on the site. 
Stantec assessed the geology, geomorphology and hydrogeology of the site and concluded that in 
respect of the potential for solution features – a rating of Moderately High to High in the central 
and eastern portion of the site where the feathering margin with the superficial Clay With Flints is 
present to Moderately Low to Moderate in the western portion of the site.  
In respect of historical chalk mining the potential was assessed as Moderately High to High for the 
central and eastern portion of the site where the Clay With Flints deposit is recorded and Low for 
the western section of the site where the water table lies above or near the chalk interface. 
It was recommended that further investigations be undertaken at the site to assess risks from 
cavities including by geophysics and intrusive works.    

3.2 Summary of Soakage Tests 

Soakage tests were undertaken at 14 locations by Southern Testing in accordance with BRE 365 
Soakaway Design.  The tests were more successful in the west of the site with several locations in 
the east failing to give meaningful infiltration rates. 
Southern Testing concluded that: 
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The rates recorded generally fell into two groups: good or very poor, and were broadly dictated by 
the geology.  Where clay soils were encountered rates were very poor, leading to the tests being 
abandoned.  Where chalk was observed particularly structured chalk, rates were good to very good.  
Typically, a minimum soakage rate of 0.1 litres/m2/min is required for conventional soakaways to 
meet the BRE365 requirement of a soakaway half empty time less than 24 hours.  On this basis the 
use of conventional soakaways might appear viable on parts of this site. 
For full details of the infiltration tests reference should be made to the Soakage Test Report, by 
Southern Testing.         

3.3 Investigations by RPS  

In February and March 2025 a preliminary intrusive investigation was undertaken by RPS by 
machine-excavated trial pits.  The trial pits were located to give general coverage across the site in 
the areas of proposed development; several surface features were specifically targeted including 
shallow depression features visible at the surface and a shallow valley feature running north west to 
south east through the near middle of the site.  Areas of proposed Public Open Space in the north 
were not targeted for investigation at this stage.   
The trial pits were logged by an experienced geotechnical engineer.  Representative soil samples 
were taken for laboratory testing – for geotechnical classification. 
A total of 25 trial pits were formed on site generally to around 3m depth.  All pits were immediately 
backfilled after logging precluding the long-term observation of stability or groundwater.  
Further soakaway infiltration tests were undertaken at the approximate positions of proposed 
stormwater ponds in the west of the site – in general accordance with BRE365.  
The Trial Pit Layout is presented in Appendix A.  The trial pits logs are presented in Appendix B.  
Laboratory geotechnical test results are presented in Appendix D.         

3.4 Geophysics Surveys 

The geological site setting has been indicated by the Desk Study to potentially have natural or man-
made cavities and it was determined that a phased investigation of the site would be the likely most 
cost-effective approach to identifying geotechnical risks and to derive suitable designs for 
foundations and infrastructure. 
Geophysics can be effective at identifying possible cavity features and locations of anomalous 
ground conditions that may require targeted intrusive investigation. 
RPS appointed Terradat to undertake an initial geophysics investigation of the site. 
The first phase of investigation consisted of an electromagnetic ground conductivity of the 
development area of the site – this provides data on shallow soil types to several metres depth.  
This was followed by 7 electrical resistivity tomography (ERT) profile surveys (cross sections 
providing deeper soil data to around 20m depth).  The ERT profiles were positioned to intercept 
surface depression features and anomalous features identified by the electromagnetic survey. 
The findings of the RPS trial pits were used by Terradat in the initial interpretation of the geophysics 
findings.   
The Terradat report on the findings of the geophysics surveys is presented in Appendix E.         
    
 
 
 



PRELIMINARY GEOTECHNICAL REPORT 

794-DES-CAS-31270  |  Geotechnical Report  |  06  |  04 March 2026        
   5 

4 GROUND CONDITIONS 
4.1 Geology 

The investigations to date have generally confirmed the anticipated geology beneath the site.  The 
majority of the site has a covering of Clay With Flints – this varies in thickness according to 
topography and evidently weathering/erosion of the underlying chalk bedrock.  
There are several shallow depressions at the site surface.  Intrusive investigations and the 
geophysics surveys suggest these are associated with solution features in the underlying chalk.  No 
voids have been found.    
It should be understood that investigations to date have been constrained by lack of access in and 
around the working Equestrian Centre.  Also ERT geophysics surveys were not possible in the field 
in the east not forming part of the Equestrian Centre.    

4.2 Ground Conditions 

The trial pits have indicated the following: 
Across the undeveloped majority of the site there is a sandy gravelly clayey agricultural topsoil of 
generally 250-300mm thickness. 
Over the central and eastern part of the site Clay With Flints is confirmed beneath the topsoil cover 
– this was typically a stiff reddish brown sandy gravelly clay; the gravel being of sub-angular flint.  
Laboratory testing shows this material to have variable plasticity between 11% and 48% depending 
on sand and gravel content.  
The Clay With Flints extended below the depth of several trial pits – over 3m depth – particularly in 
the east of the site.  It thins out to the west and was absent in several trial pits.   
The chalk bedrock was encountered in 15 of the 25 trial pits – mainly in the west of the site.  The 
chalk was generally found to consist of a highly weathered gravelly clay or clayey gravel.  The chalk 
gravel was assessed as being of low density and strength.  Soil strengths generally increased with 
depth into the chalk. 
Where the chalk was encountered near to the ground surface it was considered suitably firm to 
generally support shallow foundations.  The softest chalk was encountered in trial pits TP8 and 
TP24 where the surface of the chalk was 2.0-2.9m below the surface – at these locations it was 
particularly weak and of a putty-like consistency.       
Four trial pits were located over shallow depression features (TP11, TP13, TP18 and TP21).  In 
three of these shallow made ground was present at the surface consistent with historic attempts to 
infill these features and provide a level ground surface for farming.  The pits into these features 
showed a reworked predominantly clay material was present derived from the Clay With Flints and 
generally logged as firm to stiff.  Trial pit TP13 showed reworked chalk to be present with lower soil 
strength and greater groundwater presence than seen in other features.    

4.3 Groundwater 

At the time of investigation in February 2025 several of the shallow depression features had water 
present at the surface and in shallow soils. 
Most of the trial pits did not encounter any groundwater and it is indicated in the Desk Study that the 
water table is likely to be generally at least 10m below the ground surface.   
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4.4 Summary of Geophysics Findings 

The initial electromagnetic survey of the site showed the following: 

• Clearly differing zones across the site from east to west of differing soil types and broadly 
corresponding to the presence of chalk at shallow depth or the Clay With Flints.   

• Within each of the broad zones of similar soil types a number of anomalies were identified 
which could represent differing contrasting soils (for example locally higher sand and gravel 
content) or differing moisture content or ground disturbance due to solution features or 
workings. 

The electrical resistivity tomography (ERT) profile surveys were located to intercept visible surface 
depression features (identified from topographic survey and LIDAR) and anomalous features from 
the electromagnetic survey.  Briefly the ERT surveys showed a number of features at the surface 
and extending to beyond the depth of each survey showing locally differing ground conditions with 
some bearing the characteristics of possible solution features.  Some features correspond to 
surface visible features but others do not.   
The geophysics surveys have provided a number of locations where further intrusive investigations 
should be undertaken including by deep boreholes and or probing – it should be understood that 
geophysics alone does not identify soil types and that confirmatory intrusive investigations are 
needed to interpret and assess the findings.  For full details of the findings of the geophysics 
surveys reference should be made to the report in Appendix E.       
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5 DEVELOPMENT PROPOSALS  
Outline application for demolition of existing buildings and structures and construction of a mixed-
use development comprising residential dwellings (including affordable housing), children’s home, 
elderly extra care facility, local centre (flexible retail/ health/ community use), sports pitches and 
associated building, green infrastructure and landscaping works (to include public open space and 
community growing space); primary school with early years provision, vehicular and active travel 
infrastructure (including pedestrian and cycle access) and diversion of Bower Heath Lane; drainage 
works; and related infrastructure. All matters reserved save for access from Lower Luton Road. 
Detailed proposals for development of the site were not available at the time of writing this report 
but from an Illustrative Concept Masterplan (see Appendix A) provided by the client it is understood 
that development will include the following: 

• Clearance of the existing Equestrian Centre buildings. 

• Regrading of ground levels to suit the proposed development.  

• Development of the southern part of the site predominantly with low-rise residential housing 
including detached, semi-detached and terraced houses and blocks of flats with private 
gardens and new access roads.   

• Homes of a mix of sizes to meet local needs. Exact mix is to be confirmed but likely to 
include one to five beds. 

• Extra Care facility for elderly residents. 

• A children’s home. 

• Primary School (inc a Nursery). 

• A Local Centre that provides a flexible range of uses including retail, café, healthcare and 
community uses.  

• Open space, including formal sports pitches and play areas. 

• Existing tree belts and hedgerows will be retained, and additional trees, hedges, and 
grasslands will be planted. 

• Sustainable on-site drainage to incorporate soakaways and storage ponds.  

• Entry to the site will be from the Lower Luton Road at the western end of the site.   
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6 GEOTECHNICAL ASSESSMENT 
6.1 Ground Stability 

The investigations to date have broadly confirmed the anticipated geology for the site – Clay With 
Flints over bedrock chalk.   
In general the Clay With Flints has been established as firm to stiff or even very stiff; it has a 
variable sand and gravel content but can be highly plastic and shrinkable.  It will generally be 
suitable to support building foundations and roads and infrastructure but it will be prone to softening 
when wet and to heave and shrinkage with changing moisture content particularly when near to 
trees and hedgerows.   
The entire site is underlain by chalk bedrock and there is evidence of solution features in the central 
and eastern parts of the site – there appears to be numerous locations where cavities in the chalk 
have resulted in infilling and settlement at the surface.  No voids have been encountered to date but 
their presence cannot be discounted.  From the trial pits undertaken over the shallow depressions 
the findings suggest these are essentially natural features except for shallow man-made infilling 
undertaken at the surface.  There was no indication that the depressions represented past mineral 
extraction locations.  The infilled solution features present a hazard for development as surface 
settlements may result from the higher compressibility of infill materials or from loose soils or voids 
at depth being destabilised during construction or post-construction resulting in large settlements of 
the ground surface.   
Further investigation works are recommended to more fully assess the nature of possible solution 
features across the site.   

6.2 Excavations 

It should be possible to form excavations to at least 3-5m with conventional plant.  Trial pits were 
generally stable for the short period of excavation and logging but the chalk in particular is likely to 
become rapidly unstable where of low strength or when groundwater is present.  
All excavations should be planned and undertaken accordingly. 
Excavations for entry or to be left open for any significant period of time will need to be suitably 
battered back or shored.   
It is unlikely that strong groundwater seepages will be encountered.  It is envisaged that it will be 
possible to control groundwater in excavations by periodic pumping from sumps.  
The site is located over chalk bedrock with the potential for cavities resulting from natural solution 
(or less likely from quarrying/mining).  The evidence to date suggests that such cavities if present at 
the site have been infilled by surface soils.  It will be important that groundworkers and anyone 
forming excavations at the site are aware of the potential for cavities which may be present as voids 
or very loose ground.  A watch should be kept during all excavations for any evidence of solution 
features or cavities as might be indicated for example by: 

• Very soft or loose ground.  

• Voids – typically disk shaped and may be present at almost any depth below the surface. 

• Contrasting or change in soil types where the soil changes colour or type suddenly either 
vertically or laterally. 

Where any such anomalous ground conditions are encountered or suspected RPS or the client 
should be contacted immediately to undertaken inspection and assessment.    
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6.3 Earthworks 

It is anticipated that there will be a need to undertake a degree of regrading of ground levels on site 
primarily to provide a suitable profile for drainage and roads designs. 
The Clay With Flints will be suitable for use as fill provided that the moisture content is suitably 
controlled.  Additional compaction testing should be undertaken to determine suitable earthworks 
design parameters.  Cutting and filling of the site should be carried out in accordance with a suitable 
specification and the completed earthworks should be subject to appropriate validation testing.  
Because of the inherent variability of the Clay With Flints it will likely be impractical to set specific 
moisture criteria and it will be more important to ensure desiccated or excessively wet soils are not 
included in fill.  It is envisaged that suitably placed fill should be able to achieve a CBR of at least 
2.5%.  
The chalk on site will not generally be suitable for use as engineered fill (for the support of 
structures or main infrastructure) because of its low strength and variability.  In general chalk 
derived from site is likely only to be suitable for use as general fill to gardens and landscaped areas.   

6.4 Foundations 

It is envisaged that a variety of foundation types will be required across the site.  The comments 
below are mainly applicable to low-rise housing; they will be relevant to other forms of building but 
specific detailed assessment will be required for non-residential buildings.   
Much of the site is considered likely suitable for the use of shallow traditional spread foundations – 
trench fill, strips and pads.  A number of factors will need to be considered in the design of 
foundations and further investigations will be necessary to determine design parameters for all 
locations across the site.   
The following are factors that must be considered in foundation designs and will need to be further 
assessed with additional site investigations. 
Laboratory testing shows the Clay With Flints and shallow chalk soils have a plasticity index in the 
range 11-48%.  Foundations will need to be designed ensuring an appropriate minimum depth 
below original ground surface to ensure foundations are placed in moisture stable ground.  A 
minimum foundation depth of 900mm where the modified plasticity index is in the range 20-40% is 
recommended with a minimum depth of 1m required where the plasticity index if 40% or greater.  In 
proximity to trees and hedgerows additional deepening will be required together with heave 
protection measures - it is recommended in accordance with NHBC Standards Chapter 4.2. 
Where the depth of any required engineered filling exceeds 1-2m consideration should be given to 
special foundations and piling would generally be recommended.   
Where the surface of the chalk is several metres below the ground surface locally low soil strengths 
were apparent.  For spread foundations in the Clay With Flints it will be necessary to assess the 
depth to the chalk and that a suitable thickness of competent soils will result beneath foundations to 
limit settlements to acceptable limits.  Where soft chalk is present at least 2m of firm to stiff Clay 
With Flints would be considered suitable to ensure settlements are acceptable. 
Over the positions of the surface depressions our initial assessment is that special foundations will 
be required and that some form of grouting of such features should be considered, in order to 
stabilise the ground, in conjunction with piled or raft-type foundations.    
In areas where a relatively high risk of solutions features is identified but where no such features are 
positively identified it would be recommended to design foundations to be capable to resisting a 
localised loss of support – of the order of 1-3m.  Rafts or ground beams would be suitable.  If a 
programme of probing of plots is also undertaken prior to foundation construction the design loss of 
support could be designed accordingly – a higher density of probing could reduce the dimension of 
the notional loss of support.  This is likely to apply to the central and eastern part of the site.  
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A further method of designing foundation over zones identified of high risk of solution features is to 
re-engineer a depth of soils particularly if significant site regrading is proposed and to use a 
reinforced foundation capable to spanning a loss of support.  The final design would take into 
account the depth of engineered fill – the greater the depth of controlled fill the lower the risk of loss 
of support.  
Where the chalk bedrock is shallow (within 1 to 1.5m of the site surface) it appears to be of 
reasonable strength and suitable for deepened trench fill foundations.  There is less risk of 
foundations that are placed in the chalk suffering a loss of support because of solution features but 
some nominal reinforcement is likely to be recommended.      
The site would appear suited to the use of driven or bored piles where a special foundation is 
required.  The depth of suitable piles is yet to be determined and will required suitable boreholes.   
Ground improvement by dynamic compaction or vibro stone columns are not considered suitable 
techniques for the site because of the low strength chalk and cohesive nature of shallow soils.                 
  

6.5 Ground Floor Slabs 

Several factors will need to be considered when determining suitable ground floor designs for the 
site: 

• The potential for loss of support due to presence of solution features.  

• The plasticity/shrinkability of the Clay With Flints and chalk and the potential for heave where 
surface soils are desiccated particularly in proximity to trees and hedgerows.  

• Any requirement for regrading ground levels and the presence of fill or made ground.   
For low-rise residential housing it is recommended that suspended precast ground floors should be 
allowed with a suitable ventilated void to accommodate possible heave.   
For larger buildings (schools, healthcare and for public and commercial uses) precast ground floors 
will be suitable but it may be possible to use ground bearing floor slabs provided that suitably stable 
ground is proven.  For ground bearing slabs it would be necessary to stabilise any potential solution 
features, ensure any fill is suitably engineered in place and that formations are moisture stable and 
will not be liable to shrinkage or heave movements.          

6.6 Infrastructure 

6.6.1 Roads/Hardstandings 

No CBR testing has been undertaken to date as it is anticipated that there will be significant 
changes to ground levels.  
The Clay With Flints is likely to give relatively poor CBR values in the range 2-5% depending on the 
sand and gravel content.  
The surface of the chalk is also likely to give poor CBR values – it will also be particularly 
susceptible to softening in wet weather conditions. 
It will be important to preserve formations in poor weather conditions. 
Where suspected solution features are present or potentially likely it may be appropriate to reinforce 
road foundations by use of geogrids. 
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6.6.2 Soakaways 

The results of soakage infiltration testing indicates that the chalk will be capable of providing means 
of disposal of stormwater.  The results of the tests by Southern Testing and by RPS indicate 
infiltrations rates for the chalk in the west of the site of around 4 x 10-5 to 9 x 10-5 m/s.    
It is recommended that once the stormwater scheme is more fully designed further confirmatory 
infiltration testing should be undertaken at proposed locations of stormwater disposal. 
The site is located over chalk bedrock with evidence for the presence of solution features.  In 
accordance with the recommendations of CIRIA document C574 Engineering in Chalk it is 
recommended that any soakaways are located at least 20m away from buildings.  It would be 
recommended also that soakaways are located away from main roads – say by at least 10m 
distance.  

6.6.3  Drainage and Water Supply Mains 

Where solution features are present on a site located over the chalk outcrop these can be 
destabilised by leakage from drains or water supplies.  It will be particularly important therefore that 
all drains and water supplies are ensured water-tight on completion and it is recommended that 
testing of all such mains is recorded as satisfactory on this site as part of the construction process.  
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7 FURTHER INVESTIGATIONS 
The works reported in the present document are of a preliminary nature and it is recommended that 
further investigations are undertaken – these should be determined once a layout has been finalised 
and most importantly when proposed ground levels have been designed.   
The recommended objectives of further investigations and recommended techniques are 
summarised in the following table.  
Investigations and testing in respect of possible contaminants are discussed separately in the Land 
Contamination Report by RPS.    

Objective Extent  Techniques 

A series of anomalous features 
have been identified by the 
geophysics surveys that are 
considered necessary to 
investigate.   

At locations across the site as 
indicated by the geophysics 
surveys, topographic survey 
and trial pits.  

A proportion of locations should be 
investigated by cable percussion 
boreholes with lorry mounted static 
cone penetration testing used to 
supplement the boreholes.     

An increased density of shallow 
exploratory holes is 
recommended to better 
delineate the extent and 
thickness of the Clay With Flints 
and to confirm its strength.    

Across the majority of the site 
– particularly the central and 
eastern parts where the Clay 
With Flints forms a significant 
cover.   

Trial pits supplemented with window 
sampler boreholes.   

To determine deep soil 
strengths for pile design 
purposes.   

Particularly where piled 
foundations may be likely.   

Cable percussion boreholes with 
rotary follow-on if required to 
penetrate chalk bedrock at depth.  

To confirm ground conditions in 
the area of the Equestrian 
Centre.   

The western part of the site 
currently occupied by the 
buildings and yards of the 
Equestrian Centre,   

Trial pits and boreholes.   

Further assessment of soils 
likely to be used for cut and fill is 
recommended together with 
assessment of proposed road 
formations.   

Site-wide but particularly 
where extensive earthworks 
are proposed.   

Trial pits, insitu (plate) testing and 
laboratory testing of recovered soils.   

Geophysics ERT profiles in the 
east of the site – non Equestrian 
Centre land – where not 
previously accessible.   

Fields 7 and 8 in the Terradat 
report.  

ERT survey with potential follow-on 
boreholes in features of interest.   

Table 1 - Recommended Further Investigations  
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Appendix A Drawings 
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Appendix B Trial Pit Logs 
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Appendix C Trial Pit Photographs 
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Appendix D Laboratory Test Results 
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Appendix E  Geophysics Report 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


















































































