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DISCLAIMER 
 
This report has been prepared by LK Consult Ltd (LKC) who have exercised such professional 
skill, care and diligence as may reasonably be expected of a properly qualified and competent 
consultant, experienced in preparing reports of a similar scope. 
 
However, to the extent that the report is based or relies upon information contained in records, 
reports or other materials provided to LKC, which have not been independently produced or 
verified, LKC gives no warranty, representation or assurance as to the accuracy or 
completeness of such information. 
 
This report is prepared solely for the benefit of Wilde Consulting Engineers. It may not be 
relied upon by, or submitted to a third party for their reliance for the purposes of valuation, 
mortgage, insurance and regulatory approval, until all invoices have been settled in full. 
 
Those using this information in subsequent assessments or evaluations do so at their own 
risk. 
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EXECUTIVE SUMMARY 
 

Scope and Background 
 
This Flood Risk Assessment and Outline Drainage Strategy (FRA) has been undertaken by 
LK Consult Ltd (LKC) to support a planning application for the redevelopment of the 
Almondbury Sports Centre and former Almondbury School, Huddersfield. It is understood that 
the development will comprise proposals to retain the swimming pool and sports centre 
following the demolition of the existing school building.  
 
LKC has prepared this FRA in line with the NPPF and Technical Guidance where appropriate. 
 

In considering the proposals the following key principles have therefore been applied: 

 Identification of flood risks. 
 Protection of users of the new development. 
 No increased flood risk to third parties. 

 

Consultations 

The Environment Agency (EA) has been consulted to inform the preparation of this report. 
They have provided a more detailed flood map, but no modelled data was available.   
 
Kirklees Council (LLFA) and Yorkshire Water (YW) were also consulted concerning flood risk. 
 
All relevant consultees have confirmed that there is a Negligible to Very Low risk of flooding 
to this site from all sources except pluvial and surface water sources which pose a Low risk of 
flooding.  

 
Flood Risk 

Environment Agency flood maps indicate that the site is potentially vulnerable to fluvial 
flooding from the Fenay Beck, east of the site.  

 
The site is shown on the Environment Agency’s (EA) website Flood Zone Mapping as being 
in Flood Zone 1 (PPG Table 1). 
 
The site is in Flood Zone 1 – Very Low Risk – annual probability of flooding less than 0.1% (1 
in 1000). 
 

Mitigation 

Design 

Site falls will be arranged to allow reasonably level access for occupants and visitors and to 
allow the site to be free-draining in case of local ponding at times of heavy rainfall. Floor levels 
of the sports centre and swimming pool will remain the same as the existing levels.  
 
The development will not result in a reduction in flood plain storage compared to the existing 
situation. 
 
In considering the potential drainage options for the site at present it is assumed that surface 
water runoff arising from the development will discharge into the existing surface water sewer 
located within the site boundary via the existing connection from the school. 
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The proposed development will decrease the proportion of the site covered by impermeable 
surfaces and will therefore generate less runoff.  Attenuation will be required as an allowance 
for climate change.  
 
Foul sewage arising from the development will be discharged into the 300mm public combined 
sewer recorded on site to the southeast.  
 
The outline drainage strategy considers the use of attenuation-based SuDS to be feasible with 
a discharge to the sewer on the southern boundary of the site. Therefore, the most effective 
strategy, in line with the SuDS management train, would be to have a detention facility at the 
southern boundary. The required detention basin/tank or similar has been estimated to be 
779.4m3 for the 1 in 30-year flow restriction. 
 
Similarly, the estimated volume to be retained on site for the 1 in 100-year storm event 
including an allowance for climate change is between 1334.2m3 and 1626.2m3. 
 
The site is considered to be at Low risk of flooding. It is recommended that the minimum 
finished floor levels for the development should be set at no lower than the existing levels. 
This is to allow for overland flow during exceedance flows from an extreme event or a drainage 
failure. 
 

Access 

Access close to the site is elevated above potential flood levels and will always provide safe 
access to and from the site from Fernside Avenue.  
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1 Introduction 

 Background 

LK Consult Ltd (LKC) were commissioned by Wilde Consulting Engineers to carry out 
a Flood Risk Assessment (FRA) and Outline Drainage Strategy for land off Fernside 
Avenue, Huddersfield. The report was undertaken in support of a future planning 
application to redevelop the site for commercial use.  
 
The report will address the vulnerability to flooding from all possible sources and will 
also consider the impact of the development on surface water runoff accounting for 
climate change and the potential to increase flood risk elsewhere. The Outline 
Drainage Strategy in Section 5 will provide an overview of the SuDS techniques which 
could be considered on the site. The issues of actual flood risk are discussed in 
Section 4. 
 
Government policy with respect to development in flood risk areas is contained within 
the Department of Communities and Local Government National Planning Policy 
Framework1 and accompanying Technical Guidance of March 2012 (revised to the 
Planning Practice Guidance (PPG)2, which supersedes Planning Policy Statement 25 
(PPS25) ‘Development and Flood Risk’. The guidance on Climate Change allowance 
issued by the Environment Agency in February 2016 has also been considered. 
 
LKC has prepared this Flood Risk Assessment (FRA) in line with the NPPF and the 
PPG where appropriate. The level of detail entered into any flood risk assessment is 
dependent upon the scale and potential impact of the proposed development, and the 
vulnerability classification of the proposed land-use. 

  

 
1 DCLG (2021). “National Planning Policy Framework.” Department of Communities and Local Government. July 2021. 
2 DCLG (2014). “Planning Practice Guidance” http://planningguidance.communities.gov.uk, April 2014.  
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 Site Details 

A summary of the general site details is presented in Table 1-1. Plans, Drawings and 
Figures are provided in Appendix A. Figure 1 indicates the site location and boundary. 
At this stage LKC has not been provided with a proposed development plan.  

 
Site Details 

Location 
Land south of Fernside Avenue, Almondbury, Huddersfield, HD5 8PQ.  

Centred at approximate National Grid Reference 417065E, 415910N. 

Area 
Approximately 8.09 Ha (full site area). 

Proposed re-development area is 2.60 Ha. 

Topography 

120 metres above ordnance datum (AOD) in the southeast of the site and 

138.4m AOD in the northwest. Ground levels around the existing 

buildings are generally 131-135m AOD, three hardstood courts are 

present to the south of the school buildings on plateaus at 130-134m 

AOD. The site is sloping down steeply towards the southeast.  

Current Land Use 

Site 

Vacant school buildings with associated playing fields, car park and 

sports pitches. An active swimming pool and sports hall are present 

adjacent to school buildings.  

Surrounding Area/ Boundary Treatment 

North: Hill View Academy, Fernside Avenue and residential properties.  

East: Residential properties.  

South: Residential properties. 

West: Almondbury Cricket Club and residential properties. 

Proposed Development 

A proposed development plan is not available at this stage, however, it 

is understood the development will comprise proposals to retain the 

swimming pool and sports centre following the demolition of the existing 

school building.  

Table 1-1: Summary of site details. 
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2 Site Setting 

 Vulnerability 

As an initial phase in identifying whether a site is potentially at risk of flooding, LKC 
has consulted the Environment Agency’s (EA) website Flood Zone Mapping. This 
mapping is (often) based on coarse scale modelling and provides only an initial 
indication of the flood risk to a site. The Environment Agency Flood Zone maps were 
developed using a very coarse Digital Elevation Map (DEM) and are superseded by a 
more detailed analysis of modelled flood levels and topographic survey levels.   
 
The Flood Zones divide the floodplain into three categories of flood risk, and do not 
take flood defences into account. The NPPF defines the Flood Zones as: 
 

 Flood Zone 1 – little or no risk, with annual probability of flooding from rivers and 
the sea of less than 0.1% (1 in 1000). 

 Flood Zone 2 – low risk, with annual probability of flooding of 0.1 to 1.0% from 
rivers and 0.1 to 0.5% from the sea. 

 Flood Zone 3 – medium to high risk of flooding with an annual probability of 
flooding of 1.0% or greater from rivers, and 0.5% or greater from the sea.  

 
The Flood Zone Mapping indicates the site as being within Flood Zone 1 in the PPG 
(paragraph 065, Table 1). 
 
The development site is in Flood Zone 1 and over 1 hectare in size, so under current 
regulations a Flood Risk Assessment will be necessary to accompany the Planning 
Application. 

 
The proposed development is for a commercial end use and this is classified within the 
‘Less Vulnerable’ category in the PPG (paragraph 066, Table 2). 

 The Sequential and Exception Tests 

The NPPF does not require that the Sequential Test be applied to development 
proposals in Flood Zone 1. Since the site has been shown to be located in Zone 1 for 
flood risk (see section 4.1), a sequential approach should not be required for planning. 
 
However, the principles should still be applied for developments within the site such 
that, for example, dwellings are situated on a high part of the site when there is a risk 
of local surface water flooding. The issues of actual flood risk are discussed below. 
The issues of safety and reduction in flood risk to others required by an Exception Test 
are also addressed in this document. 
 
The Local Planning Authority (LPA) will make the final decision with regard to any 
planning application.   
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 Environmental Setting 

LKC has undertaken a review of public domain information including British Geological 
Survey data, Environment Agency data, historical mapping, and aerial photography to 
provide a summary of the environmental setting of the site. This is summarised in Table 
2-1 below.  
 

Summary of the Environmental Setting 

Geology 

Superficial No BGS recorded superficial.  

Bedrock 

Greenmoor Rock (Sandstone). Small area of 

Pennine Lower Coal Measures Formation 

(Mudstone, Siltstone and Sandstone) in the south of 

site close to southern boundary.  

BGS Boreholes 

BH Ref: SE11NE393, 180m S: Made Ground (topsoil 

with occasional brick fill) to 0.80m, firm grey, brown 

mottled silty Clay to 2.00m, very compact grey brown 

weathered Sandstone to 2.90m.  

BH Ref: SE11NE635, 250m W: Made Ground (black 

Sand and Gravel) to 3.50m, brown sandy gravelly 

Clay to 4.50m and grey Mudstone with bands of grey 

siltstone to 20.00m (groundwater struck at 

16.00mbgl).  

BH Ref: SE11NE353, 340m N: Topsoil to 0.15m, firm 

brown-grey silty Clay with occasional sandstone 

cobbles and fragments of shale to 0.70m and brown-

grey fractured silty Shale with bands of iron stained 

shaly mudstone to 2.40m.  

Defra Soilscape Mapping Type 6: Freely draining slightly acid loamy soils.  

Hydro-
geology 

Aquifer 
Designation 

Superficial N/A. 

Bedrock Secondary A Aquifer. 

Source Protection Zone (SPZ) Site not within an SPZ. 

Hydrology 

All adjacent and internal 
surface water 

The Fenay Brook is located approximately 260m 

south of the site.   

The Benholmley Beck is located approximately 

750m west of the site. 

Historically there was an unnamed watercourse 

running through the south of the site its line ran 

through the location of the current pond along the 

southern boundary and continued running parallel to 

Eastlands Road flowing east.  

Flooding Flood Zone 1. 

Site History 

Historical mapping indicates that the site consisted 

of pastureland from 1854 until 1948. A cricket ground 

is observed adjacent to the western boundary from 

1908 and residential properties are observed 

towards the northern boundary from 1948. Between 

1958 and 1968, 4 anti-aircraft guns with the 

ammunition stores are present on site in the west. 

These were demolished and replaced with a school 

and playing field and are still present in 2022 

mapping. The main Almondbury County Secondary 

School building opened in 1964 on the site of a 

wartime anti-aircraft gun.  

Table 2-1: Summary of the Environmental Setting. 
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 Site Reconnaissance 

A site reconnaissance was undertaken in January 2023 and further photographs are 
provided below. Hand dug trial holes were unable to be undertaken.  

 
Relevant features identified on site are summarised below: 
 

 The site buildings comprise a vacant school building of one to three storeys with a 
sports centre (swimming pool and sports hall) noted to be in use.  

 A subterranean boiler room and substation is present south of the main school 
entrance.  

 Car parks are present to the north and northwest of the school buildings.  
 The northwestern area is grassed and ground levels rise to meet those of the 

adjacent cricket ground.  
 To the south of the school buildings a hardstood playground is present, beyond 

which are three fenced hardstood tennis and sports courts on three different 
terraces.  

 A path leads southeast from the school and tennis courts to a blocked off 
pedestrian access off Eastlands. Site levels fall to the southern boundary.  

 To the west of the pedestrian path an overgrown area with standing water is 
present. At the time of the site reconnaissance the water was breaking out to an 
ACO drain on Eastlands.  

 To the east of the school and north of the pedestrian path a grassed playing field 
is present. The playing field slopes down to the east, beyond which is housing.  

 Manholes and surface drains were noted across the site, specifically around the 
school building. 

 There is a line of drains running towards the pond on the southern boundary of the 
site it is believed that the surface water from the existing school flows towards the 
pond and the culverted watercourse.  

 
The surrounding area comprises residential houses to the north, east and southeast. 
An electrical substation and primary school are present adjacent to the northeast and 
a cricket ground is present adjacent the west of site. 
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Relevant photographs are provided in Plate 2-1. 

 

  

Photograph 1: View  of the school and sports 

centre  (ligher  colour building).  

Photograph 2: Site sloping down towards south.  

  

Photograph 3: Hard surface play area towards 

south and sloping land. 

Photograph 4: View adjacent western 

boundary. 

 

 

Photograph 5: Surface water flowing down 

Eastlands Street adjacent southern boundary.      

Photograph 6: Manhole cover in Eastlands 

Street adjacent southern boundary.  

Plate 2-1: Site photographs. 
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Photograph 7: Pooling surface water adjacent 

southern boundary.  

Photograph 8: Overflowing drainage gully 

adjacent southern boundary.  

  

Photograph 9: Highway gullies present on site 

adjacent existing school building.   

Photograph 10: Existing drainage gutters on 

school building.  

 

 

Photograph 11: Existing drainage gutters and 

downpipe on sports centre.  

Photograph 12: Wooded area and pond in the 

south of the site.  

Plate 2-1 (continued): Site photographs. 
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 Site and Access Levels 

A topographic survey of the site  has  been  provided  and  a  copy  is provided in 
Appendix B. The site elevation ranges from 120m AOD in the southeast of site and 
138.4m AOD in the northwest.  Ground  levels  around  the  existing  buildings  are

 generally  135-131mAOD,  three  hardstood  courts  are  present  to  the  south  of  the
 school  buildings   are on  plateaus  at  134-130mAOD.  

 
The site  then slopes down steeply towards the southeast. The final site levels and 
ground floor levels of the sports centre will remain the same as the existing building. 
The access will not change and will join Fernside Avenue at approximately 129.95m 
AOD. 
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3 Consultation 

Information from all relevant consultees is summarised in Table 3-1 below. 
 
Relevant correspondence is provided in Appendices C (EA) and D (others). 
 
For modelled levels refer to extracted Level table and node location map in Appendix 
C. 

 
Source Details 

Environment 

Agency (EA) 

Flood Zone 1: Very Low risk, with annual probability of flooding from rivers and 

the sea of less than 0.1% (1 in 1000). 

Modelled River 

Levels  

No information available as the site does not fall within 

150m of an area at risk of flooding from rivers or the sea. 

Records of Flooding No information available. 

Records of Flood 

Warning Service 
Not within a flood warning service area. 

Surface Water 

Flooding 

Very low risk of surface water flooding across the site 

excepting a low risk up to a depth of 300mm adjacent to 

some of the existing buildings if there was a drainage 

failure. There is a low risk of flooding towards the west 

and adjacent to the southern boundaries, this appears to 

follow the culverted historical watercourse route which is 

a natural depression. There is a very small area of 

medium surface water flood risk associated with the 

existing pond.  

Flooding from 

reservoirs 
No risk from reservoirs. 

Groundwater Source 

Protection Zone 
Not within Source Protection Zone. 

Kirklees Council 

(LLFA)  

No information provided at the time of writing.  

Possible or known 

incidents of highway 

flooding 

Unaware of any current flooding problems associated 

with Fernside Avenue.  

Table 3-1: Summary consultee information 
 
 
 
 
 
 
 
 
 
  



Almondbury SEND School, Huddersfield 
Flood Risk Assessment & Outline Drainage Strategy

 

 
LK Consult Ltd 10 February 2023 
Ref: FRA 22 1180 – R0 

Source Details 

Yorkshire Water 

(YW) 

Likely conditions for 

connecting into their 

sewerage system 

Yorkshire Water would request conditions for a separate 

system with only foul draining to foul / combined sewers 

and surface water draining to soakaway/SuDS, 

watercourse or surface water sewer. All surface water 

flow from the proposed development should drain in-line 

with the drainage hierarchy, as outlined in Paragraph 80 

of the National Planning Practice Guidance. 

 

Yorkshire Water request that no buildings, or other 

obstructions, are to be erected within 3 metres and no 

trees planted within 5 metres of the public sewers in the 

southeastern corner of the site.  

 

If other methods of surface water disposal are not viable, 

Yorkshire Water will consider a connection to the 300mm 

diameter public surface water sewer recorded on site to 

the southeast. Yorkshire Water request that any agreed 

rate does not exceed 3.5 l/s.  

 

Foul flow from the site will be allowed to drain into the 

300mm diameter public combined sewer recorded on 

site to the southeast at an unrestricted rate.  

 

Yorkshire Water Wastewater Developer department was 

contacted regarding sewer flooding history for the site. 

Yorkshire Water confirmed that they did not have records 

of internal or external sewer flooding of properties in the 

vicinity of the site as a result of overloaded sewers. 

Sewer map 

There is a 300mm diameter public combined and a 

300mm diameter surface water sewer recorded crossing 

the site towards the southeastern corner.  

There is a 300mm diameter public combined sewer 

recorded adjacent to the northern site boundary within 

Fernside Avenue.  

Strategic Flood 

Risk Assessment 

(SFRA) 

Level 1 SFRA3 The site has no history of flooding from any source. 

Preliminary Flood 

Risk Assessment 

(PFRA)4 

The Preliminary Flood Risk Assessment (PFRA)3 for the area indicates that there 

are no records of flooding for the area which conforms with information supplied 

by the EA.  

Table 3-1: Summary consultee information (continued). 
  

 
3 Strategic Flood Risk Assessment Level 1: Kirklees Council; ‘Kirklees Local Flood Risk Management Strategy’ (2012), 

Kirklees Council. 
4 Preliminary Flood Risk Assessment: Kirklees Council; ‘Flood Risk Regulations 2009 Preliminary Assessment Report 

for Kirklees’ (2009), Kirklees Council. 
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4 Assessment of Flood Risk 

 Flood Zones 

The detailed flood map provided by the EA indicates that the site is in Flood Zone 1. 
(see Appendix C). 
 
The EA did not have any modelled levels for the stretch of the River Irwell closest to 
the site. Therefore, the comparison data was extracted by comparison with the flood 
map extents and the available topographical data provided.   
 
The extents of the 0.1% (1000-year) flood level remain outside of the development 
area (see Appendix C).  

 Sources of Flooding 

The risk of flooding from the following flood sources has been considered: 
 
Fluvial – The EA has confirmed the study area is within Flood Zone 1. Therefore, the 
flood risk associated with this source is considered Very Low. 

 
Tidal – The study area is remote from the sea and tidally influenced water bodies.  
Therefore, the flood risk associated with this source is considered Negligible. 

 
Pluvial (Rainfall) – The surface water flood risk maps show areas adjacent the 
southern boundary of the site and within the paved area of the sports centre that have 
the potential to flood during prolonged heavy rainfall. These areas need consideration 
within the detailed design or there is the potential to have areas of standing water in 
gardens and landscaped areas not positively drained if overland flow routes are not 
considered. Therefore, the risk of flooding from surface water flooding is Low but 
should be considered further during the detailed design. 
 
Surface Water (Overland flow) – This relates to surface water entering the site. 
Surface water arising from the north of the study area is likely to be intercepted by the 
highway drains and therefore pose no threat to the development. If there was a 
drainage failure causing overland flow, it would flow towards the southeastern 
boundary. Therefore, the flood risk associated with this source is considered Low.  

 
Groundwater – The BGS has groundwater records for the study area in the form of 
borehole records. The records show the water table is recorded at 16.00mbgl. This 
makes it unlikely for groundwater flooding to occur. No evidence of shallow 
groundwater was observed during the walkover. Therefore, the flood risk associated 
with this source is considered Very Low. 

 
Sewers – Yorkshire Water sewer records show combined and surface water sewers 
within the surrounding housing developments. The Pre-development Enquiry states 
that no property within the vicinity of the study area or within the surrounding housing 
developments is at risk of internal flooding due to overloaded public sewers. Therefore, 
the flood risk associated with this source is considered Very Low. 

 
Artificial sources – According to the EA online maps, the study area is not at risk from 
reservoir flooding. Therefore, the flood risk associated with this source is considered 
Negligible. 
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 Summary of Flood Risk 

Source of Flooding Risk Assessment Level 

Fluvial Very Low 

Pluvial (Rainfall) Low 

Surface Water Low 

Tidal Negligible 

Groundwater Very Low 

Sewers Very Low 

Artificial Sources Negligible  

Table 4-1: Summary of Existing Risk Level. 

 
The site is located within Flood Zone 1 and a Negligible to Low risk of flooding from all 
sources have been identified for the site. LKC consider that a strategy for surface water 
management will be required at the site to mitigate the risk to others. The assessments 
of a range of measures that are feasible for the site are outlined in Section 5. 
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5 Surface Water Management 

The NPPF recognises that flood risk and other environmental damage can be 
managed by minimising changes in the volume and rate of surface run-off from 
development sites through the use of Sustainable Drainage Systems (SuDS), this 
being complementary to the control of development within the floodplain. 
 
SuDS will not alleviate flooding in an area prone to flooding; however, properly 
designed SuDS have the potential to prevent the surface water runoff from new 
development worsening the flood risk. The effective disposal of surface water from any 
new development is a material planning consideration in determining if the proposals 
for the development and use of land are acceptable. 
 
The accepted principles are that surface water arising from a developed area should, 
as far as practicable, be managed in a sustainable manner to mimic the surface water 
flows arising from the site prior to the proposed development, while reducing the flood 
risk to the site itself and elsewhere, taking climate change into account. 
 
The Building Regulations Requirement H35 stipulates that rainwater from roofs and 
paved areas is carried away from the surface to discharge to one of the following, listed 
in order of priority: 
 

 an adequate soakaway or other adequate infiltration system, 
 a watercourse or, where that is not practicable, 
 a sewer. 

 
The concept of a sustainable drainage system has been incorporated into the outline 
drainage strategy for the study area in order to comply with the Flood and Water 
Management Act 20106. 
 
Suitability of different SuDS will be governed by prevailing site conditions, such as the 
type and scale of development, topography, ground conditions (soil permeability, 
ground stability, depth to water table), local hydrogeology and risk of groundwater 
contamination (presence of sensitive aquifers and source protection zones) etc. 

 Infiltration 

The Groundwater Source Protection Zone mapping from the EA website shows that 
the site is not within any identified protection zones. A summary of the British 
Geological Survey superficial and bedrock aquifer descriptions and classifications 
supplemented by local records is shown in Table 5-1 below: 
 

Classification Description 
Aquifer 

Classification  

Recorded Water 

Table Depth 

Soakaway 

Potential 

N/A 

Silty Clay and 

sandy gravelly 

Clay 

N/A 16.0mbgl  Poor 

Greenmoor 

Rock 
Sandstone  Secondary A N/A Moderate 

Table 5-1: Geological and Hydrogeological Setting. 

 
 

 
5 Building Regulations part H3 2010: Approved Document, Drainage and Waste Disposal. 
6 Flood and Water Management Act 2010: UK Government. 



Almondbury SEND School, Huddersfield 
Flood Risk Assessment & Outline Drainage Strategy

 

 
LK Consult Ltd 14 February 2023 
Ref: FRA 22 1180 – R0 

Nearby boreholes suggest that the ground consists of silty Clay and sandy gravelly 
Clay and surface water was observed flowing down from the site across the adjacent 
road in the south. Therefore, infiltration methods such as soakaways are unlikely to be 
feasible, but this may be investigated further at the detailed design stage if required. 

 Surface Water Drainage Strategy 

There is a slope over the site and surrounding area which indicates that groundwater 
in the vicinity of the site would drain towards the southeast.  
 
There is a small pond towards the southern boundary.  
 
Currently surface water from the site runs overland to the southeastern boundary.  
 
There is a surface water sewer within the vicinity of the site towards the southeastern 
boundary.  

 
The drainage options relating to the final discharge of surface water for this section of 
the site are listed in Table 5-2 in order of priority within the NPPF: 
 

Option 

No: 
Drainage Solution 

Most feasible 

solution 
Comments 

a Soakaway/Infiltration 3 

Not likely to be feasible due to the impermeable 

ground conditions recorded in nearby borehole 

records.  

b 
Connection to 

Watercourse 
2 

There appears to be an unnamed watercourse 

flowing through the site and the pond on the 

southern boundary. Historical evidence shows 

the watercourse flowing to the east. It is believed 

that this has been picked up at the YWL 300mm 

diameter surface water sewer at chamber 1709. 

The condition of the culvert is unknown. 

c Discharge into a sewer 1 

A connection into the 300mm diameter surface 

water sewer in the southeast of the site would 

be possible – subject to approval from the LLFA 

and connection consent from Yorkshire Water. 

Table 5-2: Drainage options. 
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Table 5-3 provides a summary of the SuDS options appraisal with consideration of 

CIRIA C753 (The SUDS Manual)7 for the development: 

SuDS Option 
Appropriate 

to 
Development 

Comments 

Soakaways X 
Due to the nature of the ground conditions, the use of 
infiltration systems may not be feasible.  

Infiltration basin X 
Depressions that store and dispose of water via infiltration. 
May not be appropriate given the ground conditions.  

Sand filter ¸ Treatment devices using sand beds as filter media.  

Filter drains ¸ 
Linear trenches filled with a permeable granular material, often 
with a perforated pipe in the base of the trench. 

Detention basin ¸ 
Dry depressions designed to hold water for a specific retention 
time.  

Swales * 

Swales are shallow grass-lined channels that provide capacity 
for conveying flows at a controlled rate into ponds and 
watercourses. The slopes across the site are steep. 

Rainwater 
harvesting 

 
* 

Rainwater harvesting collects the rain which falls onto roofs, 
then stores it in a tank until required for a non-potable use. 
When required, the water is pumped to the point of use, thus 
displacing what would otherwise be a demand for mains-water. 
In the process, a volume of water is kept out of the storm-water 
management system, thereby helping to reduce flooding risks. 
Rainwater harvesting systems are currently not included in the 
development proposals.  

Green/blue roofs * 

Green roof installations can help to reduce surface water runoff 
from roof areas depending on the system specified. Green 
roofs are not currently included in the development proposals.  

Geo-cellular storage 
systems 

¸ 
Modular block systems can be used to provide an underground 
storage facility. Any geo-cellular storage systems should be 
lined with a geo-membrane to provide attenuation storage. 

Permeable 
Pavements – with 

granular and 
geo-cellular storage 

systems 

¸ 

Permeable pavements allow inflow of rainwater into underlying 
construction. Any geo-cellular storage systems would have to 
be lined with an impermeable membrane to provide storage 
rather than infiltration for runoff from highways.  

Ponds ¸ 

Attenuation ponds can be used to offset the increase in surface 
water flows attributable to increased area of hard standing, in 
order to minimise the risk of flooding to and from the proposed 
development. Ponds will attenuate the surface water flow prior 
to discharging to the public surface water sewers. The storage 
volume afforded by these features should not include any 
permanent water in the pond. 

Oversized Pipes ¸ 

Oversizing the pipes that make up the on-site drainage 
network is a cost-effective method for providing attenuation 
storage within the network. Such systems could be considered 
on the parts of the development where gradients are relatively 
flat.   

Tanks ¸ 
Prefabricated underground tanks could be considered at the 
detailed design stage in order to provide storage to attenuate 
surface water runoff.  

Flow control 
devices 

¸ 

The peak flow rates will be controlled by flow control devices 
e.g. hydrobrake style flow control systems, and restricted 
orifices. Flow control devices enable the discharge to be 
restricted to a constant rate from the development.  

Table 5-3: Summary of the SuDS options appraisal. 
Notes 
¸  Suitable for use given the nature and scale of the development. 
*   Possibly suitable for use – not included in the client and architect design proposal at present 
X  Not suitable 

 
7 CIRIA C753 - The SUDS Manual. London 2015. 
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 Surface Water Attenuation Requirements  

In line with Yorkshire Water, the flow from this development should be reduced by the 
minimum of 30% from the existing runoff rates for estimating the attenuation volumes 
required. 
 
It is estimated from the supplied plan (see Appendix A) that the site will have the 
following designated areas (Table 5-4). Table 5-4 shows the assumed split in area 
included within the calculations. 
 

Designated Areas Plot Area 

Total area (ha) 8.09 

Development Area (ha) 2.60 
Impermeable Area (ha) 1.90 

Green Infrastructure (ha) 0.70 
Contributing Catchment   

Catchment Area (ha) 2.60 

Impermeable split (ha) 1.90 

Permeable split (ha) 0.70 

Table 5-4: Assumed plot areas. 

 
As no proposed plans are available it has been assumed that there is no change in 
impermeable area from the existing usage to the proposed. This is likely to require 
attenuation to reduce the existing flow off site to a level which is acceptable to the LLFA 
and to YW. 

5.3.1 Attenuation Estimate 

Surface water storage and existing runoff estimations based on the HR Wallingford 
procedure have been undertaken for the development and the output report is 
presented in Appendix E.  

 
 Qbar:         253.10 l/s 
 1 in 1-year existing runoff rate:                 177.60 l/s 
 1 in 30-year existing runoff rate:                 449.80 l/s 
 1 in 100-year existing runoff rate:     570.40 l/s 

 
This reduced by 30% would give the following rates:  
 

 Qbar:         177.17 l/s 
 1 in 1-year existing runoff rate:                 124.32 l/s 
 1 in 30-year existing runoff rate:                 134.94 l/s 
 1 in 100-year existing runoff rate:     399.28 l/s 

 
Yorkshire Water has specified an allowable discharge rate of 3.5l/s to the onsite 
surface water sewer.  

 
All runoff estimates, and subsequent storage estimates are included in Appendix E. 
 
The following attenuation has been estimated for the development using 3.5l/s runoff 
rates and utilises the FSR methodology8 as: 
 

 
8 Flood Studies Report Wallingford NERC 1975. 
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 Attenuation storage volume: 779.4 m3 (1 in 30-year event) 
 Retention on site volume: 1334.2 m3 (1 in 100 year + 20% Climate Change) 
 Retention on site volume: 1626.2 m3 (1 in 100 year + 40% Climate Change) 

 
Attenuation storage aims to limit the peak rate of runoff from the development to the 
corresponding 3.5l/s runoff for a range of annual flow rate probabilities before 
discharging into the surface water sewer. As the flow from the development would be 
restricted there should be little change in the flows that enter the public sewer and thus 
the risk of flooding as a result from the development should be negligible.  
 
The attenuation required for a 1 in 30-year storm event, requires a storage volume of 
779.4 m3. For the 1 in 100-year event, a storage capacity of between 1334.2 m3 and 
1626.2 m3 will be required from on-site storage as well as SuDS systems. All volumes 
can be stored within the site boundary and discharges will be limited by flow control 
devices to the adjacent surface water sewer. 

 Site Specific SuDS 

The use of an attenuation tank or similar is deemed to be the most feasible and 
practical option for the development. The attenuation tank will provide required storage 
volume to limit peak runoff arising from the development. 
 
Utilisation of a flow control device at the end of the system will control the peak flow 
rates. 
 
The use of permeable paving may be viable dependant on the detailed design of the 
proposed development. If this drainage technique is considered to be feasible then it 
will reduce the requirement for attenuation as it will reduce the contributing 
impermeable area. The permeable paving will also provide some level of water 
treatment reducing effects of pollution in runoff on the environment. 

 
Assuming that the outline drainage strategy is acceptable to the Local Authority, a 
more detailed design can be presented and agreed with the appropriate regulatory 
bodies during the detailed design phase. 

 Foul Drainage 

The foul water could be discharged into the 300mm diameter public combined sewer 
recorded on site to the southeast at an unrestricted rate.  
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6 Mitigation Measures  

 Proposed Site levels and Developments Level 

Current Environment Agency guidance recommends that the minimum ground floor 
levels of developments are set at a minimum of 600mm above the 1% annual 
probability (1 in 100 year) flood level including an additional fluvial allowance for 
climate change.  It is generally accepted that vehicle parking can be accommodated 
within the flood zone with suitable safeguards. The ‘design’ flood level for the site 
should therefore be the 1% annual probability event with allowance for climate change. 
 
The 0.1% annual probability (1 in 1000-year) flood extents are below the existing 
ground level on site. As this report is for an existing property the finished floor levels 
(FFL) should be set as no lower than the existing floor level and as a nominal height 
above the finalised ground levels to allow for any overland flow from a drainage failure, 
so as not to increase the risk of flooding. 

 Safe Access 

Safe and dry access is available to the north of the site above the 1% annual probability 
event via Fernside Avenue. Therefore, no mitigation is proposed.  

 Flood Resistance and Resilience 

The development proposed may be subject to flooding at more extreme events than 
those considered. However, the risk appears to be sufficiently low that flood resilience 
measures need not be included into ground floor construction to aid recovery after any 
event. If utilised, typical measures would include solid floors, use of suitable materials 
and services fed from upper floors with outlets at high level. The need can be discussed 
and agreed with building control officers during detailed design. 

 Residual Risk 

It is impossible to completely guard against flooding since extreme events greater than 
the design standard event are always possible. However, it is likely that with the 1% 
annual probability flood event with an allowance for climate change significantly below 
the lowest site levels, the relatively elevated position of the development will safeguard 
it from localised fluvial flooding during extreme rainfall events and fluvial flooding 
events outside the scope of this assessment. However, ground floor levels should be 
set above proposed levels across the site and provide a nominal freeboard to allow 
overland flow under exceptional conditions. Overland flow routes should be considered 
in case of drainage failure and the extreme events. 
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7 Conclusions 

The site currently consists of the Almondbury Sports Centre and the former Almondbury 

High School. It is understood the development will comprise proposals to retain the 

swimming pool and sports centre following the demolition of the existing school 

building. The detail of future development at the school site has yet to be determined. 

It has been assumed that the area of the development will be similar to the existing for 

the purposes of this assessment. 

 

The site is shown on published mapping to be located within the Environment Agency’s 
Flood Zone 1.  Comparison of topographical data with the EA modelled flood level data 
indicates that the whole site is in Flood Zone 1 – Very Low Risk of fluvial flooding.   
 
Negligible to Low Risks of flooding from all sources have been identified from 
information provided by the EA and BGS.  
 
An assessment of these risks in conjunction with the development proposals have 
resulted in the following recommendations for the safe development of the site: 
 

 The finished floor level should be set at a nominal height above the finished ground 
levels to allow for overland flow routes in extreme events and drainage failures.  
 

 Pedestrian and vehicular safe access to and from the site is achievable under all 
conditions via the access road off Fernside Avenue.  
 

 Potential for soakaway use for rainwater disposal is low; however, this could be 
investigated further at the detailed design phase if required. 
 

 Surface water flow will likely need to be attenuated to a reduced rate to be agreed 
with the LLFA. The attenuation estimates are based upon the 3.5l/s requested by 
YW. 
 

 Surface water arising from the site could potentially discharge into the surface 
water sewer located within the south of the site.  

 
 Foul sewage could be discharged into the existing combined sewer to the 

southeast subject to the agreement of Yorkshire Water. 
 

 A formal evacuation plan is not considered to be required. 
 
Further details on the proposed mitigation measures are provided in Section 6. All 
proposed measures should be agreed with the Local Authority prior to commencement 
of the development. 
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Figures, Plans and Drawings 
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carrying out preliminary site assessments who require geological maps for 
the area around the site. This mapping may be more up to date than 
previously published paper maps.
The various geological layers - artificial and landslip deposits, superficial 
geology and solid (bedrock) geology are displayed in separate maps, but 
superimposed on the final 'Combined Surface Geology' map. All map 
legends feature on this page. Not all layers have complete nationwide 
coverage, so availability of data for relevant map sheets is indicated below.
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Superficial Geology
Superficial Deposits are the youngest geological deposits formed during the
most recent period of geological time, the Quaternary, which extends back 
about 1.8 million years from the present. 

They rest on older deposits or rocks referred to as Bedrock. This dataset 
contains Superficial deposits that are of natural origin and 'in place'. Other 
superficial strata may be held in the Mass Movement dataset where they 
have been moved, or in the Artificial Ground dataset where they are of 
man-made origin.

Most of these Superficial deposits are unconsolidated sediments such as 
gravel, sand, silt and clay, and onshore they form relatively thin, often 
discontinuous patches or larger spreads.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Superficial Geology Map - Slice A
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Bedrock and Faults
Bedrock geology is a term used for the main mass of rocks forming the 
Earth and are present everywhere, whether exposed at the surface in 
outcrops or concealed beneath superficial deposits or water. 

The bedrock has formed over vast lengths of geological time ranging from 
ancient and highly altered rocks of the Proterozoic, some 2500 million years
ago, or older, up to the relatively young Pliocene, 1.8 million years ago.

The bedrock geology includes many lithologies, often classified into three 
types based on origin: igneous, metamorphic and sedimentary.

The BGS Faults and Rock Segments dataset includes geological faults 
(e.g. normal, thrust), and thin beds mapped as lines (e.g. coal seam, 
gypsum bed). Some of these are linked to other particular 1:50,000 
Geology datasets, for example, coal seams are part of the bedrock 
sequence, most faults and mineral veins primarily affect the bedrock but cut
across the strata and post date its deposition.
 
 
 
 
 
 
 
 
 
 
 

Bedrock and Faults Map - Slice A
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Yorkshire
Published 1916 - 1918
Source map scale - 1:2,500
The historical maps shown were reproduced from maps predominantly held 
at the scale adopted for England, Wales and Scotland in the 1840`s. In 1854 
the 1:2,500 scale was adopted for mapping urban areas and by 1896 it 
covered the whole of what were considered to be the cultivated parts of Great
Britain. The published date given below is often some years later than the 
surveyed date. Before 1938, all OS maps were based on the Cassini 
Projection, with independent surveys of a single county or group of counties, 
giving rise to significant inaccuracies in outlying areas.

 
 
 
 
 
 
 
 
 
 
 

Historical Map - Segment A13
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Ordnance Survey Plan
Published 1958 - 1961
Source map scale - 1:2,500
The historical maps shown were reproduced from maps predominantly held 
at the scale adopted for England, Wales and Scotland in the 1840`s. In 1854 
the 1:2,500 scale was adopted for mapping urban areas and by 1896 it 
covered the whole of what were considered to be the cultivated parts of Great
Britain. The published date given below is often some years later than the 
surveyed date. Before 1938, all OS maps were based on the Cassini 
Projection, with independent surveys of a single county or group of counties, 
giving rise to significant inaccuracies in outlying areas.
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Large-Scale National Grid Data
Published 1993
Source map scale - 1:1,250
'Large Scale National Grid Data' superseded SIM cards (Ordnance Survey's 
'Survey of Information on Microfilm') in 1992, and continued to be produced 
until 1999. These maps were the fore-runners of digital mapping and so 
provide detailed information on houses and roads, but tend to show less 
topographic features such as vegetation. These maps were produced at both 
1:2,500 and 1:1,250 scales.
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OS Water Network Map - Slice A



Almondbury SEND School, Huddersfield 
Flood Risk Assessment & Outline Drainage Strategy

 

 
LK Consult Ltd  February 2023 
Ref: FRA 22 1180 – R0 

 

 

 

 

 

Appendix C 
 

Environment Agency Data 
 

 

 

  



��������	�
����
�
	���	�������
	���
�����	��	��	�
�
���	���	���	����
������	���
���	 ��
��	��
�	
�
�����	���
�������
	 ����

	 
������
�	 
������	 	�
	�
�	 
����
��
�	 ���
	 �������	 ���	 �
��	 ��
�	 ������	 �����
�
�
	 
����	 	 ���	 �����
�
�
	 ���
�������
	 
�
���	 ��	 �
�������	 
�	 
���	 ��	 ���	 �
������
��	 	  ����	 ���
	 �������
�������
	 ���
�����
�	��
������	 �
	��	�
�
���	���	��	
����
!	��	�
�
���	���	����

�
	��������!	�����
������
�	
�	�

������	�
	�
	���	��������	
�	
���	���
�����
��	

"
�	#
�$

�����	%�$ �������	%�$ �����$

�����	&
��	
����	���'$ (�����$

)����$

*��$

������$

����$

+

�,-

����	�
����
�

.""�

+$/000	1	�2

(��	303/

(*�	33	++40

 ����	�
�
������	,�������


���
������	�,#�
���

��
�	�������	 ����	*�
�

�



�

0HGLXP�5LVN�

+LJK�5LVN�



In an area with critical drainage problems as notified by the Environment Agency

Flood map for planning 

Your reference Location (easting/northing) Created

You will need to do a flood risk assessment if your site is any of the following: 

•

in an area with critical drainage problems as notified by the Environment Agency

Your selected location is in flood zone 1, an area with a low 

probability of flooding. 

Notes 

The flood map for planning shows river and sea flooding data only. It doesn’t include other sources 

of flooding. It is for use in development planning and flood risk assessments. 

This information relates to the selected location and is not specific to any property within it. The 

map is updated regularly and is correct at the time of printing.

Flood risk data is covered by the Open Government Licence which sets out the terms and 

conditions for using government data. https://www.nationalarchives.gov.uk/doc/open-government-

licence/version/3/

Use of the address and mapping data is subject to Ordnance Survey public viewing terms under 

Crown copyright and database rights 2022 OS 100024198. https://flood-map-for-

planning.service.gov.uk/os-terms

Page 1 of 2

•

•

•

identified as being at increased flood risk in future by the local authority’s strategic 
flood risk assessment

at risk from other sources of flooding (such as surface water or reservoirs) and its 
development would increase the vulnerability of its use (such as constructing an 
office on an undeveloped site or converting a shop to a dwelling)

bigger that 1 hectare (ha)

ALMONDBURY 416997/415820 3 Feb 2023 12:38



Flood map for planning
Your reference

Location (easting/northing)

Scale

Created

Selected area

Page 2 of 2

© Environment Agency copyright and / or database rights 2022. All rights reserved. © Crown Copyright and database right 2022. Ordnance Survey licence number 100024198.

Flood zone 3

Flood zone 2

Flood zone 1

Flood defence

Main river

Water storage area
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Almondbury SEND School, Huddersfield 
Flood Risk Assessment & Outline Drainage Strategy

 

 
LK Consult Ltd  February 2023 
Ref: FRA 22 1180 – R0 
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LK Group 
Eton Business Park; Eton Hill Road 
Radcliffe 
M26 2ZS 
 flooding@thelkgroup.com 
 
 
 
Your Ref:  
Our Ref:   Y014431  

Yorkshire Water Services 
Developer Services 

Pre-Development Team 
PO BOX 52 

Bradford 
BD3 7AY 

 
Tel: 0345 120 8482 

Fax:  
 

Email: 
technical.sewerage@yorkshirewater.co.uk 

 
For telephone enquiries ring:  

 George Mullaney on  0345 120 8482 
 

15th December 2022 

 

Dear Ms Lowe, 
 
Almondbury SEND School, Fernside Avenue, Huddersfield, HD5 8PQ - Pre-Planning 
Enquiry U871250 
 
Thank you for your recent enquiry and remittance.  Our official VAT receipt has been sent 
to you under separate cover. Please find enclosed a complimentary extract from the 
Statutory Sewer Map which indicates the recorded position of the public sewers.  Please 
note that as of October 2011 and the private to public sewer transfer, there are many 
uncharted Yorkshire Water assets currently not shown on our records.   
 
The following comments reflect our view, with regard to the public sewer network only, 
based on a 'desk top' study of the site and are valid for a maximum period of twelve 
months: 
 
Existing Infrastructure 
 
There is a 300mm diameter public combined and a 300mm diameter surface water 
sewer recorded crossing the site.  No buildings, or other obstructions, are to be erected 
within 3 (three) metres is required at each side of the sewer centre-line, no trees planted 
within 5 (five) metres of this public sewer.  It may not be acceptable to raise or lower 
ground levels over the sewer, nor to restrict access to the manholes on the sewer.  If you 
wish to have this sewer diverted under Section 185 of the Water Industry Act 1991 an 



 
 

 

application should be made in writing.  To discuss this matter, please telephone 0345 120 
84 82. 
 
Foul Water 
 
Development of the site should take place with separate systems for foul and surface 
water drainage.  The separate systems should extend to the points of discharge to be 
agreed.  
 
Foul water domestic waste can discharge to the 300 mm diameter public combined 
sewer recorded on site to the southeast. 
 
Surface Water 
 
The developer's attention is drawn to Requirement H3 of the Building Regulations 2010.  
This establishes a preferred hierarchy for surface water disposal.  Consideration should 
firstly be given to discharge to soakaway, infiltration system and watercourse in that 
priority order. 
 
Sustainable Drainage Systems (SuDS), for example the use of soakaways and/or 
permeable hardstanding etc, may be a suitable solution for surface water disposal 
appropriate in this situation.  You are advised to seek comments on the suitability of SuDS 
in this instance from the appropriate authorities. 
 
If other methods of surface water disposal are not viable and subject to providing 
satisfactory evidence as to why they have been discounted, curtilage surface water 
discharges to the public sewer will be restricted to the level of run-off - i.e. same rate of 
discharge - to that from the existing use of the site less a 30% reduction in the existing 
discharge. Any discharge of surface water from the site should discharge to similar points 
of connection to that of the existing use of the site. You will need to demonstrate positive 
drainage, based on a 1 in 1 year storm, to the public sewer to Yorkshire Water by means of 
investigation and calculation carried out at your expense.  
 
To do this, Yorkshire Water requires to see existing and proposed drainage layouts with 
pipe sizes, gradients, gullies, downpipes and connection points, measured impermeable 
areas of the present and proposed use of the site, along with the calculations that show 
the existing and proposed discharge rate from the site to the public sewer.  
 
As a last resort and subject to providing satisfactory evidence as to why the other 
methods of surface water disposal have been discounted, curtilage surface water may 
discharge to the 300 mm diameter public surface water sewer recorded on site to the 
southeast. The surface water discharge from the site to be restricted to not greater than 
3.5 (three point five) litres/second.  This permission is not an acceptance in respect to any 
planning conditions imposed under the Grant of Planning Permission. 
 
Please note further restrictions on surface water disposal from the site may be imposed 



 
 

 

by other parties.  You are strongly advised to seek advice/comments from the 
Environment Agency/Land Drainage Authority/Internal Drainage Board, with regard to 
surface water disposal from the site. 
 
Surface water run-off from communal parking (greater than 800 sq metres or more than 
50 car parking spaces) and hardstanding must pass through an oil, petrol and grit 
interceptor/separator of adequate design before any discharge to the public sewer 
network.  Roof water should not pass through the traditional 'stage' or full retention type of 
interceptor/separator.  It is good drainage practice for any interceptor/separator to be 
located upstream of any on-site balancing, storage or other means of flow attenuation 
that may be required. 
 
Other Observations 
 
Any new connection to an existing public sewer will require the prior approval of Yorkshire 
Water.  You may apply on line or obtain an application form from our website 
(www.yorkshirewater.com) or by telephoning 0345 120 84 82. 
 
Under the provisions of section 111 of the Water Industry Act 1991 it is unlawful to pass into 
any public sewer (or into any drain or private sewer communicating with the public sewer 
network) any items likely to cause damage to the public sewer network interfere with the 
free flow of its contents or affect the treatment and disposal of its contents. Amongst 
other things this includes fat, oil, nappies, bandages, syringes, medicines, sanitary towels 
and incontinence pants. Contravention of the provisions of section 111 is a criminal offence. 
 
An off-site foul and surface water sewer may be required which may be provided by the 
developer and considered for Code for Adoption under Section 104 of the Water Industry 
Act 1991.  Please telephone 0345 120 84 82 for advice on sewer adoptions.  Alternatively, the 
developer may in certain circumstances be able to requisition off-site sewers under 
Section 98 of the Water Industry Act 1991 for which an application must be made in writing.  
For further information, please telephone 0345 120 84 82. 
 
Yorkshire Water’s Trade Effluent team must be consulted in respect of any proposed trade 
effluent discharge to the public sewer.  Please visit - 
https://www.yorkshirewater.com/business/trade-effluent/ 
 
All the above comments are based upon the information and records available at the 
present time and is subject to formal planning approval agreement.  The information 
contained in this letter together with that shown on any extract from the Statutory Sewer 
Map that may be enclosed is believed to be correct and is supplied in good faith.  Please 
note that capacity in the public sewer network is not reserved for specific future 
development.  It is used up on a 'first come, first served' basis.  You should visit the site and 
establish the line and level of any public sewers affecting your proposals before the 
commencement of any design work.   
 
 



 
 

 

 
Yours sincerely 
 
 
 
 
George Mullaney 
Development Services Technician 
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Title

Notes

This plan is furnished as a general guide only and no
warranty as to its correctness is given or implied.  This
plan must not be relied upon in the event of excavations
or other works made in the vicinity of public sewers.  No
house or property connections are shown.

Partial Key

Foul Sewer = F

Combined Sewer = C

Surface Water Sewer = SW

Trade Sewer = TD

Partially Separate = PS

Source : Sewer Network Enquiry
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([SODQDWRU\�QRWHV�IRU�3HDN�)ORZ�6WRUDJH
���7KLV�V\VWHP�XVHV�WKH�UDLQIDOO�LQWHQVLW\��GXUDWLRQ�FXUYH�FDOFXODWHG�XVLQJ�HLWKHU�WKH�:DOOLQJIRUG�RU�)(+�PHWKRG
����DV�VHOHFWHG�
���7KH�EDODQFH�LV�FDOFXODWHG�IURP�WKH�LQIORZ�PLQXV�WKH�RXWIORZ�
���7KH�VWRUDJH�YROXPH�LV�WKH�PD[LPXP�YDOXH�RI�WKH�EDODQFH�FXUYH�
���7KLV�PHWKRG�ZDV�GHVFULEHG�E\�'DYLV����������VHH�%XWOHU�	�'DYLHV���QG�HGLWLRQ��S���
���5HIHUHQFHV�WR�
VWRUP�GXUDWLRQ
�UHODWH�RQO\�WR�WKH�K\GURJUDSK�PHWKRG��TY��
���7KHUH�DUH�DOZD\V�����VWHSV�LQ�WKH�FDOFXODWLRQ�SURFHVV��WKXV�D�
UXQ
�WLPH�RI����KRXUV�ZLOO�EH�VDPSOHG�HYHU\�PLQXWH�

([SODQDWRU\�QRWHV�IRU�+\GURJUDSK�6WRUDJH
���7KH�XVHU�KDV�WKH�FKRLFH�RI�6XPPHU�RU�:LQWHU�FXUYHV
���7KH�PHDQ�LQWHQVLW\�YDULHV�ZLWK�WKH�GXUDWLRQ�RI�WKH�VWRUP�FXUYH
���7KHUH�DUH�DOZD\V�����VWHSV�LQ�WKH�FDOFXODWLRQ�SURFHVV��LUUHVSHFWLYH�RI�VWRUP�GXUDWLRQ�
���7KH�EDODQFH�LV�FDOFXODWHG�IURP�WKH�LQIORZ�PLQXV�WKH�RXWIORZ�
���7KH�VWRUDJH�YROXPH�LV�WKH�VXP�RI�WKH�EDODQFH�YDOXHV�IRU�HDFK�VWHS�
���9DU\LQJ�GXUDWLRQV�VKRXOG�EH�WULHG�WR�ILQG�WKH�PD[LPXP�VWRUDJH�YDOXH���WKLV�FDQ�EH�QDUURZHG�GRZQ�YHU\�FORVHO\�


0RGHOOLQJ�XVLQJ�WKH�IORZ�FKDUDFWHULVWLFV�RI�WKH�UHVWULFWRU�LV�DYDLODEOH�XVLQJ�9RUWH[�&RQWURO�PRGHOOLQJ�IXQFWLRQ�
3OHDVH�EH�DZDUH�WKDW�WKLV�IXQFWLRQ�QHHGV�WKH�IXOO�GHVLJQ�GDWD�ILOH�WR�IXQFWLRQ�

:K\�GR�WKH�WZR�PHWKRGV�JLYH�GLIIHUHQW�UHVXOWV"

7KH�UDLQIDOO�FKDUDFWHULVWLFV�IRU�HDFK�PHWKRG�DUH�YHU\�GLIIHUHQW�

7KH�3HDN�IORZ��XVLQJ�WKH�,QWHQVLW\�'XUDWLRQ�)UHTXHQF\�FXUYH��GRHV�QRW�PRGHO�WKH�DFWXDO�UDLQIDOO��7KLV�FXUYH�LV�MRLQHG
SRLQWV�ZKLFK�UHSUHVHQW�WKH�PHDQ��LQWHQVLW\�RI�D�VWRUP�DW�D�JLYHQ�GXUDWLRQ�L�H��D�YDOXH�RI������PP�KU�IRU�D����PLQXWH
VWRUP�LQGLFDWHV�WKDW�RYHU�WKH�VL[W\�PLQXWH�SHULRG��WKH�PHDQ�LQWHQVLW\�ZDV������PP�KU��7KH�FDOFXODWLRQ�PHWKRG�VDPSOHV
WKH�,')�FXUYH�IRU�D�JLYHQ�ORFDWLRQ�DQG�IUHTXHQF\��5HWXUQ�3HULRG��DQG�FDOFXODWHV�WKH�VWRUDJH�IRU�WKDW�UDWH�DQG�GXUDWLRQ
OHVV�WKH�RXWIORZ�YROXPH��7KH�PD[LPXP�YDOXH�LV�GLVSOD\HG�DV�WKH�
ZRUVW�FDVH
�VWRUDJH��7KH�RXWIORZ�YROXPH�LV�FRQVWDQW
WKURXJKRXW�WKH�SURFHVV�DW�WKH�VSHFLILHG�GLVFKDUJH�UDWH�

7KH�K\GURJUDSK�PHWKRG�XVHV�D�VWDQGDUG�FXUYH�IRU�HLWKHU�:LQWHU�RU�6XPPHU�VWRUPV��7UDGLWLRQDOO\�WKHVH�DUH�V\PPHWULFDO
DERXW�WKH�FHQWUDO�SHDN��8.�UDLQIDOO�GRHV��QRW�ILW�LQWR�WKLV�FRQYHQLHQW�FXUYH��VR�WKH�FDOFXODWLRQV�DUH�GHDOLQJ�ZLWK�D
VW\OLVHG�VHW�RI�GDWD��7KH�PHDQ�LQWHQVLW\�IRU�WKH�VWRUP�LV�FDOFXODWHG�IURP�WKH�,')�FXUYH�DQG�DSSOLHG�WR�WKH�FXUYH�GDWD�
FDOFXODWLQJ�WKH�VWRUDJH�IRU�WKDW�VWHS�OHVV�WKH�RXWIORZ�YROXPH��7KH�ILQDO�VWRUDJH�YROXPH�LV�WKH�VXP�RI�WKH�VWRUDJH�IRU
DOO�WKH�VWHSV�7KH�RXWIORZ�YROXPH�YDULHV�ZLWK�WKH�K\GUDXOLF�KHDG�RQ�WKH�FRQWURO�GHYLFH�XVLQJ�IORZ�HTXDWLRQV�SURYLGHG
E\�WKH�FRQWURO�PDQXIDFWXUHU���7KLV�LV�D�IDU�PRUH�DFFXUDWH�PHWKRG�WKDQ�WKH�SHDN�IORZ�PHWKRG�DQG�RIWHQ�UHVXOWV�LQ�ELJJHU
VWRUDJH�YROXPHV�

,W�FDQ�EH�VHHQ�WKDW�WKHVH�WZR�PHWKRGV�DUH�YHU\�GLIIHUHQW��DQG�WKH�XVHU�PD\�KDYH�WKH�FKRLFH�RI�ZKLFK�UHVXOW�WR�XVH�
7KLV�LV�QRW�DQ�H[DFW�VFLHQFH��WKRXJK�LV�RIWHQ�WUHDWHG�DV�VXFK�E\�WKRVH�WKDW�GR�QRW�XQGHUVWDQG�WKH�SULQFLSOHV�RI�WKH
FDOFXODWLRQV�
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0������PP����� ������ U�������������� �����
6RLO�LQGH[���� ����� 6$$5��PP�\U���� �����
5HWXUQ�SHULRG� ����� :5$3����������� ��
8&:,����������� ����� &OLPDWH�FKDQJH� ���

L����5HODWLYHO\�LPSHUPHDEOH�VRLOV�LQ�ERXOGHU�DQG�VHGLPHQWDU\�FOD\V��DQG�LQ�DOOXYLXP��HVSHFLDOO\�LQ�HDVWHUQ�
(QJODQG�
LL���3HUPHDEOH�VRLOV�ZLWK�VKDOORZ�JURXQG�ZDWHU�LQ�ORZ�O\LQJ�DUHDV�
LLL��0L[HG�DUHDV�RI��SHUPHDEOH�DQG�LPSHUPHDEOH�VRLOV��LQ�DSSUR[LPDWHO\�HTXDO�SURSRUWLRQV�

5XQRII�IDFWRU��5)��� �������FDOFXODWHG�IURP��

�������5XQRII�IDFWRU� �������
3,03�����
62,/��������
8&:,������
�������ZKHUH
�������3,03� �,PSHUYLRXV�$UHD
�����,PSHUYLRXV�$UHD�3HUYLRXV�$UHD�
�������8&:,� �&DOFXODWHG�YDOXH�IRU�:HWQHVV�,QGH[

����'HVLJQ�GDWD��
,PSHUY��DUHD�������� �������Pð 3HUYLRXV�DUHD��������� ������Pð
7RWDO�DUHD��7$������ �������Pð (TXLY�DUHD������������ �������Pð��7$�[�5)��
0HDQ�GLVFK��UDWH� � �������O�V $UHDO�UHGXFWLRQ�IDFWRU� ������
$GGLWLRQDO�IORZ�������� ������O�V &OLPDWH�FKDQJH�IDFWRU�� ���

����&DOFXODWHG�GDWD��
7LPH�WR�PD[������� ��������PLQV &DOFXODWHG�VWRUDJH�YROXPH� ��������Pñ
5DLQIDOO�DW�PD[��� ������PP�KU $OORZHG�GLVFKDUJH�UDWH��� �������O�V
3LSHOLQH�VWRUDJH�� �����Pñ $YDLODEOH�0+�VWRUDJH������ �����Pñ
2IIOLQH�VWRUDJH��� �����Pñ

����)L[HG���KRXU�GDWD��
5DLQIDOO�HYHQW���� ���KRXUV &DOFXODWHG�VWRUDJH�YROXPH� ��������Pñ
5DLQIDOO�UDWH����� �������PP�KU $OORZHG�GLVFKDUJH�UDWH���� �������O�V

5DLQIDOO�LQWHQVLWLHV�FDOFXODWHG�XVLQJ�WKH�:DOOLQJIRUG�3URFHGXUH

����6WRUDJH�OHQJWKV�IRU�LQLWLDO�FDOFXODWLRQ��[���������������RU�����DV�DERYH�LI�UHTXLUHG����

���'LDP�������/HQ����'LDP�������/HQ �����2YRLG���������/HQ ��������%R[�FXOYHUW����/HQ
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����������������������������������� ������[��������������� ��������������[������������
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����������������������������������� �������������[�������������
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([SODQDWRU\�QRWHV�IRU�3HDN�)ORZ�6WRUDJH
���7KLV�V\VWHP�XVHV�WKH�UDLQIDOO�LQWHQVLW\��GXUDWLRQ�FXUYH�FDOFXODWHG�XVLQJ�HLWKHU�WKH�:DOOLQJIRUG�RU�)(+�PHWKRG
����DV�VHOHFWHG�
���7KH�EDODQFH�LV�FDOFXODWHG�IURP�WKH�LQIORZ�PLQXV�WKH�RXWIORZ�
���7KH�VWRUDJH�YROXPH�LV�WKH�PD[LPXP�YDOXH�RI�WKH�EDODQFH�FXUYH�
���7KLV�PHWKRG�ZDV�GHVFULEHG�E\�'DYLV����������VHH�%XWOHU�	�'DYLHV���QG�HGLWLRQ��S���
���5HIHUHQFHV�WR�
VWRUP�GXUDWLRQ
�UHODWH�RQO\�WR�WKH�K\GURJUDSK�PHWKRG��TY��
���7KHUH�DUH�DOZD\V�����VWHSV�LQ�WKH�FDOFXODWLRQ�SURFHVV��WKXV�D�
UXQ
�WLPH�RI����KRXUV�ZLOO�EH�VDPSOHG�HYHU\�PLQXWH�

([SODQDWRU\�QRWHV�IRU�+\GURJUDSK�6WRUDJH
���7KH�XVHU�KDV�WKH�FKRLFH�RI�6XPPHU�RU�:LQWHU�FXUYHV
���7KH�PHDQ�LQWHQVLW\�YDULHV�ZLWK�WKH�GXUDWLRQ�RI�WKH�VWRUP�FXUYH
���7KHUH�DUH�DOZD\V�����VWHSV�LQ�WKH�FDOFXODWLRQ�SURFHVV��LUUHVSHFWLYH�RI�VWRUP�GXUDWLRQ�
���7KH�EDODQFH�LV�FDOFXODWHG�IURP�WKH�LQIORZ�PLQXV�WKH�RXWIORZ�
���7KH�VWRUDJH�YROXPH�LV�WKH�VXP�RI�WKH�EDODQFH�YDOXHV�IRU�HDFK�VWHS�
���9DU\LQJ�GXUDWLRQV�VKRXOG�EH�WULHG�WR�ILQG�WKH�PD[LPXP�VWRUDJH�YDOXH���WKLV�FDQ�EH�QDUURZHG�GRZQ�YHU\�FORVHO\�


0RGHOOLQJ�XVLQJ�WKH�IORZ�FKDUDFWHULVWLFV�RI�WKH�UHVWULFWRU�LV�DYDLODEOH�XVLQJ�9RUWH[�&RQWURO�PRGHOOLQJ�IXQFWLRQ�
3OHDVH�EH�DZDUH�WKDW�WKLV�IXQFWLRQ�QHHGV�WKH�IXOO�GHVLJQ�GDWD�ILOH�WR�IXQFWLRQ�

:K\�GR�WKH�WZR�PHWKRGV�JLYH�GLIIHUHQW�UHVXOWV"

7KH�UDLQIDOO�FKDUDFWHULVWLFV�IRU�HDFK�PHWKRG�DUH�YHU\�GLIIHUHQW�

7KH�3HDN�IORZ��XVLQJ�WKH�,QWHQVLW\�'XUDWLRQ�)UHTXHQF\�FXUYH��GRHV�QRW�PRGHO�WKH�DFWXDO�UDLQIDOO��7KLV�FXUYH�LV�MRLQHG
SRLQWV�ZKLFK�UHSUHVHQW�WKH�PHDQ��LQWHQVLW\�RI�D�VWRUP�DW�D�JLYHQ�GXUDWLRQ�L�H��D�YDOXH�RI������PP�KU�IRU�D����PLQXWH
VWRUP�LQGLFDWHV�WKDW�RYHU�WKH�VL[W\�PLQXWH�SHULRG��WKH�PHDQ�LQWHQVLW\�ZDV������PP�KU��7KH�FDOFXODWLRQ�PHWKRG�VDPSOHV
WKH�,')�FXUYH�IRU�D�JLYHQ�ORFDWLRQ�DQG�IUHTXHQF\��5HWXUQ�3HULRG��DQG�FDOFXODWHV�WKH�VWRUDJH�IRU�WKDW�UDWH�DQG�GXUDWLRQ
OHVV�WKH�RXWIORZ�YROXPH��7KH�PD[LPXP�YDOXH�LV�GLVSOD\HG�DV�WKH�
ZRUVW�FDVH
�VWRUDJH��7KH�RXWIORZ�YROXPH�LV�FRQVWDQW
WKURXJKRXW�WKH�SURFHVV�DW�WKH�VSHFLILHG�GLVFKDUJH�UDWH�

7KH�K\GURJUDSK�PHWKRG�XVHV�D�VWDQGDUG�FXUYH�IRU�HLWKHU�:LQWHU�RU�6XPPHU�VWRUPV��7UDGLWLRQDOO\�WKHVH�DUH�V\PPHWULFDO
DERXW�WKH�FHQWUDO�SHDN��8.�UDLQIDOO�GRHV��QRW�ILW�LQWR�WKLV�FRQYHQLHQW�FXUYH��VR�WKH�FDOFXODWLRQV�DUH�GHDOLQJ�ZLWK�D
VW\OLVHG�VHW�RI�GDWD��7KH�PHDQ�LQWHQVLW\�IRU�WKH�VWRUP�LV�FDOFXODWHG�IURP�WKH�,')�FXUYH�DQG�DSSOLHG�WR�WKH�FXUYH�GDWD�
FDOFXODWLQJ�WKH�VWRUDJH�IRU�WKDW�VWHS�OHVV�WKH�RXWIORZ�YROXPH��7KH�ILQDO�VWRUDJH�YROXPH�LV�WKH�VXP�RI�WKH�VWRUDJH�IRU
DOO�WKH�VWHSV�7KH�RXWIORZ�YROXPH�YDULHV�ZLWK�WKH�K\GUDXOLF�KHDG�RQ�WKH�FRQWURO�GHYLFH�XVLQJ�IORZ�HTXDWLRQV�SURYLGHG
E\�WKH�FRQWURO�PDQXIDFWXUHU���7KLV�LV�D�IDU�PRUH�DFFXUDWH�PHWKRG�WKDQ�WKH�SHDN�IORZ�PHWKRG�DQG�RIWHQ�UHVXOWV�LQ�ELJJHU
VWRUDJH�YROXPHV�

,W�FDQ�EH�VHHQ�WKDW�WKHVH�WZR�PHWKRGV�DUH�YHU\�GLIIHUHQW��DQG�WKH�XVHU�PD\�KDYH�WKH�FKRLFH�RI�ZKLFK�UHVXOW�WR�XVH�
7KLV�LV�QRW�DQ�H[DFW�VFLHQFH��WKRXJK�LV�RIWHQ�WUHDWHG�DV�VXFK�E\�WKRVH�WKDW�GR�QRW�XQGHUVWDQG�WKH�SULQFLSOHV�RI�WKH
FDOFXODWLRQV�
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0������PP����� ������ U�������������� �����
6RLO�LQGH[���� ����� 6$$5��PP�\U���� �����
5HWXUQ�SHULRG� ����� :5$3����������� ��
8&:,����������� ����� &OLPDWH�FKDQJH� ���

L����5HODWLYHO\�LPSHUPHDEOH�VRLOV�LQ�ERXOGHU�DQG�VHGLPHQWDU\�FOD\V��DQG�LQ�DOOXYLXP��HVSHFLDOO\�LQ�HDVWHUQ�
(QJODQG�
LL���3HUPHDEOH�VRLOV�ZLWK�VKDOORZ�JURXQG�ZDWHU�LQ�ORZ�O\LQJ�DUHDV�
LLL��0L[HG�DUHDV�RI��SHUPHDEOH�DQG�LPSHUPHDEOH�VRLOV��LQ�DSSUR[LPDWHO\�HTXDO�SURSRUWLRQV�

5XQRII�IDFWRU��5)��� �������FDOFXODWHG�IURP��

�������5XQRII�IDFWRU� �������
3,03�����
62,/��������
8&:,������
�������ZKHUH
�������3,03� �,PSHUYLRXV�$UHD
�����,PSHUYLRXV�$UHD�3HUYLRXV�$UHD�
�������8&:,� �&DOFXODWHG�YDOXH�IRU�:HWQHVV�,QGH[

����'HVLJQ�GDWD��
,PSHUY��DUHD�������� �������Pð 3HUYLRXV�DUHD��������� ������Pð
7RWDO�DUHD��7$������ �������Pð (TXLY�DUHD������������ �������Pð��7$�[�5)��
0HDQ�GLVFK��UDWH� � �������O�V $UHDO�UHGXFWLRQ�IDFWRU� ������
$GGLWLRQDO�IORZ�������� ������O�V &OLPDWH�FKDQJH�IDFWRU�� ���

����&DOFXODWHG�GDWD��
7LPH�WR�PD[������� ��������PLQV &DOFXODWHG�VWRUDJH�YROXPH� ��������Pñ
5DLQIDOO�DW�PD[��� ������PP�KU $OORZHG�GLVFKDUJH�UDWH��� �������O�V
3LSHOLQH�VWRUDJH�� �����Pñ $YDLODEOH�0+�VWRUDJH������ �����Pñ
2IIOLQH�VWRUDJH��� �����Pñ

����)L[HG���KRXU�GDWD��
5DLQIDOO�HYHQW���� ���KRXUV &DOFXODWHG�VWRUDJH�YROXPH� ��������Pñ
5DLQIDOO�UDWH����� �������PP�KU $OORZHG�GLVFKDUJH�UDWH���� �������O�V

5DLQIDOO�LQWHQVLWLHV�FDOFXODWHG�XVLQJ�WKH�:DOOLQJIRUG�3URFHGXUH

����6WRUDJH�OHQJWKV�IRU�LQLWLDO�FDOFXODWLRQ��[���������������RU�����DV�DERYH�LI�UHTXLUHG����

���'LDP�������/HQ����'LDP�������/HQ �����2YRLG���������/HQ ��������%R[�FXOYHUW����/HQ
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([SODQDWRU\�QRWHV�IRU�3HDN�)ORZ�6WRUDJH
���7KLV�V\VWHP�XVHV�WKH�UDLQIDOO�LQWHQVLW\��GXUDWLRQ�FXUYH�FDOFXODWHG�XVLQJ�HLWKHU�WKH�:DOOLQJIRUG�RU�)(+�PHWKRG
����DV�VHOHFWHG�
���7KH�EDODQFH�LV�FDOFXODWHG�IURP�WKH�LQIORZ�PLQXV�WKH�RXWIORZ�
���7KH�VWRUDJH�YROXPH�LV�WKH�PD[LPXP�YDOXH�RI�WKH�EDODQFH�FXUYH�
���7KLV�PHWKRG�ZDV�GHVFULEHG�E\�'DYLV����������VHH�%XWOHU�	�'DYLHV���QG�HGLWLRQ��S���
���5HIHUHQFHV�WR�
VWRUP�GXUDWLRQ
�UHODWH�RQO\�WR�WKH�K\GURJUDSK�PHWKRG��TY��
���7KHUH�DUH�DOZD\V�����VWHSV�LQ�WKH�FDOFXODWLRQ�SURFHVV��WKXV�D�
UXQ
�WLPH�RI����KRXUV�ZLOO�EH�VDPSOHG�HYHU\�PLQXWH�

([SODQDWRU\�QRWHV�IRU�+\GURJUDSK�6WRUDJH
���7KH�XVHU�KDV�WKH�FKRLFH�RI�6XPPHU�RU�:LQWHU�FXUYHV
���7KH�PHDQ�LQWHQVLW\�YDULHV�ZLWK�WKH�GXUDWLRQ�RI�WKH�VWRUP�FXUYH
���7KHUH�DUH�DOZD\V�����VWHSV�LQ�WKH�FDOFXODWLRQ�SURFHVV��LUUHVSHFWLYH�RI�VWRUP�GXUDWLRQ�
���7KH�EDODQFH�LV�FDOFXODWHG�IURP�WKH�LQIORZ�PLQXV�WKH�RXWIORZ�
���7KH�VWRUDJH�YROXPH�LV�WKH�VXP�RI�WKH�EDODQFH�YDOXHV�IRU�HDFK�VWHS�
���9DU\LQJ�GXUDWLRQV�VKRXOG�EH�WULHG�WR�ILQG�WKH�PD[LPXP�VWRUDJH�YDOXH���WKLV�FDQ�EH�QDUURZHG�GRZQ�YHU\�FORVHO\�


0RGHOOLQJ�XVLQJ�WKH�IORZ�FKDUDFWHULVWLFV�RI�WKH�UHVWULFWRU�LV�DYDLODEOH�XVLQJ�9RUWH[�&RQWURO�PRGHOOLQJ�IXQFWLRQ�
3OHDVH�EH�DZDUH�WKDW�WKLV�IXQFWLRQ�QHHGV�WKH�IXOO�GHVLJQ�GDWD�ILOH�WR�IXQFWLRQ�

:K\�GR�WKH�WZR�PHWKRGV�JLYH�GLIIHUHQW�UHVXOWV"

7KH�UDLQIDOO�FKDUDFWHULVWLFV�IRU�HDFK�PHWKRG�DUH�YHU\�GLIIHUHQW�

7KH�3HDN�IORZ��XVLQJ�WKH�,QWHQVLW\�'XUDWLRQ�)UHTXHQF\�FXUYH��GRHV�QRW�PRGHO�WKH�DFWXDO�UDLQIDOO��7KLV�FXUYH�LV�MRLQHG
SRLQWV�ZKLFK�UHSUHVHQW�WKH�PHDQ��LQWHQVLW\�RI�D�VWRUP�DW�D�JLYHQ�GXUDWLRQ�L�H��D�YDOXH�RI������PP�KU�IRU�D����PLQXWH
VWRUP�LQGLFDWHV�WKDW�RYHU�WKH�VL[W\�PLQXWH�SHULRG��WKH�PHDQ�LQWHQVLW\�ZDV������PP�KU��7KH�FDOFXODWLRQ�PHWKRG�VDPSOHV
WKH�,')�FXUYH�IRU�D�JLYHQ�ORFDWLRQ�DQG�IUHTXHQF\��5HWXUQ�3HULRG��DQG�FDOFXODWHV�WKH�VWRUDJH�IRU�WKDW�UDWH�DQG�GXUDWLRQ
OHVV�WKH�RXWIORZ�YROXPH��7KH�PD[LPXP�YDOXH�LV�GLVSOD\HG�DV�WKH�
ZRUVW�FDVH
�VWRUDJH��7KH�RXWIORZ�YROXPH�LV�FRQVWDQW
WKURXJKRXW�WKH�SURFHVV�DW�WKH�VSHFLILHG�GLVFKDUJH�UDWH�

7KH�K\GURJUDSK�PHWKRG�XVHV�D�VWDQGDUG�FXUYH�IRU�HLWKHU�:LQWHU�RU�6XPPHU�VWRUPV��7UDGLWLRQDOO\�WKHVH�DUH�V\PPHWULFDO
DERXW�WKH�FHQWUDO�SHDN��8.�UDLQIDOO�GRHV��QRW�ILW�LQWR�WKLV�FRQYHQLHQW�FXUYH��VR�WKH�FDOFXODWLRQV�DUH�GHDOLQJ�ZLWK�D
VW\OLVHG�VHW�RI�GDWD��7KH�PHDQ�LQWHQVLW\�IRU�WKH�VWRUP�LV�FDOFXODWHG�IURP�WKH�,')�FXUYH�DQG�DSSOLHG�WR�WKH�FXUYH�GDWD�
FDOFXODWLQJ�WKH�VWRUDJH�IRU�WKDW�VWHS�OHVV�WKH�RXWIORZ�YROXPH��7KH�ILQDO�VWRUDJH�YROXPH�LV�WKH�VXP�RI�WKH�VWRUDJH�IRU
DOO�WKH�VWHSV�7KH�RXWIORZ�YROXPH�YDULHV�ZLWK�WKH�K\GUDXOLF�KHDG�RQ�WKH�FRQWURO�GHYLFH�XVLQJ�IORZ�HTXDWLRQV�SURYLGHG
E\�WKH�FRQWURO�PDQXIDFWXUHU���7KLV�LV�D�IDU�PRUH�DFFXUDWH�PHWKRG�WKDQ�WKH�SHDN�IORZ�PHWKRG�DQG�RIWHQ�UHVXOWV�LQ�ELJJHU
VWRUDJH�YROXPHV�

,W�FDQ�EH�VHHQ�WKDW�WKHVH�WZR�PHWKRGV�DUH�YHU\�GLIIHUHQW��DQG�WKH�XVHU�PD\�KDYH�WKH�FKRLFH�RI�ZKLFK�UHVXOW�WR�XVH�
7KLV�LV�QRW�DQ�H[DFW�VFLHQFH��WKRXJK�LV�RIWHQ�WUHDWHG�DV�VXFK�E\�WKRVH�WKDW�GR�QRW�XQGHUVWDQG�WKH�SULQFLSOHV�RI�WKH
FDOFXODWLRQV�



 

 

 




