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Executive Summary 

Cork County Council, acting as Agents for the Office of Public Works (OPW) has 
commissioned a project to develop a Flood Relief Scheme for Douglas. The 
preferred option for Togher, as recommended in the draft Lee Catchment Flood 
Risk Management Plan (CFRMP), will also be included in the Scheme. 

A detailed hydrological analysis has been undertaken to determine design flows 
for the Scheme. The analysis has applied a number of methods to establish a range 
of possible flood flows at various points in the study area.  

The outputs from this study will be used in the hydraulic modelling stage of the 
project. These key outputs are outlined below. 

A set of index flow (Qmed) estimates were produced for key points in the study 
area. Given that the catchments in the study area are small predominantly 
ungauged, it was considered important to compare the index flows estimated 
using a range of methods. The analysis is presented in Section 5. 

A rating review of the existing EPA hydrometric gauge at Cork Landfill was also 
carried out and a revised rating curve was generated. The revised rating curve was 
then used to update the high flow series at the gauge. The updated flows were then 
analysed to provide an alternative estimate of Qmed at the gauge site (HEP_08) of 
approximately 5m3/s. However, since the length of the gauge record is only four 
years, the confidence in the estimate produced by this method is low. 

Based on the index flows estimated, it is apparent that there is a wide range of 
flows which could be adopted for the study. It is acknowledged that each of the 
index flood estimation methods used contain a significant amount of uncertainty. 
This is in part due to the limited resolution of mapped and digital data, and also 
due to the fact that many methods are calibrated to large catchments. No single 
method is entirely suitable for the full range of catchment sizes in the study areas. 

Notwithstanding the above, and due to the uncertainty associated with the flow 
estimation, it was felt appropriate to adopt the FSU index flows, as they appear to 
be conservative, while still remaining reasonably consistent with other methods. 
The design index flows are shown in Table 34 below. 

A flood frequency analysis was carried out, which established a study growth 
curve and in turn a set of design peak flows. The adopted growth curve was 
produced using the FSU pooling group methodology. The analysis is presented in 
Section 6. The design flows are tabulated in the table below. 
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Table 1:  Design Flows 

Return 
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(years) 

Design Peak Flow (m3/s) 
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2 
(Qmed) 15.22 9.95 5.48 5.16 2.59 2.84 0.90 8.47 2.97 

5 20.39 13.33 7.34 6.91 3.47 3.81 1.20 11.35 3.98 

10 24.20 15.81 8.71 8.20 4.12 4.52 1.43 13.47 4.72 

25 30.44 19.89 10.96 10.31 5.18 5.68 1.80 16.95 5.94 

50 34.09 22.28 12.27 11.55 5.80 6.37 2.01 18.98 6.65 

100 38.96 25.46 14.03 13.20 6.63 7.28 2.30 21.69 7.60 

A design flood hydrograph shape was also established. The adopted shape was 
produced using the FSR unit hydrograph method. 
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1 Introduction 

1.1 Context 

The Office of Public Works (OPW) in partnership with Cork City and Cork 
County Councils have carried out a Catchment Flood Risk Assessment and 
Management (CFRAM) Study for the Lee Catchment, which included Douglas 
and Togher in the Tramore River catchment. The Draft Catchment Flood Risk 
Management Plan (CFRMP) which was published in February 2010 identified a 
preferred flood risk management option in Togher, but did not identify a scheme 
for Douglas. However, Douglas was badly affected by flooding in June 2012. 
Cork County Council, acting as Agents for the OPW has now commissioned a 
project to carry out the design of the recommended scheme in Togher and also to 
develop a Flood Relief Scheme for Douglas. The scheme will consist of: 

• Upgrading the existing culverts on the Tramore River between Lehenaghmore 
Industrial Estate and Greenwood Estate in Togher. 

• Flood alleviation measures along the Tramore River/Ballybrack stream as 
necessary to provide the required standard of protection to properties in 
Douglas. 

The project consists of five stages: 

• Stage I - Development of a number of flood defence options and the 
identification of a preferred Scheme.  

• Stage II - Public exhibition. 

• Stage III - Detailed design, confirmation and tender. 

• Stage IV - Construction. 

• Stage V - Handover of works.  

This Draft Hydrology report is produced as part of Stage I of the project. 

1.2 Scope 

The purpose of this report is as follows: 

• Review the hydrological analysis undertaken for the Lee CFRAM Study, and 
incorporate as appropriate. 

• Review the available records of historic flooding in the study area, in order to 
to inform the selection of design flows.  

• Review the stage-discharge relationship at Cork Landfill hydrometric station 
(19052). 

• Estimate flood flows and hydrograph shapes at key locations on the Tramore 
River and Ballybrack Stream for the design flood events using a range of 
methodologies including the Flood Studies Report, Flood Studies Update, etc. 
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1.3 Catchment Description 

1.3.1 General 

The study areas for the project are as follows.  

Area 1: The catchment of the Douglas River. The Douglas River is more 
commonly known as the Ballybrack Stream, and will be referred to as such in this 
report.  

Area 2: The length of the Tramore River between Lehenaghmore Industrial Estate 
and Greenwood Estate in Togher.  

The study areas are shown in Figure 1 and Figure 2 below. 

Figure 1:  Douglas Flood Relief Scheme (including Togher Culvert) Study Areas 
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Figure 2:  Study Area 2 – Togher Culvert 

 

Both study areas are located south of the Cork City South Ring Road. The 
Tramore River rises in the southwest of the catchment and flows eastwards into 
the Douglas River estuary, which discharges into Lough Mahon. A number of 
tributaries join the Tramore River, the largest of which is the Ballybrack Stream, 
which flows north through Douglas before joining the Tramore River in a 
culverted section at Douglas Village Shopping Centre. 

1.3.2 Topography 

The land in study area 1 (Ballybrack Stream catchment) generally slopes from 
south to north, before levelling out towards Douglas Village. The highest point in 
area 1 is at approximately 170mOD. Ground levels at the downstream end of the 
catchment in Douglas Village are typically circa 3.1mOD 

The land in study area 2 (Togher) slopes gently south to north, with a local low 
point of approximately 12.5mOD occurring in the centre of Togher at the northern 
end of the study area.  

1.3.3 Land Use 

The northern half of the greater Tramore catchment is largely urbanised as shown 
in Figure 3. The urbanised area comprises approximately 42% of the Tramore 
catchment. The southern half of the study area typically consists of agricultural 
land and one-off houses.  

Information sources: Ordnance Survey Discovery Series Mapping and OSi NTF 
data. 
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Figure 3:  Urbanised Catchment Area 

 

1.3.4 Geology and Soils 

The Geological Survey of Ireland (GSI) mapping, as shown in Figure 4 below 
indicates that the dominant rock type in the southern portion of study area 1 
comprises ‘Purple mudstone and sandstone’ (Ballytrasna Formation). Further 
north, the dominant rock type is ‘Sandstone with mudstone and siltstone’ (Gyleen 
Formation). To the north of this, the dominant rock type is classified as ‘Flaser-
bedded sandstone and minor mudstone’ (Old Head Sandstone Formation). Further 
north again, the dominant rock type is classified as ‘Flaser-bedded sandstone and 
mudstone (Cuskinny Member). 
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Figure 4:  GSI Bedrock Map 

 

1.3.5 Soils 

EPA/Teagasc soil mapping, as shown in Figure 5 below indicates that the 
dominant soil type in the upper part of the Tramore catchment consists of ‘Till 

derived chiefly from Devonian sandstones’. Made ground is the dominant soil 
type in the lower part of the catchment, which is associated with urbanised areas. 
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Figure 5:  Soils Map 
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2 Data Review 

2.1 Review of Historical Events 

2.1.1 National Flood Hazard Mapping Website 

The National Flood Hazard Mapping website operated by OPW 
(www.floodmaps.ie) has collated records of historic flooding events throughout 
Ireland. The website shows numerous historical flood events in both Douglas 
Village and in the vicinity of the Togher culvert, primarily related to the 2012, 
2009 and 2002 events. 

Copies of summary reports for Douglas and Togher from the floodmaps.ie 
website are included in Appendix A.  An extract from the reports is shown in 
Figure 6 below.  

Figure 6:  Extract from floodmaps.ie reports 
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2.1.2 Historic Maps 

Historic mapping was found to contain evidence of historical flooding in the study 
areas. The Ordnance Survey 6” map contains a reasonably detailed “extent of 
inundation” line along the Tramore River as far as the current day Cork Landfill.  
. The line indicates a wide floodplain upstream, which narrowed through Douglas 
before widening again as the Tramore River entered the Douglas River estuary.  

The Ordnance Survey 25” map shows areas of marshy ground along the left bank 
of the Ballybrack Stream between Church Road and Church Street (since filled 
in). The older 6” map suggests that this area was once a pond which fed a mill at 
the corner of Church Street and West Douglas Street. Refer to Figure 7 below for 
extracts from historic maps showing the above features. 

Figure 7:  Extract from Historic Maps 

 

2.1.3 Information Provided by Cork County Council & Office 

of Public Works 

Reports and other information on past flooding in the study areas were supplied 
by Cork County Council and the Office of Public Works (OPW). Anecdotal 
evidence from CCC staff suggests that Douglas experienced infrequent minor 
flooding in the past from backing-up/blockage at the entrance to the old 
Ballybrack culvert at Church Street. 

2.1.4 Information Provided by the Public 

A significant amount of information on flooding issues in the study areas was 
submitted by the public during the initial public consultation process. An analysis 
of the information submitted is included in the Project Constraints Study Report. 

2.1.5 Other Sources 

An internet search for evidence of historic flooding in Douglas was carried out.  
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The Dáil debate record from 10 November 1949 contains a reference that “heavy 
flooding occurs at frequent intervals at Douglas, County Cork, causing serious 
hardship and loss to the residents”. 

Foley, 1991 1 reports major flooding in Douglas in 1892, 1895 and 1947, each of 
which were preceded by a significant rainfall event. Foley also states that there 
were reports of “two feet of water on the surface of the ground” during the 1892 
event. 

2.1.6 Summary 

Based on the above review, a timeline of flood events in the study areas has been 
created and is summarised in Table 2 below.  

Table 2:  Timeline of major flood events in the study areas 

Date of Flood Event Mechanism Areas Affected 

29 & 30 December 2015 Fluvial Togher 

28 June 2012 Fluvial Togher, Douglas village 

December 2009 Fluvial Tramore River (Kinsale Road roundabout 
area only) 

27 November 2002 Fluvial Togher 

21 November 2002 Fluvial Togher, Douglas village 

3 December 2001 Fluvial Togher 

30 November 2000 Fluvial Togher 

5 November 2000 Fluvial Togher, Douglas 

1998 Fluvial Togher 

27 November 1953  (Date 
unconfirmed) 

Fluvial Douglas 

17 March 1947 Fluvial Togher, Douglas 

24 December 1895 Fluvial Douglas 

19 November 1892 Fluvial Douglas 

Historic recurring Fluvial / Tidal Tramore River downstream of current 
Cork landfill site, Douglas 

2.2 Review of Previous Studies 

2.2.1 Lee CFRAM Study 

The Lee Catchment Flood Risk Assessment and Management Study (CFRAMS) 
was commissioned by OPW in August 2006. The Lee CFRAMS covered the 
River Lee catchment and included the Tramore river catchment.  
 
 
 
 
                                                 
1 Foley, C. A History of Douglas, Cork, 1991  
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The study was commissioned as a means of understanding the flooding problem 
and managing the flood risk through the development of a Catchment Flood Risk 
Management Plan (CFRMP). The outputs from the Lee CFRAMS are available 
for download at www.leecframs.ie. 

Of particular importance in the context of this study is the Lee CFRAMS analysis 
of the flooding issue at Togher. This analysis recommended the option of a new 
culvert, which is to be developed as part of this study.  

The CFRAMS reports state that the new culvert was designed for the 1% AEP 
MRFS flow, including a 95% confidence factor. 
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3 Analysis of Hydrometric Data 

3.1 River Gauge Data 

3.1.1 Cork Landfill Gauge 

Within the Tramore River catchment, limited hydrometric data is available for 
analysis. There is a single hydrometric gauge (station 19052) on the Tramore 
River at Cork Landfill in operation since January 2010. The hydrometric station is 
located approximately 0.2km downstream of the South Link Road (N27) Bridge. 
This gauge is reviewed in detail in Section 4. 

3.1.2 Ballybrack Stream 

As part of this study, Cork County Council/OPW undertook to install a staff 
gauge at the entrance to the Ballybrack culvert. During the course of the project, 
EPA carried one spot flow measurement at this location at 11am on 14 March 
2014. A flow of 0.262m³/s was recorded. While the information from the gauge is 
useful, it was deemed inappropriate to consider it further as part of the hydrology 
study. 

3.2 Rainfall Data 

The Met Éireann rain gauge which of most relevance to the study is located at 
Cork Airport, immediately southwest of the Ballybrack catchment as shown in 
Figure 8 below. The gauge is at an elevation of 154mOD, and records hourly 
rainfall depths. 
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Figure 8:  Cork Airport Rain Gauge Location 

 

As recommended in the Lee CFRAMS, it is proposed to adopt the Flood Studies 
Update (FSU) rainfall data for use in the hydrological analysis. This research was 
undertaken by Met Éireann as part of work package 1.2 of the FSU, and produced 
a grid of parameters that summarise the rainfall depth-duration-frequency 
relationship, allowing estimation of point rainfall frequencies for a range of 
durations for any location in Ireland.
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4 Rating Review of Gauge 19052 

4.1 Introduction 

A rating review of the Cork Landfill Gauge (Station No. 19052) was carried out 
as part of this study. The gauge is maintained by the EPA/Cork City Council.  

The objective of the rating review was to revise the existing rating curve by 
extending it to highest recorded water level recorded at the gauge. This is to allow 
a Qmed value be estimated with improved confidence from the four years of data 
at the site.  

The rating review consisted of the following steps: 

• Collate and review the EPA data from the gauge. 

• Check for evidence of tidal influence at the gauge. 

• Develop a hydraulic model of the reach to simulate a series of flows through 
the reach. 

• Revise the rating curve based on the results of the hydraulic model. 

4.2 Gauge Description 

The gauge is located at Irish Grid coordinates E 168014m, N 69256m, 
approximately 250m downstream of the South Link Road Bridge and gauges a 
catchment area of approximately 9.9km2. Refer to Figure 9 showing a location 
plan for the gauge.  

The gauging site consists of a staff gauge, depth sensor and data logger located on 
the left bank approximately 5m upstream of a small weir. The weir is 6m long and 
approximately 0.64m high. At high flood flows the river can spill out onto the 
floodplain either side of the channel. The left overbank is relatively confined 
while the right overbank slopes gently away from the channel. 

The existing EPA rating curve was based on a curve fitted to spot gaugings taken 
at relatively low water levels at the gauge site. EPA advised that the rating is still 
under development and that flow data above 1.3m3/s has been extrapolated and 
therefore should be treated with extreme caution.  

The gauge records began in January 2010. The maximum recorded water level at 
the gauge is 0.982m above gauge zero, or 4m OD, and was recorded during the 
flood event of 28 June 2012. 

A photograph of the gauge site is shown in Figure 10. 
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Figure 9:  Location of Cork Landfill hydrometric station 

Figure 10:  Cork Landfill hydrometric station 
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4.3 Data Collection 

A site visit was initially carried out on 7 February 2014 to inspect the gauge and 
to develop an understanding of the local topography and flow regime.  

Data on the gauge was supplied by the EPA. The data consisted of: 

• Water depth recordings at 15 minute intervals, and associated estimated flows 
based on the EPA rating. The gauge data was recorded in 15 minute intervals 
with the majority of records classified as “Good” (the highest data quality 
rating on the EPA’s scale), and within the validated range of the rating curve. 
The data supplied had no gaps in the record. 

• 14 spot flow gaugings (all at relatively low flows). 

• EPA rating curve. 

• Information on gauge zero. Staff gauge zero was surveyed by the EPA to be 
3.018mOD (Malin). As part of this study, the gauge zero was surveyed as 
3.019mOD (Malin). Given the minor difference, and for consistency with the 
EPA gauge depth readings, a gauge zero of 3.018m OD was adopted.  

Data covering the February 2014 tidal flood events from the tidal gauges at 
Ringaskiddy and Tivoli were obtained from OPW and Port of Cork respectively. 

As part of the hydrographic survey carried out for the project, several cross 
sections and a longitudinal section of the gauge site were surveyed. This data was 
used to supplement the existing hydrographic survey data collected as part of the 
Lee CFRAMS. 

4.4 Tidal Influence on the Gauge 

Due to the low elevation of the gauge, (gauge zero is 3.018m OD Malin) there 
were concerns that the gauge record could potentially have been influenced by 
extreme tides.  

The period that was examined for tidal influence was 3-4 February 2014. During 
this period, a tidal flood event occurred which was the largest since Cork Landfill 
gauge records began.  

Data from the tidal gauge at Ringaskiddy was plotted against the recorded water 
levels at the Cork Landfill gauge for comparison. Figure 11 shows the recorded 
levels at both gauges. (Levels recorded by the tidal gauge at Tivoli were also 
checked and found to be very close to the Ringaskiddy levels).  
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Figure 11:  Water levels at the Cork Landfill Gauge and Ringaskiddy Tidal Gauge 

 

On the above graph, it can be seen that the peak water level recorded at the Cork 
Landfill gauge is reasonably close in timing to that of the tidal peak. However, the 
river gauge water levels do not appear to match the tidal pattern over the course of 
the flood event (note that the river level temporarily falls as the tide is still rising). 
Furthermore, the tide level did not rise above the crest of the weir at the gauge site 
(2.9mOD). 

From the analysis carried out it was deemed likely that the Cork Landfill gauge 
peak on 4 February was solely due to high flows in the Tramore River. Therefore, 
given that the tide levels on 4 February 2014 were the highest for the period of the 
gauge record, it is reasonable to assume that the gauge has not been tidally 
influenced for the duration of the record. However, it is possible that tide levels 
higher than the February 2014 event could influence water levels at the gauge site. 

4.5 Review of EPA Rating 

The EPA have developed their own rating curve for the Landfill site gauge. It is 
based on the 14 spot gauging recorded at the gauge. The rating curve comprises of 
2 separate segments: 

Q = 27.1074*(h)^2.6052: for 3.099m ODM – 3.235m ODM : 
Q = 11.0323*(h)^2.0168: for 3.235m ODM – 3.373m ODM :  

This rating curve is plotted in Figure 12 along with the spot gaugings and gauge 
cross section. It is clear from the figure that the highest recorded spot reading is in 
fact a relatively low water level in the cross section (3.373m ODM). The EPA 
rating curve beyond this elevation is an extrapolation. 
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Figure 12:  EPA rating curve and spot gaugings plotted against the gauge cross section 

 

4.6 Hydraulic modelling and Development of Revised 
Rating Curve 

A hydraulic model of the Tramore River was developed as part of the Lee 
CFRAM. We have taken this model and made a number of modifications to it to 
develop our rating review model. The modifications included:  

• Additional cross sectional data from the infill and validation survey was added 
to it. 

• The parameters of the model were revised and updated. 

• The geometry of a number of cross sections were modified. 

The model reach extends from cross section 6TRA_3397 (just downstream of the 
N25 Bridge) to section 6TRA_619 (just upstream of the N25 Bridge) at Douglas 
village (see the following figure). The model build follows the best practice 
guidelines as described in ‘Extension of Rating Curves at Gauging Stations Best 
Practice Manual, D M Ramsbottom and C D Whitlow’, EA 2003. 

The model was calibrated against three of the EPA spot gaugings:  

• The spot gauging associated with the lowest recorded water level (Q=0.04 
m3/s; WL = 3.099 mOD Malin). 

• The spot gauging associated with the mid-range recorded water level (Q=1.37 
m3/s; WL = 3.373 mOD Malin). 

• The spot gauging associated with the highest recorded water level (Q=0.52 
m3/s; WL = 3.236 mOD Malin). 



Cork County Council Douglas Flood Relief Scheme (Including Togher Culvert)
Hydrology Report

 

234335-00 | Issue | 19 May 2017 | Arup 

\\GLOBAL\EUROPE\CORK\JOBS\234000\234335-00\4. INTERNAL PROJECT DATA\4-04 REPORTS\4-04-03 INFRASTRUCTURE\01_HYDROLOGY 

REPORT\FINAL_WEBSITE\234335-00_HYDROLOGY REPORT_ISSUE 1.DOCX 

Page 20

 

For each of the calibration runs, the recorded flow from the spot gauging was used 
as the upstream boundary condition of the model. A normal depth boundary was 
used as the downstream boundary condition of the model. It was situated far 
enough downstream of the gauge in the model to ensure it did not affect water 
levels at the gauge. The model was run with steady state boundary conditions. 

The water level at the location of the gauge in the model was then compared with 
the recorded water level from the spot gaugings. 

The results of the calibration are presented in Table 3. As can be seen from the 
results, the modelled water level closely matches the spot gauging water levels. 

Table 3:  Model Calibration 

Q (m3/s) 

WL from model 

(m ODM) 

WL  

(spot gaugings - m ODM) 

0.04 3.099 3.099 

0.52 3.23 3.236 

1.37 3.37 3.373 

Ideally the model would also be calibrated against higher water level spot 
gaugings. This data however is not available for this gauge as it has not been 
collected by the EPA as part of their operation of the gauge. 

In order to extend the existing rating curve beyond the current EPA rating, the 
hydraulic model was run with a number of flows ranging from 1m3/s to 12m3/s. 
The model results are presented in the following table and a plot of the data 
against the EPA spot gaugings is presented in the figures below. The good 
calibration between the spot gaugings and model is evident from the plot. 

Table 4:  Hydraulic Model Results 

Q m3/s WL at gauge - m ODM 

0.04 3.10 

0.52 3.23 

1.00 3.30 

1.37 3.37 

2.00 3.42 

3.00 3.52 

4.00 3.60 

5.00 3.68 

6.00 3.75 

7.00 3.82 

8.00 3.88 

9.00 3.94 

10.00 4.00 

11.00 4.05 

12.00 4.09 
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Figure 13:  EPA Spot Gauge Readings and the Results from the Hydraulic Model 

 

Deriving a rating curve based on the model results involves fitting a power-type 
equation to the data points. The results of this are presented in the following 
figure. It is evident from the plot that the revised rating curve is in fact very 
similar to EPA’s existing rating curve. 

Figure 14:  EPA Rating Curve and Revised Rating Curve 

 

The equation of the revised rating curve is as follows: 

Q(WL) = 28.005 * (WL-0)^2.6021 (lower segment of curve: 3.018 – 3.283mOD 
Malin) 
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Q(WL) = 10.576 * (WL-0)^1.8687 (higher segment of curve: above 3.283 mOD 
Malin. Note that the revised rating curve is only applicable up to the max 
modelled flow of 12m3/s which equates to an approximate level of 4.1mOD 
Malin) 

4.7 Summary 

A rating review of the Cork Landfill gauge was carried out. The review involved 
data collection, hydraulic modelling, and development of a revised rating curve 
for the gauge. Refer to Section 5.3, where the revised flows are used to develop 
estimates of Qmed at the gauging site. 

It should be noted that there is significant uncertainty associated with the revised 
rating, due to the short gauge record and lack of spot gaugings at high flows.  
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5 Estimation of Index Flood 

5.1 Overview 

In order to establish the existing flood risk and design flood defence measures, it 
is necessary to provide estimates of flood flows for a range of return periods, up to 
and including the 1% AEP fluvial flood event.  

This is typically achieved by calculating an index flood flow, and scaling it up by 
a flood frequency growth curve.  

As part of this study, a range of methods have been applied to give estimates of 
the index flood, namely: 

• Direct analysis of gauge data (refer to Section 5.3) 

• Flood Studies Update methods (refer to Section 5.4) 

• Flood Studies Report Statistical Method (refer to Section 5.5) 

• Flood Studies Report Rainfall-Runoff Method (refer to Section 5.6) 

• Institute of Hydrology Report No. 124 Method (refer to Section 5.7) 

• Modified Rational Method (refer to Section 5.8) 

The flow estimates produced by previous studies are included in Section 5.9. 

A discussion of the results of the analysis is presented in Section 5.10, followed 
by the selection of a set of design index floods in Section 5.11. 

5.2 Hydrological Estimation Points 

To carry out flood flow estimations, it is necessary to establish a number of 
Hydrological Estimation Points (HEPs) at appropriate locations along the 
watercourses. HEPs are typically located at confluences, and at the upstream and 
downstream ends of modelled watercourses. Hydrological analysis has been 
carried out on the catchments contributing to each HEP in order to calculate flows 
at each HEP. These HEPs also act as hydrological “check points” along a river’s 
course and are useful for integrating hydrology with the hydraulic modelling.  

The locations of each HEP are shown in Figure 15 and summarised in Table 5 
below. The typical arrangement of HEPs at a confluence is shown in Figure 16 
below. 
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Figure 15:  Hydrological Estimation Points 

 
 

Refer to 
Figure 16 
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Figure 16:  Arrangement of HEPs at confluences 
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Table 5:  HEP Locations 

HEP HEP Location Catchment 
Area (km2) 

Upstream 
Channel 
length (km) 

Easting (ING) Northing 
(ING) 

HEP_01 Downstream end of the Tramore Catchment 

 

22.03 7.57 170072.1 69715.6 

HEP_02 Tramore River, upstream of the confluence with the Ballybrack Stream 

 

13.53 7.24 169777.7 69514.1 

HEP_03 Ballybrack Stream, upstream of the confluence with the Tramore River 

 

7.45 3.88 169886.6 68580.2 

HEP_04 Ballybrack Stream, downstream of the confluence with the Grange Stream 

 

7.13 2.85 169890.2 68575.6 

HEP_05 Donnybrook stream, upstream of the confluence with the Grange Stream 

 

3.5 2.84 169777.3 69514.1 

HEP_06 Grange Stream, upstream of the confluence with the Donnybrook Stream. 

 

3.63 2.46 169897.1 68584.1 

HEP_07 Grange Stream, at the upstream end of the channel 

 

1.34 1.11 169375.3 67821.6 

HEP_08 Landfill Gauge on the Tramore River 

 

9.89 5.24 167981.4 69290.4 

HEP_09 Tramore River, Downstream end of the Togher Culvert 

 

3.79 2.86 165856.3 68818.3 
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5.3 Analysis of Gauge Data 

5.3.1 Introduction 

As outlined in section 4 of this report, a rating review of the Cork Landfill gauge 
was carried out in order to improve confidence in the high flow readings at the 
gauge. In this section, the revised rating curve will be used to develop estimates of 
Qmed. It should be noted that because the gauge record is so short, the confidence 
in the estimates produced by this method is very low. However, they serve as a 
useful check on the ungauged catchment flow estimations. For the purposes of 
this analysis, the following data series were extracted from the gauge records:  

• Annual maximum flood series (AMAX) 

• Peaks over threshold series (POT) 

5.3.2 AMAX Series 

There are three complete hydrometric years of data available at the gauge. Details 
of these years are set out in Table 6 below. The median annual flow (Qmed) of 
this series is 4.98m3/s. The mean annual flow of this series (Qbar) is 6.7m3/s. 

Table 6:  Amax series for Cork Landfill Gauge, Station 19052 

Hydrometric 
year 

Year start 
date 

Year end Date of 
highest flow 

Max water 
level (m OD) 

Max Flow 
(m3’s) 

2010 01/10/2010 30/09/2011 16/11/2010 3.680 4.89 

2011 01/10/2011 30/09/2012 28/06/2012 4.0 10.22 

2012 01/10/2012 30/09/2013 21/03/2013 3.686 4.98 

5.3.3 Peaks-Over-Threshold Series 

The peaks-over-threshold (POT) series consists of a series of flood flows that are 
greater than a selected threshold. The FEH and FSU both note that using the POT 
series method can provide a better estimate of Qmed when less than 14 years of 
gauged data is available. This is because the POT series can contain more floods 
than the AMAX series. 

The UK Flood Estimation Handbook (FEH) contains a methodology for 
estimating Qmed at a gauged site using a POT series. This method was applied to 
the Cork Landfill gauge records and is summarised below. 

Only three complete hydrometric years of data was available for the Cork Landfill 
gauge. However, the FEH states that for very short record lengths, the start/finish 
dates of the hydrometric years can be moved to provide an additional year of data, 
as a small amount of additional data can greatly enhance the analysis. Therefore, 
for this analysis, to provide four years of data, the hydrometric year was taken to 
start on 21 February. 
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Figure 17 below shows the complete flow for the record period as estimated by 
the revised rating with a threshold of 2.5m3/s marked along with the revised 
hydrometric years. 

Figure 17:  Complete flow record using revised rating equation for the revised 
hydrometric years 

A threshold of 2.5m3/s was set for the analysis. All 24 independent flood peaks 
which exceeded the selected threshold were identified, and ranked in descending 
order with the greatest peak being Q1, the next largest flood peak Q2 and so on 
down to Q16, the smallest flood peak exceeding the 2.5m3/s threshold. Table 7 
below shows the ranked POT series. 

Table 7:  Ranked POT Series 

Rank Flow (m3/s) Date Rank Flow (m3/s) Date 

1 10.22 28/06/2012 13 3.85 12/02/2014 

2 5.06 15/08/2012 14 3.66 28/07/2013 

3 4.98 21/03/2013 15 3.60 25/01/2013 

4 4.89 16/11/2010 16 3.51 28/08/2012 

5 4.73 11/10/2012 17 3.37 31/12/2013 

6 4.45 18/01/2013 18 3.27 15/06/2012 

7 4.34 19/12/2012 19 3.10 29/10/2010 

8 4.34 19/12/2013 20 3.05 29/11/2011 

9 4.24 14/06/2012 21 3.04 25/11/2012 

10 4.21 14/02/2014 22 3.01 30/09/2011 

11 3.96 23/10/2011 23 2.79 10/03/2013 

12 3.85 27/12/2010 24 2.67 17/11/2011   
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The index flood was calculated using the following equation (FEH equation 
12.13) 

���� = ��� + (1 − �)��
� 

Where: 

• Qi = the flood just larger than Qmed,  

• Qi+1 = the flood just less than Qmed  

• w = the weighted average of Qi and Qi+1.  

For four years of data, i = 3 and w = 0.298 (FEH table 12.1). 

Using this method, Qmed was calculated to be 4.92m3/s. 

Based on a record length of four years, the standard factorial error of the Qmed 
estimate (assuming a UK-average dispersion of floods) is 1.204 (FEH table 12.3).  

The range of flows predicted using the POT analysis is presented in Table 8 
below. 

Table 8:  POT Qmed Estimates 

Qmed 4.92 m3/s 

Qmed (68% confidence) 5.92 m3/s 

Qmed (95% confidence) 7.12 m3/s 

5.4 Flood Studies Update 

5.4.1 Introduction 

In 2005, the Office of Public Works (OPW) began the Flood Studies Update 
(FSU) Programme with the goal of developing new flood estimation methods for 
Ireland which could significantly improve the quality of flood estimation to aid 
flood risk management.  

At time of writing, the use of the FSU method is not yet widespread. However, it 
was deemed appropriate to apply the method in conjunction with the use of 
traditional methods. 

The following issues were identified with regards the applicability of the methods 
to this study: 

• OPW states that the FSU method is typically suitable for catchments greater 
than 25km2 in area. However, a recent paper2 prepared by OPW states that the 
method is also suitable for use in catchments as small as 5km2. Below this 
limit, the resolution of the underlying FSU data is expected to become a 
significant source of error; along with the fact that the FSU gauging stations 
are typically on much larger catchments (the median catchment area of the 
FSU stations is 215km2).  

                                                 
2 Fasil Gerbre & Oliver Nicholson, “Flood Estimation in Small and Urbanised Catchments in 

Ireland”, (2012) 
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• The hydrology study for the Lower Lee Flood Relief Scheme was ongoing at 
the time of preparation of this report. As part of the Lower Lee study, JBA 
Consulting (working as sub-consultants for Arup) carried out an analysis of 
four gauged catchments in the upper Lee catchment, and derived a standard 
adjustment factor for Qmed for the Lower Lee scheme. It was felt that the 
analysis for Douglas should take cognisance of any relevant results from that 
study. For further details, refer to section 5.4.3.3. 

• The findings of the Cork Landfill gauge rating review should be taken into 
account in determining the adjustment factor for the Qmed estimates. For 
further details, refer to section 5.4.3.2. 

5.4.2 FSU 7-variable Equation 

The FSU adopts the median annual flood, Qmed as the index flood. FSU Work 
package 2.3 contains a method to estimate Qmed using a regression equation 
which uses seven different physical catchment descriptors (PCD’s). The equation 
estimates Qmed for a rural catchment.  

��������� = 1.237	�	10������ .!"#$%&'()*'� .!++,����." -%��.+.+�#			 
/��&0/ ."1�		,1085 .�4�(1 + ��5/��&02) .1 4 

Where: 

• AREA is the catchment area (km2). 

• BFIsoils is the base flow index derived from soil data. 

• SAAR is long-term mean annual rainfall amount in mm. Data from Met 
Éireann 1981-2010 was used. 

• FARL is the flood attenuation by reservoir and lake. 

• DRAIND is the drainage density. 

• S1085 is the slope of the main channel between 10% and 85% of its length 
measured from the downstream end of the catchment (m/km). 

• ARTDRAIN2 is the percentage of the catchment river network included in the 
Drainage Schemes. 

The FSU 7-variable equation has a standard factorial error of approximately 1.37.  

The physical catchment descriptors used in the FSU index flow estimation for 
each HEP are detailed in Appendix B. 

Table 9 below summarises the Qmed estimated at each HEP using the FSU 7-
variable equation. 

Table 9:  FSU Qmed (rural) estimates 

Location Flow (m3/s) 

HEP_01 5.92 

HEP_02 3.80 

HEP_03 2.63 

HEP_04 2.56 
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Location Flow (m3/s) 

HEP_05 1.30 

HEP_06 1.40 

HEP_07 0.56 

HEP_08 3.15 

HEP_09 1.34 

5.4.3 Adjustment of Qmed (rural) Estimates 

FSU provides a method for improving the Qmed (rural) estimate at the subject site 
using a data transfer procedure. Several possible methods for carrying out the data 
transfer are outlined in the sections below. The data transfer procedures are also 
compared with the standard factorial error of the FSU 7-variable equation. 

5.4.3.1 FSU Pivotal Site Adjustment  

A pivotal site is a gauging station that is geographically close or hydrologically 
similar to the subject site. Ideally, a pivotal site will lie a short distance upstream 
or downstream from the subject site. The Qmed rural estimate at the subject site is 
adjusted as follows: 

Qmed at the pivotal site is estimated both from gauged records and using the FSU 
7-variable equation. From these an adjustment factor is established and applied to 
the Qmed estimate at the subject site. 

The FSU web portal (currently in beta stage) was used to identify candidate 
pivotal sites. Based on an assessment of hydrological and geographical similarity, 
station 19020 (Ballyedmond) was selected as the pivotal site for all HEPs. The 
Ballyedmond gauge is located approximately 20km north east of the Tramore 
catchment on the Owennacurra River and gauges a catchment area of 74km2 
which is primarily rural in nature. Gauge data (flow and water level) is available 
at Ballyedmond since 1977. 

The Ballyedmond AMAX series gives a Qmed estimate (gauged) of 23.16m3/s. 
Qmed (gauged) was then adjusted for standard error in accordance with FSU 
WP2.2, section 13.1. For 28 years of record, this gave a final Qmed (gauged) 
estimate at Ballyedmond of 24.74m3/s. Comparing this with a Qmed of 16.04m3/s 
calculated using the FSU equation, implies an adjustment factor of 1.54. 

5.4.3.2 Cork Landfill Gauge Adjustment  

In Section 5.3.3, Qmed at the Cork Landfill gauge was estimated using a peaks-
over-threshold method, resulting in a Qmed (gauged) estimate of 4.92m3/s. 
Comparing this with the FSU 7-variable estimate at HEP_08 (Qmed rural = 
3.15m3/s) implies an adjustment factor of 1.56. 
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5.4.3.3 Lower Lee FRS Adjustment  

As part of the Lower Lee Flood Relief Scheme, JBA established a Qmed 
adjustment factor based on four “standard” gauges in the Lee catchment. Gauges 
used excluded those which are influenced by a karst landscape, by hydraulic 
controls such as the operations of a dam, or by significant lake attenuation. The 
four gauges analysed, and their respective adjustment factors are as follows: 

Table 10:  Lower Lee FRS adjustment factors for “standard” catchments 

Station Station Number Lower Lee FRS 
Adjustment Factor 

Macroom (Sullane) 19031 1.69 

Healy’s Bridge 19015 1.53 

Kill (Laney) 19027 1.67 

Dripsey 19028 2.03 

Average catchment adjustment factor 1.73 

5.4.3.4 Standard Error Adjustment  

Given that the Ballybrack catchment and its subcatchments are small in the 
context of the FSU, discussions were held with OPW on the issue. OPW 
suggested that if the FSU method were to be applied to very small catchments 
(<5km2), it would be inappropriate to use a pivotal site to adjust Qmed, as the 
FSU gauged sites would be so dissimilar to the subject site.  

The normal standard factorial error of the FSU equation 1.37. However, a recent 
paper3 which analysed a set of small gauged catchments concluded that the FSU 
equation has a standard factorial error of 1.86 when applied to small catchments.  

5.4.3.5 Selection of Design Adjustment Factor 

The four possible adjustment factors identified are tabulated below: 

Table 11:  Possible FSU Qmed adjustment factors 

Method Factor 

Ballyedmond pivotal site 1.54 

Cork Landfill pivotal site 1.56 

Lower Lee FRS adjustment 1.73 

FSU standard factorial error 1.37 

FSU standard factorial error (small catchments) 1.86 

Given that each of the calculated adjustment factors are higher than the standard 
factorial error, it was not felt appropriate to adopt FSE in lieu of a data transfer 
adjustment, even for the smallest catchments under consideration. 

                                                 
3 Gebre, F. & Nicholson, O., Flood Estimation in Small and Urbanised Catchments in Ireland 

(2012) 
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While the Lower Lee adjustment factor serves as a useful check, no strong basis 
was found for adopting the factor for this study since the catchments used to 
derive the factor differ significantly from the subject site in terms of AREA, 
SAAR, etc. 

There is low confidence in the gauged flow estimate used to estimate the Cork 
Landfill adjustment factor, primarily due to the short length of gauge record. A 
further potential issue is the fact that the gauge record is significantly influenced 
by urbanisation in the upstream catchment. Therefore, deriving an adjustment 
factor based on a comparison with a Qmed (rural) estimate may not be 
appropriate. If the gauge record were to be adjusted to account for this influence, 
it is expected that the resulting adjustment factor would be significantly lower. 

Therefore, the adjustment factor of 1.54 calculated using the Ballyedmond pivotal 
site was adopted. 

Table 12 below sets out the index flood flows estimated at each HEP using the 
selected adjustment factor. 

Table 12:  Adjusted FSU Qmed (rural) estimates 

Location Flow (m3/s) 

HEP_01 9.14 

HEP_02 5.87 

HEP_03 4.07 

HEP_04 3.95 

HEP_05 2.01 

HEP_06 2.16 

HEP_07 0.87 

HEP_08 4.87 

HEP_09 2.07 

5.4.4 Adjustment for Urbanisation 

To estimate Qmed for a partly urbanised catchment, an urban adjustment factor is 
applied. The urban adjustment is as follows: 

6�% = (1 + 6�$�75)�.14+ 

����8�9�: = 6�%	�	��������� 
Where: 

UAF = Urban adjustment factor 

URBEXT = Fraction of urbanised area in the catchment 

The calculated urban adjustment factors are shown in Table 13. 
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Table 13:  FSU Urban Adjustment Factors 

Location 

Urban 

Adjustment 

Factor (UAF) 

HEP_01 1.66 

HEP_02 1.7 

HEP_03 1.35 

HEP_04 1.31 

HEP_05 1.29 

HEP_06 1.32 

HEP_07 1.04 

HEP_08 1.74 

HEP_09 1.5* 

* Includes an allowance for future urbanisation, based on lands zoned for development in the Cork 
County Development Plan. 

5.4.5 Summary 

Index flows were estimated using the Flood Studies Update ungauged catchment 
procedure and a set of index flows were produced.  

The results of the calculations are tabulated below. 

Table 14:  Adjusted FSU Qmed (urban) estimates 

Location Flow (m3/s) 

HEP_01 15.22 

HEP_02 9.95 

HEP_03 5.48 

HEP_04 5.16 

HEP_05 2.59 

HEP_06 2.84 

HEP_07 0.90 

HEP_08 8.47 

HEP_09 2.97 

5.5 Flood Studies Report Statistical Method 

The Flood Studies Statistical approach estimates the index flood (Qbar) using 
catchment characteristics in the absence of flow data. 

The FSR six-variable catchment characteristics equation for Ireland is: 

�;<=����� 	= >	����� .!�%' .++,?&.�.�4,����. �(1 + .�@�) .�-		 
Where: 

• For Ireland C = 0.00042  

• AREA is the catchment area (km2). 
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• FS (stream frequency) is the number of stream junctions per km2 on a 
1:25,000 scale map. 

• S1085 is the slope of the main channel between 10% and 85% of its length 
measured from the downstream end of the catchment (m/km). 

• SAAR is long-term mean annual rainfall amount in mm. Data from Met 
Éireann 1981-2010 was used. 

• SOIL is an index of how the soil may accept infiltration and is a measure of 
the Winter Rainfall Acceptance Potential (WRAP). The index is based on five 
classifications. The fraction of catchment in each of the five soil classes is 
calculated, from this the SOIL index is calculated by the formula: 

,?&. = 0.15	,?&.1	 + 	0.3	,?&.2	 + 	0.4	,?&.3	 + 	0.45	,?&.4	
+ 	0.5	,?&.5 

where SOILn is the fraction of the catchment in WRAP class n 

• LAKE is an index defined as the fraction of catchment draining through lakes 
or reservoirs and the areas contributing to lakes whose surface area exceeds 
1% of the contributing area is recorded. 

The FSR equation has a standard factorial error of approximately 1.5.  

The catchment characteristics used in the FSR statistical method for index flow 
estimation for each HEP are detailed in Appendix B. 

An adjustment for urbanisation is then applied to QbarRural to get QbarUrban 

Table 15 below sets out the index flood flows estimated at each HEP using the 
FSR Statistical method. 

Table 15:  Qbar (urban) using FSR Statistical Method  

Location Flow  

Qbar urban 
(m3/s) 

Qbar (68% 
confidence) (m3/s) 

HEP_01 8.69 13.03 

HEP_02 5.53 8.29 

HEP_03 3.47 5.21 

HEP_04 3.35 5.03 

HEP_05 1.55 2.33 

HEP_06 1.94 2.91 

HEP_07 0.63 0.94 

HEP_08 4.32 6.48 

HEP_09 1.66 2.49 

5.6 Flood Studies Report Rainfall-Runoff Method 

The rainfall-runoff method uses a unit hydrograph model to transform rainfall of a 
given return period into a runoff hydrograph (given assumed antecedent 
catchment wetness conditions).  



Cork County Council Douglas Flood Relief Scheme (Including Togher Culvert)
Hydrology Report

 

234335-00 | Issue | 19 May 2017 | Arup 

\\GLOBAL\EUROPE\CORK\JOBS\234000\234335-00\4. INTERNAL PROJECT DATA\4-04 REPORTS\4-04-03 INFRASTRUCTURE\01_HYDROLOGY 

REPORT\FINAL_WEBSITE\234335-00_HYDROLOGY REPORT_ISSUE 1.DOCX 

Page 36

 

The model assumes that the designed rain storm falls over the entire catchment 
area over a critical duration, with a specified profile. For this study, rainfall-runoff 
models were developed for each HEP.  

In addition to the rainfall statistics, there are three key parameters in the rainfall-
runoff model; the time to peak (which controls the rise of the hydrograph), the 
Standard Percentage Runoff (which controls the volume of runoff) and the 
Baseflow (which represents the antecedent conditions). These parameters have 
been estimated from topographical and hydrological maps for the catchments in 
this study. 

The rainfall-runoff model produces an estimate of the design flood hydrograph, 
rather than just a peak flow estimate. 

The FSR 75% winter storm profile was applied to rural catchments, i.e. those with 
an urban fraction of less than 0.25. The 50% summer profile was applied to urban 
catchments, i.e. with an urban fraction of greater than 0.25 (HEP_01, HEP_02, 
HEP_08), as is recommended in the FSR. 

The catchment characteristics used in the FSR rainfall-runoff method for Q100 for 
each HEP are detailed in Appendix B. 

Table 16 below outlines the Qbar estimates from the FSR Rainfall-Runoff 
method. 

Table 16:  Qbar Estimates using FSR Rainfall-Runoff Method 

Location Flow (m3/s) 

HEP_01 13.19 

HEP_02 10.13 

HEP_03 5.24 

HEP_04 5.20 

HEP_05 2.49 

HEP_06 2.63 

HEP_07 1.00 

HEP_08 7.76 

HEP_09 3.43 

5.7 Institute of Hydrology Report No. 124 

The Institute of Hydrology Report No. 124 (IH124) is applicable to small rural 
catchments (<25km2). The runoff estimate (QbarRural) can be extended to estimate 
runoff from a partially urban catchment, QbarUrban. 

�;<=����� = 0.00108	����� .4!,?&.�+.�#,����.�#																						 

QbarFGHIJ = QbarKLGIM	(1 + URBAN)+ST U1 + URBANV 21
CIND − 0.3Z[ 

 



Cork County Council Douglas Flood Relief Scheme (Including Togher Culvert)
Hydrology Report

 

234335-00 | Issue | 19 May 2017 | Arup 

\\GLOBAL\EUROPE\CORK\JOBS\234000\234335-00\4. INTERNAL PROJECT DATA\4-04 REPORTS\4-04-03 INFRASTRUCTURE\01_HYDROLOGY 

REPORT\FINAL_WEBSITE\234335-00_HYDROLOGY REPORT_ISSUE 1.DOCX 

Page 37

 

Where   

• >&0/ = 102.4,?&. + 0.28(>\& − 125). 
• AREA is the catchment area (km2). 

• SOIL is an index of how the soil may accept infiltration and is a measure of 
the Winter Rainfall Acceptance Potential (WRAP). The index is based on five 
classifications (very high, high, moderate, low and very low WRAP). The 
fraction of catchment in each of the five soil classes is calculated, from this the 
SOIL index is calculated by the formula: 

• ,?&. = 0.15	,?&.1	 + 	0.3	,?&.2	 + 	0.4	,?&.3	 + 	0.45	,?&.4	 +
	0.5	,?&.5 

• where SOILn is the fraction of the catchment in WRAP class n 

• SAAR is long-term mean annual rainfall amount in mm. Data from Met 
Éireann 1981-2010 was used. 

• URBAN is the proportion of urbanised area within the catchment. 

• CWI is the Catchment Wetness Index (mm). 

And 0> = 0.92 − 0.00024,��� for SAAR between 500mm and 1100mm 

0> = 0.74 − 0.000082,��� for SAAR between 1100mm and 3000mm 

The IH124 equation has a standard factorial error of approximately 1.65 

The catchment characteristics used in the IH124 method for index flow estimation 
for each HEP are detailed in Appendix B. 

Table 17 below sets out the index flows using IH124 methodologies. 

Table 17:  Qbar using IH124 Methodology 

Location Flow 

Qbar urban 
(m3/s) 

Qbar urban (68% 
confidence) (m3/s) 

HEP_01 6.82 11.26 

HEP_02 4.88 8.05 

HEP_03 1.98 3.26 

HEP_04 1.84 3.04 

HEP_05 0.98 1.61 

HEP_06 0.99 1.64 

HEP_07 0.28 0.46 

HEP_08 3.37 5.57 

HEP_09 1.20 1.98 

5.8 Rational Method 

Given the limitations of the FSU and FSR when applied to small catchments such 
as the Ballybrack, it was considered prudent to carry out a check using an 
alternative flood estimation method.  
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Therefore, the rational method was applied to the following subcatchments on the 
Ballybrack Stream: HEP_03, HEP_04, HEP_05, and HEP_06. 

The rational method is normally applied to small urban catchments. The method is 
traditionally used for estimating storm sewer sizes, by calculating a peak flow by 
using catchment runoff coefficients, a routing coefficient, rainfall intensity and the 
catchment area.  

The subcatchments of the Ballybrack Stream are all larger than the catchment size 
typically used when applying the rational method, and also contain significant 
areas of non-urban land. It is acknowledged that this method inherently contains a 
significant level of uncertainty. 

Rainfall intensity for the critical storm duration was estimated using Met Éireann 
rainfall data of Depth-Duration-Frequency.  

� = 0.278>)� 

Where: 

• Q is flow in m3/s 

• C is the runoff coefficient 

• i is the rainfall intensity (mm/hr) 

• A is the catchment area in km2. 

Runoff coefficients for each HEP were estimated using the breakdown of land 
usage contained in OSi NTF data. Land use categories and their assigned runoff 
coefficients are detailed in Table 18 below. The catchment characteristics and 
runoff coefficients used in the rational method for index flow estimation for each 
HEP are detailed in Appendix B. 

Table 18:  Runoff Coefficients 

Group NTF Feature Name Runoff Coefficient (C) 

Average Max  

F
or

es
tr

y 

Deciduous forestry 0.15 0.25 

Coniferous forestry 0.15 0.25 

Mixed forest 0.15 0.25 

R
oa

ds
 

National primary route 0.825 0.95 

National secondary route 0.825 0.95 

Regional road network 0.825 0.95 

Third class road network  0.825 0.95 

Fourth class road network  0.825 0.95 

O
pe

n 
sp

ac
es

 

Open spaces 0.175 0.25 

Special facility 0.21 0.35 

Cemetery  0.175 0.25 

B
ui

ld
in

gs
 Dwelling house 0.4 0.5 



Cork County Council Douglas Flood Relief Scheme (Including Togher Culvert)
Hydrology Report

 

234335-00 | Issue | 19 May 2017 | Arup 

\\GLOBAL\EUROPE\CORK\JOBS\234000\234335-00\4. INTERNAL PROJECT DATA\4-04 REPORTS\4-04-03 INFRASTRUCTURE\01_HYDROLOGY 

REPORT\FINAL_WEBSITE\234335-00_HYDROLOGY REPORT_ISSUE 1.DOCX 

Page 39

 

Group NTF Feature Name Runoff Coefficient (C) 

Average Max  

Other general buildings 0.85 0.95 

Glasshouses 0.85 0.95 

O
th

er
 Land parcel - urban 0.3 0.35 

Land parcel - rural 0.35 0.5 

The proportional area of each feature code per catchment was calculated and the 
runoff coefficients weighted accordingly. The resulting runoff coefficients for 
each catchment are shown in Table 19 below. 

Table 19:  Catchment - Average Runoff Coefficients 

  
Rational Method - Runoff 
Coefficients 

HEP C(ave) C(max) 

03 0.37 0.5 

04 0.37 0.5 

05 0.36 0.49 

06 0.38 0.51 

09 0.4 0.53 

Design rainfall depths were estimated as follows: 

• The time of concentration (Tc) for each HEP was estimated using the 
Bransby-Williams formula: 

5^ = .
/ � .1, .+ 

Where: 

• Tc = time of concentration (hours) 

• L = Length of main channel (km) 

• S = Channel slope 

• A = Catchment area (km2) 

D is the diameter of a circle whose area is equal to the catchment area 

The estimated times of concentration for each HEP are included in Appendix 
B. As a check on the estimated times, the Cork Airport rain gauge records 
were compared with the flows recorded at the Cork Landfill gauge for the 
June 2012 event. The “lag” between the peak rainfall and the peak flow at the 
gauge was found to be approximately 2 hours, which is in reasonable 
agreement with the estimated Tc at the gauge location. 
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• Rainfall depths for durations corresponding to the Tc for each catchment were 
then taken from the Met Éireann depth-duration-frequency GIS dataset. 

• An areal reduction factor was then applied to the rainfall in accordance with 
FSR procedures. This areal reduction factor transforms the rainfall intensity 
for a single point in the catchment, to a uniform distribution throughout the 
catchment. 

Table 20 below sets out the index flow using the Rational Method with both the 
“average” runoff coefficient applied, and the “maximum” runoff coefficient 
applied. 

Table 20:  Qmed using the Rational Method 

Location Flow 

Qmed (m3/s) 
(average Cv) 

Qmed (m3/s) 
(Max Cv) 

HEP_03 8.1 10.9 

HEP_04 9.1 12.3 

HEP_05 4.1 5.5 

HEP_06 4.7 6.3 

HEP_09 4.1 5.5 

5.9 Previous Studies 

5.9.1 Lee CFRAMS 

The hydrological schematisation of the Tramore catchment used in the Lee 
CFRAMS is shown in Figure 18 below. The flows for each of the subcatchments 
are tabulated in Table 21 below, along with the sum of flows, which would be 
roughly equivalent to the flow at HEP_01. (Note that the peak flows from the 
subcatchments would not necessarily coincide at this location at the same time, 
therefore this value should be treated with caution) 
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Figure 18:  Lee CFRAMS hydrological schematisation 

 
Table 21:  Lee CFRAMS Design Index Flows 

Sub Catchment 

Existing Conditions 

Duration (hr) Qmed (m3/s) 

tran1 7 4.16 

tran2 3 1.20 

tran3 5 1.45 

tran4 3 2.02 

tran5 5 2.60 

Sum of flows 

(approximately equivalent to flow at HEP_01) 11.43 

5.9.2 Douglas Village Shopping Centre Section 50 

As part of the design of the upgraded Tramore/Ballybrack culverts under the 
redeveloped Douglas Village Shopping Centre, a detailed hydrological analysis 
was carried out to satisfy the requirements of Section 50 of the Arterial Drainage 
Act. For this analysis, flows were estimated at three points: 

• The downstream end of the Ballybrack Stream. 

• The Tramore River just upstream of the confluence with the Ballybrack 
Stream. 

• The total Tramore River catchment. 

The calculated index flows are presented in Table 22 below. 
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Table 22:  DVSC Section 50 Index Flows 

Catchment 
Qbar (rural) 
(m3/s) 

Qbar (urban) 
(m3/s) 

Tramore 3.5 7.2 

Ballybrack 2 3.2 

Total Tramore Catchment 5.2 10.1 

5.10 Comparison of Results 

Given that the catchments in the study area are small predominantly ungauged, it 
was considered important to compare the index flows estimated using a range of 
methods. 

It is acknowledged that each of the flood estimation methods used in this study 
contain a significant amount of uncertainty. This is in part due to the limited 
resolution of mapped and digital data, and also due to the fact that many methods 
are calibrated to large catchments.  

The various estimated index flows are tabulated below: 

Table 23:  Comparison of Index Flow Estimates 

Location Qbar urban (m3/s) Qmed urban (m3/s) 

FSR - 
Stat 

FSR - 
RR 

IH124 DVSC  

Section 50 

FSU Rational 
(average C to 
maximum C) 

POT 
(Landfill 
gauge 

Lee 
CFRAMS 

HEP_01 8.69 13.19 6.82 10.1 15.22     11.43 

HEP_02 5.53 10.13 4.88 7.2 9.95       

HEP_03 3.47 5.24 1.98 3.2 5.48 8.1 – 10.9     

HEP_04 3.35 5.20 1.84   5.16 9.1 – 12.3     

HEP_05 1.55 2.49 0.98   2.59 4.1 – 5.5     

HEP_06 1.94 2.63 0.99   2.84 4.7 – 6.3     

HEP_07 0.63 1.00 0.28   0.90       

HEP_08 4.32 7.76 3.37   8.47   4.92   

HEP_09 1.66 3.43 1.20  2.97 4.1 – 5.5   

5.11 Selection of Design Index Flows 

The estimation of index flows using a variety of methods has highlighted that 
there is a wide range of index flows which could be adopted. No single method is 
entirely suitable for the full range of catchment sizes in the study areas.  
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Notwithstanding the above, and due to the uncertainty associated with the flow 
estimation, it was felt appropriate to adopt the FSU flows, as they appear to be 
conservative, while still remaining reasonably consistent with other methods. 

Table 24:  Adopted Design Index Flows 

Location Qmed urban (m3/s) 

FSU 

HEP_01 15.22 

HEP_02 9.95 

HEP_03 5.48 

HEP_04 5.16 

HEP_05 2.59 

HEP_06 2.84 

HEP_07 0.90 

HEP_08 8.47 

HEP_09 2.97 
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6 Flood Frequency Analysis 

6.1 Introduction 

Once the index flood has been calculated, a growth curve must then be established 
in order to allow estimation of flows at higher return period events.  

6.2 FSU Pooling Group 

The FSU growth curve is developed by using a pooling group of gauged 
catchments selected by their similarity with the subject catchment. A detailed 
pooling group calculation is included in Appendix B.  A summary of the 
procedure is outlined below. 

It was deemed appropriate to carry out the pooling group analysis at two HEPs: 
HEP01 and HEP03.  

In accordance with the FSU, the pooling group stations were selected using a 
measure of similarity indicator (dij). The indicator is based on three physical 
catchment descriptors, AREA, SAAR and BFISOILS. Equation 10.2 of FSU 
Work Package 2.2 was used to calculate the similarity of all FSU gauging stations 
to the subject site. The gauges were then ranked in order of similarity from the 
most similar gauge to the least similar gauge.  

A screening exercise was then carried out on the gauges. Only gauges which were 
classified with either an A1 or an A2 rating in the FSU dataset were included in 
the pooling groups. Gauges in catchments containing significant Arterial Drainage 
Schemes were excluded, along with catchments containing regionally important 
aquifers.  

The FSU recommends that a pooling group contains 5T years of data, where T is 
the return period of interest. As the 1 in 100 year flood is of interest to this study, 
500 years of data was included in the initial pooling groups. 

The growth curve was estimated from the annual maxima datasets for each gauge 
in the pooling group using WINFAP-FEH software to fit distributions by the L-
median method. Some modifications to the standard FEH approach were 
necessary to adapt to the FSU method, including the following: 

• It is standard FEH procedure to reject sites that have URBEXT >0.05, and it 
would appear logical that this should be the case in the FSU process. 
However, there is no reference to such a procedure in the FSU guidance. OPW 
stated that there are not enough urbanised catchments in Ireland on which to 
formulate a rule similar to FEH. Therefore, to address this particular point, 
sensitivity analyses were carried out for the growth curves, including and 
excluding the urbanised sites. 

Goodness of fit measures suggested that the Generalised Extreme Variable (GEV) 
and Pearson Type III distributions give the best fit to the data. Of these, FSU 
recommends use of the GEV. 
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The resulting growth curve fittings are as follows: 

Table 25:  Summary of FSU pooling group growth curves 

 Growth Factors 

Return period 
(years) 

HEP_01A 

(excluding 
urban sites) 

HEP_01B 

(including 
urban sites) 

HEP_03A 

(excluding 
urban sites) 

HEP_03B 

(including 
urban sites) 

2 1 1 1.00 1 

5 1.21 1.23 1.24 1.34 

10 1.36 1.39 1.42 1.59 

25 1.57 1.60 1.70 1.95 

50 1.74 1.77 1.94 2.24 

100 1.92 1.93 2.21 2.56 

It can be seen that growth curves 1A and 1B are relatively insensitive to the 
presence of urbanised sites in the pooling group. However, growth curves 3A and 
3B are more sensitive to the presence of urbanised sites, affecting the 100 year 
event by a factor of 1.16. This is contrary to the conventionally predicted 
influence of urbanisation, which is that it should flatten the growth curve, not 
steepen it (this is due to the lack of storage in the system, so the growth curve is 
much closer related to the rainfall DDF). 

6.3 Growth Curve from FSR Rainfall-Runoff Model 

The rainfall-runoff model was run for a range of return period at each HEP 
location to derive a growth curve based on the modelling results. This growth 
curve reflects the rainfall statistics in the catchment, and the results of this can be 
seen in Table 26 below. 

It was found that the models produce similar growth curves for each sub-
catchment. Therefore a catchment average growth curve is presented below. 

Table 26:  Growth Curve (Q/Qbar) derived from the FSR Rainfall-Runoff Model 

 
 

 
 
 
 
 
 
 
 
 

For comparison purposes, the above growth curve was re-indexed to Qmed, 
assuming a 5% difference between Qbar and Qmed. See Table 27:  Approximate 
FSR Rainfall-Runoff Growth Curve (Q/Qmed)Table 27 below. 

Return Period 
(years) 

Catchment 
Average 
Growth factor 

2.34 1 

5 1.39 

10 1.62 

25 2.03 

50 2.35 

100 2.67 



Cork County Council Douglas Flood Relief Scheme (Including Togher Culvert)
Hydrology Report

 

234335-00 | Issue | 19 May 2017 | Arup 

\\GLOBAL\EUROPE\CORK\JOBS\234000\234335-00\4. INTERNAL PROJECT DATA\4-04 REPORTS\4-04-03 INFRASTRUCTURE\01_HYDROLOGY 

REPORT\FINAL_WEBSITE\234335-00_HYDROLOGY REPORT_ISSUE 1.DOCX 

Page 46

 

Table 27:  Approximate FSR Rainfall-Runoff Growth Curve (Q/Qmed) 

Return Period 
(years) 

Approximate 
Catchment Average 
Growth factor 

2 1 

5 1.46 

10 1.7 

25 2.13 

50 2.47 

100 2.8 

6.4 FSR Regional Growth Curve 

The FSR provides a regional growth curve for Ireland, which may be applied to 
any river in the country to produce an estimate of flow for a given return period. 
The growth curve ordinates for the FSR regional growth curve for Ireland are 
given in Table 28 below.  

Table 28:  FSR Irish Regional Growth Curve 

Return period 
(years) 

FSR Irish Regional 
(1975) (QT/Qbar) 

2 0.95 

5 1.20 

10 1.37 

25 1.60 

50 1.77 

100 1.96 

6.5 Growth Curves from Previous Studies 

6.5.1 Lee CFRAM Study Growth Curve 

The Lee CFRAM Study used gauges within its study area for a pooled gauge 
analysis with a total record length of 157 years, producing a growth curve up to 
the 1 in 40 year event. The growth curve developed for the Lee CFRAM Study 
was found to have a close correlation with the FSR Ireland growth curve up to the 
1 in 50 year event. Based on this, the Lee CFRAM Study used a pooled growth 
curve up to the 1 in 50 year event, and the FSR Ireland growth curve for events 
with a greater return period. Table 29 shows the Lee CFRAM Study Growth 
Curve. 
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Table 29:  Lee CFRAM Study Growth Curve 

Return Period 
(Years) 

Lee CFRAM Study 
Growth Curve 
(QT/Qmed) 

2 1.00 

5 1.30 

10 1.40 

20 1.60 

50 1.90 

100 2.10 

6.5.2 DVSC Section 50 Growth Curve 

The DVSC section 50 application utilised the FSR Irish Regional growth curve as 
shown in Section 6.4.  

The design flows for the DVSC culverts are shown in Table 30 below. 

Table 30:  DVSC Section 50 flows 

Return Period 

Design Peak Flow (m3/s)  

Total  

(similar to 

HEP_01) 

Tramore  

(similar to 

HEP_02) 

Ballybrack  

(similar to 

HEP_03) 

1 in 100 year + factorial standard error 37 26 12.3 

1 in 100 year + climate change + 
factorial standard error 

44.4 31.2 14.7 

6.6 Selection of Design Growth Curve 

As recommended in the FSU, and in order to avoid possible contradictions in 
growth curves, a single growth curve was adopted for the study. Growth curve 
HEP_03B was selected as it reflects the expected steeper growth curve of the 
smaller catchments such as the Ballybrack. While there are potentially some 
issues with the inclusion of urbanised sites as noted above, in the absence of 
further guidance it was deemed appropriate to adopt the more conservative curve. 

Table 31:  Design Growth Curve 

Return Period 
(Years) 

Growth Factor 
(QT/Qmed) 

2 1 

5 1.34 

10 1.59 

20 1.95 

50 2.24 

100 2.56   
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6.7 Design Peak Flows 

The design peak flows for each HEP are presented in Table 32 below. 

Table 32:  Design Peak Flows 

Return 
Period 
(years) 

Design Peak Flow (m3/s) 
H

E
P

_
0

1
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P
_
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_
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_
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_

0
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H
E

P
_

0
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H
E

P
_

0
7
 

H
E

P
_

0
8
 

H
E

P
_

0
9
 

2 15.22 9.95 5.48 5.16 2.59 2.84 0.90 8.47 2.97 

5 20.39 13.33 7.34 6.91 3.47 3.81 1.20 11.35 3.98 

10 24.20 15.81 8.71 8.20 4.12 4.52 1.43 13.47 4.72 

25 30.44 19.89 10.96 10.31 5.18 5.68 1.80 16.95 5.94 

50 34.09 22.28 12.27 11.55 5.80 6.37 2.01 18.98 6.65 

100 38.96 25.46 14.03 13.20 6.63 7.28 2.30 21.69 7.60 
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7 Flow Hydrograph Analysis 

In order to produce a design hydrograph to provide input to the unsteady-state 
hydraulic modelling, a hydrograph shape is required in addition to a design peak 
flow. Two different methods to estimate the design hydrograph shape were 
considered for this study as described below:  

1. FSU includes a methodology to estimate flood hydrographs in ungauged 
catchments using a process of fitting a curve to a set of recorded flood 
hydrographs from similar gauges. 

2. The FSR rainfall-runoff method, or the unit hydrograph method, is the 
traditional method of hydrograph generation, and provides the shape and 
volume of a flood hydrograph. The unit hydrograph is derived from 
catchment characteristics. 

While either method above could be adopted for this study, some drawbacks 
associated with the FSU method were noted, including: 

• The FSU method has no direct link to rainfall, which could be a significant 
factor in the context of the small and heavily urbanised Tramore catchment. 

• Most catchments available for hydrograph width analysis are much larger than 
the Tramore/Ballybrack catchments. Therefore the fitted hydrograph is likely 
to be significantly distorted compared with the reality on the smallest 
catchments. 

Therefore, the FSR rainfall runoff method was selected as the design hydrograph 
shape. The catchment characteristics were input to the FSSR16 module in ISIS to 
generate the flow hydrographs.  

The design flow hydrograph shape is shown in Figure 19 below (HEP_01 used as 
an example; note that the peak flow shown is the calculated FSR-RR peak flow). 
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Figure 19:  Design Flow Hydrograph Shape 
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8 Tidal and Fluvial Joint Probability 

A tidal-fluvial joint probability analysis was carried out as part of the Lee 
CFRAM Study. This established combinations of tide levels and fluvial flows for 
each design event. The Lee CFRAMS analysis was based on an application of UK 
guidance using certain assumptions about the dependence of tidal/fluvial floods in 
the Lee catchment. The Lee CFRAMS acknowledged that the design 
combinations were conservative. 

Given that it is outside the scope of this study to carry out a detailed joint 
probability analysis, it is proposed to adopt the Lee CFRAMS joint probability 
scenarios for this study. The scenarios are tabulated in Table 33 below. 

Table 33:  Design Tidal-Fluvial Joint Probability Scenarios 

Scenario Design 
Event (AEP) 

Boundary 

Fluvial 
(AEP) 

Tidal (AEP) Lee CFRAMS Tidal 
Flood Level (node 
6TRA_0) 

(mOD Malin) 

1 50% 50% 50% 2.44 

2 20% 20% 50% 2.44 

3 20% 50% 20% 2.54 

4 10% 10% 50% 2.44 

5 10% 50% 10% 2.62 

6 4% 4% 50% 2.44 

7 4% 50% 4% 2.71 

8 2% 2% 50% 2.44 

9 2% 50% 2% 2.78 

10 1% 1% 20% 2.54 

11 0.5% 10% 0.5% 2.92 
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9 Climate Change 

OPW has produced a draft guidance document entitled “Assessment of Potential 
Future Scenarios for Flood Risk Management”. The guidance addresses potential 
future climate change and presents two possible future scenarios - the Mid-Range 
Future Scenario (MRFS) and the High-End Future Scenario (HEFS), as described 
below: 

• The MRFS is intended to represent a ‘likely’ future scenario, based on the 
wide range of predictions available and with the allowances for increased 
flow, sea level rise, etc. within the bounds of widely accepted projections. 

• The HEFS is intended to represent a more extreme potential future scenario, 
but one that is nonetheless not significantly outside the range of accepted 
predictions available, and with the allowances for increased flow, sea level 
rise, etc. at the upper the bounds of widely accepted projections. 

Figure 20:  Extract from draft OPW Guidance on Potential Future Scenarios 

 

For the design and implementation of flood relief schemes, OPW’s preferred 
approach is the “Adaptive Approach”, whereby provision is made in the design 
for measures to be adapted or enhanced in the future as changes occur (or reliable 
evidence builds). 

Notwithstanding the above, should the design of the scheme require works to 
bridges and culverts, the requirements of Section 50 of the Arterial Drainage Act 
and Section 50 of the Assessment and Management of Flood Risks Regulations 
will need to be taken into account for those elements. Current Section 50 guidance 
effectively advocates an “assumptive” approach, where measures are designed 
and implemented to the 95% confidence, MRFS scenario standard. 
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10 Conclusion 

A detailed hydrological analysis has been undertaken to determine design flows 
for the Douglas Flood Relief Scheme (including Togher Culvert). The analysis 
has applied a number of methods to establish a range of possible flood flows at 
various points in the study area.  

The outputs from this study will be used in the hydraulic modelling stage of the 
project. These key outputs are outlined below. 

A set of index flow (Qmed) estimates were produced for key points in the study 
area. Given that the catchments in the study area are small, predominantly 
ungauged, it was considered important to compare the index flows estimated 
using a range of methods, including FSU, FSR, IH124 and the Rational Method. 
The analysis is presented in Section 5.  

A rating review of the existing EPA hydrometric gauge at Cork Landfill was also 
carried out and a revised rating curve was generated. The revised rating curve was 
then used to update the high flow series at the gauge. The updated flows were then 
analysed to provide an alternative estimate of Qmed, of approximately 5m3/s at 
the gauge site (HEP_08). However, since the length of the gauge record is only 
four years, the confidence in the estimate produced by this method is low. 

Based on the index flows estimated, it is apparent that there is a wide range of 
flows which could be adopted for the study. It is acknowledged that each of the 
index flood estimation methods used contain a significant amount of uncertainty. 
This is in part due to the limited resolution of mapped and digital data, and also 
due to the fact that many methods are calibrated to large catchments. No single 
method is entirely suitable for the full range of catchment sizes in the study areas. 

Notwithstanding the above, and due to the uncertainty associated with the flow 
estimation, it was felt appropriate to adopt the FSU index flows, as they appear to 
be conservative, while still remaining reasonably consistent with other methods. 
The design index flows are shown in Table 34 below. 

A flood frequency analysis was carried out, which established a study growth 
curve and in turn a set of design peak flows. The adopted growth curve was 
produced using the FSU pooling group methodology. The analysis is presented in 
Section 6. The design flows are tabulated in Table 34 below. 

Table 34: Design Flows 

Return 
Period 
(years) 

Design Peak Flow (m3/s) 
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2 
(Qmed) 15.22 9.95 5.48 5.16 2.59 2.84 0.90 8.47 2.97 

5 20.39 13.33 7.34 6.91 3.47 3.81 1.20 11.35 3.98 

10 24.20 15.81 8.71 8.20 4.12 4.52 1.43 13.47 4.72 
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Return 
Period 
(years) 

Design Peak Flow (m3/s) 
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25 30.44 19.89 10.96 10.31 5.18 5.68 1.80 16.95 5.94 

50 34.09 22.28 12.27 11.55 5.80 6.37 2.01 18.98 6.65 

100 38.96 25.46 14.03 13.20 6.63 7.28 2.30 21.69 7.60 

A design flood hydrograph shape was also established. The adopted shape was 
produced using the FSR unit hydrograph method. A discussion on the adopted 
shape is included in Section 7. 



 

 

Appendix A 

National Flood Hazard Mapping 
Reports 
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A1 National Flood Hazard Mapping Reports 

Please see National Flood Hazard Mapping Reports overleaf. 
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Hydrology Calculations 
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B1 Hydrology Calculations 

Please see Hydrology Calculations overleaf. 
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@��������0 	 ���� �
�
-'

���  �$��	��
	�%���&���
���	��


�;? 	 �
�� 
 ����������;����''�?�)�A�<,��=��$ !>

.& � !��
��
$
����#
�
��
*
$
!/��,�
	# ���������������&&

�� 	 ����( 4

�"
 ��0��
 �� � !��

1&2%3#��	!�
�
���
$
1&2%3
$
!4�0.&,�##

@�����-@����� 	 ��(�

@��������� 	 ��(( �
�
-'

#�� �	�
�����)����

����)��)�,�������0������� 	 ��!� <��50�/�B��������=�
���>

@���8�����<764����&�)����> 	 ���� �
�
-' 5����'���)��)�&�������0��������++0��)

�@���8�����<$!4����&�)����> 	 ���� �
�
-'

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

3���0�'�,0��)���0��&�������

,��������'����0������)


�1��!C��

�1-��-
��1

���


FSR Statistical Method HEP_09



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

������ �����
 ������ �����1 �����! �����7 ����� �����6 �����$

���� 
�





��� ���!�  �1!  ��� ��! ��7� ���1 $�6$ �� 6$

��� 
�  �!  �
1 ��66 
�6! 
�61 
�17 ���� !�
1 
�67

����'������(�������' $ 1 7 7 
 1 
 � �

"����� 9.27 4.15 6.21 6.21 2.09 4.15 2.09 3.12 1.05

,'

"���'-�


�



���� ��7$ 
��7 
�
 ��!� ���� 1�
� �� � ��7�

��� �23 1  6 
6 
6 
! !� 1 �!�16

�6! �23 7!  � $
 $ $ ��! $$ $ ��!��6

���6! �-
� ��� 1 ���7� 
6�6 �
�
6 �
��$ 1���7 ! �77 
��77 !!� 7

��#� � � � � � � � � �

8��������� 
�



6�7 !�6$ �� 1 ��!
 �� 1 ��  ���1 �� $ ���6

8�9�% ���$ ��11 ��
� ��
� ��
� ��
� ���� ���6 ��
$

���� �� ��!
 �� 1 �� 7 ��6 ��6 ��7$ ��6 �� 7 �� 7

� 
�



� � � � � � � � �


 
�





��� ���!�  �1!  ��� ��! ��7� ���1 $�6$ �� 6$

� 
�



� � � � � � � � �

1 
�



� � � � � � � � �

! 
�



� � � � � � � � �

���������
�<'��>
�





��� ���!�  �1!  ��� ��!� ��7� ���1 $�6$ �� $

�2?� ����
 ���� ���� ���� ���� ���� ���� ���� ���� ����

���
� 

����������!�����"

@��������0 �
�
-' 1�!$ 
� ! 
��
 
��� ���6 ���1 ��!$ 
��� ����

 �$��	��
	�%���&���
���	��


�;? �
��71 �
��7$ �
�� � �
�� 
 �
�� 
 �
��76 �
�� 
 �
�� � �
�� 


�� 4 ����1 ����! ����7 ����7 ����7 ����! ����7 ����7 ����7

@�����-@����� ��6$ 
��� ��!� ��1! ��11 ��1! ���7 ��6 ��7


@��������� �
�
-' 6�7$ !�!� ��1 ���! ��!! ��$1 ��7� 1��
 ��77

Standard Error

Standard Factorial Error ��! ��! ��! ��! ��! ��! ��! ��! ��!

 (68% Confidence) �
�
-' 13.03 8.29 5.21 5.03 2.33 2.91 0.94 6.48 2.49

 (95% Confidence) �
�
-' 19.54 12.44 7.82 7.54 3.50 4.36 1.41 9.71 3.74

����;�����0�''


�!��!C��

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation
�1-��-
��1

���


3���0�'�,0��)���0��&�������

,��������'����0������)

FSR Statistical Method Summary



��� �����	�
��
	� ������

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

���� 	 

��� 
�



���������������������������

���� 	 ���
 �� �������������� ��!����������"�  

���� #����� �$$�%&��'�"�����(��)%�**

� 
�

 �



��� 
�

 


� 
�

 �

� 
�

 (

� 
�

 �

���������
�%$��* �	 

��� 
�



 

���� � ���	
�����
�
���
����

�
���
�����
�
���	
�����
�
��	
����	

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

�+,- 	 ����

��� ���
��

�����������������

� ��
!�"���# 
�
 ������$
%
&'(&
��$)


�&&'
���*


����

��*

IH124 Calcs

.�������� 	  ��� �
�
/$

!�� ��"��	��
	�#���$���
���	��


�#, 	 �
��0( ����������#����$$�,���1�%&��'��23�*

+�,- 
� ��
������
�
��
$!+��
.
�
	#

�,45 �	� ����!

6��������� )�0 
�



6�7�4 	 ���% &���������"�������$�����������������������

�"
 ��/��
 �� � !�
�

0'1&,#

,+

2�
�
0'1&,3!
�/+�,-#
.
���45

,� � ��)
.�����
���&&' ���
	��
6
�&&'
6
������

��

,� � ��*�.������$
��&&' ���
����
6
�&&'
6
������

Nc = ��&'

.�����/.����� 	 ��!!

.��������� 	 ����( �
�
/$

'�� �	�
�����)����

���������&������� ������� 	 ��0�

.���6�����%0)8����"������* 	 �&�&! �
�
/$ 9����$��������"������� ��������:: ���

�.���6�����%2�8����"������* 	 � �!' �
�
/$

�3/��/
��(


�����;��

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

5��� �$�& ��� �� ��"�������

,�$��������"��<��� ��<���:����4�� �
(

���


Institute of Hydrology Report No.124 HEP_01



��� �����	�
��
	� �����


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

���� 	 ����� 
�



���������������������������

���� 	 ��3( �� �������������� ��!����������"�  

���� #����� �$$�%&��'�"�����(��)%�**

� 
�

 �

����� 
�

 


� 
�

 �

� 
�

 (

� 
�

 �

���������
�%$��* �	 ����� 
�



 

���� � ���	
�����
�
���
����

�
���
�����
�
���	
�����
�
��	
����	

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

�+,- 	 ����

��� ���
��

�����������������

� ��
!�"���# 
�
 ������$
%
&'(&
��$)


�&&'
���*


����

��*

IH124 Calcs

.�������� 	 !�&! �
�
/$

!�� ��"��	��
	�#���$���
���	��


�#, 	 �
��02 ����������#����$$�,���1�%&��'��23�*

+�,- 
� ��
������
�
��
$!+��
.
�
	#

�,45 �	� ����'

6��������� ��)2 
�



6�7�4 	 ��!! &���������"�������$�����������������������

�"
 ��/��
 �� � !�
�

0'1&,#

,+

2�
�
0'1&,3!
�/+�,-#
.
���45

,� � ��)
.�����
���&&' ���
	��
6
�&&'
6
������

��

,� � ��*�.������$
��&&' ���
����
6
�&&'
6
������

Nc = ��&!

.�����/.����� 	 ��''

.��������� 	  ��� �
�
/$

'�� �	�
�����)����

���������&������� ������� 	 ��0�

.���6�����%0)8����"������* 	 ���(% �
�
/$ 9����$��������"������� ��������:: ���

�.���6�����%2�8����"������* 	 �%�&� �
�
/$

�3/��/
��(


�����;��

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

5��� �$�& ��� �� ��"�������

,�$��������"��<��� ��<���:����4�� �
(

���


Institute of Hydrology Report No.124 HEP_02



��� �����	�
��
	� ������

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

���� 	 3�(� 
�



���������������������������

���� 	 ��30 �� �������������� ��!����������"�  

���� #����� �$$�%&��'�"�����(��)%�**

� 
�

 �

3�(� 
�

 


� 
�

 �

� 
�

 (

� 
�

 �

���������
�%$��* �	 3�(� 
�



 

���� � ���	
�����
�
���
����

�
���
�����
�
���	
�����
�
��	
����	

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

�+,- 	 ����

��� ���
��

�����������������

� ��
!�"���# 
�
 ������$
%
&'(&
��$)


�&&'
���*


����

��*

IH124 Calcs

.�������� 	 �� � �
�
/$

!�� ��"��	��
	�#���$���
���	��


�#, 	 �
��3� ����������#����$$�,���1�%&��'��23�*

+�,- 
� ��
������
�
��
$!+��
.
�
	#

�,45 �	� ����&

6��������� ��3( 
�



6�7�4 	 ���� &���������"�������$�����������������������

�"
 ��/��
 �� � !�
�

0'1&,#

,+

2�
�
0'1&,3!
�/+�,-#
.
���45

,� � ��)
.�����
���&&' ���
	��
6
�&&'
6
������

��

,� � ��*�.������$
��&&' ���
����
6
�&&'
6
������

Nc = ��&!

.�����/.����� 	 ��� 

.��������� 	 ��%� �
�
/$

'�� �	�
�����)����

���������&������� ������� 	 ��0�

.���6�����%0)8����"������* 	 !�(� �
�
/$ 9����$��������"������� ��������:: ���

�.���6�����%2�8����"������* 	  �%& �
�
/$

�3/��/
��(


�����;��

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

5��� �$�& ��� �� ��"�������

,�$��������"��<��� ��<���:����4�� �
(

���


Institute of Hydrology Report No.124 HEP_03



��� �����	�
��
	� �����(

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

���� 	 3��� 
�



���������������������������

���� 	 ��)3 �� �������������� ��!����������"�  

���� #����� �$$�%&��'�"�����(��)%�**

� 
�

 �

3��� 
�

 


� 
�

 �

� 
�

 (

� 
�

 �

���������
�%$��* �	 3��� 
�



 

���� � ���	
�����
�
���
����

�
���
�����
�
���	
�����
�
��	
����	

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

�+,- 	 ����

��� ���
��

�����������������

� ��
!�"���# 
�
 ������$
%
&'(&
��$)


�&&'
���*


����

��*

IH124 Calcs

.�������� 	 ��&& �
�
/$

!�� ��"��	��
	�#���$���
���	��


�#, 	 �
��3
 ����������#����$$�,���1�%&��'��23�*

+�,- 
� ��
������
�
��
$!+��
.
�
	#

�,45 �	� ����&

6��������� ���
 
�



6�7�4 	 ���� &���������"�������$�����������������������

�"
 ��/��
 �� � !�
�

0'1&,#

,+

2�
�
0'1&,3!
�/+�,-#
.
���45

,� � ��)
.�����
���&&' ���
	��
6
�&&'
6
������

��

,� � ��*�.������$
��&&' ���
����
6
�&&'
6
������

Nc = ��&!

.�����/.����� 	 ����

.��������� 	 �� � �
�
/$

'�� �	�
�����)����

���������&������� ������� 	 ��0�

.���6�����%0)8����"������* 	 !�'� �
�
/$ 9����$��������"������� ��������:: ���

�.���6�����%2�8����"������* 	  �!� �
�
/$

�3/��/
��(


�����;��

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

5��� �$�& ��� �� ��"�������

,�$��������"��<��� ��<���:����4�� �
(

���


Institute of Hydrology Report No.124 HEP_04



��� �����	�
��
	� ������

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

���� 	 ���� 
�



���������������������������

���� 	 ��)3 �� �������������� ��!����������"�  

���� #����� �$$�%&��'�"�����(��)%�**

� 
�

 �

��� 
�

 


� 
�

 �

� 
�

 (

� 
�

 �

���������
�%$��* �	 ��� 
�



 

���� � ���	
�����
�
���
����

�
���
�����
�
���	
�����
�
��	
����	

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

�+,- 	 ����

��� ���
��

�����������������

� ��
!�"���# 
�
 ������$
%
&'(&
��$)


�&&'
���*


����

��*

IH124 Calcs

.�������� 	 ��!� �
�
/$

!�� ��"��	��
	�#���$���
���	��


�#, 	 �
��3
 ����������#����$$�,���1�%&��'��23�*

+�,- 
� ��
������
�
��
$!+��
.
�
	#

�,45 �	� ����&

6��������� ��3( 
�



6�7�4 	 ���� &���������"�������$�����������������������

�"
 ��/��
 �� � !�
�

0'1&,#

,+

2�
�
0'1&,3!
�/+�,-#
.
���45

,� � ��)
.�����
���&&' ���
	��
6
�&&'
6
������

��

,� � ��*�.������$
��&&' ���
����
6
�&&'
6
������

Nc = ��&!

.�����/.����� 	 ����

.��������� 	 ��!! �
�
/$

'�� �	�
�����)����

���������&������� ������� 	 ��0�

.���6�����%0)8����"������* 	 ���( �
�
/$ 9����$��������"������� ��������:: ���

�.���6�����%2�8����"������* 	 ��%� �
�
/$

�3/��/
��(


�����;��

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

5��� �$�& ��� �� ��"�������

,�$��������"��<��� ��<���:����4�� �
(

���


Institute of Hydrology Report No.124 HEP_05



��� �����	�
��
	� �����0

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

���� 	 ��0� 
�



���������������������������

���� 	 ��02 �� �������������� ��!����������"�  

���� #����� �$$�%&��'�"�����(��)%�**

� 
�

 �

��0� 
�

 


� 
�

 �

� 
�

 (

� 
�

 �

���������
�%$��* �	 ��0� 
�



 

���� � ���	
�����
�
���
����

�
���
�����
�
���	
�����
�
��	
����	

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

�+,- 	 ����

��� ���
��

�����������������

� ��
!�"���# 
�
 ������$
%
&'(&
��$)


�&&'
���*


����

��*

IH124 Calcs

.�������� 	 ��!� �
�
/$

!�� ��"��	��
	�#���$���
���	��


�#, 	 �
��0) ����������#����$$�,���1�%&��'��23�*

+�,- 
� ��
������
�
��
$!+��
.
�
	#

�,45 �	� ����'

6��������� ��33 
�



6�7�4 	 ���� &���������"�������$�����������������������

�"
 ��/��
 �� � !�
�

0'1&,#

,+

2�
�
0'1&,3!
�/+�,-#
.
���45

,� � ��)
.�����
���&&' ���
	��
6
�&&'
6
������

��

,� � ��*�.������$
��&&' ���
����
6
�&&'
6
������

Nc = ��&!

.�����/.����� 	 ����

.��������� 	 ��! �
�
/$

'�� �	�
�����)����

���������&������� ������� 	 ��0�

.���6�����%0)8����"������* 	 ��!� �
�
/$ 9����$��������"������� ��������:: ���

�.���6�����%2�8����"������* 	 !��� �
�
/$

�3/��/
��(


�����;��

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

5��� �$�& ��� �� ��"�������

,�$��������"��<��� ��<���:����4�� �
(

���


Institute of Hydrology Report No.124 HEP_06



��� �����	�
��
	� �����3

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

���� 	 ���( 
�



���������������������������

���� 	 ��)3 �� �������������� ��!����������"�  

���� #����� �$$�%&��'�"�����(��)%�**

� 
�

 �

���( 
�

 


� 
�

 �

� 
�

 (

� 
�

 �

���������
�%$��* �	 ���( 
�



 

���� � ���	
�����
�
���
����

�
���
�����
�
���	
�����
�
��	
����	

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

�+,- 	 ����

��� ���
��

�����������������

� ��
!�"���# 
�
 ������$
%
&'(&
��$)


�&&'
���*


����

��*

IH124 Calcs

.�������� 	 ��&� �
�
/$

!�� ��"��	��
	�#���$���
���	��


�#, 	 �
��3
 ����������#����$$�,���1�%&��'��23�*

+�,- 
� ��
������
�
��
$!+��
.
�
	#

�,45 �	� ����&

6��������� ���( 
�



6�7�4 	 ���� &���������"�������$�����������������������

�"
 ��/��
 �� � !�
�

0'1&,#

,+

2�
�
0'1&,3!
�/+�,-#
.
���45

,� � ��)
.�����
���&&' ���
	��
6
�&&'
6
������

��

,� � ��*�.������$
��&&' ���
����
6
�&&'
6
������

Nc = ��&!

.�����/.����� 	 ��&%

.��������� 	 ��!� �
�
/$

'�� �	�
�����)����

���������&������� ������� 	 ��0�

.���6�����%0)8����"������* 	 ��&( �
�
/$ 9����$��������"������� ��������:: ���

�.���6�����%2�8����"������* 	 ���� �
�
/$

�3/��/
��(


�����;��

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

5��� �$�& ��� �� ��"�������

,�$��������"��<��� ��<���:����4�� �
(

���


Institute of Hydrology Report No.124 HEP_07



��� �����	�
��
	� �����)

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

���� 	 2�)2 
�



���������������������������

���� 	 ��30 �� �������������� ��!����������"�  

���� #����� �$$�%&��'�"�����(��)%�**

� 
�

 �

2�)2 
�

 


� 
�

 �

� 
�

 (

� 
�

 �

���������
�%$��* �	 2�)2 
�



 

���� � ���	
�����
�
���
����

�
���
�����
�
���	
�����
�
��	
����	

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

�+,- 	 ����

��� ���
��

�����������������

� ��
!�"���# 
�
 ������$
%
&'(&
��$)


�&&'
���*


����

��*

IH124 Calcs

.�������� 	 ��'� �
�
/$

!�� ��"��	��
	�#���$���
���	��


�#, 	 �
��3� ����������#����$$�,���1�%&��'��23�*

+�,- 
� ��
������
�
��
$!+��
.
�
	#

�,45 �	� ����&

6��������� ��32 
�



6�7�4 	 ���( &���������"�������$�����������������������

�"
 ��/��
 �� � !�
�

0'1&,#

,+

2�
�
0'1&,3!
�/+�,-#
.
���45

,� � ��)
.�����
���&&' ���
	��
6
�&&'
6
������

��

,� � ��*�.������$
��&&' ���
����
6
�&&'
6
������

Nc = ��&!

.�����/.����� 	 ��!�

.��������� 	 !�%( �
�
/$

'�� �	�
�����)����

���������&������� ������� ��0�

.���6�����%0)8����"������* (���

�.���6�����%2�8����"������* ���' 

�3/��/
��(


�����;��

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

5��� �$�& ��� �� ��"�������

,�$��������"��<��� ��<���:����4�� �
(

���


Institute of Hydrology Report No.124 HEP_08



��� �����	�
��
	� �����2

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

���� 	 ��32 
�



���������������������������

���� 	 ��30 �� �������������� ��!����������"�  

���� #����� �$$�%&��'�"�����(��)%�**

� 
�

 �

��3)2 
�

 


� 
�

 �

� 
�

 (

� 
�

 �

���������
�%$��* �	 ��3)2 
�



 

���� � ���	
�����
�
���
����

�
���
�����
�
���	
�����
�
��	
����	

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

�+,- 	 ����

��� ���
��

�����������������

� ��
!�"���# 
�
 ������$
%
&'(&
��$)


�&&'
���*


����

��*

IH124 Calcs

.�������� 	 ��'� �
�
/$

!�� ��"��	��
	�#���$���
���	��


�#, 	 �
��3� ����������#����$$�,���1�%&��'��23�*

+�,- 
� ��
������
�
��
$!+��
.
�
	#

�,45 �	� ����&

6��������� ���) 
�



6�7�4 	 ���% &���������"�������$�����������������������

�"
 ��/��
 �� � !�
�

0'1&,#

,+

2�
�
0'1&,3!
�/+�,-#
.
���45

,� � ��)
.�����
���&&' ���
	��
6
�&&'
6
������

��

,� � ��*�.������$
��&&' ���
����
6
�&&'
6
������

Nc = ��&!

.�����/.����� 	 ���(

.��������� 	 ��  �
�
/$

'�� �	�
�����)����

���������&������� ������� ��0�

.���6�����%0)8����"������* ��%�

�.���6�����%2�8����"������* !�(�


�����;��

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

5��� �$�& ��� �� ��"�������

,�$��������"��<��� ��<���:����4�� �
(

���



�/��/
��(

Institute of Hydrology Report No.124 HEP_09



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

������ �����
 ������ �����( ������ �����0 �����3 �����) �����2 �����2

���� 
�





��� ����� 3�(� 3��� ��� ��0� ���( 2�)2 ��3)2 ��3)2

���� �� ���
 ��3( ��30 ��)3 ��)3 ��02 ��)3 ��30 ��30 ��30

� 
�



� � � � � � � � � �


 
�





��� ����� 3�(� 3��� ��� ��0� ���( 2�)2 ��3)2 ��3)2

� 
�



� � � � � � � � � �

( 
�



� � � � � � � � � �

� 
�



� � � � � � � � � �

���������
�%$��* 
�



����� ���'�  �!'  ��� ��'� ��&� ���! %�(% �� % �� %

�+,- ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

���
��

�����������������

.�������� �
�
/$  ��� !�&! �� � ��&& ��!� ��!� ��&� ��'� ��'� ��'�

��"��	��
	�#�������
���	��


�#, �
��0( �
��02 �
��3� �
��3
 �
��3
 �
��0) �
��3
 �
��3� �
��3� �
��3�

�,45 ����! ����' ����& ����& ����& ����' ����& ����& ����& ����&

6��������� 
�



)�0 ��)2 ��3( ���
 ��3( ��33 ���( ��32 ���) ��


6�7�4 ���% ��!! ���� ���� ���� ���� ���� ���( ���% ����

4� ��&' ��&! ��&! ��&! ��&! ��&! ��&! ��&! ��&! ��&!

.�����/.����� ��!! ��'' ��� ���� ���� ���� ��&% ��!� ���( ���'

.��������� �
�
/$ ����(  ��� ��%� �� � ��!! ��! ��!� !�%( ��  ��((

Standard Error

Standard Factorial Error ��0� ��0� ��0� ��0� ��0� ��0� ��0� ��0� ��0� ��0�

QbarUrban (68% Confidence) �
�
/$ �&�&! ���(% !�(� !�'� ���( ��!� ��&( (��� ��%� ����

 QbarRural (95% Confidence) �
�
/$ � �!' �%�&�  �%&  �!� ��%� !��� ���� ���' !�(� '���

#����� �$$ ����

Job No.

Member/Location

Made by

Job Title

Chd.Date

Drg. Ref.

Sheet No. Rev.

Calculation

5��� �$�& ��� �� ��"�������

,�$��������"��<��� ��<���:����4�� �
(

���



�����;��

�3/��/
��(

Institute of Hydrology Report No.124 Summary



Þ ß à á â ã ä å æ ç è ã é ê ë ì í î ïð ß à ñ â ò è ó â ô ôõ ö ÷ é î ø ù ï ú û ü ý ú þ ÿ � � � � � � � � � � � ü � � 	 ý � ü 
 � ü � � � � � û � � 	 ü �� 
 � � � � � ø � � � �� 
 � � � � � � � � � � é Þ � ß � � � �� ß à � ç â �  ô ! "# $ % & ' ( ) 	 *+ , � 
 - . / - 0 / 
 0 � 1 2 � , - 0 � ø ï 3 � 1 4) $ ÿ 5 � ü 
 
 ) ü � 
 
 	 � 	 � � �6 7 8 9 : ; é î ø � î ú û ü ý < = ú � � � � � � � � > � 	 �6 7 9 ? � ; é î ø ï @ ú û ü ý < = ú � � � � � � � � > � 	 �, é Þ à ß � � � � A � 1 � B � û � C � û � 	 � 
 � � � 	 � � � � � 	 � >õ 7 � D E 9 F ; é � ù 3 ø � � � 2 G û � � � * û � �õ 7 D � D 9 H ; é � I @ ø ï � � 2 ÿ 5 û � � * û � �J é Þ à K ð L ß � L M A 4 N 4 , 0 O 6 8 9 :J é Þ à ß K � � P Q R S R T U V W X Y Z[ \ ] ^ ] _ ` a b c Q R S R T U V W Y d e[ \ ] ` ^ f g h Q R S R T U V W Y d ei ` ^ j k l m n k o op q r \ s t u v w x y z w { | } ~ � � � � � ~ � � � y � } � z � y � � y � � � � } x ~ } � y �� � � � � v � t � g g� � � � � � e � � � e � \ � i ` _ � g g� ` ^ � � k � � o � �� � �   ¡ ¢ £ � ¤¥ T g � ¦ § ¨ ¦ U ¨ � U � © ª � T ¦ U « t v ¬ � © R£ � | ­ � y � � £ y � � � � � � � � }W ® X Y Z ¯ \ s t � s w x y z ° ± w � ~ } ~ ~ � ~ � ² � � �W ® Y d e ¯ \ s t v ³ w x y z ° ± w � ~ } ~ ~ � ~ � ² � � �T \ i � ` _ i g g Q � © ~ ´ � x ~ µ � x ~ � � � ~ � � � � } � � � � } ²p ® � ¶ · Y ¸ ¯ \ « u ¬ t « « � ª ¹ x � ~ � ¤ x � ~p ® ¶ � ¶ Y º ¯ \ � » ³ t v ¼ � ª | ­ x ~ � ¤ x � ~[ \ i � b ] ^ ` b _ c Q R S R T U V W X Y Z[ \ i � ` b ] g h Q R S R T U V W X Y Z[ \ a ] a ] f ` ½ i c Q R S R T U V W Y d e[ \ a ] ` a f g h Q R S R T U V W Y d e

¾ � } � x ¿ y � ~ } � y � y � À À w } ~ � � � � � y x } � z � y � � y � � � � } x ~ } � y �

¾ � } � x ¿ y � ~ } � y � y � À À w } ~ � � � � � y x } � z � y � � y � � � � } x ~ } � y �

Á Â Ã Ä Å Æ Ä Ç È É Ä Ê Ê Ã Ë Ã È Ì Í Î Ï Ã Ð Ñ

Ò Ó Ó Â Ã Ä Å Æ Ä Ç È É Ä Ê Ê Ã Ë Ã È Ì

� v » v v � Ô s s Õ Ö× Ø Ù Ú Ø ÛÜ Ý Þ Ù Ý ß à á Ø â ã ä å Ø æÜ ã ç Ý Ù è× Ø Ù é å ä ê Ý ë ì ç Ûí ã ä Ýí ß î Û ï Ý ð Û ñ ì Ý Ý ä Ú Ø Û ï Ý ò Ûë ã ê â ó ê ã ä å Ø æ ô õ ö ÷ ø ù ú û ø õ õ ü ý þ ø ÿ þ � � � � þ � þý ù � ÿ õ � ù ø � þ � � õ ü � ¬ � s » � � s « »

q ª � T ¦ U ª c 	 � � � ¦ � 
 � � 
 � �



a ` ^ � k � � � � � m � \ � � � � s »i ` ^ j k l m n k o op q r \ s t u » w x y z w { | } ~ � � � � � ~ � � � y � £ x � } � � ~ � � } y x z � ­ x ~ } � y �� � � � � « v t ¬ s g g� � � � � � e � � � e � \ a � ` ^ ^ g g� ` ^ � � k � � o � �� � �   ¡ ¢ £ � ¤¥ T g � ¦ § ¨ ¦ U ¨ � U � © ª � T ¦ U « t s � � © R£ � | ­ � y � � £ y � � � � � � � � }W ® X Y Z ¯ \ s t � s w x y z ° ± w � ~ } ~ ~ � ~ � ² � � �W ® Y d e ¯ \ s t v ³ w x y z ° ± w � ~ } ~ ~ � ~ � ² � � �T \ a i ` � ] g g Q � © ~ ´ � x ~ µ � x ~ � � � ~ � � � � } � � � � } ²p ® � ¶ · Y ¸ ¯ \ « ¼ � t u » � ª ¹ x � ~ � ¤ x � ~p ® ¶ � ¶ Y º ¯ \ � » ³ t s » � ª | ­ x ~ � ¤ x � ~[ \ a i i ½ f ` _ i c Q R S R T U V W X Y Z[ \ a i ` i _ g h Q R S R T U V W X Y Z[ \ f ^ _ f ` b f c Q R S R T U V W Y d e[ \ f ` ^ ] g h Q R S R T U V W Y d ei ` ^ j k l m n k o op q r \ s t u » w x y z w { | } ~ � � � � � ~ � � � y � £ x � } � � ~ � � } y x z � ­ x ~ } � y �� � � � � v � t v « g g� � � � � � e � � � e � \ � ^ ` � � g g� ` ^ � � k � � o � �� � �   ¡ ¢ £ � ¤¥ T g � ¦ § ¨ ¦ U ¨ � U � © ª � T ¦ U « t s � � © R£ ´ � | ­ � y � � £ y � � � � � � � � }W d ® X Y Z ¯ \ s t � « w x y z ° ± w � ~ } ~ ~ � ~ � ² � � �W d ® Y d e ¯ \ s t v ³ w x y z ° ± w � ~ } ~ ~ � ~ � ² � � �T \ i ] ` f f g g Q � © ~ ´ � x ~ µ � x ~ � � � ~ � � � � } � � � � } ²p ® � ¶ · Y ¸ ¯ \ « ¼ � t u » � ª ¹ x � ~ � ¤ x � ~p ® ¶ � ¶ Y º ¯ \ � » ³ t s » � ª | ­ x ~ � ¤ x � ~[ \ i f � ^ a ` _ ^ c Q R S R T U V W X Y Z[ \ i f ` � ^ g h Q R S R T U V W X Y Z[ \ i a i b ] ` ^ f c Q R S R T U V W Y d e[ \ i a ` i ½ g h Q R S R T U V W Y d e

¾ � } � x ¿ y � ~ } � y � y � À À w } ~ � � � � � y x } � z � y � � y � � � � } x ~ } � y �

Á Â Ã Ä Å Æ Ä Ç È É Ä Ê Ê Ã Ë Ã È Ì Í Î Ï Ã Ð Ñ

Ò Ó Ó Â Ã Ä Å Æ Ä Ç È É Ä Ê Ê Ã Ë Ã È Ì

¾ � } � x ¿ y � ~ } � y � y � À À w } ~ � � � � � y x } � z � y � � y � � � � } x ~ } � y �
× Ø Ù Ú Ø ÛÜ Ý Þ Ù Ý ß à á Ø â ã ä å Ø æÜ ã ç Ý Ù è× Ø Ù é å ä ê Ý ë ì ç Ûí ã ä Ýí ß î Û ï Ý ð Û ñ ì Ý Ý ä Ú Ø Û ï Ý ò Ûë ã ê â ó ê ã ä å Ø æ � v » v v � Ô s sô õ ö ÷ ø ù ú û ø õ õ ü ý þ ø ÿ þ � � � � þ � þý ù � ÿ õ � ù ø � þ � � õ ü � ¬ � s » � � s « »

q ª � T ¦ U ª c 	 � � � ¦ � 
 � � 
 � �



a ` ^ � k � � � � � m � \ � � � � s �i ` ^ j k l m n k o op q r \ s t u » w x y z w { | } ~ � � � � � ~ � � � y � £ x � } � � ~ � � } y x z � ­ x ~ } � y �� � � � � « v t ¬ s g g� � � � � � e � � � e � \ a � ` ^ ^ g g� ` ^ � � k � � o � �� � �   ¡ ¢ £ � ¤¥ T g � ¦ § ¨ ¦ U ¨ � U � © ª � T ¦ U « t « � � © R£ � | ­ � y � � £ y � � � � � � � � }W ® X Y Z ¯ \ s t » u w x y z ° ± w � ~ } ~ ~ � ~ � ² � � �W ® Y d e ¯ \ s t v ¼ w x y z ° ± w � ~ } ~ ~ � ~ � ² � � �T \ a a ` ½ a g g Q � © ~ ´ � x ~ µ � x ~ � � � ~ � � � � } � � � � } ²p ® � ¶ · Y ¸ ¯ \ ³ ³ t ¬ ³ � ª ¹ x � ~ � ¤ x � ~p ® ¶ � ¶ Y º ¯ \ � ³ � t » ¬ � ª | ­ x ~ � ¤ x � ~[ \ b b � f ` � b c Q R S R T U V W X Y Z[ \ b ` b � g h Q R S R T U V W X Y Z[ \ � ^ ½ f ` _ � c Q R S R T U V W Y d e[ \ � ` ^ _ g h Q R S R T U V W Y d ei ` ^ j k l m n k o op q r \ s t u » w x y z w { | } ~ � � � � � ~ � � � y � £ x � } � � ~ � � } y x z � ­ x ~ } � y �� � � � � v � t v « g g� � � � � � e � � � e � \ � ^ ` � � g g� ` ^ � � k � � o � �� � �   ¡ ¢ £ � ¤¥ T g � ¦ § ¨ ¦ U ¨ � U � © ª � T ¦ U « t « � � © R£ ´ � | ­ � y � � £ y � � � � � � � � }W d ® X Y Z ¯ \ s t � « w x y z ° ± w � ~ } ~ ~ � ~ � ² � � �W d ® Y d e ¯ \ s t v ¼ w x y z ° ± w � ~ } ~ ~ � ~ � ² � � �T \ i _ ` a ] g g Q � © ~ ´ � x ~ µ � x ~ � � � ~ � � � � } � � � � } ²p ® � ¶ · Y ¸ ¯ \ ³ ³ t ¬ ³ � ª ¹ x � ~ � ¤ x � ~p ® ¶ � ¶ Y º ¯ \ � ³ � t » ¬ � ª | ­ x ~ � ¤ x � ~[ \ a � � f ] ` ½ _ c Q R S R T U V W X Y Z[ \ a � ` b ^ g h Q R S R T U V W X Y Z[ \ f b i ] ` � _ c Q R S R T U V W Y d e[ \ f ` b � g h Q R S R T U V W Y d e

¾ � } � x ¿ y � ~ } � y � y � À À w } ~ � � � � � y x } � z � y � � y � � � � } x ~ } � y �

Á Â Ã Ä Å Æ Ä Ç È É Ä Ê Ê Ã Ë Ã È Ì Í Î Ï Ã Ð Ñ

Ò Ó Ó Â Ã Ä Å Æ Ä Ç È É Ä Ê Ê Ã Ë Ã È Ì

¾ � } � x ¿ y � ~ } � y � y � À À w } ~ � � � � � y x } � z � y � � y � � � � } x ~ } � y �
Õ Ö× Ø Ù Ú Ø ÛÜ Ý Þ Ù Ý ß à á Ø â ã ä å Ø æÜ ã ç Ý Ù è× Ø Ù é å ä ê Ý ë ì ç Ûí ã ä Ýí ß î Û ï Ý ð Û ñ ì Ý Ý ä Ú Ø Û ï Ý ò Ûë ã ê â ó ê ã ä å Ø æ � v » v v � Ô s sÝ ô õ ö ÷ ø ù ú û ø õ õ ü ý þ ø ÿ þ � � � � þ � þý ù � ÿ õ � ù ø � þ � � õ ü � ¬ � s » � � s « »

q ª � T ¦ U ª c 	 � � � ¦ � 
 � � 
 � �



a ` ^ � k � � � � � m � \ � � � � s ¼i ` ^ j k l m n k o op q r \ s t u » w x y z w { | } ~ � � � � � ~ � � � y � £ x � } � � ~ � � } y x z � ­ x ~ } � y �� � � � � « v t s v g g� � � � � � e � � � e � \ a i ` � ^ g g� ` ^ � � k � � o � �� � �   ¡ ¢ £ � ¤¥ T g � ¦ § ¨ ¦ U ¨ � U � © ª � T ¦ U « t s « � © R£ � | ­ � y � � £ y � � � � � � � � }W ® X Y Z ¯ \ s t � « w x y z ° ± w � ~ } ~ ~ � ~ � ² � � �W ® Y d e ¯ \ s t v ¬ w x y z ° ± w � ~ } ~ ~ � ~ � ² � � �T \ a i ` a ] g g Q � © ~ ´ � x ~ µ � x ~ � � � ~ � � � � } � � � � } ²p ® � ¶ · Y ¸ ¯ \ ¬ ³ t » ¼ � ª ¹ x � ~ � ¤ x � ~p ® ¶ � ¶ Y º ¯ \ � ³ � t � » � ª | ­ x ~ � ¤ x � ~[ \ ½ i ½ i ` _ b S R T U V W X Y Z[ \ ½ ` i ½ g h Q R S R T U V W X Y Z[ \ � ½ ½ ½ ` � _ c Q R S R T U V W Y d e[ \ � ` ½ _ g h Q R S R T U V W Y d ei ` ^ j k l m n k o op q r \ s t u » w x y z w { | } ~ � � � � � ~ � � � y � £ x � } � � ~ � � } y x z � ­ x ~ } � y �� � � � � v � t v « g g� � � � � � e � � � e � \ � ^ ` b ^ g g� ` ^ � � k � � o � �� � �   ¡ ¢ £ � ¤¥ T g � ¦ § ¨ ¦ U ¨ � U � © ª � T ¦ U « t s « � © R£ ´ � | ­ � y � � £ y � � � � � � � � }W d ® X Y Z ¯ \ s t � « w x y z ° ± w � ~ } ~ ~ � ~ � ² � � �W d ® Y d e ¯ \ s t v ¬ w x y z ° ± w � ~ } ~ ~ � ~ � ² � � �T \ � ^ ` i ^ g g Q � © ~ ´ � x ~ µ � x ~ � � � ~ � � � � } � � � � } ²p ® � ¶ · Y ¸ ¯ \ ¬ ³ t » ¼ � ª ¹ x � ~ � ¤ x � ~p ® ¶ � ¶ Y º ¯ \ � ³ � t � » � ª | ­ x ~ � ¤ x � ~[ \ a b b i f ` b a c Q R S R T U V W X Y Z[ \ a b ` b � g h Q R S R T U V W X Y Z[ \ a a b _ a ` ^ a c Q R S R T U V W Y d e[ \ a a ` b _ g h Q R S R T U V W Y d e

¾ � } � x ¿ y � ~ } � y � y � À À w } ~ � � � � � y x } � z � y � � y � � � � } x ~ } � y �

Á Â Ã Ä Å Æ Ä Ç È É Ä Ê Ê Ã Ë Ã È Ì Í Î Ï Ã Ð Ñ

Ò Ó Ó Â Ã Ä Å Æ Ä Ç È É Ä Ê Ê Ã Ë Ã È Ì

¾ � } � x ¿ y � ~ } � y � y � À À w } ~ � � � � � y x } � z � y � � y � � � � } x ~ } � y �
Õ Ö× Ø Ù Ú Ø ÛÜ Ý Þ Ù Ý ß à á Ø â ã ä å Ø æÜ ã ç Ý Ù è× Ø Ù é å ä ê Ý ë ì ç Ûí ã ä Ýí ß î Û ï Ý ð Û ñ ì Ý Ý ä Ú Ø Û ï Ý ò Ûë ã ê â ó ê ã ä å Ø æ � v » v v � Ô s sô õ ö ÷ ø ù ú û ø õ õ ü ý þ ø ÿ þ � � � � þ � þý ù � ÿ õ � ù ø � þ � � õ ü � ¬ � s » � � s « »

q ª � T ¦ U ª c 	 � � � ¦ � 
 � � 
 � �



a ` ^ � k � � � � � m � \ � � � � s ui ` ^ j k l m n k o op q r \ s t u v u w x y z w { | } ~ � � � � � ~ � � � y � £ x � } � � ~ � � } y x z � ­ x ~ } � y �� � � � � « � t ¬ u g g� � � � � � e � � � e � \ a i ` a ^ g g� ` ^ � � k � � o � �� � �   ¡ ¢ £ � ¤¥ T g � ¦ § ¨ ¦ U ¨ � U � © ª � T ¦ U « t � » � © R£ � | ­ � y � � £ y � � � � � � � � }W ® X Y Z ¯ \ s t � v w x y z ° ± w � ~ } ~ ~ � ~ � ² � � �W ® Y d e ¯ \ s t » s w x y z ° ± w � ~ } ~ ~ � ~ � ² � � �T \ f ` _ ½ g g Q � © ~ ´ � x ~ µ � x ~ � � � ~ � � � � } � � � � } ²p ® � ¶ · Y ¸ ¯ \ « s ¬ t s s � ª ¹ x � ~ � ¤ x � ~p ® ¶ � ¶ Y º ¯ \ � ³ s t u s � ª | ­ x ~ � ¤ x � ~[ \ b � � f ` � i c Q R S R T U V W X Y Z[ \ b ` � b g h Q R S R T U V W X Y Z[ \ � a a i ` ½ f c Q R S R T U V W Y d e[ \ � ` a a g h Q R S R T U V W Y d ei ` ^ j k l m n k o op q r \ s t u v u w x y z w { | } ~ � � � � � ~ � � � y � £ x � } � � ~ � � } y x z � ­ x ~ } � y �� � � � � v � t v « g g� � � � � � e � � � e � \ � ^ ` � � g g� ` ^ � � k � � o � �� � �   ¡ ¢ £ � ¤¥ T g � ¦ § ¨ ¦ U ¨ � U � © ª � T ¦ U « t � » � © R£ ´ � | ­ � y � � £ y � � � � � � � � }W d ® X Y Z ¯ \ s t � « w x y z ° ± w � ~ } ~ ~ � ~ � ² � � �W d ® Y d e ¯ \ s t » s w x y z ° ± w � ~ } ~ ~ � ~ � ² � � �T \ i � ` � _ g g Q � © ~ ´ � x ~ µ � x ~ � � � ~ � � � � } � � � � } ²p ® � ¶ · Y ¸ ¯ \ « s ¬ t s s � ª ¹ x � ~ � ¤ x � ~p ® ¶ � ¶ Y º ¯ \ � ³ s t u s � ª | ­ x ~ � ¤ x � ~[ \ a � a � � ` _ ] c Q R S R T U V W X Y Z[ \ a � ` a � g h Q R S R T U V W X Y Z[ \ a ^ � ^ ] ` ] b c Q R S R T U V W Y d e[ \ a ^ ` � a g h Q R S R T U V W Y d e

¾ � } � x ¿ y � ~ } � y � y � À À w } ~ � � � � � y x } � z � y � � y � � � � } x ~ } � y �

Á Â Ã Ä Å Æ Ä Ç È É Ä Ê Ê Ã Ë Ã È Ì Í Î Ï Ã Ð Ñ

Ò Ó Ó Â Ã Ä Å Æ Ä Ç È É Ä Ê Ê Ã Ë Ã È Ì

¾ � } � x ¿ y � ~ } � y � y � À À w } ~ � � � � � y x } � z � y � � y � � � � } x ~ } � y �
Õ Ö× Ø Ù Ú Ø ÛÜ Ý Þ Ù Ý ß à á Ø â ã ä å Ø æÜ ã ç Ý Ù è× Ø Ù é å ä ê Ý ë ì ç Ûí ã ä Ýí ß î Û ï Ý ð Û ñ ì Ý Ý ä Ú Ø Û ï Ý ò Ûë ã ê â ó ê ã ä å Ø æ � v » v v � Ô s sô õ ö ÷ ø ù ú û ø õ õ ü ý þ ø ÿ þ � � � � þ � þý ù � ÿ õ � ù ø � þ � � õ ü � ¬ � s » � � s « »

q ª � T ¦ U ª c 	 � � � ¦ � 
 � � 
 � �



� � �  ! " � � �  ! # � � �  ! $ � � �  ! % � � �  ! & � � �  ! ' � � �  ! ( � � �  ! ) � � �  ! *+ , - . / 0 1 2 / 3 3� � � � � 4 5 6 © 7 8 9 : ; 9 8 < : = > 8 < : = > 8 < : > < 8 ? : = @ A AB C D E F G H I J K H I L M N O O L P N Q Q L P N Q Q L R N P Q L R N L Q A AS C D E F T U V V W X Y Z [ \ ] ^ Z _ \ _ ^ Z _ \ _ ^ Z ] \ Z _ Z _ \ ` ] A AB C D E F G H I J K H I P R N a M R b N P Q R b N P Q P Q N O Q R b N O Q A AR N Q c d e f g h i jk l A C m n o m p o C p E X q E l m p _ \ Z r _ \ ^ [ _ \ _ ] _ \ ^ _ _ \ ] ` F X st u v w x y ^ \ [ ^ \ [ ^ \ ` z ^ \ [ _ ^ \ [ Zt u w { H y ^ \ Z | ^ \ Z | ^ \ Z } ^ \ Z r ^ \ `l R O N R Q R b N ~ L R a N a ~ P R N P � R O N M L A A � F Xl T � W X Y L Q N O O L R N P � L L N ~ L L R N L � b N a ~ A A � F X� � � � � � � w � | ` [ \ ` | | _ ] \ z r Z [ ^ \ Z [ Z } ] \ | _ Z | r \ z F C o E q X C� � � � J � � w � _ z r \ _ _ _ } [ \ z ` | | \ r | r | \ ` } _ ^ r \ ^ F C o E q X C� � � � � J � w � [ ` | \ Z } [ ` | \ ^ ` ] | ] \ ` r ] | [ \ ] ` ] | ^ \ z F C o E q X CP N Q � � � � � � � � � � � � �� � s l p � t A q � R ~ L L ~ N � ~ R b P M Q N ~ M L P R M ~ N R � L ~ ~ M b N M L O L Q L N b ~ � � s� � s l p � t A q � R ~ N L R R b N P M L P N R O L ~ N ~ O O N L Q A � � s� � s l p � t q � C L b P R ~ N M a R L a L R N Q a b a P L N b ~ L R M Q O N M M P � O Q N O P � � s� � s l p � t q � C L b N P P R L N a L b N a P L R N M L P N � O A � � sM N Q � � � � � � � � � � � � �� � s l p � t A q � R M O � Q N O a R a ~ O L N P P L R M � P N ~ L L O O R b N O L M a a � N Q O � � s� � s l p � t A q � R M N O � R a N ~ O L R N M � L O N O P M N a � A � � s� � s l p � t q � C L � L � b N ~ R R Q M ~ L N b � b L a L N ~ P L L O a L N Q L P ~ Q ~ N Q a � � s� � s l p � t q � C L � N L b R Q N M ~ b N L a L L N O a P N ~ L A � � s

] Z ` Z Z [ � ^ ^� � �   ¡ ¢ £ ¤ ¡ � � ¥ ¦ § ¡ ¨ § © ª « ¬ § ­ §¦ ¢ ® ¨ � ¯ ¢ ¡ ° § ® ¬ � ¥ ] r ± ^ ` ± ] ^ _ `
² ³ ´ µ ³ ¶· ¸ ¹ ´ ¸ º » ¼ ³ ½ ¾ ¿ À ³ Á· ¾ Â ¸ ´ Ã² ³ ´ Ä À ¿ Å ¸ Æ Ç Â ¶È ¾ ¿ ¸È º É ¶ Ê ¸ Ë ¶ Ì Ç ¸ ¸ ¿ µ ³ ¶ Ê ¸ Í ¶Æ ¾ Å ½ Î Å ¾ ¿ À ³ Á

� q E l m p q � Ï C E F m S Ð � A A q X W



 

Calculation Sheet 

 

1.1  Ñ Ò Ó Ô Õ Ô Ö × Ø Ù Ú Û Ü Ý Þ Ñ Ò Ó ß à á Ó × â ã ä × × Ô ß à á Ó × â å × æ Õ ç Õ Ò ßè é ê é é ë ì í èî ï Ö ð Ô Õ Ô Ö × ñ ò Ù ó ô õ Ù ö ÷ Ù Ù Ü ó ø Û Û ù Ù Ú ÷ ú × á Ó × â û ü Ò ð ï Ô Õ Ò ß í ì ý è ì þÿ â � � å × � �ú ï � × Ó � � � � � ÿ ï Ô × í ë 	 í 
 	 ý ê î ä � �

� � 
 � � � � � � 
 � � � � � � � � � 
 � � � � � � � � � � � � � � � � � � � � � 
 � � � � � �  � ! � 
 � � � � � � � � � " � �  � � # � � # � � 
 � $ � % & � � � � � ! & 
 � � ' ! � � ( � %� # � ) �  
 "  # � � � � � � ! ! � � # � 
 � � � �  % � � � ' � � � � � � ! ! � � # � ' � � # ! � �  � � � � * + , - . / 0 1 2 3 45 6 7 8 9 : ; 9 < . = 6 2 9 9 >

1 Pooling Group Derivation 
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