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WELSH RIVER ARROW

1. BACKGROUND

1.1 Physical Background
The River Arrow rises in the area of Gwaunceste Hill, to the north o f Glascwm in the Radnor 

Region of Wales. From its source to the confluence with the River Lugg, the River Arrow is 

56.16 km in length. The river drains a catchment area of 284.9 km2, which is mainly rural in 

character.

1.2 Study Reach
The section of river selected for study runs for 8.5 km between Pembridge (GR 391 585) and 

Arrow Green (GR 438 588), 4 km to the west of Leominster (Figure 1). This she was 

selected for inclusion within the River Maintenance Evaluation Study as it is typical of mam 

rivers within the region on which tree and bush maintenance work is performed. The area of 

land deriving benefit from the river maintenance work in terms of its effect on flooding and 

land drainage has been estimated to be 297 ha.

1.3 River Characteristics
The River Arrow lives up to its name of "Arrow" as it meanders over a wide flat floodplain. 

According to the farmers interviewed in the benefit area, the river often changes its course 

after a large flood event. The meander belt is 300 m wide, containing large sweeping meanders 

and those with tight necks which under conditions of a large flood may become temporally cut 

off

The river width within the selected reach ranges from 3 to 15 m, averaging 6.5 m. Bank height 

varies from 0.5 to 2 m, with an average bank angle of 50 degrees. Solid earth cliffs and 

slumped banks are regular features along this length. Freeboard ranges from 30 cm to 1.5 m 

Gravel and cobbles are the dominant bed substrates throughout most of the reach. Sand and 

silt prevail through the village of Eardisland.

There is a high density of trees along the study reach. Alder and willow are the dominant 

species. Many have reached the mature stage of growth.
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Figure 1 Location of the River Arrow 
site, benefit area, land blocks and land 
classification
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1.4 Land Drainage
The water levels upstream and downstream of Eardisland are controlled by weirs. At Arrow 

Bridge, a flood relief channel provides a second channel to the river. A weir controls water 

levels in this flood relief channel and in the Mill Race which provided water for the now 

disused mill at Arrow Green.

Eight ditches discharge water into the river within the study reach. In total 20 % of the benefit 

area is underdrained. The majority of the land drained by pipes is under arable land use. 

Further details on drainage installation and land use are presented in Section 2.5.

1.5 Geology, Soils and Land Capability
The geology of the area is characterised by Siltstones and mudstones of Devonian Age which 

are overlain by reddish till. This is an unsorted deposit of glacial origin consisting of rounded 

stones in a loamy or clayey matrix.

Soils of the Fladbury Association and Conway and Clywd series dominate the valley. They are 

typical of alluvial gley soils which are mottled in the subsoil due to a high watertable. 

Infiltration through the Conway series is slow and soils are seasonally waterlogged, hence they 

are awarded a Wetness Class of IV or V by the SSEW (Rudeforth et al, 1984). The soil 

profile is commonly waterlogged within 40 cm of the surface for over 180 days in one year. 

The soils in the Clwyd series commonly have a Wetness Class of in  as soil is waterlogged 

within 70 cm of the surface for 90 - 180 days in the year. Both soils respond well to 

underdrainage.

Rainfall records from the nearest meteorological station to the study reach (Lyonshall, GR. 339 

576), indicate an average annual rainfall of 865 mm. Soil profiles taken at three points along 

the selected reach are shown in Figure 2. The soils are dark yellowish brown in colour. 

Mottling was not in evidence at the time of the survey.

The Agricultural Land Classification system of the Ministry of Agriculture, Fisheries and Food 

(MAFF) classifies the land within the meander belt as Grade 4. This is poor quality 

agricultural land on which the range of crops is severely restricted. Outside this area, the land 

is classed as Grade 3 - good to moderate agricultural land (Figure 1). Some limitations are 

posed on the type of crop which can be grown. Arable root crops are not suited to this land.
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Figure 2 Soil profiles in the River Arrow benefit area
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1.6 Capital Works
During the 1960s a River Bank Improvement Scheme was completed on the River Arrow 

between Pembridge and Arrow Green. This was the first time trees and bushes were cleared 

from the banks of the River Arrow. The purpose of the scheme was to provide a clear channel 

and to remove some overhanging and unstable limbs.

The Eardisland Flood Alleviation Scheme was also completed in the 1960s. Revetments were 

erected in the village and the channel was subject to a dredging programme.

1.7 River Maintenance
The River Arrow is subjected to a regular maintenance programme for the purpose of reducing 

flooding and for the benefit of land drainage. Tree and bush maintenance is performed by hand 

on a rolling programme every 8 years. The last work was carried out in 1992. Prior to this, 

tree and bush maintenance was performed in 1984. Fallen and insecure trees are removed and 

bank vegetation which would cause a significant obstruction to normal summer flows is cut. 

Trees are pollarded and timbers tied into the banks to provide protection from erosion in areas 

where the risk of bank erosion is significant. Debris is removed as required.

Desilting of the river through Eardisland village is usually performed every 6 to 7 years, in 

September. This reach of the river was last desilted in 1994. Gravel shoals are removed as 

necessary, especially if they accumulate around bridges and cause flow to be diverted which 

may cause erosion which undermines bridge supports.

The main reason for the current level of maintenance on the River Arrow is that it is scheduled 

into a regular maintenance programme and the river is subject to regular inspections by NRA 

staff Customer demand and availability of equipment and labour also exert some influence on 

the timing of maintenance and the regime followed. Standards of service for the level of 

maintenance are based on custom and practice and an engineers survey. Methods of 

maintenance adopted are based on proven suitability of the technique.

All people with frontages on the river are notified prior to maintenance. Landowners and 

tenants are notified by a telephone call and personal visit. Fisheries receive written notification 

and conservation bodies are invited to attend a meeting to discuss the proposed maintenance
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scheme. The meeting is followed up by a site visit during which individual aspects of the 

maintenance may be discussed in detaiL

1.7.1 Farmers views on maintenance

During the interviews with farmers, the general opinion of the maintenance expressed was that 

it is necessary in order to prevent the river becoming blocked by fallen trees and debris. 

However, the view that the maintenance regime was too severe was also expressed. One 

farmer stated that through the removal of trees, river banks are exposed and thus suffer 

significant erosion during periods of higher flow. Trees were also said to be pollarded too 

severely - a practice that concerned one farmer in case the trees were not able to fully recover.

A poor understanding of impact of the tree and bush maintenance seemed apparent amongst a 

few of the people interviewed. Some were not sure if the trees pollarded were alder or willow 

and did not realise that willows do benefit form occasional pollarding which may look severe 

and potentially damaging.

1.7.2 Alternative maintenance strategies

One alternative maintenance strategy was suggested by those interviewed during the course of 

the study. This related to the timing of maintenance. The suggestion was made that if the 

trees and bushes were trimmed and maintained during the spring, the exposed bare river banks 

would not suffer so much from the effects of erosion as grass and vegetation would colonise 

the exposed areas more quickly than if maintenance were performed in the autumn.

1.8 Climate
The impact of river maintenance on the watertable and river levels depends on the particular 

weather conditions, especially rainfall, which vary from season to season and year to year. The 

seasonal and yearly rainfall totals for the period of study are presented in Table 1.1. The 

probability of wet, dry and average seasons and years occurring has been determined through 

analysis of monthly rainfall figures which span a 25 year period. The classification system of 

the Food and Agricultural Organisation (FAO) was used to determine the wet, dry and average 

rainfall bands. Wet and dry seasons and years are classed as those which receive greater than 

125 % and less than 75 % of the average rainfall values respectively.
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The slimmer of 1992 was particularly wet when compared to the long term rainfall average. 

This fact is confirmed by farmers who reported wet conditions underfoot during the summer 

months.

Table 1.1 Rainfall totals
Period Season Actual Rainfall Average * 

Rainfall (mm)
% Average 

Rainfall(mm)

1992 Spring 160.8 173.5 92.7
Summer 346.0 173.2 199.7
Autumn 260.9 222.4 117.3

1993 Spring 173.9 173.5 100.2
Summer 198.6 173.2 114.6
Autumn 279.9 222.4 125.8

1994 Spring 224.5 173.5 129.4
Summer 193.6 173.2 111.7
Autumn 207.2 222.4 93.2

1995 Spring 153.0 173.5 88.2
Year 1992 951.6 822.0 115.8

1993 841.2 822.0 102.3
1994 1007.3 822.0 122.5

* Based on 25 Year record from Lyonshall (GR. 339 576), 1970 to 1994

The probability of each type of a wet, dry and average season and year occurring is shown in 

Table 1.2. The rainfall probabilities are based on a 25 year record of data from the Lyonshall 

meteorological station (Station reference 473 822, GK 339 576).

Table 1.2 Probability of climatic condition
Season Dry * Average * Wet*

Spring 0.08 0.75 0.17
Summer 0.21 0.71 0.08
Autumn 0.29 0.63 0.08
Year 0.21 0.71 0.08

* Based on records since 1970

The Main Report (R&D Note 456 Section 3.5.4) describes the process by which financial 

benefits of maintenance are calculated according to the probability of each type of season and 

year occurring.
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1.9 Aquatic Vegetation
Although the River Arrow is subject to a tree and bush maintenance scheme and not aquatic 

vegetation clearance, some aquatic weeds are present within the channel Due to the 

predominantly gravel and cobble substrate, many aquatic weeds are unable to find firm 

anchorage for their roots. High flows and flashy floods also serve to clean the channel of these 

weakly rooted plants. Trees and bushes lining the channel provide shade which further 

restricts plant growth.

Further information on the aquatic plants present within the channel during the study period is 

provided in Sections 1.9.1 to 1.9.3.

1.9.1 Submerged vegetation

Juncus (Rush), is a narrow-leaved submerged plant which is fairly common within this river. 

This many branched plant may reach 2 m in length with individual hair-like leaves growing to 

60 cm in length. It remains streamlined in the direction of flow and acts as a silt trap in areas 

of slow flow as suspended fines settle out from the flow and become trapped in the hair like 

network of leaves.

1.9.2 Emergent vegetation

Glyceria (Reed Sweet-Grass) is found at the river margins within the watercourse. This tall 

narrow-leaved emergent grass with bluish leaves, may reach 1.2 m in height and grows in 

stands along the shallow waters edge. This plant provides a greater resistance to flow than 

some submerged plants as it can provide a fairly impermeable barrier to the flow of water, 

depending on the density of the vegetation stand.

1.9.3 Algae

Filamentous algae is present within the areas of slower flow. The long chains of this algae 

grow up from the hydrosoiL It is difficult to control as it can be found anywhere and grows 

rapidly through simple fission by which each cell divides. Algae is common in nutrient rich 

waters and frequently invades areas where other aquatic plants have been controlled or 

eradicated.
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2. FARM SURVEY

2.1 Introduction
Through structured interviews and informal discussions with farmers and a topographical 

survey, the area deriving benefit from the river maintenance work in terms of its impact on land 

drainage and flooding is estimated to be 297 ha. This area is classed as the benefit area (BA). 

The benefit area has been divided into separate blocks (Figure 1) according to drainage, land 

use and management practices.

2.2 Farm Type, Size and Tenure
There are two farms out of 12 within the benefit area, classed as general cropping enterprises 

under the European Union (EU) classification system. Two farms are classed as dairy and five 

are lowland and livestock enterprises. Two farms are horticultural enterprises and one is 

classed as 'other’. The latter is a caravan park.

Farm size ranges from 7 to 130 ha, averaging 43 ha. The Standard Man Day (SMD) or Man- 

Work-Unit requirement for the agricultural enterprises ranges from 7 to 719 with an average of 

287. This requirement may be used to assess the labour requirement of agricultural 

enterprises. Generally, the higher the SMD value, the greater the amount of labour required.

Ten farms are under sole proprietorship and one is run in a partnership. The other is run by a 

farm manager. All farmers have one holding except the managed farm which is composed of 

five units which are run as one farm under the same holding number. The majority of the land 

within the benefit area is owner occupied, only 10.9 ha is rented under a 364 day tenancy 

agreement.

2.3 Livestock Enterprises
Five farms have beef herds of various sizes. Of these, two have Charolais and Friesian herds 

which finish fat beefstock for sale at 12 months old. The herd sizes range from 35 to 60 cattle. 

Two other farms follow the 18 month grass / cereal system, with autumn calving. One has a 

herd of cattle 6 to 12 months old and the other, 35 cattle 1 to 2 years old. Beasts are typically 

sold on reaching 500-600 kg live weight. On the remaining farms, four Hereford cross cattle
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are following a 24 month system and 100 are being fattened off silage. Stocking rates for beef 

cattle average 15 beasts/ha.

Four farms have sheep enterprises. Three have Welsh and Scotch Mules under the fat lamb 

system and the other has store lambs which are finished off grass and stubble turnips. Flock 

sizes range from 60 to 200 for the fat lambs and 470 for the store lambs. Lambing rates range 

from 1.6 to 1.75. The average rate is 1.7 lambs / ewe tupped. Some of the fat lambs (120) are 

grazed under a tack system whereby they are brought from the Welsh hills to graze the lowland 

pastures throughout the winter months.

Two farms have a dairy enterprise. These consist of Fresian herds ranging in size form 35 to 

80 beasts. Milk yields are average, typically 5500 litres/cow/year.

2.4 Arable Enterprises
Six farmers follow some arable enterprises, five of which typically follow a four year rotation. 

Winter wheat, winter barley and potatoes are the most common crops grown. Spring barley, 

combining peas and oil seed rape are also included within some rotations.

The two general cropping farms follow a different rotation pattern ranging from 4 to 7 years. 

Both grow winter wheat and use main crop potatoes or beans as a break crop. The average 

yield for winter wheat is 7.5 tonnes/ha. Potatoes typically yield 45 to 50 tonnes/ha.

The largest arable enterprise is a grass / arable rotation under which crops are grown for five 

years followed by a two year ley of rye grass. Winter wheat, potatoes and sugar beet are 

followed by two years of rye grass ley which is grazed once the grass has been harvested for 

seed.

Two other farms have apple orchards which supply the local cider makers and one has one 5 

ha field under continuous cropping of horticulture and potatoes.

2.5 Land Use In The Benefit Area
Figure 3 and Table 2.1 provide a breakdown of land use within the benefit area. The majority 

of land within the benefit area is under extensive grassland (50 %).
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Land under a cereal / root crop rotation covers 26 % of the area and intensive grassland covers 

15 %. Land use classed as other comprises a caravan site.

Extensive grassland is classified as that which receives little or no nitrogen input and is 

subjected to little or no grass conservation. If conserved, hay is usually cut. Grazing seasons 

for beef and sheep are short. In comparison, intensive grassland is usually grazed over long 

seasons by dairy cattle. Multiple cuts of silage are commonly taken and levels of nitrogen 

input are high (> 100 kg N/ha).

Table 2.1 Land use in the benefit area
Land Use Area (ha) % of Benefit 

Area
% Land With 
Field Drains

Extensive grass 148.0 49.8 0.0
Intensive grass 44.7 15.1 57.5
Grass / arable 4.3 1.4 0.0
Cereal / root 77.1 26.0 33.5
All cereal 15.0 5.1 0.0
Horticulture / orchard 5.1 1.7 100.0
Other 2.8 0.9 100.0

All the land under horticultural enterprises and orchards is drained by pipes. Fifty six percent 

of intensive grassland land 34 % under a cereal / root crop rotation also has field 

underdrainage installed. Further details are presented in Table 2.1 and Figure 4.

2.6 Turnout and Yarding Dates
Turnout dates for livestock vary over the benefit area. Over 13 % of the benefit area, livestock 

is turned out to grass in mid to late April Silage is cut before stock is turned out to pasture 

over 28 % of the benefit area and 6 % is not grazed. Tables 2.2 and 2.3 provide a breakdown 

of turnout and yarding dates for livestock over the benefit area.
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Table 2.2 Turnout dates
Turnout Date % Grassland 

Area
% of Benefit 

Area

Mid/late April 20.7 13.4
After silage cut 43.9 28.5
Overwintered 26.4 17.1
Not grazed 9.0 5.8

Table 2.3 Yarding dates
Yarding Date % Grassland 

Area
% of Benefit 

Area

Mid/late October 34.9 22.6
Early/mid November 16.7 10.8
Early/mid December 11.2 7.3
Mid/late December 1.8 1.2
Overwintered 26.4 17.1
Not grazed 9.0 5.8

Yarding dates for livestock range from mid to late October over 35 % of the grassland area to 

December on 13 % of grassland within the benefit area. Livestock are overwintered out at 

grass over 26 % of the grassland area.

2.7 Grass Conservation
The majority of grassland is grazed only and not conserved. On the land which is cut, one and 

three cuts of hay and silage respectively are common. The first cut of silage is taken in mid to 

late May whilst the hay is cut in early June. The second and third cuts of silage are taken at 

intervals of six weeks after the first cut. Grassland under the grass/arable rotation is not 

included in Table 2.4. The grassland under this system is cut once for silage.

Table 2.4 Grass Conservation
Conservation System % Grassland

Area

1 Cut hay 9.0
1 Cut silage 7.1
3 Cut silage 9.0
Grazed only 74.9
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2.8 Nitrogen Application
Nitrogen is applied to 51 % of the grassland area. One fanner applies straight nitrogen whilst 

the remainder used a compound NPK fertiliser, commonly ICI No. 8 in the proportions of 

20:8:14 or a compound in the proportion 20:10:10. Farm yard manure and chicken manure 

are also applied to some areas. Table 2.5 provides information on application rates. Land 

within the grass/arable rotation is not included within Table 2.5 but receives 50 kg N/year

Table 2.5 Nitrogen application rates
Rate (kg N/ha) Grassland Area % Grassland

(ha) Area

0 93.6 48.6
20 31.5 16.3
50 67.6 35.1

2.9 Flooding
Seven farmers within the benefit area report flooding to be common on their land. Areas 

commonly flooded are shown in Figure 5. In each case high river water levels due to excessive 

rainfall are thought to be the predominant factor responsible for the flood conditions. 

However, weeds in the channel and blockages caused by fallen trees are also thought by two 

farmers to be a significant contributory factor. In each case the consequences of flooding are 

reported to be litter and debris on the land which has to be cleared by hand. One farmer 

reports crop damage in the form of reduced yields as a major impact of flooding.

The majority of flooding occurs during the winter months. Summer flooding is reported to 

affect only 3 % of the benefit area. All the farmers reported the flood duration to be only one 

or two days. Land under cereal/root crop rotation, horticultural and orchard enterprises is not 

prone to flooding

2.10 Waterlogging
Throughout the benefit area, the wetness condition of the land follows a similar pattern (Table 

2.6). During the spring, 57 % of the benefit area is classed as being rarely wet. Only 6 % is 

prone to wet conditions. Throughout the summer months the majority of land, 72 %, is rarely
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wet. In the autumn, more land is prone to waterlogging and 37 % of the land is classed as 

occasionally wet and 10 % as often wet.

Table 2.6 Farmer assessment of wetness condition
Season Wetness Condition Area (ha) % Benefit Area

Spring Rarely wet 170.7 57.5
Occasionally wet 108.6 36.6
Often wet 17.7 5.9
Permanently wet 0.0 0.0

Summer Rarely wet 212.7 71.6
Occasionally wet 84.3 28.4
Often wet 0.0 0.0
Permanently wet 0.0 0.0

Autumn Rarely wet 159.1 53.6
Occasionally wet 108.4 36.5
Often wet 29.5 9.9
Permanently wet 0.0 0.0

The wet conditions have been attributed to a variety of factors by the farmers. The wetter 

conditions in the spring and autumn have been attributed to the low lying nature of much of the 

land and due to the clayey soil type. According to one farmer the rising watertable level 

corresponding to a rise in river water level was the main factor responsible for wet conditions 

underfoot.

2.11 Statistical Analysis
It is apparent that land use, farming practice, drainage and flooding are interrelated. Statistical 

methods were used to determine whether these relationship s occurred more frequently than 

might be expected by pure chance. Full details of this analysis in which the 12 sites were 

grouped according to NRA Region, are presented in the Interim Report R&D 317/13/ST, 

presented to the NRA in December 1994.

The following observations can be made from the statistical analysis of fields in the benefit area 

of the River Arrow maintenance programme:

• Land use is strongly associated with the presence of field drainage. Extensive grassland is 

predominantly naturally drained whilst intensive land use such as horticulture and cereal /
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root crop rotations have a high installation of field drainage. (Statistically there is a 93 % 

chance of correctly predicting the installation of field drainage on the basis of land use).

• Turnout dates for livestock in the spring are strongly associated with the field wetness 

condition. Turnout dates are earlier on land (April) which is well drained in the spring 

(rarely wet) compared to on land which is often wet (after silage cut). (Statistically there is 

a 98 % chance of correctly predicting turnout dates on the basis of field wetness condition 

in the spring).

• Yarding dates for livestock are strongly associated with field wetness conditions. Land 

which is often wet in the autumn is closed up in October compared to land which is rarely 

wet in the autumn on which livestock are overwintered. (Statistically there is a 91 % 

chance of correctly predicting livestock yarding dates according to field wetness conditions 

in the autumn).

• A significant relationship exists between the grass conservation system and levels of 

nitrogenous fertiliser application. Grass which is cut for silage receives higher rates of 

nitrogen than that which is cut for hay. The majority of grassland which is grazed only and 

not conserved receives no application of nitrogen. (Statistically there is 98 % chance of 

correctly predicting the conservation system followed on the basis of levels of nitrogen 
application).

• There is a relationship between land use and flooding frequency. Intensive land use such as 

horticulture and cereal / root crop rotations does not flood. Grassland areas are prone to 

flooding. (Statistically there is a 40 % chance of correctly predicting the incidence of 

flooding according to land use).
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3 HYDRAULIC AND HYDROLOGICAL DATA

3.1 Introduction
Information on channel hydraulics and hydrological data has been used to determine the impact 

of maintenance on channel capacity and flood return periods.

3.2 Cross-section Surveys
Cross-sectional surveys of the channel were completed at five points within the study reach at 

an average interval of 2 km (Figure 4). Channel capacity has been determined from these 

cross-sections. Because the channel dimensions were not altered during the tree and bush 

clearance process, a post-maintenance cross-sectional survey of the channel was not necessary.

Before maintenance was carried out, the roughness of the channel was expressed in the form of 

the Manning’s n coefficient, using the methodology developed by Cowan (1956). This 

coefficient consists of six parameters which include the predominant bed material, channel 

sinuosity and relative effect of channel obstructions. Further details of the methodology used 

are presented in the R&D Note 456 Appendix IV . The same procedure was followed after 

maintenance in order to determine values of channel friction in a 'with* (after/post) and 

'without' (before/pre) maintenance situation.

Stage/discharge curves were created for the 'with1 and ’without' maintenance situation using 

these different values of Manning's n. The channel cross-section information including 

Manning's n values and stage/discharge curves are presented in Figure 6.

Throughout the period of the study (1993 - 1995), river water level information was collected 

from a gauge station at Titley Mill (GR. 328 585), upstream of the study reach. A conversion 

factor, supplied by the NRA was used to transpose this data into that which was representative 

of flows in the study reach.

R&D 317/22/ST 19



Otobs section 1 - cfaainage 0 m
Metres above datum (MAD)

Stage/diediifge curve

Rnef diannel information
Without With

maintenance
Manning’s n value ao5 Q045
Bankfofl capacity (cumecs) 4.1 45
Re torn period (years) 5l 0 7.0



Q o s  section 2 -  chaina^e 185D m
Metres above datum (M A D )

Rircr dhannel information
Without With

maintenance
Manning's n value 0L(M9 0l(H5
Bankfafl capacity (cumecs) 2.01 22
Retain period (yean) as Q9



O obs section 3 - chainage 3450m
Metres above datum (MAD)

Stage/ discharge curve
Stage (m ADD)

River channel information
Without With

maintenance
Manning’s n value a<M3 0.041
BankfoQ capacity (cumecs) 2.4 15
Return period (years) 1.0 L3

Discharge, Q (m A 3^)



R&D 
317/22/ST

Metres above datum (MAD)
O o88 section 4 -  chainage 6000 m

K>to

Stage (m ADD)
Stage/diocfaaige carve

Rhcr diannel information
Without With

maintenance
Manning's a value aos7 aos
Bankfhfl capacity (cumecs) 1.03 1.2
Return period (years) a34 (L4

Discharge, Q (m~ 3fc)

i



R&D 
317/22/ST

Metres above datum (MAD)
Ooss section 5 - chainage 8010m

-u
Stage/discharge curve

Stage (m A0D)

River diannel information
Without With

maintenance
Manning's o valne a 036 a034
Bankful] capacity (cumecs) 3.9 4.1
Retain period (yean) 4.0 5.0



Table 3.1 BankfuU capacity and flood return periods
Without maintenance With maintenance

Cross- Bankfull Return Period Bankfull Return Period
Section Capacity (years) Capacity (years)

(cumecs) (cumecs)

1 4.1 5.00 4.5 7.0
2 2.0 0.80 2.2 0.9
3 2.4 1.00 2.5 1.3
4 1.0 0.35 1.2 0.4
5 3.9 4.00 4.1 5.0

(Source: modelled estimates)

3.3 Flood Return Period
General information regarding flood flows, frequency and duration were collected from 

farmers and NRA staff This information was used to compile a flood return period curve for 

the River Arrow. The frequency of floods of different magnitudes can be estimated by using 

this flood return period curve (Figure 7).

The bankfull capacity figures obtained from the cross-sections indicate an average increase in 

capacity attributable to maintenance of 9 % and an average increase in the interval between 
floods of 19 %.

The flood return period for each block which floods and flooded areas are shown in Table 3.2. 

The ‘without’ maintenance return period is estimated by the farmer, the ‘with’ maintenance 

value is a modelled estimate using the cross-section information and Manning’s n coefficient. 

It is assumed that the flooded area remains unchanged following maintenance.

Table 3.2 Flood return periods and flooded areas
Block No. Block Size (ha) Flooded Area 

(ha)
Flood Return Period (Years) 

Without Maintenance With Maintenance

101 14.6 5.11 0.35 0.5
102 8.0 1.20 0.35 1.0
103 11.0 5.52 0.35 1.0
105 9.7 1.94 1.00 4.0
302 3.7 0.99 0.35 1.0
303 2.0 0.06 0.50 1.0
401 4.3 0.30 1.00 1.0
402 5.9 1.89 1.00 4.0
603 16.0 9.12 1.00 5.0

1001 6.9 0.69 0.80 3.0
1201 6.8 0.34 0.80 3.0
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4. LAND DRAINAGE

4.1 Field Drainage Status
Through an extensive literature search and farmer survey, the drainage status of agricultural 

land has been classified into three standards according to the watertable depth. Three 

watertable bands have been identified : deeper than 0.5 m from the surface, between 0.3 to 0.5 

m of the surface and within 0.3 m of the land surface. According to the time the watertable 

lies within these three bands, the drainage standard is classed as good (no limitations to 

agriculture), bad (some restrictions on agriculture and yields depressed) or very bad (severe 

limitations to agricultural production). Further details are presented in the R&D Note 456 

Section 3.5.2.

The drainage status of land within the benefit area of the River Arrow has been determined on 

a seasonal basis using a non-steady state watertable model which relates infield watertable 

levels (and hence drainage conditions) to observed water levels in the river and ditch system 

(see R&D Note 456 Section 3.5.2 for further details). The model has been run with river 

water levels for the ‘with’ and ‘without’ maintenance scenario using the same climatic data in 

each case, in order to isolate the impact of maintenance on drainage status. Appendix 1 

contains an example of the input and output data produced by the watertable modeL

The results of the watertable modelling and the assessment of drainage status made by farmers 

for land within the benefit area are shown in Table 4.1. In some cases, there is a difference in 

the number of weeks that the watertable is under good, bad or very bad levels following 

maintenance. However, these changes may not be of sufficient magnitude to change the 

drainage status classification. Where a change in drainage status classification between 

maintained and non-maintained conditions has occurred due to maintenance, the changes 

appear in bold print in Table 4.1.

The output from the watertable model is consistent with the farmers assessment of drainage 

status under dry and average climatic conditions. Under wet conditions, there is 77 % 

agreement between farmer and modelled assessments. For the ‘without’ maintenance situation 

there is 85 % agreement between the modelled and fanner assessment of field drainage status 

under average conditions.
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These assessments confirm that the ‘with’ maintenance drainage status in the benefit area is 

generally bad in wet climatic conditions and good in average and dry conditions. If 

maintenance is not performed, drainage conditions would deteriorate to very bad over 7 ha in a 

wet season and to generally bad drainage under average weather conditions. This may be due 

to localised rises in river levels and hence watertable levels due to log jams and debris Hams 

blocking the channel and restricting flow.

Table 4.1 Drainage status for wet, average and dry seasons, without/with
maintenance

Block
No

Wet Season * 

Without With

Average Season 
*

Without With

Dry Season * 

Without With

Farmer Assessment 
With Maintenance 

Wet Average Dry
Without

101 N B B B B B B B B G VB
102 Y B B B B G G B G G B
103 N B B B B B G B G G B
104 Y B B B B B G B B G B
105 N B B B G G G B G G B
106 N B G B G G G G G G B
201 N B G B G B G B G G G
202 N G G G G G G G G G G
301 N B B G G G G B G G G
302 N B B G G G G G G G B
303 N B B B G G G B G G G
401 N B B B G G G B G G B
402 Y B B B G G G B G G B
501 N B B B G G G B G G B
502 Y B B B G G G B G G B
601 N VB B B G G G B G G B
602 N B B G G G G B G G G
603 N G G G G G G B G G G
604 N B B G G G G B G G G
605 N B B G G G G B G G G
701 N G G G G G G G G G G
801 N G G G G G G G G G G
901 Y B B B G G G B G G B
1001 N B B G G G G G G G G
1101 Y B B G G G G G G G G
1201 Y B B B G G G G G G B

NB : * Modelled results
Bold type indicates a change in drainage classification as a result of maintenance. 
Italics highlight differences between farmer assessment and modelled drainage 
conditions with maintenance
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River maintenance results in the prevention of a deterioration of drainage status on 3 blocks of 

land in a wet season, on 11 blocks in an average season and 3 blocks in a dry season. The 

percentage change of area by drainage status as a result of maintenance activities are estimated 

and the results presented below.

• maintenance prevents a deterioration in land drainage condition in a wet season from :

B to VB over 6.9 ha (2 % of the BA)
G to B over 82.5 ha (28 % of the BA)

• maintenance prevents a deterioration in land drainage condition in an average season from :

G to B over 137.4 ha (46.3 % of the BA)

• maintenance prevents a deterioration in land drainage condition in a dry season from :

G to B over 92.8 ha (31.2 % of the BA).

Farmer perception of drainage deterioration due to lack of maintenance (under average 

conditions) was good to bad on 32 % of the benefit area and bad to very bad on 5 %.

4.2 Debris Dams
Maintenance is carried out as a preventative measure to minimise the probability of fallen 

timber accumulating against structures such as bridges and as debris dams thus causing 

localised flooding, increased water level upstream of the debris dam, waterlogging and 

structural damage.

4.2.1 Nature of debris dams

Debris dams are accumulations of organic matter within the river channel. Dams form when a 

piece of woody material such as a tree limb falls into the channel and lodges against boulders 

or protrusions from the bed or bank(s) such as a tree root. Smaller pieces of debris are caught 

against the original piece of debris. These provide the framework in which leaves and other 

debris accumulate.
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4.2.2 Impact of debris dams

Unless removed, the accumulation of debris will form a dam and a barrier to flow causing the 

water upstream of the dam to ‘back-up’. Ultimately, debris dams exert a resistance to flow 

and alter the roughness of the channel unless removed. Under low flows, when the water is 

shallow, irregularities in the dam are exposed and their effects more pronounced. The 

frictional drag exerted on the water as it crosses the dam reduces the flow of water over the 

blockage. Water levels are thus raised upstream of the debris dam due to this ‘back-up’ effect. 

This may result in a localised increase in flooding and waterlogging as the watertable locally 

rises. Under higher flows, the frictional drag of the debris dam is drowned out and the dam 

exerts less influence over river flow,

In addition to their impact on watertables, debris dams which partially or completely block the 

channel may exert control over local channel morphology. In meandering streams such as the 

River Yarty, the formation of debris dams may result in local erosion and scour of the bed and 

banks around the dam. This may serve to widen the channel thus diverting flow around the 

blockage. Mid-channel bars may develop immediately downstream of the blockage due to 

reduced flow levels and flow velocity in the lee of the dam Stream ecology may be influenced 

by the dam through the creation of temporary habitats for such wildlife as otters.

4.3 Simulation of Debris Pams in the Channel
The impact of debris dams on land drainage within the River Arrow benefit area has been 

determined through simulation modelling using FLUCOMP; a computational river model 

package produced by HR Wallingford. This model was used to predict the impact of debris 

dams on water level and discharge values along the study reach.

Debris dams were simulated via the imposition of fixed weirs along the channel section. Weirs 

are the closet approximation to debris dams available in the package. The height and breadth 

of the weir crest was altered to simulate varying degrees of channel restriction. The two sizes 

of dam simulated were 50 % and 75 % blockages of the cross-sectional area. The 50 % 

blockage is deemed to be the lower limit for ‘justifiable’ debris removal (Bowles, 1992).
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4.3.1 Physical effect of in-channel blockages

The location of the simulated debris dams are shown in Figure 5. The debris dams were 

located so as to be out of spatial influence of each other. The simulations showed that debris 

dams on the River Arrow affected river levels for a distance of approximately 700 m upstream 

of the dam A 50 % blockage at five locations within the study reach is estimated to result in 

the change in drainage status over 154 ha (52 % of BA) whilst a 75 % blockage results in a 

change over 215 ha (72 % of the BA). The impact of debris dams on drainage status is shown 

in Tables 4.2 and 4.3. The impact of debris dams on retained river levels and drainage status is 

greatest in the spring.
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Table 4.2 Impact of 50 %  of cross-sectional area blocked by debris dam on 
____________ drainage status_________________________________________
Dam Season Current Drainage Area Land Use
Location Drainage Status affected

Status with debris (ha) 
dam

1 Spring G B 17.1 Intensive & extensive grass
1 Summer G B 6.3
1 Autumn G B 13.5
2 Spring G B 19.2 Intensive grass & cereal/root
2 Summer G B 9.9
2 A utum n G B 17.1
3 Spring G B 27.9 Extensive grass
3 Summer G B 18.2
3 Autumn G B 24.9
4 Spring No Change
4 Summer No Change
4 Autumn No Change
5 Spring No Change
5 Summer No Change
5 Autumn No Change

Table 43 Impact of 75 %  of cross-sectional area blocked by debris dam on
drainage status

Dam Season Current Drainage Area Land Use
Location Drainage Status affected

Status with debris (ha)
dam

1 Spring G B 22.4 Intensive & extensive grass
1 Summer G B 11.9
1 Autumn G B 19.6
2 Spring G B 22.8 Intensive grass & cereal/root
2 Summer G B 13.2
2 Autumn G B 19.0
3 Spring G B 31.1 Extensive grass
3 Summer G B 25.9
3 Autumn G B 29.8
4 Spring No Change
4 Summer No Change
4 Autumn No Change
5 Spring B VB 10.4 Extensive grass
5 Summer No Change
5 Autumn B VB 8.6 Extensive grass
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5 SCHEME APPRAISAL

5.1 Benefits of Tree and Bush Maintenance
The river maintenance on the Arrow comprise a number of elements. The removal of silt 

directly influences the hydraulic performance of the channel The control of tree and bush 

growth also has a direct, albeit small, influence on hydraulic performance. Tree and bush 

work reduces the probability of debris falling into the channel and creating a debris dam 

When dams do arise, they are removed to limit the potential damage to the channel, adjacent 

land and structures downstream The following benefit assessment examines these elements.

5.2 Maintenance Benefits
For each block of land, agricultural production scenarios were created which reflect different 

levels of field management under conditions of good, bad and very bad drainage (see R&D 

Note 456 Section 3.5.4). These scenarios are based on discussions with farmers in the benefit 

area over the period 1992-1994.

Changes in field drainage status as a result of maintenance under dry, average and wet climatic 

conditions have been identified. Changes in flood risk due to maintenance have also been 

determined. Estimates have been derived of the monetary value of changes in field 

management and productivity associated with changes in the standards of drainage service.

Two perspectives have been used to value agricultural performance. The first perspective is 

that of financial analysis which uses the prices paid and received by farmers to estimate the 

added-value associated with drainage. Financial analysis shows the benefits of maintenance to 

farmers in the benefit area.

The second perspective is that of economic analysis which modifies the financial analysis to 

make allowance for the direct and indirect subsidies paid to farmers by Government. In 

accordance with the MAFF Project Appraisal Guidance Notes on Flood Defence (PAGN, 

1993), these modifications involve reductions in the financial value of output (including 

subsidies) by 10% in the case of cereals, oil seeds and grain legumes, 35% for beef and 25% 

for sheep. Commodities subject to quota such as potatoes, sugar beet and milk are treated as
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winter wheat. The set aside areas are also treated as wheat. The reasons for these adjustments 

are discussed in the R&D Note 456 Section 2.7.2.

Table 5.1 shows the financial net returns (1995/96 prices) for each block of land within the 

benefit area under conditions of good, bad and very bad drainage. Changes in net returns 

relating to a change in drainage status are also shown. Table 5.2 presents similar data using 

economic prices. Table 5.3 shows the flood costs for each block of land assuming with and 

without maintenance and specified field drainage conditions. It is assumed that there is no 

difference between financial and economic values in the case of flood damage to standing 

crops.

Table 5.4 combines data on changes in drainage status, flood risk and financial performance to 

determine the financial benefits and change in financial net returns due to maintenance for wet, 

average and dry weather conditions for each block of land in the benefit area. These benefits 

are the avoidance of losses which would occur in the absence of maintenance. Benefits 

weighted by field size for wet, average and dry seasons are multiplied by the relative 

probability of the occurrence of the season to give an average expected annual benefit. These 

are summed for the benefit area as a whole.

Table 5.4 estimates a total expected annual benefit of £ 7771 in 1995 financial prices, 

equivalent to about £ 27/ha per year. Two thirds are associated with protecting field drainage 

status and one third with flood alleviation benefits. Table 5.5 shows the benefits attributable to 

maintenance using economic prices based on the current MAFF Project Appraisal Guidance 

Notes. Total average expected annual benefits are about £ 5120 in economic prices for the 

benefit area, equivalent to £ 18/ha. On this basis, the benefit to the national economy is about 

66 % of the benefits which accrue to farmers. This difference reflects the adjustments required 

by MAFF to remove government subsidy from the assessment of benefits. These estimates 

require cautious interpretation as explained in the R&D Note 456 Section 2.7.2.

As an alternative estimate to that based on watertable modelling, Table 5.6 estimates the 

benefits due to maintenance which were perceived by fanners (earlier reported in Table 4.1) 

where they identified a change in drainage conditions between the \vith' and ‘without1 

maintenance situations in an average, representative season. These estimates include the flood

R&D 317/22/ST 34



damage costs identified in Table 5.3 which were based on a combination of farmer and 

modelled data.

Table 5.1 Financial net returns
Block Block size Net Return (£/ha) Change in Net Return (£/ha)

(ha) G B VB G-B G-VB B-VB
101 14.60 277 231 157 46 120 74
102 8.00 468 414 173 54 295 241
103 11.00 437 333 246 103 191 88
104 17.80 539 471 182 68 357 288
105 9.70 539 471 182 68 357 288
106 18.50 197 171 137 26 61 35
201 64.00 317 282 246 35 71 36
202 9.30 104 92 81 12 23 11
301 1.00 180 148 117 33 63 31
302 3.70 264 230 194 34 70 37
303 2.00 118 103 70 15 48 33
401 4.30 164 132 65 32 98 67
402 5.90 74 68 56 6 19 12
501 3.50 136 120 105 16 31 15
502 2.80 Caravan park
601 6.90 432 384 178 48 255 207
602 10.60 52 48 56 4 -5 -8
603 16.00 432 384 178 48 255 207
604 11.90 433 382 167 50 265 215
605 15.00 387 359 227 29 160 132
701 15.90 410 345 246 65 164 99
801 12.60 278 241 201 37 77 40
901 13.00 376 371 307 5 69 64
1001 6.90 240 226 192 15 49 34
1101 5.10 Orchard
1201 6.80 1187 647 226 540 961 421
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Table 5.2 Economic net returns
Block Block size Net Return (£/ha) Change in Net Return (£/ha)

(ha) G B VB G-B G-VB B-VB
101 14.60 120 93 27 26 93 67
102 8.00 344 313 154 31 190 158
103 11.00 437 333 26 103 411 307
104 17.80 420 381 207 39 213 174
105 9.70 420 381 207 39 213 174
106 18.50 76 63 48 13 28 15
201 64.00 102 87 72 15 30 15
202 9.30 12 7 6 5 6 1
301 1.00 84 60 39 24 45 21
302 3.70 63 45 29 18 34 16
303 2.00 9 3 -5 5 14 8
401 4.30 16 -1 -24 17 40 23
402 5.90 -74 -70 -46 -5 -28 -24
501 3.50 41 34 27 7 14 7
502 2.80 Caravan park
601 6.90 366 333 195 33 170 138
602 10.60 -72 -68 -47 -5 -25 -21
603 16.00 365 333 195 32 170 138
604 11.90 365 330 185 35 180 145
605 15.00 335 301 185 34 150 116
701 15.90 78 52 26 26 52 26
801 12.60 110 88 65 22 45 23
901 13.00 47 100 80 -53 -33 20
1001 6.90 54 54 39 0 15 15
1101 5.10 Orchard
1201 6.80 1140 627 207 513 933 420
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Table 5.3 Flood costs associated with flood risk
GOOD DRAINAGE BAD DRAINAGE VERY BAD DRAINAGE CHANGE IN FLOOD COSTS

Without With Without With Without With Without With GOOD BAD VERY GOOD BAD TO OOODTO
maintenance maintenance maintenance maintenance maintenance maintenance maintenance maintenance BAD TO BAD VERY BAD VERY BADBlock FRP FRP flood flood flood flood flood flood Without Without Without Without Without WithoutNumber cost cost cost cost cost cost -with -with -with -with -with -with

101 0.35 0.50 7.39 5.17 6.51 4.56 4.94 3.46 2.22 1.95 1.48 1.34 0.38 -0.23102 0.35 1.00 36.20 12.67 35.23 12.33 29.34 10.27 23.53 22.90 19.07 22.56 17.01 16.67103 0.35 1.00 18.00 6.30 8.71 3.05 6.83 2.39 11.70 5.66 4.44 2.41 3.78 0.53105 1.00 4.00 21.13 5.28 20.54 5.14 17.28 4.32 15.85 15.40 12.96 15.26 12.14 12.00
302 0.35 1.00 3.43 1.20 3.20 1.12 2.91 1.02 2.23 2.08 1.89 2.00 1.79 1.71
303 0.50 1.00 0.55 0.28 0.50 0.25 0.38 0.19 0.27 0.25 0.19 0.22 0.13 0.10401 1.00 1.00 1.27 1.27 1.15 1.15 0.77 0.77 0.00 0.00 0.00 -0.12 -0.38 -0.50
402 1.00 4.00 16.40 4.10 14.08 3.52 9.44 2.36 12.30 10.56 7.08 9.98 5.92 5.34603 1.00 5.00 42.58 8.52 41.24 8.25 36.13 7.23 34.06 32.99 28.90 32.72 27.88 27.611001 0.80 3.00 0.49 0.13 0.45 0.12 0.41 0.11 0.36 0.33 0.30 0.32 0.29 0.28
1201 0.80 3.00 4.20 1.12 4.76 1.27 4.80 1.28 3.08 3.49 3.52 3.64 3.53 3.68
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Table 5.4 Changet in net return■ due to maintenance and climate, 1995/98 financial prices

Block Area (ha) Benefit due 
to drainage 

(C/ha/yr)

Wet Season 
Benefits of 

flood 
alleviation 

(£/ha)

Change in net 
return due to 
maintenance

Average Season 
Benefit due Benefits of 
to drainage flood 

(C/ha/yr) alleviation 
(C/ha)

Change in net 
return due to 
maintenance

Benefit due 
to drainage 

(£/ha/yr)

Dry Season 
Benefits of 

flood 
alleviation 

(C/ha)

Change in net 
return due to 
maintenance

101 14.60 0 1.95 2 0 1.95 2 0 0.00 0
102 8.00 0 22.90 23 0 22.90 23 0 23.53 24
103 11.00 0 5.66 6 0 5.66 6 103 2.41 106
104 17.80 0 0.00 0 0 0.00 0 68 0.00 68
105 9.70 0 15.40 15 68 15.26 84 0 15.85 16
106 18.50 26 0.00 26 26 0.00 26 0 0.00 0
201 64.00 35 0.00 35 35 0.00 35 35 0.00 35
202 9.30 0 0.00 0 0 0.00 0 0 0.00 0
301 1.00 0 0.00 0 0 0.00 0 0 0.00 0
302 3.70 0 2.08 2 0 2.23 2 0 2.23 2
303 2.00 0 0.25 0 15 0.22 16 0 0.28 0
401 4.30 0 0.00 0 32 0.00 32 0 0.00 0
402 5.90 0 10.56 11 6 9.98 16 0 12.30 12
501 3.50 0 0.00 0 16 0.00 16 0 0.00 0
502
601

2.80
6.90

Caravan Park 
207 0.00 207 48 0.00 48 0 0.00 0

602 10.60 0 0.00 0 0 0.00 0 0 0.00 0
603 16.00 0 34.06 34 0 34.06 34 0 34.06 34
604 11.90 0 0.00 O 0 0.00 0 O 0.00 0
605 15.00 0 0.00 0 0 0.00 0 0 0.00 0

701 15.90 0 0.00 0 0 0.00 0 0 0.00 0
801 12.60 0 0.00 0 0 0.00 0 0 0.00 0
901 13.00 0 0.00 0 5 0.00 5 0 0.00 0
1001 6.90 0 0.33 0 0 0.36 0 0 0.36 0
1101
1201

5.10
6.80

Orchard
0 3.49 3 540 3.64 544 0 3.08 3

Total 297 Total

Probability of : Wet season 
Average season 
Dry season

0.11
0.70
0.19

Benefit t£/ha)



Table 5.5 Changes in net retumi due to maintenance and climate, 1995/98 economic prices

Block Area (ha) Benefit due 
to drainage 

{C/ha/yr)

Wet Season 
Benefits of 

flood 
alleviation 

(C/ha)

Change in net 
return due to 
maintenance

Average Season 
Benefit due Benefits of 
to drainage ' flood 

(C/ha/yr) alleviation 
(C/ha)

Change in net 
return due to 
maintenance

Benefit due 
to drainage 

(C/ha/yr)

Dry Season 
Benefits of 

flood 
alleviation 

(C/ha)

Change in net 
return due to 
maintenance

Total
Change

(C/yr)

101 14.60 0 1.95 2 0 1.95 2 0 0.00 0 23
102 8.00 0 22.90 23 0 22.90 23 0 23.53 24 184
103 11.00 0 5.66 6 0 5.66 6 103 2.41 106 272
104 17.80 0 0.00 0 0 0.00 0 39 0.00 39 132
105 9.70 0 15.40 15 39 15.26 54 0 15.85 16 414
106 18.50 13 0.00 13 13 0.00 13 0 0.00 0 199
201 64.00 15 0.00 15 15 0.00 15 15 0.00 15 973
202 9.30 0 0.00 0 0 0.00 0 0 0.00 0 0
301 1.00 0 0.00 0 0 0.00 0 0 0.00 0 0
302 3.70 0 2.08 2 0 2.23 2 0 2.23 2 8
303 2.00 0 0.25 0 5 0.22 6 0 0.28 0 8
401 4.30 0 0.00 0 17 0.00 17 0 0.00 0 51
402 5.90 0 10.56 11 -5 9.98 5 0 12.30 12 43
501 3.50 0 0.00 0 7 0.00 7 0 0.00 0 18
502 2.80 Caravan Park
601 6.90 138 0.00 138 33 0.00 33 0 0.00 0 263
602 10.60 0 0.00 0 0 0.00 0 0 0.00 0 0
603 16.00 0 34.06 34 0 34.06 34 0 34.06 34 545
604 11.90 0 0.00 0 0 0.00 0 0 0.00 0 0
605 15.00 0 0.00 0 0 0.00 0 0 0.00 0 0
701 15.90 0 0.00 0 0 0.00 0 0 0.00 0 0
801 12.60 0 0.00 0 0 0.00 0 0 0.00 0 0
901 13.00 0 0.00 0 -53 0.00 •53 0 0.00 0 -482
1001 6.90 0 0.33 0 0 0.36 0 0 0.36 0 2
1101 5.10 Orchard
1201 6.80 0 3.49 3 513 3.64 517 0 3.08 3 2466

Total 297 Total 5120

Probability of : Wet season 0.11 Benefit (C/ha) 18
Average season 0.70
Dry season 0.19



Table 5.6 Fanner asessment of maintenance benefits

Block Area (ha) Benefit due 
to drainage 

(£/ha/yr)

Average Season 
Financial Prices 

Benrfits of 
flood 

alleviation 
(L/ha)

Change in net 
return due to 
mainUnsnoe

Average Seascn 
Economic Prices 

Benefit due Benefits cf 
to drainage flood 

(t/hafyr) allevi£ian 
(£/ba)

Change in net 
return due to 
maintcnaioe

101 14.60 74 1.95 1109 67 1.95 1007
102 8.00 0 22.90 183 0 22.90 183
103 11.00 0 5.66 62 0 5.66 62
104 17.80 0 0.00 0 0 0.00 0
105 9.70 68 15.40 809 39 15.26 526
106 18.50 26 0.00 481 13 0.00 241
201 64.00 0 0.00 0 0 0.00 0
202 9.30 0 0.00 0 0 0.00 0
301 1.00 0 0.00 0 0 0.00 0
302 3.70 34 2.08 133 18 2.23 75
303 2.00 0 0.25 1 0 0.22 0
401 4.30 32 0.00 138 17 0.00 73
402 5.90 6 10.56 98 -5 9.98 29
501 3.50 16 0.00 56 7 0.00 25
502 2.80 Caravan Park 0
601 6.90 48 0.00 331 -5 0.00 -35
602 10.60 0 0.00 0 0 0.00 0
603 16.00 0 34.06 545 0 34.06 545
604 11.90 0 0.00 0 0 0.00 0
605 15.00 0 0.00 0 0 0.00 0
701 15.90 0 0.00 0 0 0.00 0
801 12.60 0 0.00 0 0 0.00 0
901 13.00 5 0.00 65 -53 0.00 -689

1001 6.90 0 0.33 2 0 0.36 2
1101 5.10 Orchard
1201 6.80 540 3.49 543 513 3.64 517

Total 297 Total fm aiaal benrfit (£) 4557 Total ecmnmic benrfit (£) 2562
Baicfit (£Aia) 15 Benefit (£/ha) 9

5.3 Debris Dams
Tree and bush work is partly justified as a means of avoiding the accumulation of debris in the 

channel with consequences for retained water levels and increased flood risk. The influence of 

debris dams on land drainage was determined by means of simulation as previously described. 

The analysis showed that debris dams have greatest influence on land drainage conditions 

during spring. For this reason spring has been used to assess the likely impacts of debris dams 

which form and are not removed.

Table 5.7 shows the reductions in financial and economic returns due to a reduction in field 

drainage conditions associated with debris dams. It is assumed that dams are formed at equi

distant points along the reach, such that all the channel is affected in some way, but the dams 

are independent in their effect. The impacts in Table 5.7 are additional to those previously
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attributed to desilting and tree and bush work, Le. they are areas whose condition was not 

affected by a change in the original work. The annual financial cost of a single dam at location 

1 for instance is £ 1111 in the case of a 50 % or £ 1456 for a 75 % blockage. If the whole 

channel was affected in some way by debris the annual financial costs would range between 

about £ 2600 and £ 4500 depending on the degree of blockage. Economic prices give total 

annual costs of £ 1100 and £ 2500.

The dams are likely to result in an increase in flood incidence on land already subject to 

flooding, rather than significant increases in the aerial extent of flooding. Very high flows tend 

to move over, around, or sweep away debris material. Preliminary assessment suggest that 

flood costs will double from those identified in Table 5.3, equivalent to an additional £ 

2100/year in an average weather year. On this very rough assessment, a channel blocked with 

(75 %) debris dams would result in financial losses of about £ 6590 per year, about £ 22/ha, 

and economic losses of about £ 4600 per year (£ 16/ha).

5.3.1 Financial and economic impact of debris dams

Through simulation, the influence of debris dams on land drainage has been determined. Table 

5.7 shows the change in financial net returns associated with the change in drainage status 

resulting from 50 % and 75 % blockage of the channel cross-sectional area.

Table 5.7 Net return with 50 %  and 75 %  blockage
Dam Area Affected (ha) 
Site 50 % 75 % 

Blockage

Drainage
Status

Current Net 
Return (£/ha)

F E

Drainage 
Status 

With Dam

Net Return With 
Dam (£/ha)

F E

Total Change (£/yr) 
50 % Blockage

F E

Total Change (£/yr) 
75 % Blockage

F E

1 17.1 22.4 G 410 78 B 345 52 1111 445 1456 582

2 19.2 22.8 G 432 365 B 384 333 922 614 1094 730

3 27.9 31.1 G 192 -65 B 171 -67 586 56 653 62

4 0.0 0.0 No Change

0.0 8.6 B 714 557 VB 564 426 0 0 1290 1127

Total 2619 1115 4493 2501

NB: F = financial prices, E = economic prices
Areas of influence based on spring conditions
Dams are assumed to be beyond the influence of each other, but collectively influencing levels 
throughout the reach
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5.4 Maintenance Costs
Maintenance activities on the River Arrow involve desilting every 7 years. Tree and bush 

work is carried out on a rolling programme with a return period of about 8 years. According 

to NRA records the cost of these operations was £ 15200 and £ 14800 in 1995 prices 

respectively. This is equivalent to an annual cost of £ 2715 and £ 2382 per year respectively 

when spread over the maintenance intervals at a 6 % rate of interest. In addition, the removal 

of debris dam material is carried out when deemed appropriate. Records of actual expenditure 

on debris removal suggest average expenditure of £ 1500 in 1995 prices for the study reach. 

Total average costs for the reach are therefore £ 6597 per year.

5.5 Scheme Appraisal
The estimated annual benefits attributable to maintenance can be compared with estimated 

equivalent annual costs spread over the relevant maintenance interval to determine the 

justification for expenditure.

Table 5.8 shows that the present maintenance programme is viable in both financial and 

economic terms. Benefits exceed costs. Table 5.8 also shows that the current expenditure of 

about £ 1500 on debris removal is worth it, as not to remove debris would lead to retained 

water levels. This assumes that blockages would become a permanent feature of the channel if 

no works were carried out. The possible damage to structures is excluded from the 

assessment.

Table 5.8 Maintenance scheme appraisal: River Arrow
Average Annual Average Annual 

Benefit (£) Benefits (£)
Average Annual 

Costs (£)
Benefit: Cost Ratio

Modelled Estimates 
Tree and Bush Work Only
Financial Prices 7771 
Economic Prices 5120

5097
5097

1.52
1.00

Tree and Bush and Debris Removal (75% blockages)
Financial Prices 14361 
Economic Prices 9720

6597
6597

2.18
1.47

Farmer Estimates (Tree and Bush Work Only) 
Financial Prices 4557 5097 0.89
Economic Prices 2562 5097 0.50
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Farmer assessment gave an average annual financial benefit of £ 4557 (£ 15/ha) and an 

economic benefit of £ 2562 (£ 9 ha). The scheme generates an annual benefit : cost ratio of 

0.89 and 0.5 in financial and economic terms respectively.

This analysis requires cautious interpretation. There is little evidence to confidently explain the 

link between tree and bush work and the probability of debris dams forming in the channel 

Furthermore the behaviour and impact of dams change according to flows. A major 

justification for dam removal is to avoid the risk of flood borne debris causing damage or 

serious blockage at sensitive points elsewhere in the drainage system.
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6 ENVIRONMENT

6.1 Introduction
The environmental quality of the River Arrow is outlined in this chapter. Reference is made to 

river corridor surveys, public consultation and farmer assessment.

6.2 River Corridor Survey
Prior to the river maintenance works in 1992, a river corridor survey was completed 

(Appendix II) for the selected reach following the survey methodology developed by the 

Nature Conservancy Council (NCC, now English Nature, EN). Sketch maps and record cards 

have been produced for each 500 m section. The survey concentrated on the river corridor 

and adjacent land. Details concerning such features as channel dimensions, bed substrate, 

presence of structures, field drainage and bank vegetation were recorded.

As river maintenance did not alter the channel characteristics, a complete post-maintenance 

corridor survey was not necessary. The post-maintenance survey took the form of a 

vegetational survey which concentrated on the maintenance of tree and bush vegetation on the 

banks (Appendix II).

6.3 Public Consultation
In the spring of each year a 'Conservation liaison Meeting' is held by the NRA to discuss the 

work programme for river maintenance in the following year. Representatives from various 

organisations such as EN, the Countryside Commission (CC) and Otter Haven Trust, are 

invited to attend. Objections to the proposed work can be raised and if necessary 

modifications to the work programme made.

Following this meeting, representatives of the various organisations are invited to attend an on

site meeting to discuss the planned maintenance in more detaiL The organisations can make 

recommendations for example, as to which trees in particular are important for specific wildlife 

groups and should therefore be avoided or receive particular attention.
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6.4 Farmer Assessment
Fanners interviewed within the benefit area were asked to identify any environmental features 

along the reach which they thought were likely to be disturbed or destroyed by the 

maintenance work. The majority were in favour of the maintenance scheme and thought that it 

was beneficial in encouraging wildlife to the river. Kingfishers, heron and swans were said to 

be frequent visitors to the iiver. The fish population, particularly trout, is said to be high. 

Otters and sand martins have been seen within the study reach and the NRA are encouraging 

them to nest through sensitive maintenance.

6.5 Channel and Bank Quality
The environmental quality of the River Arrow has been determined by following the procedure 

outlined in the "Guidelines for the Justification of River Maintenance’ (R&D Note 511) 

produced within the framework of the NRA R&D Note 456 (River Maintenance Evaluation).

The quality of the channel is classed as medium. At times of low flow there is a well 

developed transitional zone between the river and channel edge. Sediments are varied and 

there is a well developed pool and riffle sequence.

The bank quality is also classed as medium The hanks are of complex structure and varied, 

being comprised of bare earth cliffs and shallow banks. Bank vegetation is composed of 

mosses, short and tall herbs and grasses, trees, bushes and scrub. Bank width is typically 5 - 

10 m. There is a well developed transitional zone between the river and channel edge at times 

of low flow and sediments are exposed. Vegetation structure is varied in composition, 

structure and height. Overhanging trees and bushes and exposed tree roots provide many 

minor habitats for wildlife.
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7 CONCLUSIONS

7.1 Scheme Appraisal
The existing maintenance scheme of tree and bush clearance every 8 years and desilting every 7 

years is viable in financial and economic terms. The average annual economic benefit of 

maintenance in terms of its prevention in a deterioration in drainage status and increase in 

flooding is £ 5120. Average annual maintenance costs are £ 5097. The benefit : cost ratio is 

therefore 1.0.

Debris removal is also justifiable in financial and economic terms. The benefit: cost ratios are 

2.18 and 1.47 respectively.

7.2 Maintenance Best Practice
The ‘best practice’ vegetation maintenance methods for the River Arrow were determined 

using the procedures outlined in the ‘Guidelines for the Justification of River Maintenance’ 

(R&D Note 511), produced as a result of the Environmental Impact Assessment Study.

Channel

Best practice maintenance operations for emergent weed are identified as :

• Biennial cutting;

• Cutting on a 3 to 5 year rotation; and,

• Desilting / raking at an interval of 2 to 7 years.

Best practice maintenance operations for floating and submerged weed are identified as :

• Annual cutting in the autumn;

• Biennial cutting; and,

• Cutting on a 3 to 5 year rotation.

All these maintenance operations should be selective, concentrating on those areas which are 

particularly choked by vegetation or areas in which the weed is liable to cause an obstruction, 

hazard or restriction to flow.
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Tree and bush maintenance was performed on the River Arrow in 1992. It is scheduled to be 

repeated on an 8-10 year rotation. The channel is desilted through Eardisland approximately 

every 7 years and high spots and gravel shoals are removed as required.

As the River Arrow is predominantly a gravel bed channel, movement of the substrate during 

times of high flow inhibits the development of a lot of aquatic vegetation due to its inability to 

create a firm root hold. Selective cutting of vegetation every few years may be sufficient to 

keep the vegetation under controL Selective desilting every seven years may be sufficient to 

enable the channel to provide the required standard of service. This is in accordance with the 

channel maintenance regime recommended as best practice in environmental terms.

Bank

Best practice maintenance operations for bank vegetation are identified as :

• Mowing / flailing every 3 -5  years leaving a toe strip over 1 m wide or selective cutting (< 

20 %); and,

• Light grazing.

The majority of the banks under grassland land use are grazed lightly by sheep and cattle. The 

banks are not flail m o m  This is in accordance with the bank maintenance regime 

recommended as best practice in environmental terms.

7.3 Recommendations
It is recommended that further research is carried to examine and quantify

• the impact of debris dams on flooding within the benefit area.

7.4 Epilogue
This report has assessed the impacts of the current maintenance regime on the study reach. It 

has been used along with other study sites to formulate guidelines on the appraisal of 

maintenance works and best environmental practice. These draft guidelines are summarised in 

Chapter 5 of the R&D Note 456 and presented in full under separate covers.
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APPENDIX I

Example of input and output data for the watertable model

River Arrow
Block Number 401
Cross-section 3

Input Data Output Data

River height (m AOD) Watertable height (m AOD)
Week
1994

1 85.75 85.61
2 85.75 85.81
3 85.75 85.81
4 85.74 85.81
5 85.75 85.81
6 85.75 85.81
7 85.60 85.81
8 85.75 85.77
9 85.75 85.81

10 85.40 85.81
1_1 85.14 85.74
12 85.33 85.55
13 85.74 85.59
14 85.75 85.73
15 85.75 85.81
16 85.34 85.69
17 85.14 85.61
18 84.99 85.50
19 84.99 85.32
20 84.95 85.23
21 85.14 85.25
22 85.33 85.41
23 85.14 85.36
24 84.59 85.28
25 84.98 85.10
26 84.70 85.09
27 84.69 85.04
28 84.61 85.01
29 84.59 85.08



Example of drainage status classification, River Arrow

With maintenance
Block 401 No. of weeks No. of

Watertable 1994 Spring 1994 weeks 
depth (m)

>0.5 85.34 33 85.34 3
0.3><0.5m 85.54 10 85.54 5

<0.3m 85.84 29 85.84 5

Drainage status classification, according to time watertable Bad
is within the G, B, VB drainage bands

Without maintenance
No. of weeks No. of

weeksWatertable 1994 Spring 1994
depth (m)

>0.5 85.34 28 85.34
0.3><0.5m 85.54 9 85.54

<0.3m 85.84 36 85.84

Drainage status classification, according to time watertable Very Bad 
is within the G, B, VB drainage bands



No. of No. of
Summer 1994 weeks Autumn 1994 weeks

85.34 13 85.34 11
85.54 0 85.54 0
85.84 0 85.84 2

Good Good

No. o f No. o f
Summer 1994 weeks Autumn 1994 weeks

85.34 11 85.34 10
85.54 2 85.54 1
85.84 0 85.84 2

Good Bad
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1. BACKGROUND

1.1 Physical Background
The Dreneuydd and Broadway Reen forms part of the drainage system of the Wentlooge 

Levels in the Newport District of Gwent. The reen rises at Duffiyn (GR 294 848) and forms 

an arterial drain through the small upland catchment. The catchment area of the Dreneuydd 

and Broadway Reen is estimated to be 15.5 km2 and is mainly rural in character.

1.2 Study Reach
The reach of the Dreneuydd and Broadway (Figure 1) selected for study runs for 3 km from 

GR 277 831 to the B 4239 road bridge (GR 273 810). This site was selected for inclusion 

within the River Maintenance Evaluation study as it is characteristic of mam rivers in the area 

on which weed clearance is performed. The area of land deriving benefit from the maintenance 

in terms of its impact on flooding and land drainage has been estimated to be 312 ha.

1.3 River Characteristics
The channel of the Dreneuydd / Broadway Reen is trapezoidal in shape with an average width 

of 5 m. Levels of freeboard are consistently high, averaging 2 m, ranging from 1.5 to 5 m. 

The majority of the banks consists of vegetated earth with bank angles ranging from 45 to 90 

degrees. Brick walls and stone gabions form artificial banks along short reaches of the reen. 

The gradient of the channel is slight, hence the slow flows and predominance of slack water. 

Silt and mud are the dominant bed substrates.

1.4 Land Drainage
The Dreneuydd / Broadway Reen serves a small upland catchment and drains the Wentlooge 

Levels. The Dreneuydd runs into the Broadway Reen which in turn flows into a flood storage 

area and the Bristol Channel through a flapped outfall It is a tide-locked system, the reen only 

draining at low tide. An automatic sluice towards the downstream end of the Broadway Reen 

controls water levels, keeping them high in summer in order for the reens to act as fences for 

livestock and lower in the winter.
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Legend : Scale 1 : 7500

E l  Benefit area

Figure 1 Location of the Dreneuydd / Broadway Reen, tributaries and benefit area
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The majority of reens in the Wentlooge Levels are controlled and maintained by the Caldecote 

and Wentlooge Internal Drainage Board. Eight such reens flow into the Dreneuydd and 

Broadway Reen within the study reach. Figure 1 delineates the benefit area of the Dreneuydd 

and Broadway Reen and indicates the position of the tributary reens.

Just under half of the benefit area is drained by pipes (49 %). Areas drained comprise the areas 

of the golf courses and a high proportion of the arable areas. Further information is provided 

in Figure 2 and Section 2.5.
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0  Land use blocks 

0  Location of cross-sections

Figure 2 Land drainage, land use blocks and location of cross-sections 
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1.5 Geology, Soils and Land Capability
The geology of the study reach and the Wentlooge Levels is characterised by mudstones of 

Permo-Triassic age. The argillaceous sedimentary rocks of this period outcrop extensively in 

Gwent. They are overlain by clayey alluvium of riverine and marine origin.

Soils of the Newchurch Association are present within the study reach. The Newchurch series 

of this pelo-calcareous alluvial gley soil dominates the Association which also contains the 

Wallasea Series. The latter is a clayey non-calcareous soil. Three soil profiles taken at 

different points within the benefit area are presented in Figure 3. The soils are of a dark 

brown/grey colour with a clayey texture. Some mottling and gleying was evident at the time of 

the soil survey.

The land is low lying and protected from high spring tides by sea defences. Throughout much 

of the winter the land is waterlogged due to high groundwater levels. Typically the soil profile 

is waterlogged within 40 cm of the ground surface for 180 to 335 days in most years. The Soil 

Survey of England and Wales (SSEW) attribute a Wetness Class of V to this soil wetness 

regime (Rudeforth et al, 1984). Most soils are moderately permeable and where field drainage 

is installed the Wetness Class may improve to Class IV when the soil is waterlogged within 40 

cm of the surface for more than 49 % but less than 92 % of the year.

Rainfall data from the nearest meteorological station to the she, Redwick, Usk (GR. 413 841, 

station reference 481 380) suggests that the mean annual rainfall is approximately 1030 mm.

The land is classed as Grade 3 agricultural land in accordance with the classification of the 

Ministry of Agriculture, Fisheries and Food (MAFF). Permanent grassland is the dominant 

land use within the area and is used for the grazing of sheep and livestock. Some cereals, 

commonly spring crops and oilseed rape are also grown. Moderate limitations affect the 

choice of crops, timing and type of cultivation, harvesting and yield.
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1.6 Capital Works
Capital works were performed along the entire length of the Dreneuydd and Broadway Reen in 

1961. A channel improvement scheme involving the re-grading and re-sectioning of the entire 

reen took place. Structures were also replaced at this time.

1.7 River Maintenance
The Dreneuydd and Broadway Reen is subject to a programme of regular river maintenance 

for the benefit of land drainage and flood alleviation. Desilting (casting) and weed clearance 

using a Bradshaw bucket take place every 18 months towards the middle to end of the year.

The main reason for the current level of maintenance on the reens is that it is scheduled into a 

regular work programme. ' Inspection of the watercourse condition also determines the 

maintenance frequency. Standards of service for the level of maintenance are based on custom 

and practice and a survey by engineers. Methods of maintenance adopted are based on proven 

suitability, watercourse conditions, cost effectiveness and environmental factors.

Landowners and occupiers with frontages along the watercourse are notified of maintenance 

schemes through letters and verbally. Conservation bodies with interest in the environmental 

aspects of the watercourse are invited to an annual meeting at which the maintenance 

programme is discussed. Objections may be raised and if necessary, the maintenance 

programmes may be modified in order to accommodate specific environmental features.

1.7.1 Farmers views on maintenance

During the interviews held with farmers within the benefit area, the majority expressed 

satisfaction with the type and level of maintenance performed. It is appreciated that 

maintenance is necessary in order to ensure the reen remains free flowing. However, the view 

that the sluice on the Broadway Reen controls the water levels rather than the in-channel 

vegetation was expressed. Desilting of the channel is also thought to undermine the river 

banks and increase their instability.

1.7.2 Alternative maintenance strategies

Various alternative maintenance strategies were suggested by farmers during the course of 

discussions. Some expressed the view that some of the channel vegetation should be left for
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the benefit of wildlife. Others stated that the water levels in the reen are kept too low during 

the summer months and do not act as effective fences to livestock. There were many reported 

cases of lambs and sheep falling into the reen and drowning as they were unable to climb out 

due to low water levels.

The automation of the sluice gate on the Broadway Reen was suggested as a method for more 

effective control of water levels than the current manual method. Automation would enable 

the sluice to be lowered more rapidly in times of high water levels in the reens. The opinion 

that the outfall of major ditches into the Dreneuydd and Broadway Reens should be flapped 

was also expressed. It is thought that this would prevent the ‘backing up’ of water from the 

main reen up the tributary ditches and hence field drainage pipes during the winter months.

1.8 Climate
The impact of river maintenance on the watertable and river levels depends on the particular 

weather conditions, especially rainfall, which varies between seasons and years. The seasonal 

and yearly totals of rainfall for the period of the study are presented in Table 1.1. The seasons 

of 1992, 1993 and 1994 were all average when compared to the long term rainfall records. 

However, the spring of 1994 was towards the wet side of average and just falls outside the wet 

classification band.

The probability of wet, average and dry seasons and years occurring has been determined 

through analysis of long term monthly rainfall figures from the meteorological station at 

Redwick (GR. 413 841) which cover a 23 year period. The classification system of the Food 

and Agricultural Organisation (FAO) was used to determine the rainfall class bands. Wet and 

dry seasons and years are classed as those which receive greater than 125 % and less than 75 

% of the average rainfall values respectively. The probability of each type of season and year 

occurring are shown in Table 1.2.
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Table 1.1 Rainfall totalsa auic i . i
Period Season Actual 

Rainfall (mm)
Average * 

Rainfall (mm)
% Average 

Rainfall

1992 Spring 133.0 263.5 50.5
Summer 258.4 273.7 94.4
Autumn 303.1 366.5 82.7

1993 Spring 182.2 263.5 69.1
Summer 198.8 273.7 72.6
Autumn 189.4 366.5 51.7

1994 Spring 257.6 263.5 97.8
Summer 190.9 273.7 69.7
Autumn 293.3 366.5 80.0

1995 Spring 1 2 2 . 1 263.5 46.3

Total 1992 831.7 871.7 95.4
1993 1001.4 871.7 114.9
1994 1151.0 871.7 132.0

* Based on 23 Year record from 1970 to 1993, Redwick (GR. 413 841)

Table 1.2 Probability of climatic condition
Season Dry * Average * Wet*

Spring 0 . 1 2 0.75 0.13
Summer 0 . 2 1 0.71 0.08
Autumn 0.17 0.71 A 1 ^U. LZ*

Year 0.31 0.52 0.17

* Based on records since 1970

The Main Report (Section 3.5.4) describes the process by which financial benefits of 

maintenance are calculated according to the probability of average, dry and wet seasons and 

years occurring.

1.9 Aquatic Vegetation

Prior to river maintenance, the aquatic vegetation within the Dreneuydd and Broadway Reen 

was identified. Submerged, emergent and floating vegetation were present in addition to algae.
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1.9.1 Submerged vegetation

The dominant aquatic plants in the study reach are Potamogeton sp. (waterweed) and Elodea 

sp. (Canadian pondweed). Elodea is a submerged plant characterised by branched stems which 

can range in length from 10 cm to 3 m. Potamogeton is a rooted plant with oval dark green 

leaves. Although it is classed as a floating broad-leaved aquatic plant it often has some 

submerged leaves.

Weed cutting is an effective method of controlling the Canadian pondweed. The waterweed 

however, reproduces through rhizomes and is therefore more difficult to control Desilting 

may be necessary in order to reduce or remove the seed bank of Potamogeton from the river 

bed.

1.9.2 Emergent vegetation

Apium (Fools water-cress) is classed as a broad-leaved emergent plant. It is an umbellifer with 

compound leaves and may grow up to a metre in height. Apium grows along the water 

margins, forming large stands in the Dreneuydd Reen. It is less common within the Broadway 

Reen.

The tall emergent grasses Glyceria (Reed Sweet-grass) and Phragmites (Common reed) are 

also common within the reens. These grasses may reach up to 2 m in height and grow in dense 

stands in slow moving water. They provide greater resistance to flow than some submerged 

plants as they can create a fairly impermeable barrier to the flow of water, depending on the 

density of the vegetation stand.

Control of Glyceria may be difficult as it reproduces through a system of rhizomes 

(underground stems) which are buried in the mud and silt of the channel bed. Any form of 

control which leaves these rhizomes intact will have only a short term benefit. Unless these are 

removed through desilting, Glyceria will regrow the following year.

1.9.3 Floating vegetation

Lemna (Duckweed) is a small free-floating plant with many rootlets on the underside. Azolla 

(Water fern) is similar to the duckweed in that it too, is a free-floating plant made up of fronds 

with rootlets on the undersides. Both commonly form extensive floating mats on the water 

surface. In the autumn, the floating mats of Azolla commonly turn red. They multiply and
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spread through vegetative reproduction. Azolla is able to withstand temperatures of up to -10 

degrees centigrade and it over winters well.

Control methods which disturb the plants and create open areas of water which are free from 

Azolla or Lemna serve to prevent the development of a plant mat. The impact of herbicides on 

the control of the weed is restricted. If the mat is multi-layered, the herbicides destroy the 

outside layers, but do not penetrate to the inner layers. The inner layers are thus still able to 

reproduce.

1.9.4 Algae

Filamentous algae is also found within the Dreneuydd/Broadway Reen. The long chains of this 

algae grow up from the hydro soil. It is difficult to control as it can be found anywhere and 

grows rapidly through simple fission by which each cell divides. Algae is common in nutrient 

rich waters and frequently invades areas where other aquatic plants have been controlled or 

eradicated.
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2. FARM SURVEY

2.1 Introduction
Through structured interviews and discussions with fanners along the selected reach and 

through a topographical survey, the area deriving benefit from river maintenance works in 

terms of its effect on flooding and land drainage is estimated to be 312 ha (Figure 1).

2.2 Farm Type, Size and Tenure
Of the 17 farms surveyed within the benefit area, two are classed as cereal farms according to 

the European Union (EU) classification system Four are classed as lowland and livestock 

enterprises and one as pig and poultry. The remaining holdings are classed as ‘other’. These 

include golf courses, small holdings which provide grazing for horses and grass which is 

cultivated for turf production.

The management status of all the farms is sole proprietorship. The average farm size is 43 ha 

although small holdings of less than 2 ha are common. The Standard Man Day (SMD) or 

Man-Work-Unit requirement ranges from one to 1128. The average SMD value is 190. This 

SMD value may be used to assess the labour requirement of agricultural enterprises. 

Generally, the higher the SMD value, the greater the amount of labour required. All farmers 

have one holding. The majority of land within the benefit area is owner occupied; only 13 ha is 

rented under a 364 day tenancy agreement.

2.3 Livestock Enterprises
Five of the farms have some sheep enterprise. Flock sizes range from 80 to 250 sheep and the 

breeds kept are Buellers or Scotch Mule mixed. The latter are kept under a tack system. 

These ‘tack sheep’ are brought off the Welsh mountains during the winter to graze the lowland 

pastures. Lambing rates range from 1.3 to 1.5 lambs/ewe tupped. Both the fat lamb and store 

lamb systems are followed.

Black Hereford store cattle are kept on four farms. Herd sizes range from 3 to 36 beasts and 

are aged between one and two years. A further 60 cattle are reared to 18 months and fattened 

off under a grass/cereal system. They are typically sold at 475 kg live weight.
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One poultry enterprise is located within the benefit area. Forty birds are kept under a free 

range system.

2.4 Arable Enterprises
Three farms have arable land within the benefit area. This consists of winter cereals, 

commonly wheat and barley and oilseed rape. On two of the farms, a six year rotation is 

followed under which two years of winter wheat are followed by one year of a break crop such 

as winter field beans then more winter wheat and an oilseed crop. Yields for the wheat and 

beans average 2.9 t/ha and 4.1 t/ha respectively. The other farm follows a grass/arable rotation 

under which winter wheat, field beans and spring barley are followed by two years of grass.

2.5 Land Use In The Benefit Area
Figure 4 shows the land use within the benefit area. As Table 2.1 illustrates, the dominant 

agricultural land uses are cereal / oilseeds and intensive grass, for the grazing of beef and 

cutting of silage. Two large golf courses and an area of turf production are also located within 

the benefit area.

Table 2.1 Land use in the benefit area
Land Use Area (ha) % of Benefit 

Area
% Land 

With Field 
Drains

Extensive grass 48.6 15.5 13.9
Intensive grass 49.6 15.9 42.7
Cereal/oilseeds 63.0 2 0 . 2 0 . 0

Grass/arable 46.2 14.8 1 0 0 . 0

Other 105.0 33.6 76.1

Extensive grass is characterised by permanent grassland used for the grazing of beef and sheep 

over short seasons. Inputs of nitrogen are low (typically < 40 kgN/ha) and if grass 

conservation takes place, hay rather than silage is usually cut. Intensive grassland is associated 

with long grazing seasons, multiple grass cutting for silage and higher inputs of nitrogenous 

fertiliser (> 40 kg/N/ha).
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Figure 4 Land use in the benefit area
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The areas which have field drainage pipes installed are also shown in Table 2.1. All the land 

under a grass/arable rotation is drained by pipes. A higher proportion of intensive grass is 

drained than the extensive grass. Land under a cereal/oilseed rotation is naturally drained. 

Further information is presented in Figure 2.

2.6 Turnout and Yarding Dates
Throughout the benefit area, turnout dates for livestock fell into two mam categories: April, 

and after grass has been cut for hay or silage. Forty one percent of the grassland area is not 

grazed. Table 2.2 provides further information regarding turnout dates.

Table 2.2 Turnout dates
Turnout Date % Grassland

Area

Mid/late March 3.4
Early/mid April 6.9
Mid/late April 10.4
Early/mid May 10.3
After 1 st silage cut 13.9
After 1st hay cut 3.4
Overwintered 10.3
Not grazed 41.4

Yarding dates are commonly October and November. Land which remains relatively well 

drained during the winter months and that which is not prone to flooding is grazed over the 

winter by sheep under the ‘tack system’. This is a system whereby sheep are brought off 

highland areas of Wales to graze the lowland pastures of the Levels throughout the winter 

months. Further information on the dates livestock are taken off the land for the winter are 

provided in Table 2.3.

Table 2.3 Yarding dates
Yarding Date % Grassland

Area

Mid/late October 31.1
Early/mid November 6.9
Mid/late November 10.3
Overwintered 10.3
Not grazed 41.4
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2.7 Grass Conservation
Thirty six percent of the grassland is not grazed or subject to grass conservation . This land is 

composed of small holdings which are kept for the grazing of horses. Of the land which is 

conserved, one cut of silage is the most common. Multiple cutting is not practised as Table 2.4 

indicates. Thirty nine percent of the grassland is grazed only and is not cut for hay or silage. 

Cutting takes place in mid to late June.

Table 2.4 Grass conservation
Conservation System Grassland

Area (ha)

1  cut hay 7.1
1  cut silage 17.9
Grazed only 39.3
No grazing or conservation 35.7

2.8 Nitrogen Application
The majority of the grassland within the benefit area receives no inputs of nitrogen. Both 

straight and compound fertilisers are applied to 31 % of the benefit area. The NPK fertiliser 

ICI number 5 in the proportions 17:17:17 is commonly applied. The proportions 2 0 :1 0 : 1 0  are 

also used. Levels of nitrogen application are restricted due to the Site of Special Scientific 

Interest (SSSI) status of the Wentlooge and Caldicot Levels. Table 2.5 provides further 

information regarding the application rates of nitrogenous fertiliser.

Table 2.5 Nitrogen application rates
Rate (kg N/ha) Grassland Area

(ha)

0 . 0 66.7
4 - 1 0 3.5

1 1 - 2 0 14.0
49 -70 13.9

The golf courses receive the lowest application of nitrogen. A slow releasing nitrogenous 

fertiliser is applied at the rate of 4 kg N/ha,
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2.9 Flooding
Within the study reach only three fanners report the occurrence of flooding on their land ; 

covering a 5 ha area (Figure 5). In all cases, flooding is attributed to high water levels in the 

channel due to the sluice gate on the Broadway Reen retaining levels. In each case, the 

duration of flooding is said to be 2 to 3 days.

No damage is generally incurred as a result of the flooding, although in the past, sheep have 

been lost if they have fallen into the reen and been unable to climb out due to the sheer weight 

of their wet wool. One farmer stated that no crop damage was incurred as the flood waters do 

not linger on the land but drain away quickly due to the control exerted by the sluice gate.

2.10 Waterlogging
The land wetness condition of the benefit area throughout the spring, summer and autumn has 

been classified by the fanners and is shown in Table 2.6. Throughout the spring and summer 

the majority of the land is well drained being rarely or occasionally wet. During the autumn 

only 17 % of the benefit area remains well drained (rarely wet). Forty percent is classed as 

often wet and 7 % as permanently wet. These wetter conditions in the autumn have been 

attributed to excess precipitation and the clayey nature of the soil which is slow to drain and 

remains waterlogged for iong periods.

Table 2.6 Farmer assessment of wetness condition
Season Wetness Condition Area (ha) % of Benefit 

Area

Spring Rarely wet 96.7 31.0
Occasionally wet 172.2 55.2
Often wet 43.1 13.8
Permanently wet 0 . 0 0 . 0

Summer Rarely wet 193.8 62.1
Occasionally wet 96.7 31.0
Often wet 21.5 6.9
Permanently wet 0 . 0 0 . 0

Autumn Rarely wet 53.7 17.2
Occasionally wet 118.2 37.9
Often wet 118.2 37.9
Permanently wet 21.9 7.0
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Prior to the capital work scheme, the wetness condition of the land is reported by some 

farmers to have been much worse. In the autumn, larger areas were subject to permanently wet 

conditions and increased incidence of flooding.
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2.10 Statistical Analysis
It is apparent that land use, farming practice, soil type, drainage and flooding are interrelated. 

Statistical methods were used to determine whether these relationships occurred more 

frequently than might be expected by pure chance. Full details of this analysis in which the 12 

sites were grouped according to NRA Region, are presented in the Interim Report R&D 

317/13/ST, presented to the NRA in December 1994.

The following observations can be made from the statistical analysis of fields in the benefit area 

of the Dreneuydd and Broadway Reen maintenance programme:

• Land use is strongly associated with soil type. Grassland systems are predominantly on 

clay soils and cereals are located on loam soils. (Statistically there is an 87 % chance of 

correctly predicting land use on the basis of soil type).

• The presence of land drainage however is a function of the farming system and lancf 

management, not soil type. Areas of intensive land use such as cereals and oilseeds are 

grown on land which is well drained naturally. Only the wetter areas of certain fields tend 

to be artificially drained.

• Land use and flood risk are strongly associated. Flood risk is higher on grassland. Most 

land under a cereal / oilseed rotation is flood free. (Statistically there is a 77 % chance of 

correctly predicting flood risk on the basis of land use).

• Turnout dates for livestock in the spring are earlier on drier land than on wetter land. 

Livestock are overwintered out at grass on the drier land. (Statistically there is a 60 % 

chance of correctly predicting turnout dates according to field wetness condition).

• Levels of application are a function of the farming system followed. Levels of application 

are restricted by the Site of Special Scientific Interest (SSSI) status of the area.
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3 HYDRAULIC AND HYDROLOGICAL INFORMATION

3.1 Introduction
Hydraulic and hydrological information has been used to determine the impact of maintenance 

on channel capacity and flood return periods.

3.2 Cross-sections Surveys
Cross sectional surveys of the river channel were taken at three points along the study reach at 

an average interval of 1150 m (Figure 2). Channel capacity and freeboard were determined 

from these cross-sections. The channel cross-section remained unchanged following the 

regular weed clearance programme and so a post-maintenance cross-sectional survey was not 

necessary.

Prior to weed clearance, channel roughness was expressed in the form of the Manning’s n 

coefficient in accordance with the methodology developed by Cowan (1956). This coefficient 

is composed of six elements which include the degree of irregularity of the channel bed, level 

of vegetation growth and predominant bed material. The same procedure was followed post

maintenance in order to determine friction values for the 'with' and 'without' maintenance 

situation. Further details of this methodology are contained within the R&D Note 456 

(Appendix IV).

Stage/discharge curves for the ’with' and 'without' maintenance situation were constructed for 

each cross-section using the different values of Manning's 'n\ Channel cross-section 

information, stage/discharge curves and channel information are presented in Figure 6 . The 

hankfiill channel capacities and associated return periods for the ‘with' and 'without' 

maintenance scenario are presented in Table 3.1.
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Table 3,1 Bankfull capacity and retiirn periods
Without Maintenance With Maintenance

Cross- Bankfull Return Bankfull Return
Section Capacity

(nvVs)
Period
(years)

Capacity
(m-Vs)

Period
(years)

1 0.32 0.18 0.9 0.45
2 1.03 0.60 2 . 0 2 3.50
3 0.74 0.39 1.42 1 . 2 0

Source : Modelled estimates
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3.3 Flood Return Periods
The bankfuU capacity figures obtained from the cross-sections indicate an average increase in 

capacity attributable to maintenance of 53 % and an average increase in the interval between 

flood events of 70 %.

T h ro u gh nut the period of study (1992 to 1995) river water level information was collected ; 

initially from a gauge board at Cidwely Arch, towards the upper limit of the study reach. 

However, this gauge board was subject to repeated vandalism and was removed. A level 

recorder was installed in the Broadway Reen at GR. 271 830 in September 1993. This has 

also been subject to vandalism and unfortunately the measurement of water levels in the reen 

has been disrupted and intermittent. Sufficient data does exist however, to enable some 

analysis.

Information regarding frequency, duration and magnitude of flood flows were collected from 

interviews with local farmers and NRA staff. A flood return period curve has been compiled 

from this information, using the methodology contained within the Flood Studies Report 

(NERC, 1975). The frequency of floods of different magnitudes can be estimated from the 

flood return period curve (Figure 7).

The flood return period and flooded areas for each block which floods is shown in Table 3.2. 

The ‘without’ maintenance return period is estimated by the farmer, the ‘with’ maintenance 

value is a modelled estimate using the cross-section information and Manning’s n coefficient.

It is assumed that the flooded area remains unchanged following maintenance.
i

Table 3.2 Flood return periods and flooded areas
Block No. Block Size 

(ha)
Area Flooded 

(ha)
Flood Return Period (Years) 

Without Maintenance With Maintenance

102 13.4 0.4 0.18 0.5
103 5.50 1.1 0.18 0.5
104 5.10 1.0 0.18 0.5
106 8.50 0.9 0.18 0.5
204 1.80 1.8 0.6 1.0
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4. LAND DRAINAGE

4.1 Field Drainage Status
The drainage status of the land within the benefit area has been determined on a seasonal basis 

using a non-steady state watertable model which relates infield watertable levels (and hence 

drainage conditions) to observed water levels in the river and ditch system (see R&D Note 456 

Section 3.5.2 for further details). The model has been run using river water levels for the 

‘with’ and ‘without’ maintenance situation and using the same climatic data to enable the 

isolation of the impact of weed clearance on drainage status.

The results of the watertable modelling and the assessment of drainage status made by farmers 

are shown in Table 4 .1 .

The drainage status of land has been classified into three standards according to watertable 

depth. An extensive literature review and farmer survey enabled three watertable bands to be 

identified:- > 0.5 m from the surface, between 0.3 m and 0.5 m of the surface and < 0.3 m from 

the surface. According to the time the watertable lies within these bands, the drainage status is 

classed as good (G), bad (B) or very bad (VB). An example of this classification system for 

one block of land within the Dreneuydd/Broadway Reen benefit area is shown in Appendix I. 

Further details are presented in the R&D Note 456 Section 3.5.2.

In some cases, there may be a change in the number of weeks that the watertable lies within the 

three drainage status bands as a result of maintenance. However, these changes may not be of 

sufficient magnitude to change the drainage status classification. Where a change in drainage 

status has occurred due to maintenance, the changes appear in bold print in Table 4.1.
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Table 4.1 Drainage status for wet, average and dry seasons, without/with
maintenance

Wet Season * Average Season Dry Season * Farmer Assessment

Block
No

Without With
*

Without With Without With
With Maintenance 

Wet Average Dry
Without

1 0 1 N VB B B G G G B G G B
1 0 2 N VB B B G G G B G G B
103 N VB B B B G G B G G B
104 N VB G B G G G B G G B
105 N VB B B G G G VB B G B
106 N VB B VB B G G VB B G B

2 0 1 N B B B G G G VB B G B
2 0 2 Y B B B G G G B B G B
203 N B B B G G G B B G B
204 N B B B G G G VB B G B
205 N VB VB VB B G G VB B G B
206 N VB VB VB B G G B B G B
301 N G G G G G G B G G B
401 N B G B G G G B G G B
501 N B B B G G G B G G B
601 N B B B G G G B G G B
701 N B B B G G G B G G B
801 N B B B G G G VB G G G
901 N VB B B G G G VB B G B
902 N VB B VB VB G G VB B G B
1 0 0 1 N VB B VB VB n nU B /-*

\j KJ B
1 1 0 1 N VB VB VB VB G G B G G B
1 2 0 1 N VB VB VB VB G G B G G B
1301 Y VB VB B B G G B G G B
1302 Y VB B B B G G B G G B
1401 Y B G B B G G B G G G
1501 N VB VB VB VB G G B G G B
1601 N VB B B B G G B G G B
1701 Y VB B B B G G B G G B

NB : * Modelled results
Y or N refers to the presence or absence of field drainage 
Bold type indicates a change in drainage status classification due to maintenance 
Italics indicate a difference in farmer and modelled assessment of drainage conditions 
with maintenance

The results from the watertable model are 1 0 0  % consistent with the farmer assessment of 

drainage condition under dry weather conditions for the ‘with’ maintenance situation. Under 

average and wet conditions, there is 41 % and 45 % agreement between farmer and modelled
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assessments respectively. In the ‘without’ maintenance situation, there is 62 % agreement 

between farmer assessment of field drainage conditions and those predicted by the model under 

average weather conditions. However, farmers seem unable to distinguish between bad and 

very bad drainage conditions and classify most land as bad in the absence of maintenance.

Statistical analysis confirms this agreement between modelled and farmer assessment for the 

‘with’ maintenance situation, with a Phi value of 1 and a Chi Square value of 35 with 4 degrees 

of freedom at the 99 % confidence limit. The calculated value of Chi Square (35) is greater 

than the critical value of 13.28 and so the hypothesis that there is a strong association between 

farmer assessment and modelled predictions of drainage status is accepted.

These assessments of watertable position in various seasons confirm that with maintenance, 

drainage status in the benefit area is good under dry climatic conditions but bad under wet 

conditions. Under average conditions, 41 % of the benefit area is classed as being under good 

drainage. If no maintenance were performed, the drainage status would deteriorate and a 

higher percentage of the benefit area would be classed as having bad and very bad drainage.

Current levels of maintenance activity prevent the deterioration of drainage status on 31 blocks 

of land. The percentage change of area by drainage status as a result of maintenance is 
estimated to  be :

• in a wet season maintenance prevents deterioration in drainage status from :

G to B over 33.2 ha (11 % of BA)

G to VB over 5.1 ha (2 % of BA)

B to VB over 109.8 (35 % of BA)

• in a normal season maintenance prevents deterioration in drainage status from :

G to B over 153 ha (49 % of BA)
B to VB over 23.3 ha (7 % of BA).

Farmer perception of drainage deterioration due to lack of maintenance (under average 

conditions) was good to bad on 79 % of the benefit area.
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5 SCHEME APPRAISAL

5.1 Maintenance Benefits
For each block of land, agricultural production scenarios were created which reflect different 

levels of field management under conditions of good, bad and very bad drainage (see R&D 

Note 456 Section 3.5.4). These scenarios are based on discussions with farmers in the benefit 

area over the period 1992-1994.

Changes in field drainage status as a result of maintenance under dry, average and wet climatic 

conditions have been identified. Changes in flood risk associated with maintenance have also 

been determined. Estimates have been derived of the monetary value of changes in field 

management and productivity associated with these changes in the standards of drainage 

service.

Two perspectives have been used to value agricultural performance. The first perspective is 

that of financial analysis which uses the prices paid and received by farmers to estimate the 

added-value associated with drainage. Financial analysis shows the benefits of maintenance to 

farmers in the benefit area.

The second perspective is that of economic analysis which modifies the financial analysis to 

make allowance for the direct and indirect subsidies paid to farmers by Government. In 

accordance with the MAFF Project Appraisal Guidance Notes on Flood Defence (PAGN, 

1993), these modifications involve reductions in the financial value of output (including 

subsidies) by 10% in the case of cereals, oil seeds and grain legumes, 35% for beef and 25% 

for sheep. Commodities subject to quota such as potatoes, sugar beet and milk are treated as 

winter wheat. The set aside areas are also treated as wheat. The reasons for these adjustments 

are discussed in the R&D Note 456 Section 2.7.2.

Table 5.1 shows the financial net returns (1995/96 prices) for each block of land within the 

benefit area under conditions of good, bad and very bad drainage. Changes in net returns 

relating to a change in drainage status are also shown. Table 5.2 presents similar data using 

economic prices. Table 5.3 shows the flood costs for each block of land assuming with and 

without maintenance and specified field drainage conditions. It is assumed that there is no
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difference between financial and economic values in the case of flood damage to standing 

crops.

Table 5.4 combines data on changes in drainage status, flood risk and financial performance to 

determine the financial benefits and change in financial net returns due to maintenance for wet, 

average and dry weather conditions for each block of land in the benefit area. These benefits 

are the avoidance of losses which would occur in the absence of maintenance. Benefits 

weighted by field size for wet, average and dry seasons are multiplied by the relative 

probability of the occurrence of the season to give an average expected annual benefit. These 

are summed for the benefit area as a whole.

Table 5.4 estimates a total expected annual benefit of about £ 6208 in 1995 financial prices, 

equivalent to about £ 20/ha per year on 312 ha. Table 5.5 shows the benefits attributable to 

maintenance using economic prices based on the current MAFF Project Appraisal Guidance 

Notes. Total average expected annual benefits are approximately £ 4211 in economic prices 

for the benefit area, equivalent to £ 13/ha. On this basis, the benefit to the national economy is 

about 65 % of the benefits which accrue to farmers. This difference reflects the adjustments 

required by MAFF to remove government subsidy from the assessment of benefits. These 

financial and economic benefit estimates show the limits which fanners and the nation 

respectively should justifiably spend on maintenance. These estimates require cautious 

interpretation as explained in the R&D Note 456 Section 2.7.2.
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Table 5.1 Financial net returns
Net Return (£/ha) Change in Net Return (£/ha)

Block G B VB G-B B-VB G-VB

1 0 1 441 372 261 69 1 1 1 179
1 0 2 441 372 261 69 1 1 1 179
103 105 82 51 23 32 55
104 489 372 273 117 99 216
105 441 372 261 69 1 1 1 179
106 441 372 261 69 1 1 1 179

2 0 1 151 109 91 42 19 60
2 0 2 151 1 2 0 91 31 29 60
203 114 95 64 19 31 50
204 103 85 58 18 27 44
205 114 95 64 19 31 50
206 132 105 85 27 2 0 47
301 1 0 1 91 80 1 0 1 1 2 1

401 1 2 0 1 0 0 81 2 0 19 39
501 1 2 0 1 0 0 81 2 0 19 39
601 1 2 0 1 0 0 81 2 0 19 39
701 116 96 75 19 2 1 40
801 96 80 75 16 5 2 1

901 168 118 95 49 23 72
902 167 123 95 44 28 71
1 A /M  
1 U U  1

^  1
j i  / 282 246 35 36 71

1 1 0 1 83 75 6 6 7 9 16
1 2 0 1 I0 l 91 80 1 0 1 1 2 1

1301 349 298 206 51 91 142
1302 384 321 269 63 52 116
1401 384 321 269 63 52 116
1501 382 327 249 54 78 133
1601 179 155 132 23 24 47
1701 300 249 193 51 56 107

R&D 317/22/ST 33



Table 5.2 Economic net returns
Net Return (£/ha) Change in Net Return (£/ha)

Block G B VB G-B B-VB G-VB

1 0 1 404 335 227 70 108 178
1 0 2 404 335 227 70 108 178
103 -89 -70 -57 - 2 0 -13 -32
104 129 92 61 37 31 67
105 404 335 227 70 108 178
106 404 335 227 70 108 178

2 0 1 58 25 15 33 9 43
2 0 2 58 35 35 23 0 23
203 4 -4 - 1 1 9 7 15
204 3 -5 -13 8 8 16
205 4 -4 - 1 1 9 7 15
206 48 30 2 1 18 8 27
301 5 3 2 1 1 3
401 5 1 -4 5 4 9
501 5 1 -4 5 4 9
601 5 1 -4 5 4 9
701 31 2 1 1 2 1 0 9 19
801 25 17 1 2 8 5 13
901 50 24 1 1 25 14 39
902 38 18 1 1 19 8 27
1 0 0 1 1 0 2 8 6 72 16 14 30
1 1 0 1 2 2 0 1 1 2

1 2 0 1 5 3 2 1 1 3
1301 30 2 2 9 8 13 2 1

1302 113 90 71 23 19 42
1401 113 90 71 23 19 42
1501 341 288 199 53 89 142
1601 8 6 71 57 15 14 29
1701 174 141 90 33 51 84
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Table 5.3 Flood costs
GOOD DRAINAGE BAD DRAINAGE

Without With Without With Without With
maintenance maintenance maintenance maintenance maintenance maintenance

Block FRP FRP flood flood flood flood
Number cost cost cost cost

102 0.18 0.50 10.50 3.78 8.94 3.22
103 0.18 0.50 15.53 5.59 12.14 4.37
104 0.18 0.50 9.17 3.30 7.31 2.63
106 0.18 0.50 34.97 12.59 29.83 10.74
204 0.60 1.00 12.35 7.41 11.15 6.69

VERY BAD DRAINAGE CHANGE IN FLOOD COSTS

Without With GOOD BAD VERY GOOD BAD TO GOOD TO
maintenance maintenance BAD TO BAD VERY BAD VERY BAD

flood flood Without Without Without Without Without Without
cost cost -with -with -with -with -with -with

9.11 3.28 6.72 5.72 5.83 5.16 5.89 5.33
8.44 3.04 9.94 7.77 5.40 6.55 4.07 2.85
5.75 2.07 5.87 4.68 3.68 4.01 3.12 2.45

30.42 10.95 22.38 19.09 19.47 17.24 19.68 17.83
8.72 5.23 4.94 4.46 3.49 3.74 2.03 1.31
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Tabla 5.5 Changei In net retume due to maintenance and dimate. 1995/96 economic prices

Block Area (ha)
Wet Season 

Benefit due Benefits of 
to drainage flood 
IC/ha/yr) alleviation 

(C/ha)

Change in net 
return due to 
maintenance

Average Season 
Benefit due Benefits of Change in net 
to drainage flood return due to 
[E/ha/yr) alleviation maintenance 

<£7ha)

Dry Season 
Benefit due Benefits of Change in net 
to drainage flood return due to 
[£/ha/yr> alleviation maintenance 

(£/ha)

Total
Change
tC/yr)

101 13.90 108 0 .0 0 108 70 0 .00 70 0 0.0 0  0 861
102 13.40 108 5.89 114 70 5.16 75 0 6.72 7 904
103 5 .5 0 -13 4 .0 7 -9 0 7.77 8 0 9.94 10 35
104 5.10 67 2.45 70 37 4.01 41 0 5.87 6 193
105 4 .6 0 108 0 .0 0 108 70 0 .00 70 0 0 .0 0  0 285
106 8 .5 0 108 19.68 128 108 19.68 128 0 22.38 22 933
201 2 .7 0 0 0 .0 0 0 33 0 .00 33 0 0 .0 0  0 65
202 3 .3 0 0 0 .0 0 0 23 0 .00 23 0 0 .0 0  0 54
203 3 .9 0 0 0 .0 0 0 9 0 .00 9 0 0 .0 0  0 24
204 1.80 0 3.49 3 8 3.74 12 0 4 .9 4  5 17
205 4 .4 0 0 0.00 0 7 0 .00 7 0 0 .0 0  0 21
206 10.40 0 0.00 0 8 0.00 8 0 0 .0 0  0 62
301 0 .8 0 0 0.00 0 0 0.00 0 0 0.0 0  0 0
401 13.20 5 0 .0 0 5 5 0.00 5 0 0 .0 0  0 50
501 25.1 0 0 0 .0 0 0 5 0.00 5 0 0.0 0  0 83
601 59.9 0 0 0 .0 0 0 5 0.00 5 0 0.0 0  0 190
701 1.80 0 0 .0 0 0 10 0.00 10 0 0 .0 0  0 13
801 0 .9 0 0 0 .0 0 0 8 0.00 8 0 0 .0 0  0 5
901 3 .80 14 0 .0 0 14 25 0.00 25 0 0 .0 0  0 75
902 1.00 8 0 .0 0 8 0 0.00 0 0 0 .0 0  0 1
1001 2 .9 0 14 0 .0 0 14 0 0.00 0 0 0 .0 0  0 4
1101 9 .0 0 0 0 .00 0 0 0 .00 0 0 0 .0 0  0 0
1201 3 .0 0 0 0 .00 0 0 0 .00 0 0 0 .0 0  0 0
1301 2 1 .2 0 0 0 .0 0 0 0 0.00 0 0 0 .0 0  0 0
1302 3 .6 0 19 0 .0 0 19 0 0.00 0 0 0 .0 0  0 8
1401 2 0 .0 0 23 0 .0 0 23 0 0 .00 0 0 0 .0 0  0 51
1501 16.10 0 0 .0 0 0 0 0 .00 0 0 0 .0 0  0 0
1601 6 .5 0 14.35 0 .0 0 14 0 0 .00 0 0 0 .0 0  0 10
1701 4 6 .2 0 50.69 0 .0 0 51 0 0.00 0 0 0 .0 0  o 258

Total 3 1 2 .5 0 Total 4211

Probability of : Wet season 0.11 Benefit (C/ha) 13
Average season 0.72
Dry season 0.17



Table 5.6 Farmer asessment of maintenance benefits

Block Area (ha) Benefit due 
to  drainage 

(C/ha/yr)

Average Season 
Financial prices 

B enrfts of 
flood 

allevidion 
(£/ha)

Change in net 
return due to 
maintenance

Benefit due 
to drainage 

(£/ba/yr)

Average Season 
iocnomic prives 

Bendits of 
flood 

allevisticn 
(£/ha)

Change in net 
return due to 
m aintannce

101 13.90 69 0.00 959 70 0.00 973
102 13.40 69 5.89 1004 70 5.16 1007
103 5.50 0 4.07 22 0 7.77 43
104 5.10 117 2.45 609 37 4.01 209
105 4.60 69 0.00 317 70 0.00 322
106 8.50 0 19.68 167 0 19.68 167
201 2.70 42 0.00 113 33 0.00 89
202 3.30 31 0.00 102 23 0.00 76
203 3.90 19 0.00 74 9 0.00 35
204 1.80 18 3.49 39 8 3.74 21
205 4.40 0 0.00 0 0 0.00 0
206 10.40 0 0.00 0 0 0.00 0
301 0.80 10 0.00 8 1 0.00 1
401 13.20 20 0.00 264 5 0.00 66
501 25.10 20 0.00 502 5 0.00 126
601 59.90 20 0.00 1198 5 0.00 300
701 1.80 19 0.00 34 10 0.00 18
801 0.90 0 0.00 0 0 0.00 0
901 3.80 49 0.00 186 25 0.00 95
902 1.00 28 0.00 28 8 0.00 8

1001 2.90 36 0.00 104 14 0.00 41
1101 9.00 9 0.00 81 1 0.00 9
1201 3.00 11 0.00 33 1 0.00 3
1301 21.20 0 0.00 0 0 0.00 0
1302 3.60 0 0.00 0 0 0.00 0
1401 20.00 63 0.00 1260 23 0.00 460
1501 16.10 78 0.00 1256 89 0.00 1433
1601 6.50 0 0.00 0 0 0.00 0
1701 46.20 0 0.00 0 0 0.00 0

Total 312.50 Total f in a id a l benefit (£) 8362 Total economic benefit (£) 5501
B cndh (£/ha) 27 Benefit (fjfoa) 18

As an alternative estimate to that based on watertable modelling, Table 5.6 estimates the 

benefits due to maintenance which were perceived by farmers (earlier reported in Table 4.1) 

where they identified a change in drainage conditions between the 'with' and 'without* 

maintenance situations in an average, representative season. These estimates include the flood 

damage costs identified in Table 5.3, which were based on a combination of farmer and 

modelled data.

5.2 Maintenance Costs
Maintenance activities on the Dreneuydd / Broadway Reen involve the control of in-channel 

and bankside vegetation. Actual annual costs for the study reach varied according to need, 

averaging £ 4650/year in 1995 prices.
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5.3 Scheme Appraisal
The estimated benefits attributable to maintenance can be compared with estimated costs to 

determine the justification for expenditure. Because the maintenance activity is performed 

every 18 months, the maintenance cost has been amortised at the 6  % discount rate to 

determine the annual cost. For the purpose of this analysis, the areas of turf production and 

golf courses have been included as areas of extensive grassland. These areas do benefit from 

maintenance in terms of the standard of drainage service provided. It must be noted however, 

that these benefits may be under-estimated. Various land blocks have also been grouped 

together for the purpose of analysis, providing they meet the same criteria of land use, drainage 

and flooding.

Table 5.7 Maintenance scheme appraisal: Dreneuydd / Broadway Reen
Average Annual 

Benefit (£)
Average Annual 

Benefits (£)
Average Annual 

Costs (£)
Benefit: Cost Ratio

Modelled Estimates
Financial Prices 6208 4650 1.33
Economic Prices 4211 4650 0.91

Farmer Estimates o f Benefits in an Average Year
Financial Prices 8362 4650 1.79

Economic Prices 5501 4650 1.18

Table 5.7 shows that the existing maintenance scheme is viable in financial terms. Benefits to 

farmers exceed the costs of the scheme. In economic terms, however, the benefits to the 

economy do not appear to frilly recover the costs of maintenance.

Farmer assessment gave an average annual financial benefit of £ 8362 (£ 27 /ha) and an 

economic benefit of£ 5501 (£ 18/ha).

This conclusion must be interpreted cautiously as discussed in the R&D Note 456 Section 

2.7.2.
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6  ENVIRONMENT

6.1 Introduction
The environmental quality of the Dreneuydd and Broadway Reen is outlined in this chapter. 

Reference is made to the Site of Special Scientific Interest (SSSI) status of the area and to the 

channel and hank quality.

6.2 Site of Special Scientific Interest
The Wentlooge Levels along with the Caldicot Levels form the Gwent Levels SSSI. These 

levels are low-lying coastal areas which have been reclaimed. The Gwent Levels are an 

example of one of the largest areas of reclaimed wet pasture in Great Britain They are 

dissected by an extensive network of drainage ditches which have a secondary function of 

marking field boundaries. These ditches are locally known as reens.

The SSSI notification on the Wentlooge Levels is dated May 1991 and covers an area of 1322 

ha. The reens are rich in flora providing a home for many species which are absent from other 

Levels. Emergent plants such as the Arrowhead (Sagittaria sagittifolia) have the opportunity 

to thrive. Reen banks on the Wentlooge Levels are important areas for meadow plant species 

such as the common meadow-rue (Thalictrum jlavum) and the regionally notable grass 

vetchling (Lathyrus nissolia).

Numerous rare and notable aquatic invertebrates are present within the reens in the Gwent 

Levels. The area is important in Wales for dragonflies and snails such as Brachytron pratense 

and Physa heterostropha. The hedgerows add to the diversity of the area, providing valuable 

habitats and areas of retreat for numerous birds and mammals The Levels around St Brides 

are the only location within the Gwent Levels where the rare fly Stenomicra cogani has been 

sighted.

6.3 River Corridor Survey
Prior to the river maintenance work of 1992, a river corridor survey was completed for the 

study reach. The methodology of the Nature Conservancy Council (NCC, now English

R&D 317/22/ST 40



Nature, EN) was followed. A sketch map and record card was completed for each 500 m 

section within the study reach. These are presented in Appendix H

The corridor survey concentrated on the physical features of the river channel, banks and 

adjacent land. Information relating to many features such as the location and type of aquatic 

vegetation, channel dimensions, substrates and habitat were recorded.

Following maintenance, it was not necessary to complete a second corridor survey as channel 

dimensions were not altered. A vegetational survey which concentrated on the location and 

percentage cover of aquatic vegetation was completed. This post-maintenance survey is 

presented in Appendix n.

6.4 Public Consultation
An annual conservation liaison meeting is held between the NRA and conservation bodies who 

have an interest with river maintenance work in the area. The work programme for the 

following year is discussed. The SSSI status of the area does not greatly affect the river 

management in the area although a second meeting is held to discuss maintenance of reens on 

the Levels.

Various organisations such as the Countryside Commission for Wales are invited to send a 

representative to these meetings. Any objections to the maintenance programme may be 

raised. If necessary, modifications to the programme can be made.

6.5 Farmer Assessment
All the farmers interviewed within the benefit area were aware of the SSSI designation of the 

area. The majority of farmers were aware of wildlife within the reens and reported swans, 

herons, kingfishers and oyster catchers as regular visitors. One farmer rears pheasants which 

are set free in the wild.

6.6 Water Quality
According to the National Water Classification (NWC) system, the water quality of the 

Dreneuydd and Broadway Reen is Class 2; fair quality. The water is suitable for potable
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supply after advanced treatment. It is of moderate amenity value and capable of supporting 

coarse fish.

6.7 Channel and Bank Quality
The environmental quality of the reen channel and banks has been determined by following the 

procedure outlined in the ‘Guidelines for the Justification of River Maintenance’ (R&D Note 

511) produced within the framework of the NRA R&D Note 456 (River Maintenance 

Evaluation).

The quality of the reen channel and banks is classed as medium At times of low flow there is a 

well developed transitional zone between the river and channel edge. Extensive fringes of 

emergent vegetation line the channel margins and four or more types of aquatic macrophyte 

plants can be found within a 500 m stretch.

The banks are simple in form consisting of predominantly two or three vegetation types with 

no trees or areas of scrub. The banks are typically 2 - 5 m in width. In the spring and summer 

a wide variety of flowering herbs are found on the banks indicating a good botanical quality. 

Dense stands of single species such as tall grasses are also present which provide good habitats 

for birds. Some areas of the bank are also grazed at low intensities by sheep and horses.
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7 CONCLUSIONS

7.1 Scheme Appraisal
The existing maintenance scheme of regular weed clearance is viable in financial terms. The 

average a n n u a l benefit of maintenance in terms of its prevention in a deterioration in drainage 

status and increase in flooding is £ 6208. Average annual maintenance costs are approximately 

£ 4650. The benefit: cost ratio is therefore 1.33.

7.2 Guidelines for River Maintenance
The ‘Guidelines for the Justification of River Maintenance’ (R&D Note 511), produced as a 

result of this River Maintenance Evaluation Study were used to provide an alternative method 

for justification of river maintenance on the Dreneuydd / Broadway Reen.

According to this method, the economic benefit: cost ratio is 1.0. This value is slightly greater 

than the 0.91 value obtained through detailed analysis ; the results of which are summarised in 

Section 7.1. Using these maintenance guidelines, the current maintenance scheme breaks even 

between costs and benefits in economic prices.

7.3 Impact of Maintenance on Channel Vegetation
The types of vegetation found within the Dreneuydd / Broadway Reen are discussed in Section 

1.9. The impact of the submerged, emergent and floating vegetation on channel capacity is 

also discussed. Different vegetation types respond to maintenance in different ways.

The Canadian pondweed (Elodea) and sweet-grass (Glyceria) reproduce through a system of 

rhizomes (underground stems). The current method of maintenance - regular cutting, actually 

stimulates regrowth of this vegetation. The waterweed {Potamogeton) is a rooted plant. 

Desilting of the channel every few years is necessary in order to remove the rhizomes and to 

reduce the Potamogeton seed bank in the channel sediments.

The floating vegetation Lemna reproduces vegetatively and unless every fragment of this 

vegetation is removed from the channel, reproduction will occur and the weed will rapidly 

regrow. Chemical control is the most effective method of control in this case. However,
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Lemna does not affect channel capacity as it is a free-floating plant and offers no resistance to 

flow. It can however, reduce water quality.

The current maintenance regime therefore is appropriate in controlling the channel vegetation. 

The vegetation is cut and removed from the channel every 18 months and some channel 

sediment is removed with the vegetation roots. This will reduce the rhizome and seed bank in 

the channel sediments.

7.4 Maintenance Best Practice
The ‘best practice’ vegetation maintenance methods for the Dreneuydd / Broadway Reen were 

determined using the procedures outlined in the ‘Guidelines for the Justification of River 

Maintenance’ (R&D Note 511), produced as a result of the Environmental Impact Assessment 

Study.

Channel

Best practice maintenance operations for emergent weed are identified as :

• Biennial cutting;

• Cutting on a 3 to 5 year rotation; and,

• Desilting / raking at an interval of 2 to 7 years.

Best practice maintenance operations for floating and submerged weed are identified as :

• Annual cutting in the autumn;

• Biennial cutting; and,

• Cutting on a 3 to 5 year rotation.

All these maintenance operations should be selective, concentrating on those areas which are 

particularly choked by vegetation or areas in which the weed is liable to cause an obstruction, 

hazard or restriction to flow.

Since the beginning of this study, annual weed maintenance in the autumn has taken place. 

The majority of vegetation is removed although some areas of emergent, marginal vegetation 

may be left un-touched.
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Generally, the maintenance regimes recommended as best practice in environmental terms for 

vegetation management are currently being applied to this reach of the Dreneuydd / Broadway 

Reen. However, if some more vegetation were left un-cut along the channel margins this 

would improve the environmental quality of the channel.

Bank
Best practice maintenance operations for bank vegetation are identified as :

• Single annual mowing / flailing in autumn / winter leaving a toe strip over 1  m wide; and,

• Light grazing.

The majority of the banks in the grassland areas are grazed by sheep and cattle and are not flail 

mown. Grazing regimes are relatively extensive and if the bank is un-fenced, the bank 

vegetation is moderately grazed. Single annual mowing of the banks may enhance the 

environmental quality of the channel.

7.5 Recom mendations
It is recommended that further research examines >

• the impact of a reduced maintenance frequency on land drainage and flooding within the 

benefit area;

• the impact of reduced channel maintenance on channel environmental quality; and,

• the impact of cutting the vegetation on one bank only on channel hydraulics, flooding, land 

drainage and environmental quality.

7.6 Epilogue
This report has assessed the impacts of the current maintenance regime on the study reach. It 

has been used along with other study sites to formulate guidelines on the appraisal of 

maintenance works and best environmental practice. These draft guidelines are summarised in 

Chapter 5 of the R&D Note 456 and presented in full under separate covers.
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APPENDIX I

Example of input and output data for the watertable model

Dreneuydd/Broadway Reen 
Block Number 104 
Cross-section 1

Input Data Output Data

River height (m AOD) Watertable height (m AOD)
Week
1994

1 3.13 4.50
2 3.04 4.50
3 3.07 4.45
4 3.41 4.34
5 3.52 4.50
6 3.02 4.50
7 3.03 4.45
8 3.12 4.50
9 2.98 4.27

1 0 2.95 4.35
1 1 3.20 4.50
1 2 3.12 4.50
13 2.92 4.29
14 2.82 4.14
15 2.87 4.18
16 2.98 4.50
17 2.82 4.50
18 2.82 4.48
19 2.87 4.06

2 0 3.02 4.05
2 1 3.12 3.99
2 2 3.12 3.99
23 3.13 4.03
24 3.27 4.15
25 3.22 3.80
26 3.12 3.80
27 3.10 3.76
28 3.06 3.84
29 3.07 3.79



Example of drainage status classification, Dreneuydd/Broadway Reen

With maintenance
Block 104 No. of weeks No. of

Watertable 1994 Spring 1994 weeks 
depth (m)

>0.5 4.05 22 4.05 5
0.3><0.5m 4.25 12 4.25 6

<0.3m 4.55 18 4.55 2

Drainage status classification, according to time watertable Bad
is within the G, B, VB drainage bands

Without maintenance
No. of weeks No. of

Watertable 1994 Spring 1994
depth (m)

>0.5 4.05 8 4.05
0.3><0.5m 4.25 1 0 4.25

<0.3m 4.55 34 4.55

Drainage status classification, according to time watertable Very Bad 
is within the G, B, VB drainage bands



No. of No. of
Summer 1994 weeks Autumn 1994 weeks

4.05 13 4.05 6

4.25 0 4.25 7
4.55 0 4.55 0

Good Bad

No. of No. of
Summer 1994 weeks Autumn 1994 weeks

4.05 8  4.05 3
4.25 4 4.25 8

4.55 1 4.55 2

Bad Bad
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A. WOODLAND & SC11UU 0[0

1. Ut cod-leaved sem inal.
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WELSH DYSYNNI LOW LEVEL DRAIN

1. BACKGROUND

1.1 Physical Background
The Dysynni Low Level Dram runs parallel to the Afon Dysynni in the Dysynm Valley near 

Tywyn in Merrioneth, North Wales (Figure 1). From source to mouth it is 8.7 km in length. 

The flat valley floor ranges from approximately one to 1.3 km in width, bounded by steeply 

rising mountains to the north, south and east.

The Afon Dysynni is a flood banked carrier which conveys upland water through the valley to 

the outfall at Aber Dysynni. Two other upland carriers transfer water from the valley sides 

into the Afon Dysynni at GR. 622 053 and GR. 608 052. The catchment area of the Dysynni 

Low Level Drain is estimated to be 990 ha.

1.2 Study Reach
The section of the Dysynni Low Level Drain selected for study runs for 6  km from GR. 636 

065 to Ynsymaengwyn (GR. 602 038). This reach is characteristic of main rivers in the area 

on winch weed clearance is regularly performed. The land area which derives a benefit from 

maintenance on the Dysynni Low Level Drain in terms of its impact on flooding and land 

drainage has been estimated as 452 ha.

1.3 River Characteristics
The Dysynni Low Level Drain is a straight channel, trapezoidal in shape. It flows over pasture 

for its entire length; both grass under the extensive system and marshland.

Channel width varies from 1 m to 8  m, averaging 4 m. Freeboard is consistently high, 

averaging 1  m in height. Bank angles range from 50 to 90 degrees. Both grassed banks and 

solid earth cliffs are common. Bog oaks provide a natural revetment along short lengths of the 

hank These are remnants of oak trees which were once common in the valley.
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Figure 1 Dysynni Low Level Drain
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The flow of water is slow due to the shallow gradient and low lying nature of the land. Slack 

water predominates with the occasional small pooL Sih and mud are the dominant bed 

substrates.

1.4 Land Drainage
The basic pattern of upland and lowland carriers within the valley is the result of a capital 

scheme which saw the creation of the system as it stands today, and high levels of maintenance. 

The Dysynni Low Level Drain passes under the highland water earners in two culverts at GR. 

622 052 and GR. 601 035 near Pen-y-sam. It provides an outfall for field ditches and under

drains for all the valley south of the Afon Dysynni. The 'main' river extends from the outfall 

upstream to GR. 623 053. Upstream of this location, the Dysynni Low Level Drain is an 

adopted ditch. Similarly, the main drainage channels to the north of the Afon Dysynni are 

adopted ditches and not 'mam* river (Figure 1). Maintenance on these adopted ditches is 

controlled by the Internal Drainage District (IDD) but is carried out by the NRA.

The valley floor to the north of the Afon Dysynni is drained by two lowland carriers which pass 

under the Afon Dysynni at GR. 618 051 and GR. 601 041.

Figure 2 indicates the areas of land within the benefit area which have field drainage pipes 

installed. Of the land surveyed, 32 % is under-drained. The remaining area drams naturally by 

gravity.

1.5 Geology, Soils and Land Capability
The geology of the Dysynni Valley is characterised by rocks of the Palaeozoic era; hard, thinly 

bedded Silurian shales and mudstones.

Amorphous semi-fibrous peats of the Adventurers' Association dominate the soils within the 

valley. The Adventurers' series is typical of an earthy peat with a humified subsoil and well 

decomposed top soil. The fine silty alluvial gley soils of the Conway Series (Conway 

Association), are characterised by a grey brown colour and yellow/brown mottling. Soil 

profiles which were taken at three locations within the study reach are shown in Figure 3.

Both soil series are waterlogged throughout the winter and the risk of poaching (surface 

damage by livestock) is high. Groundwater levels are high and infiltration slow in soil of the
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Conway series. The soil profile is waterlogged within 0.4 m of the surface for over 50 % of 

the year and waterlogged within 0.7 m of the surface for over 90 % of the year. The Soil 

Survey of England and Wales (SSEW) classify soils with these water regimes as having a 

Wetness Class of IV or V (Rudeforth et al, 1984). The average annual rainfall value is high 

being approximately 987 mm.

The Agricultural Land Classification system of the Ministry of Agriculture, Fisheries and Food 

(MAFF) classifies the majority of the land area served by the Dysynni Low Level Drain as 

Grade 5 agricultural land (Figure 1). This is land of very poor quality with land use restricted 

to permanent pasture and rough grazing. Land at the upstream limit of the study area is 

classed as Grade 4. This land is of poor quality on which the range of crops grown and yields 

are restricted. It is mainly suited to grass.
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1.6 Capital Works
No capital works have been carried out on the Dysynni Low Level Drain in the recent past. 

Since 1977 a new flapped outfall has been built at the drain outfall The culvert under the 

A493 was replaced with a lower one when the road bridge was reconstructed.

1.7 River Maintenance
The Dysynni Low Level Drain is subject to a regular programme of weed maintenance for the 

benefit of land drainage. Weeds are cleared on a regular basis in July/August. If weed growth 

is excessive, a second cut takes place in November. Due to the narrow width of the. channel a 

Bradshaw bucket is used to remove the channel vegetation and to cut the bank vegetation in a 

single operation. One hundred percent of the channel vegetation is removed.

Tree and bush clearance of branches overhanging the channel and fallen debris takes place 

annually during the autumn and winter and desilting is performed every five to 10 years. The 

last desilting operation was completed in 1987.

The mam reason for undertaking river maintenance on this watercourse is that it is scheduled 

into the regular programme of work as a result of site inspections which highlight the need for 

maintenance. The criteria used in establishing the level of service to be provided by 

maintenance is determined through a survey completed by an NRA Engineer. Methods of 

maintenance selected are determined through knowledge of proven suitability and cost 

effectiveness. Prior to maintenance, landowners and tenants are notified via the telephone or a 

personal visit by the NRA.

1.7.1 Fanners views on maintenance

During the interviews with farmers in the benefit area, most of the farmers expressed 

satisfaction with the maintenance regime along the Dysynni Low Level Drain. However, there 

is a general feeling among some fimners that two cuts every year would be more beneficiaL 

The channel is cleared of weeds twice a year only if growth is considered excessive by the 

NRA following a site inspection. However, in practice two cuts per year are common.
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1.7.2 Alternative maintenance strategies

The Afon Dysynni is thought by two farmers to contribute to poor drainage in some parts of 

the benefit area. They stated that if weeds were cleared from the Afon Dysynni thus allowing 

un-restricted flow, land drainage would improve and river water would not seep back through 

the ground to the lower land around the Dysynni Low Level Drain.

One other view was raised by a farmer - if water was pumped out from the adopted ditches to 

the north of the Afon Dysynni into the Dysynni Low Level Drain 'main1 river, field drainage 

would be improved.

1.8 Climate
The impact of river maintenance on the watertable and river levels depends on the particular 

weather conditions, especially ram fall, which varies from season to season and year to year. 

The seasonal and yearly rainfall totals for the period of the study on the Dysynni Low Level 

Drain are shown in Table 1.1. Monthly rainfall records, from the nearest meteorological 

station to the study reach (daspwll, station ref 523 417) spanning a period of 23 years have 

been used to determine the probability of wet, average and dry seasons and years occurring. 

This classification of seasons and years is based on that of the Food and Agricultural 

Organisation (FAO). Dry and wet seasons/years are classified as those with less than 75 % of 

the mean and more than 125 % of the mean respectively. Further details of this classification 

system are presented in the R&D Note 456, Section 3.5.4.

During the study period, the spring of 1992, 1993 and 1995 were relatively dry when 

compared with the average spring rainfall. The summer of 1993 was exceptionally wet with 

nearly twice the average summer amount of rainfall falling in this period. This fact is 

confirmed by the farmers who reported wet conditions underfoot during the summer months.

Table 1.2 shows the probability of each type of season and year occurring in the proximity of 

the Dysynni Low Level Drain. The probabilities have been based on monthly rainfall records 

over a 23 year period from 1970 to 1993 (Glaspwll, station ref 523 417).
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Table 1.1 Rainfall totals
Period Actual Average 

Ram fall (mm) Rainfall (mm) *
% of Average 

Rainfall

1992 Spring 216.0 375.5 57.5
Summer 286.0 215.5 132.7
Autumn 499.2 312.0 160.0

1993 Spring 317.0 375.5 84.4
Summer 424.8 215.5 197.2
Autumn 287.7 312.0 92.2

1994 Spring 533.3 375.5 142.0
Summer 270.5 215.5 125.5
Autumn 548.7 312.0 175.9

1995 Spring 259.5 375.5 69.1

Total 1992 1310.1 1 0 1 2 . 2 129.4
1993 1602.1 1 0 1 2 . 2 158.3
1994 1994.8 1 0 1 2 . 2 197.1

(Source : Glaspwll met. station, ref 523 417)

Table 1.2 Probability of climatic conditions
Season Dry * Average * Wet*
Spring 0.13 0.7 0.17
Summer 0.13 0.78 0.09
Autumn 0.26 0.65 0.09
Year 0.39 0.57 0.04

* (Based on records since 1970, station ref 523 417)

The process by which financial benefits of maintenance are calculated according to the 

probability of wet, average and dry seasons and years occurring is described in R&D Note 456, 

Section 3.5.4.

1.9 Aquatic Vegetation
Aquatic vegetation within the channel was identified prior to maintenance (Section 1.9.1 to 

1.9.4). This vegetation has both hydraulic and environmental implications for the channel
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1.9.1 Floating plants

Potamogeton (Pondweed) is a floating plant which has roots in the hydrosoil and thrives in 

sluggish water. The Pondweed is a broad-leaved plant with oval leaves which are often 

submerged. Glyceria (Sweet-grass) is a narrow leafed emergent plant which grows at the 

water margins. Floating stems with flat leaves creep out into the body of the water. The 

Duckweed (Lemna) is a small free-floating plant with rootlets on the underside of the leaves. 

It often forms extensive dense mats.

Lemna spreads through vegetative reproduction by budding from pouches on the side of the 

leaves. This rapid growth often results in a dense cover of Lemna over the water surface. 

Regrowth following removal through maintenance is thus rapid, especially as it is impossible 

for complete removal of the plant through mechanical methods alone. Chemical control 

methods may need to be considered if the growth of Lemna reaches excessive rates. However, 

as Lemna is a purely floating plant, it poses little resistance to flow and does not restrict 

channel capacity. Water quality may however, be affected as a dense mat of Lemna will 

restrict the penetration of light into the water thus restricting activity of invertebrates and fish. 

As plant growth will also be restricted beneath the Lemna mat, the presence of this plant may 

actually reduce flow resistance through inhibiting growth of submerged plants.

The pondweed and sweet-grass grow more slowly than the free floating Lemna. As they 

regenerate through rhizomes they are more difficult to control. Desilting may be necessary 

every few years in order to reduce the 'rhizome bank’ in the hydrosoiL Mechanical control 

through weed cutting serves to remove leaf matter and to reduce the resistance of the 

vegetation to flow. Regrowth may actually be enhanced and increased through a regular 

cutting programme.

1.9.2 Emergent plants

Glyceria is classed as an emergent plant although it does have some floating stems. As 

discussed in Section 1.9.1 , it can pose a significant restriction to flow.

1.9.3 Submerged plants

Juncus (Rush) is a submerged plant with fine hair-like leaves which can reach 300 cm in length. 

It is a streamlined plant and moves in the direction of flow. The greater the flow, the lower the
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resistance this plant poses to movement of water. At high flows, the hydraulic impact of 

Juncus is drowned out.

1.9.4 Algae
Filamentous algae is common within the Dysynni Low Level Drain. It spreads rapidly through 

cell division (simple fission) and is difficult to remove completely. It grows up from the 

hydrosoil and often invades areas in which other aquatic plants have been removed.
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2. FARM SURVEY

2.1 Introduction
Structured interviews and informal discussions with farmers indicate a benefit area of 452 ha. 

The benefit area (BA) is described as the area which will derive some benefit from river 

maintenance in terms of reduced frequency of flooding and improved land drainage. Detailed 

interviews and discussions have been held with eight fanners who farm within the benefit area. 

The benefit area is divided into different blocks (Figure 2) according to land management 

practices and land use type (LUT) and drainage.

2.2 Farm Tvne« Size and Tenure
All eight farms surveyed within the benefit area are classed as lowland and livestock farms 

according to the European Union (EU) system of classification. Farm sizes range from 117 ha 

to 758 ha, averaging 472 ha. Three farms consist of over 600 ha each. The Standard Man 

Day (SMD) requirement o f the farms ranges from 943 to 2804. The SMD (Man - Work 

Units) is an approximate method for assessing the labour requirement of regular staff! It is 

assumed that 300 SMD are provided annually per man.

The management status of farms within the benefit area cover a variety of systems. Five farms 

are under sole proprietorship, two are run in partnerships and one is a managed farm

The majority of farms within the surveyed area are single holdings. However, one fanner has 

three holdings which are run as two separate units and another has seven holdings which are 

farmed independently under different holding numbers.

2.3 Livestock Enterprises
All the farms surveyed within the benefit area have beef herds, mostly Welsh Blacks with some 

crossed with Charolais and Limousin cattle. Spring caiving suckler herd sizes range from 30 to 

150 cows. Steers are sold as stores at one year old and heifers are sold at two years of age. 

One herd is following an 18 month grass/silage system under which beasts are sold off at 580 - 

600 kg live weight.
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Sheep are all kept under the fat lamb system and are predominantly Welsh ewes with some 

Hardy and Speckled sheep. Lambing rates range from 0.9 to 1.3 lambs/ewe tupped.

Stocking rates depend upon the weather and condition of the land. On average, stocking rates 

for cattle are 3.5 beasts / ha and 7 ewes / ha for sheep.

2.4 Land Use In The Benefit Area
All the agricultural land within the benefit area is under a grassland system (Figure 4). 

Extensive grassland covers 79 % of the area (357 ha). This is classed as that which receives 

little or low levels of nitrogen (typically < 50 kg N/ha). The grass is grazed by beef and sheep. 

Nine hectares are under very extensive grass, consisting of marshy land covered in trees and 

scrub.

The remaining area is under intensive grassland. This is high quality grazing and forage 

conservation land. Usually well drained, moderate to high levels (> 50 kg/N/ha) of nitrogen 

are applied and multiple cuts of silage are often taken.

2.5 Turnout and Yarding Dates
Hie majority of the valley floor is grazed all year round by beef or sheep. Cattle graze from 

April/May to October/November. They are not overwintered out at grass due to poaching 

problems (surface damage by livestock). Some sheep are overwintered out at grass over the 
period November/December to April.

Tables 2.1 and 2.2 provide information as to the areas of land within the benefit area which are 

grazed at different times.

Table 2.1 Turnout dates
Turnout Date % Benefit 

Area

Mid/late March 4.2
Early/mid May 12.3
Mid/late May 16.7
After 1st silage cut 12.5
After 1st hay cut 29.2
Overwintered 20.9
Not grazed 4.2
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Table 2.2 Autumn yarding dates
Yarding Date % Benefit 

Area

Mid / late October 25.0
Early / mid November 2 0 . 8

Mid / late November 12.5
Early/mid December 16.6
Overwintered 20.9
Not grazed 4.2

Stock are turned out to grass after hay and silage have been cut on 42 % of the benefit area. 

Ninety five hectares (21 % of BA) are grazed for a short period over the winter months by 

sheep.
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Figure 4 Land use in the benefit area
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2.6 Grass Conservation
Table 2.3 shows the areas over which various conservation practices take place. No grazing or 

conservation is practised on 4 % of the benefit area (18 ha). The majority of land within the 

benefit area (52 %) is grazed only and not cut for hay or silage. One cut of hay and silage is 

taken off 17 % and 22 % respectively. Two cuts, one each of silage and hay are taken oif 20 

ha (5 %).

Table 2.3 Grass conservation
Conservation % Grassland
System Area

Grazed only 52.2
1  cut hay 17.4
1  cut silage 21.7
hay and silage 4.5
Not applicable 4.2

2.7 Nitrogen Application
Nitrogen is applied to 65 % of the grassland area (Table 2.4). The compound NPK fertiliser in 

the proportions 2 0 : 1 0 : 1 0  is the most common fertiliser applied.

Rate (kg/ha) % Grassland
Area

0 34.7
15-30 52.1
31-40 8.9
41 - 65 4.3

Thirty five percent o f the grassland area receives no input of nitrogen. The most common rate 

applied is 15 to 30 Kg N/ha which is applied to 52 % of the grassland area. The higher rates of 

nitrogen application correspond to land areas which are cut for silage and hay and are under 

intensive grassland systems.
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2.8 Flooding
Ten percent of the benefit area (47 ha) is reported by the fanners to flood regularly once or 

twice a year (Figure 5). All the flooding occurs in the winter months.

The duration of flooding ranges from two to 28 days. Up to 2 2  cm of water is said to cover 

the land. The mam factors reported to be responsible for this flooding are vegetation in the 

channel retaining water levels and excessive rainfall. Flooding within the benefit area is said to 

cause no damage.

2.9 Waterlogging
Table 2.5 provides a breakdown of the wetness condition of the benefit area during the various 

seasons according to farmer assessment. The wetness condition of the land follows a similar 

pattern throughout the benefit area, becoming increasingly wetter in autumn. Under the 

present maintenance regime, only 25 % of the benefit area experiences wetness problems 

(often and permanently wet) in spring whereas in autumn this rises to 63 %. In both spring and 

autumn over 62 % and 33 % of the benefit area can be occasionally wet, showing sensitivity to 

weather conditions. Over 33 % of the benefit area is 'often wet' in summer but this can be 

beneficial for grass growth.

Table 2.5 Farmer assessment of field wetness condition
Season Condition Area (ha) % Benefit 

Area

Spring Rarely wet 56.5 12.5
Occasionally wet 282.5 62.5
Often wet 74.5 16.7
Permanently wet 38.5 8.3

Summer Rarely wet 208.0 45.8
Occasionally wet 74.5 16.7
Often wet 150.5 33.3
Permanently wet 19.0 4.2

Autumn Rarely wet 19.0 4.2
Occasionally wet 150.5 33.3
Often wet 169.5 37.5
Permanently wet 113.0 25.0
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The wet conditions have been attributed to a variety of factors such as the soil type, condition 

of field drains and blockages in the channel causing a localised rise in watertable leveL The 

mam factor reported by fanners to be responsible for wet conditions is the high water level in 

the Dysynni Low Level Drain. This is usually due to excessive rainfall and weeds in the 

channel causing the water level to rise in the channel and back up field ditches and field 

drainage pipes, especially in autumn. Poor drainage conditions are also attributed to seepage 
from the Afon Dysynni
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2.10 Statistical Analysis
It is apparent that land use, farming practice, drainage and flooding are interrelated. Statistical 

methods were used to determine whether these relationships occurred more frequently than 

might be expected by pure chance. Full details of this analysis in which the 12 sites were 

grouped according to NRA Region, are presented in the Interim Report R&D 317/13/ST, 

presented to the NRA in December 1994.

The following observations can be made from the statistical analysis of fields in the benefit area 

of the Dysynni Low Level Drain maintenance programme:

• A strong relationship exists between the dominant farming system and land use within the 

benefit area. The dominant farm type is lowland and livestock which is characterised by 

beef and sheep enterprises. The farm type determines the land use, which is unlikely to 

change from grass to arable even if drainage were to improve as a result of maintenance.

• Turnout dates for livestock in the spring are associated with the field wetness condition. 

Turnout dates are earlier on land (April) which is well drained in the spring (rarely or 

occasionally wet) compared to on land which is often wet (after silage cut). (Statistically 

there is a 90 % chance of correctly predicting turnout dates on the basis of field wetness 

condition in the spring).

• Land use and flood risk are strongly associated. Flood risk is higher on extensive 

grassland. Most intensive grassland is flood free. (Statistically there is a 60 % chance of 

correctly predicting flood risk on the basis of land use).

• Fields which are drained by pipes are subject to longer grazing seasons than those which 

are naturally draining. livestock tend to be overwintered on those fields which are 

underdrained.
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3. HYDRAULIC AND HYDROLOGICAL DATA

3.1 Introduction
Information on channel hydraulics and hydrological data has been used to determine the impact 

of maintenance on channel capacity and flood return periods.

3.2 Cross-section Surveys
Cross-sectional surveys of the channel were completed at five points within the study reach at 

an average interval of 1 2 0 0  m (Figure 5). Channel capacity and freeboard were determined 

from these cross-sections. As the channel dimensions were not altered during the process of 

river maintenance, a post-maintenance cross-sectional survey of the channel was not necessary.

Before maintenance was carried out, the channel roughness was expressed in the form of 

Manning’s n coefficient, using the methodology developed by Cowan (1956). This coefficient 

is composed of six parameters which include the predominant bed material, variations in 

channel cross-section and degree of vegetation growth. Further details of the methodology 

followed are presented in the R&D Note 456, Appendix IV. The same procedure was 

followed after maintenance in order to determine values of channel friction in a 'with' (post) 

and 'without' (pre) maintenance situation. The channel cross-section information including 

stage discharge curves and Manning's V values are presented in Figure 6 . Table 3. 1  shows the 

bankfull channel capacities and associated flood return periods without and with maintenance 

at the five cross-section locations.

Table 3.1 Bankfull capacity and flood return periods_________________
Without Maintenance With Maintenance 

Cross- Bankfull Capacity Return Period Bankfull Capacity Return Period 
Section (cumecs)__________ (years)_______ (cumecs)_______ (years)

1 1.5 1.4 2 . 0 3.5
2 4.2 45.0 6.4 125.0
3 1.3 0.9 2 . 1 2 . 1

4 0.9 0.5 1.4 1 . 0

5 2 . 0 4.0 3.3 9.0

(Source: modelled estimates)
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Figure 6 Dysynni Low Level Drain channel information
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The bankfull capacity figures obtained from the cross-sections indicate an average increase in 

capacity attributable to maintenance of 63 % (from 1.4 to 2.2 m3 /s) and an average decrease in 

flood return period of 44 % from 1.7 years to 3.9 years (excluding cross-section 2). The area 

affected by flooding has not changed.

3.3 Flood Return Period
Throughout the period of the study, river water level information was collected on a regular 

basis by reading off channel water levels from gauge boards which were installed within the 

study reach. General information regarding flood flows, frequency and duration were collected 

from farmers and NRA staff This information was used to compile a flood return period curve 

for the Dysynni Low Level Drain using the methodology contained within the Flood Studies 

Report (NERC, 1975). The frequency of floods of various magnitudes can be estimated by 

using this flood return period curve (Figure 7).

The flood return period for each block which floods and flooded areas are shown in Table 3.2. 

The ‘without’ maintenance return period is estimated by the farmer, the ‘with’ maintenance 

value is a modelled estimate using the cross-section information and Manning’s n coefficient. 

It is assumed that the flooded area remains unchanged following maintenance.

Table 3.2 Flood return periods and flooded areas
Block No. Block Size 

(ha)
Flooded Area 

(ha)
Flood Return Period (Years) 

Without Maintenance With Maintenance

101 33.7 16.9 0.9 1.5
201 59.8 23.3 0.5 1.0
202 17.9 0.9 1.0 2.0
203 5.7 0.5 1.0 2.0
301 6.0 3.0 1.0 2.0
302 5.2 1.9 0.5 1.0
304 1.1 1.1 0.9 1.5
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4. LAND DRAINAGE

4.1 Field Drainage Status
The drainage status of fields within the benefit area has been determined on a seasonal basis 

using a non-steady state watertable model which relates infield watertable levels (and hence 

drainage conditions) to observed water levels in the river and ditch system (see R&D Note 

456, Section 3.5.2 for further details). The watertable model has been run with river water 

levels for the ‘with’ and ‘without’ maintenance scenario using the same climatic data in order 

to isolate the impact of maintenance on drainage status. An example of the input and output 

data of the model is shown in Appendix I.

The results of the watertable model and the assessment of drainage status made by fanners are 

shown in Table 4.1. Generally, the output from the watertable model is consistent with the 

farmers assessment of drainage status for the ‘with’ maintenance situation, under dry and 

average climatic conditions. Under wet conditions, with maintenance, there is 46 % agreement 

between farmer and modelled assessment of drainage condition.

With maintenance, drainage status in the benefit area is generally bad in wet climatic conditions 

and good in average and dry conditions. If maintenance were not performed, drainage 

conditions would deteriorate to very bad in a wet season and bad under average conditions.

Through an extensive literature and farmer survey, the drainage status of land has been 

classified into three standards according to the watertable depth. Three watertable bands have 

been identified as > 0.5 m from the surface, 0.3 to 0.5 m from the surface and < 0.3 m from the 

surface. According to the time the watertable lies within these bands, the drainage standard is 

classed as good (no restrictions on agriculture), bad (some limitations to agricultural 

production) or very bad (severe limitations to agricultural production). Further details are 

presented in the R&D Note 456, Section 3.5.2. Examples of the classification of the weeks of 

each season which are under conditions of good, bad and very bad drainage status are shown 

in Appendix I.

In some cases, there may be a change in the number of weeks that the watertable ties within the 

good, bad and very bad drainage bands following maintenance. However, these changes may
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not be of sufficient magnitude to change the drainage status classification. Where a sufficient 

change in drainage status has occurred due to maintenance, resulting in a change in drainage 

status, the changes appear in bold print in Table 4.1 .

Table 4.1 Drainage status for wet, average and dry seasons, without/with maintenance
(Modelled results)

Block
No

Wet Season 

Without With

Average Season 

Without With

Dry Season 

Without With

Farmer Assessment 
With Maintenance 

Wet Average Dry
Without

1 0 1 Y VB VB VB VB B B VB VB B VB
1 0 2 Y VB B B B B B B B G B
2 0 1 N B G B G G G B G G G
2 0 2 Y VB G B G G G B G G B
203 N G G G G G G G G G G
301 N VB B B B B G B B B B
302 Y VB B B B B G B B B B
303 Y VB B B B B G B B B B
304 N VB B B B B G VB B B B
401 Y VB G B G G G B G G B
402 Y VB G G G G G B G G G
403 Y VB G G G G G B G G B
501 Y VB G B G G G B G G B
502 Y VB G B G G G B G G B
503 Y VB G B G G G B G G B
504 Y VB B B G G G B G G B
505 Y VB G B G G G B G G B
601 N G G G G G G G G G G
602 Y B G B G G G B G G B
701 Y VB B B G G G B G G B
702 Y VB B B G G G B G G B
703 Y VB B B G G G B G G B
801 N B G B G G G B G G B
802 N B G B G G G B G G B

NB : Y or N refers to the presence or absence of field drainage
Bold type indicates a change in drainage classification due to maintenance
Italics indicate a difference in farmer and modelled assessment of drainage condition with
maintenance

River maintenance results in the prevention of a deterioration of drainage status on 21 blocks 

of land in a wet season, on 14 blocks in an average season and on 4 blocks in a dry season.
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The percentage change of area by drainage status as a result of maintenance activities are 

estimated to be>

• in a wet season, maintenance prevents the deterioration o f :

84 ha from B to VB (19 % of BA)

219 ha from G to B (48 % of BA)

99 ha from G to VB (22 % of BA)

• in an average season, maintenance prevents the deterioration o f :

332 ha from G to B (73 % of BA)

• in a dry season, maintenance prevents a deterioration o f :

20 ha changes G to B (4 % of BA).

Farmer perception of drainage deterioration due to lack of maintenance (under average 

conditions) was from good to bad on 64 % of the benefit area.
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5 SCHEME APPRAISAL

5.1 Benefit Assessment
For each block o f land, agricultural production scenarios were created which reflect different 

levels of field management under conditions of good, bad and very bad drainage (see R&D 

Note 456 Section 3.5.4). These scenarios are based on discussions with farmers in the benefit 

area over the period 1992-1994.

Changes in field drainage status as a result of maintenance under dry, average and wet climatic 

conditions have been identified. Estimates have been derived of the monetary value of changes 

in field management and productivity associated with these standards of drainage service.

Two perspectives have been used to value the agricultural performance. The first perspective 

is that of financial analysis which uses the prices paid and received by farmers to estimate the 

added-value associated with drainage. Financial analysis shows the benefits of maintenance to 

fanners in the benefit area.

The second perspective is that of economic analysis which modifies the financial analysis to 

make allowance for the direct and indirect subsidies paid to fanners by Government. In 

accordance with the MAFF Project Appraisal Guidance Notes on Flood Defence (PAGN, 

1993), these modifications involve reductions in the financial value of output (including 

subsidies) by 10% in the case of cereals, oil seeds and grain legumes, 35% for beef and 25% 

for sheep. Commodities subject to quota such as potatoes, sugar beet and milk are treated as 

winter wheat. The set aside areas are also treated as wheat. The reasons for these adjustments 

are discussed in the R&D Note 456 Section 2.7.2.

Table 5.1 shows the financial net returns (1995/96 prices) for each block of land within the 

benefit area under conditions of good, bad and very bad drainage. Changes in net returns 

relating to a change in drainage status are also shown. Table 5.2 presents similar data using 

economic prices. Table 5.3 shows the flood costs for each block of land assuming ‘with’ and 

‘without’ maintenance and specified field drainage conditions. It is assumed that there is no 

difference between financial and economic values in the case of flood damage to standing 

crops.
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Table 5.4 combines data on changes in drainage status, flood risk and financial performance to 

determine the financial benefits and change in financial value-added due to maintenance for 

wet, average and dry weather conditions for each block of land in the benefit area. These 

benefits are the avoidance of losses which would occur in the absence of maintenance. 

Benefits weighted by field size for wet, average and dry seasons are multiplied by the relative 

probability of the occurrence of the type of season to give an average ejected  annual benefit. 

These are summed for the benefit area as a whole.

Table 5.4 estimates a total expected annual benefit of £ 17011 in 1995 financial prices, 

equivalent to about £ 38/ha per year. The majority of this benefit is associated with the 

maintenance of drainage status (rather than flood alleviation) on grassland for sheep and beef 

production. Table 5.5 shows the benefits attributable to maintenance using economic prices 

based on the current MAFF Project Appraisal Guidance Notes. Total average expected annual 

benefits are about £ 6300 in economic prices for the benefit area, equivalent to £ 14/ha. On 

this basis, the benefit to the national economy is 39 % of the benefits which accrue to formers. 

This difference reflects the adjustments required by MAFF to remove government subsidy from 

the assessment of benefits. These financial and economic benefit estimates show the limits 

which farmers and the nation respectively should justifiably spend on maintenance. These 

estimates require cautious interpretation as explained in the R&D Note 456 Section 2.7.2.

As an alternative estimate to that based on watertable modelling, Table 5.6 estimates the 

benefits due to maintenance which were perceived by farmers (earlier reported in Table 4.1) 

where they identified a change in drainage conditions between the ‘with* and 'without' 

maintenance situations in an average, representative season. These estimates include the flood 

damage costs identified in Table 5.3 which were based on a combination of farmer and 

modelled data.
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T ib lc  5.1 Financial net returns, 1995/96 prices
Block Block

Size
(ha)

Financial Prices 
Net Return (£/ha)

Good Bad Very Bad

Change in Total Returns (£/ha)
Good to Bad to Good to 

Bad Very Bad Very Bad
101 33.70 258 221 174 37 47 83
102 18.20 392 350 307 41 44 85
201 59.80 463 396 332 67 64 131
202 17.90 350 349 313 1 36 36
203 5.70 547 470 338 77 132 209
301 6.00 315 249 194 65 56 121
302 5.20 432 361 295 71 65 137
303 7.40 217 183 151 33 32 66
304 1.10 528 447 375 82 72 153
401 15.20 299 327 291 -28 36 8
402 15.60 471 422 370 50 52 102
403 16.30 471 422 370 50 52 102
501 2.70 318 264 183 53 82 135
502 12.70 463 396 332 67 64 131
503 4.90 291 247 174 44 73 117
504 4.70 558 470 399 88 71 160
505 13.40 265 236 176 29 60 89
601 11.20 558 470 411 88 59 147
602 11.42 220 219 193 1 26 27
701 18.60 317 256 205 61 51 112
702 14.50 541 453 379 88 74 162
703 7.80 698 565 372 133 194 326
801 70.00 488 406 338 82 69 150
802 78.00 464 415 364 49 51 100

Table 5.2 Economic net returns, 1995/96 prices
Block Block Economic Prices Change in Total Returns (£/ha)

Size Net Return (£/ha) Good to Bad to Good to
(ha) Good Bad Very Bad Bad Very Bad Very Bad

101 33.7 50 49 31 1 18 18
102 18.2 141 122 103 19 19 38
201 59.8 160 132 106 28 26 53
202 17.9 52 57 50 -5 8 2
203 5.7 107 88 58 19 30 49
301 6 153 110 74 42 37 79
302 5.2 153 97 69 56 28 83
303 7.4 61 48 33 13 15 27
304 1.1 77 62 44 15 17 32
401 15.2 55 62 54 -7 8 1
402 15.6 174 151 127 23 23 46
403 16.3 174 151 127 23 23 46
501 2.7 121 93 57 27 36 63
502 12.7 160 132 106 28 26 53
503 4.9 94 76 49 18 27 45
504 4.7 196 159 130 36 29 66
505 13.4 102 87 62 15 25 40
601 11.2 196 159 133 36 26 63
602 11.42 63 69 59 10 4
701 18.6 163 122 88 41 34 75
702 14.5 153 117 86 37 31 67
703 7.8 102 79 33 23 47 70
801 70 81 65 50 17 14 31
802 78 166 144 121 22 22 45
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Table 5.3 Flood costs
GOOD DRAINAGE BAD DRAINAGE VERY BAD DRAINAGE CHANGE IN FLOOD COSTS

Without With Without With Without With Without With GOOD BAD VERY GOOD BAD TO GOOD TO
maintenance maintenance maintenance maintenance maintenance maintenance maintenance maintenance BAD TO BAD VERY BAD VERY BAD

Block FRP FRP flood flood flood flood flood flood Without Without Without Without Without Without
No. cost cost cost cost cost cost -with -with -with -with -with •with

101 0.90 1.50 24.42 14.65 21.67 13.00 18.00 10.80 9.77 8.67 7.20 7.02 5.00 3.35
201 0.50 1.00 4.98 2.49 4.40 2.20 4.20 2.10 2.49 2.20 2.10 1.91 2.00 1.71

202 1.00 2.00 1.04 0.52 0.70 0.35 0.18 0.09 0.52 0.35 0.09 0.18 -0.17 -0.34
301 1.00 2.00 9.24 4.62 7.88 3.94 6.92 3.46 4.62 3.94 3.46 3.26 2.98 2.30
302 0.50 1.00 2.58 1.29 2.22 1.11 2.00 1.00 1.29 1.11 1.00 0.93 0.89 0.71
304 0.90 1.50 43.08 25.85 40.03 24.02 39.37 23.62 17.23 16.01 15.75 14.18 15.35 13.52

u>
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Table 5.4 Changes In net returns due to maintenance and climate, 1995/96 financial prices

Block Area (ha) Benefit due 
to drainage 

(C/ha/yr)

Wet Season 
Benefits of 

flood 
alleviation 

(£/ha)

Change in net 
return due to 
maintenance

Average Season 
Benefit due Benefits of 
to drainage flood 

(£/ha/yr) alleviation 
(£/ha)

Change in net 
return due to 
maintenance

Benefit due 
to drainage 

{£/ha/yr|

Dry Season 
Benefits of Change in net 

flood return due to 
alleviation maintenance 

(£/ha)

Total
Change

(£/yr)

101 33.70 0 7.20 7 0 7.20 7 0 8.67 9 253
102 18.20 44 0.00 44 0 0.00 0 0 0.00 0 79
201 59.80 67 1.91 69 67 1.91 69 0 2.49 2 3339
202 17.90 36 -0.34 36 0 0.18 0 0 0.52 1 72
203 5.70 0 0.00 0 0 0.00 0 0 0.00 0 0
301 6.00 56 2.98 59 0 3.94 4 65 3.26 69 134
302 5.20 65 0.89 66 0 1.11 1 71 0.93 72 114
303 7.40 32 0.00 32 0 0.00 0 33 0.00 33 73
304 1.10 71 15.35 86 0 16.01 16 82 14.18 96 43
401 15.20 36 0.00 36 28 0.00 28 0 0.00 0 351
402 15.60 102 0.00 102 0 0.00 0 0 0.00 0 159
403 16.30 102 0.00 102 0 0.00 0 0 0.00 0 166
501 2.70 135 0.00 135 53 0.00 53 0 0.00 0 137
502 12.70 131 0.00 131 67 0.00 67 0 0.00 0 764
503 4.90 117 0.00 117 44 0.00 44 0 0.00 0 209
504 4.70 71 0.00 71 88 0.00 88 0 0.00 0 324
505 13.40 8 9 0.00 8 9 2 9 0.00 2 9 0 0.00 0 396
601 11.20 0 0.00 0 0 0.00 0 0 0.00 0 0
602 11.40 1 0.00 1 1 0.00 1 0 0.00 0 13
701 18.60 51 0.00 51 61 0.00 61 0 0.00 0 893
702 14.50 74 0.00 74 88 0.00 88 0 0.00 0 1001
703 7.80 194 0.00 194 133 0.00 133 0 0.00 0 876
801 70.00 82 0.00 82 82 0.00 82 0 0.00 0 4566
802 78.00 49 0.00 49 49 0.00 49 0 0.00 0 3051

Total 452 Total 17011

Probability of Wet season 0.10 Benefit (C/ha) 38
Average season 0.70
Dry season 0.20
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Table 5.5 Changes tn net returns due to maintenance and climate, 1995/96 economic prices

Block Area (ha) Benefit due 
to drainage 

(£/ha/yr)

Wet Season 
Benefits of 

flood 
alleviation 

(£/ha)

Change in net 
return due to 
maintenance

Average Season 
Benefit due Benefits of 
to drainage flood 

(£/ha/yr) alleviation 
(C/ha)

Change in net 
return due to 
maintenance

Benefit due 
to drainage 

(£/ha/yr)

Dry Season 
Benefits of Change in net 

flood return due to 
alleviation maintenance 

(£/ha)

Total
Change

(£/yr)

101 33.70 0 7.20 7 0 7.20 7 0 8.67 9 253
102 18.20 19 0 .00 19 0 0.00 0 0 0 .00 0 35
201 59.80 28 1.91 30 28 1.91 30 0 2.49 2 1442
202 17.90 2 -0.34 2 -5 0.18 -5 0 0.52 1 -59
203 5.70 0 0 .00 0 0 0.00 0 0 0 .00 0 0
301 6.00 37 2.98 40 0 3.94 4 42 3.26 45 95
302 5.20 28 0.89 29 0 1.11 1 56 0.93 57 78
303 7.40 15 0 .00 15 0 0.00 0 13 0 .00 13 30
304 1.10 17 15.35 33 0 16.01 16 15 14.18 29 22
401 15.20 1 0 .00 1 -7 0.00 -7 0 0.00 0 -68
402 15.60 46 0 .00 46 0 0.00 0 0 0 .00 0 72
403 16.30 46 0 .00 46 0 0.00 0 0 0 .00 0 75
501 2.70 63 0 .00 63 27 0.00 27 0 0.00 0 69
502 12.70 53 0 .00 53 28 0.00 28 0 0 .00 0 313
503 4.90 45 0 .00 45 18 0.00 18 0 0 .00 0 85
504 4.70 66 0 .00 66 36 0.00 36 0 0.00 0 150
505 13.40 40 0 .00 40 15 0.00 15 0 0 .00 0 193
601 11.20 0 0 .00 0 0 0.00 0 0 0 .00 0 0
602 11.40 *6 0 .00 -6 -6 0.00 -6 0 0.00 0 -54
603 3.20 0 0 .00 0 0 0.00 0 0 0 .00 0 0
701 18.60 34 0 .00 34 41 0.00 41 0 0 .00 0 595
702 14.50 31 0 .00 31 37 0.00 37 0 0 .00 0 419
703 7.80 47 0 .00 47 23 0.00 23 0 0 .00 0 163

801 70.00 17 0 .00 17 17 0 .00 17 0 0 .00 0 926
802 78.00 22 0 .00 22 22 0.00 22 0 0 .00 0 1399

Total 455 Total 6232

Probability of Wet season 0.10 Benefit (£/ha) 14
Average season 0.70
Dry season 0.20



Table 5.6 Farmer asesm ent at maintenance benefits

m<xk A rea (ha) Benefit due 
to  drainage 

(£/hafyr)

Average Seasm 
Fm m cial prices

Benefits c f Change in net 
flood return due to 

alleviation maintenance 
(£/ba)

Benefit due 
to drainage 

(£/ha/yr)

Average Season 
Economic Priocs

Benefits of 
ilood 

alleviation 
(£/ha)

Change m net 
return due to 
maintenance

101 33.70 0 7.20 243 0 7.20 243
102 18.20 0 0.00 0 0 0.00 0
201 59.80 0 1.91 114 0 1.91 114
202 17.90 1 -0.34 12 -5 0.18 •86
203 5.70 0 0.00 0 0 0.00 0
301 6.00 0 2.98 18 0 3.94 24
302 5.20 0 0.89 5 0 1.11 6
303 7.40 0 0.00 0 0 0.00 0
304 1.10 0 15.35 17 0 16.01 18
401 15.20 -28 0.00 •426 -7 0.00 -106
402 15.60 0 0.00 0 0 0.00 0
403 16.30 50 0.00 815 23 0.00 375
501 2.70 53 0.00 143 27 0.00 73
502 12.70 67 0.00 851 28 0.00 356
503 4.90 44 0.00 216 18 0.00 88
504 4.70 88 0.00 414 36 0.00 169
505 13.40 29 0.00 389 15 0.00 201
601 11.20 0 0.00 0 0 0.00 0
602 11.40 1 0.00 11 -6 0.00 -68
701 18.60 61 0.00 1135 41 0.00 763
702 14.50 88 0.00 1276 37 0.00 537
703 7.80 133 0.00 1037 23 0.00 179
801 70.00 82 0.00 5740 17 0.00 1190
802 78.00 49 0.00 3822 22 0.00 1716

Total 452 Total financial benefit (£) 15831 Total economic bendit (£) 5789
Benefit (Lha) 35 Benefit (£Aa) 13

5.2 Maintenance Costs
Maintenance activities on the Dysynni Low Level Drain involve the flailing of banks twice each 

year, weed removal from the channel and selected tree and bush work. Estimates provided by 

NRA were £ 3000, £ 7200 and £ 400 per year respectively for the whole reach, in 1995 prices; 

a total of £ 10600. In addition, about £ 6200 is spent every 10 years on desilting the main 

channel, equivalent to an average annual cost at 6  % interest of £ 998. Total average 

maintenance costs are therefore approximately £ 11600 in 1995 prices.

5.3 Scheme Appraisal
The estimated benefits attributable to maintenance can be compared with estimated costs to 

determine the justification for expenditure. Because the main maintenance activity is 

performed annually, the appraisal involves a simple comparison of annual benefits and costs.
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Table 5.7 Maintenance scheme appraisal: Dysynni Low Level Drain
Average Annual 

Benefit (£)
Average Annual 

Benefits (£)
Average Annual 

Costs (£)
Benefit: Cost Ratio

Modelled Estimates
Financial Prices 17000 11600 1.46

Economic Prices 6200 11600 0.53

Farmer Estimates in an Average Season
Financial Prices 15831 11600 1.36

Economic Prices 5789 11600 0.50

Table 5.7 shows that the existing maintenance scheme is viable in financial terms. Benefits to 

farmers exceed the costs of the scheme. In economic terms, however, the benefits to the 

economy do not appear to fully recover the costs of maintenance.

Farmer assessment gave an average annual financial benefit of £ 15831 (£ 35/ha) and an 

economic benefit of £ 5789 (£ 13/ha). The scheme generates an annual benefit: cost ratio of 

1.36 and 0.5 in financial and economic terms respectively.

The application of MAFF Guidance Notes on economic analysis suggests that the maintenance 

programme is not justified. This conclusion must be interpreted cautiously as discussed in the 

R&D Note 456 Section 2.7.2.
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6 ENVIRONMENT

6.1 Introduction
The environmental quality of the Dysynni Low Level Drain is outlined in this chapter. 

Reference is made to river corridor surveys, public consultation and farmer assessment.

6.2 River Corridor Survey
Before maintenance was carried out in 1992, a river corridor survey was completed for the 

selected reach using the survey methodology developed by the Nature Conservancy Council 

(NCC) now English Nature (EN). Sketch maps and record cards (Appendix II) were 

completed for each 500 m reach within the study area.

Following maintenance, a second survey was completed in order to ascertain the impact of 

maintenance on the channel environment. As weed clearance was carried out on the channel 

and the channel characteristics were not altered, the post-maintenance survey took the form of 

a vegetational survey. This concentrated on the location and extent of channel coverage of 

different types of aquatic vegetation. The post-maintenance survey is presented in Appendix

n.

6.3 Public Consultation
Since 1979, prior to the introduction of the Wildlife and Countryside Act of 1981, the NRA 

has liaised with conservationists regarding river maintenance activities. In the spring of each 

year a work programme detailing each maintenance activity and other works to be completed 

is distributed to various organisations such as the Countryside Commission for Wales and the 

Royal Society for the Protection of Birds (RSPB). Representatives from these organisations 

are invited to attend a meeting where the work programme is discussed and issues can be 

raised. If necessary the programme of works may be modified. If requested, a site meeting is 

held at a later date to discuss the finer points of the exact work to be completed.

6.4 Farmer Assessment
Each former interviewed in the benefit area was asked to identify any environmental features 

within the selected reach thought to be affected by river maintenance. Only one farmer
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thought the river maintenance would have an adverse impact in the form of damaging the 

habitat for birds and flora living within the river and its banks.

The area of the Afon Dysynni and its banks to the north of the benefit area is reported by one 

farmer to support one of the largest communities of Welsh Mudwort in Europe.

6.5 Water Quality
The quality of water in the Dysynni Low Level Drain is good (class lb) according to the 

former National Water Council (NWC) classification system. There is no visible evidence of 

pollution and the water is of high quality. However, it cannot be placed in class la because of 

the effect of physical factors such as the low gradient.

6.6 Channel and Bank Quality
The environmental quality of the Dysynni Low Level Drain has been determined by following 

the procedure outlined in the ‘Guidelines for the Justification of River Maintenance' (R&D 

Note 511).

The channel and banks are both of medium quality. Extensive beds of well developed 

emergent and submerged vegetation are frequent w ithin the channel Substrates are commonly 

sand/silt but areas of coarser sediment can be found.

The channel banks are uniform in structure consisting of predominantly one vegetation type 

and lack trees and scrub. Typically the banks are less than 2  m in width. Submerged and 

exposed roots and ancient trunks of the ‘bog oaks’ provide varied habitats for wildlife. These 

roots also stabilise banks. Flowering herbs in the spring and summer improve the botanical 

quality of the banks.
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7 CONCLUSIONS

7.1 Scheme Appraisal
The existing maintenance scheme of annual weed clearance, tree and bush maintenance and 

desilting every five to 1 0  years is viable in financial terms. Hie average annual benefit of 

maintenance in terms of its prevention in a deterioration in drainage status and increase in 

flooding is £ 17 000. Average annual maintenance costs are £ 11 600. The benefit: cost ratio 

is therefore 1.46.

7.2 Guidelines for River Maintenance
The ‘Guidelines for the Justification of River Maintenance' (R&D Note 511), produced as a 

result of this River Maintenance Evaluation Study were used to provide an alternative method 

for justification of river maintenance on the Dysynni Low Level Drain.

According to this method, the financial benefit : cost ratio is 1.4. This value approximates to 

that derived from the detailed analysis ; the results of which are summarised in Section 7.1 .

7.3 Imnact of Maintenance on Channel Vegetation
The types of vegetation found within the Dysynni Low Level Drain are discussed in Section 

1.9. The impact of the floating, submerged and emergent vegetation on channel capacity is 

also discussed. Different vegetation types respond to maintenance in different ways.

The pondweed and sweet-grass reproduce through a system of rhizomes (underground stems). 

The current method of maintenance - regular cutting, actually stimulates regrowth of this 

vegetation. Desilting of the channel every few years is necessary in order to remove the 

rhizomes from the channel bed.

The floating vegetation Lemna reproduces vegetatively and unless every fragment of this 

vegetation is removed from the channel, reproduction wiQ occur and the weed will rapidly 

regrow. Chemical control is the most effective method of control in this case. However, 

Lemna does not affect channel capacity as it is a free-floating plant and offers no resistance to 

flow. It can however, reduce water quality.
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The current maintenance regime therefore is appropriate in controlling the channel vegetation. 

The vegetation is cut and removed from the channel, the majority of the Lemna is removed and 

the channel is desihed every five to 1 0  years which reduces the rhizome bank in the channel 

sediments.

7.4 Maintenance Best Practice
The ‘best practice’ vegetation maintenance methods for the Dysynni Low Level Drain were 

determined using the ‘Guidelines for the Justification of River Maintenance’ (R&D Note 511), 

produced as a result of the Environmental Impact Assessment Study.

Channel

Best practice maintenance operations for emergent weed are identified as :

• Biennial cutting;

• Cutting on a 3 to 5 year rotation; and,

• Desilting / raking at an interval of 2 to 7 years.

Best practice maintenance operations for floating and submerged weed are identified as :

• Biennial cutting, 1 0  - 30 %;

• Biennial cutting - selective;

• Cutting on a 3 to 5 year rotation, 1 0  - 30 %; and,

• Cutting 3 to 5 year rotation - selective.

All these maintenance operations should be selective, concentrating on those areas which are 

particularly choked by vegetation or in areas in which the weed is liable to cause an 

obstruction, hazard, or restriction to flow.

Since the beginning of this study, annual weed maintenance in the late summer has taken place. 

All the vegetation is removed.

According to these Guidelines, the current maintenance regime is too severe in environmental 

terms. If the cutting frequency could be reduced to every other year, the environmental quality 

of the channel would be improved. If a margin of vegetation were left un-cut down one or 

both banks, this would greatly increase the channel quality.
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Bank

Best practice maintenance operations for bank vegetation are identified as :

• Light grazing.

Light grazing is suggested as the best method of bank maintenance in order to increase bank 

environmental quality. At present, the majority of the banks are fenced and so the banks are 

not grazed by livestock. In order to increase bank environmental quality, these fences would 

need to be removed. This could be an expensive operation as capital has already been spent in 

fencing the channel and the risk of livestock loss may increase due to the absence of fencing - 

particularly during the lambing season. Bank erosion due to poaching (surface damage by 

livestock), structural damage and possible over-grazing may actually result in the deterioration 

o f bank environmental quality.

7.5 Recommendations
It is recommended that further research examines

• the impact of a reduced maintenance frequency on land drainage and flooding within the 

benefit area;

• the impact of reduced channel maintenance on channel environmental quality; and,

• the impact of cutting the vegetation on one bank only on channel hydraulics, flooding, land 

drainage and environmental quality.

7.6 Epilogue
This report has assessed the impacts of the current maintenance regime on the study reach. It 

has been used along with other study sites to formulate guidelines on the appraisal of 

maintenance works and best environmental practice. These draft guidelines are summarised in 

Chapter 5 of the R&D Note 456 and presented in full under separate covers.
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APPENDIX I

Example of input and output data for the watertable model

Dysynni Low Level Drain 
Block Number 501 
Cross-section 5

Input Data Output Data

River height (m AOD) Watertable height (m AOD)
Week
1994

1 1.52 1 . 1 0

2 1.73 1 . 1 1

3 1 . 6 8 1.38
4 1.87 1.38
5 1.63 1.45
6 1.41 1 . 1 1

7 1.25 1.04
8 1 . 2 0 0.94
9 1 . 1 0 1.05

1 0 1.03 0.93
1 1 1.09 1.04
1 2 1.14 0.95
13 1 . 0 0 0.87
14 1.15 1.04
15 1.18 1.15
16 1.54 1.17
17 1.36 1 . 1 0

18 1.14 1.19
19 1 . 1 0 1.23

2 0 1.46 1.41
2 1 1.63 1.44
2 2 1.48 1.28
23 1.40 1.79
24 1.87 1.79
25 1.79 1.79
26 1.73 1.58
27 1.79 1.17
28 1.59 1.29
29 1.63 1.29



Example of drainage status classification, Dysynni Low Level Drain

With maintenance 
Block 501 No. of weeks

Watertable 1993 Spring 1993
depth (m)

>0.5 1.369 35 1.369
0.3><0.5m 1.569 8 1.569

<0.3m 1.869 9 1.869

No. of 
weeks

13
0

0

Drainage status classification, according to time 
watertable is within the G, B, VB drainage bands

Good

Without maintenance
No. of weeks

Watertable 1993 Spring 1993
depth (m)

>0.5 1.369 14 1.369
0.3><0.5m 1.569 1 2 1.569

<0.3m 1.869 26 1.869

No. of 
weeks

1 0

2

1

Drainage status classification, according to time 
watertable is within the G, B, VB drainage bands

Bad



No. of No. of
Summer 1993 weeks Autumn 1993 weeks

1.369 9 1.369 8

1.569 3 1.569 3
1.869 1 1.869 2

Bad Bad

No. of No. of
Summer 1993 weeks Autumn 1993 weeks

1.369 0 1.369 2
1.569 4 1.569 4
1.869 9 1.869 7

Very Bad Very Bad
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C < X \ l i f t  I t  k

90 100

IIAN 1C V e A T lI l t  CS ' / .

Jll",n * *  
S olid  C .lllll c lilf  I m T #

AA& Sull cailhclill 7  $ 0
U kl tockclili
CITJtl iij|||n;ij|J
I I I  111 n rt 11 mill. , ii |j

I'D HikhI Ixmk sel k ick  
lovuo 

llciillil <  Iiu
4* I <I!m
I >2m

Widlli c  I in
I ! i l 1 1  

'  ?.'.»• <*Jin

L «

ICO

r

/ *

'bin

:ui < w r 
tui < y ir 
> y ir

nun I 
3 3 S  K i n d  

■ l v i i u  : : ) i i i i i | I < !

v V ;  veqelalud ^IiiikiIi; 
cailli

* 2 7  n .i l t i i i i l  r u b b l e : ;
©  n a t u i a l  U m l d i r i u  

DANK VEGETATION
O hiiIim
O u t .  A : ; h ,  ^ y c < n i H i n  - 

1 '  W l l l t i W  I C C I M 'I  J m i l l . i l t l
W  W i l l n w  o l d .  i io l  | t u l L n d  
S  .M .m d a i d  w i l l u w s  

A i d e  i
O l l i c i  l i u i .'S  
Y u l l l K J  I l C U S  
T h i c k  ^ c n i l i / s h n i l i : :  V .  

o c i  u b / : ; l u  l i b s  * / .

Ki.'fil/IJcdiU! 7,
IX-iim.' nj»i!ii V*
o | M i : ; « : i > | H : i i  V <
l ( » ! r . r u d « u l  h i  u m w t i  ' / ,
IT x jK iu o a I  t i i r e  i m i l : :

A

■ 0 *
/ f

V '
V
w

f< e

»Q&

\oo

100

l o o

kx>

iO O

IOC

loo

iO O

ISLANDS

Hucl^y. viMjci.tiud
o' lucky. I Ivins 

ulniKjtc and lock
* sliinule, lock l vuij 

cm (It - malm mg 
c . n i l i  -  w i i l i  11e e s

*»* dcvclojxid

HIV Lit UAUITATS
bmlyu:^i00iii 

/ W  woiis/yoom 
P =^7 locks/SOQin 

inlui/SOOin
Uiplli < .X5m 
t  .K>-<.5 
r  0 5 -< l,0  

>  1.0m

X

Widlli

< - >

<1
i-<y
5 <  JO 
10-<20 
>20

\oe>

ICO

Subslialcs 
I1H bod nick 
b Ik jiiM c i s  
c  o ilib lu s 
|) J Kibbles 
g  ’ v ^ g ia v e l  
s &iikI 
I sill/mud 

&  cliiy
'>  JKMl 

lUbilals and How 
( ^ )  |KK>I

slack 
nlllt* 
l.ipids 
mu
waliMf.ill 
piolm duuj locka

n
tm n.

Maiyitis
V;’v* SllllMjIli 1 IkllU

liltiiKjIe. vuyebiltid 
mud 

f a  sond

I L O U A  %

» !UH)H|Clll Vnj ^  I Ml Willi.'
uiiiuiiiciiI l -^in witlu 
C'liiuifjunl >2m  wide

_____ UiUl v«:< |ul iiMM ___ _ _  ___

U biyopliyltiu
K ui i i d  ijcnis 6 0
A stibm uigud
I- fliMlUK) __  __  . _ . _

iilgau "/.

\ o o

loo

9 °<iO
30

tlioV.



w *  S ’ l - I
'P'CO*4

% ::
»̂)<L

--- ----*——1——%—»

1 —n—«---1“—t——<—



.R

A. WOODLAND & SCHUD Ofe
1. Uioad-leaved scrm-nat.

plantation 
Coniferous sem inal.

plantation 
Mixed scniMialuiul

p lil llU lllU ll

2. S c m b -d o n so
scallcrcd  

C on  -n ld e i 
willow

3. Paikland
4. Recently Idled wood

D. GRASSLAND & MJUISU af0
I. Acidic imiinpioved

scini-impiovud 
Noulia) unimproved 

scmi-itnplovLd 
C ulcaicons imimpiuvod 

sc'tiii’intpioviid
4. Im piovcd/icsutidcd
5. Maish/maisliy grassland .

a  t a l l  iintin  & r c iu i  °/o
1. lliockcn
2. U pkm dspp nclivugul.
3. Otlioi - lull tudcial

ton ludetal

G i f t s

D. HEATHLAND 

1.
Yo

D w a ilsc iu b -d iy  
wcl

3. I.iclieri/biyopliylo
4. Montano
5. Jlcalli/ginsslatid-diy 
G. wcl

e . m i r t ,  t l u s h  a n d  s p r i n g  f o

1. M u e s -b o g  '• 
T e n - ic e d

sedge
sw e e tg ia ss
mixed

2. Dog (lushes

SW AMI*/INUNDATION ° /
Swamp - single sp. doin.
Tall mixed assemblage

100
10 
9 0

mvLuyjfc/Mv Icvo Itvj^u l/v, 
l(«. H«. \ -  I . -ST K "

U«U lo jhjqz
Surveyor

U5

G. OPEN WATER

1. Standing ■ canal t
c a i i . i l  a

. diicli 
dyke
jxind, jxwl. cul oil VI 
lake %  
gravel pit Y.
IL'MJtVUII f ,
IIM IM I.I w( %

2. ItiMining
SllLMIIl <  I in  w id e  

I lit n  
5 If In i 
>10

i. nocic
1. c l i f f  

sriin i
Ii k k ^ I o iiu  p a v e m e n t

CilVI*
Olln.M

2 . Of Illicit) 1/WilSlU

J. MISCELLANEOUS
.• l ia b le
a m e n i ty
e p t a m o i a L f c l i o i i  l i e i h

lu>d<i<> l
hedge =
lei ico on Uinl:
Ii rncc su1t Kiel’
W illi

I >tjil( Jim |
lM i.iv .iii ';

t in  i»i 
silage d a m p  
s»!w;i<;<> w a lk s

gulden  
Mick pile 
flood d eb u s  
toad
jailway disused 

used
u l l ie i

”/• flf
l« JU  \t ,fiK̂  jlrthk

ICO

16 K 6
i i a n k  i ‘L A T u m : s * 7  

!iin -it •/.
s^iIk Ic .h iIm IiII I m T ,  

A W  ;u>II t:.itlh  clifl y $0 
U V I jo c k  d i l l  
C m U  ;uli/u:i;il 
I I) III mil I m ill .i*!|
I'U HlKld lu iik  Sdl |Kiuk

levee 
<1 
I
'.*>1

—=> 

'i l l  IJ H!

nil 
< ill 11 
!m

Widlli < lm
l-<2 'in t 
2 li- <lim 
>tliii 
■::nr*
:hi <m" 
lit) < m r 
> m r
mu,!

3 s-iiiil
Ixiru:;lnitijti: 

v  V i vegetated uliuigle 
Cilllll

* 2 ?  iiiilu ittl c o b b l e : ;

©  ti.ilm.il Imuldei:;
HANK VEGETATION

f i l l ' .  A sti. ;

W llIuW  lu C i ll ll  (M ill.ild  

W illo w  o ld .  nut l> o ll.iid  

M .in d a t d  w i l lo w s  

A ld e i

O l h c i  11 c o s  

Y o ik k j  Ii 1

Thick Jjci ul i/:;l11 ubs 7. 
Sjwim; ociulVsluubj 7« 
lli.‘c i • d i ( » ;  7. 
IX^n:«fOjM.‘ ii V* 

r>|MIM!l>pi‘il '/•
Ki.'fU’e t  lt;d  h i 1111 iw  11 / ,  

t lx iK is e d  lu !t ;  1 m il:; 

ISLA N D S

. Itucky. VLHjci.ilcd 
lucky. 1 lv*n; 
ulimglc «md iol.1;

* sliinglo, lock I vug 
X e,i 1 Hi - matin mg 

ciitlli - willt ltecs 
»* dcvclojxjd

I*
W
*>
A

*0m
&

y
° v
W
> /r-

i c o

0 0

l o o

& >
to

\ o o

C O

i c o

1 0

1UVLK11AU IT ATS
r n  biulyoi./'oOOin 
//tW  wous/liOOm 

locks/MOm 
inlcVSOOin

LK'pltl

\
<.2Gin 
.2!i-<.5 
OS < 1.0 
>I.Oin

7 .

Widlli <1 
1 c !»

< - > G <10 
I0 < 2 0  
>20

Substrates
MK LhhI nick
I) Ixw ldoiS
c ctibhlus
P p ebb les

gravel
s ‘iiiiKl
1 sill/mud

(3D cl,iy
•v — |>ual

llabilals and How

(3 |XJOl
slack
1 iffIi*

'V t mjinJs
n mu

W .ll(> ||.ll l

p i u l u i d i l t g

70
30

t o o

ico

ICO

Mat giiis

V * •!«* slmiglu i  
-.K<‘ sliimjlc. vuguliilod 
4-*M* mud 
U s  suiid

1 L O IU I %

c im r H IC H l v n |  h it  w uli* 
u i i i u k  j c i i I I Zm w id o  

cmuifjciil >2m  widu
____  lu U il v t;c tel i i ie il  ____ __

11 l n y o p h y l c s
K  L 'IIIU Il)U lll!i
A s t i lx i m i y c d
H flo aliiK j ___  ___  ____

alij.ic s h t t c U ,

LO

Z O



pK»Vl



• K

£iR« 16 Kg iftve<2
A.

1.

3.
4.

0.

I.

WOODLAND & SCltUD Oy^

Uioadlcavcd scmi-nal.
plantation 

Coniferous semi-nal.
plantation 

Mixed scniinatiiiiil
p lu n U lllU II

Scrub -  dense 
scallcicd 

Coti -n ld c i 
willuw 

Parkland
Recently Idled wood

GRASSLAND & MARSU %

Acidic unitnpioved
scmi-impiovcd 

Nouliul miimpiovcd 
sen li-unproved 

Culcaieonsiiniinpiuvcd 
scim-iinpiovud 

li npi ovcd/i esuOdod 
Maishfmaisliy giassland ,

C. TALL U£IW & rCIW o /to

D. 

1.

3 .

4.
3.
G.

E. 
1.

Iliackcn
Upland sp p  iicli voyul. 
O lic r - tail m dei;il 

i ton ludutal

HEATHLAND °(c
D w a ils c n ib -d iy

wet
biclien/biyopliylc
Monlono
llcalh/grasslaiid-dry

wcl

MIRE, rLUSQ AND SPIUNG fo
Miles - Ixjg
Ten -  iced  

sedyo 
sw c c ig ia s s  
mixed

Dog flushes

SWAMP/INUNDATION ° /
Swamp -  single sp. doin.
Tall mixed assemblage

ICO

20

iO
7 0

nivuiDysYrtrcv Lov* IK)ft! V&A\V 
IliH N«. I • — 2

\ o /6 /9 Z

G. OPEN WATLU 

I. Standing - canal r °U

2.

c a n a l»
ddcli 
dyke
pom I, jxwl. cul oil 7, 
lake % 
yiavu lp il X
I O M ! I V y i i  71 

IIMI 111,1 rf%
Kmimiiy
stiuain < I in wide 

I lint 
5 lOtn 
>10

n o c ic

cliff
sru n ;
ImicUunu pavem ent
C M  VI*

olliei
aililicuit/wiiiile

MISCELLANEOUS 
nidi ill;
•irneniiy i j i ; i:l*;I,h h I 

nptam uial/sho it licib  
hedge \ 
hedge  = 
lenceon  Uiuk 
lonce scl bacl*
Willi
) » i i U inn  i 
Ciii.iv.tii1; 
lislt lilllll 
silage cl.unp 
sew age wuiks 
g .nden  
slick pile 
flood d eb u s  
load
lailwiiy <hr»used 

used
olliei

Arii

9 0 40

DANK

Ai A
A M
IU I
c r u u
n i
I’b

Height

t

r i : n m n i : s
7 .

stfiiti <.>.!• iti cidr I m T ,  
wifi c.ntiichll y  $0  
tuck dill 
aililicial 
llixrtl Ktuk ,i<l|
Hood b a u k s e l  I Kick
lovue
< Im
I ciim
>2m

Widlli < Iii*
I !ill( 
?, !i <tini

r.
—>

/ *

5 5 ^

'bill 
.::iir 
:iu < iiir 
tm < ' j r  
> w

mud
Kind
baio  :;)nii'|li:

W
T>
A

&
O

//a

v V j vcyrt.iiud shingle 
caiilt

07  naini.ili:uhlili:r;
©  natmal Itotildi.-iu 
DANK VEGETATION 

o.iiti.ji
trX / CJ.il:. At;lt, SyCitmonr 
I* WlllitW |lolliHtI

Willow old. nut |xjlLud 
‘il.mittiid willows 
Aldei
Olhei liees 
Yuiiikj lice:;
Thick Ii:i ub/.sl n tib;; 7. 
^ ju isc  ikjiiilV:;tiiiibs */.
H o i ' i l / J i e d y e  7 ,  

l)en:;on|*en V. 
o | h l l M ! U J « M )  7 .  

Itesecdedui nmwii '/. 
L x | K « e d  lii!i: imit;;

ISLANDS

Kui.ky, wctjcl.ilud 
^ p - m c k y  I U ..„

>' • '  shingle atul iuck
shingle, lock \ ve<j 
cailli - maliiiiiui 
caiih  - wiiti liuus 

*»* develojx*d

/ f

<v
w>7T~

\oo

ICO

100

iCD

ICO

»co

lad

1 0 0

>oo

»od

lUVtH UAD1TATS
biidgov/JOOin 
wens/yoom 

P 3"-;  locks/500m 
iiilcl/SOOm

Urplli

Widlli

<  ZSui 
.2 Ji-< .5  
Oil <1 .0  

>  I.Om

< 1  

l<Ii
^—y 5<I0 

1 0 -< 2 0  

> 2 0

Subslialus 
IIH bed lock I) Unilduis 
c colibles 
p iwbbics 
« *\ŝ yi;ivcl 
s fttlKl 
I sill/ittud 

<S> clay 
*V jMjal
llabilats and flow 
(7®) pool

aU:k 
nllleliipids lllll
w.ileif.ill 
piuiHiding tucks

7. loo

too

IC O

59'f>f>
Tt
nn .̂4A
Maigins

slmiglu i  U u c  
shimjlc. voyuliilcd
mud
sand

ILO R A  %

eiiMMijeiil vct| v. tin wkIi: 
e ineiticn l I Ziuwido 
uiiieigenl > 2m wide

_  Ullill V tii |Ul *11 Oil ____
It biyopliyU'u 
H eineiijenL*:
A subuteiged
H floaliiKj __  __  ___

aKjitu */.

lo
so



P \ow



3.
4.

D .

I .

WOODLAND & 5CUUD *>f0
Uioadtoavod seminal.

plantation 
Comfeioussemi-nal, 

plantation 
Mixed semi-no Imal 

plantation 
Scrub -  dtinso 

scallcicd 
C a n  -  nldoi 

willow 
Falkland
Recently (died wood

GRASSLAND & MARSH %

Acidic ii nil npiovcd
senn-im piuvod 

Noulial nniinpiovcd 
scitii-nnptovod 

Cutcaicons imiinpiovcd 
sumi-imptovud 

4. Impioved/iosuOdud 
3. Matsli/maishygiassland ,

c . t a l l  m au i & r c im  °/o
1. Ilmcltcn
2. Upland sp p  iicli voyul.
3. Olltci - tall tudcial

non judcial

D. HEATHLAND °{o
I. D w a ifs c m b -d iy  

wcl
3. Irichcii/biyopliylo
4. Montano
5. M c a lh / g tn s s la m i-d iy
6. wcl

E. M IRE, TLUSa AND SWUNG f o

1. M ire s-b o g  
T c n - ie o d

sodya
swcdgiass
mixed

2. Dog flushes

1*. SWAMT/INUNDATION * /
K Swainp -  single sp. dom.

Tall mixed assemblage

loo ICO

mvui.IJYSy/WOt lO-O t 6 \>£L 
K m  No. 2— 2  •  $>

* » * « •

Stintjfir
c t f

G. OPEN WATER

1. Standing ■ canal )
canal =

diicli 
dyke
|«IHJ, |K)Ol, Ctltull 7.
laky 7.
(jinvtdpil Y. 
icMirvoir 1, 
n i. i im m

2. I (nulling
sii vani c  I in wide 

I !>m  
S I Din 
>IU

I. ROCK

1. cliff

s c u n ;
llllUISlolUJ JK lV U M H -’ lll 
L S tV U

2. ailiticuil/waMu

J. MISCELLANEOUS
atabli;
ninumly i|iiiv;liini I 
oplioniL’iaUilioil ln.’tl) 
ht.'dgu \ 
hedge = 
f o ro ?  o n  U n it :
tl’IICC SC I back
w a l l
limit Inti j

lisli lim it 
s ilin i< ; ct.uiij i 
si!w,it|<; winks 
gaiden  
Mick p i l i ;
(loud d e b u s  
toad
tailway disused 

used
oilier

I0C3

m

KX>

1 6
HANK

I* A
M 3
U U
CY.IU1

r u
m

Ifciglit

t
Widili 

— >

i LA:nmi:s /. 
s i h - n  y .
S o l i d  U . l l l l l  c l l l f
Kill oui H i c l i N  
K i c k  clill 
<nlifn:ijil 
III II rt I I Milk .1 1 1|
Iluod bank w:l Iwek 
luvuu
<  tin
I < ’tU n  
>2ui

< Itu 
l-<2 !tni 
Ztictim 
>Uin

: m  < i i i r  
CrU < w r
> u i r

I m T  ]
n o ]

\co

lo o

iiiiii I 
; - i m l
h a m  :;tiiin|li: 

v  V : vugcl.iled shingle 
c a t  IU

*27 ii.ilm.it cobbtiv;
( 0  iiiilui.it I h ii iIi Ic i ^

BANK VEGETATION 
O u i i l c t
O a k .  A u l i .  ! i y e .u  n o n ;  
W l l l n w  ieCi:|il | M i l l .i l l )  
Willow old. n u t) K jIltitU  

St.nid.iid willuws 
A  l< l e i
O l h e i  l i e e s  

Young lux :;
Thick i#:mli/;;lnub:; V. 
ojw ise SciulVsliiub^ 7 .  
ItlM'tt/iil'll(JtJ 7. 
IX.'Iim ;ojm _’U y .  

f.JM ISO  u p u i i  '/• 
l(i:;:<?«j«li!<l i n  mown '/. 
I I k i h i s u i I  lu!i;

ISLANDS

. M u c k y , v tu j« : l . i l u d
. f t i f P '  l u c k y .  I I v in *

slnm|l«:aml l o c k  
4  sliiuuto. l o c k  l  v e < j  

cailli - malurmi,! 
c . n l h  -  willi h u es 

» dcvolojxid

1*
W

•S
A

&

0 *
/ s

X° v
W
>Tr~

too

i c o

\ o o

i a o

t o o

ICO

III V Ell U All IT ATS
budgo:̂ l>0 0 ni 

S A W  wuHs/SOOm 
lockŝ OOm 
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1. Utoad-leaved scmi-nal.

plantation
Com leronssem Hial.

planlaliun 
Mixed seniMialiiiiil 

plantaliun
2. Scnjb -  dense

scailcrcd 
C o m  -  alder 

willuw
3. Paikland
4. Hcccnlly Idled wood

0. GRASSLAND & MAR5U %
1. Acidic imii npi ovcd
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