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EXECUTIVESUMMARY 

Background 

The Environment Agency are required to justify expenditure on river. -and watercourse 
maintenance and .the Standards of Service provided. This requirement. has- prompted the 
development of a framework to improve the objective identification and justification of works. 
Research and development (R&D) work carried out under Topic C4-Operational Management 
have been drawn together in the Flood Defence Management Manual (FDMM) to-.fZfZth&~~ 
role. The Flood : Defence Management Manual.. is supported by the Flood Defence 
Management- System (FDMS). 

While the Environment Agency are committed to the development and implementation. of 
FDMM, there is some concern regarding. the relevance and applicability of FDMM to all 
watercourses and circumstances. The North-East Retion ofthe Environment. Agency piloted 
FDMM in 1996: During 1997, FDMM came o&line within all regions: All non-grant aided 
w-arks with a value ofless than &500 000 must now be justified using FDMM., . . . 

Guidelines ;for the Justification .of River Maintenance (Dunderdale’ & Morris, 1996b, hereafter 1 
referred to as Guidelines).have been developed concurrently .with’-FDMM and PDMM draws 
partly on their methodology. The Guidelines. provide.. a routine .for justifying ,maintenance 
activities- in- rural, ~predominantly agricultural areas. They may be used to support .the 
agricuhural benefit assessment routines within FDMM, 

Given the commitment to FDMM, the need has arisen to evaluate and validate its performance 
through application. to specific watercourses.. This technical report, addresses this &sue. The 
performance of the Guidelines is also‘ evaluated through, application 1 to the same ‘case study .. 
watercourses. Ways in which the Guidelines may be, used to support the agricultural~ 
component of FDMM are identified. 

Study Aim 

The broad aim. of the. study :is to evaluate and validate -the performance of FDMM through 
application. to case study watercourses in predominantly rural areas, with reference- to ’ 
agricultural related benefit assessment. 

Specific objectives are to: 

1:” apply FDMM and the .Guidelines to case study watercourses which reflect a range of 
circumstances; 

3 d. evaluate the performance of FDMM, against agreed criteria; 
3. suggest modihcations to FDh4M and the Guidelines in-view of (1) and (2); and, . . 
4. identify, if appropriate, ways in whitih the Guidelines can be used to support, and where 

relevant, extend the agricultural component of the FDMM methodoloa. 

Benefit. Assessment Systems 

Throughout the history of the water authorities, the NRA and .Environment Agency, numerous 
research and development.. (R&D). projects have developed methods to appraise the 
maintenance~fimction; FDMM is based on elements of the appraisal systems listed here: 

l The ‘Blue Manual ’ (Penning-Rowsell &: Chatter-ton, 1977) and-the ‘Red’ Marma (Parker, 
Green & Thompson, 1987) ;. 
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l 

l 

Drainage benefits andfarmer uptake (Silsoe College, 1980s). 
House Equivalents (developed by Chatter-ton & Green in the 1980s modified by Robertson 
Gould Consultants). 
River Information and Maintenance System (RIMS) (Severn Trent Water Authority, 
Silsoe College & others, late 1980s). 
River Maintenance Evaluation (Sutherland & Morris, 1993, Dunderdale & Morris, 1996). 
Guidelines for the Justification of River Maintenance (Dunderdale & Morris, 1996). 
Flood Defence Levels of Service (Robertson Gould Consultants, 1990). 
The Coastal and River Infrastructure Management System (CRIMS) for Flood Defence 
(Howells, Haigh, Reaston, Taylor & Morris, 1992). 
The Flood Defence Standarb of Service (SOS) system (Robertson Gould, 1992). 
&conomic appraisal of non-grant aided work (Howells, Brown, Finney, & Morris, 1993). 

FDMM is based on elements of all these systems, most notably, the economic appraisal of non- 
grant aided work and the SOS system 

Methodology 

The Guidelines and FDMM have a similar methodological fmruework but differ in degrees of 
detail. To enable a comparative evaluation of FDMM and the Guidelines, criteria against 
which the systems may be assessed have been detied. The criteria encompass three 
fundamental aspects, namely: 

operation of the system; 
maintenance of the system; and, 
time, costs and training. 

To ensure that a range of watercourse which are broadly representative of the types found 
within England and Wales were identified, a simple tier classification system was developed. 
This system classifies watercourses according to channel, floodplain and catchment.character, 
land use and maintenance practice and was used to identify the case study watercourses. 

Watercourses in the North East region were targeted as the FDMM pilot study was undertaken 
here and therefore some essential data were available. Environment Agency personnel within 
the Welsh region expressed concern that FDMM may not be applicable to many watercourses 
in the region due to their characteristics and the high incidence of Internal Drainage District 
(IDD) channels in the floodplain. For this reason, three sites were also selected within the 
Welsh region. 

In order to enable the evaluation of FDMM under dif5erent circumstances, a highland carrier 
and pumped system were selected. Watercourses which have Internal Drainage Board (IDB) 
or IDD watercourse as tributaries also featured in the case studies. 

Discussions with the Environment Agency, Internal Drainage Boards and farmers, and a visual 
survey of the floodplain and channel, were used to collect data relating to: 

0 channel parameters, floodplain topography and catchment characteristics; 
l flood risk and drainage benefit areas and associated land use; 
l flood return periods and associated flooded areas; 
l drainage status; and, 
0 maintenance expenditure. 
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Results : 

FDMM and the Guidelines have been applied to the case study watercourses to demonstrate 
their. application. A comparative analysis of the agricuhural component of FDMM and the 
Guidelines has been undertaken. The...two systems are similar~: in their, methodological 
framework in that .they both calculate benefits- of flood alleviation and drainage in agricultural- 
areas. 

One major.di&‘erence between the two systems is in the definition of the benefit area. FDMM 
identifies a flood.risk area and--within it a separate drainage benefit. area for each bank. The 
Guidelines, however, identify an area of drainage influence~which includes the area- subject to .. 
flood risk. No distinction is made between the left and right bank. 

The majority of data required by the Guidelines are also required by FDMM. Additional data 
which are ,requ.ired by- the:- Guidelines relate mainly to general channel and. catchment 
characteristics such as substrate-and catchment size.,: 

Results from the Application of,F’DMM : 

House Equivalents,. 
FDMM uses the concept of House .Equivalents (HE)‘which represent -the value of assets and 
income earning potential which is placed at risk. of flooding and -inadequate drainage.. The 
estimated potential dost of damage is expressed in terms of Hi%, whereby:one HBis equivalent 
to an annual cost of &1304 (in 1997/98 prices), this being the estimated cost of damage to- a 
typical house exposed to flood risk. 

HEs are accumulated by reach and expressed as HE/km of watercourse to indicate the scale of. 
assets -placed at risk the. status of the reach in terms. of intensity of assets, and. the existing- 
Standard of Service (SOS) provided.-,The greater is the HE score (HEikm/yr), .the greater are 
the : asset values placed at risk. At present, a score of 0.51.0 HEikm/yr is regarded as. ‘on,. 
target’. A score greater than 1.0 HE/km& indicates-a below target SOS,-and less than03 
indicates that the SOS provided is.above target. 

Definition of Benefit Areas- 
The areas benefiting- Corn maintenance were defined-- through a combination of field 
observationsand discussionswith the Environment Agency and IDBs. 

Flood Risk ‘and HE Scores 
The flood,risk, areas and associated effective reach -length.(length of main iriver for which- a 
flood risk area is def?ned) for each case study watercourse are shown in Table 1. 

Table 1 :: Flood.risk area and effective reach length, by watercourse 
Flood Risk Area (ha) Effective Reach Length (km) 

Watercourse Left Bank Right Bank Left Bank Right Bank 
Kelwell Stream 72 104 2.7 2.9 
Watton Beck 210 250 1.0 1.0 
Winestead Drain 460 269 7.3 7.3 
Ffos Fawr 38 116 2.1 2.1 
Abbey View AD 42 48 1.1 1.1 
Fennon-y-ddol and tributaries 0 0 0 0 

Note: Figures are subject to rounding. 
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The total number of HEs affected by flooding and the flood score (HE/effective reach length) 
are shown in Table 2. The FEynnon-y-ddol and its tributaries are not subject to flooding. 
Channels have been designed to contain flood flows with a return period of over 100 years, 
hence no flood risk areas are defmed. Assessment in thus based purely on drainage benefits. 

Table 2 House Equivalents affected by flooding and flood score, by watercourse 
Total No. HEs affected by Flooding Flood Score M?Ykm) * 

Watercourse Left Bank Right Bank Left Bank %,i&t Bank 
Kelwell Stream 8.25 17.18 3.06 5.92 
Watton Beck 110.87 128.85 110.87 128.85 
Winestead Drain 190.91 20.64 26.15 2.83 
Ffos Fawr 37.78 10.81 18.1 5.17 
Abbey View AD 6.79 0.63 6.23 0.58 
Ffynnon-y-ddol and tributaries 0.0 0.0 0.0 0.0 

Note: Figures are subject to rounding. * HE divided by the effective reach length. 

The total HE score for the flood risk area is divided by the effective reach length (HE/km) to 
reflect the intensity of land use and hence potential damage. Land use within the flood risk 
area is categorised into one of five bands (A=>50 HE/km/y-r, B=25-50, C=5-24.99, D=1.25- 
4.99, E=>O.OO-1.24 HE/km) according to this JBYkm value per bank. Land use within the 
flood risk areas of the case study watercourses is predominantly classified as band ‘C’ and ‘D’ 
which is appropriate given the land use observed. These bands denote high grade or mixed 
agricultural land at risk of goading and impeded drainage with some isolated properties also at 
risk. 

Agricultural Drainage Benefits and HE Score 
Due to the absence of documentation, it was necessary to de&e the drainage benefit areas in 
collaboration with the Environment Agency, based on local knowledge of the watercourse, 
drainage system soil type and topography. Under the current maintenance re@e, the 
drainage status of the whole flood risk area for each watercourse, is classed as ‘good’ 
(whereby drainage does not impose restrictions on land use), with the exception of the 
Ffylmon-y-ddol where approximately 82% of the drainage benefit area experiences bad 
drainage (where moderate restrictions on land use apply). 

HE/ha values are derived to represent the monetary damages associated with inadequate 
drainage for different types of land use. These HE/ha values are multiplied by the areas 
affected to give a HEAsm/yr drainage score. 

Standards of Service 
The flood and drainage scores (HE/km/y-r) have been combined to determine the Standard of 
Serv$e provided by the current maintenance regime. This is compared with the target score of 
0.5- 1.0 HE/km/yr which was set by the National Rivers Authority. Analysis shows that the 
SOS provided is below target for Kelwell Stream, Watton Beck and Winestead Drain and on 
target for the Ffos Fawr. Maintenance on the Abbey View AD and FfLnnon-y-ddol and 
tributaries is providing an above target SOS. 

Estimates of the actual SOS provided are, however, sensitive to the effective reach length and 
the definition of the benefit area. Inclusion of IDB watercourses, highland carriers and 
embanked reaches within the effective reach length has an impact on the reach status as the 
HEs at risk are apportioned to a longer reach thereby lowering the HE/km& score. The flood 
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risk and drainage benefit areas associated with these additional reaches should abe identified and 
the HEs at risk included in the analysis. 

As the reach status is used to prioritise maintenance activities, any changes to the maintenance 
programme on .the basis of the reach status alone must be undertaken cautiously, especially as 
the reach status does not take into account monetary benefits,and.costs. 

Benefits of Flood Alleviation . . . 
The benefits of flood.alleviation are-based on the.diEerence between the ‘with’ .and ‘without?. 
project (maintenance) situations. 

The effect of flooding has been based upon the predictive technique whereby annual average 
flood damages are determined by assessing -the HEs affected by .floods of varying magnitude 
for the %ith’.and ‘without’~maintenance situations as shownin Table.3. 

Table 3. Example. of, the calculation. of annual flood damages using-the i arithmetic 
method ‘. 

Flood Return ,. Probability. Nr. HEs Probability Average Nr. HEs (a> x (b> 
Period (years) Affected Interval (a) .. Affected (b) 

Without Maintenance 

.............................................................................................................................................................................................. 
50 0.02 9.92 “.~.-.~.~.~.~-.~.‘.‘:~:~.~::“‘::::^‘:::::::::: ::: ::: >>:.:. ::::::.::::::: ................................................................... .. ... .... .................................. ............................................................. .................................... ......................... ... ...... ...... ...... ................... ..~~~~~~~~~~~~ .............. 

.. :.:.:.:.:.:.::.:.:.:.:.:-:.:.:.:.:.:.::::::::::ji::::::::.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.~.:::~::::::::~ ........................ ............................................................. :.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.: ..:.:.:.:.:.:..:...:.:.: .: :,:: ::: ::: :.:.:.:............:::: ::: :: :.: . . . . . . .................... . ::: ::::: j j; j ;; j j:: ::::::::::::::::::::::::::: :yyj;::j ....... ;; .. Fjj ;: ..... ~:.i~:.ii ... .. :‘;z .................... 
Annual Average Number ElEs affected without maintenance (AAN m+tioUt) 5.25 

Vith Maintenance .,.,.,.,., 
1 1 0.00 

‘.‘.‘-‘.‘.‘-‘.‘.‘-‘.‘“‘-...:.‘.....’.:.:-: : :“.:-:.-.-:....:....... . . . . . . .,.,...,.,.,._,.ii,.,.....,...,.,.... ..,........ ._.......: :::::.:;:,:,:,:.: . . . . . . ..i........... ..:..y f:‘: :.:.:.:.:.:......:.,:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.~.:.:.:.:.:::::.:.:::~:::::~: ‘~“~‘~~~“‘~~~~~“~ :,:.:.:. ~:,~ ,:.:.;:. ~ ~.~,~‘,~.~,~.....~.~.~.~.~.~.~.~.~.~, __, ,, .. :~:~:j:~~j:~.j..:.:.:.:.:.:.:.:.:.~.~:~:~:::.:::::~::::::~:::~~~:::::::;::::::::::::::::::::::::::::::::~: :.:y:: _ __ -. ..,.,..... “.‘...... . . . . :.:- ..i.........................,._ ‘...:.:.~.:.:.:.:.:.w.:.~:,: .,.,.,.,.,.,.ii_,,,_ . . ..~........~..~.~.~.~.~._~.~.~.~.~.~.~.~.~.~.~.~...~~~~,~,~~~~~,,,~~~~~~~,~, ::::::.~-............... ..i... m....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -..: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..‘.......‘.:.:.:.~.:.:.:.:.:.:.:.:.:.:.:.:.:.. . . . . . . . . . . . )~ . . . . . . . . .._..................... -.- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .A. . . . . . . . . . . . . . . . .,. ..: _.... . . . . . . . . . . . . . . ..:_ . . . . . . . . . _...................................i....._......... 0.95 1.49 1.41 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -..: ,...................................,............._.., 
0.05 2.98 .-‘.‘.....-..........- ::-‘_:‘..:.:.. ..:..:::..:.... 

LO 2 _...‘.-..>:-. . . . . ..:. . . . ..i.. ..i_. . . . . . . . . . > ‘“...:.‘: ;:::.:.:.:.:.:.:.:.:.:.,.:.:.:.:.:.:.:.:.::.:.:.:.:.................................... . .___.....___..___._....,..,..... >:.:..-:.>: .i. “‘...:.):.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:...:.:.:.:.:.:.:.:.:.:.:.:.:.: . . . . . ..I...i-.....-..................,... .._............ . . . . . ..-. :::::::::::::::::::::::::::.:.::.:-:.::.:.:.:::~:::::.::,.. ..;* :... .._. . . . . . . . . . . . _,,,__ .. ::::::,::::j:::::::~::.:.:.:.:.:.:.:.:.:.,,:.:.:.:.:.:.:.:.:.:.:::.:.:.:.:.:.:.:.:.:.:.,.:.:.::::~:::::::::~;::::~~::.:,:,:,:.:,:~.:::::::::.~.:::,:::.:,:.::~::’:.: . . . . . ._, ._ :.:.: .,._.....,.,.i,_,.i_ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .../ . . . . . . . . . . . . . . . . . . . . . . . . _.....:......... -: . ..A....... .:......_ . . . . . -..: . ;:y i‘:‘:.:;.~.:::::::.:.:: : . . . . . :...._.. -.> ,_,...__ :;.:;,:.:::,:::.~,:,:,~:::: . . . . . . . . . . . . . . . ,‘.:.:.:.:.:.:.:.:.:;.:.:.:.:.:.:.:.:.:.:.:.::::::::::::~:::::::::::::~:~:.:~~~:~~:~:~:~ 
-‘.‘.“-“-“:.~-: . . . . . . . :.:.:.:.:.;.*: :......_.... . . . . . . . . . . . . . . . . . . . . . . . ._.......... . . . . . . . . . . . . . . . . ̂ .............. . . . . . . . . . . . . . . . . . .._.......... . . . . . . . . . . . . . .: . . . . . . . . . . . .._. _....... ._. . . . .._. i....... ..-...:...:.:.: :.; . . . . .._..._.............. . . . . . . . . . . . . ._.................................................................................................................... .,.,.,...i_.i_.,.,.,.,. 0.03 0.19 6.45 

50 0.02 “““‘...9:‘92”“““.‘...~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
._.. . . . . . . . . . . . . ._________ ._. ._ ._. .____. ___.._ 

Annual Average Number I-Es affected with maintenance (AAN ,& 1.61.. 

The difference in the AANtiout and--AANd is the -flooding impact annual average.benefit of 
the ‘project’ expressed in HEs. This figure is multiplied by the value of one HE to derive the 
annual average benefit expressed in monetary terms. Using the example .in. Table 3, the 
benefits of flood alleviation are therefore &4747 ((5.25-1.61) x &1304).. .’ 

The annual benefits of flood. alleviation over the whole flood risk area for each..case study 
watercourse are shown in Table 4. 

Benefits of Drainage- 
The predictive technique was used to determine difberences in .fieeboard between the! ‘with’ 
and ‘without’ maintenance situation to: determine changes in drainage status which would. 
occur in the,absence of maintenance. 

The annual benefit of preventing a deterioration. in drainage- status is calculated from the area 
affected (ha) multiplied by the- annual -benefit (&/ha) to be gained from..-preventing the 
deterioration. ‘- Total. annual, drainage. benefits are shown in .Table .4 for each case study- 
watercourse. 
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Table 4 Annual benefits of flooding and drainage, by watercourse 
Watercourse Anmtal Benefit(i) of Annual Benefit (5) of 

Flood Alleviation Preventing Deterioration 
in Drainage Status 

Kelwell Stream 18523 11440 
Watton Beck 43788 29329 
Winestead Drain 128849 47213 
Ffos Fawr 11443 4620 
Abbey View AD 1846 2708 
Ffynnon-y-ddol and tributaries 0 20411 

Note: Figures are subject to rounding. 1997198 economic prices are used. 

Long Term Deterioration Without Maintenance 
At present, on the watercourses studied, maintenance is undertaken annually. The without 
maintenance situation represents the base case best estimate of the likely conditions which will 
prevail if maintenance were discontinued. Without maintenance, however, over a period of 
years the channel capacity is likely to be reduced due to vegetation growth and siltation. 
Therefore, the impact of the annual flood aRer 10 years without maintenance, for example, is 
likely to be greater than its impact after one year without maintenance. 

To test the sensitivity of FDMM to this, two without maintenance flooding scenarios were 
used for Kelwell Stream and Watton Beck. Scenario 1, the base case, is a typically 
representative best estimate and shows the likely number of HEs affected by flooding, and the 
deterioration in drainage status which may occur, if maintenance were discontinued. Scenario 
2 represents the average annual loss of benefit assuming there are incremental losses due to a 
further deterioration in channel capacity over time due to lack of maintenance and 
consequently larger areas are flooded and drainage status deteriorates further. 

The Scenario 2 benefits are an estimate of the losses which may occur if maintenance were 
discontinued for 10 years. These annual benefits are derived by discounting the average value 
of incremental losses over the period between Scenario 1 and year 10 to derive the present 
value of these average incremental losses, and adding this to the loss under Scenario 1. Table 
5 shows an example of this and calculates losses due to flooding. 

Table 5 Estimation of losses due to flooding (agricultural + urban), assuming further 
deterioration without maintenance, Kelwell Stream 

Benefit lost under Scenario 1 (5) 
Benefit lost in year 10 (5) 
Incremental loss over 10 years (5) co> - (4 = Cc> 
Average value of incremental loss (loss in year 5) (fi) (c) / 2 = (d) 
Discount factor at 6 % bear 5) (e) Appendix II 
Present value of average incremental loss (E) (4 x (e> = 0 
Average annual loss assuming further deterioration (5) 0 + (a> 
Total of both banks (5) 
Note: Figures are subject to rounding. 1997/98 prices are used. 

Left Bank 
6.533 
9494 
2961 
1481 
0.747 
1106 
7639 
21659 

Right Bank 
11990 
17424 
5435 
2717 
0.747 
2031 
14020 

Justification 
Justilication of the maintenance scheme is undertaken through a comparison of the benefits and 
costs of maintenance in a simple benefit:cost ratio. 

R&D Technical Report W134 vi 



Total annual maintenance-.expenditure on each main river is summarised in Table. 6. The 
combined annual flooding and drainage benefits and the benefit:cost ratio are also shown..in 
Table 6. For the.assumptions made,, the current maintenance reugimes appear. to be justified in 
economic terms. 

If the urban benefits-are removed, the current maintenance. regimes appear to be justif?ed in 
economic-terms for all the case study watercourses given the:assumptions made. 

Table 6 . Justification of maintenance, by watercourse: FDMM 
Watercourse Annual. Annual Benefits . . Benefit:Cost Ratio Benefit: Cost 

Maintenance Lost Without (Urban and Ratio 
Expenditure (5) Maintenance (;E) Agricultural) . . . (Agricultural 

(Urban and OdY> 
Agricultural) 

Kelwell Stream 3713 29963 8.07 6.22 
includingzost for.embanked reach 5300 29963 5.65 4.36 

Watton.Beck 1883 73117 38.83 21.15 
including cost for highland carrier 6590 73117 11.10 6.04 

Winestead Dram 42939 .: 176062 4.10 2.24 
Ffos Fawr 1428 * 16063 11.24 3.7 
Abbey View AD 763 4554 5.96 4.1 
FQrmon-y-ddol and tributaries 9476 20411 2.15 2.2 
Note:. Figures are subject to rounding. 1997/98 economic prices are used. Maintenance expenditure obtained 
from the Environment Agency and lDB/IDDs. Figures are taken from the Appendices. 

Assessment of the benefits of maintenance on the Winestead Drain is complicated due to-the 
fact that the watercourse is pumped and that an IDB watercourse which lies directly-upstream . . 
of the main river is served by a pumping station which is sited on the main river. 

In the previous analysis: the benefits of maintenance. are derived by comparing-the total benefits 
provided by .channel maintenance and pumping with .the- ‘do-nothing’ option.for the~main river 
reach. of Winestead Drain only. In accordance withFDMM; the IDB .watercourse upstream of 
the ,main river has been excluded from the analysis. This IDB watercourse, however, benefits 
Corn maintenance and pumping on the main river and in order to determine total benefits and 
costs, this watercourse .and associated benefit area should..be included within the : analysis. 
Sensitivity analysis to determine the impact of this.and the benefits associated with (a) channel 
maintenance only and (b) pumping only. has been carried out. 

The sensitivity of the benefit:cost ratio to maintenance expenditure and definition of the-benefit :. 
area has been assessed. Inaddition;~.the impact of including a proportion of the maintenance- 
expenditure on.the:main rivers into. which -the case study watercourses discharge has been .. 
determined. 

It is important that an integrated and comprehensive view of the river. and- drainage system is 
taken in order to capture all relevant ‘costs and benefits. These should be identified for areas ..’ 
served by tributary;IDB/IDD networks, for the areas served by pumping stations beyond the 
immediate maintained reach and low lying areas protected by embanked sections or highland 
carriers. This. suggests a catchment based approach. is more reliable than .a reach based 
approach. 
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Comparison of Results from FDMM and the Guidelines 

The benefit:cost ratios produced through application of FDhOI to agricultural related benefits 
and the Guidelines are summarised in Table 7. Comparison shows that ratios produced by 
FDMM are generally higher than that from the Guidelines. 

Table 7 Benefitzcost ratio, FDMM and Guidelines, by watercourse 
Watercourse FDMM (a) GUIDELINES Ratio of FDMM GUIDELINES 

Annual 0)) AnnlEd W@> Benefit: Cost Benefit:Cost Ratio 
Benefits Benefits Ratio (Agricultural + 

(Agricultural (Agricultural (Agricultural + Urban) 
ow G> only) (Q Urban) 

Kelwell Stream 23106 12945 1.78 8.1 5.3 
Watton Beck 39826 30682 1.30 38.8 34.0 
Winestead Drain 96036 49353 1.95 4.1 3.0 
Ffos Fawr 5313 4004 1.33 11.2 10.3 
Abbey View AD 3114 2347 1.33 6.0 4.9 
Ffynnon-y-ddol and tributaries 20411 22981 0.89 2.2 2.4 
Note: Figures are subject to rounding. 1997/98 economic prices are used. 

The main reasons for the d.iEerence in agricultural benefit assessment relate to: 

l differences in identacation of benefit areas; 

l differences due to use of standardised HE values based on 199 1 relative prices; 

l difberences due to the use of HEs in FDMM to estimate flood costs; 

l diEerences in the treatment of flood envelopes, which are assumed overlap$ng in FDMM 
and discrete in the Guidelines; 

l differences in flood costs according to catchment size which are not identified in FDh4M 
but which are identified in the Guidelines; and, 

0 differences in the identification of drainage related benefits which are more elaborate in the 
Guidelines. 

Quality of Results 

IDhEM and the Guidelines are the products of extensive research and both systems are 
underpinned by some hydrological and agri-economic modelling. The accuracy of the results, 
however, is affected by the assumptions made for the particular circumstances of the 
watercourse and benefit areas, and the amount of detailed information available. Lack of data 
available at the present time creates the need to make estimates, As availability of data 
increases, fewer estimates will be necessary. 

Standard data and default values are provided in the Guidelines and to a lesser extent in 
FDm, which may be used in the absence of measured data in order to reduce the need for 
making estimates. This can reduce the possible sources of error which are introduced into the 
calculation. 

User Confidence 

At present, there seems to be limited understanding of, and linked to this, limited con6dence in 
FDMM. Whilst this is mainly because FDMM is a new system and not very familiar to the 
users, it is also due to its ‘black box’ image. Clarification of various elements within FDMM is 
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required and training needed to enable a thorough understanding of the system .:, In its present 
format, inconsistencies and anomalies in:FDMM are a source of confusion and these need to be, 
addressed. .. As familiarity with -FDMM. increases through application .to .more sites, confidence- 
in it will increase. 

The Guidelines can accommodate more; variation in .watercourses (for example, highland 
carriers and IDBLIDD channels) and benefit areas than FDMM ,and are therefore applicable to 
a wider-variety of circumstances. This, coupled wimthe fact that the Guidelines. are. more. 
transparent has lead to. confidence being placed in them by users,. especially those using RIMS 
which.: draws’ on a similar methodology and approach. In areas where land use is 
predominantly agricultural, and- drainage rather than flood alleviation .is the main zoncem, .the 
Guidelines~ can help to underpin FDMMI and demonstrate that FDMM can be used : to ‘. 
accommodate agricultural interests. 

Conclusions and Recommendations 

The general conclusion of the study is that in the main,, FDMM serves the purposes intended. 
It does provide an objective basis for.deciding.SoS and assessing .benefit:cost perbormance of. 
river maintenance works. 

Problems he in the’ use and. interpretation of underlying. data, -assumptions and procedures. 
These can,be addressed to improve its ease and accuracy. of use. 

Evaluation.of FDMM and the Guidelines 

Followkg the: application and .evaluation : of FDMM and :-the 1 Guidelines, suggestions for 
modifications have been made. .These relate to:- 

1. modifications -to -FDMM to address site specific circumstances and-.pecuharities such as 
highland carriers, lDB/lDD watercourses and derivation of benefit areas; 

2. guidance in de use of FDMM and in particular in the use of adjustment factors such as the 
area1 drainage factor; ‘. 

3. provision of information. and clarification regarding :assumptions :and use of default values 
such as the drainage adjustment factors;. 

4. guidance in the use oE.the:Guidelines and,ways in which they may.be used to support the 
agricultural component of FDMM; and, 

5.: modificationsto the presentation of FDMM and the Guidelines and correktion of errors. 

Recommendations Regarding FDMM 

The recommendation arising from thestudy which relate to FDMM are that: 

l the modifications ,to FDMM which are discussed in Chapter 5 are implemented and the 
record sheets re-designed accordingly;’ 

l attention is given to the definition-of data requirements to enable EDMM to be used to its 
full potential;. 

0 a catchment scale of. analysis is adopted ‘whereby benefits and costs of the .whole : 
watercourse system are studied, including. lDB/lDD drainage networks, embanked reaches 
and highland carriers and costs associated with asset management;: 

l the derivation and, application of the potential.waterlogging damage factor as it applies to 
the estimation of agricultural drainage assessment is reviewed; 

l default values are generated for use in cases where data are absent or limited; 
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l case studies are developed to show the application of FDMM. These would provide 
examples of their application to a range of circumstances; 

l a case study is developed to demonstrate the integration of urban, semi-urban, rural and 
semi-rural benefit assessment; 

l a training programme is devised and implemented throughout the Environment Agency to 
address needs which are specific to each user group; 

l a summary version of FDMM is produced for use on site; and, 
l a review of the Flood Defence Management System (FDMS) is undertaken through 

application to the same sites used in this study to enable a comparison with FDMM. 

Use of the Guidelines to Support F’DMM 

The Guidelines may be used to support the agricultural component of FDMM. In particular, 
the Guidelines may be used to: 

l justify maintenance on IDBAID watercourses which are tributaries of the main river. This 
would be particularly useful in areas of Wales such as in the Conwy Valley and in 
Lincolnshire where lDD/lDB watercourses are abundant; 

l justify the flood protection provided by highland carriers and embankments. At present, 
flood risk areas associated with these are not defined using FDMh!I and their associated 
benefits are excluded f?om the analysis; 

l justify to a third party, the rationale behind a decision to change the SOS provided. The 
concept of benefits in terms of & is likely to be more familiar and meaningful than the use of 
HE%. 

l determine the current drainage status and that which is likely to prevail in the absence of 
maintenance if measured data are not available. These drainage conditions may then be 
used in FDMM to reduce the number of estimations which are made and hence the 
potential sources of error. 

Recommendations Regarding the Guidelines 

The recommendation arising fi-om the study which relate to the Guidelines are that: 

l the modifications to the Guidelines which are discussed in Chapter 6 are implemented and 
the record sheets re-designed accordingly; 

l case studies are developed to show the application of the Guidelines in support of FDMh!I 
to accommodate peculiar circumstances and different levels of detail; 

l ‘the training programme recommended in support of FDMM and implemented throughout 
the Environment Agency includes training in the use of the Guidelines in support of 
FDMM; and, 

l a spreadsheet version of the Guidelines is developed for use by the Environment Agency. 
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1. INTRODUCTION 

1.1. Background 

The primary aim .of flood defence. is to provide effective. defences for people, property and, 
a,+cultural land against flooding and waterlogging.fiom.rivers and sea (Birks, Pickles, Bray 
and Taylor, 1992). In .order for rivers to perform .this:,flood defence role efficiently,.. 
management of the watercourse is often necessary. Inrecentyears greater emphasis has been.. 
placed on the need for objective methods -for. assessing the value and’desigtt of appropriate 
river maintenance programmes. 

This requirement. for justification of maintenance expenditure. and Standards of Service 
provided. has prompted the development of a support framework to improve the objective: 
identification and justification of works. Strands of research and development (R&D) work. 
carried out under. Topic C4-Operational Management have been drawn together in the.Flood, 
Defence- Management Manual (FDMM) to fulfil this role. The Flood Defence Management 
Manual is supported by the Flood Defence Management System (FDMS). 

While the .Environment Agency are committed to the development and implementation of. 
FDMM, there is some concern regarding the relevance and. applicability of FDMM .to all 
watercourses and. circumstances. The North East ,Region of the Environment Agency piloted 
FDMM in .1996. During 1997:‘FDMM came on-line within all’regions. All non-grant aided 
w0rks’with.a value of less than &500 000 must now be justified using FDMM. 

Guidelines for the Justification of River Maintenance (Dunderdale & Morris, 1996b, hereafter 
referred to as Guidelines) have been developed concurrently:with FDMM and FDMM draws 
partly on their methodology. The Guidelines provide a routine for justifying maintenance 
activities in agricultural areas. 

Given.the commitment to FDMM, the need has-arisen to evaluate and validate its.performance 
through application to specific. watercourses. This report addresses this issue. The 
performance of the Guidelines is also evaluated through application to the same. case, study 
watercourses... Ways in which the Guidelines may be used to support the agricultural benefit 
assessment component of FDMM are identified. 

1.2 Aim. and Objectives 

The broad aim of the. study is.to evaluate and :validate the .performance of FDMM through 
application ‘. to case study. watercourses in ..predominantly rural areas, with reference to 
agricultural related benefit .assessment. 

Specific-objectives are.to: 

1. apply FDMM and the Guidelines to case study watercourses which reflect. a range of 
circumstances; 

3 -. evaluate the performance of.FDMM against agreed criteria; 
3. suggest modifications to FDMM. and the.Guidelines in view of (l)and.(2); and, : 
4. identify, if appropriate, .ways in .which the:Guidelines can-be used to support,. and where 

relevant, extend the agricultural component of the FDMM methodology. 
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1.3 Report Structure 

This report summarises the objectives, methods, results and conclusions of the study. Chapter 
One summarises the background to the study and defines the aims and objectives. Chapter 
Two defines the study topic and issues relating to river maintenance and summarises the 
sequential development of maintenance appraisal systems. An overview of FDMM and the 
Guidelines is also provided in Chapter Two. 

The methodology is outlined in Chapter Three. Results of the application of FDMM and the 
Guidelines to case study watercourses are presented and interpreted in Chapter Four. FDMM 
and the Guidelines are evaluated in Chapters Five and Six respectively. Chapter Seven 
contains conclusions and recommendations. 

The report is supported by a full list. .of references and a series of appendices. The 111 results 
of de application of FDIHM .and the Guidelines to each case study watercourse are presented 
in separate Appendices. 
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2. RlVER~llKAINTENANCE: 
CONCEPTS, PRINCIPLES, APPRAISAL METHODS 

This Chapter explains the .need for maintenance- and the. requirement--to justify maintenance 
expenditure. The sequential development of benefit: assessment systems is outlined. The 
methodology of FDMM and ‘the Guidelines for the Justnication of. River Maintenance- are 
summarised. 

2.1 Introduction 

The floodplains of many.r-ivers in England and,Wales are used for agriculture which:is sensitive 
to drainage conditions and flooding, The floodplain provides fertile land-for agriculture, a flat 
environment for build.& and an obvious route for communications.~ Many conurbations in the 
UK such as London and Birmingham are established on floodplains.,. 

Effective defence for people, property and,: agxiculture from flooding-. and- .waterlogging 
(underground flooding) is necessary. Without flood .defences, .approximately 7% of the total:. 
land area of England and Wales(l0 000 km*)‘would be at risk from non-tidal fluvial flooding 
(Richardson,- 1996). -Flooding. from coastal waters would affect 7000 km* . Thistotal .area 
includes approximately 55% of,grade one~agricultural land (Richardson, 1996) in England and..- 
Wales. Maintenance of flood alleviation measures therefore has a significant -impact .on the. 
national economy.. 

2.2 River Management and Maintenance 

The primary: aim.of flood defence.is to provide effective defences for people, property and 
agricultural land against flooding and waterlo,, -iug from rivers and sea (Birks et al, 1992); 

In order for rivers to perform. this flood defence role .efficiently, management :of the’ 
watercourse is often necessary. The primary function of the river is to drain the land and the 
main purpose of watercourse maintenance isto enable the river to deliver a particular standard 
of- flood protection and land ‘drainage. service.. The ,standards to which the. Environment 
Agency seeks to alleviate flooding and allow provision for -adequate drainage of land- are 
termed the Flood Defence.Standards of Service (SOS). 

By definition, maintenance is a repeat activity which through a ‘single -action or sequence of 
actions, serves to modify the flooding or drainage characteristics of the reach beiug considered’ 
(Howells, Brown, Finney and Morris, 1993). 

Maintenance influences the .relationship between flows and,:levels in the river and drainage 
system: In rural, mainly:agricultural areas,.this relates to the control, within acceptable limits, 
of flooding:and watertable levels. Maintenance affects the ability of the river to retain flows of 
a given magnitude,’ and thereby the risk of flooding.., Similarly, maintenance affects the ,outfall 
for field drainage,. whether by, natural .movement of water through soils. or assisted by 
underground pip es. 

Maintenance also- affects .environmental qualities, either directly through its impact on 
conditions within .the channel; or indirectly through its impact on. soil.water regimes in the 
adjacent floodplain. .‘. 
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2.3 Maintenance Justification 

The need ?or maintenance works has traditionally been based on the fact that the maintenance 
scheme is scheduled as part of an ongoing reguiar programme of work. The criteria for 
determining the degree to which these services are provided, and therefore standards of 
maintenances have traditionally been based on local judgement, the current level of service 
provided and available funding. This judgement is subjective and substantial variation in 
approach exists between Environment Agency regions. This approach is unstructured and 
cannot be considered appropriate in a national context to determine the need for maintenance 
works, the level of service and value for money, as there is no link between the rationale for 
maintenance and the Standard of Service (SOS) provided. 

Through commitment to the Citizen’s Charter, public awareness has increasingly focused on 
the .‘real world outcome’ of the work of the National Rivers Authority (NRA) and now the 
Environment Agency. Resources provided by the tax payers and industry must be seen to be 
used in a cost-effective manner whilst effecting a discernible improvement on the quality of the 
water environment. In the year 1996/97, over &250 million was spent by Flood Defence 
nationally on maintaining and improving flood defences. This accounted for almost 50% of the 
core-function expenditure of the organisation (Environment Agency, 1996). 

Prior to the launch of the Environment Agency, Flood Defence underwent a period of 
structural change. The business was divided into two sections - the Client and the Contractor - 
with the aim of improving efficiency. This led to a greater focus on the objective assessment of 
the need for and justification of maintenance works, especially regarding the estimation and 
comparison of benefits and costs. 

This requirement for justification of maintenance expenditure and achieving- Standards of 
Service provided has prompted the development of a framework to improve the objective 
identification and justi&ation of works. This framework is FDMM, which draws together 
R&D work carried out in Topic C4 - Operational Management. FDMM is supported by 
FDMS. 

Projects which are fimded by grant aid provided by the Ministry of AMculture, Fisheries and 
Food (MAFFi and the Welsh Office (WO) must be justified in accordance with the MAFF 
Project Appraisal Guidance Notes (PAGN, MAFF, 199? t which are in line with Treasury 
Guidelines. Non-grant aided works over $500 000 in valiz are also justified using the PAGN 
as these are also submitted to MAFF for approval. All 081~ non-grant aided projects must be 
justified in accordance with FDMM. 

2.4 Sequential Development of Benefit Assessment Systems 

Throughout the history of the water authorities, the NRA and Environment Agency, numerous 
R&D projects have developed methods to appraise the maintenance function. A brief summary 
of some of these projects is presented here. 

Early systems to facilitate and standardise the assessment of the benefits of flood alleviation 
and land drainage were provided in the ‘Blue A4anzcal’, produced in 1977 (Penning-Rowsell 
and Chatter-ton, 1977). The manual simplified the assessment of benefits of protecting urban 
and agricultural land. It provided nationally applicable standardised flood damage data for a 
variety of urban land uses and computer based routines for the discounting of benefits. A 
similar manual produced in 1987 (the ‘Red’ A4anzral) provides routines for the appraisal of 
urban benefits (Parker, Green and Thompson, 1987). 
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In the. early ~1980s;. Silsoe College undertook a major study of drainage benefits and farmer 
uptake on behalf of ‘Severn Trent Water Authority (STWA) and, MAPF. This included a 
review- of 22 agricultural I drainage improvement projects throughout :England and Wales. 
Subsequently: methods were developed.for agricultural benefit assessment and drainage project 
appraisal. 

The concept of House E@ivaLeelzts (HEs)-( often called-Household Equivalents) .was developed 
for Standards of Service during the 1980s by Chatter-ton and, Green (1988). Under. this 
concept, land use subject to flooding is recorded and evaluated using the commorrnumeraire of 
the HE.. A key factor- in the .use of the HE is the ‘value’- of one -HE in economic terms. 
Chatter-ton. and Green used.the conventional annual ,average damage approach to derive an HE 
value of &153 (1988 price base). All other economic activities in the floodplain such as 
commercial and ~agricultural interests .were then converted to their HE value. 

This approach was adapted. by Gould. Consultants, now .Gould Rural Environmental iLtd. 
(GRE), whoused the concept of the .‘average cost of a flood’, to derive an HE of&l 135 (1993 
pricedbase). It is this interpretation of the HE which is usually used. The value of one HE may 
be updated annually by using the appropriate .price index. In 1997/98”economic:prices, the 
value of one HE.is estimated to be &1304 (Environment Agency, 1997). It was only later that 
the concept of HEs wasapplied to justification. 

Tile River. Injbrmation and Maintenance~System(NMS) was developed during the late. 1980s 
by the Severn ,Trent Water Authority (STWA) and others. This computer based application 
enables the justification of maintenance activities. RIMS performsbenefitassessment for urban 
and in&a.structural features such as commercial properties, housing, roads’and railways and for 
agricultural land: .’ Silsoe College built on their previous work to design the.. agricultural 
component of the system. The benefits of maintenance- are estimated to be the value. of 
damage to land and infrastructure. .without maintenance, less the value of damage .with 
maintenance.- 

In.,1989; the NRA: commissioned Silsoe College to undertake a study,to-llzonitor and evaluate 
the impact of maintenance on six main river sites within the Severn-Trent.Region (Sutherland. 
and Morris, 1993). The-study developed.methods’for the technical and economic appr+sal of- 
river maintenance. Subsequent to this, the study was extended to incorporate -other NRA 
Regions,- and further develop methods’ to help,. design, justify and prioritise maintenance 
activities. This involved the monitoring of 12. sites in five NRA Regions during the period 
1992, - 1996, and the development of guidelines for. the .management of the, maintenance 
fimction. The output fi-om ,this study included .Guidelines for the JustiJication of River .. 
bfaintenarzce. These provide a routine. for the justification- of maintenance regimes in terms of I 
the impact on standards of land drainage service; flood risk and economic benefits and costs of 
maintenance. 

The NRA commissioned Robertson Gould Consultants in association with Sir William : 
Halcrow and. Partners to. develop a system. which could- be applied nationally to define and 
monitor Flood Defence Levels of Service (LOS) (RobertsowGould Consultants,. 1990). This 
system involves the identification ofland use, in terms of HEs which is within~the area at .risk 
of flooding: Land use.is classged into five bands according.to the total,number of HI%. The 
total-number of agricultural HI% affected by flooding at various return periods are used .as a 
measure of the adequacy of the level of service provided. 

The coastal arzd River I@astructzrre A4anagement System (CRIMS) for -:Flood Defence 
(Howells, Haigh; Reaston, Taylor and:.Morris, 1992), developed in the early 1990s draws 
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together various strands of research relating to the appraisal of maintenance. It draws largely 
on the flood defence Levels of Service work. CRIMS is a simpler, less precise method than 
RIMS for justifying maintenance. It uses the concept of HEs to calculate agricultural benefits 
which arise from changes in flood risk, land use and yield as a result of flood alleviation. 

The Flood Defence Standardci of Service (SOS) system was developed as a management tool, 
to provide a method for the definition and monitoring of Standards of Service on a consistent, 
non-subjective basis (Robertson Gould; 1992). This approach is based on the HE principle and 
is composed of two, elements: 

1. an assessment of current land use and definition of target SOS. The drainage and flooding 
land use assessments are used in conjunction to define land use bands and attribute target 
SOS; and, 

2. monitoring of actual and estimation of the likely future impacts of flood incidents on the 
basis of the current maintenance strategy. 

It draws together elements of the RlMS, CRlMS and the Flood Defence Levels of Service 
methodology. The methodology of the SOS system is illustrated in Figure 2.1. 

1 Flooding Laud Use ) 1 Drainage LandUse 1 
I Assessment ) 

i F 

source: NRA, 1995, Figure 3.1 

Figure 2.1 Standards of Service methodology 

The economic appraisar! of norm-grant aided Work, undertaken by Mott MacDonald 
Consultants and Silsoe College (1992-1993) drew together elements of this previous research. 
It provided a consistent appraisal method which could replace the varying regional practices 
which have developed over the years. 

FDMM is based on elements of all these previous benefit assessment systems, most notably, 
the economic appraisal of non-grant aided work and the SOS system. 
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2.5 Derivation of House Equivalents 

A House Equivalent (HE) is defined as the average financial cost of damage caused to an 
average house when flooded; by a single representative event (GRE methodology). This,HEis 
used as a common unit to assess the intensity-of land.use within an area at risk of flooding. -A 
house within the area- being assessed registers :as one HE and flood damage costs defined for 
all land use features identified as important to SOS are expressed in terms of this HE: HE. 
values -for various land use features are given in FDMM,. Table 3.2, p3/7. 

A key factor in the use of the HE is the ,‘value’ of one HE in economic: terms. This value is 
based on the average damage (&) caused by flooding of variousdepths (CO. l-m - >1.2 m) and . . 
returnperiods (<lo yrs, lo-50 yrs, >50 yrs) to an inventory.of over lOOitems.and up to-400 .. 
building repair activities,-in a. sample of properties which: represent 104 house types (Howells 
et al 1992). In 1991 prices, an average value of thisdamage was estimated to.be &1134:~‘Ihis 
is the value- of one HE.. Non-residential property is treated in a -similar manner. 

The average weighted damage (&) for each land use feature and associated HE .are. shown in 
Table--2.1. Further information on the derivation of the damage fiueures is presented in the 
following .paragraphs. 

Potential damage-to communications is based on the duration of flooding (<:. or b.12 hours). 
Typical duration of road/railway closures and disruption- costs were taken from case studies 
conducted by the,-Flood Hazard Research Centre. (FHRC; ,. 1988). The weighted average 
damage figure (&) assumes that 65% of events are of short duration and 35% of long duration. 
These costs were inflated in CRIMS (Howells. et al, 1992) to 199 1 values using the -appropriate 
price indices, and are shown in Table 2.1. 

The losses incurred by flooding of forestry (Table.2.1) are based on the probability. of flooding 
after planting and the total cost of replacement planting after the event which is divided by 50 
(planting is assumed to be on a.50 year cycle) to derive an annual cost.. The impact of flooding 
on scrub is discounted on the assumption that no ,damage is incurred. Further details may-be 
found within CRIMS (Howells et al, 1992). 

Damage to extensive pasture is based on the assumption that on average, a flood lasts 7 days 
and a further 7 days willbe required for the grass to recover. The loss of 0.5 .month’s growth 
is weighted by the probability of flood-occurrence by month-(Howells et al, 1992). Losses to 
intensive pasture are: based on- the..probability .of flooding by month and the energy which 
would be lost. Loss of grass conservation and grazing are taken into account (Howells. et. al, 
1992). 

Losses to extensive arable cropsare based on winter wheat; the most commonly grown cereal 
in the floodplain.. It is assumed that in a large catchment (>2500 .ha), there is a 3% probability 
of total crop loss from. a single event occurring at the drilling stage and-.a further 3% loss 
associated with additional. floods. Losses during the growing period and at harvest are taken 
into account (Howells et al, 1992):. 

Potatoes and sugar beet are taken to be representative of intensive arable crops. Estimates of 
losses are based on a single flood in a large catchment (12500 ha).: The loss relates to the 
diITerence between .the unaffected and affected gross margin, weighted by.the probability of 
occurrence during the growing season,..and, :during. harvest. The cost of ploughing.. in the 
damaged remains of the crop isincluded in the calculation (Howells et al, 1992); 
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Table 2.1 Land use features and EIE values 
Land Use Feature Average Weighted Unit HE (b> 

Damage (5 *) (a) 
House 1134 Number 1 
Garden 43 Number ** 0.04 

NRP - Manufacturing 32.2 Area (m’) 0.03 
NRP - Distribution 60.6 Area (m’-> 0.054 
NRP - Leisure 35.3 Area (m’-) 0.032 
NRP - Offices 37.9 Area (m’) 0.033 
NRP - Retail 41.3 Area (m’) 0.035 
NRP - Agricultural 0.4 Area (m’) 0.001 

It was proposed in CRLMS to use a value ofO.001 HE to simplza the calculations tmdertaken 

C roads 3040 Number 2.7 
B roads 7100 Number 6.3 
A roads (non-trunk) 17740 Number 15.9 
A roads (trunk) 35480 Number 31.7 
Motorway 70960 Number 63.5 
Railway 70960 Number 63.5 

Forestry and scrub 0.21 Area (100 ha) +*c* 0.02 

Extensive pasture 14.29 Area (100 ha) 1.30 
Intensive pasture 35.58 Area (100 ha) 3.00 
Extensive arable 72.34 Area (100 ha) 6.30 
Intensive arable 501.49 Area (100 ha) 44.1 

Formal parks 720 Number 0.6 
Golff race courses 790 Number 0.7 
Playing fields 90 Number 0.1 
Special parks 10510 Number 9.3 

Note: Figures are subject to rounding. * 1991 prices 
** E.g. 43/l 134 = 0.04, *** E.g. (0.21/l 134)x100 = 0.02 
Source: (a) CRIiMS, R&D 373/1/T (1992) (JJ> NRA (1995) 

Evaluation of damage to amenity activities relates to the marginal loss as a result of flooding 
over and above losses expected through bad weather. An additional factor to consider is the 
probability of a sporadic activity such as a cricket match or point-to-point coinciding with a 
flood event. The probability of this occurring is low. In some cases, for example, as in the 
case of a golf course, membership fees would still be due, even if flooding prevented full 
utilisation of the facilities. Losses Corn fees would therefore be minimal but repairs to greens, 
fairways and bunkers would be required following flooding. 

2.6 Overview of FDMM 

FDMM presents a step by step framework for the economic appraisal of non-grant aided w-ork 
with‘ a value of less than &500 000. An overview of FDMM is presented in the following 
sections. 

2.6.1 Reach definition 
Each river bank or flood defence system is divided into reaches of broadly similar length 
(ideally 4-7 km). Reaches broadly mark changes in land use or hydrological re,@mes and may 
be divided into sub-reaches with limits that coincide with easily identifiable features such as 
bridges or control structures. The reach limit defined on the channel is extended across the 
width of the flood risk area to define the assessment area for each reach. Left and right banks 
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are treated separately,: and., if possible,: the reaches on each bank .should use the same 
demarcation points. The effective reach length-is the ‘length,within the main channel of a SOS 
reach for which a flood risk area is defined (loopsi.spurs and lenghs without- an associated 
floodplain are excluded)’ (FDMM~- 1995);. Figure 2.2 illustrates this diagramatically. 

2.62 SOS assessment - flooding 
Area of- benefit 
The area benefiting fiom.the flood defence services provided is identified and termed the.flood.1. 
risk area. as area may equate to the matium known flooding extent or the area protected 
by an existing flood defence scheme. 

Land use.assessment - flooding 
The intensity of land use withinthis,fldod risk -area is expressed in terms. of House Equivalents 
(HE). E.xamples of HES‘ foi-. various land use -categories are shown in -Table 2.1. The 
agricultural values exclude allowances for poor drainage as the flood risk.and.drainage benefit 
areas may. differ. .., 

Left Bank Right Bank 
h 

\ 

E 
R 

Actual Reach Length Left = a i Lb + Ld 
Actual Reach Length Right = a f Rc 
Effective Reach Length Left and Right = a 

Limit of Flood 
Risk Area 

Limit of Flood 
Risk Area 

R .; .. ] 

I , i 
w 

v 

E 
R 

Acmai Reach Length Left and Rigl~t = c 
ElTective Reach Length Left = La + Lb 
Effective Reach Length Righht .= Ra + Rb 

Figure-22 reach lengths 

The total HEX score for the flood risk area is divided by the eff&ctive reach length, to derive an 
HE/km value. The land protected is categorised -into one.of f?ve bands according to land use 
intensity and,hence potential damage as shown in Table 2.2.:. 
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Table 2.2 Land use bands according to number of HE/km 
Land Use Range of HE/km Comment 

Band (one bank only) * 

A >.50 
B 25 - 50 
C 5 - 24.99 

D 1.25 - 4.99 

E 0.01 - 1.24 

F > 0 < 0.01 

'X 0 
Xld 0 
Xest 0 

TypicaIly large urban areas at risk from flooding 
Less extensive urban areas with some high grade agricultural land 
High grade agricultural land at risk of flooding and impeded drainage and some 
properties at risk of flooding 
Typically mixed agricultural land, prone to waterlogging or flooding the 
occasional property at risk of flooding 
Typical low grade agricultural land, often pasture, at risk of flooding and 
impeded drainage, isolated agricultural properties at risk of flooding 
Typically small areas of low grade agricultural land or areas of forestry and 
scrub at risk from flooding or impeded land drainage 
Little or no flooding occurs (E.g. upland watercourse), or culverted 
The reach is within the floodplain of a larger river 
The reach is within an estuary 

Note: * Combined flooding/drainage value 
Source: NRA, 1995, Table 3.4 

Effect of flooding 
The effect of flooding is determined through the use of two complimentary techniques: the 
historical and predictive technique. 

The historical teclmique uses information gathered on flood events that have occurred on each 
bank of the river reach over a period of five years (the monitoring period). Information on the 
areas flooded, date of the event, duration and nature of flooding (freshwater or saline) is 
required. The total number of HEs affected by each event is calculated using the following 
formula: 

HE score = 
(urban HE affected x salinity weighting) + (agricultural HE affected x severity x salinity weighting) 

The severity weighting takes account of the effect of flood duration and seasonality on 
agricultural losses. The salinity weighting allows for the more severe effects .of saline flooding 
as opposed to freshwater flooding. Scores for each event on each bank are calculated, and 
yearly scores averaged over the monitoring period on a rolhng basis to reduce seasonal 
variation and to give the average annual value of HE/km affected (flood score, HJYkm/yr). 

The predictive technique, builds on the historical technique by taking account of the flood 
return period at which different land uses are inundated. It seeks to identify an estimated long- 
term average annual value for HE affected. A severity weighting is applied to take account of 
the timing and flood duration. A graph is plotted of the number of HE affected at a particular 
retum period within the reach, an example of which is shown in Figure 2.3. The area under the 
curve represents the Annual Average Damage measured in HEs. Division of this value by the 
reach length, provides the annual HE/km likely to be affected by flooding (flood score, 
HE/km/yr). Alternatively, the process used in calculating the area under the curve can .be 
carried out arithmetically without the need to draw the graph, using the ‘benefit assessment 
sheet’ contained within FDMM (FDMM, Section G, Sheet 5). 
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Flood Probability 

Total HEs affected (area under gaph) 6.59 
Effective reach length (km) 3.60 
H!3 afi?ected/km/yr (Flood score) 1.83 

Source:. Supplement to the Summary Guidance for the FDMM; Summer 1997, ‘~217 

Figure 2.3 Example of the use of the.predictive.technique.to calculate the flood score . . 

Tf...a large discrepancy between the:: two techniques- is identified, the results . should be 
kve&gated. Poor .data sets for the historicaLflood- events means that the:predictive score will ’ 
generally provide the.most reliable indicator. 

2.6.3 SOS assessment - agricultural land drainage 
Using .local knowledge and existing records, the areas within the flood risk area which are 
subject .to drainage problems. are identiCed and. the. ~agricultural HE score : is adjusted 
accordingly. The. adjustment is calculated using the potential waterlogging damage value 
which varies according to land. use. This factor takes account : of inadequate drainage and- 
reflects the monetary loss (&/ha) associated with a deterioration in drainage status from .good :. 
to very bad, irrespective of the drainage system .: 

If the drainage benefit area is not known, an area1 drainage .factor is- applied to the flood risk 
area. This. factor ‘reflects the fact that the-area affected by inadequate .drainage will vary 
depending on soil type and the type of drainage system’ (FDMM p3/21 paragraph 69); 

Effect of inadequate drainage 
Two techniques are used to determine the effects, if any, of inadequate drainage on land use in 
the area at risk. The.historical technique -is the same as that..used for.the.flood assessment. 
Areas subject to inadequate drainage are identiCed visually ,and from local -knowledge-over a 
rolling tie year period (monitoring period). : 

The predictive technique involves thesetting of-a drainage st.andard,in terms of a theoretical 
freeboard .which. can be compared with: the actual..freeboard, at times of dominant discharge 
(discharge which occurs most. fi-equently). In ‘naturally drained land, freeboard: may be 
described as the vertical distance (m) between. the..water surface.in the ,watercourse and field,’ .: 
level. If land is artificially drained, freeboard relates to the distance between field level and 0.1 
m below the,field drainage pipe.outfall. This is ihustrated in Figure 2.4. 
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Naturally Drained Fields Artificially Drained Fields 

Figure 2.4 Diagrammatic illustration of freeboard 

The historical and predictive scores are combined using the following formula: 

Combined drainage score = ((Historical score x 1) i (Predictive score x 2)) / 3 

This drainage score represents the level of damage caused by waterlogging. If a large 
discrepancy between the two techniques is identified, the results should be investigated. 

2.6.4 Actual SOS 
The combined flooding and drainage score provides an indication of total damage. By 
comparing the Standard of Service provided with a pre-defined target standard, the 
performance of the current maintenance regime can be assessed (Table 2.3). 

Table 2.3 Standard of Service rating bands 
bwkn~yr Rating Description Action - maintenance regime urgency rating 

b 2.0 1 Well below target Signifkant increase in maintenance required 
1.0 - 2.0 2 Below target Increase in maintenance regime required 
0.75 - 1.0 3 On target Maintenance regime appropriate 
0.5 - 0.75 4 On target Maintenance regime appropriate, some reduction possible 
0.25 - 0.5 5 Above target Reduction in maintenance regime required 
0.0 - 0.25 6 Well above target Significant reduction in maintenance regime required 

Source: NRA, 1995, Table 6.2 and 6.3 

Based on an analysis of existing Standards of Service in 489 examples from the Wessex region 
of the NRA, a target SOS of 0.5- 1.0 HEikm/yr for each bank has been set by the Environment 
Agency. A score of less than 0.5 indicates an above target standard (ATS). A score greater 
than 1.0 indicates a below target standard (BTS). 

These rating bands are used to prioritise maintenance activities and to enable resources to be 
targeted on specif?c watercourses. Watercourses receiving a low rating (l-2) in which the SOS 
provided is below target are identiGed as a priority. 

Once the SOS has been determined using the methodology of the SOS system and the order in 
which watercourses are to be maintained has been established, procedures are identified in 
FDMM to enable the flood defence works to be justified. 
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2.6.5 Justification 
Justification ,may be undertaken for -a particular reach: asset or system ‘and. relates to the 
comparison, ofthe benefits and costs associated with the.alleviation of flood and waterlogging 
damage. Maintenance is justif?ed ifthe benefit:cost ratio is greater than 1. : FDMM is used for 
just&cation if total expenditure is less than &500,000; otherwise a full MAFF .appraisal is 
required using the PAGN.. 

Benefit assessment - flooding+. 
The benefits of flood-alleviation:are based on the difference between the -‘with? and ‘without’ 
project (maintenance) situations. 

Annual average flood damages are determined by assessin g the. House Equivalents -@Es) 
affected by floods .of varying~magnitude.. Firstly, the flood extent for the ‘without’ project 
situation :is calculated for a range of flood return periods and the number- of HEs affected by 
each return period determined. The Annual: Average Number (AAN\viaoa) of HE% affected 
under the ‘without’ project situation are then calculated arithmetically~or by plotting a graph of 
the number of Hess affected against the probability of flooding. An example of the’arithmetic 
method is shown in Figure 2.5. The flood extent is then established for the ‘with’ project 
situationafor the same range of flood-return periods:’ The,HEs affected .within the flood extent 
for each return period are calculated and the- Annual Average Number -(A4N1&) of HEs 
affected ‘with’ project is determined in the same way as for the ‘without’ project situation. 

Flood Return 
Period (years) 

Probability Nr. HEs Probability Average Nr.’ HFk (4 x (b> 
AfTected Interval (a) Affected(b) 

Without Maintenance 
1 1 

* j o ‘:::.::::l:.:.:~:i:::i:~~:.::~:.:~:::~:~~.~ :v- :.:~~~:~::::::::i:i:::i:::::::::~::::::~::.::.:~:..:.::::.:.:::::::::~::::~~:::~~:.:~:~~~~~~~~~~~~~~~~:~. .:...:::::,::::::::::::i:j::,:::..::, :::::::::::::j::j:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.~:...~:.~:.:.~ ::..:. :.. :.. . . . . . . . . . . . . . . . :..:...: .:.:.:.:.:.....: ~: :.. . . . . . . . ,.. . . . .,.,.,.....,...,.,._ . . . . . . . . . . . . . . . . . . . . . .._ . . . . . . . . . . . . . . . . . _.............i.j..........,.... _. . . . . . 
3: :.. :.:.:.:-r.:.i-i-i-:--;-:.::::::j:r, . . ., _, ‘.j.~..~...~~.~~~_... . . . . . . :.:.:.:.:.:.:. ~~ :.:. >::)>>> ,,,._............. .._......... .:.::_... . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,. .,. ;.):.:.:.>yz..x :.:.:.~.:.,...-.:.~:.;:_.:.: . . . :.: .,.i,.,..... > ,..C,.i_,.i.,.,.i..i,,,.,..,.,.i, :c.:.‘...:...:.:.::.;::.:.:.:‘.:.:.;:.:.:.:. . . . . . . . . . . . . . .../ :(.:.;,:.::::y: f....:.: .:..;..: :.:...::,: .::.::.:;.,:,...,. .,... . . . . . . . . . . . . . _. . . . . . . ____ :.:.~.:.:.-.:-:.:.:.~X.:.:.:.:.:.:.X-:.~:-:-:-:-: . . . . . :.“z.z.:-:-:- 0.95 j 5.21 5.21 4.95 4.95 

20 0.05 9.92 
.:z.:.. :...:.j:.::.:.:.::::;..;.:b:.: :.:,:.:.:,:.:6:.::..:.:::.~:.:.~~:.:.:::.:.:::,.::‘.-:: :.:.: :: ..p.> :.:. ~~ :.:.:: :.:.:: :,.::‘.-:: :.:.: :: :.: :.: ..j.~-j:~.~..:::.:.;:: :.:.:.: ;> ..,_. ..j.~-j:~.~..:::.:.;:: :.:.:.: ;> . . . . . . . ...>.. . . . . . .+,.: .+..: ,...,..., . . . . . . . . . . . i; . . . . . . . . . . . . . . :.> :.....: h.. . . .A.. . . . . . . . >.. 

. . . . . . . . . . . . x-:-:.‘-:.~..-‘-::.:.:.~;;;-.: :.~:;..:.:...~.:.:.:,:.:.:.:;.~.~:.:.:.:.:.~.~~.:.:::~.:::~.,: ..: : : :.:.:.....:.:.: : :.:.:.:.:‘:::::; :.:.:.‘r: .~.~..................“..... . . . . . . . . ..::..:....::.: I..... . ..>..>; ,:.,:.: :::::.:::::.:::::::.:j:.:.::‘,~:::: :.~:::::::i::::,“.................... . . . . . . . . . . . . . . . . . . . . . . . . -:. . . . . . . . . . . . . . . . . . .._ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..:..::....::... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . >3>:.:.>:.:.:.: ,.>:.>:.:.>:.: _.._..,.,.,. ...,.i,........_,.._ I:.:.. >:.. .._. ._ . . . . . .:::::..: . . . . . . . . .._ . . . . . . . . _.._ .~,._ .“....’ . . . . . . . . . . . . -. . . . . . . . . . . . . . . . . . .../_. _. _. . . . . . . . . . . _. . . . . .: . . . . . . . ..: . . . . .: . . . . . . . . . . . . -::: . . . . . . . . . .._.. . . ::... ..::..::. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i . . . . . .._. . . . . . . . .._ . . . . . . . . . . .:::.::.. . . . . . . . . :::..:..:. 0.03 9.92 9.92 0.30 0.30 
50 0.02 g ,g2 :,:.: . . . . :...>:,:. P. ~.:.:::::.:.:.:.:.:.:..:...: ~.:.~:.:.:.:.:.:.:.:..:.... .. ..:.:.:.:.: . . . . . ._.. . . . . . . . . . . ..> . ..>... .:..:... ::.: :.... :. .: ..:. :. ..:. .,.:.:.:. :.:.:..: :.>? ..,... :: . . . . . . . . :. .: ..:. :. ..:“;:.:.:.‘.:.:. ~: :.~~ ..,... . . . . . . . . . . . . . . . . . . ...: . . . ~~~s~~~~-~~~~,~~~:~~~~~~~~~~~~~~~~:,.j,ii’i’l’:‘:‘I”” f :tiiii ii’iii:‘iiiiiii::~~-~~~~~~~~ :.:.:.:.z..-. _,.,._,...,.,.,.,.,. :...:.:.:.: 

::::::::,:;g:: :.:.: . . . . . :.: :j:~.j:~~~::~:‘:.:::~..:j:::: :.:.:.:.:.:..:,:.... .,., ,.,., ,...,.,.,. : ‘_ :‘:‘:f<: :f:‘:‘,‘: .:y:.: .-:‘:‘:~:~ ~:~:::::::.:i#:i:3~:::i:::.::.:..:::;.:::::::::::::~..:~:. _. ,:.:.:.:.:.:. :.: ,,::“:; .:...:.:.:.:. ~ :.:. ~ :.:,~;.:i:i::.::i:i:::ii:I:‘::.::.::’::::::::.:.:“: :‘:-:-I:-:-:- .:::.:::::,&.;:; .,...,...,.,.,.,. _.,., ,...,.i,.,.,., :.:.:.:.:.: ::::::‘:’ :.i:.:.~.,.~.i.~.,.~.~. 
Annual Average Number HEZs affected without maintenance (AAN mi*out) 5.25 

With Maintenance I ..::..::.: 
1 1 0, 00 .,.... .-:.:.:.:.:.:.:.:.:-.:;.:.:.:.:.:.:.:.:..:.. . ..i_. :... -.>:.:.x.:..:.>‘;.:: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~..~ ,. ,, ,,,,,,,,,.,,;, ,: :::: :_ 

:~jjjg:~:i!:ij~~~~~~~~~~~~~~~~~~~~:~~~~~~~~~~~~.~:~~~.~~~~~~~:.~ i$g~~gg~~&: ~.:;ar:i:i:i~~3ii.:iiij 
,__, ,, . . . . . . . . . . ::. . . . . . . . . . . . . . . . . . . . . . . ..i............................. ..,.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .:. :.:.::.:.:,:.:. ‘.‘..: :.‘.:,~,:,:.:‘::~::~:~:~:~::::~,~~:::~:::::~:~~.:::::~:::~:-’.:.:.:-:.:.:::;‘::::,:::‘:-:.: .,.,...,.,.....,., ,., ., ..,...,.,.,. .,.... ::j 15. ~.>:;;:: 5 ,::;:;..;j:i’::;.> ;.:: I:i:i::.i:i:i:ji:‘:.:.:..:.:.:.:.’:. .::: :..::;:::.:-:::::::::::::: :c::; ;:::j. ‘:.::‘-:.:-:-:.:.: :.- :. . . . . . . . . . . . . . . . . . . . . . . . . . ..i _..,.,.,.,.i,. . . . . j 149 1 41 ..:. . . ,... ~.;::.:.:.:..:: -:.:.: ,.:.: .:.:.:.: '.:.:.:.~~.'.:.~:.:.:.:.:.:.:...::.:.:.~:... :., ..:. ;:;:.:: . . .: ..,.: . . . . . . . . . . . . . . . . . . . . . . . . . . . .._ . . . . . . . . 0.9f _. ._ -. .- . . . 

20 2. g 8 '-:-:-:;:.:...:- ::.:::.. :I:. . .:........ . . _, . . . . . . . . . . . . 
0.05 . . . . . . . . . . . . . . . . . . . .._ _,.... ,..;....:. :i............. :..::.:.: / . . . . . . . .../ . . . . . . . . . . .~ :.:....._. . . . . . . . . . . . . . . . . . . . . . . . . . . . :.. 

. . ..:.. . . . . . . . . . . ::. ..: . . . . . . . . . . . 
.;;;.:.. :. ; 1,1:11:::1:1:1.: '.I':i:::i:::i:I::i:i::~~~,~ $;:::I.;.;.:. : ,:~ilr::I:~~.-I:1:1.1;.1: ;:--::.::::::-. .;-5.::; . . . ..I :.;.:.; :.. ..:: :;j::y; ':i,iA:::-'.i: ........./......i,.. ,,. :'.:.::::.:.:.::.:.: . . . . . . . . . . . . .._.. . . . ..,.. . . . . . . . . . ,. ,_ . . . . . . . . . . . . . . . ,... :: ._ . . . . . . . . ..: . . . . . ...::.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _. .,.,.,., . . . . . . . . . . . . :.:,.. . . . . . . . . . . . . . . . . . ..~....~..................:.:.:.:.:.:.:.:.:.:.:.:.:.:.: .: ..,,. ::::::::.y:i:.) 

-. .:....:.-...: _... . . ..i ._.. i . . . . . . . . . . . . . . . . . . . . . . . ..-..i.. . . . . . . . . . . . . . . . . . . . . . . . . .../.. ._. . . . 0.03 6.45 0.19 ~:.:.:.:.:.:.::(:.:.:.:.:.:.): . . . . 
50 

. . . . . ..i... :..:..:..:. .A.. -::i . . 
0.02 9.92 

.__..._ .: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .A.. ..: . . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . /.. . . . ..:.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._ . . . . . . . . . . . . . . . .: .: :..:......._......... ,........._............... .: . . . . . . . . . ,.... . . . . . . . . . . . . . . . . . . . . . . . . . . ‘:)))::.:.:.:.‘.:.~:.~:. . . . . . ..i .L.. . . . . . . . . . . . . . . : ~::‘..::.:.:‘:.:.::.~::.::::“‘::::~ ,_ ::::: _, . . . . ::.........,.,. :;::y,:::::.:: ;:p ::::..:j::.:.>:.:.:: ::.................. . . . . . . . . . . . :.:.:.:.:.:.:.: . . . ..:. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ). .. . . . . . . .,...,.,.. :.:.:.:.:.:.):.:.:.):.:.~:...:.:.: :.:::,~~.:-:.:-:-:-~:-.-::..::. ::... . . . . . . . . . . . :. . ..-..:..I-:-..:.;:-:-:.:-.-:-. ..:. ..: . . . . . . . . . ..“.. I:..:::::.: :.:.:,:.:..:: :,:.: :,., ,.:,.: / :.:.:.:: _. :: :: .1.:- i.......................i.... :.:.:.::. ::.:.:.. 
Annual Average Number HEs affected with maintenance (AAN.,&).:. 1.61 

Figure 2.5 Example calculation. of annual average flood damages using.-the arithmetic 
method 

The difherence in the AAN<,i&out and~AAN,++,, is the flooding: impact annual- average benefit of 
the ‘project’ expressed in HIS. This figure is multiplied by the’average damage caused to one 
HE by a flood (&1304, 1997/98 prices) to derive the annual average benefit expressed in -: 
monetary terms. This procedure is shown by the equation in the following box: Using the 
example.in Figurei2.5, the benefits are therefore &4747 ((5.25-1.61) x &1304). .: 

(A-W uimout - A4N tih) x Value of one HE 
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Benefit assessment - drainage 
Where maintenance works cause the river water levels to be lowered, benefits of improved 
drainage may result. To determine the benefits of drainage, the critical river level for drainage 
is determined and the average freeboard estimated. 

The freeboard requirement for drainage is determined from the information given in Table 2.4 
according to the drainage system, soil type and floodplain slope. For example, a freeboard of 
greater than 0.8 m is required to deliver good drainage for a rising floodplain with a light soil. 
This approach is based on methods developed by Silsoe College for the Severn Trent Water 
Authority (STWA) in the 198Os, and subsequently for the NRA (Hess, Leeds-Harrison, and 
Morris, 1989). 

Table 2.4 Drainage status -assessment according to system, soil type, floodplain slope 
and freeboard 

Drainage System Soil Type Floodplain Slope Freeboard Requirement for Drainage (m) 
Good Drainage Bad Drainage Very Bad Drainage 

Natural drainage Heavy Flat (< 0.5 %) > 1.7 1.4 - 1.7 < 1.4 
Rising (> 0.5 %) > 1.5 1.2 - 1.5 < 1.2 

Light Flat (< 0.5 %) > 1.2 0.9 - 1.2 < 0.9 
Rising (> 0.5 %) > 0.8 0.5 - 0.8 < 0.5 

Clearance for Pipe Outlet for Drainage (m) 
Good Bad Very Bad 

Piped drainage All All > 0.1 0.0 to 0.1 < 0.0 

Source: NRA, 1995, Table 5.11 

The economic benefits per -unit area according to land use and change in drainage status are 
c-alculated, based on the extra net return per hectare to be obtained on extensive pasture, 
intensive pasture or arable land from improvements in drainage condition. 

The benefits of flood alleviation and drainage are aggegated to determine the total benefit of 
the maintenance works. These benefits are compared with the costs to determine whether the 
maintenance programme is justified in economic terms. 

Benefit assessment - other 
Environmental and social benefits are difEicult to quantify and in general, only rough indicators 
of recreational and amenity facilities are available. Increasingly, attention is being focused on 
methods to quantify these benefits. Within the context of low flows Silsoe College have 
developed a system for the economic evaluation and risk assessment of environmental quality. 
This system combines information on incidence of characteristics, unit .value, degree of 
sensitivity and a measure of risk which can be evaluated in terms of sigr%cance and tolerance. 
Standard monetary estimates are used for valuing the consequences of low flows to water 
users and the environment and estimates of the probability that the consequences will occur 
(Morris, Weatherhead, Mihs, Dunderdale, Hess, Gowing, Sanders, Knox, 1997). other work 
by the Foundation for Water Research has led to the production of a manual to assess the 
benefits of surface water quality improvements (FWT& 1996). Within this manual, attention is 
also given to associated recreational benefits. 

Further research is required in order to develop reliable systems for the quant%cation of these 
benefits which are supported by scientific study. 
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2.7.‘ Guidelines for the Justification of River Maintenance 

The Guidelines for. the. Justification of River Maintenance which formed, the output ..of a 
recently completed.NRA R&D study (Dunderdale-and-Morris, 1996b), comprise routines for 
the justification of maintenance regimes in terms of the impact on standards of land drainage 
service, flood risk and financial/economic benefits and costs of maintenance. 

The methods in the..Gtiidelities are similar in principle to those contained in the agricultural 
component of FDMM, but they difFer in degees of detail and in particular, in the way flood 
costs are identified. The Guidelines! provide a broad brush apprqach to determining a 
maintenance benefit:cost ratio. They. are based. on the difZerence in benefits. ‘with’ and 
‘without?: maintenance. 

Full details of the methodology are contained tithin R&D Notes 5 11 and 456 (Dunderdale .and 
Morris, 1996a,b). A 111 comparison of the FDMM and Guideline methodology is presented in 
Chapter 4.. 

2.7.1 Benefit area 
As in the FDMM, the starting point of the Guidelines is the definition of the area which deties 
benefit from the maintenance retie in terms of its impact on flooding. and prevention. of a 
deterioration in th& standard -of drainage service. Urban areas are not included in the benefit,, 
area as they receive, merent levels of flood protection and higher levels of service than rural 
areas. 

2.7;2 Catchment characteristics 
The dominant substrate influences the-impact and longevity of maintenance (Fisher, 1995; 
Dunderdale and Morris,. 1996),.and flo.odplain topography.-.influences the drainage :of the: 
floodplain. Catchment. size affects the seasonal distribution of flooding. Large catchments 
experience predominantly winter flooding. (80% winter floods, 20% summer floods), whereas 
smallercatchments-(<2500 ha) contain a relatively.higher incidence of summer..floods (60% 
winter flooding, 40% summer flooding) (Hess and Morris, 1986): : The distribution of flooding 
therefore influences the,costs associated with the flood event.,. 

Maintenance,benefits vary according.to land use with&the benefit area. For ~con&tency,~ the 
same. land.use types (LUT) are used as in RIMS and the Economic Appraisal of.Non-Grant .:. 
Aided Work for determinin g maintenance benefits (Table 2.5). 

Table 2.5 Land use type. 
Land Use Type (LUT) Main Crops. 

1 Extensive Pasture 
2 Intensive Pasture 
3 Pasture/Arable .’ 
4 All Cereals 
5 Cereal/Oil Seeds 
6 Cereal/Root Crops 
7 Horticulture 

8 Other. 

Grass, poorly drained, uneven grass sward, sheep grazing, some hay 
Grass, well drained, field pipes, beef, dairy, even sward;clover, siiage, reseeded 
Grass, wheat, barley, oats 
Wheat, barley, oats 
Wheat, barley,.oats, oilseed rape, linseed oil (peas, field beans) 
Wheat, barley, oats, potatoes, sugar beet (turnips,. swedes) 
Cabbage, carrot, broccoli, leek, onion, cauliflower, salad vegetables, orchard/soft 
fruit 
Woodland, paddock, wasteland, turf production, set aside, crops,not shown above 

Source: Sutherland et al, 1993b. 
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Land use on the left and right banks is not classifted separately. If the land use is similar 
throughout the benefit area, or if a rapid assessment is required, the dominant land use type is 
identified. If land use is variable, or if a more detailed assessment is required, the percentage 
of the benefit area under each land use type is identified. 

2.7.3 Design standard (maintained condition) 
The benefits of maintenance are based on changes in channel capacity and drainage status 
‘with’ and ‘without’ maintenance. Such change is dependent on the type and level of 
maintenance undertaken. In order for these benefits to be identified, information relating to 
channel parameters and drainage condition is required. 

Influence of river conditions on freeboard 
The drainage system soil type and therefore hydraulic conductivity (the ability of the soil to 
transmit water through its pores) and river levels, influence the potential benefits of 
maintenance. 

Where land adjacent to the watercourse may be subject to temporary high water-tables, a 
distinction may be made between areas which are drained by underground field drains which 
outfall into the river or tributary ditch system and areas where field drainage is by natural 
movement through the soil. 

In artiticiahy drained areas, the requirement for freeboard is set by the drain outfalls, based on 
soil type and floodplain topography. MYinimum acceptable freeboard requirements for piped 
field drainage in difherent soil types are shown in Table 2.6. In naturally draining fields, 
water-table levels are influenced by soil hydraulic conductivity, land slope and rainfall rate 
(Table 2.7). 

Table 2.6 Freeboard requirements: fields with piped drainage 

Soil Type 

Sand 
Silt 
Loam 
Clay 

Freeboard Requirement 
Flat Floodplain (m) * Rising Floodplain (m) Default Values (m) ** 

1.6 1.4 1.5 
1.6 1.4 1.5 
1.G 1.4 1.5 
1.2 1.0 1.1 

* For 100 m floodplain, add 0.2 m pro rata per additional 100 m 
** Default values are typical freeboard requirements for land with piped drainage 
Source: Morris, 1990 

Table 2.7 Freeboard requirements: natural drainage 
Freeboard Requirement (m) 

Drainage Status Soil Type Flat Floodplain Rising Floodplain Default Values (m) 

Good Sand 1.0 0.7 0.85 
Loam * 1.3 1.0 1.15 
Clay 2.1 2.0 2.05 ~~~~--_~-~---~~~------~~~-~-----~-------~~~~~~-----. 

Bad Sand 0.7 0.3 0.5 
Loam 1.1 0.6 0.9 
Clay 1.9 1.5 1.7 _-----_----- ___-----____-------_-----~~----~~----- 

Very Bad Sand 0.4 0.0 0.2 
Loam 0.8 0.0 0.4 
Clay 1.6 1.0 1.3 

x E.g. 1.3 m freeboard is necessary to deliver a good drainage on a foam soil on a flat floodplain 
Source: Hess et al, 1989 
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Influence of freeboard on watertable depth and drainage status 
The relationship -between freeboard and:watertable depth is estimated for gken site conditions 
using a steady state model (Youngs et a4 1989). The model is used to estimate water-table 
depth in the benefit area associated with‘the floodplain topogaphy, soil hydraulic conductivity 
and freeboard. 

The water-table depth determines the drainage status of the land. Drainage status of the benetit 
area is classed as good (G, drainage does not impose restrictions. on land. use), bad. (B; 
moderate restrictions on land use) or very bad (VII;. drainage imposes severe limitations. on 
laud use) respectively according to watertable depth (Dunderdale and Morris, 1996a). 

Flooding- 
Flood.costs are identified for the benefit area, based on land use, flood.return period and area 
inundated. These flood costs are weighted by the percentage area of each LUT inundated to 
provide an average total flood cost for the benefit area. 

Maintenance benefits 
The flood:costs are subtracted ‘from the net return to provide a measure of the -benefit of 
maintenance under the current regime. 

2.7.4 Maintenance regime 
The maintenance regime. influences the .impact of maintenance and the level of benefits 
obtained. :The impact of maintenance on channel width, ‘depth and- .the percentage channel : 
vegetation cover that is to -be removed is identified. -Morphological modelhng:.(Fisher, 1995) 
has produced routines which allow these. data to be used to determine .the impact of 
maintenance on freeboard and- channel capacity. The percentage change in width, depth -or-.- 
vegetation cover removed are: related to a percentage change in -bar&full. discharge and . . 
freeboard (Table-2.8). 

If a detailed assessment .is required, the equation y = a + bx may be used to determine. the 
relationship between the ‘type. of maintenance and its impact on -bank&h discharge. and 
freeboard.. The a and b values are presented irr Table 2.9. The parameter x is the percentage 

widening, deepening or vegetation cover removed and j is the impact of maintenance in terms. 
of changes in bankfull discharge and freeboard. This detailed approach is illustrated by the. 
example shown in Box 2.1. 
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Table 2.8 Impact of maintenance on bankfull discharge and freeboard 
% Deepened % Change in % Change in % Widened % Change in % Change in 

Bankfull Discharge Freeboard Bankfull Discharge Freeboard 

Silt / clay bed channel 
5 5 2.5 5 2 1 
10 9 4.5 10 4 2 
20 15 7.6 50 18 9 
25 17 8 
40 29.5 15 

Sand bed channel 
5 5.5 2 5 2.5 1 
10 10 5 10 4.5 2 
20 17.5 8 50 19 11 
25 20 11 
40 25 17.5 

% Vegetation % Change in % Change in 
Cover BankFull Discharge Freeboard 

Removed 
Sand bed channel: Original vegetation cover 10% 

40 2 1 
60 2 1 
80 3 1 
100 3 2 

Sand bed channel: Original vegetation cover 30% 
40 5 3 
60 7 4 
80 10 5 
100 12 6 

Sand bed channel: Original vegetation cover 50% 
40 8 5 
60 13 7 
80 17.5 9 
100 22 11 

Silt bed channel: Original vegetation cover 20% 
40 15 5 
60 23 7 
80 30 9 
100 37 11 

Silt bed channel: Original vegetation cover 50% 
40 19 6 
60 28 9 
80 37 11 
100 42.5 13 

Silt bed channel: Original vegetation cover 80% 
40 17 6 
60 25 9 
80 30 11 
100 33 13 

Source: Dunderdale and Morris, 1996b, after Fisher 1995 
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Table ,2.9 Impact of maintenance on bankfull discharge and freeboard, detailed 
information- 

Silt / Clay Bed Channel Change in Bankfttll Discharge Change in Freeboard 

Deepen 1.50 0.68 0.65 0.34 
Widen. 0.34 0.35 0.17 0.18 

Vegetation cutting 
Original vegetation cover 20% 0.70 0.37 1.00 0.10 
Original vegetation cover. 5 0% 3.80 0.39 1.70 0.12 
Original vegetation cover 80% 7.70 0.27 1.70 0.12. 

Source: Dunderdale and Morris, 1996b, after Fisher 1995 

Box 2.1’. . . Impact of maintenance: detailed assessment, worked example. 

Example 
Question: 
Step 1 
Step 2 

Answer 

What is the impact on freeboard of deepening a & bed channel by 15% ? 
Select the appropriate a and b coefficients from Table 2.9. 
Substitute these coefficients into the equation: y = a - bx 
y = 0.65 -i 0.34 x 15. 
y = 5.75 
The increase in freeboard as a result of maintenance is 5.75% .. 

2.7.5 Do nothing-(without maintenance) ‘. 
The changes in channel width, depth and .fieeboard as a consequence of maintenance.are used 
to, determine the watertable depth in the absence of maintenance. Using a steady state model 
for a rising or flat floodplain (Figure 2.6, Youngs ,et al, 1989), the watertable~which would 
prevail in the :absence. of-maintenance -is identified .and thedrainage status of the floodplain 
associated with this water-table depth determined. 

Flooding 
The change in bankfull discharge, due. to maintenance, is used to: determine the. bankfull ‘S 
discharge in the absence of maintenance and therefore the flood return-period. which would,. ‘1. 
prevail in the without maintenance situation. :. 

Flood costs are again calculated according .to. flood return period, floodplain; topography;- 
drainage status and land .use. 

Maintenance benefits 
The total flood.costs -are subtracted from the net return .to provide a measure .of the .‘without 
maintenance’ value of the benefit area if the current maintenance regime were not carried out. 

2.7.6 Scheme justification . 
Inr general terms, maintenance works are justified if the associated benefits .exceed costs by a 
sufficient margin- .- Because maintenance is usually a frequent, predominantly annual task 
which for the-most part involves annual costs and benefits, it is appropriate to express these for 
a typical single year. The extra benefits ‘with’ maintenance comprise the average annual value 
of the avoidance.of loss in income-or da&age to asset values if maintenance is not carried out, : 
that is.‘without’ maintenance. The extra costs of maintenance are those associated with doing 
the works, expressed as equivalent annual costs. These comprise the cost of annual activities 
such. as weed cutting, plus: the ‘cost of non-annual activities such as dredging: amortised over 
the,relevant.period to give an annual cost. 
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Figure 2.6 Freeboard : watertable relationship 
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2.8 Study Rationale 

This Chapter has identified the main ’ issues surrounding river- maintenance and summarised 
methods for appraisal of, the maintenance function. Changkg circumstances have placed 
greater. emphasis on .the need for objective. methods for assessing the value and designof 
appropriate river maintenance .programmes. FDMM has been developed .by the Environment 
Agency for the appraisal of all maintenance projects with a value of less than &500 000. 

Given the commitment of the Environment Agency to FDMM, the need has arisen-to validate 
its performance and. test its applicability.,to .a variety of site specific. circumstances. In 
particular circumstances, the :agricultural component .of FDMM may be supported by the 
Guidelines. 

The following Chapter describes the methodology through which. FDMM a&the Guidelines 
are compared and evaluated with respect to a,qkxltural benefit:cost assessment. 
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3. METHODOLOGY 

3.1 -. Introduction-: 

The methodology through which FDMM and the Guidelines are- evaluated and..compared with :: 
respect to benefit:cost assessment in agricultural areas, is presented in this Chapter. ‘L 

3.2. ‘. Performance Assessment Criteria 

The Guidelines and FDMM have a similar methodological framework but differ in degrees of 
detail. To enable-:a comparative evaluation, of FDMM and the -Guidelines, criteria against 
which the systems may -be assessed have been defined. These criteria were drawn up in .: 
collaboration with officers from the North East and .Welsh regions of the Environment Agency., 
The criteria encompass three fundamental aspects: namely: 

Operation of the system 
- data required 
- availability of data 
- the need to.acquire specihc data to enable use-of the system 

Maintenance of the system 
- data to be updated 
- need for updating .. 
- dependency 

Time, costs and training 
- system installation 
- updating.the system 
- system maintenance 
- training: 
- manuals required 
- data.collection 
- skill/knowledge required by user 

3.3 Channel.Classification 

To ensure that FDMM was applied to a range of -watercourses which; .were broadly 
representative of the types found within England and-Wales, a simple river classification system 
was developed. This system classifies watercourses according to channel,.$loodplain and 
catchment character, land use. and-. maintenance practice. The parameters selected j were:. 
dominant substrate;- channel bed width; floodplain, topography, catchment size; land use; and, 
maintenance practices. 

3.3.1 Dominant substrate 
Dominant. channel substrates were classified as gravel, sand, silt or clay, according to particle 
size. Particles of diameter 2-60 mm are classed as gravel, sand particles are 0.06-2 mmin 
diameter+ silts are--0.002i0.06;mm in ‘diameter and clay 0.002. mm in diameter, (British 
Standards Classification of particle size). Substrate influences the type -of ~maintenance 
required and the-longevity of its impacts. 
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In watercourses with a gravel substrate, the mobile nature of the bed makes it difficult for 
aquatic vegetation to gain a root hold and to colonise the channel sediments. The need for 
widening, deepening and vegetation removal may thus be limited and consequently the impacts 
of maintenance are short lived. For this reason, gravel substrates were excluded from this 
classification system 

3.3.2 Channel width 
Channel width is a critical indicator of channel size and may constrain the options for river 
maintenance. For example, it is likely to be inappropriate to leave a substantial fringe of 
emergent vegetation uncut on a channel 2 m in width due to the significant reduction in 
channel capacity which would result, therefore 100% of the channel vegetation may have to be 
removed. In a channel 10 m wide, however, this may be acceptable as flow and channel 
capacity would not be impeded to such a degree. 

Four channel width bands were identified: <2 m, 2-5 m, 5- 10 m and >lO m. These width 
bands encompass the range of channel sizes on which maintenance is performed in England and 
Wales (Ward, Holmes, Andrews, Gowing and Kirby, 1996). 

3.3.3 Floodplain topography 
Floodplains are classed as rising (>l%) or flat (cl%), according to their slope (Dunderdale and 
Morris, 1996a). Floodplain topography influences land drainage and hence the benefits of 
maintenance. 

3.3.4 Catchment size 
As discussed in Section 2.7.2, catchment size affects the seasonal distribution of flooding. 
Large catchments experience predominantly winter flooding whereas smaller catchments 
contain a relatively higher incidence of summer floods. This seasonal distribution of flooding 
influences flood costs. 

3.3.5 Land use 
Maintenance benefits vary according to the type and intensity of land use affected. Land use 
was divided into four main types, namely: extensive pasture; intensive pasture; extensive 
arable; and, intensive arable. 

Extensive pasture is characterised by poorly drained grass which provides rough grazing for 
sheep and heavy cattle. Nettles, rushes and weeds are usually present. Intensive pasture is 
usually well drained with an even sward which is managed. There may be evidence of 
reseeding and silage cutting. An all cereal or cereal and oilseed rotation are classed as 
extensive arable land use. Intensive arable land consists of a rotation containing root crops. 

3.3.6 Maintenance activities 
Channel and bank maintenance activities were classified into five broad types, namely: weed 
cutting; grass cutting; dredging/desilting; tree and bush work; and, vermin control. 

3.4 Site Selection 

The channel classitication system presented in the previous section provided criteria which 
were used in the identification of the case study watercourses. Watercourses with di&erent 
substrates and bed widths, with rising and flat floodplains in large and small catchments were 
selected. Land use encompassed the four types and each of the five major maintenance 
activities were featured. The main characteristics of each watercourse are summarised in 
Figure 3.1. 
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In order to ,enable the evaluation of FDMM under different circumstances, a highland carrier 
and.pumped system were selected.- .Watercourses which have Internal Drainage Board. (IDB) 
or Internal Drainage District (IDD) watercourse as tributaries also featured in the case studies. 

Three watercourses were selected within the Nor&East region of the ~Environment Agency. 
This region was targeted due to the .fact that ,the North East -piloted EDMM and therefore 
some essential. data were available. Environment ,Agency personnel withitt the Welsh re_gion : 
expressed concern that FDMM.may not be-applicableto many watercourses in the region due,- 
to their characteristics and the high incidence of IDD channels. For this reason, three sites 
were also selected.within the Welsh-region. A summary of each site is presented in Chapter 4 
Section 4.3. Full details on each site are presented in the-Appendices. 

Figure 3J -Summary of the characteristics of th& case,study watercourses 

3.5. Data Collection. 

Within- the North East retion, some.. data required by FDMiM were collected by RUST 
Environmental Consultants on behalf of the -Environment Agency. Within the Welsh region, : 
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WS Atkins undertook a similar task. These data were collected on a reach specific basis. 
Unfortunately these data could not be used for the purpose of this study for the reasons listed 
here: 

l reaches of different delineation were required; 
0 some of the required data were absent; 
l data were found to be of insufficient detail; 
0 interpretation of the data was unclear; or, 
l data were found to be incorrect. 

The majority of the required data were therefore collected by Silsoe College through 
discussions with the Environment Agency, BIB and IDD persome and farmers and from 
records held by the Environment Agency. A visual survey of each watercourse was also 
undertaken. 

Data collected by Silsoe College related to: 

l channel parameters, floodplain topography and catchment characteristics; 
l flood risk and drainage benefit areas and associated land use; 
l flood return periods and associated flooded areas; 
l drainage status; and, 
0 maintenance expenditure. 

3.6 System Application 

FDh4M was applied to the watercourses identified in Section 3.4 to demonstrate its 
application. Analysis was undertaken to determine the sensitivity of FDMM to parameters 
.such as effective reach length, drainage benefit area and maintenance expenditure. The impacts 
of including and excluding IDB and IDD watercourses, embanked sections and a highland 
carrier were also assessed. 

The Guidelines were applied to the same watercourses using the same data as FDMM. 
Analysis was also undertaken to determine the sensitivity of the Guidelines to the assumptions 
made. 

In order to enable a direct comparison between results obtained from FDMM and the 
Guidelines, which assess agricultural benefits only, the urban benefits were added to the 
Guidelines. The results of both systems were then compared and evaluated. 

3.7 Suggested Modifications 

Following the application and evaluation of the two systems, suggestions for modifications to 
FDMM and the Guidelines have been made. These relate to 

a modifications to FDMM to address site specific circumstances and peculiarities; 
l guidance in the use of FDMM and in particular in the use of the adjustment factors; 
l provision of information and clarification as to the derivation of adjustment factors; 
l guidance in the use of the Guidelines; 
l provision of additional explanation and clariscation of terminology; and, 
l the presentation of FDMM and the Guidelines and correction of errors. 
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Guidance has been provided as .to the interpretation- of the use of FDh4M and. the Guidelines 
with particular respect. to. area circumstance and wider lessons which may be applied 
elsewhere. Ways in which, the Guidelines can be used to support,.and where relevant, .extend 
the agricultural component of the FDMM methodology have been presented. 

3.8 Summary’. 

The methodology followed-.has been presented in this Chapter. Results of the study are 
presented and interpreted in the following Chapter. 
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4. RESULTS .. 

4.1,Y. Introduction 

FDMM and the Guidelines are compared in this Chapter. A: summary-of the results from the 
application of FDMM and.the Guidelines to the six case study:‘watercourses is also-presented. 
Differences in results obtained through using FDMM. and,the Guidelines are explained.’ Full 
details and the-completed record.sheets are presented in the Appendices. Each watercourse is 
the subject of a separate Appendix. 

4.2 Comparison of.FDMM and the Guidelines 

A comparative analysis of the ~agricuhural component: of FDMM and the Guidelines has been 
undertaken. Box 4.1 summarises the data required by FDMM. and the Guidelines; maintenance 
of the. system; the need for and frequency of updating data; the dependency of the,systems on 
these data; a.nd,.thetime and costs involved and.training required to enable efficient use of the: 
systems. 

The two. systems are similar in their methodological tiamework. in .that they both calculate 
benefits of flood alleviation and drainage in ~agricultural areas. The differences he in the 
degrees of detail and in some data which are required. 

One major difference between the two systems is in the definition of the benefit area. FDMM 
identifies a flood risk area and within it a separate. drainage benefit area for each bank. The 
Guidelines, however, identify an area of drainage influence which includes the area subject to 
flood risk. No distini;tion is made between the left and right bank- 

The majority of data required by the Guidelines are also required by FDMM; Additional data 
which are required by the Guidelines -relate.- mainly to general channel .and catchment 
characteristics such assubstrate, and catchment size. 

Box 4.1 Comparative analysis of.FDMM and the Guidelines 
~~~~~~~~~~~i:r::.:. 
Data required 
Reach length (km) 

Flood risk area 

Total length : of study watercourse 
allocated to each bank. 
Maximum known flooding extent or 
area protected by existing flood defence 
scheme. 

Benefit area (ha) This term is not used. 

Effective reach length 
flooding (km) 
Land use (ha) 
Flood return periods 
Ore=4 

Flooding 

Length of main channel forwhich flood 
risk area is defined (km). 
Agrjcultural land use 
Return periods of events at which 
particular land use interests are affected 
by flooding. 
For previous 5 yrs, date of onset, 
duration (days), nature (fluviallsaline), 
area (ha), land use features affected. 

Total length of study watercourse. 

This tern? is not used 

Area affected by impact of 
maintenance on flooding and land 
drainage. (Taken to be same as FDMM 
flood risk area) 

This term is not used 

Agricultural land use 
Return periods of events at which 
particular land. use interests are 
affected by flooding. 
% of each land use type that floods 
under the various specified flood 
return periods 
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Drainage benefit area 
@a) 
Soil type 
Drainage system 

Floodplain topography 
Dominant water level 
Drainage status 
Actual freeboard (m) 

Effective reach length 
drainage (km) 
Deterioration in drainage 

Maintenance costs (@r) 

Substrate 
Catchment size 
Channel parameters (m) 
Vegetation cover 

Discharge (cumecs) 

Flooding (cumecs) 
Maintenance regime (m, 
%) 
Vegetation 

Benefits 

Data to be updated and 1 
Value of one HE (5) 
HEhit 

Agricultural financial 
and economic data 
Average annual cost of a 
single flood 

HE depth damage data 
Need for updating 

Dependency 

. . . . . . . . . . 

Area known to be subject to or liable to 
drainage problems (ha). 
Heavy or light. 
Natural, piped, limited or developed 
ditch system. 
Rising (> 0.5 %), flat (< 0.5 %>. 
Dominant water level. 
Good, bad or very bad. 
Actual freeboard at times of dominant 
discharge. 
Length of the reach within the drainage 
benefit area. 
Drainage status which would prevail in 
absence of maintenance. 
Total annual maintenance costs for the 
total length of watercourse under 
consideration. 

This term is not used 
This term is not used 

This term is not used 
This term is not used 

This term is not used 

This term is not used 
This term is not used 

This term is not used 

Benefits related to: flood relief and 
drainage. 
,... ;~~~~~~~~~~~~~:~~~~~ 

....-........::~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
tquency 
Updated annually. 
Currently at 1991 base. Updated every 4 
- 5 yrs or more frequently according to 
circumstances. 
Currently at 1993 base. Update annually. 

Currently at 1993 base. Update annually. 

Currently at 1993 base. Update annually. This term is not used 

It is not necessary to update all the da1 oases annually, providing that all the 

Same as benefit area. 

Sand, silt, loam, clay. 
Natural, piped. 

Rising (> l%), flat (< 1%). 
llis term is not used 

Good, bad or very bad. 
Average freeboard under mean spring 
flow conditions (m). 

This term is not used 

Drainage status which would prevail in 
absence of maintenance. 
Total annual maintenance costs for the 
total length of watercourse under 
consideration. 
Dominant substrate in channel. 
Large (>2500 ha), small (~2500 ha). 
Average bed width and channel depth. 
% cover of submerge&floating 
vegetation immediately prior to 
maintenance. 
Bankfull discharge, representative of 
the channel. 
Mean annual flood. 
Change in bed width and depth due to 
maintenance. 
% cover of submerged/floating 
vegetation removed. 
Benefits related to: flood relief and 
drainage. 

HEs are not used 

This term is not used 

Currently at 1997/98 base. Update 
annually. 
Flood costs according to land use, 
drainage, catchment size and flood 
return period. Currently at 1997/98 
base. Update annually. 

monetary databases are kept at the same year base. Maintenance costs would need 
to be adjusted to reflect the same year base. 
FDMM and the Guidelines are totally dependent on these databases. 
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::. :.. :::::. .;. . . > ~~~~~~~8:~~~a 
,. ..:. . . . . . ./ 7. _. _,.....,...,............ . . . . . . . ., ::... . . . . :: 
System installation. 

Updating the system 

Training 

System maintenance 

Manuals required 

Data collection 

Skill/knowledge required 
by user 

~~~:~~:~~~~~~~.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.:...... . . :.. -.-. . . . ..:::... . . . . . . . . 
The installation and set up costs are minimal and relate to the cost of-copying and 
distribution of the FDMMYGuidelines and ensuring an adequate supply of record 
sheets for.use by the users. 
Initially, it may take considerable time 
to update. all the data in FDMM. 
However, once the procedures have been 
set up, updating in subsequent years 
should be a straightforward, simple 
process. An ongoing resource 
commitment is required to allow in 
particular, periodic .validation I of land 
use predictive flooding score and. to 
maintain a record of flood events. 
5 day course provided :-by. external 
trainer. Course covers practical and 
theoretical aspects of FDMM and 
FDMS. 
System maintenance is minimal for the 
user. Updated information is circulated 
on sheets which are-filed at the front of 
the FDMM and a record sheet completed 
to show the originator of amendment, 
amendment date and the name of the 
person who incorporated the amendment 
into FDMM. 
FDMM and 2 supplementary 
documents: Managing Flood Defences: 
Summary Guidance-for the FDMM and 
Managing Flood Defences: Supplement 
to the Summary Guidance for the 
FDMM. 
Some data are already held by the 
Environment Agency. Data collection is 
time-consuming and costly. 

The data which require updating are 
minimal (agricultural 
financial/economic data). These data 
are updated annually by Silsoe 
College, Cranfield University using 
agri-economic databases and models 
and relevant price indices. 

2 day course is recommended. Course 
would cover theoretical and practical 
aspects using case studies. 

Maintenance takes. the form of 
inserting amendment sheets in the 
Guidelines. 

A copy of the ,Guidelines is required 
(R&D Note :5 11). R&D Note 456 
contains I supporting information but is 
not necessary .to be able to use the 
Guidelines. 

Most of the data are already held by 
the Environment Agency as they are 
needed for -FDMM. Some basic data, 
however, are not always documented, 
for example, catchment size or 
bankfkll discharge. 

Once these basic data are collected, however, the.need for further data collection 
will be minimal and will relate for.example to the regular monitoring of flooded 
areas and freeboards. Other data such as land use, may be updated for example, 
every 5 years (unless a major change occurs when it should be updated.more 
frequently). 
A general knowledge of cost:benefit concepts, a basic understanding of drainage, 
an appreciation of links between maintenance, drainage, land use, productivity and 
related costs and benefits is required. The greater this knowledge and the greater 
the awareness of the watercourse, the morestraightforward the application.. 

4.3 Site Summary.. 

Through. collaboration with, the. Environment Agency, six watercourses were selected as case 
studies. The classification system identified in Chapter- 3. was used to ensure that a range. of 
channel types were selected in order to reflect a wide range of circumstances. A summary of 
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each case study site is presented in the following sections. Full details are presented in the 
Appendices. 

4.3.1 Kelwell Stream 
Kelwell Stream and its feeder streams North Kelwell and South Kelwell rise near Old Ellerby 
approximately 4 km north east of Kingston upon Hull. The study reach extends fi-om the 
upstream limit of main river on North Kelwell (GR TA 5 1543 43729) and South Kelwell (GR 
TA 51560 43680) to the cotiuence of Kelwell Stream with Foredyke Stream (GR. TA 51145 
43730). A map showing the study area and watercourse system is presented in Appendix I. A 
schematic map is shown in Figure 4.1. 

The catchment area of Kelwell Stream North Kelwell and South Kelwell (Kelwell System), is 
estimated to be 16.7 km* (1670 ha) and is intensively drained both through field drains and the 
natural ditch system The Environment Agency ‘main’ river total reach length is 5.2 km The 
Beverly and Holdemess IDB also maintain two watercourses within the catchment, with a total 
reach length of 1.1 km. These discharge into Kelwell Stream Kelwell Stream and its 
tributaries discharge under gravity into Foredyke Stream and then into the Holdemess Drain 
and finally into the River Humber through two sets of doors. 

The Kelwell System is subject to annual weedcutting. The embankments are flail mown and 
subject to vermin control. The channel is subject to dredging approximately every 10 years 
during which approximately 0.15 m of silt is removed. Total annual maintenance costs for 
Kelwell Stream including the embanked section, North Kelwell and South Kelwell are 
estimated to be 55300 (1997/98 prices). 

The IDB channels are also subject to annual weedcutting. Tree and bush maintenance is 
carried out as required and dredging of the channel takes place on average every 10 years. 
Approximately 0.2 m of silt is removed. Total annual maintenance cost for 1997/98 are 
estimated to be &550. 

4.3.2 Watton B&k 
Watton Beck is a spring fed river which rises in the chalk wolds to the East of Middleton-on- 
the-Wolds approximately 16 km north of Kingston upon Hull. The catchment area of Watton 
Beck, is estimated to be 27 km* (2700 ha). The area downstream of the spring line is 
estimated to cover 13.75 km* (1375 ha). It is this intensively drained area; both through field 
drains and the natural ditch system which benefits from maintenance. 

The Environment Agency ‘main’ river total reach length is 4.5 km Above main river there is a 
Beverly and Holdemess IDB watercourse of approximately 2.9 km in length.. The study reach 
extends from the upstream limit of the main river (GR. TA 502860 449490) to the confluence 
of Watton Beck with the River Hull (GR. TA 506380 447300). Two other IDB watercourses 
discharge into Watton Beck on the right bank. A map showing the study area and watercourse 
system is presented in Appendix IV. A schematic map is shown in Figure 4.1. 

Watton Beck discharges under gravity into the tidal River Hull on its upper reach through two 
flapped outfalls. The River Hull flows out into the River Humber estuary. 

Watton Beck is embanked for a length of approximately 2.5 km upstream from the confluence 
with the River Hull and is described as a highland carrier. This section of Watton Beck does 
not provide a drainage function for the lowland area over which it flows. This lowland area is 
served by a network of IDB drains which run broadly parallel to Watton Beck and discharge 
into the Beverly and Barmstron Drain which is pumped into the River Hull at Wifholme 
Landing. 
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Watton Beck-is-subject to weedcutting twice a year.and the banks are-flail mown three times.a 
year. Vermin which inhabit the .embankment are controlled. The- channel is subject to 
dredging approximately once every 10‘. years. A ,depth of approximately 0.15 m of silt is 
removed. Total annual maintenance expenditure by ,the Environment Agency. on Watton Beck, 
including the highland carrier section, is estimated to be &6590 (I997/98 prices). 

The IDB channels are also subject to annual. weedcutting. Tree and bush maintenance is 
carried out as required. Desilting of the!channel takes place on average every 10 years during 
which approximately 0.2:m of silt is removed. :. Total annual maintenance expenditure on the. 
IDB watercourses is estimated to be 5167 (1997/98 prices).- 

4.3.3 Winestead Drain 
Winestead Drain rises to the-east of Withemsea, approximately 17 km east of ‘Kingston-upon 
Hull. The. catchment :area of Winestead Drain is estimated -to be 54 km2. (5400 ha). .This 
lowland catchment is intensively drained both through field drains and the natural ditch system 

The Environment, Agency ‘main’ river reach length-is 7.3 km. Above main .river is an IDB 
watercourse of approximately 6.1 km in length. Two pumping stations control water levels in 
the .main river and .TDB :watercourse, both owned and operated by the Environment Agency. 
The Booster ~Pumping Station at the head of main river (GR. TA 530050 423400) pumps land. 
drainage water from the-BIB watercourse up into the main river which.is at a higher level. The,. 
Gutstrays Bumping Station -provides the outfall..of Winestead- Drain into the estuary of the. 
River Humber. 

The study reach extends from the upstream limit of the main river to the pumped outfall of . 
Winestead Drain into the Humber,Estuary at Gutstrays Pumping Station (TA 533500 418495). 
A map : showing the study. area ‘and -watercourse system ,is presented in Appendix V. A.’ 
schematic map is shown in Figure 4.1 

Winestead Drain is subject to annual weedcuttingtwice-a year.. The banks are also flail mown 
twice a year. The channel,has been subject to dredging approximately once every 1.0 years. A 
depth of between 0.15 and 0:3:m of silt is removed to reach hard bed level. 

Total annual maintenance expenditure .by the Environment Agency on Winestead Drain ,.is 
estimated to be &42939 (1997/98 prices). ..This includes a charge for maintenance of the pumps 
and electricity running costs. No allowance.is made for the annual depreciation of the, initial 
capital costs. The -benefits identified are therefore. the returns :associated with c continuing. 
maintenance only:- Channelmaintenance costs are &6075 (1997/98 prices). 

The IDB channel is subject to annual weedcutting. Dredging of the channel takes place on 
average every -10 years to remove 0.3-0.6 m of silt. Total-annual maintenance. expenditure on ~ 
the IDB .watercourse is estimated to be 53433 (1997/98 prices). 
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4.3.4 Afon Conwy 
The Afon Conwy rises from Llyn Conwy in the Migneint- Moor,. Snowdonia.. The: catchment 
area is estimated to,be,590 km’ (59000 ha). 

The river is a highland carrier which conveys waterf?om the upland- catchment through the flat 
valley floor to the outfall-into-Liverpool Bay at Conwy. The Afon Conwy does not provide a 
land drainage-fimction.for the lowland.‘part of the catchment~through which it flows. This 
lowland area protected from flooding by-the Afon-Conwy by flood banks. It is served by an 
intensive network.;of channels and;is designated- as an IDD which is run.and managed by the. 
Enviromuent Agency. In affect, these IDD.-watercourses are ‘main’ rivers in all but name. 
Many of theIDD watercourses discharge -into the Afon Conwy through the floodbanks via 
flapped outfalls. 

Two discrete areas ofthe Conwy floodplain,were selected for study following-discussions with 
the Environment Agency, namely: the Ffos Fawr andthe Abbey View AD. ‘. 

Ffos Fawr 
The area- served by the Ffos Fawr covers 154 ha on the leR,bank of the&on Conwy .to the 
east of Trefiiw. This: area is; bounded on three sidesyby the floodbanks, of the Afon. Conwy, 
Nant Gwydyr and Afon Crafhant. The western boundary follows the natural limit of. the-, 
floodplain which is determined by geolo,v and topography. A map showing .the- Ffos Fawr 
study area- and watercourse system.is presented.in Appendix VI. A schematic map is shown in 
Figure 4.1. 

The Ffos Fawr drains this area and ‘is fed by two IDD watercourses; the Ffos Fawr AD 
Number.1 and 2; The Ffos Fawr discharges into the Man Crafirant-through-the floodbank and i : 
into the Afon-Conwy. The whole area is naturally drained by anintensive network of ditches. 

The Ffos Fawr and Ffos Fawr AD ‘Number 1 and 2 are all ‘subject to annual -weedcutting.. 
Annual ~maintenance expenditure on the Ffos Fawr main river. is calculated to be &1428 
(1997198 prices). Annual expenditure on AD .Number 1 and 2 is calculated to be &294 and ‘. 
2380 respectively (1997/98 prices). 

Abbey. View AD 
The area served by the Abbey View AD lies on the left bank of the Afon Conwy, to the south 
of Dolgarrog. The floodbanks of the Afon Conwy and! Afon Ddu form the boundaries of the 
area to the .north, east and south. The .B5 106 road forms the western boundary. A map 
showing the Abbey View AD study area and watercourse system is presented in Appendix VII. 
A schematic map is shownin Figure 4.1. :.. 

The Abbey View AD discharges through thefloodbank into the AfonDdu via a flapped outfall. 
Dolgarrog AD .Number 5 drains the northern area and also discharges into the Afon Ddu. Two 
adopted ditches (Cae Coch AD Number .l and 2) flow over the southern end of the study area 
and discharge into the -ASon. Conwy via,- flapped outfalls. -in the .floodbank.. An, intensive 
network of field ditches drain the area. 

Abbey View AD and Dolgarrog AD.Number. 5 are subject to annual .weedcut.t.ing. In ‘1997/98 
prices, annual maintenance-expenditure is estimated-to be &763. 

4.3.5 Vale of Clwyd 
The Afon Clwyd rises in the.peaty uplands of the Clocaenog forest to the south west ofRuthin. 
It flows northwards through the Vale of Clwyd and -discharges into Liver-pop1 Bay at Rhyl: 
The Vale of Clwyd is drained by numerous tributaries of the Afon Clwyd and a comprehensive 
network,of drainage ditches. 
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The channel of the Afon Clwyd is not subject to regular maintenance. Some tributaries are: 
however, subject to annual weedcutting. 

Ffynnon-y-ddol 
The Ffynnon-y-ddol and its tributaries have been selected for study. A map showing the 
location of the Ffylmon-y-ddol and its tributaries is presented in Appendix VIII. A schematic 
map is shown in Figure 4.1. The Ffynnon-y-ddol is 5.69 km in length, a tributary of the Afon 
Clwyd and runs broadly parallel to the coast of North Wales. It discharges into the Afon 
Clwyd via the Clwyd Pumping Station. The tributaries all discharge under gravity into the 
FfLanon-y-ddol with the exception of the Pensarn Drain which is pumped into the Ff$nnon-y- 
ddol via the Belgrano Pumping Station. 

The catchment of the Ffynnon-y-ddol is bounded to the east and north by the Afon Clywd and 
the.North Wales coast respectively. The embankment on the left bank of the Afon Gele forms 
the southern and western boundary to the Ffynnon-y-ddol catchment. 

The Ffynnon-y-ddol is culverted through the southern area of Towyn. The main river branches 
into three: FQnnon-y-ddol Dyke Farm, Ffyanon-y-ddol Gors Branch and Ffynnon-y-ddol 
Kimnel Way. These provide alternative routes for the Ffynnon-y-ddol should one culvert 
become blocked. In an emergency, if levels in the Ffynnon-y-ddol are dangerously high and 
providing there is sufficient capacity in the Afon Gele, the flap valves may be opened in the 
bank of the Afon Gele to allow the Gors Branch leg of the Ffynnon-y-ddol to discharge into it. 

Three watercourses; Towyn Splashover Drain, Towyn Splashover East and Towyn Splashover 
West, serve the north of Towyn. Their purpose is to remove surface runoff and to provide a 
route for sea water should a breach of the sea defences occur. 

4.4 Results from the Application of FDMM 

4.4.1 Area of benefit and effective reach length 
The areas benefiting from maintenance in terms of flood alleviation were derived through 
discussions with the Environment Agency and IDB/IDDs and field observations. Maps 
showing the highest known flood event and drainage board boundaries were utilised in this 
process. In the Welsh region: benefit areas were based on the discrete areas protected by flood 
banks. 

Table 4.1 shows the flood risk areas and associated effective reach length for each case study 
watercourse. The effective reach length is the length of main river for which a flood risk area 
is defined. The Ffynnon-y-ddol and its tributaries are not subject to flooding. Channels have 
been designed to contain flood flows with a return period of over 100 years, hence no flood 
risk areas are defZured. Assessment in thus based purely on drainage benefits. 

Table 4.1 Flood risk area and effective reach length by watercourse 
Flood Risk Area (ha) Effective Reach Length (km) 

Watercourse Left Bank Right Bank Left Bank Right Bank 
Kelwell Stream 72 104 2.7 2.9 
Watton Beck 210 250 1.0 1.0 
Winestead Drain 460 269 7.3 7.3 
Ffos Fawn 38 116 2.1 2.1 
Abbey View AD 42 48 1.1 1.1 
Ffynnon-y-ddol and tributaries 0 0 0 0 

Note: Figures are subject to rounding, Figures are taken from Section 4.3 and the Appendices. 
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4.4.2 Land use assessment 
Flooding and drainage 
Land use features of interest within. the flood risk area were identified and recorded using ,the 
land use assessment sheets contained within FDMM Loose Material *A. Table 4.2 shows the 
total number of HEs affected by flooding and the flood score (HE/effective reach length) for 
each watercourse. 

Table 4.2 House Equivalents affected by flooding and flood score by watercourse 
Total No. HEs affected by Flooding Flood Score (HE/km) * 

Watercourse Left Bank z 
Kelwell Stream 8.25 

RightBank . . 
17.18 

Left Bank Right Bank 
3.06 5.92 

Watton Beck 110.87 128.85 110.87 128.85 
Winestead Drain 190.91 20.63 26.15 2.83 
Ffos Fawr 37.78 10.81 18.1 5.17 
Abbey View AD 6.79 0.63 6.23 0.58 
Ffynnon-y-ddol and tributaries 0.0 0.0 0.0 0.0 

Note: Figures are subject to rounding. Figures are taken from the Land Use Assessment Reach Summary 
Sheets in the Appendices. * HE divided by the effective reach length. 

The area within the flood risk area which -is subject to inadequate drainage is termed the 
drainage benefit area. Due to the absence of documentation, the drainage benefit -areas were 
estimated by-the Environment.Agency, based on knowledge of the drainage network: soil type, 
land use and site observations. 

Under the. current maintenance. regime, the drainage status of the whole flood risk area for 
each watercourse, with. the exception of the Ffynnon-y-ddol; is classed .’ as good: 
Approximately 82% of..the drainage benefit area of the .F@nnon-y-ddol. experiences bad 
drainage. 

According to the procedtie defined in FDMM @3/21);the area of each landuse type subject 
to bad and very bad- drainage has been weighted by the appropriate potential waterlogging-. 
damage factor.(E.g.. 1.1 for extensive pasture, FDMM p3/22) to determine the drainage-score.- 
This drainage score (HE/km&) represents the level of damage caused by waterlogging. 

4.4.3. Actual Standard of Service 
The flood and drainage-scores for eachybank have been combined to determine the Standard of I 
Service provided by the current maintenance regime;. This is compared with the target score of-- 
0.5-1.0 HE/km&. Scores above and below this target indicate that the watercourse is under-, . . 
or over-serviced respectively (see Table 2.3). 

Estimates of the actual SOS provided are, however, sensitive to the effective reach length-and 
the definition of the benefit. area. According to FDMM, the effective reach length applies to 
the main-river only and non-main river tributaries are ignored and :excluded from analysis. 
Table.4.3 shows the combined flooding armdrainage score for each watercourse, the definition 
of the effective reach used and the reach status.. 

Inclusion of IDB -watercourses, highland carriers and embanked. reaches within the effective 
reach llength has an impact on the -reach status (see Table’ 4.3) as the HEs. at risk are 
apportioned to a, longer reach thereby lowering the HE/km/yr score. The -flood risk and 
drainage benefit areas associated with these additional reaches should be identified and the HEs 
at risk included in the analysis. 
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For example, the reach status of the Kelwell System changes from one of below target to on 
target if the IDB. tributaries are included in the definition of effective reach leq$h. As 
described in Section 2.5.4, the lower is the number of HEs/km the higher is the reach status in 
terms of Standards of Service. If the embanked reach on Kelwell Stream is included in the 
analysis of effective reach length, the reach status appears to be above target. This may be 
misleading, however, as in the analysis presented here, no benefit area associated with this 
embanked reach has been identified (see Chapter 5 and Appendix I for further details). 
Similarly, ifthe highland canier on Watton Beck is to be included in the calculation of effective 
reach length, the benefit area associated with it must also be included in the analysis in order to 
calculate the total I-Es affected. Under the present analysis, no benefit area associated with 
the highland carrier has been identified. Further details on this are presented in Chapter 5 and 
Appendix lV. 

Table 4.3 Sensitivity analysis: effective reach length and actual SOS, by watercourse 
Watercourse 

Kelwell System 

Combined Score Effective Reach Reach 

WlkmJyr) * StZltUS 

(Average of 
both banks) 

1.10 Main river only BTS 
0.79 Main river i IDB tributaries OTS 
0.49 Main river + IDB tributaries + embanked section ATS 

Watton Beck 22.30 Main river only BTS 
5.72 Main river + IDB tributaries BTS 
6.3% Main river + highland carrier BTS 
2 52 Main river + IDB tributaries + highland carrier BTS 

Winestead Drain 2.80 Main river only BTS 
1.60 Main river + IDB watercourse BTS 

Ffos Fawr 0.50 Main river only OTS 
0.22 Main river + IDD tributaries ATS 

Abbey View AD 0.16 Main river only ATS 

Ffynnon-y-ddol and 0.27 Main river only ATS 
tributaries 

Note: ATS = above target standard, OTS = on target standard, BTS = below target standard. 
Figures are subject to rounding. * Figures are derived from AAN,i,,, divided by the effective reach length. See 
Flooding record sheets in Appendices for AA&&, 

In comparison, analysis of the Ffos Fawr shows that the reach status is on target. In this case 
study, the benefit area associated with the IDD tributaries is included within that of the main 
river. FDMM is thus providing an accurate definition of the benefit area. 

As the reach status is used to prioritise maintenance activities, any changes to the maintenance 
programme on the basis of the reach status alone must be undertaken cautiously, especially as 
the reach status does not take into account monetary benefits and costs. 

4.4.4 Land use band 
The flood and drainage scores (HE/km/y-r) obtained through analysis of the number of HEs 
affected per km of main river, are combined to determine the total HE/km for each bank. This 
combined score is used to classify land use into one of five land use bands (Table 2.2). 
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Table 4.4 shows that land within the flood-risk areas is predominantly classed as band ‘C’ or 
‘D’. Land within -band ‘C’ is classed as high grade agricultural, land at risk of flooding and 
impeded- drainage with some propeeies,also at risk. Band ‘D? denotes mixed agricultural land 
and isolated farm buildings which. are at risk. With the. exception of Watton Beck, these 
classjfications are appropriate given-the land use observed within the flood tisk areas. 

Table 4.4 Classification of land use bands; by watercourse 
Land Use Band 

Watercourse Left Bank Right Bank 

Kelwell Stream. D@> cc-w 
Watton B&k A 03 A (0 
Winestead Drain B D 
Ffos Fawr C c 
Abbey View AD C E 
Ffynnon-y-ddol and tributaries X - No flood risk area defined X - No flood risk,area defined. ‘1 

?Jote: Figures are determined from-the Land Use Assessment summary sheets in the -Appendices and are based 
on the total HE/km. Land use band in parenthesis includes the embanked reach/highland carrier and IDB 
tributaries in the analysis of effective reach length. 

The flood&k area of Watton Beck is predominantly rural with only a few isolated properties 
at risk from flooding. A class%cation of,band ‘A.’ which states that -large-urban ‘areas are. at 
risk of flooding is clearly incorrect. This error has arisen. due,to the very short effective reach 
length (l-km) within the flood risk .area. An IDB channel upstream of main-river and,two IDB- 
tributaries all derive benefit fiommaintenance on the main river and lie wholly within the flood 
risk area. The highland- carrier. downstream of the flood risk area provides the conduit for! 
Watton Beck to the outfall. into. the River Hull. If these tributaries and highland carrier are 
included in the effective reach length;;: the land use band .would be, classed as -‘C’ for .both 
banks. This latter classification gives a more realistic representation of the type of land .use 
found within the flood risk area. 

The land use band classi&ation has: also been revised for -*Kelwell Stream to include the 
embanked.reach in the calculation of effective reach length. In this case, the l&d use band is 
classed as ‘D’ on both banks. 

4.4.5 Effect of flooding 
The effetits of flooding on. each site have been based purely on use of the predictive technique -. 
as historical records were.not available. Using the arithmetic method;‘an estimated-long-term 
average-annual value for HE affected has been derived. 

The areas flooded by events of.difZerent:.retum periods- were identified by the, Environment, : 
Agency for each bank. These areas are, however, estimated ‘as the actual:areas flooded by: 
events of different return. periods are not. documented. The number of HEs affected was . 
determined- on a pro-rata basis by multiplying the total number’ of HEs which would. be 
inundated by the.percentage of the flood risk area flooded. .This process was repeated-using 
estimates of the areas flooded without- maintenance. Discussions with the lDB/lDDs were 
used to confirm these estimates. 

The total number of agricultural.-HE&m affected by flooding. without maintenance- are 
multiplied by 1,5 in-the case of pasture-and 2.2 for arable. These severity weiG&tiugs are used .. 
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to adjust the HEs to take account of the impact of timing and duration of flooding on the flood 
cost. 

The annual benefit of maintenance is shown by the benefit to be gained fi-om the avoidance of 
flooding. This is derived by subtracting the Annual Average Number of I3Es affected with 
maintenance (AAN1& from the Annual Average Number of HEs affected without 
maintenance (AANtithout ) an d multiplying this figure by the value of one HE (& 13 04 in 1997/9 8 
prices). This procedure is shown by the following equation: 

(M dhout - AAN tiith) x Value of one HE 

Table 4.5 uses Watton Beck as an example to illustrate this process. Table 4.6 shows the 
AAN,ithmt, AAl& and the annual benefits of flood alleviation for each watercourse. For the 
purpose of this analysis, the without maintenance scenario represents the base case and is an 
estimate of the flooding and drainage conditions which are likely to prevail if maintenance were 
discontinued. 

Table 4.5 Average annual number of HEs affected by flooding, Watton Beck 
Left Bank Right Bank 

Flood Return % Area HEs Affected Flood Return % Area HES 
Period (yrs) Flooded Period (yrs) Flooded Affected 

With maintenance 
1 0 0 1 0 0 

20 30 37.94 20 30 44.79 
50 100 126.45 50 100 149.29 

.4nnuaI average number HE% affected (AAN,.& 20.48 24.18 

Without maintenance 
1 5 6.32 1 5 7.46 

20 50 63.23 20 50 74.65 
50 100 126.45 50 100 149.29 

Annual average number HEs affected (AANdthout) 35.88 42.36 

Annual benefit of flood alleviation 
Left bank: (35.88 - 20.48) x 1304 = 520082 
Right bank: .(42.36 - 24.18) x 1304 = 523706 
Total annual benefit of flood alleviation (both banks) g.43 788 
Note: Figures are subject to rounding. Figures are taken from the Flooding record sheets in Appendix IV. 
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Table 4.6. ,Annual benefiti of flooding, by-watercourse: FDMM 
Watercourse HEs Affected by. HEs Affected by Total Annual 

Flooding Without Flooding With Benefit (E) 
Maintenance Maintenance ((a-b) x 1 HE)) 

(AAN dout) (a) (AAN dtd co) 
Kelwell Stream. 

Left bank 7.22 2.21 6533 
Right bank. 13.26 4.06 11990 
Total 18523 

Watton Beck 
Left bank 35.88 20.48 20082 
Right bank 42.36 24.18 23706 
Total 43788 

Winestead Drain 
Left bank 118.21 34.59 109040 
Right bank 21.47 6.28 19808 
Total 128849 

Ffos Fawr 
Left bank 8.30 1.57 8775 
Right bank 2.52 0.48 2668 
Total 11443 

Abbey View AD ‘. . 
Left bank 1.54 0.29 1629 
Right bank 0.21 0.04 217 
Total 1846 

Ffynnon-y-ddol Not subject to flooding~ 0 
Note: Figures are subject to rounding..-.1997/98 economic prices are used. 
1 HE = El304 (1997/98 prices). Figures are taken from the Flooding record sheets in the Appendices. 

In order to -derive the agricultural benefits,- a second Land Use Assessment reach summary 
sheet was completed (see .the .Appendices) for the agricultural .areas only; and the .benefits of 
flooding calculated accordingly using the Flooding Record sheets presented in the Appendices. 

Table .4.7 uses the ,Winestead Drain to illustrate this procedure. The difference in benefits of 
flood alleviation urban/agricultural and agricultural only, provides a .mea.sure of the urban 
benefits. : The agricultural only’benefits are subtracted from the total agricultural/urban benefits 
to derive the agricultural only and urban.only benefits associated with flood,alleviation. 

Using the example in Table 4.7, the a~cultural benefits of flood alleviation. are &48822. The 
combined agricultural/urban benefits .are &128849. The urban benefits .are- therefore ~330026 
(5328849 - &4X322). :. 

Table 4.7 Calculation of urban benefits,. example of Winestead Drain:. FDMM 

AAN uithout lLQJ with Benefit of Flood AAN =;tiout AAN ni& Benefit of Flood Alleviation (%) 
Alleviation (5) 

(HE/W (HE/km) (Ag. + Urban) (HE/km) (HE/km) (Ag. Only) (Urban Only). 
(Ag. f Urban) (Ag. + Urban) (Ag. Only) (Ag. Only) 

(4 @> (a-b x 21304)=c (4 (e> (d-e x El304)=f (c-f x E1304) 
LB 118.21 34.59 109040 33.42 9.78 30827 78213 

RB 21.47 6.28 19808 19.51 5.71 17995 1813 
Total 128849 48822 80026 

Note: Figures are subject to rounding. 1997/98 prices are used. 51304 = value of one HE in 1997/98 prices. 
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4.4.6 Effect of deterioration in drainage 
The predictive technique was used to determine the effect of inadequate drainage on land use 
in the area at risk. Due to the absence of recorded data and historical records, the historical 
technique could not be applied. 

The drainage status of the drainage benefit area is predicted to deteriorate by one class in the 
absence of maintenance on Kelwell Stream, Watton Beck and Winestead Drain. This 
prediction is based on analysis of the watercourse, drainage system and topography. 

The predicted deterioration in drainage status for the Ffos Fawr and Abbey View AD sites is 
Corn good to very bad. In the case of the Fflnnon-y-ddol and tributaries, the drainage status is 
predicted to deteriorate from good to bad on intensive pasture and extensive arable land use. 
Land under extensive pasture is expected to deteriorate from a bad to very bad drainage status 
in the absence on maintenance: 

4.4.7 Drainage benefits 
The annual benefit of preventing a deterioration in drainage status is calculated fiorn the area 
affected (ha) multiplied by the annual benefit (&/ha) to be gained from preventing the 
deterioration. Table 4.8 shows the total annual drainage benefits for each watercourse. 

Table 4.8 Annual benefit of drainage, by watercourse: FDMM 
Watercourse Total Annual Benefit of Maintaining 

Drainaee Status (15) 
Kelwell Stream 11440 
Watton Beck 29329 
Winestead Drain 47213 
Ffos Fawr . 4620 
Abbey View AD 2708 
Ffynnon-y-ddol and tributaries 20411 

Note: Figures are subject to rounding. 1997/98 economic prices are used. 
Figures are taken from the Drainage Benefit record sheets in the Appendices. 

This analysis assumes that land use would not change in the absence of maintenance. It is 
likely, however, that some areas may switch from arable crops to pasture or from intensive to 
extensive pasture. The drainage benefits associated with maintenance may therefore be under- 
or over-estimated according to the change in land use that occurs. The users of FDMM and 
the Guidelines should be aware of this. 

As the drainage benefit areas were estimated by the Environment Agency for all the case study 
watercourses, the area1 drainage factors were applied to the flood risk areas to con&m these 
estimates. 

In the case of Kelwell Stream and Watton Beck, due to the soil type and piped drainage, the 
area1 drainage factor is 1 (Table 3.8, FDMM). The drainage benefit area is therefore calculated 
to be the same as the flood risk area. This is consistent with the assumption made. 

If the area1 drainage-‘factor is applied to the flood risk area of Winestead Drain, due to the 
pumped drainage system, the drainage benefit area is assumed to be double that of the flood 
risk area (area1 drainage factor of 2, NRA, 1995). The drainage benefit area would therefore 
be 1458 ha. Doubling of the flood risk area in this way, represents an attempt to include the 
drainage benefit area of lDB/lDD watercourses and thus prevent under-estimation of benefits. 
Ifthe IDB/IDD tributary systems and associated benefit areas were included in the analysis in 
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the first place, however, this area1 drainage factor for pumped drainage would not be required. 
Further details are presented in Chapter 5; 

Application .of the area1 drainage factor to -the. Ffos Fawr and Abbey View AD -results in 
drainage benefit areas which are 40% of the flood.risk area (area1 drainage-factor of 0.4.(Table. 
3.8, FDMM)). This,,however,- has little impact on the benefit :cost ratio which still remains . . 
favourable. Further details’are presented in AppendixVI and.VJI 

4.43. Justification 
Justification of the maintenance scheme.is undertaken through a comparison ofthe benefits and 
costs of.maintenance.in a simple benefit:cost ratio. Table’4.9 summarises the total annual 
maintenance expenditure on each main river. The costs of,non-annual maintenance such as 
dredging and tree and bush work have been amortised to derive-an equivalent-annual.cost (see 
Appendix II):Table 4.9 also shows the combined annual flooding and drainage benefits and the 
benefit:cost ratio. Table 4.9 contains the benefit:cost ratio for agricultural benefits and shows 
that for the assumptions made, the current maintenance regimes can be justified. 

Table:4.9 ‘Justification of.maintenance, by watercourse: FDMMb 
Watercourse AMUd Annual Benefits Benefit: Cost Ratio Benefit:Cost 

Maintenance Lost Without ’ (Urban and Ratio 
Expenditure (E) Maintenance (E) Agricultural) .: (Agricultural 

(Urban and Only) 

Kelwell Stream 3713 
Agricultural) 

29963 8.07 6.22 
including cost for. embanked reach 5300 29963 5.65 4.36 

Watton Beck 1883 73117. 38.83 21.15 
including cost for highland carrier 6590 73117 11.10 6.04 

Winestead Drain 42939 176062 4.10 2.24 
Ffos Fawr 1428 16063 11.24 3.7 
Abbey View AD 763 4554 5.96 4.1 
Ffynnon-y-ddol and tributaries 9476 20411 2.15 2.2 
Note:. Figures are subject to rounding. 1997198 economic prices are used. Maintenance expenditure obtained 
from the Environment Agency and IDB/IDDs. Fi,Tres are taken from the Appendices. 

4.4.9 Winestead Drain -without maintenance scenarios 
Assessment of the benefits of maintenance on the Winestead-Drain is complicated due to the 
fact that the watercourse is pumped and that an IDB watercourse which lies directly upstream 
of the main river. is served by a pumping station which is-sited on the main river. 

In the previous analysis, the.benefits ofmaintenance are derived by comparing thetotal benefits 
provided by- channel maintenance and pumping with the ‘do-nothing’ option for the main river 
reach of Winestead Drain, only. The IDB watercourse upstream of the -main river has been 
excluded from the- analysis. This is in accordance with the procedures set out ~within FDMM. 
This JDB watercourse, however, benefits from maintenance and pumping on the main river and 
in order to determine. total benefits! and costs, this watercourse and.-associated benefit ,area 
should be included within.the analysis. Sensitivity analysis to determine the,impact of this has 
been carried out. Further details of each scenario are provided in the .foUowing sections and. in 
Appendix V. 

Scenario 1. 
Scenario 1 compares the ~total benefits (flooding and drainage) associated with .channel 
maintenance and pumping on. ,the mah~river and IDB watercourse with the ‘do-nothing?. 
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option. Table 4.10 summarises total benefits and costs. Under this scenario, drainage water 
would cease to be evacuated from the floodplain. The capacity of the channel will decrease 
over time due to a build up of sediment, vegetation and debris in the channel. Channel water 
levels and hence watertable levels will consequently rise. It is therefore assumed that the 
drainage status without channel maintenance and pumping will deteriorate over the whole 
flood risk area. Flooding will also occur more frequently and over a wider area. Further 
details are presented in Appendix V. 

Table 4.10 shows that the current maintenance regime is justified when compared with the ‘do- 
nothing’ scenario. In practice, however, under this scenario, there is likely to be a change in 
land use in part of the benefit area. Some areas of arable land use would revert to pasture 
which is more tolerant of flooding and inadequate drainage, although productivity may be low. 

,’ The benefits of maintenance may therefore be over-estimated. No allowance, however, is 
made for this in the analysis. 

Scenario 1A 
The Booster Pumping Station at head of main river pumps water from the IDB channel up into 
the main river which is at a higher level. The ‘main’ river itself derives no benefit from this 
pumping station. Table 4.10 compares the benefits associated with channel maintenance and 
pumping on the main river only and the associated costs, with the ‘do-nothing’ option. The 
costs and benefits associated with the Booster Pumping Station at the head of main river on 
Winestead Drain are therefore omitted from the analysis on the grounds that these relate to 
areas beyond the study reach. Further details are presented in Appendix V. 

Scenario 133 
Table 4.10 compares the benefits associated with channel maintenance and pumping on the 
IDB watercourse only (Scenario lB), with the ‘do-nothing’ option. As the IDB watercourse 
and associated area benefit from operation of the Booster Pumping Station, the cost associated 
with this should be attributed to the IDB area. Table 4.10 shows that even if these pumping 
costs are included in the analysis, maintenance on the IDB watercourse remains justified given 
the assumptions made. 

Table 4.10 Benefit:cost analysis, Winestead Drain: F’DMM 
Scenario Total Annual Benefits (f) Annual Maintenance Costs Benefit: Cost Ratio 

(Agricultural + Urban) 6) (Agricultural + Urban) 
Scenario 1 248585 46372 5.36 
Scenario IA 176062 26678 6.60 
Scenario 1B 72523 19694 3.68 

Note: Figures are subject to rounding. 1997198 prices are used. See Appendix V for further details. 
1 Total benefits and costs associated with main river and TDB watercourse. 
1A Benefits and costs associated with main river’only, excluding costs of Booster Pumping Station. 
1B Benefits and costs associated with IDB watercourse only, including costs associated with Booster Pumping 

Station. 

Separate analysis was also undertaken to estimate the impact of (a) pumping only and (b) 
channel maintenance only, on drainage status and flooding and hence on the benefit:cost ratio. 
Analysis co&med that channel maintenance and pumping complement each other. Channel 
maintenance sustains the operation of the pumping scheme through preventing a build up of 
vegetation and sediment in the channel and by preventing the blockage of field drainage pipe 
outfalls. Without channel maintenance, the resultant restrictions in capacity will cause channel 
water levels and hence field watertable levels to rise. Whilst the pumps may operate more 
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frequently to counteract this, retained water levels are still expected to remain higher than that. 
of a maintained channel. The effectiveness of the pumps will be reduced as they will exert less 
drawdown -than if the channel were kept clear and pumping costs may therefore increase. 
Without.pumping,.much of the area would flood and become waterlogged. It~is.likely that a 
change in land .use .will occur and that some arable areas will revert to ,grassland. Full details 
on this analysis are presented in Append&V. 

Maintenance expenditure 
In accordance with FDMM;: maintenance expenditure for each watercourse hasbeen increased 
by 15% and, the benefits reduced by 15% in order to check thesensitivity of assumptions made-. 
on the benefit:cost ratio; Due to the relatively high benefit:cost ratios associated with all the 
case study -watercourses, the current maintenance re@es remain justified after these 
assumptions. 

Sensitivity of the benefit:cost ratio tozeffective reach length : ‘. 
As .discussed previously, the effective reach -length and benefit:. areas affect the benefits- and- 
costs associated with river maintenance. If. IDB/IDD networks, embanked sections and 
highland carriers are .included in the’effective reach length, the maintenance.costs associated 
with these chanuels should. be included in the benefit:cost assessment. Full-details are 
presented in the Appendices for each watercourse. 

Similarly, if the watercourse discharges into another. main river.- and derives benefit :fiom 
maintenance on it, :a proportion. of the maintenance- expenditure on- this : watercourse should‘. . . 
ideally, be included in the calculation of costs. For example, Kelwell Stream., discharges into.-- 
Foredyke Stream and -Holdemess Drain, which are both maintained by. the Environment 
Agency. The proportion of maintenance expenditure to be attributed to .the Kelwell Stream 
may be based on the:proportion of flow- at the outfall of Holdemess Drain which is derived 
from Kelwell Stream- and .: Foredyke Stream. . Further details are: presented within the 
Appendices. 

Benefits,of maintenance ._. 
If the maintenance expenditure on the IDB/IDD watercourses,- embanked section of main river 
and. highland -carriers are. taken. into account in the. benefiticost assessment, ;.the associated 
benefits should also be-considered. 

The embanked section ,of Kelwell Stream and hi_&land carrier on Watton ,Beck do not provide 
a drainage function.for the land over which they flow.-, They do, however, provide the conduit. 
for the watercourse. system over the lowland. area. Maintenance on this embanked reach and 
highland carrier therefore provides a benefit for the main river upstream If maintenance were 
not carried out, -channel. capacity, would be. reduced with a concomitant. deterioration -in -. 
drainage status upstream and increase-in flooding., 

The benefits provided by the;embanked section on,Kelwell Stream and~thehighland carrier on . 
Watton Beck also relate to flood protection.,, If the embankments .were not--ma&ained.,and 
were breached, a large part of the lowland drainage area may flood: .The. exact area affected, 
however; willdepend on many -factors such as the.location- of the breach, time taken to .repair -- 
it, discharge and topography.. Detailed,modelling would be required to accurately predict the 
area affected by a flood, event of a particular return period, with a breach at a specific point.. 
Such detailed analysis is not usually possible-and an estimate of benefits may.need to be made. 
Similarly, it is likely to be dif&ult to -determine the .benefits derived from the proportion of 
maintenance expenditure on themain rivers into which the case study watercourses discharge. 
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Estimation of these benefits may, however, introduce error and reduce the accuracy of the 
benefit:cost analysis. It is recommended that the type of these additional benefits is noted and 
only ifthe benefit:cost ratio appears to be marginal, then an estimate of these benefits is made. 

The Booster Ptuuping Station situated at the head of main river on Winestead Drain is used to 
pump water out of the IDB watercourse into the main river. The Environment Agency is 
responsible for maintenance and running costs of this pumping station, even though the main 
river derives no benefit Corn it. If the costs associated with this pumping station are taken into 
account, the benetits it provides should also be taken -into account in the bene&:cost 
assessment. Provision for this, however, is not made within FDMM. 

4.5 Long Term Deterioration Without Maintenance 

At present, on the watercourses studied, maintenance is undertaken annually. The without 
maintenance situation represents the base case best estimate of the likely conditions which will 
prevail if maintenance were discontinued. Without maintenance, however, over a period of 
years the channel capacity is likely to be reduced due to vegetation growth and siltation. 
Therefore, the impact of the annual flood after 10 years without maintenance, for example, is 
likely to be greater than its impact after one year without maintenance. The rate and extent of 
deterioration will depend on the hydraulic and geo-physical features of the watercourse. 

Ifthe benefits of maintenance appear to be marginal, sensitivity analysis may be undertaken to 
estimate the benefits of maintenance, assuming a further deterioration in channel capacity over 
time due to lack of maintenance. The routines produced by Fisher (1995) through 
morphological modelling may be used for this purpose. These predict the rate of deterioration 
in bankfull discharge and freeboard following maintenance (see Appendix III). 

To test the sensitivity of FDMM to this, two without maintenance flooding scenarios were 
used for Kelwell Stream and Watton Beck. Scenario 1, the base case, is a typically 
representative best estimate and shows the likely number of HEs affected by flooding, and the 
deterioration in drainage status which may occur, if maintenance were discontinued.’ Scenario 
2 represents the average annual loss of benefit assuming there are incremental losses due to a 
further deterioration in channel capacity over time due to lack of maintenance and 
consequently larger areas are flooded and drainage status deteriorates further. 

Kelwell Stream is used here as an example to illustrate the methodology. Table 4.11 shows the 
annual benefit of flood alleviation associated with each scenario. 

Table 4.11 Example of calculation of benefits of flood alleviation, using Kelwell S&-earn 
HEs Affected by Flooding HEs Affected by Flooding (a) - (b) = (c) Annual Benefit of 

Without Maintenance With Maintenance Flood Alleviation 
(AAN tithout 1 (a) (A-AN dll > oJ> (0 ((c)x 51304) 

Scenario 1, Annual flood occurs in first year of no maintenance 
Left Bank 7.223 2.213 5.010 6533 
Right Bank 13.256 4.061 9.194 11990 

Total 18523 
Scenario 2, Annual flood occurs in tenth year of no maintenance 
Left Bank 9.494 2.213 7.281 7639 * 
Right Bank 17.424 4.061 13.362 14020 * 

Total 21659 
Note: 19971988 prices are used. Figures are subject to rounding. 
* Calculation of Scenario 2 benefits is shown in Table 4.12. 

R&D Technical Report W 134 44 



Table 4.12 shows the, procedure through which the Scenario 2 annual benefits are identified. 
In this example: the ‘Scenario .2 benefits are an estimate. of the losses which may. occur if 
maintenance were discontinued for 10 years. These annual benefits are derived.by discounting 
the average value of incremental losses over the period .between Scenario 1. and year 10 to 
derive the present value of these average incremental losses, and adding this to the loss under 
Scenario 1. Further -details are presented in Appendix I and IV. 

Table 4.12 -Estimation of losses due to flooding,(agricultural + urban), assuming further 
deterioration without maintenance, Kelwell Stream :. 

Left Bank Right Bank 
Benefit lost under Scenario 1 (E) 6533 11990 
Benefit lost in year-10 (5) :; 9494 17424 
Incremental loss over 10 years (E) (b> - (a> = Cc> 2961 5435 
Average value of incremental loss (loss in year 5) (E) (c) / 2= (d) 1481: 2717. 
Discount factor at 6 % (year 5) (e) Appendix II 0.747 0.747 
Present value of average incremental loss (5) (4 x (e> = 0 1106 203 1 
Average annual loss assuming further deterioration (E) 0 +- (4 7639 14020 
Total of both banks (;E) 21659 
Note: Figures are subject to rounding. 1997/98 prices are used. 

Drainage benefits are handled,in a similar manner to flooding;- as shown in Table 4.13. Further 
details are presented in Appendix I and IV; 

Table 4.13 Estimation of ,losses due to: -deterioration . in ‘. drainage status; assuming : 
further deterioration without maintenance, Kelwell Stream 

Benefit lost under Scenario 1 (5) (good to bad drainage) (4 
Benefit lost in year 10 (E) (good to very bad drainage) (b) 
Incremental loss over 10 years (5) co> - (4 = Cc> 
-4verage value of incremental loss (loss in year 5) (&) (c) / 2 = (d) 
Discount factor at 6 % (year 5). (e) Appendix II 
Present value of average incremental loss (E) Cd> x (e> = Q 
Average annual loss assuming further deterioration (E) Q + (a> 
Total of both banks (5) 
Note: Figures are subject to rounding. 1997/98 prices are used. 

Left Bank: 
4654 
12029 
7375 
3687 
0.747 
2755 
7409 

Right Bank 
6786 
17539 
10753 
5377 .: 
0.747 
4016 
10802. 
18212 

Under -Scenario 2, total annual benefits of maintenance are therefore &39871 .(&21659. -t 
&18212), compared to &29963-for Scenario 1. 

4.6 Rksults-from the Applicatidn of the Guidelines 

The Guidelines have been applied to the same case study watercourses as FDMM, using .the 
same data. The completed record sheets are presented in the Appendices. 

The area benefiting from maintenance in terms of its impact on flooding. and land drainage is 
taken to. be the same as the flood risk area identified using I;DMM: The same flooded. areas 
and return periods were used in the analysisas in FDMM. -’ 

Information relating to dominant substrates and channel parameters were estimated during a 
rapid survey of the channel. Average fieeboards under conditions of mean spring flow were 
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estimated by the Environment Agency. This parameter has not been monitored and recorded 
and so the estimate is based on local knowledge of the watercourse and site observations. 

4.6.1 Benefits of maintenance 
Table 4.14 shows the benefits of flood alleviation and prevention of a deterioration in drainage 
status for each watercourse. 

As in the case of FDMM, the benefit:cost ratios have been calculated for various maintenance 
expenditure scenarios which include IDBLDD watercourses: embanked sections, highland 
carriers and a proportion of costs associated with the main rivers into which the case study 
watercourses discharge. Details of this analysis are contained within the Appendices. 

Table 4.14 Annual flooding and drainage benefits, by watercourse: Guidelines 
Watercourse Annual Benefits (5) Annual Benefit of Total Annual 

of Flood Alleviation Maintaining Benefits (5) 
Drainage Status(E) 

Kelwell Stream 1329 11616 12945 
Watton Beck 322 30360 30682 
Winestead Drain 1239 48114 49353 
Ffos Fawr 616 3388 4004 
Abbey View AD 361 1986 2347 
Ffynnon-y-ddol and tributaries 0 22981 22981 

Note: Figures are subject to rounding. 1997/98 economic prices are used. Figures taken from the Appendices. 

4.6.2 Justification 
The total benefits of maintenance are compared with the total cost of maintenance in a simple 
benefit:cost ratio. A ratio of 1.0 or greater indicates that for the given assumptions, the 
maintenance regime is justised in purely economic terms. 

The Guidelines have been applied to the same without maintenance scenarios as FDMM for all 
the watercourses. Table 4.15 shows that using the Guidelines, the current maintenance re_gime 
is justified on all the case study watercourses. Table 4.16 shows the benefits: costs and 
benefit:cost ratio associated with each scenario on Winestead Drain. 

Table 4.15 Benefit:cost ratio, by watercourse: Guidelines 
Watercourse 

Kelwell Stream 
including cost for embanked reach 

Watton Beck 
including cost for highland carrier 

Winestead Drain 
Ffos Fawr 
Abbey View AD 

Annual Benefits 
(Agricultural Only) (;E) 

12945 
12945 
30682 
30682 
49353 
4004 
2347 

Annual Maintenance Benefit:Cost Ratio 
Expenditure (L) . (Agricultural Only) 

3713 3.49 
5300 2.44 
1883 16.29 
6590 4.66 

42939 1.15 
1428 2.81 
763 3.08 

Ffjnnon-y-ddol and tributaries 2298 1 9476 2.43 
Note: Figures are subject to rounding and are taken from the Appendices. 1997/98 economic prices are used. 
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Table.4.16 .Benefit:cost ratio, Winestead.Drain, Guidelines 
Watercourse Annual Benefits Annual Maintenance Benefit: Cost Ratio 

(Agricultural Only) (Q Expenditure (5) (Agricultural Only) 
Scenario. 1 82269 46372 1.77 
Scenario lA-. 49353 26678 1.85 
Scenario 1B : 32916 19694 1.67 

Note: Figures are subject to rounding and are taken from Appendix V. 1997/98 economic prices are used. 
1: Total benefits and costs associated with main river and IDB watercourse. 
l-4: Benefits and costs associated with main river only, excluding costs of Booster Pumping Station. 
1B: -Benefits and costs associated with IDB watercourse only, including costs associated with:Booster Pumping .’ 

Station. 

As with FDMM, separate analysis was also undertaken to estimate the impact of (a) pumping 
only.- and: (b) channel maintenance only on -drainage. status and flooding- and -hence -on the 
benefitticost ratio; ..Analysis confirmed .that channel maintenance and pumping- complement : i 
each other.- Full details on this analysis are presented in Appendix V. 

4.7 Comparison:of Results: from FDMM and the GuideIines- 

The urban benefits identified using FDMM have been added to the benefits obtained using the 
Guidelines to enable a direct comparison of results. Table.4.17 summarises the benefits and 
benefit:cost ratios derived -from thei. application of both. systems to the same case .stndy. 
watercourses. 

Comparison shows that the.benefit:cost ratios produced by FDMM are generally higher,than 
those obtained using the Guidelines. For all watercourses, the current maintenance re,gimes 
appear justified, using FDMM and the Guidelines, given the assumptions made.. 

Table.4.17 :’ Benefit:cost ratio, J?DMM and Guidelines, by watercourse 
Watercourse FDMM (a) GUIDELINES Ratio of. FDMM GUIDELINES 

Annual (b) Annual (a)/@) Benefit: Cost Benefit: Cost Ratio 
Benefits Benefits Ratio (Agricultural + 

(Agricultural (Agricultural .. (Agricultural + Urban). 
Only) G) Only) (0 Urban) 

Kelwell Stream . 23106 12945 1.78 8.1 5.3 
Watton Beck 39826 30682 1.30 38.8‘ 34.0 
Winestead Drain 96036 49353 1.95 4.1 3.0 : 
Ffos Fawr 5313 4004. 1.33 11.2 10.3 
Abbey View AD 3114 2347 1.33 6.0 4.9. ‘. 
Ffynnon-y-ddol and tributaries. 20411’. 22981 0.89 2.2 2.4 
Note: Figures are subject to rounding. 1997/98 economic prices are used. Figures taken Table 4.8, 4.10 and 
the Appendices. 

The main reasons for.the difference in agricultural benefit assessment relate to: 

l differences due to use of standardised HEYvalues based on 1991 relative prices which in 
some,cases have changed over time.. The HEs for, each land use feature were calculated in 
199 1 relative values inflated. to ,1997/98 prices. This may not accurately reflect the current 
situationdue to relative pr&e changes in the intervening .years, especially with respect ,to 
agricultural values .which have fallen in real terms; 

l differences due to the use of HEs in FDMM to estimate flood costs. Floodcosts identified 
using FDMM are higher than those calculated using the Guidelines. An example of this is 
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shown below, using comparable land uses, a flood with a return period of 20 years and 
assuming a large catchment. In this example, there is a difference in flood costs of 33% 
between those calculated using FDMM and those calculated using the Guidelines. This 
difference partly reflects the use of HE values based on 199 1 relative prices. 

FDMM: Flood costs HE/unit (a) HE/ha co> (b) x L1304 = (c) 
Extensive arable 
(Cereal / oil seed ) 

6.3 HE/100 ha 0.063 ES2 /ha 
Flood return period of 20 years, flood cost is E82IhaJ20 = g4 /ha 

GUIDELINES: Flood costs 
Cereal / oil seed Flood cost for an event with 20 year return period = 53 /ha 

(assuming large catchment, good drainage) 

l differences in the treatment of flood envelopes, which are assumed overlapping in FDMM 
and discrete in the Guidelines. Total flood costs calculated in FDMM are based on the sum 
of the incremental flood costs associated with the areas inundated at diEerent return 
periods. Within the Guidelines, flood costs associated with each land use and discrete 
return period events are simply added together. This issue is discussed further in Chapter 
6; 

l differences in flood costs according to catchment size which are not identified in FDMM 
but which are identified in the Guidelines. Flood costs for small catchments are higher than 
those corresponding to the same flooding, land use and drainage scenario in a large 
catchment. In FDMM, the HE&nit for agricultural land are based the costs of a typical 
flood event occurring in a large catchment. Ifthe catchment is classed as small, flood costs 
may be under-estimated using FDMM; 

l diEerences in the identification of drainage related benefits which are more elaborate in the 
Guidelines. 

4.8 Quality of Results 

FDIvlM and the Guidelines are the products of extensive research and both systems are 
underpinned by some hydrological and agri-economic modelling. 

The accuracy of the results, however, is affected by the assumptions made for the particular 
circumstances of the watercourse and benefit areas, and the amount of detailed information 
available. Lack of data available at the present time creates the need to make estimates. As 
availability of data increases, fewer estimates will be necessary. 

Within FDMM, numerous assumptions need to be made due to the absence of data, for 
example the areas inundated by floods of different return periods and drainage status. 
Standard data and default values are provided in the Guidelines and to a lesser extent in 
FDMM, which may be used in the absence of measured data in order to reduce the need for 
making estimates. This can reduce the possible sources of error which are introduced into the 
calculation. 
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4.9 User Confidence 

4.92 ’ F’DMM.. 
At present, there seems to be limited understanding of and linked to this limited confidence in 
FDMM. Whilst this is mainly because FDMM is a new system and.not very..familiar to the 
users-it is also:due to its ‘black box’ image.. 

Clarification ;of various elements within FDMM .is required- and training needed to enable -a 
thorough understanding of the system In its present format, inconsistencies and anomalies in 
FDMM are.a source of confusion and these need to be addressed.- -As familiarity-with FDMM 
increases through application- to more sites, confidence in it will increase. 

4.92 Guidelines 
The Guidelines are more comprehensive in their treatment of benefits. and costs. than. many. 
other systems and provide a more objective method of assessment. Routines used and data 
presented in the Guidelines have been derived through site specific hydrological, morphological 
and a@-economic~modellingl 

The Guidelines can accommodate. more. variation, in watercourses (for . . example, highlands.. 
carriers and IDB/lDD channels) and benefit areas than FDMM and are therefore.apphcable to... 
a wider variety of tiircumstances. This, coupled with the fact that the Guidelines are more 
transparent has lead to confidence being placed in them by’users, especiallythose using RIMS.. 
which draws on a similar methodology and approach; In I areas where land use is 
predominantly agricultural- and drainage rather than. flood alleviation is the main concern, the 
Guidelines: can help to underpin. FDMM and:, demonstrate that FDMM can -be used to 
accommodate agricultural interests. 

4.10 Summary 

The characteristics of the- case study watercourses have been summarised and a brief 
description of each site has been given. I The methodologies of FDMM andthe.Guidelines have 
been compared and the results fi-om the application of FDMM and the Guidelines to the case 
study watercourses have been summarised. The full resultsand completed record sheets are 
contained in separate appendices. Reasons for the.diEerence in the benefit:cost ratio .obtained 
are’ discussed. The quality of the results and .confidence. placed in the two. systems by their 
users are summarised. 

The following Chapters contain an evaluation of. FDMM and the Guidelines. Points of 
clarification and. correction are presented and modifications. suggested. Derivation of standard 
data and adjustment factors are identified.. : 
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5. EV&UAT4ON OF FDMM 

5.1. Introduction- : 

This Chapter presents .*a critical review. of FDMM with respect to agricultural related 
assessments. Descriptions. of the procedures discussed -here and terminology used are 
presented in Chapter 2. Issues are discussed in order of their appearance in FDMM and not in 
terms of their sign%cance. 

Although FDMM is a comprehensive system for just&ing maintenance operations, specific 
aspects require clari&ation,, elaboration or -correction. The .derivation of the- adjustment 
factors are. : summarised and suggested modifitiations .. to.. FDMM are recommended. 
Recommendations and action points are highlighted in italics. 

5.2 FIood Risk!Area, Drainage Benefit Area, Effective Reach.Definition. 

The Adenttication of the flood risk. area is crucial to ,the application .of .FDMM. The 
benefit:cost analysis is sensitive to.. the assumptions -made, as highlighted by the. worked . . 
examples shown in previous sections: of thisreport.. 

In its present form, F’DMM requires that the flood risk area relates to that ,of the main river. 
only: In many cases, Internal Drainage Board (IDB, or-Intemal.Drainage District.,(lDD)) 
watercourses extend :upstream of the fTQaif. river limit; as in the case of Winestead Drain. .. 
Smilarly, IDB watercourses are often tributaries of the main river and lie within the flood risk 
or drainage benefit- areas (as in the case ofY,+for example,- Kelwell Stream). If these 
watercourses derive.benefit from maintenance on&e main river and are influenced by levels in 
the main river, their respective benefit areas should ideally be included in the;assessment of the : 
flood risk area. Ifthey are excluded,. the benefits of maintenance may be underestimated. 

IS&land. carriers and embanked reaches fiuther complicate .the issue. Although they do not .‘: 
provide a service .to the land through which they flow, ’ they provide the conduit for the .. 
watercourse aystem upstream.. Maintenance, on these reaches therefore provides a benefit for 
the watercourse upstream by providing the outfall. 8 These reaches should therefore be included 
in the calculation of effective reach length and the associated maintenance expenditure included 
in total costs. 

In addition to this, Gftheir banks failed due to lack of maintenance, large .areas may be flooded. 
Technically, the area which floods. should be included in the flood risk area as maintenance of 
the highland carrier is currently protecting this.area. In practice, however, as hi&lighted in the- 
case of Watton Beck, the potential area which would be inundated by a flood of a given return-. 
period is: not. known. This would. vary according ,to factors such as: the size of-the. breach;. 
len,@h of time before. the. breach were,-repaired; topography; current and previous weather 
conditions; soil type;.vegetation cover; and, nature of thC.drainage system in the .lowland area 
aEected:. ,Because of this; it is therefore recommended that this potential flood risk area is 
noted, but not included. in the analysis,- unless the justification of maintenance appears to be 
maqinaal. 

Using existing records and knowledge, those areas within the .flood risk area known to be 
subject to or liable to inadequate drainage are identified (FDMM.p3/19,paragraph 63) in order 
to deSne.the drainage benefit area. This area, however, may not necessarily lie purely within 
the flood risk area, especially in low-lying areas with an extemive network of drainage pipes; 
This point should be made clear.in FDMM. 
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The effective reach length for ffooding is the ‘length of main channel for which a flood risk 
area is defined. This excludes loops and areas for which no flood risk area is deGned’ (FDMM 
p2/15 paragraph 64 onwards) and is ilkstrated by Figure 2.4 in FDMM which is reproduced in 
Figure 2.2. If the benefit areas of IDHIDD watercourses, highialrd carriers and arty other 
chameis are included in the assessnterzt of the flood risk area. they should also be included iI1 
the calculation of effective reach length. This should be made clear within FDMM. 

The calculation of reach length and effective reach len&& where tributaries are present is 
illustrated in F&re 2.5 of FDMM (~2116). This fi,we is reproduced in Figure 5.1. It is 
assumed that this applies to all tributaries irrespective of whether their outfall into the main 
channel is flapped. Ifthe outfall is flapped, discharge through the flaps is regulated by flow in 
the main channel. The question has been raised by the Environment A,oency as to whether, in 
this situation, the tributary should be treated as a completely separate watercourse and FDMM 
applied accordingly ? It is recommended that to avoid double counting, the tributaT is not 
treated as a separate watercourse, CL.T drainage status a?zdfloodirg in the benefit area of the 
tributary will be influenced to a g-eater or lesser extent by levels in the main channel, 
irrespective of whether the outfall into the main channel is flapped. The flood risk area of the 
tributary may well lie within the flaod risk area of the main channel. If this is not the case, 
then the flood risk area(s) of the tributay must be identiJied and added to that of the main 
river. 

I/t\’ 
/f\ 1) : ’ P. 

I I 
Actual Reach Length (River *XJ Left and Right = La 

I 
iv- I 

Actual Reach Length (River y) Lefi and Right = Lb 

I = Effective Reach Length (Kver u> Left and Right = Lb 
Effective Reach Length (River x) Left and Right = La 

Actual Reach Length (River V) Left = La 
Actual Reach Length (River y) Left and Right = Lb 
Effective Reach Length (River Yj’ Left and Right = Lb 
Effective Reach Length (River X) Left and Right = La 

Source: NRP, 1995, Figure 2.5 

Figure 5.1 Calculation of reach lengths when tributaries are present 
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It is also unclear -within FDMM. whether both banks of the tributary are included in the 
calculation of effective reach length. .For example,-if a tributary joinsthe main channel on the 
left bank; the effective. reach length may, comprise the left bank of the,main channel plus the 
length of either one or both banks of the tributary. It is assumed -that both. banks of the 
tributary should be included in the effective reach length., This should be clar~~ed within 
FDA&f as it has implications,for.the actual Standard of Service (see Section 5; 13). 

Within FDMM.; various sources of information. for the flood risk area are listed., *These include, 
for example, aerial photographs,, maps showing the extent of previous floods and hydraulic. 
modelling; : The Medway Letter Line may also be used to identify the flood r&area. This line 
delineates the area which is bounded by a line drawn 2.4 m higher than the known-maximum 
flood extent. The-IDB/IDD-boundaries are oflen based on thisline.- 

5.3 House Equivalents 

The annual average HE firme should be updated annually by .using the appropriate price 
indices. The-value of one HE is .calculated,to be &1304 in 1997/98 prices (Environment 
Agency,. 1997). HE% do not.remain constant through time and should be-updated periodically 
to take account of differentialinflation which may distort their values relative to each other. 
Revision every 4 or 5 years is thought to be sufficient (Howells et a& 1992), or when.particular 
circumstances are thought to arise which may signilicantly affect the results. The curreizt HE. 

Figures for each land use feature within FDMM are at the 1991 base level. It is therefore 
recommended that theseJigures are revised to reflect the situation in 1997/98. 

5.4-i Land Use. Assessment :., 

5.4.1. .:‘: Classification 
Country parks, garden .-centres and- playFounds. are not included: within the : land use 
classification. It .-is recommended that . country parks I are included in the : formal park 
classi&ation and that garden centres are added tothe non-residential property, retail category. 
Playgrounds have been. classed as playing fields. It. is suggested that if features are 
encountered within the floodSrisk- area which are not listed in FDMM Appendix 3C, they are 
allocated to an existing category and the reasons to support this documented. 

5.4.2 Identification-of land use... 
Land use isyidentified through a-=visual survey, undertaken at any time of the year except when 
land is under-snow. cover.. FDMM states that ‘evidence can usually be -found to identify the 
cropping system’.(FDMM p3/8 paragraph 22), but the key indicatorsused in identification of 
the cropping systems are not documented.withinthe manual.- 

These indicators are likely to be known. by many; if not all surveyors, during the.later stages of: ‘. 
crop growth and during harvest. However, when soils: are bare or during the early stages of 
crop development, determination of land use is more di.fIicult.~~ iReliance on general knowledge k 
of the area may be necessary.to determine-landuse. 

It is recommended that key indicators for crop ident@cation are included within FDMM. 
Additionally, reference may -be made to a manual for,the identification of agricultural crops 
through each growth stage. This incorporates time series diagrams, photographs and colour 
illustrations and was produced for the NRA Severn-Trent Region in 1993, by Silsoe College. 

Within ,FDMM, five land use bands are used, -namely: forestry and. &rub: extensive pasture,- 
.intensive pasture, extensive arable and intensive arable. Guidance is not given within FDMM 
as- to which crops are found in an intensive or extensive arable rotation.’ Land..under a 
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cereal/root crop rotation or horticulture constitutes intensive arable. Grass/arable, all cereal 
or cereal/oil seed rotations are classiJied as extensive arable land. It would be bene;fcial if 
this were made clear within FDMM. Table 5.1 may be used for this purpose. 

Table 5.1 Land use type: key indicators 
Land Use Type 
Forestry and Scrub 
Extensive Pasture 

Intensive Pasture 

Key Indicators 
Forest, scrub. 
Grass, poorly drained, rough grazing for sheep and heavy cattle, 
presence of nettles, rushes, weeds. 
Grass, well drained, even sward which is managed, evidence of 
reseeding and silage cutting. 

Extensive Arable 
Grass / Arable Rotation Grass, wheat, barley, oats. 
Cereal / Oil Seed Rotation Cereal / oil seeds / legumes (peas, field beans). 

Intensive Arable 
Cereal / Root Crop / Vegetables Wheat, barley, oats, potatoes, sugar beet, turnips, swedes, carrots. 
Horticulture Cabbage, broccoli, leeks, bulb onions, brussel sprouts, cauliflower, salad 

vegetables, orchard fruit, soft fruit. 

Source: Modified from Sutherland et al, 1993b 

These five land use types are first referred to in FDMM p3/7, Table 3.2. In Loose Material D, 
Sheet 3, land use is referred to as types 1 to 5. Whilst it is logical that type 1 refers to forestry 
and scrub, 2 refers to extensive pasture etc., this link is not made. For clarity, it is suggested 
that in FDMM Table 3.2, theJive land uses are named and also numbered. 

5.43 Land use assessment reach summary sheet 
The land use assessment reach summary sheet is first shown in FDMM, p3/10, Table 3.3. The 
number of HEs or area (III’ or 100 ha) are multiplied by the HE/unit to derive the total HE for 
each land use feature. 

There is inconsistency in the presentation of the HE/unit for special parks (E.g. a Theme Park). 
The HE/unit is quoted as being 9.3 (FDMM p3/10 Figure 3.3, p3/7 Table 3.2, p5/15 Table 5.3, 
p6/21 Table 6.14) and 9.2 (FDMM Loose Material A, ~2). whilst the difference between 
these two values is small, and is unlikely to signifxantly alter the total HE or total HE/km; for 
consistency, a single HE/unit should be used. If di%erent values are presented, confidence in 
FDMM may be reduced. For the purpose of analysis in this report, the HE/unit for special 
parks is taken to be 9.3. The value of 9.3 also appears in the CRJMS report (Howells et al, 
1992). 

The asterisked notes presented under the reach snmmary sheet (FDMM ~3110 Table 3.3) are 
not consistent with the information presented in the table itself The I***’ does not feature in 
the table at all and should be added. 

In order to improve clarity of presentation and understanding and to address some of the 
issues discussed in Section 5.4, the land use assessment reach summary sheet has been 
redesigned. This new sheet is based on that presented in the Summary Guidance Note 
(FDMM p3/5 Figure 3.1) and is shown in Table 5.2. Additions and alterations to the land use 
assessment reach summary sheet presented in FDMM are shown in red. 

R&D Technical Report W 134 53 



Table 5.2 Revised land use assessment summary sheet 

Watercourse 
Reach Reference 
Landranger Map No. 
Flood Risk Area Extent Map No. 

Actual Reach Length (km) 
Effective Reach Length (km) 
Effective Reach Length (km) 
Soil Type -I ight 

Agricultural Flood Risk Area (ha) 1-1 j . . Drainage System 
Area1 Drainage Factor 

Land Use Feature unit 

House 
Garden / allotments 

Number 
Number 

NRP - Manufacturing 
NRP - Distribution. 
NRP -Leisure 
NRP ; Offices 
NRP - Retail 
NRP - Agricultural 

Area (m2) 
Area (m2) 
Area (m2) 
Area (m2) 
Area (m2) 
Area (m2 ) 

C Roads 
B Roads 
A Roads (non trunk) 
A Roads (trunk) 
Motorway 
Railway 

Number 
Number 
Number 
Number 
Number 
Number 

1. Forestry and scrub. 
2. Extensive pasture 
3. Intensive pasture 
4. Extensive arable 
5. Intensive arable 

per 100 ha 
per 100 ha 
per 100 ha 
per 100 ha 
per 100 ha 

Formal parks Number 
Golf I race courses Number 
Playing field Number 
Special parks Number 

Ntmrber or 
: Area (a) 

5 
5 

100 

375 
625 

2 

0. I 
0.3 
0.6 

House Equivalents Total HE 
HEhit 031 (a> x (b) 

1.00 
0.04 

0.030 
0.054 
0.032 
0.033 ‘. 
0.035 
0.010. 

2.7 
6.3 
15.9 
31.7 
63.5 
63.5 

44.1 
0.6 
0.7 
0.1 
9.3 

Total HE (flooding) (c, 
Total HE (drainage) (d, 

Total HEs for reach bank (c + d 
HE/km flooding ((c)/effective reach length flooding) (e 
HE/km drainage ((d)/effective reach length drainage) (f 

I 
Note: HE values are at 1991 base 

Combined HE/km (e + f 11.31 HE/km 

Flooding 
Drainage 

5.00 
0.20 

3.20 

13.13 
6.25 

0.13 
0.90 

.: 3.78 :. 
,:: 

! 

.: ,j 

.’ 
L>. 

Drainage 

0.11 
1.35 
2.16 

‘1, 37.99 HE 
.; 3.62 HE 
: 41.61 HE 

9.50 HE/km 
1.81 HE/km 
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5.5 Determining the.Effect. of Flooding 

The effect of flooding:is determined using two complimentary techniques; The. historical 
technique records the events that have occurred over a defined period- and the predictive: 
technique assesses the likely incidence of flooding using a probabilistic approach. .. Ideally, the- 
two.techniques are used and the results are compared. If there is a large discrepancy between 
the results, one of the scores may be rejected or modified on the basis of unreliable’ data. 

In all the examples in this-report; analysis of flooding is based purely’ on use of the predictive 
technique as no historical records exist. Results cannot therefore be cross-checked againstthe 
historical result and therefore, spurious results may not be picked up. However, the -predictive 
score is thought to be de .most reliable -indicator due to- generallypoor data. sets for historical 
events in most circumstances. 

5.5;1 Historical Tbchnique 
The total ‘number of .HEs afbected by each flood .event ‘is adjusted using two factors. 
Clarifidation~ as to the derivation of these two factors was requested’ by the Environment 
Agency. 

The severity weighting .factor is applied to: take account. ,of the effect of duration. and 
seasonal&y of flooding on-agricultural losses. The salinity weighting is used to account for the 
more severe effects of saline flooding compared with freshwater flooding. 

Severity weighting- 
The flood event severity weighting was derived in.the CRTMS report (Howellset al, 1992). 
This factor takes into account .seasonality and duration of flooding. It is used to adjust the 
‘averaged’ HE values developed for.the land.use assessment, so that they can be used for flood 
scoring of a specific event. 

InCRlMS (Howells et al, 1992).calculations were-made of the cost of flood- damage. These 
values represented the loss in agricultural net return associated with a. typical flood event on a, 
single hectare in a large catchment (>2500 ha). On the basis of gauging station records within 
the Severn-Trent Region of the-NRA, monthlyJlood .probabilities were established in order for 
the seasonality of flooding to be taken into account. Flood duration was taken to be one week 
or less. Floods of longer duration would:cause.greater yield loss but it is seasonal&y which is 
the more important factor. Silsoe College (Hess and Morris, 1986) have .taken this approach 
further by-calculating monthly flood probabilities for large and small (<2500 ha) catchments. . 

Salinity weighting .‘. 
The salinity weight&factors highlight the switch in Standard of Service em$hasis from urban 
flood protection to agricultural protection when the risk is fiom saline water and, notfluvial 
flooding. The source of the,sahnity weighting factors is CRIMS (Howells.et ak 1992). -These 
factors are based on the losses incurred due.to saline flooding such- as direct. damages and.crop 
losses,. the cost of gypsum application and subsequent yield reduction. A-range of damage 
costs for different assumptions were calculated and mean values assumed.-,.Further. details are 
presented in Appendix D of the-CRJMS report (Howells et al, 1992). 

The HE/unit for saline flooding,for houses, gardens and-amenity-presented in FDMM Table 3.6 
(p3/14) are those- stated in CRIMS (Howells et al, 1992): .’ The HE/m” for non-residential 
properly are not defined in FDMM Table-3.6 ana’ are said to vary... These vary according:to 
the size band and nature of the non-residential property (E.g.. manufacturing, agricultural; 
leisure). The reasons for -this variation should be given. The .actual HE/m2 values for non- 
residential property are presented in .FDMM TableT.5.4 p5/17:- It is recommended. that Table 

R&D’-Technical Report W134 :. 55 



5.4 in FDMM is removed and that the figures are presented in Table 3.6 of FDAA4 with the 
other HE/m” values. 

These HE/m2 factors for non-residential property are repeated in FDMIM Table 5.3, although 
they are presented in a different order. Table 5.3 could be omitted and the user referred back 
to Table 3.6. Similarly, the salinity weighting factors are repeated in Table 5.9, although they 
are renamed as saline multipliers. To avoid confusion, if tables are to be repeated, the same 
titles and layout should be used. 

It would be beneficial to include an. example of saline flooding within FDMM in order to 
demonstrate the application of the salinity weighting factors. Also, it is suggested that 
whenever referring to the value of HEs affected/km per year, the units HEL?m./yr are used. 
This is a more concise unit and is therefore easier to identify within the text. 

5.512 Predictive Technique 
The predictive technique takes account of the ‘likely incidence of flooding in any year and 
identifies an anticipated long-term average annual value for HE affected’. A severity weighting 
factor (FDMM p3/17) is applied to the agricultural HE to take account of the timing and 
duration of flooding. This serves to increase the total HE affected without maintenance, which 
increases the benefits of flood alleviation. The severity weighting is, however, not applied to 
the agricultural HE affected by flooding in the ‘with maintenance’ situation. There is therefore 
inconsistency in its application. It is recommended that the origin of these severity weighting 
factors is identiJed. 

Using the predictive technique, the average number of HE/km/y-r affected by flooding may be 
derived by plotting a graph of HE affected by a particular event, against the return period of 
the event, or through an arithmetic process. In the text of FDMM: only the graphical method 
is discussed although worksheets for both methods are contained within Loose Material G. 
The arithmetic method should be mentioned in the text of FDMMin order for the user to make 
a decision as to which procedure to follow. 

Similarly, in the flood damage assessment-approach 2 (FDMM pY14 step 3), the annual 
average number of HEs affected without project (AAN without) may be calculated using the 
arithmetic or graphical method. Again, these two options should be stated in FDMM. 

5.6 Drainage Status 

Throughout earlier flood defence studies, the terms ‘good’, ‘bad’ and ‘very bad’ are used 
consistently to describe drainage status (Hess et al, 1989, Howells et al, 1993, Dunderdale and 
Morris, 1996, 1996a, 1996b). These studies, amongst others, form the background to FDMM. 
It is reconmended that the- terminology renzaim consistent and that ‘Good’, ‘Bad’ and ‘Very 
Bad’ are used to reflect drainage status. The water-table depths by which these are classified 
are well documented in earlier literature and reports to the previous Water Authorities and the 

Currently, within FDMM, drainage status is described in various ways as shown in Table 5.3. 
The term ‘average’ drainage status is misleading. For example, the average drainage status 
could be interpreted as the average drainage status which occurs across the floodplain or 
benefit area. Good drainage may occur most often and is dominant, therefore the ‘average’ 
drainage status is good. For this reason it recommended that the term ‘average’ is not used to 
describe the drainage status. 
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Table 5.3 Drainage status terminology - 

Drainage Status Terminology FDMM Reference 
Good Bad Very Bad .. Chapter. 5 p 5/23 paragraph 66 and Table 5.12 
GOOd Indeterminate Poor Chapter 3 p 3122 paragraph 75 .. 
Good Borderline Poor Chapter 3, p 3D/5 

Average Poor Summary Guidance Notes p 3112 
Source: MA, (1995) and Summary Guidance Notes (undated) 

The terms .indeterminate and borderline. are both :used to ‘describe the same drainage status.. 
Borderline drainage status- implies that the watertable-‘depth :is such that -it is diBicult to 
determine whether the drainage is classified as good-or very bad. In fact, this middle class of 
drainage status (bad) is a class in-its own right. However: in practice-the boundaries-between 
good, bad and very bad drainage status are not well defined and may be difficult to determine.. 

5.7 Land Use Assessment - Drainage 

57.1 Drainage benefit area 
The drainage benefitarea is defined ,as the area(s) within:the flood--risk .area known to be: 
subject to or liable todrainage.prob1em.s (FDMM p3/19 paragraph:-63). This allows the HE 
affected by inadequate-drainage to-be,identified,‘which contributes to the combined flood and 
drainage score used in dete rmining the.actual Standard of Service provided. 

If the :cnrrent drainage status- is ,good, then no drainage ,benefit area is identified and ‘the 
drainage score .is zero.. Good drainage, however, is likely .to prevail because. of the existing 
maintenance- programme. If maintenance were discontinued, drainage conditions may. 
deteriorate.- nerefore, there is-a question as-to whether this area.under good drainage should 
be included in the drainage beneJit area- and identiJed on the la& use assessment summary 
sheet (FDMM Loose Material A) as’ this area is deriving benefit $+onz maintenance .and is 
influenced by water levels in the channel. ‘The deJnition,of the. drainage benefit area could 
be redefined to reflect the area at risk. If this were the case, the combined flood and drainage. 
score may be higher, with consequent impacts on the actual Standards of Service and reach 
status. Guidance on this is needed.within.FDMM. 

57.2 Area1 drainage factor 
In order to assess the HE affected by inadequate drainage,- the agricultural HE score for the. 
reach ‘is’ adjusted.. Two adjustment ‘factors are used in FDMM: the area1 drainage. factor 
(F’DMM Table 3.8 p3/21) andthe potential waterlogging damage factor. (FDMM .Table 3.9 
p3/22). 

The area1 drainage factor ‘reflects the fact that the. area affected by inadequate drainage will 
vary depending on soil-type and the-type of drainage system’ (FDMM p3/21 paragaph 69). 
This area1 drainage factor has its origins in CRIMS (Howells et al, 1992).’ 

CRIMS reported that the influence of river water levels on drainage status. depends on 
drainage intensity; whether attributable to natural or artificial drainage. Wetness conditionson 
heavy, undrained soils are predominantly, intluenced by weather conditions. I Ini comparison; the 
wetness condition of light soils: or those which are artificially:Z drained, is significantly 
influenced by river and ditch levels.. Soil type and -drainage system can therefore be used to 
determine the likely area1 influence of the river over the floodplain. m practice;, this influence is 
partly reflected in land use.. Light, well drained soils are.favoured by.arable cropsand intensive 
pasture. Estimates of area1 influence.were derived, and are shown in Table 5.4. 
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Table 5.4 Area1 influence of river levels on floodplain wetness 
Land Use 

Arable and intensive pasture 
Extensive pasture 
Extensive pasture 

Source: Howells et al, 1992 

Soil Type Drainage System 

Any Natural or piped 
Clays Natural, limited ditch system 
Clays Natural, developed ditch system 

Area of 
Influence 

100% 
20 % 
40 % 

Within F’DMM, these areas of influence have been translated into the area1 drainage factors 
which are shown in Table 5.5. 

Table 5.5 Area1 drainage factors 
Soil Type Drainage System In Flood Risk Area 
Heavy Natural or limited ditch system 
Heavy Developed ditch system 
Light Natural or ditch system 
hY Piped system 
Any Pumped drainage 

Source: NRA, (1995) Table 3.8, ~3121 

Areal Drainage Factor 
0.2 
0.4 
1.0 
1.0 
2.0 

Within FDMM, use of the area1 drainage factor, however, appears open to interpretation. It is 
not clear as to whether the areal drainage factor is used: 

- to amend the total HE score to take account of the impact of soil type -and 
drainage system on land drainage; or, 

- to assign a proportion of the flood risk area to a drainage benefit area, if the 
drainage benefit area is not known. 

The information presented here on the derivation of the area1 drainage factor shows that this 
factor should only be applied ifthe drainage benefi area is not known. This factor is therefore 
used to assign a proportion of the flood risk area to a drainage benefit area, taking into account 
soil type and drainage system Clarification on the use of the area1 drainage factor is 
required within FDMM. Worked examples may be beneficjal in demonstrating the purpose 
and application of this factor. 

In FDMM, Table 3.8, an area1 drainage factor of 2.0 is listed for pumped drainage systems. 
This fact& is not derived from CRJMS and its origin is unclear. In a pumped drainage 
situation, if this factor is applied, the drainage benefit area is taken to be twice that of the flood 
risk area. Pumped drainage systems are usually connected to lDB/lDD watercourses. 
Doubling of the flood risk area in this way, may be an attempt to include the drainage benefit 
area of IDBKDD watercourses and thus to prevent under-estimation of benefits. If the 
iDB/IDD tributary systems and associated benefit areas were included in the analysis, this areal 
drainage factor for pumped drainage would not be required. This issue is highlighted by the 
Winestead Drain case study which is presented in Appendix V. 

The areal .drainage factors are shown in two separate tables in F’DMM. It is suggested that 
Table 5.13 in FDMM @j/25) is removed a,s it is a partial repeat of Table 3.8 p3/21. The user 
may be referred back to Table 3.8. It is not advisable that the same information is presented ti 
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different ways in FDMM as confusions may arise. Inconsistency in the table content may also 
reduce the confidence placed by the user in FDMM.. 

5.7.3 Soil type 
Light and.heavy soils are referred to in FDMM (E.g. ,Table 3.8 p3/21). :Whilst sand and clay 
are categorised as light and .heavy soils respectively, soils such as silty-loams may be more. 
difIlcult for the user of FDMM to classify without the use of secondary .sources such as maps 
produced by the Soil Survey and,.Land .Research Centre .(SSLRC, formerly Soil Survey of 
E.ngland and Wales (SSEW)): It is suggested therefore, that guidance:is given within FDMM 
as to which soils may be classed as light.or heavy. The following .table..may be used for,this 
purpose. 

Table 5.6 1. Classification of soil type 
Category. Soil Type 
Light Predominantly sands, loams and sandy loams 
Heavy Predominantly clays and silts 

5.7.4. Potential -waterlogging damage factor. 
The potential waterlogging damage factor (F’DMM Table 3i9 p3/22) is used in addition. to the 
area1 drainage factor, described in Section 5.8.2, to adjust the agricultural HE score to take 
account of inadequate drainage. These factors, which ‘were originally listed within CIUMS 
(Howells et al: 1992) are shown in Table 5.7. 

Table 5.7 Potential waterlogging-damage factors 
Land Use 

Fdrestry-and scrub : 
Extensive pasture 
Intensive pasture 
Extensive arable 
Intensive arable 

Potential Waterlogging 
Damage Factor (HE1100 ha) 

0.0 
4.2 
17.9 
14.5 
39.0 

Source: Howells et al, 1992 

The potential waterlogging damage factor is used to reflect the monetary loss. (&/ha) associated 
with a deterioration in drainage status from good to very bad, -irrespective of whether the . . 
drainage system is piped or naturally draining. 

Intensive pasture is used as an example in Table 5.8, to illustrate the derivation of this potential 
waterlogging damage factor. The price-based used in this exampleis’-that for 1991/92, as it is 
this on which the potential waterlogging damage factors listed in FDMM Tablemt3.9 are based. 

The monetary loss associated with a deterioration in drainage status fiom,good to very bad;for 
intensive pasture is.&204iha (199 l/92 economic-prices). This~loss is converted into a loss per -. 
100 ha and divided by the value of one HE;.in order. to express this loss in terms of HEs. This 
resnlts~in~ 17.9 IlEIlOO~ha, which .is the potential. waterlogging damage.factor for intensive 
pasture; listed in Table’5.9. 
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Table 5.8 Derivation of the potential waterlogging damage factor using intensive 
pasture as an example 

Economic net return according to drainage status (s/ha) (1991/92 prices) 
Good 328 

Bad 1.55 
Very bad 124 

Economic loss associated with deterioration in drainage status (E/ha) 
Good tobad 73 

Bad to very bad 131 
Good to very bad 204 

Derivation of potential waterlogging damage factor 
Associated loss (i/ha) Associated loss (i/100 ha) Expressed in HE * 

Good tovery bad 204 20400 17.9 

Note: * Associated loss (;E/lOO ha) divided by value of one HE which was $1134.64 in 1991/92 prices 
Source of the value of one HE is Howells et al, 1992 

Within FDMlvI, three different sets of potential waterlogging damage factors are given. The 
drainage status assessment sheet (Loose Material Sheet D) contaius the potential waterlogging 
damage factors which were listed in CRlMS. It is this sheet w&h is used to calculate the 
predictive and historical drainage scores. Table 3.9 of FDMM (p3/22), however, lists a 
tierent set of figures; the source of which is not disclosed. It appears that the original figures 
have been reduced by a factor of four to derive the other lower figures; the reason for this is 
not documented. The Summary Guidance Notes for FDMM, Supplement to the Summary 
Guidance Notes and FDMS also contain different figures. Table 5.9 lists the various potential 
waterlogging damage factors and the locations in which they are found. 

Despite discussions with the FDMM Board, members of the FDMM Drainage Group and 
other Environment Agency personnel, it has not been possible within the confines ofthis report 
to identify the sources of these di&erent potential waterlogging damage factors or to ascertain 
the rationale which supports their variation. 

Table 5.9 Potential waterlogging damage factors 
Land Use Potential Waterlogging Damage (HE/100 ha) 

(4 (b> cc> (4 . (e> 
Forestry and scrub 0.0 0.0 0.0 0.0 0.0 
Extensive pasture 4.2 1.1 4.8 4.1 1.8 
Intensive pasture 17.9 4.5 15.2 13.2 4.1 
Extensive arable 14.5 3.6 16.4 14.3 6.1 
Intensive arable 39.0 9.7 70.1 61.0 31.4 
Location in which these factors are found: 
(a) Howells et al, 1992, FDMM Loose Material D (NRA, 1995). 
(b) FDMM p3/10 Table 3.9, Loose Material A, Managing Flood Defence Summary Guidance 

(undated) p3/5 Figure 3.1, p3\12 Figure 3.4, Managing Flood Defence Summary Guidance 
1997 Ed. p3/12 Figure 3.4 (NRA, 1995). 

(c) Managing Flood Defence Summary Guidance 1997 Ed. p3/5 Figure 3.1, Managing Flood 
Defence Supplement to FDMM Summary Guidance 1997 Ed. p2/4, ~215, p6/3. 

(d) FDMS Interim System (‘poor’ drainage). 
(e) FDMS Interim System (‘average’ drainage). 
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It is recommended- that the potential waterlogging,damage factors are revised according to 
the methodology presented in Tcible 5.8 and using the. net returns (1997/98 economic prices) 
presented in Table 5.14. It is important that there:is consistency in the derivation of these 
factors and that the same factors are presented in all documents relating to FDMM and FDMS. 

The units of potential waterlogging ldamage presented in FDM&l. are inconsistent. : FDMM 
Table 3.9 (p3/22) shows the units as HEY100 ha. The-drainage status assessment sheet (Loose 
Material D), and Summa ry Guidance Notes give units of HE/~100 ha/yr. It is recommended 
that the same units are usedfor $he drainage score:andflooding score. It is assumed that the 
units should be :HE/lOO ha/y-r. 

5.8 : Effect of &adequate Drainage 

Two methodsmay be. used to determine,the .effects of inadequate drainage in the area at risk, 
and to derive the drainage score; namely, the historical and predictive technique. 

58.1 Historical technique . . 
The historical technique involves the identzcation of, areas subject to inadequate drainage 
throughlocal knowledge and use of visual indicators. Sheet 5 ofthe Loose Material D, is used 
to do this. This should be made clear in FDMMp3/22 paragraph ~72. 

The user. is required to identify: whether. the drainage is good or bad, . using historical 
information and -knowledge. For. consistency, it is recommended that. .the three drainage 
classes: good, bad and very bad are used and that. the length of effective reach drainage 
affected by these t/Tree drainage classes be identiJied. Tllis. wiiu aid the- process of assigning 
a~culmral drainage benefits, when the three drainage classes are used: 

58.2 Predictive technique 
Calculation sheets within Loose Material D enable the effect of inadequate drainage to be, 
assessed using the: predictive technique:: This technique .is based on a comparison .of the 
freeboard requirements ,with the .dominant .water level in the reach (FDMM p3D/4). : The 
dominant water level is described as that which is exceeded for 20% -of the time I during the 
periodMarch-April over the previous five years. In.FDMM p3/22.paragraph 73, however, the 
technique is said to be based on a ‘comparison of the theoretical freeboard with the actual 
freeboard at times of dominant discharge’. This use of different terminology. may- .be 
misleading. It is recommended- that the term ffreeboard ‘. is used and that all terms are de$ried 
in the glossary which appears at the front of FDA4A$ beginning on page (xi). 

In FDMM (p3/22 paragraph 75) thereach length within the drainage benefit- area -with! 
indeterminate (bad) drainage, -is reclassified and assigned to the good or. poor. (very bad) 
categories. This reclassification. is an over-simplification and w-ill alter the drainage score. It is 
recommended that the proportion of the reach under bad or..very bad drainage is identiJed. 
The reach length referred to is the reach length within the drainage beneJt. area and.should 
therefore be referred to .as the effective reach length drainage. 

5.9 Drainage.Status Assessment 

Guidance on the assessment of drainage status based .on freeboard indicators measured at ,... 
critical times of the year, is provided in FDMM Table 5.11 (pY24). The origin of these data is 
CRIMS (Howells et al, 1992):. 

Originally, I the annual benefit derived from-. achieving a satisfactory drainage condition -was 
based on the benefit area and the marginal return: which was adjusted according to various 
factors, as shown in the following equation. 
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Annualbenefit=DxWxF1xF2xF3xF4xmarginalreturn 
Where: D = decrease in freeboard ifmaintenance is not carried out. 

W = benefit width, defined for the base case for a unit change in freeboard. 
Fl F2 F3 F4 = multiplication factors for depth to impermeable layer, soil 

permeability, rainfall and floodplain slope, used to assess the 
impact of parameter values being other than those assumed 
for the base case. 

Marginal return = the difference between gross margin and semi-tied costs. 

The Steering Croup for the CRIMS study (C Candish, J Fitzsimons, D Major) thought this was 
over-complicated and a simpler approach was derived. The number of variables were reduced 
to spil type (light or heavy),. floodplain slope and freeboard and figures were drawn up to 
provide guidance on whether drainage was likely to be good or bad. These figures are those 
presented in FDMM Table 5.11 p5/24 (Drainage status assessment). 

Originally, the clearance to pipe outfalls for drainage to be classed as good was set at 0.2 m by 
MAFF. In FDMM Table 5.11 (p5/24), this has been reduced to 0.1 m. Technically, providing 
there is some freeboard (for example, even only 0.01 m), the drainage pipes will serve their 
purpose. The use of a clearance to pipe outfall of 0.1 is therefore acceptable. However, the 
smaller the freeboard, the lower the storage capacity in the watercourse and the greater the 
frequency with which the pipe outfalls will be submerged. 

This reduction of the freeboard requirement from 0.2 m to 0.1 m may serve a variety of 
purposes. Depending on the time of year, the resulting increased water level in the channel 
may increase the opportunity for sub-irrigation, which may in turn, aid crop and grass 
development. The higher water levels may also enable irrigation to continue when previously, 
due to lower water levels, restrictions may have been imposed. Also, higher water levels may 
be of benefit to the wildlife and ecology of the watercourse and a less intense maintenance 
re_tie may possibly be adopted. 

59.1 Drainage assessment calculation sheet 
The drainage assessment calculation sheets are presented in FDMM as Loose Material D. 
Sheet 3 enables the drainage score (HE/km/y-r) to be derived. The Managing Flood Defences 
Summary Guidance Notes (undated), however, contain a different record sheet. 

There are various inconsistencies on these sheets, as previously mentioned: namely, reference 
to indeterminate, average and poor drainage and the different potential waterlogging damage 
factors. In order to address some of these inconsisterzcies and to improve clarity, Sheet 3 in 
Loose Material D has been .redesigned, as shown in Table 5.10. This revised version contains 
elements from both sheets. Changes are highlighted in red. 
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Table 5.10 Revised drainage status assessment calculation sheet (sheet 3 of 5 in FDMlU) 

To replace Sheet 3 of 5 in FDMM 

Data to be collected in the field Loose Material D. 

Assessor’s name 
Weather (wet or dry) F Date - 

watcx~ollrse I 

B&i I 

Effective reach length drainage in flat floodplain (< 0.5 %) 
.Effective reach length drainage in rising floodplain (> 0.5 
-Effective reach length drainage with underdrainage (km) 

km Drainage systen1 
km Draixtge system El 
km 

Drainage status - Predictive Doxninant soil type 
Light 
Heavy El 

Draiuage status - Historical : km Flocd risk area (ha) ‘:’ 
km Area1 drainage factor ‘: 
km Drainage benefit zrea (ha) ‘X 

* Only reqked if draimge benefit area is net know1 . . 
*i’ If not known, multiply flood risk area by area1 drainage factor 

Analysis 

a Landusetype 

1 2 3 4 5 
Forestry Extensive Intensive Extensive Intensive 

scrub pasture pasture arable arable 

b Proportion of drainage benefit area (100 ha) under each land use 

I I I I I I 

C Area subject to deterioration in drainage status, without maintenance (100 ha) 

I I I I I I 

d,.Losses due to deterioration in drainage status 
(HE/100 ha/yr) 

0 1.1 4.5 3.6 9.7 

e $osses per land use type (c * d) I I I I I 

f Total losses for reach (HEVyr) (sum of line e) -1 

g Net loss (J+lE/yr) Predictive -1 Historical II 

h Drainage score (HE/km/yr) (g / effective reach length) -1 I .. I 
Note: In line (d), the potential waterlogging damage factors listed in FDMM Table 3.9 are used. 
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5.10 ..- Agricultural Drainage Benefits 

The net returns contained within FDMM-which were .produced by Silsoe College, are -based 
on ,1993 economic prices.’ They are a measure. of the change infarm income and expenditure 
expressed in terms of gross margin (value: of output .less direct variable costs) and semi-tied 
costs,.as for example,-.when an area of land changes fi-om arable to grazing due-to inadequate 
drainage, -without :tiecting the major cost structure: .of the farm K: however, land. use: 
switched fi-om arable to. pasture over the whole farm, the cost. structure of the farm would,‘- I. 
change. Fixed costs may be reduced and semi-lixed costs may rise. This may lead to an over- 
estimation of the losses associated with -a deterioration in drainage status- in the absence of 
maintenance. Throughout. the whole-analysis in FDMM it is assumed that the cost structure of 
the.farm does not change. The user must be aware of this. 

Economic prices show the value of benefits and costs to the nation after removing Government. 
taxes and subsidies and other distortions to market prices. 

The net returns presented in FDMM (Table 5.12).need to be updated in order to reflect the 
changes- in market and agricultural. policy. which. have occurred since 1993. The revised 
figures, in 2997/98 -prices are shown in Table ,5.11. Some of the input .prices were,updated 
using relevant price indices and the.remainder;-using a,gri-economic databases armroutines. In 
order to avoid the need to .update these figures annually, mediumterm price inflation indices 
may be used to reflect predicted input/output values over, for example, a f?ve year period. 

Table 5.11 Losses due-to deterioration in drainage status (S/ha) by land use 
Existing Land Use Extensive Pasture Intensive Pasture Arable 
Deterioration in drainage status not leading to land use change 

Good to Bad 8 75 65 
Bad to Very Bad 22: 114 104 
Good to Very Bad 30 189 169 

Serious deterioration in drainage status leading to land use change 
Intensive Pasture to Extensive Pasture * 401. 
Extensive Arable to Extensive Pasture ** 

Note: * based on intensive pasture good drainage switching to extensive pasture bad drainage 
** based on extensive arable good drainage switching to extensive pasture bad drainage 
1997198 economic prices 

378 

In the : calculation of the. change in net return- due :to drainage deterioration, ~within-FDMM, ’ 
intensive and extensive arable land have been reclassified as arable;; As shown-in ;Table 5.12, 
the impact of this reduced detail on- the -losses associated withdrainage status deterioration, 
however, is minimal: This is-because the use of economkprices requires that the gross output. 
of cereals, oil seeds and grain legumes such as peas and beans are reduced by. 10% to derive 
economic values. Enterprises subject to quota .such as milk,:potatoes and’ sugar beet are 
treated as wheat on the grounds that output losses in one area would be made up by increased 
production elsewhere, displacing wheat in the -process. The current set-aside’ area is also 
treated as wheat because the set-aside scheme .is seen as-a transitional programme with land 
returning to productive use at some future time. 
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Table 5.12 Losses due to deterioration in drainage status: extensive and intensive 
arable (S/ha) 

Change in Drainage Status Extensive Arable (E/ha) Intensive Arable (s/ha) Arable (i/ha) 
Good to bad 66 63 65 
Bad to very bad 102 108 104 
Good to very bad 168 171 169 

1997/98 economic prices 

The view has been expressed by personnel within the Environment Agency that Table 5.12 in 
FDMM @j/25), reproduced here in Table 5.13, is not easily interpreted. It shows the changes 
in net return which would result for a given land use if a deterioration in drainage status were 
to occur. Negative values indicate a loss in net return and positive values indicate a saving. 
These figures have been derived from the net returns (&/ha, 1993 economic prices) produced 
by Silsoe College for each land use according to drainage status. 

Table 5.13 Deterioration in maintenance standards, change in economic net margins 

(.S per ha)* 
Existing Land Use Extensive Pasture Intensive Pasture Arable 

Deterioration not leading to land use change 

Good to Bad -2 +14 -98 
Bad to Very Bad -9 +1 -148 
Good to Very Bad -11 +15 -246 

Serious deterioration leading to land use change 

Intensive Pasture to Extensive Pasture +106 
Extensive Arable to Extensive Pasture -228 

Note: * Net margins per hectare taken as gross margins less semi-fixed costs, at 1993 economic prices 
Source: NRA, 1995, Table 5.12 

It has been suggested that this table is replaced with that shown in Table 5.14, in orderfor the 
net returns for each land use under each drainage condition to be easily identified. 

It is considered that this revised table would aid understanding of the economic impact of 
drainage status deterioration and would serve as a useful tool when explaining maintenance 
decisions to the Public, especially farmers. 
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Table 5.14 Economic,net return according to land use and drainage status- 
Existing Land Use 

Drainage Status Extensive Pasture Intensive Pasture Arable 

Economic Net Return (S/ha) : 
Good -73 320 293 
Bad -81 245 228 
Very Bad -103 131 124 

____----____-_______---------------------------- --- 
Marginal Economic Losses Associated with’Drainage Status Deterioration (&/ha) 
Good to Bad 8 75 * 65 
Bad to Very Bad 22 114 104 
Good to Vey Bad 30 189 169 __----- -__-____________-__------------------------ 

Deterioration Leading.to Land Use Change 
Intensive Pasture to Extensive Pasture 423 ** 
Arable to Extensive Pasture 374 *** 

Yote: 1997/98 economic prices are used.. Figures are subject to rounding. 
* Deterioration in drainage status from Good to Bad on Intensive Pastureresults in a loss of f75lha. 
** Deterioration from Good drainage on Intensive :Pasture to Very Bad drainage and change in land use. to 
Extensive Pasture results in a loss of E423lha. (Net return of ;E320lha is replaced by one of Z- 103lha). 
*** Deterioration from Good drainage on Arable land to Bad drainage leading to a change in land use to 
Extensive Pasture results in a loss of i374/ha;- (Net return of E293lhais replaced by one ofC81/ha). 

5.11. Maintenance-Expenditure, Maintenance Benefits .and Justification :’ 

FDMM requires that expenditure on maintenance and capital projects for.the reach in question 
is identified. This expenditure relates to that on the main river only. IJt’ however, -IDB/IDD 
watercourses, highland carriers and other channels are included in the calculation of flood 
risk area and effective reach length, the associated maintenance expenditure should also be 
included in the benefit:cost analysis. This should be made clear in FDMM. 

If the main river under consideration discharges into another. main river and derives benefit 
porn maintenance on the latter, for example;. as in the case of: Watton Beck discharging into 
the River Hull, a proportion of .the maintenance expenditure associated with. this latter main. 
river should be attributed to that for’ the river under study.. This associated cost may be 
apportioned on the basis of percentage of flow derived from each watercourse at the point, of 
confluence. 

IflDBKDD and other watercourses are-included-in the analysis of flood risk-area and effective 
reach length, their.associated benefits must also be included;. Ifthese benefit .areas lie within 
that for the main river, they are automatically included in the analysis. If this is not the case, 
the benefit areas must be identihed and FDMM applied in the normal way in order to identify 
associated benefits. Ifthe: benefits are not- known, as in the case of highl&id carriers;. it is 
recommended that these benefits are.not estimated as this would. reduce the accuracy of the 
FDMM justification-process. Instead, it is suggested that the type of these additional benefits 
is noted and only if the maintenance scheme appears- to be marginal, should some.measure of 
these additional benefits be made in order- to assess the just@cationfor the scheme. 

Similarly the benefits of tree ,and-bush.maintenance are d.ifEcult to quantify; especially without 
detailed hydrological modelling. of the catchment and flow regime. The benefits of such- work : 
may include, for example,. the prevention of structural damage to bridges, through, the 
undermining of their foundations due to localised erosion caused by debris dam forming. 
against bridge supports.. This type of benefit should be noted. 
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Within FDMM, it must be made clear that local circumstances and peculiarities should be 
taken into account when calculating maintenance bene$ts and expenditure. For example, in 
the case of Winestead Drain, a pumping station situated at the head of ‘main river’ is used to 
pump water from the IDB watercourse which lies upstream into Winestead Drain. The 
adjacent floodplain of the main river which lies downstream of the pumping station derives no 
benefit from this pumping station and yet its maintenance expenditure and running costs are 
taken into account when justifying maintenance. In order to balance the assessment, the 
beneJits afforded by the pumping station should be added to the beneJits of maintenance on 
Winestead Drain and taken into account in the beneJit:cost analysis. This would mean the 
inclusion of the IDB watercourse and any associated costs, in the analysis. This has been 
addressed in Chapter 4. 

The variations described here will have an impact on the results from the benefit:cost analysis 
for each of the case study watercourses. To avoid under-estimation of maintenance 
expenditure, it is suggested that a systems, approach is adopted, whereby the total costs of 
maintenance worb within the system (2zsset management such as maintenance of pumping 
stations, floodbanks and weirs, routine maintenance and reactive maintenance such as 
removal of debris which accumulates against bridge supports) are compared to total benefits. 

It is recommended that before using FDM, a simpliJ2ed catchment map is drawn which 
identifies all watercourses within it. This would enable a catchment approach to be adopted 
rather than focusing on specific reaches. 

5.11.1 Annual maintenance 
The benefits of flood alleviation are determined by subtracting the average annual number of 
HI% affected with niaintenance (AAN dth) fi-om the average annual number of HEs affected 
without maintenance (AAN ihout) and multiplying this figure by the value of one HE. Table 
5.15 uses Kelwell Stream as an example to illustrate this process. 

Table 5.15 Example of calculation of benefits of flood alleviation, using Kelwell Stream 
HEs Affected by Flooding HEs Affected by Flooding (a) - (b) = (c) Annual Benefit of . . 

Without Maintenance With Maintenance Flood Alleviation 
(AAN +tiout > (4 (AAN alI > oJ> (5.) * 

Scenario 1, Annual flood occurs in first year of no maintenance 
Left Bank 7.223 2.213 5.010 6533 
Right Bank 13.256 4.061 9.194 11990 

Total 18523 
Scenario 2, Annual flood occurs in tenth year of no maintenance 
Left Bank 9.494 2.213 7.281 9494 
Right Bank 17.424 4.061 13.362 17424 

Total 26918 
Note: * Annual benefit of flood alleviation = (c) x value of one HE (i1304) 
1997/98 prices are used. Figures are subject to rounding. 

Without maintenance, over a number of years, channel capacity is expected to be reduced due 
to vegetation growth, siltation and accumulation of debris. Consequently, the impact of the 
annual flood occurring after, for example, 10 years without maintenance, is liable to be greater 
than ifthe annual flood occurred after one year without maintenance. 

This point should be noted in FDMM with a recommendation that sensitivig analysis be 
carried out to determine the impact on the AANwith,, of the annual flood occurring at 
different times following the cessation of maintenance. If the benefits of maintenance appear 
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to be marginal, a representative annual benefit may be derived by discounting the average 
value of incremental losses over the periodfiom Scenario I - year IO, for example, to derive 
the present value of. these average incremental losses, ana’ adding this to the losses under. 
Scenario ,I. Table. 5.16 shows a worked example of this Further details are presented in 
Chapter 4 and in.AppendixI and IV- 

Table 5.16 Estimation of losses ; due. to flooding, assuming. deterioration. in channel 
capacity without maintenance,,Kelwell Stream. 

Left Bank Right Banls 
Benefit lost under Scenario 1 (E) 6533 11990 
Benefit lost in year 10 (E) 9494 17424 
Incremental loss over 10 years (E) 0) - (4 = Cc> 2961’ 5435 
Average value of incremental loss (loss in year 5) (5) (c) / 2 = (d) 1481 .. : 2717 
Discount factor at 6 % (year 5) (e) see Appendix II 0.747 0.747 
Present value of average incremental loss (5) (d>x(e)=O-, 1106 2031 . . 
Average annual loss assuming.further deterioration (5) (f) + (a) 7639 14020 
Total of both banks (5). 21659 
Note: Figures are subject to rounding. 1997/98 prices are used. 

5.12 Actual, Standard of Service 

Attentiorris drawn to the -target Standard ofService identified in FDMM. The :key issue is 
whether the existing maintenance regime is providing -a service appropriate to the associated 
land use, and ifnot,.how it should be adjusted to do so.- Maintenance activities are prioritised 
on the basis of the degree to.which the reach is over- orunder-serviced. 

Based on an analysis of existing Standards of Service in489 examples from the Wessex retion 
of the previous NRA; a target Standard of Service of 0.5-1.0 HE/km/y-r has been set by the 
Environment Agency. This serves as an initial recommendation (Howells et al 1992). These 
trials using Standard of Service.data fi-om,the Wessex region showed the.method to .be a high 
level, simple method for prioritisation.,:, However, the majority of reaches.were assigned a low 
priority even though they received most of the maintenance. expenditure. This was attributed : 
to the. fact that the Standard .of Service score, only ,accounted for flooding.... Maintenance 
carried out for land .drainage benefits was not considered. CRIMS recommended that the 
drainage element should be included in the Standard of-Service score.- This recommendation. 
has been carried out within FDMM. 

Following the application of FDA434 to a significant proportion of watercourses in a region,. 
it is suggested that the target Standard of Service of 0.5-1.0 HE/km/yr is reviewed.’ This 
target. should reflect policy, criteria, public perception- and available resources at -a given point 
in time. Lfthe target range is altered, the rationale for doing: so should be documented for ,. 
future reference. The: basis for determinin g the target ~Standard of .Service should be. 
transparent. The links between the, Standard ..of ,Service provided and the associated 
benefit:cost ratio should be.u.nderstood: I 

5.13. Worked Example,:. 

Throughout FDMM various examples are used to. illustrate particular procedures. It is 
recommended that the same example watercourse be used throughout FDMM to demonstrate 
its application. Winestead Drain or Watton Beck could be used -as the:example: The benefit 
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of ussing either of these watercourses is that some of the points raised in the preceding sections 
are highlighted by these sites. 

5.14 References and Data Sources 

It is suggested that in addition to including references in the text throughout FDMM, a 
comprehensive list of references cited and supporting documentation is presented at the end 
of the manual. 

Users of F’DMM may also find it beneficial ifthe source of data presented in tables were cited 
underneath the table. This would increase the transparency of FDMM and help to remove 
some of the mystery surrounding derivation of data. Sources of the data are quoted 
throughout this report and summarised here in Table 5.15. 

5.15 Glossary 

It is recommended that the glossary presented at the front of FDMM (Page xi-) is expanded to 
include the following technical terms which are used in FDMM: 

Amortisation 
Bar&Ml discharge 
Discounting 
Dominant discharge 
Dominant water level 
Effective benefit width 
Flat/rising floodplain 
Justification 
Net return 
Theoretical freeboard 

Table 5.17 Sources of data contained within FDMM (Volume 029 Version 1,1995) 
Table Page Title Source 

3.1 

3.2 
3.4 

3.5 

3.6 

3.8 
3.9 

3.10 
5.1 

5.2 

314 Standards of Service land use bands 
and targets 

317 
3112 

Features of interest - flood risk area 
Land use bands, HEs/km and typical 
description 

3114 

3114 

Flood event severity weighting factors 
- historical method 
Salinity weighting factor 

3121 Area1 drainage factor 
3122 Potential waterlogging damage 

3124 Actual Standard of Service 
515 Appropriate levels for appraisal input 

5114 Approach 1 -normalised damage value 
and annual benefits 

Economic Appraisal of Non-Grant Aided Work. 
Howells et al. (1993) R&D Note 187. 
Source unknown. 
Flood Defence Levels of Service. Stage 2. 
Robertson Gould Consultants, (1990). 
Based on Hess and 1Morris (1986). Technical 
papers. 
Economic Appraisal of Non-Grant Aided Work. 
Howells et al. (1993) Project Record. 
CRIMS Project Record. Howells et al. (1992). 
Derived from CRlMS Project Record. Howells et 
al. (1992). 
CRIMS Project Record (Howells et al. (1992). 
Economic Appraisal of Non-Grant Aided Work. 
Howells et al. (1993) R&D Note 187. 
Economic Appraisal of Non-Grant Aided Work. 
Howells et al. (1993) R&D Note 187. 
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5.3 5/15 

5.4 5117 

House equivalents for fluvial and 
saline flooding : 
Non-residentiaLproperty size bands 
and values 

5.5 5/17 Non-residential property size guide 

5.6 5119 HE depth damage data 

5.7 5119 Reduction in damages owing to flood 
warning 

5.8 5120 Average annual costs (Uha) for a 
single flood occurring in a year 

5.9 5120 Saline-multipliers 

5.10 .  I  5121 Traffic disruption costs 

5.11 5124 

5.12 5125 

5.13 5125 

5126 

Drainage status assessment 
Deterioration in maintenance 
standards, change in economic net 
margins (L/ha) 
Areal drainage factors 
Emergency relief 

5.3 

5.4 

5.5 

5113 

5116 

5122 

Normalised damage frequency curve 

Annual. average number HEs affected 

Annual average damages 

Economic Appraisal of Non-Grant Aided Work. 
Howells et al. (1993). Project Record.. 
CRIMS ,Project Record. Howells, et al. (1992). 

CRIMS Project Record. Howells, et al. (19923. 
Economic ,4ppraisal of Non-Grant Aided Work. 
Howells et al. (1993) R&D Note 187.: 
Economic Appraisal of Non-Grant Aided Work. 
Howells et al. (1993) R&D .Note 187. 
Economic Appraisal of Non-Grant Aided Work. 
Howells et al. (1993) R&D Note 187.:. 
Calculations in Appendix A by Silsoe College. 
Economic Appraisal of Non-Grant Aided Work. 
Howells et al. (1993) Project Record.. 
Economic Appraisal of Non-Grant Aided Work. 
Howells et al. (1993) R&D Note 187: Modified 
“Red Manual” method. 
CRlMS Project Record. Howells, et al. (1992). 
Economic Appraisal of Non-Grant Aided Work: 
Howells et al. (1993) .Project Record. 

CRIMS Project Record. Howells, et al. (1992). 
Urban Flood Protection benefit: -A Project 
Appraisal Guide. Parker et al. (1987): (“Red 
,anual”). 
Economic Appraisal of Non-Grant Aided Work.. 
Howells et al. (1993) R&D Note-187. 
Economic Appraisal of Non-Gram Aided Work. 
Howells et al. (1993) R&D Note 187. 
Economic Appraisal of Non-Grant Aided.Work. : 
Howells et al. (1993) R&D Note 187.’ 

5.16.. Additional Points 

To aid interpretation of EDMM it is recommended that the following changes and corrections 
are made: 

l Reference to the National. Rivers Authority (NRA) is replaced by. the Erivir-onment Agency, 
unless it is the NRA that is being quoted specifically. i 

l Oiie consistent definition ofaflood defeizce system should. be used: III the glossary and on .., 
~213 paragaph 5, two difFerent definitions:are @vex 

l It would.be beneficial if a dejnition of the effective benefit width (FDMM p3!23 paragraph. : 
77) were included in the : glossary. This. is defined as the average floodplain .width 
multiplied by the area1 drainage factor in the Loose Material D, Sheet 3. 

l There is inconsistency in terminology between the- land- use: assessment reach summaq 
sheet presented in FDMM p3/10, Table 3.3 and.in Loose Material 4 p2. It is assumed ..’ 
that reach length (J?DMM Table.‘3.3) should iead effective reach length (flooding) as it is 
the effective reach.length that.is referred to in the text (FDMM p3/11 paragraph .28). : 
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In FDMM Table 3.3 p3/10, the land use area shown within the reach summary totals 300 
ha, which is different to the floodplain area shown at the top of the table (250 ha). These 
total areas should be the same. 

The agricultural drainage assessment is described in FDkMparagraphs 60-70, and not 
in paragraph 62, as stated in FDMM @3/l I paragraph 29). 

For consistency, number may be referred to as either ‘Nr’. or ‘Number’ throu&out 
FDMM. Currently, both are used although ‘Number’ is used most Ii-equently. 

Throughout FDMM when the flood and drainage score are discussed it is recommended 
that the identiJiers yood’ or ‘drainage ’ are used. The term ‘score’ when used on its own 
may be misleading. 

All prices within FDMM should be updated to 1997/98 values. The location of tables 
containing price data are shown in Table 5.16. 

Table 5.18 Location of price data within F’DMM which needs updating to 1997/98 
values 
FDMM 
Reference 
Table 5.7 
Table 5.8 

Table 5.10 
Table 5.12 

Location 

Page 5J19 
Page 5120 

Page 5/21 
Page 5J25 

Page 5J26 

Title Price base used in 
FDMM 

HE Depth damage data 1993 
Average annual cost (S/ha) for a single flood occurring 1993 
in a year 
Tral3ic disruption costs 1993 
Deterioration in maintenance standards, change in 1993 
economic net margins (E/ha) 
Emergency relief 1985 

l Financial and economic prices are both used in FDMM. The distinction between these two 
sets of prices should be made clear. Financial prices show the prices paid and received by 
private individuals such as farmers. Economic prices show the value of benefits and costs 
to the nation after removing Government taxes and subsidies and other distortions to 
market prices. 

l The general appearance of FDMM could be improved if there was consistency in layout 
and presentation. For example, making sure that a space is left before and after each table 
and that table headings line up with the text. 

l For simplicity, it is suggested that the loose material and record sheets within FDMM are 
renamed as Form 1,2,3 etc. rather than for example, ‘Loose Material D Sheet l/5’. 

l It is recommended that FDMM is revised to take account of the modifications and points 
suggested in this Chapter and that the respective record sheets are re-designed accordingly. 

5.17 Summary 

This Chapter has presented the findings from an evaluation of FDMM. Modifications to 
FDMM have been suggested. These relate in particular to the reflection of site specific 
circumstances. Claritication of elements within FDMM including the derivation of the various 
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adjustment, -factors has been provided. II- addition, general points relating to layout, 
corrections and terminology have been made. 

The following Chapter contains a critical evaluation of the Guidelines for the Justification of 
River Maintenance. 
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6. EVALUATION OF TEIE GUIDELINES 

6.1 Introduction 

This Chapter presents a critical review of the -Guidelines for ‘the: Justification of River. 
Maintenance. Descriptions :of the procedures discussed here : and terminology used are : 
presented in Chapter 2. .Issues. are discussed in order of their appearance in the .Guidelines and i 
not in terms of their signi&ance. 

Although the Guidelines are a comprehensive system for justifying maintenances operations, 
specific aspects require clarification and elaboration. These, in addition to modifications and 
recommendations to the Guidelines are discussed in this Chapter. 

The Guidelines. adopt. a system approach, whereby -the total benefit .-of maintenance are 
compared. with the total. costs of maintenance works within the system . . Tributaries and 
IDBKDD watercourses are included iu the analysis. 

6.2 Benefit Area 

The identification of the benefit, area is crucial to.,the application of the ‘Guidelines and the 
benefit:cost analysis is sensitive to the assumptions made. 

The benefit area relates .to- the total .agricultural area of the -floodplain which benefits .&om ‘ 
maintenance in terms of flood-alleviation and improved standards of drainage service. This : 
includes the area served by tributaries and IDB/IDD watercourses. Urban areas are excluded 
from the analysis as these receive different standards of flood protection.. :.. 

For simplicity, no distinction is made between the area served on the left or-right bank. It is 
suggested that if analysis of each bank is to be undertaken separately, two sets of record sheets 
are completed; one set for the left bank,.,and one for: the right bank.: It is-not recommended 
that the cm-rent record sheets are revised in order that the benefit. area may split into that lying 
on the left and right bank of the watercourse as this would increase the complexity andreduce: 
the clarity of the record sheets. 

6.3. Reach Length 

The reach. length represents the length of watercourse which lies within the. area benefiting 
fi-om:maintenance activities. : This- should-be made clear within -the Guidelines. It is therefore ’ 
recommended that the benefit area is identified- prior to calculation of the reach length. The 
‘General Information’ record sheet has been redesigned to reflect this as show&n Appendix X. 

6.4 Catchment Size. 

Catchrnem size influences the seasonal distribution of flooding.. Large catchments experience 
predominantly winter flooding..whilst small catchments contain a relatively higher incidence of. 
summer flooding. Currently within the Guidelines, the unit of sq. km is used to define.. 
catchment size. It is recommended that.this unit isreplaced w&hectares (1 km2 = 100 -ha) in 
order for. consistency to be maintained throughout the Guidelines (hectares are used as a 
measurement of benefit area and flooded area). .Hectares are also generally more widely used 
by the farming community .than sq. km as a unit. of area. A large catchment would therefore 
have an area greater than 2500 ha and a small Catchment less than 2500.harespectively. 
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6.5 Land Use 

Within the Guidelines, seven land use types are identified; namely, extensive grass, intensive 
grass, grass/arable rotation, all cereals, cereal/o&seed rotation, cereal/rootcrop rotation and 
horticulture. For consistency within FDMM: it is recommended that the term grass is replaced 
with pasture. 

Land use which is not classified as one of these seven types is classed as ‘other’. It is 
recommended that this eighth category of land use is removed from the Guidelines as this 
‘other’ land use does not feature in the analysis and benefits and costs are not assigned to it. 

6.6 Soil Type 

For simplicity, the Guidelines identify four soil types; namely: sand., silt, loam and clay. If for 
example, the actual soil type in the benefit area is clay loam the soil type is taken to be clay as 
clay is listed first and therefore is assumed to be the major soil particle component. This point 
should be made clear in the Guidelines. 

It is not recommended that the number of soil types identified within the Guidelines is 
increased as this would greatly increase the complexity of the system. For example, if the 
second major soil component were included., for example as in, sandy silt, sandy clay and sandy 
loam the number of soil types represented in the Guidelines immediately increases from four to 
16. Emphasis is placed on the major soil component as it is this which has the most influence 
on determinin g soil type and hence the response to river maintenance. 

6.7 Channel Parameters 

The Guidelines are reliant on data relating to channel parameters and are sensitive to 
assumptions made. The average bed width, average channel depth and bankfull discharge 
under the current situation are used to determine the impact of maintenance on freeboard and 
bankfXl discharge. At the present time these parameters are often estimated by the 
Environment Agency, due to a lack of measured data. whilst these estimates are based on 
experience and knowledge of the specific watercourse, estimates introduce an element of error 
into the analysis. 

A rapid and possibly more accurate method of dete r-mining bankfull discharge is to combine 
information on channel roughness and dimensions using the Manning’s equation (Richards, 
1985). The components of this equation may be obtained from cross-sectional surveys or 
through rapid visual assessment of the channel. Further information on this is presented in 
Dunderdale and Morris, 1996a, River Maintenance Evaluation. 

Q = AR=‘~ @I2 

where: 
n 

Q = Discharge, m3/s 
A = Cross-sectional area, m’ - 
R = Hydraulic radius, m (cross-sectional area divided by perimeter) 
S = Slope 
n = Manning’s ‘n’ coefficient 

The bankfull discharge is used to calculate flood return periods. Ifthese are known then it is 
not necessary to calculate the bar&Xl discharge. This should be made clear in the Guidelines. 
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6.8 Drainage and Flooding .Benefit Areas 

The area benefiting from improvement in the’standard of drainage service provided may not be 
the same .area as that. benefiting ,from flood alleviation,. as currently assumed. within the 
Guidelines. 

6.8.1 Drainage,benefit area 
If undertaking a simple or rapid assessment of.maimenance benefits, whereby the dominant 
land use is used: drainage benefit’areas may be identified for each bank, in order to increase the 
accuracy of analysis.. This modification may be .easily.incorporated into the Design Standard 
record sheet without increasing complexity, as shown in Appendix X. 

If a-detailed assessment.is required, the drainage benefit area of each land may be identified. As 
shown in Appendix~ X. Identification of these various drainage benefit areas will not increase 
the complexity of the Guidelines 

6.8.2 Flooditig benefit area 
If .a simple or rapid assessment is being undertaken -using. the dominant land use, the--area 
benefiting from flood alleviation due .to maintenance is identified. This may, or may not be the 
same as the drainage benefit area. 

zf a detailed .assessment is undertaken, -the area under each land use which benefits Corn, flood 
alleviation is identified.- 

The Design standard record sheet has .been redesigned to accommodate- these modifications 
and is shown in Appendix,X. 

6.9 Drainage Status 

If the drainage status ‘with’ and ‘without’.maintenance is known; this can be entered directly 
into. the.record sheets, avoiding the need to calculate the fieeboard and-associated watertable 
depth. This point must be made clear in the Guidelines. 

6.10 : Freeboard : Watertable Relationship ::’ 

Through. use of the Guidelines, it has become clear that further explanation- as. to the.- 
interpretation of the- Ceeboard:watertable relationship graphs .is required. It is recommended 
that several examples are used to illustrate their use and to provide clarification: 

For example,, in a rising floodplainY.with a clay loam soil and -fi-eeboard of 1 m, the depth to 
water-table’ is taken to be 0.5 m, if the user reads off the graph.:along .the clay/loam line. If 
however, the- soil components indicate a higherproportion- of clay than loam, .the user. may 
wish to take this into account by.selecting a point below the clay/loam line, nearer towards the 
clay line. If the mid-point between the :clay/loam. and clay. line were used,, the depth to 
watertable would be 0.3 m This clearly has implications ;for the classification of drainage 
status and Standard. of Service provided: -The triangular diagram- for determination of soil 
texture based on the proportional content of sand, silt and clay may be used to assist the user in 
selecting- the appropriate point on the fieeboard:watertable .. graph (E.g. Landon, 1991; 
Appendix IX). 

6.11. Economic Net Return : 

Economic prices show the-value of benefits and costs to the nation- after removing Government 
taxes and subsidies and other distortions to market.prices. 
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The net returns are a measure of the change in farm income and expenditure expressed in terms 
of gross margin (value of output less direct variable costs) and semi-fixed costs: as for 
exam$e, when an area of land changes fi-om arable to grazing due to inadequate drainage, 
without affecting the major cost structure of the farm If however, land use switched from 
arable to pasture over the whole farm the cost structure of the farm would change. Fixed 
costs may be reduced and semi-fixed costs may rise. This may lead to an over-estimation of 
the losses associated with a deterioration in drainage status in the absence of maintenance. 
Throughout the whole analysis in the Guidelines it is assumed that the cost structure of the 
farm does not change. The user must be aware ofthis. 

At present, the economic net return is calculated in &/ha using the record sheets presented in 
the Guidelines. In order to provide a measure of total benefits and to enable a direct 
comparison with FDMM, it is recommended that the record sheets are modiCed to calculate 
net returns in &/ha and’in total (&) across the whole drainage benefit area. 

6.12 Flood Return Periods and Costs 

The flood return period is selected f?om l-2 years, 3-5, 6-10 and >lO years. Ifflooding occurs 
at a frequency of less than every 10 years, the associated costs and impact on productivity are 
minimal, hence return periods of greater than 10 years are not identified. This should be made 
clear in the Guidelines. 

If a detailed analysis is undertaken, the area of each land use flooded is calculated as in Section 
10.7.2 and the associated flood return period identified from the range provided (l-2, 3-5, 6- 
10, >lO years). This procedure is contained within the original Guidelines whereby flooding 
envelopes are identified. 

As the Guidelines stand at present, flood costs are assumed to be additive. For example, if 10 
ha of intensive pasture floods with a return period of 3-5 years (bad drainage, large catchment) 
the flood cost is &4/ha or &40 (1997/98 prices). If a further 20 ha of land under a 
cereal/o&seed rotation within the same catchment floods with a return period of 6-10 years at a 
cost of&6/ha (good drainage), total flood costs for this land use are &120 (1997/98 prices). 
Within the Guidelines, these flood costs are added to derive a total annual flood cost of &160 
(1997/98 prices) (&40 + &lZO). 

This methodology was adopted in the Guidelines for the purpose of simplification and to keep 
the data requirements to a minimum. Within earlier documentation which was the precursor to 
the Guidelines, flooding envelopes were identitied and incremental costs were calculated. This 
is the approach currently adopted in FDMM (Approach 2, p5/14). 

Using this approach, an estimate of average annual flood damage costs for the entire benefit 
area can be obtained by combining data on flood return period and area flooded with the 
annual costs per flood of a given frequency. For example, areas flooded at different return 
periods are shown in Table 6.1. The corresponding flood costs are shown in Table 6.2. 

A graph is drawn to show the relationship between area flooded and flood costs (Figure 6.1). 
The area under the curve represents the total average annual flood damage costs at a given 
level of flood risk. The incremental flood costs are calculated f?om Figure 6.1 and shown in 
Table 6.3. 
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Table 6.1 Flood return period, flows and.area flooded 
Return-Period Tp * Flow (cumecs).. Flooded Area (ha) Percentage 

(years) 
2 1.4 40. 550 19.6 
5 4.5 61 1130 40.4 
10 9.5 75 1530 54.6 
etc.. etc. etc. etc. etc. 

* Peaks over threshold: average interval (years) between flows of a given magnitude 
Source:. Morris and Hess, 1988 

Table’ 6.2 Summer flood-damage 
Return Period. Tp * Flow (cumecs) Flooded Area Probability Probability Flood Cost .’ 

(years) (ha) of 1Flood of 2 Floods w-we 
2 1.4 40 550 ‘. 35 % 12% 19.54 
5 4.5 61 1130 18 % 2 % 7.27 
10 9.5 75 1530 9 % 0%. 3.49 
etc. etc. etc. etc. 

Source: Morris and Hess. 1988 

This approach prevents the double counting of flood costs and therefore over-estimation,of the .. 
benefits of flood .alleviation. It is suggested that this .procedure is reintroduced into %he 
Guidelines to provide an alternative- approach to the calculation of flood costs. The level. of 
data available and the level of detail at which .the. analysis is to be undertaken will determine . . 
which methodology is used. 

Flood Cost 
(E/ha/yr) -. 

0 0.6 1.15 1.5 

Flooded Area (ha * Id) 

2.25 2.8 

The area under the curve represents the total average annual flood costs at given level of flooc 
Source: Morris and Hess, 1988 

risk 

Figure 6.1 .Flood costs: ‘area under the curve?.methodology 
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Table 6.3 Summary of flood events, area and costs 
Return Period Flow Flooded Area Annual Loss Total Incremental Cumulative Average 

(ye=> (cumecs) (ha) (&/ha&r) * costs (Uyr) Annual cost (Uyr) 
2 40 550 19.54 10747 10747 
5 61 1130 7.27 7775 18522 
10 75 1530 3.49 2153 ** 20675 
etc. etc. etc. 

* Estimated by interpolation along the curve in Figure 6.1 
** E.g. ((7.27 f 3.49)/2) x (1530 - 1130) = E2153/yr. Figures are subject to rounding. 
Source: Morris and Hess, 1988 

6.13 Maintenance Benefits 

To avoid under-estimation of maintenance expenditure, a system, approach is adopted iu the 
Guidelines, whereby the total costs of maintenance works within the system (asset 
management such as maintenance of pumpin, * stations, floodbanks and weirs, routine 
maintenance and reactive maintenance such as removal of debris which accumulates against 
bridge supports) are compared with total benefits. The benefits associated with IDB/IDD 
watercourses and highland carriers are therefore taken into account. 

This approach may be highlighted through use of Winestead Drain as an example. A pumping 
station is situated at the head of ‘main river’ and is used to pump water from the IDB reach of 
Winestead Drain into the main river. The maintenance expenditure associated with this 
pumping station and the IDB reach and the benefits of it, are included in that of main river. A 
true picture of costs and benefit is thus obtained, unlike within the FDMM whereby the costs 
of this pumping station are included in the analysis but the benefits are excluded. 

The benefits of flood protection provided by highland carriers are also calculated in the 
Guidelines. The benefits -of tree and bush maintenance however, are difficult to quantify, 
especially without detailed hydrological modelling of the flow re@e and topography. This 
type of benefit should be noted and only estimated if’ the benefits of maintenance appear to be 
marginal. 

6.14 Maintenance Expenditure 

The Guidelines require that the total annual maintenance expenditure is identfied for the reach 
under consideration. Iftributaries of the main river and lDB/lDD watercourses are included in 
the analysis of the reach length and their associated benefit areas are- included in the 
assessment: the maintenance expenditure on these watercourses is automatically included in the 
analysis. This point should be emphasised within the Guidelines. Expenditure on highland 
carriers and embanked reaches is included within the calculation of maintenance costs, as this 
expenditure enables delivery of the benefits associated with maintenance upstream The 
Guidelines may also be used to justify the flood protection they provide. 

In addition to expenditure on regular channel maintenance, the annual cost of maintenance on 
structures such as weed screens and outfall flaps should also be included in the analysis. In the 
current version of the Guidelines this is not clear. 
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6.15 Worked.Example 

A worked example:& used in the Guidelines to-demonstrate their use. It is recommended that 
several different examples are used to highlight .usage of the simple :and detailed approaches 
which may.be adopted. 

6.16 References and Data Sources 

It is suggested that in addition to including references in the text throughout the Guidelines, .a 
comprehensive list of references cited and supporting documentation is presented at the end of 
the document. 

Sources of the. data used within. the. Guidelines are quoted throughout this report and 
summarised here in Table 6.4. 

Table 6.4 ‘. Sources of data contained within:the Guidelines 
Reference Page Title Source. 
Table-l 
Table 2 

Table 3. 
Figure 1 
Figure 2 
Table 4 
Table 5 

Figure 3 22 
Figure 4 23 
Table 6 24 

Table 7 

Table 8-15 

Table 16-17 27-28 
Table 19 31 

16 
17 

17 Hydraulic conductivity 
18 Freeboard : watertable relationship, rising floodplain 

18 Freeboard : water-table relationship, flat floodplain 
19 Drainage status and productivity 
20 Net returns 

24 

25-27 

Land use type 
River freeboard requirements 

Regional growth curve area 
Regional growth curves 
Flood costs for large catchment 

Flood costs for small catchment 

Impact of deepening, widening and vegetation 
cutting on freeboard and bankfull discharge 
Change in bankfull.discharge and freeboard 
Discount, annuity and amortisation factors -. 

Sutherland and Morris (1993) 
Morris, 1990, Hess et al, 
1989 
Various literature 
Youngs et al, 1989 
Youngs et al, 1989 
Sutherland and Morris (1993) 
Dunderdale and Morris, 
1996a 
NERC, 1975 
NERC, 1975 
Dunderdale, 1997, using 
SCADE 
Dunderdale; 1997, .using 
SCADE 
after Fisher, 1995 

after Fisher, 1995 
Dunderdale and Morris, 
1996a 

6.17 Glossary 

It is recommended ‘that the glossary .presented in the Guidelines (Page xi) is expanded- to 
include the following- technical terms:: 

l Amortisation 
l Drainage benefit area 
l Economic prices 
l Financial prices 
l Flooding benefit area 
l Flooding envelopes 
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l Highland carrier 
0 Justification 
l Net return - a clearer definition is required 
l Waterlogging 

6.18 Additional Points 

To aid interpretation of the Guidelines it is recommended that the following changes and 
corrections are made: 

l All prices within the Guidelines should be updated to 1997/98 values. The location of 
tables containing price data are shown in Table 6.5. 

Table 6.5 Location of price data within the Guidelines which needs updating to 1997/98 
values 

Guideline Reference Location 
Table 5 Page 20 
Table 6 Page 24 
Table 7 Page 24 

Title 
Net returns 
Flood costs for large catchment 
Flood costs for small catchment 

Price base used in Guidelines 
1995196 
1995196 
1995196 

The price base which is used in the analysis (E.g. 1997/98) should be clearly stated on the 
record sheets. 

Financial and economic prices are both used in the Guidelines. The distinction between 
these two sets ofprices should be emphasised. Financial prices show the prices paid and 
received by private individuals such as farmers. Economic prices show the value of 
benefits and costs to the nation after removing Government taxes and subsidies and other 
distortions to market prices. 

All economic net returns, flood costs and maintenance expenditure is expressed as an 
annual figure. This should be made clear in the Guidelines and on the record sheets. 

The current version of the Guidelines calculates costs and benefits of maintenance in terms 
of &/ha. For ease of analysis and comparison with FDMM, it is suggested that the total 
benefits and costs are shown for the benefit area as a whole (2). 

It is recommended that the flow charts presented at the beginning of the Guidelines are 
removed. Their purpose was to guide the user through each step in the justification 
process. The record sheets, however, serve the same purpose and are clearer to interpret 
and use. 

It is recommended that the Guidelines are revised to take account of the modScations and 
points suggested in this Chapter and that the record sheets are re-designed accordingly. 
The revised record sheets are presented in Appendix IX. 

6.19 Summary 

This Chapter has presented the findings fkom an evaluation of the Guidelines. Modifications to 
the Guidelines have been suggested. These relate in particular the derivation of water-table 
depth and hence drainage status and the calculation of flood costs. Clarification of elements 
within the Guidelines has been provided. In addition, general points relating to terminology 
and layout have been made. 
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7. CONCLUSIONS AND RECOMMENDATIONS 

7s Introduction 

This Chapter summarises the aims andresults of the Study and draws a number of conclusions.. 
Recommendations arising from the Study are made. The waysin which the Guidelines may be 
used to support the~agricultural component of FDMM are-identified. I’ 

7.2 Summary 

The aim of this Study was to evaluate the performance of FDMM through application to case. 
sudy. watercourses in .predominantly rural areas; with reference to ~agricultural benefit 
assessment. For this purpose, six watercourses were selected for study within the North East 
and Welsh regions of the Environment Agency. These watercourses reflected, a range of. 
circumstances, flooding and drainage scenarios, land-uses and maintenance activities. 

Through application of FDMM and the Guidelines to these watercourses, the performance of, 
the two systems has been evaluated:- 

The current maintenance regimes. on. allthe case study watercourses appear to be justified 
using FDMM. The benefit:cost ratio obtained using ~FDMM is generally higher than that 
derived :using the Guidelines. The methodological frameworks of -each system have. been 
compared and reasons for these d.ifl%rences in result explained. 

Modihcations to both systems have been suggested. These relate in particular to-the reflection 
of site specific circumstances and peculiarities- within FDMM and’ guidance in use of -the. 
adjustment factors. With respect to the Guidelines, modifications relate in particular to the 
way in which drainage statusand flood costs are calculated. In :areas where land *use is 
predominantly agricultu&and drainage rather than flood alleviation is the main concern; the 
Guidelines can help to underpin FDMM and demonstrate that. FDMM can be used to 
accommodate moderate~agricultural interests. 

7.3 Conclusions. 

The general conclusion of the study is that in the main, FDMM serves the purposes intended.- 
It does provide an objective basis-for, deciding Standard of.Service and assessing benefit:cost 
performance of river maintenance works. 

Problems lie in the -use and interpretation. of underlying data, assumptions. and .procedures. 
These can be addressed to improve its ease and accuracy of use. 

7.3.1.. Application of FDMM and the Guidelines 
A number of conclusions can be drawn regarding application of FDMM and the Guidelines: 

0 careful consideration must be given to drawing. up a list of data requirements prior to 
undertaking data collection to ensure that FDMM is used to its fullpotential; 

0 correct identification ofthe benefit area is crucial; 

l there isa general lack of data relating to flood return periods and areas inundated; 

0 estimation of data may reduce the accuracy .of the analysis. However, estimates of the 
drainage benefit area were confirmed by use of the area1 drainage factor;‘- 
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estimates of the actual Standard of Service provided are sensitive to the definition of 
effective reach length flooding and benefit area. Any changes to the prioritisation of 
maintenance activities based purely on the reach status must be undertaken cautiously; 

the benefit:cost ratio is sensitive to the assumptions made regartig expenditure associated 
with the operation and maintenance of pumping stations. Due to the great variability in 
these costs, this expenditure may be excluded from the analysis in order to determine if the 
current maintenance regime is justified; 

a catchment scale of analysis should be adopted whereby total benefits and costs attributed 
to the whole watercourse system including areas served by lDl3/IDD networks, embanked 
reaches and highland carriers, are included; and, 

a systems approach is adopted whereby the costs associated with asset management are 
included in the identification of total costs. 

7.3.2 Comparison of results from FDMIM and the Guidelines 
Comparison of the benefit:cost ratios produced through application of FDMM and the 
Guidelines shows that the results are broadly similar. The ratios produced by FDMM are 
generally higher than those produced through the Guidelines. This is due to a combination of 
the following factors: 

l in the absence of documented historical records, drainage status is estimated in FDMM 
whereas the Guidelines draw on standard data which are based on the results of extensive 
research and water-table modelling; 

l within FDMM flood costs are calculated on the basis of the number of .HEs affected. 
These HEs were calculated in 1991 and hence may not accurately reflect the current 
situation due to inflation and market factors which have changed in the intervening years; 

l differences in the treatment of flood envelopes, which are assumed overlapping ,in FDMM 
and discrete in the Guidelines. Total flood costs calculated in FDMM are based on the sum 
of the incremental flood costs associated with the areas inundated at different return 
periods. Within the Guidelines, flood costs associated with each land use and return period 
are simply added together. This issue is discussed further in Chapter 6; and; 

l differences in flood costs according to catchment size which is not identified in FDMM but 
which is identified in the Guidelines. Flood costs for small catchments are higher than 
those corresponding to the same flooding, land use and drainage scenario in a large 
catchment. In FDMM, the HE&nit for a@cultural land are based on the costs of a typical 
flood event occurring in a large catchment. Ifthe catchment is classed as small, flood costs 
may be under-estimated using FDMM. 

7.3.3 Quality of Results and User Confidence 
FDh4M and the Guidelines are the products of extensive research and both systems are 
underpinned by some hydrological and agri-economic modelling. Accuracy of the results 
obtained through their application is affected by the assumptions made and availability of 
detailed data. 

Confidence in FDMM will increase as the approach and methods become more familiar to the 
user through more widespread adoption. 

R&D Technical Report W 134 82 



The Guidelines accommodate more variation--in watercourses (for example, highland carriers 
and IDBIIDD channels) and benefit areas than FDMM and are therefore applicable to a -wider 
variety of circumstances. This, coupled with. the .fact that the Guidelines offer a more 
transparent assessment has lead to confidence being placed inthem by users for the purpose of 
agricultural benefit.assessment. 

7.4 Recommendations Regarding FDMM 

The recommendation arising from the study which relate to.FDMM are that: 

l the modifications to- FDMM which are .discussed ‘in Chapter 5 are’implemented and the 
record sheets re-designed accordingly; 

l attention is given to the definition .of data requirements to enable FDMM to be used to its 
mhpotential; 

e a catchment scale of .analysis ..is adopted whereby benefits and:.:costs of the whole 
watercourse system are studied, including~lDB/IDD drainage networks,. embanked reaches 
and highland carriers and costs associated with,asset management; 

l the derivation and application of the potential waterlogging damage factor is reviewed; 

l default values are .generated for, use in cases where data are absent. or limited; 

0 case studies are developed to show the application of FDMM.. These would ‘provide. 
examples of their application to a range of circumstances; 

l a case study is developed to demonstrate:the:integration of urban, semi-urban, rural:-and 
semi-rural benefit assessment; 

a a training -programme is devised and.. implemented. throughout the Environment Agency. 
This -would address needs which were specific to each user group, and-,would include 
training. in the use of -FDMM, including the background to its development .and the 
derivation of the adjustment factors; 

l a summary version of FDMM is produced for use on site; and, 

0 a review of FDMS. is undertaken through application to the -same. case study watercourses 
used in this study to enable a comparison with FDMM. Currently,~the results produced by 
these two methods are inconsistent. 

7.5 Use of the Guidelines to Support FDMM 

The agricultural component of FDMM may be supported by the Guidelines. The Guidelines 
may be used to: 

l justify maintenance on lDB/lDD drainage networks which are tributaries of the:main river. 
This would be particularly useful in areas of Wales such ,as in the Conwy Valley and, in 
Lincolnshire where IDD/IDB watercourses are abundant; 

l justify the. flood .protection- provided by highland carriers. At present, -flood risk, areas 
associated w-ith~highland carriers are not ,defined. using FDMM. The area at risk if a breach -. 
occurred should be included in the analysis; The Guidelines adopt a systems approach and- 
therefore include the benefits and costs associated with’maintenance on highland.carriers; 
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l justify to a third party, such as a farmer, the rationale behind a decision to change the 
Standard of Service provided. The concept of HEs is rather abstract and complicated and 
more difEcult to explain than that of monetary values. Detailed explanation w?ll be required 
to help third parties understand the principle of HEs. The use of &/ha by the Guidelines 
directly relates changes in drainage status and flooding to the level of maintenance and 
Standard of Service provided. This concept will be more familiar and meaningful to the 
third party and sets the discussion at a level which will be understood more readily and 
easily; and, 

l determine the current drainage status and that which is likely to prevail in the absence of 
maintenance if measured data are not available. These drainage conditions may then be 
used in FDMM. This will reduce the number of estimations which are made and hence the 
potential sources of error. 

7.6 Recommendations Regarding the Guidelines 

The recommendation arising from the study which relate to the Guidelines are that: 

8 the modifications to the Guidelines which are discussed in Chapter 6 are implemented and 
the assessment sheets re-designed accordingly; 

l case studies are developed to show the application of the Guidelines in support of FDMM 
to accommodate peculiar circumstances and difberent levels of detail; 

l the training programme recommended in support of FDMM and implemented throughout 
the Environment’ Agency includes training in the use of the Guidelines in support of 
JTDMM; and, 

l a spreadsheet version of the Guidelines is developed for use by the Environment Agency. 
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Kelwell Stream 

APPENDIX I 

1. KELVVELL STREAM- 

1.1 Introduction 
This .Appendix presents the results of the application of FDMM and the Guidelines to Kelwell Stream, North 
Kelwell and South Kelwell, in the North East of England. 

1.2 Study Area 

1.2.1 Channel characteristics.and drainage network 
Kelwell Stream and its feeder streams North Kelwell and South Kelwell rise near Old Ellerby approximately 4 
km north east of Kingston upon Hull. The study reach extends from the upstream limit of main river on North 
Kelwell (GR. TA 51543 43729) and South Kelwell (GR. TA 51560 43680) to the confluence of Kelwell Stream 
with Foredyke Stream (GR TA 5 1145 43730) (Figure 1). 

The catchment area of Kelwell Stream, North Kelwell and South Kelwell; is estimated to be 16.7 km2 (1670 
ha). It is intensively drained both through field drains and the natural ditch system. The Environment Agency 
‘main’ river total reach length is 5.2 km. Tlie Beverly and Holderness 1nternal:Drainage Board (IDB) aho 

maintain two watercourses within the catchment, with a’total reach length of 1.1 km, These discharge into 
Kelwell Stream. 

Kelwell Stream, North Kelwell and South Kelwell (Kelwell System) discharge under gravity into Foredyke 
Stream and then into the Holderness Drain and finally into the River Humber through two pointed’ doors. 
Holderness Drain is tide-locked twice every day during periods of high tide. 

The Kelwell System is embanked for much of its length. -Downstream from Great Star&s (GR TA 51372 
43712) to the confluence with Foredyke Stream, the channel is wholly embanked for approximately 2.4 km. 
This section of Kelwell Stream does not provide a drainage function for the land through which it flows. This 
area is served by a network of IDB watercourses which flow underneath,Kelwell Stream through culverts and 
discharge into Foredyke Stream just upstream of its confluence with Holderness Drain. 

The channel of the Kelwell System is typically 4 m deep and 1.5 m wide at bed level, with; a. clay substrate. 
Freeboard under conditions of mean spring flow is estimated to be 1 m. The outfall of the field drains into the 
Kelwell System are typically at a depth of 1.5 to 2.5 m. Such a depth is needed to provide a sufficient gradient 
for the pipes to discharge into the river because the floodplain commonly falls away from the channel. 

1.2.2 Catchment characteristics 
This lowland catchment is predominantly rural in character. The area is well suited to the growing of cereal 
crops; in particular winter wheat and barley, with oilseed rape used as a break crop (Jarvis et al, 1984). From a 
visual survey of the catchment, details on land use were obtained. Land use is dominated by cereal and oilseed 
crops (98%), with small areas under potatoes (1%) and extensive pasture (0.5%). Small areas of woodland and 
scrub are also found within the catchment. 

The solid-geology of the area is characterised by chalk which is overlain by chalky till and alluvium.~. The 
Holderness Soil Association is characteristic of the area (Jarvis et al, 1984). It is a slowly permeable fine loamy 
soil with deposits of glaciofluvial drift. The most extensive soils are the Holderness series, which are fine, 
IOXIIY stagnogley soils (Jarvis et al, 1984). (Stagnogley soils. are gleyed soils in which a slowly permeable 
subsoil impedes surface.water drainage). Soils of the Wallasea I-Association may be found to follow the line of 
drainage ditches on land below the high tide level. The dominant soil type is clay loam. 
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1.2.3 River Maintenance 
Kelwell Stream, North Kelwell and South Kelwell are subject to annual weedcutting using an hydraulic 
excavator during the period September. to November. All the aquatic vegetation in channel is removed. Prior 
to maintenance, the channel is usually completely choked with emergent vegetation with Gl.vceria (Reed Sweet 
Grass) and Iris (Yellow Iris) being the dominant types. The embankments -of Kelwell Stream are flail mown 
and the numbers of vermin (rats/moles) are controlled. 

The channel is subject to dredging approximately every 10 years. Between 0.1 and 0.2 m of silt is removed to 
reach hard bed level. Aquatic plant root systems are also removed with the silt which helps to reduce weed 
growth in the first few years following dredging: 

Total annual maintenance costs for Kelwell Stream, including the embanked section, North Kelwell and South 
Kelwell are estimated to be 0300 (1997/98 prices). 

The IDB channels are also subject to annual weedcutting.using an hydraulic excavator during the same-period, 
(September to November). All the .aquatic vegetation is removed. Tree and bush maintenance is carried out as 
required. Dredging of the channel .takes place on average every 10 years. -4pproximately 0.2 m of silt is 
removed to reach the solid bed level. Total maintenance cost for 1997/98 are estimated to be. E550. This 
includes-a charge for desilting and tree and bush work, the costs of which have been amortised to derive an 
equivalent annual cost. (Amortisation is used to- spread. a single cost out as a series. of annual payments). 
Further details on maintenance expenditure are presented in Appendix II. 

1.3 Application .of FDMM 

1.3.1 : Area of benefit 
The area benefiting from maintenance in terms of flood alleviation is estimated to be 176 ha. This is termed 
the flood risk area and is shown in Figure. 1. This area was derived from discussions with,Enviromnent Agency 
and IDB personnel. It follows the limit of the .highest known flood event. 

1.3.2 Land use assessment 
Flooding 
Land use and features of interest within the flood risk area are shown in the land use assessment reach 
summary sheet for.the,left and right bank which are presented at the end of this Appendix. 

The area affected by fluvial flooding on the left and right bank is estimated to be 71.6’:ha and 104.4 ha 
respectively. The area is not affected by saline flooding; The effective reach (the length of the main river for 
which a flood risk area is defined) is estimated to be 2.7 km for the left bank and 2.9 km for the right bank.: 

The flood score is derived by dividing the total HEsikm affected by flooding by the effective reach length. 

Drainage- 
The area of each land use type subject to bad or very bad drainage conditions is determined and weighted by the 
appropriate factor (e.g. 3.6 HE/l00 ha/yr for extensive arable). This drainage score represents the level of 
damage caused by waterlogging. 

Under the current maintenance regime, the drainage status for the whole catchment is described -as good, 
therefore the drainage score is zero. 

1.3.3: Land use band 
The flood and drainage HE/km scores are combined to-determine the total HE/km for each bank (Table 1). The 
HE/km falls within the:Iand use band ‘D’. range for the left bank (1.25i4.99 HE/km, see Table 2.2). Mixed 
agricultural land and isolated properties are at risk of flooding and waterlogging;,-The right bank is classed as 
band ‘C’. High grade agricultural land is at risk of flooding and impeded drainage, with some properties also 
at risk of flooding. 
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Table 1 Land use band, Kelwell System 

Flood Score Drainage Score Total Score Land Use band 
(HE/km) (HEflun) (HEflun) 

Left Bank 3.06 0.0 * 3.06 D 
Right Bank 5.92 0.0 * 5.92 C 

Note: * the drainage status is described as good under the current maintenance situation 
Figures are subject to rounding. 

If the IDB tributaries were included in the effective reach length; as these derive benefit- from maintenance on 
the main river and the embanked reach were included on the basis that it provides the outfall for the 
watercourse system, the land use band would be classed as ‘D’ on both banks. This is a realistic classification 
given land use observed in the floodplain. 

1.34 Determining the effect of flooding 
No historical records exist for Kelwell Stream, North Kelwell and South Kelwell as flooding is a rare 
occurrence due to frequent maintenance and large channel capacity. The effect of flooding is, therefore, based 
purely on use of the predictive technique. 

. 
The arithmetic method has been used. The predictive technique takes account of the flood return period at 
which different areas are inundated and an estimated long-term average annual value for HE affected is 
derived. The completed record sheets are presented at the end of this Appendix. 

The area flooded by events with a return period of 1, 20 and 50 years were identified by the Environment 
Agency for the left and right bank under the current maintained situation. It must be noted that these areas are 
estimated as the actual areas flooded by the infrequent events are not documented. It is estimated that with a 
flood return period of 1 year, no flooding would occur. Under events with a return period of 20 and 50 years, it 
is .estimated that 30% and 100% of the flood risk area would be inundated respectively. 

A severity weighting of 2.2 has been applied to the total HE&m affected by flooding to take account of the 
impact of timing and duration of flooding on arable crops. The number of HEs affected by flooding was 
derived on a pro-rata basis by multiplying the total number of HEs affected by 30% and 100%. 

The process was repeated using estimates of flooded areas under the same return periods for the without 
maintenance situation. 

At present, maintenance is undertaken annually. Without maintenance, over a period of years .the channel 
capacity is expected to be reduced due to vegetation growth and siltation. Consequently, the impact of the 
annual flood after 10 years without maintenance. for example, is likely to be greater than its impact after one 
year without maintenance. To test the sensitivity of FDMM to this, the impact of two without maintenance 
scenarios (Table 2) has been assessed. 

Table 2 Flooding scenarios, Kelwell System 

Annual Flood Area Flooded (%) 

Scenario 1 Impact of annual flood after one year without maintenance 5 
Scenario 2 Impact of annual ‘flood after 10 years without maintenance (Year 10) 40 

The annual benefit of maintenance is shown by the benefit to be gained from the avoidance of flooding. This is 
derived by subtracting the Annual Average Number HEs affected with maintenance (AAN u& from the 
Annual Average Number of HEs affected without maintenance (AAN u,thout) and multiplying this figure by the 
value of one HE (f1304 in 1997/98 prices). 

The benefits (5) associated with each flooding scenario for both banks are shown in Table 3. The benefits 
associated with Scenario 1 are straight forward and represent the best estimate of benefits (associated with flood 
alleviation) which would be lost if maintenance were discontinued. Scenario 2 represents the average annual 
loss of benefit assuming there is a further deterioration in channel capacity over time due to lack of 
maintenance and consequently larger areas are flooded. These Scenario 2 benefits have been derived by 
discounting the average value of incremental losses over the period year between Scenario 1 and year 10 to 
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derive the present value of these average ,incremental losses, and adding this ,to the loss under Scenario 1 
Further details are presented at the end of this Appendix. 

Table 3 Annual benefit associated with flood alleviation, Kelwell System- 

AAN without I. AAN with (a) - (b) Annual 
Whl(a> (HEflun)(b) Benefit (Q 

Left Bank 
Scenario I 7.223 2.213 5.010 .. 6533 
Scenario;2 9.494 2.213 7.281 7639 

Right Bank 
Scenario .l 13.256 4.061 9.194 11990 * 
Scenario 2 17.424 4.061 13.362. 14020 * 

Note: 1997/98 prices are used. Figures are subject to rounding. 
* Average annual loss of benefit assuming further deterioration. 
Further details are presented at the end of.the.Appendix. 

1.3.5 Determining the effect of deterioration, in drainage 
To determine the effect of inadequate drainage on land use in the area at risk, the predictive technique was 
used.- No historical records exist and so the-historical technique could not be applied. Under Scenario 1, the 
base case, in the absence of maintenance the’ drainage status of the. whole flood risk area is expected to 
deteriorate from a good to a bad drainage condition. Under-Scenario 2, due to further deterioration in channel 
capacity without maintenance, the drainage status is expected to deteriorate fkom good to very bad. 

The annual benefits of preventing.a deterioration in drainage status are calculated from the area affected (ha) 
multiplied by the annual benefit, (s/ha) to be gamed from preventing the deterioration. The annual benefit of 
maintaining good drainage is i65/ha or E4654 for the left bank and 56786 on the right. bank (1997/98 
economic prices) under Scenario 1. Under Scenario 2, annual drainage benefits are 57409 for the left bank and 
El0802 on the right bark.(1997/98 economic prices). As with flooding; ,these Scenario 2:benefits have been 
derived by .discounting the average value of incremental losses over the period from Scenario 1 to year 10 to 
derive the present value of these average incremental losses, and adding this .to the loss under Scenario 1. 
Under Scenario 2, it is assumed that the drainage status deteriorates from good to very bad .without 
maintenance. Further details are presented at the end of this Appendix. 

1.3.6 Actual SOS. 
The combined flood score and drainage. score (HE/km&) for the current, with maintenance situation provides 
an indication of the adequacy of the existing maintenance regime with respect- to set Standards of Service 
(SOS): This score for the Kelwell System for the left and right bank is shown in Table 4. Scores are derived by 
dividing the BE/km by the effective reach length. 

Comparison of the total score .with a target score of 0.5-1.0 HE/km&r enables the current level of service 
provided to be determined (see Table 2.5 in main.text). This on target standard (OTS; 0.5-1.0 HE/km&) was 
derived by the Environment Agency; based on analysis of existing SOS (see Section .5.13 in main text). The 
reach status of the left bank is on target and the right bank below target standard. If the average of the score for 
the left and right bank is taken, the standard of service provided is approximately on target. 

Table 4 Actual standard of service provided under the current maintenance regime, Kelwell System .I 

Flooding (AAN tiith) Effective Reach Flood Score Drainage Score Total 
(HEflun) (a> Length oUn> (b> (HE/km/yr) W/km/yr) (4 (c)+(d) 

(a/b) = cc> 
Left Bank 2.21 2.7 0.8 0.0 * 0.8 
Right Bank 4.06 2.9 1.4 0.0 * 1.4 
Both Banks Average Score 1.1 

Note: * the drainage status is described as good under the current maintenance situation, therefore the 
drainage score is zero. Figures are subject to rounding. : 
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1.3.7 Justification 
Justification of the maintenance scheme is undertaken using a comparison of the benefits and costs of 
maintenance in a simple benefit: cost ratio. 

The total annual maintenance expenditure of the Environment Agency on the Kelwell System, excluding the 
embanked section (1997/98 prices) is estimated to be 53713. The total benefits of maintenance, taking into 
account flooding and drainage benefits on both banks are presented in Table 5. The benefit:cost ratios are 
presented in Table 6. 

Table 5 Total benefits of maintenance, Kelwell System 

Annual Benefit of Flood Annual Benefit of Maintaining Total Annual 
Alleviation (5) Drainage Status (E) Benefit (Q 

Scenario 1 Left bank 6533 4654 
Right bank 11990 6786 
Total 18523 11440 29963 

Scenario 2 Left bank 7639 7409 
Right bank 14020 10802 
Total 21659 18212 39871 

Note: 1997/98 prices are used. Figures are subject to rounding. 

Table 6 Benefit:cost ratio, Kelwell System 

Total Annual Total Annual Benefit: Cost 
Benefit (8 Maintenance Cost (2) Ratio 

Scenario 1 29963 3713 8.07 
Scenario 2 39871 3713 10.74 

Note: Maintenance costs for main river within flood risk area only, including North and South Kelwell. 
1997/98 prices are used. Figures are subject to rounding. 

Under both scenarios, the benefit:cost ratio is greater than one, thus the current maintenance regime appears 
justified, for the assumptions made. 

1.4 Sensitivity Analysis 

1.4.1 Flooding 
As previously discussed (Section 1.3.4), the benefits of flooding vary according to the area inundated. Some 
sensitivity analysis has been undertaken to determine the impact of different areas flooded by the annual event 
one and 10 years after maintenance ceases. 

1.4.2 Drainage 
As the drainage benefit area is estimated to be the same as the flood risk area, but not supported by historical 
evidence, the benefit:cost analysis was repeated assuming that only 50% of this flood risk area would be subject 
to bad drainage in the absence of maintenance. Table 7 shows the corresponding benefit:cost ratio for Scenario 
1. The drainage benefits are shown in Appendix II. The maintenance scheme is still justified as the 
benefit:cost ratio is greater than 1.0. 

The drainage benefit area can be estimated by applying the area1 drainage factor to the flood risk area 
However, in this case, as the soil type is classed as heavy and there is piped drainage, the areal drainage factor 
is 1 (Table 3.8, FDMM). The drainage benefit area is therefore calculated to be the same as the flood risk area. 
This is consistent with the assumption made in Section 1.3.5. 

It is predicted by the Environment Agency that in the absence of maintenance, due to the intensive nature of the 
drainage network and low relief, the drainage status of the whole catchment would deteriorate to a bad 
condition. The drainage benefits would consequently be high. However, FDMM was not applied to this 
scenario as the maintenance scheme was found to be justified using the same flood risk and drainage benefit 
area and therefore this additional analysis was not deemed necessary. 
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Table 7 Benefit:cost ratio, 50% of flood risk area affected by. bad drainage, Kelwell’System 

Total Amural Benefit (g) Total Annual Maintenance Cost (5) Benefit:Cost Ratio 

Scenario 1’ 24243 3713 ., 6.53 
Note: Maintenance costs for main river within flood risk area only, includingNorth and South Kelwell. 
1997/98-prices are used. Figures are subject to rounding. 

1.4.3 Actual SOS 
Estimates of the actual standard of service provided are sensitive to the effective reach length used as shown in 
Table 8. This parameter is determined by the user of FDMM and is open to interpretation and subjectivity. 

Ttio IDB watercourses discharge into the Kelwell Stream.- As these watercourses lie wholly within the flood 
risk area, and derive benefit from maintenance on the main river, they should be included in the calculation of 
the effective reach length and treated!as tributaries. Currently within. FDMM non-main river tributaries are 
ignored and excluded from analysis. 

Table 8 Sensitivity analysis: effective reach length and reach status, Kelwell System 

Bank Flooding Effective Reach Flood Score Drainage Score Total Reach 
0 (a> Length (km) (b) (HE/km&) (a/b)=(c) (HE/km&) (d) (c)+(d) Status : 

Effective reach comprises: main river in flood risk area only 
LB 2.21 2.7 0.8 0.0 * 0.8 .. OTS a. 
RB 4.06.. 2.9 1.4 0.0 * 1.4. BTS 

Average 1.1 c. OTS 

Effective reach comprises: main river in flood risk area and lDB tributaries . . 
LB 2.21 3.1 0.59 0.0 * 0.59 OTS, 
RB 4.06 4.1 0.99 0.0 * 0.99 OTS ,. 

Average 0.79 OTS ;’ 

Effective reach comprises: main river in flood risk area, IDB tributaries and embanked section.- 
LB 2.21 ” 6.1 0.36 0.0 * 0.36 ATS 
RB 4.06 6.5 0.62 0.0 * 0.62 OTS 

Average 0.49 ATS 
Note: * the drainage status is described as good under the current maintenance situation,.-therefore the,-- 
drainage score is zero. Figures are subject to rounding. 

The embanked section of,Kelwell Stream does not-provide a drainage function for the land through which it 
flows although it is not described as a highland carrier. It does; however, provide the outfall of Kelwell Stream 
into Foredyke Stream.. If this section were included in the definition of effective reach-length, the standard of 
service currently provided would be described as being above target. However, no benefit area associated with 
the embanked section. has been identified therefore the associated HEs are not included in the calculation of 
total HEs at risk If the embanked reach is included in calculation of effective reach length, these associated 
HEs must also be included. 

1.4.4 Maintenance costs 
In accordance with FDMM, maintenance expenditure.has been increased by 15% and the benefits reduced by 
15% in order to check the sensitivity of assumptions made on the benefit:cost ratio. The results of this are 
shown in Table 9 using ,the average benefits of Scenario ‘1, 2 and 3. Due to the high benefits and low 
maintenance costs,. the maintenance regime would be justifled.even if costs increased and benefits reduced by 
15%. 

The embanked reach provides the.conduit for .Kelwell Stream over a lowland area to Foredyke Stream into 
which it discharges. Maintenance on this embanked reach therefore provides a benefit for the main river 
upstream. If maintenance were not carried out on the embanked reach, channel capacity may be reduced with a. 
concomitant deterioration in drainage status upstream and increase in flooding: 
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Table 9 Sensitivity analysis: benefit:cost ratio, Kelwell System 

Total Annual Benefit (E) Total Annual Maintenance Cost (6) Benefit: Cost Ratio 
Maintenance costs increased by 15% 

29963 4270 7.02 

Benefits reduced by 15% 
25469 3713 6.86 

Maintenance costs increased by 15% and benefits reduced by 15% 
25469 4270 5.96 

Note: Maintenance costs for main river within flood risk area only, including North and South Kelwell. 
1997198 prices used. Figures are subject to rounding. 

The maintenance costs on the embanked reach should therefore be included in the benefit:cost analysis. 
Provision for this, however, is not made within FDMM. Sensitivity of the benefit:cost ratio to this is shown in 
Table 10. The results show that the benefit:cost ratio is sensitive to assumptions made regarding maintenance 
costs, although in this case study, the benefit:cost ratios remain favourable. 

Table 10 Sensitivity of benefit:cost ratio to maintenance costs, Kelwell System 

Total Annual Benefit (5) Total Annual Maintenance Cost (E) Benefit: Cost Ratio 
Maintenance costs for Kelwell System, main river in flood risk area only 

29963 3713 8.07 

Maintenance costs for Kelwell System, main river in flood risk area only and IDB 
watercourses 

29963 4263 7.03 

Maintenance costs for whole of the Kelwell System, including the embanked section 
29963 5300 5.65 

Maintenance costs for whole of Kelwell System, including the embanked section and IDB 
watercourses 

29963 5850 5.12 

Maintenance costs for whole of Kelwell System, including the embanked section and IDB 
watercourses and proportion of costs on Foredyke Stream and Holderness Drain 

29963 9050 3.31 
Note: 1997/?8 prices used. Figures are subject to rounding. 

As the Kelwell System discharges into Foredyke Stream and Holderness Drain, and derives benefit from 
maintenance on these main rivers, a proportion of the maintenance expenditure on Foredyke Stream and 
Holderness Drain should ideally be included in the costs for the Kelwell System. This proportion of 
maintenance expenditure is estimated by the Environment Agency to be ;E3750 (1997/98 prices) and is based on 
the proportion of flow derived from each watercourse. If a proportion of maintenance expenditure on these 
other main rivers is taken into account, the maintenance scheme on the Kelwell System is still justified. 

1.4.5 Benefits 
If the maintenance expenditure on the IDB watercourses and the embanked section of main river are taken into 
account in the benefit:cost equation, the associated benefits should also be considered. 

The benefits provided by the embanked section relate to flood protection of the lowland area and provision of 
an outfall for the main river upstream. If the embankments were not maintained and were breached, a large 
part of the lowland drainage area may flood. The exact area affected, however, will depend on many factors 
such as the location of the breach, time taken to repair it, discharge and topography. Detailed modelling would 
be required to accurately predict the area affected by a flood event of a particular return period, with a breach at 
a specific point. Such detailed analysis is not usually possible and an estimate of benefits may need to be made. 
Similarly, it is likely to be difficult to determine the benefits derived from the proportion of maintenance 
expenditure on Foredyke Stream and Holderness Drain associated with the Kelwell System. 
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Estimation of these benefits will, however, reduce the accuracy of the benefit:cost analysis. It is recommended 
that the type of these additional benefits is noted and only if the benefits of maintenance appear to be marginal, 
then an estimate of these benefits is made. 

1.5 Application,of the:Guidelines to the Kelwell System 

1.51 Introductidn 
The following sections present the results of the application of the Guidelines to the Kelwell System. The same 
data are used as in the application of FDMM in order that results Corn the two methods may be compared. The 
completed record sheets and tables/figures required in the use of the Guidelines are presented at the end of this 
Appendix. 

1.52 General information v: 
Dominant substrate,. 
Following.:rapid survey of the watercourse and discussions-.with the Environment Agency, the dominant 
substrate is classed as clay. 

Floodplain topography 
The floodplain is classed as rising as it has a slope of > 1%. 

Catchment size 
As the catchment is less that 2500 ha, it is described as small. 

Benefit area 
The area benefiting from maintenance in terms of its impact on flooding and land drainage is taken to be the 
same as the flood risk area identified using FDMM. This area is 176 ha in total. The left and right banks are 
not treated separately in the Guidelines. 

Land use type 
Following site survey, the dominant land use type is classed as a cereal/oilseed rotation (LUT ‘5). The rotation 
is dominated by winter wheat, winter, barley and oilseed rape and equates to the extensive arable land use of. 
FDMM. 

Dominant soil type 
From a rapid assessment of the benefit area and using secondary sources (SSEW 1983), the dominant soil type 
is identified as clay loam. As the Guidelines only-identify- the major soil particle component, the soil type is 
taken to be clay as clay is listed first and therefore assumed to be dominant. 

153 Design standard (maintained condition) . . . 
Average bed width and average channel depth 
The average, bed width and channel depth are 1.5 m and 4 m respectively. These parameters were estimated by 
the Environment Agency, during a rapid survey of the channel. 

Freeboard 
The averagefreeboard under conditions of mean spring.flow is estimated by the Environment Agency to,be 1 
m. This parameter has not been monitored and recorded and so the estimate is based on local knowledge and 
judgement. This corresponds to the default freeboard requirement for clay soils with piped drainage in a rising 
floodplain, which is identified in the Guidelines for use when actual data are limited. 

Watertable depth and drainage status. 
The watertable depth associated with-the rising floodplain, clay soil and freeboard of 1 m is estimated from 
Figure 2.6 in the main text, to be 0.5 m. The drainage status is therefore classed as good. 

Economic,net return . 
Using the dominant land use type of a cereal/oilseed rotation and good drainage status, the economic net return 
is calculated to be 5329 /ha (1997/98 economic prices). The total economic net return for the benefit area is 
therefore 557904 (1997/98 prices). 

Bankfull discharge 
As the flood return periods are known for the ‘with’ and ‘without’ maintenance situation, the bankfull 
discharge does not need to be calculated. 
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Flood costs 
Ammal flood costs were identified using the Guidelines for the cereal/oilseed rotation under good drainage, for 
events with a return period of 1, 20 and 50 years. The same flooded areas and return periods were used as in 
FDMM. 

The flood costs corresponding with these return periods are shown in Table 11. It is assumed that these costs 
are additive. Total flood costs for the ‘with’ maintenance situation are El830 (1997/98 prices). 

Table 11 Flood costs under the current maintained situation, Kelwell System 

Flood Return Period 
w  

1 
20 
50 

Area Flooded 
(%I 

0 
30 
100 

Area Flooded 
0-4 

0 
52.8 
176.0 

Annual Flood Cost 
(E/ha) (5.) 

0 0 
8 422 
8 1408 

Total 1830 
Note: 1997198 prices used. Figures are subject to rounding. 

Design standard benefit area value 
The value of the benefit area under the current maintenance regime is calculated by subtracting the flood costs 
from the net return, as shown in Table 12. 

Table 12 Design standard, value of benefit area, Kelwell System 

Total Net Return (5) (a) Total Flood Cost (E) (b) Benefit Area Value (5) (a-b) 
57904 1830 56074 

Note: 1997/98 prices used. Figures are subject to rounding. 

1.54 Maintenance regime 
It is assumed that maintenance increases the channel width by 50% through removal of emergent vegetation. 
Due to lack of data this parameter has been estimated. Through desilting during which 0.2 m of sediment is 
removed, channel depth is increased by approximately 5%. 

The impacts of widening and deepening the channel on freeboard were calculated using Table 2.8 in the main 
text. Assuming an increase in width of 50% and depth of 5%, the corresponding increase in freeboard is 11.5% 
(9% + 2.5%). This equates to an increase in freeboard of 0.12 m. 

1.5.5 Do-nothing (without maintenance) 
Drainage status 
The change in freeboard as a consequence of maintenance is used to determine the watertable depth and the 
corresponding drainage status which would prevail in the absence of maintenance. Assuming a freeboard of 
0.8 m without maintenance (1 m - 0.12 m), using Figure 2.6 in the main text, the without maintenance 
drainage status is assessed as bad. Under Scenario 2, the drainage status is expected to deteriorate from good to 
very bad. 

Economic net return 
Using the dominant land use type of a cereal/oilseed rotation and bad drainage, the economic net return is 
calculated to be E263 /ha (1997/98 economic prices) (Scenario 1). The total economic net return for the whole 
benefit area is therefore L46288 (1997/98 prices). 

Under Scenario 2, the loss associated with-the extra deterioration to very bad drainage is 518060. If this is 
subtracted from the net return with maintenance, the net return without maintenance under Scenario 2 is 
E39844 (1997/98 prices). These Scenario 2 figures have been derived following the same approach as for 
flooding. Further details are presented at the end of this Appendix. 

Flood costs 
Annual flood costs svere identified using the Guidelines for the cereal/oilseed rotation under bad drainage, for 
events with the same return periods as under the ‘with’ maintenance situation. The same flooded areas and 
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return periods were used as in FDMM. The flood costs corresponding to the return-periods are shown in the 
record sheets at the end of this Appendix. Flood costs under.ScenarioJ are E3159. Under Scenario 2, flood 
costs are 54977. 

Without maintenance benefit. area value k 
The value of the benefit area under the ‘without’ maintenance situation. of bad drainage is calculated by 
subtracting the flood costs from the net return, as shown in Table 13. 

Table 13 Without maintenance benefit area value, Kelwell system 

Total Net Return (5) (a) Total Flood Cost (E) (b) 

Scenario 1 4628% 3159 
Scenario 2 39844 4977 

Note: 1997/98 prises are used. Figures are subject to rounding: 

Benefit Area Value (L) (a-b) 

43129 
34867 

1.5.6 ‘. Maintenance costs 
The total annual maintenance expenditure on the Kelwell System main river, excluding the embanked section, . . 
is 63 7 13. (1997/98 prices). 

1 l 5.7 Benefit of maintenance 
The difference in value of the benefit area ‘with’ and ‘without’ maintenance is used to determine the benefit of 
maintenance. From the figures presented in .Tables 12 and 13, the,benefit of-maintenance is calculated to be 
512945 under Scenario 1 and 5.21207 under Sdenario 2. 

1.5.8 Justification 
The net benefit of maintenance is greater than the annual maintenance expenditure, therefore the maintenance 
regime is justified. The benefit:cost ratio is 3.49 under Scenario .1 and 5.71 under Scenario 2; 

1.6 Sensitivity Analysis 

1.6.1.. Flooding 
As previously discussed (Section .1.3.4), the benefits of flooding.vary according areas inundated. Some 
sensitivity analysis has been undertaken to determine the impact of different areas flooded by the annual flood 
occurring after one and 10 yearswithout maintenance. 

1.6.2. Maintenance costs. 
The benefits of maintenance are sensitive to assumptions made regarding maintenance expenditure. In the 
preceding analysis, maintenance expenditure for. main river only, excluding the’embanked section has been 
taken into account. As with’.FDMM, benefit:cost ratios have been calculated. for various maintenance 
expenditure scenarios. The results of this analysis are shown in Table 14. 

Table.14 Sensitivity of benefit:cost ratio to.maintenance costs;Kelwell System 

Total Annti Benefit (5) Total Annual Maintenance Cost (5) Benefit: Cost Ratio 
Maintenance costs for Kelwell System, main river- in flood risk area only 

12945 .. 3713 3.48 

LMaintenance costs for Kelwell System, main river in flood risk area only and IDB watercourses 
12945. 4263 3.04 

Maintenance costs for whole of the Kelwell System, including the embanked section 
12945 .: 5300 2.44. 

Maintenance costs for Kelwell System, including the embanked section and IDB watercourses 
12945’ 5850 s 2.21 

Maintenance costs for whole of Kelwell System, including the embanked section and IDB ‘.. 
watercourses and proportion of costs on Foredyke Stream and Holdemess Drain 
12945 9600 1.35 

Note: 1997/98 prices are used: Figures are subject to rounding. 
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KELWELL STREAM 

Order of record sheets presented in the following pages: 

FDMM 

Annual maintenance costs 

Land use assessment: reach summary 

Flooding 

Drainage benefits 

Agricultural benefits only: Land use assessment - reach summary 

Agricultural benefits only: Flooding 

GUIDELINES 

General information 

Design standard 

Maintenance regime 

‘Do-nothing’ - Without maintenance 

Maintenance expenditure and benefits of maintenance 
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ANNUAL MAINTENANCE COSTS 

Kelwell Stream, North Kehveil, South KelweU :‘. 
1997/98 prices 

Element Annual Maintenance 
cost (L) 

Kelwell Stream witbin flood risk area ody 913.: 
Kelwell Stream, embanked section 1587 
Total costs on main river 2500 

North Kelwell 
South Kelwell 

1400 
1400 

Proportion of associated costs on Holdemess Drain 3750 

Internal Drainage Board watercourses 550 
Source: Environment Agency (North East Region) and Beverly & Holdemess IDB. ‘. 

Note: All’maintenance costs relate to annual costs, expressed in 1997/98 prices. 
The proportion of maintenance costs on Foredyke Stream and Holdemess Drain which may be associated 
with the Kelwell System is based on flow with costs apportioned as follows: 

Total maintenance cost on Holdemess Drain is E30 000. 
50 % of flow in Holdemess Drain is from Foredyke Stream, therefore f15 000 is apportioned Foredyke Stream . 
and Ll5 000 apportioned to Holdemess Drain. 
50% of flow in Foredyke stream is from Monk Dyke, therefore f7500 remaining. 
25% of remaining is apportioned each to Lambwath Stream and Kelwell Stream, therefore E3750 apportioned to each. 
No costs are apportioned Corn Foredyke Stream itselfas this is a &&land carrier only. 
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LAND USE ASSESSMENT : REACH SUMMARY 

Watercourse Kelwell Stream, South Kelwell 
Bank Left Bank 
OS Map Pathfinder 687 
Flood risk area (ha) 71.6 
Effective reach length (km) 2.7 (1.9 km Kelwell Stream + (0.4 * 2 both banks) South Kelwel 

Land Use Factor unit 

House Number 
Garden / allotments Number 

Number or 
area (a) 

1 
1 

1.00 
0.04 

1 
0.04 

NRP - Manufacturing Area (m* j 0.030 0 
NRP - Distribution Area (m* ) 0.054 0 
NRP - Leisure Area (m’ ) 0.032 0 
NRP- Offices Area (m* ) 0.033 0 
NRP-Retail Area (m’ ) 0.035 0 
N R P - Agricultural Area (m* ) 0.010 0 

C Roads Number 
B Roads Number 
A Roads (non trunk) Number 
A Roads (trunk) Number 
Motorway Number 
RZlilWi3y Number 

Forestry and scrub * per 100 ha 
Extensive pasture Q per 100 ha. 
Intensive pasture * per 100 ha 
Extensive arable * per 100 ha 
Intensive arable * per 100 ha 

Formal parks Number 
Golf I race courses Number 
Playing field Number 
Special parks Number 

I 

0.716 

House Equivalents Total HE 
HE/unit (b) (a) x 0~) 

2.7 2.7 
6.3 0 
15.9 0 
31.7 0 
63.5 0 
63.5 0 

Flooding Flooding Drainage Drainage Flooding Drainage ** Flooding Drainage ** 

0.02 0.02 0.0 0.0 
1.3 1.3 1.1 1.1 
3 3 4.5 4.5 

6.3 6.3 3.6 3.6 4.51 4.51 0 0 
44.1 44.1 9.7 9.7 

0.6 0 0.6 I 0 
0.7 0 
0.1 0 
9.3 0 

Total HE (c) * 8.25 
HE/km ((c) / effective reach length) 3.06 

Note 
* Flooding / drainage scores to be summed 
HE values are at 1991 base 

** Apply area1 drainage factor if required 
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LAND USE ASSESSMENT : REACH SUMMARY 

Watercourse Kelwell Stream, North Kelwell ., 
Bank Right Bank 
OS Map. Pathflnder 687 
Flood risk area (ha) 104.4. 
Effective reach length (km) .-. 2.9 (1.9 km Kelwell Stream -!- (0.5 km x 2 both banks ) North Kelwell) 

Land Use Factor unit 

House 
Garden / allotments 

NRP - Manufacturing 
NRP - Distribution. . . 
NRP - Leisure 
NRP- O&es 
NRP-Retail 
N R P - Agricultural 

C Roads 
B Roads. 
A Roads (non trunk) 
A Roads (trunk) 
Motorway 
Railway 

Forestry and scrub * 
Extensive pasture * 
Intensive pasture .* 
Extensive arable * 
Intensive arable * 

Formal parks. 
Golf I race courses 
Playing field 
Special parks 

Number 
Number 

Area (m2) 
Area (m2 ) 
Area (m2 ) 
Area (m2 ) 
Area (m2 ) 
Area (m2 ) 

Number: 
Number, 
Number. 
Number 
Number 
Number 

per 100 ha 
per 100 ha 
per 100 ha 
per-100 ha 
per:100 ha 

Number 
Number 
Number 
Number 

Number or 
area (a) 

; 

:: 

2 

1.044 

House Equivalents 
HE/unit (b) 

1.00 
0.04 

0.030 
0.054 
0.032 
0.033 
0.035 

, 0.010 

2.7 
6.3 
15.9 
31.7 
63.5 
63.5 

0.6 
0.7 
0.1 

!: 9.3 
: 

Total HE (c) * 
HE/km ((c) / effective reach length) 5.92 

Note 
* Flooding I drainage scores to be summed. 
HE values are at 1991 base. 

** Apply areal drainage factor if required . . 

Total HE 
60 x co> 

i.. 5 
0.2 

5.4 
0 
0 
0 
0 
0 

Flooding Drainage ** 

:.. 

~ 

6.3772. 0 

0 
0 
0 
0 

17.18 
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FLOODING 
Watercourse 

Bank 

Flood risk area (ha) 

Effective reach length (km) 

Kelwell Stream, South Kelwell 

Left Bank 

71.6 

2.7 

With maintenance - current situation 

Flood Return Period 

(years) 

1 

no flooding 

20 
. 3. % flooded 

50 

100 % flooded 

Probability Nr. HEs Probability Average Nr. HEs (a) x (b) 

Affected Interval (a) AiTkcted (b) 

1 
o. o* ~:~:~~~~~~~~~~~~~~~~~~~~~~~~~.~~~~~ 
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Annual Average Number HEs affected with maintenance (AAN ti) 2.21 

Scenario 1 - without maintenance 

Impact of anuual flood after 1 year without maintenance 

Flood Return Period Probability Nr. HEs Probability Average Nr. HEs (a) x (b) 

(years) 

1 

5 % flooded 

20 

100 % flooded 

50 

100 % flooded 

Affected Interval (a) Affected (b) 
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Annual Average Number HEs affected without maintenance (AAN ti0u) 

Scenario 2 - without maintenance 

Impact of annual flood after 10 vears without maintenance 

7.22 

Flood Return Period Probabilitv _ Nr. HEs Probability Average Nr. HEs (a) x (b) 

Or-> 
1 

40 % flooded 

20 

100 % flooded 

50 

Affected Interval (a) Affected (b) 

1 
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100 % flooded 

Annual Average Number HEs affected without maintenance (AAN tio,J 9.49 

Summary: flooding 

Left Bank 

Scenario 1, year 0 

Scenario 2, year 10 

~wilhou mwrlh 

(4 @I 

7.223 2.213 

9.494 2.213 

Benefit (2) 

(a) - (b) = c c * value one HE 

5.010 6533 

7.281 9494 

Value of one HE (5) * - 1304 

* 1997198 price 

Note: Severity weightings have been applied to HEs affected by flooding arable 2.2 

pasture 1.5 

R&D Technical Report W134 



FLOODING 
Watercourse 

Bank 

Flood risk area (ha) 
Effective reach length (km) ‘. 

Keltiell Stream, North Kelwell 

Right Bank 

104.4 

2.9 

With maintenance - current situation . . 

Flood Return Period Probability Nr. HEs Probability Average Nr. HEs (4 x @I 
&ears) 

1 

no flooding 

20 

30 % flooded 

50 

Affected Interval (a) AEected (b) 
._ 

1 ‘. o. o. ‘.~.~.~.i.:i...:.:.-:-:.:.‘.-“.“..’...””.”-”..:::.:..::::~.: .:..i: ::: :::. -. _.... ‘::::.~.‘...:‘~. :::_: . . . . . . . . . . ..‘..............:::::::::::::~~~~~:~.~:~.~~:~:~~.~:;:~ ,:.:. :.:r;.:.:.:.: . .._ . ...:. >y:j: . . .._......... :.~:~:~~~:j~g::i8#:i:ij::::.~.~.~::~.:.~.:.~~~~.~ :.~.:.:..‘.:.:.:.:.:.:.:,,. ..,..,..._ _. .’ ” “~“~“..““.“‘:‘:.:.:..........:.:.:.:-:-~-: x::: . ..‘.L.‘.‘.....~..~..,.;;;~.,.,~,.~~,~i~.~~~~~~~~~ ~:.ii : : : ::: ~:::::::;::x’:‘-:‘:‘“.‘... . . . . . . . . -.-.; __........ :.:.:.:.:.:.:.:.:,,:~~~:~:~:.:,:..,-,-..:.:-:: ::: :. . . . ““.. ‘..“.‘.’ :.:.:.:.‘:.‘:‘:‘:~:‘:.-.~:~: ,‘.., (:.:.;.:.: ::,~. :.~.:.~ ::::: :: j,:,:.:.:;,.:,:..,.,.,.:.:.; .;:........ ~ :.:. 
‘--...“.“-‘.‘..c.. ....ii...._____._....,. ,.......... ..... ‘::-:‘f:: ._.,.. :: : : .. ...-....... . . . . . . . . Z::::::::..:.:~:..~.:.:.:.: . . . . . . . . . . . . .“.............:.:.:.:.~.~. :.~ :.:.:::: ~.~:.‘.‘:.‘.~.‘:~:‘:.:~‘~~~~:~~~~~~~~’~~~. ~ _.i/.....__,,,,,~._ii,,_ . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~.~.~.~...~.~ :::::::::::>x;- _.......... .:.........:.:.::::::::: . . . . . . . . . . . ~ ,,,,_,:: ,.,.,:,:,::: .,..,,::: . . . . . . . . ..(...)~...~.~....... 0.95 3.76 3.57 
./. ” .‘. -.- .-.. ” “. “.’ ” .-_‘... ... ..’ ..‘. ‘.’ ” “:~::::::::::::::::::::~.:.:::::::::::::j:l.;::.:-: ‘.,:.~..,.......... .,.,...,.. ,., ,,,,,_ -, .,.,., _ _,. ..,,.,.,.,., ,: ,..., ,., ,-. .._, .,.,,,., 

0.05 7.52 ~~~~~~~:~~~~~~~~~~:~~~~~~~~.~~~~~~~~,~. 
:.>:c.:c ;:.:.:. ):,‘.>:.:.::‘.:: ::: ::::.:.~:.:.~:.:.:.:.:.:.:.:.:.:.:.:.:.:.:,,.:.~~:.:.:.:.:.:.:.:...:.:.:.~:.:.:.:..- . . . . . . . . . . . . . . . . . . . . . . . ......i.._._..../...i.ii_ ‘.‘.“.‘.‘:.‘.--.‘.~g~ _.....:........._. . . . . . . . . . . . -...:.:...:.:.~:.:.:.:.:.:::ij- f:.:.f:.:.:: . . . . . .._. _, :.:.:.:.:.:.:-:.~I-.:.:.:.:.:.;:.:.:.:.:.~ .._.............._ __. ,:: ::::‘:) ‘:.:.:.:.:.-:.:‘..:‘:.:.:.:.~,‘..”......,.. -..i . . . . . . .,.“..‘-.,.,,-,.. ,_ 

““““‘.‘...~.......r;.. i -:...:.:.:.:.:.: . ...:. ~ :,::: 
:-:.:-:-:.:.:.:.:..:.:.:::::::::::::::.: . . . . . . . . . . . . . . . . . . . . . . . . 

::.:,:,: . . . . . ../................. ~.~ :):.:.:.:.:... 0.03 16.30 0.49 . . . ___.._.... 

0.02 25.07 ,, ~~~~:~~~~~:~~~~~~~~~~~~~:~~~~~~ 
.,.i,.iii,.i,._.i,__~~,, ,.,._.,.~.~.~~..,..~............................................, _.,.,...,.,.............. ..- . . . . . . . . . . . . . . . . . . ..,.............. -:..: . . . . . .:::,......... . . . . . 

100 % flooded 

Annual Average Number HEs affected with maintenance (AAN ,iah> 4.06 

Scenario 1 - without maintenance 

Impact of annual flood after 1 year without maintenance. 

Flood Retnrn Period Probability Nr. HEs Probability Average Nr. ,HES (a) x (b) 

(years) 

1 
5 % flooded 

Affected Interval (a) Affected@) .. ._ _.. 
1.‘ 1.25 ““:-:~:: ::::: ‘_.. ... .- . ..i.. .A.... . . . . . . . . . .A................ y . . . . . . . . . .::. ,. . . . . 

“‘.‘..““..-.‘.-.‘.-... ....--. . . . . . . ‘-“-------‘..----....-:..O . . . . . . . . . . -...m..:.:.:.: . . . . . I... :.:.:.:: .:::: ..‘. :...‘.‘.‘....“’ ‘..y-...‘..:. . . . . . . . . . . :... _. . . . . . . . . . :::: 
: >:.:- . . . . . . . . . . . . . . . . \_ _,,,.,., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . >:.: . . . . . . . . . . . . . . . . . . ...‘-.-.- ~ :.:.:.:.:.:.:.:.:.:.,.:.:::: ~ :.::,.:: (:‘:: . . . . . . . . . . . : ..~.~..........~.~..... ~ .,,,..,.,._,.,: . . . .~.~.~.~.,.~.,~~.~.~,~,~, ,.,_,.. I,.. _.._......._ . . . . . . . . ._. ,., _._.,. .,.,. . . ::‘-““‘-----.....‘..‘---‘-‘; . . . .._........,.___._........: . . . . . . . . . . . . ..~..............~~~~...... i,.,...,i... . . . . . . . . . . ..i . . . . . . . . . . . . . -~.~-~.‘-‘.~.‘.‘.~.‘.-.--‘~~:~:~:~:~:~::~:::;~:~~;~~~:~:~:~:~~~ .:.:.: i .:.:.:.:.:.:.: ~.:~ : : :. .,. . . . . . . . . . . . . . . . ..i........_..i - ....,_.. ,-.,...,., ,::, :: :_ ,,,,., ,,.,.. -. 

::::::~::::~:~~:::~:::::::::::::i:::.~~:~~:~:~:~:~:~:~:~.::..~: ~~ib:~:~i:~~.~.:~:‘~~~:::~::::::.:~~.:~ :.:.:.: .:.:... 0.95 13.16 12.50 
.“.‘_“.. ““-.‘~~~~‘.~“...-~~~~~~~~~~~~~~~~~~~~~ -. :::::““‘.‘.~.‘.~.~‘.‘:-:::::::::+:.: ..~.......~.~..,._.,..~.........~. :.:.:.:.:.:.:.:.:.:.:.:.:.:...:.:.:.:.:.:.:.:.~:.:.:.:.:.:.:.:...:.: . . . . . . ;:.::.:.:.>:.x.:.:.:.: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -: ..:::... . . . . . . ..i....iii............................... :.: .:,::.::, :j:~ .:,:.:. :- :,:. ._. .:.> ,.;,.:.: .::,:,.,:,:.:::: _._________.__...\_ii...,. _. ,~,~,i~,~,~.~; :,:-:.: 
.:.~.:.5-.::::::~::‘::~~:.:.:.:.:.:.:.~:.~~..~~.~: :.:,:.-,: ::.:,:::: :. 
‘;:‘..:.: . ..i.. . . . . . . . ..I.... .i ::... :.:> :.:.~~::::::::::::::::::::::i#:l:i2F:t:::::,:,~,:.:,~,~.~,~, (:.:.:.:.:.:.:.: :.~~.....-.-.:.:.:.:.~~:.~~ .:.:,:: ::::::: ::, .__ 0.03 ,. 25.07 0.75 

.‘.. ““::::::::.“.‘i . . . . . . . . . . . . . . . . . . . . . . . ..~...~...~.~.~.~...~.~.~.~.~.~.~.~.~.~...~ . . . . . . . . . . . . . . . . . . . . ../...............................~. :- ,,_,~,__,,i,,i,,,,__i.~,~_ 25.07 ‘~~~~~~~iii~~~~~~~~~~~~~~~~~~~~~~~~~~~:~:~~:~:~:~:~~~:~~:~~:~~~~~ 
~~~::.~::::.;:::~:~.:.~.‘::.:~~::~ y.:. ;::..-.:::i;.‘..~. :.:.:.:...:.:.:::.: .“i...........: :: ,:,:: ::::::::::::::.- . . . . . . . . . . . . . . . . ..“..‘~.~.~.. yc.: ..: ~:::-:-~:::.~“-.: _.,.,_.._/ :. /.,.._.,_..... . . . . . . 

100 % flooded 

Anmral Average Number HEs affected without maintenance (AAN~~L~~~) 13.26 

Scenario 2 - without maintenance 

Impact of annual flood after 10 years without maintenance 

Flood Return Period Probability Nr. HEs Probability Average Nr. HEs (a) x (b) 
(years) 

l- 

40 % flooded 

20 

100 % flooded 

50 

AfFected Interval (a) Affected (b) 
i.‘.‘.‘.” .-.-‘i.‘.‘.‘.“...--.. . . . . . . . . . . . . . . . . . . . . . . 

1 
1 o. o3 -“,‘:.::::::.::” i . . . . . . . . . . . . . ..::..... . .._ . . . . . . . . . . . > ., _.: . . . :::::::::::y:-:-::::::::::.:.: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._........l......../. --““-.. . . . . . :. . . . . . . ,.,...,..: :&.+ :.:.:z .:.: . .__.......... ::.... 

‘:.“.“.“-.xi’. : :,:~:~:~:~‘,~,‘~:‘~~..‘“--‘.~.~.~.-~.‘.’.”-‘-~-:-:.:‘:.: ,. . . . . . . . . . . . . . . . . . . . ..:...>:.:.: :.:.:.: :.,::;:::::::::,+ ::.:.:.:,:, ~ ,.,.,.,.,.,..:. ~:-~,; 
.. ._. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~.......~~..................:.:.:.:.:.:.:.~~ .,:.:.: 

. . . . . . . . . . . . . . . . ..__.. ll”l,‘;,.~ .:.: _‘: 
..L..................... :.:.:.:(.:.~:.:..:...:~~~ ::::: :: ):. : : : : : : : : :.:.:.; .)h.-:.:::::::: ~ :.i.,.,.,.,.,.~.j,.~., __, __, _,: :,_ 

. . . . . . >z.z.:-:.-.. . . . . > ‘.“..~l:.:-..:-:.::~~~.:.~.:~.~..~.:::~.::::~:~:~ .:.: ..::::::::::::::::::::::::.::::i:::::::::::::::::::, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ‘I.:.:.:.:.x.:.::.:.:.:: :.:.:.:...z.:-z.:-> . . . ...’ . . . . . . . . . . . . . . . . . . :r.:.:,> : : : :: :; ,:,:,:,:,:. ~ ;- .:.:-:.:-:-:.:....:::::.::: . . . . . ..___. > ,.,._.........._._.._.... . . . . . . . . ..c.- ‘:::::::::::~.::::;:.:.:.:.:: :.:. :.:.:.:.:.:.:.:.:.:.:.:. .3: .___.. .,.,.._ I.... .i,.,.,.,.,.i,...... 0.95 17.55 16.67 _, .-_ . . .._.................... ../ .:.,.......... 
0.05 

‘:‘-‘:‘Y;?‘~ :;:.:::::::+:... . . . . . . . . . . . . . .- _......... ‘.~.~.‘.~.‘.-.-.c”~.:.:.:.:.:.:.:.:.:.:.:~::~~..:.:.:::::i::~::::.:.:.:.:. _..........,. . . . . . . . . . . :.>:.; .:.:.:. ;.;.i.;.;.;.:.>; :::::::::::: :::f .::::::::::::::::: :::: . . . . . . . . . . . ..i . . . . . . . .:::.... ..i... _. 25.07 ;:~::~:~:~~:~:~.~:~~:~~~:~~~~~:~~~~~~~~~~:::ii;;i::,~~~~~~:~~~~~:~~~~~:~:~:~~~~~:~~:~~:::i::i. . . . . . . ,,_ ,_, _, .,._,_ 
.:.:-:.:-:.:.:.:-:-:;-x.>....: . . . . . . . ...: .A.. . ..i.. i..........,...... ,..., ____. . _. .,_ ,,.,,,..,,.,.,,..,. .: 

. . .:.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._..................... . . . . . ,.: . . .._. ._; .,.,.....,.,.......ii,,..,.,...i_ . . . . . . .._..... . . . . . ..: ,...... ../:. 0.03 . 25.07 0.75 . . .‘. .‘. .c. . ..‘.‘. i. :.c .‘....... .z. ..::........._.. . . . . . . . . . . . . . . . .: ..:. .:. . . 
‘0.02 

.‘.z.:.:.‘.::.‘.:.,.:.>> . . . . +::+:.::,: ..:.: ;.:::.:.::i::.:.: i,...,..,........,.,.,.,.,.i,.,.,.,.,.,.....,.....,.......,. 
25.07 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

“j:.~.~j:.:;.:.:.:.:.:.:.):.:.:.:.:.;:.:.::.:.:.~. .~‘:.:.:.~:.:.:.:.:.:.: :.:,):.:.~:.:.;:‘.:.:.:.:.:.:.:.:.:.~~:.~:.:.:.:.:.:.:.:.:.~~.~:.:.:.:.~:.~~-.:.:.:.:.:.~:. 
100 % flooded 

Annual Average Number HEs affected without maintenance (AAN u+r,OU) 17.42 

Summary: flooding. Benefit (f) 
Right Bank (a> (b) (a)-(b)=c- c+valueoneHE 

Scenario 1, year 0 13.256 4.061 .. 9.194 11990 
Scenario 2, year 10 17.424 4.061 13.362 17424 

Value of one HE (E) * 1304 

* 1997/95 price 

Note: Severity weightings have been applied to HES affected by flooding arable 2.2 

pasture 1.5 

R&D Technical Report W134 .. 



mm 
Kelwell Stream 
Estimation of benefits of flood alleviation assuming further deterioration in subsequent years 

Benefit lost in year 0 (4 6533 11990 
Benefit lost in year 10 @> 9494 -17424 
Incremental loss over 10 years CD)-(a) = Cc> 2961 5435 
Average value of incremental loss (loss in year 5) (c)/2 = (d) 1481 2717 
Discount factor at 6% (year 5) (e) 0.747 0.747 
Present value of average incremental loss (4 x (4 = 0 1106 2031 
Average annual loss assuming further deterioration 0 + (4 7639 14020 
Total for both banks 21659 

Left Bank Right Bank 
& ;E 

1997/98 p&s are used. Figures are subject to rounding. 

R&D Technical Report W 134 



FDMM 

KelweH-Stream 
Estimation of BenefitsXrom Hcioding assuming further deterioration insubsequent years 

Benefit lost in year 0 
Benefit lost in year 10 
Incremental loss over 10 years 
Average value of incremental loss (loss in year 5) 
Discount factor at 6% (year 5) 
Present value of average incremental loss 
Average annual lossassuming’fwther deterioratio 
Total for both-banks 

Left Bank -1 Right Bank. 
& & 

a 4746 6920 
b 6897 10057 

(b-a)=c 2151 3137 
(c/2) = d 1076 1568. 

e 0.747 0.747 
(dxe)=f 804 ‘: 1172. 

fia 5550 8092 
13642 

1997/98 prices are used. Figures are subject to rounding.,. 

R&D Technical Report. W 134 



AGIWXJLTURAL BENEF’ITS ONLY 

FLOODING 
Watercourse KelwelJ Stream, North Kelwell 

Bank Right Bank 

Flood risk area (ha) 104.4 

Effective reach length (km) 2.9 

With maintenance - current situation 

Flood Return Period Probability Nr. HEs Probability Average Nr. HEs (a) x (b) 

(years) 

1 

no flooding 

20 

30 % flooded 

50 

Affected Interval (a) Affected (b) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..:..:_ . .._...... . ..-...-.-.- _...... _...... _.. 

1 
::::::::::::::::::i:::::::::::::::::::::::::::.:.:.:.:.:::.:.:.~:.:.: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

0.00 :~;;~::::...........:::~~~~~~:~:::~~~~~~~:~~~-~~~:~:~~~~~::~~~::::::::::::::::::::::::~.:.:. ~~;:::::::i:::i:~:~-:~~:~:::::::::.:.:.:.:.~:.:.:.:.:.:.~~~ .n;.;........;,.;;.........,.,........~.~.~.~.~.~.~.~.~.~.~.~.~.~.~.~.~.~.~.~.~.~.~.~. ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . :.;.:.:.> . . . . . . . . . . . . . . . . . ..~.~.~~~ :,:_..:.:.:.::: ~~ .:::::::::::.::: ~::~ ii:: :::::::::::: z ::::: :i . . . _.. . . . : : : : : : : : :,: : :.: : : :,:.:::::::: 
_..,.... “:-::::::::::“““‘.‘.‘.‘.‘.‘.....’.:-:.:~.~~.:.~ . . ::::::::::::::::::.:.:.:...- ---------‘-““-----..:...~:.: .,....~;.,.,,.,..,,.,.,,,~,,,,,,~, . . . ‘.‘,.,.“...,.,‘.“...,~, I 0.95 2.17 2.06 

~‘~~~~~~~~~‘~~~~~““~~~~‘~~“‘~~‘-~~~”~~’~’~~’~’~~~ :::::::.:.:.:.:.....:.: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
0.05 4.3 4 

‘:i.:T:‘:’ ~““~~~‘~~~‘~~~~~~~~--~~‘~~“.~.‘.....~..~........ ..~.~...~...~~~...~~.~~.................~.~.~~~,,,,~~,,~~ :;::::y; . . . . . . . . . . . . . . . . . . . . . . . . . . . ..i . ........- i......................... ..:.:.>> . . . .._... . . . . . . . . . . . . . . . . . . . . . . . .:.:.:.: . . . . . . . . . . . . . . . . ..~.~.~~~~~ . . . . . . . . . . . . . . :.c’:.: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :: :::: . . . . ..~.~~.~~~~~~~~~...~~.~~~~~~.~~~~~~.~....~...~.~~.....~~~ 
:.:.:.:~.:.::- -..i.:.-‘:;.-...:............................:.:.:.:.:-:-:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:~:::~~:~.:....................-...-......:.-....:.:.........::::. ‘.-.-.‘;-..‘~?.‘-‘.‘-‘.‘.‘.‘... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~..... ~:: ::::.: : : : :.: : : : : : : : : : : : .. .. .~~~~~~~~. :::j:::::::::::::::;::j:::~:;::::::~~::::::::::::::::::::::::::~ :.:. ~~.:.:.~~ _.ii,_i,.,__, .::. ..-.._ ~‘..“““.““:.:.:.:.:.:.:.:.:.: . . . . . . . . . . -.:.~ ::,;......:.:.:.:.:.:.:...:.:.:.:.:::. :: :::: ;: ::: :::::::::: 

Ammal Average Number HEs affected with maintenance (AAN MJ,) 2.34 

Scenario 1 - without maintenance 

Impact of ammal flood after 1 year without maintenance 

Flood Return Period Probability Nr. HEs Probability Average Nr. HEs (a) x (b) 

(years) 

1 

5 % flooded 

20 

100 % flooded 

50 

AfFected Interval (a: 1 Affected (b) 
. . . . . . . . . . . . . . -.- . . . . . -.~.~.~.~.~...~.~~.:.~.:.~):.~.~.:.:.’.:.:.: . . . . . . . . . . . . . . . . -.-.....> ,...,.,.......i,...iiiii_.............. 

1 
::x.:.:.:.: .,...: 0.72 :~l~~~~j:ii~~~~~~~~~~:~:~:~ ..‘.,...“..‘..‘..‘.........~.~.~. ‘-:-:‘:‘:-~:j:.:.:.:.:.:.:.:.~.:.:.~ . . . . . . . . ::. .,...... ..“‘“...:,:‘.: : ____, _, _,_, _, ,‘:‘p”‘-: . . . . -.....-.....-.....~.~...~...-.~.~.-.~.~.~.~.~.~.~.-.~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..__. __,,_,___,.,_,.,.,.,._.~.,.~.~. :.:co:.:.:::::::::::::::::::::::::::>:.: . . . . . . . . . . . . . . . . . . . . . . . . . . . . -.- ....,_i....i//. :,:-:,:, ,_ ./..../.,...____._____......................... ..‘i’_‘.’ ‘:::::::::::::,.,‘.y:.:.:.:..‘::.:.:.:.: ..““““‘....... :.:-~:.~......................: . . . . . . . . . . . . . . . . . . . .._. . . . . . . . . . . . . -.> n...i,._.,...... . . . . ..~.....:.,...,.,~.:,~.:::: ._ .__. .,.,...,.. ~~ ,;,;,:,:.:, .._...,__,.~,, ,.,,,_ ,,.,,_, ~~~“‘~~~~~~-‘““...‘...“.“‘.“,............~. :.:.: .:.:.:. :c.:.~.:: 

..’ ..’ ‘. ‘. “. “.’ ..’ ....‘i’ ” .“‘-... ‘. “- ‘%““. ...‘.’ .’ “““:j::::::::.~::.:,:.:,:.:.:,:.:,:.:.:.:.:.:.:.:.:,:.:.:.:,:.::::::~.‘:.:‘:~::::~::::~:~~:~~:~:~~~:~~:~:~::~::::::::~::::::::.:::::::::~:~:~:~:~~:~ ::::; x::: EXi’fi 
0.95 7.60 7.22 ::ij::::::::::~::::::a::~..~.:.~.:.:.:.::::~~...-:.; : : : : : : . . . . . . 

0.05 14.47 
y:‘:~.~.~:..“.................‘....... ..i. ‘.‘“‘.:.:.:.:.: . .._...................... :.:.:.:::::.:.?: .i................................. -......:i. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :.:,:.~.:,~.:,:.:.~:.:.:.~~~.:.:.:.:.:.:.:.:.:.:.:.:.:.: . . . . . . . . . . . . . . . . . . . ..“.......~.~.~.~.~.~.x. ~ . l:.:.):.:.:.:.~ .:“‘.;;..,...;;.,:.:.:::: :: ::::: ::: ::: :.:.:.:.:::: . . . . . . . . . . . . :.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.~.~.~ . . . . . . . . . . . . . . . . . . . ..~.~(.~.~.~.~. ~ :.~.~.‘;.~;;.~;.,.~.;~.~,~.~.,.,.,.~.,.~.,.,.~.,.. :: :::: :::: :: :::::::. :.:.~:.:.:~:.:.:.:.:.:.~.:.~~.:.:.:.:.:.:.:.:.:.:.~.:.:.:.~.~.:.:.:.: . . . :::,~.: 

.-... . . . . . . . . . . ..,., ..-..i i....:. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..i....................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : _, __, __ ,__, :.:.:.:.: ‘.“.‘.‘.:.:.:.::::::::::::::::.: .:. :.:.:.:.:;.:.~.:.~ .:.:::::::::: .:..... . . . . . . . . . . . . . i... . . . . . . . . . :.x.: . . . . . . . . ::::: ...).. :.:.: .‘..“.~.~.~.~.~.~.l”~.~.~. :-:-~.:-‘-:‘“.:.:.:-:.~.: . . . . . . . . . . . . . . . . . . . . .: .,.,.,.,.i,___ ._.,., .:.:.:.:.:.:.>:.:.:. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~~~ :.:.:.; .:.:.: .““,:.~.~.~‘:.:.~.: 0.03 14.47 0.43 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -:.-... _........................ 
0.02 

14.47 ~~~~~~~~~~~~~~~~~~~~~~~ 

100 % flooded 

Ammal Average Number HEs affected without maintenance (AAN aau) 7.65 

Scenario 2 - without maintenance 

Impact of annual flood after 10 years without maintenance 

Flood Retnrn Period Probability Nr. HEs Probability Average Nr. HEs (a) x (b) 

(years) 

1 

40 % flooded 

20 

100 % flooded 

50 

Affected Interval (a) Affected (b) 
..:.: .+:. :.:.:.:.~.::.::.:.;:.:.:.:.:.~:.:~:::.:.:~:.:~~.::.:.:.:. 

1 5.79 
:.:.~..:.:.:.:.:‘:.:.:.:.):.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.: ::~:.:::~;~.::#:~:~~~:~::I:~:~:~:~~~~.~~.~:~~: .:.:.:.:.:.:.~........,......................................... _.... ‘.“.ZF.‘. ..-.-.-- .. ..- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :::~::::::::::::.~.:.:.:.:.:.:.:.::;.:.:.:.-:.:.:.;:.:.:.: ‘.‘...‘.“::‘.~:.: . . . . . . . . . . . . .._.......................... . . . . . . . . . . . . . . . . . . ._....._____,_,_,,____,,,~.,.~,~. . . . . . . ..-...... ..i. “.“‘..‘:.:.:.:.): . . . . . . . . . . . . . . . . . . . . . ..___. ________, __, _, .._.:./.:..:. . . ...... ../..\...i................................~ .:.:.:.:. ~ . . . . . . . . -__ . . . . . ,, ..:.:.:.:.:.~.:.~~.~.~.~.~.~.~.:.~.:.:.:.:.~.~.~.I:.i::~~.:.~.~:.~.~:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.~~.:.~:.:.~:.:.:.:.~~:.:.:.:.~~..:.~.:.:.:.:.:.:.:.:.:.:.: . . . . . . . . . . . . . . . . . . . . . . . . . . i... _..................L. :“..:‘~..~.~:.~..~:.~~~:~:.:.:.:.:.~.:.:.~~:::::~ ,._ .,._,.i,.,.i,.ii,_: 

~:::~:::::::::::;::::;:::~::::::::::xi-:-: . . . . . . . . . :.:.> ,._, 0.95 10.13 9.62 . . . . . . . . . . ..-....... . . ..__.._........i. . . . . .i........ . . . . . . . . . . .._ . . .._ _............ . . . ,_________, ____ 
0.05 14.47 ~~~~~~~~~~~~~~~~ 

.::::.:-3:x ._.... _............ i... :.:i”(‘.:.:.:.~.:(.:;L((‘(“-’ ~:i:::::::::::::::::::::::j:::.j:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.~:.:.:.:.:.:.:.:.:...:.:...:... 

. . . . ..i.........i _L.....i...i..... . . . . . . . . . . . .._ L..... . . . . . . . . . . . . 0.43 0.03 14.47 : : : : : : : : : : : : : : : : : : : : : : : : : : . . . ,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._................_ . . :. . . . . . . . . . . . . 2.. ..:. . . . . . . . . . . . -. 
0.02 14.47 ~~~~~~~~~~:~~~~~~~~~~~~~ 

.~:.:.~:.:.:.:.:.:.:.~.~.~.~.~.~.~.~.~.~.:.~.~.~.~.~.~.~.~.~.:.~.~.~.~.~.~~.:.~.~.:.~.~.:.:.:.;.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.~.:.:.:.:.:.~~:.~~:.:.:.:.:.:.:.~..~:.:.:.:.:.:.:.:.:.:.:.:.:.:.: 
100 % flooded 

Annual Average Number HEs affected without maintenance (AAN ti0ti) 10.06 

Summary: Flooding 

Right Bank 

Scenario 1, year 0 

Scenario 2, year 10 

Value of one HE (f) * 

AANwhxl A‘4NLeth 

(4 @> 
7.651 2.344 

10.057 2.344 

1304 

(a) - (b) = G 

5.307 

7.712 

Benefit (f) 

c x value one HE 

6920 

10057 

* 1997198 price 

Note: Severity weightings have been applied to HEs affected by flooding arable 2.2 

pasture 1.5 
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AGRICULTURAL BENEFITS ONLY 

LAND USE ASSESSMENT : REACH SUMMARY 

Watercourse Kelwell Stream, North Kelwell 
Bank Right Bank 
OS Map Pathfinder 6 87 
Flood risk area (ha) 104.4 
Effective reach length (km) 2.9 

Land Use Factor unit 

House Number 1.00 0 
Garden / allotments Number 0.04 0 

NRP - Manufacturing Area (m* ) 0.030 
NRP - Distribution Area (m’ ) 0.054 
NRP - Leisure Area (m* ) 0.032 
NRP- Offices Area (m2) 0.033 
N R P - Retail Area (m’ ) 0.035 
N R P - Agricultural Area (m* ) 0.010 

C Roads Number 2.7 
B Roads Number 6.3 
A Roads (non trunk) Number 15.9 
A Roads (trunk) Number 31.7 
Motorway Number 63.5 
Railway Number 63.5 

Forestry and scrub * 
Extensive pasture * 
Intensive pasture * 
Extensive arable * 
intensive arable * 

Formal parks 
Golf I race courses 
Playing field 
Special parks 

Number or House Equivalents Total HE 
area (a) HE/unit (b) (a) x 0~) 

Flooding Drainage ** 

1. o-14 

0.02 
1.3 
3 

6.3 
44.1 9.7 

I 

9.3 

I 
TotalHE(c)*l 

HE/km ((c) / effective reach length) 1 

0 

6.58 
2.27 

per 100 ha 
per 100 ha 
per 100 ha 
per 100 ha 
per 100 ha 

Number 
Number 
Number 
Number 

Note 
* Flooding / drainage scores to be summed 
HE values are at 1991 base 

** Apply areal drainage factor if required 
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AGRICULTURAL BENEFITS ONLY 

LAND USE ASSESSMENT : REACH SUMMARY 

Watercourse Kelwell Stream, South Kelwell 
Bank. Left Bank. 
OS Map Pathfinder 687. 
Flood risk area (ha) 71.6. 
Effective reach length (km) :, 2.7 

Land Use Factor 

House 
Garden / allotments 

Number 
Number 

1.00 
0.04 

NRP - Manufacturing Area (m’ ) 0.030 
NRP - Distribution Area (m* > 0.054’ 
NRP - Leisure Area (m* ) 0.032. 
NRP- Offices Area (m” ) 0.033 
NRP-Retail . Area (m* ) 0.035. 
N R P - Agricultural. Area (m* ) 0.010 

C Roads Number- 2.7 
B’Roads Number 6.3 
A Roads (non trunk)- Number 15.9 
A Roads (trunk) !Jumber 31.7 
Motorway Number 63.5 
Railway Number 63.5 

Forestry and scrub * 
Extensive pasture * 
[ntensive pasture * 
Extensive arable * 
[ntensive arable * 

)er 100 ha 
)ei 100 ha 
Ger 100 ha 
3er 100 ha 
Er 100 ha 

0 
0 
0 
0 
0 

** 11(/1 

0.716 4.51 0 

Formal parks \Jumber 0.6 0.6 0 
Self I race courses \Jumber 0.7 0.7 0 
Playing field (umber. 0.1 , 0.1 , 0 
Special parks Vumber 9.3 9.3 0 

unit 

'. 

Number or 
area (a) 

House Equivalents Total HE :. 
HE/unit (b) ta) x 0-3) 

0 
0 

4.51 
1.67 

I 

Total HE (c) * 
HE/ktn ((c) / effective reach length: 

Note 
* Flooding I drainage scores to be summed 
HE values are at 1991 base 

** Apply areal drainage factor if required 
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FDMM 
Kelwell Stream 
Estimation of Drainage Benefits assuming further deterioration in subsequent years 

Lefk Bank Right Bank 
& & 

Benefit lost in year 0 (Good to bad drainage) 
Benefit lost in year 10 (Good to very bad drainage) 
Incremental loss over 10 years 
Average value of incremental loss (loss in year 5) 
Discount factor at 6% (year 5) 
Present value of average incrementalloss 
Average annual loss assuming firrther deterioration 
Total for both banks 

(4 4654 6786 
co> 12029 17539 

co>-(a) = cc> 7375 10753 
(c)/2 = (d) 3687 5377 

(e) 0.747 0.747 
(4 x (e> = 0 2755 4016 

CO + (4 7409 10802 
18212 

1997/98 prices are used. Figures are subject to rounding. 
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Sensitivity analysis 
Assuming 50% flood risk area on each bank subject to inadequate drainage 

DRAINAGE BENEFTIYS ‘: 

Watercourse 

Bank 
Drainage benefit area (ha) 
Effective reach length (km) 
Floodplain topography : 
Predominant soil type 
Drainage system ” 

Kelwell Stream Kelwell Stream.’ 
South Kelwell North Kelwell-, 
Left Bank Right Bank 
35.8 52.2 
2.8 3 
Rising Rising 
Heavy Heavy 
Piped Piped. 

With maintenance, drainage status Good GOOd 

Without .maintenance, drainage status Bad Bad 

Annual benefit (L/ha) * 65 65 

Total benefit (5) * 2327. 3393 

* 1997198 economic prices. Figures are subject to rounding. 
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DRAINAGE BENEFITS 
Scenario 1, Year 0 
Watercourse 

Bank 
Drainage benefit area (ha) 
Effective reach length (km) 
Floodplain topography 
Predominant soil type 
Drainage system 

Kelwell Stream Kelwell Stream 
South Kelwell North Kelwell 
Left Bank Right Bank 
71.6 104.4 
2.7 2.9 
Rising Rising 
Heavy Heavy 
Piped Piped 

With maintenance, drainage status Good GOOd 

Without maintenance, drainage status Bad Bad 

Annual benefit (S/ha) * 65 65 

Total benefit (5) * 4654 6786 

* 1997198 economic prices. Figures are subject to rounding. 
Note 
If the drainage benefit area is not known, multiply the flood risk area by the 
appropriate areal drainage factor, according to soil type and drainage system. 

Scenario 2, Year 10 
Watercourse 

Bank 
Drainage benefit area (ha) 
Effective reach length (km) 
Floodplain topography 
Predominant soil type 
Drainage system 

Kelwell Stream 
South Kelwell 
Left Bank 
71.6 
2.8 
Rising 
Heavy 
Piped 

Kelwell Stream 
North Kelwell 
Right, Bank 
104.4 
3 
Rising 
Heavy 
Piped 

With maintenance, drainage status Good Good 

Without maintenance, drainage status Very bad Very bad 

Annual benefit (L/ha) * 168 168 

Total benefit (;E> * 12029 17539 

* 1997198 economic prices. Figures are subject to rounding. 
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Reach Length (km) 

Dominant Substrate Type:- 

Gravel, Sand or Silt 

(Treat clay as silt) 
.’ 

la 

KELWELL 

2 

2.8 

3 

! CLAY 

4 

Tjloodplain - 

R.&g (>l %) or Flat ( < 1 %) 
I RISMG I 

5 

Catcbment Size 

Large (> 25 &. km) 

Smal! (< 25 sq. km) 

I SMALL 

6 

Benefit Area (ha) 

(Area deriving tenejitfrom nmintennnce) 

Dominant Lnnd Use Type @UT) 

(Tnbld 1) 

I 176 

7 

CEREAL/OILS (5)’ 

,; 
9 

Do$na$ Soil Type 
.’ 

CLAY LOAM 

Reach Cocle f-K+ 

7 

% Benefit Area 

8a 8b 

Varied Land Use Types (LUT) 

iTable 1) 

Note: All table numbers and references relate to R&D Note 5 11, Guidelines for the Justification of River Maintenance ‘. 



DESIGN STANDARD 

Average Bed Width (m) 

Aver.?ge Channd Depth (m) 

% Weed Cover (ln ch<anncl, 

submerged & Iloating wed ) 

Prccboard (m) 

WataIablc Depth (m) 

(Box 4, 9, 13 d; Jcgttrc I 0,’ 2) 

Economic Net Rctmn 

(Table 5. ruing Uox 7 r(; Urn IS) 

FOP dIllW :- 

01’ :- 

ill 

1 1.5 1 lh!didl Disch.ugc (Qbf) (cumccs) 

141 

j-7-y (Emergent vcgctalion only) 

Varied land USC 

* Regional Groath Curve Area 

(Figure 3) 

j * Mean Annual Flood (Q bar) 

i (cumws) 

* QbUQ bar (cumccs) 

(Uox 17/110x IY) 

i * Flooding Envelop 

I * % Bh tith dilkwnt flood 
I 
I return periods (years) 

[ (Table 6 0)’ 7, bmm 5. 7, IS) 
I 

Net Rehwn Ixss Hood Cost 

(Box 16 - lmx 24) 

l-21 Ii 
3-5 I 

G- 10 I 
I 

> 10 (2Oyr) 30 52.8 8 422 I 
I 

24a 

(L) ) 

Note: All table numbers and rekrcnccs relate to RLD Note 511, Guidelines for the Justiticnlion of River Maintenance 



G’ .I 

R&D Technical Report.Wl34 



“DO NOTHING” (WITHOUT MAINTENANCE) 

W/o Maintenance Width (m) 
(Urn IO - box Z&l) 

W/o Mainknnnce Depth (m) 
@?ox II -bar 26a) 

W/o Maintenance Freeboard (m) 
(b’ox 13 - box’28o) 

33 
W/o Maintemoncc Watertabk Depth (m) j-z-l 

W/o Maintcnrwc Draina@ Status 
(I-abJe 4, JIM 33) 

Economic Net Return (W/o maintcnancc) 
(Tchle 5, bar 8, 34) 35 

For either :- scenario 1 Sccnaria 2 
Dominant bud use 

0)’ :- 

V‘aricd land use 

35b 35a 
Net Relum Weighted 

W/o Maintenance Baokiidl Disch‘age (Qbl) (cumccs) _ 
(Bar 17 - la* 29) 

31 
* W/o Maintcnancc QbUQ bar (cumecs) -- 

- SCENARIO I (Scar 0) 

+ Floodii~y Envelopes 
* % DA tith different 

FRP (yr.) 

flood return periods @xrs) 
(J’able 6 or 7, boxes 5, 7, 34) 

3-5 
6-10 

> 10 (20 yr) 100 176 7 1232 
> 10 (5OyT) 100 176 7 1232 

Total 3159 
SCENAlUO 2 (Year 10) FRP cyr.) 

00 
-4 

I-2 
3-5 

6-10 
>I0 (20yr) 
>I0 (5Oyr) 

Total 1 8026 I 

Loss dthout maititenance in year 0 (8 a 
Loss w1oot mainten‘ance in year 10 (E) b 
hw~mmtal loss over 10 years Q (b-a) = c 
Average value of incremmtal loss (loss in year 5) (L) (&)=a 
Discount factor at 6% bear 5) (6) c 
Present vnloe of avemgc incremental loss (f) (dxc)=f 
Average annual loss assuming fortha deterioration Q f-1. a 

Dtainago 
11616 
28864 
17248 
8624 
0.747 
6444 
18060 

Flooding 
3159 
8026 
4866 
2433 
0.747 
1818 
4917 -.-.--11- 

W/o Maintcnnnce I’RP (years) pi.izz$ 

Total Average Flood Cost 

Do-nothing 
Net Rctom Less Flood Cost 
(llox 33 -box 41) 

(Box 36/bm JU) 

Note: All fable numbers rind references relate to R&D Note 511, Guidelines for the Justilicalion of Riwr Maintenance 



MAINTENANCE EXf’ENDlTIjRE 

Maiutmance 

Activity 

42 43 44 45 46 47 

&it cost No:oT Cost/Reach/ Interval Between Amoxtisatioll AMual Cod 

(f) IJtlitS ktivity (E) Main~alancc Value at 6 s/o (4 
(qccify) hrtivities (years) Discount Rate 

(Box 45, Table 18) (Box 44 * box 46) 

3713 

BENEIrlTS OF MAINTENANCE 

Des& Stauldard 

(With m&t&lance) 

Do Nothing 

(Without mainhance) 

Total ~~mual costha& (E) (Suni box 47) 

13mcfit Area (ha) Pox 6) 

Tot31 annual maintcxuxe costha (Box 48 /box 49) 

Nd rdum lmi flood costs 

Nd rdum less flood costs 

(Box 240) 

(Box 410) 

51 
(L) r-zGq 

52 
(L) r--zi5q~calario 1 r-xz--34867ccntio 2 

53 

Chugc in Nd Beneffi Due to Maiutawnce (z?o.r 51 - ho-u 52) (F) ~~~s~rnario !  ~~caIa~i0 2 
., '.' : 

54 

Net Benefit of Muintenance Clmngc in net bme~it-lotal51umal maintenance costs (Bo.x 53 - box 49 or SO) (L) ~~caltio 1 r--TGT+cenatio 2 
: 

Benefit : cost ratio (Ilox 53lbax 48) pzr-~cQlari0 1 (5.71cemio 2 

Note: All table nnmbns nud references relate Lo R&D Note 5 11, Guidelines for tie Jn&ication of River h4aintaxmce ,. 



APPENDIXII AMORTISATION FACTORS. 

This Appendix presents amortisation factors which are used to spread a single benefit out as a series of annual 
payments.. 

Discount, annuity and amortisation factors 

Year Discount Factor- Annuity Factor (Cumulative sum). Amortisation Factors 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
20 
25 
30 

----- 

0.943 0.943 
0.890 1.833 
0.840 2.673 
0.792 3.465. 
0.747 4.212 
0.705 4.917 
0.665 5.582. 
0.627 6.209 
0.592 6.801 
0.558 7.359 
0.527 7.886 
0.497 8.383 
0.469 8.852 
0.442.. 9.294 
0.417 9.711 
0.312 10.023 
0.233 10.256 
0.174 10.430 

1.00 
0.55 
0.37 
0.29 
0.24 
0.20 
0.18, 
0.16 
0.15 
0.14 
0.13 
0.12 
0.11 
0.11 
0.10 
0.10 
0.10 
0.10 

--__----- 

10 % Discount Rate 

1 0.909 0.909 1.00 
2 0.826 1.735 0.58 
3 0.751 2.486 0.40 .- 
4 0.683 3.169 0.32 
5 0.621 3.790 0.26 
6 0.564 4.354. 0.23 
7 0.513 4.867 0.21. .” 
8 0.467 5.334 0.19 
9 0.424 5.758 0.17, 
10 0.386 6.144 0.16 .i 
11 0.350 6.494 0.15,: 
12 0.319 6.813 0.15 ;: 
13 0.290 7.103 0.14-: 
14 0.263 7.366 0.14 .: 
15 0.239, 7.605 0.13 ‘. 
20 0.149 7.754 0.13 
25 0.092. 7.846 0.13 
30 0.057. 7.903 0.13 

6 % Discount Rate 

E.g. The benefits of a maintenance scheme performed every 5 years are U3542. To derive the annual benefit, 
multiply the total benefit by the amortisation factor of 0.24; using the current discount rate of 6 %. 
513542 x 0.24 = benefit of 53250 I year. 

R&D Technical~Report~W134 121 



APPENDIX III LONGEVITY OF MAINTENANCE 

This Appendix contains graphs which show the longevity of maintenance impacts over a 30 year period in sand 
and silt bed channels. The impacts of widening,,deepening and vegetation removal are shown. 

Source: modified from Fisher, 1995. 
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idealised. Channel-. Sand Bed.- 

% Change 

I 

Change in Discharge Capacity 
Widen 5 to 50 % Mid point of maintenance 

5 1 o...: . ..-.._..__.__ ---.e ._______.-. L . . . ..-... -0.: . . .._..__.__... 
I 

_,,___-, 
.-..___. 

0% _._____ 
-.-.___, 

-.-.___ -.-._ 
_ -‘- .-._.___ 

-0 

LE. I-- 
-‘- .‘.. . ..__.__ 

r-J ---.. .._._._,,, 
L-z ---. . .._.._._._, 

,. 

0 
~‘.“““.“,--........-.-......., -‘- -‘.‘_.--.-‘_-” “.‘-.“. “..-.._‘...- -..kq 

I I I L!- !  

0 5 10 15 M 25 30 

Time (year) 

Widen 5 76 Widen 10 X Widen 50 X 

% Change 

30 

25 

20 

15 

10 

5 

0 

idealised Channel, Sand Bed .‘:: 
Change in Discharge Capacity 

Deepen 5 to 40 % Mid point of maintenance 
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% Change 

6 

Idealised Channel Sand Bed 
Change in bankful capacity 

Vegetation Cutting, Initial veg cover IO % 

L 

0 I I I I I I 

0 5 IO 15 20 25 30 

Time (year) 

40%ofvEgcut &J%ofvsgd 8a%ofvegcut 100%ofvqcut 
+J ..+ . ...+. -*- 

% Change 

Idealised Channel Sand Bed 
Change in bankful capacity 

Vegetation Cutting, Initial veg cover 30 % 

0 I I I I I I 

0 5 10 ;me 20 25 30 

(year) 

40%ofvegcut Eo%ofvsgout eQ%ofvegcut 100%ofvqcu1 
+J ..-@.. -Q-. -*- 
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% Change 

25 

Idealised Channel Sand Bed 
Change in bankful capacity 

Vegetation Cutting, Initial veg cover 50 56 

01 
0 

I 
5 

I I I I I 

10 15 2-o 25 30 

Time (year) 

40 % ofveg wt w % OfVEg cut 

-ii+ 0 

80 % OfVsg cut ml % OfW cut 
.._ _.. -.o-.. 

-+e 
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% Chanae 

Idealised Channel - Silt Bed 
Change in Discharge Capacity 

Widen 5 to 50 % Mid point of maintenance 

O--.-.-.- .-.___._ 0 ._________________.~. 0 ,-._.___.___.___ ._._.C._______________________ 0 .___._________._._.-.-.-.-.-.-.-. -.-.---.-.---.Q 

IO 15 20 25 2a 

Time (year) 

Widen 5 % Widen IO % Widen 50 % 

% Change 

35 

Idealised Channel Silt Bed 
Change in Discharge Capacity 

Deepen 5 to 40 % Mid point of maintenance 

n n II 
5 - L-l 3 

0 I I I I I I 
0 5 IO 15 20 25 30 

Time (year) 

DesoellS% De.spen 10% OeepM% 0espn25% 06.9 
% ..-@ __._ .__. IgI-) ._.. -*- - 
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% Change 

40 , 

Idealised Channel Silt :Bed 
Change in bankful capacity 

Vegetation Cutting, Initial veg cwer 20 % 

; x--------g---------+ --------_ -- _________ )‘I 
+ 

____ --- ---- -----* 

1 
3. p-.- .-._._____ 0 .-.-.-.-. -.-.-.-.-.--+&- ._._._________._._._.___________,___ 

._._.___ 0 _,_._____._____._._,~.~.~.~.~.~~-.-.-.-.-.-. -.a 

I !  
IO I I I 

0 5 10 15 20 25 30 

Time (year) 

4o%afvqcut 6o%ofvegcut &l%ofvagcut m%dvqcut 

-a- 
..+-.. +,L.. -*- 

% Change 

idealised Channel Silt:Bed 
Change in bankfid capacity 

Vegetation Cutting, Initial veg cover 50 % 

45 

40 

25 

.x 
A\ ---__ 

---*----- ---__ z< _---------------x--- ------_ --- __________ ~ 
I 

(3-----.-.- .-.- 0 .___.-.-.-.-.-.-.-... 0 .-.-._....._._.____.~.~.-.-.~.~.-.~ _______ .-.a ___,._____._._._._.-.-.- -.-.-.-.-.-. -.-.-.-.o 

0 5 10 Ame 20 25 30 

(year) 

40 % cfvq C”, 60 % ofveg cut en x ofveg C”t loo % ofveg cut 
*.. +... -.qIJ-.. -*- 
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% Change 

idealised Channel Silt Bed 
Change in bankhA capacity 

Vegetation Cutting, Initial veg cover 80 % 

5 IO Cite 20 25 30 
(year) 

40%0fw!gcut 60%dvogcut eo%dvqwt 1M)%ofvegwt +J ..+.. -..$+. +- 
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Watton Beck 

APPENDIXIV 

1. WATTON BECK 

1.1 ‘-. Introduction 
This Appendix presents the results of the application of FDMM and the Guidelines to Watton Beck, a highland 
carrier in the North East of England. 

1.2 Study Area 

1.2.1 Channel characteristics and drainage network 
Watton Beck is a spring fed river which rises in the chalk wolds to the East of Middleton-on-the-Wolds 
approximately 16 km-north of Kingston upon Hull: The catchment area of Watton Beck, is estimated to be 27 
km’ (2700 ha). The area downstream of the spring line is estimated to cover 13.75 km2 (1375 ha). It is this- 
intensively drained area; both through field drains and the natural ditch system,. which may benefit from 
maintenance (Figure 1). Above the spring-line, the catchment is on the chalk wolds which are permeable and 
not served by a network of ditches. Field drains are unnecessary here. 

The Environment Agency ‘main’ river total reach length is 4.5 km. Above main river is a Beverly and 
Holderness Internal .Drainage Board (IDB) watercourse of approximately-2.9 km in length. .,The stu& reach 
extends from-the upstream limit of the main river (GR. TA 502860 449490) to the confluence of Watton Beck 
with the River Hull (GR. TA 506380 447300). Two other IDB watercourses discharge into Watton Beck on the. 
right bank. 

Watton Beck discharges under gravity into the tidal River Hull on its upper-reach through two flapped outfalls. 
The River Hull.flows out into the River Humber estuary. Watton Beck is tide-locked twice a day during-periods 
of high tide. 

Watton Beck is embanked for a length of approximately 2.5 km upstream from. the confluence with the River 
Hull and is described as a highland carrier. This section of Watton Beck does not.provide a drainage function 
for the lowland area over which it flows. This lowland area is served by a network of IDB drains-whichrun~ 
broadly parallel to Watton Beck and discharge into the Beverly and Barmstron Drain which is pumped into the 
River Hull at Wifholme Landing. 

The charmel .of Watton Beck is typically 2.5 m deep and 3 m wide at bed level (range 2-4 m) with a 
predominantly clay substrate. Freeboard under conditions of mean spring flow is estimated to be 0.75 m in the 
non-embanked reach and l-m within the embanked reach. 

1.2.2 Catchment characteristics. 
This lowland catchment is predominantly ruralin character. The area is well suited to the growing of cereal 
crops; in particular winter wheat and barley, .with oilseed rape or peas used as a break crop.(Jarvis et al, 1984). 
From a visual survey of the catchment, details on land use were obtained. Land use is dominated by cereal and 
oilseed crops (85%), with small areas under.peas and sugar beet (2%) and extensive pasture (13%). Small 
areas of scrub and woodland are also present within the catchment. 

The solid geology of the area is characterised by chalk which is overlain by chalky till.and alluvium, Slowly 
permeable fine loamy soils with deposits of glaciofluvial drift are characteristic of the Holderness Soil 
Association (Jarvis et al, 1984). The most extensive soils are of the Holderness series, which are fine, loamy 
stagnogley soils (Jarvis et al, 1984). Soils of the Burl&ham 2 Association idominate the head of the 
catchment. This Association. is characterised by fine loamy soils with slowly permeable subsoil. formed in 
chalky till. The soils of the lowland area to the south of Watton Beck are classified as belonging to the 
Downholland 3 Association. These humic alluvial gley. soils are stoneless clays with peaty or humose upper 
horizons.. The dominant soil type within the catchment is loamy clay. 
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1.2.3 River .Maintenance 
Watton Beck is subject to weedcutting twice a year. All the aquatic vegetation in charmel is removed. Prior to 
maintenance; the channel is usually choked with emergent vegetation with Glvceria (Reed Sweet Grass) and 
Phragmites (Common Reed) being the dominant types. Lemna @u&weed) is the dominant floating plant. 

The banks are flail mown in -4pri1, mid July and in-October. -The timing of cutting.is planned around the bird 
shooting season in order -to avoid disturbance -to nesting-; and breeding sites. The numbers of vermin L 
(rats/moles) which inhabit.the embankment are controlled. The channel is subject to dredging approximately 
once every IO years. A depth-of between 0.1 and 0.2 m of silt is removed to reach hard bed.level. Aquatic 
rhizomes and roots in the sediment are also removed during dredging. This helps to reduce weed.growth in.the 
early.years following dredging.. Total annual maintenance expenditure by the Environment Agency on Watton 
Beck, including the highland carrier section, is estimated to be E6590 (1997/98 prices). 

The IDB channels are also subject to annual weedcutting using an hydraulic excavator. during September to 
November. All the aquatic weed is’removed. Tree and bush maintenance is carried out as required. Desilting 
of the charmel takes-place on average every 10 years. Approximately 0.2 m of silt is removed to-reach the solid : 
bed level. Total maintenance expenditure on-the IDB watercourses for 1997/98 is estimated to be 5167. This 
includes a charge.for desilting.and tree and bush work, the costs of which have been amortised to derive an 
equivalent annual cost.. 

1.3 Application of FDMM to Watton Beck 

1.3.1 Area of benefit 
The area benefiting from maintenance in terms of flood alleviation is estimated to be 460 ha (Figure 1). This 
is termed the-flood risk area. This area was derived from discussions with Environment Agency and IDB 
personnel. It follows the Medway.Letter Line which is.a line drawn 2.4 m higher.than the known maximum 
flood extent:‘. ! 

1.3.2 Land use assessment 
Flooding 
The completed land use assessment reach summary sheets for the left and right bank are presented in at the end 
of this Appendix. Summary information is presented in Table 1. 

Table 1 -Land use assessment summary, Watton-Beck 

Left Bank 
Flood risk area (ha) 210 ha 
Nature of flooding flUVial 

Effective reach length (km) 1 

T&al HE 110.87 
Flood score (HE/km) 110.87 

Note: Figures are subject to rounding 

Right Bank 
250 ha 
flUVial 

1 

128.83 
128.85 

Comment 

Main river within flood risk area only, 
excludes embanked highland carrier section 

Drainage 
Under the current maintenance regime, the.drainage status for the whole flood risk area is described as good, 
therefore the drainage score is zero. The drainage benefit-area is therefore 460 ha; comprising 210 ha on the 
left bank and 250 ha on the right bank. 

1.3.3 Land use,band 

Table 2 Land use band;Watton Beck 

Flood Score (HE/km) Drainage Score (HE/km) Total Land Use Band. 
Left Bank. 110.87 0.0 * 110.87 A 
Right Bank 128.85 0.0 * 128.85 A- 

Note: * the drainage status is described as good under the current maintenance situation 
Figures are subject to rounding 
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The land use falls within land use band ‘A’ for both banks, which states large urban areas are at risk of 
flooding. This is incorrect as the area is clearly predominantly rural with large areas of agricultural land are at 
risk of flooding. 

This error has arisen due to the very short effective reach length. The highland carrier downstream of the flood 
risk area provides the conduit for Watton Beck to the outfall into the River Hull. This should be included m the 
effective reach length. The IDB channel upstream of main river and the two IDB tributaries should also be 
included in the effective reach length, as these all derive benefit from maintenance on the main river. If this 
were the case, the land use band would be classed as ‘C’ on both banks. This denotes high grade agricultural 
land and some properties (not all agriculturally related) at risk of flooding and impeded drainage. This is a 
realistic classification given land use in the floodplain. 

1.3.4 Determining the effect of flooding 
The completed flooding assessment sheets for the left and right bank are presented at the end of this Appendix. 
Summary information is presented in Table 3 and 4. 

The benefits associated with Scenario 1 are straight forward and relate to the representative best estimate of 
benefits (associated with flood alleviation) which would be lost if maintenance were discontinued. Scenario 2 
represents the average annual loss of benefit assuming there is a further deterioration in channel capacity over 
time due to lack of maintenance and consequently larger areas are flooded. These Scenario 2 benefits have 
been derived by discounting the average value of incremental losses over the period from scenario 1 to year 10 
to derive the present value of these average incremental losses, and adding this to the loss under Scenario 1. 
Further details are presented at the end of this Appendix. 

Table 3 Flooding, Watton Beck 

Technique Predictive technique only. No historical records 
Method of analysis Arithmetic method 
Flooded areas Estimated by Environment Agency, actual areas flooded by the infrequent events are not 

documented 
Annual maintenance 2 scenarios used to test sensitivity of FDMM to impact of annual flood occurring after 1 

and 10 years without maintenance 
Severity weighting applied to total HEs affected by flooding. 2.2 for arable, 1.5 for pasture 

Left Bank Right Bank 
Flood Return % Area HES Flood Return %Area HEs 
Period (yrs) Flooded Affected Period @r-s) Flooded Affected 

Witb maintenance 
1 0 0 1 0 0 

20 30 37.94 20 30 44.79 
50 100 126.45 50 100 149.29 

Annual average number HEs tiected (AAN ,& 20.48 24.18 

Without maintenance 
Scenario 1 1 5 6.32 1 -5 7.46 

20 50 63.23 20 50 74.65 

Annual 
50 100 

50 100 average number HEs affected (AAN dthout) 126.45 35.88 149.29 42.36 

Scenario 2 1 25 31.61 1 25 37.32 
20 50 63.23 20 50 74.65 
50 100 126.45 5b 100 149.29 

Ammal average number HEs affected (AAN w;ithoUt) 47.89 56.54 

The benefits (Q associated with each flooding scenario for both banks are shown in Table 4. 
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Table 4 Annual,benefit of flood alleviation, Watton.Beck 

AAN without AANwith (a> - co> Annual Benefit 
(HE/km) (a> : Wflun) co> Lost (fi) 

Left Bank 
Scenario 1 35.88 20.48 15.40 20082 : 
Scenario 2 47.89 20.48 27.41 25928 

Right Bark 
Scenario.1 42.36 24.18 18.18 23706 * 
Scenario 2 56.54 24.18 32.36 30612 * 

Note: 1997/98 prices are used. Figures are subject to rounding:,.. 
* Average annual loss of benefit assuming further deterioration. Further. details are presented at the end of the 
,4ppendix. 

1.3.5 Determining the effect of deterioration in drainage 
The completed drainage benefit assessment sheets for the,left and right bank are presented at the end of this 
Appendix. Summary information is presented in Table 5. Under Scenario 1, the base case, the whole of the 
flood risk area is expected to experience bad drainage without maintenance. 

As with flooding, the Scenario 2 benefits have been derived by discounting.the average value of incremental 
losses over. the period,fiom Scenario 1 to year. 1O’to derive the present -value of these average incremental. 
losses, and adding this.to the loss under Scenario 1. Further details are presented at the end of this Appendix.- 

Table 5 Drainage, Watton Beck 

Left Bank RightBank 
Area affected by deterioration in drainage status without maintenance (ha) 210 250 
Drainage status with maintenance Good Good 
Scenario 1, base case, year 0 

Drainage status without maintenance Bad Bad 
Annual benefit (5) 13343 15986 
Total annual benefit (5) (both banks) 29329 .. 

Scenario 2, year 10 
Drainage status without maintenance- Very bad Very bad 
Annual benefit (Q 21228 25439 
Total annual benefit (5) (both banks) 46667 .- 

Note: Figures are subject to rounding. 1997/98 prices are used 

1.3.6 Actual-standard, of service 

Table 6 Actual standard of service provided under the current maintenanceregime;JVatton.Beck 

Flooding (AAN %;&) Effective Flood Score Drainage Score ‘- Total 
(HEflun) (a> Reach Length (HEkrrJyr) (a/b) =. (HEikm/yr) (d) (c)+(d) 

en9 (b> cc> 
Left Bank 20.48 1 20.48 0.0” 20.48 
Right Bank. 24.18 1 24.18 0.0” 24.18 
Both Banks Average Score 22.33 

Below Target Standard 
Note: * the- drainage status is described as good under the current maintenance situation, therefore the 
drainage score is zero . Figures are subject to.rounding. 1997198 prices are used. . . 
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1.3.7 Justification 

Table 7 Total benefits of maintenance, Watton Beck 

Annual Benefit of Ammal Benefit of Maintaining Total Armual 
Flood Alleviation (5) Drainage Status (E) Benefit (E) 

Scenario 1 Left bank 20082 13343 
Right bank 23706 15986 
Total 43788 29329 73117 

Scenario 2 Left bank 25928 21228 
Right bank 30612 25439 
Total 56540 46667 103207 

Note: Figures are subject to rounding. 1997/98 prices are used. 

Table 8 Benefit:cost ratio, Watton Beck 

Total Annual Benefit (5) Total Annual Maintenance Cost (5) Benefit:Cost Ratio 

Scenario 1 73117 1883 38.83 
Scenario 2 103207 1883 54.81 
Note: Maintenance costs for main river within flood risk area only, excludes highland carrier. Figures are 
subject to rounding. 1997198 prices are used. 

1.4 Sensitivity Analysis 

1.4.1 Flooding 
The benefits of flooding vary according to the area inundated. The impact of different areas flooded by the 
annual flood occurring one and 10 years after maintenance is shown in Section 1.3.4. 

1.4.2 Drainage 
As the drainage benefit area is estimated to be the same as the flood risk area but not supported by historical 
evidence, the benefit:cost analysis was repeated assuming that 50% of the flood risk area would be subject to 
bad drainage in the absence of maintenance. The corresponding drainage benefits are shown in the record 
sheets at the end of this Appendix and the benefit:cost ratio shown in Table 9. The maintenance scheme is still 
justified as the benefit:cost ratio is greater than 1 .O. 

Table 9 Benefit :.cost ratio, 50% flood risk area affected by bad drainage, Watton Beck 

Total Annual Benefit (5) Total Annual Maintenance Cost (Q Benefit:Cost Ratio 

Scenario 1 58442 1883 31.04 
Note: Maintenance costs for main river within flood risk area only, excludes highland carrier. 
Figures are subject to rounding. 1997/98 prices are used. 

If the areal drainage factor is applied to the flood risk area to determine the drainage benefit area, these two 
areas will be the same as due to the light soil and combination of natural and piped drainage system, the areal 
drainage factor is 1 (Table 3.8, FDMM). 

1.4.3 Actual SOS 
Estimates of the actual standard of service provided are sensitive to the effective reach length used, as shown in 
Table 10. As the IDB watercourse upstream of main river derives benefit from maintenance on main river, and 
as it is wholly included within the flood risk area of the main river, the IDB watercourse should ideally be 
included in the calculation of the effective reach length. Similarly, the two IDB tributaries which also lie 
wholly within the flood risk area, could be included in the calculation of effective reach length. As these are 
not classed as main river, however, FDMh4 excludes them from the analysis. 
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Table 10 Sensitivity analysis: effective reach length and reach status,.Watton.Beck 

Bar. Flooding Effective Reach Flood Score (HE/km/yr) Drainage Score Total Reach Status 
(HE/km) (a> Length (W O-J> (a) = cc> (HE/km/yr) Cd) (CH4 

Effective reach comprises: main river only- 
LB 20.48 1 20.48 0.0 * 20.48 BTS 
RB 24.18 1 24.18 0.0 * 24.18 BTS 

Average 22.33 BTS 

Effective reach comprises: main river and IDB watercourse upstream of main river- 
LB 20.48 3.9 5.25 0.0 * 5.25 BTS 
RE- 24.18 3.9 6.20 0.0 * 6.20 BTS 

Average : 5.72 BTS 
Effective reach comprises: main river and highland carrier 
LB 20.48 3.5 5.85 0.0 *. 5.85 BTS 
FLE3. 24.18. 3.5 6.91 0.0 * 6.91 BTS.. 

Average 6.38 BTS 
Effective reach comprises: main river, IDB watercourse upstream of main river, IDB tributaries and highland 

carrier. 
LB 20.48 6.4 3.20 0.0 * 3.20 BTS 
RB 24.18 13.1 1.85 0.0 * 1.85 BTS 

Average 2.52 BTS 
Note: * the drainage status is described as good under the current maintenance situation,: therefore the: 
drainage score is zero. ‘Figures are subject to rounding. 1997/98 prices are used. ., 

The high.Iand carrier which provides the outfall of Watton Beck into the River Hull does notprovide a service 
to the land through which it flows, but it conveys water from the upper reaches of.the catchment. Technically; 
this should be included in calculation. of the effective reach length. The number of HEs which would. be 
inundated if the highland carrier were breached should also beincluded in the analysis of the SOS. 

1.4.4 Maintenance costs 
In accordance with FDMM; maintenance. expenditure has been increased by 15% and the benefits reduced by 
15% in order to check the sensitivity of assumptions made on the benefit:cost ratio. -,The results of this are 
shown in Table 11 using the average benefits of Scenario 1, 2 and 3. Due to the high benefits and low 
maintenance costs, the-maintenance regime would be justified even if costs increased and benefits reduced by 
15%. 

If the IDB watercourses and highland carrier are included in the. analysis of effective reach length, the 
maintenance costs associated with these channels should be included in the benefit:cost equation. Sensitivity of 
the benefit:cost ratio. to these. various maintenance costs is shown in Table 11. The results show that the 
benefit:cost ratio is sensitive to assumptions made.regarding.maintenance costs:. 

The maintenance costs on -the highland carrier should be included in the benefit:cost analysis as this 
maintenance provides *benefits for the main river upstream. Provision for this, however,’ is not made within 
FDMM. Further details on this are presented in Section 1.4.5. 

Table 11 Sensitivity. analysis: benefit : cost ratio, Watton Beck 

Total Annual Benefit (Q Total Annual Maintenance Cost (5) Benefit:Cost Ratio 
Maintenance costs increased by 15% 

73117 2165 33.77 
Benefits reduced by 15 % 

62149 . . 1883 33.00 
Maintenance costs increased by 15%, benefits reduced by 15% 

62149. 2165 28.70 
Note: Maintenance costs for main river within flood risk area only, excludes highland carrier. 
Figures are subject to rounding.. .1997/98 prices are used. 

R&D Technical Report-W134 135 



Watton Beck 

As Watton Beck discharges into the River Hull and derives benefit from maintenance on it, a proportion of the 
maintenance expenditure on the River Hull should be included in the costs for Watton Beck. Fluvial flow into 
the River Hull from Watton Beck accounts for approximately 1% of total flow. The proportion of maintenance 
expenditure on the River Hull which may be associated with Watton Beck is therefore 5202 (1997198 prices) 
which is 1% of maintenance costs on the River Hull. 

Sensitivity of the benefit: cost ratio to maintenance expenditure is shown in Table 12. The results show that the 
benefit:cost ratio is sensitive to assumptions made regarding maintenance costs, although in this case study, the 
benefit: cost ratios remain favourable. 

Table 12 Sensitivity of benefit:cost ratio to maintenance costs, Watton Beck 

Total Annual Benefit (5) Total Annual Maintenance Cost (5) Benefit:Cost Ratio 
Maintenance costs for Watton Beck, main river within flood risk area only 

73117 1883 38.83 
Maintenance costs for Watton Beck main river within flood risk area only and IDB watercourses 

73117 2050 35.66 
Maintenance costs for Walton Beck including embanked highland carrier section 

73117 6590 11.10 
Maintenance costs for Watton Beck, including highland carrier and proportion of costs for River Hull 

73117 6792 10.77 
Maintenance costs for Watton Beck including highland carrier, IDB watercourses and proportion of costs 
for River Hull 

73117 6959 10.51 
Note: Figures are subject to rounding. 1997/98 prices are used. 

1.4.5 Benefits 
If the maintenance costs of the IDB watercourses, highland carrier and the River Hull are taken into account in 
the benefit:cost equation, the benefits of this maintenance should also be considered. 

The highland carrier provides the conduit for Watton Beck over a lowland area to the River Hull into which it 
discharges. Maintenance of this highland carrier therefore provides a benefit for the main river upstream. If 
maintenance were not carried out on the highland carrier, channel capacity may be reduced with a concomitant 
deterioration in drainage status upstream and increase in flooding. 

The benefits provided by the highland carrier also relate to flood protection. If the maintenance were not 
carried out and the banks were breached, a large part of the lowland drainage area may flood. The exact area 
affected, however, will depend on many factors such as the location of the breach, time taken to repair it, 
discharge and topography. Detailed modelling would be required to accurately predict the area affected by a 
flood event of a particular return period, with a breach at a specific point. Such detailed analysis is not usually 
possible and an estimate of benefits may need to be made. Similarly, it is likely to be difficult to determine the 
benefits derived from the proportion of maintenance on the River Hull which are attributed to Watton Beck. 
Estimation of these benefits will, however, reduce the accuracy of the benefit:cost analysis. It is recommended 
that the type of these additional benefits is noted and only if the benefits of maintenance appear to be marginal, 
then an estimate of these benefits is made. 

1.5 Application of the Guidelines to Watton Beck 

1.5.1 Introduction 
The following sections present the results of the application of the Guidelines to Watton Beck. The same data 
are used as in the application of FDMM in order that results from the two methods may be compared. The 
completed record sheets and tables/figures required in the use of the Guidelines are presented at the end of this 
Appendix. 
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1.5.2 General information 

Table 13 General information, Watton Beck. 

Parameter 
Dominant substrate 
Floodplain topography 
Catchment size 
Benefit area (ha) .’ 

Clay 
Rising (>l%) 
Large (>2500 ha) 
460 

Land use type Cerealloilseed rotation (LLJT 5) 
Dominant soil type Loamy clay 

Comment 

Same as total flood risk area. Left and right. 
banks are combined. 

1.5.3 Design standard- (mzhtained condition) 

Table 14 With maintenance channel parameters, drainage status and net return 

Parameter Comment, 
Average bed width (m) 3 
Average channel depth (m) 2.5 
Freeboard under mean spring flow (m) 0.75 
Watertable depth (m) 0.5 Using Figure 2.6 in main.text 
Drainage status Good Using Figure 2.6 in main text 
Economic net return (E/ha) 329 1997/98 prices 
Economic net return (5) 151340 1997/98 prices 

Note: Figures are subject to rounding.. 1997198 prices are used. 

Annual flood costs were identified using the Guidelines for the cereal/oilseed rotation under good drainage, for 
events with a return period of. 1, 20 and 50 years. The same flooded areas and return periods were used as in 
FDMIM. The flood costs corresponding with these return periods are shown-in Table 15. It is assumed that 
these costs are additive. Total flood costs for the ‘with’ maintenance situation are El 794 (1997/98 prices). 

Table I5 With maintenance flood costs, Watton Beck 

Flood Return Period. Area Flooded Area Flooded 
W (%I (ha) 

1 0 0 
20 30 138 
50 100 460 

Note: Figures are subject to rounding. 1997/98 prices are used. 

Annual Flood Cost 
(S/ha) (a 

0 0 
3 414 :.I 
3 1380 ‘. 

Total 1794 

The value of the benefit area under the current maintenance retime is calculated by subtracting the flood costs 
from the net return, as shown in Table 16. 

Table 16 Design standard, .value of benefit area, WattondBeck 

Total Net Return (0 (a) Total Flood Cost (i> (b) Benefit .Area Value (2) (a-b) .- 

15 1340 1794 149546. 

Note: Figures are subject to rounding. 1997/98 prices are used. 
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1.5.4 Maintenance regime 

Table 17 Impact of maintenance on freeboard, Watton Beck 

Parameter 
Increase in bed width 
Increase in charmel depth 
Impact of widening on freeboard 
Impact of deepening on freeboard 
Total impact on freeboard 

50%, 1.5 m 
%%, 0.2 m 
9% 
3.5% 
12.5% 

Comment 

Using Table 2.8 in main text 
Using Table 2.8 in main text 

1.55 Do-nothing (without maintenance) 

Drainage status 
The change in freeboard as a consequence of maintenance is used to determine the watertable depth and the 
corresponding drainage status which would prevail in the absence of maintenance. Assuming a freeboard of 
0.66 m without maintenance, using Figure 2.6 in the main text, the without maintenance drainage status is 
assessed as bad. Under Scenario 2, the drainage status is expected to deteriorate from good to very bad. 

Economic net return 
Using the dominant land use type of a cereal/oilseed rotation and bad drainage, the economic net return is 
calculated to be 5263 /ha (1997/98 economic prices) (Scenario 1). The total economic net return for the whole 
benefit area is therefore 5120980 (1997/98 prices). 

Under Scenario 2, the loss associated with the extra deterioration to very bad drainage is i47203. If this is 
subtracted from the net return with maintenance, the net return without maintenance under Scenario 2 is 
El04137 (1997/98 prices). These Scenario 2 figures have been derived following the same approach as for 
flooding. Further details are presented at the end of this Appendix. 

Flood costs 
Annual flood costs were identified using the Guidelines for the cereal/oilseed rotation under bad drainage, for 
events with the same return periods as under the ‘with’ maintenance situation. The same flooded areas and 
return periods were used as in FDMM. 

The flood costs corresponding to the return periods are shown in the record sheets at the end of this Appendix. 
It is assumed that these costs are additive. Under Scenario 1 &ear 0), total flood costs in the first year of no 
maintenance are E2116 (1997/98 prices). Under Scenario 2 &ear lo), flood costs are 53216 (1997/98 prices). 

Value of benefit area without maintenance 
The value of the benefit area without maintenance is calculated by subtracting the flood costs from the net 
return, as shown in Table 18. 

Table 18 Without maintenance value of benefit area, Watton Beck 

Total Net Return (E) (a) Total Flood Cost (5) (b) Benefit Area Value (5) (a-b) 

Scenario 1 120980 2116 118864 
Scenario 2 104137 3216 100921 

Note: Figures are subject to rounding. 1997/98 prices are used. 

1.5.6 Maintenance costs 
The total annual maintenance expenditure on Watton Beck, excluding the highland carrier, is El883 (1997/98 
prices). 

1.5.7 Benefit of maintenance 
The difference in value of the benefit area ‘with’ and ‘without’ maintenance is used to determine the benefit of 
maintenance. From the figures presented in Tables 16 and 18, the benefit of maintenance is calculated to be 
530682 for Scenario 1 and 548625 for Scenario 2 (19997/98 prices). 
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1.5.8. Justification:. 
The net benefit of maintenance is greater than the annual maintenance expenditure,.therefore the maintenance 
regime is justified. The benefit:cost ratio is 16.29 for Scenario -1 and 25.82 for Scenario 2. 

1.6 Sensitivity Analysis 

1.6.1 Flooding 
As previously discussed (Section 1.3.4), the benefits of flooding vary according to the area inundated. Some 
sensitivity analysis has been undertaken to determine the impact of different areas flooded by. the annual flood 
occurring one and 10 years after maintenance. 

1.6.2 Maintenance costs : 
The benefits of maintenance are sensitive to assumptions made regarding maintenance expenditure. In the 
preceding analysis, maintenance expenditure for the main river only, excluding the hiphland carrier has been 
taken into account. 

As in Section 1.4.4, the benefit:cost ratios have been calculated for various maintenance expenditure scenarios: : 
The results of this analysis are shown in Table 20. 

Table 20 Sensitivity of benefit:cost .ratio to maintenance costs, Watton Beck 

Total .AnnuaI Benefit (5) Total Annual Maintenance Cost (5) Benefit: Cost Ratio 
1. Maintenance costs for Watton Beck, main river in flood risk area only 

30682 1883 16.29 
2. Maintenance costs for Watton Beck including highland carrier 

30682 6590 4.66 
3. Maintenance costs for Watton Beck, including the highland carrier and IDB watercourses 

30682 6757 4.54 
4. Maintenance costs foi Watton Beck, including the highland carrier and proportion of costs on the R. Hull 

30682 6792 4.52 
5. Maintenance costs for Watton Beck, including the highland carrier, IDB watercourses and proportion of 
costs on R. Hull. 

30682 6959 4.41 
Note:, Figures are subject to rounding. 1997/98 prices are used. 
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WATTON BECK 

Order of record sheets presented in the following pages: 

Ammal maintenance costs 

Land use assessment: reach summary 

Flooding 

Drainage benefits 

Agricultural benefits only: Land use assessment - reach summary 

Agricultural benefits only: Flooding 

GUIDELINES 

General information 

Design standard 

Maintenance regime 

‘Do-nothing’ - Without maintenance 

Maintenance expenditure and benefits of maintenance 
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AWAL MAINTENANCE COSTS 

Watton Beck. 
1997/98 prices 

Element . . Annual Maintenance 
cost (E) 

Main river within flood risk area only 1883 
Highland carrier section only 4707 
Total costs on- mainriver 6590 

Proportion of costs on River Hull 202 

Internal Drainage Board watercourses 167 
Source: Environment Agency (NorthE&t Region) and Beverly & Holdemess IDB 

Note: All maintenance costs relate to, annual-costs, in 1997 prices. 
The proportion of maintenance costs on the River Hull which may be associated with Watton Beck :: 
is based on the percentage of total fluvial flow into. the River Hull+rom Watton:Beck. 
1 % of the total fluvial flow in River Hull is derived from Watton Beck, therefore, 1 % of maintenance 
costs on the.River Hull are associated with Watton Beck. (1% of &20179). 
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LAND USE ASSESSMENT : REACH SUMMARY 

Watercourse Watton Beck 
Bank Left Bank 
OS Map Pathfinder 675167616661667 
Flood risk area (ha) 210 
Effective reach length (km) 1 

Land Use Factor unit 

House Number 
Garden / allotments Number 

NRP - Manufacturing Area (ma ) 
NRP - Distribution Area (m’) 
NRP - Leisure Area (m*) 
NRP- GEEices Area (m* ) 
NRP-Retail Area (m* ) 
N R P - Agricultural Area (m’ ) 

C Roads 
B Roads 
A Roads (non trunk) 
A Roads (trunk) 
Motorway 
RailWay 

Number 
Number 
Number 
Number 
Number 
Number 

Forestry and scrub * per 100 ha 
Extensive pasture * per 100 ha 
Intensive pasture * per 100 ha 
Extensive arable * per 100 ha 
Intensive arable * per 100 ha 

Formal parks Number 0.6 
Golf I race courses Number 0.7 
Playing field Number 0.1 
Special parks Number 9.3 

Number or 
area (a) 

3 
3 

25 

2500 

2 

1 

0.042 

2.058 

House Equivalents 
IE!/unit (b) 

Total HE 
(4 x co> 

1.00 
0.04 

3 
0.22 

0.030 0 
0.054 0 
0.032 0 
0.033 0.825 
0.035 0 
0.010 25 

2.7 5.4 
6.3 0 
15.9 0 
31.7 0 
63.5 0 
63.5 63.5 

Flooding Drainage 

0.02 0.0 
1.3 1.1 

t 

3 4.5 
6.3 3.6 

44.1 9.7 

Total HE (c) 110.87 
HE/km ((c) / effective reach length) 1 110.87 

Note 
* Flooding I drainage scores to be summed 
HE values are at 1991 base 

** Apply areal drainage factor if required 

1 
J 
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LAND USE.ASSESSMENlI : REACH SUMMARY 

Watercourse Watton,Beck 
Bank Right Bank .’ 
OS Map Pathfinder~675/676/666/667 
Flood risk area (ha) 250 
Effective reach length (km) 1 

Land Use Factor unit Number or House Equivalents Total HE. 
area (a). HE/unit co> (a> x.(b) 

House Number 16 . . 1.00 16 
Garden / allotments Number 16 0.04 .’ 0.64 

NRP - Man~acturing Area (m’ ) 0.030 0 
NRP - Distribution Area (m* ) 0.054 0 
NRP- Leisure Area (m’ ) 0.032. 0 
NRP- Offices Area (m* ) 0.033 0 
NRP-Retail . . Area (m* ) 0.035 0 
N R P - Agricultural Area (m’) 2625 0.010 26.25 

C Roads Number 2 2.7 5.4 
BRoads Number 6.3 0 
A Roads (non trunk) Number 15.9 0 
A Roads (trunk) Number 31.7 0 
Motorway Number 63.5 0 
Railway Number I 63.5 63.5. 

Flooding. Drainage, Flooding Drainage ** 

Forestry and scrub %. per 100 ha 0.0125 0.02 0.0 0.00025 0 
Extensive pasture * per 100 ha 0.025 1.3 1.1 0.0325 0 
Intensive pasture * per 100 ha 3 4.5 
Extensive arable * per 100 ha 2.4225 .;:; 6.3 3.6 15.26175 0 
Intensive arable * per lOOha.. . . 0.04 _:. 44.1 9.7 1.764 

Formal parks Number 0.6 0 
Golf I race courses Number 0.7 0 
Playing field. Number 0.1 0 
Special parks Number 9.3 0 

Total HE (c) * 128.85 
HE/km ((c) / effective reach length) 128.85.. 

Note 
* Flooding / drainage scores to be summed ** Apply areal drainage factor if required 
HE values are at 1991 base 
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FLOODING 

Watercourse Watton Beck 

Bank Left Bank 

Flood risk area (ha) 210 

Effective reach length (km) 1 

With maintenance - current situation 

Flood Return Period Probability Nr. HEs Probability Average Nr. HEs (a) x (b) 

Ol=rs> 
1 

no flooding 

20 
30 y. flooded 

50 

AfFeoted Interval (a) A&&xl (b) 
. . . . . . . . . . . . . . . . . . . . . . 

1 0.00 ‘-.-‘.‘.“.‘.‘.” 
:..‘-“‘.‘.“.““‘“.‘..........- Y. -:- . . . . . -..:.._ ,i,...........,.i ,.,.;_ ..,..:.:. ~: : ~;,,,:,.,...,., ... -,:-: : : : : : : : : : . . . .._ .~.~.~.~i.-...l-........................~~~~~~~~~~~~ ..‘“‘.::.:.‘.:.:.:.:.:.:.:.:.: . . . . . . . . . . . . . . . . . . . . . . _.. :.:.:.:,:.:.:.:.:.:,:;;.:,:.:,:.::::::.:.:.:.:...~..~ i.................../...........i.. . . i.............‘- .: . . . . . . . . . . . . . .._ .:: . . . . :.::-:...:.:.:.x.:.:.:.:.:.:.:.:. ..// . .._ . . i....... : : : 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . __,, ,, __, __, ____, :.:.~.:.:.:.:.:.:.:.:;...~...:.:...:.:.:: ::.:.:. . . . . . 2:.:.: . . . . . . . . . . . . . . . . .i.. . . . . . . ~~- . . . . ‘...‘.:.:.:...“‘.;.:.~: ..:.:.:.:::: ::~.:~:~ :..: ::~:~ :..: :“-.:::.~ :.:.:... ~.~.:.~~,~.~.~.~.~.::::~.~.~ “... .1. . .._ 

.“‘...‘“.‘.‘.“.:.:.: .:........................... . :.:.:.: .:.:.:.:.:.:.:.:.)‘“, :- ..........- . . ..i... . . . . . . . . . . . . . _.i_i..,_.i,.ii,_i.. :::::::::::-:.:.:::.::::.:.:.:.:.:.:.~.:.: . . . . . . . . . . .._.._ . . . . . . . . . . . . . . . . . . . ~:‘.:::.:.:.: ,_ ,_, :::::::: .._, -:-;:.: : : : :j ., 0.95 18.97 18.02 

0.05 37.94 ~~~~~~~~~~~~~~~~~~~~~~~~~ 
. . . . . .:.. . . . . . . . . . . . . . . . : . . . . . . . . . . . . . . . . . . . ::......n.... . . . :::~:~:i:i.E~::::~::j:::::::::~:::~:.~:.:.: . . . . . . . . ~ . :.:.-:.:.~:~.::::::::::::::::.~ ;:.:.:.:.:.:::::: :: 

‘,..........‘,‘,‘.....‘. ,.n.,...;,;...,.,...:. ~ ,...,., .ii.ii,.iii,.,.i_,.,. .,.; :;;;;;;:::::: :.:.:.~.:.:.~.~.~.~.~.~.~.~.~.:.:.~.~. ::* .:,:,:.:.:.:,:.:.:,:.:,:,: ;::::::;,>:. . . . . . . . . . 0.03 82.19 2.47 : : :.~:::‘::‘1:::::~~.:.:.:.~.:.:.:.:...:.....:.:.:.:.~.~.:.:.~....~......... .” _‘i’S”“.Y ‘Bi:~~::::::::::::::::::::::~:::::.::::::: :.:.: .:.:.:.:.:.:.:. :_ :.:.:;.~.;;;;,................................~.~.~. :: ,:.: : : : : : : : : : 1 : : : : : : : : : _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :.:.:.:.:.:.:.:.:.:.: 
0.02 126.45 :~~~~;~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

100 % flooded 

Axmual Average Number HEs affected with maintexiance (AAN ,& 20.48 

Scenario 1 - without maintenance 

Impact of annual flood after 1 year without maintenance 

Flood Return Period Probability Nr. HEs Probability Average Nr. HEs (a) x (b) 

(years) 

1 

5 % flooded 

20 

50 % flooded 

50 

- Affected Interval (a) Affected (b) 
‘...‘....~.~.~E.~.~.~.~.~.~.~.~.~.~.~.~.~ .:.:.:: ~.~.:‘:.~.~.~.~.‘~.~.~.~.~.~:‘...’. _____. :. . . . . . . . . . . . ‘...‘.““““.-:.~.~.~.“‘.:.:.:.: . . .: 

6.32 
........Li..............~ .:.:.:. 5’ .:,:.:.:. :; .:.:,:.:.:. :‘:.: 

1 ‘-‘““.........;.....:..-....- . . . . . . . . . . .._.. . . . . . . . . . . . . . . . . . : “:-:.~.:.:~.:~u~.:.;..:.:~.:.:~.:~.:~.:.:.:.:~.:~.:.:~.:.:.:.;.~~.~:~:.: (:: : : : : : : : : : : : : : : ‘;:::rc;;cr .:.:. 2; :.:. ~ :.:. ~:.x.:~::~.:~~:::i:::;:::::.~:: .v.-.-:.-... ..-_--..-.................._i ~““~“~‘~-~~~~“..... . .i . . . . . . . . . . ..i...................... .,.,., _ . . . . .: . . . . . . . . . . .:.:.:.:,:.;.:.:.:.:,:.:,:.:.;:,:.:.:,:.:.:.~:~.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.~ . . . . . . . . . . . . . . . ../..........~_............ . . .:......:.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._......._.._._._.._._~~~.~~,~,~~~~~~ . . . . . . . ..~.~...~.....~...~.~.~...~ :,.. ,,._,.. . . . . . . ..i _.i.. _i_i. :.:.:.:.:.>,. .__.___..____. .___ :__ ._.. . . . . . . . . . . . . . . . . >>::.>>zG . . . . . . :‘.::::::::::::*:~&:.:.:.: . . . . . . . . . . . :.~ .:,:.:. :.‘“....,:. x : : 
; .+:.: .+:: :.: :::: ~~ :,:.:. :.:. _::: : _: ::: :” -.............-..................:. 0.95 34.77 33.04 

. . . “‘.‘.‘“‘...‘..-“..‘;“...““.‘.‘-‘.-’..”.........“..‘...-::::::::::::::~:~:~::::~.:~:::~.:~::::::~:::.:::.~:.:.:.:.:.::::.:.::,~ ::::.:::::: :::.::::: ~‘-:::~:.~ ‘:” 5‘ -:.: ~ .:.;.:;.:,::::.:.:::::::: 
0.05 63.23 

. . ..‘......‘(........~.; ‘.~~~:.~~:.~~:.:.:.:.:.:.:.:,:.:.:.:::~::~:~:~:~:~:~:~~ 
~.:.‘.‘.‘.‘.‘.‘.~~.‘.~.‘.‘.~.~.~.’.’:’:: >. .;.: .:.: ,.,i:i,~:~~~~~~~~~~~~~~~~~~~~~~~~~.~~~~~-::::::::::: ‘:‘:‘::::::l::::::::::: . . . ../.....................................i................... “..‘..................‘....‘.‘-:...: ii>.:: :::::.::;.: .:.:.:.:.:.:.:.: 

. “_‘_‘. -.‘.‘.‘x.... . . . . . . :.: ,iii....i. Z;, .._ :.~.‘.‘.‘.‘.,.:‘:Ip~~.?::::::::~~.::.:::~::.:.:.:.:.:.:.:.:.:.:.:.~:.~:.~~ ‘:::::::::‘--n......-.:.-: . . . . . . . . . . . . . . . . . . _,.....i..i,.iiii, .:.:.:.:.:.:.:.:.:.:.:.::::::.:+:.~:.~:::::::: :.:. 
,,,..,.. __. _. __, ,_. __,_, ,_ 

~.‘-‘.~.:.:.:.:.:.2’....:.:.:.:.~:.~ 94.84 2.85 . . . . . . . . . . . . . :.:.:.y..:.:.:.: . . . . . . . . . . . . :.::;.:.:.:.‘: . . . . ~ :.:.I:.):.~.~.:.:.) :: 0.03 /...........i...i.i..... ::, ..‘...‘:‘:~‘:‘f:‘. ::~:‘:-:.-:.:,~-:..........-....................... .. ::~i:i:i:~:~:i:~:~:~:~:::::~:~~~~ :.:.: +‘::“.>:.:‘..:.r..r.. ,,.,., ,., ,.,.,\,i,._ _ ,....,,- ....,- . . . . . . . . . . ..~ :ji;:;< :.:.: .:.:.:.: .:.:.:.:.:.: .:.:.: ~:::.::j:.:.:~::.:.:.:~~:~.~ 
0.02 126.45 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

:.:.:.:.):.:.“:.:.:.:.:.: .:.:. >>::::y :.:.:. I ;:.:.:.:.:.:.:.:.:.:.:.:.:.:.:. >:.:.:.: .~.~.~~~.~.................~.......~.~....... :.:.:.~.~.:.~:.~:.:i.::.~~.~:.;-:.:-~:.~.: 
100 % flooded 

Annual Average Number HEs affected without maintenance (AAN dolt) 35.88’ 

Scenario 2 - without maintenance 

ImDact of annual flood after 10 vears without maintenance 

Flood Return Period 

(years) 

1 
25 % nooded 

20 

50 % flooded 

50 

100 % flooded 

Probability Nr. HEs Probability Average Nr. HEs (a) x @> 

Affected Interval (a) Affected (b) 

1 
:::: ::: ::. .. . . . . . . . . . . . :.,.... :.:.:. ;:.: .:.:.:‘:‘.‘.:.:‘.:.:.:i :,:. :c- ,:,:,:.: .:,:. ~ ~~~~~~~‘:;i~:~:~:~~:~~~~~~~~~~~~~~~~~~ 

0.95 47.42 45.05 
. . . . . . . ..L .:.................. . . . . . . ‘.‘.~.~.‘.‘.~.~.‘.‘.‘.~.~.~.~.~.’.~.~.:.:.:,’.~‘:“‘~’ .i... .‘:::‘:::::::-.“-:.:::i::::::::.:.:.:.:::::::::::::~:::~:.:.: .,.,.,... >> _,_..., .: :: ::::::::::. . .._ -...:.:.:.:.:.:.:.~.:.:.:.:.,:.:.~:.:.:.:.::::::::::::::::::::: 

0.05 63 .23 
,.. ..‘. .....‘.‘.. .:./ ._ . . . ._....:..::. . . . . . . . . . . . . ..“............~..~.~.~.~..~~~.~~~~~~~. . . . . . . _... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..“‘.‘.“‘...~.~...~.~..~.~.~~~~~~~~~ 

.:.:.;.:.:<.::.:.:.:i.:.:.:.>:-‘.: // ,.:.: .;... :...:.y.:.: ,...........:. ..:. -:. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~. :, _..,... ~..~ . . . . . . . . . :3 :.:.:.: ;~~.~~~.~i,.~.~~~::~~~~.~~:: . . . . . . . . . . . . . . . . . ;.: . . . . . . . . . . . .:.:. ::::: :::::.;:.: .:.:.; .:.:.:.:.:.:.::: ::-:-~~,.: :.:.:.:.:.:.:.::.:.:.:.:.:.:.:.:.:.: .C,.....i,.ii......i...i..i................. :....... ..:.., -.._. :..:, -..: ..,.. .-. . . . 
::::i::::::~~~:::::‘.:.:.:.:.:.:.:.:~.:.:.:.:.:.:.:.~.~~.:.::::::::::~:~:::::::.::::::::::::::::~ :.:.:.:.:.:.:.::.:.:‘::::~:::::::::::i:j:::::::::::::::.:::~:.:.: . . . ..iC......,.,.,.i,._.,._. 0.03 94.84 2.85 

__. . . . . . 
0.02 126.45 ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.;.:.:.:.:.:.:.:.:.:.:.:.~~.~:.:.:.:.:.~:.:.:.:.:.~:.:.,.:.:.:.:.~.:.:.:.:.~..:.: . . . . . . . :.:.::-: . ...: .:.... :.:.:...: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .:....i.......-...... iii. 

Annual Average Number HEs affected without maintenance (AAN tio,J 47.89 

Summary: flooding 

Left Bank 

Scenario 1, year 0 

Scenario 2, year 10 

AANdhou AA.Nwhh 

(a> 0)) 
35.88 20.48 

47.89 20.48 

(a> - (b> 
15.40 

27.41 

Benefit (;E) 

20075 

35740 

Value of one HE (2) * 1304 

* 1997198 price 

Note: Severity weightings have been applied to HEs affected by flooding 
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arable 

pasture 

2.2 

1.5 



FLOODING 

Watercourse Watton Beck 

Bank Right Bank. 

Flood risk area (ha) 250 

Effective reach length (km). 1 

With maintenance - currentsituation 

Flood Return Period Probability Nr. HEs Probability Average Nr. HEs (4 x @> 

(years) 

no flooding 

20 

30 % flooded 

50 

100 % flooded 

AiYected Interval (a) L%fkGted (b) 
....._ 

1 0.00 
‘:(-~.:.:.:.:.:.:.:.:.:‘:‘;:.:.:.:.’.:.:.~:.:...~...:.:.:.~.:.~:.:.~ . . . . . . .,:.:.,,,; __ _. .,_,, _. _. -,:,,;, ... ..L’.‘.‘.L’. . . . . ..-.~.‘..-..~..ia.~:i::.~:~:.:::~,~.:~:~:~.~:~.~:~:~:~:~:~~~~~::::::::::~::::::~:~:~:~~~:~:~:~:~:~:~::~~~~ .._.. 
:~.‘.‘.‘.~.‘.~.‘.~.~.‘.-.::~:.:::::::.::.~:’:’::::‘::::: iiiii-~~.~~~:::::~~~:!-~~~~~~~~~:...~:,~::~~,:::~.:.:.:.:.: 
‘.‘:..‘....‘.-:i....... ‘:.“.“‘:‘.“.‘- .,..., _,.___,,.,._,,__,____,,..,.,.~.,,,.~,~,,.~.~.. .... -. >:.>.- . . . . . . . . . . . . . :......i..._....i.... :::.:::.:.> ::..::. :‘.:.:.:.:.:.:.:. :.:.i::a :.:.:.‘(;:.; :- :.:.: :: .:::::::.::.:.:.:.:.::::: :: 
. . . . . . . . . . ..-.:.:,:...:.:.:.:.:‘.~.:‘.:.:.~: .:......,......__...:..... ,, \...................................,~,~,~ ,:,:. -... . ..~ _,.,.i,_ii._.,.,_ii,_~.,.~,~.~.~.,.,., 

i............................. . . . ..‘“.....:::“.::::::::::::::~:~~,~:~.~.:~~:~:~:~:~:~.. . . . . . . . . . . . . . . . . . . . . . . . . . -.::: ::. -,, . . . . . . :... . . . . . . . . . . . . . . . . . . . . . . . . . . .A.. 
:::::::::::::::::x:::.:;.:.:.:::.:..>: .‘.................“‘):.:.~ .:.: . . . . . . . . . . . . ..~.~.............~~. .‘.‘.‘.‘i...‘.‘........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._ -:.. . . . . . ..i.. . . . . . :.::-..: ~.~.;;;;;.;.;.;.:. . . . . . . . .,.,._...,.....,.j,.i. 0.95 22.39 21.27 ‘:~~:::::~~.i~:‘~:::~:~:.:::::‘::.:.::~~::~:::.:::.:.:-:.:.:.::.:....::.:.........:.:...~.:....~~:::::::::::::::::::::::::::~:~::::::::::::::::,::~:::::~:~:::::::~:::::::::::::::::::::::::~:::::::::::::::::::~::::::~:::.:,:.:,:.:.:,:.:::::~ :;;.:::::: :i :::: ::: ._/. ,,;;:,:,..:. 

0.05 44. 79 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~::::;~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
. . . . . . . . .._ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ::.., . . . . . ..L.. .“‘.-.:...F i._,.,.,.,.,._._..., :.,:.~:.:.:.:.~.~:.~ ,.:.:.;: .:.:.A. ._....,...,.,_i,.,.,.,.,../ 

‘....‘.‘.‘.‘.‘.‘......i.. .: . . . . . . . .:: . . . . . . . . . . . . . . .:::...> . . ..~.~.~~..~.~.~.~.~.....~.~. 0.03 97.04 ‘:.‘.“:.:.“-:.....:...... __. . . . . . . . . . . . . . . . . . . . -. ‘:‘:‘:‘:‘:“.-:“:.~:‘:-i:i:.:.:.:.:.:.:~.:.:.:.~:::::::::.:.:.:.:.:.:...:.:::.:::::::.::~~:::::::::::::::::::::::::~~::~:::~:~:::::::::::::::::::::::::::::::::::::::::::::::::::.:.:.:.: : : :.~.~.,.;;,.r.~.~.;~ ~ :,:,:,,,,,,; ~~:~ :.: 2.91 . . . . . . . . . . . . . . . . . . . 
0.02 149.29 ~~~~~~~~~~~~~~a~~~~~::::::::~~~~~~~~~~~~~~~~~~~~:~~~~~~~~~~~~~~~~~~ 

.. . . . . . . . . . . . . . . . . . . . . . . . . ..A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ._........._. . . . . . . . . 

Annual Average Number HEs affected with maintenance (AAN u,h) 24.18 

Scenario 1 - without maintenance 

Impact of annual flood after 1 vear without maintenance 

Flood Return Period 

Ol=d 

1 

5 % flooded 

20 

50 % flooded 

50 

100 % flooded 

Probability Nr. HEs Probability Average Nr. H?Zs (a> x @I 

Affected Interval (a) Affected (b) 

1 
7.46 ~~~~~::i::ir~~~~~~i~~~~~~~~~~~~~~~~~~~~~~~.~~~~~~~~~~~~~~~~:~:~~~~~~~~ l”:.::~:~~:‘:‘:‘:l.;““‘.“““‘--:-:.-:-:-,:-~:.~ ..i . . . . ...::: .:..:.:.:.:.:.:.:.:-:-:.:.> . . .._ . ..i . . . . . . . . . . . . . . . . . . . . :: . . . . . :.:.:.: ‘.“........“..“,..‘.‘...~,)~.~.~.~.~.~. ~~ ;:. ~ .::;:.: h’. . ...> _...,......,.,.,_r,_i,......... . . . . . . . . ,_. 

::::::~:::::~~-~:-:eif:.....:-.:.:.:.:.:..~~.:.:.:.~:.:.:.: .,.,.. . . . . . . . . . . . . .:.i.:...-:.-... ._. . . . . ..____. __...._... __..........._... ..LL ____i... . i.. ,.._.._., __ .~::‘:: ::: ~ :, ,...,’ 

.:.:.::.-:~:1:::::::::.:.:+.:.:.: . . . ?:.:.: .:.:. ;.~:.::::::::::::::~:: 

.; :z: : ii i:~~~:_r::I~-.~~~~~~~~~~~:~:~~::::: . . . . . . . . . . .._. .i,.ij.ii_,,_,.,,,.,.,i,.~ 0.95 41.05 39.00 :.:.:.:.:.:.:.:.:.:.‘.‘.‘.‘;:~‘:::::.:.~ . . . . . . . . . ..___ .__. “‘~~~“~“““~‘~-~~“~‘.~~‘~..‘.‘~‘.’~’....-~~..”..~~‘~~~~~“~:~:.~~~::~:‘:‘:::~:~:::::~~::::~::::::~:::.~.:.:.:.:.:.:.:.~~~:~ :.:.:.:.:.:.:.::::.:,:,:-.:,:,:. ‘.‘....\.....I.. -. . . . . . . . . . . . . . . . . . . . ..i..ii. :.:.::‘...........:....:. ~:::::: .. . . . . . . . . . . . . . . _.... 
74.65 

i :::: :::: ._ . . . . . . . . . . . . . . . . . . . ..:.:.:.:.:.:. .:.:, :.: :: : :, ._,.,., ::: 
0.05 pi........:....:....,...::. :‘::::::: :.: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,:,:1’,:.:,:,3:.:.‘:. ~ ::: :,;::.,.:.:.:,:.:. 

::..‘~:~~~:~~:~:~~::~~~~~~~~~~~:~:~~~~:~~~~~~~~~~~::::::::::::~:.:.:.:.:;.:::~::::::::::,:::,:::~:::::::~::.:.:.:.:.:.:.:.:.:.: : ,; :.: : : ‘.:.:.~.:.~.:.:.:..,:~~: -.: ..:.,. 
:.:.,.,,-.-:-:.:-:-:,:,:,,..,.--..,,,..,.,...,.-.-.- 
. . . . . . . . . . . . . . . . . . . . . . . .,.,..... .,. ._,._.i,.i,.,.~ ..,,,,,,...,.,.,,, _., 8i:~:~~:~~~:::::::::::i::ij::~:::::::::::::::::~::::::::.:::::.:.:.:.:.:.:.:.:.:.:.::;::.~~.:.:.~.~:.:.:...:.:.:.:.:.:.:.:...:.: . . . . . . . ..i......i......ii......................................... 

.:.:.:.:.:.:.:::::>~:~;::.:.:.>:.:.:.:.: . . . . . . . . . . . . . . . :.:.:.:.: . . . . . . . . . . . :.:.:.:.:.:-:-:iB: L.... -:.....:.:.:.:.~:.~.:.:.‘...:.:.:.:.:...: . :::: ::: : :: : :: . . . . . . ::::: :.:.:.:.‘;: :.;:.: :.: 0.03 111.97 3.36 . . . . . . . . . . . . . ..,............_ . . . .- ., 
0.02 149.29. ~~~~~~~~~~~~~~~~~~~~~~ 

.:.:.:.‘:.:::.::::::j:.:.:.:.~.:~~::::~.::.::::::::::~:::::::::::::::::~.~:~::::~~.::::::::::::::::::~~::~:::~:::~~~ i......iiii.......................,.................................. _ii,.,.i,.,.i.i,.,.,._.,.,.,.......................................... 

Annual Average Number HEs affected without maintenance (AAN ti0u) 42.36 

Scenario 2 - without maintenance 

Impact of annual flood after 10 years without maintenance 

Flood Return Period Probability Nr. JClEs Probability Average Nr. BEs 64 x(b) 
(years) Affected Interval (a) Affected (b) 

1 

25 % flooded 

20 

50 % flooded 

50 

...... . ........................ . :.::.:.:.:.:.:.: ...................... .. ..:.:.:.:.:.:.:.:.:.:. ... . . . ... . ... . ::.:~::::a:::::::::~:~:~:~:~:~ ...... . .......... ................................ . ..:.:.:.: .: ..... ;:.**$;.;:f: :~~:~:~:~~:~:i:i:#:i:~:~.~:~::::::::;::::::~~.~::~:::~.:.:.:.: ,.,.,.,.~.~.,.;;l:.:.:‘~ .... ... 0.95 55.98 53.18 
................................................ 

0.05 74. ,j ‘j .:.:o~.~:-:-:-:.:.:.:-::~; :.i~:::::::::::.::::::::::::::::::~~:~:~.~::~~~~:.~~.: ..................... .. . . . : : : : : ........................ .. . . . ............................................ .,.,._ ..... ... ............ . . . . . .: ::::::i:::::::::::.:: .’ ................. ................... ... ... ... ... . ........... 
.~~~~-~~~~~~~~~~~~~~~~~~:~~~~~~~~~~~~:~~~~~~~:~~~~~~~~~:~.~.~~~:~:~~~~~~~~~~~~~~~~~~~~:~~~~::~:~:~~:~:~:~~~~~~:~:~~~~~~~~~~~~ 3;:$<.f ....................... ::::::::::::‘:::::::::j:::::::: ... . : ................... ~“:‘.:.:.:.‘.::: ................ . ::.c: ..... . ..... . ... :- :.:.: :.:.:.:.: .:.:.:. :.:.:.i.;.: :.:.:.:.:.::~~.~~~~:~~:~:i:i:l::.~.~:~~~:~:~:~:~:::~:~:::::.:.:.:.:.:.:.:.::::::~:::::::::~~::~::.::.:.~~~:: 

... .:::::::::::.:.:.: ............. . ............ :::::_ ........ .... . .... ..... . ............. . . . . . ........... :.:l.~.~:.:::::::::::..::::: .: 0.03 111.97 : 3.36 ........ .. ........ . ...... 
0.02 149.29 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

......................... .,., . . ._ ... . .. _ 

100 % flooded 

Annual Average Number HEs affected without maintenance (AAN ti,,ti) 56.54 

Summary: flooding AAN ;i*ou AAw* 

Right Bank : (4 (b) (a) - @> 
Scenario 1, year 0 42.36 24.18 18.18 

Scenario 2, year 10 56.54 24.18 32.36 

Value of one HE (f) * 1304 

* 1997198 price 

Note: Severity weightings have been applied to HEs affected by flooding 
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Benefit(i) 

23702 

42196 

arable : 2.2 

pasture 1.5 



mm 
WATTON BECK 
Estimation of Benefits from Flooding assuming tither deterioration in subsequent years 

Left Bank Right Bank 

Benefit lost in year 0 a 
Benefit lost in year 10 b 

Incremental loss over 10 years (b-a) = c 
Average value of incremental loss (loss in year 5) (c/2) = a 
Discount factor at 6% (year 5) 
Present value of average incremental loss (Cl*+ =; 
Average annual loss assuming further deterioration f+a 

Total for both banks 

1997/98 prices are used. Figures are subject to rounding. 

20075 
35740 
15665 
7832 

0.747 
5853 

25928 

23702 
42196 
18494 
9247 

0.747 
6910 

30612 
56540 
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DRAEVAGE BENEFITS 
Scenario 1, Year. 0 .I. 
Watercourse Watton Beck 
Bank Left Bank. 
Drainage benefit ‘%rrea (ha)- 210 

Land use type Extensive pasture Extensive arable 

With maintenance drainage status Good Good 
Without maintenance drainage.status Bad- Bad 
Area affected (ha) 4.2 205.8 
Annual benefit @/ha) ? -8 65 
Total benefit/land use (5) * -33.6 13377 
Total benefit (5) * 13343 
* 1997 economic prices 

Watercourse Watton Beck, 
Bank Right Bank :, 
Drainage benefit area (ha) 250 

Land use type Extensive pasture Extensive arable Intensive arable Forestry & scrub 

With maintenance drainage status 
Without maintenance drainage status 
Area affected (ha) 
Annual benefit (Z/ha) * 
Total benefit/land use (0 * 

Good 
Bad 
2.5 
-8 

-20 

Good 
Bad 

242.25 
65 

15746 

Good 
Bad 

4 
65 

260 

Good 
Bad 
1.25 

0 
0 

Total benefit (5) * 15986 
* 1997198 economic prices are used. Figures are subject to rounding: , 

I\;ote 
If the drainage benefit area is not known, multiply the flood risk area by the appropriate areal drainage factor, 
according to soil type and drainage system. 
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DRAINAGE BENEIITI’S 
Scenario 2, Year 10 
Watercourse 
Bank 
Drainage benefit area (ha) 

Watton Beck 
Left Bank 
210 

Land use type Extensive pasture Extensive arable 

With maintenance drainage status 
Without maintenance drainage status 
Area tiected (ha) 
Armual benefit (E/ha) * 
Total benefit/land use (2) + 
Total benefit (Q * 
* 1997 economic prices 

GOOd 
Very bad 

4.2 
-30 

-126 
34448 

Good 
Very bad 

205.8 
168 

34574.4 

Watercourse Watton Beck 
Bank Right Bank 
Drainage benefit area (ha) 250 

Land use ty-pe Extensive pasture Extensive arable Intensive arable Forestry & scrub 

With maintenance drainage status Good Good 
Without maintenance drainage status Very bad Very bad 
Area affected (ha) 2.5 242.25 
Annual benefit (E/ha) * -30 168 
Total benefitlland use (Q * -75 40698 
Total benefit (5) * 41295 
* 1997198 economic prices are used. Figures are subject to rounding. 

Good Good 
Very bad Very bad 

4 1.25 
168 0 
672 0 

Note 
If the drainage benefit area is not known, multiply the flood risk area by the appropriate areal drainage factor, 
according to soil type and drainage system. 
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FDMM 
Watton-Beck :I 
Estimation of Drainage Benefits assuming further deterioration in subsequent years 

Left Bank Right Bank 
& & 

Benefit lost in year 0 (Goodto bad drainage) 
Benefit.lost in year -10 (Good to very bad drainage) 
Incremental loss over 10 years 
Average value of incremental~loss (loss in year 5) 
.Discount factor at 6% (year 5) 
Present value of average incremental loss 
Average annual loss assuming fi.u-ther.deterioration 
Total for -both banks 

(a> 13343 15986. 
(b) 34448 41295 

co>-(a) = Cc> 21105 25309. 
10553 12655 

(e> 0.747 0.747 
Cd> x Ce> = 0 7885 9453 

0 + (a> 21228 25439 
46667 

1997/98 prices are used. Figures are subject to rounding.. 
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Sensitivity analysis 
Assuming 50 % of whole flood risk area is prone to bad drainage without maintenance 

DRAINAGE BENEl?TlS 

Watercourse Watton Beck 
Bank Left Bank 
Drainage benefit area (ha) 105 

Land use type 

With maintenance drainage status 
Without maintenance drainage status 
Area affected (ha) 
Ammal benefit (g/ha) * 
Total benefit/land use (;E) * 
Total benefit (5) * 
* 1997 economic prices 

Extensive pasture Extensive arable 

Good Good 
Bad Bad 
2.1 102.9 
-8 65 

-16.8 6688.5 
6672 

Watercourse 
Bank 
Drainage benefit area (ha) 

Watton Beck 

Right Bank 

125 

Land use type Extensive pasture Extensive arable Intensive arable Forestry & scrub 

With maintenance drainage status 
Without maintenance drainage status 
Area affected (ha) 
Annual benefit (g/ha) * 
Total benefit/land use (5) * 
Total benefit (5) * 
* 1997 economic prices 

Good 
Bad 
1.25 

-8 
-10 

7993 

Good Good Good 
Bad Bad Bad 

121.125 2 0.62 

65 65 0 

7873 130 0 

Note 
If the drainage benefit area is not known, multiply the flood risk area by the appropriate areal drainage factor, 
according to soil type and drainage system. 
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AGRICULTURAL BENEmS ONLY 
J-AINB USE ASSESSMEKC: REACH SUMWXY 

Watercourse WattomBeck 
Bank Left Bank 
OS Map. Pathfinder 675/676/666/667 
Flood risk area (ha) 210 
Effective reach length (km) 1 

Land Use Factor unit 

House. Number 1.00 
Garden i allotments Number 0.04 

NRP - Manufacturing Area (m? ) 0.030 
NRP - Distribution.. Area (m2 ) 0.054 
NRP - Leisure Area (m2 ) 0.032 
NRP- Of?ices Area (m’) 0.033 
NRP-Retail Area (m’ ) 0.035 
N R P - -4gricultural Area (m2 ) 0.010 

C Roads Number 2.7 
B Roads Number 6.3 
A Roads (non trunk) Number 15.9 
-4 Roads (trunk) Number 31.7 
IVIotonvay Number. 63.5 
Railway- Number 63.5 

Forestry and scrub * per 100 ha 
Extensive pasture * per 100 ha 
Intensive pasture * per 100 ,ha 
Extensive arable * per 100,ha 
[ntensive arable * per. 100 ha 

Formal parks Number 0.6 
Golf / race courses Number 0.7 
Flaying field Number 0.L 
Special parks Number 9.3 

Number or House Equivalents TotalHE 
area (a) HEYunit t-t?) @)x(b)- 

0.042 

2.058 

Flooding Drainage 

0.02 0.0 
1.3 1.1 
3 4.5 

6.3 3.6 
44.1. 9.7 

Total HE (c) .* 
HE/km ((c) / effective reach length) 

0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

13.02 
13.02 

* Flooding / drainage scores to be summed 
HE values are at 199 1 base 

* * Apply areal drainage factor if required 
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AGRKU-LT~ BEWEFTTS 8NLY 
UW USE ASSESSMENT : REACH SuM[MY 

Watercourse Wation Beck 
Bank Right Bank 
OS Map Pathfinder 675/676/666/667 
Flood risk area (ha) 250 
Elective reach length (km) 1 

Land Use Factor m-lit Number or 
area (a:) 

House Equivalents 
HE/unit (b) 

House 
Garden / allotments 

Number 
Number 

1.00 
0.04 

NRP - Manufacturing 
NRP - Distribution 
NRP - Leisure 
NRP- OfCzes 
NRP-Retail 
N R P - Agricultural 

Area (m2 ) 
Area (12 ) 
-Area (m’ ) 
Area (in’) 
Area (ma) 
Area (r-2) 

0.030 
0.054 
0.032 
0.033 
0.035 
0.010 

C Roads Number ‘2.7 
B Roads Number 6.3 
A Roads (non trunk) Number 15.9 
A Roads (trunk) Number 31.7 
Motorway Number 63.5 
RailWay Number 63.5 

Forestry and scrub * 
Extensive pasture * 
[ntensive pasture * 
Extensive arable * 
intensive arable * 

Formal parks 
Golf I race courses 
Playing field 
Special parks 

cer 100 ha 
“r 100 ha 
wr 100 ha 
pr 100 ha 
3er 100 ha 

Number 
Number 
\Jumber 
Number 

0.0125 
0.025 

2.4225 
0. o+f 

f 

Total HE 
(a> x (b) 

0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

15.26173 0 
1.764 

I 
0 

0 

Note 
* Flooding I drainage scores to be summed 
HE values are at 1991 base 

** lipply area1 drainage factor if required 
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AG’iUCUL’IllEML BE~XEFTI’S .ONLY ’ 

FLOODING 

Watercourse Watton Beck 

Bank Left Bank 

Flood-risk area (ha) 210 

Effective reach length (km) 1 

With maintenance - current situation 

Flood Return Period Probability. Nr. HEs Probability Average Nr. HEs (4 x CD> 

(years) Affected Interval (a) Affected (b) 
. . . . _. . . .::.::: . . . . . .: .._ 

1 
.i._:.: .,.... 

1 0.00 
: : : : : : : : :.:.::.:.x x:-x :.:: :::::::::::::i:::.::.::::i:i:::::!i-::i:#:i,ij :::.:.:.::: ::::::.:.:.:.::::.:,‘.: .: :: :::,:,.,.,...,.::,...‘. . . . . .- . . . . . . . . . . . . . .:.:.,., 
‘. “““+.‘.’ .i.‘.‘.‘.‘. .. .““.’ ‘:‘.:::::.:.:;‘:::::;:::-i.:::::::::~:::~::::::::: :.:.:.:., 

,, 
.‘. 

no flooding no flooding 

20 20 

30 % flooded 
3 o o,. flooded 

50 50 

100.% flooded 100.% flooded 

Annual Average Number HEs affected with maintenance (AAN.,& 4.63 

Scenario 1 - without maintenance 

Impact of annual flood after 1 year without maintenance 

Flood Return Period Probability Nr. HEs Probability Average Nr:HEs G-4 x (b) 

(years) 

5 % flooded 

20 

50 % flooded 

50 

Affected (b) 

i. 
:‘“1::~:~..::.:.:.:,.:.:.:.::.:~:::::~.:::;;;;~-.-.-:.~.~.~. . . . . . . . . . . . . . .._ . . . . . . . . . .: 

1 1 .43 ‘:??:Y:? :.:.:.:.: >:.: 3 . . . . . .::. :......i... ::....i.. “....~.‘......,.‘...,.............”...:.~.~.~.~. ~ ::::::.: 
,._ . . . . . . . . . . . . ,..... ._ . . . . . . . . . . . . . . . . . . . . . . . :: :: : ::.: :.:.. : : : : :~~~;.~~~~~~:~:~~~~~~~~~~~: : : : : : : I .A.. . . . . . .._......... . . . :‘::::j::.:.::~:.::~.:.:.~:.~ .i..,.,.,../.._,._...,........ ..,.......:....... :.: .:::::::. _, ..‘......“.““.~i~.~.;~.~:~:~:~ ~,:,,i:i:i:::i:::~:: 

/.........,............. . . . . .._...__.....__.................................................................. 
:.:.:.:.:.: :.:.:.: . . . :.x-:-..:.:.:.:.‘-: .:.:.: .;. :.,.. .:.,.:......: . . . . . . . . . . . . . .:.:.:.::.,:::.::: ::::.::: :~.~ 0.95 7.87 7.47 

‘.‘... 
0.05 14.31 ““‘i.‘..‘._“..“‘.‘..‘. . . . ..:. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .:.:.:.y.:.:j:.:-f ..:.:.: .:...:.:.:.:.:.:.‘:‘.‘.:.:.‘:.: :::..:.:.:.>:.:. <.:.::.>:.:.:.:.~::.::~::.::::::;:;:;:; 

:: . . . . . . . . . . . . . . . . . . . .:.: . ..L_... :‘::::::::‘.“_‘.‘.‘..‘.‘. ‘.‘.‘.’ ~~.‘................,.._.~~,,,.,,., ::.:.~.‘,).~:~~~:~:~:~:~,,,,~,::~,,.,.,~~ .‘i.::::.::::.:.::.:.:.:.:::~::~x+.+: . ..ii.. > . . . . . . “.‘-.“‘.. “‘.‘--‘.‘.“.‘.‘:.~:.~.:.:.~:.:.: ..:.:.: .:.:.:.:., :.:: . . . . . >>: . . . . . . . ../...... :.:.~.:.~.~:::.::.::::(.‘..:-......’.’.:.‘.:.:.:‘.:.:::~: ;.,:,::;:,:::: ~ ;::..,: 
/i... .:..i ..,...i :.::-:.:.:--..-.... . . . . . . . . . .i: _...... ..,.. ,....i .:. . . . . . . . . .._........ 

.,....,.,... :.:::::j:::::::.;:: :.:.:.: :‘.~-‘:::i-..~.:~::~ .,,,::,,_ ../......~. ~:i iii,.i,,.,.; :,.,. 
.i. . . . ..:,...:. . . . . . 

,,. ,.., ,., ., __, ____ ,,__,/,, ._. ._. .__. ._. ..: :ii.. i_L . . . . . . . . . . I...... :. . . . . ..i’~..~...‘.‘./‘.’ ,.. 
. . . . ..,..: -...:..- . . . . . . . . .._..... -.. ..r.ii_.........i_.......... .- . . . . . . . . . . . . . . . . . . . . . . 0.03 21.46 :.:::1..:.~‘.~.~.-.‘.‘.~.-.:(.-.’:::’:~:::::.:.:.:::.: . . . . . . ..I . . . . . . . . . . -. . . . . _. .,.,_._ .___. .,__,,.~.,.~.,._.~ ,_ _:, ,).,,-, ,...,,.,,_ ,( 0.64 

. . . . . . . . . . . . . . . . . . ,............... . . . . . . .I . . . . . . . . . . . . . . . . . . ,.-. . . . . . . . . . . . . . . . . . . . . . . . . . 
0.02 28.61 

.:.x.: . . . . . . x>:.:.:.:.:.:.:.:~.:.:.:.:.:.:.:.:.”:.:.: . . ...? ::::::.:.::;.:.:.:: ..:..::. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :.:,: . . . . . . . . . . . ..__ ,_, ._.... . . . . . :....... :.:.:.:.:.: :::i.. :.:~:.:.~.~~.‘:.:.: .:,.,;,. “.“_‘%“.i’... . . . . . . . . . . . . . . . . . . . ..L.. . . . . . . .._........... 
:=?:.:~:.x.:-,. :... . . . . . . . . V.ii’.“....:.:.:.:.:..:::.:.:.: :.:.: ..:. :.~:.~:.~.:.:.:.:‘:.: .._..... :::::::::.:.:.3i:~:i’~:.~i “:‘:.:.:.: :.:. ‘~~~--,:,:~:~:~::::::~::::::a’:~..:~::........... .:.:.:.:;‘-~..~‘..:-.-.. !:::‘:~~~-’ ‘:::“‘.‘::.::~:~::~i:.:.:.:.:.:.:.~ 

:;.:.:. ~ :::,::.:...:.: ‘:‘,.::. :-: :::y . . . ..‘..“....~.~.~. ~~ ,.,.:_ ‘..~ .:,:.:,. :~,: . . . . . . . . . . :.:...:..s .:.:.:.:. :_ :.:. :,,_, :o;, . . . . . . . . . . . . . . . . . . . . . . . . . . . 
100 % flooded 

Annual Average Number HEs affected.without maintenance (AAN .&& 5.12 .. 

Scenario 2 - without maintenance 

Impact of annual flood after 10 years without maintenance 

Flood Return Period Probability’ Nr. HEs Probability Average Nr. HEs (4 x(b) 
Affected Tntnrval . ------ -___ . -_ (a) Affected (b) 

:.~:~~‘~~~~; ;; .A...... ..:“:.;i+:_ Fi- :.,. :ii;.~~.‘;’ .:-..l.:.::~:.~::...~ ;)): \ ,.... ./ . . . . . ~:.::~.:.~.:::‘:‘::::.:,::.::.‘::::::::::::~::.:.:.::...:.: . . . . . . . ..__................ ,.,... . . . . . . . ../....../... . . . . . . . . . . . . -.. ..:... . . :.:.: _._... 3 ..;:.:. :...:.: .:.:.: 
1 7.15 

:::~~.~,:~~:~:i:.~.,:‘:: :.:.::.:.:.:.:.:.:.:.;,:j;.:.:, ~ ,:.: .:..........,.; .,.,. .,.,._, . . . . . . . .._ ,.,. . .._. ..::..‘.‘:-:-:.:.~..-... :. . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . .: ..:.. . . . .._ .., 1. .:: .,.,._...,., . . ._,, 

. . . . . . . . . . . . . . . . . ._... . . . . . . ,.::.... . . . . . . . . . . . . . . .:.:.:.:.: ‘.: : : : :.:.:: :. 
. . . . . . . .._. :.:.:.:-:.:.>:j::::::::.:.:;:::::::(: :.:. :.,.:.:;.:.:.: .._: ,...: .,..: ..~ ,._ ~~.:.~ ,..:: :.~::.::::::j-:~:::::.i~:::.~.:;.:.:;:~~.:.~:.:.:...~.~.:~ ;.~.:.~ :r:~~::~.:.;.;~; ,,..,,;:.:.. -.- 0.95 10.73 10.19 

~.,j:::::.::,y::..::,~:.:.,.:.:.:::::::,.:-:.:.:.:.:~:. ..:. -...:.::.:.:.: . .._............................. ,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .:..................... 
: :.:.:::.:::::.:.:‘:‘:.:.:.;.:.:.:.:.:.:.;:> 

. . . . . . . 
0.05 

._ ._, ._. . . . . . ,, ,_, ..,,.,.,.,., ,.,.,.,.. ..::(..; ~-.~.~.L~ii.~.~.~.~.~.~.~.~i :::.:.:.:.P.:.:-:-.c::-:::::::: 14.31. . . . . . . . . . . . . . . . . ..::.‘:-:.>:::::,.: .:::. :.:.:.:.> .:‘.): ..:: :::~::,:~:~:i:i:i,:j:;::: :.:.: :+..> ,,;:.:.:,,,):: :f: ::::::-.::.:.: ::: 
:.:.::.:.:.:.:.~.,.:.~.~.:.~.~.~.~:~~~~:~::il’;::.::::.~:~:::::::~:.:~:.:::‘:‘j:::.:~,: :.:.:j>:.;: ..:.:.: . . . . . . ..‘......’ )::::::>::.:..:.. .:::. :: .:.:.:.:...: .:.:. :: 
:;:::‘,;:::I:::::z:j.:. ::i~~::::::::...:.:., :::+..:.:.v. ....: . . . . -~.~‘.:.‘:.‘;.:.:, . . . 0.03 21.46 0.64 

.__.._....... .-... . . . . . .-. 
0.02 

_, ,:.~.~.~.~,~.~:~.‘.‘:‘::‘:~-‘.‘-.~.’.:’.: . . . . . . . .:..:,.... ~ _.,.... .,. .,., . . . .._. ._ .‘....,. . . ...‘.. . . . . . . . . . . . . . . :.: .:.:. :::z::y$ ,.:.:: :::,: ;:j.:.:.:‘.:...~...; 
;;:j;+F;;;;;;i ;::. :;. I:;: ?,z$;: ;:;::z:::::y.. . . . . . .-:-..L-: .A... .: .A.. 2 8, 6 1 .““’ . . . . . . . . . . . . . :.._ ::.:.:.:.>;:. . . . . . . . :I:;;:;: i,::::.::::.::.:::::::: .::. ‘.~.-~.~:‘:‘;-:.~~.:.‘.‘:::::.:.::.:.’.:.:;::.-.‘.“.‘~‘,~,’.’,-~,‘,~.‘.‘.~,~.~ ::.; :;.= :. .:: . . . . . . r .:.,‘..,...:::,:.): ,...,.,.,...,:.~.:. ~ :,,::,:.:,. :,.-.-,.,: ,. 
*.~.i.:.i.~.:.:‘:.:.::: .: ‘:~:.:.~:.:.:.::.:.:.:.: .A.. 3 :.j:.:;.:.: > . ..~ ..,.,.,.,.... ;:::::::::.: ‘.‘.. .::: . . . . . . . . .,._; ::...>> ,.,..:;, :(.~ ,:.,,: .,:.;.: . . . . . . . . . :,..‘-.:..‘.:. ..... .:. :.~.:.:.:::~.r:.n,~.:.::.. 

:.:‘: 
. . . . .,. . . . ..-... _. . . . .,.,... _, . . . . . . .:........::.,. _. _ _, . . . 

(years) 

1 

25 % flooded 

20 

50 % flooded 

50 

100 % flooded 

Annual Average Number HEs affected without maintenance (AAN ,Gti,cJ 10.84 

Summary: flooding AAN wi!30~ Am WA Benefit(f) 
Left Bank (a) (b) (a) - lb) 
Scenario 1, year 0 8.12 4.63 3.4s 4542 
Scenario 2, year 10 10.84 4.63 6.20 8086 

Value of one HE‘(f) *- 

* 1997198 price 

1304 Average 

Note: Severity weightmgs have been applied to HEs affected by flood .. arable 2.2 

pasture 1.5 
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Watercourse Watton Beck 

Bank Right Bank 

Flood risk area (ha) 230 

Effective reach length (km) 1 

With maintenance - current situation 

Flood Return Period Probability Nr. HEs Probability Average Nr. HEs (4 x Co> 
(years) 

no flooding 

20 

30 % fiooded 

50 

100 % flooded 

AEected Interval (a) Affected (b) 
.ii,.i,.,_. ~,. _. .._ .ii,_._.,.i,. ~ ‘:” :.:.::.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.~.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:::.:.:.:.:.:.:.:.:.:.~.~.~.-.~.~::.~.-.~.~.-~“~ . 

1 
. . . . . . .,.,._ .,,.... ,__,.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .,..., 

0.00 __:~._.‘._:;_‘.‘.‘:.:‘:.._.‘.‘:_:_.’.”””..’..--‘:::.......... “.‘.‘.___ ‘.“““““‘.‘-“:::::.:~::.~:- ..iii.L LL.i....i..ii.. . . . . . _...................i..:i........ :::::::::::: ::_:: :::: ,:.- _........ ~........-.......~.~.~.~.~.~.L~.-.-.-.-........:.... ii . . . ..-. i... ~‘.“...~.~‘.~‘.~.“:.~~ ‘.......‘..:.:.~.:.:. j :.:.:.: .:.:.:.:::::::: :.:.:.:.:.x.:.:.:.:.:.:.:.:.:.: . . . . . . . . . ..i.._...... .i.. i.... .‘“...‘.‘.“““..:.:.:.::::::::::::::: -- >:.:.:.:.:.:.:.:.:.:.c;- .......‘.B.~.~.:.~.~. ~:.,~ :,::: . ..“....................“...~“~.~.~.~.~~ :: :;-,, ~_ 
.:: . . . . . . . . . . . ..-..: . . . . . ‘:y;y”:~: . . . . . . . . . . . . . . . .... .:.;:“:‘:‘:““-:.:.:.: : : : : : : : :.:,:.:.:‘2’:8j:::::::::::::::::~ .:.:.:.:.;::i.:.i :.~‘,. :::::::z:-: _::::.. __:: ::::::::: .:..... . . . . . . . . . ..ci . . ..“............;.;;;;,.~.~.~.~.~~::::,~~~ 
‘;.~.~,‘.‘.‘.~,‘.‘.‘.~.‘.‘.:.:.::.:.:.:.:.~.:.:.:.:.:.:.:.:.:.:.:.:.:.: . . . . . . . . . . .._. _:.: _...... 0.95 5.63 5.35 ,.,.ii,.,.,.i_.,...,.,_. ::::::-“-“‘--“-‘.‘I~:“.‘.~ . . . . . .._............. 

0.05. 
1 1;;; .- ‘%. ” ~~~~~~~~~~jl:~~~~~:~~~:~~:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .:.:..: _.._.,.,....~~~~~.,,_,,,,.,__,,,...._,,,,.,_,._,,~ _,,_ 

“‘.‘.“..-..C._‘-‘.‘. .... ,.....i....: . . .._.........n.. ., .._ ,,,.,.....i,.,._.\ ..i. L’.......:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.~.:.:.:.~:::~.::~::::::::::::::~:.::::~:::::::: :.:.: .:.:.:.:.:. :.: .:::::::::::::.:::::: :::::::::::::::~::. .,., _., :-:;,Z*’ ..:. AL :,:.-,:.:.,,:: :::::::‘-::: ::.:: i 
‘...‘...‘.. ‘“‘.....~.:.:.:.:‘:.:.::.~:.:.:.:.:...~ ““.....“.“......‘..‘.‘.....(,~.~.~.~.~-:~. ~~:: . ..-.: . . _...‘... . . . ‘.‘:.:‘:.:.::.:.> ..-... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :::“:i:::::::::i:l .:.:.:.:.:::::::::::j::j:.::::~:::::::.:::::::.:‘:.:.:‘:‘:’~,::::~:~.:.:.:.:.. ., .,:,_ _ii,_,_,/,,, 0.03 24.38 0.73 
“.“‘.“““““““‘....“.“.““.“.“.‘..“....~:~~~:.~~ :“. . . . . . . . . . . . . . . . . . . . . . . . . . . . ..,.,.,...,....., _....,._ .i. . . . . . -.: . . . . . . . . . . .._._.................................. . ..l.. 

0.02 37.51 ‘..:“::::‘::~.:..-.‘-‘-‘.~.:.‘-;.:.:.:.:.:.:.:.:.: . . . . . . . . . . . . . . . . . . . -...- . . . . . . . . . . . . . . ..__. -.., .-.F..>>..:.:.:...: . . . . . :;.>..r..: :.:.: ::;:+ .._...,......................................................,,.,.~.,.,,~~~~~,~~~,~,~~~,~~~~~,, 
‘-‘-‘.Yn’~~.:~:~-.:~..,.:.,.-.x:;i:.~:.~-:..- . . . . . . . ../.i.. :.: . . . . “;““‘.‘“‘-‘-‘.:-:.:‘a~.:~. “-:.:.:-:-:.:..:i.;.:.~.: . . . . . . . . . . . . . . . . . . . . 

: : : : : : : . . . . :.:.:.:.:‘.:-:.:.:.:.:.:.:.:.:.:.:.:.~~:::::::~:::::::::::::::::::;:~~~~:~:~~~: ,:.:.:.:. ..__..___ .“‘..i. :i:::::~.:~::::::::::~.:.~..:...~ . . . . . . . . . . . . . . .._................. 
:,:.:.:::::::~:~:~:~ :::-.:. :: 

.iii.. . . .._..._.__..____..................... .,.::X::::~~~~~~~~~..~..~~. f:.: .:.:. (” ‘” : : _ ,,,,.,,. ;..;. -. _;. --:--, ; : : : : : : : : 

Annual Average Number HEs affected with maintenance (AAN &) 6.08 

Scenario 1 - without maintenance 

Impact of annual flood after 1 year without maintenance 

Flood Return Period Probability Nr. HEs Probability Average Nr. HEs (a> x @I 

&ears) Affected Interval (a) Affected (b) 
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1 1 1.88 
‘,.,” L. -.. . . . .._. ..,.._,.i// . . .._ .i,._.iii_.,.i_.i_ ~~ . . . . .._... :.:.~.:.‘):.~.:.:.:.~:;:.:.‘:.~~.~~.:.:.:?:.. . . . . . . . . . . .“‘.:-:.:::.::::.:.::r.): ..,...........:... . . . . . . ii... _.:..... _/ ‘::::::.“‘..::T’:.:.: :: >: .  .  .  .  .  .  .  .  .  .  .  _.. ,___ ,_ 
‘~~‘ii’~“~.~.~.‘.‘.~.‘.~.‘.~.‘.~.’.~. ox.-.-.:...-.: _.,.,.....,.iii,.i....,.... .._ . . . . . . . ......- :: ::.y.:.:.: _........ F..:.:.:.:.:.: :i..::..... :.::::::::~::::::::::::::::~.:~~.~::~~:~ 

.“:;T:.:.‘.‘...-.....- ............,...ii..i... _. 
T.‘.‘.‘... 2. . . . . . . . . . . 

_..._.___. :::::~::‘::~~~::::~~~~~~,~~~~~~~ 
. . . . . . ../............................ _...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._.. ,............“.....~.~.~ .:.:.:.):.:.:.~.:.:.:.~.~.~.:. s:x:z: :::::(:.:.....,.:.,.:.:.: .:.: 

:i:~:~~:~.~:~::::.:.::.:::.:.:.:.:.:.:.:...:.:.~: .........i.._. .,.i,_,_,,._., ~~:,: : .::.y: ..‘i . . . . . . . . . ,.._ .._., _,_,._ 5 % flooded :.:.:.:.:.;..:::::::::,.:.‘” ....i.. . . . . . . . . . . . ..__....._~... :::::::::::,:.:.:,:.:,:.:.:.::;::’:~::-’~~~~~ ~~~,~,~~.~.~~;~.~~~~.~~~~.~.~.~.~.~. 0.95 ,_ _.,.i,._._...,.,.,.__....~, .‘:;;;.~:‘:~:‘:-:“~.‘.. ._. ... ... 
““““;‘~“-~~““.““‘~“..‘.““‘.‘..‘..’.’.’.....’~’~:::::~:::::::~:~::::.:.:.::::~~:::::::‘:~:.~:..:~.:.~:.: 

10.32 10.32 9.80 9.80 

18.76 
.:.:.~.:.:...::.:.:?.:.:.:A~.::~ ,.~.:.~.~.... . . . . . . . . . . . . ..~.........~.....:.:.:.:.:.~:::.:.:.:.:.:.:.:.:.::~:::j:::: ‘(:‘:-.‘-‘.:-“.‘“.-. ..- ‘.-- ‘.-- .-:.-... .:.-:i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ‘.:.:.~::6:-:.~:.:;--..,.~.. Y.‘.‘:...‘... ‘-...-...vi .ii 
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100 % flooded 

A.nn~~l Average Number HEs affected without maintenance (AAN tihO,J 10.64 

Scenario 2 -without maintenance 

Impact of annual flood after 10 years without maintenance 

Flood Return Period Probability Nr. HEs Probability Average Nr. HEs (a) x (b) 

1 Affected 0~) Affected Interval (a: 
::‘::::::::::::8~~i:~:~:::::::::::::.;.:.:.:.:.~: . . . . . . . . . . . . . . . . . . . . . . . . .A...... ‘.“:‘.:‘:.:‘:.:.:.:.:.:.Bi:i”‘$-~: ,:,:,.,:,y,:, . . ..‘I.....: .....i,.,_....,.,.....,.,. ~.:.~.:.:.:.:.:::::::::::::::::::::::.~~:.: 

1 
‘.I-. . . . .,.........:... .,.,.,.._,...i,. 9.3 8 :~~~~~~I;:~I-i-i~~~:~:~~~~~:~~~~~~~~~~~~~~~~~~ %I’.... .?.. . . . . . . .._. .._....-, ._, ., :::. .~.,.,.,.~.,.,. 

(years) 

1 

25 ‘?h flooded 

20 
j 0 % flooded 

50 

13.36 . . . . . . . . . . . .._ :~~:~i:::~::~:~~:I::i~~:~~~~.~:~~~~~~:~:~:~:~~:~:~~:~~:~::.~~::~.~:~:~.~:~~~.~~::~.:~.~ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._................ . . . . . . . . ..-. . ...-:- . . . . . . . . . . . . . . -. _.. . . . . . . . . . . . . 

100 % flooded 

28.13 0.84 
. . . . . 

- - - . . . . . ::: ::......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._.............. .: in . ..i. . . . . . . . . . . . . . . ..-.> :,_._ . .._............... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .,.. . . . . . . . . . . . . . . . . ..: . . . . . . . . . 

Annual Average Number HEs affected without maintenance (AAN .ti,ort) 14.21 

Summary: flooding 

Right Bank 

Scenario 1, year 0 

Scenario 2, year 10 

lQ& tiou ;1AN+h 

6) (b) 

10.64 6.08 

14.21 6.08 

(4 - 0~) 

4.57 

8.13 

Benefit (5) 

5955 

10602 

Value of one EEi (5) * 

* 1997198 price 

1304 Average 

Note: Severity weightings have been applied to HEs affected by flo 
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AGRICULTKDUL BENEFITS ONLY. WATTON BECK 
Estimation ofBenefits from Flooding assuming-further deterioration in subsequent years 

Left-Bank Ri&t Bank. 
& i. 

Benefit lost in year 0 (4 4542 ’ 5955 
Benefit lost in year 10 (b) ‘.. 8086 10602 
Incremental loss over 10 years- (a>-@) = (4 3544 ,.’ 4647 
Average value of incremental loss (loss in year 5) (c)/2 F (d) 1772 2323 
Discount factor at 6% (year 5) (4 0.747 0.747 
Present value of average incremental loss 4 x (4 = 0 1324 1736 
Average annual loss assuming further deterioration 0 + (a> 5866. 7691 
Total for both banks 13558 

1997198 prices are used. Fi,oures-are subject to rounding. 
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GENERAL INPORMA?‘I.ON 
la 

River 1 WATTON BECK 1 

Reach Length (iuu) 
2 

I 1. 1 

Dominant Substrate Type:- 
3 

I CLAY 1 

Gravel, Sand or Silt 

(Treat clay as silt) 

Floodplain _ 

Rising (>I %) or Flat ( < 

Catclunent Size 
Large (> 25 sq. hn) 
Small (< 25 sq. km) 

Benefit Area (ha) 

4 

I RISING I 
1 %) 

5 

I LARGE I 

6 
I 460 I 

lb 
Reach Code I 

LUT 
Dominant Land Use Type (LUT) 
(‘l-able 1) 7 

CEREAL/OILS (5) 

Varied Land Use Types (LUT) 
(Table 1) 

4 All cereals , 

Dominant Soil Type 

9 5 Cereal/pil&d 
LOAMY CLAY 6 ,fk+&/root 

/ 
_ /-f 

, 
Horticulture 

8 Other 

Note: AlI table numbers and references relate to R&D Note 5 11, Guidelines for the Justification of River Maintenance 



Drninage Status 

(l3O.Y 14 cGTublc 4) 

r-q---y. (Etmngmt vegetatinu ally) 

i 
I 
I 
I 
I * Fltxlding Envelopes 

\ * % HA with diiera~l flood 

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

I > 10 (2OyT) 30 1 138 3 414 
I 
I pi yr) 100 460 3 1380 I -- 
I 7’lAnI 1794 --~----_--~~---~_~~~--------~~~~~-~~~--~~-~- -’ 

* NOI necessn~y wdes.~ &idled injhwmiorr nrrd ns.w.wmor~l is rrquitd 

Flood Rctum Period (yea-s) 

Total Flood Cod 

Daigu 

Net I&turn Less Plood Cost 

(‘OS I6 - box 34) 

23 

[--\ 

(t) 1 1794 “‘i 

243 

(L) (1 
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“DO NOTHING” (WITHOIJT MAINTENANCE) 

3511 35n 

Ncl Rehtn, Wcighlcd 

IN1 (UN Net Rctum , 
1 /’ 
2 ,A’ 
3 ,’ ’ 

-1 - 

5 / ’ 

/ 
&..* /” 

/ 
/‘I ‘I 

. I 
* I:lootling ElIvclopes FRI’ (yr.) 1lOOdS flu) (LJIUI) (130.x 380 * bo.u 39) 
* % 13A vi111 dilkrcnL 0 
flood rchm1 pcliorL~ (ycrus) <l 

(l’flble 6 or 7, borcs’S, 7. 34) 1-2 5 23 32 736 .- 
3-5 

i-----l 
1 

I 

> 10 (2Oyr) 
> 10 (5Oyr) 

50 230 2 460 
-- 100 460 2 920 

‘rutnl 5060 ---.---- 

‘rwmt vnlttc of nvwage itxmmmtltal loss (r) (d x c) = f 16843 1 IO0 
\v<Tagc tumutl loss assmning fh&A det&orntion (.C) -..--.-I_~ f-l- n 47203 _-_-_. 3216 ------- --.--11..---..1-. -.- 

W/o Maintcrumcc FRI’ (ycan) 
: 



N c-4 

.P 

8 
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Winestead Drain 

APPENDIX V 

1. ‘WINESTEAD DlXA.IN 

I.-l Introduction 
This Appendix presents the results of the application of FDMM and the Guidelines to Winestead Drain, a 
pumped watercourse in the North East of England 

1.2 Study &sea 

12.1 Channel characteristics and drainage network- 
Wiriestead Drain rises to the east .of Withernsea, approximately 17 km east of Kingston upon Hull. ‘-The 
catchment area of-Winestead Drain is estimated to be 54 km’ (5400 ha). This lowland catchment is intensively 
drained both through field drains and the natural ditch system. 

The Environment -4gency ‘main’ river reach length is 7.3 km. Above main river is an Internal Drainage Board 
(IDB) watercourse of approximately 6.1 km in length (Figure 1). Two pumping stations are used to Control 
water levels in the main river and IDB watercourse. /Both these pumping stations are owned and operated by 
the Environment Agency, 

i 
The Booster Pumping Station (3 pumps) at the heid of main river (GR. TA 530050 423400) pumps Iand 
drainage water from the IDB watercourse up into tpe main river which is at a higher level. The capacity of- 
each pump,is 1130 litres/second. The pumps usually operate automatically, and are triggered when the water 
level in the pump well reaches the threshold (0.15-0.6 m). This threshold varies according to the season 
(winter or summer) and cost of pumping at various time of the day. 

The Outstrays Pumping Station (2 pumps) provides the outfall of Winestead Drain into the estuary of the River 
Humber. Each pump is triggered automatically through no-flote electrodes suspended in-the sump and has a 
capacity of 3760 litres/second. Time switches are fitted to ensure that the pumps only operate in “off-peak” 
periods; except during an emergency when the pumps may be operated manually.or the timing mechanism 
overridden. 

The channel of Winestead Drain is typically 3.8 m deep (range 5.2-3.2 m) and 6.5 m wide at bed level (range 
2-12 m). The dominant substrate is clay. Average freeboard under conditions of mean spring.flow is estimated 
to be 1.5 m. The outfalls of the field drains into Winestead Drain are characteristically at a depth of 2 to 2.5 m. 
Such a.depth k needed to provide a suffkient gradient for the pipes to discharge into the river because the 
floodplain commonly falls away from the channel. 

The study reach extends from the upstream limit-of.the main river (Booster Pumping Station) to the pumped 
outfall of Winestead Drain into the Humber Estuary at Outstrays Pumping Station (TA 533500 418495). 

1.22 Catchment characteristics 
This lowland catchment is predominantly rural in character, The catchment is well suited tb.the growing.qf 
cereal crops; in particular winter wlieat and barley. Oilseed rape, peas and beans are used as a break crop 
(Jarvk et al, 1984). From a visual survey of the catchment, details on land use were obtained. Land use is 
dominated by cereal and oilseed crops (85%), with Small areas under-beans and oilseed rape .(lO%). Small 
areas of scrub and woodland (1X) and pasture (4%) are also found within the catchment. 

The solid ge010& of the area is characterised by chalk which is overlain by alluvium and chalky till. The 
Holdemess Soil Association is characteristic of.the catchment (Jarvis et al, 1954). The most extensive soil are 
of the Holdemess series, which are fine, loamy stagnogley soils (Ja.rvis et al, 1984). Soils of the Burlingham 2 
Association dominate the sloping !and towards the edge of the floodplain. This Association is characterised by 
fine loamy soils with slowly penneable subsoil formed in chalky till.- The floodplain of the JDB channel and on 
the right bank of the main river, is characterised by soils of the Walksea 1 Association. These marine alluvial 
i$eY SOilS rely on arterial drainage to prevent waterlogging. The soils of the floodplain on the left bank of main 
river consist of thePNewchurch 2 Association. Artificial drainage and pumping is necessary to control the 
groundwater levels in these clay soils. 
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Widestead Drain 

12.3. River Maintenance 
Winestead-Drain is subject to annual weedcutting, twice a year, using a weed boat. Approximately 80% of the 
channel aquatic vegetation is removed. A fringe of uncut vegetation is left down opposite margins, alternating 
approximately every 50 m, the purpose being to encourage.wildlife. 

Frior.to maintenance, the channel is usually choked with emergent vegetation with 100% of the writer surface 
covered by plants. Glyceria (Reed Sweet Grass) and Phragmites (Common Reed) are the dominant types. The 
banks are flail mown twice a year. Alternate stretches of bank are cut in order- to encourage habitats favourable 
to wildlife. Algae is commonly found within the lDB watercourse, 

The channel has been subject to dredging approximately once every 10 years. A depth of between 0.15 and 0.3 
m of silt is removed to reach hard bed level. Aquatic rhizomes and roots in the sediment are also removed 
during dredging which helps to reduce weed-growth in the early years of the-scheme life. In the future; sonar 
will be used to determine .whether dredging is required. 

Total annual maintenance expenditure by the Environment. Agency on Winestead Drain is estimated to be 
542939 (1997/98 prices). This includes a charge for maintenance of the pumps and electricity running costs. 
Pumping costs can vary considerably according to factors such as season, time of pumping number of pumps in 
use, and length of time and frequency of operation. For the purpose of this analysis, the pumping. costs for the 
financial year 1996/97 are used, inflated to 1997/98 prices. This is the.most recent complete year for which 
pumpingstation expenditure is available. Costs for channel maintenance. only. are estimated to be g6075 
(1997/98 prices). 

-4bove main river is a Winestead Drain Internal Drainage Board (lDB) watercourse of approximately 6.1 km in 
length. Water from this channel is pumped into the main river at the Booster Pumping Station. 

This IDB.channel is subject to annual weedcutting.. Approximately 70% of the aquatic weed is removed in a 
strip down the centre of the channel. Dredging of the channel takes place on average every 10 years. Between 
0.3 m and 0.6 m of silt is removed to reach the solid bed level. Total annual maintenance expenditure on the 
IDB watercourse is estimated to be 53433 in 1997/98. This includes a charge for dredging which has been 
amortised to derive an equivalent annual cost. 

1.3 Applicatioti of TDMM to Winestead -Drain I. 

1.3.1. Area of benefit, 
The area benefiting from maintenance in terms of flood alleviation is estimated to be 729 ha. -This is termed 
the flood risk area (Figure 1). This area was delineated during discussions with the -Environment Agency and 
IDB personnel and is based on the drainage board boundary. 

’ 1.32 Land use assessment 
Flooding 
The completed land use assessment reach summary sheets for the left and right bank are presented at the end of 
this Appendix.- Summary information is presented in Table 1. 

Table 1 Land use assessment summary, Winestead Drain 

j Left Bank Right Bank 1 Comment 
Flood risk area (ha) 460 269 
Nature of flooding. fluvial fluvial 
Effective reach length (km) 7.3 7.3 Main river only 
Total HE: 190.91 20.64 
Flood score (HE/km) 1 26.15 2.83 

Drainage 
Under the current maintenance regime,,the.drainage status for the whole flood risk area is described as good, 
therefore the drainage score is zero. The drainage benefit area is thus 460 ha on the left bank and 269 ha on 
the right bank. 
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Winestead Drain 

1.3.3 Land use band 

Table 2 Land use band, Winestead Drain 

Flood Value (-HE/km) Drainage Value (HEflun) Total Land Use Band 
Left Bank 26.15 0.0 * 26.15 B 
Right Bank 2.83 0.0 * 2.83 D 

Note: * the drainage status is described as good under the current maintenance situation. Figures are subject to 
rounding. 

1.3.4 Determining the effect of flooding 
The completed flooding assessment sheets for the left and right bank are presented at the end of this Appendix 
Summary information is presented in Table 3 and 4. 

Table 3 Flooding, Winestead Diain 

Technique Predictive technique only. No historical records 
Method of analysis Arithmetic method 
Flooded areas Estimated by Environment -4gency, actual areas flooded by the infrequent events are not 

documented 
Severity weighting applied to total HEs affected by flooding: 2.2 for arable, 1.5 for pasture 

Left Bank Right Bank 

Flood Return % Area HES Flood Return % Area HEs Affected 
Period (yrs) Flooded Affected Period (yrs) Flooded 

With maintenance 1 0 0 1 0 0 
50 30 67.61 50 30 12.28 
100 100 225.37 100 100 40.95 

Without maintenance 1 5 11.27 1 5 2.03 
50 100 225.37 50 100 40.93 
100 100 225.37 100 100 40.93 

Note: Figures are subject to rounding. 

Table 4 Annual benefit of flood alleviation. Winestead Drain 

Left Bank 
Right Bank 
Total 

AAN uirhout AAN -.a 
(HEhI (a> (HE/km) (b) 

118.21 34.59 
21.47 6.28 

(3 - co> 

83.62 
15.19 

Benefit (2) 

109040 
19805 
128849 

Note: Figures are subject to rounding. 1997198 prices are used. 

1.3.5 Determining the effect of deterioration in drainage 
For the purpose of this analysis, it is assumed that without channel maintenance and pumping, the drainage 
status of whole flood risk area on each bank Bill deteriorate from a good to bad drainage condition. The 
associated drainage benefits are therefore i47213. Further details are presented at the end of this Appendix. 
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1.3.6 Actual standard of service 

Table 5 Actual SOS provided under the current maintenance regime, Winestead Drain 

Flooding (AAN mih) Effective Reach Flood Score Drainage Score Total 

(HE/km) (al Length (km) (b) (HElkmlyr) (a/b) = (c) (HEflcm/yr) (d) (CH4 
Left Bank 34.59 7.3 A- f. ! 0.0 *. 4.7 
Right Bank 6.28 7.3 0.9 0.0 * ” 0.9 
Both Banks Average Score 2.8 

Below Target Standard i 
Note: * the drainage status is described .as good under the current maintenance situation, therefore the 
drainage score is zero. Figures are subject to rounding.: 

1.3.7 Justification 

Table 6 Total benefits of maintenance. Winestead Drain:. 

Annual Benefit of AnnualBeneftt of Total Annual Total Annual Benefit: Cost Ratio 
Flood -Alleviation Maintaining. Benefit (5) Maintenance (Agricultura (Agricultura 

(E.). Drainage Status (0 cost (0 1 1. Urban) 1 only). 

1288449 47213 176062 42939 4.10 2.24 

Note: Figures are subject to rounding. .1997/98 prices are used. 

1.4 Sensitivity Analysis 

1.4.1 Actual SOS 
Estimates of the actual standard of service provided are sensitive to the effective reach length used. As shown 
in Table 7; different effective reach lengths can affect the reach status. 

As the lDB watercourse upstream of main river derives benefit from maintenance-on main river, in particular. 
from operation and maintenance of the Booster-Pumping Station, this watercourse should ideally be included in 
the calculation of the effective reach length. If this is the case, however, the HEs in the benefit area associated 
with this IDB. channel should also be included in the analysis. Under the present analysis, these additional HEs 
have not been included. In this instance, however, inclusion of the IDB watercourse in calculation ‘of the 
effective reach length does not effect the reach status. 

Table 7 Sensitivity analysis: effective reach IengthIand reach status, Winestead Drain 

Bank Flooding Effective Reach Flood Score Drainage Score Total Reach 
Wh) (a> 8 Length (km) (b) (HE/km&r) (a/b) = (c) (HE/km/yr) (d) (c)+(d). Status 

Effective reach comprises: main river .only 
LB 34.59 7.3 4.7 o.o* 4.7 BTS 
RB 6.28 7.3 0.9 0.0 * 0.9 OTS 

-4verage 2.8 BTS 
Effective reach comprises: main river and IDB watercourse 
LB 34.59 13.4 2.6 0.0 * 2.6 BTS 
RB 6.28 13.4 : 0.5 0.0 * 0.5 OTS 

Average 1.6 BTS 
Note: * the drainage status .is described as good under the current maintenance situation;- therefore the. 
drainage score is zero. Figures are subject to rounding. BTS = Below target, OTS= On target. 

1.42 Maintenance costs and benefits. 
In accordance with FDMM, maintenance expenditure has been increased by 15% and.the benefits reduced by 
15% in order to check the sensitivity of assumptions made on the benefit:cost ratio. The results of this are 
shown in Table 8. Results show that the benefit:cost ratio is insensitive to the assumptions made regarding 
benefits and costs, due to the large benefits. 
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Table 8 Sensitivity analysis: benefit : cost ratio, Winestead Drain 

Total Annual Benefit 0;) Total Maintenance Cost (5) Benefit: Cost Ratio 
Maintenance costs increased by 15% 

176062 49380 337 
Benefits reduced by 15% 

149653 42939 3.49 
Maintenance costs increased by 15% and benefits reduced by 15% 

149653 49380 3.03 
Note: Maintenance costs are for main river only (channel maintenance and pumpingj 
Figures are subject to rounding. 1997/98 prices are used. 

1.4.3 Without maintenance scenarios 
In the previous analysis, the benefits of maintenance are derived by comparing the total benefits provided by 
channel maintenance and pumping with the ‘do-nothin 0’ option for the main river only. The IDB watercourse 
upstream of the main river has been excluded form the analysis, in accordance with FDMM. This IDB 
watercourse, however, benefits from maintenance and pumping on the main river and in order to determine 
total benefits and costs, this watercourse and associated benefit area should be included within the analysis, 
Sensitivity analysis to determine the impact of including the IDB watercourse and benefit area in the analysis, 
and, the benefits associated with channel maintenance only and pumping only has been carried out. Further 
details of each scenario are provided in the foliowing sections. 

Scenario 1 
Scenario 1 compares the total benefits (flooding and drainage) associated with channel maintenance and 
pumping on the main river and IDB watercourse with the ‘do-nothing’ option. These total benefits and costs 
are summarised in Table 9. The same assumptions are made regarding the impacts of no maintenance on the 
IDB benefit area as for, the main river. Further details are presented at the end of this Appendix. 

If the benefits and costs associated with the IDB watercourse are included in the analysis, the current 
maintenance scheme is still justified for the assumptions made. The benefit:cost ratio is larger than if the IDB 
costs and benefits are excluded from the analysis, This is because the costs associated with the IDB channel are 
small whereas the beneflts are significant. These benefits are largely the result of operation of the Booster 
Pumping Station. 

Table 9 Scenario 1, benefitxost analysis, channel maintenance and pumping 

Annual Flooding Annual Drainage Total Annual -Annual Benefit: Cost 
Benefits (E) Benefits (i) Benefits (E) Maintenance Costs Ratio 

(0 (Agricultural 
+ Urban) 

Main River 
128849 47213 176062 42939 

IDB Watercourse 
40920 31603 40920 3433 

Total 248584 46372 5.36 
Note: Figures are subject to rounding. 1997/98 prices are used. 

Scenario 1A 
The Booster Pumping Station at head of main river pumps water from the IDB channel up into the main river 
which is at a higher level. The main river itself derives no benefit from this pumping station. In effect, 
operation of the Booster Pumping Station may necessitate increased use of the Outstrays Pumping Station, 
which provides the outfall of Winestead Drain, in order to remove this additional water. 

Scenario L4 compares the benefits associated with channel maintenance and pumping on the main river only, 
and the associated costs, with the ‘do-nothing’ option, The costs associated with the Booster Pumping Station 
at the head of main river on Winestead Drain are therefore omitted from the analysis on the grounds that this 

R&D Technical Report Wl34 166 



Winestead Drain.. 

delivers benefits to areas beyond the -study reach. As shown in Table 10, exclusion of the Booster Pumping 
Station costs increases the benefiticost ratio. 

Table,10 ‘. ~Scenario lA, benefit:cost analysis; main.river only, excluding Booster pumping station 

Annual Flooding Annual Drainage Total Annual Annual Benefit:Cost 
Benefits (5) Benefits (L) Benefits (Q Maintenance Costs Ratio 

69 (Agricultural + 
Urban) 1.. 

Main River 
128849 47213 176062 26678 6.60 

Note: Figures are subject to rounding. 1997198 prices are used. 

Scenario 1B 
Scenario 1B compares the benefits associated with channel maintenance and pumping on the LDB watercourse 
only, with the ‘do-nothing’ option,‘as shown in Table 11. As the IDB watercourse and associated benefit area 
benefits from operation of the Booster PumpingStation, the cost associated with this should ideally be included 
in the equation. Table 11 shows that even if these pumping costs are included in the analysis, maintenance on 
the IDB watercourse is still justified given the. assumptions made,. due to the large benefits provided by 
pumping. 

Table 11 ‘. Scenario 113, benefit:cost analysis, DB watercourse, including Booster*pumping station .. 

Annual Flooding Annual Drainage Total Annual. AIlIlUd Benefit: Cost 
Benefits (E) Benefits (0. Benefits (;E) Maintenance Costs Ratio 

(Q (Agricultural+. 
Urban) r. 

IDB Watercourse 
31603 40920 72523 19694 3.68 

Note: Figures are subject to rounding. 1997/98 prices are used. 

Scenario 2 > 
Scenario 2 assumes that Winestead Drain. is subject to channel maintenance only and that .all pumping is 
discontinued.- It is assumed that flooding will become more frequent and that a larger area will be affected than 
if pumping were to continue. It is assumed that a good drainage status will prevail over 25% of the flood risk 
area of the main river and IDB watercourse and that-the remaining 75% of the area will experience bad- 
drainage. Further details are presented at the end of this Appendix and in Table 12. 

Table 12 Scenario 2;benefits of channel maintenance only, compared with the ‘do-nothing’ option . . 

Annual Flooding Annual Drainage Total Annual Annual Benefit: Cost Ratio 
Benefits (0 Benefits (L) Benefits (E) Maintenance Costs (A~icultural + 

Main River 
861 11933 12794 6075.. 

IDB Watercourse 
273 7901 8174 3433 

Total. 20968. 9508 2.21 
Note: Figures are subject to rounding. 1997/98 prices are used. 

R&D Technical Report W134 167’ 



Winestead Drain 

Scenario 3 
Scenario 3 assumes that Winestead Drain is subject to pumping only and that channel maintenance is 
discontinued. It is assumed that flooding will become more frequent and that a larger area will be affected that 
if channel maintenance were to continue. It is assumed that a good drainage status will prevail over 75% of the 
flood risk area of the main river and IDB watercourse and that the remaining 25% of the area will experience 
bad drainage. Further details are presented at the end of this Appendix and in Table 13. 

Table 13 Scenario 3, benefits of pumping only, compared with the ‘do-nothing’ option 

Annual Flooding Annual Drainage Total Annual Annual Benefit: Cost Ratio 
Benefits (5) Benefits (E) Benefits (E) Maintenance Costs (Agricultural f 

K) Urban j 

Main River 
108245 35453 143698 36864 

IDB Watercourse 
273 23 702 23976 0 

Total 167673 36864 4.55 
Note: Figures are subject to rounding. 1997/98 prices are used. 

-Analysis of Scenario 2 and 3 confirms that channel maintenance and pumping complement each other. 
Channel maintenance sustains the operation of the pumpin, u scheme through preventing a build up of 
vegetation and sediment in the channel and by preventing the blockage of field drainage pipe outfalls. Without 
cham-iel maintenance, the resultant restrictions in capacity will cause channel water levels and hence field 
watertable levels to rise. Whilst the pumps may operate more frequently to counteract this, retained water 
levels are still expected to remain higher than that of a maintained channel.. The effectiveness of the pumps 
will be reduced as they will exert less drawdown than if the channel were kept clear and pumping costs may 
therefore increase. Without pumping, much of the area wouid flood and become waterlogged. It is likely that a 
change in land use will occur and that some arable areas will revert to grassland. 

1.5 Application of the Guidehes to Winestead Drain 

1.51 Jntroduction 
The following sections present the results of the application of the Guidelines to Winestead Drain. The same 
data are used as in the application of FDMM in order that results from the two methods may be compared. The 
completed record sheets and tables/figures required in the use of the Guidelines are presented at the end of this 
Appendix. 

1.52 General information 

Table 14 General information, Winestead Drain 

Parameter Comment 
Dominant substrate Clay 
Floodplain topography Flat (4 %) 
Catchment size Large (>2500 ha) 
Benefit area (ha) 729 &me as total flood risk area. Left and 

right banks are combined. 
Land use type CereaUoilseed rotation (LUT 5) 
Dominant soil type Loamy clay 
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1.5.3 Design standard (maintained condition) 

Table IS With maintenance channel parameters, drainage status and net return 

Parameter. Comment 
Average bed width (m) 6.5 
Average channel depth (m) 3.8 
Freeboard under mean spring flow (m) 2.5 
Watertable depth (m) 1.25 Using Figure 2.6 in main text 
Drainage status Good Using-Figure 2.6 in main text 
Economic net return (E/ha) 329 1997/98 prices 
Economic net return (fJ 239841 1997198 prices 

Note: Figures are subject to rounding. .1997/98 prices are used. 

Annual flood costs were identified using the Guidelines for the cereal/oilseed rotation under good drainage, for 
events with B.return period of 50 and.100 years. The same flooded areas and return periods were used as in 
FDAMM. The flood costs corresponding with these return periods are shown in Table 16. It is assumed that 
these costs are additive. To’tal flood costs for the ‘with’ maintenance situation are 52843 (1997198 prices). 

Table 16 With maintenance flood costs, Winestead Drain 

FloodReturn.Period . . 1 AreaFlooded AreaFlooded 1 Annual Flood Cost * 
(Yo I w> U-4 1 Wha) (5) 
50 30 219 3 656 
100 100 729 

Note: Figures are subject to rounding. 1997198 prices are used. 

3 2187 
Total 2843 

The value of the benefit area under the current maintenance regime is calculated by subtracting the flood costs 
from the net return, as shown in Table.1.7. 

Table 17 Design standard, value of benefit area, Winestead Drain... 

Total Net Return (L) (a) Total Flood Cost (E) (b) Benefit Area Value (&> (a-b) 

239841 2843 236998 

Note: Figures are subject to rounding. 1997198 prices are used. 

1.5.4 Maintenance regime 
Details on the maintenance regime are not trequired in the case of Winestead Drain as the watercourse is 
pumped. 

1.5.5 Do-nothing (without maintenance) 
Drainage,status 
in the absence of channel-maintenance and pumping, the drainage status is expected to deteriorate by one clans 

from good to bad. In this instance, the freeboard:watertable graphs are not used as these are not applicable to 
pumped situations. 

Economic net return 
Using the dominant. land use type of a cereal/oilseed rotation and bad drainage, the economic net return is 
calculated to be 5263 /ha (1997/98 economic prices). The total economic net return for the whole benefit area 
iS therefore El91727 (1997/98 prices). 

Flood costs 
Annual flood costs were identified using the Guidelines for dominant land use of cereal/oilseed rotation under 
bad drainage, for events with the.same return periods as under the ‘with’ maintenance situation. The same 
flooded areas and return periods were used as in FDMM. 
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The flood costs corresponding to the return periods are shown in Table 18. It is assumed that these costs are 
additive. Total flood costs for the without maintenance situation are i4082 (1997iP:, prices). 

Table 18 Flood costs under the without maintenance situation, Winestead Drain 

Flood Return Period Area Flooded Area Flooded Annual Flood Cost 
(VI (%! 

1 5 
50 100 
100 100 

(ha) (E/ha) (0 
36.45 32 1166 
729 2 1458 
729 2 1458 

Note: Figures are subject to rounding. 1997198 prices are used. 
Total 1082 

Without maintenance benefit area value 
The value of the benefit area under the without maintenance situation of bad drainage is calculated by 
subtracting the flood costs from the net return, as shown in Table 19. 

TabIe 19 Without maintenance, value of benefit area, Winestead Drain 

Total Net Return (5) (a) Total Flood Cost (5) (b) Benefit Area Value (5) (a-b) 

191727 4082 187645 

Figures are subject to rounding. 1997/98 prices are used. 

1.56 Maintenance costs 
As identi5ed in Section 1.2, the total annual maintenance expenditure on Winestead Drain, including pumping 
costs, is 542939 (1997/98 prices). 

1.57 Benefit of maintenance 
The difference in value of the benefit area ‘with’ and without’ maintenance is used to determine the benefit of 
maintenance. From the figures presented in Tables 17 and 19, the benefit of maintenance is calculated to be 
549353 (1997/98 economic prices). 

1.5.8 Jlastification 
The net benefit of maintenance is greater than the annual maintenance expenditure, therefore the current 
maintenance regime is justified, given the assumptions made. The benefit: cost ratio is 1.15. 

1.6 Sensitivity Analysis 

1.6.1 Without maintenance scenarios 
In the previous analysis, the benefits of maintenance are derived by comparing the total benefits provided by 
channel maintenance and pumping with the ‘do-nothing’ option for the main river only. The IDB watercourse 
upstream of the main river has been excluded form the analysis. This IDB watercourse, however, benefits from 
maintenance and pumping on the main river and in order to determine total benefits and costs, this watercourse 
and associated benefit area should be included within the analysis. Sensitivity analysis to determine the impact 
of this, and the benefits associated with channel maintenance only, and pumping only, has been carried out. 
Further details of each scenario are provided in the following sections. 

Scenario 1 
Scenario 1 compares the total benefits (flooding and drainage) associated with channel maintenance and 
pumping on the main river and IDB watercourse with the ‘do-nothing’ option. These total benefits and costs 
are summarised in Table 20. Further details are presented at the end of this Appendix. 

If the benefits and costs associated with the IDB watercourse are included in the analysis, the current 
maintenance scheme is justified for the assumptions made. 
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Table 20 Scenario 1, benefit:cost analysis, channel maintenance and pumping 

Total Annual ~Annual Benefit: Cost Ratio : Benefit: Cost Ratio 
Benefits (E) IMaintenance (Agricultural only) (Agricultural + 

(L4gricultural) costs (5) “’ Urban) 
Main River 49353 
lDB Watercourse 32916 

-TEL.~.--- ____ 82Ei.i ______ 3637_2_------1,7_7_-__-_-_-3,6_8- _--- 
Urban Benefits (f) 

Main River 80026 
IDB Watercourse 8320 

Note: Figures are subject to rounding. 1997/98 prices are used. 

Scenario 1A 
The Booster Pumping Station at head of main river pumps water from the IDB channel up into the main river 
which is at a higher level. The main river itself derives.no benefitfrom. this pumping station. Scenario 1A 
compares the benefits associated with channel maintenance and pumping on the main river only and the 
associated costs with the ‘do-nothing’ : option, The costs associated with the Booster Pumping Station at the 
head of main river on Winestead Drainare therefore omitted from the analysis on the grounds that this delivers 
benefits to areas beyond the.study reach, as shown in Table 21. Exclusion of theBooster Pumping Station costs 
increases the benefit:cost ratio. 

Table 21 Scenario IA; benefit:cost analysis, main river only, excluding Booster.pumping station 

Total Annual Annual. Benefit: Cost Ratio Benefit: Cost Ratio ’ 
Benefits (C) Maintenance (Agricultural only) (Agricultural t- 

(Agricultural) costs (E) : Urban 
Main River 49353 

iEA!~~- ______ 49El_____ -EEL-------L!? __________ !2!?--/. 
Urban Benefits (5) 

Main River 80026 
Kate: Figuresare subject to rounding. 1997/98 prices are used. 

Scenario 1B 
Scenario 1B compares the benefits associated with-channel maintenance and pumping on the IDB watercourse 
only, with the .‘do-nothing‘ option, as shown in Table 22. As the IDB watercourse and associated benefit-area 
benefits from operation of the.Booster Pumping.Station, the cost associated with this should.ideally be included 
in the equation.- Table 22 shows that even if the pumping costs are included in- the analysis, maintenance on 
the IDB watercourse is justified given the assumptions made. 

Table 22 Scenario lB, benefit:cost analysis, IDB watercourse, including Booster pumping station 

Total Annual- Annual Benefit: Cost Ratio Benefit: Cost Ratio 
Benefits (5)’ Maintenance (~4~icullural only) (Agricultural i 

(L4gricultural) costs (25) Urban 
IDB Watercourse 32916 
Total 32916 19693 1.67 7 09 -------------------------------------------------~------ 

Urban Benefits (5) : 
IDB Watercourse 8320 

Note: Figures-are subject to rounding. 1997/98 prices are used. 

Scenario 2 
Scenario 2 assumes that Winestead Drain is subject to channel maintenance only and that all pumping is 
discontinued. It is assumed that flooding will become more frequent and that a larger area will be affected than 
if pumping were to continue. Using the freeboardwatertable graphs (Figure 2.6 in main text), good drainage 
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status is predicted to prevail if channel maintenance were to continue. This is likely to result in an over- 
estimation of benefits as if pumping were discontinued, the channel would essentially act as a pond. Channel 
water levels and the watertable level would rise with a consequent deterioration in drainage status. Further 
details are presented at the end of this Appendix and in Table 23. 

Table 23 Scenario 2, benefits of channel maintenance only, compared with the ‘do-nothing’ option 

Total Annual Annual Benefit: Cost Ratio Benefit: Cost Ratio 
Benefits (E) Maintenance (Agricultural only) (Agricultural + 

(Agricultural) costs (25) Urban) 
Main River 116 
IDB Watercourse 78 

-Total ------ -----.L?! ________ EE ______-_ 0,0_2 _________ ?J-:-- --- 
Urban Benefits (E) 

Main River 483 
IDB Watercourse 234 

Note: Figures are subject to rounding. 1997/98 prices are used. 

Scenario 3 
Scenario 3 assumes that Winestead Drain is subject to pumping only and that channel maintenance is 
discontinued. It is assumed that flooding will become more frequent and that a larger area will be affected that 
if channel maintenance were to continue. It is assumed that a good drainage status will prevail over the whole 
flood risk area of the main river and IDB watercourse, due to the continued pumping. Further details are 
presented at the end of this Appendix and in Table 24. 

Table 24 Scenario 3, benefits of pumping only, compared with the ‘do-nothing’ option 

Total Annual Annual Benefit: Cost Ratio Benefit: Cost Ratio 
Benefits (5) Maintenance (Agricultural only) (Agricultural + 

(Agricultural) costs (E) Urban) 
Main River 48609 
IDB Watercourse 32420 
Total 81029 36864 2.20 3.62 --------------_--_______________________--------------- 

Urban Benefits (5) 
Main River 47628 
IDB Watercourse 4814 

Note: Figures are su+ct to rounding. 1997/98 prices are used. 
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Order of record sheets presented in the following pages: 

Annual maintenance costs 

Land use assessment: reach summary 

Flooding 

Drainage benefits 

Excluding urban benefits: Land use assessment - reach sumniasy 

Excluding urban benefits: Flooding 

GUIDELITWS 

General information. 

Des@ standard 

Maintenance regime 

‘Do-nothing’ .- Without maintenance 

Maintenance expenditure and benefits of maintenance 

WITHOUT ItTAINTENA.NCE SCENARIOS 

FDMM .. 

Scenario 1 

Scenario 1-A 

Scenario 1B 

Scenario 2 

Scenario 3 

GTJlDELlNES 

Scenario 1 

Scenario 1A 

Scenario 1B 

Scenario 2. 

Scenario 3 
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ANNUAL MAINTENANCE COSTS 

Winestead Drain 

Element 

Main River 
Weedcuttins & flail mowing 
Dredging 
Total maintenance costs for channel only 

.&4lxlual Maintenance 
cost (2) 

5353 
722 

6075 

Total operation/maintenance cost: Booster Pumping Station 16261 

Total operation/maintenance cost: Outstrays Pumping Station 20603 

Combined total 42939 

Internal Drainage Board watercourse 
weedcutting 
Dredgirg 
Total costs on 3DB watercourse 

2250 
1183 
3433 

Source: Environment Agency (North East Region) and Winestead Drain IDB 

Note: All maintenance costs relate to annual costs, in 1997/98 prices. 
Pumping costs vary accorkng to factors such as time of day in use, number of pumps used, 
season and frequency of operation. 
Actual pumping and pump maintenance costs for the most recent year for which a 
complete record of costs exists (1996/97) are used in the analysis and inflated to 1997195 prices, 
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LANCD.USE ASSESSMENT : REACH SbWWmY. . 

Watercourse Winestead Drain ” 
Bank. Left Bank 
OS Map Pathfinder TA 22/32, TA 2113 1 
Flood risk area (ha) 460 
EfYective reach length (km) 7.3 

Land Use Factor plit 

Ho&e Number 
Garden / allotments Number 

NRP--Manufacturing Area (m’ ) 
NRP - Distribution Area ( m2 ) 
NRP - Leisure Area (m’ ) 
NRP - OfEkes Area (m’) 
NRP - Retail Area (m’ ) 
KRP - Agricultural Area (m’) 

C Roads Number 
B Roads Number 
A Roads (non trunk) Number 
A Roads (trunk). Number 
Motorway Number 
Railway- Number 

Forestry and scrub * per 100 ha 
Extensive pasture * per 100 ha 
[ntensive pasture * per 100 ha 
Extensive arable * per 100 ha 
[ntensive arable * per 100 ha 

Formal parks Number 
Golf / race courses Number 
Playing field Number 
Special parks Number 

I 

Number or 
area (a). 

]4j ., 
145 

25 
30 

350 

2 

0.023 

0.023 
4.554 

House Equivalents Total HE 
HE/unit (3) (a> x (b) 

1.00 145 
0.04 5.8 

0.030 0 
0.054. 0 
0.032 0.8. 
0.033 1.63 
0.033 0 
0.010, 3.3 

2.7 5.4 
6.3 0 
15.9 0 
31.7 0 
63.5 0 
63.5 0 

Flooding 

0.02 
1.3 
3 

6.3 
44,l 

Drainage. 

0.0 
1.1 
4.5 
3.6 
9.7 

0.6 
0.7 
0.1 
9.3 

Total HE (c) ? 190.91 
26.15 

Note: 
* Flooding I drainage values to be summed. 
HE values are at 1991 base 

** Apply areal drainage factor if required 
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LAND USE ASSESSMEW : REACH STJj4RY 

Watercourse Winestead Drain 
Bank Right Bank 
OS Map Pathfinder TA 22/32, TA 21/3 
Flood risk area (ha) 269 
EfYective reach length (km) 7.3 

Land Use Factor Lhit 

House Number 
Garden / allotments Number 

h%CP - Manufacturing Area (m’ ) 0.030 0 
NRP - Distribution Area (m’ ) 0.054 0 
NRP - Leisure Area (m’) 0.032 0 
NRP - OfGces Area (m” ) 0.033 0 
hTRp - Retail Area (m’ ) 0.035 0 
NRP - Agricultural Area (m’) 0.010 0 

C Roads 
B Roads 
A Roads (non trunk) 
A Roads (trunk) 
Motorway 
Railway 

Number 
Number 
Number 
Number 
Number 
Number 

I 

I7 Flooding 

2.7 2.7 

6.3 0 

15.9 0 

31.7 0 

63.5 0 
63.5 0 

Forestry and scrub * per 100 ha 
Extensive pasture * per 100 ha 
Intensive pasture * per 100 ha 
Extensive arable * per 100 ha 
Intensive arable * per 100 ha 

Formal parks Number 
Golf I race courses Number 
Playing field Number 
Special parks Number 

Number or 
area (a) 

1 

I 

0.007 

I.683 

House Equivalents Total HE 
HE/uIlit (b) (a> x @b) 

1.00 
0.04 

I 
0. O$ 

1 Drainage 
I 

0.02 1 0.0 
1.3 1.1 
3 4.5 

6.3 3.6 
44.1 9.7 

I 0.6 

I 
Total HE (c) * 

HE/km ((c) / effective reach length) 

I 

Flooding Drainage ** 

O.OOOI4 
0 
0 

16.9019 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

20.64 
I.83 

Note: 
* Flooding J drainage scores to be summed 
HE values are at 1991 base 

** Apply area1 drainage factor if required 

I 
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FLOODING 

Watercourse 
BWlC 

Flood lisk area (ha) 

Efkctive roaih lengIll (km! 

Wuie.stead Drain 

Left Ihl1~ 

460 

7.3 

FLOOIfING 

Watercourse 

Bauk 

Flood risk: area (ha) 

EfTectivo reach 16&h (km) 

Wineslwd Drnin 

Ri&t Bml; 

269 

7.3 

With n~i~inteuimce - current situation 

Flood Rotum Period Probability Nr. HEs Probability Average NT. HEs (4 x 09 

(years) 

I 

110 n00di11g 

‘50 

30 % flooded 

100 

100 % floodad 

.> .  .  .  ::‘.$:.>:::,.;.; 
‘G,.,. .‘:.. .  .  .  .  , : , : .  .  .  .  

.  .  .  .h., .  .  .  .  .  .  

Affected Interval (a) Affected @) 
.., .., .,. . . . .: i:.‘i.::i:i:i.::::::.‘:::.I.i.;:’:; >>. 1 0.00 

:.. ,. . . . -.... . ‘,:,~::.,,::.:‘.:.:.:,:.::,:::.::::,,’. ,.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . :...:‘,:.....~::..::.:.:, .,,.,.,. :.:.:.:.:,:.::.: :,:,:::::.;::: :: :: .:,.. ~ ,.,,,~,~,,,,,,,;,,,,,,, ~~~ . ..(. .,‘.,‘:‘;‘:. :.:.:.: ..,.. . . . . . . . . . . . . . . . . . . 

,,, ,,::::::>.:;,‘:,: :‘:I :‘:::‘.::::‘:‘.‘:’ .: ,‘:‘;:‘::: : :. : .,.,.,.,.,. ,. ,., : ., ., ,. ,( . . ‘.‘.‘:‘:‘:‘:!‘::i:,:,~,::,::::.:::::::.::,.::::~,~: ::: ,,:: :.:, ~: ::,~ :,:.:.:, 
:q:‘.;;: .,., :.:.~i:ic:.~,.,.,::,~:~~::: 
:,:.: ::.:: ..:.. :,.‘:‘:,.:.: ,:: :,.... 

:.:;:, 
. . .‘,“:.:.:::::’ .,.,.,.: .,.,.., .,,,. 0.98 33.81 33.13 ..:i_.,... ,.., .A.. .A.. .v.... ., ,,(,,,,,,, ,,,,, ,,; :,:, . . ,...,.,. ., . . . . . : ,:,: :.:, 

0.02 
67, 6 , $$;:;~.~:iiji:::i’::: : :+:‘:.““’ ri:‘:~~~lij~~~::~~~~~~~~~~~~~~~~~:~~~~~~~~~~~~~~~~~~ ,...,.....),......... ..:. ,:;.::. .,,,,,, . . . . . . . . . . . . . . . . . ..(................. ,::.‘,‘:,A:. ‘:..::.)::.::.:(:~:.:: ,,,.,.,.,,.. ,, .::::::‘.:.:.‘:.:.:.:.~,.~.,.:~:.:...:.:.,:.:.::.::,:.::::::’:::::::::::::~:::j:::. ‘5 ::;:i i,:i:s~~:~~~:iii:iiii,~~~~~:~~::.~:~~~~~~,: j : ,.,. :, 5:‘:::::::. 

‘, ::: .:,::::.:,.: ,.,:: :‘:~::::::::‘,:: :. .( ,.,.,. ., :: .:. ::jj:j;;:j.y ,...., . . . . . . . . ..(........ ,.,.... ..::,,:.,...A 0.01 146.49 1.46 . . ii . . . .c..... . ., . ,.,. . . ..A....,,, ,,,,,,(, ,. . . ,. ,., .(, .,.,:,:, 
0.01 225.37 i::iiaji.i;‘i’i;~~~~~~:~~~~~~~:~.:~~~~~~~~~~~~~~~:~~~:~~,~~~~~~~ 

:..; ..,.,.(, :.:.> .,.,..,.,,. :>.;:,.: .,;.: .._... ~:.:...::.:.::.~~..:..:~::: .,.,. :...:.::.,,:::...::.:.:.:,:.:,:.,,:,.:.:. 

With maintenance - current situalion 

Flood R@.I~I Period Probability Nr. HEs PKObhility Average Nr. HI% (4 x @) 

iyears) ” AfFected Interval (a) AfTiectecl (b)’ 
............ ‘,: :‘:‘:‘:‘:‘:“‘:‘: :“‘:.“:.:‘:‘c :‘::::::.v- : ............... 

... ... ..... 
1 1 0.00 ............ ::::::::j::::~::::::::( . . . . . . . . . . ::.:.: :‘:.:.:::::.:::.:::::j:j.j:l:jli:i:I:i:i:~:~: :::.:: ;:j:j:j:.: .... .... ... :::::,;.~:::~ .;.: ,: ,,.:,:,:,, ........ ...... 

......... . . ..~.. ...... . ................ ......................... ......... 
.......... 

. ......... :. ,,.,.,,,.,,, .............................................. :,:,:,., ... ...... ................................................... 
...... 

,,: >:, ..... :(‘,‘,‘,‘.‘:‘y: :: . . ............. ......................... ,,,,,,,,,,:,::,:::,::::::::,::,:,,::::,:,, 
.:...:.: ........................... .............................. ::j.:.: . :.:.~ ‘.‘.‘.“.‘-“:.:.~ ... . . . . . . 

............................................ .,, ......................... :.~ :.::...........................:: .: 
no flooding ‘.‘.‘...‘: . ............... ..... . .. . .: .:.:, ~::::.::::‘c:~::::‘;~,~;~:.~:::~ ...................... ....... ‘:‘:‘:‘::‘:::.:.:.‘.: ::::::.:.: ::::::::~‘:.:.:.:.:.:.:.:.:::::.:::::::::~: 0.98 6.14 6.02 .:“:‘:.:::.:: .... ::::.:.: .............................. >;‘.......” ............................................... 

SO 0.02 12.28 ‘:‘:‘,‘::,:.‘:.‘.‘,‘.‘.‘:‘:‘:‘:~:’:’~’,’~’~~~,~:,::, ................................................................ . . ..:.:...:...:.:.:. i.i.i.i.i.l:i:l:~:i:::::i:i:::~:~:~...::~:::.::::::::~:.:~:::::~.~::::.~:~::.~..::~:::~:~::.~ : ............ .... ................................. ........... ................................................. . .: . . . . . . .:::::::: :: ,:.:,: ::,:: ::.:,: ............................................................. .:I’::: .... ::,:,:,,:;;;x:: ::::::::. .................................... ;:.:::>:‘:‘.::?:: 

30 % flooded 
::.(.:.::::.::::::.::::..::~:~:~~~~~~~~~~:~.~~~~~~:~~~.~:~:~:~:~:~:~:?;:.:.::~:::::::::: .......... 

..................... ............... . ... . ..... :y,;.: ...... ... ... ... ...... . ,,::::,:.::>:.: ....................... >>:::::.:.: ....................................... 
“““““’ “’ “’ ” ::::‘:‘:‘:‘:::;:j:::::y,.: .......... ................... ................... ...................... ‘.:.~:,:,::‘:i:::::::::‘: .:.,.,./i 26.60 0.27 ................ . . . . .:.~:.);:.:.:.::.~ .............. ,.,.,.,: ,,,.,,,:, :,~, ,,,::::: ~~:, 0.01 ........ 

.... 
100 

.... or?::““” .......................... :.::.::.:.:/. ..................................... 
0.01 40.93 ii’i::::l:i.i.i.i.i:i:iiij;li:l:I:::l~::~:,.:::.:.‘.: :.........: ................... . .:.:. :,,.:.: ,,.,.,.:: ::_; .:.:,:,.,., ... ... ....... ... . .. ..~......... .:. :......:.:.:.:.:.:.:.:.:.:::.>. 

... :.;,::: :,:,:,:,:: ... .......... ,,;, :.: :...:.:.:.:.: .; ........ :.:.:.:,, ,:: :.,:: ;:::;:::i:::;:;: 
..................... . .: 

.... :,,,, 
.. ........ ............................................................ :,.‘.:.:. ................... .:,, ::,.: :.: ........ :.>:.:‘..... ,.: :...:. .:.: ............... ... .: ,.: ,, ................................. ..:...::.:. :.:::::i:i:i::ii.::..: . .................... .......... .:.::.:.:.:. 

100 % flooded 

Without clumuel maintenance uud pumping 

Flood Return Period Probability Nr. HEs 

:.> Without clumud maintenance nntl pumping .- 
Probability Average Nr. HEs (4 x 01) Flood Retrim Period Probability Nr: HEs Probability Average Nr. l-II3 (4 x @) 

(yf3ars) 

1 

5% flooded 

SO 

100 % flooded 

lob 

Nfected Interval (a) Affactod fij 

::,,j: .y:,.: .?::,: . . . . . . . . . . ,.,...:... 
11X.32 

..:y.> ,,:::~:.::i:iii:6:i~~~~~~:~~~~:~~~,,~~::~~’.’.~:..~:,~::~:,~~,: ;:i:;.;::: 
;:“:..,y.,.,;> ,‘~.,..,“.“,‘,‘,‘,.,.,.,.,.,~ :,, ., .:...,.:.,.:.:::.... . . . . 
;,.;,;:,::.::.: .,.,. :.>:,., .“.A’. .: x,j, :,.,, :::::;j x yi.;:;:;:;.;,:::i 0.98 

0.02 22 5 ,3 7 
‘::::::::::,:::,,::.,:::,::::.:. :.,., ., ,. .,.. :.:.:.:~.:.:..~.:..:::.::,~::::::::i’.,:,::’::::i::::,,“‘., ..,:: 
i~::::~:i~i’:~~:~~.~,~::.~..~.: :;;;. 

.,.A:.:.:,.;.:<~~ 
::..::: ii;~.i.~.:.‘l:::::i:.:::::::~:~:~:~ ,,..:; :,i.‘.~,;::.,::i:t,....:~~:~:::::~:~,~,~:~~. 

jjj ::: ‘::: ,... ., ., ., .,. : ,: :.:, .~:i:i:iii.ii’i:~:~~~~:~~~~,~~:~::.. ;:z :,::: :,. ,,: ,( ,,: 
,,,, ,:,: ~, ;:::,:, ,:.,,:: _,:,,.: ,. .,.: :.‘.::.:.‘:.:‘.:. ..... . .:. . ..A..:...:.:: .,....~...~‘.:.:.:.::‘:.:.‘.: . (0.. . . . . . . . . . . . ,.... . ,... ,.. .v,., c,.. ,... 

. .: . . ., . ...::, 
,.:.: .,.,.: ‘, ::.. ,. . . . . . . . . . .v. . . .,:.: ..,. :.y .,.: . . . . . . . . . ., ,,,,. c. ..,.: :..::;: .‘y.:.:... 0.0 I 225.37 2.25 

2” . . ., ., . ., . . ., :. . 
0.01 

“” “““““““:::: : .,: : .,.,+,, ,.,. :: .::,.::.,:,:: : 
225.3 7 

,. ., ,: :.:,; ,::::‘;;,‘::-:.:.:::,:,:,:,:,:,::::::’~,:,.~,:~ :., :., ,.,, ,.,.,,,.,,,, > ,.,. 
.:::,,::::‘l’:;‘,:~::~.:~~::~~.:: :j ,F;,: .:;::‘:;::f ji;;j:j:ji::j;; iii:::):.i:::.:“.:..~,~:~~:~.~~~:~ ;:::.y$;;; 
.:.::.: ‘: . :. .A.... . . ,. :.:... . . . ..A..., 2:: ..,..., . . ..A............, ..,.G’.’ . .._.. ,., ,..:.:.:.:.:.> . . . . 

(years) 
1 

5% floocled 

50 

100 % floodocl 

100 

- Affected Interval (a) Affected @) 
::‘:,y, :,:::::j::::::::::‘:::::::::::.~:~:.’.’.’.:.’.:.:‘.:.:.:.:.:.:.:.:.:.::::::::::::::‘,,: t:,:,:.:: :.:., ,.:j :::;:x:;,;:;: ‘.‘.‘.‘y:,:: ,:.,,,.:(,:.~.:.,,:, ~:.::,.,::,,~‘I:‘:.:::: :.i.:.~i:i:i::ii::::::~.~:~:~:~:~: :,~:::,‘:,::::.::.::.:.:.:.:.::.:.:.:.; :.,.:.: ‘.,.. ..:. .,.,,,.,,,,,.,,,., ,:,, .,.,.,.,,,,,.;, y,,:: :::::‘:::::::‘,:,‘,‘::::~, :...: : ,.>: : ::. :‘:::::‘::‘.‘.:..::. :‘::::::“::::;:: 

21.49 21.06 

1 2.05 
‘::.:::::.:.::::j:j:::.: ::::.::x.:.:.:.:::: ....................................................... :.:.:,:>:,y.: ,,::::: .“.:.:.:.:.:...: ... . ...... ::.:.:.:.: 

>:.:.:. ....... ................ 
.......... ..i..............~.:::::::.~:::...~: .: .,.,:,:,._ :,: ,:,:,:,:,: .......... :,:,: :,:::: 
.. .:.: .... .:...:.: ...... ..:.:.>::.: .:. .... ........... 
>:. ....... ......................................... :.,.: .A::( :,:,:,:,:,:,:,:,; ,:,:,,,,,,,,,,,, .......... :.:, ,,.,,,,,.,.,,,,(, 0.98 ............... :.:. :x.: ......... 

0.02 
:y::: .:::‘.::‘:::.::::::‘.‘::.:.:‘:L: :.:. .... 

40,g-j ...... . ...+ ...................... 
.......................... ::.:.:::......................~:: ..... ............. 

:.:.:.::: .......... j::8.~~:;:::~:~::~::~.~.~~.::~.;. ,,,; .,:,:: ..: ......... ,: :.:, :,::::: :::,.,:j:, .,.:: ..:. ,; :,,.,, y :. ....... ............................. . ..... . .................... 
:,,:,:,,, ::: 

........................... .:.::.::.::.:::.:‘:.:::::::.::~::::~:::.::i...:~...:. 
:::::.:.:.:. ....... ..... . . .. . ...... :...:.:..:..:.:::.: .: .,:,: >:.::.:.:y..:: .:: :y,: ,:,:.::, ,: :.:.:.:.:.:.:.:.:.:. :,:.:,:h::.,:.:,:,:,:,,.,: ...... >: ................. :,::::.:~::::.i:i:i:I:l:i’:::.‘,, .:. ,.:.:.:.::.,.:i:::: ........... .: .......... . . . .. . . . . . . . . . . . . . ,: ...... ,:,:: :.:. :: ,,.:., .... .:, 
......... ........................ . . . .:...:+ ..:.:.::.: 
F.::>. .+::.::::..c.::. >>:.::: :.:.: ..... .. .. ........ 
..... ...................... 

............ 
.,::(:?: ....... 0.01 40.93 0.4 1 ............................................ ,: ....... ... ......... y+..:. :,.: :.:,:.: :.::.:.:.y.>,.::: 

....... 
........................ 

:i,i ‘:I: .... 
0.01 40.93 .. .::‘:::i:::::::‘::::‘:::::~.~,~::,~ ::,,~:.:.j,::‘:,: :.:. .,,: ;;; :,,: :,, :,,, ~: “““:Y . . ...... . .... :.:.:.:.:.:....: .: :.:.:...::::::.:.::::..:::::.:~::.: ...... :: ..:.: .. :::.:y,:: .... .. ::..:::::.:.::.:.:.:::.:.:::. :.:,:,:,:,., ‘.‘.‘.A? ..:.A..:: 

.... ... :..::.:.:...::.:...:.:.: ... ... : .... . ........ ..>........ ................. .:. ........ ,.:: :. . ......... :,;.; ;.: :::.~jj:jjj::jj::.::: :::::., : ,j : $i;:;:;;:;:;;:i::; 

100 % flooded ----- 100 % flooded 

Annual Average Number 1-113s affected w$hout maintenance (AAN ,,;,,,.,) 118.21 Annual Average Number HEs affected wiGut maintenance (AAN ,v~l,,,,J 21.47 - 
.y.; :. : . y. I ., 

Severity weiglltings have been applied to HEs afYectec1 by flooding arable 2.2 

pasture 1.5 

Severity weigMiugs have been applied to III3 affected by floodin arable 2.2 

paslure 1.5 



Watercourse Winestead Drain 
Bank Left Bank 
Drainage benefit area (ha) 160 

Land use type 
With maintenance drainage status 
Without maintenance drainage status 
Area z&ected (ha) 
Annual value (S/ha) * 
Total value/land use (5) * 
.Total value (5) * 

Forestry & scrub Intensive pasture Extensive arable 
Good Good Good 

Bad Bad Bad 
2.3 2.3 453.3 

0 75 65 
0 172.5 29601 

29773.5 

Watercourse Winestead Drain 
Bank Right Bank 
Drainage benefit area (ha) 269 

Land use type Forestry & scrub Extensive arable 
With maintenance drainage status Good Good 
Without maintenance drainage status Bad Bad 
Area affected (ha) 0.07 268.3 
Aunual value (E/ha) * 0 65 
Total value/land use (5) * 0 17440 
Total value (Q * 17439.5 

Note: 1997198 economic prices are used. Figures are subject to rounding. 
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Watercourse Winestead Drain ‘. 
Bank Left Bank-. 
OS Map Pathfinder TA 22/32, TA 2113 1 
Flood risk area (ha) 460 
Effective reach length (km) 7.3 

House Number 1.00 0 
Garden / allotments Number 0.04 0 

NRP - Manufacturing Area (ml ) 0.030 ,. 0 
KRP - Distribution. Area (m’ ) 0.054 0 
NRP .- Leisure. Area (m’ ) 0.032 0 
NRP - Offkes Area (m’ ) 0.033 0 
NRP- Retail Area (m’ ) 0.035. 0 
NRP - Agricultural Area (m’) 0.010 0 

C Roads Number 2.7 0 
B Roads. Number 6.3 0 
A Roads (non trunk) Number 15.9 0 
A Roads (trunk) Number. 31.7 0 
Motorway Number 63.5 0 
Ri3.ilWay Number 63.5 0. 

Forestry and scrub * per 100 ha 
Extensive pasture .* per 100 ha 
Intensive pasture * per 100 ha 
Extensive arable * per 100 ha 
tntensive arable * per 100 ha 

Formal parks Number 0.6 
Golf / race courses Number 0.7 
Playing field Number 0.1 
Special parks Number 9.3 

Number or House Equivalents Total HE 
area (a) HE/unit (b). (4 x (b> 

Flooding Drainage Flooding Iraina5ze ** 

0.023 

0.023 
3.554 

0.02 0.0 0.0005 
1.3 1.1 0 
3 4.5 0.07 

6.3 3.6 28.69 
44.1 9.7 0 

Total HE (c) * 
HE/km ((c) / effective reach length 

28.76 
3.94 

Note: 
* Flooding ! drainage values to be summed 
HE values are at 199 1 base 

** Apply areal drainage factor if required 

1 
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ILAIN- USE ASSESSMENT : RXACE S-Y 
AGRKULTIJIRAL BEmjF?ITS OM,Y 

Watercourse Winestead Drain 
Bank ILight Bank 
OS Map Pathtinder TA 22/32, TA 21/3 1 
Flood risk area (ha) 269 
Effective reach length (km) 7.3 

Land Use Factor unit Number or 
area (a) T House Equivalents Total HE 

HE/unit (b) (a) x Co) 

House Number 1.00 
Garden I allotments Number 0.04 

FJRP - Manufacturing Area (m’ ) 0.030 
NRR - Distribution Area (m’ ) 0.054 
NIP - Leisure Area (m” ) 0.032 
NRP - Offices Area (m’ ) 0.033 
NRP - Retail Area (ml) 0.035 
NRP - Agricultural Area (m’ ) 0.010 

C Roads Number 2.7 
B Roads Number 6.3 
A Roads (non trunk) Number 15.9 
A Roads (trunk) Number 31.7 
Motorway Number 63.5 
Raiiway Number 63.5 

Forestry and scrub * per 100 ha 
Extensive pasture * per 100 ha 
Intensive pasture * per 100 ha 
Extensive arable * per 100 ha 
Intensive arable * per 100 ha 

Formal parks Number 
Golf / race courses Number 
Playing field Number 
Special parks Number 

0.007 

2.683 
3 4.5 

6.3 3.6 
44.1 9.7 

~ 

Total HE (c) * 

0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

I 

0 
0 
0 
0 

16.90 
2.32 

Note: 
* Flooding I drainage scores to be summed 
HE values are at 1991 base 

** -4pply areal drainage factor if required 
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FLOODING AGRICULTURAL BENEFITS ONLY P~OODING AGRICULTURAL BEN’EF!jrS ONLY 

W~ltEXOLlEX Winestercl Drain Watercourse Wineslead Drain 

B;uik Left Bnnlt Bank Right Ba& 
Fiood risk area (llll) 460 mood risk ama @a) 269 

Eflb&ve rencli leu& (km) 7.3 gFective reach lor1gth (km) 7.3 

With rmintenmce - current situation 

Rodci RohlIil Pmiod Probabzty Nr. I-1Es Probability Average Nr. H!3 (a) x (b) 

(YQe - 

no fldociing 

50 

30 % noodocl 

100 

100 % flooded 

Affected Interval (a) Affected(b) 
..;‘;;y$, p::.,i:;;:,,;;; ii- ‘. 

1 0.00 
. . .:x:.:.:... . . . . .._.,., ,:,:,; ,:,:,.;, ~:,: ,::,::::::::::::::::,:::i:::::::: 

. . . . . . . . . . . . . . . ..‘........................‘...’ :.. :. .,.:y: >:.:.:::.p...:,: ,,.,.,.,.,.,.,.,.,.,.,.,.,.,. ., ,.,.,:,: :,:,,, ~ :,:,: .>:.,j ,:.. :,.:... .,,,,,,:, ~:,::,.,::,: :,:,: .:.,.:.::.:,,:,,:.:,::,.:.:,:, :,, ,,,,,,,,,,:,:, 
‘. .’ “. ‘. .‘, .‘c:::.. ..:.,.:.:.:.:.: :.:.,.:.,::., ,:: . . ,,,:. .> ,.,., ::, :.:;::....:::.::I: y,:,:., ,:::.:w .‘.’ ,.,. >:: ,.: ,.::.:.:.::.::.:.:.:.::.: >:.>:: . . . :...:.:..:. .: :.,:.:,: .,.(.,. 
..x.::‘.’ “:‘:‘:‘: ,., .,.,.,.,.,.,.,.,.,.,.,.,.,.,, .,.:. ;:‘:,j,:: ./;.:. :‘:.;:‘::::: .,:.:,: ::,::::,;::y.. ., .:, . . ..,. 
‘, ,::.:.;:.:.:.:.,.: 1.1, >;. .,,:I ;::-:s;:.: >;.:, j:: .‘:I:‘;, 0.98 9.56 9.37 

. %..............F .,(.,..,..,.,,.,...,,.,.,.,., 
0.02 19.12 

,:,., :“:,‘:,:.‘,‘,“:,,:~:~:,:::~,:..:::...: ‘:,:, ,.:.:.... ::z:::. : :,:,:.:. .,.:.:,:.:.: :,.:,.,:,:, ,.,:.:,: .::.:.:.:.....::. ::.:.: : :x.:x.‘:,: ,,..,. :.:.:...:.:.:...:.::.:,: :.:.,::,:j j, ,: ,,: .,,>+:.:,.,. .,: : .,::,,,:...:::,:;,~:.. :.., . . . . . . ,y:.: .~:::::ij: 2:;: ‘:...j ‘i:;::‘:::j <.::..+ ,‘,,.:::::.:.‘,:: ::::.::.: .,.,:,. . . . . . .v,.,. .v....:::,. ..,.......: ..,. .:..:..:,:y: . . . . ,... .,. . . . .,.,. :.:. . .,:,,, : : ,::;y ,:,:5 .,, .,...,,,.....,., ,.,.,...,.,.,.,.,. .,....,.; ~ ,,:,: :, ,. ,.,.. . .,., . .>:.:: ,.. :’ 
.,.I: ::I: .: .:.::j:j:j:j.: :,:::::::.::::,::‘,::;:::, :.,:,:, ::.,, ;:.::x ;::.,: 
.:: .:.:.: ,..:.:A,::.: 2.. x::;::,::;> ::,.j:. :..A:..., . . . . . .:... . ,. ,: ,,:.:,,,:,:: . ..c..::::....,. ,... ,.,,:.. :. ,._, .,,... ,,. 0.01 41.42 0.41 .,.,. ,. .,.,., ., ,. ,. ., 

0.01 
63 ,72 lij:‘:ii’l:;:i.l.~~~~:~:.,~,~,::: ,... ?. ., ,,: “:.:‘:.:.:.‘.::.:.‘:::‘.’ .,.:::,:,:,,:,::,: ,.:.:,:.;.:.: ,,,,,:,:,,,:,,.,,,, ,,, .,, -., ~..‘, .,,...:.:.:. 

,,,,: :,, ,, .:,,:, :,:.,,,.,,, ,.,,, ,: ,,~ :, .,::..., ,: :::.,yj,;.: :.:::.j::‘~;::~~.:.:.::::.~.: >:;. : .., .:.. .: .::::::.:.,.:,: :,:,:...:,:, 
. ...>:.:::.:...:..::. ..,,.. ..:..A.::‘. ,., ;, .::.::::.:,:.:.:.i.:::::::::‘,:~’~~:~:, ;:y,: :‘: :: :y:::::‘,:,::: 

Annual Averarre Number HEs affected will] maintenance (AAN . . . . . ..j 9.78 

Wilhoul chnnel n~oinlenmce and pumping 

Flood Retom I’c~iod Probabili& Nr. IlEs Probability Average Nr. HEs (a) x (I?) 

(years> 
1 

5% flooded 

SO 

100 % flooded 

Affected (b) 
,,:$ ,:‘, ,:, ., 3 , ‘)j :.::::.:,.:: ::.g;:,:y:: :: :.:: ~:‘:.:~.‘~.:$:~:~:~:i:::‘:~::~::..~ : ,,. .,: ..,.:,,.:.. ..:.:.::: ,,, ,:,,,., ,,, 

,,_, ,,) ~.,.,.,.,,,,,),,.,,,,,,,, ‘:::i:“‘c:::.;:.:.:.:, .;,: .::. .,.. : .‘. :::“‘:‘~,‘,i’i’::,:~:i:i’i’i::::::::::,~~:;>:.:‘. ,, . .: ::.: . ..;,.,. :. . . . ,.... “,... ,. .,.. ..,. _.: >:.:.. ,.,., ,., :...: ,.: ‘.>: :;y:,:: “‘.:::.: . . ,.. .,. ,. ,.,. ,.. ‘::.:’ ‘.. ;... ,.:.,. :. ..:x .:‘:, .., ,,,. > .: . . . . . . . .::‘..,.... .;..:, . . A:,:.::: . . . . . . . . 0.98 33.4s 32.78 .,.... . . . .,. :, .A.... .A.. ,. . . . . .v.... . . . . . . :.:,::,> ::.:,:, ,,,,.,.,., ,::., ., . 
63 ,72 

:::,~ ,,:.,.: 
i~.:‘iiiiEi:~~~~~~~~~:~.. ‘1: .Y:: :. .:‘:“:i’i:.i:i::ii:ii:::~:::::~:::,~,~~~~::::~,,~,~~:~:..:~,~~~,::::. 

,.,..,,... ‘.,. ,.,.,.,.,.,. ::, ,‘:’ :: 1:;: ::y:,: .‘.,:I’::::::::::::::::::::‘,::::’~: ,,, : :‘:.‘:.‘; j::: :::;:::::;:j;:;: 
:.>;.,: .:..., ,:.,.:. :._.: ..,.,.: :.,F:::, ,: :..,.:.; :...,.:, ,,::.:.: ,,:.: .:::...y..::: .: (. ;.,. ,.:.: ,.,. :.. ,...:.: 0.01 63.72 0.64 

63 .72 
“. ‘..,‘. .: .‘. F ::l:::j:ii:‘.,il:::,::i:,‘:‘, .::;,::: :.,. ..:‘,~:.,:.:Y .,:,, :,:.:,..,.: ~ :...:,:.:. ..:. : :, :: ,y..::::,:j: 
ir’!;j,iiiii:j:.:~~:~~:~~~~~~:~~~ 2: :..+. .‘: .:: :.: . ...:?:: ~.~~~~.i~:~~.::::.::;:~,~~~~:,.:~~.:.:..: ::;:;,::::: 2.. ;...: ,, : ,: :.;.:,:,:::,:,:;::::,.::: ,:,;,.>>,.y:.::: :...y . . . . ,,,,, :: ,,.,, :.,::::.::::.:: 

With niainteoance - current sihtion --- 
Flood Rchun Period Probability Nr. Ems Probability Average Nr. HEs (a) x @! 

(years) 

1 

110 iloodin& 

50 

30 % flooded 

‘lb0 

Affected Interval (a) Alfocted (1)) ___.- .... ......... ........................................................ 
1 0.00 

:;::::::::::: ::::.: :...v.: .......... . ..~..~..‘....: .: 
:,):,.,‘, .................... . . . . . . . .. . . . . .. . . . .. .............. ........... :.:.:.: ........... . .... ::.:.:.:.:.::,~.,:::::,::., . :.:.: . .... :.:.:.:.:::,:::::.:.:.:, .. :,~, ... .A>:.:: ,.,.,:,:,:,:: :: :::::: ,,:,: ::,:::::::,::,::::::.::::::.~,.:, : ::: :::::: 

........................ ..:.:.:. >:.:j :,:,.,: ,:,:,,,:,.,.,.,., ....................... ........ 
... .,.,:,: \: : .... ::,: ............... 

................... ‘.‘.“““‘.“~“.:,:i::‘::sil:i::‘::,,::::::::::~ .:.:.:.:.:.:: .A:.::.:.>:., ... :::>:.I ................................ . .. ..~ :~:.:.:.:.:,.,:.:,:‘,‘::~:~:~:::i:::::::’,:.’:::‘:.,.:.: : ... . :: 
:::::+:+:.:+:.>: :‘:.:::::::::.::: 
I’i:l::,l:i:~:l:l:i:l:::ii:i’i‘i:::i:i: 0.98 5.SR 5.47 

:[ ::::: i~~.l;l~:f::;ISI::.~:~:~:~:.:.:::::.~...:.:.:.:.:...~.:.:..,:.,:..: .: ..... ::.:.:.~: ........... .............................................. 
0.02 11.16 

,,,:::::::::::::::y.. .... ... .............. . :,,,:::,:,:,: ,,:,.,,,:,:,:,.:::::: ::::~~~~i:::i::~::::::::::::‘:::::::::::::::;::::::,:::::::::,:.:,:~:~:~:~:~:~:~:,:,:.~,~.~,~.:.~,~::.~:~:~:.: :.:.: :,::::::::l:j:i: 
‘i:::.‘::::..:::~~:.:::: ................ ,:,: :.:. ........ .,.,.,,,:,, :y,: ..:.:.: “:: ::: .... ::“.,.“.::::::::::::::::::: ..... :.:.:.:.:..:::::: ............. :.:...:.:.: .: .. 

:~:il::ii~.i,:r:i:~.,.~::~..::::,.::.::::::ij:: :::;::::::~i:i:i::::~i~~~~~~~::I::il 
... ,;i: ... .. ,;: ..:.::. .................................... :.:.:.:: .......... ....... . . T ,:,::::: 

i:i:i:i:::l::::::l:l:::::,:~:~:~ :.E 
::.::;.:‘::::::,‘,‘~:yi li!:::i:y:i!:;:ii:;:;: ::;:,‘:::::::::::.~:,: ,,,: ,,,.,., :, ,, 0.01 24.17 0.24 

:. ...... :::‘.:.::.:.:‘,.:.:.:.:.:.‘.:.:.:.::::::::::::::::::,.::::::.: : .. 
0.01 37.19 

~:::::,‘:::,::,j,::~::!:j ::::: :::, :.:.:.:.:.: :.:. .................. :.:.:.:.:...~.:.:.:.:.:...::.:.:.:.:.:.:....:;.::::.:...:. ........................... :.‘...:.:..:.::::::~:~:~.~:~:.:.:. .... . . . . . . . . . . ... . . . . . . . . . . . . ... . ......... :: .. :, :::.:, :::, ... : ... ,:, ........ :,.:;: :,:.:,: :.:..::::.:;:.::: .: :.: .: .......... . :.:.: ........... ,.:.:.::::.:.:...:.:.:.:.:.: .: .: ..:. .:. ................ ,.:.::::.:..:.:.:.:.:.:.:.:.::.:.:.: .: ................ ..:;..:..:::;.::::::~:.;::.:.:.:.:.:.:.:.~...:.:::.:: ..::j::. ,: ...... . . 
.>: ,.,:.: :: 

... ... . .... . . . .: 

100 % flooded 

Atmual Average Number HEs affected with maintenance (AAN ,.,;uJ 5.71 

Without chmmd maintenmce und pumping 

Flooci Return Period Probability Nr. HEs Probability Average Nr. IIEs (4 x (b) 

(years) Affected Illtorval fa\ AlTected rb‘r 

5% flooded 

50 

100 % flooded 

100 

100 % flooded 

Annnal Average Number HEs affected wilhout mikmum (AAN ,,+bo,,) 19.51 - ., : .: 

Severity woi&tings llave been applied (0 133 affected by flooding aral31~ 2.2 

pashIre 1.5 

Severity weigbtings have been applioci to HEs affected by floodin arable 2.2 

pasture 1.5 
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---_-______---______------------------------------------------------ 
I t* I 



(;IIlI)El.IlYIIS: “I)0 NO’I’IIING” (\\:l’l’llOU’l’ MAIN’I’ISNANCl~) 
.________-__________----------------------------------------------- 
I 3X J Xl1 39 398 
I 

). 
% 1,120 of I:ll,dXl TOId 

CllCll l..lJT lllrll hw lh~cl Cl,Sl I:lnotl ccxd (IL) 
I 
I * Floodi~lg lh~clo~~cs I’RI’ (yr.) Ilowls 2) (m0) p30~ 380 * h 39) 

/ * % l&l will1 clirlbrelll 0 

I llowl rchum lwiocls ~cw) <I 

; ~rablc 15 or 7, bows 5, 7, 3.l) I-2 5 36.45 32 1166 
I 
I 3-s 
I 
I 6- 10 

I 

I > IO (50 y) 100 129 2 145x I 
, I 
I > IO (IOOyr) 100 129 2 145X I 
I I 
I ‘l‘lhll ‘1(1112 I 
1 I 
I I 
I I 
I I 
.__________________------------------------------------------------. 

* Not m?mssa~~~ red~xr r(c/ei/cri b~/i~rurn~iot~ omi ~~wxmrcr~/ ,oqt~iwcl 

Told Flood Cost 



GIJIDI!XINKS: MAINTENANCE EXPENDITURE 

42 43 44 45 4G 47 - ---- ---- 
Maintenance uuit cost No. of Cost/Roaclll klnual cost -- 

Aclivity iL> Units Activity (I;) Mainteneuce (0 
(specify) 

(l3ox 44 * box 46) 

Weuclcutting and 

dredging 42939 

(Iuc. ol~aratio~l/maintenance ofpumping stations) -_- 
Total Amnal Cost/Reach (&) (SW?1 box 47) 

BeueGt Area (ha) pox 6) 

GUTDELINES: BENEFITS OP MAINTENANCE 
Total Annual Maintenance Costha (130x 48 / box 49) 

Design Standard 

(With maintenance) 

Net return less flood costs 

030x 24~4 

Do Nothing 
(Without maintenance) 

Net return less flood costs 

Change in Net Benefit Due to Maintenance 
: 

(Box 51 - box S2) 

Net Benefit ol’M,;rinten:mce Change in net benefit less total annual maintenance costs 

Deneiit : cost ratio 

(l3ox 93 - 60x 49 or SO) 

(Box 53/00.x 48) 

48 

I_-. 42939---.l 
. _’ _ : 

49 

729 

: : : 
50 

I 58.9 

51 

f.f) r 
__-.-. .._. 

231998 

52 

w 1 187645 

53 

(6, 1 49353 

54 

(4 1 6414 

1.15 1 

Note: All table nunlbers arid references relate to R&D Note 5 I 1, Guidelines for the Jus$fication of River Maintenance (Dunderdale aud Morris, 1996b) 
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SUM.MARY: FDM’M 

WITI-I’MAINT4NriNCE (CLJRRlr.NT SITIJATION) 
:. 

COSlS 

Main river 
Drainngc Maintenance gives 100% ptl hainage 

In1 pasture 2.3 ha x f320ha 736 
Hxl. aral1le 723.7 ha x f293/%a 212044 

212780 

I’looding Some flotxliny with maintcumjct: 53294 

Main river 
Drainage Good to bad over 100 o/u 

In1 pashre 2.3 ha x f245 ha * 
Ext. amble 723.7 ha x f228 /ha ** 

Bfi~FI’I’ OF CIJRRBNI- MAlNTENANCfi 
: 

CO& OF MAINTENANCE 

BENEIiFT COST IbIT 

564 
165004 
165567 47213 

182143 128843 

‘I‘olal 176062 

Agricl111nrn1 -t. 
UdUUl 

!76062 

42939 

4.10 

47213 

48823 

96036 

Agrimltural 
Only 

96036 

42939 

2.24 



SI.IMM,jRY: li’l)MM 

WI’I’II MAINTENANCE (CURRlWT SITUTION) 

COSlS Main riwr clxmnel 
IDU chn1mel 
13ooster l’mnping Station 
Outstrays hmphg Stalion 
Totnl costs 

Main river 
Dnim~ge Mninhnncc gives 100% good drainage 

Int pastwe 2.3 ha x 02Oilur 
Ext. antblc 723.7 ha x L293ha 

110 NO’I‘IIING 

1: 
GO75 
3433 

lG2Gl 
2OGfJ3 
4G372 

Main river channel 
IDB chmcl 
Booster Pumping St&on 
Outstrays Pumping Station 
Total costs 

736 
212044 
212780 

Main river 
Drainags Ciood lo bad owr I00 D/u 

Int pnsturc 2.3 ha x E245 /ha * 
Ext. arable 723.7 ha x f228 /ha ** 

53294 r;loodiny Mow Ereqwnt llooding, lnrgcr arcn alfccted 

Drainage 

Floodirlg 

142457 

16933 

IDB 
Drainagr 

Flooding 

Good to bad over 100 o/u 
Ext. arable 486.2 ho x L228/h** 

More frequent flooding, larger wen .&ctcd 

IIENEflT OF CURRENT MAINTENANCE 
lhllsn 
(Noothrg) I: COST 01: MAlNTI:NANCE 
Main rivu 8002G 
m13 8320 BENEIV COST RATIO 

(currenl mnintei~nnce cflo do-nolhing) 

Nob * L32O/ha Ices E7S/hn \rhich is loss in net rctwn assohcd v.ilitll deterioration in draimlgc liom good to bad on itrt. pasture 
** L293ha Icss .LG5/ha ~rhicll is loss in IIL’I rclw~~ wsociatcd ~\iilll delcriw~lion in drainage.Gom good to had on ext. whlc 

L 
0 
0 
0 
0 
0 

Agriculbw;d + Agjkx~ltural 
IJrban Only 

5G4 
165004 
165567 47213 47213 

182143 128849 48H23 

TOhI 176062 96036 

II0854 3 1603 3 I GO3 

57858 40920 32600 

Total 72523 64203 

Agriculhral + 
Urban 

248584 

46372 

5.36 

A~ic~~lluml 
Only 

160238 

46372 

3.46 



Afkclctl Illlnvcll (a) Afftctctl (I,) 
?m-. 

1 0, ()() _-Y--,7?- iiigiiiiii:i~~,:: i:i~i;i:~.:ii.l:i,:~~~,.~~~:~.~~ 
i::,,::‘:i:::lri8i:iii.i:j.l:igjSi:;:~:~:~.~:~,~ i’“i.::‘:;:;: . .,.. ..: . . ,., ..:.::.::., ,...,., ;. ,...: :, ;. ,..: ..::..:. .::.:.:.:.:.,.:.~:r.:...:.:.~::...:.:.,.: ;:y; 

.‘. :.‘:::.:‘::::.‘:‘::~,~~~.:: . . ,.,.,,; 
:  : . : . : : : :  : : : . : : : :  , : ,  :‘:: ,.>,,, 0.98 33.81 33.13 

0.02 67.6 I  
:i:iii:.::~:I;i::::~~:~~:~~:~~~~~~:~:~~,,::I:::,: ‘,: .‘. .’ .A’. ‘.‘. .A:. : . : . : . : . :  : . . . : , . : : i ,  , : .  . : .  . , .  . : .  

, ,  .+:.:,: : ‘ . : : . . . : : . . : . : . : . . . : . : . : . . : , . ,~. . : . : , :  , : , . , : . :  , . , , , , , ,  
: . : . . .  ..~..~....... .A,:..,:.. , :  , , , , . , : .  : ,  : ,  , . , . ,  

. , .  , . , .  . , . , .  , .  . , .  , .  
““‘:.‘,“:‘:‘:,::::::~:,‘:::‘:‘:~::::: : : : , : : , : : . :  : , .  . . , . . .  

. , . . ,  ‘...:....::‘.::‘. ‘...::,,:,. . , , / .  , , :  . , . , :  .  . : : : “ . : . : .  , . , :  :  , . , . .  , , . , . , , , , , , ,  , , , , , ,  , . , . , .  .:>, 

.’ 
.  ‘::‘: ; : , : ; , ; , : , .> , . , . ; ,  , . , .  . , .  . , .  . , , , . , .  : : :  : : : , .  : : . ,  

_. , . ,  ( . . . . . .  : . : .  :  :.‘.‘.‘..‘.:.‘.:.: ..:.+:: , .  : . : ”  . . : . , ,  , :  
‘ : : : : : . :“ . : : :  . . , . .  . , , . . . . . . . . , , . , . , , . ’  . . , ,  : : . : . : .  

.  .  .  .  ;..‘.;‘<, : :  : , . , .  : : , .  , , :  : , : . ,  :,,> 0.01 136.49 1.46 

0.01 225.31 
+j::::::: :  , .  :  . . : . : . : : : : : : : . , : : . : : : : : ,~~: . :  : :  . , , : , .  :...:.:.>..y :  :,j,,.:..:::.:,:.:~:~,:,:,~~~:,~.;, . . , . ,  . : . .  ,:..,.,,, :&::..::::':', .v.: :: ::,::. ,:, : ,.: ..:.:.:..~.,.'.,:~~::,:,:.::::::::.:~.~.:,~:::.~~~.:.:‘~ : 

.' ,:.,.:.:.:':.:'::':..:.;:: ~...~.:.~:.::.:.::::.:'.'. (, (, ((, "',,'...'.,.A . . . . . . . . ,.. . . . ,., ,.,,. :., .,_, ., :.,: .,.,.,.,.,,,.,.,,.,, 1,:. 

-.- 

(jWS) An-CClCd hllcrvil (a) ANiiClCd (h)’ 

I  I  II.27 

5o/n Iloot,ct, 
~.~.~...:::.:.:.:.:.:..:.: ,..,... :: . . 

y “~.:::~~:::::::~:~::,:~ ,,..:,,.,:, ,:,.,., . . :.: . . ..:,:,:.:,.,.,..:,:,. . . . ~ :,. ., ,;. ,,...: :-:.. ~‘A,<.~:: 0.98 118.32 . . . . . . . . . . . . . . .v:.:.:....._. . . . . . . :, i.,. ‘.‘., ..: :x 115.95 .,.. .,,,,, 
.  ..(..i. 

so 
.  .  .  .A........ . . , :  >: 0.02 225.37 .:::::::..,:,:::,:‘.:~‘: . :  . : . . , . ,  : ; : : : . :  , :“, ‘ : , . , : ,  , . . . , . . . , . , . .  .~::, : , : :  , . . . . . .  .  .  : : : : : , : , ,  .  . : : , . :  I:,::i::i’,:::l:j:)j:j:l’j:j:j :::i:;:.i:::; , : :  i : . : .  : . :  1: : ; ,  . . , . ,  , . :  : , : ,  y:: 

. , .  , . . :  : : : .  .  .  .  : , :  : , .  . , . , :  , . , , : ,  ..:.:..::i::,‘::,‘.i:~ . : . : ,  ,:y. . : . : . , . : . . . : : : .  j::.::j i:::.:~ .::.:.,.:.>:..~ .  .  .‘. ‘. .A’. . . : . . . .  ,A. . 100 % Iloodctl :,, .:,.:, jjj:j:j:I:~,::j,i:Illil:l::::::li:iiii:i. ., ,.,., ,. ., .,., ., .:i,~j,~~:~,,,~,,.~~.::~ :,:.: ‘:.;‘::.‘.A’.:. ,. .,. ,.,.,.,., :, _.... - --. . ” 
100 

. . . . . ..,....,.,..,. :, 
0.01 225.37 ‘.““““““; i:i’:i4i~~,:.:,‘:::::,~:.l,liidli:::::i::::i:i’i::::‘:::,::: :.::.;:...:::,:.....:.:.:.: .,.,.: .,., :...>:, :,‘k:,;i;; 

.  .  .  .  , . . . ,  .  .  .  .  .  .  .  .  _. . , . . .  , . ,  , . . . . , .z . : .  ,.‘. :  , . , : . : .  . ,  

SCENARIO 1 DO-NOTHING 

Walcrcoursc w’illcstcacl nrcliu 

Bank llight Ihrdr 

I’lood risk i,lBB (ha) 269 

Efkctivc reach lenglh (km) 7.3 

co flootliny 

50 0.02 ]  2,28 ii:i:iiiiiiriiiii:i~~~~~~~~~~~~~,~~~~~~~~~~~:~~~~~~~~~~~~~~~~~~ 
, . . . . . , , . , ,  

~i:i:I:i:::i!i::ili:i::::::,:.~:::::::.::::: : . : , : , : . . . :  ( . . . . . , , ( . , . , . ,  
.  .  .  .  .  .  .  .  .  .  . . ‘ . . . . . . . . . . . . . . . . . . i . . : ,~ , : , : , : . : , : , : . :  .  .  .  .  .a. . , , . . . .  , , I  .  .  .  .  .  .  .  .  .  .  ..A..... . . , , . . .  .  .  .  .  .  .  .  .  , . , . ,  p:,‘.:.:.. .A..,. : . : , . . : . : . :  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  :  . , .  : ,  . . , ,  

3n o/a noot,ed 
.c+i% 7.:.: .  .  .  .  .  . . , .  2,: : , : : :  , , , ,<, : . , . : .  >>>> )) j : : ; : : : . . . : .  
: : : : : : : : :y : : : : : : : : : . : :  ‘,:;:, ,<. : . : . : . : , :  :.:.>>:,:+:.. , : . : . : .  : , : , : . : : j  fl.01 26.60 0.27 . . 

100 0.01 40.93 
.:.:.:.:.:.:.:::. :..v....: I.......... ..~/,.,:,:,:::(,:.:,:.: ..,,.,::,:,:,:, ~ ,,,,,, :...:...:.:.:...::::j:.:::: . . . . . . . ..A. ,.: :,,.,, .,.:.:.:.:.... ..:.... ,.....:.:.:.:.::.:.:: ""' ",'.'. .,.(,,,,., .v.... . ..j..:. :.:; :::i:i::I:'::::.:::::::::j:i:ii::::.i:ii:~ 
. . . . . . . . . . ..~......... . . . . . . . . . . . . ...> ..,,, .,>::> :::::::: :::::,:::::::: <:,,, :.,.: .,..,.(, :,; :::::::::::::::::: :,:,:,:,:,:,:,,,,,,,, ,,_( ,,,,,,,(, .,.'.'.','.'.“:':.::.:':::~.:.:.:.:.:.:.:.::,:.:.:.:,:.;:.:.~ 

100 % floodctl -- 

NO RlMNTENANCE: - T)O-NO’I‘ITTNG 

Plod Itclum Period Pr~bahiliiy Nr. 1 II3 
--_ 

Prolxd~ilily Avcrayc Nr. 1IEs (a) x (I)) 
‘. 

Affhxl ‘~~‘Ylal fd Affected (1,) 

1 2.05 : :  

.  .  . . - . . .  .A.. “~“‘..“, ‘ , . .~.‘: . : . : : . . . : . : . . : , : , : , : : : , : , : , : . : . :  
I : .  .  .  .  

:.>:.: . , . . .  : . : . :  .  .  .  .  +:: ..v_.. .  .  .  .  . , , . , . ( . ( . , . , , . . , , , . , . ,  
:  , . . .  . , . . . , . . . . . , . , . . ,  “.‘.‘::.:.“:.:‘:‘.). .  .  .  

j.: I.::i:j::.;:.::,~::,.~::~ : ,  .  .._ : :  . : : : : : . : : ‘ : : : : :  y ” 9x 21 49 

0.02 40 
: . : . : . :( ,~:~:.. : . : . : : . : . : . : :~ 
:i i:,:l:~:i:i:::l:i:i::::::~.~: : :  

.  .  .  .  .  .  .  .  .  . . , . . . . . .  .  .  .  .  .  .  .  ..i.~._... .  . . , . .  

0.01 40 



AlTcctcd lnleNill (a) Affcclcd (b) 

I 
“,oo ;::<:;:;:;.::.:: :,:i’:‘~,I::::::::::::.:~:~:~~:~~~:::~~~:~::~:::~,::~: i,:i:ii,::~r:i:~~:I:l:i:l::i:i:iiiil~ 

.+: y.: .,.( :.‘:‘:‘.::::.::,~::‘.:::::~::.j:j:j:::.~:.:.:.:..::,~:~::::::... .:.,.: :‘:,:;.:..::::::::::::‘:: :,:,:,:, :( ,.,_, ,,,,,,,,,,,,,,,, . . . . . . ..‘................. . . . . . . . . . . . . . . .,. . . . . . . . .., ,.,. ., .:...i: ,.,. ‘.’ :‘:‘:“::.:‘:::::::::~.:.:... ..,.,. :.:,: ,:,:, y:: :,:,:,:, ;:;:;.::;::i:: i.::li:~:~i:1:::~::::~:‘::):i::‘:::::’::;::~:~::~~:;:.: :L,: :.:> . . . . . . . . . . . . . . . . . . . . . . . . . 0.98 8.65 8.48 ,, ,.y,.>>>: .,.....,.(,. :. 
0.02 17.31 

:.,, ‘.“,, . . :.:.,.:,:::::.::..‘.......‘.‘.:.:.:.:.:....:.:.~:.:.:.:.:.:’...:.~:::.:.::.::.::.:.:.:.:.:.:.:.:.:.:. .‘,‘.‘.“.‘. ::‘::::.::.:.:.,.:.‘.:.‘:.. . . :‘:::::.:.:.:.:.:,~:....... .,,(.,.,., ,:,:,,, ~ :,,:,.,., (,,,,,(,,,, .,.,.A :.‘.l:: . . . . . . ..A.... :.:‘,.::‘:‘:.‘.‘::‘:‘l:::i:i:i:!ii:::llli 
; ::::: FL: ,:.: :::::,~:.,:::.~:~:‘:.:.:.::::~:..:::j::::::::~:::‘::, :::: ::,:::‘.l:::;:: :..‘: : ~:::.::,:::.>.:::::::::‘::::.::.:: >:.:.:,:.,.>:,: >,.:.: :.: .,;.;:,:>:y.:.:.: ,:,,,,.,.,,,, 

;.;:i::l’: j :,:,‘,:::::::::,:::::~;~~:.: .+:.:.,, >> ,.,.,.,.,.,.,,,. . .._.... .A. . . . . ::::~:i:::,‘::~:::::::::.~:~:::::~::::,~: nsl1 37.50 0.37 
.:.:i.:.: “. 

0.01 57.63 
. . . . .,.... ,c.... .,: ;.:.:.:., ,._, ..,. 

‘. ‘:‘:‘::::,::,::::::~.~~::,:::::,:::I::.::’~:~:;~~:~‘~‘.,,,; ::‘::.::‘::,y:::: :.,,:,:,: :‘,:::: >;,>: 
:.:::.‘;.:::‘;.:,. :: >,:.,.:,: :.‘:‘:. . . . ,...,.,;,: ,;.:.: :::::,..:;:;, :::: >:.: .,, ,,,, ..::.y.:.~.::.:.:. . . . . . . . . . . . . . . “7. .‘. .‘.x:.‘.: ::.: :.: :...:.: :,.. :“::‘.:‘.:.:‘::i:~::iili:jiii-j’:lils:i:: ,, ,, . 

(yam) 

I 

no llootlitg 

50 

30 % flooded 

100 

NO iVZAZN1‘ENANCE - DO-NO’I’ZZING NO kZAINTENANC!E - I>O-NO’ZIIING 

l%od Kctum I’criod I’mlxhility Nr. UEs I’rohatility Averaye Nr. I-Es (a) x w FloodI<~tucn Period I’robabilily Nr. in% l’rohbility Avcmye Nr. I& (a) K 00 

AfrfxlCd IIltltcwnl (a) AniiClCll (b) 
............. 

1 2.8R :::::i:i.>.i;:::;:i.i:::i:::::. :c.::;::::::...:.>:.:.: .: :.:.:.:.:.::.:,>: :,:.: ::..:...:.y:...:.: ... 
y.:::::. .................. . .,:,: ::::::;:i:I:ii’:‘;:;; 

.... ‘.‘C ..... .,.,.,.: ,::,:.:,: I:i;iii::.r ::::.:,:, ::,;,:,;:, 
........... ........... .. . : .. :.:, :,:;,:;,.; ,.:.: ~‘:‘:“:‘:‘:.:‘:.:.:.:::.: ......... ,> . :.‘:.:.:.:::.:i::,::‘-:-:::::::::~:~:~~~:~:~:::i:j : ........................... ..................................... :,:, 

............ : . ....... ... .......................... 
jii:::r:l,i~::~~::.l:~~~~~:~:~:~~~~,~~~~~~~,~~:~:~:~~~~~~~~:~~~:~ 0.98 30.29 29.68 .. .:.,: ...... 

57.69 
:.h;.,.::: . 0.02 

...... ...... ......... “::::::““““““‘.‘::.:. ..:..:: :.:.::::...~:.-:...:~: ............ . ... . ... . ... . ... . ... . ....... . ........................ .......... :L 
:::c::: n:,: : x.:.! 

,:,:.,::,:: :,: 
:. 

..... .................................... 
... 

. ... . ... . ... . .. . ... . ... .. ~: 
... ‘:.’ ......... ........................ .... .‘,:.‘.::::::::::.:.:.:.:.: : ..: 

:,:.:?.: :“..~‘:::::.::~::::::..::.:..::::::::~:~:::::.:.~.~:~:::~:~:~~: ~ :,:.: .;: :.: ,,:, ........ ,:,‘:::::::::::‘(.~:.~.:.:.:.:.:. ...................... ..:.:.:..:::::::::::::.:.:.:.:.:.:.:.: .. 
................ .. :.:.:: ................................ ..................... :.:.:.‘...~...:.:.:...:.~: ............................ ....... ... ..... 
:..~:.:.~ ..:.::. :,: ,:,:, .......................................... O.tll 57.69 0.58 .,,::,:.,:, . :,:,:,:,,,, 

0.0 I 57.69 .:.x:.:.:.x:: ........ . ...... ......................................................................... ...... ............................. ............... 
... . ..... ..:.:.: ..... ...... :...............:.: .: . ,:,:, 7 ...... .. . .......... :.:.: 

~.:!:.:~..:..!::~.....:~.;.:..~.:.;.:.:::::::.::::.:::.:~:~::.:.:.~:.: .:, 
:‘:,j:.~:.:.:::::::::::,::::::::::::: ..................... . :.:.: .,:,,., :,:,,,,::::,, ..................... ,,,‘,::~:,‘,‘,‘,‘,‘,‘,:,‘,‘.‘.?‘~ .............. .... ,::::::, ..... 

(years) 

59/o flooded 

50 

100 % flooded 

100 

.i... .,... . . . . . ..A ,., .,., ,,,, ,, ,,,,, ,.,, :,,:,: 
0.02 26.90 

..~~~::::~~~......i.. i... :.:...~:.:.:.::::::::::::::::i::~~::::::j 
.‘.‘.‘~:.:.:.:.:.:.~.~.‘.:,:.:.:.::::::,:,’,”.’.‘.‘.‘.‘....: ‘.:.:.:.:.:.:.:,:“‘:‘:::,::::;,:,’.’,’::~:~:;~ : ;, ..,. .,.....,.. ,.. .,.,.,,, ,,,((, ,, .,,, ,,, ““““““‘.“‘.‘.‘..:,.... . . . . . . . . . . . . ..~.....................,,,.,,,,,.,,,,,, 

,,_,, ,,,,,,(, :.>: . . . . . . . . . . . .,,, ,_. ,.. ,:...... ... .,,, ,.. 
,, 

::::::::I:I::.i:i::~:~:~:~:~:~~~~~~~~~:~~~~:~~~~,~~:::~~,~~~~~~~~~~~~:~ 
. . ..A..: .,,,.,,,,,.,.,:. ~ ,,,,_,, :; ,.,.” .:.;..‘;.... 

y;:iii.:“:;.:z;.:r.: ..:,:.: .,:.: . . .(.. ::...:.:.> ..,.,...,.,.,,,.,.,.,... 0.01 26.90 ::::::::‘:‘::‘.‘.‘.“““““““““‘.““”: .:.+: <;: :.::::::: ~y,y+y.p ,,.,,,,,,,,,,,,,(,,(,,,,,,,,,,,, 
0.01 26.90 .:.:.> ..,,, :,:.:.: ::y::: . . . .i,.. ““:‘:‘:.,‘:,:‘:‘:‘:‘,:‘:‘:‘:::::::: 

.,.,.,,.A. . ~:~:::~,.:.:.::.:...:. . . . . . . . ..(.....,, . . . . ..,...,.,,,. 
:.:.:q.: ~:.:.:.:.:.:.:::(.,.:.:...:.:.::.::~:::: ,.,...,.,.,.. _.,.,.,.,., (, ,_, 

. . . . . . . :.:.: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .,,,, 

arable 2.2, pastlKe 1.5 



SUMMARY: PDMM 

WJ’J’FJ MAINTENANC!E (CURRENT SITUATION) 

M:h river 
Dmimgc hod IO hd over 100 % 

IO1 p”sLure 2.3 ha x LZ45 /lx\ * 
&I. nroblc 723.7 1~ x E228 ha ** 

l3ENEFJ’I OF CURRENT MAINTENANCE 
IJl-l~~lll 
(Ploocling) f COST OF MAINTENANCE 
Mnin river 80026 
11x3 8320 13ENFFIT COST RAT10 i 
(cnrrcnt mlintcmncc of lo do-tlolhing) 

564 
115004 
1 GS561 

182143 

176062 

26678 

1.60 

47213 

48823 

26678 

3.60 



SUMMARY: FDMM 

WITH MAINTENANCE (CURRENT SITUATION) 

1: 
costs Main river dmunel 0 

L13B chuuncl 3433 
Ihostcr Pumping Str%im 16261 
Oulslrr~ys Pumping Shlica 0 
1’01:d costs 19694 

IJIB 
Drainage M;htm:u~e g&t% 100% good drainage 

154. aml~le 486.2 ha x E293ha 142457 

I’hding S(rnx Ilooding with maiutamnce 16939 

SCENARIO 11% 

DO NOTHING 

lDl3 
Dminagc Gocdtobadover 100% 

Bd. aml~le 486.2 ha x L228h* 

Flooding Mom Gecpent flooding, larger nrea all-cded 

Urban 
(Nlooding) L 
Main river 80026 
IO13 8320 
(cm~alt maintamncc crto do-ncthing) 

lXNl3IT OF CUKRUNT MAlNTENANCE 

COST OF IvlNNTENANCE 

BENJTIT COST RATIO 

Agrin~llmxl + hgricullnral 
IJrlmn OllIY 

110854 3 1603 31603 

57858 40920 32600 

‘l‘otal 72523 64203 

Agriculturnl -I. 
Urlxul 

72523 

Agricultural 
Ody 

64203 

19694 19694 

3.6X 3.26 
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8 FLOODING 

SCENARIO 2 CHANNEL MAIN’I’ENANCX ONLY 

W~llXCl,lU~~ wlllcslc~d Drnh 

Jhlk LEN Iianlc 

Flood risk am (ha) 4GO 

IXoctivc rcacll Iclglll (km) 7.3 

5 P 
(ycm) Mrwlcd Intfxval (a) Mcctcd (b) 

1 11.27 :~,:,:.::~~~:~:::::j::::~:,:,~;~~si ::y; ‘:‘;: :‘:‘:‘:’ ‘.’ ‘. .:. .A. :+ ,.,.,.(.,.,.,,,.,.,.,.,., ,_,,,.,.,.,.,:,.,,,~ ,.,: ;,: :,:, ;, :,.,: 
,i:i::::‘:.i,i:i:i;i:i::‘i:: .‘, ;:.: .,., ‘:,::.::.:.:.:;::::;::~.:..:: :,::.. .::::‘:::,‘,::‘::.: ::, :.: :.: :., ~.:‘i:.:j::::.:::,::~;:,::.:::j:::,.:.:.:,.: >,., ,.,, ;:y: ~.,.,.,...,.,.,.,........,:,:.:,..~ .,,.,:.:.:.,: 

5% flooded 
y:.: i:.j::::.:::,‘~:.:.:~:.::~;:~.,:,:,::::::::::::::::::::::,::~:::~ .:~...:.:.:.:...:...:.~:.:.:.:.~ (/. :.;;.:.:.:... .i:‘: ..:: “: :.i::;~::‘.::::::::::::::,.,~:.~, I;.>>>>:.:.>: :: 0.98 11 X.32 115.95 

50 0.02 225.37 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-,.._........& ,.L . ::: :. ::::::i:::::::r:i.:;::~~~,:~~~~~~:~:~:~,~~,~~~~~~:~,~~~,::~:,:~~~~‘~~:” . . ..,.,,.. . ._,., .,...... .,..,.....V.T....,. ,.,, . . . . . L...,.,.,...,......~,.,.,~....~.~.~ .,.. ., 

100 Yo flnoded ‘. ‘:::..::::.:.:.??c.:.:.:.:.: .,.. ..,.,.:... ., .,,, ,,,~:. .,.:. :,:y>: >>>::.:.. ~~:.:.:.:::.,.~~:.:.:.:,,. ./ ,., ,...,, 0.01 22x37 2.25 

100 0.01 225,37 iiiaiil’;:iiiiQ~:~~~~,~~~~~~~~~~~~~~~~~~~~~~~ 
.,... . . . . . . . . . . . . . . . . ..i_~ . . . . . . ,..,,, ,.,., . ..~...............,.,..... . . . . . .,.,.. . . . . . . . . . . ,.:. .,. ,.,.....,.... .,... . . . . . ,v,.,.. 

(years) 

I 

4.5% noodcd 

50 

100 % flcodcd 

100 

, , , , , , ,  , , , , ( , , , , , , ,  ~: , : , : , : , : , : , ‘ , , : , , , : , ‘ : : : , . : : , : , , , : .  . . ,  .h.. .  .  .  .  .  .  .  ,.x.. 

‘ : : . : : : : : : . : . . j : . : : , : : j : : . ; , ;  :::::iii:iiii:~~::.~.~~:~:~:~::~~:~~~~:~~~~~~~::~~:~:~~,~~~~~~ 
. : : : : : : : . : :  .+:. : . : . : . : . : : .>,: :  . . , :  : . : . . ,  : . . : . : . . . : . : . : . : . : .  . ( . . . , . ,  , , ,  , , , , . ,  

. . :  .  .  .  .  .  .  .  .  .A...... .  .  .  . . i . . . . . . . . . . . ( . . . . . . . . .~. . . . .  . : : :  : . . : . i : . . . .  

ie:~.i~l.;;iiiii~~:~:~~~~:~~~~~~:~~~:~:.~~~:~~~::~~~:~~ $:, , ,  ) ,  , .  , : : .  : , , , , .  0.98 117.76 :‘:‘...‘.‘.‘.‘.‘.‘.‘. (..:,,.,.. ~~ :,:,:,:::::: :L;:::::: :::,:,.,.,, . . . 115.40 ,...,....,.,. 
0.02 225.37 ::‘~.:,:,‘.‘,:.....,....,.......,. .‘.‘:‘..:j ::.:.:.:xc >:.:.: ‘.>..>... : .,... :,:,:;:::.:::::::.:,::::::::j::::::::::::.:.:.::::::.:::::::::::: . . . . . . . . . . . . . . . . . . . . . . . . . :::>>; :::::::: :::: 

:‘:::,:‘:,‘.‘.“““‘~:.:.:.~.:.:..::,:.:,: ,:,:,,:,:,:,:,.,,,:,:,:,:::.,,,,: 
~::‘i.‘:‘:::::::::::‘::.~: :,::: :.:,:. ,., ,.,., (, ,:::j:::::::::i:l:i:i:::::l:j::::::.:~: ,:.: ,:,..: .:,:: ~ ,.,.: . . . . . . . . . . . . . . >>:.::: :,:., ;;.,:; :..,,, ,,,,,,,, ,, ,,, ,,,,,,,,,,,,, 

.,,.,,..,.,,,,,,,,(,.,.,.,,.,.,.,.. ...,,,.,......,........,.. ..... 
,, 

:‘:.:‘:‘.v”.‘.‘.’ 

Notc: + vnluc of one IIE is 31304, 1997/9X prices 

Sevcrily w$llling,s 11;we bcw applied lo IIES atTcCl:clcd by flooditlg: aralh 2.2, paSh!rO 1.5 

SCENARIO 2 CHANNEL MAINTENANCE ONLY 

WLllCVXUXX whesk!sd nrnin 

Bank RIglIt Rnnlc 

Plood risk B~Q (ha) 269 

EfTcctive rcnch io~glll (km) 7.3 

Ilo-Netl~lng 

Flood Ilclutn Period I’rob;d~ility Nr. HI3 Probability Average NC. IIh (a) x (b) 

0'0"'") 

1 

5% flooded 

50 

100 % flooded 

100 

At-bled Intolval (a) Rlrcctcd (1)) 

1 2.05 
. . . . ;.I:.~:.:.:.:::~.‘.‘.‘.“.‘.‘...‘.:.:.~.:.:.;., ‘:‘: : “““‘.‘.Vi. .‘. .‘. . . ..,.. ,““:‘:‘:“‘:‘:.:‘.‘.‘.‘.:.:.:.~~ . . . . . . . . ,,.,,,.,.,,,,,,,,,,,,,,, .... ‘.“““‘,‘.‘...“‘:.:,:,:.:. “.‘.‘.‘,‘.‘.‘.‘.‘.:.:.:.:.:,:,:.:.:::::::::::::.~~:.~:: :,:,:,: ::: ::::::::::::,:,:,:, ::: 
:::::::::+:.: :.:.: (,._.,...,.,.,...,./... .c. “““‘~‘~~~‘~‘~~~~~.‘.‘.‘.‘.‘.‘.‘.’.’........,...,...,.,/,.,., : _,,,,,,_, .,.. :.:..:‘::.:.:.:.:.:.: y:,::;:: .::‘,.:::::I’:,: . . . . . . ..,.,:, ~ ,.,,,, ,, .,,,., ,,..,,,,, ::::: . . . . :,..: ,..,,, :,:, ~ :,:,:,:,:, ~~,_ ,..._,_. 

::%:‘:::::::::::::::::,:.:. .,.,.,, .A...,.. ‘,.,:.:.:,:,:::.~:~::~~:.::~;.~,::::::::::I 
‘.‘.‘,‘.“,.,.,.,.,,...,.., . . . . .,:.,.::.:: :,:,:,: ,:,: ::.>:: :.:,:,; ,,,,.,,,,,: ‘.‘.:.:,:.:.:.:.:.:.~:.:. .,. .,.,.,...,..... .,. .,. 
“““” 

. . . . . . . . . . . . . . ..(........~. ~:(, 0.98 21.49 2 I .OG 
” 



: (yews) An‘cctcd ilad [a) A~WIC~ (I>) 
I I 2.88 

:.'.'.'.'.,. ': .,,:. :>,:::y.:.:: :,::.'::,::::::::.,::~,. :'.',.:... . . . . . . ,, .., ,.,......,. :, . . . . :: i:,,,:..,' . . . . ,':.':.:.>..:.'. .,.,. .,::, ~ .,:, 
,:; ,,., ..: .,.,: :.,.: ,::.:.:+ :,.,:, ::,:.+:.:.:,>; >: . . . . . . : ..:. :: 

i..:..: : .":.::.~~::::':~:'::',::;:,:,:, ,,:,. ::,:::::'j: .i. . . . . . ,.., ,.,. :.:. .:., ::, ,: :".'.':'.:.::::::'::i:~,::,:$ :.:,:. .:.. ,: . . . . :...::...:.:.. .,.,.,...,. :...:..,:. 
5% ""o&.d (, :,:.. ..,::::."'.':.'.: . ..., >:.: .,.,... :.:.: i.......~... .; .., . . . :':;:::::::'..A ..:...:.:.:.:.....~:::::~::'.,.,., :, . . . . ,.,......,. ,,......, 0.98 30.29 29.68 

..: ,.:,,. . . . . . . . . . 
50 0.02 S-l.69 :: .'. 

'::I,: :,:. >j  ,:,,. :,':":,::,,::::::,:,::::~:::::::,:::: I:,: .,., 
: ,:,. ..:.,. .,. ., . . . . . . . . : ': :':.:f::,::::;:: .:':.:":":i'~,: ;:,:.., 

.,..;: .,...: ,.,.,. :.y.::.;,;:, 
., .,., ,. ..: ::.: .,.,.,.,.,.,.,.,_ .,.,.,,._,,., ,.., . . . . . ,,..:,,::;: ,..., .:....:.,.:. ::.:.:::.,.~:';:::':::..,:.:,.;.:.. .,.:,,. /(,, ..: ::::.:::::::::::.::':',:::::.:::... : ;.: 

'. 
100 "h tlootlcrl 

> ,.,, j  ,.:.:,j,.,j ::;:::: ~,:.i,::iii:i:~:il~:~~~~~~~:~~:~~:~~~~'.~,:,:, 
. . . . :.::::,::.. :.,: ::::::~.,:~::::,::r.:.~.:.:.~:.::~::,::,, 0.01 ., . . . ..A.. ./.... ,... . . . . ..v. 57.69 0.58 ,. . . 

100 0.01 57.69 
.. .~..................... .,.,:,: :,:::::,:,,,, ,,:,.,.,,....... ..,..,....,....:.:,:,: ::;,.; :::::, 

y;:::: j,T;:;:,!: :;i:::,::::.:':::i!~;~~.~:~ ,j:::::: :,:,:, y:: ~~,~iiiiiii~~~~~;~~~:~:~~~ 
. . .;:. :.:..: :s::::... ,.,. . . . . . . . ...'....:.. :, 

100 o/n nnndod 

(ym) 

I 
4.5% lloodcd 

50 

100 % flooded 

100 

Ali-&Xl In&l (a) NtEctctl (II) 

1 *,60 ‘.=TTy.,: :.......::: ,c..:, .+,.,:.:, :‘:j::‘cl”‘:~~i:~~~~~~~:~~~~~~ . . . . . . . >,,: ~ ,..,,:::,: :; : . ..,,.,,,,, ,,, .,.,.,., 
::::,::::I .,... :,. :;:.:p::.: :,:.:>::.,:;:j:j:;:$::: :,:. j,: ‘i : 

.: ,_.:..:.. . .,., . . .._... ,, ,,, ,: ,,,,,, ,.‘:::‘;:;: ::...:..:: :,>:.: .,.,,,.,,,., :,..::.:,:::,:::y: 
j . j : j  .; s::.j!:y:::;,>, ::::i,rii::i:i:i:~,:i:l:i:l:i‘i:ii:::i:’,:: : 0.98 . . . . . . ~....~,,.,~. 30.14 29.51 ,., ““’ ?...YC...,. .,., :;. ..;. :,:;.::.::.,,:.:.:,:.: . . 

0.02 
57.6g ':. ;,;::J: +:;: Fd::,:A,:s :::: $<:::::'+ ..,: ?( :.:::":.:il::.ii:il:::iii:iiiiiliiiii::~~:~:~.~ 

;.: ,.:.::.:.:: : ;>>:,, .,:.:.:.:.:.:.:.:.:.:.::.:::','::,:.:::, >:: .'.:.::'.:::::::::::;:::~~:~.~~:,~,~,.,~; ::,,::;,:::. ,( ,:.: ,:j; ::.:.:.:.:'.:.:.:.:.:.::.:::';; :,.::,:,: .., 
.:..:.'.'." ,.., .,.,.i......:.:.:..,,. ,.,. .: 
..::.:..::. ,':':', '..:::.~,:,::::..':...~:. ,.,.,. ,., ,:, : . . ..'........,.,.,....., :.: ',.,):,,: :: :,,,,,,,.:. 0.01 57.69 0.58 

0.01 57.69 
:.,:,, :,.:.~:~:,~:~~:..::.j.. ..:.:.:,.:.:.:.::.): . . . . :;.~.;,;:::.:.:....: :...::.:.:.:.: :,:,;;:,>:':,,: :,:, :,; 
iiii',': ~:I::~,~.:~::,::,i:,:i:.iiri:'c ::j >:.::;:;:i::i:;: :..,.., :j, ". .' 'L:.::;: ,I,!:::: .,. .:e;. ..: ..:, :, 

,,,...,,,...,........ ::.:.:;::..:, .,..,....,..,,,: ,...., :., ,..,,., :.:.:.:::~~:.:..:.:.: 

(ycm) 

1 

S% fl0&<l 

i0 

100 % flooded 

100 

AlrvAetl wxval (a) 

I 1.35 
~:.....:.~.:.:.; 

ArToclcd (h) 

...... . ............ . . ..x... 
.......... ....... ..................... ... ;;: :‘:: :.:.:.:‘:‘::,:,~~:,~~~,:.~,,, : ..: .: :,:,>,.:.:. ....................................... .... . :.:.: :.: :.:.:...:.:.:.:.: .: 

,+:.: ,,,,.,.:, :.:,: ,,,,,,.,,, :,:,::::,:,:,::,“““‘“‘:::::( ........................... ,: ::::‘:‘:‘:: ....... ...... 
............ :::::.:.:. ..:.:::...:.:.:.;::.::::::::::::: .: ..................... ,,,, ,,, ........................... 

“‘.“‘.“:‘:““‘:‘:.~:.::::::::::::’::,.,::::::,~,: :.:.::I::::.:::::.:::::::..:. ...................... :.7.:.:.:. ......................................... 
.... ....... .‘.:.A :.: ::.:i::.::.:.:.:.:.:.:+:::::; ::.::::::.:.:.:.:.::.:.:.~:.: .......................... ...................... :., 

............................ ::....:.:.::.::.:::.:.: >:.>:: ....... 0.98 14.12 13.&l .............. .................. 
0.02 26.90 

j:::::::.::>::::.::;;.:. ;.r~:.;.,.:.:.:::j::::::,:::::::::::::::::.::::::.::::~;:~:,::; ........ :.,.: .y.::::. >:,y,.: ,,.:.: ,,:,:::::::,:,:.:::::::: ........... . . . .... . . . . ~:,~: ,,: .: ....... . . . . 
. 

.,::.:: ... 
........................ . 

,:.:.:.:: . ,.:.,,; 
:...:.:.:.:.:.:.:.:.:.:.~.:.:.~:. 

i:::i.i:i:l:i:i:i!:i:::::i:i:i:xi::..::.~..:: ::::.;.:::::::::::::::::::::j.i ::.: .:....:.:.....::::::::.~....~.~~:~.:.:.:.:;: :,:.i.i,'::~::I:l:~:i:j::: ................................... ........................................ 
.:.:.::::::::::::::::::::::.~:::::i:i:i:::~:: :.:::::::':::::::::::$:: :,:.:. 0.27 ........................... ....... ::.:.:::::.:.:.::...:.: .: 0.01 26.90 ..... 

0.01 26.90 
............................................... . . . . . . . . ..~....~.~.~i...~.~.~.j~.~~.~.~.~.~...~ 
'::.~:;::.:.:.:.~:.:.:..:.:.:.: .".: :i.:.:.: >::.: '.:.:.:.:.:.:.:.:.:.:x.:....:.:.:.:~ ::'.. " .. . .................................. :,:, 

............... 
................................. ........................... 

.w>>.:...: .: ::.:::.:...:.:.:.:.: ,,.,.,.,.,.,:.,,, .............................................................. .. ............... A:::'.::::::':.:::,:::;.;:; ,:.: ::::. :,:,::,,::::::,,:.:.: ::::;:.>;,:::j .:::, :. ............... .. .. .. ..... ... 

(years) AIrcolecl Ink& (a) Allicclecl (bj Allicclecl (bj 
1’ 

. . . . . . . . . . . ..A......... ,L..,....., .,... .‘.‘,~.:::‘.:.:.~:.:.,.:.:.:.::.:,: .,.,.,.,..,:,:,, . ..‘.~.:::‘.:.:.~:.:.,.:.:.:.::.:,: .,.,.,.,..,:,:,, ; .., ,. . . . . . . ,., ; .., ,. . . . . . . ,., 
1 1.21 1.21 ““““.‘......... ““““.‘......... . . . . . . ‘“:‘.‘.‘.‘.‘.‘.“:.“:.i’::::~:.: .,:.... . .,., ,,,,, .,.,.,.,,,,, ,.,.,.,.,.,., ,.,.,.,,,,, ,,, ,, ,,,, ,.;;;; ‘“:‘.‘.‘.‘.‘.‘.“:.“:.i’::::~:.: .,:.... . .,., ,,,,, .,.,.,.,,,,, ,.,.,.,.,.,., ,.,.,.,,,,, ,,, ,, ,,,, ,.;;;; . . . . . . . . . . . . . . . . . . . . . . . . ‘.‘.‘,‘,‘,‘..‘.‘,).,.” ‘.‘.‘,‘,‘,‘..‘.‘,).,.” 

“‘(.,.‘(’ “‘(.,.‘(’ 
..,., ;,..,.,.;, ‘,.” i....,.,..,,,,,,,,.,.,,:,..:,~, ~:: ..,., ;,..,.,.;, ‘,.” i....,.,..,,,,,,,,.,.,,:,..:,~, ~:: ::,, ::,, 

. . . . . . . . . . . . . . . . ,.:.:::::::?:::::::‘>~ : ..,.. . . . . . . ,.,.. ,.:.::::::x:‘:::::::‘>; : ..,.. . . . . . . ,.(., 

4.5% floodctl 
.:.:.:.:.:.:.:...:. .~:.::.::,::‘:‘.:.:.:.:.::: ..:.: . . ,.,:,,:,,.: ::,::::: .“:‘:‘:::::::::‘:‘:‘:::.: :,:,:,:. ~: ,:,,:,:,:.:,:.:,.:,:.,, ~ ,.,.,.,.,.,.,.,. :.> . . . . . . . . .“:‘:‘:::::::::‘:‘:‘:::.: :,:,:,:. ~: ,:,,:,:,:.:,:.:,.:,:.,, ~ ,.,.,.,.,.,.,.,. :.> . . . . . . . . 
. . . . . . . . . . . . . .: ,.:.: . . . . . . . . ..c.. . . :.:,:,> ,.,.(.,. :.,.:.,.A::.:.:! ,:.: .:. . . . . .,. :: :.:,::::::::::::::::::::::: :.:,:. ,... ., ::i:ii.:..:‘::..:I:::i.:.::~~~~ ,,,,.,. .:.:.:.:,:.:: ::::.:,: :,,, ,.,,, ,.... ,,,,: 2: :.:,: :,,, ,.,,, ,,,,,, 

. . . . . . 0.98 0.98 14.06 14.06 13.77 13.77 . . . . . . . ,,., 

50 " 
:i'-',::~.'::;:::':::~,~,~:~:~:~:~:~~:~~~~~,::::':::'::::::,~,::~,~:~,~~:::'~:.::~::.::~:~ :::: ".'. .,. . . . . . . . . . . . . . . . . ,:.:. ~: :,:. 

0.02 26.90 ::::.+:x:.:.'.:,: :,:+., > ,.,:.::. :;. ..,. ,:?:.:::::::::;::::::::~:~:~:~:~.::~:~::i:j::~,~:~ ,.',):.:,:,:,:,:, ~: :,::::,,,,., ,,(, .,,, _,,,,,,, ,,, : xc::.:. :::.:: '.','.',.,.,:,:,',:'...... :.:.::~:::,...:::,:::::::~~:~:.:~~: "'.~.'.'.'.'.""'...:::,~:~,~:~:~~~~~~~::I::,~~~~~; ::,,::: ::.::,:,;:. ..,.,.,.,.,.,.,,,.,,,,,, ,,,:,.:, :::::::::j;::'::,::::::.:.:,:~ :..::::.:,:.:~.,::::::,',:.::.: ..::.:::: ,:::::':',','.,, ,_, ,. ,. ,..: . . /.:.:: .::-~.,::::::,',:.::.:'.~:':::'::~::...:.:.:.:.::::,:;:: ..: :.> ,.,.,...,.. . . . . . ,.: > . . 
.:.: c:..:,: . . . ::,.:.:::::$i'i:f::'i,: .:... ,. ., ., ,.,., 

100 % flootled '.' '.'.'V.. . ..~.A... .,.,. ., ,:, .,,f;:::.j ::::.::.:,:.:.:.:, :.:. . . (., ,.,.,.,.,. :.':'::::::::::::::.:.:.:.:::: ::..,'.:,y :. .:,:,:.,,: .:,,.,,,:,:,:.:. >: .., . . . . . . . . . . . . . . . . . . . . . . 0.01 26.90 0.27 ,......,,,......., . . . . . . . . ../....~...~.,,.,,,,,, 
100 0.01 26.90 

.::::::;:::.:::: ::::.'.:,:,:,:.:::':'::::::::iii:ili~~::~:~~~~~.~:~:::::::.:. ::.A: :.:.. o.....: .,.,., "".'.' ".'.".?.'.: :.>:.,::,.:;::: ,:.I ,:i,;,~,:,.,i:::l:::i: 
..o.. ..:_,::.: . . . . . . . . . . . . . . . . ,::,:,:::::,:::::,::::::: .,... :.:: ,:.:,:,:.: ~~'.'.'.:.~:.:.~.','.'.'. 

,, 
:.:,:, >:.>:.y.:: . . . . . :. .>_.>:,: ::':':::::z ~'.'..'.:..:.:l 

,, ,/,,, ~ ,,,,,:,:,: 
:..: ,.:. i:li::':,. :,,, ;,:;.: .:,::: :,:, 

100 %'rlooded 

...... :::::: ...... 0.01 26.90 0.27 
:::.: ...... : :::.: :?.:::.::>:..::..:f::: ,:.I ,:i,;,~,:,.,i:::l:::i: -...>::.....:...: .:. ~:f::'.::.:.:::::::.::.~..::..:.::::::.: ................. ... ........ .. . . ..... > ,.,.,:,:,: .. ... . ..... 



SUMMARY: FDMM SCENARIO 3 

DO NOTIIING PUMPING ONLY 

Mnin river 
Drninnge Bnd O”L7 100 % 

Int pnstm 2.3 Im x E245flv 
Esl. ml,Ie 723.7 ha x E228h 

564 
165004 

Total 165567 

Flooding Frq’m’l rloodinp, lrlrgc llWx aKcclcd 182143 

rnn 
l.hinage Bnd “VW 100 % 

Ext. nral,lc 486.2 1~ x E228hn 110854 

TOM 110854 

(I%mtlieg) 1: “/a flooding imdils nlyxkmctl lo urbnn nrca 
Main river H002G +I% 
11113 8320 14% 
(cummt mninlmnr~cc cf to do-nothing) 

1: 
COSlS Muin r&r c;hnnel 0 

IDB cllmnel 0 
Boosl~ hnping Slation 16261 
Ouk,trnys Ihnping Stntion 20603 
‘I’otnl costs 36864 

IDB 
Goodovw75% 
Ext. amble 364.65 hn x f’293h 
Bnd ova 25% 
EM. mblr;, 121.55 ha *E228h 

rolnl 201020 

73R9R 

‘I:ohl 

35453 35453 

108245 47558 

14369R 83011 

lOGX42 

27713 

l’Oh1 134556 

23472 

Told 

23702 23702 

I%oding See Coollowing pn*c 34386 

SHORK 

4945 

28647 

BENEFIT OF CI-IANNEL MAINTENN\ICE ONLY 

.’ 
COS’I’ OF MAINTENA.NCE 

BENEFIT COST R/WI0 

201786 

36864 

5.11 

36864 

3.03 

736 
159033 

41251 



AfFwtcd InleNfll (a) Affcclcd (ll) 

I t , ,27 i:i..;:~~ 
:‘:,::: ,. ::::,. :...:.: . . . . . . . . . . :: .,,,. :..,::, ..: ,. ,. . . ,A.. .x:: ‘: 
,:.:..:~,:::,:.::‘\.:~,,:: .:,: :‘.(.:,..:.:.:.:.:.,:.: :. ,........,..,... . ...‘..... ~ ,..::.,.:.: . . . . ,... :..:...:.;::y,::j: 
. . . . . . . . . . . . . . . . . . . ..,...,,.,,...,...,,. 0.9.. .,.,.. :,. . ..,._I 

0.02 
;:::...:.: . . . . . . . . . . ::.:.:.,: ,., 225.3 7 :.:.:(I ..,;....,.... ?.,. . . . ., . . . . .,.. 
i’i’;;:;:‘;:g) ‘:;j::,;::;::.:;:i:’ :..: .: .::,::;:?I: I’,\:i:i’i:ilip~;iiliiiiiiiiiiiiii:i 

.““. .“,:Y.“., . ..,. . . . . . . . ..,..,.,.,.,.,.,.,.,.,.,.,,.:: ,,~::: ,:,,,::,, ~ ,,,,:: $.. “x’.‘.:.:‘.‘. :,,..., :.,::y:.: :.:.:.: :..,:.:.: .,.,.:, :,.::,:.::::~:,~:~,~::.~‘.:~I::~::i~~~:’:~:’,,::.‘::‘. .::.:,:: .A’ 0.01 . . . .A..... . . ,.. ,.., A.:.:.:. 225.31 2.25 ‘:.:‘.::‘.‘::.‘::,, 
0.01 225.37 

.,...,. ,. .,.: .,:,:.:.::.:,:j,: .:., .,.. . :::::::‘::.j.:: ..:. :.:::;::‘(::(,. .,:‘:,‘:‘..:, ,::.:.:...: . . . . . . . . . . . . :.,. :‘::‘:“::::::~::.:~::~:~:~,:..::::.,.:.:.:.:.::::::: 
.::: .::w. 

.:.: .,., i ..,.. :,>: :,,,. :;::,..,:,; ,:.:: :,,: +:,:: .+,:y:::;:: :,:,: 
::. y.::.:.:.:.; .:..: . . . ‘::,::‘:::..:::‘:‘:::::‘(:‘:.:.:.:.:.:.:.::.:..,:..:.: ,.,.,.,.,., ,.,.,.,.,.,.,.,.,.,.,.,.,.,., . .A.. .i... . . . . .A.. ., 

(J&US) 

I 
5% n()ot,ct, 

50 

1 on % flooded 

100 

l-years) Affected 1ntcw. \~, .~ . ..____ \ 
- ,  

1 1 ;, ,.j , li~iiiij:~~ 
., ::: . y : . : . : . , . : . : . : . :  : . : . : . : : : : : ‘ : . . :  : . , . .  y : : . : : : : : : : :  

2% flooded 
:.,:,:..,:::.:,::: L.:;:.::?:;.:.:.: :.:: .,.,. ,,,,,,, ..:..: .,... :.:,: :.:: 

.:.:.‘:.:.‘.‘:.:,:::::..::;:::.:..:::: ,, :, .:.:.: ,,,p,;:: ;:. ,.,. ;:.., :, . :::,:: . ..(. 0.98 47.33 46.38 ..::::::::‘:‘:‘:‘:::‘:.,,:.~: ,.: : ,:::: ,: :,:,, :., ,.: 1, : : ,,. .,y:.:: 
50 ,‘:.:.:::.:.::.:.:.:...~.:.:.:.:.:.:.:.::.’.’.’.‘.‘.‘.‘.‘.... ..,. ,...,.. . . . . . .A. :.’ ..- .v:.: 0.02 90.15 : .:.,.:.: :.:.. :~:::.:::.‘::.:::j::::,:..~:,.~::::.:.: .,.,.,.,.,.,.,,.,.,.,., ,.,.,.,.,. :.:.:.. :.:........ ,,.,, :i . . ,:.:,..: . . ‘..:::.:.:.:.:.,:.~...:.‘.:.‘.:.,:::~:: . . . ,.. .._, ..:,:::::,z:,: .:.. .,.,.,.,, ,.~ ,.::. ‘.:‘ZrE :., ,: ,,,, . . . 

40 % noodcd 

,“., ““.““‘.,.:.:.:.:::::::::.::.:~:::: :.:.,.:.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~... ..,:.:..: .,......, :::::‘:::.:.:.:.::.::::::..:,:,;.. ,:. ., ,:.,., ..:, ,:,..: :,..: ,::,:::,.. .,:.:::: 
ij ii’i~l:iii:i:ii~~i~~~:~~:,~:~:~.~:~.:~~~~,~~:...: :.;y: :‘; j:;: 0.01 157.16 1.58 _.,..,.. ::;.:.:.:: ..,.,.,...,... >:.: .,,. .,.,.,., 

lb0 0.01 22. 

100 % Iloodcd 

Suutrurwy: nood cost with ptunplng OUJJ 

.4~QJ’ur,hati 

(a) (i)) s u304* 

IdI Jhk 47.96 62540 

Right Ihk 8.71 II358 

~rotn1 56.61 73898 

SCl!INARIO 3 PUMPTNG ONLY 
: 

Watercowse whlcsteml Ihoiu 

hlk RtgJlt Jh~lr 

Flood risk area (ha) 269 

IXeclivt: reach lebylh (km) 7.3 

Flood Return Period Prolxhilily Nr. I Ilb Prot~:hitily Avwgc Nr. I IEs 6) x 0,) 

@Xl-s) 

I 
5% “&,dcc, 

50 

100 % flooded 

100 

Aft-ccted InlCrval (a) AKcclcd (I)) 

1 
2,n5 ‘:.~ 

~,:::l:::il;iii:~;~ii:i:::ili::I:il”i:ii:~~ :.:.:: :.,.... .;; ::::‘:‘-:.: : : ::=‘== .‘......., ,,, ., ,...,, .,. ,,: : :,:,: ~:, ., ,. ../.,.. .., . ,,_,.,.,.,,,. .,., ,,,,,. 
,::‘::::,.::.:;,.,~:: ,,, ,,( ; ‘,‘:‘::::::‘::::,i::‘:~:~~.~: >>>p>:.:.: 
my::::::;.,..:. ., 0.9x 21.49 21.06 

. . . 

.,, .,. .,...,, .,,,, ,,.(.. . . .,. ..,:, 
;;:j:;; )iail’;ili:li~::;li”i’ilr:ilal:‘n~~ 
.,,,,, :..:::::‘:::.:.:.:.:.~:.:.:::::::::::: ,_,,,:,..,: .,_,, 

0.02 
:::,: ,:..:.“.:.l’.::‘.;::~::::::~,~~~~~::’,’:::::: 4093 .a~:~:l:~:::~::I:l:~,~:~:~:~:~:::::::al~.: 

. . . ..i.... . ..I. ,.,,\..., ......,..~....~:.-..: .,.,,,, ,,,,, ,, ::.:.‘.:.::.:.‘:‘.:.:.:.:‘.:.:.:.:.:,:.:.~.:: ::,:,::::::: :.,,::.:.:.:.:.: . . . .A... ,. . . . . . ,...,.,., ,...,.....A.:.: .y.::. ,,.,.,.,., ,.,.,., 
.:.,y :.:.: ‘:. :I.. ‘.‘,‘:.:.:.:.:...:.:.: .,:,.,,,,.,..,.):,..:,:.:,: 0.01 .‘.‘::::::::::.:.:.; ..,.,.,.,.,...,....,....,,.......,:,,,:,:~ ,:::,:,: :: :::,,,,,,,,:,.,,,, 40.93 0.41 

0.01 
40,93 . . . ...‘.....,.:.:,:,:.:,,,,,,, ,,.,.,.,. :..:,~,:,::::::.‘.‘,,~;:: :,i,:.‘:::“i:~:i:~:‘::‘::i:i.i:~:ii~~:~~:~~: .““~‘~:““:,.:...:.: x:.: .,.,. ,..: :,.,:.: .,,, . . . . . . . ..,....,,,.,,, : ,,,,,,, 

iii,ijliij~i:~:~,.i’i::::~:,:::::::; .:.:.: : ~: :,:,:,: ,,, .,., : y. .,......,. .,... . ...,.. :,... . . . . . . . . . . .,.,.,.,.,(, ;,. ,,,, ,, ..,., . . .._. . . . .._.. . . . . . ,. . . . . . .:....:.:. 

@cars)’ -- 
1 

2% flooded 

SO 

40 % flooded 

100 

AKcctcd AKCClCd (b) 

I 0.82 
..‘...,‘.....:..:.:,:.:.:.: . . . . . .:.:_ ,.,.,.,.,.,.,.,., (.,._.,.,.,., . . . ,c..... . . .,.,. .,.,.,.,.,.,.,...,.,.,.; ..:.‘.,.‘i.::.:.: .,.,:,:.,, :,.,.. . . . . . . . . .._.. ,., ” 0.98 H.Grl 8.42 . ..Cl.......,.,. . . . 

0.02 ..~...~.A..... ,..., .,.....,.,..., 
Bii:iiliiiiiii~:iii~~~~~:~:;:~:~~:.~~:.~: :,:,:.:.:.:,:,:,:,.,,,,,,,,,,,,, .-.......> ,.,, >>:,:<,:,;; ,.,: 2 ,:,:: 
::::'::::,>,:y'>:: :.,. :>,,: j,:,: ::i:i:i:;::::::::..:::: 0 01 3K 65 n 39 

0.01 40 

16.31 
:::::,:;:j::::::,::‘:::::::::::::::::::::::::::,::~::~.:.:.:...:.:.:::::‘:.:‘: :. .:.,.:.....A. . . ..v ,:, ::.::.:.:.: . . . . . . .A. . . . . . . . . . . . . . . . . . . . . . . . . . ..,.,.,.....,. :.:.::.:.: ..,.,. ~~~~~..~.,.,.,...,.,..~.,.,. ,..,,,.,,,,.. :.:.._:: .:., :.:.:.,.:.:.:. ..:.: :.:,:,~,:,;,:.:~,.~,.,~ ,,:,,_,,:, 

.A.. ., :::,::::::::~::::::::::::::~:::::’~::~~:::::::;::~:~:~:::’:~ : : : : : : : : : : : : : ::::,..;,:,:,:,:,:,~~,. ,,,,,,,( ,,,, ,,,, ,.,..,...,.,.... .,.. .,.. .,....,.......,,. .,..,.,. . . . . . . . . . . . . . . . . . . . . . . . . . . .,..,,.. ,,,.,. .::::.:.:.‘...’ 

nrablc 2.2, pasture 1.5 
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00 NO’I’IIING 

I!Ihll FDMM 
(Ploodiag) L flooding lx&its apportioned lo urban area 
Main river 80026 
ID13 8320 

IXNEHT OF CURRENT MNWENANCE 49353 

COST OF MAINTENANCT;, 42939 

DI‘:NEFTf COST RATIO 1.15 

0 
0 

191727 48114 

4082 1239 

To1al 49353 

Ayiculturcil + 
IJrlmn 

48114 

81265 

129379 



I: 
607.5 
3433 

16261 
20603 
46372 

239841 

2843 

I59960 

189G 

costs Main rivw cl~mxl 
IDB cl~anncl 
Booster Pumping Slalion 
Outstrays Pumping Station 
Total costs 

Main tiwr 
Drah~,c t3ood lo bad over 100 % 

Ccrcal I oil seed E263 ha * 729 ha 

IDD 
Drainaga Oood to bad over 100 % 

CwcaVoil seed 486.2 ha * L263Nm 
.‘., 

Flooding Marc ticquent flooding, Inrgcr area nfkcted 
See folloGng page 

BENEFIT OF CURRENT MAINTENANCE 

COST OF MAINIBNANCE 

BENWI’I’ COST RATIO 

191727 48114 

4082 1239 

Total 49353 

127871 32089 

2723 827 

md 32916 

46372 

1.77 

48114 

81265 

129379 

32089 

9147 

4 1236 

Agricultural .I. 
1Jlh~ 

170615 

46372 

3.68 



Wl’l’ll MAIN’I’EN/iNCE (CURRISN’I’ SITIJATION) 

Mainlcnnncc gives 100% good drainogc 
CcrcaVoil seed L329ha * 729 ha 

Main tivcr 
Drainsgc Good to lml over 100 ‘%I 

Cereal / oil seed E263 ha * 729 ha 

2843 Flooding More ficqwx~t flooding, larger ma ;Gctcd 

BI~NEFIT OF CURRENT MAINTENANCE 

COST OF MAINTENANCE 

BENEFIT COST RATIO 

L 
0 
0 
0 
0 
0 

Agriculltml A~ricullural + 
OillV ulban 

191727 481 I4 48114 

4082 l23Y 81265 

Tolal 49353 129373 

Agricullural AgriciIIlIml + 
0111 y Urhn 

49353 129379 

26678 ’ 26678 

1.85 4.85 



SUMMARY: CUI~ELINES 

WIT11 MAINTENANCE (CURRENT SITIJATION) 
., 

IDB 

SC&NARlO Ill 

DO NOTHING 

IDD 

I~looding More lixqwnt Ilooding, Inrgcr :I,-w rffected 

BENEFIT OF CI+RENT MAINTENANCE 
,. ” 

COST OF MAINTENANCE 

13ENWIT COST RATIO 

127871 32089 32089 

2123 827 9147 

ToIn 32916 41236 

19G34 19694 

I .a 2.09 
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SUMMARY: GlJIDELTNES SCENARIO 2 

I’lowling 

Urban P’DMM 

191727 

4082 

127871 

2723 

CHANNEL M.AINTENANC& ONLY 
: ,’ 

Chinmel ulaintenauce ally 

costs M~lin river dmnncl 
IDB Q<aLlnel 
Booster Pmping Stath 
Outstrays I’unq~~ng Stbtio 
Total costs 

Main river 

f 
6015 
3433 

‘0 
0 : 

9508 

Agriml~mal 

Old) 

Drainage Bad over 100 % 191727 0 

Floodillg See rollowiLlgpage 3966 116 

1DD 
Drainage Bad over IO0 % 127871 0 

486.2 ha * f329ha 

Pl00Chg See following page 2645 78 

Agrin~ltiaul 
Chly 

BI~Nl~lTl- Or; CHANNEL h4AlNI’l~NANCX ONLY 194 

COST OF MAIN-l-tiNANCE 9508 

BENBI’U COST RATIO 0.02 

0 

599 

0 

312 



GUIDELINES: SCENARIO 2 CHANNEL ‘MAINTENANCE ONLY 

FLOODING 

Flood Return 
Period (yrs) 

% Area of each 
LUT that 

Floods 

Flooded Flood Total Flood 
Area (ha) Cost (Uha) cost (6) 

Main Rive1 
0 

l-2 4.5 32.8 32 1050 
3-5 

G- 10 
> 10 (50 yrs) 100 729 2 1458 

> 10 (100 yrs) 100 729 2 1458 
Total 3966 

IDB Watercourse 
0 

I-2 
3-5 

G- 10 
> 1.0 (50 yrs) 

> lo (100 yrs) 

4.5 22 32 700 

100 486 2 973 
100 486 2 973 

Total 2645 

Note: Figllres are subject to rounding. 1997/98 prices are used. 



SUMMARY: GUIDELINES 

Mnin river 
Drnirlage Ihi over 100 % 

LDIJ 
Draiuagc Bad 0\‘cr 100 % 

191727 

4082 

127871 

2723 

SCENARIO 3 

PIJMi’ING ONLY 

Main river 
Drainage Good over 100% 

Flooding See following pege 

IDl3 
Drainnge Good over 100% 

Flooding See following page 

BENEFIT OF PUhWING ONLY 

COST OF MAINTENANCl? 

1313NEFll’ COST RATIO 

Agrialltu-al Agkhral + 
only Url1:111 

239841 48114 48114 

3587 495 48123 

Total 4 8609 96237 

1.59960 32089 32083 

2392 331 5145 

T&l1 32420 37234 

2.20 3.62 
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Ffos Fasvr 

APPENDIX VI 

1. CONWY VALLEY 

1.1 Introduction 
This Appendix presents the results of the application of FDMM and the Guidelines to the Ffos Fawr, a 
watercourses in the Conwy Valley, North Wales. 

1.2 Conwy .Vall ey 

1.2.1 Channel characteristics and drainage network 
The Afon Conwy rises from Llyn.Conwy in the Migneint Moor, Snowdonia, The catchment area is estimated. 
to be 590 km’ (59000 ha). 

The river is a highland carrier which conveys waterfrom the upland catchment through the flat valley floor to 
the outfall into Liverpool Bay at Conwy. The Afon Conwy does not provide a land drainage function for the 
lowland part of the catchment through which it flows. This lowland area (790 ha) is protected from flooding by 
the Afon Conwy by- flood banks. It is served by an intensive network of channels and is designated as an 
Internal Drainage District (IDD). This IDD is run and managed by the Environment -4gency, who also set the 
drainage rates and maintain the channels. In affect, these IDD watercourses are ‘main’ rivers in all but-name. 
lMay of the IDD watercourses discharge into the Afon Conwy through the floodbanks via flapped o~~tFalls:- 

1.2.2 Catchment characteristics 
This predominantly upland catchment is rural in character. Land use consists of permanent pasture.. The flat 
valley floor-is grazed by beef and sheep during the winter months. During the summer, the valley floor is cut 
for hay and silage whilst the livestock graze the upland areas of the catchment. 

The solid geology of the ‘area is characterised by hard resistant rocks of Ordovician age. on the left bank of the 
Afon Conwy. These create an alpine landscape of waterfalls, lakes and slate quarries, On the right bank, softer 
rocks of Silurian age provide a rounder landscape. 

The Conway Soil Association is characteristic of.the valley floor (Rudeforth et al, 1984). The Association-is 
dominated by the Conway series of fine stoneless silty, typically alluvial gley. soils. Excess winter rain is 
absorbed fairly slowly on level ground, but it reaches the river quickly due to its proximity. Winter floods are 
common and the soil may be seasonally waterlogged with a risk of.poaching- (surface damage by livestock). 
Soils of the Teme series (lYeme Association) occur on river alluvium in the wider areas of the floodplain. These 
are permeable and well drained although they are subject to winter flooding. 

1.23 River maintenance 
The channel of the Afon Conwy is not subject to maintenance. -4 combination of saline water and seepage 
from abandoned lead mines provide an environment inconducive to weed growth. The floodbanks,. however, 
are grazed and are flail mown annually. Repairs are carried out as required, 

The IDD .channels are subject to annual weed removal .using a Bradshaw Bucket, during the period. late 
September to January. All the aquatic vegetation-is removed. Prior to maintenance, the channels are usually 
choked by emergent weeds with 100% of the water surface covered by vegetation, Phragmites (Common Reed) 
and Spaqnnizm (Branched Bur-Reed) are the dominant types. 

1.2.4 Study .tirea 
As stated in Section 12.1, the IDD. watercourses are in affect ‘main’ rivers in all but name.. For this reason, 
and because no maintenance is performed on the ,Afon-Conwy channel;. two discrete areas of the Conwy 
floodplain were selected for study following discussions with the Environment Agency.. These areas are termed 
Area 1 and 2 respectively. 

R&D Techical Report W134 211 





Ffos Fam 

1.3 Application of FDMM~to Area 1: Ffos Fawr 

1.3.1:: . . General ixiformation 
Area 1 covers 154 ha on the left bank of the Afon Conwy, to the east of Trefriw. This area is bounded on three 
sides by the floodbanks of the Afon Conv,y, Nant Gwydyr and Afon Cm&ant. The western boundary follows 
the natural limit of the floodplain which is determined by geology and topography. 

The Ffos Fati (main river) drains this area and is fed by two IDD watercourses; the Ffos Fawr AD Number: 1 
and 2.. The Ffos Fawr discharges into the Afon CraWnt through the,floodbank and into the’tion Conwy 
(Figure 1). The whole area is naturally drained by an intensive network of ditches. 

The Ffos Fawr and Ffos Fawr AD Number 1 and 2 are all subject to annual weedcutting during the period late 
September;to January. In-1997/98, annual maintenance expenditure on the Ffos Fawr main river is calculated 
to be 51428. Annual .expenditure on AD. Number- 1 and 2 is calculated to be 5294 and 5380 respectiveiy 
(1997/98 prices). 

1.3.2 Area of bene’fit~ 
The area benefiting from maintenance in terms of flood alleviation is estimated to.be 154 ha. This is termed 
the flood risk area and was derived from discussions with the Environment Agency. It is based on the discrete 
area protected by the floodbanks of the Afon Conwy, Afon Crafnant and Nant Gwydyr (Figure 1). 

1.3.3 Laud use assessment ..-. 
Flooding ‘5. 
Land use and features of interest within the flood risk area are shown in the land use assessment reach 
summary sheet for the left and right bank of the Ffos FawT. The completed summary sheets may be found at 
the end of this Appendix. 

The area tiected by fluvial flooding on the left and right bank is estimated to be 37.93 ha and l16.07 ha 
respectively. The area is not affected by saline flooding. The effective reach (the length of the .main river for 
which a flood risk area is defined) is estimated to be 2.0 km for the left and right bank. 

The flood score is derived by dividing the total HE%km affected by flooding by the effective. reach length (see. 
the summary sheet). The flood scores for the left and right bank are 18.08 and 5.17 respectively. 

Drainage 
The area of each land use tyye subject to bad or very bad drainage conditions is determined and weighted by the 
appropriate factor (e.g.. 3.6 HE/100 ha/yr for extensive arable). This drainage score represents the level of 
damage caused by waterlogging. 

Under the current maintenance regime, i the drainage, status for the whole catchment is described as good, 
therefore the drainage score is zero. 

1.3.4 .:. Land use band 
The flood and drainage HE/km.scores are combined to determine the total HE%m for each-bank (Table 1). The 
HE%YI falls within the land use band ‘C’ range. for. each bank (5.00-24.99 HE/km). High grade agricultural 
land is at risk of flooding and impeded drainage. with some properties also at risk offlooding. 

Table 1 Land use band, FFos Fawr 

Flood Value (HE/km) Drainage Value (HE/km) Total Land Use Band 
Left Bank 18.08 0.0 * 18.08 C 
Right Bank 5.17 0.0 * 5.17 C 

Note: * the drainage status is described as good under.the current maintenance situation 
Figures are subject to rounding. 

1.3.5 Determining the effect of flooding .. 
T\i’o historical records exist for the Ffos Fawr or its tributaries. The eect offlooding is therefore, based purely 
on use of the predictive technique. 
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The arithmetic method has been used. The predictive :echnique takes account of the flood return period at 
which different areas are inundated and an estimateti long-term average annual value for HE affected is 
derived. The record sheets at the end of this Appendix provide further details. 

The area flooded by events with a return period of 1,5,10,15,20,25 and 30 years were identifted by the 
Environment Agency for the left and right bank under the current maintained situation. It must be noted that 
these areas are estimated as the actual areas flooded by the infrequent events are not documented. It is 
estimated that with a return period of j years, no flooding would occur. Under an event with a return period of 
10 years, for example, it is estimated that 20% of the flood risk area would be inundated. 

A severity weighting of 1.5 has been applied to the total H&/km tiected by flooding to take account of the 
impact of timing and duration of flooding on pasture. The number of HEs affected by flooding was derived on 
a pro-rata basis by multiplying the total number of HEs affected by, for example, 30%, for a return period of 10 
years. 

The process was repeated using estimates of flooded areas under the various return periods for the without 
maintenance situation. 

The annual benefit of maintenance is shown by the benefit to be gained from the avoidance of flooding. This is 
derived by subtracting the Annual Average Humber HEs affected with maintenance (AAN tib) from the 
Annual Average Number of ICES affected without maintenance (AAII nithout) and multiplying this figure by the 
value of one HE (51304 in 1997 prices). The annual benefit (5) is shown in Table 2. 

Table 2 Annual benefit, flooding, Ffos Fawr 

AAN v.ithout AAN nith (a> - @I AIUlUal 

Left Bank 
CHEb) (a) 

8.301 
(HE/km) (b) 

1.571 6.370 
Benefit (5) 

8775 
Right Bank 2.524 0.478 2.046 

Note: Figures are subject to rounding. 1997/98 prices are used. 
2668 

1.3.6 Determining the effect of deterioration in drainage 
The area within the flood risk area which is expected to be subject to a deterioratml; in drainage status in the 
absence of maintenance was estimated by the Environment ,4gency. The drainage sratus of the whole flood risk 
area is expected to deteriorate from a good to a very bad drainage condition. 

The annual benefit of preventing a deterioration in drainage status is calculated from the area affected (ha) 
multiplied by the annual benefit (&/ha) to be gained from preventing a deterioration in drainage status. This 
procedure is shown in Table 3 for both banks. The annual benefit of maintaining good drainage on the left 
bank is A30 /ha or El 138 (1997198 economic prices). 

Table 3 Drainage benefits, Ffos Fawr 

Bank Left Bank Right Bank 
Drainage benefit area (ha) 37.93 116.07 
Effective reach length (km) 2.09 2.09 
Floodplain topography Flat Flat 
Predominant soil type Heavy Heavy 
Drainage system Natural Natural 

With maintenance drainage status Good Good 
Without maintenance drainage status Very bad Very bad 
Annual benefit (Shaj 30 30 
Total benefit (5) 1138 3482 

Note: 1997198 economic prices are used. Figures are subject to rounding. 

13.7 Actual standard of service 
The combined flood.score and drainage score (HE/km&r) for the current, with maintenance situation ;rovides 
an indication of the adequacy of the existing maintenance regime with respect to set Standards of Service 
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(SOS). This score for the Ffos Fawn and tributaries for the left and right bank is shou;n in Table 4. Scores are 
derived by dividing the annual average m/km by the efiective reach length. 

Table 4 Actual standard of service provided under the current maintenance regime, Ffos Fawr 

Flooding (A0I uith) Effective Reach Flood Score Drainage Score Total 

Wfi=O (a> Len@ (km) 0) cHEflan/yr) (HE/km/yr) (4 (c)+(d) 
(&I = cc> 

Left Bank 1.57 2.09 : 0.75 0.0 * 0.75 
Right Bank 0.48 2.09 0.23 0.0 * 0.23 
Both Banks AverageScore. 0.49 .’ 

Note: * the drainage status. is described as good under the current maintenance situation,. therefore the 
drainage score is zero. Figures are.subject to rounding : 1997/98-prices are used. 

Comparison of the total .score with a target- score of 0.5il.O BE/km& enables ,the current level of service 
provided to be determined. This on target standard (OTS), of 0.5-l HE/km/yr was derived by the Environment 
Agency, based on analysis of existing SOS (Table 2.3 in main text). The reach status of both banks may be 
described as marginally above target standard. 

1.3.8 Justification 
Justification of the maintenance scheme ‘is undertaken using .a comparison. of the benefits and costs. of 
maintenance in a simple benefit:cost ratio. 

The total annual maintenance expenditure of the Environment Agency on the Ffos Favvr main river (1997198 
prices) (see Section 1.3.1) is estimated to be 51428. The total benefits of maintenance taking into account 
flooding and drainage.benefits on both banks are presented in Table 5. 

Table 6 shows that the benefit:cost ratio is greater than one, thus the current maintenance regime may be 
justified. 

Table 5 Total benefits of maintenance, Ffos Ftiwr 

Annual Benefit of Annual Benefit of Maintaining~. Total Annual 
Flood Alleviation (5) Drainage Status (Q Benefit (E) 

Left bank 8775 1138 9913 
Right bank 2668 3482 
Total 11443 4620 

Note: Figures are subject to rounding. .1997/98 prices are used. 

6150 
16063 

Table 6 Benefit:cost ratio, F’fos Fawr : 

Total Annual TotaI Annual Maintenance Benefit: Cost 
Benefit (5) cost (0 Ratio 

16063 1428. 11.2 

IVote: Figures are subject to rounding, 1997/98 prices are used. 

1.4 Sepsitivity Analysis 

1.4.1 .-. Drainage 
As the drainage benefit area is estimated to be the same as the flood risk-area, but not supported by historical 
evidence, the areal drainage factor was applied; As the soil type is classed as heavy and there-is a developed 
ditch system, the area1 drainage factor is 0.4 (Table 3.8, FDMM). The drainage benefit area is thus 40% of the 
flood risk area (61.6 ha). The corresponding drainage benefits are shown in the record sheets at the end of this 
Appendix and .the benefit:cost ratio shown in Table 7. The maintenance scheme is still justified as the 
benefit: cost ratio is greater-than 1 .O. 
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Table 7 Benefit:cost ratio, different definitions of drainage benefit area, Ffos Fawr 

Total Annual Total Annual Benefit: Cost Ratio 
Benefit (Q Maintenance Cost (0 

Drainage benefit area estimated to be same as flood risk area 
16063 1428 11.2 

Drainage benefit area defined using area1 drainage factor 
13291 1428 9.3 

Note: Figures are subject to rounding. 1997198 prices are used. 

1.4.2 Actual SOS 
Estimates of the actual standard of service provided are sensitive to the effective reach length used, as show in 
Table 8. This parameter is determined by the user of FDMM and is open to interpretation and subjectivity. 

Two IDD watercourses discharge into the Ffos Fawr main river. As these watercourses lie wholly within the 
flood risk area, and derive benefit from maintenance on the main river, the question arises as to whether they 
should be included in the calculation of the effective reach length and treated as tributaries. Currently within 
FDMM non-main river tributaries are ignored and excluded from analysis. Table 8 shows the sensitivity of 
actual SOS to effective reach length. The HEs associated with the benefit areas of the IDD tributaries are 
contained within the benefit area of the main river and are therefore included in the analysis. 

Table 8 Sensitivity analysis: effective reach length and reach status, Ffos Fawr 

Bank Flooding (AAN ,& Effective Reach Flood Score Drainage Score Total Reach 

W/km) (4 Len@h (km) co> (HEflun/yr) (HE/km/yr) Cd> (cl+(d) Status 
(a/b) = Cc) 

Effective reach comprises: main river only 
LB 1.57 2.09 0.75 0.0 * 0.75 C?TS 
Fc3 0.48 2.09 0.23 0.0 * 0.23 ATS 

Average 0.49 c. OTS 
Effective reach comprises: main river and IDD tributaries 
LB 1.57 7.59 0.21 0.0 * 0.21 ATS 
iTi3 0.48 2.09 0.23 0.0 * 0.23 A-E 

Average 0.22 ..IS 
Note: * the drainage status is described as good under the current maintenance situation, therefore the 
drainage score is zero. Figures are subject to rounding. 

1.4.3 Maintenance costs 
In accordance with FDMM, the costs of maintenance have been increased by 15% and the benefits reduced by 
15% in order to check the sensitivity of assumptions made on the benefit:cost ratio. The results of this are 
shown in Table 9. Due to the high benefits and low maintenance costs, the maintenance regime would be 
justified even if costs increased and benefits reduced by 15%. 

Table 9 Sensitivity analysis: benefit:cost ratio, Ffos Fawr 

Total Annual Benefit (E) Total Annual IMaintenance Cost (5) Benefit: Cost Ratio 
Maintenance costs increased by 15% 

16063 1642 9.8 
Benefits reduced by 15% 

13654 1428 9.6 
Maintenance costs increased by 15% and benefits reduced by 15% 

13654 1642 8.3 
Note: Maintenance costs for main river only. Figures are subject to rounding. 1997/98 prices are used. 

If the IDD watercourses were included in the analysis of effective reach length, the maintenance costs 
associated with these channels should also be included in the benefit:cost equation. Sensitivity of the 
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benefit:cost ratio to these various maintenance costs is shown in Table 10. The results show that the 
bene&:cost ratio is sensitive to assumptions made regarding maintenance costs. 

As the Ffos Fawr discharges into the Afon Crafnant, and derives benefit from maintenance on it,- a proportion 
of the maintenance expenditure on the Afon Crafnant should ideally bc included in the costs for the Ffos Fawr. 
This associated cost may be based on the proportion of flow derived from each watercourse. In the case of the 
Ffos Fawr, as total maintenance expenditure on the Afon Crafnant is low (El loo), the maintenance scheme on 
the Ffos Fawr would be justified even if all associated cost were taken into account. 

Table 10 Sensitivity of benefit:cost ratio to maintenance costs, Ffos:Fawr 

Total .&mual Benefit (5) Total Annual Maintenance Cost (5). Benefit: Cost Ratio 
Maintenance costs for Ffos Fawn main river only 

16063 1428. 11.2 
Maintenance costs for Ffos Fati and lDD watercourses 

16063 2102 7.6 
‘. Note: Maintenance costs for main river only. Figures are subject to rounding. ,1997/98 prices are used. 

1.4.4 Benefits 
If the maintenance costs of the IDD watercourses are taken into account in the benefit:cost -equation, the 
benefits of this. maintenance should also be considered. The flood risk area of these IDD watercourses, 
however, lie within that of the.Ffos Fawr and therefore are already included in the analysis.. Similarly, if a 
proportion of expenditure on the Afon Crafnant is included in the analysis, a proportion’of benefits associated 
with this maintenance should be taken into account. 

If these benefits are not known and therefore estimated, this will reduce the accuracy of the benefit:cost 
analysis. It is recommended that the type of these additional benefits- is noted and only if the. benefits of 
maintenance appear to be marginal, then an estimate of these benefits is made. 

1.5 App!ication of,the Chidelines to Area 1 

1.51 Introduction 
The following sections present the results of the application of theGuidelines to Area 1, the Ffos Fawr. The 
same data are used as in the application of FDh4M in:order that results from the two methods may be 
compared. The completed record sheets and tables/figures required in the-use of the Guidelines are presented 
at the end of this --4ppendix.. 

1.52 General information 
Dominant.substrate 
Following rapid survey of the watercourse and discussions ,with the Environment -4gency, the dominant. 
substrate is classed as silty clay. 

Floodplain topography 
The floodplain is classed as flat as it has a slope of < 1%. 

Catchment size-. 
The catchment area is described as small (< 2500 ha). 

Benefit area 
The area benefiting from maintenance in terms of its impact on flooding and land drainage is taken to be the 
same as the flood risk area identified using FDMM.. This area is 154 ha in total. The left and right banks are 
not treated separately in the Guidelines, 

Land use type 
Following site survey, the dominant land use.type is classed as extensive pasture (LLii 1): which is grazed by 
beef and sheep.. 
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Dominant soil type 
From a rapid assessment of the benefit area and using secondary data sources @SEW 1980), the dominant SOi1 
type is identified as silt. 

1.5.3 Design standard (maintained condition) 
Average bed width and average channel depth 
The average bed width and channel depth are 1.2 m and 1 m respectively. These parameters were estimated by 
the Environment Agency, 

Freeboard 
The average freeboard under conditions of mean spring flow is estimated by the Environment Agency to be 0.7 
m. This parameter has not been monitored and recorded and so the estimate is based on local knowledge and 
judgement. 

Watertable depth and drainage status 
The watertable depth associated with the flat floodplain, silt soil and freeboard of 0.7 m is estimated from 
Figure 2.6 in the main text, to be 0.3 m. The drainage status is therefore classed as bad. 

Economic net return 
Using the dominant land us2 type of extensive pasture and bad drainage status, the economic net return is 
calculated to be f-81 /ha (1997/98 economic prices). The total economic net return for the benefit area is 
therefore E-12474 (1997/98 prices)~ 

Bankfull discharge 
As the flood return periods are known for the ‘with’ and without’ maintenance situation, the bankfull 
discharge need to be calculated. 

Flood costs 
Annual flood costs were identified using the Guidelines for extensive pasture under bad drainage, for events 
with a return period of 10,15,20, 25 and 30 years. The same flooded areas and return periods were used as in 
FDMM. 

The flood costs corresponding with these return periods are shown in Table 11. It is assumed that these costs 
are additive. Total flood costs for the ‘with’ maintenance situation are 5462 (1997/95 prices). 

Table 11 Flood costs under the current maintained situation, Ffos Fawr 

Flood Return Period Area Flooded Area Flooded Annual Flood Cost 
W 
10 

(%I 
20 

(ha) (Uha) 
31 1 

(5) 
31 

15 40 62 1 62 
20 60 92 1 92 
25 so 123 1 123 
30 100 154 1 154 

Total 462 
Note: Figures are subject to rounding. 1997/98 prices are used. 

Design standard benefit area value 
The value of the benefit area under the current maintenance retime is calculated by subtracting the flood costs 
from the net return, as shown in Table 12. 

Table 12 Design standard, value of benefit area? Ffos Fawr 

Total Net Return (Q (a) Total Flood Cost (5) (b) Benefit Area Value (5) (a-b) 

-12474 462 -12936 

Note: Figures are subject to rounding. 1997/98 prices are used. 
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1.5.4 Maintenance regime 
It is assumed that maintenance increases-the channel width by 75% through removal of emergent vegetation. 

The impact of widening the channel on freeboard was calculated using the equation JJ = CI t bx, which is shown 
in BOX 2.1 in the main text. Assuming an increase in width of 75%, the corresponding increase in freeboard is 
16%. This equates to an increase in freeboard of 0.112 m. 

1.5.5 Do-nothing (without maintenance) 
Drainage,status 
The change in freeboard as a consequence of maintenancY 0 is used to determine the watertable depth and the 
corresponding- drainage status which would prevail in the absence of maintenance. Assuming a freeboard of. 
0.39 m without maintenance (0.7 m - 0.112 m), using Figur, -. 0 7 6 in the.main text, the without maintenance 
drainage status is assessed as very bad. 

Economic net return 
Using the dominant land use type of extensive pasture and very bad drainage, the economic net return is 
calculated to be L-103 /ha (1997/98 economic prices). The total economic net return for the whole.benefit area 
is therefore s-15862 (1997/98 prices). 

Flood costs 
Annual flood costs were identified using the Guidelines for extensive pasture under very bad drainage, for 
various return periods. The same flooded areas and return periods were used as in FDMM. 

The flood costs corresponding to the return periods are shown in Table 13. It is assumed that these costs are 
additive. Total flood costs for the without maintenance situation are 0078 (1997/9S prices). 

Without maintenance benefit area value. 
The value of the benefit area under the ‘without’ maintenance situation. of bad drainage is calculated by 
subtracting the flood costs from the net return, as shown in Table.14. 

1.5.6 Maintenance costs 
As identified in Section 1.2, the total annual maintenance expenditure on the Ffos Fawr is i1428 (1997/98 
prices). 

Table 13 Flood costs under the.without maintenance situation, Ffos Fawr 

Flood Return % Area Flooded Area Flooded (ha)- Annual Flood Total Annual 
Period (yrs) Cost (E/ha) Flood Cost (E) 

2 20 31 1 31 
4 40 62 1 62 
6 60 92 1 92 . 
8 so 123 1 123 
10 100 154 1 154 

Total 1078 
Note: Figures are subject to rounding. 1997/98 prices are used. 

Table 14 Without maintenance benefit area value, FfosFawr 

Total Net Return (E) (a) Total Flood Cost (L) (b) Benefit Area Value (L) (a-b) 

-15862 1078 -16940 

Note: Figures are subject to rounding. 1997/98 prices are used. 

1.57 Benefit of maintenance. 
The difference in value of the benefit area ‘with’ and ‘without’ maintenance is used to determine the benefit of 
maintenance. From the figures presented in Tables 12 and 14;the benefit of maintenance is calculated.to be’ 
i54001. 

1.5.8 Justification. 
The net benefit of maintenance is greater than the anrmal maintenance expenditure;therefore the maintenance 
regime is justified. The benefit:cost ratio is 2.8. 
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Order of record sheets presented in the following pages: 

Land use assessment: reach summary 

Flooding 

Drainage benefits 

Excluding urban benefits: Land use assessment - reach summarY 

Excluding urban benefits: .. Flooding 

GUIDELINES 

General information . . 

Design standard ‘. 

Maintenance regime 

‘Do-nothing’ - Without maintenance 

Maintenance expenditure and benefits of maintenance 
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Watercourse Ffos Fawr 
Bank Left Bank 
OS Map Landranger 115 
Flood risk area (ha) 37.93 
Effective reach length (km) 2.09 

Land Use Factor 
I 
unit 

House Number 
Garden / allotments Number 

NRP - Manufacturing Area (m*) 
NW - Distribution Area (m’ ) 
NRP - Leisure Area (m’ ) 
N R P - Offices Area (m’- ) 
NRP-Retail Area (ma ) 
N R P - -4gricultura.l Area (m* ) 

C Roads Number 
B Roads Number 
A Roads (non trunk) Number 
A Roads (trunk) Number 
Motorway Number 
RZlilWay Number 

Forestry and scrub * per 100 ha 
Extensive pasture * per 100 ha 
Intensive pasture * per 100 ha 
Extensive arable * per 100 ha 
[ntensive arable * per 100 ha 

Formal parks Number 
Golf I race courses Number 
Playing field Number 
Special parks Number 

Number or House Equivalents 
area (a) HE/unit C.-b> 

24 1.00 
I 0.04 

25 

950 

1 

0.3793 

1 

0.030 
0.054 
0.032 
0.033 
0.035 
0.010 

2.7 2.7 
6.3 0 
15.9 0 
31.7 0 
63.5 0 
63.5 0 

0.6 0 
0.7 0 
0.1 0. I 
9.3 0 

Total HE (c) 5 
HE/km ((c) / effective reach length: 

Total HE 
(a> x @I 

21 
0.16 

0 
0 
0 

0.825 
0 

9.5 

Flooding Drainage *j 

37.78 
18.08 

Note 
* Flooding I drainage scores to be summed 
HE values are at 1991 base 

** Apply areal drainage factor if required 
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ILA.ND..USE ASSESSR~EIYT : REACH SCWM4RY 

Watercourse Ffos Faw-r 
Bank Right Bank 
OS Map Landranger 115 
Flood risk area (ha) 116.07 
Effective reach length (km) . . 2.09 (2.09 km Ffos Fawr) 

Land Use Factor. Unit 

House Number 1.00 0 
Garden / allotments Number 0.04 0 

NRP - Manufacturing Area (m’ ) 
hW - Distribution Area (m!) 
NRP - Leisure -Area (m’ ) 
N R P - O&es .A.rea (m2 ) 
NRP-Retail Area (m2 ) 
N R P - -Agricultural Area (m*). 

0.030 0 
0.054 0 
0.032 0 
0.033 6.6 
0.035 0 
0.010 0 

C Roads Number. 
B Roads Number 
A Roads (non trunk) Number. 
A Roads (trunk) Number 
Motorway Number 
Railway Number 

200 

1 2.7 2.7 
6.3 0 
15.9 0 
31.7 0 
63.5 0 
63.5 0 

Forestry and scrub * per 100 ha 
Extensive pasture * per 100 ha 
Intensive pasture * per 100 ha 
Extensive arable ,* per 100 ha 
Intensive arable * per 100 ha 

Formal parks. Number 
Golf I race courses Number 
Playing field Number 
Special parks Number 

Number or House Equivalents Total HE 
area (a) BE/unit (b) (al x co). 

1.1607 

0.6 0.6 

.I-i / 
Total HE (c) * 

1.50891 

~ 
0 
0 
0 
0 

10.81 
3.17 

Note 
* Flooding f drainage scores to be summed 
HE values amat 1991 base 

** Apply areal drainage factor .if required 

R&D Technical Report W134 



FLOODING 

Watercourse Ffos Fawr 

Bank Left Bank 

Flood risk area (ha) 37.93 

Elective reach length (km) 2.09 

With maintenance - current situation 

Flood Return Period Probability Nr. JflEs Probability Average Nr. HEs (a) x (b) 

(years) 

1 

Affected Interval (a) Aikted (b) 

1 0.0 0 : :ji:~:.c?: : :.::-.: ‘:“?:“:: : : y  .:.:.:.::;:::=:I.:.:.: ._......... . ..*/.... -... . ..__ ,., : : : :., .._ __ ‘ci:: .‘.‘.:.:.::.‘:.““.~.‘.‘~.:~:.:.~: .:..:ii.l-. ..‘....‘...~.~...~.~.~. ~ ,....., ,.,._.. .._, :j:::::.:.:.:.:.:.:...:-:.:.:...:.............. . . . . . . . . . . .:.:,:.-~.-.~::::-:;~-‘..‘.‘:.““”’...”.~::;:~::~:~~~~~~ . . . . . . . . . . . . . . . . . . . . . .._... .._,., ,__, (... --:,:.:....,..: .~ . . . . . . . . . . ~.;..::::;:ji:~~.::.::~ ..:...:. :... .: :i_ IL. . . . . . . . . . . . . . . . . . . . . . . . . ;.,:..-,. 

no flooding 
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no flooding 
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20% flooded 
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40% flooded 
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_, 

..ii ..y y:. :.:.: ',':':.:.:. :'(, . . . . . ,.,.-., -;;... 
, , r ; , , , , , , : . : . :  ~~:: 

. . . . . . . . . . . . . . . . . . . . 0.8 0.00 0.000 :. . . . . --" ..,.n.,....C..,/..~.; ,.,...,.,: :.'>:.:.>:.:.:.:'.:.:.:.:.::::::::: . . . . . : : : ::: : : :. . . . .._ -. .._...: .;,.. ;~ :.:. 
>I . . . . . . . . . . . . . . . .,.......,:.....,;.;; ,,,:,,., . :: . . . . . . . . . . . . . . . . . . . . . . _.... :... . . . . . . . . . . . . . . . . ..- . . . . . . . . . . . . . . . . ,..::::::.::.::.~I:::::"'..-'...-...- -~-....i..........:i. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-.I.... . . . . . . . :.:.:.:.:.:.:.::: :.:.:.:, ~.~ :.:.:.:. ~.. :"'::::::'-y;:::::::.:.: . . . . . . ..L..................._.................. _.,. 

0.2 0.00 L"'.'.'.... .'.- "'.Z'Y:~::‘:':-:':~:::::.:.:.::::;.~.:.:.: :.:-1-y.:.; . . . . . . . . . . . . . . . . . . . . . . ::::..:. . . . .......,...;i:-c --:~.: : : : : ::.'-:.:-:.:-~.:.:.-.r:,:-~ . . . .../... . . . . . . . . _..,., _. _,.,,_ . ..'............'.~.~.'......~.~.,~~ ~ ;,---;.::,.(. . . . . . . . . :::i:,:.y:::::.:.:.:.:.::y$:::::.:.:.;:.: ..:.:.: . . :,:,:,,, 'n-.',,--'.~:.:.:.:..:..:.....:.:.:.~:-~::::~:.:.:.~.:.:.;::~:::-:.:.:::~ .ii___,.; ._...............; __._.__../... ...,.~",..~.:l.'.:,~.~:~ j _......... I-: x) ;,;:. 
..':.I:.~.,.;,.,. . . . .._. -. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : : .,: ,.. ,. 

,..._. _.............. ..- . .:.:':.:.:.:.:.:.:.:.:.:,:,:~'.'. ,'.. .. .. . ..iii . . . . . . . . . . . . . . . . . . . . .._ ~ .:.:.:.:: ..'.A. . . . . '.'.~.'.~.~.~.-.'.':':'::: . . . . . . . . . . . . ::_. . . :,:,:,:: 
i. . . . . . . . . . ::__._.,... . . . . . . >:.:.> i_.,.i,/,.,., ,, ,__, ,. : : ::::: ._.......: . . . . . . . . . .._..____...___..........~. >:.: .:..... :. --- : 

0.1 3.80 0.380 ..:..:...:.: i..... . . . . . . . . . . . . . . . . . . :.:.: . . . . . . . . . '- :.:.~.::::: :.;::,:( ~ -:.:.:., .:yyy.+ _...:..:. :.'.:::::j:i:i: .:.:.:.:.;.,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :.:.:.. . . . . . . . . . '.:.:.:.:::::::::::~~:::::::::::::jjj,::::::::::::::::::::::::::::~:::::.:::::::::::::~::~::::':: ::::::::::::,:.~.~.:.::l :.:.:.:.::: 
0.1 7.6 0 =::::.:.:.:.:.:i.:::: . . . ..I :.:.; . . . . . . . . . ..:...._. . . . . . .:.: .,...........,.. '. .. : .,_ ..:,:... .,.... :_:~:;:~;;,.:~;,:;;;-,~~::~~~~~::~~~~::~~~~:~~:~~~~:~~~~~~~~~~ . . . . . . . . . . . . . . . . . . . . ~.:: . . . . . . ,_ ,_, ,. ,_, ,_. ,. ._ . . . .._......................... . . . . . . . . . . ..~.~.~.-....~.~..~...... 

'.~~~~"~~~.'.'.~.'.'.'...~i......... ,_ ,I:::i:i:~~:::::::!~.~,:.:,:.~.:.:.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._........ ._........... . . . . . . .:......:.:.:.~:::::::.::“:::::::~::: "..,~.~.~...~.~.~.....~.......~.~...:.-;.). . . . . . . . . . . . . . . . . . . . . . . . . . . . :... ..: _...........i................................... :':':':g .:.:. :.:~::::: :.:.‘:.: . . . . . . .: . . . . ..i_.. . . . . . . . .._. . . . . . . . . . . . . . ..i... . . . . . . . . . . . . . . ~~~ ,:.:,:.:,: . :.:.--:.:.;:.::::::~i.:.;:,~~~: 0.033 11.41 0.380 ~.'~...'..."""'........,.............. . . . . . . . . :.:.::t .:.:.:.:.::::: :::.!:::-.:.::. .._,. . . . . . . . . ._. . . ..~...::::::i::~~::::::.:.:.~.:.:.:.:.~.:-:.~.:.~.:.:::: . . . . .._ >-.:.:...:.:.: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :.? ,..._, . . . . . . . . . . . . . . . . . . . . :.:.,:.:.,:.:.:.~:.:.~.:.:.:.:.~.:.:.:.:.:.~.~..:.~:.:::::::,::.:~:~:~:~::~ 
0.067 15.21 "?'-- ".:-:..A.;. .i. . . . . . . -.._ . . . : .::.. . . . . . . . _. _, ._,,.. _::: ;:, :.:... ..:::. . . . ..- . . . . . . . . . __.. ':%:::::?::::;.:.::y:::::.;>:.:.:.:.:.:.:.: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . n.. -:. 

,,..,,_ z 
..'..i _...iii. . . . . . . . . . . . . . . . . . . . . . . . . . . ..-.... ..i......_ . . . . . ..i _I......._ :.:.:.:.:.:I..:.:.:.? .......~.~.~.: .:y:~:~:~~~: :.:" 

,~~:::::::::::::::::::.:;.:...:.:...:.:.:.:.:.:.:.:.:...~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x.:.:.: .,.,:.:,:,:: .,_,..._ :::: ::::::::::::::: :::::: :: . . . . . . . . ::::.:.:.:,:. ~,.I~-::: '..". ,_,., _, _. __. ...._...... . . . . . . :::'::::::::..'..-...- . .,.,. . . . . . . . . . . . . . . . ii. :.:.:.:.:I.?:.:.: . . . .../. :.>>:.:..: .:?..:.:.:::: . :::::::::::2'>> ..A -.>: .ii,._.,.,..............,.,.,~,,,___,,i,~~~~_, . . .i . . . . . . . . . . . . . . . . . . . . . . . . ~.:'~ ..,.,.,_._,_,.,__ . . . . . _.... . . . . . . . -,...i..:, . . . . . ."."~.:':'~.~.. ,.A... . . . . . . . . . . . ..ii. . . ','."'.:.:.~:.:.:.~:.:.:.:.:.~~ . . . . . . . . . . . . . . . . ..'...... ~ )".. ~,~.~~ . . . ~~~ ".,.,.",.',.~',,~,~, :,:; 0.017 19.01 0.317 ::::~:~::::i:~:.~.~.:.~.:j-::::::.:.:::~::::.::::::::::::::~::~.~...:.-...:.~.....:.:.:.~: . . . . . . -... .,"",...."~.~. ~ ~.~~i~~...................,.... :'.; 
0.050 22.81 ~~~~~ ._-.- .- 

r.:.:.:.:.:.:.~:.:.'.:.:.:...:.:.:.:.:.:.:.:.:.:.~.:~::~:::~:~.~:~:~:~:::::;::~:~:~:~:~:~~~.::~:.~ :.:.:.:.":.:.::.:.:.:.:.:.'.:.>:.:.>::.>:.:.:: .:..... ._ . . . . . . . . . . 
:,:.:.:::::::::>..: . . . . . . . . . . . . . .._ ..i_...... '.',.::..:'.L:. 

,,,;..,,;,;.;-.:,:.:.: 
:.:.: 

. . 
:.:.:.:.:.:.:.:.:.:,:.:.::l-.:.:.:.:.:::.::::::':':~;~:~:~: 

. . . . . . . . . . . . . ..i......._..i......... 0.010 26.61 0.266 :.:-:.:-:.:-.......:.: . . . . . . . . . . . . . . :::::::::: ::::::: ~~I~i~..:...:.~.:.:.:.:.~.~.:,~.:.: 

0.040 30.42 ~~~~~~~~: . . . . . . ..A. . . . . . . . . . . . . . . . . . . . ,__, .,,,,_in,. :.:.:.:.:.: . . . . . . . . . . . . . . . . . . . . . . . . . 
.:.:.:.:.:.:.:.:.:.:.:.:.:.::.> ..:. .- . . ..'.......,.,'.',.,..~.~.~.~.,.,,,.~.~., .,,,.., ._ . . . . ...' ,.:.. . . . . ._..., ,...,, : .,.....:.~.~.:‘: .:-c- '... :.:.:.: . . . . . . . . . . . . . . . . . . . . . . : 
':':.:'. --..:i..ii.. : ',~'"~.~:..:.....-......:.:.:.:.:.:.:.:.~:..:.:.:: 0.007 34.22 0.228 :.:.:-:r..- . . . . . . . . . . . . . . . . . . . . . . ..-.: .'.,.','.,....~.~.~ _:.:.:::::: ~,: 
_...i .A.... . . . . . . . . . . -.:L .,.',:.:,:.:.:.:i...n :.:::., _.:. .: . . . . . . . ::::. \ :::.::::::: ~: _..:,..,,,., 

_i.. ..:....:. _,... 
0.033 3 8.02 i~~~~~~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i-.~..“:.~i .,..........:.:.:.:.: . . . . . . . . . .,.'..'.....~.. '.'.'. 
:.~:::j~::::.:.:.:.:.:.:.:.:.:.:,.: "~~'~'-~-.~.~.'i.~.'.~.'.~.'.'. .,..............:..:._................. ~ :.:.::: ~:.: ~:~: . ::::::.:.:..:..:.-..:...:.~.... . . . . . . . . . . . . :.:.:.:.x.: . . . . ..~.........)..:.,):,~.,.~.,.~ i ,:,., . . . . . . . . . . . . . . . . . . . . . . . .,.,.,..:. ~::: .,,, ,. ::p ,::::..::: 

mml Average Number HEs affected with maintenance (AAN =+J,) 1.571 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  . . . .  .  .  .  .  .  : : . . . . . . . . . . . . . . . . . . . . . . . . : :  : : : : : : : . . . . . . . . : : : . . . . . . . : : : : :  3 : : :  . . . . . . . . . . . . . .  

: . : : : : : : . ‘ . : . : . : . : . : . . . : . : . ~ : : : z . : . : . : . : . : . :  . : .  
. . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . : . :  . . . . . . . . .  .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . : . : . ; ‘ : . : . : . l f : . :  ~ : : :  .  . .  : : : . :  ~ , : : , : :  

Without maintenance 

Flood Return Period Probability Nr. HFis Probability Average Nr. HECs (a) x (b). 

(years) (years) Affected Affected Interval (a) Interval (a) Affected (b) Affected (b) 
..... .::: .::: .::;. .::: ... .......................................... .,.:...:.:. ~.:.~.; :....y.. . ... :.:. ;.:.:.; :.:.:, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..:.:.:.:.:.:.:.::::‘:::.;. ........................................... .,,_ :;.: ..,*... .,,.,.,_: .. 2. _.... ................... . . . . .._ .................... ../....: . . . . . . ..... . . . . . . . . -. . . . i . . . . . . . ............ _.-... .............. . . . . . .: . . . __ ._. _. _,..... 

1 1 1 1 o. o o .............. . . . . . . . . .,.i...i,.,._ii,.i.i_,.,.,.,i.,...,. 
0.00 :::;:::::j::j:i::i~~~~~~~~:~:~::~~~~~ ~~i~~‘~i~““~““‘~~~~” 

. . . . . . . . . . . . . . . . . . . . . . . . . .............. . 
‘.,.:.“::::i:.:::.:.:.:.::: f~~~:i;;::~~~~.~:~.~.~.~~~::~:~~:~~~~~:~~~~~~~~~.~~~~.~~~~~~~:~~~~~~~:~~~~~~:~~.~~~~~~ :: :::__._.._ _Ci_,...i,.j,...,.i :.:.:.:I.>:.: :.:.:.:.:.:;.:.:.:.:.:.:.y.~~.~.:.:~:~:::::.~ .::::: ::E:~::~::::::i:.:::.:.:.:.: :-:-:.~:i:::‘::‘:::r::::::::::::::::.~.~.~.~.~~~~~~~~~~~~~~:~.~~~~~~~~~~~:~~~~~~~~~~:~:~:~~:~:~~~~:~~.~~~.~~.~.~.~~~~:~~~:~~~~~.~~~~~ :~:i:::‘::‘:::r::.:.:.:.:.:.:.:.~.~.~.~.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ::,;y: ~.:;~.~~:.::~.~:::i:ii::~~~..~~::: 

. . . . . . . . . . . .._ . . . . . . . . . . . . . . . . . . :. ,,,., ,:+:.>:.x.; . . . . . . . . . . . . . . . . . . . . . . . . . . __ _. ._ _. _. _...... 
no flooding 

~.~.-.~.~.-i.~.~.~i -..iii.. _.......,.,_.~.~., ::.:,:,:;.‘(.:,:,.,: . . . . . . . . . . . . .:.:.~.‘:-““‘(:‘:‘:‘:-:‘:.‘..::::::::::::::~:~:.:.:.: :.:. ~ :.:.:.:.:.:;.,; ,. ._,,.,.,...: 0.5 3.80 3.80 1.901 1.901 ,.:'.:.:.: : : : : :.:y:.: : :.y:.:.: :.:.:.;: :.:.: .:. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... : :~:::i.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.: ....................... .:... ,.. . . ...................... .'.....'.."..........'...................,.............~.~.~.~.~.~.~ >:.:.: . . . . . . . . . . . ...'-. .... .:. .............. . . . . . .: .:.:.p:.:.:. ....... . . . . . . . .: 
2 0.5 

"':.':~:':~:~~~-~~:~:~~~~~~~~:~:~~~~.~~::::.:~:~~~:::::~:~~:~~~~~~~~~~~~~~~~:~:~~~~.~.~.~.~.~~.~:::::~:::~:.:.:::. 'L'..'.' ................... ...... "~.C.'...~................... :.:.:.:.:.:.:.:.:.:.:.:.:.::::::::::::.>: . . . . . . . . . . . . ~~:.~ .._ ~:.~:,~XC :::::::;y:.:.:.:.:->:.:.:.:.:.x 
‘: ::: ::...~....~.~...~....~...:.:~:.:::::::::::::.::~:::.~.:.:.::.:.:.:..~~~:.: :: ::: :::.:.:.:.:.:.:.:::::: :j: :::: ::j : : : : : : : : : : : '._'_'.i'.""l . . . . . . . ..i.......i......i....i..........,.,.....,.,.........................__,_,_ ............................ .: ............. :.>:.y.: ........................ ::-:::::::::: . . . . . . . . . . -.:.:;.:.> ::::.::::::::_.: . . . . . . . . . j.......,.,.,.ii_,.,__i.......................... :( -.....:.:.:.:.:.: :,.: 
:.~:.x-;~~~.“:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.,.:.:.:.:.:.:.:.:.:.:.:.:.:.~:.:.:.:.:.:.:.:.:.:.: .:........................:..............:... ~ .:.:.; .:.:.:. 5.~, ..................... +x . . . .._ . . . . :.>z.:.:'-..>r.::- . . . . :.>..:;.>-...x: . . ..A _,._.,.,.,.,...i~. 

20% flooded 
.,.,... .-. . . . . . . .i,.i_ ,, .._,.,.:.,,_ ~ .:.:.:.:. :::: :‘:~:~::~:::i:::::::::::::::::::::::::::::::::::::::::~:::::::~.:.:.:~:::::::~~~.~:.:,.:.:.:,:,~.~~ .~~~~j::::j:‘:::~:~:~:.:::~-:~ i:j:.:.:.:.:.:.:.‘...-... ~:::+: """-'-A:.: .,...ii,.,...*_,.....,....../.............../.....i >>>:.::. 0.25 11.41 11.41 2.852 2.852 . . . . . ... . . . . . . ..-. .A':.':...'._ --..i _L.... . . . ...: . . . . _, .__, .__ ,__, . . . . . . . .................................... ...'...i'...i'l.':.: .A...'.'.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .,.,..._.,_. -.:;.> . . . . :.>..: . . . . . . . . . . . . . . . . . :...:::;> :.:.:...:.: >&::::...:.:;.~ :.:.i . :. ... .: .. 

.4 
....... 

0.25 15.2 1 
::::::~.::::x>:.:.:.:.:~:::~~::; ::.:,*.:.:.:.I:...~.;~.~.~.....,......,.~.~~~~,,~~~~, ';.~;.'f.‘;~.':- ~~~-~.~.~.~..~..~~...... """'.'.'i.'_."-'....: -- . . . . . . . . . . . . . . .'......."'~.~~.~~.~~.~,~,~~;,.,~;,,;; :::::::::::~:i:::.:-:.:.:.:-:-~~~~::::::::::~.::::::::::.:.~.:: :.:.:._.:.'.'.:. ;: :.:I.':;i,:,:,:.:.~,~:,:~:,:~~~~,~ ':~~:~:-~~~:~.I:i:i:-:: :::::.:2:;::::::::::.: . . . . . ..A -. 

............... .. ..................... i;:.::. _, ,_. ,....:.::: :: ::,i,, . . . . . . . . . . . . . . . . . . . .._ .......i,._.,.i.,. ..................... . ... . . . . . . . . . ........ .... ... . . . . ~.: ."'""'"-'.i.."'. ..:.,.:.:,"".. /_ ..:., ii,.,.,.i . . . . . . . . . . . .._ . . . . . . . . . . . . . : : : : : : : : :.“:::.y.. .;..~.::::...:.:.::.~~~~~~~~~~~~~~~~~~:~~~~~~~~~~~~-~~.,::::::. _ .__.., /_ ........................................ ... ....... .......................................................................................................... :,"‘::. :...:.:.:.:.:,:.. . ...:.:.> . . . .._.................._....................................................... -.-..- .... _,_i,__, 
40% flooded .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._ . . . . . . . . . . . . . . .._......_._. .:i:i:~~:::::j::::jj::i:::,::::::::::i:::::.:.:.:.:.: :.:.::+ :.:.,.:.:.:.:. : 0.083 19.01 19.01 1.554 1.554 . . . . . . . . .:::::~:::-:,:j:::~::::jjjj:::~:::i:::::::::::jj:::~~.:.:.:.:.:.:.:.:.~.:.,. ._. . . . . . . .._ . . . . . . . . ..: i... :::::;:.;~.::,::.::i::: .I.:. :.:;.::j:.::: . ..A .: :..;.>:- . . . . . . . :-::.:...: . . . . . . . . . ;: .,:..... :.:... ........ ;:.:. ..... :.: ... .:.:...:: .: .:.: . . . . :.:..> :.:.: ::.: .......................... ...>>. ........... :;.:::‘.:::y: .. .................. 

6 
....................... 

0.167 
22. * l :,:.:.:.::.:(:.:.:,:.:.:,:.:.:.:.:,:.:,:.:.:.:.:.:.:~:.::. : : : : : ........................ ..~....... :y.:.:.:.>: ..~~~~~~~.~~~~~~~~~~~~~~~~~~~~~: : : : : : : : : y.. .................. . .. .. .. .. .. ........ ..“:‘..i .:.:.:.:. ................... . .. :.:.,.; . .. .... ... :.:. :: .:.:. :z .:.:.:.:.:.>:.:.:.:-: . . . . . . . . . . . . . . . . . . . . _. .,,~ .,i,,.(.i,... . . . . . . . . . . . . r.. : ... ,:::.:;.:.:’ ... :.:.>>> . . . . . . :i:::j::jj::j::::j:::::::::::::::::::.::~:::jj:::::::::::::~:::::::~..:::::::::::::::::::::::::~.:~ ;:.:.:.:.:. :.:.:.:.: ._.. 

6 0% flooded t:i:i::e~:~:~~~~~~~:~:~:~:~~:~~~~~~~~~~~~~.~:~~~:~.~~:~~~: .....i./.i,._//...,., ,..._. _.......i. -....i......:.. . . . . . . . . . . . . . ._.____..._ . . . . . . . . .,.,.,._._.,.. j::::::::;;::::. .,.( 
:.:.:-:.:.“.:::.:.:.:.:.,:.:.:.:.:;..:.::.:.:”:‘:~:~~- ,..., ..,...,.: -y::- ,.,.,...,... “.‘,‘I..... . . . . . . . . . . i.i._._.,.,.....,.,.. 0.042 0.042 26.61 26.61 1.109 1.109 

................ .................. ..... .: .A,....., ,. .: .' .............. .L . . . . . ............. ... .: ......................................................... . . . . . .._...._....... :>:.:::::2 :.:.:.:y i:':...:.;.: ...~:..-...--.i;:~:::: :>:.:::::2 :.:.:.:y i:‘:...:.; .: ... . ..~.........:...i;:~:::: 
8 0.125 3 0. 42 '~"~~.'.~.'.'.‘.:;:':::::~~:~:~::.:.:.::.::.::..~ ~...i....... :.:.:.~:.~:.:.:.:.:.:.,:.:.:.~.:i:.: :.::.:.:,:.:. ~ -...,.....,..:,:;, ,__, :: ,,;,, ,.:.:, ~. ::: 'E: :.'zT. .'.:.'.:.:.'A::: : : -.-.x~ s :.:,,,,:.:.:.:.:;:.:,:.:.:,..::~~~~~~~~~~ zi': : .; :::::.::::~::~:...:.~.:.:.:.~~.~.:.~.~:.~:.:.:.:.:.:..:.:.:.~.:i:.:.:.:.:.: .:. :~~-:.:.:::::j::::::::::::::::.::::::.:.:.:.:.:.,.:.~.~:~~::~.;.: .................. .:.:; ii... ::::, .. :: .. . . . . . . . . . . . . . ............... c:.:.::.:: . . . . -::.:.:. ...................... .................... ...> .,.....:::..:...., .... 

:: .:.:.........:.: ..: 
.:‘.:::: .'.:.,.:.:.j ~.~:.:.~:.):.:.~):.~~~,: ..::.::: ::> ...................................................................................... ... ~:.:.:.:.: . . . . . . :.:.: ........".W, ~: . . . . :...._..._. .__ _, .._.__. _._. ._ ._ ..,, _. ................................................................................ ::: ::::, ,.,.. . . . . . :"'.:..:.:..: .:.. :..I.: . . . . . . ,.,... 
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Annual Average Kumber HEs affected without maintenance (m tiou) 8.301 

Summary: flooding 

Left Bank AA??- u.khou AAN ti& 

(a> (b) (a> - Co) 

8.301 1.571 6.730 

Value of one HE (2C) * 1304 

Note * 1997/93 price 

Severity weightings have been applied to HEs affected by flooding: 

Annual 

Benefit (Q 

8775 

pasture 1.5 

R&D TechnicalReport W134 



FLOODING. 

Watercourse Ffos Fawr 

Bank Right Bank 

Flood risk area (ha) 116.07 

Effective reach length (km) 2.09. 

With maintenance - current situation 

Flood Return Period Probability. Xr. HEs Probability Average Nr. HES (a) x (b) 

(years) 
”  - - - - /  
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no flooding 

5 

no flooding 

10 

20% flooded 

15 

40% flooded- 

20 

60% flooded 

25 

80% flooded 

30 

100%. flooded 

Affected. 1 - - - - - -  Interval (a) Affected (b) 
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Annual Average Number HEs affected with maintenance (A~ %a) 0.478 

Without maintenance 
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:::j :::::::- ,. :::i:i~:~,:~::::i::::~:.::~~!::~~~~~:::axia::.:~:.~:::::~~:~.~:.:~~.::,::::::.~~~~::~~::.~:,:.~:.:.:::::- :.:...:...:..:i:.:&y.: :.. 
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iiXS;~~:irli~~~~~~~~~~~~~~~~~~~~~~~:~~ 
. . .._......._....__._._ ._ .,...............i............ I.:.. .: 

Annual .4verage Number I-Es affected without maintenance (A07 ..QhOU) 2.524 

Summary: flooding ! 

Right Bank AAN.*ou. f iv ui!h AIUlUal 

(a) (b) (a>-@) .. Benefit(f) 

2.524 0.478 2.046 

Value of one HE (L) * 1304 

Note * 1997198 price 

Severity weightmgs have been applied to P/Es affected by flooding: 

2668 

pasture 1.5 
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D-AGE BENEFITS 

Watercourse Ffos l?awr 
Bank Left Bank 
Drainge benefit area (ha) * 37.93 
Effective reach length (~km) 2.09 
Floodplain topography Flat 
Predominant soil type Heavy 
Drainage system Natural 

FFos Fawr 
Right Bank 
116.07 
2.09 
Flat 
Heavy 
Natural 

With maintenance, drainage status Good Good 

CVithout maintenance, drainage status Very bad Very bad 

Annual benefit (E/ha) * 30 30 

Total benefit (Q * 1138 3482 

* 1997198 economic prices 

Note 
If the drainage benefit area is not know-t, multiply the flood risk area by the 
appropriate areal drainage factor, according to soil type and drainage system 
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Sensitivity analysis, using area1 drakage factor to de&e drainage benefit area 

DRAINAGE BENEFITS 

Watercourse Ffos Fawr Ffos Fawr 
Bank Left Bank Right Bank . . 
Drainage benefit area (ha)-+ 37.93 116.07 
Effective reach length (km) 2.09 2.09 
Floodplain topography Flat . . Flat 
Predominant soil type Heavy Heavy 
Drainage system Natural Natural. 
keal drainage factor 0.4 0.4 

With maintenance, drainage status Good Good 

Without maintenance, drainage status Very bad Very bad 

Drainage benefit area (ha). 15.17 46.43 

Annual benefit (E/ha) * : 30 30 

Total benefit (2) * 4% 1393 

* 1997198 economic.prices 
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AGBICUL’IXRAL BEPTEmS ONLY 
It.ABB USE ASSESSME;?Tr : REACH S-Y 

Watercourse Ffos Fawr 
Bank Left Bank 
OS Map Landranger 115 
Flood risk area (ha) 37.93 
Effective reach length (km) 2.09 

Land Use Factor LJnit 

House Number 
Garden / allotments Number 

NIP - Manufacturing Area (m’ ) 0.030 
NRP - Distribution -Area (m’ ) 0.054 
NRP - Leisure Area (ma) 0.032 
NRP- O&es Area (m’ ) 0.033 
iN R P - Retail Area (m’ ) 0.035 
N R P - Agricultural Area (m’ ) 0.010 

C Roads Number 2.7 
B Roads Number 6.3 
A Roads (non trunk) Number 15.9 
A Roads (trunk) Number 31.7 
Motorway Number 63.5 
Railway Number 63.5 

Forestry and scrub * per 100 ha 
Extensive pasture * per 100 ha 
Intensive pasture * per 100 ha 
Extensive arable * per 100 ha 
Intensive arable * per 100 ha 

0.3793 

Formal parks Number 0.6 
Golf I race courses Number 0.7 
Playing field Number 0.1 
Special parks Number 9.3 

t 

Number or 
area (a) 

House Equivalents 
HE/unit (b) 

1.00 
0.04 

Total HE (c) * 
HE/km ((c) I effective reach length: 

Note 

Total HEi 
(a> x cb) 

0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

I  

0 
0 
0 
0 

0.49 
0.21 

* Flooding / drainage scores to be summed 
HE values are at 1991 base 

** Apply areal drainage factor if required 
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AGlXICULTTW BENJ.WTS ONLY 
ILAND USE ASSESSMENT :. REACH SU-JJWL~Y 

Watercourse Ffos Fawr 
Bank Right Bank-‘- 
OS Map Landranger 115 
Flood risk area (haj 116.07 
Effective reach length (km) 2.09 (2.09 km Ffos Fawr) : ? 

Land I&e Factor unit 

House Number 1.00 0 
Garden / allotments Number 0.04 0 

NRP - Manufacturing 
NSRP - Distribution 
YRP - Leisure 
b R.P - Offices 
NRP-Retail 
N R P - -4gricultura.l 

Area (m2) 
Area (m” ) 
Area (m2 ) 
Area (m’) 
Area (m’ ) 
Area (m’ ) 

0.030 
0.054 
0.032 
0.033 
0.035 
0.010 : 

C Roads Number 2.7 0 

B Roads Number 6.3 0 

A Roads (non trunk) Number 15.9 0 
A Roads (trunk) Number 31.7 0 
Motorway Number 63.5 0 
Railuay Number 63.5 0 

Forestry and scrub * per 100 ha 
Extensive pasture * per 100 ha 
Intensive pasture * per 100 ha 
Extensive arable * per- 100 ha 
Intensive arable * per 100 ha 

Formal parks Number 
Golf / race courses Number 
Playing field Number 
Special pa& Number. 

Number or House Equivalents- TotalHE : 
area (a) HE/unit (b) Cd x Co) 

Flooding Drainage ** 

1.1607 1.50891 

41.1 
0.6 
0.7 
0.1 
9.3 

Total HE (c) 8 1.51 
0. 72 

Note 
* Flooding I drainage scores to be summed ** Apply areal drainage factor if required 
HE values are at.1991 base 

1 
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Watercourse Ffos Faw-r 

Bank Left Bank 
Flood risk area (ha) 37.93 

Effective reach length (km) 2.09 

With maintenance - current situation 

Flood Return Period Probability Nr. H?3 Probability Average Nr. HEs (4 x Co> 

(years) 

1 

no flooding 

5 

no flood&E 

10 

20% flooded 

15 

40% flooded 

20 

60% flooded 

25 

80% flooded 

30 
1 00% flooded 

Affected Interval (a) 
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AMual Average Number HEs affected with maintenance (AAN \$a) 0.031 

Without maintenance 
Flood Return Period Probability Nr. HEs Probability Average Nr. HEs (4 x (b) 

(Years) Affected Interval (a) terval (a) AZected (b) AZected (b) 
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..y... :::::;: ~~..~~.~.~~-...... . . . . . . . . . . :.............:.: .:.;y :.:.: . . . . ..:.:.:.s.:.:.: .,......:.:. I~:.: . . ‘.I-.‘.” 

no flooding :::“:‘:~.~.‘.-.‘.~.:.:.:.:.:.:.:.:...:.::::~::::.:.:.:.:.~:.:.:.:.:.~.~.:.:.:.:.:.~.:~ . . i........ .A.......... _. . . . . . . . . . . . . ..\...............~~...~~. :.:.:.: . . . . . . -. . . . . . . . . . . . . . . . . . . t::l-:~:::::ti:.:~:::8::~.:::::::...:;:~~:~~~::~:::::~~:~:~~:~~:::.~~~ :.::.:...:..:.,. _,.,._ . . . . . .._ . . . . . . . . ,.‘,......~.~.:(.; ;:::: 0.5 0.07 0.07 0.037 0.037 . . . . . . . . . . . . . . .._. _...... . . . . . . ~..~..~~~:.:...~.ii...... _.._.._....... 
2 0.5 .o. 1j -...-.:.~~.:.:.:.:.:.~.:.:.:.~~.::~:~~~:~~,~.~:~.:~ 

i:;:i:i:i:?y=x...:::::::: ::: :,:,:: :.: 2::.:.-.. i... ....i.....i_......i._ “:::::::g;~~~~~~~~~~~~~~~~~~~~~~~~~:~~~~~~~:~:~~~~~:~~: ‘..‘.“..‘. ‘..‘.._-_‘.” ..-......:.. . . . . . . . . . . . ..i.......ii...................... :.: . . . . . . . . . . . . . . . :.:: ::,:..,:. ._, _,_ ,__, ,_. :::, ,.. _,,.. ,,..-,-,,,,....- ..,..., . .._. . . . . . :.>> ..,.:,. ._. 
20% flooded 

. . . . . . . . . . . . . . . . . . :.:.>:.:c:.: .,... %““)‘>y.:.:.:.: ‘~~~‘~“~.‘.~.C’. -. .:,: ;:; :: . . . . . . . . . . . . . . . . .._ ..:.:. ~ :.:::... :...: :.::.;, i 
‘.‘.‘.‘~..i’.“.‘.“.-“.~ . . . . . . . . . . . .._ :.:.:.:.5:.: . . . . . . . .._...... x .:.,_:_ . ...:....: .,.,...,._:: :(;;-,-, :+:+::):..:8-:::.:::.:.:+: :::::>::y...>:.-;; . ..““.‘.......~.~.~..... __,., ..., _, .,.._ 0.25 0.22 0.055 

4 0.25 0.3 0 :;,i,:,I.:.;,:,~.~:.~:,::::::~::~::::::~::~~,~~.:::.:.:.::~~:~:~:~~~~~~~:~~~~~~~~~~~~~~:~~:~~~~~~~~~~~~~~~~~ ‘::::.:.:.::,I.‘:‘::::..::.:.‘............-..--.. . . . . . :.. . . . . . ..___.....//_____.... . . . ..-.-.-..-.,;.-: -.,...,.., :-y%:: ‘~:“‘-“‘.‘;“;‘.‘.;-.“. . . . . . . ..~........_......_..................~~.~.,,~,~~~~~ j::::::~:.:-:-:::i.~.~:-: . . . . . . . . . . . . ..l...... :.:.:.:.:.: . ..i..........i....i....i........................................... :;:.:.~ .:.:.: 
:.:.:.:.‘.:.“.:.:.:.):...:.:.:.!.: .,.,.,. .,..... ._.:. .. .:i.. . . . . . . . . . .,. . . .._.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I . . . . . . . . . . . . . . . . . . . . . . ~ ..:, :::::~~-~ :::: ~::. . . . . . . . . . . . . . 

40% flooded ::::::::?:-:.:..->: :::::::-....... “.‘,“‘...... ........_,i,...___i,.~,~. ..::. .:.:.:..: ;:.:.:.:. :.:.:.: :L.: . . . . . . . .~.‘.‘~~~~,y.‘.‘-:.~.:.:.:.: . :.>..; .:.:.: 
“‘.‘:~:~;A 

:::::::;>.: ..:.:::::::::: i 
F:.:.:: . . . . . . . . . . . . . . . . . . . . . . . . . . .~.,.~...,.,....~...~.~.~.~~,......,,,.,~~~.~.~.~.~,,,,~,~, . . . . . . . . . . . . . . . . . ...‘. :‘::.y .,.,.......:. . . . . . . . . . . . . . . . .._ . ..~...~_ ,,-:: 0.37 : ~:-:++;. ,.. .._ . . . . . . . . . . . . . . . . . . . ~ . . . . . .C . . . . .._. . . ./.. :..y.:...: .,.,:.:,::,:.::::::: 0.083 0.031 i. :::..:..:: . . . . . . . . . . . . . . . . . . _..... ‘.‘.““. . . . __........:...._. 

6 0.167 0.44 :.:.:::::+:.:.: . . . . . . . . . . . . . . . . . . ::: :... .. . . ..‘.‘.....‘-........:.~.~~~~~~~~.~~~~~~~~~~~~~::~ :::ygy:::< :I ;;i i;:I.,;-:.I;~~~;: . . . . . . . . . . . . . . . . . “..‘...,......‘j ~ :....:..::... . . . . . . . . :.:.:.::.~.~:.:.:.~:.:.:.:.:.:.:.:.:.:.:.:.:.:.~,.~::.:.:.:.:.:.:.:.:.: . . . . . . . . . . . ‘: . .:.:.:.:. ~“.~ .:;;..,..., ~... 
.:,:...., :.: . . . ::.. . . . . . . . . . . . . .:.:.:.:.;,.:.:~ .:.:.: :.::.:,.:.:.:.:.:.: . . . . . :.:.:.:::.:(::zj3 :::. .:~~~~:~~~~~~~~~:~:~:::~:i:~.::.:.~.:.: ..:.: ,:....... :‘..” . . . . . . . . . . ., : : __,..__j._i.,.. ‘.:.l:.::‘:~:::::::.:-:.:-:~:: l:IcL~.~ .ii /i.... ._ 

~3’7~ flooded i~iibi:i~:~iji~:~~~~~~~~~~~:~~~~~~:~ ..:.:.. i... .A.. :i .‘..) :.:.:.: ::.;.:. ..:....:::_ :.: .,/ ,,.,,,.,,i,. 0.52 0.042 0.022 ‘-.T-. .. ‘... ..’ ....._...i_.............. :.:.:...:.:..1:.::::::: :.:.;: ::;y 
8 

. . . . . .;-. ‘.‘.‘.~.~.~‘i.‘:.:.~.: . ..i. . . . .,.A ‘.‘.~:.:.::.:.:.)“‘:.:.~ . . ..iL.. -: ._.. :.:.: .:.: . . . . . . . . . . . . . .../ 
0.125 

““...-..“‘...~.:~.~.,.~: . . . . . . . . . . . . .._.. . . . . . :..x.::,:::::x ::..::::::.:: ~:,:~~~3iij~.~.~‘. 
0.5 9 Piii~~~B~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. . . . :.:,:. . . . . . . . . .._. . . . . . . . . . . . . 

80% flooded 
. . . . . . . . . . . ..~......... ~ :::::::::: ::; 

.“.“““.‘.‘:‘:‘:. ::::_......,.....................:.~. :: ::: .,... . . . . . . . . . . . . . . . . . . . . . . ...) :.:. ;.: I :,. j 0.025 :.:...:.:.:.:.::.... .. ..:: .,..../ . . . . . _i...,.,.i,.ji,.,., _, _, ._i,.,,,,,. ~ :.:,:_,.,.,.~.,.,.~ 0.67 0.67 0.017 0.017 . . . . . .A..... ..:..:......:. -:.,- ..::. .._/. . . . . . . . . . . . . .._ ,:- . . . . . ._, . . . . . . . . . . . . . . . . . . . . . . ::....... ..::. .i .I.........: :.:“.:.:.:.:.:.:.:.:;.:::j:.:‘---j-j- .__. -.. 
10 

:.:.:.: ‘:.:“‘:.::i::.:‘:.:.:..: y  :.:.:. . . . . . . . . . . . . . . . . . . ~:..::::::.:~.:::::.:‘:‘-.-.-.......... i..... .: . . . . . / ‘:.~,:.:.‘.:.:.:::::.:.:.:.~...~::i:::::~: 
0.100 0.7 4 

. . ..__. . . . . . . . . ,_; :.:,:,,.;.,.; ..:.....i.......:..:..... :: ‘L’““...::.:‘:::;:.:.~:.:.:.:: . . ..I................ .L/.. ‘..:.Y:.:.:~.~~.~~.~~ . .._ __ .., . . . . . . . . . .._ :.:.x.:.:.:.:.“““...‘. .,.:(:. % :....,..... .:.y:.~... .,.,.(,.i 
:-<::::::i :i:““.:~:~:~:~~~~~~~~~~ . . -..:.“.::~~:~:~~~;,:::: .; .: ~~:~::_::: ;: : ;::: -.: I... _............. .:.:.:.:.:~~::.:.~.r.. .,._ . . . . ..~.~~......::.~:::;~:~;~~::: 

100% flooded 
:::::::::.: It’:“.:.:?: . . . . . . . . . . :... . . . . . . . ..‘...~.....~...~...~...I.~. ~ ,:.:, _. :.:.:.:.~.:.:.:.:.:.:.:.:.:::::::i-::o:-:::j:.:~ :.:.:.:.:.:.:.:. ~:.~~,.:~: :::.:.:. 

,,:,,,,j::::i i:~ ,“,:.,,:, .,:- :.-;, 
.I)....‘... _........... .. . .._... -... :.:.:::::::::::::>:.:.:.:..: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ‘~ -:,.:- ;.;.y . . . . . . . ,,,.,;_: -,‘,;;,,,;.-,. . . . . . . . . . . . . . . . . . . 

Annual Average Number HEs affected without maintenance (AAN ti0,J 0.161 

Summary: flooding 

Left Bank AAN timl AAN* 

(4 Co> (4 - (b) 
0.161 0.031 0.131 

Value of one HE (5) * 1304 
Note * 1997198 price 
Severity weightings have been applied to HEs affected by flooding: 

hual 

Benefit (5) 

171 

pasture 1.5 

R&D Technical Rep art W 134 



FLOODPiG 

Watercourse 

Bank 

Flood risk area (ha) 

Effective reach length (km) 

Ffos Fawr 

Right Bank 

116.07 

2.09 

With maintenance - current situation 

Flood Return Period Probability Nr. HEs Probability Average Nr. HEs (4 x @I 

(years) 

1 

no flooding 

5 

no flooding 

10 

20% flooded 

15 

40% flooded 

20 

60% flooded 

25 

80% flooded 

30 

100% flooded 

Affected Interval (a) Affected (b) 

:i:;::::::::::::::::::::::::::.:.:.. :.:,::-:y ., ..,._ .., ..,. ::::>:::.~:::::.:j: .,. . . . 
z: ~..~..~ :.:.:.. :.~~.:.:.:.:.:.:.~.:.. :.,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1 0.00 j:: 
. . . . . -. _. _. _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ._ . . . . . . . . .: . . . . . . . . . . . . .,.,., .:,~~ ),... 

. . .A........ .Y... . . . ._. ._ . . . . . . . . . .,...,_ 
.'.'..... . . . . . . . . . . . . ._. . ..-.-.-...-.. . . . . . :.:.:.:::~:~::~:~:::~:::~:.:.:.:.:.:.:.~.:.~.:.:.~.:.~ .:.):.):.: . . . . . . . . . . . . . . . . . . . ..__...... :...:. :.:.:.:.:.:.:.:.,:.:.'.:.:.~~.:...:.:.:.:.~.:.::.:::::::::: :.:.:.:.:.: ,.................. . . ..i....i...............................i................ ::......_..... -. 

'...‘:...'...':...:.:.:.:.::..: . . . . . . . . . :.:.:.:.:...:.:.:.:.:.:.::.:. .:;,.: . . . . . . ..'....)..~. :.: . 
j:::::::::;.:,:. ::. :.:;.::.:.:":::;:.,~:.::~:::; ..:.:.:.,.:.: ::::+ . 

. . . . . . 
. . . . . . . . . . . 

. . 

0.8 0.00 0.000 :.x.:.::.:.:.:>:.:.:.:.:.x:.>>>:-..: .,..................._. . . _. _, ....... ._........ .,... . . ._ ,_ ,,..., . . . . . . . . . . . . ., ,. .,. . . .:.-.-.-;. :. . . 
0.2 0.00 ~~~~~~~~~~~~~~~~~~~~~~~~~~~:~~, 

. . . . . . ., ..: . . . . . . .A._.. _L.... I........... . . . . . . . . . . . . . . . . . . . . . . . . . . ..:.:.:.:...:.:.:.:.:; . . ..“..........~.:‘.:. 1 .::::.: :,: :.i’i’ii’i~~.i’-:.:::.::.:.~~:.:.:.:.:.:.:.~: ..:...:.:.:.:.:. s 
:;.:.:.~.,.~.:.:.:.: :.~.:.,,,.~:.:.:.~.: z.“-.‘.-.. . . . . . . . . .._. ::::::::::::::::::‘:::::::“.:‘:‘:::,.,.~.,.:.:.: :.: .i,.,..,.,.,.,../ 0.1 0.23 0.023. 
‘.“_““” ‘.“‘. ‘~~‘~~~~~~‘~““‘/“~~~~~~~‘~“” ““‘.“‘.“:‘:.:.~.‘-~.-‘““‘~,~,~,~~~,.,.,’,’~’~”.... i_.i,.,.i,.....i,.......,....//...,.,,...,.,.......~~,,,, .-...:::.:::::::: :::......ii...............i......................... . . . . . . . . ““...‘.” . :.:.:.:.:.:.:.::y:: ::::::::: ::::::::::::,::, 

0.1 0.45 
“‘~~~~~g~~~~cli~;~:~~~~#:i:~~~~~~~:~-:::~~:::::::::.:::::i:.:::::::::.::.~::::::::::~~:~~,::~:~:.~~~.~ . . . . . . ..,.,.‘,‘? :: ::::::::‘“:::::::::::: :.::~ ;-, 

‘..‘.“‘ii...‘.‘.... 
.. ‘...‘:...‘.:.:.:.:.:.::.~..: ..:.):.:.:.:.) :.:.:::., 

:;:i.,.‘::::~.~~.~:.~ :.>‘i; -. .: . . . ..__ .i_.,._._....... . . . . . . . . :. .,.,.,.,.,::: :::i ,_._,.,. :.:.:...: .,.,..... ; si: . . . . . . :.>:.:.:.:..I ,............. :.:.>:.y. _ :...:.:.- :... . . . . . ..__. __. .___ .__ ._. ._ .____. __......................... :.:.>:.:.:.x.:.:.::.:.>:.:.:.:-:-:.:-: . . . . . . . . . . :..........ii. . . ....‘-....‘.‘. _, ,_ ,, _,.,.,.. ._I.......-... . . . . . . . . . . . . >:.:.:.: ‘...............~.~.~.~.~.,~,~.; :.::.:.:.:.:.::.:.:.:.:.:.:.:.:.:..I: .,...,.:_.... . . . ..,.. ,,.,.., ,:.:.:;., ._. ::.._ . . . . .:..... _,.,.,.,.....,... ,,,., :.:.:.:.:.i:iii i.ii’.“:.::.::.:...:.:.:.:.‘::‘. _ 
:>$:ii.:.;.; . . . . . . ..~........... >:.:.> ,__ ~.~.~.~.~~:~.~.~.~.~.~.~.~,j~:~:.:::..,:.:.;.:,:~:.:::: ;;: :.-. . . . . . . . . . . . . . . . . . .._ :::;.:.‘.+:> . . . . 0.033 0.68 0.0226 . ...). .- ..- -................ . . . . . . . . . . . . . . . . . . . .._ ::::.:.:“::‘:::::::.‘.-.“i... ::::::::.:.:. ;I ,_,_,,_.,.i__i,.(, ,.,.,,:: 1::: :,; :.:,.,:;..:... ::.:::.......__._.,_,..~...,.~.....~ ““‘“““::::::::‘~~‘-‘;;.“” .:... .::...:.: _.... :~ :,:,:,,,,,,.~.,.~,_,_ -......v,... .:..:..... :.:.~::,.,::::::::~.::.~.::#j: 

0.067 0.9 1 
_,,,,_, 

:.:.:.,.~.~.‘.‘.~.‘.‘.‘:~:‘~~~~~~”~’:~:~:’-’-:.:.:.:.:.:.:.:.:.:.~...: .,......../ ;:.:.:,:.:...:.:.:-.::: :.::.:::: ::::::: :::, ::.::~:::~:~ :::::::.::,:..:.:,:,:. ::::~:i, :,;-.I. ::::::. : : .: : : : : . . .~-::~.:.:.:‘.‘~:,” ‘.‘.’ L’....-‘-..‘:-.- ‘=Y:““:; .. -‘Y :::::;‘::‘:::I’I’;:.:.:.: :.:.:.:.:.:.:.::.:.::::.:-:.:.:.x:.. . . . . . .:. _.~...,.,...,...:.,.,.,.,/,/, -_, _, -_, i:::~;:i::::::::,:.:::::::::::::::::::.::::::.:.: :.:.: . . . . . . . . :.:.:.:.:(,.::::::::::~:::‘:~.:::~::’::~’::~::::,.::::,:::::::,~:::.:.::.~ ..:.;. :.:.::.;; 
:::::: 

: : : : : . . . . . . . . . . . . . ,.,.....,. _ . . . . . . . . . . . . . . . . . .\.. . . . . . . ..,.. . . . . . . . . . . .._..._ . . . . . . . . ~:-.‘-‘::.:.‘- . ...:: ..> :.:.............:.:.:.: .+:.: .,:. 3.. ,;.;.........~.~.~.~.~~.~.~.~.‘.~. 0.017 1.13 I i-i-:‘:.:‘:-?:::- ? : :-:::~::::::k:.: ../..._ . . . . ..A . . ..,,.,.n..,...,......~.~ .:.:.‘.:.:.:.:.~.;‘~.~.~.~.~,~.~.~,~,~.~,~.~, ~ .:.... 0.0189 ; :, . . . . . . . . . . . . . . . . . . . . . . -. .................:.:~:.: >:::::jj::;::::‘:: .::.:. ::‘..::: :: :._,.,......., 
0.050 

::::::::::~:::::::~:i.:::...:.~.:.~:.:.;.:...:.~.:.:.:.:.:.:.:.:.:.:.:.::::~~‘:.:‘:..-:::~:::::::::::::::~:::.:::::::::::~:::::~.::::~:,::.:::::::~:~ :::::::::::-:: ;: . . _...:. 
1.36 .~.~...,..__,,.,._,,.i,.,.,.~.~.,,~,,~,~~~..,~,,.,,,~~.~,~,,,,,,,~,~,.~.~,..,..._... .~.,_____i._,,___,_,,__,,..,,, .:‘:‘=::_:::::::: ~~~~~:::::::::l:i::::::::::::~:~::::::::::::.:...~:.:.:.~:,: . . . . . . .._.... ::.: .:.:.:.:.:.:.:.:. :: .::. :.:.:.“j:.:.;..: :.;:.:.:.:.:.:. f;:;:::.: 

:::: ::i :::::::: 
. . . ‘::‘:::::::::‘I-:... . . . . . . . . ..i.......... . .._....................... > . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .i,._.ii_.. . . . . . . . . . . . . . . . . . ..~.~.. ,:: ..,..i _..L. . . . . . . . . . . . . . ..~.~.~i;..;...... :.:.:.:.:.:.:.:.::::::::.::~:::~::~::: .,,......,......... _._..._._............. ‘:‘:‘(: : . . . . . . . . . . . . ..i . . . . . . . . . . . . . . . . . . ‘.-.‘.:-.‘:~:~:~‘::::::::.:.:.:.:.:.~.: . . . . . . . . . . . . . . . . . . . -.::.j:.:.:.:.:.:.: . . . . . . . . ,,,_ 

:::::I+:-:- . . . . . . . ...‘.....:.:.:.I: .:.,.,:.: :.:.:.:.:...:.:.: ..~.~.~.~.~.~~.......i......i...:.; :.:.:.:.:.:. ~.~~~~-~: . . . . . . . . . . . ../...................... 0.010 1.58 0.0158 . . . . . . . ..___. ::::_.. ...........-.. .‘.’ : ::. )i:l:~:::i:~:~:::::::R::‘:: ‘.” -..i....’ _.‘..’ ..’ ..’ .’ ..’ ““‘“:::i:~:~~:~:~~~~~:::~.~.~.~::~,~.:~~.~.:.~; ; iii’ :.:.:.fl.; (,.,‘.‘.:...‘: ,:-: ::::: ::,:.,- : ._,.,*,, ~ “ccI,):;,;,;;-;.:,:,:..:.:,, :,:,: :.:,.-,:.: -:...:“‘:“:..‘.‘r.‘.:...‘.:...~.~~:.: /.. : :, : : : : : : .~.~.~.‘-~...“.“.~. :. 
0.040 1.8 1 r!~~:~:::~::::::::?::.:.?::::: 

. . . . . . . . . . . . . . . :.:.: .:.:.:(:.:::jj: :y;;;:~~:,: ,:.:.:.:,:.:,:, :jj,: ::: 
.:-..x.:.:.::.:.:..:: ::-:.. .:.:-:.:.:.......~:..:....:.‘.::;.:..’: : : : : : : : : :. .;:::.I:.‘.“: ‘:.:‘_’ ..’ ‘--“\“..“.‘.‘~“‘-;‘.‘..... ::.:.:.:.::::A:.:.:...:.:::::: :.:: 

i:- ,:,:-::::: 
. ..____...._. ,:, :: : : : :.:-: . . . . . . . . . . . . ..‘..‘...‘~i.~.~.....,;., 

:: ..;.:.:.): ;:.:.:.: .,..._ ,.i,.,_:. ~‘:,~ ,,._, _,_ :,,,,, 
‘.‘:T::::::::::‘-...- . . . . . . :..: . . . . . . . :::::..:.;.:.~.:.:i.:.:.:.:.:.~:...~.:.:.:.:.:.~.:.:.:.:.:.:.:.:.:.:~~.:.~~ _............................. :.:.:.:.:.:.:.:.:.:.:.),.>F . . . . . . . :.:;:. 
::.:.::.:::.:.:-..::..:r. ‘..,‘.‘..,‘,‘,‘,.~~-‘: >: .......~.~.~.~.:.:. -. ., _, _._ ._, . . . . “......i”...‘.L ~ :.:.:: ‘::- ..:.::: 
.: . .._............. . .._......._ -:.:-~.:.:-:->..> _.....::. . . . . . . . . . .:...:...:,) ~,.~_................... ‘,.,..., ‘. ,...y -. . . . . . ..i..... .::.:.:.:.>:- . . . . . . . ..- . . . . . .._._.__.. :.~:. ..:.:.:.:.: . . . . . . . . . . ~ .(..,... . . . .,_, . . . . :s.>:.,.:.:.:::~: 0.007 2.04 0.0136 ,, ::::::::>~:..-...-;; _...... /.............A. ..ii....-.... ....:,:)x. ., . . . . . . . . ..i..i..............i....................................i......................... 

0.033 2.26 
. . . . . . . . . . . . . . . . :.: _::: :;.‘-:-:.:-:.:.~.:-::::::::~:::::j;::b:,-:;;~:.: :.:.::.:.):..:. ::: :.:::.: :.:.: . . . . . . .i.... . . . . . . . . . . . . . . . . . . . . . . .:. . . . . . . . ,, .,.~?~ ,,,.~‘,.,:C,.i;,~:~:-:-) 

:li:i”~:~~~~~~~~‘:~‘~‘~‘~:~:~~~~~~~”i:”:: :::.: ::: ::: :::: ::::. . . ../.....i............j......_...... ..,.,................... :.:...:.:.:.:.~:.:..:.:‘.:.:.:.:.‘.:.::.;:.:.:.:.~.:.:~..:.:-:-~ . . . . . . . . :.:.:‘-:.;::::::::::::::::.:~:.:..::.:.~:.~~:.::: . . . . . . . . . . . . .._.....i..._..._...........................,...,. :i ._.. . . . . . . . . . . . . . . . . . . .:.:.:. . y:.::‘:‘~‘:‘:.:.;.:‘:.:‘:.,.:‘:.:’:.:.:’.....~.:.:” . . . . . ._.,...,.,..... . . . . . . . . . . . . . . :..;.:.:.:.;.~.:.:.:.:::::::~:: . ..i_ .._...:... .i_.i_ :. ‘.:.:.‘.:.:.:.:;:.:.~:.:.:::::::i::.:-.:.:.:.~ ..,...:, .,.,...,.i._ ~~ :. :.,//.,._,.,.ii,.. ,,._,_ ~ . . . . . . . _. .:.:...;.,:,- 
:::: . .._.... .-.. ._ . . . . . . . . ..-. ..:.: .:....:. ::.:.;: ._:,::,..:.. :.:.:.~.~..“. 

Annual Average Number HEs affected with maintenance (AAN =*) 0.094 

Without maintenance 

Flood Return Period Probability Nr. HE% Probability ‘verage Nr. HEs (4 x (b) 
(years) 

1 

no flooding 

2 

20% flooded 

4 
4o$/o flooded 

6 
60% flooded 

8 

80% flooded . . 

10 
1 oo% flooded 

Affected Interval (a) Affected (b) 

1 o. 00 ~~:iiiei~~~~~~~~~~~.~~~~~~~~~~~~~~~~~~~~~~~:~ ‘“:::‘:.:.‘.‘.:.:::::::::.:.?: _.........,:......,,., 
:::::::::::::j:::::::::.:.:.:.:.-2:.:.:.:.:.:.:.i:::::::::::::::.::~::::::::..:~~.:::.~:.: :::...,:,:, 
. . . . . . . . . . ‘:::::.-:~~‘:~:~“‘~~~:~:~:~:~:..:.:.:.:.:.:.:. “....“.‘-A’.v .. ‘.. ..:_ . . . . . . .,._ ., _ .._ .,.,_ ,.. ; : : ..:..... .i ., . . . . . . .. :::::‘:::::~~~.-...:.‘.‘... .... ..__...~.,. . . . . . . . . . . . . . . . .,_,, 
.:.:.“...:::::::::“‘.‘.‘.““-‘:...:.:.:.:.:.:.: .,_............,___, 0.5 0.23 0.113 . . . . . . . . . ,. .,....._ _..,_,._,.......,.._,,j_.i, 

::i > . . . . .i.l..C.... :.:.:.:.:.: :.~ :.:: ~.::i: ::.::..:::::. ~ :.:.:.:.::.:.r:“:.::.)~.~.~.:.:.: ::. .,.,.,.,... . .._........ ..\. . . 
0.5 0.45 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
iiiiiI~~L:.~~~.~.~~~~~~~~~~~~~~~~:~:~:::.i”: ‘.‘._fi : : .. 

. . . . . . . . . .:. . . . :.... -._...i...:... -..:. .... :; . . . .’ .-....‘.“.‘..’ . . . . . . . . . .._..~.~...~.~~~.~......_..~.::::::::: ;::::::::::“:‘:~,..> :.A.... . . . . . . . . ..i. . . . . . . . . :.:.:.:.:.>: ..:....... . ::::::::::>:.>: .,...,.,.,.i_......,.i_.i,_,.~,_~ _,,.,...,,, . ...:: . . . . . . . .~.,.,.,.i.i,.i.:.... . . . . . . . . . . .: . . \ . . . . . . . . . . . . . . . . . . . . . . . . ..I . . . . . . . . . . . . . . . . . . . . . . . / ;; i... :.....:.:.>: ,.... :.:.:...:.:-‘. ,___, _, . . . . . . . . . . . . . . . . . . . . . _,.,.,.__... . . . . . . . . . . . . . . . . ‘. .. ::j:i::.::,:::::j.::::::.::::..:.:::.:: ._.:. “.:.:.:..:...: ..:. ,.,.,_,. >..:. .A.. p>:+:.:.:...:.: . . . . . . . . . . . . . . . . . . . . . ._. 
,:;,.,..: :,:,..: :,.,:,.: .L......... : . . . . . . . ::..:..: 0.25 0.68 0.170 

c.:.:.:.:. c . . . . . . . . . . . . ~~‘~ :.:...: j:~~~~;:.::.~::.:;,‘.. :.;: ::: ::::: ::::, 
0.9 1 

: :-‘-:-:-:-:x+:~.:.:.:.:.:.:.:.~:.:.> ..: . . . . . . . . . . . . . . . . . . . . . . . ..: . . ..:. .,...,.,. . . . . . . .,.,.. ,,.,.,., . . . . .._... ::.:, ..,.........,.,.....,.. ,..:. ,:.:. ;;.~::jr:::.: 
0.25 :.:i . . . . . . .,. .,. :.>:.: . . . . . . . _...._.....,.,., . . . . . . . . ..> . . . . ::,:.::+:::.y: __, :_:. ::...:.:.:::,: :,:.:,:,..:. ~ :,:,:.,.,.,.,_,,_ .:.:.:.:.:.,.~.:.~.:.,.~.,.,.~.~.,.~..,.;.;;,;.,.~ ;;..:..:.:...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . “:-~iii:-l.l.ii.i.:Ipiii.i.ii.i.i.i.l.l;..: :; :;;~;;;;1,;1.,1;~~~:::,:~;,: :,:,:,:,:.:.:; ::j::;~:~:.~~:I:‘.:i:jg18i:i:l:ii:l’; . . . .,.,.,. 

j~~~~~~~~~:~~~~~~~~~~~~~~~~..“‘..‘;””. ““‘.‘.-......_-..‘.“‘..““.“““‘...’.’.””.’..’..’.......‘...” ..“i”...’ .‘.‘..‘..‘.‘.“..““..‘.“.“‘..‘. ‘.“‘.“.“‘..‘.‘.“.“i .~~‘...‘.‘,..‘,.,.,....“‘.~.~, ~ i.p::.::::::::::::::::::;:::::::::::::::::::::::::::::::::::.:~.:.:.:.~~:.:~: :.:,:.: :.:..,.;, ‘,.,.,.-:-:’ 0.083 1.13 0.094 . . . . . . . . . . . . . . . . . . . 
0.167 

:-~“‘-; 1;; .‘.- ..;“::::-I:::;::‘:::~:~~~~~~~~~~~~~~~~~~~~~~~~~~~:~~~~ :.:.:~Y.:.:? :.. :j :...:.: .:.:.:.:.:.: ,.:.:.::.;:.:‘..:.I: :p.. .:+ ..:. ~~ :.:.:.:... :( . . . . . . . . . . . :.: .:.::. . . .._.. :;.:.:.: :;.::.:.:.:.:.:.~:...:,:.~::.:.:.::.:.:: __. . ..._...: .,.,.....:.?,. ---. ,_, 
.’ :.: :.::-:: ..:.::..::::...:.:.:..: .._... ‘. .......r. . . . . . . . . . . .._ . .._... :.::;:,::,: ,.;,.,. ~.:~~:~::~.~.‘:‘:~:‘~:::..-::. ._.....:............. ._, _, ,‘,“ ., _, ::,,::,,_ . . . . . . . ._,.,._ ____. :.:.:.: . . . . :.r.:.:.:.:.: ..“.:..:‘...A.. : _ ~~~~~~.~~~~~~~~ .(i;.li~~~~ .. .‘.‘...’ ‘. ‘.” 

0.042 1.58. .0.066 

0.125 ““‘1’. s 1 : :,: ~~~i:.i~~~~~~~:~~~~~~~~~ 
__............... “...;~.~: . . . . . . . . . . . . . . :.:.:.:.:,............. ‘-::.:.:.:.:::::~.:..L’... .:..... .,. .,.,.....,., ,.,... :....:.. :..:.:...::.:.: . . . . . . . ;:.::,:::::::i::,:..-.:; .-..“..L’...-... ...._i...,,.,.,., . . . . . . . . . . .,.,.,.,... .,.,.,. .,.,., ..,_ ._ ,.,. ,. _ .~.‘.~:~:::;.~:.:.:.:~.::~:;..:::::i::i:~::i -..::.::.:.> . . . . 0.025 2.04 0.051 . . . . . . . . . . . . . . . .:.. . . . . . . . . . . . . . . . . . . . . . . . .._ . . . ,.. .:. . . . . . . . . . ..::. ._ . . 

0.100 2.26 
.:.~.:.:.:.:“:.‘.:‘.::?::.,. . . . . . . . . . . . ....._ :,:y . . . . . . . . . . . . . .:,.,:,. ..:... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

.. -‘-“““.“‘.‘.‘....“-..-.-.‘.:.‘......--... ““‘::::::.:::::‘:‘:’ .::.::::.:.:::,::::::‘-:::“: ‘.~.....~~.~.~-~:::.‘: . . . . . . . . . . . . . . . . . . . . . . .,...,.:_., _ ..: .,.,.,...,..., . . . . . . . . . . . . . . . . . . .._...........~.~~~.~..~... .A.... . . . /. . . . . . . . . . . :::‘.~.~,.::4si::::I:: .,.,.i,.,../ . . . . .,.,.,., ..,,,.,...,. >:.,,>“‘:..:;.....:.:.) ” _,.,.i,.iii,.,_i .‘,.~.~.,.,.,.~.“.,...,..,~~,~, ‘:~:::;: :.:.: j.::‘::~:‘::.:.‘.‘.~.‘.:.‘.:..-..:.’-~’-~..... I... .:s’-.‘.: F’.:.‘:il:::::~:.: >I: .::.:’ : :.~,::~;.‘~:.::::::::: ,: :.:.: .y:.:.. :.:.:.. : : : : : : : : ~‘~.:‘:‘.~.: : : :,: : : :., : :.. : .,. .:.. _.,.,.:....:_ ,. 
~~ij~~~~~~~~~~~~~:~:~:~~:~:~~~~:..:,:.~.:.:.:.:.~: ‘: ::: 

Annual Average Number HEs affected without maintenance (AAN .tikOu) 0.494 

Summary: flooding 

Right Bank A-A.Nwhort ~w&l 

(4 (b) (4 - (b! 

0.494 0.094 0.401 

Value of one HE (f) * 1304 

Note * 1997f98 price 

Severity weightings have been applied to HEs affected by fldoding: 

/lnmlal 

Benefit (5) 

522 

pasture 1.5 
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GENERAL 1NFORMATlON 

B Rive1 4 _( 
: 
&: 
;G - Reach Length (km) 

2 
Fz 

Dominant Substrate Type:- 

Gravel, Sand or Silt 

P (Treat clay as silt) 

FloodpIain - 

Rising (>l %) or Flat ( < 1 %) 

Catclment Size 

Large (’ 25 sq. km) 

Small (< 25 sq. km) 

Dominatlt Land Use Type &UT) 

(Tnble I) 

la 
PFOS FAWR 

2 
I 2.09 1 

3 

SILTY/CLAY 

4 

FLAT 

5 

SMALL I 

6 

I 154 I 

7 

EXT. GRASS (1.) 

0 

Reach Code r--K-y 

Varied Land Use Types (LUT) 

(Tnble I) 

Dominant Soil Type SILT 1 

./ 

7 8a 8b 

% Benefit Are Does the If yes, -,...-.” 

as decimal LIJT flood ? ‘K that fll’obds 

LUT 
,/A’ 

,.*’ (as decimal) 
1 Ext 

grass A-. 
,,./ 

2 hit ./ 
grass 

/ 

3 Grass/arable ,,/ 

4 All cereals /” ,, 

5 Cereal/$-Scc/ed 

G ,GeI~l/root 

b’ Horticulture 

8 Other 

Note: All iable numbers and references relate to R&D Note 5 11, Guidelines for the Justification of River Maintenance 



DESIGN STANDARD 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

_I 

I 
I 

1 * lvlkan Annual Flood (Q bar) 

I (a1lnecs) 
I 

; * Qbf/Q bar (nunccs) 

1 (n”x17/BoxI9) 

21 21a 

% arca of Uooded 

end) LUI‘ that Area 

flOW.JS (ha) 

0 0 

0 0 

20 31 

40 62 

22 

I’lood cosz 

(ml) 

u 

0 

22a 

‘Tot1 

l’ltxxl cost (f) 

1lo.r 21 n * box 22) 

u 

0 - 

-- 
31 -._ 
62 - 
92 

123 

154 

462 

1 (Tnhle 6 or 7, lmscs 5, 7, 15) 
I 

1 

Dominant land we 
1 
1 

1 

1 -- 
7’otd --.-__- 

VariLvl land use or :- 

16:) Ia 
Net Return 

Flood ~d1un I'erjoc! (years) 

Wciglltcvl 

LU-J phii) Nd R&m 

1 
/’ 

Total Flood Cost -.- , w 
2 ./’ 
3 ,, ‘- 

4 / 
Design 

5 /I’ 
./- Net Rdum Jxss Flood Cost 

.p ” 
(4 

(Box 16 - bbx 24) 

242 

[---GC-l 



Et M.AINTENANCE RlrG1M.E 

Gl 
2 

25a 25b 

&: 
(Id 

E 
Widening, change in width, expressed in 

46 metres and as a % , (including cutting of banks 
4 
0 

and emergent vegetation) 26a 26b 

5 
Deepening, change in depth, expressed in 

P metres and as a % 

Weed cutting, % cover removed 
(Submerged & fl eating weed) 

Change in freeboard, expressed in 
metres and as a % 
(Table 8 - IS, & boxes 25,26,27) 

Change in Qbf , expressed in 
metres and as a % 

(Table 8 - 15, & boxes 25, 26, 27) 

(Ill) 
I,--------/- -+,- 

28a 2813 

(In) 

Note: All table numbers and references relate to R&D Note 5 II, Guidelines for the Justification of River Maintenance 



“DO NOTHING” (WITHOUT MAINTENANCL’) 
.’ ‘.,’ 

g W/o Maipnance Width (m) r---T+j 

2 

(Box 10 - hm 2Sfl)’ 

31 zi 
&: 

W/o Maintenance Depth (III) I 

z 
(Box I I - bm 260) 

5 
32 

43 
W/o Maintenance Preeboa~ d (III) 10.5’) 

0 (Box I3 - It0.x 280) 

W/o Maintenance Wateltable Depth (III) 

(Box 4, 9, 32, 7irble 3, I$y;-c! I or 2) 

34 

W/o Maintenance Drainage Status fizz-zq 

(T061e 4, box 33) 

Economic Net Return (W/o maintenance) 

(Trrbk 5. box 8, 34) 

.F’or either :- Dominant land use 

or :- Varied land use 

35lJ 35a 

Net Return Weighted 

LUT (uh) Net Return 

I ,A’ 

2 ,/’ 
’ 3 /’ 

4 , ,./ 
5 I” ’ ,. 

+- 

.A ” 7. 
/ 

W/o Maintenance Bank.A~ll Discharge (QbT) (c~~n~ccs) 

(/30.x 17 - liox 29) 

* W/o Maintenance Qbf/Q bar (cumecs) 

(Box 36 /box 19) 

-..- _.--.- ---..-._. 
38 38n 39 39a 

% area of 

I 

Flooded 

eacl1 LLIT that Area I Flood cost I HoojlI‘Od:bl (f) -_-- 

* Flooding Envelopes “RF (yr.) 

* % Bh with diffeient 0 

flood return periods (years) -4 

(I’irble 6 or 7, boxes 5, 7, 34) l-2 t 
3-s 

6- 10 (6yr) 

7- 10 (8yr) 

>lO (IOyr) 

W/o Maintenance FRP (years) 

Total Flood Cost (I;) r-7E-y 

po-nothing 

Net Return Less Flood Cost 

(Box 35 - box 41) 

41a 

(f) [T 

Note: All table nu~~d.xrs and references relate to RkD Note 511, Guidelines for the Justification of $iver Maintenance 



MAINTENANCE EXPENDITURE 

42 
Unit Cost 

(f) 

43 
No. of 

Units 

(specify) 

44 
CostlReacW 

Aclivity (i) 

45 
Interval Between 

h/lnidemme 

Activities (years) 

46 
Amortisation 

Value at 6 u/ 

Discount Rn te 

(730x 45, Tohle 18) 

47 
Annu:Il cost 

(Q 

(Box 44 * box 46) 

1428 

Total anwal cost/reach (E) (Sum box 47) 

BENEFITS Olr MAINTENANCE 

Design Standard 

(With maintenance) 

Do Nothing 

(Witbold maintenance) 

Chnnge in Net Benefit Due to Maintenance 

Net Benclit of Maintenmce 

Benefit Area (1x1) (Box 6) 

Total :umual inaintemmce cost/ha (Box 48 /box 49) 

Net. return less blood costs (Box 240) 

Net ret~m less flood costs (Box 4 I r!, 

(Box 51- box 52) 

Cliange in net benefit less total aluinal maintenmce costs 

Benefit : cost ratio (Box 53lhox 48) 

Note: A II table numbers and referewes relate to R&D Note 5 1 1) Guidelines for the Justific:dion of River M:denance 

48 

I 1428 I 

49 

I 154 I 

50 

9.3 I 

51 

CL) 1 -12936 I 

52 

(9 1 -16940 I 

53 
(E) 11 

54 

G) 1 2576 I 



Abbey View AD 

1.1 Introduction . . . 
This Appendix presents the results of the application of FD-MM and the Guidelines to Abbey View AD, a 
lowland watercourse in the Catchment of the Afon Conwy, North Wales. 

1.2 Application of FDMI1/ to-Area 2: Abbey View AD 

1.2.1:,‘. General information 
Area 2 covers 90.26 ha on the.left bank of the Afon Conwy, to the south of Dolgarrog. The floodbanks of the 
-Afon Conwy and Afon Ddu form the boundaries of the area to the north, east and south. The B5 106 road forms 
the western boundary. 

The Abbey View AD flows through the study area and discharges through the floodbank into the Afon Ddu via 
a flapped outfall. Dolgarrog AD Number 5 drains the northern area and also discharges into the Afon Ddu.. 
Two adopted ditches (Cae Coch AD Number 1 and 2) flow over the southern end of the study area. and 
discharge into the Afon Co&y via flapped outfalls in the floodbank (Figure 1). An intensive network of field il 
ditches drain the area. 

Abbey View AD and Dolgarrog AD Number 5 are subject to annual weedcutting during late SeptemberIt 
January. In 1997198, annual maintenance expenditure is estimated to be 5763.. 

As a main river does not flow through this area, FDMM has been applied to the Abbey View adopted ditch, 
which is in affect, a main river in all but name. 

1.2.2 Area of benefit 
The area benefiting from maintenance in terms of flood alleviation is estimated to be 90.26 ha. This is termed 
the flood risk area and was derived from discussions with the Environment Agency (Figure 1). It is based on 
the discrete area protected from flooding by the floodbanks of the Afon Conwy and Aftin Ddu. 

1.2.3 Land tise assessment 
Flooding 
Land use and features of interest within the flood risk area are shown ‘in the land use assessment reach 
summary sheet for the left and rigl? bank of the Abbey View AD. The completed summary sheets may be 
found at the end of this Appendix. 

The area affected by fluvial flooding on the left and right bank is estimated to be 41.95. ha and 4X.31 ha 
respectively. The area is not affected by saline flooding.. The effective reach is estimated to be 1.09 km for the 
left and right bank. There are no tributaries. 

The flood score is derived by dividing the total HEXkm affected by flooding by the effective reach length’ 
(Appendix WI). The flood scores for the left and right bank are 6.23 and 0.58 respectively. 

Drainage 
The area of each land use type subject to bad or very bad drainage conditions is determined and weighted by the ’ 
appropriate factor (e.g.. 3.6 HE/100 ha/yr for extensive arable. This drainage score represents .the level of 
damage caused by waterlogging. 

Under the current maintenance regime, the drainage. status for the whole catchment is described as good, 
therefore the drainage score is zero. 

1.2.4.. Land-use band. 
The flood and drainage HE/km scores are combined to determine.the total HE/km foreach bank (Table 1). The 
HE&II falls within the land use band ‘C’ ranglge for the left bank (5-24.99 HE/km; see Table 2.3 in main text). 
Agricultural land is at risk of flooding and waterloang, with some properties also at risk of flooding. Land on 
the right ,bank falls within the ‘E’, category, This low grade agricultural land is at risk of flooding and : 
inadequate drainage. 
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Abbey View AD : : 

Table 1 Land use band, Abbey View AD I 

Flood Value~(H!Ykm) Drainage Value (HEYkm) Total Land Use Band 
LeftBank 6.23 0.0 * 6.23 C 
Ri@a Bank 0.58 0.0 * 0.58 E 

Note: * the drainage status is described a.s good under the current maintenance situation. Figures are subject to 
rounding.. 

12.5 Determining the effect of fioodtig *. 
No historical records exist for the Abbey View AD or Dolgarrog AD Number 5. The effect of flooding is 
therefore, based purely on use of the predictive technique and the arithmetic method. 

The predictive technique takes account of the flood return period at which different areas are inundated and an 
estimated long-term average annual value for HE ‘affected is derived. Full de+;tils are contained within the 
record sheets at the end of this Appendix. 

The area flooded by events-with .a returnperiod of 1,5,10,15,20,25 and 30 years were identified by the 
Environment Agency for the left and right bank under the current maintained situation: It must be noted that 
these areas are estimated as the actual areas flooded. by the infrequent events are not documented. It is 
estimated that with a return period of 5 years, no flooding would occur. Under an event with a return period of 
10 years, for example, it is estimated that 20% of the flood risk area would be inundated. 

A severity weighting of 1.5 has been applied to the total HEsJsm affected by flooding,to take account. of the 
impact of timing and duration of flooding on pasture. The number.of HEs affected by flooding was derived on 
a pro-rata basis by multiplying the total number of HEs affected by, for example, 20%: for a return period of 10 
years. The process was repeated using estimates of flooded areas under various return periods -for the without 
maintenance situation. 

The annual benefit of maintenance is shown by the benefit to be gained from the avoidance of flooding. This is 
derived by subtracting the Annual Average Number HEs affected with maintenance (AAN x\i&) from the 
Annual Average Number of HIS tiected without maintenance @AN W:sithout) and multiplying this figure by. the 
value of one HE (El304 in 1997 prices). The annual benefit (E) is shown in Table-2. 

Table 2 Annual benefit.tlooding, Abbey View-AD 

-u v.iumlt h+LN UittJ (a> - @I Annual 
(m/km) (a>- (HE/km1 co, 

Left Bank 1.541 0.292 1.249 
Right Bank 0.206 0.039 ‘. 0.167 

Xote: Figures are subject to rounding. 1997/98 prices are used. 

Benefit (Q 
1629 
217. 

1.2.6 Determining the effect of deterioration in drainage 
The area within the.flood risk area which is expected to be subject- to a deterioration in drainage status in the 
absence of maintenance was estimated by the Environment Agency: The drainage status of the whole flood risk 
area is expected to deteriorate from a good to a very bad drainage condition. 

The annual benefit of preventing a deterioration in drainage status is calculated from the area affected (ha) 
multiplied by the annual benefit .(L/ha) to be gained from preventing a deterioration in drainage status. This 
procedure is shown in Table 3 for both banks, The annual benefit of maintaining good drainage on the left 
bank is 230 /ha or 51259 (1997/98 economic prices). 

Table 3 Drainage benefits, Abbey View AD 

Left Bank Right Bank 
Area affected by deterioration in drainage status without maintenance (haj: 4 1.95 48.31 
Drainage status with.maintenance Good Good 
Drainage status without maintenance Very Bad Very Bad 
Annual benefit (E/ha) 30 30 
Total Annual benefit (5) 1259 1449 

Kate: Figures are subject to rounding. 1997/98 prices are used. 
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Abbey View AD 

1.2.7 Actual standard of service 
The combined flood score and drainage score (HE/km@) for the current, with maintenance situation provides 
an indication of the adequacy of the existing maintenance regime with respect to set Standards of Service 
(SOS). This score for the Abbey View AD and Do&grog Ad Number 5 for the left and right bank is shown in 
Table 4. Scores are derived by dividing the HE/km by the effective reach length. 

Table 4 Actual standard of service provided under the current maintenance regime, Abbey View AD 

Flooding (AAN ,&I Elective Reach Flood Score Drainage Score Total 

(HEflcm) 60 Length (km) co> W/km/yr) mmyr) Cd> (cY(d) 
(a/b) = cc> 

Left Bank 0.292 1.09 0.27 0.0 0.27 
Right Bank 0.039 1.09 0.04 0.0 0.04 
Both Banks Average Score 0.155 

Note: * the drainage status is described as good under the current maintenance situation, therefore the 
drainage score is zero. Figures are subject to rounding. 

Comparison of the total score with a target score of 0.5-1.0 HE/km&r enables the current level of service 
provided to be determined. This on target standard (OX) of 0.5-l HE/km& was derived by the Environment 
-4gency, based on analysis of existing SOS. The reach status of both banks is above target. 

1.3.8 Justification 
Justification of the maintenance scheme is undertaken using a comparison of the benefits and costs of 
maintenance in a simple benefit: cost ratio. 

The total annual maintenance expenditure of the Environment Agency on the Abbey View AD and Dolgarrog 
-AD Number 5 (1997/98 prices) (see Section 1.2.1) is estimated to be E763. The total benefits of maintenance 
taking into account flooding and drainage benefits on both banks are presented in Table 5. 

Table 6 shows that the benefit:cost ratio is greater than one, thus the current maintenance regime may be 
justified. 

Table 5 Total benefits of maintenance, Abbey View AD 

Annual Benefit of Annual Benefit of Maintaining Total Annual 

Left bank 
Flood Alleviation (5) Drainage Status (2) Benefit (5) 

1629 1259 2888 
Right bank 217 1449 
Total 1846 2708 

Note: Figures are subject to rounding. 1997198 prices are used. 

1666 
4554 

Table 6 Benefit:cost ratio, Abbey View AD 

Total Annual Benefit (E) Total Annual Maintenance Cost (2) Benefit: Cost Ratio 

4554 763 5.9 

Note: Figures are subject to rounding. 1997/98 prices are used. 

1.3 Sensitivity Analysis 

1.3.1 Drainage 
As the drainage benefit area is estimated to be the same as the flood risk area, but not supported by historical 
evidence, the areal drainage factor was applied. As the soil type is classed as heavy and there is a developed 
ditch system, the areal drainage factor is 0.4 (Table 3.8, FDMM). The drainage benefit area is thus 40% of the 
flood risk area (36.1 ha). The corresponding drainage benefits record sheets are presented at the end of this 
Appendix and the benefit:cost ratio shown in Table 7. The maintenance scheme is still justified as the 
benefit:cost ratio is greater than 1.0. 
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1.3.2 Maintenance costs: 
In accordance with FDMM, the costs of maintenance have been increased by 15% and the beneftts reduced by 
15%. in order to check the sensitivity of assumptions made on the benefit:cost ,ratio. The results of this are 
shown in Table 8. Due to the high benefits and low maintenanc, - costs; the maintenance regime would be 
justifted even if costs increased and b&refits reduced by 15%. 

The Abbey View AD and Dolgarrog Ad Number 5 discharge into the Afon Ddu. The Afon Ddu is not subject 
to maintenance. If it were, however, a proportion of the maintenanc, 0 expenditure on the Afon Ddu should 
ideally be included in the costs for the Abbey View AD and Dolgarrog AD No. 5 as these watercourses would 
derive benefit from this maintenance. This associated cost may be based on the proportion of flow derived from 
each watercourse: 

Table 7 Benefikcost ratio, different definitions of drainage benefit area, Abbey View AD 

Total Annual Benefit (E) ., Total Annual Maintenance Cost (E) Benefit: Cost Ratio 
Drainage benefit area estimated to be same as flood risk area 

4554 763 5.9 
Drainage benefit area defined using areal drainage factor 

2132 763 2.8 
Note: Figures are subject to rounding. 1997/98 prices are used. 

Table 8 Sensitivity analysis: benefit:cost ratio, Abbey View AD 

Total Annual Benefit-(S) Total Annual Maintenance Cost (I&> 
Maintenance costs increased by 15% 

4554 877 
Benefits-reduced by 15% 

3871 763 
Maintenance costs increased by 15% and benefits reduced by 15% 

Benefit: Cost Ratio 

5.2 

5.1 

3871 877 
Note: Fi,gres are subject to rounding. 1997198 prices are used: 

4.4 

1.3.3 Benefits 
If the maintenance costs of the Afon Ddu were taken into account in the benefit:cost equation, the benefits of 
this maintenance should also be considered. 

If these benefits are not known and therefore estimated, the accuracy of the benefit:cost analysis will be 
reduced. It is recommended that the type of these additional. benefits is noted and only. if the benefits of 
maintenance on the Abbey View AD and Dolgarrog AL.Number 5 appear to be marginal, then an estimate of 
these benefits is made. 

1.4 Applicatiou .of the. Guidelines to Area 2 

1.4.1 Introduction ! 
The following sections present the results of the application of the Guidelines to Area Z,.Abbey View. The 
same data are used as in the application. of- FDMM. in order that results from the two methods may be 
compared. -The completed record sheets and tables/figures required in the use of the Guidelines are presented 
at the end of this Appendix. 
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Abbey View AD 

1.42 General information 

Table 9 General information, Abbey View 

Parameter 
Dominant substrate 
Floodplain topography 
Catchment size 
Benefit area (ha) 

Land use type 

Dominant soil type 

Silt/clay 
Flat (4%) 
Small 
90.26 

Extensive 
pasture &UT 1) 
Silt 

Comment 

Same as total flood risk area. Left and right banks are 
combined. 

1.4.3 Design standard (maintained condition) 

Table 10 With maintenance channel parameters, drainage status and net return 

Parameter Comment 
Average bed width (m) 1.2 
Average channel depth (m) 1 
Freeboard under mean spring flow (m) 0.7 
Water-table depth (m) 0.3 Using Figure 2.6 in main text 
Drainage status Bad Using Figure 2.6 in main text 
Economic net return (g/ha) -81 1997198 prices 
Economic net return (Q -7311 1997198 prices 

Note: Figures are subject to rounding. 1997198 prices are used. 

Annual flood costs were identified using the Guidelines for extensive pasture under bad drainage, for events 
with a return period of 10, 15, 20, 25 and 30 years. The same flooded areas and return periods were used as in 
FDMM. The flood costs corresponding with these return periods are shown in Table 11. It is assumed that 
these costs are additive. Total flood costs for the ‘with’ maintenance situation are g271 (1997/98 prices). 

Table 11 With maintenance flood costs, Abbey View 

Flood Return Period Area Flooded Area Flooded Annual Flood Cost * 
WI 
10 

w> 
20 

(ha) (E/ha) 
18 1 

(El 
18 

15 40 36 
20 60 54 
25 80 72 
30 100 90 

Note: Figures are subject to rounding. 1997198 prices are used. 

1 36 
1 54 
1 72 
1 90 

Total 271 

The value of the benefit area under the current maintenance regime is calculated by subtracting the flood costs 
from the net return, as shown in Table 12. 

Table 12 Design standard, value of benefit area, Abbey View 

Total Net Return (E) (a) Total Flood Cost (5) (b) Benefit Area Value (5) (a-b) 

-7311 271 -7582 

Note: Figures are subject to rounding. 1997198 prices are used. 
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Abbey View AD 

1.4.4 

Table 13 Impact of maintenance on freeboard, Abbey View 

Parameter Comment 
Increase in bed width . . 75%, 0.9 m 
Impact of widening on freeboard 13% Using equation y=a+bx, Box 2.1 in main text 

1.4.5 Do-nothing (without maintenance) 

Table 14 Without maintenance channel parameters, drainage status and net return 

Parameters without maintenance Comment 
Freeboard under mean spring flow (m) 0.59 Freeboard reduced by 13% 
Watertable depth (m) 0.25 Using Figure 2.6 in main text 
Drainage status ! Very bad ’ Using Figure 2.6 in main text 
Economic net return (L/ha) ,- -103 1997198 prices 
Economic net return (5) -9297 1997/98 prices 

Note: Figures are subject to rounding., 1997/98 prices are used. 
Annual flood costs were identified using the .Guidelines for extensive pasture under very bad, for events with 
various return periods. ,The same flooded areas and return periods were used as in FDMM. 

The flood costs corresponding to the return periods are shown-in Table 15, for each flooding scenario. It is 
assumed that these costs are additive. Using an average of the three flooding scenarios, total flood costs for the 
without maintenance situation are 5925 1 (1997/98 prices). 

Table 15 Flood costs under the without- maintenance situation, Abbey View 

Flood Return % Area Flooded Area-Flooded (ha) Annual Flood. Total Annual 
Period (yrs) Cost (L/ha) * Flood Cost (5) * 

2 20 18 10 1Sl 
4 40 36 3 108, 
6 60 54 2 108 
8 80 72 2 144 
10 100 90 1 90 

Total 632 
Note: Figures are subject to rounding. 1997/98 prices are used. 

The value of. the benefit area under. the without maintenance situation of bad drainage is calculated by 
subtracting the flood costs from-the net remm, as shown in Table 16. 

Table 16 Design standard, value of benefit area, Abbey,View 

Total Net Return (Q (aj Total Flood Cost (5) (b) Benefit Area Value (0 (a-b) 

-9297 632 -9929 

Note: Figures are subject to rounding.. 1997/98 prices are used. 

1.4.6 -Maintenance costs 
As identified in Section 1.3, the total annual maintenance expenditure. on Abbey View, is 5763 (1997/98 
prices). 

1.4.7 Benefit of maintenance 
The difference in value.of the benefit area ‘with’ and ‘without’ maintenance is used to determine the benefit of 
maintenance. From the figures presented in Tables 12 and 16, the benefit of maintenance is calculated to -be 
52347. 

1.4.8 Justification . . 
‘The net benefit of maintenance is greater than the annual maintenance expenditure, therefore the current 
maintenance regime is justified. The benefit:cost ratio is 3.08. 
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Abbey View AD 

Order of record sheets presented in the following pages: 

FDMM 

Land use assessment: reach summary 

Flooding 

Drainage benefits 

Excluding urban benefits: Land use assessment - reach summarY 

Excluding urban benefits: Flooding 

GUJDELZNES 

General information 

Design standard 

Maintenance regime 

‘Do-nothing’ - Without maintenance 

Maintenance expenditure and benefits of maintenance 
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LAND ?..JSE ASSESSMEBi : REACH St-Y 

Watercourse Abbey View 
Bank Left Bank 
OS Map Landranger 115 
Flood risk area (ha) 41.95 
EfCective reach length (km) 1.09 (D24, 880 m + D29,210 m) 

Land Use Factor b-lit 

House Number 
Garden / allotments Number: 

Number or 
area(a) 

6 
6 

1.00 6 
0.04 0.24 

NW - Manufacturing Area (m’) 0.030 
NW 1 Distribution Area (m* ) 0.054 
ICRP - Leisure Area (m* ) 0.032 
NRP - Offices -Area (m* ) 0.033 
NRP-Retail Area (m2 ) 0.035 
N R P - Agricultural .Area (m’- ) 0.010 

C Roads Number 2.1 
B Roads Number 6.3 
A Roads (non trunk) Number 15.9 
A Roads (trunk) Number 31.7 
Motorway Nu.mber 63.5 
Railway Number 63.5 

Forestry and scrub. * per 100 ha 
Extensive pasture * per 100 ha 
Intensive pasture * per 100 ha 
Extensive arable * per 100 ha 
Intensive arable * per 100 ha 

Formal parks Number 
Golf / race courses Number- 
Playing field- Number 
Special parks Number 

0.4195 

House Equivalents 
HE/unit (b)- 

TotalHE. 
(4 x Co>. 

Flooding Drainage 

0.02 0.0 
1.3 1.1 
3 4.5 

6.3 3.6 
44.1 9.7 

0.6 
0.7 
0.1 : 
9.3 

0.54535 

Total HE (c) * 6.79 

Note 
* Flooding I drainage scores to be summed 
HE values are at 1991 base 

** Apply areal drainage factor if required 
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IlAI’?D USE ASSESSRmNT : REACH SUMIViARK 

Watercourse Abbey View 
Bank Right Bank 
OS iMap Landranger 115 
Flood risk area (ha) 4s.31 
Effective reach length (km) 1.09 @24, SSOm + D29,210 m) 

Land Use Factor unit 

House Number 1.00 
Garden / allotments Number 0.04 

-NW - Manufacturing 
NRP - Distribution 
NRP - Leisure 
NRP- Offices 
NRP-Retail 
N R P - Agricultural 

-4rea (m”) 
Area (m2 ) 
Area (m2) 
Area (m’ ) 
Area (m2 ) 
Area (m’- j 

0.030 
0.054 
0,032 
0.033 
0.035 
0.010 

C Roads Number 2.7 
B Roads Number 6.3 
A Roads (non trunk) Number 15.9 
A Roads (trunk) Number 31.7 
Motorway Number 63.5 
Railway Number 63.5 

Forestry and scrub * per 100 ha 
Extensive pasture * per 100 ha 
Intensive pasture * per 100 ha 
Extensive arable * per 100 ha 
Intensive arable * per 100 ha 

Formal parks Number 
Golf / race courses Number 
Playing field Number 
Special parks Number 

Number or 
area faj 

l- 

o. 3831 

House Equivalents Total HE 
HE/unit C.-b) (a> X Co> 

Flooding Drainage 

0.02 0.0 
1.3 1.1 
3 4.5 

6.3 3.6 
44.1 9.7 

I 
! 

0.6 

0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0.6,7803 

::i 1 
Total HE (c) * 

HE/km ((c) / effective reach length: 

Note 
* Flooding / drainage scores to be summed 
HE values are at 1991 base 

* * Apply areal drainage factor if required 

0.63 
0.58 
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FLOODING 
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80% flooded 

10 

1 . . . . . . . _:, . . . . . . . _\_....... 

100% flooded 
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Annual Average Number HEs affected without maintenance (AAN w2,0J 1.541 

Summary: flooding. 

Left Bank. 

Value of one HZ (fj * 

AAN un&oir AAx& 

(4 (b) ial - Co> 

Annual 

Benefit (f) 

1.541 0.292 1.249 1629 

1304 ” 

Note * 1997198 price 

Severity weightings have been applied to HEs affected by flooding:. pasture 1.5 
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FLOODING 

Watercourse 

Bank 

Flood risk area (ha) 

Effective reach length (km) 

Abbey View 

Right Bank 

48.31 

1.09 

With maintenance - current situation 

Flood Return Period Probability Nr. HEs Probability Average Sr. HEs (a) x (b) 

(Years) 
1 

no flooding 

5 

no flooding 

10 

20% flooded 

15 

40% flooded 

20 

60% flooded 

25 

80% flooded 

30 

100% flooded 

ixiscted Jnterval (a) .4fGcted (b) 
. . . . . 
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Annual Average Number HEs affected without maintenance (AAN ufi.J 0.206 

Summary: flooding 

Right Bank AAN uithou AAN vie, Annual 

(a) (b) (4 - (b) Benefit (f) 

0.206 0.039 0.167 217 

Value of one HE (2) * 1304 

Note * 1997198 price 

Severity weightings have been applied to HEs affected by flooding: pasture 1.5 
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DMAGE BE,WFTITS 
Watercourse 
Bank 
Drainage benefit area (ha) 
Effective reach length (km) -: 
Floodplain topography 
Predominant soil type 
Drainage system 

Abbey View Abbey View 
Left I3 ank Right Bank 
41.95 48.31 
1.09 1.09 
Flat Flat 
Heavy Heavy 
l?iat-ural Natural 

With maintenance, drainage status Good Good 

Without maintenance, drainage status Very bad Very bad 

Annual benefit (E/ha) * 30 30 

Total benefit (5) $ 1259 1449 

* 1997i98 economic prices 

Note 

If the drainage benefit area is not known, multiply the flood risk area by the 
appropriate areal drainage factor, according to soil type and drainage system 

R&D Technical Report W134 



Sensitivity analysis. 
Area1 drainage factor used to determine drainage benefit area 

DRAINAGE BEhmKtTS 

Watercourse 
Bank 
Flood risk area (ha) 
Effective reach length (km) 
Floodplain topography 
Predominant soil type 
Drainage system 
Areal drainage factor 

Drainage benefit area (ha) 

With maintenance, drainage status 

Without maintenance, drainage status 

Annual benefit (S/ha) * 

Total benefit (E) * 

Abbey View Abbey View 
Left Bank Right Bank 
41.95 48.31 
1.09 1.09 
Flat Fiat 
Heavy Heavy 
Natural Natural ’ 
0.4 0.4 

16.78 19.32 

Good GOOd 

Very bad Very bad 

30 30 

503 580 

* 1997198 economic prices 
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AGRICUITURAL BENEmS ONLY 

IllAND USE ASSESSMENT : REACH SmIWY 

Watercourse Abbey,View 
Bank Left Bank 
OS Map. Landranger 115 
Flood risk area (ha) 41.95 
Effective reach length (km) 1.09 @24,880 m-t D29,210 m) 

Land Use Factor Unit 

House Number 1.00 1 
Garden / allotments Number 0.04 

NRP - Manufacturing Area (m’ ) 0.030 
NRP - Distribution Area (m” ) 0.054 
NRP .- Leisure Area (m’ ) 0.032 
NRPL OfZces Area (m’ ) 0.033 
NRP-Retail i Area (m”) 0.035 
N -R P .- Agricultural. Area (m’ ) 0.010 

C Roads Number 2.7 
B Roads Number 6.3 
A Roads (non trunk) Number 15.9 
A Roads (trunk) Number 31.7 
Motorwny Number 63.5 
Railway Number 63.5 

Forestry and scrub * per. 100 ha 
Extensive pasture * per 100 ha 
Intensive pasture- * per 100 ha 
Extensive arable * per 100 ha 
Intensive arable * per 100 ha 

Formal parks Number. 
Golf / race courses Number 
Playing field Number 
Special parks Number 

Number or 
area (a) 

0.4195 

House Equivalents 
HE/unit (b) 

0.6 0.6 

Total HE 
(aI x, Co> 

0.54535 

0 
0 
0 
0 

0.55 
0.50 

I 

Total I-E (c) .* 
HE/km ((c) / effective reach length 

Note 
* Flooding ! drainage scores to be summed 
HE values are at 1991 base 

** Apply area1 drainage factor % required 
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FLOODING 

Watercourse Abbey View 

Bank Left Bank 

Flood risk area (ha) 41.95 

Effective reach length (km) 1.09 

With maintenance - current situation 

Flood Return Period Probability Nr. HEs Probability Average Nr. HEs (a) x (b) 

(years) 

1 
no flooding 

5 

no flooding 

10 

20% flooded 

15 

40% flooded 

20 

60% flooded 

25 

80% flooded 

30 

100% flooded 
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80% flooded 
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Summary: flooding 

Left Bank 

Value of one HE (L) * 

~wchou mu+h 

(a> @I 
0.179 0.034 

1304 

(4 - Co> 
0.145 

Annual 

Benefit (5) 

189 

Note * 1997198 price 

Severity weightmgs have been applied to HEs affected by flooding: 
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# 
GENERAL 1NFORMATlON 

River 

la 

ABBEY VIEW 

2 

1..09 1 

1 SILT/CLAY I Dominanj ,%&ate Type:- 

Grhel, Sand or Silt 

-P (Treat clay as silt) 

4 

Floodplain - FLAT 

R&ing(>I %I) or Flat (< I %) .: c 
J 

Catchent Size I SMALL : 1 

Large (> 25 sq. km) 

+&all (c 25 sq. hi) 
h 

Benefit Area (ha) 90.26 1 

Dominant Land Use Type (LUT) 

(Tflble 1) 

Reach Code 

7 

% Benefit Are 

8a 8b 

Varied Land Use Types (LUT) 

7 (Table’ I) 

EXT. GRASS (1) 

Dominant Soil Type 

9 

SILT ( 

,/’ 
8 Oti& 1 

Note: A!1 table numbers and references relate to R&D Note 5 11, Guidelines for tile Justification of River Maintenance 
‘. 
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MAINTENANCE KXPENDITU:RE 

Maintenance 

Activity 

42 

Unit Cost 

w 

43 

No. of 

Unijs 

!specjfy) 

44, 

Cost/Reacll/ 

Act&ity (L) 

4s 

Iutepul Between 

Maintenance 

A&vities (years) 
:, .’ 

46 

Amortisation 

Value gt 6 o/o 

Discount ‘Rate 
‘. 

(Box 45, Table 18) 

Weedcutting 

763 

BENEFITS OF MAINTENANCE 

Design Standard 

(With ina’intenance) 

Do Nothing 

(Without n&teiiance) 

Challge in Net Benefit Due to Mailltenance 

Net Benefit of Milintenance 

Toti! aimoal cost/reach (5) (Sm box 47) 

Benefit Area (ha) (Box 6) 

Total annual maintenance cost/ha 
,,’ 

(Box 48 /box 49) 

Net return less llood costs 

Net retwn less flood costs 
j..:. 

Change in net benefit less total annual maintenance costs 

Benefit : cost ratio 

(Box 240) 

(Box 4 I a) 

(Box Sl - box 52) 

(Box 53 - box 49 or 50) 

48 

I 763 

49 
90.26 

50 

I 8.5 

51 

[ -7582 

52 
-9929 

53 

I 2347 I 

54 
I 1584 

(BOX 534JOX 48) 1 
3.08 

Note: All table num!>ers and references relate to R&D Note 5 I 1, Guidelines for the Justification of River Maintenance 



Ff$non-y-ddol. and Triburaries 

1.1 Introduction 

This Appendix,presents the results of the application of FDMM and the Guidelines to the Fennon-y-ddoi and 
its triburaries, in the Vale of Clwyd, North Wales. 

1.2 Vale of Clwyd 

1.2.1 Channe! characteristics and drainage network 
The Afon Clwyd rises in the.peary uplands of the Clocaenog’forest to the south .west of-Ruthin.. It ELBOWS 

northwards through the .Vale of Clwyd and disch?rges into Liverpool Bay at Rhyl. The Vale of Clwyd is 
drained by numerous tributaries of the Afon Clwyd and a comprehensive network of drainage diichest 

1.22 Catchment characteristics 
This predominantly upland catchment is rural in character. Land use’ consists of predominantly permanent 
pasture .which is quite productive. However, rushes reduce the herbage value on the wetter land. The flat 
valley floor is grazed by beef-(store catt!e) and sheep and is cut for hay and silage. Small areas-of extensive 
arable are found to the west of Towyn and near Rhuddlan. Silage. crops such as sweetcom are commonly 
grown. Winter wheat is occasionally used as a break crop before reseeding grassland. 

The AfonClwyd is situated within a rift valley of Triassic age. It is bounded to the east and west by older.and 
harder rocks of Silurian age. Soils of the Wallasea association are found at the mouth of the Vale of Cluyd 
(Rudeforth et al, 19%). High groundwater levels may cause severe waterlogging, .although this has been 
alleviated somewhat by the intensive drainage network The Salop association dominates the Vale of Clwyd 
away from the mouth. These stagnogley soils are slowly permeable and seasonally waterlogged. They are-at 
risk from poaching (surface damage by livestock) and compaction which may reduce grass grow%h. 

IL3 River maintenance 
The channel of the -Afon Clwyd is not subject to regular maintenance. Tree and bush work and debris .and 
rub’oish removal is carried out as required and is not scheduled on a regular basis. 

Some tributaries are subject to annual weed removal during the autumn and winter. A Bradshaw Bucket is 
used to cut the bed and bank vegetation in one operation. All the aquatic vegetation .is removed. Prior to 
maintenance, the channels are usually choked by emergent weeds with.100 ‘36 of-the water surface covered by 
vegetation. Phrqmites (Common Reed), Opium (Fool’s Water-cress) and Blanket weed (Cott) are ihe 
dominant types. The culverts and reaches which are inaccessible by machinery are cut by hand. 

1.2.3 Study area 
The study area is-the catchment of-the .Ffynnon-y-ddol and its tributaries Figure 1). The FQnnon-y-ddol is. 
5.69. km in length, a tributary of the Afon Clwyd and rims broadly pa.rallei to the coast of North Waies. It 
discharges inio the Ken Clwyd via the Clwyd pumping station. The tributaries tii discharge under gravity into 
the Ffynnon-y-ddol wirh the exception of the Pensam Drain which is pumped into the Ffyraon-y-ddol via the 
Beigrano pumping sration. 

The catchment .of the Ffynnon-y-ddol is bounded to the east and north by the Moon Clywd and the North Wales 
coast respectively. The embankment on the left bank of the Afon Gele forms the southern. and western 
boundary to the Ff@non-y-ddol catchrnent. 

The F-on-y-ddol is cuiverted through the southern area of-Towyn. The main river branches into three: 
Ffynnon-y-ddol Dyke Farm, Ffyn,noz-y-ddol Gors Branch and F-on-y-ddol Kinmel Way. These provide 
alternative routes for the F-on-y-ddol should one culven become blocked.. In an emergency, if levels in the 
Eyn.non-y-ddol are dangerously Egh and providing there is sticient capacity in the Afon Gele, the flap valves 
may be opened in the ban& of the Afon Gele to allow the Gors Branch leg of the Ffynnon-y-ddol to discharge 
into it. 
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Ffiinnon-y-ddol and Tributaries 

Three watercourses: Towyn Splashover Drain, Splashover Towyn East and Splashover Tovlyn West. serve the 
north ofTowyn. Their purpose is to remove runoff and to provide a route for sea water should a breach of the 
sea defences occur. 

1.3 Application of FDMM to the Ffynnon-y-ddol sod tributaries 

i.3.1 Area of benefit 
The catchment of the Ffynnon-y-ddol is not subject to flccding. The channel has been designed to contain 

flood flows with a return period of 100 years. i\lro historical records of fluvial flooding ai2 documented. The 
benefits of maintenance 2r2 therefore based purely on the benefits to land drainqgs. 

1.32 Land use assessment: drainage 
AApproximately 382 ha of the Ffynnon-y-ddol catchrnent is under agricultural land use. of this area folloxving 
a visual survey of the catchment and through discussions with the Environment .4gency, it is esrimated that 85 
ha experiences good drainage under the current maintenance regime. The remaining area (397 ha) experiences 
bad drainage. The drainage benefit area for each watercourse within the Ffynnon-y-ddol catchmeni is sho*n in 
Table 1. 

According to the procedure defined in FDM&i @3;21), the area of each land use QJXZ subject to bad and very 
bad drainage has been weighted by the appropriate factor (e.g. 1.1 for extensive pasture, FDMM p3/22) to 
determine the drainage score. This drainage score represents the level of damage caused by wterio&ng. 

The drainage score for each natercoursl 5 is shown in Table 1. Full details are shown at the end of this 
-4ppendix. The F@n.non-y-ddol K.inmel Way is excluded from the drainage score analysis because this 
watercourse is Culver-ted for its entire length and hence is not assigned a drainage benefit area. Similarly the 
left bank of the Green -4venue Drain is excluded from the analysis as this borders the Afon Clwyd and also has 
no drainage benefit area. 

Table 1 Drainage score for the Ffvnnon-y-ddol and tributaries 

Watercourse Balk Drainage Benefit Effective Reach Drainage Score 
Area (ha) Length (km) (JmkIn/yr) 

Fijnnon-y-ddol LB 101.90 5.63 0.25 
R.?3 239.10 5.69 0.56 

Ffynnon-y-ddol - Dyke Farm LB 0.48 O.!lX 0.08 
RB 0.92 0.148 0.3 

Ffynnon-y-ddol - Gors Eranch LB 1.52 0.479 0.03 
RE 4.27 0.479 0.12 

Ffynnon-y-ddol - Holland Drive LB 21.27 0.27 1.10 
RI3 3.90 0.27 0.20 

Pensarn Drain LB 16.81 0.667 0.34 
RE 17.57 0.687 0.36 

Towyn Splashover Dram LB 7.80 1.05 0.10 
RE 13.60 1.05 0.18 

Tony-n Splashover East LB 1.89 0.5 17 0.05 
RI3 11.48 0.517 0.31 

Towyn Splashover West LB 9.87 1.073 0.13 
RI3 1.98 1.073 0.63 

Green -4venue Drain RB 17.M 1.15 0.21 
hiore: Figures are subject to rounding 
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1.3.3 Actual-standard of service 
An indication of the adequacy of the existing maintenance regime with respect to set Standards of Service 
(SOS) is provided by combiningthe flood score and drainage score. As the area is-not subject to flooding and as 
no flood risk area is defined, the actual SOS is based purely on the drainage score-(HE/km/yr)-for the current, 
with maintenance situation. 

Comparison of the total score with a target score of 0.5-1.0 HE/km& (FDMM ~3124) enables the current level 
of service provided to be determined. This on target standard (OTS), of 0.5-l HEIkm/yr was derived by the 
Environment Agency, based on analysis of existing SOS. 

The right -banks of the Ffynnon-y-ddol and Ffynnon-y-ddol Dyke Farm are on target (Table 1). Only one . . 
watercourse, the Ffynnon-y-ddol Holland Drive is described as being below target-in the SOS provided.. The 
standard of service provided by most of the watercourses shown in Table:1 may be described as above target. 
This is largely due to the very short.efYective reach lengths.. 

1.3.4 Determining the effect of deterioration in drainage- 
To determine the effect of inadequate drainage on land use, the predictive technique was used (see record sheets 
at end of this -4ppendix). No historical records exist therefore this technique could not be .applied. In the 
absence of maintenance, the drainage status is predicted to deteriorate by one cl&s. 

The annual benefit of preventing a deterioration in drainage status is calculated from the-area affected (ha) 
multiplied by the annual benefit ($/ha) to & gained from preventing.the deterioration. Drainage benefits are 
summarised in Table 2. Full details are presented at the end of this Appendix. 

Tabie 2 Drainage betiefits,,Ffynnon-y-ddol and tributaries 

Watercourse Annual Drainage 
Benefit (2) 

Ffynnon-y-ddol 
Ffynnon-y-ddol - Dyke Farm 
Ffyrmon-y-ddol - Gors Branch 
Ffynnon-y-ddol - Holland Drive 
Ffynnon-y-ddol - Kinmel Way 
Pensarn Drain 
Towyn Splashover Dram . 
Towyn Splashover East 
Towyn Splashover West 
Green Avenue Dram 

Note: Figures are subject to rounding. 

15160 
56 

233 
1012 

0 
1379 
859 
536 
476 
700 

1997/98 prices are used. 

1.3.5 Justifkation 
Justification of the maintenance scheme is undertaken using a comparison of the benefits and costs of 
maintenance in a simple benefit: cost ratio.. 

The total maintenance expenditure (1997/98 prices) of the Environment Agency on the-Ffynnon-y-ddol and 
tributaries is shown-in Table 3. Further details are presented in at the end of this Appendix. The total benefYits 
of maintenance and the benefit:cost ratio are also shown in ‘Table 3. 

The current maintenance regime is justified on six of the nine watercourses (66 %) and marginal on the Towyn 
Splashover West. The Ffynnon-y-ddol Kinmel Way which is culverted and Kimnel Bay Drain which is partly 
Culver-ted and partly a lagoon have been included in the analysis as a system approach has been adopted 
whereby the Ffynnon-y-ddol and all its tributaries are considered. If maintenance were not carried out on these 
culverts, blockages may occur, causing water to back-up upstream with a concomitant impact on drainage 
status and the connected watercourses. 

If the total annual .benefits of maintenance on--the Ffynnon-y-ddol and its tributaries (520411,. 1997198 
economic prices) are compared with the total annual maintenance expenditure (g9476: 1997/98 prices), the 
current maintenance regime may be justified with a benefit:cost ratio of 2.2. 
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Table 3 Benefikcost ratio, Ffynnon-y-ddol atid tributaries 

Watercourse AnnuaI Benefit (5) Annual lMaintenance 
Cost (5) 

Ffynnon-y-ddol 15160 4769 
Ffynnon-y-ddol - Dyke Farm 56 733 
Ffynnon-y-ddol - Gors Branch 233 1095 
Ffjmnon-y-ddol - Holland Drive 1012 95 
FQnnon-y-ddol - KinmeI Way 0 366 
Pensarn Drain 1379 412 
Towyn Splashover Drain 859 457 
Toayn Splashover East 536 366 
Towyn Splashover West 476 525 
Green Avenue Drain 700 582 
Kimnel Bay Drain 0 76 

Total 20411 9476 
Note: Figures are subject to rounding. 1997/98 prices are used. 

Benefit: Cost Ratio 

3.2 
0.1 
0.2 

10.7 
0.0 
3.3 
1.9 
1.5 
0.9 
1.2 
0.0 

2.2 

1.4 Sensitivity Analysis 

1.41 -Maintenance costs 
In accordance Qith FDAMM, maintenance expenditure has been increased by 15% and the benefits reduced by 
15% in order to check the sensitivity of assumptions made on the benefit:cost ratio. The results of this are 
shown in Table 4. If these results are compared with the actual benefits and costs shown in Table 3, the same 
six maintenance schemes remain justijied. The benefit:cost ratios therefore of this watercourse system are 
therefore relatively insensitive to assumptions made. 

Table 4 Sensitivity analysis: benefit:cost ratio, F’fynnon-y-ddol and tributaries 

Watercourse 

Ffynnon-y-ddol 15160 5484 2.8 
Ffynnon-y-ddol - Dyke Farm 56 843 0.1 
Ffynnon-y-ddol - Gors Branch 233 1259 0.2 
Ffynnon-y-ddol - Holland Drive 1012 109 9.3 
Ffjnnon-y-ddol - Kinmel Way 0 421 0 
Pensarn Drain 1379 474 2.9 
Towyn Splashover Drain 859 526 1.6 
Towyn Splashover East 536 421 1.3 
Tomyn Splashover West 476 604 0.8 
Green -venue Drain 700 669 1.0 
Kinmel Bay Drain 0 87 0 
Note: Figures are subject to round g. 1997198 prices are used. 

Benefit cost (5) B:C Benefit (Q B:C 
(E) Increased Ratio Reduced Ratio 

15% 15% 

12886 2.7 
48 0.1 

198 0.2 
860 9.1 

0 0 
1172 2.5 
730 1.6 
456 1.2 
405 0.8 
595 1.0 

0 0 

I 

1 

Benefits Reduced 
15% Costs 

Increased 15% 
B: C Ratio 
,..I 3’ 
0.1 
0.2 
7.9 

0 
2.5 
1.4 
1.1 
0.7 
0.9 

n 

1.5 Application of the Guidellines to the Ffynnon-y-ddol and tributaries 

1.51 Introduction 
The following sections present the results of the application of the Guidelines to the Ffynnon-y-ddol and its 
tributaries. The same data are used as in the application of FDMM in order that results from the two methods 
may be compared. The completed record sheets and ‘cables/figures required in the use of the Guidelines are 
presented at the end of this Appendix. 
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1.5.2 General information 
Dominant substrate 
Following rapid survey of the watercourse and discussions with the Environment Agency, the dominant 
substrate of the Ffynnon-y-ddol and tributaries is classed as clay. 

Floodplain topography . . 
The floodplain of the Ffynnon-y-ddol catchment is classed as flat with a slope of < 1% 

Catchment size 
The catchment area of the Ffynnon-y-ddol and its tributaries is described as small (< 2500 ha). 

Benefit area 
The area benefiting from maintenance in terms of its impact on land drainage is taken to be the same as that 
identified using FD,MM. This benefit area for each watercourse is listed in Table 5. The left and right banks. 
are not treated separately in the Guidelines. 

Table 5 Benefit areas 

Watercourse Benefit Area (ha) I 
Ffynnon-y-ddol 351 
Ffynnon-y-ddol - Dyke Farm 1.4 
Ffynnon-y-ddol - Gors Branch 5.8 
Ffynnon-y-ddol - Holland Drive 25.2 
Pensam Drain 34.4 
Towyn Splashover-Drain 21.4 
Towyn Splashover East 13.4 
Towyn Splashover West 11.9 
Green -4venue Drain 17.4 

Note: Figures are subject to rounding.--! 

Land use type. 
Following site survey, the land use type is split.between extensive pasture (LUT l), which is grazed by beef and 
sheep and intensive pasture &UT 2). A small area of land under a grass/arable rotation (LUT 3) lies within the 
benefit area of the Ffynnon-y-ddol. Full details are presented in the Guideline record sheets at the end of.th.is 
Appendix:- 

Dominant.soil type- 
From a rapid,assessment of the benefit area and using secondary data sources (SSEW 1980), the dominant soil 
type is identified as clay loam for all benefit areas except those relating to the Towyn Splashover Drain, East 
and West. These soils are predominantly clay, 

1.53 Design standard.(maintained condition) 
Average bed width and average channel depth. . . 
The average bed widths and channel- depths ranu =e. from 0.8-2.2 m and ‘1.52.5 m respectively. These 
parameters were measured by the.NRA and predecessors. Further details may be found at the end of this 
Appendix in the Guidelines record sheets. 

Freeboard 
The average, freeboard .under. conditions of mean spring flow ranges from 1.2-2.1 m -according to the 
watercourse concerned. This parameter was measured by the NRA and predecessors. 

Watertable depth and drainage status. 
The water-table depths associated with the flat floodplain, clay. loam and clay soils and freeboard of. each 
watercourse are estimated from Figure 2.6 in the- main text. The drainage status associated with, these 
watertable depth is shown in Table 6. 
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Economic net return 
Using the varied land use type of extensive pasture, intensive pasture and grass/arable rotation and the drainage 
status previously identified, the total armual economic net return associated with the benefit area of each 
watercourse is shown in Table 7. 

Table 6 Drainage status with maintenance 

Watercourse Drainage Status 
With Maintenance 

Ffynnon-y-ddol Bad 
Ffynnon-y-ddol - Dyke Farm Bad 
Ffynnon-y-ddol - Gors Branch Good 
Ffynnon-y-ddol - Holland Drive Bad 
Pensarn Drain Bad 
Towyn Spiashover Drain Bad 
Towyn Splashover East Bad 
Towyn Splashover West Very bad 
Green Avenue Drain Bad 

Table 7 Economic net return according to drainaEe status 

Watercourse Annual Economic Net Return 
(E) With Maintenance 

Ffynnon-y-ddof 7554 
Ffynnon-y-ddol - Dyke Farm 1 
Ftjnnon-y-ddol - Gors Branch 147 
Ffynnon-y-ddol - Holland Drive 10 
Pensarn Drain 15 
Towyn Splashover Drain 11 
Towyn Splashover East 6 
Towyn Splashover West -527 
Green Avenue Drain 7 
Total, for all watercourses 7214 

Note: Figures are subject to rounding. 1997/98 prices are used. 

Bankfull discharge 
As the benefit area is not prone to floodin g, the bankfull discharge need to be calculated. 

Flood costs 
The benefit area is not prone to flooding, therefore flood costs are not identified. 

Design standard benefit area value 
The value of the benefit area under the current maintenance regime is shown by the total of the drainage 
benefits. These are shown in Table 7 for each watercourse and for the system as a whole. 

1.5.4 Maintenance regime 
It is assumed that maintenance increases the channel width by 50% through removal of emergent vegetation. 

The impact of widening the channel on freeboard was calculated using Table 2.8 in the main text. Assuming 
an increase in width of 50%, the corresponding increase in freeboard is 9%. The impact of maintenance on 
freeboard is shown for each watercourse in the Guideline record sheets at the end of this -4ppendix. 

1.5.5 Do-nothing (without maintenance) 
Drainage status 
The change in freeboard as a consequence of maintenance is used to determine the watertable depth and the 
corresponding drainage status which would prevail in the absence of maintenance. Using Figure 2.6 in the 

.main text, the without maintenance drainage status for each watercourse has been assessed, as shown in Table 
8. 
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Economic net return : 
Using.the varied land use types and drainage status identified in Table 8, the annual economic net return for 
the benefit area of each watercourse is shown in Table 9. This provides an indication of the value of the benefit 
area under a ‘without’ maintenance situation. 

Table 8. Drainage status without maintenance 

Watercourse Drainage Status 
With Maintenance 

Ffynnon-y-ddol Very bad 
Ffynnon-y-ddol - Dyke Farm Very bad 
Ffynnon-y-ddol - Gors Branch Bad 
Ffynnon-y-ddol - Holland Drive Very bad 
Pensarn Drain. Verybad : 
Towyn Splashover Drain Very bad 
Towyn Splashover East Very bad 
Towyn Splashover West Very bad 
Green Avenue Drain Very bad. 

Table 9 Economic net return according.to drainage status 

Watercourse Annual Economic Net Return (E) : :- 
Without Maintenance 

Ffynnon-y-ddol -10190 
Ffynnon-y-ddol - Dyke Farm ;. -62 
Ffynnon-y-ddol - Gors Branch 4 
Ffynnon-y-ddol - Holland Drive -1124 
Pensam Drain -1532 
Towyn Splashover Drain -952 
Towyn Splashover East -596 
Towyn Splashover West -527 
Green -4venue Dram -778 
Total, for aI1 watercourses -15757 

Note: Figures are-subject to rounding. 1997/98 prices are used. 

1.5.6 Maintenance costs 
As identified in Section 1.3.5, the total annual maintenance expenditure on.the Ffynnon-y-ddol and tributaries 
is fig476 (1997/98 prices). 

15.7 Benefit of maintenance 
The difference in value of the benefit area ‘with’ and ‘without’ maintenance is used to determine the benefit of .- 
maintenance. From the figures presented in Tables 7 and 9, the benefit of maintenance is calculated to be 
;E22981 for the catchment as a whole.. Further.details are presented in the Guideline record sheets at the end of 
this _4ppendix. 

1.5.8 Justification 
If the catchment is taken as a whole, with the benefits of maintenance in each drainage benefit area summed, 
the net benefit of maintenance (522981) is greater than the annual maintenance expenditure (g9476), therefore 
the maintenance regime may be justified. The benefit:cost ratio is 2.4. 

If the watercourses are looked at individually; the current maintenance regime may be justised on six of the 11; 
the same six watercourses which were justified using.FDMM. 
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Order of record sheets presented in the following pages: 

FDMM 

Annual maintenance costs 

Drainage score 

Drainage benefits 

GUIDEL~S 

General information 

Design standard 

Maintenance regime 

‘Do-nothing’ - Without maintenance 

Maintenance expenditure and benefits of maintenance 
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1997/98 prices 

Watercourse iAmmd Maintenance 
cost (5) 

Ffynnon-y-ddol 4769 
Ffynnomy-ddol - Dyke Farm 733 
Ffynnon-y-ddol - Gors Branch. 1095 
Ffymron-y-ddol - Holland Drive 95 

Ffynnon-y-ddol - Kinmel Way 366 

Pensam Dram 312 
Towyn Splashover Drain 457’ 
Towyn Splashover East k 366 
Tcwyn Splashover West 525 
Green ,4venue Drain 582 :. 
Kinmel Bay Drain 76 

Clwyd pumping station 
annual maintenance 
electricity (approximate cost) 

3232 
2000 

Belgrano pumping station 
annual maintenance 
electricity (approximate cost) 

3232 
2000 

Maintenance of assets 
flap valves 1008 
grids (weed screens) 860 

Total annual maintenance costs 17808 
(excluding pumping station running costs). 
Total annual maintenance costs 15940 
(excluding pumping station rurming~costs and maintenance of assets) 

Total 21808 

Source: Environment Agency (Welsh Region) 
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Watercourse Ffynnon-y-ddol 

Bank LB 
Drainage benefit area (ha) 101.9 
Effective reach length (km) 5.69 
Floodplain topography Flat 
Predominant soil type Heavy 
Drainage system Developed ditch 

a Land use type 

b Drainage benefit area (100 ha) 

c Area subject to ‘poor’ drainage status, under the 
current maintenance regime (100 ha) 

d Losses due to drainage status poor 

e Losses per land use type (c * d) 

f To’& losses for reach (HE/yr) 

Forestry Extensive Intensive Extensive Intensive 
scrub pasture pasture arable arable 

0 0.76 0.26 0 0 

0 0.76 0.13 0 0 

0 1.1 4.5 3.6 9.7 

0 0.84 0.57 0.00 0 

1.41 

g Drainage score (H!Ykm/yr) (f / effective reach length) 0.25 

Watercourse 
Bank 
Drainage benefit area (ha) 
Effective reach length (km) 
Floodplain topography 

Predominant soil tyye 
Drainage system 

Ffynnon-y-ddol 
RB 
249.1 
5.69 
Flat 
Heavy 
Developed ditch 

a Land use type 

b Drainage benefit area (100 ha) 

c Area subject to ‘poor’ drainage status, under the 

Forestry Extensive Intensive Extensive Intensive 
scrub pasture pasture arable arable 

0 1.62 0.62 0.25 0 

current maintenance regime (100 ha) 0 1.62 0.31 - 0 0 

d Losses due to poor drainage status 0 1.1 4.5 3.6 9.7 

e Losses per land use type (c * d) 0 1.78 1.40 0 0 

f Total losses for reach (HEYyr) 3.18 

g Drainage score (HE/km/yr) (f / effective reach length) 0.56 

Note: Based on data collected by WS Askins, for the Environment z4gency Welsh Region, 1996/97. 

Losses due to poor drainage status are the waterloang damage factors presented in FDMM, ~3122 Table 3.9 

Figures are subject to rounding. 
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Watercourse Ffyrmon-y-ddol Dyke Farm 

Bank LB 

Drainage benefit area (ha) 0.48 

Effective reach length (km) .: 0.148 

Floodplain topography Flat 

R-edominant soil type Heavy 

Drainage system Developed ditch 

a Land use type 

b Drainage benefit area (100 ha) 

c Area subject to ‘poor’ drainage status, under the- 
current maintenance regime (100 ha) 

d Losses due to drainage status poor. 

e Losses per land use type (c * d) 

f Total losses for reach (HE&) 

Forestry Extensive Intensive Extensive Intensive 

scrub- pasture pasture arable arable 

0 0.004 0.004 0 0 

0 0.004 0.002 0 0 

0 1.1 4.5 3.6 9.7 

0 0.00 0.01 0 0 

0.01 

g Drainage score (HE/km/yr) (f / effective reach length) 0.08 

Watercourse 

Bank 

Ffynnon-y-ddol- Dyke Farm.. 

RB. 

Drainage benefit area (ha) 

Effective reach length (km) 

Floodplain topography 

Predominant soil tqpe 

Drainage system 

0.92 

0.148 

Flat. 

Heavy 
Developed ditch 

a Land use type Forestry Extensive Intensive Extensive Intensive 

scrub pasture pasture arable arable. 

b Drainage benefit area (100 ha) 0 0.007 0.002 0 0 

c Area subject to ‘poor’ drainage~stams, under the 
current maintenance regime (100 ha) 0 0.069 0.001 0 0 

d Losses due to drainage status poor 0 1.1 43 3.6 9.7 

e Losses per land use type (c * d) 0 0.08 0.01 0 0 

f Total losses for reach (HE/yr) 0.08 

g Drainage score (HE/km/yr) (f /. effective reach length) : 0.55 

Note: Based on data collected by WS Atkins, for the Environment Agency Welsh fiegion, 1996197: 

Losses due to poor drainage status are the waterlog&ngdamage factors presented in FDMM, ~3122 Table 3.9. 

Figures are subject to rounding.-. 
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Watercourse 

Bank 

Drainage benefit area (ha) 

Effective reach length (km) 

Floodplain topography 

Predominant soil type 

Drainage system 

Ffynnon-y-ddol Gors Branch 

LB 

1.52. 

0.479 

Fiat 

Heavy 

Developed ditch 

Land use type 

Drainage benefit area (100 ha) 

kea subject to ‘poor’ drainage status, under the 
current maintenance regime (100 ha) 

Losses due to poor drainage status 

Losses per land use type (c * d) 

Total losses for reach (HE/yr) 

Drainage score (HE/km@) (f / effective reach length) 0.04 

Forestry Extensive Intensive Extensive Intensive 

scrub pasture pasture arable arable 

0 0.011 0.004 0 0 

0 0.011 0.002 0 0 

0 1.1 4.5 3.6 9.7 

0 0.01 0.01 0 0 

0.02 

Watercourse Ffynnon-y-ddol Gors Branch 

Bank RB 

Drainage benefit area (ha) 4.271 

Effective reach length (km) 0.479 

Floodplain topography Flat 

Predominant soil type Heavy 
Drainage system Developed ditch 

a Land use type Forestry Extensive Imensive Extensive Intensive 

scrub pasture pasture arable arable 

b Drainage benefit area (100 ha) 0 0.032 0.011 0 0 

c kea subject to ‘poor’ drainage status, under the 
current maintenance regime (100 ha) 0 0.032 0.005 0 0 

d Losses due to poor drainage status 0 1.1 4.5 3.6 9.7 

e Losses per Iand use type (c + d) 0 0.04 0.02 0 0 

f Total losses for reach (HEiyr) 0.06 

g Drainage score (HElkmJyr) (f / effective reach length) 0.12 

Note: Based on data collected by WS Atkins, for the Environment Agency Welsh Region, 1996197. 

Losses due to poor drainage status are the waterlogging damage factors presented in FDMM, ~3122 Table 3.9. 

Figures are subject to rounding. 

R&D Technical Report WI34 



DRAINAGE 

Watercourse Ffynnon-y-ddol Holland Drive 

Bank LB’ 

Drainage benefit area (ha) 21.27 

Effective reach length (km) 0.27 

Floodplain topography Flat 

Predominant soil type Heavy 
Drainage system Developed ditch 

a Landusetype 

b Drainage,benefit area (100 ha) 

c Area subject to ‘poor’ drainage status, under the 
current maintenance regime (100 ha) 

d Losses due to poor drainage status 

e Losses per land use tqpe (c * d) 

f Total losses for reach (HE/yr) 

Forestry Extensive Intensive Extensive Intensive 

scrub pasture pasture arable arable 

0 0.16 0.05 0 0 

0 0.16 0.03 0 0 

0 1.1 4.5 3.6 9.7 

0 0.18 0.12 0. 0 

0.30 

g Drainage,score (HE/km&) (f / effective reach length) 1.10 

Watercourse Ffynnon-y-ddol Holland Drive 

Bank 533 
Drainage benefit area (ha) 3.9 
Effective reach length (km) 0.27. 
Floodplain topography Flat 
Predominant soil type Heavy 
Drainage system Developed ditch 

a Land use type 

b Drainage benefit area (100 ha) 

c Area subject to ‘poor’ drainage status, under the 

Forestry Extensive Intensive Extensive Intensive 

scrub pasture pasture. arable :. arable 

0 0.029 0.010 -: 0 0 

current maintenance regime (100 ha) 0.029 0.005 0 0 

d Losses due to poor drainage status 0 1.1 4.5 3.6 9.7 

e Losses per land use type (c * d) 0 0.03 0.02 0 0 

f Total losses for reach (HE/yr) 0.05 

g Drainage score (HEkm/yr). (f / effective reach length). 0.20 

Note: Based on data collected by WS Atkins, for the Environment Agency Welsh Region, 1996/97. 

Losses due to poor drainage status are the-waterloang damag.e factors presented in FDMM, ~3122 Table 3.9. 

Figures are subject to rounding.. 
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DRAINAGE 
WaterCOUrSe F’fynnon-y-ddol Kinmel Way 

Bank LB 

Drainage benefit area (ha) 0 (Culvert) 

Effective reach length (km) 0 

Floodplain topography Flat 

Predominant soil type Heavy 

Drainage system Developed ditch 

a Land use type 

b Drainage benefit area (100 ha) 

c Area subject to ‘poor’ drainage status, under the 
current maintenance regime (100 ha) 

d Losses due to drainage status poor 

e Losses per land use type (c * d) 

Forestry Extensive Intensive Extensive Intensive 

scrub pasture pasture arable arable 

0 0 0 0 0 

0 0 0 0 0 

0 1.1 4.5 3.6 9.7 

0 0 0 0 0 

f Total losses for reach (HE&) 0 

g Drainage score (HE&n&r) (f / effective reach length) 0 

Watercourse 
Bank 

Ffynnon-y-ddol Kinmel Way 

LB 

Drainage benefit area (ha) 
Effective reach length (km) 
Floodplain topography 
Predominant soil type 
Drainage system 

0 (Culvert) 
0 

Flat 
Heavy 
Developed ditch 

a Landuse type 

b Drainage benefit area (100 ha) 

c Area subject to Ipoor’ drainage status, under the 

Forestry Extensive Intensive Extensive Intensive 

scrub pasture pasture arable arable 

0 0 0 0 0 

current maintenance regime (100 ha) 0 0 0 0 0 

d Losses due to drainage status poor 0 1.1 4.5 3.6 9.7 

e Losses per land use type (c * d) 0 0 0 0 0 

f Total losses for reach (HE/yr) 0 

g Drainage score (HEQkm/yr) (f / effective reach length) 0 

Note: Based on data collected by WS Atkins, for the Environment Agency Welsh Region, 1996/97. 

Losses due to poor drainage status are the waterlogging damage factors presented in FDMM, p3/22 Table 3.9. 
Figures are subject to rounding. 
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Watercourse Pensarn Drain 

Bank LB 

Drainage benefit area (ha). 16.81 

Effective reach length (km) 0.687 

Floodplain topography Flat 

Predominant soil type Heavy 

Drainage system Developed ditch 

a Land use + 

b Drainage benefit area (100 ha) 

c Area subject to ‘poor’ drainage status, under the ._ 
current maintenance regime (100 ha) 

d Losses due to drainage status poor 

e Losses per land use type (c * d) 

f -Total losses for reach (HE&r) 

Forestry Extensive Intensive Extensive Intensive 

scrub pasture pasture arable arable 

0 0.13 0.04 0 0 

0 0.13 0.02 0 0 

0 1.1 43 3.6 9.7 

0 0.14 0.09 0 0 

0.23 

g Drainage score (HEMyr) (f / effective reach-length) 0.34 

Watercourse Pensarn Drain : 

Bank RB 

Drainage benefit area (ha). 17.57 
Effective reach length (km) 0.687 
Floodplain topography Flat 
Predominant soil type. Heavy 
Drainse system Developed ditch 

a Land use type 

b Drainage benefit area (100 ha) 

c Area subject to ‘poor’ drainage status, under. the 
current maintenance regime (100 ha) 

d Losses due to poor drainage status 

e Losses per land use type (c * d) 

f Total losses for reach (HE@) 

g Drainage score @IEkm/yr) (f / effective reach length) 

Forestry Extensive Intensive Extensive Intensive 
scrub pasture pasture arable arable 

0 0.13 .. 0.04. 0 0 

0 0.13 0.02 0 0 

0 1.1 4;5 3.6 9.7 

0 0.15. 0.10 0 0 

0.24 

0.36 

Note:, Based on data collected by WS Atkins, for the Environment Agency Welsh Region; 1996197. 

Losses due to poor drainage status are the waterlogging damage factorspresented in FDMM, p3/22 Table 3.9 

Figures are subject to rounding. 
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Watercourse Towyn Splashover Drain 

Bank LB 

Drainage benefit area (ha) 7.8 

Effective reach length (km) 1.05 

Floodplain topography Flat 

Predominant soil type Heavy 

Drainage system Developed ditch 

a Land use type Forestry Extensive Intensive Extensive Intensive 

b Drainage benefit area (100 ha) 

c -Area subject to ‘poor’ drainage status, under the 
current maintenance regime (100 ha) 

d Losses due to drainage status poor 

e Losses per land us2 type (c * d) 

f Total losses for reach (HE&) 

scrub pasture pasture arable arable 

0 0.06 0.02 0 0 

0 0.06 0.01 0 0 

0 1.1 4.5 3.6 9.7 

0 0.06 0.04 0 0 

0.11 

g Drainage score (HEMyr) (f / effective reach length) 0.10 

Watercourse 

Bank 

Drainage benefit area (ha) 
EfCective reach length (km) 

Floodplain topography 

Predominant soil type 

Drainage system 

Towyn Splashover Drain 

Ia3 
13.6 

1.05 

Flat 

Heavy 
Developed ditch 

a Land use type 

b Drainage benefit area (100 ha) 

c Area subject to ‘poor’ drainage status, under the 
current maintenance regime (100 ha) 

d Losses due to poor drainage status 

e Losses per land use type (c * d) 

f Total losses for reach (HE&r) 

g Drainage score (HE/km/yr) (f / effective reach length) 

Forestry Extensive Intensive Extensive Intensive 

scrub pasture pasture arable arable 

0 0.10 0.03 0 0 

0 0.10 0.02 0 0 

0 1.1 4.5 3.6 9.7 

0 0.11 0.08 0 0 

0.19 

0.18 

Note: Based on data collected by WS Atkins, for the Environmenr Agency Welsh Region, 1996197. 

Losses due to poor drainag2 status are the waterlogging damage factors presented in FDMM, p3/22 Table 3.9. 

Figures are subject to rounding. 
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‘DRAINAGE 

Watercourse Towyn Splashover East 

Bank LB 

Drainage benefit area (ha) 1.887 

Effective reach length (km) 0.517 

Floodplain topography Flat 

Predominant soil type Heavy 
Drainage system Developed ditch 

a Land use type 

b Drainage benefit .area (100 ha) 

c Area subject to ‘poor’ drainage status, under the 
current maintenance regime (100 ha) 

d Losses due to drainage status poor 

e Losses per land use type (c * d) 

f Total losses for. reach (HE/yr) 

Forestry Extensive Intensive Extensive Intensive 

scrub I’ pasture pasture arable . . arable 

0 0.014 -1 0.005 0 0 

0 0.014 ‘F 0.002. 0 0 

, 0 1.1 4.5 3.6 9.7 

0 0.02 0.01 0 0 

0.03 

g Drainage. score (HEYkm/yr) (f / effective reach length) 0.05 

Watercourse 

Bank 
Drainage benefit area (ha) 

Effective reach length (km) 

Floodplain topography 

Predominant soil type 

Drainage system 

Towyn Splashover E&t 

RI- 

11.48 

0.517 

Flat 

Heavy 

Developed ditch 

a Land use type 

b Drainage benefit area (100 ha) 

c Area subject to ‘poor! drainage status, underthe. 

Forestry Extensive Intensive Extensive Intensive 

scrub pasture pasture arable arable 

0 0.09 0.03 0 0 

current maintenance repime (100 ha) 0 0.09 0.01 0 0 

d Losses due to poor drainage status 0 1.1 4.5 3.6 9.7 

e Losses per land use type (c * d) 0 0.09 0.06 0 0 

f Total losses for reach (HE/yr) 0.16 

g Drainage score (HEkm/yr) (f / effective reach length) 0.31 

Note: Based on data collected by WS Atkins, for the Environment Agency Welsh Region, 1996197. 

Losses due to poor drainage status are the vvaterlogging damage factors presented in FDMM, p3/22 Table 3.9. 

Figures are subject to rounding. 
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Watercourse Towyn Splashover West 

Bank 
Drainage benefit area (ha) 
Effective reach length (km) 

Floodplain topography 
Predominant soil type 
Drainage system 

LB 

9.871 
1.073 
Flat 
Heavy 
Developed ditch 

a Land use type 

b Drainage benefit area (100 ha) 

c Area subject to ‘poor’ drainage status, under the 
current maintenance regime (100 ha) 

d Losses due to drainage status poor 

e Losses per land use type (c * d) 

f Total losses for reach (HE/yr) 

Forestry Extensive Intensive Extensive Intensive 

scrub pasture pasture arable arable 

0 0.07 0.02 0 0 

0 0.07 0.01 0 0 

0 1.1. 4.5 3.6 9.7 

0 0.08 0.06 0 0 

0.14 

g Drainage score (HEkm/yr) (f / effective reach length) 0.13 

Watercourse 
Bank 
Drainage benefit area (ha) 
Effective reach length (km) 
Floodplain topography 
Predominant soil type 
Drainage system 

Towyn Splashover West 
It.33 
1.98 
1.073 
Flat 
Heavy 
Developed ditch 

a Land use type 

b Drainage benefit area (100 ha) 

c kea subject to ‘poor’ drainage status, under the 

Forestry Extensive Intensive Extensive Intensive 

scrub pasture pasture arable arable 

0 0.015 0.005 0 0 

current maintenance regime (100 ha) 0 0.015 0.002 0 0 

d Losses due to poor drainage status 0 1.1 4.5 3.6 9.7 

e Losses per land use type (c * d) 0 0.02 0.01 0 0 

f Total losses for reach (HE/yr) 0.03 

g Drainage score (HEkm/yr) (f / effective reach length) 0.03 

Note: Based on data collected by WS Atkins, for the Environment hgency Welsh Region, 1996/97. 

Losses due to poor drainage status are the v,aterlogging damage factors presented in FDMM, ~3122 Table 3.9. 

Figures are subject to rounding. 
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DRAINAGE 

Watercourse Green AvenwDrain 

Bank LB 
Drainage benefit area (ha) 0 (Zero as against Afon Clwyd) 
Elective reach length (km) 0 

Floodplain topography Flat : 

Predominant soil type Heavy 
Drainage system Developed ditch 

a Land use type Forestry Extensive Intensive Extensive Intensive 

b Drainage benefit area (100 ha) 

c Area subject to ‘poor’ drainage status, under the 
current maintenance regime (100 ha) 

d Losses due to drainage status poor 

e Losses per land use type (c * d) 

f Total losses for reach (HE/yr) 

scrub pasture pasture arable arable 

0 0 0 0 0 

0 0 0 0 0 

0 1.1 3.5 3.6 9.7 

0 0 0 0 0 

0 

g Drainage score (HE/km/yr) (f / effective reach length) 0 

Watercourse Green Avenue Drain 
Bank RB, 
Drainage benefit area (ha) 17.44 
Effective reach length (km) 1.15 
Floodplain topography Flat. 
Predominant soil type Heavy 
Drainage system Developed ditch 

a Land use type- 

b Drainage benefit area (100 ha) 

c Area subject to ‘poor’ drainage status, under.the 

Forestry Extensive Intensive Extensive Intensive 

scrub . . pasture pasture arable. arable 

0 0.13. 0.04 0 0 

current maintenance regime (100 ha) 0 0.13 0.02 0 0 

d Losses due to poor drainage status. 0 1.1 4.5 3.6 9.7. 

e Losses per land use type (c * d) . . 0 0.13. 0.10 0 0 

f Total losses for reach (HE/yr) 0.24 

g Drainage score (HE/km/yr) (f / effective reach length) 0.21 

Note: Based on data collected by W5 ,4tkins, for the Environment Agency Welsh Region, 1996/97. 

Losses due to poor drainage status are the waterlogging damage factors presented in FDMM, p3/22 Table 3.9. 

Figures are subject to rounding:. 
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Watercourse Ffynnon-y-ddol 

Bank Left Bank R&ht Bank 

Drainage benefit area (ha) 101.9 249.1 

Land use Ext. pasture mt. pasture Int. pasture Ext. pasture Int. pasture Int. pasture Ext. arable 

W&h maintenance, drainage status Bad Good Bad Bad Good Bad Good 

Without maintenance, drainage status Very bad Bad Very bad Very bad Bad Very bad Bad 

Area affected by deterioration (ha) 76 13 13 162 31 31 25 

Annual benefit (f/ha) * 22 75 114 22 7s 114 65 

Annual benefit per land use type (zC) * 1681 956 1454 3564 2336 3551 1619 

Total benefit (2) * 15160 

* 1997198 economic prices Figures are subject to rounding 

Watercourse Ffynnon-y-ddol Dyke Farm 

Bank Left Bank 

Drainage benefit area (ha) 0.48 

Right Bank 

0.92 

Land use Ext. pasture Int. pasture Int. pasture Ext. pasture Int. pasture Int. pasture 

With maintenance, drainage status Bad Good Bad Bad Good Bad 

Without maintenance, drainage status Very bad Bad Very bad Very bad Bad Very bad 

Area affected by deterioration (ha) 0.36 0.06 0.06 0.69 0.12 0.12 

AMIMI benefit (f/ha) * 22 75 114 22 75 114 

Annual benefit per land use type (i) * 8 5 7 15 9 13 

Total benefit(f) * 56 

* 1997/98 economic prices Fi,wes are subject to rounding 

Watercourse FQnnon-y-ddol Gors Branch 

Bank Left Bank Right Bank 

Drainage benefit area (ha) 1.52 4.271 

Land use Ext. pasture Int. pasture Int. pasture Ext. pasture Int. pasture Int. pasture 

With maintenance, drainage status Bad Good Bad Bad Good Bad 

Without maintenance, drainage status Very bad Bad Very bad Very bad Bad Very bad 

Area affected by deterioration (ha) 1.14 0.19 0.19 3.20 0.54 0.54 
Annual benefit (Uha) * 22 75 114 22 75 114 

Annual benefit per land use type (g) * 25 14 22 70 40 61 
Total benefit (f) * 233 

* 1997198 economic prices F&es are subject to rounding 
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Watercourse Ffynnon-y-ddol Holland Drive .. 

Bank Left Bank Right,Bank 

Drainage benefit area (ha) 21.27. 3.9 

Land use Ext. pasture Int. pasture Int. pasture Ext. pasrure Int. pasture Int. pasture 

With maintenance. drainage status Bad Good Bad Bad Good Bad 

Without maintenance: drainage status Very bad Bad Very bad Very bad Bad Very bad 

.kea affected by deterioration (ha) . 16.00 2.66 2.66 2.93 0.49 0.49 

kmual benefit (&%a) * 22 75 114 22 75 114 

Annual benefit per land use type (g) * 352 200 303 64 37 56 

Total benefit.(f) * 1012 

* 1997/98 economic prices Figures are subject to rounding 

Watercourse Pensarn Drain 

Bank Left Bank Right Bank 

Drainage benefit area (ha) . . 16.81 17.57. 

Land use Ext. pasture Int. pasture Int. pasture Ext. pasture Int. pasture l&t. pasture 

With maintenance, drainage status Bad Good Bad Bad Good Bad 

Without maintenance, drainage status Very bad Bad Very bad Very bad . . . Bad Very bad 

Area affetied by deterioration (ha) . . 12.6 2.1 2.1 13.2 2.2 2.2 

Annual benefit (f/ha) * 22 75 114 22 75 114 

/mmal benefit per land use type (L) * 277 158 239 290 165 250 

TotaI benefit (f) * 1379. 

* 1997/98 economic prices Figures are subject to rounding 

Watercourse Towyn Splashover Drain 
Bank Left Bank Right Bank .I 
Drainage benefit area @a) .. 7.8 13.6 

Land use Ext. pastures Int. pasture Int. pasture Ext. pasture Int. pasture Int. pasture 

With maintenance, drainage status Bad Good Bad Bad Good Bad 
Without maintenance. drainage status Very bad Bad Very bad Very bad Bad Very bad 
Area affected by deterioration (ha) . 5.85. 0.98 0.98 10.20 1.70 1.70 
Anuual benefit (f/ha) * 22 75 114 22 75 114 

.kx~ual benefit per land use type (f) * 129 73 111 224 128.. 194 
Total benefit (L) * 859 ” 

* 1997198 economic prices Figures are subject to rounding. 
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Watercourse Tovqn Splashover East 

Bank Left Bank 

Drainage benefit area @a) 1.887 

Bight Bank 

11.48 

Land use Ext. pasture Int. pashue Int. pasture Ext. pasture Inr. pasture ht. pasture 

With maihenance, drainage status Bad Good Bad Bad Good Bad 

Without maintenance, drainage status Very bad Bad Very bad Very bad Bad Very bad 

Area afkzted by deterioration @a) 1.42 0.24 0.24 8.61 1.44 1.44 

Annual benefit (f/ha) * 22 75 114 22 75 114 

Annual benefit per land use type (%) * 31 18 27 189 108 164 

Total benefit (g) * 536 

* 1997198 economic prices Figures are subject to rounding 

Watercourse 

Bank 

Drainage benefit area (ha) 

Towyn SpIashover West 

Left Bank 

9.871 

Bight Bank 

1.98 

Land use Ext. pasture ht. pasture Int. pasture Ext. pasture Int. pasture ht. pasture 

With maintenance, drainage status Bad Good Bad Bad Good Bad 

Without maintenance, drainage status Very bad Bad Very bad Very bad Bad Very bad 

Area affected by deterioration (ha) 7.40 1.24 1.24 1.49 0.25 0.25 

annual benefit (&a) * 22 75 114 22 75 114 

Annual benefit per land use type (f) * 163 93 141 33 19 29 

Total benefit (5) * 476 

* 1997198 economic prices Fi-rmres are subject to rounding 

Watercourse Green Avenue Drain 

Bank Left Bank Bight B’ank 
Drainage benefit area (ha) 0 17.44 

Land use Ext. pasture ht. pasture Int. pasture 

With maintenance, drainage status - Bad Good Bad 

Without maintenance, drainage status - Very bad Bad Very bad 

.Area affected by deterioration @a) 13.1 2.2 2.2 
Annual benefit (E/ha) * 22 75 114 
Annual benefit per land use type (L) * - 288 164 249 
Total benefit (JC) * 700 

* 1997/98 economic prices Fi,wes are subject to romding 
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GE'NERAI, ~:NFORMA'I'ION 
la lb 

River 1 FFYNNON-Y-DDOL 1 Reach Code 1 01 

2 

Reach Length (km) 5.69 I 

3 

Dominant Substrate Type:- 

Gravel, Sand or Silt 

(Treat Clay as silt) 

Ffqociplain - 

Rising (>l %) or Flat ( 

I FLAT ,I 
< 1 X) 

5 

Catchnient Size 

Lag; (> 25 sq. km) 

Small (< 25 sq. km) 

SMALL 

Benefit Arca (ha) 351 

SILT (CLAY) 

4 

G 

: 

Don$mlt Land jJse Type (LUT) 

(Table I) 

I 

Varied Land Use Types (LUT) 

7 (Table 1) 

Dominant Soil Type 
t 

7 8a 8b 

% Benefit Area Does the If yes, 
as Final 

.‘. 
!+JT fl&d ? % thh f@ods 

LUT (as decimal) 

‘1 Ext grass 238.4 NO “- 

2 Int grass 87.8 NO 

3 Grass/arable 24.9 NO 

4 All cereals 

5 Cereal/oil seed 

6 Cereal/root 

7 Hbrticulture 

8 Other t 

Note: All table numbers and references relate to R&D Note 5 11, Guidelines for the Jhfication of River Maintenance 
‘. ‘: 
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"DONOTHING" (WITHOUTMAINTENANCE) 
P 
@ 
u 

W/o Maintenance Width (m) 

r-I 
(80x 10 I box 2.51,) 

8 

&: 
W/o Maintenance Depth (m) J--p+-- 

z 
(hx 11 - box 2&l) 

‘7a’ 
+! 

W/o Maintem~nce Freeboard (m) 

CI 
(Box 13 - b0.r 2&r) 

r-4 32 

W/o Maintenance Watertable Depth (III) ( 

(Uox 4, 9, 32. ‘lirble 3. Figure 1 or 2) 
%I 

W/o Maintenance Drainage Status 

(lilltle 4, lmr 33) 

Economic Net Retmn (W/o maintenance) 

(lirble 5. box s, 34) 

For either :- Dominant land use 

or :- Varied land use 

3% 3% 

1 Net Re~mn Weighted 

5 
6 

I I 

W/o Maintenance bankfull discharge (Qbf, (c~unocs) 

(Box I7 - box 29) 

* W/o Maintenance QbflQ bar (cmnecs) 

(Box 36/box 19) 

f * Flooding Envelopes 

[ * % BA with different 

I flood return periods (years) 

i (Table 6 or 7, boxes 5, 7, 34) 

38 388 39 39a 

% area of Flooded Total 

each LUT that Area Flood Cost 
,A’ 

Iilood cytff) 

FRP (yr.) floocls (lla) (rn1a) (13$x.3?6 * box 39) 

0 / 
./ 

4 ,.A 
, 

1-2 ,’ I 

3-5 ,/ 

6- 10 (6yr) /’ 
/ 

7-10 (8yr) A’ 

>lO (IOyr) 

! * NOI rwcessary wless dutoilcd irrforwatior~ arld asses.wretrt required :...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......................................................................................................................................................... 

W/o Maintenance FRP (years) +j 

Total Flood Cost (f2 d 

Do-llotlliJlg 11a 

Net Return Less Flood Cost (6) L-1(11301 

(Box 3.5 - box 41) 

Note: All table numbers and roforences relate to R&D Note 51 1, Guidelines for the Justification of River Maintenance 
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E 

GENEM.L INFORMATION 
la 

r-3 River FFYNNON-Y-DDOL DYKE .FARM 
CD 

k. 
h 
fir Reach Length (km) 
‘id 

d 
Ei 
6 

Dominant Substrate Type:- 
t; Gravel, Sand or Silt 

2 
0.148 

3 

1 SILT (CLAY) 1 

* (Treat clay as silt) 

4 
Floodplain - FLAT I 
Rising (>I %) or Flat ( < 1 %) 

Catclinient Size 

Large (> 25 sq. km) 
Small (< 25 sq. km) 

Dominant Land Use Type (LUT) 
(Tnble I) 

Dominant Soil Type 

5 
L SMALL I 

6 

I 1.4 1 

7 
I I 
I 

9 
CLAY/LOAM 

lb 

Reach Code 

7 8a 8b 

% Benefit Area Does the If yes, 
as decimal LUT flood ? % that floods 

LUT (as decimal) 

Varied Land Use Types (LUT) 1 Ext grass 1.05 NO 

(Tnble 1) 2 Int grass 0.35 NO 

3 Grass/arable 
4 AI1 cereals 

5 Cereal/oil seed 
6 Cereal/root 
7 Horticulture 
8 Other 

Note: All table nwnbers and references relate to R&D Note 5 1.1, Guidelines for the Justification of River Maintenance 
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EJ MAII1VI‘ENANCE REG.IME 

e 
Fi 
&: 
E 

Widening, change in width, expressed in 

F metres and as a % , (including cutting ofbanlcs 
43 

% 

and emergent vegetation) 

2 Deepening, change in depth, expressed in 

2f metres and as a % 

Weedcutting, % cover removed 

(Submerged & loating weed) 

Change in freeboard, expressed in 
metres and as a % 
(Table 8 - 15, & boxes 25, 26, 27) 

Change in Qbf , expressed in 
metres and as a % 
(Table 8 - 15, bl boxes 25, 26, 27) 

25b 

(“/I 

I 

26a 2Gb 

27 

.-L==q- 

(Table 9) 

Note: All table numbers and references relate to R&D Note 5 11, Guidelines for the Justification OF River Maintenance 



“DO NOTHING” (WITHOUT MAKNTENANCE) 
i0 

W/o Maintenance Width (m) L-o.95 
(lh 10 - bCiK 250) ‘_ :’ 

W/o Maintenance Depth (ni) 

(zlm I I - b0.r 26~1) 
‘: 

32 

WI0 ~aintenanca FreeLOilld (111) 11.0921 

(Box 13 - box 2&d 

33 

W/o Maintouanca Watertable Depth (m) 

(Box 4, 9,‘32, ?irble’3, I@ll,a I or 2) 

W/o Maintenance Drainage Status 

(iri1ble 4, 110-K 33) 

Economic Net Return (W/o maintenance) 

(mble 5, bo.s 8, 34) 

For eillrer :- Dominant land use 

or :- Varied land use 

3% 3Sa 

I Net Return Weighted 

(Ulna) 

-703 

131 

Net Return 

-108 

46. 

7 

36 

W/o Maintenance Bankfull Discharge (Qbf) (cumecs) 
-71 

(Box I7 - box 29) 

* W/o Maintenance QbUQ bar (cumecs) 

(Box 361 box 19) 

,, . . . . . . . . . . . . . . . . . . . . . . . . . . . .,,,,,.,..,,.....,............,,,.,,,....,...,,...,,......................,......,..........,....................................,.................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... ,.....,......... . . . . . . . . . 

38 38a 39 39a 

% area of FlClOdf3d Total 
i 

,A 

i 
each LUT that Area Flood Cost Flood q.SV(z) 

!  * Flooding Envelopes FRP (yr.1 ‘floods @a) : (f&l) (Bopiizs;; * box 39) 

i 
-__---- ---- 

., , 
* % BA with different 0 ,,” 

I , 
1 flood return p&iods (years) -4 ,’ 

i (I’ablk 6 or 7, boxes 5, ‘7; 34) l-2 A’ , 

j 3-5 / 
,.., , 

I 6-10 (6yr) - .A 
/ 

7-10 (8yr) 
/’ 

>lO (IOyr) 

i- Total .__ ..__ __.__ -..-. ._-_- _-__... - .-.-.- 
i * Not necwscrry 1i~11ess delefniled infirrrrtrlioi~ ni~d rrssessr~wit required j, .,. ,....., . . . . ,.., . . . . . . . . . . . . . . . . . . . . . . .._.._.,.,.__.,_....,,,...........,......,.,...,.,,.,..,...,,,,,............,,........,...,.,.......,...,...,.,............................ . . . . . . . . . . . . . . . . . . . . . . . . . . . ., ,. ,.. . . . . . . . . . . . . . . . 

W/o Maintenance FRI (years) 

Total Flood Cost w 

Do-nothing 

Not Ret&n Less Flood Cost 

(Ihx 3s - box 41) 

41a 

r3i----] 

Note: All table numbers and references relate to R&D Note 511, Guiclelines for the Justification of River Mointenanco 



M.AI:N'I'ENANCE lKl'ENDITURE 

42 43 44, 45 

Mai~~tenallce 

Activity 

Unit Cost 

(Q 

No. of 

Units 

(specify) 

Cost/lteacld 

Activity (L) 

Interval Between 

Maintenance 

Activities (years) 

46 

Amortisation 

Value at 6 % 

Discod Kate 

47 

Rllllual Cost 

Cl) 

48 

Total annual cost/reach (&) (S11nr box 47) I 733 I 

Benefit Area (ha) (hx 6) 

49 

I ‘I .4 I 

Total annual maintenance costha (110x 48 /box 49) 
50 

I 524 I 

BENEFITS OIr MAINTENANCE 

Design Stnnciard 

(W itli maintenance) 

Do Nothing 

(Without maintellance) 

Net return less flood costs 

Net return less flood costs 

51 
09 1 1 I 

52 

(Box 410) CL> 1 -62 1 

53 
Change in Net Bellefit Due to Mnintenance (Box 51 - box 51) (4 1 63 

54 
Net Bemfit of Mainten;mce Change in net benefit less total :uinual maintenniice costs (130.x 53 - box 49 or 50) (5) 1 -670 I 

Benefit : cnst ratio 

Note: All table numbers and references relate to 12&D Note 5 11, Ciuiclehes for the Justification of River Mailltenance 

(Box 53/box 48) 0.1 1 



GENERAL ~NFORhlATXON 

4 River 

8 

&: 
s Reach Length (km) 

Dominant Substrate Type:- 

Floodplajn - 

Rising (>I %) oi Flat ( < I %) .. 

Catchent Size 

Large (> 25 sq. km) 

Sn1all (< 25 sq. lm) 

Benefit Area (ha) 

(4r,-l?n derhiug beneJt/rotn rnnir~temmce) 
: : 

Dominant Land Use Type (LUT) 
(Tubje 1) 

la 

1 FFYNNON-Y-DDOL GORS BRANCB I 

2 

I 0.479 

3 

SILT (CLAY) 

. ;. 

4 

I FLAT 

5.0 

SMALL 1 

6.0 

I 5.8 

Reach Code pi----y 

Varied La!ld Use Types (Ly) 

7 (Table I) 

I 

Dominant Soil Type 

9 

CLAY/LOA.M 

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justi~fication of River Maintenance 



DESIGN STANDARD 

LJ 
p Walc1lal+2 DLqdh (111) 

(Box 4, 9, 13 J; Figrrrc I or 2) 

or :- VnlieLt hd use 

I 6 I 
7 I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

* Flooding bwcIqxs 

* ‘%I BA with clilliiet~t flood 

rdnm piods (years) 

(Table 6 or 7, boxes 5, 7, 15) 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

Total Flood cost 

Desigu 

Net Rctun Less Flood COSI 

(Box I6 - 110.x 24) 



R&D Technical Report W134 



“DO NOTHING” (WITHOUT MAINTENANCE) 

W/o Maintenance Width (m) +] 

(Bo,w 10 - box 254 

W/b Maintenance Depth (m) J-++ 

(Box I1 - box 264 

W/o Maintenance Freeboard (m) [* 

(Box 13 - bm 280) 

W/o Maintenance Watertable Depth (m) [+I 

(Box 4, 9, 32, Tirble 3, Figure I or 2) 

W/o Maintenance Drainage Status 

(Table 4. box 33) 

Economic Net Return (W/a maintenance) 

Fable 5, bo.r 8, 34 

For either :- Dominant land use (uz’“’ J--y-q- 

or :- Varied land use 

35b 35a 

I 
Net Return Weighted 

LUT (mla) Net Return 

I -81 -352 

2 245 355 

i 

I 
!  
1 1 
!  

i- 
:... 

W/o Maintenance banlclll discharge (Qbf) (cnmecs) 
j--y+, 

(Box 17 - box 29) 
31 

* W/o Maintenance Qbf/Q bar (cumocs) 

(130.~ 36 I/ bos 19) 

..,,,.,,.,.,...,_,,.,,,.....,,.....,...,,.,.,.,.....,.,....,,,,.........,,..,...,........,...,,,.,,........,.............................................,,........................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . “““““““.““‘“““““‘! 

38 38a 39 39a i 

% area of Plooded Total / 
!  C’ ; 

each LUT that Area mood cost 
_A’ 

Flood cpst (L) 
!  

* Flooding Hlvelopes FRP (yr.) floods 014 (flbn) (I+&& box 392) 

* % BR with diKerent 0 
.Y 

./‘. - f 
flood return periods (years) 4 ,A 

,/1 

flubla I; or 7, bomr 5, 7, 34) l-2 /” 
,cl - / 

3-5 /’ f 
- ; 

6- 10 (6yr) ,/ / 
, 

7- 10 (8yr) 

>lO (IOyr) ,/ 
_.I _.. . 

) ‘lotal I 
!  
I 

* Nof necessrrry 1tr11t~s.s detnilsd itrjTvmdion orrt? amcssn~ent rqrirtcci . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............................................................... ........... ..... ........... ... ............ ...................... ........ ..... . . . ..____..............! 

40 

W/o Maintenance FRP (years) 1 N/A 1 

41 

Total Flood Cost (4 1 0 J 

Do-nothing 

Net Return Less Flood Cost 

(Box 35 - box 41) 

4la 

(4 141 

Note: AI] table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance 



MAINTENANCE EXj’E~T’TUR,E 

42 43 

Maintenance Unit Cost No. of 

Gl Activiiy (i> units 

8 

&: 

(spedify) 

z 

;J’ 

4.4 
Cost/Reach/ 

Activity (L) 

4.5 

~ 

1095 

4x 

Total anma! cost/reach (f) 

Renetit Area (ha) (Box 6) 

Total annul mahtenance costha (Box 48 / box 49) 

BENEFITS OF MAINTENANCE 

Design Sta~idarcl 

(With maintemnce) 

130 Nothing ., 
(Withoh maintenance) 

Clmlge in Net Benefit Due to Mnidetlance 

Net return less flood costs 

Net return less flood costs 

Net Benefit of Maintenawe Change in net bellefit less total annual maintenance costs 

Benefit : cost ratio 

Note: All table numbers :wl references relate to R&D Note 5 11, Ouiclelines for the Justification of River Mahtenance 

I 1095 1 

49 

I 5.8 

50 

I 189 :. 

(.!h 24a) 

51 

(4 r-=---l 

53 

(f) 1 143 I 

5q 

(Box 53 - box 49 or 50) (5) 1-9521 

I 0.1 I 



River 

Reach Length (lcm) 

Dominant Substrate Type:- 
Gravel, Sand or Silt 

(Treat clay as silt) 

Floodplain - 

Rising (>I %) or Flat ( * 1%) 

Catchent Size 
Large (> 25 sq. km) 
Small (< 25 sq. km) 

Benefit Area (ha) 

la 
PFY NNON-Y-DDOL ROLLA.ND DRZVI? 

2 

0.27 

3 

1 SILT (CLAY) 

FLAT 

5 

SMALL 

Dominant Soil Type 

4 

Dominant Land Use Type (LUT) 
(Tlsble 1) 

6 

25.2 I 

Varied Land Use Types (LUT) 

7 (nbla I) 

9 
1 CLAY/LOAM 1 

Reach Code +I 

Note: All table numbers and references relate to R&D Note 5 11, Guidelines for the Justification of River Maintenance 

LUT 
1 Ext grass 
2 lnt grass 
3 Grass/arable 
4 All cereals 

5 Cereal/oil seed 

G Cereal/root 
7 Horticulture 
8 Other 

7 

% Benefit Area 
as decimal 

18.93 

6.3 

8a 
Does the 

LUT flood ? 

NO 

NO 

8b 

If yes, 
%I that floods 
(as decimal) 

-7 



- - -m--m---____ - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

ix 
.J 
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“I)0 NOTHING” (WITHfXJT MAlNTENANCE) 

W/n Maiutunance I?hilh (m) 

box I ri - box 25~1) 

W/o Maintenauco Depth (m) 

(Box 1 I - box 2&l) 

W/o Maintenance Freeboard (m) 

(l3ox 13 - box 28~) 

W/o Maintenance Watertable Depth (m) 

(Box 4, 9, 32, Table 3, Fiwrc I or 2) LB 

W/o Maintenance Drainage Status 

(Table 4, b& 33) 

Economic Not Rotnm (W/o maintanance) 

(Table 5, box 8, 34) 

For either :- Do&ant lnnd use 
,’ ,’ 

or :- Varied hid us0 

35b 
1 Net Rctum 1 Weighted 

LIJT : @ha) Net Rctwn 
1 -103’ -1950 
2 131 825, 

3 

4 

I 5 

W/o Maintenance Bar&~11 Discharge (Qbf) (c~mocs) 

pox I7 - box 29) 
,’ 

_ 

* W/o Maintenance Qbf/Q bar (CUI~OCS) 

(Uox3(i/box 19) 
.- 

38 

o/u area of 

each LUi. that 

* FkMling EIlvclopos I;RP (yr.) flOOCiS’ 

* 0,/o BA’wilh different 0 
., 

flood retrim peri+ (years) Cl 

(Table 6 or 7, b&v 5, 7, 34) 1-2 

3-5 

i- -___- 
i * Nat necessary trnless detailed inJormatio,t and assessment re 7.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

40 

W/o Maintonanco FRP (years) (I 
.’ 

41 

Total Flood Cost (1;) 1 0 1 

Do-nothing 

Not R~&II Less FIood Cost 

(730x 35 - bo.x 41) 

(L) 

6 I I 
7 

Note: Ail table numbers nncl raferences relate to R&D Note 511, Gnidolit~es for the Jnslification of River Maintenance 
“, 



MAINT’ENANC:E JLXJ’ENDTTURE 

42 43 44 45 46 47 

Maintenance Unit Cost No. of C0st/1~ea&/ lntelval Between Amortisation A1111ua1 Cost 

=d 
Activity (f) Units Activity (E) Maintenance Value at 6 o/ (f) 

0 

&: 

(specify) Activities (years) Discount Rate 

:: (Box 45, TcIbie 18) (Box 44 Q 60x 46) 

s 
4 
9 95 

2 
P 48 

Total annual cost/reach (5) (‘147n box 47) I 95 I 

BENEFITS OF’ MAINTENANCE 

Design Standard 

(With maintenance) 

Do Nothing 

(Wilhout maintenance) 

Change in Net Benefit Due to Maintenance 

Net Benefit of Mairrtenance 

Benefit Area (1x1) (Bm 6) 

Total annual maintenance cost/ha (Box 48 /box 49) 

Net I:eturn less flood costs 

Net return less Rood costs 

Change in net benefit less total annual maintenance costs 

Benefit : cost ratio 

Note: All table numbers r7ncl references relate to R.&D Note 511, Guidelines for the Justification of River Maintenance 

49 

I 25.2 1 

50 

I 4 

51 

(Box 24cr) (El 1 10 I 

52 

(Box 4 I LI) 03 1 -1324 I 

53 

(Box 51 - box 52) (E> 1 1134 I 

54 

(Box 53 - 60,x 49 or SO} 6) 1 1039 

(Box 53/h.\: 48) 11.9 



GENERAL INFORMATION 

h 
E R.each Length (km) 
td 4~ 
Ei 
2 

Dominant Substrate Type:- 

Grqcl, Sand or Silt ,’ 

p (Treat clay as ‘silt) 

Floodplain - FLAT I 
Rising’(>i ?$) or F!at ( < 1 %) 

Catchment Size 

Large <> 25 ‘sq. k!ll) 

Small (< 25 sq. km) 

Benefit Area (ha) 

Dominant Land Use Type (LUT) 

(Table I) 
” 

Dominant Soil Type 
:. 

la lb 
1 PENSARN DRAIN 1 i 

2 

0.687 

3 

SILT (CLAY) 
,.., 

:: . 

4 

SMALL 

6 7 

34.4 % Benefit Area 

as decimal 

LUT 

Varied Land Use Types (LUT) 1 Ext grass 25.8 

7 (Table 1) 2 lnt grass 8.59 

3 Grass/arable 

4 All cereals 

9 5 CereaVoil’seed 

CLAY/LOAM : 6 Cereal/r&t 

7 Horticulture 

8 Other 

Reach Code I 01. 

8a 8b 

Does the If yes, 

LU’I’ flood ? % that floods 

(as decimal) 

NO 

NO 

Note: All table I?umbers and references relate to R&D Note 5 I 1, Guideli!les for the Justification of River Maintenance 
_ : _’ 



---------- 
I 
I 
I 
I 
I 
I 
I 
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I 
1 

I 
I 

i b 
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“DO NOTHING” (WITHOUT MAINTENANCE) 

W/o Maintenance Width (m) r---T+ 

(BO,K 1 I) - box 25q) 

W/o Maintenance Depth (m) 

(1%x I I - box 26a) 

W/o Maintenance Freeboard (m) 

(Box 13 - box 26~1) 

W/o Maintenance Watertable Depth (m) 

(Box 4, 9, 32, lirble 3. Figure I or 2) 

W/o Maintenance Drainage Status 

(Table 4. box 33) 

Economic Net Retnnl (W/o maintenance) 

(lirble 5, box 8, 34) 

For silher :- Dominant land use 

or :- Varied land USQ 

3513 

W/o Maintenance Bs~tkhll Discharge (Qbfl (cumecs) 

(B0.K 17 - box 29) 

* W/o Maintenance Qbf/Q bar (cxunecs) 

@O.K 36; box 19) 

* ,__._....,.. ,. .,. . . . .,...., ., ,.....,. . . . . . . . . . . . . . . . . . ,.. . . . . . . . . . . . . . ., . . . . . . . . . . . . . . . . . . . . . . . . .,,,,,,,.._,.,,..,,,,..,,.,.....,................,,,................................................................. . . . . . . . 
38 38a 39 39a 

% area of Flooded Total ,,A ’ 

each LUT that Area Flood cost Floocl Cgst ($j 

/ * Flooding Envelopes FRP (yr.) floods (114 (f/ha> j1’30q.36;;; box 39) 

i * % BA with different 0 
C’ 

,A 

1 flood return periods (years) 4 
,,A 

I (Table 6 or 7, boxes 5, 7, 34) 
, 

l-2 .’ 

1 3-5 
/ 

6-10 (6yr) /* 
1 7- 10 (8~1) 

!  . . . . . . . . . . . . . . . .._.................................................................. :.:.:.:...::.:.:::I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .............................................. 

Total 

i * Not necessmy 2111Iess rletcrilecl i~~form7lion arrd crssessnret~t required 

I .̂  

W/o Maintenance FRP (years) 

1 Net Return 1 Weighted Total Flood Cost I 0 I 

LLIT (T/ha) 

1 -103 

2 131. 

Net Return 

-2657 

1125 

Do-nothing 

Net Return Less Flood Cost 

(Box 3.5 - box 41) 

Note: All table nnmbers and references relate to R&D Note 5 I I, Guidelines for the Justification of River Maintenance 



MAI~I’ENANCE EXI’ENDLTCJRE 

Maintenance 

Activity 

4.2 43 44 4.5 46 47 
Cost/Reach/ 

Activity (L) 

Interval Between 
‘, 

Mamtenance 

Ah&es (years) 

Amortisation 

Value at 6 o/o 

&count Rete 

(Box 45, Table 18) 

Annual Cost 

‘(L) : 

(Box 44 * bm 4(i) 
., 

412 

BENEFITS OF MAINTENANCE 

Design St:qiclard 

(W5th’tnaintellance) 

Do Nothing 

(With&t maintenance) 

Change in Net Benefit Due to Maintenance 

Net Benefit of Maintenauce 

Totnl a+ual cost/~~cli (E) (,~11111 box 47) 

Benefit Area (ha) (Box 6) 

Total ammel maintenance cost/ha .’ (Box 48 /box 49) 

Net return less ikod costs 
,, 

Net return less flood costs 

Change in net benefit less total annual madenance costs 

Benefit : cost ratio (Box 53/hx 48) I 3.8 I 

(Box 24a) 

48 

! 412 I 

49 

I 34.4 

‘_ . ,  

50 

I 12 

52 
(Box 410) w I -1532 

.‘Y :.‘. : .’ 
53 

(Box 51 - box 52) (L) 1 1547 

(Box 53 - box 43 or 50) 

54 

co 1 113s I 

Note: All table numbers and references relate to R&D Note 5 1 I, Guidelines for the Justification of River Maintenance 
: 



GENERAL IINFQRMA’I’ION 

River 
la Ib 

TOWYN SPLASHOVER DRAIN I Reach Code 01 I 

Reach Length (km) 
L 

I LO73 

3 

Dominant Substrate Type:- 

Gravel, Sand or Silt 
(Treat clay as silt) 

1 SILT (CLAY) 1 

4 

Floodplain - 

Rising (>l %) or Flat ( < I X) 

FLAT 1 

5 
Catchent Size 

Large (> 25 sq. km) 
Small (< 2.5 SC& lcm) 

I SMALL 

6 

Benefit Area (ha) 
(Jrea derivii7g beiiejt.fiwn tnniniemn~e) 

21.4 

Dominant Land Use Type (LUT) 
(7irl~lC I) 7 

I 

9 

Dominant Soil Type CLAY 

LUT 
Varied Land Use Types (LUT) 1 Ext grass 
(Tflble I) 2 Int grass 

3 Grass/arable 
4 All cereals 
5 Cereal/oil seed 
6 Cereal/root 
7 Horticrrltwe 
8 OtheJ 

I 

% Benefit. Area 

as decimal 

‘16.05 

5.35 

8a 8b 

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance 



DESIGN STANDARD 

-- 

: 

-- 

I 
, * lkKhgEn\t!lopcs 

f * o/u Bh’wih din’zra~t flood 

; r&m pt?iods (y”:us) 

; (Tnble 6 or 7, bo.ws 5, 7, 15) 
I 
I 

PKI' (yr) 

0 

1-2 

3-5 

GLIO 

> 10 (IOyr) 

(ii IT) 
(20 y') 

(25 yr) 

(30 yr) 
, 

flOOdS 
I------ 

-_fL /’ 
/” 

For either :. 

I 

or :- 

23 

r--xi-J Iha 161) Flood R dum Period (years) 

Nd Ilet~un WCighd 

1ATr (ma) Net Return -___ 
1 -61 -1300 Total Fhd cost -- 
2 245 1311 

3 

4 --- Design 

5 - - Net Rdum h.s Flood Cost 

6 .-- (Box I6 - box 24) 

7 --- 



5 

e .- 
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"DCjNOTHlNG" (WITI-!OUTMAlNTENANCE) 

g W/o Maintenance Width (m) 

H 
(230.x IO - box 250) 

T? 

&: 
W/o Maintenance Depth (III) J--$+- 

s: 
(Box I1 - box 264 

b 
4 

W/o Maintenance Freeboard (III) +j 

(Box 13 - bar 2&l) 
5 ,’ 

2 
W/o Maintenance Watertable Depth (m) ,r---k-q 

-P (230.~ 4, 9, 32, Tobll? 3, Figure I or 2) 

W/o Maintenance Drainage Statns 

(Tctbie 4, box 33) 

Economic Net Return (W/o mniutenauce) 

(Ioble’S. ho-u 8, 34) 

For eilher :- Dominant land use 

or :- Varied laud use 

W/o Maintenance Bankfull Discharge (Qbf) (cumecs) 

(Uox 17 - bos 29) 

W/o Maintenance Bankfull Discharge (Qbf) (cumecs) 

(Uox 17 - bos 29) 

* W/o Maintenance QbfIQ bar (cumecs) * W/o Maintenance QbfIQ bar (cumecs) 

(130.x 36 i box 19) (130.x 36 i box 19) 

.  .  .  .  .  .  .  .  “ . ““ . :  

3’) 39a j 

j * Flooding Envelopes 

38 38a 

% area of Ploodod 

each LUT that. ASea 

ERP (yr.) floods (ha) 

Total ,,, i 

Floocl cost Flood ck)&i) i 

(fha) A=4 (Bo -3lj;; *box39) ; 
.,’ 

.’ __. 
, 

/” 
; 

* % BA with different 0 

flood return periods (years) II 

(15tblc 6 or 7, Dinw J, 7, 34) 1-2 

3-5 

G-10 (6yr) 

? - lt! (8 yr) 

> 10 (IOyr) 

3% 3% 

Net Return weighted 

LUT (tiia) Net Return -- 
1 -103 -1653 

2 ----Gi-- 701 

3 

4 

5 

6 --_- 

I - 
1-t ueceswry gutless dehiled infortttntion wd ossessttrenl reqrrireci : . . . . . . . . . . . . . . . .._....................................................................,................,,.........................................,......................................................................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..A 

W/o Maintenance FRP (years) 

Total Flood Cost 

Do-nothing 

Net k&m Less Flood Cost 

(BOX 35 - box 41) 

40, 
I N/A t 

(.t) 

(5) 

Note: Al! table numbers and references relate to R&D Note S! 1, Guidelines for $0 Justification of River Maintenance 



MAINTENANCE EXPENDTTURE 

42 43 44 45 46 47 

Maintenance Unit Cost No. of Cost/Reach/ Inlerval l3etweeu Anio&ation An1111a1 cost 

c3 Activity (f) Units Activity (f) Maintenance Value at 6 % cv 
Fi 

& 
(specibf> Activities (years) Discount Rate 

g’ 
(Box 45, 7’rrh te 18) (Box 44 tic box 4G) 

5; 
4 8 457 

3 % 48 

Total annual cost/reach (2) (Sum box 47) 457 I 

Benefit Axea (ha) (Box 6) 

Total annual maintennnce cost/ha (Box 45 /I box 49) 

49 

c 21.4 I 
50 

I 21 I 
BENEFITS 017 MAINTENANCE 

Design Standard 

(With maintenmce) 

Do Nothing 

(Without niai.ntenance) 

Change in Net Benefit Due to Maintenance 

Net return less flood costs 

Net retrim less flood costs 

(Box 51 - box 5.2) (ii) 1 963 I 

54 

Net Benefit of Maintenance Change in net benefit less total annual rnnintenance costs (Box 53 - box 49 or 5(j) (L) 1 SO6 I 

Benefit : cast ratio 

Note: All table numbers rind references relate to R&D Note 511, Guidelines for the Justification of River Maintenance 

(Box 53:%0x 48) 2.1 



GENERAL 1NFORMATION 

River 

Reach Length (hn) 
.. 

Dominant Substrate Type:- 

Gravel, Sand or Silt ‘. 
(Treat clay as silt) 

Floodplain - 

Rising (>l %) or Flat ( c j %) 

Catchnent Size 

Large (>‘iS sq. km) 

Small (< 25 si. km) 

j3ominant Land Use Type (LUT) ” 
(7’ffbIe 1) 

Dominant Soil Type 

la 
TOWYN SPLASI-IOVER EAST 

.’ 
:... 

-I 

I Reach Code 

0.517 ,( 

3 

SILT (CLAY) 

4 

FLAT 

5 

i SM.ALL 

G 
I 13.4 

r 
Varied Land Use Types (LUT) 

7 (lirb Ie 1) 

I 

9 

I CLAY I 

7 8a 8b 

u/u Benefit Area Does the I’ yes, 

I as decimal stir flood ? ‘% that floods 

LUT (as k&ial) 
I 

1 Ext grass 
2 Int @ass 

3 Grass/arable 

4 All cereals 

5 Cereal/oil seed 

6 Cereal/root 

7 Horticulture 

X Oh-3 

10.03 NO 

3.34 NO 

Note: All table utln~bers and references relate to R&D Note 5 1 1, Guidelines for the J@ficafion of River Maintenance 
,’ 
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"DONOTHING" (WITHOUT MAINTENANCE) 
30 

W/o Maintenance Width (a~) 1 0.65 1 

(Bos 10 - bos 2h) 

W/o Maintenance Depth (m) 

@>.r I1 - bos 260) 

,+,- 

32 

W/o Maintenance Freeboard (m) 

(73o.r 13 - %os 280) 

1 1.91 ( 

33 

W/o Maintenance Watertnblo Depth (III) 1 0.28 1 

(I3o.r 4, 9, 32, Table 3, liigwe 1 or 2) 

W/o Mahtenance Drainage Status piiiGsj 

(jrirble 4, bos 33) 

Economic Net Return (W/o maintenance) 

(Table 5, bar 8, 34) 

For eilltrr :- Dominant land use 

or :- Varied land use WW -44 

& -59G 

35b 35a 

1 Net Return Weighted 

LUT (E/ha) Net Retmn 

1 -103 -1033 

2 131 438 

3 

4. 

5 

6 

I 

36 

W/o Maintenance Banlcfkll Discharge (Qbf) (cmtlecs) pF===-j 

pm 17 - box 29) 

31 

* W/o Maintenance Qbf/Q bar (cmnecs) 

(Bos 36/bar 19) 

, ,~ ,~ , , , ,~ , , . , , , , , ,_ . . . . . . . . . , , , . . . . . . . . . . . . , . . . . . , , , , , , , , . . . . . . . . . . . . . . . . , . . . . . . . , . , , , . . . . . , . , , . . . , , , , , , . . , . , . . . . . , . . , . , . . , . . . . . . . . . . . , . . . . . , , . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . . . . . . . . . . . . . . . “ “ ’  / . . . . . . . . . . ,.,,,..._,,.,,...,,,,,,..,.,.....,..,.,..,....,.....,,,,,.,,,......,,,..,......,,..,..,,....,..,.......,..,....,,..,........................................................ . . . . . . . . . . . . . . . . 
38 38 3821 3821 39 39 39a 39a 

“A area of “A area of F~ootled F~ootled Total 

each LUT that each LUT that Area Area Flood Cod Flood 0x1. mlod CgstfL~” 

i * Flooding Envelopes * Flooding Envelopes FRP (yr.) FRP (yr.) floods floods (ha) (ha) (Lilia) (Lilia) (t3op3d; b0.r 39) 

i * ‘33 BA with different 
I’ I’ 

* ‘33 BA with different 0 0 ../ ,” ../ ,” 

I flood retrun periods (years) flood retrun periods (years) 4 4 

i (Table 6 or 7, boxes 5, 7, 349 (Table 6 or 7, boxes 5, 7, 34) 1-2 1-2 _/ " _/ " 
,.,.” /’ ,.,.” /’ 

I 3-5 3-5 / / / / 

6-10 (6yr) 6-10 (6yr) ,/' ,/' 
/ / 

7-10 (8yr) 7-10 (8yr) / / 
,.S' ,.S' 

>lO (10yr) +A// > 10 (lOyr),,_,r” 

I- Total --“. 
( * Nol rxxessnry mless detailed irrfirttmliot~ md a.ssmsmetrl required : ,,,......,,,.,,,,...............,................................,.....................,...........,................................................................. . . . . . . . . . . . . . .._..._.............................................................................. . . ! * Nol rxxessnry mless detailed irrfirttmtiot~ md a.ssmstwrf required :, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,........... ., . . . . . . . . . . . . . . . . . . . ,. . . . . . . . . . . . . . . . . . . .._..._.............................................................................. . . 

W/o Maintenance FRP (years) 

Total Flood Cost (0 

Do-nothing 

Net Return Less Flood Cost 

(l3o.r 35 - 110s 41) 
CL) 

4la 

[----T-l 

Note: All table numbers and references relate to R&D Note 5 I 1, Guidelines for the Justification of River Maintenance 
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DESIGN STANDARD 
.’ ‘. 

p Avcr3ge 13ctl Widlh (rn) 

8 

Ectamnic Net Retrun 

(ToMe 5, itsing 130.~ 7 &Box 1:) 

For either :- D0mina11t land use (;; _j/T 

0)’ :- 

f * Me311 Annual Ihml (Q 

j (cunlecs) 

l&l 1611 

Nd Rdnn~ Weighted 

ISJl (L/h) Na Reinr11 

1 -103 -916 Total l%ml cost 

2 38g 3 -,F 
4 -___. Design 

5 i\ld lk!twn Less Flood cost 

6 --. (R0.v 16 - bos 24,) 
7 



-MAiNl”ENANCE REG1.M.E 

kl 
z.7 

F. 
& 

Widening, change in width, expressed in 

F metres and as a % , (including cutting of banlcs 
4 

3 

and emergent vegetation) 

5 Deepening, change in depth, expressed in 

z metres and as a % 

Weedcutting, % cover removed 

(Submerged & noating weed) 

Change in -freeboard, expressed in 
metres and as a % 

(Table 8 - 15, & boxes 25,26,27) 

Change in Qbf , expressed in 

metres and as a % 
(Table 8 - 1.5, & boxes 25, 26,27) 

2% 25b 

2Ga 26b 

(4 (%) 

-m,-- -[y- 

28a 28b 

(Table 9) 

29a 29b 

0-d (“/I 

J7l- I _ I ~/------ 
- _’ 

Note: All table ntumbers and references relate to R&D Note 5 11, Guidelines for the Justification of River Maintenance 



“DC? NQTNING” (WITHqUT MAINTENANCE) 

W/o Maintenance Widtf~ (RI) 

(l3v.Y 10 - bax 2Sa) 
/---xi+ 

W/o Maintenance Depth (111) 

(Box I1 -tos 26a) : ” 

W/o Maintenance Freeboard (m) 

(Box 13 - bo.r 284 

W/o Maintenance Wate~table Depth (111) 

(nvx 4, ?, 32, pble 3, Fipre I or 2) 
: 

W/o Maintenance Drainage Stahu 

(Table jf, bow 33) 

Economic Not Retmn (W/o maintenance) 

(I’nble 5, box 8, 34)’ 

34 

pGiiEE-1 

Fvr either :- Dominant land use 

or :- Varied land use (f/ha) 
i t-s-l 

W/o Maintenance Banlcfbll Discharge (Qbf) (cumecs) 

(llox I7 - box 29) 

* W/o Maintenance Ql>f/Q bar (cumecs) 
: 

(Ilox 36//10x 19) 
‘.,’ 

1 ./------ r 

* Flooding Envelopes 

% Bx with different * 

flood return periids (years) 

(Table 6 or 7, boxes 5, 7, 34) 

FRP (yr.) 

38 
% asea of 

each LUT that 

floods --- 

~-.- 

;- ----_. 
! * Alof Itece.ssarv trt~le.w detailed hrftirmation and a.s.se,s.srtterlt reqrlired :....... . . . . . . . . . . . . . . . . . . . . . . . . T . . . . . . . . . . . . . . . . . ..-~.......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~......................................................................................................................................... 

W/o Maintenance FRP (years) 

Total Flood Cost 

Do-nothing 

Net Retmn Less Flood Cost 

(330X 3s - box 44) 

(L) r--ii-+] 
4la 

(L) l-527] 

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justificafion of River Maintenance 



M-h.INT.ENANCIZ EXPEND.ITURE 

w 42 43 44 45 46 47 

Maintenance unit cost No. of Costmea cld Interval Between Anmtisation h111111n1 Cost 

4 Activity w Units Activity (.t;) Maintenance Value at G o/o w 
Pi 

&: 

(specify) Activities (years) Discount Rate 

g 

(Box 45, Trrhle IS) (rBox 44 * box 46) 

F 
4 

Ei 
525 

3 
bJ 
P 

Total annual cost/reach (6) (‘%l?I box 47) 
48 

c 525 I 

Benefit Area (ha) 

49 
(Uox 6) I 11.9 I 

Total annual maintenance cost/ha (Box 46 /box 49) 

50 

I 44 

BENEFITS OF MAINTENA.NCE 

51 

Design Standard 

(With msinteoance) 

Do Nothing 

(Without maintenance) 

Change in Net Benefit Due to Maintenance 

Net Benefit of Maintenance 

Net return less flood costs 

Net rettum less flood costs 

Change in net benefit less total annual nlaintenarice costs (Box 53 - hox 49 or 50) (E) r---x-l 

Berlefit : cost ratio 

Note: All table numbers and references relate to R&D Note 5 11, GuideIines for the Justification of River Mainteaance 

(Box 240) (Q 1 -527 I 

(Box 41 ry) 

(Box 51 - box 52) 

52 

(0 1 -527 I 

53 

(f) I 

54 



y DESIGN STANDARD 

i& 
ij Average Bed Width (m) 

Average Channel Depth (m) 

E 
p 

-2 

% Weed Cover (In channel, 
submerged &floating wed ) 

5 
sl Freeboard (m) 

Watertable Depth (m) 
(Box 5, 7, 13 h Figure 1 or 2) 

Drainagc,stahIs 
@x14& Table 4) 

Using Dominant Land Use 
Drainage Benefit Area (ha) 

Economic Net Return 
(Box 8, 15, Table 5) 

Using Varied Land Use 

(Box 9, 15, TaTle 5) 

Banktbll Discharge.(Qbf) (cumecs) 

Regional .Groti Curve Area 
(Figure 3) 

Mean Annual Flood (Q bar) (cumecs) 

QbffQ bar (cumecs) 
(Box 22 /Box 24) 

Thcsc data SW not 

required unless 
lhe flood return 

periodi aie not know 
sod cslimates cannot 

be used. 

16 
j-1 

17 

18 19 20 

Drainage l3onefit Economic Net Return 
Area (ha) (.uha) (2) 

Total Economic Net Return 
(.%lM~of Box 20) 

Using Dominant. Land Use 
Flooding Benefit Area (ha) 

Flood Return period (yrs) 
* Select from 0, 1-2, 3-5, G-10 or> 10 years 

Flood Cost 
(Table 6 or 7, Box 8, 15, 26, 27) 

Using Varied Land USC! 

(Table 6 or 7, Box IS, 29, 30) 

29 30 31 32 

Flooding Benefit Flood Return Flood Cost 
Area (ha) Period (yr.) * ($/ha) (f) 

1 Ext. pasture 

2 lnt. pasture 
3 Grasskrabla 

4 All cereals 1 I 
S Cereal/oil seed I I 
G CcrcaYroot I 
7 Horticulture 

* Sclcct from 0, l-2.3-5, G-10 or > IO years 
I- - 

Total Flood,Cost 
(sunl of*Bdx 32) 

Benefit Area Value 
(Economic net return less flood costs) 
(Box 17 or 2 I - ,Box 28 01’ 33) 

Note: Further !information is presented in R&D Note .S 11, Guidelines for the Justification of River Maintenance (Dundcrdale & Morris, 1996b). References and table mnnbers relate to this document. 

Additions and alterations from the original record sheet are shown in red. The box numbers have also changed from those in the or&al document. 



DESIGNSTANDARD 

or :- Varied 1:uld use 

1 * Mean hlual Flood (Q bar) 

j (cL1n1ecs) 

, * QWQ bar (cume~s) 

I 
I * Floodin&&vclopes 

; * o/o BA with &fkxa~t flood 

) r’ctunn puiocls (years) 

; (TCJiJlC 6 or 7, bo.ws 5, 7, 15) 

6-10 

> 10 (1Oyc) 

(15yr) 
(20 Y4 

(25 )rr) 
(30 yr) 

(l&J) 

(4 

1 
7 

L------------- ---- -----~~-~~--~~~---~~~---~~-lL!I!%!L~ 
*: Not mceascrry udcss tleloilcd irlformalin~l cmcl nssc’sstrrenl is repircd 

1Ga 161) Flootl Rctum Period (years) 

Net Rdum Wcigllted 

T.Ul- (ml) Net Rdum 

1 -81 -1061 ?‘&ll Flood cost (6) 

2 245 1.068 

3 

4 Design 

5 Net Return Less Flood Cosz (0 
6 (Box 16 - box 2.q 

7 

21a 

171 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 

I 
t 
I 
I 

I 
1 

I 
I 
I 
I 
I 

.I 



i 
Ti 
4 
= .- 
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"DONOTHING" (WITHOUTMAINTENANCE) 

W/o Mailltenance Width (m) 

(Box 10 - box 25q) 

W/o Maintenance Depth (1x1) 

(Box 1 I - 60s 260) 

W/o Maintenance Freeboard (m) 

(Box 13 - bos 2&l) 

W/o Maintenance Watertable Depth (m) 

(Box 4, 9, 32, Table 3. l~i~gtrre I or 2) 

W/o Maillreoance Drainage Status 

(Erble 4, box 33) 

30 

(0.625 

34 

/-iGzEq 

Economic Net Retmn (W/o maintenance) 

(Table 5, box 8, 34 

For sillier :- Dominant land LISO 

or :- 

3% 35a 

I Net Return Weighted 

3 

4 

5 

6 

7 

W/o Maintenance bakhll discharge (Qbf) (CLIIIIOCS) 

(Box I7 - box 29) 

* W/o Maintenance Qbf/Q bar (cumecs) 

(Box 36/bos 19) 

j., ,...,..... ,, ., .., .,. ,. ,..., ., ,.... . . . . . . . . . . . . . . ..,,,,,,,,,,.,..___,,,,,,,......,,,..,..,,.,.....,,,,........................,......,.,.......................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... 
38 3&l 39 39a 

% area of Flooded Total ,*’ 

each LUT that Area Flood Cost Flood qyst@$ 

; * FJooding Envelopes Flw (yr.) noocls (ha) (Lha) (Bqc& * box 39) 

i * % RA with different 0 
, . ..’ 

/ 

[ flood return periods (years) 4 .A/ 

i ((irble 6 or 7, bo..ws 5. 7, 34) l-2 A' 
/ 

3-5 ..A 
, 

6-10 (6yr) .A' 

7 - IO (8 yr) /- 
/ 

>lO (1Oyr) 
,+ 

1’ 

Total - -- - .-.. 
i * Not ~~ecessnry II&W ddniled infomation nnd cwse.s.snwrf repired _.,,..._................,,..,,...................................,.,......,..,,,,,.,...,. : .,,,..,..,,,.....,,,,...............,,..,.,,,..........,,,,....,......,.,.......,,.,.,,............................................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

40 

W/o Maintenance FRP (years) 1 N/A 1 

Total Flood Cost 

Do-nothing 

Net Return Less Flood Cost 

(Box 35 -. bos 41) 

(L) r---r-y 

4la 

(L) 1 -778 1 

Note: All table nmnbers and refcrcnces relate to R&D Note 511, Guidelines for the Justification of River Maintenance 



Maintenance 
Activity 

42 
Unit Cost 

(f) 

4.3 44 

No. of ~ostiRea+! 

Ulli ts Activity (6) 

” (specify) 

4.5 
Interval I3etween 

Maintenance 
Activities (years) 

46 
Anlorlisation 
Value at 6 % 

I+c&ud Rate 
(Box 45, l’~bi’18) 

47 
Annual Cost 

(L) : 

(130.X 44 * ilox 46) 

,. 

582 

BENEFITS OF’ MAINTENANCE 

Design Standard 
(Witl~maintk*iahce) 

Do Nothing 
(Without maintenance) 

Change in Net Benefit Due to Maintenance 

Net Benefit of Maintenance 

Total mm+ costheacll (f) 

Benefit Area (ha) 

7 (bun box 47) 

Total annual maintenance cost&a (Box 48 / box 49) 

Net return less flood costs 

Net return less flood costs 

Cliange in net benefit less total ammal maintenance costs 

Benefit : cost ratio 

Note: All table numbers and references relate to R&D Note 5 1 I, Guidelines for the Justification of River Maintenance ,, ‘: ‘, 

(Box 24a) 

(Box 410) 

(Box 51 - box 52) 

(Box 53 - box 49 or 50) 

(Box 53/box 48) 

,---T-y 

52 

(E) (I 

53 
(f) r--Ye-y 

54 

(Ii) ~203~ 

(I 



This Appendix contains a copy of the soil textural diagram. This may be used to classify soil ;ype on the basis 

of the percentage composition of sand, silt and clay particles. 

source: LandonJR. (Ed.) (199 1). Booker Tropical Soil Manual. Longman Scientific and Technical, Harlow, 
Essex. 

First presented within USDA (195 I).: Soil Suwzy Manual. Handbook 18. USDA, Washington DC. 

70 50 50 40 30 20 10 

Percent Sand 

-4:. 
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APPENDIXX RE-DESIGLNED RECORD SHEETS FOR 
TRE GUIDELINES 

This Appendix contains~record sheets for use in the Guidelines. These sheets have been re- 
designed in view of the comments and suggestions made in Chapter 6. 
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K 

DESIGN STANDARD 

6 Average Bed Width (m) 

Average Channel Depth (m) 

p 
-2 

% Weed Cover (In channel, 

8 

submerged &floating weed ) 

si 
Freeboard (m) 

-5 
Watertable Depth (m) 
(Box 5, 7,13 & Figure I or 2) 

Drainagc,status 
(%ox I4 Q Table 4) 

Ushig Dominant Land Use 
Drainage Benefit Area (ha) 

Economic Net Return 
(Box 8, 15, Table 5) 

Using Varied Land Use 

18 19 20 
Drainage Bonefit Economic Net Return 

Total Economic Net Return 
(Sum~ofBox 20) w 

g Bank&d1 Discharge,(Qbf) (cumccs) 

i Regional .Groti Curve Area 

i (Figure 3) 

These data arc not 

ix5 

required unless 
Lhe flood return 

pcliodk air: not knovvn 

i Mean Annual Flood (Q bar) (cumecs) d 

sod estimates cannot 
be used. 

..1 

Using Dominant. Land Use 
Flooding Benefit Area (ha) 

Flood Return period (yrs) 

* Select from 0, 1-2, 3-5, G-10 or> 10 years 

Flood Cost 
(Table 6 or 7, Box 8, 15, 26, 27) 

29 30 31 32 

Using Varied Land USC! Flooding Benefit Flood Return Flood cost 
Area (ha) Period (yr.) * (%a) w 

(Table 6 or 7, Box IS, 29, 30) 

* Sclcct from 0, l-2.3-5, G-10 or > IO years 

Total Flood,Cost 
(Sum oJB& 32) 

Benefit Area Value 
(Economic net return less flood costs) 
(Box 17 or 2 I - ,Box 28 01’ 33) 

Note: Further iinformation is presented in R&D Note .5 11, Guidelines for the Justification of River Maintenance (Dundcrdale & Morris, 1996b). References and table numbers relate to this document. 

Additions anil alterations from the original record sheet are shown in red. The box numbers have also changed from those in the o+ginal document. 



“DO NOTHING” ~(WITHOUT MAINTENANCE) 
4-l 

W/o Maiitenance Width (m) 
(Box 10 - Bo% 35a) 

I /I 

41 

W/o Maintenance Depth (m) 
(Box 11 - Box 36a) 

I II 

W/o Maiitenancc Freeboard I$) 
(230~ 13 -Box 36’4 

W/o Maintenance Watertrible Depth (m) 
(Bar 5, 7, 42, Figiwe J or 2) 

W/o Maintenance Dr&age Status 
(Table 4, Box 43) 

Using Dominant Lund Use 
Drainage Dcnefit Area (ha) 
(190.~ 86 or a.dl@erent area) 

Economic Net R~lum 
(Bar 8, 44, Table 5) 

Using Varied Land Use 

[Bar 9, 44, Table S)) 

47 48 49 

Draiiage Benefit Eoonomic Net Rctum 
Ama (ha) (f/ha) 

Total Bconomic ‘Net Rehun, W/o Maintenance 
(Sun1 qf-Bar 49) 

Banl&U Discharge W/o Maintenance 
1 l(Qbn (cumecs) 

‘l’hesc data are not I i 
required unless 

j IQbffQ bar W/o Maintenance 
f !(cumecs) (Box 51 /Box 24) 

i 

the flood return i 
periods are not h~own i 
and csuma1es cannot : 

bc used. i 
I 

Using Dominant Land llse 
Flooding Bcnefr .4rea (ha) 
,@ox 26 or c1 ,dl@Ze~~ent area) 

!FIood Return period (w) 
* Select from 0, I-2, 3-5, G-10 or > 10 years 

5.5 
Elood Cost 
,(Tabh 6 01’ 7, Box 8, 44, 53, S4j 

Ikirq Varied Land Use 

Mooding Be&it Area 

56 51 58 59 

Iilooding l3enefit Flood Return Flood Cost 
Arca (ha) Period (yr.) * (0 

(Table 6 or 7, Box 44, 36, 27) 

r;' Selccl from 0, l-2, 3-5, G-10 or > 10 years 

Total Flood Cost 
,[Surn of Box 59) 

Note: Further information is presented inR&D Note 511, Guidelines for the Justification of River Maintenance (Donderdale & Morris, 1996b). References and table numbers relate to this document. 
Addiians and alterations Tom the aiginal record sheet #are shown in red. llhe box nubers have also changed from those in the original document 



IMAINTENA!NCE COSTS ki 
62 63 64 6 

2 
Maintenance ‘. unit cost Unit Used No. of Cost/Reach/ 

0 ActiviQ~ (4 (specify) Units Activity (E) 

EC 
E 

P 
4’ If using a different discount rate, please specifjl 

MAINTENANCE BENEFITS 

Design Standard 
(With maintenance) 

Do Nothing 
,(Without maintenance) 

Change in Net Benefit Due to ‘Maintenance 

Net Benefit of Maintenance 

Benefit : cost ratio 

Total Annual Cost 
(Sum Box 68) 

Benefit Area (ha) 
(Box 2) 

Interval Between Amortisation Annual Cost 
Maintenance Value at 6 oil0 (E3 

A&&es (years) Discount Rate 4’ 
i (Box 66, Table 18) (Box 65 * Box 67) 

Net return less flood costs 
(Box 34) 

Net return less flood costs 
@ox 61) 

(Box 71 -Box 72) 

(Box 73 -Box 69) 

(Box 73 /Box 69) 

69 

G:) I I 

- 

71 

(&)I ‘.‘,“’ I 

74 

w 1 
I . ..” 

75 

I I 

Note: Further information is presented in R&D Note 5 11,;Guidelines for the Justification of River Maintenance (Dunderdale & Morris, 199613) 
References and table numbers relate to tbis document, 
Additions and alterations from the original record sheet are shown in red. ‘Ihe box numbers have also changed from those in the original document. : 


