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EXECUTIVE SUMMARY
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-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 -concemn 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
works with a value of Jess 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- rural, predominantly agricultural areas. They may be used to support -the
agricultural 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-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 -agricuitural.
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;

evaluate the performance of FDMM against agreed criteria;

suggest modifications to FDMM and the Guidelines in-view of (1) and (2); and, -

identify, if appropriate, ways in which the Guidelines can be used to support, and where
relevant, extend the agricultural component of the FDMM methodology.

AW

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 function:. FDMM is based on elements of the appraisal systems listed here:

» The ‘Blue Manual’ (Penning-Rowsell & Chatterton, 1977) and the ‘Red’ Manual (Parker,
Green & Thompson, 1987).::.
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e Drainage benefits and farmer uptake (Silsoe College, 1980s).

e House Equivalents (developed by Chatterton & Green in the 1980s, modified by Robertson
Gould Consultants).

e River Information and Maintenance System (RIMS) (Severmn Trent Water Authority,
Silsoe College & others, late 1980s).

* River Maintenance Evaluation (Sutherland & Morris, 1993, Dunderdale & Morris, 1996).

o Guidelines for the Justification of River Maintenance (Dunderdale & Morris, 1996).

o Flood Defence Levels of Service (Robertson Gould Consultants, 1990).

e The Coastal and River Infrastructure Management System (CRIMS) for Flood Defence
(Howells, Haigh, Reaston, Taylor & Morris, 1992).

e The Flood Defence Standards of Service (SoS) system (Robertson Gould, 1992).

e Economic 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 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. 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 river 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 different 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:

e channel parameters, floodplain topography and catchment characteristics;
o flood risk and drainage benefit areas and associated land use;

e flood return periods and associated flooded areas;

¢ drainage status; and,

e 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 agricultural 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 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 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 required by the: Guidelines relate mainly to general channel and- catchment
characteristics such as substrate and catchment size.-

Results from the Application of FDMM - :

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 cost of damage is expressed in terms of HEs, whereby one HEis 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 -
assetsplaced 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 (HE/km/yr), the greater are
the:asset valués placed at risk. . At present, a score of 0.5-1.0 HE/km/yr is regarded as ‘on:-
target’. A score greater than 1.0 HE/km/yr indicates-a below target SoS,-and less than 0.5~
indicates that the SoS provided is above target.

Definition of Benefit Areas-
The areas benefiting- from maintenance were defined - through - a combination of field
observations-and discussions.with the Environment Agency and IDBs.

Flood Risk-and HE Scores
The flood risk’ areas and associated effective reach length (length -of main :river for which-a
flood risk area is defined) 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 73. 7.3 .
Ffos Fawr - 38 116 2.1 ’ 2.1
Abbey View AD 42 - 43 1.1 1.1
Ffynnon-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 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 defined. 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 (HE/km) *

Watercourse Left Bank Right Bank Left Bank Fisht Bank
Kelwell Stream 8.25 17.18 3.06 3.92
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/yr, B=25-50, C=5-24.99, D=1.25-
4,99, E=>0.00-1.24 HE/km) according to this HE/km 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 flooding 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 define 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 regime, the
drammage 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
Ffynnon-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 HE/km/yr drainage score.

Standards of Service

The flood and drainage scores (HE/km/yr) have been combined to determine the Standard of
Service 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 Ffynnon-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
HE:s at risk are apportioned to a longer reach thereby lowering the HE/km/yr score. The flood
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risk and drainage benefit areas associated with these additional reaches should-be 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.difference 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 ‘with’.and ‘without’ maintenance situations as shown in Table 3.

Table.3. Example.of the calculation of annual flood damages using.the'arithmetic

method -
Flood Return . Probability- Nr. HEs Probability Average Nr. HEs @x@®) ..
Period (years) - Affected Interval (a) - Affected (b)
Without Maintenance -

1 0.50

. 92
Annual Average Number HEs affected without maintenance (AAN wigour) 5.25

With Maintenance
1

50 - 0.02. 992 _
Annual Average Number HEs afft

The difference in the AANginouwr and-AAN;q, 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 differences in freeboard 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 Annual Benefit (£) of Annual Benefit (£) 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. 1997/98 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 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, 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 :

Left Bank  Right Bank

Benefit lost under Scenario 1 (£) @ 6533 11990
Benefit lost in year 10 (£) )] 9494 17424
Incremental loss over 10 years (£) ®-@=() 2961 5435
Average value of incremental loss (loss in year 5) (£) ©/2=() 1481 2717
Discount factor at 6 % (year 5) (e) Appendix II 0.747 0.747
Present value of average incremental loss (£) (dxE=(® 1106 2031
Average annual loss assuming further deterioration (£) B+ (a) 7639 14020
Total of both banks (£) 21659

Note: Figures are subject to rounding. 1997/98 prices are used.

Justification

Justification of the maintenance scheme is undertaken through a comparison of the benefits and
costs of maintenance in a simple benefit:cost ratio.
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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 regimes appear. to be justified in
€COonomic terms.

If the urban benefits are removed, the current maintenance.regimes appear to be justified 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 (£) - Maintenance (£) Agricultural) - (Agricultural
(Urban and- Only)
Agricultural) © -
Kelwell Stream 3713 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° 41
Ffynnon-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 IDB/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 TDB 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 with FDMM,; the IDB .watercourse upstream: of
the main river has been excluded from 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 (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. - In-addition;-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 FDMM 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  Benefit:cost ratio, FDMM and Guidelines, by watercourse

Watercourse FDMM (a) GUIDELINES Ratio of FDMM GUIDELINES
Annual (b) Annual (2)/(b)  Benefit:Cost  Benefit:Cost Ratio
Benefits Benefits ‘ Ratio (Agricultural +

(Agricultural (Agricultural (Agricultural + Urban)

Only) (£) Only) (£) Urban)

Kelwell Stream 23106 12945 1.78 8.1 53

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 Co112 10.3

Abbey View AD 3114 2347 1.33 6.0 49

Ffynnon-y-ddol and tributaries 20411 22981 0.89 2.2 24

Note: Figures are subject to rounding. 1997/98 economic prices are used.

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

o differences in identification of benefit areas;
o differences due to use of standardised HE values based on 1991 relative prices;
e differences due to the use of HEs in FDMM to estimate flood costs;

e differences in the treatment of flood envelopes, which are assumed overlapping m FDMM
and discrete in the Guidelnes;

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

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

Quality of Results

FDMM 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
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. '

User Confidence

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
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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:
m it will increase.

The Guidelines can accommodate more: variation in- watercourses (for example, highland
carriers and IDB/IDD channels) and benefit areas than FDMM -and are therefore applicable to.
a wider variety of circumstances. This, coupled with-the 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 -concern, .the
Guidelines-can help to underpin FDMM 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 performance of -
river maintenance works.

Problems lie in theuse 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

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

1. modifications to-FDMM to address site specific -circumstances and-peculiarities such as -
highland carriers, IDB/IDD watercourses and derivation of benefit areas;

2. guidance in the use of FDMM and in particular in the use of adjustment factors such as the
areal drainage factor; -

W)

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

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

5." modifications.to the presentation of FDMM and the Guidelines and correction of errors.

Recommendations Regarding FDMM.

The recommendation arising from the study which relate to FDMM are that: -

o the modifications to FDMM' which are discussed in Chapter 5 are implemented and-the -
record sheets re-designed accordingly; -

» attention is given to the definition of data requirements to enable FDMM to be used to its-
full potential;,

® a catchment scale of- analysis is adopted whereby benefits and - costs of the whole

watercourse system are studied, inchuding IDB/IDD drainage networks, embanked reaches
and highland carriers and costs associated with asset management;: -

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

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

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

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

e a summary version of FDMM is produced for use on site; and,

e 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 FDMM

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

¢ justify maintenance on IDB/IDD 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 IDD/IDB watercourses are abundant;

o justify the flood protection provided by highland carriers and embankments. At present,
flood risk areas associated with these are not defined using FDMM and their associated
benefits are excluded from the analysis;

o 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
HEs.

e 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 from the study which relate to the Guidelines are that:

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

e case studies are developed to show the application of the Guidelines in support of FDMM
to accommodate peculiar circumstances and different levels of detail,

e ‘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,

e 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:
agricultural land against flooding and waterlogging - from.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. In recent.years greater emphasis has been- .-
placed on the need for objective methods for-assessing the value and-design of appropriate
river maintenance programmes.

This requirement. for justification of maintenance expenditure. and Standards of Service

provided has promipted 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.
FDMW, -there is some concemn 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
works 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;

evaluate the performance of FDMM against agreed criteria;

suggest modifications to FDMM and the Guidelines in view of (1) and (2); and, -

identify, if appropriate, ways in which the:Guidelines can-be used to support;.and where
relevant, extend the agricultural component of the FDMM methodology.

ENCRS
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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 full results
of the application of FDMM and the Guidelines to each case study watercourse are presented
in separate Appendices.

R&D Technical Report W134 2



2. RIVER MAINTENANCE:
CONCEPTS, PRINCIPLES, APPRAISAL METHODS

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

2.1 Introduction -

The floodplains of many rivers 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 building 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:agriculture from flooding: and waterlogging-
(underground flooding) is necessary. Without flood defences, approximately 7% of the total-
land area of England and Wales-(10 000 km?) would be at risk from non-tidal fluvial flooding

(Richardson, 1996). -Flooding from coastal waters would affect 7000 km®. This:total-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 waterlogging 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 is-to 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 being 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 dramage, whether by natural movement. of water through soils or assisted by
underground pipes. .

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

The need for maintenance works has traditionally been based on the fact that the maintenance
scheme -is ,vheduled 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
maintenance, 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 justification 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 funded by grant aid provided by the Ministry of Agriculture, Fisheries and
Food (MAFF; and the Welsh Office (WO) must be justified in accordance with the MAFF
Project Appraisal Guidance Notes (PAGN, MAFF, 1993) which are in line with Treasury
Guidelines. Non-grant aided works over £500 000 in valus are also justified using the PAGN
as these are also submitted to MAFF for approval. All otiier non-grant aided pI‘O_]eCtS 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 Manual’, produced in 1977 (Penning-Rowsell
and Chatterton, 1977). The manual simplified the assessment of benefits of protecting urban
and agricultural land. Tt 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’ Manual) 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 MAFF. This included a -
review of 22 agricultural. drainage improvement projects.throughout England and - Wales.
Subsequently, methods were developed for agricultural benefit assessment and drainage project
appraisal. -

The concept of House Equivalents (HEs) (often called Household Equivalents) was. developed
for Standards of Service during the 1980s by Chatterton and Green. (1988). Under-this-
comncept, land use subject to flooding is recorded and evaluated using the common numeraire of
the HE.” A key factor in the use of the HE is the ‘value’ of one HE in economic terms.
Chatterton 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 thén converted to their HE value. .

This approach was adapted by Gould - Consultants, now .Gould Rural Environmental :Ltd.
(GRE), who'used the concept.of the ‘average cost of a flood’, to derive an HE of £1135 (1993

price:base). 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 was-applied to justification. .

The River. Information and Maintenance:System (RIMS) 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 performs benefit:assessment for urban -
and infrastructural 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-monitor 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 appraisal 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
finction. The output from -this study included Guidelines jfor the Justification of River -
Maintenance. These provide a routine. for the justification of maintenance regimes in terms of .
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) (Robertson-Gould Consultants, 1990). This -
system involves the identification of'land use, in terms of HEs which is within'the area at risk
of flooding.~ Land use.is classified into five bands according.to the total number of HEs. The
total number of agricultural HEs affected by flooding at various return periods are used as a
measure of the adequacy of the level of service provided.

The Coastal and: River Infrastructure Management 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 Standards 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 RIMS, CRIMS and the Flood Defence Levels of Service
methodology. The methodology of the SoS system is illustrated in Figure 2.1.

Flooding Land Use Drainage Land Use
Assessment Assessment
|
v
Determine Land Use Flood Drainage
Bands Score Score
| i
A V A
Target Standard .| Actual Standard
of Service _ of Service
Y
Standards of Service
Status

Source: NRA, 1995, Figure 3.1

Figure 2.1 Standards of Service methodology

The economic appraisal of non-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 various-depths (<0.1'm - >1.2'm) and -
return: periods (<10 yrs, 10-50 yrs, >50 yrs) to an inventory.of over 100 items.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 this.damage was estimated to-be £1134."*This
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 figures is presented in the .
following paragraphs. -

Potential damage to communications is based on the duration of flooding (<; or >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 1991 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 will be 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 crops.are 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 (>2500 ha).. The loss relates to the
difference 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 is-included in the calculation (Howells et al, 1992):
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Table 2.1 Land use features and HE values

Land Use Feature Average Weighted Unit HE (b)
Damage (£ *) (a)

House 1134 Number 1
Garden 43 Number ** 0.04
NRP - Manufacturing 322 Area (m?) 0.03
NRP - Distribution 60.6 Area (m’) 0.054
NRP - Leisure 353 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 CRIMS to use a value of 0.001 HE fo simplify the calculations undertaken
C roads ) 3040 Number 27
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) *%%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) 441
Formal parks 720 Number 0.6
Golf/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 43/1134=0.04, *** E g (0.21/1134)x100 = 0.02
Source: (a) CRIMS, R&D 373/1/T (1992) (b) 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 from 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 work
“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 regimes 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 (loops; spurs and lengths without: an associated
floodplain are excluded)’ (FDMM;-1995).- Figure 2.2 illustrates this diagramatically.

2.6.2  SoS assessment - flooding -
Area of benefit

The area benefiting from the flood defence services provided is identified and termed the.flood -
risk area. This area may equate to the maximum known flooding extent or the area protected
by an existing flood defence scheme.

Land use.assessment ~ flooding .

The mntensity of land use within- this-flood risk area is expressed in terms of House Equivalents
(HE). Examples of HEs for. 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. -.

’L"—'f', ) ~e -}
Limit of Flood - ] = ’1?‘ A
Risk Area 4\ S 1 ;ig: T A -
' (
La o
\\ - o } Ra
~ - }
R i
R| .+ i
s
e N
v
E ¢
R
A A ) A
N2
b b Rb
LRI R
. RS
Limit of Flood 7y N
Risk Area
Actual Reach Length Left=a+ Lb+ Ld - Acwal Reach Length Left and Right=c¢ -
Actual Reach Length Right =a + Rc Effective Reach Length Left=La + Lb
Effective Reach Length Left and Right=a Effective Reach Length Right =Ra+ Rb

Source: NRA, 1995, Figure 2.4

Figure 2.2 . Calculation of reach lengths.

The total HE score for the flood risk area is divided by the effective reach length, to derive an
HE/km value. The land protected is categorised into one-of five 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 > 30 Typically large urban areas at risk from flooding
B 25-50 Less extensive urban areas with some high grade agricultural land
C 5-24.99 High grade agricultural land at risk of flooding and impeded drainage and some
properties at risk of flooding
D 1.25-4.99 Typically mixed agricultural land, prone to waterlogg,lng or flooding, the
occasional property at risk of flooding
E 0.01-1.24 Typical low grade agricultural land, often pasture, at risk of flooding and
impeded drainage, isolated agricultural properties at risk of flooding
F >0<0.01 Typically small areas of low grade agricultural land or areas of forestry and
scrub at risk from flooding or impeded land drainage
X 0 Little or no flooding occurs (E.g. upland watercourse), or culverted
X1d 0 The reach is within the floodplain of a larger river
Xest 0 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 techmques the
historical and predictive technique.

The historical technique 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 rolling basis to reduce seasonal
variation and to give the average annual value of HE/km affected (flood score, HE/km/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
return 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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274.98

HEs -
Affected .
96.10} -
0] - _ : e |
0 0.01 - 0.02 0.03 0.04 0.05 0.06
Flood Probability

Total HEs affected (area under graph) 6.59

Effective reach length (km) - 3.60

HEs affected/km/yr = (Flood score) 1.83

Source:. Supplement to the Summary Guidance for the FDMM, Summer 1997, p2/7 .

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

If.a large discrepancy between the:two techniques- is identified,--the results.should be
investigated. Poor.data sets for the historical flood  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 identified- 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 areal 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 identified visually and from local knowledge over a
rolling five year period (monitoring period). - -

The predictive technique nvolves the.setting of-a drainage standard.in terms of a-theoretical
freeboard .which. can be compared with:the actual.freeboard at times of dominant discharge
(discharge which . occurs most. frequently). In‘naturally drained land, - freeboard. may be
described as the vertical distance (m) between-the water surface.in the watercourse and field "~
level. Ifland is artificially drained, freeboard relates to the distance between field level and 0.1
m below the field drainage pipe outfall. - This is illustrated in Figure 2.4.
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Naturally Drained Fields Artificially Drained Fields

Field level Field level

Freeboard Drainage pipe

Water level — - -

Freeboard

Water level ~— |-

Figure 2.4 Diagrammatic illustration of freeboard

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

r Combined drainage score = ((Historical score x 1) + (Predictive score x 2)) /3 4|

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

HE/km/yr  Rating Description Action - maintenance regime urgency rating

>2.0 1 Well below target Significant 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 HE/km/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 specific watercourses. Watercourses receiving a low rating (1-2) in which the SoS
provided is below target are identified 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: of the benefits and costs-associated with the alleviation of flood and waterlogging -
damage. Maintenance is justified if the benefit:cost ratio is greater than 1. "FDMM: is used for

justification 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 assessing the House Equivalents (HEs) -
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 (AANymon) of HEs affected
under the ‘without’ project situation are then calculated arithmetically or by plotting a graph of -
the number of HEs: affected against the probability of flooding. . An exaraple of the-arithmetic
method is-shown in Figure 2.5. The flood extent is then established for the ‘with® project
situation. for 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 (AAN.;) of HEs
affected ‘with’ project is determined in the same way as for the “without” project situation.

Flood Return Probability Nr. HEs Probability .~ Average Nr. HEs @ x (b)
Period (years) Affected Interval (a) Affected (b) -
Without Maintenance

50 0.02° 992 ..
Annual Average Number HEs affected without maintenance (

without)

With Maintenance -

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

The difference in the AANimo and- AANy, is the flooding: impact annual average benefit of
the “project’ expressed in HEs. 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 Figure:2.5, the benefits are therefore £4747 ((5.25-1.61) x £1304). -

(AAN uimout - AAN i) 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 mproved
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 m 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 1980s, and subsequently for the NRA (Hess, Leeds-Harrison, and
Morris, 1989).

Table 2.4 Drainagé 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 14-17 <14
Rising (> 0.5 %) >1.5 1.2-1.5 <12
Light Flat (< 0.5 %) >1.2 09-12 <09
Rising (> 0.5 %) >0.8 0.5-0.8 <05
Clearance for Pipe Outlet for Drainage (m)
Good Bad Very Bad
Piped drainage All All >0.1 0.0t0 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
calculated, based on the extra net return per hectare to be obtained on extensive pasture,
mtensive pasture or arable land from improvements in drainage condition. '

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

Benefit assessment ~ other

Environmental and social benefits are difficult 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 significance 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, Mills, 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 (FWR, 1996). Within this manual, attention is
also given to associated recreational benefits.

Further research is required in order to develop reliable systems for the quantification 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. Guidelines are similar in principle to those contained in the agricultural
component of FDMM, but they differ in degrees of detail and in particular, in the way flood
costs are identified. The Guidelines: provide a broad brush approach to determining a
maintenance benefit:cost ratio.-. They are based.on the difference in benefits ‘with’ and
‘without’: maintenance.

Full details of the methodology are contained within R&D Notes 511 and 456 (Dunderdale and
Mortis, 1996a,b). A full 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 derives
benefit from the maintenance regime in terms. of its impact on flooding. and prevention. of a
deterioration in thé standard -of drainage service. Urban areas are not included in the benefit--
area as they receive different 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 floodplain 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 -
smaller catchments (<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 mfluences the-costs associated with the flood event.

Maintenance- benefits vary according to land use within-the benefit area. For consistency, the
same-land-use types (LUT) are used as in RIMS and the Economic Appraisal of Non-Grant -
Aided Work for determining maintenance benefits (Table 2.5).

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

1 Extensive Pasture .  Grass, poorly drained, uneven grass sward, sheep grazing, some hay

2 Intensive Pasture Grass, well drained, field pipes, beef, dairy, even sward,-clover, silage, reseeded

3 . Pasture/Arable - Grass, wheat, barley, oats

4  All Cereals Wheat, barley, oats .

5  Cereal/Qil Seeds Wheat, barley,. oats, oilseed rape, linseed oil (peas, field beans)

6  Cereal/Root Crops ~ Wheat, barley, oats, potatoes, sugar beet (turnips, swedes)

7  Horticulture Cabbage, carrot, broccoli, leek, onion, cauliflower, salad vegetables, orchard/soft
fruit -

8  Other 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 classified 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
maitenance.

Where land adjacent to the watercourse may be subject to temporary high watertables, 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 artificially drained areas, the requirement for freeboard is set by the drain outfalls, based on
soil type and floodplain topography. Minimum acceptable freeboard requirements for piped
field drainage in different soil types are shown in Table 2.6. In naturally draining fields,
watertable levels are influenced by soil hydraulic conductivity, land slope and rainfall rate
(Table 2.7).

Table 2.6 Freeboard requirements: fields with piped drainage

Freeboard Requirement
Soil Type Flat Floodplain (m) * Rising Floodplain (m) Default Values (m) **
Sand 1.6 1.4 1.5
Silt 1.6 1.4 15
Loam 1.6 1.4 1.5
Clay 12 1.0 1.1

L]

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 * 13 1.0 1.15
e Cly 21 20 205 ___
Bad Sand 0.7 0.3 0.5

Loam 1.1 0.6 0.9
e Clay_ 19 LS L7
Very Bad Sand 04 0.0 0.2

Loam 0.8 0.0 0.4

Clay 1.6 1.0 1.3

3

E.g. 1.3 m freeboard is necessary to deliver a good drainage on a loam 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 given site conditions .
using a steady state model (Youngs et al, 1989). The model is used to estimate watertable

depth in the benefit area associated with the floodplain topography, soil hydraulic conductivity
and freeboard.

The watertable depth determines the drainage status of the land. Drainage status of the benefit -
area is classed as good (G, drainage does not impose restrictions.on land - use), bad (B,
moderate restrictions on land use) or very bad (VB, drainage mmposes severe limitations on -
land 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 modelling: (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 bankfulldischarge 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 -bankfull -discharge. and
freeboard.- The o and b values are presented in Table 2.9. The parameter x is the percentage
widening, deepening or vegetation cover removed and y 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..

R&D Technical Report W134 17--



Table 2.8 Tmpact of maintenance on bankfull discharge and freeboard

% Deepened % Change in % Change in % Widened % Change in % Changge in
Bankfull Discharge Freeboard Bankfull Discharge Freeboard
Silt / clay bed channel
5 S 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 55 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.
Siit / Clay Bed Channel Change in Bankfull Discharge - Change in Freeboard
Maintenance Type a b a b
Deepen 1.50 0.68 0.65 0.34
Widen 0.34 035 0.17 0.18 .
Vegetation cutting,
Original vegetation cover 20% 0.70 0.37 - 1.00 0.10-
Original vegetation cover.50% 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: What is the impact on freeboard of deepening a clay bed channel by 15% 7
Step 1 Select the appropriate a and b coefficients from Table 2.9.
Step 2 Substitute these coefficients into the equation: y = a = bx
»=0.65+034x 15"
y=>5.175
Answer - 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 freeboard 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 the-drainage status of the floodplain -
associated with this watertable depth determined.

Flooding
The change in bankfull discharge, due to maintenance, is used to: determine the. bankfull . *
discharge in the absence of maintenance and therefore the flood return-period which would -
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 ..

In 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 damage 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. = Changing circumstances have placed
greater emphasis on-the need for objective methods for assessing the value and design:of -
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 and-the Guidelines .
are compared and evaluated with respect to agricultural benefit:cost assessment.
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3. METHODOLOGY

3.1 Introduction:

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

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 agamst
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 specific 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, -floodplain and-
catchment -character, land use. and.maintenance practice. - The parameters :selected :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 mm.in
diameter; silts are-0.002-0.06: 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 un-cut 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 >10 m. These width
bands encompass the range of channel sizes on which maintenance is performed i England and
Wales (Ward, Holmes, Andrews, Gowing and Kirby, 1996).

3.3.3 Floodplain topography

Floodplains are classed as rising (>1%) or flat (<1%), 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
mfluences 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 classification system presented in the previous section provided criteria which
were used in the identification of the case study watercourses. Watercourses with different
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 North East region of the Environment Agency.
This region was targeted due to the fact that the North East piloted FDMM 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 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.

Watercourse . . KELWELL WATTON| WINESTEAD.| . FFOS-.| ABBEY - | FFYNNON-

STREAM |- BECK DRAIN FAWR"| VIEWAD | Y-DDOL &

» tributaries
Watercourse type. | Lowland. | Highland |Pumped System | Lowland | Lowland Lowland

Carrier

Flovdpl
Rising > 1 %

Flat <1% X X X X

dfchme

Large (> 2500 ha)
Small (< 2500 ha)

Extensive pasture X X

Intensive pasture

> | A

Extensive arable

Intensive arable

Weed cutting;

Grass cutting

Dredging/desilting

Tree and bush work

e | ¢
SRR B
e |4 |

Vermin control X

Figure 3.1 ..Summary of the characteristics of the case study watercourses

3.5. Data Collection -

Within- the North East region, some.data required by FDMM 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:

e reaches of different delineation were required;
¢ some of the required data were absent;

e data were found to be of insufficient detail;

e interpretation of the data was unclear; or,

e data were found to be incorrect.

The majority of the required data were therefore collected by Silsoe College through
discussions with the Environment Agency, IDB and IDD personnel 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:

¢ channel parameters, floodplain topography and catchment characteristics;
e flood risk and drainage benefit areas and associated land use;

e flood return periods and associated flooded areas;

¢ drainage status; and,

e maintenance expenditure.

3.6 System Application

FDMM 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 ln,,hland
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

e modifications to FDMM to address site specific circumstances and peculiarities;

e guidance in the use of FDMM and in particular in the use of the adjustment factors;
- o provision of information and clarification as to the derivation of adjustment factors;

e guidance in the use of the Guidelines;

e provision of additional explanation and clarification of terminology; and,

o 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 FDMM 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 thestudy are.
presented and interpreted in the following.Chapter.
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4. RESULTS

4,1 Introduction

FDMM and the Guidelines are compared in this Chapter. A‘summaryof 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 -agricultural 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; and, the time and costs involved and-training required to enable efficient use of the
systems.

The two . systems are similar in their methodological framework in that they both calculate -
benefits of flood alleviation and drainage in -agricultural areas. The differences lie 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 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 required by the Guidelines -relate- mainly. to general channel -and. catchment
characteristics such as:substrate, and catchment size.

Box 4.1  Comparative analysis of FDMM and the Guidelines

Data required

Reach length (km)-- Total - length - of - study watercourse | Total length of study watercourse.
allocated to each bank.

Flood risk area-(ha) Maximum known flooding extent or This term is not used
area protected by existing flood defence
scheme.

Benefit area (ha). This term is.nof used . Area  affected by impact of

maintenance on flooding--and land |
drainage. (Taken to be same as FDMM
flood risk area) .

Effective reach length Length of main channel for which flood | . This term is not used

flooding (km) risk area is defined (km).

Land use (ha) Agricultural land use Agricultural land use

Flood return periods Return - periods - of events at which | Return periods of events at which

(years) - particular land use interests-are affected | particular land. use - interests are
by flooding. affected by flooding,

Flooding For previous 5 yrs, date of onset,’| % of each land use type that floods
duration- (days), nature (fluvial/saline), | under- the wvarious specified flood
area (ha), land use features affected. return periods
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Drainage benefit area
(ha)

Soil type

Drainage system

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

Effective reach length
drainage (km)
Deterioration in drainage

Maintenance costs (£/yr)

Substrate

Catchment size

Channel parameters (m)
Vegetation cover

Discharge (cumecs)
Flooding (cumecs)
Maintenance regime (m,
o)

Vegetation

Benefits

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.

% cover of

Same as benefit area.

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

Rising (> 1%), flat (< 1%).
This 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 channei depth.
% cover of submerged/floating

vegetation immediately prior to
maintenance.

Bankfull discharge, representative of
the channel.

Mean annual flood.

Change in bed width and depth due to
maintenance.

submerged/floating
vegetation removed.

Benefits related to:
drainage.

flood relief and

Value of one HE (£)
HE/unit

Agricultural financial
and economic data

Average annual cost of a
single flood

HE depth damage data
Need for updating

Dependency

Data to be updaied and frequéncy

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.

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.

This term is not used

It is not necessary to update all the databases annually, providing that all the
menetary 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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System installation

Updating the system

Training - -

System maintenance

Manuals required

Data collection

The installation and set up costs are minimal and relate to the cost of copying and
distribution of the FDMM/Guidelines 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 -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°
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.

supplementary -

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 .511). R&D Note 456
contains.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

bankfull 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).

Skill/knowledge required | A general knowledge of cost:benefit concepts, a basic understanding of drainage,
by user 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 more-straightforward 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.

43.1 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 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 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 Holderness 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 £5300 (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 Beck _ _

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 Holderness 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 Witholme
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 (1997/98 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 £167 (1997/98 prices).-

4.3.3 Winestead Drain

Winestead 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- 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 IDB 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'IDB watercourse up into-the main river which is at a higher level. The-.
Outstrays Pumping :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 Outstrays 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 weedcutting-twice.a year. - The banks are also flail mown
twice a year. 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.

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 ‘continuing -
maintenance only.: Channel maintenance 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 mamtenance. expenditure on .
the IDB watercourse is estimated to be £3433 (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 water-from 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 protected from flooding by-the Afon -Conwy by flood banks. It is served by an
intensive networkof channels and:is designated- as an IDD which is run- and managed by the -
Environment Agency. In affect, these IDD watercourses are ‘main’ rivers in all but name.
Many of the IDD watercourses discharge into the Afon Conwy through the floodbanks via
flapped outfalls.

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

Ffos Fawr

The area.served by the Ffos Fawr 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- Conwy,
Nant Gwydyr and Afon Crafnant. The western boundary follows the natural limit ofthe-
floodplaii which is determined by geology 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.l and 2. The Ffos Fawr discharges into the Afon Crafnant through the floodbank and. ::
into the Afon Conwy. 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;
Annual -maintenance expenditure on the Ffos Fawr main river. is calculated to be £1428
(1997/98 prices). Annual expenditure on AD Number 1 and 2 is calculated to be £294 and -
£380 respectively (1997/98 prices). -

Abbey View AD

The area served by the Abbey View AD lies on the left bank 6f the Afon Conwy, to the south - -
of Dolgarrog. The floodbanks of the Afon Conwy and. Afon Ddu form the boundaries of thé:
area to the north, east and south. The B5106 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 shown.in Figure 4.1. =

The Abbey View AD discharges through the floodbank into the Afon Ddu via a flapped outfall.
Dolgarrog AD Number 5 draius 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 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 weedcutting. - 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 of Ruthin.-
It flows northwards through the Vale of Clwyd and discharges into Liverpool 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 Ffynnon-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
Ffynnon-y-ddol with the exception of the Pensarn Drain which is pumped into the Ffynnon-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
mto three: Ffymnon-y-ddol Dyke Farm, Ffynnon-y-ddol Gors Branch and Ffynnon-y-ddol
Kinmel 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 defined. 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 Fawr 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.

R&D Technical Report W134 34



4.4.2 Land use assessment

Flooding and drainage

Land use features of interest within-the flood rlsk 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 - Right Bank . Left Bank Right 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, 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 Ffynnon-y-ddol: experiences bad
drainage.

According to the procedure defined in FDMM (p3/21), the area of each land use 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/yr) represents the level of damage caused by waterlogging.

4.4.3. Actual Standard of Service
The flood and drainage scores for each'bank have been combined to determme the Standard of -
Service provided by the current maintenance regime:. This is compared with the target score of-
0.5-1.0 HE/km/yr. -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 and. drainage 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 ‘length 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
draimage 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 length. 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, if the highland carrier 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 HEs 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 IV.

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

Watercourse Combined Score Effective Reach Reach
(HE/km/yr) * Status
{Average of
both banks)
Kelwell System 1.10 Main river only BTS
0.79 Main river + 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
6.38 Main river + highland carrier BTS
252 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 OTsS
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,y, divided by the effective reach length. See
Flooding record sheets in Appendices for AANu,

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/yr) 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 mto 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 properties-also at risk. Band ‘D” denotes mixed agricultural land -
and isolated farm buildings which are at risk. With the exception of Watton Beck, these .
classifications are appropriate given the land use observed within the flood risk areas.

Table 4.4 Classification of land use bands; by watercourse

Land Use Band-
Watercourse - Left Bank Right Bank" -
Kelwell Stream- D (D) coD -
Watton Beck A(CYy AC)
Winestead Drain - B D .
Ffos Fawr C (O
Abbey View AD - C E
Ffynnon-y-ddol and tributaries X - No flood risk area defined X - No flood risk-area defined - -

Note: 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 risk area of Watton: Beck is predominantly rural with only a few isolated properties

at risk from flooding. A classification of band ‘A’ which states that large urban-areas are-at

risk of flooding is clearly incorrect. This error has arisen. dueto the very short effective reach -
length (1 km) within the flood risk area. An IDB channel upstream of main river and two IDB.-
tributaries all derive benefit from maintenance 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 classification has:also been revised for Kelwell Stream to mclude the
embanked:reach in the calculation of effective reach length. In this case, the land use band is
classed as ‘D’ on both banks.

4.4.5 Effect of flooding . -
The effects 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.different:return 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 IDB/IDDs were
used to confirm these estimates.

The total number of agricultural -HEs/km affected by flooding. without maintenance. are
multiplied by 1.5 in-the case of pasture and 2.2 for arable. These severity weightings 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 from the avoidance of
flooding. This is derived by subtracting the Annual Average Number of HEs affected with
maintenance (AAN.) from the Annual Average Number of HEs affected without
maintenance (AANwimont) and multiplying this figure by the value of one HE (£1304 in 1997/98
prices). This procedure is shown by the following equation:

(AAN wimout - AAN i) X Value of one HE

Table 4.5 uses Watton Beck as an example to illustrate this process. Table 4.6 shows the
AAN imon, AAN,;s 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 4479
50 100 126.45 50 100 149.29
Annual average number HEs affected (AAN;y) 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 (AANyimout) 35.88 4236

Annual benefit of flood alleviation

Left bank: (35.88 - 20.48) x 1304 = £20082

Right bank: (42.36 - 24.18) x 1304 = £23706

Total annual benefit of flood alleviation (both banks) £43788

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 benefits of flooding, by watercourse: FDMM

Watercourse HEs Affected by. HEs Affected by Total Annual
Flooding Without Flooding With Benefit (£)
Maintenance Maintenance ((a-b)x 1 HE)) -
(AAN witﬁout) (a) (AAN with) (b)
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 4236 - 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 = £1304 (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 sheéets 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 measure 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 agricultural benefits of flood alleviation-are £48822. The
combined agricultural/urban benefits -are £128849.  The urban benefits -are-therefore £80026 -
(£128849 - £48822). -

Table 4.7  Calculation of urban benefits, example of Winestead Drain: FDMM
AAN Lithout AAN ;e Benefit of Flood AAN o AAN . Benefit of Flood Alleviation (£)

Alleviation (£)
(HE/km) (HE/km) -. . (Ag. + Urban) (HE/km) . (HE/km). - (Ag. Only) - (Urban Only).
(Ag. + Urban) (Ag. + Urban) - (Ag. Only) (Ag. Only) - -
(a) - (b). (a-b x £1304)=c (d) (e) (d-e x £1304)=f  (c-fx £1304)
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. £1304 = 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 Dram. 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
from good to very bad. In the case of the Ffynnon-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 dramage status
in the absence on maintenance.

4.4.77 Drainage benefits

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. 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
Drainage Status (£)
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 areal drainage factors were applied to the flood risk areas to confirm these
estimates.

In the case of Kelwell Stream and Watton Beck, due to the soil type and 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.

If the areal 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 (areal 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 IDB/IDD watercourses and thus prevent under-estimation of benefits.
If the IDB/IDD tributary systems and associated benefit areas were included in the analysis in
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the first place, however, this areal drainage factor for pumped drainage would not be required. -
Further details are presented in Chapter 5.

Application .of the areal dramage factor to the Ffos Fawr and Abbey View AD results in
drainage benefit areas which are 40% of the flood risk area (areal 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 Appendix VI and VIL

4.4.8. - Justification .
Justification of the maintenance scheme is undertaken through a comparison of the 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 IT). 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: FDMM.:

Watercourse Annual Annual Benefits: Benefit: Cost Ratio - Benefit:Cost
Maintenance .  Lost Without -+ (Urban and Ratio -
Expenditure (£) Maintenance (£)° - Agricultural) -~ (Agricultural
(Urban and Only)
Agricultural)
Kelwell Stream 3713 29963 - 8.07 6.22 -
including cost for embanked reach 5300 29963 5.65 436 -
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. 1997/98 economic prices are used. Maintenance expenditure obtained -
from the Environment Agency and IDB/IDDs. Figures 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 of maintenance are derived by comparing the total benefits
provided by channel maintenance and purping 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 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 has
been carried out.  Further details of each scenario are provided in the following sections and in
Appendix V.

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’
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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 1B

Table 4.10 compares the benefits associated with channel maintenance and pumping on the
IDB watercourse only (Scenario 1B), 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 mcluded in the analysis, maintenance on the IDB watercourse remains justified given
the assumptions made. '

Table 4.10 Benefit:cost analysis, Winestead Drain: FDMM

Scenario Total Annual Benefits (£)  Annual Maintenance Costs Benefit: Cost Ratio
(Agricultural + Urban) £) (Agricultural + Urban)
Scenario 1 248585 46372 _ 5.36
Scenario 1A 176062 26678 6.60
Scenario 1B 72523 19694 3.68

Note: Figures are subject to rounding, 1997/98 prices are used. See Appendix V for further details.

1 Total benefits and costs associated with main river and IDB 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 confirmed 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 Appendix. V.’

Maintenance expenditure

In accordance with FDMM;: maintenance expenditure for each watercourse 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. Due to the relatively high benefit:cost ratios associated with all the
case study watercourses, the: current  maintenance regimes remain justified after these

assumptions.

Sensitivity of the benefit:cost ratio to:effective 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 channels should. be included in the benefit:cost assessment. Full.details are

presented inthe Appendices for each watercourse.

Similarly, if the: watercourse - discharges into another main river and derives benefit: :from
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 Holdemness 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 benefit:cost assessment;-the associated -
benefits should also be-considered.

The embanked section.of Kelwell Stream and highland 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 -
draimage status upstream and increase in flooding, - -

The benefits provided by theiembanked section on-Kelwell Stream and-the highland carrier on . -
Watton Beck also relate to flood protection. 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 thelocation 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 the main 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 if the benefit:cost ratio appears to be marginal, then an estimate of these benefits is made.

The Booster Pumping 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 from it. If the costs associated with this pumping station are taken into
account, the benefits it provides should also be taken into account in the benefit: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 mamtenance, 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.

If the 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 Stream
HEs Affected by Flooding HEs Affected by Flooding (a)-(b)=(c) Annual Benefit of

Without Maintenance With Maintenance Flood Alleviation
(AAN vithout ) (8) (AAN i ) (0) (£) ((©) x £1304)
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: 1997/988 prices are used. Figures are subject to rounding,
* Calculation of Scenario 2 benefits is shown in Table 4.12,
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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 (£) (2) 6533 11990
Benefit lost in year 10 (£) - : ®) 0494 - 17424
Incremental loss over 10 years (£) - ®-@=(© 2961 5435
Average value of incremental loss (loss in year 5) (£)- (©)/2=(d) 1481 2717
Discount factor at 6 % (year 5) - - (e) Appendix II 0.747 . 0.747
Present value of average incremental loss (£). @x@E)=00 1106 2031
Average annual loss assuming further deterioration (£) O+ @ 7639 14020 -
Total of both banks (£) 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

Left Bank - Right Bank

Benefit lost under Scenario 1 (£) (good to bad drainage) (a) - 4654 6786
Benefit lost in year 10 (£) (good to very bad drainage) (b) 12029 - 17539
Incremental loss over 10 years (£) ®-@=© 7375 - 10753
Average value of incremental loss (loss in year 5) (£) - ©/2=()- 3687 5377
Discount factor at 6 % (year 5) (e) Appendix II . 0.747 0.747 .
Present value of average incremental loss (£) @xE)=0% - 2755 4016 -
Average annual {oss assuming further deterioration (£) ®+ () 7409 10802°
Total of both banks (£) 18212

Note: Figures are subject to rounding. 1997/98 prices are used. .

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

4.6 -~ Results from the Application 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 FDMM.  The same flooded: areas.
and return periods were used in the analysis.as in FDMM. -

Information relating to. dominant substrates and channel parameters were estimated during a
rapid survey of the channel. Average freeboards 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 IDB/IDD 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 (£) . Annual Benefit of Total Annual
of Flood Alleviation Maintaining Benefits (£)
- Drainage Status(£)
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 justified 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 regime
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 Annual Benefits Annual Maintenance Benefit:Cost Ratio

(Agricultural Only) (£) Expenditure (£) - (Agricultural Only)
Kelwell Stream 12045 3713 3.49
including cost for embanked reach 12945 5300 2.44
Watton Beck 30682 1883 16.29
including cost for highland carrier 30682 6590 4.66
Winestead Drain 49353 42939 1.15
Ffos Fawr 4004 1428 2.81
Abbey View AD 2347 763 3.08
Ffynnon-y-ddol and tributaries 22981 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) (£) Expenditure (£) (Agricultural Only)
Scenario- 1 . 82269 . 46372 1.77
Scenario 1A 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.

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.

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
benefiticost ratio. -Analysis confirmed that channel maintenance and pumping. complement : -
each other.- Full details on this analysis are presented in Appendix V.

4.7  Comparison:of Results from FDMM and the Guidelines-

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 the' application of both -systems to the-same case study..
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 regimes
appear justified, using FDMM and the Guidelines, given the assumptions made..

Table4.17° Benefit:cost ratio, FDMM and Guidelines, by watercourse

Watercourse FDMM (a) GUIDELINES Ratioof - FDMM GUIDELINES
Annual (b) Annual (a)/(b): Benefit:Cost  Benefit: Cost Ratio
Benefits Benefits - Ratio (Agricultural + -
(Agricultural  (Agricultural - (Agricultural + Urban).
Oniy) (£) Only) (£) Utrban)
Kelwell Stream .- 23106 12945 - 1.78 8.1 53
Watton Beck . 39826 30682 1.30 388" 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: -

o differences due to use of standardised HE 'values based on 1991 relative prices which in
some cases have changed over time.. The HEs for each land use feature were calculated in
19971 relative values inflated to 1997/98 prices. This may not accurately reflect the current
situation-due to relative price changes in the intervening years, especially with respect to- -
agricultural values which have fallen in real terms;

o differences due to the use of HEs in FDMM to estimate flood costs. Flood costs 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 Guidelnes. This
difference partly reflects the use of HE values based on 1991 relative prices.

FDMM: Flood costs HE/unit (a) HE/ha (b) (b) x £1304 =(¢)
Extensive arable 6.3 HE/100 ha 0.063 £82 /ha
(Cereal / oil seed ) Flood return period of 20 years, flood cost is £82/ha/20 = £4 /ha

GUIDELINES: Flood costs
Cereal / oil seed Flood cost for an event with 20 year return period = £3 /ha
(assuming large catchment, good drainage)

o differences in the treatment of flood envelopes, which are assumed overlapping n 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 discrete
return period events are simply added together. This issue is discussed further in Chapter
6.

2

e 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 HEs/unit for agricultural land are based the costs of a typical
flood event occurring in a large catchment. If the catchment is classed as small, flood costs
may be under-estimated using FDMM;

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

4.8 Quality of Results

FDMM 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 .

4.9.1 * FDMM. -

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.

4.9.2  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 agri-economic-modelling.

The Guidelines can accommodate- more . variation- in watercourses (for-example, highland-.
carriers and IDB/IDD channels) and benefit areas than FDMM and are therefore applicable to .
a wider variety of circumstances. This, coupled with the 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 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. : The methodologies of FDMM and the Guidelines have
been compared and the results from the application of FDMM and the Guidelines to the case
study watercourses have been summarised. The full results.and completed record sheets are -
contained in separate appendices. Reasons for the difference 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. EVALUATION 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 significance.

Although FDMM is a comprehensive system for justifying maintenance operations, specific
aspects require clarification,  elaboration -or-correction. The .derivation of the- adjustment -
factors are.: summarised and suggested modifications - to. . FDMM: are recommended.

Recommendations and action points are highlighted in italics.

5.2 Flood Risk:Area; Drainage Benefit Area, Effective Reach Definition.

The :identification 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 this report..

In its present form, FDMM requires that the flood risk area relates to that -of the main river. .
only: .In many cases, Internal Drainage Board (IDB, or-Internal Drainage District-(IDD)) - -
watercourses extend ‘upstream -of the main. river limit, as in the case of Winestead Drain. -
Similarly, IDB watercourses are often tributaries of the main river and lie within the flood risk
or drainage benefit areas (as in the: case of,-for :example, Kelwell Stream). . If these
watercourses derive benefit from maintenance on-the 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.

Highland-carriers and embanked reaches further complicate the issue. Although they do not .-
providea service to the land through which they flow, they provide the conduit for the-

watercourse system upstream: - Maintenance: on these reaches therefore provides a benefit for -

the watercourse upstream by providing the outfall. - These reaches should therefore be included -

in the calculation of effective reach length and the associated maintenance expenditure included -
m total costs.

In addition to this, if their banks failed due to lack of maintenance, large areas may be flooded.
Technicaily; the area which floods-should be inciuded in the flood risk area as maintenance of
the highland carrier is currently protecting this-area. In practice, however, as highlighted 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;.-
length of time before- the breach were repaired; topography; current and previous weather
conditions; soil type; vegetation cover; and, nature of the drainage system in the lowland area -
affected. 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
marginal. -

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 define the drainage benefit area. This area, however, may not necessarily lie purely within . -
the flood risk area, especially in low-lying areas with an extensive network of drainage pipes..
This point should be made clear.in FDMM.
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The effective reach length for flooding 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 defined” (FDMM
p2/15 paragraph 64 onwards) and is illustrated by Figure 2.4 in FDMM which is reproduced in
Figure 2.2. [f the benefit areas of IDB/IDD watercourses, highland carriers and any other
channels are included in the assessment of the flood risk area, they should also be included in
the calculation of effective reach length. This should be made clear within FDMM.

The calculation of reach length and effective reach length where tributaries are present is
illustrated in Figure 2.5 of FDMM (p2/16). This figure 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. If the outfall is flapped, discharge through the flaps is regulated by flow in
the main channel. The question has been raised by the Environment Agency as to whether, in
this situation, the tributary should be treated as a completely separate watercourse and FDMM
applied accordingly ? [t is recommended that to avoid double counting, the tributary is not
treated as a separate watercourse, as drainage status and flooding in the benefit area of the
tributary will be influenced to a greater 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 flood risk area of the main channel. [f this is not the case,
then the flood risk area(s) of the tributary must be identified and added to that of the main

river.
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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 joins-the 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. [t is assumed that both-banks of the -
tributary should be included in the effective reach length. This should be clarified within
FDMM 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 risk 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 often based on this line. -

5.3  House Equivalents

The annual average HE figure 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).. HEs do not.remain constant through time and should be-updated periodically -
to take account of differential:inflation which may distort their values relative to each other.
Revision every 4 or 5 years is thought to be sufficient (Howells et al, 1992), or when particular-
circumstances are thought to arise which may significantly affect the results. The current HE -
figures for each land use feature within FDMM are at the 1991-base level. It is therefore
recommended that these figures are revised to reflect the situation in 1997/98. -

5.4: - Land Use Assessment ...

5.4.1- - Classification

Country parks, garden -centres and- playgrounds.are not .included: within the .land use
classification. It “is .recommended that. country parks.are -included in the :formal park:
classification and that garden centres are added to-the non-residential property, retail category. -
Playgrounds have been classed as playing fields. It is suggested that if features are
encountered within the flood:risk-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 is:identified 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 indicators-used in identification of -
the cropping systems are not documented within the 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 difficult.i:Reliance on general knowledge -
of the area may be necessary:to determine-land use.

It is recommended- that key indicators for crop-identification 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.scrub, 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 classified as extensive arable land. It would be beneficial 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 Key Indicators
Forestry and Scrub Forest, scrub.
Extensive Pasture Grass, poorly drained, rough grazing for sheep and heavy cattle,
presence of nettles, rushes, weeds.
Intensive Pasture Grass, well drained, even sward which is managed, evidence of
reseeding and silage cutting,
Extensive Arable .
Grass / Arable Rotation - @Grass, wheat, barley, oats.
Cereal / QOil 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 Sutheriand et af, 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, the five land uses are named and also numbered.

5.4.3 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 (m® 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, p2). Whilst the difference between
these two values is small, and is unlikely to significantly alter the total HE or total HE/km; for
consistency, a single HE/unit should be used. If different 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 CRIMS report (Howells et al,
1992).

The asterisked notes presented under the reach summary sheet (FDMM p3/10 Table 3.3) are
not consistent with the information presented in the table itself. 7The “***’ 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.
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Table 5.2 Revised land use assessment summary sheet

Watercourse Example : Actual Reach Length (km) - 5
Reach Reference 1234.01.L | - Effective Reach Length (km) 4 Flooding
Landranger Map No. 123 Effective Reach Length (km) 2 -Drainage
Flood Risk Area Extent Map No. 1 E Soil Type Light |-
Agricultural Flood Risk Area (ha) 500 n Drainage System Natural
: Areal Drainage Factor 1
Land Use Feature Unit Number or House Equivalents Total HE
. -Area (a) HE/unit (b) (@) x (b)
House Number 5 1.00 5.00 -
Garden / allotments Number 5 0.04 0.20 .
NRP - Manufacturing Area (m2) 0.030 -
NRP - Distribution. Area (m?) 0.054
NRP - Leisure . Area (mz) - 100 0.032 3.20
NRP - Offices - Area (mz) 0.033-.
NRP - Retail Area (m®)| 375 ' 0.035 13.13
NRP - Agricultural Area(m®)| 625 0.010- 6.25
C Roads Number 2 - 2.7 5.40
B Roads Number . 6.3
A Roads (non tnmk) - Number . 15.9
A Roads (trunk) Number 31.7
Motorway - Number ' 63.5.
Railway Number o 63.5
Flooding - | :Drainage - | Flooding | Drainage
1. Forestry and scrub- per 100 ha 0.02 - 0.0
2. Extensive pasture per 100 ha: 0.1 : 1.3 T 1l 0.13 0.11 .
3. Intensive pasture per 100 ha 0.3 3 -~ 45 0.90 135
4. Extensive arable - per 100 ha 0.6 6.3 3.6 - 378 2.16
5. Intensive arable per 100 ha 44.1 9.7 o
Formal parks Number 0.6 -
Golf / race courses Number 0.7
Playing field Number 0.1
Special parks Number - 9.3’
Total HE (flooding) (c){ = 37.99 HE
Total HE (drainage) (d)| 3.62 HE
Total HEs for reach bank (¢ + d)| : 41.61 HE
HE/km flooding ((c)/effective reach length flooding) (¢) 9.50 HE/km
HE/km drainage ((d)/effective reach length drainage) (f) 1.81 HE/km
Combined HE/km (e + £)| - 11.31 HE/km
Note: HE values are at 1991 base
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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 against.the
historical result and therefore, spurious results may not be picked up.- However, the predictive
score is thought to be the most reliable indicator due to-generally.poor data sets for historical
events in most circumstances.

5.5.1  Historical Technique .

The total number of HEs affected by .each flood -event-is adjusted using two factors.
Clarification - 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 -
seasonality 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 . CRIMS report (Howells:et 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.

In'CRIMS (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, monthly:flood 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 seasonality 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 weighting factors highlight the switch in Standard of Service emphasis from urban -
flood protection to agricultural protection when the risk is from saline water and not-fluvial .-
flooding. The source of the-salinity weighting factors is CRIMS (Howells et al, 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 CRIMS 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
property are not defined in FDMM Table 3.6 and 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/m® values for non- -
residential property are presented in FDMM Table 5.4 p5/17.: 1t is recommended that Table -
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5.4 in FDMM is removed and that the figures are presented in Table 3.6 of FDMM with the
other HE/m’ values.

These HE/m* factors for non-residential property are repeated in FDMM 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 HE/km/yr are used.
This is a more concise unit and is therefore easier to identify within the text.

5.5.2 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
mcreases 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. [t is recommended that the origin of these severity weighting
Jactors is identified.

Using the predictive technique, the average number of HE/km/yr 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 L.oose Material G.
The arithmetic method should be mentioned in the text of FDMM i order for the user to make
a decision as to which procedure to follow.

Similarly, in the flood damage assessment-approach 2 (FDMM p5/14 step 3), the annual
average number of HEs affected without project (AAN imou) 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 recommended that the terminology remains consistent and that ‘Good’, ‘Bad’ and ‘Very
Bad’ are used to reflect drainage status. The watertable depths by which these are classified
are well documented in earlier literature and reports to the previous Water Authorities and the
NRA.

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 3/22 paragraph .75 -

Good Borderline - Poor Chapter 3, p 3D/5-

- Average Poor Summary Guidance Notes p 3/12

Source: NRA, (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 difficult 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 -

5.7.1 Drainage benefit area

The ‘drainage benefit. area is. defined ‘as the area(s) within :the flood-risk -area known to be:
subject to or liable to.drainage problems (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 determining the actual Standard of Service provided. -

If the current 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.  Therefore, there is.a question as-to whether this area-under good drainage should- -
be included in the drainage benefit area.and identified on the land use assessment summary
sheet (FDMM Loose Material A) as this area is deriving benefit from maintenance and is
influenced by water levels in the channel. The definition.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.

5.7.2  Areal 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 areal drainage factor
(FDMM Table 3.8 p3/21) and-the potential waterlogging damage factor.(FDMM Table 3.9
p3/22).

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

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

Land Use Soil Type Drainage System Area of
Influence
Arable and intensive pasture Any Natural or piped 100 %
Extensive pasture Clays Natural, limited ditch system 20 %
Extensive pasture Clays Natural, developed ditch system 40 %

Source: Howelis et al, 1992

Within FDMM, these areas of influence have been translated mto the areal dramage factors
which are shown in Table 5.5.

Table 5.5 Areal drainage factors .
Soil Type  Drainage System In Flood Risk Area Areal Drainage Factor

Heavy Natural or limited ditch system 0.2
Heavy Developed ditch system 0.4
Light Natural or ditch system 1.0
Any Piped system 1.0
Any Pumped drainage 2.0

Source: NRA, (1995) Table 3.8, p3/21

Within FDMM, use of the areal 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 areal drainage factor shows that this
factor should only be applied if the drainage benefit 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 areal drainage factor is
required within FDMM. Worked examples may be beneficial in demonstrating the purpose
and application of this factor. _

In FDMM, Table 3.8, an areal drainage factor of 2.0 is listed for pumped drainage systems.
This factor is not derived from CRIMS 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 comnected to IDB/IDD watercourses.
Doubling of the flood risk area in this way, may be an attempt to include the drainage benefit
area of IDB/IDD watercourses and thus to prevent under-estimation of benefits. If the
{DB/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 FDMM. It is suggested that
Table 5.13 in FDMM (p5/25) is removed as 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 in
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different ways in FDMM as confusion 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-
difficult 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
England 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-:~ 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 (FDMM Table 3.9 p3/22) is used in addition- to the .
areal 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 CRIMS
(Howells et al, 1992) are shown in Table 5.7.

Table 5.7 . Potential waterlogging damage factors

Land Use . Potential Waterlogging
Damage Factor (HE/100 ha) - .

Forestry-and scrub 0.0

Extensive pasture. 4.2

Intensive pasture 17.9

Extensive arable - 14.5

Intensive arable 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 example-is-that for 1991/92, as it is
this on which the potential waterlogging damage factors listed in FDMM Table'3.9 are based. -

The monetary loss associated with a deterioration in drainage status from'good to very bad, for -
intensive pasture is-£204/ha (1991/92 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
results in- 17.9 HE/100-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 (£/ha) (1991/92 prices)

Good 328
Bad 155
Very bad 124
Economic loss associated with deterioration in drainage status (£/ha)
~ Good to bad 73
Bad to very bad 131
Good to very bad 204

Derivation of potential waterlogging damage factor
Associated loss (£/ha) Associated loss (£/100 ha)  Expressed in HE *
Good to very bad ' 204 20400 17.9

Note: * Associated loss (£/100 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 FDMM, three different sets of potential waterlogging damage factors are given. The
drainage status assessment sheet (Loose Material Sheet D) contazs the potential waterlogging
damage factors which were listed in CRIMS. It is this sheet which is used to calculate the
predictive and historical drainage scores. Table 3.9 of FDMM (p3/22), however, lists a
different 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 of this report
to identify the sources of these different 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)

(@ ®) © (D . (®
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 4.5 152 13.2 4.1
Extensive arable 145 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).

(¢) Managing Flood Defence Summary Guidance 1997 Ed. p3/5 Figure 3.1, Managing Flood
Defence Supplement to FDMM Summary Guidance 1997 Ed. p2/4, p2/5, 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 Table 5.8 and using the net returns (1997/98 economic prices)
presented in Table 5.14. Tt 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 damage presented in FDMM . are inconsistent.. FDMM
Table 3.9 (p3/22) shows the units as HE/100 ha. The-drainage status.assessment sheet (Loose
Material D), and. Summary Guidance Notes give units of HE/100 ha/yr. It is recommended.
that the same units are used for the drainage score:.and flooding score. Itis assumed that the
units should be'HE/100 ha/yr.

5.8 . Effect of Inadequate Drainage -

Two methods: may 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.

5.8.1° Historical technique -

The historical technique involves the identification- of areas subject to inadequate drainage
through local knowledge and use of visual indicators. Sheet 5 of 'the Loose Material D, is used -
to do this. This should be made clear in FDMM p3/22 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 three drainage classes be identified. This-will aid the process of assigning .
agricultural drainage benefits, when the three drainage classes are used. -

5.8.2  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-during the -
period March-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. [t is recommended that the term ‘freeboard’ is used and that all terms are defined

in the glossary which appears at the front of FDMM, beginning on page (xi).

In FDMM -(p3/22 paragraph 75) the'reach 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 will alter-the drainage score. [ is
recommended that the proportion of the reach under bad or.very bad drainage is identified. -
The reach length referred to is the reach length within the drainage benefit. 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 (p5/24). The origin of these data is -
CRIMS (Howells et al, 1992).

Oniginally, .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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Annual benefit =D x W x F1 x F2 x F3 x F4 x marginal return
Where: D = decrease in freeboard if maintenance is not carried out.

W = benefit width, defined for the base case for a unit change in freeboard.

F1 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-fixed costs.

The Steering Group 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 soil 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
regime may possibly be adopted.

5.9.1 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/yr) 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 inconsistencies 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 FDMM)

To replace Sheet 3 of 5 in FDMM
Data to be collected in the field Loose Material D

Assessor's name | Date [:I
Weather (wet or dry) I

- Watercourse
- Bank

Effective reach length drainage in flat floodplain (< 0.5 %) [

km Disinage system
. -Effective reach length drainage in rising floodplain (> 0.5 %) | km Drainage system
- Effective reach length drainage with underdrainage (km) [ km -
Drainage status - Predictive Good km Dominant soil typs
Bad km Light
Very bad km Heavy
Drainage status - Historical -: Good km Flocd risk area (ha) * -
Bad km Areal drainage factor ©
Very bad km Drainage benefit area (ha) **
# QOnly required if drainage benefit area is nct known -
=% 1 not known, multiply flood risk area by areal drainage factor
Analysis :
1 2. 3 4 5
a Land use type - Forestty  Extensive Intensive. Extensive Intensive
scrub pasture pasture arable arable

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

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

I I | I I |

d-Losses due to deterioration in drainage status 0 1.1 4.5 3.6 9.7
: (HHE/100 hafyr) -

é.:Losses per land vse type (c * d): ‘ I p —I
f » Total losses for reach (HE/yr) (sum of line €) |:I

g Net loss (HE/yr) Predictive I:_:l ' Historical :I
h Drainage score (HE/km/yr) (g / effective reach length)- [ | C—

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 in-farm income and expenditure
expressed in terms of gross margin (value: of output less direct variable costs) and semi-fixed -
costs, as for example, when an area of land changes from arable to grazing due to inadequate -
drainage, -without -affecting thé 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 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 1997/98 prices are shown in Table 5.11. Some of the input prices were updated -
using relevant price indices and the remainder, using agri-economic databases and routines. In
order to avoid the need to-update these figures annually, medium term price inflation indices
may.-be used to reflect predicted input/output values over, for example, a five year period.

Table 5.11 Losses due.to deterioration in drainage status (£/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 ** 378

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
1997/98 economic prices

In the:calculation of the. change in net return due-to drainage deterioration, within-FDMM,
mtensive and extensive arable land have been reclassified as arableé: As shown in Table 5.12,
the impact of this reduced detail on the losses associated with:drainage status deterioration,
however, is minimal. This is-because the use of economic prices 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 - elséwhere, 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 (£/ha)
Change in Drainage Status Extensive Arable (£/ha) Intensive Arable (£/ha) Arable (£/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 (p5/25), 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
(£ 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 -1438
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 order for 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 (£/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
_Goodto VeryBad 0 18 ] 169 __

Deterioration Leading fto Land Use Change

Intensive Pasture to Extensive Pasture 423 **

Arable to Extensive Pasture 374 *x*

Note: 1997/98 economic prices are used.. -Figures are subject to rounding.

* Deterioration in drainage status from Good to Bad on Intensive Pasture-results in a loss of £75/ha. -

** Deterioration from Good drainage on Intensive Pasture to Very Bad drainage and change in land use.to
Extensive Pasture results in a loss of £423/ha.. (Net return of £320/ha‘is replaced by one of £-103/ha)..

**% 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 £374/ha.- (Net return of £293/ha is replaced by one of £-81/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. If, 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 mn FDMM.

If the main river under consideration-discharges into another. main river and derives benefit -
from 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 fo 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.

If IDB/IDD and other watercourses are-included - in the analysis of flood risk.area and effective
reach length, their.associated benefits must also be included. If these 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 identified and FDMM applied in the normal way in order to identify
associated benefits. Ifithe.benefits are not known, as in the case of highland 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 justification jor the scheme.

Similarly the benefits of tree and bush maintenance are difficult to quantify, especially without
detailed hydrological modelling. of the catchment and flow regime. - The bénefits 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 info account when calculating maintenance benefits and expenditure. For example, in
the case of Winestead Drain, a pumping station situated at the head of ‘mam 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. [n order to balance the assessment, the
benefits afforded by the pumping station should be added to the benefits of maintenance on
Winestead Drain and taken into account in the benefit: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. 7To avoid under-estimation of mamtenance
expenditure, it is suggested that a systems, approach is adopted, whereby the total costs of
maintenance works within the system (asset 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 FDMM, a simplified 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
HEs affected with maintenance (AAN i) from the average annual number of HEs affected
without maintenance (AAN wimout) 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)=(¢) Annual Benefit of

Without Maintenance With Maintenance Flood Alleviation
(AAN wimou ) (2) (AAN i) (b) &) *
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 = (¢) x value of one HE (£1304)
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 if the annual flood occurred after one year without maintenance.

This point should be noted in FDMM with a recommendation that sensitivity analysis be
“carried out to determine the impact on the AANummon 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 period from Scenario 1 - year 10, for example, to derive
the present value of these average incremental losses, and adding this to the losses under.
Scenario ]. Table-5.16 shows a worked example of this: Further details are presented in
Chapter 4 and in-Appendix I and TV.-

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

Left Bank Right Bank-

Benefit lost under Scenario 1 (£) (a) 6533 11990
Benefit lost in year 10 (£) : ) 9494 17424
Incremental loss over 10 years (£) ®-@=(C) 2961 - 5435
Average value of incremental loss (lossinyear 5) (£)  (¢)/2=(d). 1481 . 2717
Discount factor at 6 % (year 5) (e) see Appendix II  0.747 0.747
Present value of average incremental loss (£) DxE)=00-- 1106 2031 -
Average annual loss assuming further deterioration (£) )+ (a) 7639 14020
Total of both banks (£) - -- 21659

Note: Figures are subject to rounding: 1997/98 prices are used.

5.12 ° Actual Standard of Service -

Attention is drawn to the target Standard of Service identified in FDMM. The key- issue-is
whether the existing :maintenance regime 1s providinig a service appropriate to the associated -
land use, and if not, how it should be adjusted to do so. Maintenance activities are prioritised -
on the basis of the degree to which the reach is over- or under-serviced.

Based on an analysis of existing Standards of Service in 489 examples from the Wessex region -
of the previous NRA; a target Standard. of Service of 0.5-1.0 HE/km/yr has been set by the-
Environment Agency. This serves as an initial recommendation (Howells et al, 1992). These -
trials using Standard of Service data fromthe 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 FDMM 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
m time. If-the target range is altered, the rationale for doing.so should be documented for -
future. reference. The basis for determining the target :Standard of Service -should -be-
transparent. The links between . the Standard -of Service provided -and -the associated
benefit:cost ratio should be understood. -

5.13°  Worked Example

Throughout :FDMM various examples are used to - illustrate particular procedures. [t 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 using 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 FDMM may also find it beneficial if the 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 techuical terms which are used in FDMM:

¢ Amortisation

e Bankfull discharge

¢ Discounting

e Dominant discharge

e Dominant water level
e Effective benefit width
o Flat/rising floodplain

e Justification
e Net return

o Theoretical freeboard

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

Table Page  Title Source
3.1 3/4 Standards of Service land use bands Economic Appraisal of Non-Grant Aided Work.
and targets Howelis et al. (1993) R&D Note 187.
32 3/7 Features of interest - flood risk area Source unknown. )
34 3/12  Land use bands, HEs/km and typical Flood Defence Levels of Service. Stage 2.
description Robertson Gould Consultants, (1990).
3.5 3/14  Flood event severity weighting factors ~ Based on Hess and Morris (1986). Technical
- historical method papets.
3.6 3/14  Salinity weighting factor Economic Appraisal of Non-Grant Aided Work.
Howells et al. (1993) Project Record.
338 3/21 Areal drainage factor CRIMS Projéct Record. Howells et al. (1992).
3.9 3/22  Potential waterlogging damage Darived from CRIMS Project Record. Howells et
al. (1992).
3.10 3/24  Actual Standard of Service CRIMS Project Record (Howells et al. (1992).
5.1 5/5 Appropriate levels for appraisal input ~ Economic Appraisal of Non-Grant Aided Work.
Howells et al. (1993) R&D Note 187.
52 5/14  Approach 1 -normalised damage value Economic Appraisal of Non-Grant Aided Work.

and annual benefits
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5.3 5/15. House equivalents for fluvial and - Economic Appraisal of Non-Grant Aided Work.
saline flooding - Howells et al. (1993) Project Record. : -
54 5/17  Non-residential property size bands - CRIMS Project Record. Howells, et al. (1992).-
and values -
5.5 5/17  Non-residential property size guide CRIMS Project Record. Howells, et al. (1992).
5.6 5/19  HE depth damage data Economic Appraisal of Non-Grant Aided Work.
Howells et al. (1993) R&D Note 187" .
5.7 5/19  Reduction in damages owing to flood - Economic Appraisal of Non-Grant Aided Work. -
warning - Howells et al. (1993) R&D Note 187.
5.8 5/20  Average annual costs (£/ha) for a-- Economic Appraisal of Non-Grant Aided Work.
single flood occurring in a year Howells et al. (1993) R&D Note 187.°
Calculations in Appendix A by Silsoe College.
5.9 5/20 - Saline multipliers Economic Appraisal of Non-Grant Aided Work.
Howells et al. (1993) Project Record. - -
5.10 +« 5/21  Traffic disruption costs : Economic Appraisal of Non-Grant Aided Work. -
Howells et al. (1993) R&D Note 187 Modified .-
“Red Manual” method.
5.11 5/24  Drainage status assessment CRIMS Project Record.- Howells, et-al. (1992).
512 5/25  Deterioration in maintenance Economic Appraisal of Non-Grant Aided Work:
standards, change in economic net Howells et al. (1993) Project Record. -
margins (£/ha)
5.13 5/25 Areal drainage factors CRIMS Project Record. Howells, et al. (1992).
5/26  Emergency relief Urban Flood Protection benefit: - A Project
Appraisal Guide. Parker et al. (1987). (“Red
Manual™). ’
53 5/13 Normalised damage frequency curve Economic Appraisal of Non-Grant Aided Work. .
Howells et al. (1993) R&D Note-187.
5.4 5/16 -  Annual average number HEs affected ~ Economic Appraisal of Non-Grant-Aided Work.
Howells et al. (1993) R&D Note 187.
55 5/22  Annual average damages Economic Appraisal of Non-Grant Aided Work. .

Howells et al. (1993) R&D Note 187.°

5.16. Additional Points

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

* Reference to the National Rivers Authority (NRA) is replaced by the Environment Agency,
unless it is the NRA that is being quoted specifically.:

o One consistent definition of a flood defence system should be used: In the glossary and on -
p2/3 paragraph 5, two different definitions are given.

* It would be beneficial if a definition 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 areal drainage factor in the Loose Material D, Sheet 3.

o There is inconsistency in terminology between the land use: assessment reach summary
sheet presented in FDMM p3/10, Table 3.3 and-in Loose Material A, p2. It is assumed -:
that reach length (FDMM Table'3.3) should read 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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e 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.

o The agricultural drainage assessment is described in FDMM paragraphs 60-70, and not
" inparagraph 62, as stated in FDMM (p3/11 paragraph 29).

e For consistency, number may be referred to as either ‘Nr’. or ‘Number’ throughout
FDMM. Currently, both are used although “Number’ is used most frequently.

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

o Al 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 FDMM which needs updating to 1997/98
values

FDMM Location Title Price base used in

Reference FDMVM

Table 5.7 Page 5/19 HE Depth damage data 1993

Table 5.8 Page 5/20 Average annual cost (£/ha) for a single flood occurring 1993
in a year

Table 5.10 Page 5/21 Traffic disruption costs , 1993

Table 5.12 Page 5/25 Deterioration in maintenance standards, change in 1993
economic net margins (£/ha) .

Page 5/26 Emergency relief 1985

¢ TFinancial 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.

» 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.

o 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 1/5°.

e 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. Clarification of elements within FDMM including the derivation of the various
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adjustment - factors- has: béen provided. In- 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 THE 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 - -
not in terms of their significance.

Although the -Guidelines are a comprehensive system for justifying maintenance. 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
IDB/IDD watercourses are included in 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 from- -
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 current 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 and.reduce:
the clarity of the record sheets.

6.3  Reach Length

The reach length represents the length of watercourse which lies within the -area benefiting
from: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 shown in Appendix X.

6.4 Catchment Size-

Catchment 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 is.replaced with. hectares (1 km® = 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 ha:respectively.
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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/oilseed 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 determining 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
bankfull 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
nto the analysis.

A rapid and possibly more accurate method of determining 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¥ g
n
where: Q = Discharge, m*/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. If these are known, then it is
not necessary to calculate the bankfull 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 maintenance 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  Flooding 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.

If a detailed .assessment is undertaken, the area under each land use which benefits from 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 freeboard 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-
mterpretation of the freeboard: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-floodplain,with a clay loam soil and freeboard of 1 m, the depth to
watertable' 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 higher-proportion. 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 freeboard: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- afier 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
example, when an area of land changes from 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 of this.

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 emable a direct
comparison with FDMM, it is recommended that the record sheets are modified 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 from 1-2 years, 3-5, 6-10 and >10 years. If flooding 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 (1-2, 3-5, 6-
10, >10 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/oilseed 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 + £120).

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 Guidelmes, flooding envelopes were identified 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 from Figure 6.1 and shown in
Table 6.3.
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Table 6.1 Flood return period, flows and-area flooded
ReturnPeriod . 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 I Flood  of 2 Floods (£/ha/yr)
2 1.4 40 550 - 35% 12 % 19.54
5 45 61 1130 18 % 2% 7.27
10 9.5 75 - 1530 9% 0% - 3.49
etc. efc. 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 -the
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
(£/halyr). -

20—

0 0.6 1.15 1.5 225 2.8
Flooded Area (ha* 10) -

The area under the curve represents the total average annual flood costs at given level of flood risk

Source: Morris and Hess, 1988

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
(years) (cumecs) (ha) (£/ha/yr) * Costs (£/v1) Annual Cost (£/y1)
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
** B.g ((7.27 +3.49)/2) x (1530 - 1130) = £2153/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 in the
Guidelines, whereby the total costs of maintenance works within the system (asset
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 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 regime 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 identified for the reach
under consideration. If tributaries of the main river and IDB/IDD 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. FExpenditure 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'is 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-
Table1 16 Land use type - Sutherland and Morris (1993)
Table 2 17 River freeboard requirements Morris, 1990, Hess et al,
1989
Table 3. 17 Hydraulic conductivity Various literature -

Figure 1 18 Freeboard : watertable relationship, rising floodplain ~ Youngs et al; 1989 - -
Figure 2 18 . Freeboard : watertable relationship, flat floodplain -+ Youngs et al, 1989

Table 4 19 Drainage status and productivity Sutherland and Morris (1993) . -

Table 5 20 Net returns Dunderdale and Morris, -
1996a.

Figure 3 22 Regional growth curve area NERC, 1975

Figure 4 23 Regional growth curves NERC, 1975

Table6 - 24 . Flood costs for large catchment Dunderdale, 1997, using .
SCADE

Table 7 24 .. Flood costs for small catchment Dunderdale, 1997, using

_ SCADE
Table 8-15  25-27 Impact of deepening, widening and vegetation- after Fisher, 1995 -
cutting on freeboard and bankfull discharge

Table 16-17 27-28 . Change in bankfull discharge and freeboard after Fisher, 1995 -

Table 19 31 Discount, annuity and amortisation factors-. 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:.

e Amortisation

e Drainage benefit area
e Economic prices .

¢ Financial prices

¢ TFlooding benefit area
¢ Flooding envelopes
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e Highland carrier

e Justification

e Net return - a clearer definition is required
o  Waterlogging

6.18 Additional Points

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

e 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 Title Price base used in Guidelines
Table 5 Page 20 Net returns 1995/96
Table 6 Page 24 Flood costs for large catchment 1995/96
Table 7 Page 24 Flood costs for small catchment 1995/96

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

e Financial and economic prices are both used in the Guidelines. The distinction between
these two sets of prices 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.

e 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.

e 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 (£).

o 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.

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

6.19 Summary

This Chapter has presented the findings from an evaluation of the Guidelines. Modifications to
the Guidelines have been suggested. These relate in particular the derivation of watertable
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

7.1 - Introduction

This Chapter summarises the aims and results of the Study.and draws a number. of conclusions..
Recommendations arising from the Study are made. The ways in which the Guidelines may be
used to support the agricultural component of FDMM are identified. =

7.2 Summary

The aim of this Study was to evaluate the performance of FDMM through application to case.
study- 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. all'the 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 differences in result explained.

Modifications 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 status-and flood costs are calculated.  In -areas where land use is
predominantly agricultural,-and drainage rather than flood alleviation is the main concemn, 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:

* 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 full potential;

e correct identification of the benefit area is crucial;
o there is-a general lack of data relating to flood return periods and areas inundated;

* estimation of data may reduce the accuracy of the analysis. However, estimates of the
drainage benefit area were confirmed by use of the areal drainage factor;-
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e 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;

o the benefit:cost ratio is sensitive to the assumptions made regarding 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;

o a catchment scale of analysis should be adopted whereby total benefits and costs attributed
to the whole watercourse system, including areas served by IDB/IDD networks, embanked
reaches and highland carriers, are included; and,

e 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 FDMM 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:

e 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 watertable modelling;

e 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;

o 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,

¢ 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 HEs/unit for agricultural 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

FDMM 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
obtamed 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.
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The Guidelines accommodate more variation.in watercourses (for example, highland carriers
and IDB/IDD 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 in'them 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:

e the modifications to FDMM which are :discussed in Chapter 5 are implemented and the -
record sheets re-designed accordingly;

e attention is given to the definition of data requirements to enable FDMM to be used to its
full- potential; '

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

e the derivation and application of the potential waterlogging damage factor is reviewed;
o default values are generated for use in. cases where data are absent or limited;

e case studies are developed to show the application of FDMM. These would ‘provide.
examples of their application to a range of circumstances;

e a case studyis developed to demonstrate-the integration of urban, semi-urban, rural-and-
semi-rural benefit assessment;

e a training programme is devised and-implemented throughout the Environment Agency.
This would address needs which were specific to each user group, and-would mclude -
training -in the use of FDMM, including the background to its development ‘and the
derivation of the adjustment factors;

¢ a summary-version of FDMM is produced for use on site; and, .

e areview 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:

e justify maintenance on IDB/IDD 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;

e justify the flood protection provided by highland carriers.- At present, -flood risk: areas
associated with: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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o 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 difficult to explain than that of monetary values. Detailed explanation will 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,

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 condirions 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:

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

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

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, :

a spreadsheet version of the Guidelines is developed for use by the Environment Agency.
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Kelwell Stream .

APPENDIX 1
1. KELWELL 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 51145 43730) (Figure 1).

The catchment area of Kelwell Stream, North - Kelwell and South Kelwell; is estimated to be 16.7 kmz.(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. The Beverly and Holderness Internal.Drainage Board (IDB) also -
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 Stanks (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,
loamy 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 Glyceria (Reed Sweet
Grass) and I7is (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 £5300 (1997/98 prices).

The IDB channels are also subjéct 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. Approximately 0.2 m of silt is
removed to reach the solid bed level. Total maintenance cost for 1997/98 are estimated to be.£550. 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 Environment 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:Ieft 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 HEs/km 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/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.

1.3.3. 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:land use band ‘D’ range for- the left bank (1.25-4.99 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) (HE/km) (HE/km)
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.

1.3.4 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 HEs/km 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 ) from the
Annual Average Number of HEs affected without maintenance (AAN wimon) and multiplying this figure by the
value of one HE (£1304 in 1997/98 prices),

The benefits (£) 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 - AANwith . (a)-(b) Annual -
(HE/km) (a) (HE/km) (b) . Benefit (£)
Left Bank -
Scenario 1 7.223 2.213 5.010.. 6533
Scenario:2 9.494 . 2213 7.281 7639
Right Bank
Scenario1- .. 13.256 4.061 9.194 - 11990 *
Scenario 2 - 17.424 4061 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 from 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 (£/ha) to be gained from preventing the deterioration. The annual benefit of -
maintaining- good drainage is £65/ha or £4654 for the left bank and £6786 on the right bank (1997/98
economic prices) under Scenario 1. Under Scenario 2, annual drainage benefits are £7409 for the left bank and
£10802 on the right bank.(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/yr) 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 HE/km by the effective reach length.

Comparison of the total score .with a target score of 0.5-1.0 HE/km/yr 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/yr) 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 -.

Flooding (AAN ;) Effective Reach Flood Score. Drainage Score Total
(HE/km) (2) Length (km) (b) - (HE/km/yr). (HE/km/yr) (d) D

(alb) = (¢)
Left Bank 221 27 08 - 0.0* 0.8
Right Bank 4.06 - 29 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, -

R&D Technical Report W134 ' 94



Kelwell Stream

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 £3713. 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 (£) Drainage Status (£) Benefit (£)

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 (£) Maintenance Cost (£) 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 wouid 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 areal 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 Annual Benefit (£) - Total Annual Maintenance Cost (£)  Benefit:Cost Ratio

Scenario 1- . 24243 3713~ 6.53 "
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,

1.43  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.

Two 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.

Table8 - Sensitivity analysis: effective reach length and reach status, Kelwell System - -

Bank Flooding - Effective Reach Flood Score Drainage Score  Total Reach
(HE/km) (a) - Length (km) (b) - (HE/km/yr) (a/b)=(c) (HE/km/yr)(d) (c)H(d) _Status
Effective reach comprises:” main river in flood risk area only

1B 2.21 2.7 0.8 0.0 %* 08 OTS.

RB 4.06~ 2.9 1.4 0.0* 14 BTS
Average 1.1 c. OTS

Effective reach comprises: - main river in flood risk area and IDB tributaries

LB 221 - 3.7 0.59 - 0.0 * 0.59 oTS. .

RB 4.06 4.1 0.99 0.0 * 0.99- OTS
Average 079 OTS=-

Effective reach comprises: main river in flood risk area, IDB tributaries and embanked section

LB 221 6.1 0.36 0.0%* 036 ATS

RB 406 - 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 éffective 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 justified 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 (£) Total Annual Maintenance Cost (£) 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.
1997/98 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, howevér, 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 (£) Total Annual Maintenance Cost (£) Benefit: Cost Ratio
Maintenance costs for Kelwell System, main river in flood risk area only

29963 3713 3.07
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: 1997/98 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 £3750 (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 Keiwell 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

1.5.1 - Introduction

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 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.

1.5.2  General information -

Dominant substrate-.

Followingrapid survey of the watercoursé 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.

1.5.3 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 average. freeboard 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 £329 /ha (1997/98 economic prices). The total economic net return for the benefit area is
therefore £57904 (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

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
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 £1830 (1997/98 prices).

Table 11 Flood costs under the current maintained situation, Kelwell System

Flood Return Period Area Flooded Area Flooded Annual Flood Cost
029) %) (ha) (£/ha) (€3]
1 0 0 0 0
20 30 52.8 8 422
50 100 176.0 8 1408
Total 1830

Note: 1997/98 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 (£) (a)  Total Flood Cost (£) (b)  Benefit Area Value (£) (a-b)
57904 1830 56074

Note: 1997/98 prices used. Figures are subject to rounding.

1.5.4 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 £263 /ha (1997/98 economic prices) (Scenario 1). The total economic net return for the whole
benefit area is therefore £46288 (1997/98 prices).

Under Scenario 2, the loss associated with the extra deterioration to very bad drainage is £18060. If this is
subtracted from the net return with maintenance, the net return without maintenance under Scenario 2 is
£39844 (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
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Kelwell Stream .

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.Scenario-1 are £3159. Under Scenario 2, flood
costs are £4977.

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 13. -

Table 13 - Without maintenance benefit area value, Kelwell system

Total Net Return (£) (@) Total Flood Cost (£) (b) - Benefit Area Value (£) (a-b)
Scenario 1 46288 3159 . 43129
Scenario 2- 39844 4977 34867

Note: 1997/98 prises are used. Figures are subject to rounding:

1.5.6 - Maintenance costs )
The total annual maintenance expenditure on the Kelwell System main river; excluding the embanked section, -
is £3713'(1997/98 prices). -

1.5.7 Benefitof 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 .
£12945 under-Scenario 1 and £21207 under Scenario 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 years-without 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 Annual Benefit (£) -~ = Total Annual Maintenance Cost (£) Benefit: Cost Ratio
Maintenance costs for Kelwell System, main river-in flood risk area only .
12945 - 3713 3.48

Maintenance 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 - 2.21

Maintenance costs for whole of Kelwell System, including the embanked section and IDB -
watercourses and proportion of costs on Foredyke Stream and Holderness Drain -
12945 9600 1.35

Note: 1997/98 prices are used.- Figures are subject torounding,
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KELWELL STREAM

Order of record sheets presented in the following pages:

FDMM

Annual maintenance costs

Land ﬁse 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 Kelwell, South Kelwell .

1997/98 prices
Element Annual Maintenance
Cost (£) -
Kelwell Stream within flood risk area only 913
Kelwell Stream, embanked section 1587
Total costs on main river 2500
North Kelwell 1400
South Kelwell 1400
Proportion of associated costs on Holderness Drain 3750
Intemal Drainage Board watercourses . 550

Source: Environment Agency (North East Region) and Beverly & Holderness 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 £30 000.

50 % of flow in Holderness Drain is from Foredyke Stream, therefore £15 000 is apportioned Foredyke Stream .

and £15 000 apportioned to Holderness Drain.

50% of flow in Foredyke stream is from Monk Dyke, therefore £7500 remaining,

25% of remaining is apportioned each to Lambwath Stream and Kelwell Stream, therefore £3750 apportioned to each.
No costs are apportioned from Foredyke Stream itself as this is a highland 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 Number or House Equivalents Total HE

area (a) HE/unit (b) (a) x (b)

House Number 1 1.00 1

Garden / allotments Number 1 0.04 0.04

NRP - Manufacturing  |Area (m?) 0.030 0

NRP - Distribution Area (m?) 0.054 0

NRP - Leisure Area (m?) 0.032 0

N R P - Offices Area (m®) 0.033 0

N R P - Retail Area (m?) 0.035 0

NRP- Agricultural ~ |Area (m?) 0.010 0

C Roads Number 1 27 2.7

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

Railway Number 63.5 0

Flooding | Drainage | Flooding | Drainage **

Forestry and scrub * per 100 ha 0.02 0.0

Extensive pasture * per 100 ha. 1.3 11

Intensive pasture * per 100 ha 3 4.5

Extensive arable * per 100 ha 0.716 6.3 3.6 4.51 0

Intensive arable * per 100 ha 44.1 9.7

Formal parks Number 0.6 0

Golf / race courses Number 0.7 0

Playing field Number 0.1 0

Special parks Number 93 0

Total HE (¢) * : 825

HE/km ((c) / effective reach length) 3.06

Note

* Flooding / drainage scores to be summed **  Apply areal drainage factor if required

HE values are at 1991 base
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LAND USE ASSESSMENT : REACH SUMMARY

Watercourse Kelwell Stream, North Kelwell
Bank . Right Bank
OS Map. Pathfinder 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 Number or House Equivalents Total HE
area (a) - HE/unit (b) (a) x (b)
House Number b) 1.00 5
Garden / allotments Number 5 0.04 0.2
NRP - Manufacturing  |{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
N R P - Retail Area (m*) 0.035 . 0
NRP- Agricultural  |Area (n®) 0.010- 0
C Roads Number:- 2 2.7 54
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
Railway - Number .- 63.5 0
Flooding Drainage Flooding | Drainage *#
Forestry and scrub * per 100 ha 0.02 0.0
Extensive pasture * per 100 ha - 1.3 1.1
Intensive pasture * per-100 ha 3 4.5
Extensive arable * per100 ha 1.044 6.3 3.6 6.5772. 0
Intensive arable * per:100 ha 44.1 9.7
Formal parks-- Number 0.6 0
Golf / race courses Number 0.7 0
Playing field Number 0.1 0
Special parks Number v 9.3 0
Total HE (c) *| 17.18
HE/km ((c) / effective reach length)| -. 5.92
Note

* Flooding / drainage scores to be summed .

HE values are at 1991 base.
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FLOODING

Watercourse Kelwell Stream, South Kelwell
Bank Left Bank

Flood risk area (ha) 71.6

Effective reach length (km) 2.7

‘With maintenance - current situation
Flood Return Period Probability Nr. HEs Probability Average Nr. HEs  (a) x (b)
(years) ‘ Affected Interval (a) Affected (b)
1 0.00
no flooding

20
30 % flooded

50
100 % flooded

Annual Average Number HEs affected with mamntenance (AAN ) 2.21

Scenarioe 1 - without maintenance
Impact of annual flood after 1 year without maintenance
Flood Return Period Probability Nr. HEs Probability =~ AverageNr. HEs (a) x (b)
(years) Affected Interval (a) Affected
1 0.68
5 % flooded
20
100 % flooded
50
100 % flooded
Annual Average Number HEs affected without maintenance (AAN wi500) 7.22

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) Affected Interval (a) Affected (b)
1
40 % flooded
20
100 % flooded
50
100 % flooded
Annual Average Number HEs affected without maintenance (AAN winou) 9.49

Summary: fleoding AAN winow  AAN win Benefit (£)

Left Bank (a) (b) (@)-()=c c*value one HE

Scenario 1, year 0 7.223 2.213 5.010 6533.

Scenario 2, year 10 9.494 2.213 7.281 9494

Value of one HE (£) * -~ 1304

* 1997/98 price

Note: Severity weightings have been applied to HEs affected by flooding arable 2.2
pasture 1.5
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FLOODING

Watercourse Kelwell 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) Affected Interval (a) Affected (b)
1 . 0.00
no flooding
20
30 % flooded
50
100 % flooded

Annual Average Number HEs affected with maintenance (AAN ) 4.06°

Scenario 1 - 'without maintenance
Impact of annual flood after 1 year without maintenance -
Flood Return Period Probability Nr. HEs Probability - AverageNr. HEs (a)x(b)
(years) Affected Interval (a) Affected (b)
1 1.25
5 % flooded
20
100 % flooded
50
100 % flooded -
Annual Average Number HEs affected without maintenance (AAN winou) 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) Affected Interval (a) Affected (b).- -
1- 10.03
40 % flooded.
20
100 % flooded
50
100 % flooded .
Annual Average Number HEs affected without maintenance (AAN winow)  17.42 .

Summary: flooding AAN ow AAN Benefit (£)

Right Bank . (a) by . (a)-(b)=c¢c - c¢*valueone HE .

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 (£) * 1304

*1997/98 price

Note: Severity weightings have been applied to HEs affected by flooding arable 2.2
pasture 1.5°
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FDMM

Kelwell Stream
Estimation of benefits of flood alleviation assuming further deterioration in subsequent years

Left Bank Right Bank

£ £
Benefit lost in year 0 @) 6533 11990
Benefit lost in year 10 (b 9494 17424
Incremental loss over 10 years ®)-(a) = (c) 2961 5435
Average value of incremental loss (loss in year 5) (©)/2=(d) 1481 2717
Discount factor at 6% (year 5) (&) 0.747 0.747
Present value of average incremental loss @x @)= 1106 2031
Average annual loss assuming further deterioration ®H+ () 7639 14020
Total for both banks 21659

1997/98 prices are used. Figures are subject to rounding.
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Kelwell Stream .
Estimation of Benefits from Flooding assuming further deterioration in subsequent years -

Left Bank . Right Bank-

£ £
Benefit lost in year 0 a . 4746 6920 -
Benefit lost in year. 10 b 6897 10057
Incremental loss over 10 years (b-2)=¢ 2151 3137
Average value of mcremental loss (loss in year 5) (c/2)=d 1076 1568
Discount factor at 6% (year 5) e 0.747 0.747
Present value of average incremental loss (dxe)=f 804 - 1172°
Average annual loss-assuming further deterioratio - fra 5550 - 8092
Total for both banks : 13642

1997/98 prices are used. Figures are subject to rounding.
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AGRICULTURAL BENEFITS ONLY

FLOODING
Watercourse Kelwell 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) Affected Interval (a) Affected (b)
1 0.00
no flooding
20
30 % flooded
50
100 % flooded

Annual Average Number HEs affected with maintenance (AAN i) 2.34

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) Affected Interval (a) Affected (b)
1
5 % flooded
20
100 % flooded
50
100 % flooded
Annual Average Number HEs affected without maintenance (AAN winow) 7.65

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) Affected Interval (a) Affected (b)
1 5.79
40 % flooded
20
100 % flooded
50
100 % flooded
Annual Average Number HEs affected without maintenance (AAN winow) 10.06

Summary: Flooding AAN winow  AAN i Benefit (£)

Right Bank (a) (b) (a)-(b)=c  cxvalueone HE

Scenario 1, year 0 7.651 2.344 5.307 6920

Scenario 2, year 10 10.057 2.344 7.712 10057

Value of one HE (£) * 1304

© ¥ 1997/98 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

FLOODING

Watercourse Kelwell Stream, South Kelwell -
Bank Left Bank.

Flood risk area (ha) 71.6.

Effective reach length (km) - 2.7

With maintenance - current situation .
Flood Return Period. Probability  Nr. HEs- Probability Average Nr. HEs  (a)x (b)
(years) Affected Interval (a) Affected (b)
1 0.00

no flooding .

20
30 % flooded -

50
100 % flooded

Annual Average Number HEs affected with maintenance (AAN in) 1.61.-

Scenario 1 - without maintenance
Tmpact of annual flood after 1 year without maintenance
Flood Return Period -  Probability ~ Nr. HEs Probability Average Nr. HEs - (a)x (b) -
(years) Affected - Interval (a) Affected (b)
1 : 0.50
5 % flooded
20 -
100 % flooded
50
100 % flooded 7
Annual Average Number HEs affected without maintenance (AAN um0u) 5.25;

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) Affected
1 3.97
40 % flooded
20
100 % flooded
50
100 % flooded
Annual Average Number HEs affected without maintenance (AAN winow) 6.90
Summary: ‘Flooding AAN winow  AAN win Benefit (£)
Left Bank (a) (b) (a)-(b)y=c cxvalueone HE
Scenario 1, year 0 5.247 1.608 3.640 4746.
Scenario 2; year 10 6.897" 1.608 5.289 6897
Value of one HE (£) * - - 1304 .
*1997/98 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 687

Flood risk area (ha) 104.4

Effective reach length (km) 2.9

Land Use Factor Unit Number or House Equivalents Total HE

area (a) HE/unit (b) (@) x (b)

House Number 1.00 0

Garden / allotments Number 0.04 0

NRP - Manufacturing | Area (m?®) 0.030 0

NRP - Distribution Area (m”) 0.054 0

NRP - Leisure Area (m*) 0.032 0

N R P - Offices Area (m’) 0.033 0

N R P - 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

Railway Number 63.5 0

Flooding Drainage Flooding { Drainage **

Forestry and scrub * per 100 ha 0.02 0.0

Extensive pasture * per 100 ha 13 1.1

Intensive pasture * per 100 ha 3 4.5

Extensive arable * per 100 ha 1.044 6.3 3.6 6.5772 0

Intensive arable * per 100 ha 441 9.7

Formal parks Number 0.6 0

Golf / race courses Number 0.7 0

Playing field Number 0.1 0

Special parks Number 9.3 0

Total HE (¢) * 6.58
HE/km ((c) / effective reach length) 2.27
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 Unit . Number or- House Equivalents - Total HE -
i area (a) HE/unit (b) (a)x (b)
House Number 1.00 0
Garden / allotments Number 0.04 0
NRP.- Manufacturing  |Area (m?) 0.030 0
NRP - Distribution Area (m* ) 0.054 0
NRP - Leisure Area (m*) 0.032- 0
N R P - 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- 2.7 0
B Roads . - Number 6.3 0
A Roads (non trunk):  {Number 15.9 0
A Roads (trunk) Number 317 0
Motorway Number 63.5 0
Railway . Number 63.5 0
Flooding | Drainage | Flooding | Drainage **|
Forestry and scrub * per 100 ha 0.02 0.0
Extensive pasture * per 100 ha 1.3 1.1
Intensive pasture * per 100 ha 3. 45
Extensive arable * per 100 ha 0.716 6.3 3.6 - 4.51 0
Intensive arable * per 100 ha 44.1 9.7
Formal parks Number 0.6 - 0
Golf / race courses Number 0.7 0
Playing field Number.. 0.1-. 0
Special parks Number 9.3 0
Total HE (c) * 4.51
HE/km ((c) / effective reach length) 1.67
Note- -

* Flooding / 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

Benefit lost in year 0 (Good to bad drainage) (@
Benefit lost in year 10 (Good to very bad drainage) ®
Incremental loss over 10 years ®)-(a)=(c)
Average value of incremental loss (loss in year 5) (©)/2=(d)
Discount factor at 6% (year 5) (e)
Present value of average incremental loss @DxE)=®
Average annual loss assuming further deterioration @+ @

Total for both banks

1997/98 prices are used. Figures are subject to rounding,
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£

4654
12029
7375
3687
0.747
2755
7409

Left Bank Right Bank

£

6786
17539
10753

5377

0.747

4016
10802
18212



Sensitivity analysis
Assuming 50% flood risk area on each bank subject to inadequate drainage

DRAINAGE BENEFITS -

Watercourse - Kelwell Stream  Kelwell Stream -
South Kelwell = North Kelwell -

Bank Left Bank Right Bank .

Drainage benefit area (ha) 35.8 522

Effective reach length (km) - - 2.8 3.

Floodplain topography Rising .. Rising

Predominant soil type Heavy - Heavy

Drainage system - . Piped Piped -

With maintenance, drainage status Good Good

Without maintenance, drainage status Bad Bad -

Annual benefit (£/ha) * 65 65

Total benefit (£) * - 2327. 3393 ¢

* 1997/98 economic prices. Figures are subject to rounding,. -
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DRAINAGE BENEFITS
Scenario 1, Year 0

Watercourse Kelwell Stream  Kelwell Stream
South Kelwell North Kelwell

Bank Left Bank Right Bank

Drainage benefit area (ha) 71.6 104 .4

Effective reach length (km) 2.7 2.9

Floodplain topography Rising Rising

Predominant soil type Heavy Heavy

Drainage system Piped Piped

With maintenance, drainage status Good Good

Without maintenance, drainage status Bad Bad

Annual benefit (£/ha) * 65 65

Total benefit (£) * 4654 6786

* 1997/98 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 Kelwell Stream  Kelwell Stream
South Kelwell North Kelwell

Bank Left Bank Right Bank
Drainage benefit area (ha) 71.6 . 104.4
Effective reach length (km) 2.8 3
Floodplain topography Rising Rising
Predominant soil type Heavy _ Heavy
Drainage system Piped Piped

- With maintenance, drainage status Good Good
Without maintenance, drainage status  Very bad Very bad
Annual benefit (£/ha) * ) 168 168
Total benefit (£) * 12029 17539

* 1997/98 economic prices. Figures are subject to rounding.
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S PETM uoday [eoruyosy

GENERAL INFORMATION

River

Reach Length (km)

Dominant Substrate Type:-
Gravel, Sand or Silt

(Trea? clay as Silt)

Floodplain -

Rising (>1 %) or Flat (<1 %)

Catchment Size

Lafge 25 sq km)
Small (<25 sq. km)

Benefit Area (ha)

(Area deriving benefit from mainienance)

Dominant Land Use Type (LUT)

(Table 1)

Dominant Soil Type

la
| KELWELL |
2
| 2.8 |
3
| CLAY |
4

|  RIsING |

[ smarL |

I 176

7
[ CEREAL/OILS (5) |

9
| cLavyLoam |

Reach Code

Varied Land Use Types (LUT) |

(Table 1)

7

-

1b
7 8a 8b
% Benefit Area | Does the If yV
as decimal LUT flood ? ‘V}tha floods
LUT ~|” (as decimal)
1 Ext grass o
2. Int grass:
3 Grass/arable
4  Allcereals. -
5 Cereal/pilSeed |
6

_Ceteal/root .

P - "
47 Horticulture

8 Other

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance



PR

PEIM Hodoy [eorayos ], g

DESIGN STANDARD

Average Bed Width (m)

Average Channel Depth (m)

% Weed Cover (In channel,
submerged & floating weed )
Frecboard (m)

Watcrtable Depth (m)

(Box 4, 9, 13 & Figure ] or 2)
Drainage Status

(Box 14 & Table o)

Economic Net Return

(Table 5, using Box 7 & Box 15)

For either :-

or =

12

[I::] (Emergent vegetation only)

13
o]
15

GOOD

16
Dominant land use (£/Mha) 329
®) 57904
_
Varied land use (£/ha)
®
16a 16b
Net Return Weighted
LUt (E/ha) NetReturn _—
1
2
3
4
5 /
6
- 7

Bankfulf Discharge (Qbf) (cumecs)

¥ Regional Growth Curve Area
(Figure 3)

* Mean Annual Flood (Q bar)
(cumecs)

* QbffQ bar (cumecs)
Box 17/ Box 19)

*  Flooding Envelopes FRP
* 9% BA with different flood
return periods (years)
(Table 6 or 7, boxes 5, 7, 15)
> 10

o
0
1-2
3-5
6-10
20y1)
@0y

21 21a

22 22a

% arca of Flooded Total

each LUT that Area Flood Cost Flood Cost (£)
floods (ha) (£/ha) (Box 21a * box 22)
0 0 0 0

30 52.8 8 422

100 176 8 1408

Total 1830

*  Not necessary unless detailed information and assessment is required

Flood Return Period (ycars)

Total Flood Cost (€3]
Decsign

Net Retumn Less Flood Cost [¢3]
(Box 16 - box 24}

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance
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"DO NOTHING" (WITHOUT MAINTENANCE)

30
W/o Maintenance Width (m) 0.75
(Box 10 - box 25a)

31
W/o Maintenance Depth (m)
(Box 11 - box 26a)

32
W/o Maintenance Freeboard (m)
(Box 13 - box 280)

33
W/o Maintenance Watertable Depth (m)
(Box 4, 9, 32, Table 3, Figure | or 2)

34

Scenario 1 BAD
Scenario 2 | VERY BAD

W/o Maintenance Drainage Status
(Table 4, box 33)

Economic Net Return (W/o maintenance)

(Toble 5, box 8, 34) 35
For cither :- Scenario 1 Scenario 2
Dominant land use (£/ha) 263 165
£ 46288 29040
or :- ’
Varied land use (£/ha)
£ —
P
35b 35a
Net Return Weighted
Lur " (£/ha) Net Return
1
2
3
4
5
&
A 7
36

W/o Maintenance Bankfull Discharge (Qbf) (cumecs)
(Box 17 - bax 29)

* W/o Maintenance Qbf/(QQ bar (cumecs)
(Box 36/ box 19)

—

37

L—T

SCENARIO 1 (Year 0) 38 38a 39 39a
% area of Flooded Total
each LUT that Arca Flood Cost Flood Cost (£)
* Flooding Envelopes FRP (y1.) floods (ha) (£/ha) (Box 38a * box 39)
* % BA with different 0
flood return periods (years) <1
(Table 6 or 7, boxes 5, 7, 34) 1-2 5 8.8 79 695
3-5
6-10
>10 (20 yr) 100 176 7 1232
>10 (50 yr) 100 176 7 1232
Total 3159
SCENARIO 2 (Year 10) FRP (yr.)
0
<1
-2 40 70.4 79 5562
3-5
6-10
>10 20y1) 100 176 7 1232
>10 (50 yr) 100 176 7 1232
Total 8026
Estimation of loss assuming further deterloration in subsequent years
' Drainage Flooding
Loss without maintenance in year 0 (£) a 11616 3159
Loss without maintenance in year 10 (£) b 28864 8026
Incremental loss over 10 years (£) b-a)=c 17248 4866
Average value of incremental loss (loss in year 5) (£) /)y=d 8624 2433
Discount factor at 6% (year 5) (£) [ 0.747 0.747
Present value of average incremental loss (£) (dxe)y=f 6444 1818
Average annual loss assuming further deterioration (£) f+a 18060 4977
40
W/o Maintenance FRP (years)
41
Total Average Flood Cost &) @ccnaﬁo 1 ccnan'u 2
Do-nothing 4la
Net Return Less Flood Cost &) ccnario 1 cenzuio 2

(Box 35 - box 41)

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance
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MAINT ENAN CE EXPENDITURE

42 43 44 45 46 47
Maintenance Unit Cost No‘.'_of Cost/Reach/ Interval Betweea Amortisation Annua] Cost
Ad.i\dty @) Units Adtivity (£) " Maintenance Value at 6 % Wwy
(specify) Activities (ycars) Discount Rate
- ' (Box 45, Table 18) (Box 44 * box 46)
Wecdcutting and
desilting 3713
Total annual cost/reach (£) (Sum box 47)
Benefit Area (ha) (Box 6)
Total annual maintenance cost/ha (Box 48 /box 49)
BENEFITS OF MAINTENANCE
Design Standard Net retum less flood costs
(With maintcnance) ' (Box 24a)
Do Nothing Net retum less flood costs (Box 41a)

(Without maintenance)

Change in Net Benefit Ducto Maintenance

Net Benefit of Maintenance

Change in'net benefit-total annual maintenance costs

Benefit : cost ratio

(Box 51 - box 52)
(Box 53 - box 49 or 50)

(Box 53/box 48)

Note: All table munbers and references relate to R&D Note 511, Guidelines for the Jllstiﬁcelyi(m o_f Rivm“ Mﬂil;tenzmce

&

©®

)

)

-
[~

3713

-
~3

-
(] (% B
— (=]

6

56074

43129

-y
o

(%3
[

12945 .

IIUI
=

9232

3.49

54

cenario |
Scenario 1
Scenario 1

Scenario 1

34867 IS

21207 S

17494 3

5.71

cenario 2
cenario 2
cenario 2

cenario 2



APPENDIXTT 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

6 % Discount Rate

1 0.943 . 0.943 . 1.00

2 0.890 1.833 0.55
3 0.840 2.673. 0.37

4 0.792 3.465:- 0.29
5 0.747 4.212 0.24
6 0.705- 4917 - 0.20
7 0.665 5.582. 0.18-
8 0.627 6.209 . 0.16
9 0.592 6.801 0.15
10 0.558 7.359 . 0.14
11 0.527 7.886 0.13
12 0.497 - 8.383 - 0.12
13 0.469 - 8.852 0.11
14 0.442 - 9.294 0.11
15. 0.417 9.711 0.10 -
20 - 0.312 10.023° 0.10 -
25 0.233 - 10.256 0.10 -
30 - 0.174 10.430 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 3.790 026
6 0.564 - 4.354. 0.23

7 0.513 4867 . 0.21 -
3 0.467 5.334 0.19 -
9 0.424 5.758 0.17 -+
10 0.386 - 6.144 0.16-
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

E.g. The benefits of a maintenance scheme performed every 5 years are £13542. To derive the annual benefit,
multiply the total benefit by the amortisation factor of 0.24; using the current discount rate of 6 %.
£13542 x 0.24 =benefit of £3250 / year.
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APPENDIXIIT 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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Watton Beck

APPENDIX 1V
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 kmnorth 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). Tt 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 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.

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 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,

The channel 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 1-m within the embanked reach.

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 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 Burlingham 2 Association :dominate 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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Watton Beck

1.2.3 River Maintenance

Watton Beck is subject to weedcutting twice a year. All the aguatic vegetation in channel is removed. Prior to .
maintenance; the channel is usually choked with emergent vegetation with Glyceria (Reed Sweet Grass) and -
Phragmites (Common Reed) being the dominant types. - Lemna (Duckweed) is the dominant floating plant.

The banks are flail mown in April, 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 .
(rats/moles) which inhabit-the embankment are controlled. The channel is subject to dredging approximately
once every 10 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
eatly - years following dredging. - Total annual maintenance expenditure by the Environment Agency on Watton -
Beck, including the highland carrier section,-is estimated to be £6590 (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 channel takes place on average every 10 years. Approximately 0.2 m of silt is removed to-teach the solid - :
bed level. Total maintenance expenditure on-the IDB watercourses for 1997/98 is estimated to be £167. 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 - Right Bank Comment
Flood risk area (ha) 210 ha 250 ha
Nature of flooding fluvial fluvial
Effective reach length (km)- |1 1 Main river within flood risk area only,
excludes embanked highland carrier section -
Total HE- 110.87 128.85
Flood score (HE/km) 110.87 128.85

Note: Figures are subject to rounding -

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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Watton Beck

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 in the
effective reach length. The IDB channel upstream of main river and the two IDB tributaries should aiso 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 (yrs) Flooded Affected

With maintenance

1 0 0 1 0 0
20 30 37.94 20 30 4479
50 100 126.45 50 100 149.29
Annual average number HEs affected (AAN wiu) 20.48 24.18
Without maintenance
Scenario 1 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 (AAN imout) 35.88 4236
Scenario 2 1 25 31.61 1 25 37.32
20 50 63.23 20 50 74.65
50 100 126.45 50 100 149.29
Annual average number HEs affected (AAN imout) 47,89 56.54

The benefits (£) associated with each flooding scenario for both banks are shown in Table 4.
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Watton Beck

Table 4 Annual -benefit of flood alleviation, Watton-Beck

AAN without - AAN with - (@-().  Annual Benefit
HE/km) () - (HE/.m) () Lost (£)
Left Bank -
Scenario 1 35.88 20.48 15.40 20082 :
Scenario 2 47.89 - 20.48 - 27.41 25928
Right Bank
Scenario-l . 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 .
Appendix. .

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 Tabie 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: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.-

Table5 Drainage, Watton Beck .

Left Bank Right Bank -
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 (£) 13343 15986
Total annual benefit (£) (both banks) - 29329
Scenario 2, year 10
Drainage status without maintenance- Verybad. - Verybad .
Annual benefit (£) - 21228 25439
Total annual benefit (£) (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 maintenance regime, Watton Beck

Flooding (AAN ;) Effective - Flood Score Drainage Score . Total
HE/km) (2) Reach Length  (HE/km/yr) (a/b)y=-  (HE/km/yr) (d) {oHd)
(km) (b) © |
Left Bank 20.48 1 2048 0.0* - 2048 .
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, 1997/98 prices are used. .- -
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Watton Beck

1.3.7  Justification

Table 7 Total benefits of maintenance, Watton Beck
Annual Benefit of  Annual Benefit of Maintaining  Total Annual

Flood Alleviation (£) Drainage Status (£) Benefit (£)
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 (£) Total Annual Maintenance Cost (£)  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. 1997/98 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 1.0.

Table 9 Benefit : cost ratio, 50% flood risk area affected by bad drainage, Watton Beck
Total Annual Benefit (£) Total Annual Maintenance Cost (£)  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 uged.

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).

1.43  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, FDMM excludes them from the analysis.
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Table 10 - Sensitivity analysis: effective reach length and reach status, Watton Beck
Ban-.  Flooding Effective Reach Flood Score (HE/kn/yr)- Drainage Score  Total . Reach Status ..

(HE/km) (a) _ Length (km) (b) (ab) = (c) HE/km/yr) (d) _ (e)H(d) -

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 -

RB- 24.18 39 6.20 0.0* 6.20 BTS
Average . 572" BTS

Effective reach comprises: main river and highland carrier

LB . 20.48 - 35 5.85 0.0* - 5.35 BTS .

RB - 24.18° - 35 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 highland carrier which provides the outfall of Watton Beck into the River Hull does not.provide 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 be.included 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 (£) Total Annual Maintenance Cost (£) 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.
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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 £202 (1997/98 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 (£) Total Annual Maintenance Cost (£) 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 Watton 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 Comment

Dominant substrate Clay

Floodplain topography | Rising (>1%)

Catchment size Large (>2500 ha)

Benefit area (ha) - 460 .- . Same as total flood risk area. Left and right-
banks are combined.

Land use type Cereal/oilseed rotation (LUT 5)

Dominant soil type - Loamy clay _

1.5.3  Design standard (maintained 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 (mm) 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 (£/ha) 329 1997/98 prices

Economic net return (£) 151340 1997/98 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 a return period of 1, 20 and 50 years. The same flooded areas and return pericds were used as in .
FDMM. 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 £1794 (1997/98 prices).

Table 15 With maintenance flood costs, Watton Beck

Flood Return Period. Area Flooded Area Flooded Annual Flood Cost
(\29) (%) (ba) (£/Mha) &
1 0 0 0 0
20 30 138 - 3 414 -
50 100 - 460 3 1380 -

Total - 1794 .

Note: Figures are subject to rounding, 1997/98 prices are.used.

The value of the benefit area under the current maintenarnce regime is calculated by subtracting the flood costs
from the net return, as shown in Table 16.

Table 16  Design standard, value of benefit area, Watton Beck
Total Net-Return (£) (@) | Total Flood Cost (£) (b) | Benefit Area Value (£) (a-b) - 4

151340 1794 - 149546 -

Note: Figures are subject to rounding, 1997/98 prices are used.
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1.5.4 Maintenance regime

Table 17 TImpact of maintenance on freeboard, Watton Beck

Parameter Comment

Increase in bed width 50%, 1.5m

Increase in channel depth 8%, 0.2m

Impact of widening on freeboard 9% Using Table 2.8 in main text
Impact of deepening on freeboard 3.5% Using Table 2.8 in main text
Total impact on freeboard 12.5%

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
0.66 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 £263 /ha (1997/98 economic prices) (Scenario 1). The total economic net return for the whole
benefit area is therefore £120980 (1997/98 prices).

Under Scenario 2, the loss associated with the extra deterioration to very bad drainage is £47203. If this is
subtracted from the net return with maintenance, the net return without maintenance under Scenario 2 is
£104137 (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 (year 0), total flood costs in the first year of no
maintenance are £2116 (1997/98 prices). Under Scenario 2 (year 10), flood costs are £3216 (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 (£) (a) Total Flood Cost (£) (b)  Benefit Area Value (£) (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 £1883 (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
£30682 for Scenario 1 and £48625 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 fldoding 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 highland 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 ratie to maintenance costs, Watton Beck

Total Annual Benefit (£) Total Annual Maintenance Cost (£) . 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 for Watton Beck, including the highland carrier and proportion of costs on the R. Hull .
30682 6792 452"

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:

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 -

Watton Beck

1997/98 prices-

Element .- Annual Maintenance
Cost (£)

Main river within flood risk area only 1883

Highland carrier section only 4707

Total costs on. main-river 6590

Proportion of costs on River Hull - . 202

Internal Drainage Board watercourses 167

Source: Environment Agency (North East Region) and Beverly & Holderness 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 from 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 675/676/666/667
Flood risk area (ha) 210
Effective reach length (km) 1
Land Use Factor Unit Number or House Equivalents Total HE
area (a) HE/unit (b) (a) x (b)
House Number 3 1.00 3
Garden / allotments Number 3 0.04 0.12
NRP - Manufacturing | Area (m®) 0.030 0
NRP - Distribution Area (m?®) 0.054 0
NRP - Leisure Area (m?) 0.032 0
N R P - Offices Area (m?) 25 0.033 0.825
NR P - Retail Area (m?) 0.035 0
NRP- Agricuttural ~ |Area (m*) 2500 0.010 25
C Roads Number 2 2.7 5.4
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
Railway Number 1 63.5 63.5
Flooding Drainage Flooding | Drainage **
Forestry and scrub * per 100 ha 0.02 0.0
Extensive pasture * per 100 ha 0.042 13 11 0.0546 0
Intensive pasture * per 100 ha 3 4.5
Extensive arable * per 100 ha 2.058 6.3 3.6 12.9654 0
Intensive arable * per 100 ha 44.1 9.7
Formal parks Number 0.6 0
Golf/ race courses Number 0.7 0
Playing field Number 0.1 0
Special parks Number 93 0
Total HE (c) * 110.87
HE/km ((c) / effective reach length) 110.87
Note

* Flooding / drainage scores to be summed
HE values are at 1991 base
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LAND USE ASSESSMENT : 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 (b) (@) x.(b)
House: Number 16 1.00 16
Garden / allotments. Number . 16 0.04 - 0.64
NRP - Manufacturing  |Area (m°) 0.030 - 0
NRP - Distribution Area (m?*) 0.054 . 0
NRP - Leisure Area (m”) 0.032: 0
NR P - Offices Area (m?*) 0.033 0
NRP- Retail - Area (m”) 0.035. 0
NRP- Agricultural - |Area (m*) 2625 . 0.010 2625
CRoads . - Number 2 2.7 5.4
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
Railway Number 1 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’ 24225 | .. 63~ 3.6 1526175 0
Intensive arable *- per 100 ha"( . 0.04 vo44.1 9.7 1.764
Formal parks Number 0.6 0
Golf / race courses Number 0.7 0
Playing field. Number 0.1 0
Special parks Number 9.3. 0
Total HE (¢) * 128.85
HE/km ((c) / effective reach length) 128.85".
Note

* Flooding / drainage scores to be summed
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 AverageNr. HEs  (a)x (b)
(years) Affected Interval (a)
1 0.00
no flooding

20
30 % flooded

50
100 % flooded

Annual Average Number HEs affected with maintefance (AAN ws)  20.48

Scenario 1 - without maintenance
Impact of annual flood after 1 year without maintenance
Flood Return Period Probability Nr. HEs Probability =~ AverageNr. HEs  (a)x (b)
(years) Affected Interval (a) Affected (b)
1
5 % flooded
20
50 % flooded
50
100 % flooded
Annual Average Number HEs affected without maintenance (AAN winou) 35.88°

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) Affected Interval (a) Affected (b)

1 31.61
25 % flooded
20
50 % flooded
50
100 % flooded
Annual Average Number HEs affected without maintenance (AAN winow)  47.89
Summary: flooding AAN wanow  AAN Benefit (£)
Left Bank (a) (b) (a) - (b)
Scenario 1, year 0 35.88 20.48 15.40 20075
Scenario 2, year 10 47.89 20.48 27.41 35740
Value of one HE (£) * 1304
* 1997/98 price
Note: Severity weightings have been applied to HEs affected by flooding arable 2.2

pasture 1.5
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FLOODING .

Watercourse Watton Beck.
Bank - ) Right Bank -
Flood risk area (ha) 250

Effective reach length (km)- 1

With maintenance - current situation- -
Fiood Return Period - Probability - Nr. HEs Probability Average Nr. HEs  (a)x (b)
(years) - . Affected = Interval (a) Affected (b)-
1 0.00
no flooding

20

30 % flooded
50

100 % flooded .

Annua] Average Number HEs affected with maintenance (AAN )  24.18

Scenario 1 - without maintenance -
Impact of annual flood after 1 year without maintenance. ‘
Flood Return Period Probability Nr. HEs Probability.: = AverageNr. HEs (a)x(b) .~
(years) Affected Int :
1 7.46
5 % flooded

20
50 % flooded

50
100 % flooded
Annual Average Number HEs affected without maintenance (AAN winow) - 42.36

Scenario 2 - without maintenance .
Impact of annual flood after. 10 years without maintenance
Flood Return Period Probability Nr. HEs Probability AverageNr. HEs®  (a)x (b) -

(years) Affected Interval (a) Affected (b)
1 3732
25 % flooded - -
20
50 % flooded
50
100 % flooded
Annual Average Number HEs affected without maintenance (AAN ynou) 56.54
Summary: floeding - AAN Ginow  AANwim Benefit (£)
Right Bank - (a) (®) - (8)- ()
Scenario 1, year 0 42.36 24.18 18.18 - 23702
Scenario 2, year 10 56.54 24.18 32.36 42196
Value of one HE (£) * 1304
* 1997/98 price
Note: Severity weightings have been applied to HEs affected by flooding . arable - 2.2

pasture 1.5
R&D Technical Report W134 -



" FDMM
WATTON BECK
Estimation of Benefits from Flooding assuming further deterioration in subsequent years

Left Bank Right Bank

£ £
Benefit lost m year 0 a 20075 23702
Benefit lost in year 10 b 35740 42196
Incremental loss over 10 years (b-a)=¢ 15665 18494
Average value of incremental loss (loss m year 5) (c/2)=4d 7832 9247
Discount factor at 6% (year 5) : e 0.747 0.747
Present value of average incremental loss (d*e)=f 5853 6910
Average annual loss assuming further deterioration f+a 25928 30612
Total for both banks 56540

1997/98 prices are used. Figures are subject to roundmg.
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DRAINAGE BENEFITS
Scenario 1,-Year. 0 -

Watercourse Watton Beck

Bank - Left Bank .

Drainage benefit area ¢ha): - 210

Land use type. Extensive pasture Extensive arable

With maintenance drainage status . Good Good -
Without maintenance drainage. status Bad- Bad
Area affected (ha) 42 205.8
Annual benefit (£/ha) * -8 65
Total benefit/land use (£) * -33.6 13377
Total benefit (£) * 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 -(£/ha) *

Total benefit/land use (£) *

Total benefit (£) *

Good - Good -
Bad. Bad
2.5 242.25

-8 65 -
-20 15746 -
15986 -

Good -

Bad
4
65
260

Goo
Ba

d -

d

O O W

* 1997/98 economic prices are used. 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.
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DRAINAGE BENEFITS
Scenario 2, Year 10

Watercourse Watton Beck

Bank Left Bank

Drainage benefit area (ha) 210

Land use type Extensive pasture Extensive arable

With maintenance drainage status Good Good

Without maintenance drainage status Very bad Very bad

Area affected (ha) 42 205.8

Annual benefit (£/ha) * -30 168

Total benefit/land use (£) * -126 34574.4

Total benefit (£) * 34448

* 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 Good Good Good Good
Without maintenance drainage status Very bad Very bad Very bad Very bad
Area affected (ha) 2.5 24225 4 1.25
Annual benefit (£/ha) * -30 168 168 0
Total benefit/land use (£) * -75 40698 672 0
Total benefit (£) * 41295

*

Note

1997/98 economiic prices are used. Figures are subject to rounding,

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

Estimation-of Drainage Benefits assuming further deterioration in subsequent years--

Benefit lost in year 0 (Good to bad drainage) (@ -
Benefit lost in year 10 (Good to very bad drainage) ® -
Incremental loss over 10 years b)-(a) = (c)
Average value of incremental-loss (loss in year 5)

.Discount factor at 6% (year. 5) (e
Present value of average incremental loss @x@E=(®.
Average annual loss assuming further-deterioration - O+ ()
Total for both banks .

1997/98 prices are used. Figures are subject to rounding..

R&D Technical Report W134 -

£

13343

34448

21105 -

10553
0.747

7885 -
21228

Left Bank Right Bank

£

15986..
41295

25309 - -

12655
0.747

9453
25439

46667



Sensitivity analysis

Assuming 50 % of whole flood risk area is prone to bad drainage without maintenance

DRAINAGE BENEFITS

Watercourse ‘Watton Beck

Bank Left Bank

Drainage benefit area (ha) 105

Land use type Extensive pasture  Extensive arable

With maintenance drainage status
Without maintenance drainage status
Area affected (ha)

Annual benefit (£/ha) *

Total benefit/land use (£) *

Total benefit (£) *

Good
Bad
2.1
-8
-16.8
6672

Good
Bad
102.9

65

- 6688.5

* 1997 economic prices

Watercourse Watton Beck

Bank Right Bank

Drainage benefit area (ha) 125

Land use type Extensive pasture  Extensive arable Intensive arable Forestry & scrub
With maintenance drainage status Good Good Good Good
Without maintenance drainage status Bad Bad Bad Bad
Area affected (ha) 1.25 121.125 2 0.62
Annual benefit (£/ha) * -8 65 65 0
Total benefit/land use (£) * -10 7873 130 0
Total benefit (£) * 7993

* 1997 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.
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AGRICULTURAL BENEFITS ONLY
LAND USE ASSESSMENT:: REACH SUMMARY

Watercourse . Watton Beck -
Bank Left Bank -
OS Map . Pathfinder 675/676/666/667.
Flood risk area (ha) 210
Effective reach length (km) 1
Land Use Factor Unit Number or House Equivalents Total HE- -
area (a) - HE/unit (b) (2) x (b}
House . Number 1.00 0
Garden / allotments Number 0.04 0
NRP - Manufacturing  |Area (m?) 0.030 0
NRP - Distribution - | Area (m?) 0.054 - 0
NRP - Leisure Area (m*) 0.032 0
N R P - Offices 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
Railway- Number 63.5 0
Flooding .| Drainage Flooding | Drainage **
Forestry and scrub * per 100 ha 0.02 0.0
Extensive pasture * per 100 ha 0.042 1.3 1.1 0.0546 0
Intensive pasture * per 100 ha 3 4.5 '
Extensive arable * per 100 ha 2.058 6.3 3.6 12.9654 0
Intensive arable * per.100 ha 44.1. 9.7
Formal parks - Number 0.6 0
Golf / race courses Number - 0.7 0
Playing field Number 0.1-. 0
Special parks - Number 9.3 0
Total HE (c) * 13.02
HE/km ((c) / effective reach length) 13.02 . -
Note

* Flooding / drainage scores to be summed

HE values are at 1991 base

R&D Technical Réport W134.
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AGRICULTURAL BENEFITS ONLY
LAND USE ASSESSMENT : 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/uuit (b) () x ()
House Number i 1.00 0
Garden / allotmenis Number . 0.04 0
NRP - Manufacturing | Area (m?) 0.030 0
NRP - Distribution Area (m?) 0.054 0
NRP - Leisure Area (m®) 0.032 0
N R P - Offices Area (m®) 0.033 0
N R P - Retail Area (m%) 0.035 0
NRP- Agricultural ~ |Area (m*) 0.010 0
C Roads Number 27 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
Railway Number 63.5 0
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 13 1.1 0.0325 0
Intensive pasture * per 100 ha 3 4.5 '
Extensive arable * per 100 ha 2.4225 6.3 3.6 1526175 0
Intensive arable * per 100 ha 0.04 44.1 9.7 1.764
Formal parks Number 0.6 0
Golf / race courses Number 0.7 0
Playing field Number 0.1 0
Special parks Number 9.3 0
Total HE (¢) * 17.06
HE/km ((c) / effective reach length) 17.06
Note
* Flooding / drainage scores to be summed ** Apply areal drainage factor if required

HE values are at 1991 base
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AGRICULTURAL BENEFITS 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 . (a)x () -
(years) Affected .  Interval (a) Affected (b)
1
no flooding
20 -

30 % flooded

50
100.% flooded

Annual Average Number HEs affected with maintenance (AAN v4) 4.63

Scenario 1 - without maintenance
Impact of annual flood after 1 year without maintenance -
Fiood Return Period ~ Probability - Nr. HEs'.  Probability Average Nr. HEs - (a)x (b)
(years) Affected Int Affected (b)
1 1.43
5 % flooded
20
50 % flooded
50
100 % flooded -
Axnnual Average Number HEs affected. without maintenance (AAN o). 812

Scenario 2 - without maintenance
Impact of annual flood after 10 years without maintenance -
Flood Return Period Probability: ~ Nr. HEs Probability Average Nr.- HEs- (ayx (b) -
(years) Affected Interval (a) Affected (b)

1
25 % flooded
20
50 % flooded
50
100 % flooded -
Annual Average Number HEs affected without maintenance (AAN o) . 10.84

Summary: flooding -~  AAN you AAN Benefit (£)

Left Bank . . () . (b) (2) - (b)

Scenario 1, year 0 8.12 4.63 3.48 4542

Scenario 2, year 10 10.84 463 6.20 - 8086

Value of one HE (£) *- - 1304. - Average

* 1997/98 price

Note: Severity weightings have been applied to HEs affected by flood - arable 2.2
pasture . 1.5
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AGRICULTURAL BENEFITS ONLY

FLOODING

Watercourse Watton Beck
Bank Right Bank
Flood risk area (ha) 250

Effective reach length (km) 1

With maintenance - current situation
Flood Return Period ~ Probability Nr.HEs  Probability = Average Nr. HEs (a)x(®)
(years) Affected  Interval (a) Affected (b)
1 0.00
no flooding

20
30 % flooded

50
100 % flooded
Annual Average Number HEs affected with maintenance (AAN i) 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 (8)x (b)
(years) Affected Int Affected (b
1 1.88
5 % flooded
20
50 % flooded
50
100 % flooded
Annual Average Number HEs affected without maintenance (AAN winow) 10.64

Scenarijo 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) Affected  Interval (a) Affected (b)

1
25 % flooded
20
50 % flooded
50
100 % flooded
Annual Average Number HEs affected without maintenance (AAN Linou) 14.21

Summary: flooding AAN winow  AAN Lz Benefit (£)

Right Bank (@) (®) (a)- ()

Scenario 1, year 0 10.64 6.08 4.57 5955

Scenario 2, year 10 14.21 6.08 8.13 10602

Valus of one HE (£) * 1304 Average

* 1997/98 price

Note: Severity weightings have been applied to HEs affected by flo arable 2.2
pasture 15
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AGRICULTURAL BENEFITS ONLY . WATTON BECK -
Estimation of Benefits from Flooding assuming further deterioration in subsequent years

LeftBank Right Bank

£ £.
Benefit lost in year 0 (@) - 4542 ¢ 5955
Benefit lost in year 10 ® .. 8086 10602
Incremental loss over 10 years: ' @y®=() . 3544 4647
Average value of incremental loss (loss in year 5) = . 1772 2323
Discount factor at 6% (year 5) (e) 0.747- 0.747"
Present value of average incremental loss d)x(e)=(® 1324 - 1736
Average annual loss assuming further deterioration.. () +(2) 5866. 7691
Total for both banks - 13558

1997/98 prices are used. Figures are subject to rounding.
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GENERAL INFORMATION

River

Reach Length (km)

Dominant Substrate Type:-
Gravel, Sand or Silt
(Treat clay as silt)

Floodplain -
Rising (>1 %) or Flat ( < | %)

Catchment Size
Large (> 25 sq. km)
Small (< 25 sq. km)

Benefit Area (ha) l

(Area deriving benefil from maintenance)

Dominant Land Use Type (LUT)
(Table 1)

Dominant Soil Type

| WATTON BECK |

la

| CLAY |

|  RISING |

| LARGE I

6
| 460 |

7
{ CEREAL/OILS (5) |

: 9
| Loamy cLAY |

Reach Code

Varied Land Use Types (LUT)
(Table 1)

/’

1b

7 8a 8b
% Benefit Are | Does the 1 yes, "
asdecimal | LUT flood ? [% thatfloods

LuT - as decimal)

1  Extgrass —

2 Int grass 7

3 Grass/arable -

4 All cereals

5 Cereal/pilSeed

6 ,Ge’f/eal/root
-~ Horticulture

8  Other

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance
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DESI GN STANDARD
Average Bed Width (m)
Average Channel Depth (m)
% Weed Cover (In channel,
submerged & (loating Weed )
Freeboard (m)

Watertable Depth (m)

(Box 4, 9, 13 & Figure ! or 2)

Drainage Status
(Box 14 & Table 4)

Economic Net Retum
(Table 5, using Box 7 & Box 15)

For cither :-

12

I 0 l (Ermergent vegetation only)

1 3__
0.75
]
15

[_coon |

16
Daominant land use (EMma) 329
‘ ‘ £ 151340
Varied land use (£/ha) 7
®
16a 16b
Net Return | Weighted
LUT " (Lha) Net Return
o -
3 -
4 L
5 b
P
1 7

Bankful discharge (Qbf) (cumecs)

* Regional Growth Curve Area
(Figure 3) )

* Mean Annual Flood (Q bar)
(ctumecs) ‘

¥ Qbl/Q bar (cumecs)
(Box 17/Box 1 9

* Flooding Bnvelopes

* 9% BA with different flood
retum periods (yéars)

(Table 6 or 7, boxes 5, 7, 15)

FRP (yr)

o
1-2
3-5
6-10

>10 (20 yr)

(50 ﬁ) _

21 21a 22 22a
%areaof Illooded Total
cach LUT that Area Food Cost. Flood Cost (£)
floods _(ha) (£/Mha) (Box 21a *box 22)
. o’ 0 ‘ 0
[} 0 0 0
30 138 3 414
100 460 3 1380
- Total 1794

* Not necessary unless detailed information and assessment is required

Flood Return Period (years)
Total Flood Cost

Design
Net Return Less Flood Cost
(Box 16 - box 24)

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance

)

)

23

AS ABOVE

24

| 1794

24a

149546 -
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"DO NOTHING" (WITHOUT MAINTENANCE) “SCENARIO 1 (Year 0) T Uag 382 39 BT
v : - S 30 Cos % arcaof " Tlooded Total
W/o Maintenance Width (mn) l 1.5 ‘ each LUT that " Arca Flood Cost Flood Cost (£)
(Box 10 - box 25a) * Flooding Envelopes FRP (yr.) floods (ha) (Uha) | (Box 38a * box 39)
‘ 31 * % BA with different 0 ‘ '
W/o Maintenance Dt..pﬂl (m) | 2.3 l flood return pcnods (yuu‘b) <1
(Bor 11-box 260) : a nble 6or7, bmex 5, 7, 34) 1-2 5 23 32 736
32 3-5
W/o Maintenance Freeboard (m) 0.66 6-10
(Box 13 - box 28a) ' >10 (20 yr) 50 230 2 460
- ‘ 33 > 10 (50 yr) 100 460 2 920
W/o Maintenance Watertable Depth (m) ‘_ 0.42 T Total 2116
(Box'4, 9, 3.2. Tnblg 3, Figure lor2) ’ SCENARIO 2 (Year 10) FRP (yr.) )
' 34 ‘ - o
W/o Mamtcmncc Dr'xm 36 Sldtus Scenario ! BAD <1
(I‘able 4, box 33) Sccmno 2 VERY BAD 1-2 25 115 32 3680
3-3
Economic Net Return (W/o maintenance) 6-10
(Table 5, box 8, 34) 35 >10 (20 yr) 50 230 2 460
For either :- Scenario 1 Scenario 2 >10 (50 yr) 100 460 2 920
Dominant land use (L/ba)y 263 165 Total 5060
£ 120980 75900 U o
or - o Estimation of loss assuming further deterioration in subsequent years
Varied land usc (L/ha) o o o DPrainage Flooding
C £ s Loss without maintenance in year 0 (£) a 30360 2116
Loss without maintenance in year 10 (£) b 75440 5060
35b 35a Ineremental loss over 10 years (£) (Mb-a)=c 45080 2944
‘ Net Retumn’ chghlcd Average vatue of incremental loss (Ioss n year S) (£) (c/2)y=4d 22540 1472
LUT (Eha) | Net Retumn Discount factor at 6% (year S} (£) © ¢ 0747 0.747
1 - Present value of average incremental loss ® (dxe)y=f 16843 1100
2 - Avcr'igc ammual loss assuming further detcx ioration (L) ft+a 47203 3216
3 s
4 _
R 40
ol W/o Maintenance FRP (ycars) AS ABOV]_E_]
" 7 :. )
7
. 41
36 Total Average Flood Cost (5} ccmm'o 1 ccxu\rin 2
W/o Maintenance lvml\ful discharge (th) (cumecs) i o ’ )
(Bo\' 17 - box 29) Do-nolhing 41a
37 Net Rclunx Less Flood Cost (£) ccmln'o 1 | 100_9_‘2_1__'}3.'ccxmri0 2

* W/o Maintenance QLE/C) bar (cumous)
(Box 36 / box 19)

(Box 35 - box 41)

Note: All table nurabers and references relate to R&D Note 51 1, Guidclines for the JllsliﬁC:l@iOx] of River Muintenance
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Winestead Drain

APPENDIX V
1. WINESTEAD DRAIN

1.1 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 Area

1.2.1  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 Agency “main’ river reach length is 7.3 km. Above main river is an Internal Drainage Board
(IDB) watercourse of approximately 6.1-km in lefloth (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, |

The Booster Pumping Station (3 pumps) at the hea{d of main river (GR. TA 530050 423400) pumps land
drainage water from the IDB watercourse up into the 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 fresboard under conditions of mean spring-flow is estimated
tobe 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 is.needed to provide a sufficient 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).

1.2.2  Catchment characteristics

This lowland catchment is predominantly rural in character. The catchment is well suited to.the growing of
cereal crops; in particular winter wheat and barley. Oilseed rape, peas and beans are 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-beans and oilseed rape.(10%). Small
areas of scrub and woodland (1%) and pasture (4%) are also found within the catchment.

The solid geology of the area is characterised by chalk which is overlain by alluvium and chalky till. The
Holderness Soil Association is characteristic of the catchment (Jarvis et al, 1984). The most extensive soil are
of the Holderness series, which are fine, loamy stagnogley soils (Jarvis et al, 1984). "Soils of the Burlingham 2
Association dominate the sloping land towards the edge of the floodplain. This Association is characterised by
fine loamy soils with slowly permeable subsoil formed in chalky till. The floodplain of the IDB channel and on
the right bank of the main river, is characterised by soils of the Wallasea 1 Association. These marine alluvial
gley soils rely on arterial drainage to prevent waterlogging. The soils of the floodplain on the left bank of main’
river consist of the:Newchurch 2 Association. Artificial drainage and pumping is necessary to control the
groundwater levels in thege clay soils.
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Winestead Drain.

1.2.3.  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.

Prior to maintenance, the channe! is usually choked with emergent vegetation with 100% of the water surface.
covered by plants. Glvceria (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 IDB 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. Adquatic 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 -
£42939 (1597/98 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 to1997/98 prices. This is the most recent complete year for which
pumping-station expenditure is available. Costs for channel Tnaintenance .only. are estimated to be £6075 -
(1997/98 prices).

Above main river is a Winestead Drain Internal Drainage Board (IDB) 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 wesd 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 £3433 in 1997/98. This includes a charge for dredging which has been
amortised to derive an equivalent annual cost. -

1.3  Application of FDMM to Winestead Drain -

1.3.1.  Axea 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.

1.3.2  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 - -

Left Bank Right Bank - ! 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) 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

Table2 Land use band, Winestead Drain

Flood Value (HE/km) Drainage Value (HE/km) 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 Drain

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
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.

Tablg 4 Annual benefit of flood alleviation, Winestead Drain

AAN Limou AAN @~ ®) Benefit (£)
(HE/km) (a) (HE/km) (b)
Left Bank 118.21 34.59 83.62 109040
Right Bank 21.47 6.28 15.19 19808
Total 128849

Note: Figures are subject to rounding. 1997/98 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 will deteriorate from a good to bad drainage condition. The
associated drainage benefits are therefore £47213. Further details are presented at the end of this Appendix.
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Winestead Drain -

1.3.6 - Actual standard of service

Table 5 Actual SoS provided under the current maintenance regime, Winestead Drain

Flooding (AAN ;44) Effective Reach Flood Score Drainage Score  Total .
(HE/km) (a) Length (km) () (HE/Am/yr) (ab)=(c) (HE/km/yn) (d) (ey(d)
eft Bank 34,59 73 47 0.0 *. 4.7
Right Bank 6.28 7.3 0.9 0.0 *-- 095 .
Both Banks Average Score 2.8
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,..

1.3.7  Justification:

Table 6 Total benefits of maintenance, Winestead Drain:.-

Annual Benefit of © Annual Benefit of  Total Annual Total Annual Benefit: Cost Ratio .
Flood Alleviation Maintaining - Benefit (£) - Maintenance  (Agricultura (Agricultura -
(£) Drainage Status (£) Cost (£) 1+ Urban) - . 10nly).
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 IDB 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 beincluded 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 length'and reach status, Winestead Drain

Bank Flooding . Effective Reach Floed Score Drainage Score - Total.  Reach . ‘
(HE/km) (2) :- Length (km) (b) (HE/km/yr) (@/b)=(c) (HE/km/yr)(d). (c)*(d)- Status
Effective reach comprises: main river.only .

LB - 34.59 7.3 4.7 0.0* 4.7 BTS

RB 6.28 7.3 0.9 0.0 * 0.9 0TS
Average . 2.8 BTS

Effective reach comprises: - main river and IDB watercourse

LB. 34.59 134 - 2.6 0.0% 2.6 BTS .

RB 6.28 134 0.5 0.0 * 05 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.

1.4.2 = 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 (£) Total Maintenance Cost (£) Benefit: Cost Ratio
Maintenarnce costs increased by 15%

176062 49380 3.57
Benefits reduced by 15%

149633 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 pumping)
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-nothing’ 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 following sections.

Scenario 1

Scenario 1 compares the total benefits (flooding and drainage) associated with chanmnel 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 benefits are significant. These benefits are largely the result of operation of the Booster
Pumping Station.

Table 9 Scenario 1, benefit:cost analysis, channel maintenance and pumping

Annual Flooding  Annual Drainage  Total Annual Annual Benefit: Cost
Benefits (£) Benefits (£) Benefits (£) Maintenance Costs Ratio
& (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 1A comparss 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
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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 1A, benefit:cost analysis, main-river only, excluding Booster pumping station.

Annual Flooding . Annual Drainage  Total Annual Annual Benefit: Cost.
Benefits (£) Benefits (£) Benefits (£) Maintenance Costs - Ratio
£) (Agricultural +
Urban)
Main River
128849 47213 176062 26678 - 6.60 -

Note: Figures are 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 11. 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 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 1B, benefit:cost analysis, IDB watercourse, including Booster. pumping station -

Annual Flooding  Annual Drainage  Total Annual- Annual Benefit: Cost
Benefits (£) Benefits (£)° Benefits (£) © Maintenance Costs Ratio
& (Agricultural+.
Urban) -

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 (£) Benefits (£) Benefits (£) Maintenance Costs (Agricultural +
£ . Urban)
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. -
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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 (£) Benefits (£) Benefits (£) Maintenance Costs (Agricultural +
£) Urban)
Main River
108245 35453 143698 36864
IDB Watercourse
273 23702 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 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 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 channe] 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 grassiand.

1.5 Application of the Guidelines to Winestead Drain

1.5.1 Introduction

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.

1.5.2 General information

Table 14  General information, Winestead Drain

Parameter Comment

Dominant substrate Clay

Floodplain topography | Flat (<1%)

Catchment size Large (>2500 ha)

Benefit area (ha) 729 Same as total flood risk area. Left and
right banks are combined.

Land use type Cereal/oilseed rotation (LUT 5)

Dominant soil type Loamy clay
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1.5.3  Design standard (maintained condition)

Table 15 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) 125 . Using Figure 2.6 in main text:
Drainage status Good Using Figure 2.6 in main text
Economic net return (£/ha) 329 1997/98 prices

Economic net return (£) - 239841 1997/98 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 a.return period of 50 and 100 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 16. It is assumed that -

these costs are additive. . Total flood costs for-the ‘with’ maintenance situation are £2843 (1997/98 prices).

Table 16 'With maintenance flood costs, Winestead Drain

Flood Return Period | AreaFlooded - AreaFlooded | Annual Flood Cost *
1) (%) - (ha) (£/ha) €3

50 - 30 219 3 656

100 100 729 3 2187

Total 2843

Note: Figures are subject to rounding.. 1997/98 prices are used.

The value of the benefit area under the current maintenance regime is calculated by subtfacting the flood costs
from the net return, as shown in Table.17.

Table 17 Design standard, value of benefit area, Winestead Drain ...
Total Net Return (£) (a) - Total Flood Cost (£) (b).: Benefit Area Value (£) (a-b) - .

239841 2843 236998

Note: Figures are subject to rounding. 1997/98 prices are used.

1.5.4 Maintenance regime
Details -on the maintenance regime are not required 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 class
from good to bad. In this instance, the freeboard: watertable graphs are not used as these are not applicable to -
pumped sifuations.

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 £263 /ha (1997/98 economic prices). The total economic net return for the whole benefit area
is therefore £191727 (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 £4082 (1997/%% prices).

Table 18 Flood costs under the without maintenance situation, Winestead Drain

Flood Return Period Area Flooded Area Flooded Annual Flood Cost
1829 (%) (ha) (£/ha) £)

1 5 36.45 32 1166

50 100 729 2 1458

100 100 729 2 1458

Total 4082

Note: Figures are subject to rounding. 1997/98 prices are used.

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.

Table 19 Without maintenance, value of benefit area, Winestead Drain
Total Net Return (£) ()  Total Flood Cost (£) (b)  Benefit Area Value (£) (a-b)

191727 4082 187645

Figures are subject to rounding, 1997/98 prices are used.

1.5.6 Maintenance costs
As identified in Section 1.2, the total annual maintenance expenditure on Winestead Drain, including pumping
costs, is £42939 (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 17 and 19, the benefit of maintenance is calculated to be
£49353 (1997/98 economic prices).

1.5.8  Justification
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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Table20 - Scenario 1, benefit:cost analysis, channel maintenance and pumping -

Total Annual. Annual Benefit: Cost Ratio - Benefit:Ccst Ratio
Benefits (£) Maintenance  (Agricultural only) (Agricultural +

(Agricultural) Costs (£) - Urban)

Main River 49353 .

IDB Watercourse 32916

Towd 82260 _____ 46372 _______ L7 3.68_____
Urban Benefits (£) -
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 ¢hannel up into the main river.
which is at a higher level. The main river itself derives.no benefit'from.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 Drain are 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 the Booster Pumping, Station costs .
increases the benefit:cost ratio.

Table 21  Scenario 1A; benefit:cost analysis, main river only; excluding Booster. pumping station -

Total Annual - Annual- Benefit:Cost Ratio  Benefit: Cost Ratio -~
Benefits (£) Maintenance  (Agricultural only) (Agricultural +
(Agricultural) Costs (£) - Urban -
Main River 49353
Total 49353 . ___ 26678 . ___ 185 485 __
Urban Benefits (£)
Main River 80026

Note: Figures.are 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 1B, benefit:cost analysis, IDB watercourse, including Booster pumping station

Total Annual- Annual Benefit:Cost Ratio  Benefit: Cost Ratio-
Benefits (£) Maintenance . (Agricultural only) - (Agricultural +
(Agricultural) Costs (£) Urban
DB Watercourse 32916
Mol _ 32916 19694 _ Le7 20 .
Urban Benefits (£) :
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 freeboard:watertable 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 (£) Maintenance  (Agricultural only) (Agricultural +

(Agricultural) Costs (£) Urban)

Main River 116

IDB Watercourse 78

Yotal 194 %508 _ CA 0.10_____
Urban Benefits (£)
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 (£) Maintenance  (Agricultural only) (Agricultural +

(Agricultural) Costs (£) Urban)

Main River 48609

IDB Watercourse 32420

Toal 81029 36864 ______ 220 3.62_____
Urban Benefits (£)
Main River 47628
IDB Watercourse 4814

Note: Figures are subject to rounding. 1997/98 prices are used.
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WINESTEAD DRAIN
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ANNUAL MAINTENANCE COSTS

Winestead Drain
Element Annual Maintenance
Cost (£)
Main River
Weedcutting & flail mowing 5353
Dredging 722
Total maintenance costs for chanmel only 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 2250
Dredging 1183
Total costs on IDB watercourse 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 according 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 1997/98 prices.
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LAND USE ASSESSMENT : REACH SUMMARY ..

Watercourse Winestead Drain -
Bank - Left Bank
0OS Map Pathfinder TA 22/32, TA 21/31
Flood risk area (ha) 460
Effective reach length (km) 7.3
Land Use Factor Unit Number or House Equivalents Total HE
' area (a). HE/unit-(b) (@ x ®
House. Number - 145 1.00 145
Garden / allotments Number 145 0.04 5.8
NRP- Manufacturing  |Area (m?) 0.030 - 0
NRP - Distribution Area (m?) 0.054 . 0
NRP - Leisure . Area (m?) 25 0.032 0.8.
NRP - Offices Area (m*). 30 0.033 1.65
NRP - Retail Area (m?) 0.035 0
NRP - Agricultural Area (m*) 350 0.010- 3.5
C Roads Number 2 2.7 5.4
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
Railway . . Number 63.5 0
Flooding Drainage. Flooding | Drainage ** -
Forestry and scrub *  |per 100 ha 0.023 0.02 0.0 0.0005 0
Extensive pasture * per 100 ha 1.3 1.1 0 - 0
Intensive pasture * per 100 ha 0.023 3 4.5 0.07 0
Extensive arable * - per 100 ha 4.554 6.3 3.6 28.69 0
Intensive arable * per 100 ha 44.1 . 9.7 0 0
Formal parks - Number 0.6 0
Golf / race courses Number 0.7 0
Playing field Number 0.1 0
Special parks Number - 9.3. 0
Total HE (c) * 790.91
HE/km ((c) / effective reach length) 26.15.
Note:

* Flooding / drainage values to be summed .-

HE values are at 1991 base
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LAND USE ASSESSMENT : REACH SUMMARY

Watercourse Winestead Drain
Bank Right Bank
OS Map Pathfinder TA 22/32, TA 21/31
Flood risk area (ha) 269
Effective reach length (km) 7.3
Land Use Factor Unit Number or House Equivalents Total HE
area (a) HE/unit (b) (@) x (b)
House Number 1 1.00 ]
Garden / allotments Number 1 0.04 0.04
NRP - Manufacturing | 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
NRP - Agricultural Area (m?) 0.010 0
C Roads Number 1 2.7 2.7
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
Railway Number 63.5 0
Flooding Drainage Flooding | Drainage **
Forestry and scrub * per 100 ha 0.007 0.02 0.0 0.00014 0
Extensive pasture * per 100 ha 13 1.1 0 0
Intensive pasture * per 100 ha 3 4.5 0 0
Extensive arable * per 100 ha 2.683 6.3 3.6 16.9029 0
Intensive arable * per 100 ha 44.1 9.7 0 0
Formal parks Number 0.6 0
Golf / race courses Number 0.7 0
Playing field Number 0.1 0
Special parks Number 9.3 0
Total HE (c) * 20.64
HE/km ((c) / effective reach length) 2.83
Note:

* Flooding / drainage scores to be summed

HE values are at 1991 base
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YEI M 1odoy Teormmos I, (7Y

FLOODING FLOODING
Watercourse Winestead Drain Watercourse Winestead Drain
Bank , Left Bank Baok =~ Right Bank
Flood 1isk area (ha) 460 Flood risk area (ha) 260
Effective roach length (km) 73 Effective reach length (km) 73
‘With maintenance - current situation With maintenance - current sitnafion
+ Flood Retum Period  Probability ' Nr. HEs Probability  Average Nr. HEs  (a) x (b) Flood Retumn Period  Probability  Nr. HEs Probability ~ Average Nr. HEs (a) x (b)
(yearsy’ Affected  Interval (a) Affected (b) ' " (years) " Affected Interval (@) Affected (b) C
I 1
no flooding no flooding
o 50
30 % flooded 30 % flooded
100 . 22537 _ 100
100 % flooded ‘ ‘ . 100 % ﬂooded

Annual Average Number HEs affected with maintenance (AAN ) 6.28

- Annual Average Number HEs affected with maintenance (AAN i) 34.59

Without channel maintenance and pumping

Without channel maintenance and pumping
Flood Retum Period  Probability ~ Nr. HEs Probability  Average Nr. HEs (&) x (b) Flood Retum Period  Probability * « Nr. HEs Probability ~ Average Nr. HEs @x )
(yeﬁrsﬁ ‘ Affected  Tnterval (a) Affected (b) ‘ (years) ‘ ' Affected  Interval (2) Affected (b)
1 11.27 : i 2.05°
5% flooded 5% flooded
50 50
100 % flooded 100 % flooded
" 100 100
100 % flooded 100 % flooded ‘
" Annual Average Number HEs affected without maintenance (AAN winor)  118.21 Annual Average Number HEs affected without maintenance (AAN winme) 21.47
Severity weightings have been applied to HEs affected by flooding arable 2.2 Severity weightings have been applied to HEs affected by floodin arable 2.2

pasture 1.5 pasture 1.5



DRAINAGE BENEFITS

Watercourse Winestead Drain

Bank Left Bank

Drainage benefit area (ha) 460

Land use type Forestry & scrub  Intensive pasture Extensive arable
With maintenance drainage status Good Good Good
Without maintenance drainage status Bad Bad Bad
Area affected (ha) 2.3 23 455.4
Annual value (£/ha) * 0 75 65
Total value/land use (£) * 0 172.5 29601
“Total value (£) * ' 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

Annual value (£/ha) * 0 65

Total value/land use (£) * 0 17440

Total value (£) * 17439.5

Note: 1997/98 economic prices are used. Figures are subject to rounding.
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LAND USE ASSESSMENT:: REACH SUMMARY
AGRICULTURAL BENEFITS ONLY

Watercourse Winestead Drain .
Bank Left Bank -
OS Map Pathfinder TA 22/32, TA 21/31
Flood risk area (ha) 460
Effective reach length (km) 7.3
Land Use Factor Unit - Number or House Equivalents Total HE.
area (a) HE/unit (b)- @) x (b)
House Number ’ 1.00 0
Garden / allotments Number 0.04 0
NRP - Manufacturing - |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
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
Railway Number 63.5 0.
Flooding Drainage Flooding |Drainage **|
Forestry and scrub * per 100 ha 0.023 - 0.02 0.0 0.0005 0
Extensive pasture * per 100 ha 13 1.1 0 0
Intensive pasture. * per 100 ha 0.023 3 4.5 0.07 0
Extensive arable * per'100 ha 4.554 6.3 3.6 28.69 0
Intensive arable * per 100 ha 44.1 9.7 0 0
Formal parks Number 0.6 0.
Golf / race courses Number 0.7-. 0
Playing field . Number 0.1 0
Special parks Number 9.3 0
Total HE (c) * 28.76 .
HE/km ((c) / effective reach length)| - 3.94 .
Note:
* Flocding / drainage values to be summed ** - Apply areal drainage factor if required-

HE values are at 1991 base
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LAND USE ASSESSMENT : REACH SUMMARY
AGRICULTURAL BENEFITS ONLY

Watercourse Winestead Drain
Bank Right Bank
OS Map Pathfinder TA 22/32, TA 21/31
Flood risk area (ha) . 269
Effective reach length (km) 73
Land Use Factor Unit Number or House Equivalents Total HE
area (a) HE/unit (b) (a)x (b)
House Number 1.00 0
Garden / allotments Number 0.04 0
NRP - Manufacturing | 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
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 317 0
Motorway Number 63.5 0
Railway Number 63.5 0
Flooding Drainage Flooding |{Drainage **
Forestry and scrub *  [per 100 ha 0.007 0.02 0.0 0.00014 0
Extensive pasture * per 100 ha 1.3 1.1 0 0
Intensive pasture * per 100 ha 3 4.5 0 0
Extensive arable * per 100 ha 2.683 6.3 3.6 16.9029 0
Intensive arable * per 100 ha 441 9.7 0 0
Formal parks Number 0.6 0
Golf / race courses Number - 07 ] 0
Playing field Number 0.1 0
Special parks Number 9.3 0
Total HE (c) * 16.90
HE/km ((c) / effective reach length) 2.32
Nota:
* Flooding / drainage scores to be summed **  Apply areal drainage factor if required

HE values are at 1991 base
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FLOODING AGRICULTURAL BENEFITS ONLY FLOODING AGRICULTURAL BENEFITS ONLY
Watercotirse Winestead Drain Watercourse Winestead Drain
Bank Left Bank ' Bak i Tﬁght Bank
Flood risk area (ha) 460 Flood risk area (ha) 269 '
Eﬂ’acéive reach leuélh (km) 7.3 ]_iffecﬁve reach length (kan) 7.3
With maintenance - current situation With maintenance - current situation
, F]qdd Return Period Probability Nr. HEs  Probability ~Average Nr. HEs  (a)x ) Flood Retum Period  Probability ~ Nr. HEs Probability ~ Average Nr. HEs  (2) x (1)
 (years) . Affected  Iuterval (a) Affected ®) : ' (years) R Affected Intei\)al‘(a) " Affected (b) '
1 1
no flooding no flooding
50 50
30 % flooded 30 % flooded
100 100
100 % flooded ' 100 % flooded
Amnual Average Number HEs affected with maintenance (AAN ) 9.78 Annual Average Number HEs affected with maintenance (AAN ;) 5.71
Without channel maintenance and pumping Withont channel maintenance and pumping
Flood Retum Period  Probability - Nr. HEs Probability  Average Nr. HEs  (a) x (b) Flood Retum Period Probability * Nr. HEs Probability ~ Average Nr. HEs (a) x (L)
(years)' ‘ Affected  Interval (@ Affected (b)' ' " (years) . Affected  Inforval '(a) Affected (b)
1 3 1
5% flooded 5% flooded
50 0
100 % flooded 100 % flooded
© 100 100
100 % flooded 100 % flooded
Annual Average Number HEs affected without maintenance (AAN wipae) 33.42  Annual Average Number HEs affected without maintenance (AAN iuon) 19.51
Severity weightings have been applied to FEs affected by flooding arable 2.2 Severity weightings have been applied to HEs affected by floodin arable 2.2

pasture 1.5 . pasture 1.5
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GUIDELINES: DESIGN STANDARD

Aversge Bed Width ()
Avorage Channel Depth (m)
%4 Weed Cover (In channel,
submerged & floating weed )
Frecboard {m)

Watertable Depth (m)

(Box 4, 9,13 & Kigure | or 2)
Irainage Status

{Box 14 & Table 4)

Lgonomic Net Return

(Table 5, using Box 7 & Box 15)

for either -

or -

6.5

12
[ o ] (Emergent vegotation only)

13

14

[ s ]

15

GOOb

16
Dominant land use (£/a) 329
(£) 239841
Varicd land use (£/Ma)
’ (£)
162 16
Net Retum Weighted
LUt {Li) Net Retuit
; - - -
2
3
4
5
6
7

Dankill Discharge (QbI) (cumecs)

¥ Regional Growth Curve Area
(Figure 3)

* Mean Annual Flood (QQ bar)
(cumecs)’ ‘ '

* QLIQ bar (cumecs)
(Box 17/ Box 19)

* Flooding Eavelopes

* % DA with different flood
retunt periods (years)

{Table 6 or 7, boxes 5, 7, 15)

* Not necessary unless detailed information and assessment Is requirved

Flood Retum Period (years)

Tatal Flood Cout

Design
Net Retun Lens Flood Cost
(Box 16 - box 24)

LRD (yr)
0
1-2
3-3
610
> 10 (50 yr)
(100 y1)

A 21a 22 2
‘ Flooded Tutat
cach LUT tha " Aroa Fland Cost Flood Coxt (£)
(hs) (/) (Box 21a *box 22)
0 0 1]
218.7 3 656
719 3 1187
2843

e o o o e e 4 e o e 2 =~ e A e e = e

23

__AS ABOVE

24

)

24
© [ 236098 ]

Note: Al table sumbers and references rolate to R&1) Note 311, Guidelinos for the Justification of River Maintenance (Dunderdale and Mornis, 19966)

1



GUIDELINES: "DO NOTHING” (WITHOUT MAINTENANCE)

W/o Mainienntce Width (i) [ N/A

(Box 10 - box 254)

% aren of Flooded Total
ench LUT that Area TFlood Cost Flood Cost (£)
* Flooding Envelopes FRP (yr.) floods (ha) {£/n) (Box 38a * box 39)
* % BA with dillerent 0

! '
! t
) 1
! t
! '
! 1
' t
i '
} !
: {lood refurm periods (yenrs) <1 :
: (T'able 6 or 7, boxes 5, 7, 34) 1-2 5 36.45 32 1166 :
! 1
! I
! !
! 1
§ 1
! '
! 1
{ I
! I
! 1
! I
! !

i

(Box 11 - box 26a)

3.5

6-10

> 10 (50 yr) 100 729 2 1458
>10 {100 yr) 160 729 2 1458
‘Total 4082

W/o Muintenance Frechoard (m)

(Box 13 - box 28a)

30
31
32

3

W/o Maintenanee Depth (m)
3

W/o Maintenance Wateilable Depth (m)

(Box 4, 9, 32, Table 3, Fignre 1 or 2}

34
W/o Maintennnce Druinage Status BAD ‘ * Not necessary inless defutled information and assessment required
(Table 4, box 33)

T:eonomic Net Retwin (W/o maintennnce)
(Tuble 5, box 8, 34)

35
For cither - Dominant land use (£/ha) 263
' L 191727
40
or - Varied land use Ehay | o W/o Muintenance  FRP (yeors) AS ABOVE
£ "
- 41
35b 350 Total Flood Cost ®
Net Return Weighted
1AUT (EMn) Net Retum Do-nothiug 41a
- Net Return Less Flood Cost ®)
2 /' (Box 35 -box 41)
3 ~
4 L
5 47
G
7
36
W/o Maintenance Bankfull Discharge (QU) (cumecs) N
(Box 17 - box 29)
37

* W/o Maiateaance QbH/Q bar {cumees) i e l“

(Box 36 /box 19)

Note: Al table numbers and referesices relate to RE:D Mote 511, Guidelines for the Justification of River Maintenance (Dunderdale sud Moris, 1996b)
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GUIDELINES: MAINTENANCE EXPENDITURE

42 43 44 45 46 47
Maintenance Unit Cost No. of Cost/Reach/ Interval Between Amortisation Annual Cost
Activity (3] Units Activity (£) " Maintenance Valne at 6 %% ({9
(specify) ‘ Activities (years) Discount Rate
o (Box 45, Table 18) (Box 44 * box 46)
Weedcutting and ‘ ' :
dredging 42939
(Inc. operation/maintenance of pumping stations) 48
S | Co Total Annual Cost/Reach (£) (Sum box 47) l____. 42939 |
49
Benefit Area (ha) Box 6) 729
50
Total Annual Maintenance Cost/ha (Box 48/ box 49) 58.9
GUIDELINES: BENEFITS OF MAINTENANCE o o ) ‘ S
Design Standard Net return less flood costs £) | T 236998 e
(With maintenance) ‘ ‘ (Box 24a) i '
Do Nothing Net retumn less flood costs Box 41a) £)

(Without maintenance)

Change in Net Benefit Due to Maintenance

Net Benefit of Maintenance

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance (Dunderdale and Morris, 1996b)

Change in net benefit less total annual maintenance costs

Benefit : cost ratio

(Box 51 - box 52)

(Box 53 - box 49 or 50)

(Box 53/box 48)

®

)

51

52

187645

53

I 49353 ] ‘

54

I 6414 l

1.15



WINESTEAD DRAIN
WITHOUT MAINTENANCE SCENARIOS: FDMM
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SUMMARY: FDMM
WITH MAINTENANCE (CURRENT SITUATION)

£
Costs Main river ciannel 6075
DB channel 0
Booster Pumping Station 16261
Outstrays Pumping Station 20603
Total costs - 42939
Main river
S Drainage Maintenance gives 100% good drainage
: - Int pasture 2.3 ha x £320/ha : 736
BExt. arable 723.7 ha x £293/ha 212044
o ' ‘ 212780
Flooding Some flooding with maintenance 53294

DO NOTHING
Stop all pumping and all channel maintenance
Costs Main river channel
IDB channel
Booster Pumping Station
Outsirays Pimping Station
Total costs
Main river
Drainage  Good to bad over 100 %

Int pasture 2.3 ha x £245 /ha *
Ext. arable 723.7 ha x £228 Mlia **

Flooding More frequent flooding, larger area affected

BENLFIT OF CURRENT MAINTENANCE
COST OF MAINTENANCE

BENEFIT COST RATIO

Note: * £320Ma less £75/ha which is loss in net retum associated with deterioration in drainage from good to bad on int. pasture
** £293/ha less £65/ha which is loss in nel retnm associated with deterioration in drainage from good o bad on ext. arable -

Urban

(Mooding) L
Main river 80026
DB 8320

(current maintenance cf to do-nothing)

Agricultural 4
© Uthan

564
165004

165567 47213
182143 128849

Total 176062

Agrienltural +
Urban

176062
42939

4.10

Agricultural
" Only

47213
48823

96036

Agrienitural
"Only

96036
42939

2.24
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SUMMARY: FDMM .
WITII MAINTENANCE (CURRENT SITUATION)

Costs

Main river

B

Urban
(Flooding)
Main river

DB

Main river channel

IDB channel

Booster Pumping Station
Outstrays Pumping Station
Total costs

Drainage ~ Maintenance gives [00% good drainage
Int pasture 2.3 ha x £320/ha
Ext. arable 723.7 ha x £293/ha

Flooding  Some flooding with maintenance

Drainage Maintenance gives 100% good drainage
Ext. arable 486.2 ha x £293/Mha

Flooding  Some flooding with maintenance

£
80026
8320

(current maintenance cf to do-nothing)

£
6075
3433
16261
20603
46372

736
212044
212780

53294

142457

16939

SCENARIO 1
DO NOTIING
Stop all pumping and all channel maintenance
Costs Main river channel
IDB channel
Booster Pumping Station
Outstrays Pumping Station
Total costs
Main river
Drainage Good to bad over 100 %

Int pasture 2.3 ha x £245 /ha *
Ext. arable 723.7 ha x £228 /ha **

Flooding More frequent flooding, larger area affected

DB
Drainage Good to bad over 100 %
Ext. arable 486.2 ha x £228/ha**

Flooding More frequent flooding, larger area aflected

BENEFIT OF CURRENT MAINTENANCE
COST OF MAINTIENANCE

BENEFIT COST RATIO

Nole: * £320/ha fess £75/Ma which is loss in net return associated with deterioration in drainage from good to bad on int. pasture
*k £203/ha less £65/ha which is loss in net relum associated with deterioration in drainage ffom good to bad on ext, arable

oS oOm

564
165004
165567

182143

110854

57858

Apgicultural +
Urban

47213
128849

Total 176062

31603
40920
Total 72523

Agricultural +
Urban

248584
46372

5.36

Agricultural
Only

47213
48823

926036

31603
32600
64203

Agricultural
Only

160238
46372

3.46
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SCENARIO 1 DO-NOTHING SCENARIO 1 DO-NOTHING
Watercourse ' Winestead Draln Walercourse Winestead Drain
Bank Left Bank Bank nght llﬁlll_i ,
Flood risk arca (ha) 460" - Flood risk arca (ha) 269 -
Efrpcli»'c reach length (km) 7.3 Effective reach length (km) 7"1
With malntenance - current situation With malntenance - current sltuation .
* Flood Retura Period ‘Probability ~ Nr.HEs  Probabilily Average Nr. HEs  (a) x ® lood Return Period Probability  Nr. HEs Probability  Average Nr., 11Es @x @)
" (years) ;| 7 Affected Interval () Affected (b) : T (years) o Affected  Tnterval () Affected (b) ‘
1 0.00 1
no flooding, no flooding,
Cos0” 50
30 % flooded 30 % flooded : 26.60
100 100
100 % flooded o , 100 % flooded
Annual Average Number HEs affected with maintenance (AAN ) 34.59 - .+ - Annval Average Number HEs affected with maintenance (AAN ;) 6.28
NO MAINTENANCE - DO-NOTFITING NO MAINTENANCE - DO-NOTHING
Flood Return Period . Probability  Nr. IIEs  Probability Average Nr. [IEs (a) x (b) . Flood Return Period . Probability  Nr. HEs Probability ~ Average Nr. HEs @ x (b)
(years) e Affected  Tnterval(a)  Affected 0 U (years) o Affected  Interval ©) Affected (b)
1 1 1.
5% flooded , ) 11832 115.95 5% flooded
50 " 50
100 % flooded 100 % looded
AT 100
100 % flooded 100 % flooded
Annual Average Number HEs affected without maintenance (AAN o) 118.21 Annual Average Number HEs affected without maintenance (AAN i) 2147

Summary: flood cest without malutenance

‘AAN yinow
(@) (b) x £1304*
Lefl Bank 118.21 "'154146
Right Bank 21.47 27997
Total 139.68 182143

Note: * value of one He is 31304, 1997/98 prices
Severity weightings have been applied to FEs affected by flooding: arable 2.2, pasture 1.5
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SCENARIO 1 DO-NOTIING

Watercowrse Winestead Drain - IDB channel
Bank Left Bankc
Flood risk area (ha) 312

Effective reach lengih (km) 6.1

With mainicnance - cwrrent sitnation

Flood Retum Period
(years) Affected  Interval (a)

Probability  Nr. HEs Probability  Average Nr. HEs  (a)x(b)
Aflceted (b)

1
no flooding
50°
30 % {loaded
100
100 % flooded

Anntial Average Number HEs affected with maintenance (AAN i) 8.86

NO MAINTENANCE - DO-NOTHING

Flood Retum Period Probability  Nr. HEs Probability  Average Nr. HEs  (a)x(b)
{years) Affected  Interval (a)

1 2.88
5% flooded
50
100 % flooded
100
100 % flooded

Annual Average Number HEs affected without maintenance (AAN yuhou) 30.26

S ary: flood cost without malutenance
AAN wimou
(a) (b) x £1304%
Loft Bank 3026 39459 '
Right Bank 14.11 18399
Total 44.37 57858

Note: * value of one 11T is 31304, 1997/98 prices

Scvesily weightings have been applied to HEs affected by flooding: arable 2.2, pasture 1.5

e e e e e e i mve 1 . e

SCENARIO 1 DO-NOTHING

Walercourse Winestead Drain - IDB channel
Bank Right Bank

Flood risk area (ha) 175

Effective reach length (km) 6.1

‘With malnienance - current situntion
Flood Return Period Probability  NWr. HEs
(years) Affected Interval (a)
1 0.00
no flooding,

50
30 % flooded

100
100 % flooded
Aunnual Average Number HEs aeeted with maintenance (AAN y,) 4.13

Probability  Average Nr. FEs (a) x (b}
Affected (b)

NO MAINTENANCE - DO-NOTIIING
Flood Return Period Probability  Nr. 1IEs
(years) Aflected
i 135
5% flooded

50
100 % flooded

100
100 % flooded
Annual Average Number HEs affected without maintenance (AAN wino) 14.11

Probability  Average Nr. HEs (a) x(b)

. L . o ey R B - . P Ty . wy
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SUMMARY: FDMM
WITH MAINTENANCE (CURRENT SITUATION)

Costs Main river ¢hannel

. IDB channel
Booster Pumping Station
Outstrays Pumping Station
Total costs

Main river

Drainage Maintenance gives 100% good drainage
o Int pasture 2.3 ha x £320/ha '
Ext. arable 723.7 ha x £293/ha
Flooding Some {looding with maintenance
Urban
(Flooding) L
Main river 80026
DB ' 8320

(current maintenance ¢f 1o do-nothing)

£
6075
0

Y
20603
26678

736
212044
212780

53294

SCENARIO 1A
DO NOTHING

Stop all pumping and all channe] maintenance

Cosls Main river channel
IDB channel
Booster Pumping Station
Outstrays Pumping Station
Total cosls C

Main river

Drainage  Good to bad over 100 %
Int pasture 2.3 ha x £245 /i *
Ext. arable 723.7 ha x £228 /ha **
Flooding

More frequent flooding, larger arca affected

BENEFIT OF CURRENT MAINTENANCE
COST OF MAINTENANCE

BENEFIT COST RATIO

Note: * £320/ha less L75/ha which is loss in net retun associated with deterioration in drainage from good to bad onint. pasture
** £203/ha less £65/ha which is loss in net return associated with deterioration in deainage from good to bad on ext. arable -

L
0
0
0
0
0
' Agricullural +
Urban
564
165004
165567 47213

182143 128849
Total 176062

Agricultural 4

Urban
176062
26678

6.60

Agricultural
Only

47213
48823
96036

Agricultural
© Only

96036
26678

3.60
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SUMMARY: ¥DMM
WITH MAINTENANCE (CURRENT SITUATION)

Costs  Main river channel
IDB channel
Booster Pumping Station
Oulstrays Pumping Station
Total costs

DB
Drainage Maintenance gives 100% good drainage
Ext. arable 486.2 ha x £293/ha

Flooding, Some {looding with maintenance
Urban

(Flooding) £

Main river 80026

B 8320

(current maintenance ¢f to do-nothing)

£

0
3433
16261
0
19694

142457

16939

SCENARIO 1B
DO NOTHING

Stop all pumping and all channel mamtenance

Costs

DB

Main river channel

DB channel

Booster Pumping Station
Outstrays Pumping Station
Total costs

Drainage Good to bad over 100 %
Ext. arable 486.2 ha x £228/ha*

Flooding, More frequent flooding, larger area aflected

BENEFIT OF CURRENT MAINTENANCE

COST OF MAINTENANCE

BENEFIT COST RATIO

Note: * £293/ha less £65/Mha which is loss in net retum associated with deterioration in dramage from good to bad on ext. arable

CoOooOoOoO™

110854

57858

Agricultural +

Total

Urban

31603

40920

72523

Agricultural +

Urban

72523

19694

3.68

Agricultural
Only

31603
32600
64203
Agricultural
Only

64203
19694

3.26
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FLOODING
SCENARIO 2 CHANNEL MAINTENANCE ONLY SCENARTO 2 CHANNEL MAINTENANCE ONLY
Walereourse Winestead Drain Watercourse Winestead Drain
Bank Left Bank Bank Right Bank
Flood risk area (ha) 460 Flood risk avea (ha) 269
Effective reach [ength (km) 7.3 . Effective reach length (km) 73
Do-Nething Do-Nothing
Flood Retum Period  Probability  Nr. FIEs Probability Average Nr. HEs  (a) x {b) Flood Retun Period  Probability  Nr. JEs Probability Average Nr. 1Es  (a) x (b)
(years) Affected Interval (a) Affected (b) (ycars) Affected Interval (a) Affected (b) .
1 1
5% flooded 5% flooded
50 50
100 % flooded 100 % flovded
100 100
100 % flooded 100 % flooded
Annual Average Number HEs affected with maintenance (AAN yigwe)  118.21 Annual Average Number HEs allected with maintenance (AAN yinon) 2147

With chamnel malatenance only With chaunel malutenance only

Flood Retum Period  Probability  Nr. HEs Probability Average Nr. HEs  (a) % (b) Flood Return Period  Probability  Nr. HEs Probability Average Nr, Hiis  (3) x(b)
(years) Alfected Interval (a) Affected (b) (years) Affected Interval (a) Alfected (b)
i 10.14 1
4.5% flooded 4.5% flooded
50 50
100 % flooded 100 % flooded
100 100
100 % flooded 100 % flooded
Annual Average Number FIEs affecled without maintenance (AAN ) 117.65 Aannual Average Number HEs affected without maintenance (AAN i) 21.37
Summary: flosd cost with channel malntenance only Severily weightings have been applied to HEs affected by flooding: arable 2.2
AAN vitout . pasture 1.5
(a) (b) x £1304*
Left Bank 117.65 153416
Right Bank 21.37 27866
Total 139.02 181282

Note: * value of one HIE is 31304, 1997/98 prices
Severity weightings have been applied to HEs affected by flooding: arable 2.2, pasture 1.5
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SCENARIO 2 CHANNEL MAINTENANCE ONLY
Walcreouse ‘Winestead Drain - IDB chiannel
Bank Left Bank '

Flood risk area (ha) 31z

E!Ibblive reach Iength (ki) 6.1

Do-Nothing
Flood Return Period  Probability  Nr. HEs Probability  Average Nr. 1lEs  (a) x (b)
C(years) o Affected  Interval(z)  Affected ()
.
5% {looded
50
100 % flooded
100 R 57.69
100 % flooded
Annual Average Number ITEs affected with maintenance (AAN wiyou) 30.26

With chanuel maintenance only

"Flood Return Period  * Probability  Nr. T1Es Probability  Average Nr. HEs  (a) x (b)

7 (y(.:ns) Afféited Interval (2) Affected (l)) ‘
R 260 :
4.5% flooded

50
100 %% flooded

100
100 % flooded
' Amual Average Number HEs affected without maintenance (AAN wap) 30.12

Ny y: flood cast with b 1 mainé ¢ only
AAN yitiout ‘
" {a) (b)Y x £1304*
Left Bank 30.12 139276
Right Bank 14.04 18308
Total 4116 57585

Note: * value ol one 1IE is 31304, 1997/98 prices

Severity weightings bave been applicd {0 HEs afTected by flooding: arable 2.2, pasture 1.3

SCENARIO 2 CHANNEL MAINTENANCE ONLY
Walcfcumse Winesiead Draln - JOB channel
Bank Right Bank

Flood risk area (ha) 175

Effeetive reach length (km) 6.1

Do-Nothing

Flood Return Period Probability Nr. HEs Probability Average Nr. Hiis  (2) x (b)
(years) - Affected Interval (a) Aflected (b)
I P
5% flooded
50
100 % flooded 26.90
©o100 0.01
100 % flooded
Annual Average Number I1Es affected with maintenance (AAN o) 1411
‘With ck I maiutenance only
Flood Retum Period " Probabilify ~ Nr. IHis Probability ~ Average Nr. HHEs  (a) x (b)
(years) Alfeoted Tnterval (a) " Affected (b} '
) 121
4.5% flooded
. 50
100 % floeded
100 26.90
100 % flooded ’

Annual Average Number HEs affected without maintenance (AAN ) 14.04
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SUMMARY: FDMM

DO NOTHING

Stop all prmping and all channel maintenance

Costs Main river channel

1DB channel

Booster Pumping Station
Ouistrays Pumping Station

Total costs

Main river
Drainage
Flooding
DB
Drainage
Flooding
Urban
(Flooding) L
Main river 80026
DB 8320

Bad over 100 %
Int pasture 2.3 ha x £245/In
Ext. arable 723.7 ha x £228/ha

Total
Frequent flooding, large area aflecled
Bad over 100 %
Ext. arable 486.2 ha x £228/ha

Total

Trequent flooding, large area affected

% flooding benefils apportioned to urban area
44%
14%

(cwrent maintenance of to do-nothing)

Do oM

564
165004

165567

182143

110854

110854

37858

SCENARIO 3

PUMPING ONLY

Pumping only, no channel maintenance

Costs

Main river

IDB

£

Main river channel 0
{DB channel 0
Booster Pumping Station 16261
Qutstrays Pumping Station 20603
Total costs 36864
Drainage Good over 75%

Int pasture 2.3 ha x £320/ha

Lxt. arable 542.77 ha x £293/ha

Bad over 25%

Ext. arable, 180.93 ha * £228/ha
Flooding See following page
Drainage Good over 75%

Ext. arable 364.65 ha x £293/ha

Bad over 25%

Ext. arable, 121.55 ha * £228/Mha
Flooding Sec following page

BENEFIT OF CHANNEL MAINTENANCE ONLY

COST OF MAINTENANCE

BENEFIT COST RATIO

Agrionltural +
Urban
736
159033
41251

Total 201020 35453

73898 108245

Total 143698

106842
27713

Total 134556 23702

23472 34386
Total 58088
Agricultural +
Urban

201786

36864

5.47

Agricultural
Only

35453

47558

83011

23702

4945

28647
Agricultural
Only

111658

368064

3.03



yEIM Hodey Teorumoe ], Oy

SCENARIO 3 PUMPING ONLY

Walercourse Winestead I)rulg:
Bank Left B:mli ‘
Flood risk arca (ha) 460

Effective reach length (tm) 13

Do-Nothing
" Flood Return Period Probability  Nr. HEs Probability ~ Average Nr. HEs  (a) x (b)
(years) o Affected  Interval (a) Affected (b)
S 1 11.27
5% flooded
50
100 % flooded
100
100 % flooded
Annual Average Number HEs affected with maintenance (AAN a,.y)  118.21

With pumplng only, no chanuel malntenance
Flood Retumn Period  Probability  Nr. HEs Probability  Average Nr, HEs  (a) x (b)
(years) ' Affécted Interval (a) Aftected (b) B
1
2% flooded
50
40 % flooded
© o100 22537
100 % flooded
Annual Average Number HEs alfccted without mainlenance (AAN q) 47.96

Summary: flood cost with pumping enly

AAN L mou
(@) (b)) x £1304%
Left Bank 47.96 62540
Right Bank 8.71 11358
Total 56.67 73898

Note: * value of one HE is 31304, 1997/98 prices

Severity weighlings have been applied to HEs affected by flooding: arable 2.2, pasture 1.5

SCENARIO 3 PUMPING ONLY
Watercourse Winestead Drain
Bank i(lght Bank
Flood risk arca (ha) 269 '

Tifective reach Jength (km) 73

Do-Nothing
Flood Return Period  Probability  Nr. HEs  Probability Average Nr. [TEs  (a) x (b)

(ycm's) ) ' Affected  Interval (o Affected (b)
1 2.05
5% flooded 5 21.49 21.06
.50
100 % flooded
" 100 40.93
100 % flooded ‘

.. Annual Average Number [1Es affected with maintenance (AAN gou)  21.47

With pumping only, no channel nalntenance
Flood Return Period . Probability . Nr.HEs  Probability Average Nr. HEs  (a) x (b)
(years)” . " Affected  Interval (@) Alfected (0) .
1
2% ﬂobdcd
50
40 % flooded
100
100 % fooded
Annual Average Number HEs affecied without maintenance (AAN ) 8.71

0.01 40.93
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SUMMARY: GUIDELINES
WITH MAINTENANCE (CURRENT SITUATION)

Costs Main river channel
IDB channel
Booster Pumping, Station
Outsirays Pumping Slation
Total costs

Main river
Drainage Maintenance gives 100% good drainage
Cereal/oil sced £329/ha * 729 ha

Flooding, Same flooding, with maintenance
See following, page

Urban FDMM

(Flooding) £ flooding benefits apportioned to urban area
Main river 80026

3 8320

(current maintenance f to do-nothing)

These are added (o agricufturat flooding benefits to determine agricuttural + urban benefits.

6075
16261

20603
42939

239841

2843

DO NOTHING
Stop all pumping, and all channel maintenance
Costs Main river channel
IDB channel
Booster Pumping Station
Outstrays Pumping, Station
Total cosls
Main siver
Drainage Good to bad over 100 %
Cercal / oil sced £263 /ha * 729 ha

Flooding, More frequent flooding, larger arca affected
See following, page

BENEFIT OF CURRENT MAINTENANCE
COST OF MAINTENANCE

BENEFTL COST RATIO

£

0

0

0

0

0
Agriculiural
Only
191727 48114
4082 1239

Total 49353
Agricullural
Only

49353

42939

1.15

Agyicultural +
Urban

48114

81265
129379
Agricultural -+
Urban
129379
42939

3.01
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SUMMARY: GUIDELINES
WITH MAINTENANCE (CURRENY SITUATION)

Costs Main river channel
IDB channel
Booster Pumping Station
Quitstrays Pumping Station
Total cosls

Main river
o Drainage Maintenance gives 100% good drainage
Cercal/oil seed £329/ha* 729 ha -

Flooding, Some flooding, with maintenance
: See following, page

IDB
Drainage Maintenance gives 100% good drainage
Cereal/oil secd 486.2 ha * £329/ha
Flooding, Some flooding with maintenance
' See fallowing page
Urban FDMM
(Flooding) £ flooding, bencfits apportioned to urban arca
Main river . 80026 - . : o
DB ' 8320

(cuirent maintenance cf to do-nothing)

These are added to agricultural flooding, benefits to determine agriculiural + urban benefits.

£
6075
3433
16261
20603
46372

239841

2843

159960

1896

SCENARIO §
DO NOTHING

Stop all pumiping and all channel maintenance

Costs Main river channel

IDB channel

Booster Pumping Station
Outstrays Pumping, Station

Total costs
Main river
" Drainage
Flooding,
IDB
C Drainage
Flooding,

Good to bad over 100 %
Cereal / oil seed £263 /ha * 729 ha

More frequent flooding, Jarper area affected
See following page '
Good to bad over 100 %

Cercal/oil sced 486.2 ha * £263/ha

More frequent flooding, larger area affected
Sce [ollowing page

BENLEFIT OF CURRENT MAINTENANCE
COST OF MAINTENANCE

BENEFIT COST RATIO

£

0

0

0

0

0
Agricultural
Only
191727 48114

4082 1239

Total 49353

127871 32089
2723 é'l7
Total 32916
Agricuttural

Only

82269

46372

1.77

Agricultural -+
©  Urban

48114
81265

129379

32089

9147

41236
Agricultural +
Urban

17()51 5
46372

3.68
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SUMMARY: GUIDELINES
WITH MAINTENANCE (CURRENT SITUATION)

Costs Main river channel
IDB channel
Booster Pumping Station
Outstrays Pumping Station
Total costs

Main river
Drainage  Maintenance gives 100% good drainage
Cereal/oil seed £329/ha * 729 ha

Flooding  Some flooding with mainlenance

Urban FDMM

(Flooding) £ flooding benefits apportioned 1o urban arca
Main river 80026

LB 8320

(current maintenance cf to do-nothing)

These are added to agricultural flooding benefits to determine agricultural -+ urban benefits.

£
6075
0

0
20603
26678

239841

2843

SCENARIO 1A
DO NOTHING

Stop all pumping and all channel maintenance

Costs Mair river channel
[DB channel
Booster Pumping Station
Outstrays Pumping Station
Total costs

Main river
Drainage Good to bad over 100 %
Cereal / oil secd £263 /ha * 729 ha

Flooding More frequent flooding, larger arca affected

BENEFIT OF CURRENT MAINTENANCE

COST OF MAINTENANCE

BENEFIT COST RATIO

£

0

0

0

0

0
Agricultural
Only
191727 48114
4082 1239

Tolal 49353

Agricultural
Only

49353
26678

1.85

Agricultural +
Urban

48114
81265

129379

Agricultural -+
Uthan

129379
26678

4.85
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SUMMARY: GUIDELINES
WITH MAINTENANCE (CURRENT SITUATION)

Costs Main river channel
IDB channel
Booster Pumping Station
Outstrays Pumping Station
Tolal costs

DB
Drainnge  mainfenance gives 100% good drainage
' Cereal/oil seed 486.2 ha * £329/ha
Flooding  Some flooding with maintenance

Urban FDMM

(Flooding) L flooding benefits apportioned to wban area

Main river o o

1B 8320

(eurrent maintenance of 16 do-nothing)
‘These are added to agicultural flooding benefits to determine agricultural + urban benefits.

£

3433
16261

19694

159960

1896

SCENARIO 1B

DO NOTHING

Stop all pumping and all channel maintenance

Cosls

Main river channel

DB channel

Booster Pumping, Station
Outstrays Pumping Station
Total costs

DB
Drainage

Flooding

Good to bad over 100 %

Cereal/oil seed 486.2 ha * £263/ha

Morc frequent flooding, larger arca affected

BENEFIT OF CURRENT MAINTENANCIZ

COST OF MAINTENANCE

BENEFIT COST RATIO

£

0

0

0

0

0
Agricultural
Only
127871 32089
2723 827

Total 32916
Agricultural
Only

32916

19694

1.67

Agricultural +
Urban

32089

9147

41236
Agricultoral -+
o Urban
41236

19694

2.09
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SUMMARY: GUIDELINES
DO NOTHING |

Stop all pumping and all channel maintenance

£
Costs Main river channel Y
IDB channel 0
Booster Pumping Station 0
Outstrays Pumping Station 0
Total costs ) 0
Main river
' ‘ Drainage Bad over 100 % 191727
Flooding Trequent flooding, large area affected 4082
DB
Drainage Bad over 100 % 127871
Flooding Trequent flooding, large area alTected 2723
Urban MM
{(Mooding) £ flooding benefits apportioned to urban area
Main river 483 : ‘
IDB" 234

(cwrent maintenance cf to do-nothing)
These are added to agricultural flooding benefits to determine agricultural + urban benefits.

SCENARIO 2
CHANNEL M_.AINTENANCE ONLY

Channel maintenance only

Costs Main river channel
IDB channel
Booster Pumping Station
Outstrays Pumping Statio
Total costs .

Main river
: Drainage Bad over 100 %

6075
3433

9508

Flooding See following page

DB
. Drainage Bad over 100 %

486.2 ha * £329/ha

Flooding See following page

BENEFIT OF CHANNEL MAINTENANCE ONLY

COST OF MAINTENANCE

BENEFIT COST RATIO

Agricultural
Only

191727 0

3966 116

127871 0

2645 78

Agricultural
" Only

194
9508

0.02

Agricultwral +
Urban

0

599

312

Agricultural +
~* - Urban

11
9508

0.10
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GUIDELINES: SCENARIO 2

CHANNEL MAINTENANCE ONLY

FLOODING
Flood Return % Area of each Flooded Flood Total Flood
Period (yrs) LUT that Area (ha) Cost (£/ha)  Cost (£)
Floods
Main River
0
1-2 4.5 32.8 32 1050
3-5
6-10
> 10 (50 yrs) 100 729 2 1458
> 10 (100 yrs) 100 729 2 1458
Total 3966
IDB Watercourse
0
1-2 4.5 22 32 700
3-5
6-10
> 10 (50 yrs) 100 486 2 973
> 10 (100 yrs) 100 486 2 973
Total 2645

Note: Figures are subject to rounding. 1997/98 prices are used.
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SUMMARY: GUIDELINES
DO NOTHING

Stop all pumping and all channel maintenance

£
Costs Main river channel 0
IDB channel 0
Booster Pumping, Station 0
Outstrays Pumping Station 0
Total cosls ~° . 0
Main river
e Drainage Bad over 100 % 191727
Flooding Frequent flooding, large arca affected 4082
DB
: Drainage  Bad over 100 % 127871
Flooding See following page 2723
Urban FDMM
(Mooding) £ flooding benefits apportioned to urban area
Main river 47628 . :
DB : 4814

(current maintenance of to donothing)

These are added to agrieultural flooding benefits to determine agricultural + urban benefits.

SCENARIO 3
PUMPING ONLY

Pumping only, no chammel maintenance

Costs  Main river channel
: IDB channel
Booster Pumping, Station
Outstrays Puniping Station
Total costs ’

16261
20603
36864

Main river
" 'Drainage Good over 100%
Tlooding, See following page
DB
Drainage Good over 100%
Flooding, See following page

BENEFIT OF PUMPING ONLY

COST OF MAINTTEINANCE

BENEFIT COST RATJ o

Agricultural
Only
239841 48114
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Ffos Fawr

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 Valley

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 water-from 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 Agency, who also set the .
drainage rates and maintain the channels. In affect, these IDD watercourses are ‘main’ rivers in all but-name.
Mauy of the IDD watercourses discharge into the Afon Conwy through the floodbanks via flapped outfalls:-

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 (Teme 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,

1.2.3  River maintenance

The channel of the Afon Conwy is not-subject to maintenance. A 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 Sparganium (Branched Bur-Reed) are the dominant types.

1.2.4 - Study-area .
As stated in Section 1.2.1, 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. -
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Ffos Fawr - -

1.3°  Application of FDMM to Area 1: Ffos Fawr

1.3.1:. General information

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 Conwy, Nant Gwydyr and Afon Crafnant. The western boundary follows -
the natural limit of the floodplain which is determined by geology and topography.

The Ffos Fawr (main river) drains this area and is fed by two IDD watercourses; the Ffos Fawr AD Number: ]
and 2:. The Ffos Fawr discharges into the Afon Crafnant through the-floodbank and into the:Afon Conwy
(Figure 1). The whole area is naturally drained by an intensive network of ditches.

The Fios 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 £1428. Annual -expenditure on AD. Number 1 and 2 is calculated to be £294 and £380 respectively
(1997/98 prices).

1.3.2  Area of benefit. :

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 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 of the Ffos Fawr." 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 37.93 ha and 116.07 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 HEs/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 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.

1.3.4 = 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 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 of flooding,

Table 1 Land use band, Ffos Fawr

Flood Value (HE/km) Drainage Value (HE/km) - Total I.and 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 .-
No historical records exist for the Ffos Fawr or its tributaries. The effect of flooding is therefore, based purely
on use of the predictive technique..

R&D Technical Report W134 215



Ffos Fawr

The arithmetic method has been used. The predictive rechnique 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 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 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 ficod risk area would be inundated.

A severity weighting of 1.5 has been applied to the total HEs/km 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 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 Number HEs affected with maintenance (AAN i) from the
Annual Average Number of HEs affected without maintenance (AAN wimon) and multiplying this figure by the
value of one HE (£1304 in 1997 prices). The annual benefit (£) is shown in Table 2.

Table 2 Annual benefit, flooding, Ffos Fawr
AAN without AAN i (a) - (b) Anmual
(HE/km) (2) (HE/km) (b) Benefit (£)
Left Bank 8.301 1.571 6.370 8775
Right Bank 2.524 0.478 2.046 2668

Note: Figures are subject to rounding, 1997/98 prices are used.

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 deterioratios in drainage status in the
abgence 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 (£/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 £30 /ha or £1138 (1997/98 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 (£/ha) 30 30

Total benefit (£) 1138 34832

Note: 1997/98 economic prices are used. Figures are subject to rounding.

1.3.7  Actual standard of service
The combined flood-score and drainage score (HE/km/yr) for the current, with maintenance situatior provides
an indication of the adequacy of the existing maintenance regime with respect to set Standards of Service

2
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(SoS). - This score for the Ffos Fawr and tributaries for the left and right bank is shown in Table 4. Scores are
derived by dividing the annual average HE/km by the effective reach length. -

Table 4 Actual standard of service provided under the current maintenance regime, Ffos Fawr
Flooding (AAN .;a) Effective Reach- Flood Score Drainage Score . Total
(HE/km) (a) Length (km) (®)  (HE/km/yr) (HE/km/yr) (d) (c)+(d)
(a/b) = (c)
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 . Average Score- 049~

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 0.5-1.0 HE/km/yr enables the current level of service
provided to be determined. This on target standard (OTS).of 0.5-1 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 Fawr main river (1997/98
prices) (see Section 1.3.1) is estimated to be £1428. 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's. Total benefits of maintenance, Ffos Fawr
Annual Benefit of . Annual Benefit of Maintaining.  Total Annual
Flood Alleviation (£) Drainage Status (£) Benefit (£)
Left bank 8775 1138 9913
Right bank 2668 3482 6150
Total . 11443 4620 16063 -

Note: Figures are subject to rounding. .1997/98 prices are used.

Table 6 Benefit:cost ratio, Ffos Fawr

Total Annual - Total Annual Maintenance Benefit: Cost
Benefit:(£) Cost (£)- Ratio
16063 - 1428 11.2

Note: Figures are subject to rounding,. 1997/98 prices are used.

1.4 Sensitivity 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 areal 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 1.0.
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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 (£) Maintenance Cost (£)
Drainage benefit area estimated to be same as flood risk area
16063 1428 11.2
Drainage benefit area defined using areal drainage factor
13291 1428 9.3

Note: Figures are subject to rounding. 1997/98 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 shown 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
(HE/km) (a) Length (km) (b) (HE/km/yr) (HE/km/yr) (d) {o+(d) Status

(ab) = (c)
Effective reach comprises: main river only
LB 1.57 2.09 0.75 0.0* 0.75 OTS
RB 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
RB 0.48 2.09 0.23 0.0% 0.23 ATS
Average 0.22 =75

Note: * the drainage status is described as good under the current maintenance situation, therefore the
drainage score is zero. Figures are subject to rounding.

1.43 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 (£) Total Annual Maintenance Cost (£) Benefit:Cost Ratio

Maintenance costs increased by 15% :

16063 1642 9.8
Benefits reduced by 15%

13634 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 Tatio to these various maintenance costs is shown in Table 10. The results show that the
benefit: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 be 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 sxpenditure on the Afon Crafnant is low (£1100), 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 Annual Benefit (£) Total Annual Maintenance Cost (£). Benefit: Cost Ratio
Maintenance costs for Ffos Fawr main river only
16063 1428- 11.2
Maintenance costs for Ffos Fawr and IDD 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 Application of the Guidelines to Area 1

1.51 Introduction
The following sections present the results of the application of the Guidelines to Area 1, the Ffos Fawr. 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..

1.5.2  General information -

Dominant.substrate

Following rapid survey of the watercourse and discussions-with the Environment Agency, 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 (LUT 1), which is grazed by
beef and sheep. .
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PDominant soil type .
From a rapid assessment of the benefit area and using secondary data sources (SSEW 1980), the dominant soil
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 use type of extensive pasture and bad drainage status, the economic net return is
calculated to be £-81 /ha (1997/98 economic prices). The total economic net return for the benefit area is
therefore £-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 £462 (1997/98 prices).

Table 11 Flood costs under the current maintained situation, Ffos Fawr

Flood Return Period Area Flooded Area Flooded Annual Flood Cost
(yr) (%) (ha) (£/ha) (£)
10 20 31 1 31
15 40 62 1 62
20 60 92 1 92
25 80 123 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 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, Ffos Fawr
Total Net Return (£) (8)  Total Flood Cost (£) (b)  Benefit Area Value (£) (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 -
1t is assumed that maintenance increases the channel width by 75% through removal of émergent vegetation.

The impact of widening the channel on freeboard was calculated using the equation y = g + 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 frecboard 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.
0.59 m without maintenance (0.7 m - 0.112 m), using Figure 2.6 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 £-103 /ha (1997/98 economic prices). The total economic net return for the whole-benefit area
is therefore £-13862 (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 £1078 (1997/98 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 .. .
Ag identified in Section 1.2, the total annunal maintenance expenditure on the Ffos Fawr is £1428 (1997/98
prices). .

Table 13 Flood costs under. the-without maintenance situation, Ffos Fawr .
Flood Return % AreaFlooded Area Flooded (ha) - Annual Flood Total -Annual

Period (yrs) Cost (£/ha) - Flood Cost (£)
2 20 31 1 31
4. 40 62 1 62
6 60 92 1 52 ..
8 80 123 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, Ffos:Fawr
Total Net Return (£) (a) Total Flood Cost (£) (b) Benefit Area Value (£) (a-b)

-15862 1078 -16940.

Note: Figures are subject to rounding. 1997/98 prices are used.

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 12 and 14, the benefit of maintenance is calculated.to be-
£4004. .

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 2.8.
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FFOS FAWR

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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LAND USE ASSESSMENT : REACH SUMMARY

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 Unit Number or House Equivalents Total HE

area (a) HE/unit (b) (a) x (b)

House Number 24 1.00 24

Garden / allotments Number 4 0.04 0.16

NRP - Manufacturing | Area (m>) 0.030 0

NRP - Distribution Area (m”) 0.054 0

NRP - Leisure Area (m?) 0.032 0

NRP - Offices Area (m?) 25 0.033 0.825

N R P - Retail Area (m?) 0.035 0

NRP- Agricultural | Area (m?) 950 0.010 9.5

C Roads Number 1 2.7 2.7

B Roads Number 6.3 0

A Roads (non trunk) Number 15.9 0

A Roads (trunk) Nuomber 31.7 0

Motorway Number 63.5 0

Railway Number 63.5 0

Flooding Drainage Flooding | Drainage **

Forestry and scrub * per 100 ha 0.02 0.0

Extensive pasture * per 100 ha 0.3793 13 1.1 0.49309

Intensive pasture * per 100 ha 3 4.5

Extensive arable * per 100 ha 6.3 3.6

Intensive arable * per 100 ha 441 8.7

Formal parks Number 0.6 0

Golf / race courses Number 0.7 0

Playing field Number 1 0.1 0.1

Special parks Number 93 0

Total HE (c¢) * 37.78

HE/km ((c¢) / effective reach length) 18.08

Note

* Flooding / drainage scores to be summed
HE values are at 1991 base
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LAND.USE ASSESSMENT : REACH SUMMARY ..

Watercourse - Ffos Fawr -

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 Number or House Equivalents Total HE °

area (a) HE/unit (b) (a) x-(b)-

House. Number 1.00 - 0

Garden / allotments Number 0.04 0

NRP - Manufacturing | Area (m?) 0.030 0

NRP - Distribution Area (m?) 0.054 0

NRP - Leisure - Area (m?) 0.032 . 0

NR P - Offices Area (m®) 200 0.033 6.6

N R P - Retail Area (m®) 0.035 0

NRP-Agricultural . |Area (m?). 0.010 0

C Roads Number. 1 2.7 2.7

B Roads Number 6.3 0

A Roads (non trunk)  |Number. 15.9 0

A Roads (trunk) - Number 317 0

Motorway . Number 63.5 0

Railway | Number 63.5 ¢

Flooding Drainage Flooding- | Drainage **

Forestry and scrub * per 100 ha 0.02 0.0

Extensive pasture * per 100 ha 1.1607 - 13 1.1 1.50891

Intensive pasture * per 100 ha 3 4.5

Extensive arable * per 100 ha 6.3 3.6~

Intensive arable * per 100 ha 44.1. 9.7

Formal parks.- Number. 0.6 0

Golf / race courses Number 0.7 0

Playing field - Number 0.1 0

Special parks Number 9.3 0

Total HE (c) * 10.81 -

HE/km ((c)/ effective reach length) 317

Note - -

* Flooding /-drainage scores to be summed
HE values are-at 1991 base
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FLOODING

‘Watercourse Ffos Fawr
Bank Left Bank
Flood risk area (ha) 37.93
Effective reach length (km) 2.09

With maintenance - current situation
Flood Return Period ~ Probability  Nr. HEs Probability  AverageNr. HEs (a)x (b
(vears) Affected Interval (a}_ } Affeoted (1.3)“
1 0.00
no flooding
5
no flooding
10
20% flooded
15
40% flooded
20
60% flooded
25
80% flooded
30
100% flooded

Annual Average Number HEs affected with maintenance (AAN i) 1.571

‘Without maintenance
Flood Return Period ~ Probability Nr. HEs Probability = Average Nr. HEs  (a) x (b)-
(years) Affected Interval (a) Affected (b)
1 0.00
no flooding
2
20% flooded
4
40% flooded
6
60% flooded
8
80% flooded
10
100% flooded .
Annual Average Number HEs affected without maintenance (AAN winou) 8.301

Summary: flooding

Left Bank AAN inow  AAN Annual
(a) (b) (8)-(b) Benefit (£)
8.301 1.571 6.730 8775
Value of one HE (£) * 1304
Note * 1997/98 price
Severity weightings have been applied to HEs affected by flooding: pasture 1.5
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FLOGDING

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. Nr. HEs: Probability =~ Average Nr. HEs  (a)x (b) -
(years) Affected-  Interval (a) Affected (b)
1 0.00
no flooding
5
no flooding .
10
20% flooded
15
40% flooded
20
60% flooded .
25
80% flooded
30
100% flooded .
Annual Average Number HEs affected with maintenance (AAN ) 0478

‘Without maintenance -
Flood Return Period ~ Probability Nr.HEs~  Probability  Average Nr. HEs  (a) x (b)-
(years) Affected Interval (a) Affected (b) -
1 0.00 ”
no flooding .
2
20% flooded
4
40% flooded
6
60% flooded
8
80% flooded
10
100% flooded
Annual Average Number HEs affected without maintenance (AAN winew) .. 2.524

Summary: flooding :

Right Bank . AAN wunow  AAN pan Annual
(a) ® (a)-(b) - Benefit (£)
2.524 0.478 2.046 = 2668
Value of one HE (£) * 1304
Note * 1997/98 price
Severity weightings have been applied to HEs affected by flooding; pastwre 1.5

R&D Technical Report W134 -~



DRAINAGE BENEFITS

Watercourse Ffos Fawr Fios 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 (£/ha) * 30 30

Total benefit (£) * 1138 3482

* 1997/98 economic prices

Note

If the drainagg 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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Sensitivity analysis, using areal drainage factor to define 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-
Areal 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 (£/ha) * - 30 30 -
Total benefit (£) * 453 1393.

* 1997/98 economic-prices
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AGRICULTURAL BENEFITS ONLY
LAND USE ASSESSMENT : REACH SUMMARY

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 Unit Number or House Equivalents Total HE
area (a) HE/unit (b) (a)x (b)
House Number 1.00 0
Garden / allotments Number 0.04 0
NRP - Manufacturing  {Area (m’) 0.030 0
NRP - Distribution Area (m?) 0.054 0
NRP - Lejsure Area (m*) 0.032 0
NRP- Offices Area (m?) 0.033 0
N R P - 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
Railway Number 63.5 0
Flooding Drainage Flooding Dfainage *E
Forestry and scrub * per 100 ha ] 0.02 0.0
Extensive pasture * per 100 ha 0.3793 13 1.1 0.49309
Intensive pasture * per 100 ha 3 4.5
Extensive arable * per 100 ha 6.3 3.6
Intensive arable * per 100 ha 44.1 9.7
Formal parks Number 0.6 0
Golf / race courses Number 0.7 0
Playing field Number _ 0.1 0
Special parks Number 93 0
Total HE (¢) * 0.49
HE/km ((c) / effaective reach length) 0.24
Note
* Flooding / drainage scores to be summed **  Apply areal drainage factor if required

HE values are at 1991 base
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AGRICULTURAL BENEFITS ONLY
LAND USE ASSESSMENT :- REACH SUMMARY

Watercourse Ffos Fawr -
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 Number or House Equivalents: Total HE
area (a): HE/unit (b) (a) x (b)
House . Number 1.00 - 0
Garden / allotments Number 0.04 0
NRP - Manufacturing | Area (m?) 0.030 . 0
NRP - Distribution Area (m%) 0.054 0
NRP - Leisure Area (m?®) 0.032 0
N R'P - Offices Area (m%) 0.033 0
NR P - 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
Railway Number 63.5 0
Flooding | Drainage. | Flooding | Drainage ** A
Forestry and scrub * per 100 ha 0.02 0.0
Extensive pasture * per 100 ha 1.1607 13 11 1.50891
Intensive pasture * per 100 ha 3. 4.5
Extensive arable * per-100 ha 6.3 3.6
Intensive arable * per 100ha . 44.1 9.7
Formal parks Number 0.6 0
Golf / race courses Number 0.7 0
Playing field Number. 0.1 0
Special parks Number. 93 0
Total HE (c) *| 1.51 -
HE/km ((c) / effective reach length) 0.72 .
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.

FLOODING

Watercourse ) Ffos Fawr
Bank Left Bank
Flood risk area (ha) 37.93
Effective reach length (km) 2.09

‘With maintenance - current situation
Flood Return Period ~ Probability Nr.HEs  Probability = Average Nr. HEs (a) x (b)
(years) Affected  Interval (a) Affected (b)
1 0.00
10 flooding
5
no flooding
10
20% flooded
15
40% flooded
20
60% flooded
25
80% flooded
30
~ 100% flooded

Annual Average Number HEs affected with maintenance (AAN ) 0.031

Without maintenance

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

1

no flooding
2

20% flooded
4

40% flooded
6

60% flooded
8

80% flooded
10

100% flooded

Annual Average Number HEs affected without maintenance (AAN .inou) 0.161

Summary: flooding

Left Bank AAN oy AAN wn Annual
(a) ®) (@)-(b) Benefit(£)
0.161 0.031 0.131 171
Value of one HE (£) * 1304
Note * 1997/98 price
Severity weightings have been applied to HEs affected by flooding: pasture 1.5
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AGRICULTURAL BENEFITS ONLY

FLOODING

Watercourss 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 . Nr. HEs.  Probability = Average Nr. HEs @)x®)-
(years) Affected 1 Affected
1 0.00

no flooding

5.

no flooding
10 -

20% flooded
15

40% flooded
20

60% flooded
25

80% flooded
30

100% flooded :-

Annual Average Number HEs affected with maintenance (AAN )  0.094

Without maintenance
Flood Return Period Probability- Nr. HEs-  Probability = Average Nr. HEs (a) x (b)
(years) " Affected  Interval (a) Affected (b)
1 0.00
no flooding
2
20% flooded
4
40% flooded
6 -
60% flooded .
8
80% flooded -
10 -
100% flooded
Annual Average Number HEs affected without maintenance (AAN winon). 0.494

Summary: fleoding

Right Bank - AAN s~ AAN uin Annual
(a) (b) (a)- (b) Benefit (£) -
0.494 - 0.094 . 0.401 - 522
Value of one HE (£) * 1304
Note *1997/98 price .
Severity weightings have been applied to HEs affected by flooding; pasture - 1.5
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VET M Hoday Teormos ], Oy

GENERAL INFORMATION

River

Reach Length (km)

Dominant Substrate Type:-
Gravel, Sand or Silt
(T1eat clay as silt)

Floodplain -
Rising (>1 %) or Flat (< 1 %)

Catchment Size
Large (> 25 sq. km)
Small (< 25 sq. km)

Benefit Area (ha)

(Area deriving benefit from maintenance)

Dominant Land Use Type (LUT)
(Table 1)

Dominant Soil Type

1a

| FFOSFAWR |

b2

| SILTY/CLAY

4
| FLAT |
5
| smALL |
6
| 154
7

| EXT. GRASS (1) |

[ surx

|

Reach Code

Varied Land Use Types (LUT)
(Table 1)

e

7

1b

7 8a 8b
% Benefit Are | Does the Ifyes, -~
as decimal LUT flood ? {% that floods
LuT - as decimal)
1 Ext grass "
2 Int grass A
3 Grass/arable 7
4  Allcereals |~
5  Cereal/pilseed
6 /Getéﬂ/root
17 Horticulture
8  Other

Note: All table numbers and references relate to R&D Note 51 1, Guidelines for the Justification of River Maintenance




DESIGN STANDARD

Average Bed Widih (1m)
Average Channel Depth (m)

Y% Weed Cover (In channel,

submerged & floating weed )

&
w)
3
&
g
&
3
=)
=t

Ireeboard (m)

m

LI
+  Watertable Depth (im)

(Box 4,9, 13 & FFigure I or 2)

Drainage Status
(Box 14 & Table 4)

Ecanomic Net Retum

(Table 5, using Box 7 & Box 15)

For either :-

or -

I 0 l (Emergent vegetation only)

13
o]
14

15

BAD

LS

Dominant land use (£/ha) -81
' ) 12474

T

Varied land use (£Ma) 7
o ‘ €3] I
16a 16b
Net Retum Weighted
LUT . (EMa) Nei Relum
T :
2 7
3 A
p —
s
6
P

* Mean Annual Flood (Q bar)

(cumecs)

* Qbf/Q bar (cumecs)

(Box 17/Box 19)

* Tlooding Envelopes

* % BA with different flood
retum periods (years) ;
ﬂ‘ able 6 or 7, boxes 5,715

Regional Growth Cur
Y @igure 3)

18
19
1
20 -
—//»_’
21 21a 22 22a
% arca of Flooded Total
each LUT that Area Flood Cost Tlood Cost £
FRP (yr) {floods (ha) (LMha) (Box 21a * box 22)
0 0 0 0 ) 0
1-2 ' '
3-5 0 0 0 0
6-10 ‘ '
>10 (10yr) 20 31 1 31
T 15y 40 62 1 62
(20 y7) 60 92 1 92
25 yr) 80 123 1 123
(30yr) 100 154 1 154
Total 462

* Not necessary unless detailed information and assessment is required

Flood Retura Period (years)

To;al Flpqd Cost

Design

Net Ré@um Iess Flood Cost

Box 16 - box 24)

Note: All table nunnbers md references relate 1o R&D Note 511, Guidelines for the Justification of River Maintenance

23

AS ABOVE

24

() 462

24a

®




ST M wodoy Teoragos T g

MAINTENANCE REGIME

25a 25b
(m) (%)
Widening, change in width, expressed in L 0.9 ' , 75 l
metres and as a % , (including cutting of banks :
and emergent vegetation) 26a 26b
(m) (%)
Deepening, change in depth, expressed in [Z,,,—//’ . [ o
metres and as a %
27
Weed cutting, % cover removed /l/"’"/r
(Submerged & floating weed)
28a 28b
(m) (%)
Change in freeboard, expressed in [ 0.112 l 16 l
metres and as a %
(Table 8 - 15, & boxes 25, 26, 27)
29a 29
(m) (%)
Change in Qbf , expressed in [ T ’""r l /,_,-——»*“’I“

metres and as a %
(Table 8 - 15, & boxes 25, 26, 27)

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance



VET M 1rodoy [eomgoe 1, 09

"DO NOTHING" (WITHOUT MAINTENANCE)

30
W/o Maintenance Width (m) W/o Maintenance Bankfull Discharge (Qbf) (cumecs)
Box 10 - box 250)° _ ‘ Box 17 - biox 29) ‘ ' I
s . - ’ : ;
W/o Maintenance Depth (m) |I:l * W/o Maintenance Qbf/Q bar (cumecs)
Box'11 - box 260) Box 36/box 19~
o 32 .
W/o Maintenance Freeboard (m) 0.59 . l o
(Box 13 - box 28a) , o 38 38a 9 39a
o ‘ 33 % area of Flooded ' Total
W/o Maintenance Watertable Depth (m) 0.25 .- each LUT that Ai‘ea Flood Cost Flood Cost (£)
(Box 4,9, 32, Table 3, Figure 1 or3)’ ' ‘- * Flooding Envelopes FRP (yr.) floods (ha) (E/ha) | (Box 38a * box 39,
- ‘ 34 * 9% BA with different o] "o 0 0 0o
Wio Maintenance Drainage Status I VERY BAD flood return periods (years) <l :
(Table 4, box 33) ‘ (Table 6 or 7, boxes 3, 7, 34) 1-2 20 31 10 308
' ' 3.5 40 62 3 185
Economic Net Retum (W/o maintenance) 6-10 (6yr) 60 92 2 185
(Table 5, box 8, 34) ‘ 7-10 (8 yr) 80 123 2 246
35 >10 (10 yr) 100 154 1 154
For either :- Dominant land use (£/ha) -103 o ' : ‘ Total 1078
o £ -15862 *  Not necessary unless detailed information and assessment required 3
or - Varied land use (£/ha) e - 40
- £ " W/o Maintenance FRP (years) IAS ABOVE ’
35b 35a 4]
Net Retum | Weighted Total Flood Cost )
LUT (£/ha) Net Return ‘ o :
I 7 Do-nothing 41a
2 - Net Return Less Flood Cost (£ EZ_;E
3 " (Box 35 - box 41) ‘ o
” T : ‘ Lo
P F
5
~ 1,

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance



HEIM moday Teoruos |, Y

MAINTENANCE EXPENDITURE

42 43 44 45 46 47
Maintenance Unit Cost No. of Cost/Reacl/ Interval Between Amortisation Annual Cost
Activity - (£) Units Activity (£) Maintenance Value at 6 % (£)
(specify) Activities (years) Discount Rate
(Box 45, Table 18) (Box 44 * box 46)
Weedcutting
1428
48
Total annual cost/reach (£) (Sum box 47) l 1428 I
49
Benefit Area (ha) (Box 6) [ 154 |
50
Total annual maintenance cost/ha (Box 48/ box 49) | 93 |
BENEFITS OF MAINTENANCE
51
Design Standard Net return less flood costs (Box 24a) ) l -12936 I
(With maintenance)
52
Do Nothing Net return less flood costs (Box 41a) £ I -16940 ,
(Without maintenance)
. 53
Change in Net Benefit Due to Maintenance (Box 51 - box 52) (£) I 4004 I
54
Net Benefit of Maintenance Change in net benefit less total annnal maintenance costs {Box 53 - box 49 or 50) €3} I 2576 J
Benefit : cost ratio (Box 53/box 48) L 2.80 l

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance




Abbey View AD

APPENDIX VII.
1. ABBEY VIEW AD

1.1 Introduction

This Appendix presents the results of the application of FDMM and the Guidelines to Abbey View AD, a
lowland watercourse in the Catchment of the Afon Conwy, North Wales.

1.2 -~ Application of FDMM 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 B5106 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-Conwy via flapped outfalls in the floodbank (Figure 1). An intensive network of field- -

ditches drain the area.

Abbey View AD and Dolgarrog AD Number 5 are subject to annual weedcutting during late September:to
January. In 1997/98, annual maintenance expenditure is estimated to be £763.-

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 floodbarnks of the Afon Conwy and Afon Ddu. .

1.2.3  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 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 48.31 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 HEs/km affected by flooding by the effective reach length-
(Appendix VII). 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 for-each bank (Table 1). The -
HE/km falls within the land use band ‘C’ range for the left bank (5-24.99 HE/km, see Table 2.3 in main text).
Agricultural land is at risk of flooding and waterlogging, 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 -

Flood Value (HE/km)  Drainage Value (HE/km) - Total Land Use Band
Left Bank - 6.23 0.0*% 6.23 C
Right Bank 0.58 0.0% 0.58 E

Note: - * the drainage status is described as good under the current maintenance situation. Figures are subject to -
rounding.. :

1.2.5° Determining the effect of flooding
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 details are contained within the
record sheets at the end of this Appendix. -

The area flooded by events  with .a return.period 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 HEs/km 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 ;) from the
Annual Average Number of HEs affected without maintenance (AAN wumow) and multiplying this figure by.the
value of one HE (£1304 in 1997 prices). The annual benefit (£) is shown in Table 2,

Table2 - Annnal benefit, flooding, Abbey View. AD

AAN without AAN with (a) - (b) Annual

(HE/km) (a)- (HE/km) (b) Benefit (£)
Left Bank 1.541 0.292° 1.249 1629 .-
Right Bank 0.206 0.039 - 0.167 217

Note: Figures are subject to rounding. 1997/98 prices are used.

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 (£/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 £30 /ha or £1259 (1997/98 economic prices). *

Table 3 Drainage benefits, Abbey View AD

Left Bank Right Bank -
Area affected by deterioration in drainage status without maintenance (ha): | 41.95 . 48.31
Drainage status with. maintenance Good - - Good
Drainage status without maintenance Very Bad Very Bad
Annual benefit (£/ha) - 30 - 30
Total Annual benefit (£) 1259 1449

Note: Figures are subject to rounding. 1997/98 prices are used..
238
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Abbey View AD

1.2.7  Actual standard of service

The combined flood score and drainage score (HE/km/yr) for the current, with maintenance situation provides
an indication of the adequacy of the existing maintenance regime with respect to set Standards of Service
(S0S). This score for the Abbey View AD and Dolgarrog 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 ) Effective Reach Flood Score Drainage Score Total
(HE/km) (a) Length (km) ()  (HE/km/yn) (HE/km/yr) (d) (cy+(d)
(a/b) = (c)
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/yr enables the current level of service
provided to be determined. This on target standard (OTS) of 0.5-1 HE/km/yr was derived by the Environment
Agency, based on analysis of existing SoS. The reach status of both banks is above target.

1.2.8  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 £763. 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

Flood Alleviation (£) Drainage Status (£) Benefit (£)
Left bank 1629 1259 2838
Right bank 217 1449 1666
Total 1846 2708 4554

Note: Figures are subject to rounding. 1997/98 prices are used.

Table 6 Benefit:cost ratio, Abbey View AD
Total Annual Benefit (£) Total Annual Maintenance Cost (£) 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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Abbey View AD

1.3.2 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 8. Due to the high benefits and low maintenance costs; the maintenance regime would be
justified even if costs increased and benefits 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 maintenance 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 Benefit:cost ratie, different definitions of drainage benefit area, Abbey View AD

Total Annual Benefit (£) . Total Annual Maintenance Cost (£) 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 (£) Total Annual Maintenance Cost (£) Benefit: Cost Ratio -
Maintenance costs increased by 15%
4534 877 5.2
Benefits reduced by 15%
3871 763 5.1
Maintenance costs increased by 15% and benefits reduced by 15%
3871 877 44 .

Note: Figures-are subject to rounding, 1997/98 prices are used.-

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 AD.Numiber 5 appear to be marginal, then an estimate of
these benefits is made.

1.4 Application:of the Guidelines to:Area 2

1.4.1 . Introduction

The following sections present the results of the application of the Guidelines to Area 2, 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

1.4.2  General information

Table 9 General information, Abbey View
Parameter Comment
Dominant substrate Silt/clay
Floodplain topography | Flat (<1%)
Catchment size Small
Benefit area (ha) 90.26 Same as total flood risk area. Left and right banks are
combined.
Land use type Extensive
pasture (LUT 1)
Dominant soil type Silt

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

Watertable depth (m) 0.3 Using Figure 2.6 in main text
Drainage status Bad Using Figure 2.6 in main text
Economic net return (£/ha) -81 1997/98 prices

Economic net return (£) -7311 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 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 £271 (1997/98 prices).

Table 11 ‘With maintenance flood costs, Abbey View

Flood Return Period AreaFlooded  Area Flooded Annual Flood Cost *
§29] (%) (ha) (£/ha) £)

10 20 18 1 18

15 40 36 1 36

20 60 34 1 54

25 80 72 1 72

30 100 90 1 20

Total 271 .

Note: Figures are subject to rounding. 1997/98 prices are used.

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 (£) (8)  Total Flood Cost (£) (b) _ Benefit Area Value (£) (a-b)

-7311 271 -7582

Note: Figures are subject to rounding, 1997/98 prices are used.

R&D Technical Report W134



Abbey View AD -

1.4.4 Maintenance regime..

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=g+dx, 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) 025 . . Using Figure 2.6 in main text
Drainage status . Very bad Using Figure 2.6 in main text
Economic net return-(£/ha) .- - -103 1997/98 prices

Economic net return (£) -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 £9251 (1997/98 prices). -

Table 15 Flood costs under the without maintenance situation, Abbey View -

Flood Return . % Area Flooded AreaFlooded (ha) - Annual Flood. | Total Annual .
Period (yrs) ’ Cost (£/ha) * | Flood Cost (£) *
2 20 18 10 181
4 40 36 3 108
6 60 54 2 108 -

8 80 72 . 2 144

10 100 - 50 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 return, as shown in Table 16.

Table 16~ Design standard, value of benefit area, Abbey. View
Total Net Return (£) (a) . Total Flood Cost (£) (b): Benefit Area Value (£) (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 1.2, the total annual maintenance expenditure- on Abbey View, is £763 (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

£2347.
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.

[\
I
o
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Abbey View AD

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

GUIDELINES

General information

Design standard

Maintenance regime

‘Do-nothing’ - Without maintenance

Maintenance expenditure and benefits of maintenance

R&D Technical Report W134

24



LAND USE ASSESSMENT : REACH SUMMARY

Watercourse . Abbey View

Bank Left Bank -

OS Map Landranger 115

Flood risk area (ha) 41.95

Effective reach length (km) 1.09 - (D24, 880 m + D29, 210 m)

Land Use Factor Unit Number or.| = House Equivalents- Total HE:

area (a) - | HE/unit (b) (a) x (b).

House Number 6 1.00 6

Garden / allotments Number: 6 - 0.04 0.24

NRP - Manufacturing . |Area (m?) . 0.030 0

NRP - Distribution Area (m?) . 0.054 0

NRP - Leisure Area (m?) 0.032 0

NR P - Offices Area (m%) 0.033 0

N RP - 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

Railway = . Number 635~ 0

Flooding | Drainage | Flooding | Drainage **

Forestry and scrub.* per 100 ha 0.02 0.0

Extensive pasture * per 100 ha 0.4195 1.3 1.1 0.54535

Intensive pasture * per 100 ha . 3 4.5

Extensive arable * per 100 ha 6.3 3.6

Intensive arable * per 100 ha 44.1 9.7

Formal parks Number 0.6 0

Golf / race courses Number - 0.7 0

Playing field- Number. 0.1:. 0

Special parks Number - 9.3 0
Total HE (¢) * 6.7

HE/km ((c) / effective reach length) 6.23
Note .

* Flooding / drainage scores to be summed
HE values are at 199] base-
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LAND USE ASSESSMENT : REACH SUMMARY

Watercourse Abbey View
Bank Right Bank
OS Map Landranger 115
Flood risk area (ha) 48.31
Effective reach length (km) 1.09 (D24, 880m + D29, 210 m)
Land Use Factor Unit Number or House Equivalents Total HE
- area (a) HE/unit (b) (a)x ()
House Number 1.00 0
Garden / allotments Number 0.04 0
NRP - Manufacturing | Area (m?) 0.030 0
NRP - Distribution Area (m°) 0.054 0
NRP - Leisure Area (m?) 0.032 0
N R P - Offices Area (m”) 0.033 0
N R P - 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
Railway Number 63.5 0
Flooding Drainage Flooding | Drainage **
Forestry and scrub * per 100 ha 0.02 0.0
Extensive pasture * per 100 ha 0.4831 1.3 1.1 0.62803
Intensive pasture * per 100 ha 3 4.5
Extensive arable * per 100 ha 6.3 3.6
Intensive arable * per 100 ha 44.1 8.7
Formal parks Number 0.6 0
Golf / race courses Number 0.7 0
Playing field Number 0.1 0
Special parks Number 9.3 0
“Total HE (c) * 0.63
HE/km ((c) / effective reach length) 0.58
Note

* Flooding / drainage scores to be summed
HE values are at 1991 base

** - Apply areal drainage factor if required
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FLOODING

Watercourse - Abbey View -
Bank . Left Bank. .
Flood risk area (ha) - - 41.95
Effective reach length (km) 1.06- .

‘With maintenance - current situation )
Flood Return Period . Probability Nr. HEs Probability = Average Nr. HEs - (a)x(b) -
(vears) Affected = Interval (a) Affected (b)
1
no flooding
5
no flooding
10
20% floodad
15
40% flooded
20
60% flooded
25
80% flooded -
30
100% flooded -
Annual Average Number HEs affected with maintenance (AAN ) 0.292 -

‘Without maintenance. )
Flood Return Period - Probability Nr. HEs Probability  Average Nr. HEs™  (a) x (b): -
(years) Affected - Interval Affected
. 000 Sa—
no flooding - -
2
20% flooded
4
40% flooded :
6
60% flooded
8
80% flooded
10
100% flooded s i
Annual Average Number HEs affected without maintenance (AAN wyn00) 1.541

Summary: flooding.

Left Bank . AAN wiow  AAN ‘ Annual
(a) ) (a)-(b) Benefit (£)
1.541 0.292 1.249 1629
Value of one HE (£) * 1304 - -
Note * 1997/98 price
Severity weightings have been applied to HEs affected by flooding; . pasture 1.3
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FLOODING

Watercourse Abbey View
Bank Right Bank
Flood risk area (ha) 48.31
Effective reach length (km) . 109

‘With maintenance - current situation

Flood Return Period ~ Probability Nr. HEs Probability
(years) Affected Interval (a)

Averags Nr. HEs  (a)x (b)
Affected (b)

1
no flooding
5
no flooding
10
20% flooded
13
40% flooded
20
. 60% flooded
25
80% flooded
30
100% flooded

Annual Average Number HEs affected with maintenance (AAN y.n) 0.039

Without maintenance

Flood Return Period ~ Probability Nr. HEs Probability
(years) Affected Interval (a)

AverageNr, HEs  (a) x (b)
Affected (b)

1 0.00
no fleoding
2

20% flooded
4

40% flooded
6

60% flooded
8

80% flooded
10

100% flooded

Annual Average Number HEs affected without maintenance (AAN o) 0.206

Summary: flooding

Right Bank AAN inow  AAN Annual
(a) (b) (a) - (b) Benefit (£)
0.206 0.039 0.167 217
Value of one HE (£) * 1304 '
Note * 1997/98 price
Severity weightings have been applied to HEs affected by flooding: pasture 1.5
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DRAINAGE BENEFITS -

Watercourse Abbey View Abbey View
Bank Left Bank. Right Bank -
Drainage benefit area (ha) 41.95 4831
Effective reach length (km) - 1.09 1.09 -
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 (£/ha) * 30 30

Total benefit (£) * 1259 - 1449

* 1997/98 economiic 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
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Sensitivity analysis,

Areal drainage factor used to determine drainage benefit area

DRAINAGE BENEFTITS

Watercourse Abbey View Abbey View
Bark Left Bank Right Bank
Flood risk area (ha) 41.95 48.31
Effective reach length (km) 1.09 1.09
Floodplain topography Flat Flat
Predominant soil type Heavy Heavy
Drainage system Natural Natural
Areal drainage factor 0.4 0.4
Drainage benefit area (ha) 16.78 19.32

With maintenance, drainage status Good Good
Without maintenance, drainage status Very bad Very bad
Annual benefit (£/ha) * 30 30

Total benefit (£) * 503 580

* 1997/98 economic prices
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AGRICULTURAL BENEFITS ONLY
LAND USE ASSESSMENT : REACH SUMMARY

Watercourss Abbey View
Bank Left Bank .
OS Map Landranger 115 °
Flood risk area (ha) 41.95
Effective reach length (km) 1.09 (D24, 8380 m + D29, 210 m)
Land Use Factor Unit Number or House Equivalents Total HE
area (a) HE/unit (b) (a) x.(b):
House Number 1.00 . 0
Garden / allotments Number 0.04 - 0
NRP - Manufacturing, | Area (m’) 0.030 0
NRP - Distribution Area (m?) 0.054 0
NRP.- Leisure- Area (m®) 0.032 0
N R P : Offices 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
Railway Number 63.5 0
Flooding. | Drainage .| Flooding | Drainage ** |
Forestry and scrub * per. 100 ha . 0.02 0.0
Extensive pasture * per 100 ha 0.4195 13 1.1 0.54535
Intensive pasture * per 100 ha 3 4.5
Extensive arable * per 100 ha : 6.3 3.6
Intensive arable * per 100 ha 44.1 9.7
Formal parks Number. - - 0.6 0
Golf / race courses. Number - 0.7 0
Playing field . Number - 0.1 0
Special parks Number 9.3 0
Total HE (c) * 0.55
HE/km ((c) / effective reach length)| = 0.50
Note .
* Flooding / drainage scores to be summed **  Apply areal drainage factor if required

HE values are at 1991 base -
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AGRICULTURAL BENEFITS ONLY
FLOODING

Abbey View
Left Bank
41.95

1.09

Watercourse

Bank

Flood risk area (ha)
Effective reach length (km)

‘With mainfenance - current situation

Flood Return Period  Probability Nr. HEs

(years)

Average Nr. HEs  (a) x (b)

Affected

1

no flooding
5

no flooding
10

20% flooded
15

40% flooded
20

60% flooded
25

80% flooded
30

100% flooded

Annual Average Number HEs affected with maintenance (AAN wi)

0.034

‘Without maintenance

Flood Return Period

(vears)

Probability  Nr. HEs
Affected

Probability

Interval (a)

Average Nr. HEs
Affected (b)

@x(b)

1
no flooding
2

20% flooded
4

40% flooded
6

60% flooded
8

80% flooded
10

100% flooded

Annual Average Number HEs affected without maintenance (AAN uinou)

0.179

Summary: flooding

Left Bank AAN prow AAN 4 Annual
(@ (b) (2)-(b) Benefit (£)
0.179 0.034 0.145 189
Value of one HE (£) * 1304
Note * 1997/98 price
Severity weightings have been applied to HEs affected by flooding; pasture 1.5
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YETM 1oday feormos I, XY

GENERAL INFORMATION

River
Reach Length (km)

Dominant Substrate Type:-
Gravel, Sand or Silt
(Treat clay as silt)

Floodplain - |

Rising (>1 %) or Flat (< [ %)
Catchment Size

Large (> 25 sq. km)

Small (< 25 sq. km)

Benefit Area (ha)
(Area deriving benefil from maintenance)

Dominant Land Use Type (LUT)
(Table 1)

Dominant Soil Type

la

| ABBEY VIEW |

2
[ 1.09 |
3
[ siwrcLay ]
4
[ FLAT |
5
|  smaLL |
6
| 90.26
7

| EXT. GRASS (1)

SILT

Reach Code

Var@;ed Land Use Types (LUT)
(Table 1)

Ib

7 8a 8b
% Benefit Are | Does the Ifyes,
as decimal LUT flood ? %pllat'ﬂ(/)ods
LUT ) | ‘ - as decim‘a‘l)‘
1 Ext grass 7
2 Int grass g
3 Grass/arable g
4  Allcereals ' - -~
5  Cereal/pil-seed
6 Cefeal/root
7 Horticulture
8  Other

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance



786L~ @
[ wse |

1Lz
14

@

JA0UY SV

€7

FOURTDIUIRIA] JAADY JO TONEDNSH] 91 10§ SPUMapIng *[ [ 2N (1393 ©) 21801 $50TRIJAT puE SIRQUNU IV DION

(¢ xX0q - 9F xog)

1500 POO[,] S UnURY PR

udso(g

1500 POOT{ T¥10.L

(swak) pousJ uImpy pooyy

paanbai st uauissassy puv uoppuLiofi papvap ssapun Lnssaoat JoN

v 12 e,

X 06 1 06 “001 (3 0g)
) w 1 w 08 (£ <7)
' S 1 b 09 (3£02)
! 9€ 1 9€ o (Kcn)
] 81 1 81 0z o o1 <
" oL-9
' 0 0 0 0 S-€

' z-1

“ 0 0 0 0 0

“ (zz x0q 4 1T xog) (ewT) (e spoof} () qua
1 A\Hv ‘MCO ~,.CC—.»~ uwco MVCCTM GU.—< w_wnﬂ ..S\.H Aﬂumb

" o, papooly Jo vare o,

ez e vz 1z

!

t

]

I

1

1

1

I

]

]

]

i

[}

]

H

|

e o e e e e e e o e e e e e e e e e e e e e e e e e e e e e e

(ST °L ‘s saxoq 'z 40 9 21qu y)

(s1eak) spound umiax

POOT TR NI VEH %

sadojanaug] Supoo]y] 4

{61 xog /L] Xog)
(sooumo) 12q O/190 «

(sosurun)

(189 O) pooly [enumy TEIN 4

(£ aan3ny)

BOIY 9AMND IMOLO) [BUOITOY

(soawmmo) (JaO) oBreypsI(] [jnyueg

L o -
e
A S
\\\\\\ V
~ €
4
) . 1
WY PN (o) 10T
PoNBIM WYl PN
491 €91
1w
(ey3) asn puT] paLw
11EL- @
18- (eyy) ISN pUR[ JUEUILAO(]
91
avd
Sl
£0
4!
Lo
€1l

(A1oo Donjepdea 1RTIowmgy) _ 0
4|

[+ ]

1l

(A ¢
01

=0

~ ADYHD 4O

(cr xog 2 £ xog Swsn ‘s a1qu[)

umpy[ PN OHIowIIH

{b 21quL P y [ ¥00)
su)g 93purei(]

(g0 [ 2n3u1 P €16 ‘¥ Xo)

(ar) ypdog S[qERRIE M

(wr) pICogasLf

( poam Funpoy] 7y padrowqns

‘[ouLietp Uf) 19400 PIIM Y%

(w) ydagy Ppuuey) sfeIAY

(u1) qmprpp pogg a8eIany

JQRAVANY.LS NOISHU

R&D Technical Report W134



|
(%)
967
_ 1 |
B
q87
o
1%
e ]
(%)
q9t
m st |
(%)
qsT

=
(ar)
86T
a0 ]
(w)
BgT
]
(w)
B9T
60 |
(wn)
Y4

20UBUSIUTE]N JOATY jO UOLEOTIISI[ o) J0J SSUISPIND) “[ TS SJON (1297 O) 9JEjor SeuaIajel pue SIequinu 3[qe) [V 910N

(LT ‘9t “sT sex0q 29 "1 - § 9]qe.L)
9, € st pue mo:o_:
ul vummm:n_xm JgdO wm owEw:U

(LT 9T *5T $9%0q 29 ‘ST - § 2IqLL)
Y% ese ccm sonPw
E possardxa ¢ c_mopom 1y ug on:_msu

(poom Furjeoyy 29 paBIawqns)
POACWIAY JOA0D 9, “BUITIND Paapy

9, & SE pue sazjoul
u1 passairdxa ‘yydop ur aFueys ‘Guruadea(y
ﬁ:o:Eng :Enrm_:m _uzm

spueq ko mc_:so m_:v_:o:c 9, € Se E_m sanew
u1 vommoixo |Ipia :_ on:_m:o “Suiuapipy

ANIOT TONYNIINIVIA

Ré&D Technical Report W134



6766~

elp

AAOLYV SV

»

®»

SOUBLIGIUIEIA] JOATY JO UOTIEOYRSTY S1f) I0] SSUTepIng) | [ 910N WY ©) 9)kjed S00ULI9)01 PUR SISQWINU 8[q€) [|Y

(1r xoq - ¢¢ xog)
1800 POOJy ss07] WY I8N
unpotr-o(g

1500 pooy [8I10],

(s1eek) I3 oOUBUOIMIEA O/

PUnba.e JUAUSSISSY PUY UOLDULIOA PaJIfag SSOUI KIDSSIIAU JON 4

(A% [e10L,
06 i 06 001
(44 [4 L 08
801 z ¥s 09
801 £ 9€ oy
181 o1 81 114
0 0 0 0
(68 09 x vgg X0 (2y/7) (o) spooj
(3) 1500 pooj} 1500 poojy woly LY 1077 Yore
2101, pepooj Jo vaIe 9y

BGE

6€

ege

3¢

(1£01) 01 <
(£3) o1-L
(iK9) 01-9
S-¢
z-1
>
0

(1K) QU4

(b€ 'L ¢ sax0q °L 40 9 21901
(s1eek) spoued umyes poojj
JUSIOHIp WM VE %
sodofaauyg Surpoop] 4

(61 xoq / 9¢ xog)

(sooumo) 18q O/qY) SOURUSIUIEIA] O/M 5

(62 x0q - L] vog)

(soeumo) (JqO) oB1syosIp |Pfiieq SOURTSIUIRIA] O/M

H=AGIN|

-

SE

avd AYiA

=
- - s
\\\..\\ . 4
~ €
7 z
L 1
uned BN (eyy) N7
poyBom wmpy 18N
BCE qa¢e
.\\\\ U‘
— (ewyy) .90l puej pelieA -0
L6T6 ¥
€I~ (ewyy) asn pue| JUBURTO] =2 ADUIID Oy

(re ‘g Yoq ‘¢ o1qu[)

(eouBURIMIEWE O/A\) WHRY JAN OIIOUOOH

(££ Yoq 't 2190))
SnjLIS eFRUIRI(] SOUBULJUIRIA O/

123
(¢ 40 [ 241310 'g 2190], ‘7€ 6 ‘¥ x0g)
ST0 (w) ide S[qEMeIRA, GOUBUSILIRIN O/
£e
gz xoq - £ xog)
650 () preoqooL] SoUBISIUIBIN O/
(43

0t

09z x0q - [] xog)
() qadeq sourueUIE) O/

(ogg xoq - vogp

€0 () [@PIA OOURUDIUIRA] O/p

(ONVNILNIVIA LNOHLIA) wONIHLON 0.

R&D Technical Report W134



YETM Bodey [eoTmgos ], ¥

MAINTENANCE EXPENDITURE

42 43 44 45 46 47
Maintenance Unit Cost No. of Cost/Reach/ Interval Between Amortisation Annual Cost
Activity (£) Units Activity (£) Maintenance Value at 6 % &)
(specify) Activities (years) Discount Rate
' ' B (Box 45, Table 18) (Box 44 * box 46)
Weedcutting
‘ 763
Total annual cost/reach (£) (Sum box 47)
Benefit Area (ha) (Box 6)
Total annual maintenance cost/ha (Box 48 / box 49)
BENEFITS OF MAINTENANCE
Design Standard Net return less flood costs (Box 24a)
(With maintenance) PR ‘
Do Nothing Net return less flood costs (Box 41a)

(Without maintenance)

Change in Net Benefit Due to Maintenance -

Net Benefit of Maintenance

Change in net benefit less total annual maintenance costs

Benefit : cost ratio

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance

(Box 51 - box 52)

(Box 53 - box 49 or 50)

(Box 53/box 48)

(£)

%)

®)

*®

48
763 .. |
49
9026 |
50
8.5 3
31
7582 |
52
-9929 |
53
2347 |
34
1584 |
3.08 I




Ffynnon-y-ddol and Tributaries

APPENDIX VIII-
1. FFYNNON-Y-DDOL.

1.1 Introduction

This Appendix-presents the results of the application of FDMM and the Guidelines to the Ffynnon-y-ddol and
its tributaries, in the Vale of Clwyd, North Wales.

1.2 Vale of Clwyd

1.2.1  Channel characteristics and drainage network

The Afon Clwyd rises in the. peaty uplands of the Clocaenog forest to the south .west of Ruthin.- It flows -
northwards through the -Vale of Clwyd and discharges into Liverpool Bay.at Rhyl. The Vale of Clwyd is
drained by numerous tributaries of the Afon Clwyd and a comprehensive network of drainage ditches: -

1.2.2 = 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 valus on the wetter land. The flat
valley floor is grazed by beef (store cattle) 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 sweetcomn are commenly
grown.- Winter wheat is occasionally used as a break crop before reseeding grassland..

The Afon Clwyd is situated within a rift valley of Triassic age. 1t is bounded to the east and west by clder.and -
harder rocks- of Silurian age. Soils of the Wallasea association are found at the mouth of the Vale of Clwyd
(Rudeforth-et al, 1984). 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 growth.

1.2.3° River maintenance .
The channel of the Afon Clwyd is not subject to regular maintenance. Tree and bush work and debris .and
rubbish 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 Buckat is
used to cut the bed and bank vegetation in one operation. All the aquatic vegetation is removed. Pricr to
maintenance, the channels are usually choked by emergent weeds with.100% of the water surface covered by
vegetation. Phragmites (Common . Reed), Apium (Fool’s Water-cress) and. Blanket weed (Cott) are the
dominant types. The culverts and reaches which are inaccessible by machinery are cut by hand.

1.2.4 Study area

The study area is-the catchment of the Ffynnon-y-ddol and its tributaries (Figure 1). The Fiynnon-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 Ffynnon-y-ddol with the exception of the Pensarn Drain which is pumped into the Ffynnon-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 lefi 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 arsa of Towyn. The main river branches into three:
Ffynnon-y-ddol Dyke Farm, Ffynnon-y-ddol Gors Branch and Ffynnon-y-ddol Kinmel 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

(3.
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Three watercourses, Towyn Splashover Drain, Splashover Towyn East and Splashover Towyn West. serve the
north of Towyn. 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 FDMDM to the Ffynnon-y-ddol and tributaries

1.3.1  Area of benefit

The catchment of the Ffynnon-y-ddol is not subject to flooding. The channel has been designed to contain
flood flows with a return period of 100 years. No historical records of fluvial flooding are documented. The
benefits of maintenance are therefore basad purely on the benefits to land drainage.

1.3.2  Land use assessment: drainage

Approximately 482 ha of the Ffynnon-y-ddol catchment is under agricultural land use. Of this area, following
a visual survey of the catchment and through discussions with the Environment Agency, it is estimated 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 catchment is shown in
Table 1.

According to the procedure defined in FDMM (p3/21), the area of each land use type 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 wateriogging.

The drainage score for each watsrcourse is shown in Table 1. Full details are shown at the end of this
Appendix. The Ffynnon-y-ddol Kinmel Way is excluded from the drainage score analysis because this
watercourse is culverted for its entire length and hence is not assigned a drainage benefit area. Similarly the
left bank of the Green Avenue 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 Ffynnon-y-ddol and tributaries
Watercourse Bank  Drainage Benefit Effective Reach Drainage Score
Area (ha) Length (km) (HE/km/yr)
Ffynnon-y-ddol LB 101.90 5.69 0.25
RB 249,10 5.69 0.56
Ffynnon-y-ddol - Dyke Farm LB 0.48 - 0,148 0.08
RB 0.92 0.148 0.55
Fiynnon-y-ddol - Gors Branch LB 1.52 . 0.479 0.04
RB 4.27 0.479 0.12
Ffynnon-y-ddol - Holland Drive LB 21.27 0.27 1.10
RB 3.90 0.27 0.20
Pensarn Drain LB 16.81 0.687 0.34
RB 17.57 0.687 0.36
Towyn Splashover Drain LB 7.80 1.05 . 0.10
RB 13.60 1.05 0.18
Towyn Splashover East LB 1.89 0.517 0.05
RB 11.48 0.517 0.31
Towyn Splashover West LB 9.87 1.073 0.13
RB 1.98 1.073 0.03
Green Avenue Drain RB 17.43 1.15 0.21

Note: 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 combining the 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/yr (FDMM p3/24) enables the current level
of service provided to be determined. This on target standard (OTS). of 0.5-1 HE/km/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 effective 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 Appendix). - 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 class.

The annual benefit of preventing a deterioration in drainage status is calculated from- the-area affecitedr (ha).
multiplied by the annual benefit (£/ha) to be gained from preventing .the deterioration.” Drainage benefits are
summarised in Table 2. Full details are presented at the end of this Appendix.

Table 2 Drainage benefits, Ffynnon-y-ddol and tributaries

Watercourse Annual Drainage
Benefit (£) -
Fiynnon-y-ddol 15160
Ffynnon-y-ddo! - Dyke Farm 56
Ffynnon-y-ddol - Gors Branch 233
Ffynnon-y-ddol - Holland Drive 1012 .
Ffynnon-y-ddol - Kinmel Way - 0
Pensarn Drain - 1379
Towyn Splashover Drain - 859
Towyn Splashover East 536
Towyn Splashover West 476"
Green Avenue Drain 700

Note: Figures are subject to rounding. 1997/98 prices are used.

1.3.5  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 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 benefits
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 Kinmel Bay Drain which is partly
culverted 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 anmual.benefits of maintenance on-the Ffynnon-y-ddol and its tributaries (£20411,. 1997/98
economic prices) are compared with the total annual maintenance expenditure (£9476, 1997/98 prices), the
current maintenance regime may be justified with a benefit:cost ratio of 2.2,
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Table 3 Benefit:cost ratio, Ffynnon-y-ddol and tributaries

Watercourse Annual Benefit ()  Annual Maintenance  Benefit:Cost Ratio
Cost (£)
Ffynnon-y-ddol 15160 4769 32
Fiynnon-y-ddol - Dyke Farm 56 733 0.1
Fifynnon-y-ddol - Gors Branch 233 1095 0.2
Ffynnon-y-ddol - Holland Drive 1012 95 10.7
Fiynnon-y-ddol - Kinmel Way 0 366 0.0
Pensarn Drain 1379 412 33
Towyn Splashover Drain 859 457 1.9
Towyn Splashover East 536 366 1.5
Towyn Splashover West 476 525 0.9
Green Avenue Drain . 700 582 1.2
Kinmel Bay Drain 0 _ 76 0.0
Total 20411 9476 2.2

Note: Figures are subject to rounding, 1997/98 prices are used.

1.4 Sensitivity Analysis

1.4.1  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 4. If these results are compared with the actual benefits and costs shown in Table 3, the same
six maintenance schemes remain justified. The benefit:cost ratios therefore of this waterconrse system are
therefore relatively insensitive to assumptions made. '

Table 4 Sensitivity analysis: benefit:cost ratio, Ffynnon-y-ddel and tributaries

Watercourse Benefit  Cost (£) B:C| Benefit (£) B.C Benefits Reduced

(£) Increased  Ratio Reduced Ratio 15% Costs

15% 15% Increased 15%

B:C Ratio
Ffynnon-y-ddot 15160 5484 2.8 12886 2.7 2.3
Ffynnon-y-ddol - Dyke Farm 56 843 0.1 48 0.1 0.1
Fiynnon-y-ddol - Gors Branch 233 1259 0.2 198 0.2 . 0.2
Fifynnon-y-ddol - Holland Drive 1012 109 53 860 0.1 7.9
Fiynnon-y-ddol - Kinmel Way 0 421 0 0 0 0
Pensarn Drain 1379 474 29 1172 2.8 2.5
Towyn Splashover Drain 859 526 1.6 730 1.6 ) 1.4
Towyn Splashover East 536 421 1.3 456 1.2 1.1
Towyn Splashover West 476 604 0.8 405 0.8 0.7
Green Avenue Drain 700 669 1.0 595 1.0 0.9
Kinmel Bay Drain 0 37 0 0 0 0

Note: Figures are subject to rounding, 1997/98 prices are used.

1.5 Application of the Guidelines to the nynnon-y-ddol and tributaries

1.5.1  Imtroduction

The following sections present the results of the application of the Guidslines 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 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 -

Dominant substrate

Following tapid 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 FDMM. 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) - .
Ffynnon-y-ddol 351
Ffynnon-y-ddol - Dyke Farm 1.4
Ffynnon-y-ddol - Gors Branch 5.8
Fiynnon-y-ddol - Holland Drive 25.2
Pensarn Drain 344
Towyn Splashover-Drain - 21.4
Towyn Splashover East . 13.4
Towyn Splashover West 11.9
Green Avenue Drain 17.4

Note: Figures are subject to rounding,

Land use type-

Following site survey, the land use type is split-between extensive pasturs (LUT 1), which is grazed by beef and
sheep and intensive pasture (LUT 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 this -
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.

1.5.3  Design standard (maintained condition)
Average bed width and average channel depth - -
The -average bed widths and channel depths range from 0.8-2.2 m and 1.5-2.5 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 predecassors.

Watertable depth and drainage status. -

The watertable depths associated with the flat floodplain, clay loam and clay soils. and freeboard of each
watercourse are -estimated ffom 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 annual economic net return associated with the benefit area of each
watercourse is shown in Tabla 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 Splashover Drain Bad
Towyn Splashover East Bad
Towyn Splashover West Very bad
Green Avenue Drain Bad
Table 7 Economic net return according to drainage status
Watercourse Annual Economic Net Return
(£) With Maintenance
Ffyonon-y-ddol 7554
Ffynnon-y-ddol - Dyke Farm 1
Ffynnon-y-ddol - Gors Branch 147
Ffynnon-y-ddal - 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.

Bankiull discharge
As the benefit area is not prone to flooding, 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 Appendix.

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.

(3]
(@)
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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. ' Very bad
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 (£) - -
Without Maintenance
Fiynnon-y-ddol -10190
Ffynnon-y-ddol - Dyke Farm . -62 -
Ffynnon-y-ddol - Gors Branch 4
Ffynnon-y-ddol - Holland Drive -1124
Pensarn Drain -1532
Towyn Splashover Drain - - -952
Towyn Splashover East -596
Towyn Splashover West -527
Green Avenue Drain - -778
Total, for all 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 £9476(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 7 and 9, the benefit of maintenance is calculated to be
£22981 for the catchment as a whole.- Further details are presented in the Guideline record sheets at the end of
this Appendix.

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 (£22981) is greater than the annual maintenance expenditure (£9476), 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 justified on six of the 11;
the same six watercourses which were justified using FDMM:
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FEYNNON-Y-DDOL

Order of record sheets presented in the following pages:

FDMM
Annual maintenance costs
Drainage score

Drainage benefits

GUIDELINES

General information

Design standard

Maintenance regime

‘Do-nothing’ - Without maintenance

Maintenance expenditure and benefits of maintenance
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ANNUAL MAINTENANCE CGSTS

Ffynnon-y-ddol and tributaries

1997/98 prices

Watercourse Annual Maintenance
Cost (£)

Ffynnon-y-ddol 4769

Fiynnon-y-ddol - Dyke Farm 733

Ffynnon-y-ddol - Gors Branch. 1095 :

Ffynnon-y-ddol - Holland Drive - 93

Ffynnon-y-ddol - Kinmel Way 366

Pensarn Drain © 412

Towyn Splashover Drain 457"

Towyn Splashover East - 366 .

Towyn Splashover West 525 -

Green Avenue Drain 582 .

Kinmel Bay Drain 76

Clwyd pumping station

annual maintenance 3232

electricity (approximate cost) 2000

Belgrano pumping station

annual maintenance 3232

electricity (approximate cost) 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 running 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 léngth (km) 5.69
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 poor drainage status
e Losses per land use type (c * d)
f Total losses for reach (HE/yr)

g Drainage score (HE/km/yr) (f/ effective reach length)

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
0.25

Watercourse

Bank

Drainage benefit area (ha)
Effective reach length (km)
Floodplain topography
Predominant soil type
Drainage system

Ffynnon-y-ddol
RB

249.1

5.69

Flat

Heavy
Developed ditch

a Land use type

Drainage benefit area (100 ha)

¢ 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)
T Total losses for reach (HE/yr)

g Drainage score (HE/km/yr) (f/ effective reach length)

Forestry Extensive Intensive Extensive Intensive

scrub pasture pasture arable arable
0 1.62 0.62 0.25 0
0 1.62 031 0 0
0 1.1 4.5 3.6 9.7
0 1.78 1.40 0 0
3.18
0.56

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 .

Bank

Drainage benefit area (ha)
Effective reach length (km)
Floodplain topography
Predominant soil type
Drainage system

Ffynnon-y-ddol Dyke Farm
LB -

0.48

0.148 .

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 (¢ * d)

f Total losses for reach (HE/yr)

g Drainage score (HE/km/yr) (f/ effective reach length)

Forestry Extensive Intensive

scrub- pasture pasture
0 0.004 . 0.004
0 0.004 0.002
0 1.1 4.5
0 0.00 0.01 -
0.01
0.08

. Extensive Intensive

arable  arable
0 0
0 0
3.6 9.7
0 0

Watercourse
Bank

Ffynnon-y-ddol- Dyke Farm - -
RB.
0.92

Drainage benefit area (ha)
Effective reach length (km) 0.148 -
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 poor drainage status

e Losses per-land use type (c * d)

T Total losses for reach (HE/yr)

scrub pasture pasture .
0o 0.007 0.002 -
0 0.069 0.001' -
0 1.1 4.5
0 0.08 - 0.01

0.08

g Drainage score (HE/km/yr) (f /effective reach length) . 0.55

arable arable -
0 0
0 0
3.6 9.7
0 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.. .

R&D Technical Report W134



DRAINAGE

Watercourse Ffynnon-y-ddol Gors Branch

Bank LB

Drainage benefit area (ha) 1.52

Effective reach length (km) 0.479

Floodplain topography Flat

Predominant soil type Heavy

Drainage system Developed ditch
a Land use type Forestry Extensive Intensive Extensive Intensive

scrub pasture  pasture arable arable

b Drainage benefit area (100 ha) 0 0.011 0.004 0 0
¢ Area subject to ‘poor’ drainage status, under the

current maintenance regime (100 ha) 0 0.011 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 0.01 0.01 0 0
f Total losses for reach (HE/yr) 0.02

g Drainage score (HE/km/yr) (f/ effective reach length) 0.04

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 Intensive Extensive Intensive

scrub pasture pasture arable arable

b Drainage benefit area (100 ha) 0 0.032 0.011 0 0
¢ Area 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 land use type (¢ * d) 0 0.04 0.02 0 0
f Total losses for reach (HE/yr) 0.06

g Drainage score (HE/km/yr) (f/ effective reach length) 0.12

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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DRAINAGE

Watercourse

Bank

Drainage benefit area (ha) -
Effective reach length (km)
Floodplain topography
Predominant soil type
Drainage system

Ffynnon-y-ddol Helland Drive

LB’

21.27

0.27

Flat

Heavy
Developed ditch

a Land use type .

b Drainage benefit area (100 ha)

¢ 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 (¢ * d)
f Total losses for reach (HE/yr) -

g Drainage score (HE/km/yr) (f/ effective reach length)

Forestry - Extensive Intensive

scrub pasture
0 0.16 -
0 0.16 - -
0 1.1
0 0.18 .

0.30

1.10

Extensive Intensive -

pasture - arable .  arable
0.05 0 0
0.03. 0 - 0
4.5 3.6 9.7
0.12 0 0

Watercourse

Bank

Drainage benefit area (ha)
Effective reach length (km)
Floodplain topography-
Predominant soil type-
Drainage system

Ffynnon-y-ddol Holland Drive -

RB

39.

0.27

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 (¢ * d)
f Total losses for reach (HE/yr)-

g Drainage score (HE/km/yr). (f/ effective reach length)

Forestry Extensive - Intensive .

scrub pasture
0 0.029
0.029
0 1.1
0 0.03
0.05
.. 0.20

Extensive Intensive

pasture.. arable:  arable .
0.010 -- 0 0
0.003 0 0
4.5 3.6 - 9.7
0.02 0 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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DRAINAGE

Watercourse Ffynnon-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 Forestry Extensive Intensive Extensive Intensive

b Drainage benefit area (100 ha)

¢ 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 (¢ * d)
f Total losses for reach (HE/yr)

g Drainage score (HE/km/yr) (f/ effective reach length)

scrub pasture pasture
0 0 0
0 0 0
0 1.1 4.5
0 0 0
0
0

arable arable
0 0
0 0
3.6 9.7
0 0

Ffynnon-y-ddol Kinmel Way

Watercourse
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 Forestry Extensive Intensive Extensive Intensive

b Drainage benefit area (100 ha)

¢ 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 (¢ * d)

f Total losses for reach (HE/yr)

g Drainage score (HE/km/yr) (f/ effective reach length)

serub pasture pasture
0 0 0
0 0 0
0 1.1 45
0 0 0
0
0

arable arable
0 0
0 0
3.6 9.7
0 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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DRAINAGE

Watercourse

Bank -

Drainage benefit area (ha) . -
Effective reach length (km)
Floodplain topography
Predominant soil type
Drainage system

Pensarn Drain - .
LB

16.81

0.687

Flat

Heavy -
Developed ditch

a Land use type

b Drainage benefit area (100 ha)

¢ 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 (¢ * d)
f “Total losses for reach (HE/yr)

g Drainage score (HE/km/yr) (f/ effective reach-length)

Forestry Extensive Intensive

scrub pasture pasture
0 0.13 0.04
0 0.13 0.02 -
0 1.1 4.5
0 - 0.14 0.09

0.23

0.34

Extensive Intensive .

arable arable
0 0
0 0
3.6 9.7
0 0

Watercourse

Bank

Drainage benefit area (ha) . -
Effective reach length (km)
Floodplain topography
Predominant soil typs.
Drainage system

Pensarn Drain : -
RB .

17.57

0.687

Flat

Heavy

Developed ditch

a Land use type

b Drainage benefit area (100 ha)

¢ 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 (¢ * d)
f Total losses for reach (HE/yr)

g Drainage score (HE/km/yr) (f/ effective reach length)

Forestry - Extensive Intensive

scrub pasture pasture
0 0.13- 0.04.
0 0.13~ 0.02 .
0 1.1 4.5
0 0.15.- 0.10-

0.24

0.36

Extensive Intensive

arable - arable -
0 0
0 0
3.6 9.7
0 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 prasented in FDMM, p3/22 Table 3.9.

Figures are subject to rounding,
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DRAINAGE

Watercourse

Bank

Drainage benefit area (ha)
Effective reach length (km)
Floodplain topography
Predominant soil type
Drainage system

Towyn Splashover Drain
LE

7.8

1.05

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 0.06 0.02 0 0
¢ Area subject to 'poor’ drainage status, under the
current maintenance regime (100 ha) 0 0.06 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 (¢ * d) 0 0.06 0.04 0 0
f Total losses for reach (HE/yr) 0.11
g Drainage score (HE/km/yr) (f/ effective reach length) 0.10
Watercourse Towyn Splashover Drain
Bank RB
Drainage benefit area (ha) 13.6
Effective reach length (km) 1.05
Floodplain topography Flat
Predominant soil type Heavy
Drainage system Developed ditch

a Land use type

b Drainage benefit area (100 ha)

¢ Area subject to 'poor' drainage status, under the
current maintenance regime (100 ha)

d Losses due to poor drainage status

¢ Losses per land use type (¢ * d)
f Total losses for reach (HE/yr)

g Drainage score (HE/km/yr) (f/ effective reach length)

Forestry Extensive Intensive

scrub pasture pasture
0 0.10 0.03
0 0.10 0.02
0 - 1.1 4.5
0 0.11 0.08

0.19

0.18

Extensive Intensive

arable arable
0 0
0 0
3.6 9.7
0 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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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 Forestry Extensive Intensive Extensive Intensive

scrub » pasture  pasture: arable  arable

b Drainage benefit area (100 ha) - 0 0.014*  0.005 0 0.
c Area subject to 'poor’ drainage status, under the

current maintenance regime (100 ha) 0 0.014 = 0.002. 0 0
d Losses due to poor drainage status 0 11 45 3.6 97
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 (HE/km/yr) (f/ effective reach length) 0.05 -

Watercourse Towyn Splashover East

Bank RB -

Drainage benefit area (ha) 11.48

Effective reach length (km) - 0.517

Floodplain topography Flat

Predominant soil type - Heavy

Drainage system Developed ditch
a Land use type Forestry Extensive Intensive: Extensive Intensive

scrub pasture = pasture arable - arable

b Drainage benefit area (100 ha) 0 0.09 0.03 0 0
¢ ‘Area subject to 'poor! drainage status, under the- :

current maintenance regime (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 (HE/km/yr) (f/ effective reach length) 0.31

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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DRAINAGE

Watercourse

Bank

Drainage benefit area (ha)
Effective reach length (km)
Floodplain topography
Predominant soil type
Drainage system

Towyn Splashover West
LB
9.871

- 1.073

Flat
Heavy
Developed ditch

a Land use type Forestry Extensive Intensive Extensive Intensive
scrub pasturs pasture arable arable
b Drainage benefit area (100 ha) 0 0.07 0.02 0 0
¢ Area subject to 'poor' drainage status, under the
current maintenance regime (100 ha) 0 0.07 0.01 0 0
d Losses due to poor drainage status 0 1.1 4.5 3.6 8.7
e Losses per land use type (¢ * d) 0 0.08 0.06 0 0
f Total losses for reach (HE/yr) 0.14
g Drainage score (HE/km/yr) (f/ effective reach length) 0.13
Watercourse Towyn Splashover West
Bank RB
Drainage benefit area (ha) 1.98
Effective reach length (km) 1.073
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 poor drainage status

e Losses per land use type (¢ * d)

f Total losses for reach (HE/yr)

g Drainage score (HE/km/yr) (f/ effective reach length)

Forestry Extensive Intensive Extensive Intensive

scrub pasture  pasture arable arable
0 0.015 0.005 0 0
0 0.015 0.002 0 0
0 1.1 45 3.6 9.7
0 0.02 0.01 0 0
0.03
0.03

Note: Based on data collected by WS Atkins, for the Environment Agency Welsh Region, 1996/57.
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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DRAINAGE -

Watercourse

Bank

Drainage benefit area (ha)
Effective reach length (km)
Floodplain topography
Predominant soil type
Drainage system

Green Avenue Drain . .

LB

0 (Zero as against Afon Clwyd)
0

Flat :

Heavy

Developed ditch

a Land use type

b Drainage benefit area (100 ha)

¢ Area subject to 'poor' drainage status, under the
current maintenance regime (100 ha) -

d Losses due to poor drainage status.
¢ Losses per land use type (¢ * d)
f Total losses for reach (HE/yr)

g Drainage score (HE/km/yr) (f/ effective reach length)

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
0
0

Watercourse

Bank

Drainage benefit area (ha) .
Effective reach length (km).
Floodplain topography
Predominant soil type .
Drainage system

Green Avenue Drain - -
RB .

17.44

1.15

Flat-

Heavy

Developed ditch-

a Land use type-

b Drainage benefit area (100 ha)

¢ 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 (¢ * d)
f Total losses for reach (HE/yr)

¢ Drainage score (HE/km/yr) (f/ effective reach length)

Forestry Exiensive 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 45 3.6 9.7
0 0.14- 0.10 0 0

0.24.

0.21

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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DRAINAGE BENEFITS

Watercourse Fiynnon-y-ddol

Bank Left Bank Right Bank

Drainage benefit area (ha) 101.9 249.1

Land use Ext. pasture Int. pasture Int. pasture Ext. pasture Int. pasture Int. pasture Ext. arable
With maintenance, drainage status Bad Good Bad Bad Good Bad Good
Without maintenance, drainage status Very bad ~ Bad Very bad  Verybad Bad Very bad  Bad
Area affected by deterioration (ha) 76 13 13 162 31 31 25
Anmual bepefit (£/ha) * 22 75 114 22 75 114 65
Annual benefit per land use type (£) * 1681 956 1454 3564 2336 3551 1619
Total benefit (£) * 15160

* 1997/98 economic prices - Figures are subject to rounding

Watercourse Ffynnon-y-ddel Dyke Farm

Bank Left Bank Right Bank

Drainage benefit area (ha) 0.48 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 Verybad  Verybad  Bad Very bad

Area affected by dsterioration (ha) 0.36 0.06 0.06 0.69 0.12 0.12

Annual benefit (£/ha) * 22 75 114 22 75 114

Annual benefit per land use type (£) * 8 5 7 15 9 13

Total benefit (£) * 56

* 1997/98 economic prices . Figures are subject to rounding

Watercourse Fiynnon-y-ddol Gors Branch

Bank Left Bank Right Bank

Drainage benefit area (ha) 1.52 4271

Land use Ext. pasture Int. pasture Int pasture Ixt. pasture Int. pasture Int. pasture

With maintenance, drainage status Bad Good Bad : Bad Good = Bad

Without maintenance, drainage status Very bad  Bad Verybad  Verybad Bad Very bad

Area affected by deterioration (ha) 1.14 0.19 0.19 3.20 0.54 0.54

Annual benefit (£/ha) * 22 75 114 22 75 114

Annual benefit per land use type (£) * 25 14 22 70 40 61

Total benefit (£) * 233

* 1997/98 economic prices Figures are subject to rounding
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Watercourse Fiynnon-y-ddol- Holland Drive -

Bank . Teft Bank Right Bank

Drainage benefit area (ha) - 21.27° 3.9

Land use Ext. pasture Int. pasture . Int. pasture  Ext. pasture Int. pasture Int. pasture .
With maintenance. drainage status Bad Good Bad Bad . Good Bad .
Withowt maintenance, drainage status Very bad  Bad Very bad  Verybad . Bad Very bad -
Area affected by deterioration (ha) = 16.00 2.66 2.66 2.93 - 0.49 0.49 -
Annual benefit (£/ha) * 22 . 75 114 22 75 114
Annual benefit per land use type (£)* 352 200 . 303 64 37 56

Total benefit (£) * 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 Int. pasturs
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)-. 12.6 2.1 2.1 13.2 2.2 2.2 .
Annual benefit (£/ha) * 22 75 114 22 75 114
Annual benefit per land use type (£) * 277 158 239 290 165 250

Total benefit (£) * 1379~

* 1997/98 economic prices Figures are subject to rounding

Watercourse Towyn Splashover Drain - .

Bank. Left Bank - Right Bank -

Draiage benefit area (ha) - 7.8 13.6

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 . Verybad Bad Very bad
Area affected by deterioration (ha)-.  5.85.° 0.98 0.98. 10.20 170 . - 170
Annual benefit (£/ha) * 22 75 114 . 22 75 114
Annual benefit per land use type (£) * 129 73 111 224 128 - 194

Total benefit (£) * 859 - :

* 1997/98 economic prices - Figures are subject to rounding .
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Watercourse Towyn Splashover East

Bank Left Bank Right Bank

Drainage benefit area (ha) 1.887 11.48

Land use Ext. pasture Int. pastwre Int. pasture Ext. pasture Int. pasture Int. pasture
With maimtenance, drainage status Bad Good Bad Bad Good Bad
Without maintenance, drainage status Very bad  Bad Very bad  Verybad Bad Very bad
Area affected by deterioration (ha) 1.42 0.24 0.24 8.61 1.44 1.44
Annual benefit (£/ha) * 22 75 114 22 75 114
Annual benefit per land use type (£) * 31 18 27 189 108 164
Total benefit (£) * 536

* 1997/98 economic prices Figures are subject to rounding

Watercourse Towyn Splashover West

Bank Left Bank Right Bank

Drainage benefit area (ha) 9.871 1.98

Land use Ext. pasture Int. pasture Int pasture Ext. pastwre Int. pasture Int. pasture
With maintenance, drainage status Bad Good Bad Bad Good Bad
Without maintenance, drainage status Very bad ~ Bad Very bad  Verybad  Bad Very bad
Area affected by deterioration (ha) 7.40 1.24 1.24 1.49 0.25 0.25
Annual benefit (£/ha) * 22 75 114 22 75 114
Annual benefit per land use type (£) * 163 93 141 33 19 29

Total benefit (£) * 476

* 1997/98 economic prices Figures are subject to rounding

Watercourse Green Avenue Drain

Bank Left Bank Right Bank

Drainage benefit area (ha) ] 17.44

Land use - - - Ext. pasture Int. pasture Int. pasture
With maintenance, drainage status - - - Bad Good Bad
Without maintenance, drainage status - - - Very bad  Bad ~ Very bad
Area affected by deterioration (ha) - - - 13.1 2.2 2.2
Annual beuefit (£/ha) * - - - 22 75 114
Annual benefit per land use type (£) * - - - 288 164 249
Total benefit (£) * 700

* 1997/98 economic prices Figures are subject to rounding
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GENERAL INFORMATION

River
Reach Length (km)

Dominant Substrate Type:-
Gravel, Sand or Silt
(Treat clay as silt) ‘

Floodplain -

Rising (>1 %) or Flat (<1 %)
Catchment Size

Large (> 25 sq. km)

Small (<25 sq. km)

Benefit Arca (ha)

(Area deriving benefit from maintenance)

Dominant Land Use Type (LUT)
(Table 1) -

Dominant Soil Type

la

| FFYNNON-Y-DDOL |

2
l 5.69 |
3
| SILT(CLAY) |
4
l FLAT 1
5
| SMALL |
6
| 351
7
| - |
9
| ]

Reach Code

Varied Land Use Types (LUT)
(Table 1}

b

7 8a 8b
% Benefit Areaj Does the If yes,
as decimal | LUT flood ? |% that floods
LUT 7 o (as decinﬁal)
-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 Horticulture
8  Other

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance
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"DO NOTHING" (WITHOUT MAINTENANCE)

30
W/o Maintenance Width (m)
(Box 10 - box 25a)

31
W/o Maintenance Depth (m) "
(Box 11 - box 26a) i

32
W/o Maintenance Freeboard (m) 1.82
(Box 13 - box 28a)

33
W/o Maintenance Watertable Depth (m) 0.25
(Box 4, 9, 32, Table 3, Figure 1 or 2)

34

VERY BAD

W/a Maintenance Drainage Status
(Table 4, box 33)

Economic Net Retum (W/o maintenance)
(Table 5, box 8, 34)

W/o Maintenance banlfull discharge (QUf) (cumecs)

(Box 17 - box 29)

* W/o Maintenance Qbf/Q bar (cumecs)

(Box 36 / box 19)

*  Flooding Envelopes

* % BA with different
flood retun periods (yeats)
(Table 6 or 7, boxes 3, 7, 34)

. 38 38a 39 39a
% area of Flooded Total A
each LUT that Area Flood Cost Flood (;_gst'(f)/
FRP (yr.) floods (ha) (tha) | Box38a * box 39)
0 i
<1 -
1-2 o
3-5 —
6-10 (6yr) _
7-10 (8yr) -~
>10 (10yr)
g Total

*  Nol necessary unless detailed information and assessment required

35
For either :- Dominant land use (£/ha) " ’
£ L
or :- Varied fand use (L/ha) -29
£ -10190
35b 35a
Net Retum Weighted
LUT (£/ha) Net Retum
1 ~103 -24555
2 131 11502
3 115 2864
4
5
6
7

W/o Maintenance FRP (years)

Total Flood Cost

Do-nothing
Net Retum Less Flood Cost
(Box 35 - box 41)

Note: All table nwunbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance

®

®

40
N/A

i

41a

-10190
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GENERAL INFORMATION

la

River

| _FFYNNON-Y-DDOL DYKE FARM |

Reach Code

Reach Length (km)

Dominant Substrate Type:-
Gravel, Sand or Silt
(Treat clay as silt)

Floodplain -
Rising (>1 %) or Flat ( <1 %)

Catchment Size
Large (> 25 sq. km)
Small (<25 sq. km)

Benefit Area (ha)

(Area deriving benefit from maintenance)

Dominant Land Use Type (LUT)
(Table 1)

Dominant Soil Type

b

2
l 0.148 |
3
| siLT (CLAY) |
4
l FLAT |
5
l SMALL |
6 7 8a 8b
l 1.4 % Benefit Area] Does the If yes,
as decimal LUT flood ? |% that floods
LUT (as decimal)
Varied Land Use Types (LUT){ 1 Extgrass 1.05 NO -
7 (Table 1) 2 Int grass 0.35 NO -
I - 3 Grass/arable ‘
4  All cereals
A 9 5  Cereal/oil seed
| CLAY/LOAM | 6 _ Cereal/root
7  Horticulture
8  Other

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance
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MAINTENANCE REGIME

Widening, change in width, expressed in
metres and as a % , (including cutting of banks
and emergent vegetation)

Deepening, change in depth, expressed in
metres and as a %

Weedcutting, % cover removed
(Submerged & floating 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, & boxes 25, 26, 27)

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance

25a
(m)
| 095 |
26a
(m)
—
28a
(m)
0.108
29a
(m)
———

25b

(%)

| 50
26b

(%)

| —T

27
) |
28b
(%)

29b
(%)
| ——

(Table 9)
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"DO NOTHING" (WITHOUT MAINTENANCE)

30 36
W/o Maintenance Width (m) 0.95 W/o Maintenance Bankfull Discharge (Qbf) (cumecs) He”
(Box 10- box 25q) . (Box 17 - box 20) ’ o
o 38 a 37
W/o Maintenance Depth (m) e * W/o Maintenance Qbf/Q bar (cumecs) e
(Box 11 - hox 26a) ) ' (Box 36/ box 19) ‘ ' ,
‘ 32 ‘

W/o Maintenance Freeboard (m) 1.092

(Box 13 - box 28q) ‘ 38 38a 39 3%
S 33 % area of Flooded ‘ Total -
W/a Maintenance Watertable Depth (m) 0.25 each LUT that * Area Flood Cost Flood C;QSt-'(is
Box 4, 9,32, Table 3, Figure lor 2) } : *  TFlooding Envelopes FRP (yr.) floods (ha) " (£/ha) (Bo;/.??.?g * box 39)
‘ ' 34 * 9% BA with different . 0 AT
W/o Maintenance Drainage Status flood yeturn periods (years) <1 -~
(Table 4, box 33) S ' (Table 6 or 7, boxes 5, 7, 34) 1-2 A
. . . . o 3 - 5 /,-/
Economic Net Return (W/o maintenance) 6-10 (6yr) ) o
(Table 5, box 8, 34) - 7-10 (B yr) -
o 35 >10 (10y1)
For cither :- Dominant land use (£/ha) 7 ! B ) - ) Total
' T £ ) /7 *  Not necessary unless defailed information and assessment required
or - Vared land use (£/ha) 45 | 40
' £ -62 W/o Maintenance FRP (years) : N/A
35b 35a 41
Net Retum’ Weighted Total Flood Cost €3] [:(:]
LUT (£ha) | Net Retum o '
-103 -108 Do-nothing 4la
131 |46, Net Ret'uin Less Flood Cost (£) -62

(Box 35 - box 41)

PSR No WRV, 3 -V QSR § S S

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance



PEI M Hoday [eorugos L Y

MAINTENANCE EXPENDITURE

42 43 44 45 46 47
Maintenance Unit Cost Ne. of Cost/Reaclh/ Interval Between Amortisation Ammal Cost
Activity £) Units Activity (£) Maintenance Value at 6 % &)
(specify) Activities (years) Discount Rate
(Box 45, Table 18) (Box 44 * box 46)
. 133

BENEFITS OF MAINTENANCE

Design Standard
(With maintenance)

Do Nothing
(Without maintenance)

Change in Net Benefit Due to Maintenance

Net Benefit of Maintenance

Total annual cost/reach (£)

Benefit Area (ha)

Total annual maintenance cost/ha

Net return less flood costs

Net return less fleod costs

Change in net benefit less total annual maintenance costs

Benefit : cost ratio

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance

(Sum box 47)

(Box 6)

(Box 48/ box 49)

(Box 24a)

(Box 41a)

(Box 51 - box 52)

(Box 53 - box 49 or 50)

(Box 53/box 48)

£

®)

€3

*)

48
733 |
49
1.4 |
50
524 |
51
(N
52
62 |
53
63 |
54
-670 |
0.1 |
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GENERAL INFORMATION

River
Reach Length (km)

Dominant Substrate Type:~
Gravel, Sand or Silt
(Treat clay as silt)

Floodplain -
Rising (>1 %) or Flat (<1 %)

Catchment Size
Large (> 25 sq. km)
Small (< 25 sq. km)

Benefit Area (ha)

(Area deriving benefil from maintenance)

Dominant Land Use Type (LUT)
(Table1) ‘

Dominant Soil Type

Ia 1b
[ FFYNNON-Y-DDOL _GORS BRANCH Reach Code 0]
2
| 0.479 |
3
| SILT (CLAY) |
4
| FLAT |
5.0
| SMALL |
6.0 7 8a 8b
I 5.8 % Benefit Area| Doesthe | Ifyes,
: as decimal | LUT flood ? [% that floods
LUT ) " |(as decimal)
Varied Land Use Types (LUT)|{ 1 Ext grass 4.34 NO Do
7 (Table 1) ' 2 Int grass 1.45 NO -
| - | 3 Grass/arable
' 4 Al cereals
, .9 5 Cereal/oil seed
[ cLav/iLoam | 6 Cereal/fool
o 7  Horticulture
8  Other

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance
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DESIGN STANDARD
Average Bed Width (m)
Average Channel Depth (m)
% Weed Cover (In channel,
submerged & floating weed )
Treeboard (m)

Waterlable Depth (m)

Box 4, 9, 13 & Figure 1 or 2)
Drainage Status

(Box 14 & Table 4)

iconomic Net Return
(Table 5, using Box 7 & Box 15)

For either :-

or -

10
11

12
m (Emergent vegetation anly)

13

14

15

GOOD

Domisant land use (£Mma) -
© L
Varied land use (£Mma) 25
€9 147
Net Return Weighted
LUT (Lha) Net Return
1 -73 -317
2 320 464
3
4
5
6
7

Bankfull Discharge (Qbf) (cumecs)

- . .
* Regional Growth Curve Area

(Figure 3)

* Mem Annual Flood (Q bar)

(cumecs)

* Qbf/Q bar (cumecs)
(Box 17 /Box 19)

* Tlooding Envelopes

* % BA with different flood
return periods (years)

(Table 6 or 7, boxes 5, 7, 15)

20

o

TRP (yr)
0
1-2
3-5
6-10
>10 (10 yr)
(15yr)
(20 yr)
(25 yr)

21
% area of
cach LUT that
floods

[ —T

Flooded

Area

(ha)

22

Flood Cost

(£/Mha)

22a .

Total "
Flood Cofl (£)

(Box-Zla * box 22)

* Not necessary unless detailed information and assessment is required

Flood Retun Period (years)

Total Flood Cost

Design
Net Retwmn Less Flood Cost
(Box 16 - box 24)

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance

)

&

23
N/A

24

24a
147

Total
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"DO NOTHING" (WITHOUT MAINTENANCE)

30
‘W/o Maintenance Width {m)
(Box 10 - box 250)

31
W/o Maintenance Depth () P
(Box 11 - box 26a)

32
W/o Maintenance Freeboard (m) 1.27
(Box 13 - box 28a)

33
‘W/o Maintenance Watertable Depth (in)
(Box 4, 9, 32, Table 3, Figure I or 2)

34

BAD

W/o Maintenance Drainage Status
(Table 4, box 33)

Economic Net Return (W/o maintenance)
(Table 5, box 8, 34)

35
For either :- Dominant land use (£/ha) 1
£ T
or:- Varied land use (£/ha) 1
£
35b 35a
Net Retum Weighted
LUT (£/ha) Net Retum
1 -81 -352
2 245 355
3
4
5
6
7

W/o Maintenance bankfull discharge (Qbf) (cumecs)
(Box 17 - box 29)

* W/o Maintenance Qbf/Q bar (cumecs)
Box 36/ box 19)

38 38a 39 39a
% area of Flooded Total T
each LUT that Area Flood Cost Flood Cost (fi
¥ Flooding Envelopes FRP (yr.) floods (ha) (£/ha) (130\;38;7/* box 39)
* % BA with different 0 7
flood retum periods (years) <1 o
(Table 6 or 7, boxes 3, 7, 34} [-2 - ”
3-5 ~

6-10 (6 yr) T

7-10 8yr)

>10 (10yr) | _-

Total

*  Not necessary unless detailed information and assessment required

40

W/o Maintenance TRP (years) N/A

i

Total Flood Cost (£)
Do-nothing 4la
Net Return Less Flood Cost €3] 4

{Box 35 - box 41)

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance
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MAINTENANCE EXPENDITURE

42 43 44 45 46 47
Maintenance Unit Cost No. of Cost/Reacly/ Interval Between Amortisation Axnnual Cost
Activity (£) Units Activity (£) Maintehauce ' Valﬁé at 6 % (€3]
' (speo'i‘fy) ‘ Activities (years) Discount Rate ‘

(Box 44 * box 46)

(Box 45, Table 18)

. 1095
Total annual cost/reach (£) (Sum box 47)
Benefit Area (ha) (Box 6)
Total annual maintenance cost/ha (Box 48/ box 49)
BENEFITS OF MAINTENANCE
Design Standard Net return less flood costs (Box 24a)
(With maintenance) ‘ ' ‘ :
Do Nothing Net retumn less flood costs (Box 41a)

{Without maintenance)

Change in Net Benefit Due to Maintenance

Net Benefit of Maintenance

Change in net benefit less total annual maintenance costs

Benefit : cost ratio

Note: All table munbers and references relate to R&D Note 511, Guidelines for the J ustiﬁcation o_f River Maintenance

(Box 51 - box 52)

(Box 53 - box 49 or 50)

(Box 53/box 48)

48
[ 1095 |

A 49

| 5.8 |

50

| 189 . |
51

® [ w I
52
@ [ 4 |
53
® | 43|
54
w [ |
L

0.1
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GENERAL INFORMATION

River

Reach Length (km)

Dominant Substrate Type:-
Gravel, Sand or Silt
(Treat clay as silt)

Floodplain -
Rising (>1 %) or Flat ( < 1 %)

Catchment Size
Large (> 25 sq. km)
Small (< 25 sq. km)

Benefit Area (ha)

(Area deriving benefit firom maintenance)

Dominant Land Use Type (LUT)
(Table 1)

Dominant Soil Type

la

FFYNNON-Y-DDOL HOLLAND DRIVE

2
0.27 |

3

SILT (CLAY) |
4

FLAT |

5

SMALL |

6

25.2

7

- |

. 9
CLAY/LOAM |

Varied Land Use Types (LUT)
(Table 1)

1b
Reach Code 01 1
7 8a 3b
% Benefit Areal Does the If yes,
as decimal LUT flood ?7 |% that floods
LUT (as decimal)

1 Ext grass 18.93 NO -
2 Int grass 6.3 NO -
3 Grass/arable
4  All cereals
5 Cereal/oil seed
6 Cereal/root
7  Horticulture
8  Other

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance
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"DO NOTHING" (WITHOUT MAINTENANCE)

W/o Mdmtendnce Widih (m)
(Br)\' 10 box 25a)

W/o Maintenance Depth (m)
(Box 11 - box 26a)

Wo Mamtemmce Freeboard (m)
(Box ] 3-box 28a0)

W/o Maintenance Wdtemble Deplh (m)
(Box 4, 9, 32, Table 3, qure lTor2)

‘W/o Maintenance D1 ainage StdtllS
(Table 4, box 33)

Economic Net Retum (W/o maintenance)
(Table 5, box 8, 34) ‘

For either -

or -

Dominant land use

Varied land use

30
0.95 W/o Maintenance Bzmlcfull Dlsdmrg,e (Qbf) (cumecs) .
(Box 17 box 29
31
e * W/o Maintenance Qbf/Q bal (cumecs)
: (Box 36/ box 19) B
32
1.09
38
33 % area of
0.25 each LU'l that
' * Flooding Envelopes FRP (yr.) floods
34 * 95 BA with different 0
flood Ietum pennds (years) <1
- (Table 6 or 7, boxes 5, 7, 34) 1-2
' S 3-5
6-10 (6 y1) .
7-10 8y
35 >10 Q0yn) |~
(5/ha) _— o i
£ = i * Not necessary unless detailed information and assessment re
(£/ha) -45 40
£ -1124 Wi/o Maintenance TRP (years) N/A
35b 35a 41
‘ Net Rctum Weighted Total Flood Cost &) [:E
LUT ' (L/ha) Net Return B ‘ '
1 -103 - -1950 Do-nothing 41a
2 131 825, Net Retum Less Flood Cost ®)
3 ‘ (Box 35 - box 41) ‘ :
, ‘
5
6
7

Note: All table numbers and reforences relate to R&D Note 511, Guidelines for the Justification of River Maintenance
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MAINTENANCE EXPENDITURE

42 43 44 45 46 47
Maintenance Unit Cost No. of Cost/Reach/ Interval Between Amortisation Annual Cost
Activity %) Units Activity (£) Maintenance Value at 6 % &)
(specify) Activities (years) Discount Rate

(Box 45, Table 18]

(Box 44 * box 46)

95
Total annual cost/reach (£) (Sum box 47)
Benefit Area (ha) (Box 6)
Total annual maintenance cost/ha (Box 48/ box 49)
BENEFITS OF MAINTENANCE
Design Standard Net return less flood costs (Box 24a)
(With maintenance)
Do Nothing Net return less flood costs (Box 41a)

(Without maintenance)

Change in Net Benefit Due to Maintenance

Net Benefit of Maintenance

Change in net benefit less total annual maintenance costs

Benefit : cosi ratio

Note: All table mmbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance

(Box 51 - box 52)

(Box 53 - box 49 or 50)

(Box 53/box 48)

)

®

®

£

48
95 |
49
25.2 |
50
4 |
51
10 |
52
-1124 |
53
1134 |
54
1039 |
11.9 |
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GENERAL INFORMATION

River
Reach Length (km)

Dominant Substrate Type:-
Gravel, Sand or Sit
(Treat clay as silt)

Floodplain -

Rising (>1 %) or Flat ( < 1 %)
Catchment Size

Large (> 25'sq. km)

Small (< 25 sq. km)

Benefit Area (ha)

(Area deriving benefit from maintenance)

Dominant Land Use Type (LUT)
(Table 1) ‘ ‘

Dominant Soil Type

la
[PENSARN DRAIN | | Reach Code
2
| 0.687 §
3
| s (cLAy) |
4
[ FLAT |
5
[ SMALL |
6
| 34.4
Varied La_nq Use Types (LUT)
7 (Table 1) '
| - |
9
| crav/Loam |

1b

[ o ]

7
% Benefit Area
as decimal

8a
Dogs the
LUT flood ?

8b
If yes,
% that floods

LUT (as decimal)
1 Ext grass 25.8 NO -
2 Int grass 8.59 NO -
3 Grass/arable
4  All cereals
5 Cereal/oil seed
6 Cereal/root
7 Horticulture
8

Other

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance
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"DO NOTHING" (WITHOUT MAINTENANCE)

30
W/o Maintenance Width (m)
(Box 10 - box 250a)

31
W/o Maintenance Depth (m) e
Box 11 - box 26a)

32
W/o Maintenance Freeboard (n) 1.09
(Box 13 - box 280a)

33
W/o Maintenance Watertable Depth (mn) 0.25
Box 4, 9, 32, Table 3, Figure 1 or 2)

34

VERY BAD

W/o Maintenance Drainage Status
(Table 4, box 33)

Economic Net Return (W/o maintenance)
(Table 5, box 8, 34)

W/o Maintenance Bankfull Discharge (Qbf) (cumecs)
(Box 17 - box 29)

* W/o Maintenance Qbf/Q bar (cumecs) e

(Box 36/ box 19)

38 38a 39 39a
Y% area of Flooded Total
each LUT that Area Flood Cost Flood Cost @)
*  Flooding Envelopes FRP (yr.) floods (ha) (£/ha) ﬂ?@xzﬁ‘&f"‘ box 39)
* 9% BA with different 0 ' A7
flood retum periods (years) <] /"/’
(Table 6 or 7, boxes 3, 7, 34) 1-2 1
3-5
6-10 (6 yr) 7
7-10 (8 y)
>10 (10yr) |~
- Total

*  Not necessary unless detailed information and assessment required

35
For either :- Dominant land use (£/ha) _— |
£ e
or .- Varied land use (£/ha) -45
£ -1532
35b 35a
Net Retum Weighted
LOT (£/ha) Net Return

1 -103 -2657
2 131 1125
3
4
5
6
7

40
W/o Maintenance FRP (years) N/A

i

Total Flood Cost £)
Do-nothing ‘ 41a
Net Retum Less Flood Cost (€3]

(Box 35 - box 41)

Note: Al table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance




PETM Today eoruos T, A%

MAINTENANCE EXPENDITU RE

42 43 44 45 46 47
Maintenance Unit Cost No. of Cost/Reach/ Interval Between Amortisation Annual Cost
Activity ®) Units Activity (£) Maintenance Value at 6 % oy
‘ ' (specffy) - Activities (vears) Discount Rate

(Box 45, Table 18)

(Box 44 * box 46)

412
Total annual cost/reach (£) (Sum box 47}
Benefit Area (ha) (Box 6)
Total amual maintenance cost/ha (Box 48/ box 49)
BENEFITS OF MAINTENANCE
Design Standard Net return less flood costs (Box 24a)
(With maintenance) - - o
Do Nothing Net return less flood costs (Box 41q)

(Without maintenance)

Change in Net Benefit Due to Maintenance

Net Benefit of Maintenance

Change in net benefit less total annual maintenance costs

Benefit : cost ratio

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance

(Box 51 - box 52)
(Box 53 - box 49 or 50)

(Box 53/box 48)

)

(£)

)

%)

48
412 |
49
344 |
50
12 |
51
15 |
52
1532 |
53
1547 |
54
1135 |
3.8
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GENERAL INFORMATION

River

Reach Length (km)

Dominant Substrate Type:-
Gravel, Sand or Silt
(Treat clay as silt)

Floodplain -
Rising (>1 %) or Flat (< 1 %)

Catchment Size
Large (> 25 sq. km)
Small (< 25 sq. km)

Benefit Area (ha)

(Area deriving benefil from mainienance)

Dominant Land Use Type (LUT)
(Table 1)

Dominant Soil Type

1a

I TOWYN SPLASHOVER DRAIN -

2
| 1.073 |
3
| siLr(cLay) |
4
| FLAT |
| 5
| SMALL |
6
I 21.4
7
L - |
. 9
| cLAy |

Varied Land Use Types (LUT)
(Table 1)

1b
Reach Code 01
7 8a 8b
% Benefit Area] Does the If yes,
as decimal LUT flood ? {% that floods
LUT (as decimal)
1 Ext grass 16.05 NO -
2 Int grass 5.35 NO -
3 Grass/arable
4 All cereals
5 Cereal/oil seed
6  Cereal/root
7 Horticulture
8  Other

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance
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DESIGN STANDARD

10
Average Bed Width (m) ! 1.5 Bankfull Discharge (QbF) (cumecs)
D
Average Channel Depth (m) E 2.4 l r ~~~~~~ Tttt 18 ll
‘ ‘ i : * Regional Growth Curve Area = — 1 :
12 | (igure 3) - :
% Weed Cover (In channel, l 0 I (Binergent vegetation only) ! o 19 !
‘ ; - . o ! ) . R !
submerged & floating weed ) : * Mean Annual I<‘l¢)ocl (Q l)ar'} e :
13 1 (cnmecs) |
Freeboard (m) : 20 :
‘ : ¥ Qbf/Q bar (cumecs) :/-/ . :
14 ! Box17/Box19) ~ :
Waertable Depth (m) | 0.4 | Vo 21 21a 22 22a . |
(Box 4,9,13 (?'c Figure 1 or 2) : % area Qf Fk)odcd Total //” :
: " 15 i each LUT that Area Flood Cost Flood Cast (L) 1
Draiage Status BAD : : * Tlooding Envelopes FRP (yr) floods (ha) (£/Ma) (Boy21a * box 22 :
(Box 14 & Table 4) ‘ | * % BA'with difforent flood col i P ' :
: ' : retumn periods (years) 1-2 e :
! (Table 6 or 7, boxes 5, 7, 15) 3-5 - !
Fconomic Net Retum : a 6-10 -~ '
(Table 5, using Box 7 & Box 15) : > 1Q (yﬂ yr) _ e :
16 ! (15 y1) 1
For either :- Dominant Iand use (£/ha) — { (20 yr) :
” o ®» L | @syy| - !
‘ : @0y |~ :
e f _________________ Total A
or - Varied land use (L/ha) 1 * Not necessary unless detailed information and assessment is required ‘
o ®) 11 ‘ o o o
23
16a 16b Flood Return Period (years) N/A
Net Retum Weighted . ‘ ‘ ' .
LUT (£/ha) Net Retum 24
1 81 1300 Total Flood Cost o [ o ]
2 245 1311 I
3 ;
4 Design 24a
S Net Retwn Less Flood Cost £)
6 (Box 16 - box 24)
5

Note: All table numbers and rcfcl"m)ccs relate to R&D Note 511, Guidelines for the Justification of River Maintenance
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"DO NOTHING" (WITHOUT MAINTENANCE)

30
W/o Maintenance Width (m) 0.75 Wio Mamteuance Bank_tull Dlschmge (Qbf) (unnecs)
(Box 10-box 250) (Box 17 - box 29)
‘ 31
W/o Maintenance Dbpth m | —— * W/o Maintenance QI)HQ bal (cumecs)
(Bor 11 - box2((1) (Box 36/ box 19)
32
W/o Maintenance Freeboard {m) 1.82
(Box 13 - box 28a) . 38 38a 39 39a
. ' ‘ 33 % area of Tlooded Total - '
W/o Mamtenance Watertable Depth (m) each LU'l that Area Flood Cost Flood Qgst (f,)
(Bor 4, 9 32, Table 3, I'lgure Tor? *  Flooding Envelopes FRP (yr.) ﬂoods (ha) (£/ha) - (B( }/38/ * hox 39)
34 * % BA with different 0 I
‘W/o Maintenance Drainage Status flood retum penods (yems) <l g
(Table 4, box 33) ' (T'able 6 or 7, boxes 5, 7, 34) 1-2 -
. X B ! 3 _ 5 //’/
Economic Net Return (W/o m'mxtenance) 6-10 (6 yr) 7 ’
(Iable 5, bor 8 34) 7-10 (8yr) 7
35 >10 (10yn) | _-
For either - Dominant land use (£/ha) 7 ' K Total
‘ ' £ ) *  Not necessary unless detailed information and assessment required ‘
or ;- Varied land use (£/ha) -45 40
£ -952 W/o Maintenance FRP (years) N/A
35b 35a 41
Net Return Weighted Total Flood Cost (£)
LUT (£/ha) Net Retum o
1 -103 | -1653 .. Do-nothing 41a
2 131 701 Net Retum Less Flood Cost ') | 952 |
3 (Box 35 -box 41)
y ‘
5
6
7

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance
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MAINTENANCE EXPENDITURE

42 43 44 45 46 47
Maintenance Unit Cost No. of Cost/Reach/ Interval Between Amortisation Annual Cost
Activity £) Units Activity (£) Maiuntenance Value at 6 % (€3]
(specify) Activities (years) Discount Rate

(Box 45, Table 18)

(Box 44 * box 46)

457
Total annual cost/reach (£) (Sum box 47)
Benefit Area (ha) (Box 6)
Total annual maintenance cost/ha (Box 48/ box 49)
BENEFITS OF MAINTENANCE
Design Standard Net return fess flood costs (Box 24a)
(With maintenance)
Do Nothing Net return less flood costs (Box 41a)

(Without maintenance)

Change 1n Net Benefit Due to Maintenauce

Net Benefit of Maintenance

Change in net benefit less total annual maintenance costs

Benefit : cost ratio

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance

(Box 51 - box 52)

(Box 53 - box 49 or 50)

(Box 53/box 48)

®

*)

*)

*)

48
457 |
49
214 [
50
21 |
51
11 |
52
952 |
53
963 |
54
506 |
21|
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GENERAL INFORMATION

River
Rezgch Length (km)

Dominant Substrate Type:-
Gravel, Sand or Silt
(Treat clay as silt)

Floodplain -
Rising (>1 %) or Flat ( < 1 %)

Catchment Size
Large (> 25 sq. km)
Small (<25 sq. km)

Benefit Area (ha)
(drea deriving benefit from maintenance)

Dominant Land Use Type (LUT)
(Table 1) |

Dominant Soi! Type

1a

| TOWYN SPLASHOVER EAST

2

l

0.517

Tl

3

[ st (cLAy) |

4
| FLAT |

5
[ smarL |

6
[ 134

7
| - 1

9
l CLAY

1

Varied Land Use Types (LUT)
(Table 1) |

1b
Reach Code 01 ]
7 8a 8b
% Benefit Area| Does the ' If yes,
as decimal LUT flood ? % that floods
LUT - ' - (zis déciliial)
1 Ext grass 10.03 NO -
2 Int grass 3.34 NO -
3 Grass/arable
4  All cereals
5  Cereal/oil seed
6 Cereal/root
7  Horticulture
8 Other

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance
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"DO NOTHING" (WITHOUT MAINTENANCE)

30
W/o Maintenance Width (m) 0.65
(Box 10 - box 250a)

31
W/o Maintenance Depth (1) e
Box 11 - box 26a)

32
W/o Meaintenance Freeboard (m)
(Box 13 - box 28a)

33
W/o Maintenance Watertable Depth (m)
(Box 4, 9, 32, Table 3, Figure 1 or 2)

34

VERY BAD

W/o Maintenance Drainage Status
(Table 4, box 33)

Economic Net Retwn (W/o maintenance)
(Table 3, box 8, 34)

W/o Maintenance Bankfull Discharge (Qbf) (cuunecs)
(Box 17 - box 29)

37
* 'W/o Maintenance Qbf/Q bar (cumecs) b
(Box 36/ box 19)
38 38a 39 39a
Y% area of Flooded Total
each LUT that Area Flood Cost Flood Cost(%)
* TFlooding Envelopes FRP (yr.) floods (ha) (£/ha) (Bo,r/38;x/ * box 39)
* % BA with different 0 B
flood retum periods (years) <1 —
(Table 6 or 7, boxes 5, 7, 34) 1-2 P
3-5 -
6-10 (6yr) 7
7-10 (8 yr) -
>10 0y |~
- Total

*  Nol necessary unless detailed information and assessment required

35
For either :- Dominant land use (£/ha) "
£ i "
or - Varned land use (£/ha) -44
£ -596
35b 35a
Net Retum Weighted
LUT (£/ha) Net Return
1 -103 -1033
2 131 438
3
4
5
6
7

40
W/o Maintenance FRP (years) N/A

41
Total Flood Cost ® [ o ]
Do-nothing 41a

Net Return Less Flood Cost (£)
(Box 35 - box 41)

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance
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DESIGN STANDARD

Average Bed Width (m)

Average Channel Depth (m)

BOUUOS T, d®Y

B2, % Weed Cover (In channel,
submerged & floating weed )

doyg

g Freeboard (m)

=

w

4 Watertable Depth. (m)

' (B().r 49134 Figure 1 or 2)

Drainage Status

(Box 14 & Table 4)

Economic Net Retum

(Table 5, using Box 7 & Box 15)

For ¢either :-

or -

10
[ s |
1

L2 ]
12
E (Emergent vegetation only)

13

14

15

[VERY BAD |

Dominant land use (L/ha) -

) s

Varied land use (£/Mha) -44
o *) 527
16a 16h
Net Retumn Weighted
LUY (LMa) Net Retum
1 -103 . 916
2 L 131 389
3 \\k_
4
5
6
7

Bemkfull Discharge (QDbf) (cumecs)

: * Regional Growth Curve Area
‘I (Figure 3‘,)“ L

* Mean Annual Flood (Q bar)
(umecs)

* Qbf/Q bar (cummecs)
(Box 17/Box19)

I

1

i

1

i

1

|

1

I

!

I

1

i

1

1

i

1

1 * TFlooding Envelopes

| * 9% BA with different flood
: retum periods (years)

: (Table 6 or 7, boxes 5, 7, 15)
" ‘ .
1
'
I
¥
1
1
i
!
1
1
!
[

Tlood Return Period (years)
Total ¥lood Cost

Design
th Retum Less Flood Cost
(Box 16 - box 24}

Nate: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance

FRP (y1)
0
1-2
3-5
6-10
> )0 (10 yr)
(15y1)
(20y1)
(25 yr)
(30yn)

*

®

—
20
-
,,-//
21 21a 22a ..
% area of ' Flooded Tolal //”
cach LUT that Area Flood Cost Flood Cofl (£)
floods (ha) (Lha)  |(Box2la *box 22)

L

~

/

Total

24a

‘ -527 l
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MAINTENANCE REGIME

Widening, change in width, expressed in
metres and as a % , (including cutting of banks
and emergent vegetation)

Deepening, change in depth, expressed in
metres and as a %

Weedcutting, % cover removed
(Submerged & floating 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, & boxes 25, 26, 27)

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance

25a

28a

(m)
[ o108 |

25b

(%)
s |
26b
(%) -
[
27
L
28b

(%)
Lo |
29b

(%)
T

(Table 9)
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"DO NOTHING" (WITHOUT MAINTENANCE)

30
W/o Maintenance Width (m) l 0.625 . I
(Box 10 - box 25a) T
31
W/o Maintenance Depth (m) e
Box 11 - b0\ 26a) 5
. 32
W/o Maintenance Fresboard (m) 1.55
(Box 13 - 1‘)0..\*‘28(7) o T
33
W/o Maintenance Watertable Depth (m)
(Box 4, 9, 32, Table 3, Figure Tor2 :
34

VERY BAD

W/o Maintenance Dlama;,e Status
ﬂable 4, box 33)

Economic Net Retum (W/o maintenance)

(Iable 5, box 8, 34)

W/o Maintenance Bankﬁlﬂ Dlschmge (Qbf) (cmnecs)

{Box 1 7- bo,\ 29)

37
* W/o Maintenance Qbf/Q bar (cumecs) e
Box 36/box 19)
38 38a 39 39
% area of Flooded 'I’()tql - g
each LUT that Area Flood Cost Flood Cgst‘@)
* Flooding Envelopes FRP (yr.) floods (]121) (£/ha) (B(p:-:?gb/* box 39)
* % BA with different - 0 ' A
flood retum periods (years) <] e
(Table 6 or 7, boxes 5, 7, 34) 1-2 A
' 3.5 P
6-10 (6 yr) -~
7-10 (8 yr) 7
>10 (10yr) | "

Total

35
For either :- Dominant land use (£/ha) _—
! : S e fa =
or :- Varied land use (£/ha) -44
£ -527
35b 35a
Net Retum Wei ghted
LUT (£/ha) Net Retumn
1 -103 =916
2 131 389
3
4
5
6
7

* Nof necessary unless detailed information and assessment required

W/o Maintenance FRP (years)

Total F]opd Cost

Do- nothing

Net Retum Less I‘]ood Cost

(J}m j‘i bm 41)

Note: All table nuunbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance

2]

®

40
N/A

41

n

4la
=527
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MAINTENANCE EXPENDITURE

42 43 44 45 46 47
Maintenance Unit Cost No. of Cost/Reach/ Interval Between Amortisation Annual Cost
Activity (£) Units Activity (£) Maintenance Value at 6 % £
(specify) Activities (years) Discount Rate

(Box 45, Table 18)

{Box 44 * box 46)

- 525
Total annual cost/reach (£) (Sum box 47)
Benefit Area (ha) (Box 6)
Total annual maintenance cost/ha (Box 48 / box 49)
BENEFITS OF MAINTENANCE
Design Standard Net return less flood costs (Box 24a)
(With maintenance)
Do Nothing Net return less flood costs (Box 41a)

(Without maintenance)

Change in Net Benefit Due to Maintenance

Net Benefit of Maintenance

Change in net benefit less total annual maintenance costs

Benefit : cost ratio

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance

(Box 51 - box 52)

(Box 53 - box 49 or 50)

(Box 53/box 48)

*)

®

*)

)

48
[ 525 |
49
| 1o ]
50
[ 4 |
51
| 527 |
52
[ -s27 [
53
o |
54
| =25 |

[ 00

|
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DESIGN STANDARD

10 22
Average Bed Width (m) [:::] Bankfull Discharge.(Qbf) (cumecs) (: These data ave not
23 required unless’
11 Regional Growth Curve Area |::___| the flood return
Average Channel Depth (m) i:: (Figure 3) ' pertods afe not known
‘ 24 and estimates cannot

12 Mean Annual Flood (Q bar) (cumecs) :] be used.
% Weed Cover (In channel, i!__—_—_—_] ‘ 25

submerged & floating weed ) ' QbFQ bar (cumecs) :

13 (Box 22 / Box 24)
Freeboard (m) {[::I )
14
Watertable Depth (m) i[:: Using Dominant Land Use 26
(Box 5, 7, 13 & Figure 1 or 2) Flooding Benefit Arca (ha) l::l
15 . .
Drainage.Status il:] 27
(Box 14 & Table 4) ‘ Flood Returm period (yrs) 1
* Select from 0, 1-2, 3-5, 6-10 or > 10 years
Using Dominant Land Use 16 28
Drainage Benefit Area (ha) ::::I Flood Cost (£/ha)
‘ ‘ (Table 6 or 7, Box 8, 15, 26, 27) &
Economic Net Retumn 17 . 29 30 31 32
(Box 8, 15, Table 5) (£/ha)f ‘ Using Varied Land Use *" " Flooding Benefit Flood Return Flood Cost
® ' Area(ha)  Period (yr)* (Sha) ()
‘ 18 19 20 1 Ext. pasture ' '
Drainage Benefit  Economic Net Return 2 Int. pasture
Using Varied Land Use Area (ha) Eha) . (&) 3 Grasslurable
1 Ext. pasture (Table 6 or 7, Box 15, 29, 30) 4 All cereals
2 Int. pasture ' 5 Cerealloil seed
3 Grass/arable ; 6 Cereal/root )
(Box 9, 15, Table 5) 4 All cercals 7 - Hortieulture T
5 Cereal/oil seed * Seleet from 0, 1-2. 3-5, 6-10 or > 10 years
6 ' Cerealfroot ' ' 1 ‘
7 Horticulture 33
Total FloodCost e[ ]
Total Economic Net Return 21 (Sum of Box 32)
(Sum-of Box 20) o[ 1 34
' Benefit Area Value (£/ha)
(Economic net return less flood costs) &)

(Box 17 or 21 -.Box 28 or 33)

Note: Further information is presented in R&D Note 511, Guidelines for the Justification of River Maintenance (Dunderdale & Morris, 1996b). References and table numbers relate to this document.
Additions and alterations from the original record sheet are shown inred. The box numbers have also changed from those in the original document. '
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DESIGN STANDARD
10 17
Average Bed Width (m) 1.25 Banklull Discharge (Qbf) (cumecs) T

11

Average Channel Depth (m) : ___________ 18 B |
' : * Regional Growth Curve Area

I
1
A |
12 : (Tiigure 3) :
% Weed Cover (In chanuel, III (Emergent vegetation only) : ]9_ - :
submerged & floating weed ) : * Mean Annual Flood (Q bar) ’ ll
13 I (cumecs) '
Frecboard (m) : 20 :
: * Qbf/Q bar (cumecs). - :
: 14 ! (Box 17/Box 19) - : '
Watertable Depth (m) : 21 21a 22 228/ . :
(Box 4, 9,13 & Iiigure 1 or 2) : % area of Flooded Total / :
15 : each LUT that Area Flood Cost Floo;i’,Co/s( L) :
Drainage Status 1 * Tlooding Envelopes TRP (yr) floods (ha) (L/ha) Boy2la*box22) | 1
(Box 14 & Table 4) | * % BA wilh different flood 0 - '
: return periods (years) 1-2 ] -~ :
| (Table 6 or 7, boxes 5,7, 15) 3-5 L '
Economic Net Retum I' : 6-10 e ;
(Table 5, using Box 7 & Box 15) : >10 (10 yr) ll
16 i (15 yr) P 1
For either - Dominant Jand use (Eha) - i (20 yr) . ;
() T : 25 yr) :
| (30yr) '
{_________________~_______~~____/ _________________ Total !
or - Varied land nise (Lha) 1 * Not necessary unless detailed information and assessment is required
) 7
23
16a 16b Flood Retum Period (years) NIA
Net Retum Weighted
1.UT (Eha) Net Retum 24
81 1061 Total Flood Cost © [ o ]
2 245 1068 '
4 Design 24a
5 Net Retumn Less Flood Cost &)
6 (Box 16 - box 24)
7

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance
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"DO NOTHING" (WITHOUT MAINTENANCE)
30

0.625

W/o Mamtenance Width (m)
(Box 10 - box 25a)

W/o Maintenance Depth (m)
(Box 11 - box 26a)

32
W/o Maintenance Freeboard (m) 1.09
(Box 13 - box 28a)

33
W/o Maintenance Watertable Depth (m) 0.25
(Box 4, 9, 32, Table 3, Figure I or 2)

34

VERY BAD

W/o Maintenance Drainage Status
(Table 4, box 33)

Economic Net Return (W/o maintenance)
(Table 5, box 8, 34)

W/o Maintenance bankfull discharge (Qbf) (cumecs)
(Box 17 - box 29)

* W/o Maintenance Qbf/Q bar (cumecs)
(Box 36/ box 19)

38 38a 39 } 39a
% area of Flooded Total A
each LUT that Area Flood Cost Flood (;gst’(,ﬁ)
*  TFlooding Envelopes FRP (yr.) floods (ha) (£/ha) (Bq,r/.?&/r * hox 39)
* 94 BA with different 0
flood return periods (years) <1 ) _
(Table 6 or 7, boxes 5, 7, 34) 1-2 A
3.5 _

6-10 (6y1) _—

7-10 (8Byr) 7

>10 (10yr) |~

- Total

*  Not necessary unless delailed information and assessment required

35
For either :- Dominant Jand use (£/ha) I
A
or - Varied land use (£/ha) -45
£ -778
35b 35a
Net Retumn Weighted
LuT (£/ha) Net Return
1 -103 -1349
2 131 571
3
4
5
6
7

40

W/o Maintenance FRP (years) N/A

]

Total Flood Cost £)
Do-nothing 41a
Net Return Less Flood Cost £)

(Box 35 ~-box 41)

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance
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MAINTENANCE EXPENDITURE

42 43 44 45 46 47
Maintenance Unit Cost No. of Cost/Reacl/ Interval Between Amortisation Annual Cost
Activity ® Units Activity (£) Maintenance Value at 6 % C®
' (specify) S Activities (years) Discount Rate ‘

(Box 45, Table 18)

(Box 44 * box 46)

582
Total annual cost/reach £) (Sum box 47)
Benefit Area (ha) (Box 6)
Total annual maintenance cost/ha (Box 48 / box 49)
BENEFITS OF MAINTENANCE
Design Standard Net return less flood costs (Box 24a)
(With maintenance) S i '
Do Nothing Net return less flood costs (Box 41a)

(Without maintenance)

Change in Net Benefit Due to Maintenance .

Net Benefit of Maintenance

Change in net benefit less total annual maintenance costs

Beneﬂt : cost ratio

Note: All table numbers and references relate to R&D Note 511, Guidelines for the Justification of River Maintenance

(Box 51 - box 52)

(Box 53 - box 49 or 50)

(Box 53/box 48)

®)

)

®)

*)

48

sg2 |

49

174 |

50

33 J

51

52

7718 |

53

785 |

54

203 |

13|



APPENDIX IX  SOIL TEXTURE

This Appendix contains a copy of the soil textural diagram. This may be used to-classify soil type on the basis
of the percentage composition of sand, silt and clay particles.

Source: Landon, JR. (Ed.) (1991). Booker Tropical Soil Manual. Longman Scientific and Technical, Harlow,
Essex. -
First presented within USDA (1951).: Soil Survey Manual. Handbook 18. USDA, Washington DC.

Vi
/\/\/\ \/\/\

SANDY LOAM SA N SILT LOAM SILT {QAM
\VAVAVAVAVAVAVA
\/ \/ ’ / \\/ ‘ \/ \ / 100

70 80 50 40 Q.
Percent Sand
325
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APPENDIX X  RE-DESIGNED RECORD SHEETS FOR
THE 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.

R&D Technical Report W134-
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DESIGN STANDARD

10
Average Bed Width (m) i[:j

11
Average Channel Depth (m) EI:

12
% Weed Cover (In channel, i[:—_—l
submerged & floating weed ) '

13
—— —

14
Watertable Depth (m) i[::
(Box 5, 7, 13 & Figure { or 2)

15
Drinage Stas —
(Box 14 & Table 4) ‘
Using Dominant Land Use 16

Drainage Benefit Arca (ha)

Economic th Return 17
(Box 8, 15, Table 5) (£/ha)
®

Using Varied Land Use

18
Drainage Benefit
Area (ha)

19

20

Economic Net Return

®

(£/ha)

Bankfull Discharge.(Qbf) (cumecs)

22

[:I These data are not

23 required unless’

Ext. pasture

Int. pasture

(Box 9, 15, Table 3) All cereals

1
2
3 Grass/arable
4
5

Cereal/oil sced

6  Cerealfroot

-1

Horticulture

Total Economic Net Return 21

(Sum-of Box 20) o[ 1]

Regional Growth Curve Area [:::' the flood return
(Rigure 3) ' periods are not known
24 and estimates cannot
Mean Annual Flood (Q bar) (cumecs) I:____:] be used.
‘ 25
Qbf/Q bar (cumecs) [:l
(Box 22 / Box 24)
Using Dominant Land Use 26
Flooding Benetit Arca (ha) [::I
27
Flood Return period (yrs) 1
* Select from 0, 1-2, 3-5, 6-10 ar > 10 years
28
Flood Cost (£/ha)
(Table 6 or 7, Box 8, 15, 26, 27) [63)
29 30
Using Varied Land Use Flooding Benefit  Flood Return
’ Area (ha)

(Table 6 or 7, Box 15, 29, 30)

Total Flood Cost
(Sum of Box 32)

Benefit Area Value
(Economic net return less flood costs)
(Box 17 or 21 --Box 28 or 33)

Ext. pasture

Int. pasture

Grass/urable

Cereal/oil seed

1
2
3
4 All cereals
5
6

Cereal/root

7 - Horticulture

* Seleet from 0, 1-2. 3-5, 6-10 or > 10 years

33
@[]

34

(£/ha)
®

Note: Further information is presented in R&D Note 511, Guidelines for the Justification of River Maintenance (Dunderdale & Morris, 1996b). References and table numbers relate to this document.
Additions and alterations from the original record sheet are shown inred. The box numbers have also changed from these in the original document. '

Period (yr.)*  (£/ha)
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"DO NOTHING" (W. ITHOUT MAINTENANCE)

‘W/o Maintenance Width (m)
(Box 10 - Box 35a)

‘W/o Maintenance Depth (m)
{Box 11 - Box 36a)

W/o Maintenance Freeboard (m)
(Bax 13 - Box 38a)

W/o Maintenance Watertable Depth (m)
(Box 5, 7, 42, Figure I or 2)

‘W/o Maintenance Drainage Status
(Table 4, Box 43)

Using Dominant Land Use
Drainage Benefit Area (ha)
(Box' 16 or a.different area)

Economic Net Return
(Box 8, 44, Table 5)

Using Varied Land Use

(£/ha)
(£)

40

4

1

42

L1

43

1

44

1

45

1

46

47 48 49
Drainage Benefit Feonomic Net Return
Arca (ha) (£/ha) (£)

Bankfull Discharge W/o Maintenance
{(Qbf) (cumecs)

I

51

52

‘Thesc data are not
required unless
the flood return

Ext. pasture

Int. pasture

(Box 9, 44, Table 5))

Grass/arable

All cereals

Cereal/oil secd

Cereal/root

Total Economic Net Return, W/o Maintenance
®)

(Sum of Box 49)

Note: Further information is presented in R&D Note 511, Guidelines for the Tustification of River Maintenance (Dunderdale & Morris, 1996b). References and table numbers relate to this document.

Horticulture

50

Qbf/Q bar W/o Maintenance [:I periods are not known
cumecs) (Box 51 /Box 24) and cstimates cannot
be used.
Using Dominant Land Use 53
Flooding Benefit Area (ha) :
(Box 26 or a different area)
54
{Flood Return period (vr3) [_____ZI
* Seleet from 0, 1-2, 3-3, 6-10 or > 10 years h
' ‘ 55
Flood Cost (£/ha)
(Table 6 or 7, Box 8, 44, 53, 54) )
56 57 58 59
Using Varied Land Use Flooding Benefit  Flood Return Flood Cost
Area (ha) Period (yr.) *  (£/ha) (£)
Ilooding Benefit Area 1  Ext. pasture
2 - Int. pasture
3 QGrass/arable
(Table 6 or 7, Box 44, 56, 57) 4 Al cereals
' 5  Cereal/oil seed
6  Cereal/root R
7  Horticulture

Total Flood Cost
(Sum of Box 39)

Benefit Area Value
{(Economic net return less flood costs)
(Box 46 or 50 - Box 55 or 60)

Additions and alterations from the original record sheet are shown inred. The box numbers have alse changed from those in the ongmal document.

# Select from 0, 1-2, 3-5, 6-10 or > 10 years

60
CN

(£/ha)
(€]

61
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MAINTENANCE COSTS

62 63 64 65 66 67 68
Maintenance Unit Cost | Unit Used No. of Cost/Reach/ i . Interval Between Amortisation Annual Cost
Activity &) (specify) Units Activity (£) Maintenance Value at6 % €3]
Activities (years) | Discount Rate *
| : (Box 66, Table 18) | (Box 65 * Box 67)
* If using a different discount rate, please specify
69
Total Annual Cost ® | |
(Sum Box 68) -
70
Benefit Area (ha) | |
(Box2) ‘
MAINTENANCE BENEFITS
| 71
Design Standard Net return less flood costs &) | |
(With maintenance) (Box 34)
o ' 72
Do Nothing Net return less flood costs (€))] I l
(Without maintenance) (Box 61) S '
S ‘ 73
‘Change in Net Benefit Due to Maintenance (Box 71 - Box 72) £) I |
74
Net Benefit of Maintenance (Box 73 - Box 69) @ | |
75

Benefit : cost ratio

(Box 73 / Box 69)

—

Note: Further information is presented in R&D Note 511, Guidelines for the Justification of River Maintenance (Dunderdale & Morris, 1996b)

References and table numbers relate to this document.

Additions and alterations from the original record sheet are shown inred. The box numbers have also changed from those in the original document.



