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GLOSSARY OF TERMS

Aquiclude

Aquifer

Aquitard

Average Score per 
Taxon (ASPT) 
score

Biological Monitoring : 
Working Party (BMWP)

Confined aquifer 

CORINE

Homeostasis

Leaky aquifer

Natural Vegetation 
Classification (NVC)

NWC

Piezometry :

Soligenous :

Specific Yield

Geological unit which is impermeable and does not transmit 
water at all.

Geological unit permeable enough to yield economic quantities 
of water to wells.

Geological unit permeable enough to transmit water in 
significant quantities when viewed over large areas or long 
periods but its permeability is not sufficient to yield economic 
quantities of water.

An index of biological quality based on sensitivity of aquatic 
invertebrates to organic pollution and derived from the BMWP

Biological Monitoring Working Party score, an index of biological 
water quality which assigns high scores to families of 
invertebrates sensitive to organic pollution and low scores to 
pollution-tolerant families.

Aquifer bounded above and below by an aquiclude.

A tool for the standardised recording of vegetation diversity 
within the surveyed areas, including the representation of 
pattern by vegetation mapping, used within the European 
Union.

A system will tend to remain in balance until internal or external 
feedbacks become so out of balance that the system crashes 
precipitously to an altered state.

Aquifer bounded above and/or below by an aquitard.

A tool for the standardised recording of vegetation diversity 
within the surveyed areas, including the representation of 
pattern by vegetation mapping, used in the United Kingdom.

National Water Quality Classification 
Class la  and lb  Good 
Class 2 Fair
Class 3 Poor
Class 4 Bad

Mapping of the Hydraulic heads for an aquifer to indicate the 
direction of groundwater flow.

High water tables of the fen are maintained by below-ground 
water inputs, either from aquifers or soil through flow.

Volume of water released from storage in an unconfined aquifer 
per unit surface area of aquifer per unit decline in watertable.
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Storativity

Topogenous

Transmissivity

Unconfined aquifer

Volume of water released from storage in a confined aquifer 
per unit'surface-area-of-aquifer _per unit decline in the 
component of hydraulic head normal to that surface ignoring 
the compressibility of water and the aquifer.

High water tables of the fen are maintained by above ground 
water inputs, such as springs, streams, rivers or sheet flow.

Rate of groundwater flow under a unit hydraulic gradient 
through a cross-section of unit width over the whole saturated 
thickness of the aquifer.

Aquifer bounded below by an aquiclude but has no confining 
layer above.
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EXECUTIVE SUMMARY

INTRODUCTION

This study forms part of work by the National Rivers Authority to appraise options to identify 
a preferred solution for obviating or mitigating ecological damage to Redgrave and Lopham 
Fens SSSI, some 7 km west of Diss on the Suffolk/Norfolk borders (see figure A). The Fen 
is a National Nature Reserve and is an internationally important wetland conservation site 
designated under the RAMSAR convention. It is considered to be adversely affected by the 
adjacent Redgrave public water supply sourceworks, and from lowered bed levels in the River 
Waveney resulting from dredging.

Identification of a satisfactory full solution is being undertaken by the NRA in consultation 
with Suffolk Water Company (now called Essex and Suffolk Water, owners of the 
sourceworks), Suffolk Wildlife Trust (who own part and manage the whole of the Fens), and 
English Nature (who are responsible for the overall protection and management of the Fens).

The study was aimed at assessment of the hydrological and environmental impact of a number 
of options for redeployment of the groundwater abstraction or of otherwise remediating 
Redgrave and Lopham Fens; viz:

• Do nothing and continue use of the existing Redgrave PWS sourceworks adjacent to 
the Redgrave and Lopham Fens;

• Seasonal irrigation from an adjacent source (at least 1 km away) to mitigate the drying 
out of the Fens, but with continuous use of the existing Redgrave PWS sourceworks;

• Relocation of the PWS source works to near North Lopham 5 km to the NNW of the 
Fens and 500 m from a NRA river augmentation borehole; to be considered with and 
without augmentation pumping;

• Relocation of the PWS sourceworks to two alternative sites in the Wortham/Mellis area
4.5 km and 2 km to the east of the Fens;

• Relocation of the PWS sourceworks to near Wetheringsett 14 km to the ESE of the 
Fens and 500 m from a NRA river augmentation borehole from the River Dove; to be 
considered with and without augmentation pumping;

• River restoration of the River Waveney from Redgrave and Lopham Fens to Denmark 
Bridge, near Diss, both in conjunction with and without, the previous options.

The primary conservation objective for the alleviation of Redgrave and Lopham Fens was 
agreed by all parties in December 1993 as to:

"restore the full sequence of Target Fen types and re-establish the close mosaic of fen 
types within the fen sequence".

This would involve the following:

restoration of Chalk groundwater levels at or above fen surface;

restoration of groundwater flow;

Ref: 84. J07.0/W P/3122/REDLOP1 .A02
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fen management practices expanded and capital works in Post-Borehole Move 
Management Strategy to be implemented.

Further environmental objectives applying to the wider scope of the project are:

groundwater discharge sufficient to restore baseflow to River Waveney;

conservation objectives of nearby wetlands should not be compromised by any 
relocation of abstraction.

These objectives were used to assess and compare the impact of options for abstraction 
redeployment and other remediation measures on surrounding water users, wetland 
conservation sites, and springs and rivers.

METHODOLOGY

The study was based on hydrological data held by the NRA, and on information on the 
wetland nature conservation sites held by Suffolk Wildlife Trust, Norfolk Naturalists Trust and 
English Nature. No new field surveys were undertaken.

For each of the potential redeployment abstraction sites, test pumping information made 
available by the NRA was used to characterise the hydrogeology, and to determine the likely 
response of the Chalk and drift water levels. Limitations to the analysis were the short period 
of testing, particularly at the Wortham/Mellis sites (3 day tests) and Wetheringsett (7 day test) 
and the lack of information on response in the drift to abstraction in the Chalk.

The interaction between the Chalk and drift aquifers in the study area is complex due to  the 
highly variable nature of the drift cover, and in addition there is complex interaction with the 
rivers. A steady state leaky aquifer analytical model was used to estimate long term (steady 
state) changes in Chalk water levels resulting from the various abstraction options. Drift water 
levels were assumed to match the Chalk aquifer changes as under steady state conditions the 
Chalk and drift water levels would have equilibrated. This approach gives the "worst case" 
but indicative values to screen the options on a comparable and consistent basis. The analysis 
demonstrates the scale of possible water level changes in the Chalk and drift aquifers, but 
may not provide absolute values due to discontinuities, such as aquifer heterogeneity, buried 
channels and river recharge, which may influence long term pumping. Aquifer heterogeneity 
was included in the analysis where known.

The predicted effect of abstractions on the Chalk aquifer was used to determine the risk to 
existing abstractors, the overall impact on the 22 wetland conservation sites in the study area 
(R. Waveney and R. Waveney ESA are considered together) and the impact on river flows. 
The incremental effects of each development option on water levels and river flows was 
determined taking the ’Do nothing’ option as the baseline condition. Positive impacts 
resulting from the cessation of pumping at Redgrave will be the opposite of the ’Do nothing’ 
option for both water level changes at wetland sites and stream flow. Potential changes to 
river water quality were estimated from the present water quality classification and forecast 
flow changes.

For each of the 22 wetland conservation sites in the study area, geology and natural variation 
in Chalk groundwater levels were assessed to determine the overall hydrogeological sensitivity 
to changes in Chalk water levels. Ecological screening of the wetland sites was undertaken 
to estimate the sensitivity to changes in groundwater level, quality and throughflow, based 
on:
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presence of species of conservation interest;

presence of communities of conservation interest;

sensitivity of communities to groundwater quality changes.

Five categories of plant species were drawn up according to water level preference, based on 
long term average water levels, and range from open water and flooded conditions to plants 
typical of drying soils. Estimated water level changes were used in conjunction with the 
distribution of species at the wetland sites to establish potential effects on the ecology of the 
sites.

Virtually every wetland site was found to be of high sensitivity and dependent on Chalk 
groundwater inputs. It is thought that the fen sites in the area are an inter-acting ecosystem 
dependent on a sufficient gene pool and an adequate area of similar habitat. The importance 
of survival of individual sites to the persistence of the wetland ecosystem is not known and 
therefore survival of all of the sites is important.

RESULTS OF ASSESSMENT

All of the groundwater redeployment options (3.6 tcmd) from Redgrave lead to significant 
predicted improvements at Redgrave and Lopham Fens. Positive effects resulting from 
cessation of pumping at Redgrave are the opposite of the ’Do nothing’ option impacts, while 
impacts arise elsewhere from the redeployed abstraction.

’Do Nothing’ Option

The ‘Do Nothing’ option of continuing abstraction at Redgrave P.S. (3.6 tcmd) would have 
significant impact on wetland sites and rivers. Redgrave and Lopham Fens would continue 
to be affected by reduced groundwater levels. There has been a significant decline (77%) in 
wetland species and an equally serious loss of habitat over the last 30 years, and under this 
option wetland communities could be lost, replaced by meadow or humid grasslands, in the 
next few decades. This option is predicted to affect a further 10 wetland sites, all of which 
are considered highly sensitive to changes in Chalk water levels. Reduction in the number 
and/or extent of wetland species has been observed at the majority of these sites, although 
water level change may not be the only cause. Low flows (Q9>) are estimated to be reduced 
in the River Waveney by 14% and in the Little Ouse River by 10%. In particular flow in the 
upper Waveney through Redgrave and Lopham Fens is severely affected.

North Lopham Option

The North Lopham relocation option without augmentation pumping, is predicted to result 
in benefits to 6 wetland sites, including Redgrave and Lopham. The latter would experience 
a 96% recovery of water levels and throughflow. There would however, be reduced water 
levels at 7 wetland sites, 3 of which appear to be relatively unaffected at present. The supply 
borehole would lower water levels in the adjacent NRA river augmentation borehole by up 
to 3 m. Two other licensed groundwater abstractors would be affected. The Waveney and 
Little Ouse low flows would improve by 6% and 3% respectively, while the River Wittle would 
experience a reduction of 21% with even higher figures in the upper reaches. Water quality 
in the Wittle is NWC Class 3 (poor) and the flow reduction would worsen this situation.

sensitivity of plant species to groundwater level/flow changes;

84.307.0/WP/3122/RE1HOH1.AO2
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Concurrent operation of the adjacent NRA river augmentation borehole (11 tcmd) would 
result in significantly greater impact, with 11 wetland sites predicted to be affected by 
reduced water levels. However, Redgrave and Lopham Fens and the River Waveney would 
benefit, with the former experiencing an 84% recovery under this scenario. Under this 
scenario, up to 13 licensed groundwater abstractors could be subject to additional 
drawdowns greater than about lm. River flows would decline in the Little Ouse, Waveney, 
Thet and Wittle, by 17%, 19%, 3% and 83% respectively, and changes in water quality class 
would be expected.

Wortham/Mellis Options

For the redeployment to Wortham/Mellis three sub-options were examined: (1) near 
exploratory/test Sites F/G (TM 080 760); (2) at Site B in a highly transmissive Chalk zone 
about 1 km from the River Waveney (TM 078 792); and, (3) a combination of the two sites.

Sub-option 1 is predicted to produce a 97% recovery of water levels of Redgrave and Lopham 
Fens, and recovery at 4 other wetland sites, including the River Waveney. Another 6 wetland 
sites could be affected by reduced water levels, although only 3 are considered highly 
sensitive and groundwater dependent. Fight licensed groundwater abstractors would be 
subject to additional drawdown greater than 1 m and the effect on yields could be significant. 
The changes in river flows would be slight.

Sub-option 2 predictions are based on high Chalk transmissivity derived from a 3 day 
pumping test which may not be representative of the aquifer characteristics prevailing in the 
longer term. The results should be treated with caution. Water levels at Redgrave and 
Lopham Fens are predicted to be restored by 94%, with corresponding improvements in the 
wetland. 'Hie River Waveney would also be improved together with 3 other wetland sites. 
Another 7 wetland sites would be likely to be affected by reduced water levels although only 
4 are considered highly sensitive and groundwater dependent. No abstractors would be 
subject to additional drawdowns greater than 1 m. Changes in river flows would again be 
slight.

Sub-option 3. the combination of both Wortham/Mellis sites, with 50% of the abstraction at 
each, results in a predicted 96% recovery at Redgrave and Lopham, with benefits at 6 other 
wetland sites, and reduced water levels at 7 sites. Seven licensed abstractors would be 
affected by additional drawdowns greater than 1 m and yield changes could be significant. 
The changes in river flows would be slight.

Wetheringsett Option

The Wetheringsett option without river augmentation is predicted to fully restore water levels 
at Redgrave and Lopham Fens and not to reduce water levels at any wetland sites. There 
would be positive effects on water levels at the 11 sites thought from the analysis to be 
affected by the Redgrave source. Two licensed groundwater abstractions would be subject 
to additional drawdowns greater than 1 m, the NRA river augmentation borehole at 500 m 
(10 tcmd), and a small general agricultural borehole. However, the additional drawdowns 
are such that there would not appear to be any significant risk to yields of these boreholes. 
The Rivers Waveney and Little Ouse would experience improved low flows, 14% and 10% 
respectively and improved river class, while the flows in the River Dove (-17%) and River 
Deben (-6%) would decline. All of these rivers are designated as low flow rivers by the NRA. 
The impact on the River Dove would be mitigated by the existing NRA river augmentation 
borehole at Wetheringsett which discharges into the river, and potential may exist for 
augmentation boreholes for the River Deben to mitigate the effect of lower flows.

84307.0/WP/3122/REDLOP1.AO2
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Operation of the adjacent NRA Wetheringsett augmentation borehole as well as the supply 
borehole would produce further impacts on groundwater abstractions and rivers flows, but 
no impacts on wetland sites. Around 23 abstraction boreholes would be subject to additional 
drawdowns ranging from 1 m to 3.7 m. The majority of the licensed abstractions are below 
20 m3/d  and the drawdowns are not likely to produce a significant change in yield or affect 
pumps/pump settings. However, this would have to be investigated in detail if this option 
is to be pursued. Flows in the Waveney and Little Ouse would be unaffected, but the Dove 
and Deben would experience reductions of 66% and 20% respectively. However, the river 
augmentation support as described above would mitigate these effects, although the effects 
would still be pronounced in reaches above the discharge points.

Irrigation and River Restoration Options

Irrigation of wetlands has been proposed and attempted both in England and internationally. 
Irrigation systems are variants of either above-ground irrigation, usually in the form of ditches, 
or a sub-surface irrigation scheme of buried pipes. The wetlands in che areas of interest to 
this project are predominately non-topogenous (sub-surface water source), and a man-made 
system replicating the natural conditions would have to consist of a buried network of pipes.

There are a number of difficulties associated with sub-surface irrigation schemes including:

Replicating the ’natural’ pattern of water flow, with complex and heterogenous water 
level, soil moisture and nutrient gradients;

Disruption resulting from the installation and maintenance of a sub-surface irrigation 
system;

Sub-surface irrigation schemes have not, to date, been demonstrated to be successful 
in re-establishing or retaining wetlands.

Furthermore, an additional irrigation borehole 1 kin away, either on the opposite side of the 
River Waveney or downstream would affect the neighbouring wetland sites. Therefore, the 
irrigation option is not considered a practical scheme and should be eliminated as an option.

The agreed River Waveney restoration measures comprise installation of sluices, raising of 
river bed, removal of emergent vegetation, lowering and reshaping of bank sections, 
reinstatement of drainage dykes and flood storage in the floodplain. These measures cannot 
in themselves provide effective remediation of the Redgrave and Lopham Fens and River 
Waveney, and are therefore not an alternative to the abstraction redeployment options. They 
are essential however, to enhancing the effects of improvement in baseflow arising from the 
groundwater development options.

CONCLUSIONS

The existing abstraction at Redgrave has a major impact on groundwater levels at Redgrave 
and Lopham Fens, on flows in the River Waveney and the River Little Ouse, and is predicted 
to have lowered groundwater levels at 9 wetlands in the area. Other factors such as land 
drainage, historical management practices and agricultural practices may have had significant 
impacts on the wetland sites. Continued abstraction would lead to further deterioration.

It is not considered practical to restore Redgrave and Lophani l:ens using irrigation 
techniques. River restoration measures cannot in themselves provide effective remediation 
although they are essential to restoration of riparian habitats and to enhance the
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improvements in baseflow arising from the groundwater relocation options. Wetland 
management practices would also ensure effectiveness of improved inflows to the wetland 
conservation sites.

All of the options to relocate the present Redgrave sourceworks are predicted to make a very 
significant improvement (80% to 100%) to groundwater flow to Redgrave and Lopham Fens 
SSSI. However, the options impact on other wetlands, groundwater abstractors and rivers to 
varying degrees, as summarised in Table A.

The Wetheringsett option would wholly reverse the groundwater level reductions predicted 
at Redgrave and Lopham Fens and the other 10 wetlands. This option would also reverse the 
changes in Waveney and Little Ouse flows, predicted to arise from the Redgrave source. 
None of the wetland conservation sites would be affected by reduced water levels. The 
abstraction would have a significant effect on flows in the headwaters of the River Dove, 
although this could be mitigated by enhanced support from the existing NRA. river support 
boreholes, including the adjacent Wetheringsett augmentation borehole. During normal 
operation two licensed groundwater abstractors would be subject to an additional drawdown 
greater than about 1 m. However, concurrent use of the river support and the PWS 
boreholes would result in more than 20 licensed abstractors being subject to additional 
drawdowns greater than 1 m. Predicted drawdowns are unlikely to have a significant impact 
on yield, although in the extreme, lowering of pumps or deepening of boreholes could be 
required. The effect on unlicensed abstractors requires further investigation to determine 
whether the borehole(s) are still in use and the degree to which they are likely to be affected.

The Wortham/Mellis options would lead to substantial reversal of the effects of the Redgrave 
source at some wetland sites, particularly Redgrave and Lopham Fens, but would lead to risks 
of reduced water levels at other wetland sites which are likely to be groundwater dependent. 
Up to eight abstraction licences might also be subject to additional drawdowns greater than 
1 m and significant changes in yield are likely. This could require remediation measures 
ranging from lowering of pumps to deepening of boreholes. The effect on unlicensed 
abstractors requires further investigation to determine whether the borehole(s) are still in use 
and the degree to which they are likely to be affected. Changes on river flows/quality would 
be very slight.

The North Lopham option would again lead to substantial reversal of the effects of the 
Redgrave source on some wetland sites but would reduce water levels at others. These 
effects would be even more pronounced with concurrent operation of the nearby 
augmentation borehole. There would be very significant effects on flows in the upper River 
Wittle in either case. Three licensed groundwater abstractors would be subject to additional 
drawdown greater than 1 m by the option, and 13 licensed groundwater abstractors would 
be affected by the same criteria during concurrent operation of the augmentation borehole. 
Again, significant changes in yield are not thought likely, but remediation measures could be 
required. The effect on unlicensed abstractors requires further investigation to determine 
whether the borehole(s) are still in use and the degree to which they are likely to be affected.

The results of the study can now be used together with other information by the 
collaborating parties to identify and justify a preferred strategy for restoring the Redgrave and 
Lopham Fens.
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Table A - SUMMARY MATRIX OF HYDROLOGICAL AND ENVIRONMENTAL EFFECTS OF GROUNDWATER DEVELOPMENT 

OPTIONS

Option Wetland Conservation Sites Groundwater Abstractors Rivers

No. wetlands 
benefiting 

from water 
level rise

No. wetlands 
affected by 
water level 

fall

Impact
ranking

No.
Groundwater

licences
affected*

Impact
ranking

No. rivers 
benefiting 

from option

No. rivers 
adversely 

affected by 
option

Impact
ranking

Do Nothing 0 11 Severe 0 Nil 0 2 Mod.

North Lopham 6 7 High 3° Low 2 1 High

North Lopham and 
Aug. Borehole

2 11 High 13 High 0 4 Severe

Mellis/Wortham (F- 
G) - Option 1

5 6 Mod. 8 High 1 2 Low

Mellis/Wortham 
(B) - Option 2

4 7 Mod. 0 Nil 1 1 Low

Mellis/Wortham (B 
+ F-G) - Option 3

7 7 Mod. 7 Mod. 1 1 Low

W eth e r in g se t t 11 0 Nil 2° Low 2 2* M o d /

Wetheringsett’ and 
Aug. Borehole

11 0 Nil 23° High 2 3* High f

Note: * Part mitigated by Augmentation Ranking order: Low
Moderate

" Yields unlikely to be significantly affected High
Severe

* Additional drawdown about lm or more



1. INTRODUCTION

1 ■ 1 Background

The National River Authority is carrying ou t an appraisal o f options to 
identify a p referred  solution for obviating or mitigating ecological 
damage to Redgrave and Lopham Fens SSSI. The SSSI lies adjacent to 
the River Waveney, about 7 km west of Diss on the Suffolk/N orfolk 
borders (see Figure 1.1). It is an internationally im portan t wetland 
conservation site designated under the RAMSAR convention and  as a 
National Nature Reserve.

The Fens are considered to be adversely affected by the adjacent 
Redgrave public water supply sourceworks, drawing on the underlying 
Chalk aquifer, and from lowered bed levels in the River Waveney 
resulting from dredging. The Upper Waveney (Redgrave and Lopham 
Fens) is listed by the NRA as one of their priority 20 sites for low flow 
alleviation.

Identification o f a satisfactory full solution is being undertaken  by the 
NRA in consultation with Suffolk Water Company (ow ners of the 
Redgrave sourcew orks), Suffolk Wildlife T rust (who ow n part and 
manage the whole of the Fens), and English Nature (responsible for the 
overall protection and m anagem ent of the Fens).

Howard H um phreys was appointed in Decem ber 1993 to carry ou t part 
of the overall com parison of different options for redeploym ent of 
groundw ater abstraction and river m anagem ent to rem ediate the Fens.

1.2 Objectives

The aim of this study is to estimate the hydrological and environm ental 
impacts of a num ber of options for redeploym ent of the g roundw ater 
abstraction o r of otherwise rem ediating Redgrave and Lopham Fens, viz:-

•  Do nothing and continue use of the existing Redgrave PWS 
sourcew orks adjacent to the Redgrave and Lopham Fens.

•  Seasonal irrigation from an adjacent source (at least 1 km away) 
to mitigate the drying out of the Fens, b u t with con tinuous use of 
the existing Redgrave PWS sourcew orks.

•  Relocation of the PWS sourcew orks to near North Lopham (5 km 
to the NNW of the Fens), 500m from NRA river augm entation 
borehole; with operation of both boreholes to be considered  in 
determ ining the impact and cessation of use of Redgrave 
sourcew orks;

Reft 84.307.0/WP/3122/REDLOP1.A02
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•  Relocation of the PWS sourcew orks to two alternative sites in the 
W ortham/M ellis area (at 4.5 km and 2 km to the east o f the Fens); 
cessation of use of Redgrave sourcew orks;

•  Relocation of the PWS sourcew orks to near W etheringsett (14 km 
to the ESE of the Fens), 500m from a NRA river augm entation 
borehole for the River Dove; operation of both boreholes to be 
considered in determ ining the impact and  cessation of use of the 
Redgrave sourceworks;

•  River restoration of the River Waveney from  Redgrave and 
Lopham Fens to Denmark Bridge, near Diss, both in conjunction 
with and without, the previous options.

Suffolk Wildlife Trust drafted conservation and environmental objectives 
for the alleviation scheme, which were finalised with the NRA and 
English Nature in mid-December 1993. The prim ary conservation 
objective for Redgrave and Lopham Fen is to:

"restore the full seq uence o f  Target Fen types and to re­
establish  the close m osaic o f fen types w ith in  the fen  
sequence."

The hydrological requirem ents necessary to achieve the conservation 
objectives at Redgrave and Lopham Fens are:

•  establish Chalk groundw ater levels at o r above the fen surface so 
that artesian flows of groundw ater are restored (pre-abstraction 
Chalk groundw ater levels were in the order of lm  above the fen 
surface);

•  groundw ater flow into the fen should be sufficient to:

support the mean water table so  that it is perm anently  at 
fen surface level for norm al seasonal circum stances so that 
seepages from superficial deposits are resto red

provide a groundw ater seepage flow within runnels along 
the edge of the fen and at the marginal seepage sites with 
carbonate-rich water

restore the system to one of peat maintenance rather than 
peat degradation by maintaining perm anently w aterlogged 
conditions

restore the low fertility environm ent through saturation of 
the peat by oligotrophic water supplied from the aquifer; 
discharge of aquifer w ater will also restore soil processes 
which limit phosphate availability

84.307.0/W P/3122/RED L0P1.A02
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flood peat cuttings and o ther depressions with 
groundw ater to restore the environm ent requ ired  by 
typical aquatic and semi-aquatic communities

provide groundw ater flow to the  fen during  periods o f 
normal seasonal drought, thereby eliminating dependency 
on rainfall and storage of w inter flood w ater

replace winter storage conditions with predom inantly  
lateral flow, thus reducing soil water residence times and  
therefore providing high redox potentials

provide a positive flow from the fen to the adjacent River 
Waveney and thereby reduce the risk of seasonal 
incursions to the fen of river water that may be 
periodically contam inated from the adjacent agricultural 
catchm ent

•  fen m anagem ent practices should be expanded and capital works 
outlined in the Post-Borehole Move Management Strategy should  
be undertaken.

Further environm ental objectives applying to the w ider scope o f the 
project have been set as:

•  groundw ater discharge should be sufficient to restore baseflow to 
the River Waveney thus ameliorating low flows th roughou t and 
dow nstream  of Redgrave and Lopham Fens;

•  any relocation of the groundw ater abstraction should  be 
sustainable in the long term and should not com prom ise the 
conservation objectives of nearby wetland conservation sites.

It is against these conservation and environmental objectives that the 
abstraction redeploym ent and other remediation options have been 
assessed and com pared. Receptors to be considered include 
surrounding  w ater users, wetland conservation sites, springs and rivers. 
The impact on wetland conservation sites includes the estim ated physical 
impact together with an assessm ent of the significance of these changes 
to the conservation objectives of each site.

Following surveys in the sum m er of 1993, m anagem ent proposals to 
improve the conservation value of the River Waveney and floodplains 
were m ade by Suffolk Wildlife Trust in Decem ber 1993, and agreed with 
the NRA in January 1994. These include:

•  m onitor river flow and quality and am end m anagem ent m easures 
as necessary;
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install a sluice at the downstream  end of Great Fen below  the 
drainage ditch on the south bank (and -bunding of ditches as 
necessary) to fill channel back to sluice at Redgrave Fen;

raise the river bed by about 0.5m over considerable sections;

install riffle dow nstream  of Wortham Ling, and consider low ering 
bank sections at this location;

1.3

•  remove areas of em ergent vegetation;

•  reinstate old dyke system in floodplains depending on w ater 
quality in river;

•  carry out m easures to encourage flood storage in Waveney 
floodplain.

Suggested im provem ent of water quality in Worby’s drain around  
Redgrave and Lopham Fen SSSI, or if quality could not be im proved, re ­
routing o f the drain, was excluded from consideration in this study by 
the NRA.

M ethodology

Detailed m ethodology for assessment o f hydrological and  environm ental 
changes associated with the rem ediation options is presented in Chapters 
4 and 5.

Activities in the study have progressed through:

collection of available reports and data on hydrogeology, 
abstraction and rivers;

collection of available reports and data on wetland sites;

characterisation of hydrogeology at each potential abstraction site, 
and of the region;

production of maximum and m inim um  Chalk w ater level maps;

estimation of water level changes in the  aquifer and  in shallow 
systems at each potential abstraction site; including rises occurring  
due to cessation of pum ping at Redgrave PWS; using available 
data on aquifer characteristics;

estimation of interception of throughflow  to w etland and rivers 
for each potential abstraction site;

characterisation of hydrogeology of each wetland site;
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•  characterisation of sensitivity of each wetland to g roundw ater level 
changes, and present wetland condition;

•  estimation of effects of water level and throughflow  changes on 
wetlands, particularly on Redgrave and Lopham Fens;

•  estimation of effects o f water level changes on licensed 
abstractions, including NRA river augmentation bores and PWS 
bores;

•  estimation of likelihood of successfully irrigating Redgrave and 
Lopham Fens to meet the conservation and environm ental 
objectives;

•  estimation of effects of River Waveney m anagem ent m easures,

•  assemblage of the hydrological and environmental impacts in an 
overall impact matrix, allowing comparison of the rem ediation 
options.

The ecological and hydrological m ethodology em ployed has been 
appropriate to the available data, and has been  discussed and agreed 
with the NRA and other consultees throughout the course  of the study. 
It has been intended to provide a consistent and robust approach, 
allowing direct com parison of the various rem ediation options so as to 
identify their environmental acceptability in terms o f m eeting the 
conservation and environm ental objectives outlined earlier.

1.4 Format o f  Report

This repo rt sets out the background, methodology and results of the 
study. Estimates of the hydrological and environmental impacts of the 
options listed in Section 1.2 are presented. In accordance with the term s 
of reference no recom m endations are made as to the acceptability of 
these forecast changes; this will be done by the NRA.

Chapters 2 and 3 respectively describe the Redgrave and Lopham Fens 
SSSI, and other wetland sites in the study area, including historic trends, 
p resent status and m anagem ent practices. In Chapter 3 the 
hydrogeology o f the Chalk aquifer in the study area is outlined, together 
with interaction with drift and surface watercourses.

Ecological assessm ent m ethodology applied to the wetlands is set ou t in 
Chapter 5, while Chapter 6 sets out the hydrological assessm ent 
methodology, particularly for estimation of aquifer and shallow  water 
levels changes. The hydrological and environmental effects of each 
abstraction redeploym ent option are presented in C hapter 7, with a 
similar format for each option to allow for ready com parison.
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Chapter 8 describes the River Waveney above Denmark Bridge at Diss 
and considers the impact of the agreed management m easures for the 
river and floodplains. The option to irrigate Redgrave and Lopham Fens 
from an adjacent source while operating the Redgrave sourcew orks is 
examined in Chapter 9.

Chapter 10 presents an overall impact matrix allowing com parison  o f the 
rem ediation options on hydrological and environmental grounds.
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2. REDGRAVE AND LOPHAM FENS

2.1 D escription o f  Site

Redgrave and Lopham Fens is a 124.92 ha spring-fed valley fen o f 
international im portance for conservation, being declared a RAMSAR site 
in 1991 and a National Nature Reserve in 1992. The site, show n on 
Figure 1.1, supports several distinct fen vegetation types, ranging from  
M olinia  - based grasslands, mixed sedge fen to reed-dom inated fen. 
There are small areas of wet heath, sallow carr and birch w oodland. 
The site is significant for its fine-grain mosaic o f community types. A 
num ber of the communities, most notably Schoeno-juncetum  and 
C ladium  swamp, are identified in the EC Habitats and Species Directive 
as being notable habitats which are particularly threatened, and which 
m em ber states have a commitment to m aintain an d /o r restore.

The fen exhibits a classic zonation of vegetation types: Dry m arginal 
birch w oodland gives way to a band of fen grassland, which grades into 
a mixed fen community. Sandy ridges p ro trude into these two zones 
and support a dam p heathy vegetation adding considerably to the 
diversity of the site. Towards the centre of the valley the m ixed fen 
com m unities give way to m ore eutrophic tall fen.

Most of the fen com m unities are prone to invasion by sallow and locally 
this has developed into dense scrub and carr.

The River Waveney and its feeder drains are sluggish eu trophic waters 
supporting a rather narrow  range of aquatic plants. In addition there are 
a num ber of small pools in the fen areas (some of which are flooded 
peat cuts) and these form the habitat for the Fen Raft Spider.

The historical vegetative status of Redgrave and Lopham is relatively well 
recorded, due to a botanical survey conducted by Bellamy and Rose in 
I960 (Bellamy and Rose, 1960). Subsequent surveys have been 
conducted in 1983 (Suffolk Wildlife Trust, 1990) and 1990 (Suffolk 
Wildlife Trust, 1990; Fojt, 1990; Harding, 1993a).

Results show  that over half the flowering plants have been lost from  the 
areas of Redgrave Fen which have been surveyed in detail and all the 
Sphagna  species; of those lost, 25 specifically require w et fen conditions. 
Many of the species lost are declining both regionally and nationally. 
Concom itant with the decline in wetland species is a rise in generalist, 
drought-tolerant species (e.g., Phragm ites austra lis ) and scrub 
encroachm ent. It is probable that sim ilar changes have occurred  
th roughout the site.

Redgrave and Lopham Fens are significant for the num ber of invertebrate 
species supported . An analysis of invertebrate populations over 40 years 
conducted by Harding (1993a) shows a decline of 77% of fen and bog 
species, and a loss in other categories o f 66%. The Red Data Book
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species have either been lost or face a significant population decline. 
The nationally endangered and internationally rare Fen Raft Spider 
(Dolom edes p la n ta riu s)  has a rem aining population of u n d er 100 
individuals and is thought to face extinction at the site.

2.2 Sensitivity to Chalk Groundwater

The very existence of a fen wetland presupposes a water level at o r  very 
near to the land surface. Both water level and water quality are both 
essential elem ents determ ining fen characteristics. Redgrave and  Lopham 
Fens is a species-rich calcareous mire, reliant upon nu trien t poor, 
alkaline w ater (pH greater than 5). The following points concerning 
water quality have been made by Suffolk Wildlife Trust (Harding, 1993b):

•  Base-rich conditions are correlated with the vegetation type 
Schoeno-Juncetum  and other com m unities related to the Carex  
davalliancie. Invertebrates, such as snails, also requ ire  
calcareous water.

•  The redox potential (oxygen availability) at the rooting zone 
determ ines plant species com position. A num ber of fen species 
need a high redox potential (high oxygen, flowing water), 
although lower num bers of rare species need low redox 
(stagnant) water. To ensure a diversity o f communities, a mosaic 
of redox potentials is required.

•  Low fertility, especially nitrogen and phosphorus, is requ ired  to 
maintain the competitive advantage of the slow-growing fen 
species. In enriched water, particularly with a low ered w ater 
table, fast-growing ruderals invade and initiate scrub  succession. 
Low fertility is inherent in saturated peat, the anaerobic conditions 
retarding peat degradation and nutrient release. Irrigation by 
aquifer-derived water, low in nutrients, is also essential. 
Invertebrate fauna similarly appear to be dependent upon spring- 
fed systems.

•  Chalk groundw ater is oligotrophic (nutrient-poor) and appears to 
play a critical role in reducing phosphate availability to plants. 
This is achieved by binding phosphate with calcite as it 
precipitates out of solution when the waters em erge ou t of the 
g round  (Boyer and Wheeler, 1989). Furtherm ore, this reaction 
is thought to be a function of the rising groundw ater, ra ther than 
a reaction between the calcareous water and the peat surface 
(W heeler and Shaw, 1990), indicating surface o r sub-surface 
irrigation of fen ecosystems may be unsuccessful.

In com m on with o ther fen and wetland ecosystems, plant species at 
Redgrave and Lopham are very susceptible to slight changes in 
groundw ater levels. The abundance and probability of occurrence of 
both wetland com m unities and species have been correlated  with soil
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water regime (Gowing et al, 1993)- Their results broadly su p p o rt the 
Ellenburg rankings, in that assemblages of species have soil water 
preferences separated by a few centimetres. Most wetland plants p refer 
water levels to be within 10cm of the surface, while species o f greatest 
conservation value, such as Schoenus nigricans , A nagallis  tenella, 
P a m a ss ia  pa lustr is  and  Carex lepidocarpa  are characterised  by 
p referred  mean water levels o f less than 5cm below  the surface 
(Harding, 1993b).

Many of the m ost im portant species-rich fen bryophytes (e.g., R iccard ia  
cham eadryfo lia , R. m u ltifid  a, Aneura p ingu is) and other regionally rare  
fen flowering plants (e.g., M enyanthes tr ifo lia ta , E riophorum  
angustifo lium , Carex d io ica)  are all characterised by a p reference for 
m ean w ater levels of less than 2cm below the surface. A further 
grouping of essentially aquatic plants (e.g., R anunculus f la m m u la ,  
Carex d ia n d ra , C. rostra ta  and P otam ageton  species) only exist w hen 
the water is at o r above the surface (Harding, 1993b).

It has been shown that the m ore vulnerable, and  therefore rare  species 
respond to drops of only 2-3 centim etres in groundw ater levels (W heeler 
and Shaw, 1987); thus although the biotype remains the same, the 
floristic com position may be very different. Furtherm ore, germ ination 
and young seedling survival, essential for system recru itm ent and 
persistence, are most susceptible to slightly adverse (sub-optim um ) 
conditions. Thus although adult plants may appear vigorous, juvenile 
stages may be entirely lacking, resulting in the slow and  chronic decline 
of the community.

Rising groundw ater and perm anently water logged conditions (that is, 
optimal conditions) are therefore essential to maintain the exacting 
conditions required  by these rare com m unities and p reven t degradation 
of the fen through drying out, peat oxidation, decom position  and 
nutrient release.

2.3 Effects o f Historic Groundwater Level Changes

Before the 1950’s calcareous nutrient-poor water rose  u n d e r artesian 
pressure seeping into the fen from both around the m argins and within 
the peats. However, in the late 1950’s, two abstraction boreho les were 
com m issioned near to the fen for public w ater supply and licensed for
3.6 tcmd in 1965- This abstraction and the deep  dredging o f the W orby’s 
Drain and the River Waveney in the 1960’s have reduced  inputs to the 
fen such that rising groundw ater has been eliminated. The hydrology of 
the site is now  dom inated by rainfall derived water m oving dow n the soil 
profile replacing the spring-fed soligenous character.

Monitoring data com prehensively docum ent the conversion over this 
period  of rare, valuable Schoeno-Junceta fen com munities into degraded 
types oiC irsio -M olin ietum Juncus subnodulosus  fen m eadow  and highly 
fertile Phragmites fens (Harding, 1993). The wetland fauna was found
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to be similarly degraded, with the ra re r  categories o f species (those 
dependent of calcareous spring-fed conditions) suffering the most.

G roundw ater level changes have resulted in five main processes of 
change (Harding 1993b), namely; alteration of competitive balance of the 
community dominants; change in environm ental conditions req u ired  by 
individual species; increases in site fertility; increase in scrub cover; and 
a change from soligenous to rain-fed hydrology.

2.4 Effects o f  M anagement Practices

Redgrave and Lopham Fens has a long history of active m anagem ent, 
being used by the poor of the Parish since the early nineteenth  century 
for fuel, thatching materials and grazing which resulted in rotational 
scrub, sedge and reed cutting, grazing and peat cutting. This use had 
slowed since the 1930’s, and virtually ceased by the 1940’s.

In 1961, Suffolk Wildlife Trust instigated m inor m anagem ent practices 
such as footpath developm ent and limited cuttings. The Trust 
m anagem ent program m e has been m ore active since the 1980’s, w hen 
sedge bed  reclamation and scrub removal occurred. Present day 
m anagem ent is largely designed to maintain the status quo rather than 
to effect change.

Despite increased levels of plant community management, it is apparen t 
that the key factor influencing the fen is water levels. The abstraction 
boreholes, located 30m from the fen, appear to  be a significant factor in 
the reduction of water table levels, as shown by an experim ental 
shutdow n in February 1990, during and immediately after which 
piezom eters recorded the disappearance of the cone of depression  and 
the subsequent re-establishm ent of the water table m ound. The cone of 
depression returned soon after abstraction resum ed.

Dredging of the River Waveney to encourage fen drainage o ccu rred  in 
the 1960’s. A sluice placed in the river downstream of Redgrave Fen in 
1979 has effectively minimized this surface drainage, although fenland 
downstream  of the sluice has continued to deteriorate.

A report published by the Suffolk Wildlife Trust (1990) clearly 
dem onstrates the prim ary cause of deterioration of Redgrave and 
Lopham Fens is due to groundw ater abstraction. The biologically rich, 
nearby Weston Fen has experienced similar management, bu t has had 
only very few species lost and no gross habitat change.
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3. OTHER WETIAND NATURE CONSERVATION SITES

The following descriptions of the conservation sites are derived from 
SSSI and Trust vegetative data sheets, NVC survey reports w here available 
and o ther published information. The inform ation is sum m arised  in the 
matrix shown on Table 3-1, and the site locations are show n on Figure 
1. 1.

3.1 D escrip tio n  o f  S ta tu to ry  C o n serv a tio n  S ites

B lo’N orton  & T h e ln e th am  Fens is a 21.03 ha calcareous valley fen, 
situated near the head of the Little O use River. Presently degraded by 
large areas of invading scrub/w oodland, the sites’ main in terest is limited 
to areas least affected by drainage, namely two small areas of herb-rich 
fen at Thelnetham which have a botanical interest sim ilar to that of 
Redgrave and Lopham Fens. Blo’Norton Fen shows little signs o f 
groundw ater reduction, although there is evidence of eutrophication 
(NVC Survey, Jerram , 1992). Thelnetham  Fen, once semi-floating peat 
and vegetation (Schwingmoor), has been greatly changed by the dredging 
of the Little O use River and the Schwingmoor has significantly reduced  
(NVC Survey, Ausden and Harding, 1991a). There is evidence of small 
reductions in groundw ater and associated aerobic breakdow n of the 
exposed peat.

Bugg’s H ole Fen is a 4.0 ha calcareous valley fen, situated in the valley 
of the Little O use River, 1km dow nstream  of Blo’Norton & Thelnetham  
Fens. A clear zonation of habitats occur at the site, ranging from m ow n 
grassland on the driest soils to calcareous fen vegetation dom inated by 
C aladium  m ariscus  o r Schoenits nigricans  where a num ber o f springs 
arise (NVC Survey, Jerram , 1992). The site is isolated from  the river and 
is unlikely to receive topogenous inputs, although drains in the area may 
be im portant in controlling the fen water table. There are no clear signs 
that the fen is drying out.

East H arling  C om m on includes a system of glacial ground ice 
depressions, the largest of which forms a deep  perm anent m ere. The 
pingos support a unique relict community of aquatic beetles, in addition 
to m ore com m on invertebrates and am phibians. The area is one of the 
best preserved fens in the area, supporting im portant plant species and 
communities. There is no docum ented degradation of the plant 
communities, although scrub and w oodland are developing as 
successional stages around  the margins.

G ypsy Cam p M eadow s, T h ran d e s to n  is a species-rich wet m eadow  
situated on poorly drained boulder-clay. A wide range of vegetation 
types are supported, from base-rich m arsh to alluvial m eadow  and 
drainage ditch flora. Summer grazing by cows and cutting for hay has 
allowed the developm ent of a very diverse flora, including orchids. The 
site is thought to rely almost entirely on surface water from springs and
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j Table 3.1: Current Status of Wetland Conservation Sites

Site Name Grid Ref Size
(ha)

Importance
(Status)

Past Management Water Supply Predominant 
Nutrient Status

Deterioration Observed

Bio' Norton and 
Thelnetham Fens

TMO17790 21.03 National (SSSI) - SWT Reserve
- Ditches and river dredged 

1960’s
Reed and sedge cutting

- Turf cutting
- Scrub removal

- Calcareous valley fen, 
spring fed site

- Hydraulic continuity 
with chalk

Nutrient poor Yes (scrub and woodland 
invasion, summer drying of 
certain areas. Some 
eutrophication.
Fire in 1970’s

Bressington Fen TM060809 7.28 Local (County 
Wildlife Site)

- Turf cutting - Calcareous valley fen, 
spring fed soligenous 
hydrology

Nutrient poor Yes (scrub and woodland 
invasion)

Bugg’s Hole Fen TM006792 4.00 National (SSSI) Grazing and mowing 
- Turf cutting

Calcareous valley fen, 
spring fed soligenous 
hydrology

Nutrient poor, 
some nutrient rich 
areas

No

Copince’s Fen TM048883 6.96 Local (County 
Wildlife Site)

Not known Not known Nutrient rich Yes (scrub invasion)

Hast Harling 
Common

TM000879 14.90 National (SSSI) Grazing Spring fed, soligenous 
hydrology

Nutrient poor to 
nutrient rich

No

Gypsy Camp 
Meadows

TM 115773 2.46 National (SSSI) SWT Reserve 
Summer grazing 

- Vegetation mowing 
* Drainage ditches

Calcareous, spring fed 
Some topogenous 
inputs

Nutrient poor to 
nutrient rich

No

Hall Farm
Meadow,
Wortham

TM089794

. . .  J

1.20 Local (County 
Wildlife Sile)

Drainage ditches Not known Not known No

1
II

I
i
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Table 31: Current Status of Wetland Conservation Sites (contd)

Site Name Grid Ref Size
(ha)

Importance
(Status)

Past Management Water Supply Predominant 
Nutrient Status

Deterioration Observed

Hay Fen TM030880 9.67 bocal (Country 
Wildlife Site)

- Turf cutting Not known Nutrient rich Yes (scrub and woodland 
invasion)

Hopton Fen TM990800 14.37 National (SSSI) SWT Reserve
- Turf cutting 

Drainage ditches 
Reed cutting 
Vegetation mowing

- Scrub removal

- Calcareous valley fen, 
predominantly spring 
fed, soligenous 
hydrology 
Some topogenous 
inputs

Nutrient rich Yes (localised drying out 
with some scrub and 
woodland invasion, some 
eutrophication)

Horse Fen, 
Bressingham

TM075802 4.39 Local (County 
Wildlife Site)

Vegetation planting - Predominantly
topogenous hydrology

Nutrient rich Yes (scrub invasion)

Kenninghall and 
Banham Fens 
with Quidenham 
Mere

TM041875 48.90 National (SSSI) - Summer grazing 
Vegetation mowing

- Calcareous valley fen, 
spring fed soligenous 
hydrology

- Topogenous inputs 
from river, surface 
run-off

Nutrient poor to 
nutrient rich

Generally no.
Possible enrichment from 
agricultural runoff

Middle Harling 
Fen

TM989852 12.70 National (SSSI) - Grazing - Calcareous valley fen, 
spring fed soligenous 
hydrology

- Important topogenous 
inputs

Nutrient poor, 
some nutrient rich 
areas

No

Redprave Park 
j Lake |

TM055767 20.00 Local (County 
Wildlife Site)

Not known Topogenous hydrology Not known No
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Table 31: Current Status of Wetland Conservation Sites (contd)

Site Name Grid Ref Size
(ha)

Importance
(Status)

Past Management Water Supply Predominant 
Nutrient Status

Deterioration Observed

Redgrave and 
Lopham Fen

TM050797 124.92 Internationa! 
(RAMSAR site) 
National (SSSI) 
National (NNR)

SWT Reserve 
Dredging drainage 
channels
Grazing and mowing

- Turf cutting
- River embankment
- Scrub removal

- Calcareous valley fen, 
spring fed soligenous 
hydrology

Predominantly 
nutrient poor, 
some nutrient rich 
areas

Yes (transition of fen to 
degreaded highly fertile fen 
communities, scrub and 
woodland invasion, some 
localised drying out of fen)

R. Waveney TM060799 -
TM070801
and
TM089790 - 
TM 105795

1.60 Local (County 
Wildlife Site)

- Dredging 
Drainage cuts

- Predominantly
soligenous hydrology, 
some topogenous 
inputs

Mesotrophic Yes (some enrichment)

R. Whittle TM013880 - 
TM023879

23.17 Local (County 
Wildlife Site)

Vegetation managed for 
game shooting

Predominantly 
topogenous hydrology

Nutrient rich Yes (scrub and woodland 
invasion of fen, localised 
drying out)

Roydon Fen TM 102797 15.08 Local/National 
(Site of Nature 
Conservation 
Interest, proposed 
SSSI)

- SWT Reserve
- Dredging of drainage 

ditches
- Sedge cutting
- Turf cutting
- Scrub removal

- Calcareous valley fen, 
spring fed soligenous 
hydrology 
Vulnerable to river 
dredging

Nutrient poor to 
moderate

Yes (scrub and woodland 
invasion, some localised 
drying out adjacent to 
ditches)

Spring at Spring 
Farm, Palgrave

TM 108772 n/a Not known Not known Spring Not known Not known

Thrandeston
Marsh

TM 111770 5.00 Local (County 
Wildlife Site)

Not known Not known Not known No
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Table 31: Current Status of Wetland Conservation Sites (contd)

Site Name Grid Ref Size
(ha)

Importance
(Status)

Past Management Water Supply Predominant 
Nutrient Status

Deterioration Observed

Weston Fen TL981787 48.60 National (SSSI) - SWT Reserve 
Scrub removal

- Grazing and mowing
- Draining
- Turf cutting

- Calcareous valley fen, 
spring fed soligenous 
hydrology

Nutrient poor, 
some nutrient rich 
areas

No

Wortham Ling TM093795 51.30 National (SSSI) SWT Reserve 
- Grazing and mowing 

Scrub removal

Predominantly, 
topogenous hydrology

Nutrient poor, 
some mesotrophic 
base rich areas

Yes (population extinction 
of Natteijack Toad)

Wortham Marsh TM088774 2.50 Local (County 
Wildlife Site)

Not known Not known Not known No

SWT = Suffolk Wildlife Trust
NNT = Norfolk Naturalists Trust
EN = English Nature
SSSI = Site of Special Scientific Interest
NNR = National Nature Reserve
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run-off from the railway (personal communication, EN, NRA, SWT). 
There is no record  of significant vegetation deterioration.

H o p to n  Fen is a SSSI and SWT Reserve of 14.4 ha lying in the bottom  
of a small tributary of the Little O use River. The shallow peat overlays 
sand glacial deposits which overlie the Chalk aquifer. The fen is 
predom inantly dependent upon soligenous w ater inputs although the 
water table is below  ground level in sum m er in much o f the fen. It 
includes a complex of rich-fen com m unities (NVC Survey, Ausden and  
Harding, 1991b), including Phragm ites-Eupatorium  with Caladiurrt 
m ariscus. However, m ost of the com m unities are eutrophic and scrub  
invasion indicates drying out. The nationally scarce C arex lasiocarpa  
is found at the fen.

K enninghatl & Ban ham  Fens w ith  Q u id en h am  M ere is in the valley 
of the River Wittle, and the river is considered to control the water levels 
and impact water chemistry for much of the site. The large catchm ent 
indicates surface water run-off' is an im portant com ponent of the fen 
water balance. The fen supports highly diverse plant com m unities, 
including species-rich fen, calcareous meadow, wet carr w oodland and 
a natural, deep m ere with fringing vegetation. A n u m b er of unusual 
plant species grow  on the site. The fen and grassland is grazed by cattle 
and horses during sum m er months, and managed reed and  sedge beds 
are harvested. There is no record of significant vegetation deterioration.

M iddle H arling  Fen is situated at the head o f a tributary to the River 
Thet. Im portant com munities identified at the site include Carex e la ta  
swamp, C alad ium  m arisciis  and Juncus subnodulosus  (Fojt, 1990), and 
plant species uncom m on to East Anglia are found at the site. The fen 
m eadow is currently grazed by cattle and horses, which m aintain the 
species diversity. However, the site and stream  were dry  w hen surveyed, 
thought to be due to groundw ater abstraction (Fojt, 1990). The site 
supports a good range of breeding birds. There is, at present, no record  
of significant vegetation deterioration.

R oydon Fen rem ains a diverse wetland, supporting tall and species-rich 
short fen com m unities in addition to fen scrub and carr w oodland. 
River drainage, in conjunction with groundw ater abstraction and 
cessation of management, has resulted in vegetation deterioration. 
M anagement of the fen has been re-established.

W eston  Fen is in the upper reaches of a tributary of the Little Ouse 
River. It has varied soils ranging from acid and  base rich sands to wet 
fen peat. The vegetation com m unities are similarly varied. A NVC 
survey (Ausden and Harding, 1991c) identified Weston Fen as one of the 
m ost im portant concentrations of fen communities rem aining in East 
Anglia. In addition, the fen has a num ber of plants of both  national and 
regional conservation interest, and supports im portant assem blages of 
invertebrates. It has apparently not been significantly affected by changes 
in groundw ater levels.

B4.JO7.0/W P /J 122/R H D LO P1.AO2
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W ortham  Ling, a heath with occasional dam p hollows, is located near 
the River Waveney on sandy river terraces. Water inputs are 
predom inately topogenous. The endangered Natterjack Toad was found 
at the site until the Roydon Fen to Doit Bridge drainage cut resulted  in 
a drying out of the seasonal ponds w here it was found.

3.2 D escrip tio n  o f  N o n -sta tu to ry  C on serv atio n  Sites

B ressin g h am  Fen is a 7.28 ha calcareous valley fen situated just north  
of the River Waveney, 4km west of Diss. A designated County Wildlife 
Site, the site com prises mixed fen and tall herb  fen flora and  associated 
plant communities. Encroaching carr vegetation consists of willow and 
alder woodland.

C op ince’s Fen is a 6.96 ha fen south of Banham M oor. The County 
Wildlife site is presently degraded and encroached by haw thorn- 
dom inated scrub and unim proved grassland.

Hall Farm  M eadow , W ortham  is a low-lying meadow supporting  a 
diverse bird community. Based on the limited information available, it 
appears that there are no signs of plant community deterioration.

H ay Fen includes rem nants of true fen, although encroaching scrub  and 
w oodland indicates a progressive drying out of surface water.

H orse  Fen, B ressin g to n  is bounded by the diverted River Waveney and 
the old river course. The site is now an example of carr w oodland, a 
successional vegetation stage which developed on a fo rm er fen wetland 
at the site.

R edgrave P a rk  Lake is a ground-w ater fed lake, fringed by small areas 
of reed. It is an im portant site for birds. There is no  record  of 
significant vegetation deterioration.

River W aveney is a spring fed river forming part of the Norfolk Broads 
system. It has suffered from a lowered base flow and now  has very low 
flows in sum m er m onths and large seasonal fluctuations in w ater level. 
It is a m esotrophic river supporting a poor aquatic species diversity. 
Major works w ere carried out between 1953 and 1963, with river 
dredging and the creation of drainage cuts predom inately in the stretch 
between Roydon Fen and Redgrave and Lopham Fen (Suffolk Wildlife 
Trust, 1993).

R iver W ittle is a small fen bordering the river. The vegetation of scrub, 
grassland and woodland indicates the fen is drying out.

S pring  a t S p ring  Farm , Palgrave, identified from O rdnance Survey 
maps, has no vegetative information associated with the site.

Ref: 84.i07.0/UT/3122/iiCD LO PlAO 2
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T h ran d es to n  M arsh is a species-poor site, predominately grassland with 
som e water-logged hcrb-rich stands. There is no record of significant 
vegetation deterioration.

W ortham  M arsh is low-lying com m on land including som e w etland 
communities. There is no  record of significant vegetation deterioration .

3.3 Effects o f  M anagem ent P rac tices

Historically, all the fens have been subject to reed  and sedge cutting, and  
peat extraction, both of which had the secondary effect of m aintaining 
the fen vegetation by creating a water regime and vegetative mosaic. 
Early form s of water control apparently had little effect on fen 
com m unity com position (Suffolk Wildlife Trust, undated). Many fens 
w ere also grazed, which slowed carr succession and scrub  invasion. 
Indeed, som e com m unities (jitncus sitbnodnlosus-Cirsium  p a lu s tre  and 
M olinia caenUeci-Cirsiitm d issectum )  are thought to owe their origin 
and maintenance to m anagem ent (Fojt, 1990).

With the greatly reduced harvesting of fen resources, the natural process 
of carr succession has been exacerbated by current m anagem ent 
practices designed to lower the water table and  drain the w etlands (see 
Section 2.4). O f particular note, a drainage cu t created betw een 1953 
and 1963 drained Wortham Ling and led to the drying ou t of the Ling 
and the site extinction o f the Natterjack Toad (a protected species).

Most of the fens in the area under study are thought to benefit from 
active m anagem ent (Wetland Dossiers, University o f Birmingham) 
although there is no indication as to the relative im portance of active 
m anagem ent versus groundw ater levels in maintaining wetland 
com m unity structure in these dossiers. Active m anagem ent could 
include the re-introduction of grazing, cutting or mowing, occasional 
burning, rotational turf cutting, and peat stripping to rem ove the aerobic 
decom posing peat layers.

3.4 S u m m ary

It is undeniable that over the past 40 years or so, a num ber of the 
wetland sites have deteriorated in term s of p lan t and animal species and 
in community interest. Without question, lack o f  vegetation m anagem ent, 
surface water drainage and low ered groundw ater levels by abstraction 
have contributed to the observed deterioration. It is difficult to attribute 
the cause of change to any one factor, although a num ber o f studies 
indicate water tevels and chem istry override m anagem ent factors 
(W heeler and Shore, 190; Boyer and W heeler, 1989; Tyler, 1979).

Ref: 84.J07.0/WP/3122/RED1.0P1.A02
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Fen m eadow  com m unities (such as Phragm ites  and M olin ia  Caerulea- 
Circium  dissectum ) owe their origin and maintenance to m anagem ent 
(Fojt, 1990; Harding, 1993a). O ther com m unities, such as Carex e la ta  
swamp o r  Schoeno-juncetra  are dependent upon  suitable g roundw ater 
levels (Fojt, 1990). Furtherm ore, lack of saturated soil conditions leads 
to peat decom position, an irreversible physical process which affects 
plant communities.

It is not possible to state with certainty for each site w hether surface 
water drainage, groundw ater abstraction, o r a synergistic interaction 
between the two is the prim ary cause of soil drying. H owever it is tru e  
that for any fen m anagem ent to be successful, the groundw ater m ust be 
m aintained at suitable levels.

84.i07.0/W P/3122/RED  LOP 1.A02
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4. HYDROGEOLOGY OF THE PROJECT AREA

4.1 G eology

The whole of the project area is situated on Cretaceous Upper Chalk 
which is unconform ably overlain by Crag of Q uaternary age. However, 
the Crag is generally absent north of a line from  TM 25 86 th rough  TM 
18 78 to TL 90 60, bu t it does appear as isolated discontinuous lenses 
north of this line. Overlying the Upper Chalk and Crag is a com plex 
sequence of in terbedded and rew orked Recent and Pleistocene drift o f 
glacial and fluvial origin as shown on the geological sections given in 
Figures 4.2 to 4.4. The line of the sections is presented on Figure 4.1, 
which shows the surface contours of the Upper Chalk indicaring that the 
Chalk outcrops at a num ber of locations throughout the pro ject area. 
The geology of the project area is sum m arised in Table 4.1.

During the last ice age the surface of the Chalk was e roded  leaving an 
uneven topographic surface with incised valleys up to 80 m deep  in 
places. Subsequent deposition has infilled these features giving rise to 
the p resent gently undulating topography. A num ber of these buried  
valleys occur in the project area (see Figures 4.1 to 4.4).

The Upper Chalk varies in thickness from about 100 m to 200 m and 
forms the main aquifer in the project area. It is a fissured lim estone 
with layers of flint nodules and a well defined layer of h ard  well fissured 
Chalk (Chalk Rock) marking its base. The Crag overlying the U pper 
Chalk is discontinuous and can be up to about 50 m thick. It com prises 
two distinct layers, the Norwich Crag which includes fine to m edium  
sands with thin clay laminations, and the Red Crag which is identified by 
iron-stained m edium  to coarse shelly sands with clay layers. The 
Norwich Crag overlies the Red Crag. The Crag is regarded  as a single 
water bearing unit which is largely in hydraulic continuity with the 
underlying Chalk. The Recent and Pleistocene drift deposits com prise 
discontinuous layers of Alluvium, Valley Gravels, Brickearth, Loams and 
Silts, Sands and Gravels, and Boulder Clay. The com bined thickness of 
these sedim ents can be as much as 60 m w here they infill the buried  
valleys in the Upper Chalk, although generally they range between 20 m 
and 40 m in thickness. Of these deposits only the Sand and Gravels can 
yield any significant volumes of water. The extent of hydraulic continuity 
between the Sands and Gravel and the underlying Crag and Chalk 
depends largely on the presence or otherw ise of Boulder Clay and 
clayey layers within the drift sediments. Figure 4.5 and the sections in 
Figures 4.2 to 4.4 show  the extent and influence of the Boulder Clay.

4.2 Aquifer Parameters

Due to the fissured nature of the Upper Chalk aquifer the aquifer 
param eters vary considerably th roughou t the project area. 
Transmissivity values range from 0.6 m 2/day  to 7000 m 2/day  and the 
Chalk aquifer varies from being confined, leaky to unconfined.

Ref: 84.307.0/W P/3122/RED LOP 1.A02
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REDGRAVE AND LOPHAM FENS Figure 4.1

CONTOUR MAP FOR THE SURFACE OF THE CHALK 
(TAKEN FROM BGS MAPS)
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TABLE 4.1: GEOLOGICAL SEQUENCE IN THE PROJECT AREA

< REDGRAVE,& LOPHAM FEN v w ,i r  *.

Age Formation BGS Description Thickness
(m)

Occurance

Recent & Pleistocene Peat Peat and clayey peat <2 Generally follows palaeova]leys, overlies river terrace deposits 
in Waveney valley although elsewhere overlies boulder clay 
and chalk

Alluvium Silt and clay but sandy in places 0 -  4 Follows present surface drainage routes
River Terrace Deposits Sand and flint rich gravel 0 -  4 Follows present surface drainage routes
Head Clay & Gravel Clayey sand and sandy clay, locally 

pebbly. Head Gravel poorly sorted 
clayey gravel

0 -  4 Isolated lenses along the margins of present 
drainage routes

GlaciaJ Sands & Gravels Sand and gravel, mainly flint rich 0 - 2 0 Occurs at the margins of present drainage routes 
as well as fill in palaeovalleys

Boulder Clay or 
Lowestoft TBI

Pebbly siJty clay and pebbly 
sandy clay

0 -  50 Forms an undulating plateau throughout the whole of the 
project area Generally absent in palaeovalleys although 
does occur as thin lenses within these palaeovalleys

Glacial Silt & Clay Silt and clay commonly laminated 0 - 6 0 Generally as infill to palaeovalleys. Outcrops on the margins 
of palaeovalleys

Glacial Lake Deposits Largely silt and clay but includes 
sand and gravel with pebbles of quartz, 
quartzite and flint

0 -  15 Occurs as isolated lenses particularly in the project area 
between Kenninghall and Attleborough

Kesgrave Sands & Gravels Quartz, quartzite and flint rich pebbly 
sand and gravel

0 -  15 Discontinuous lenses overlying Crag or Chalk. Outcrops with 
Crag and Chalk. Appears absent about 3 km north of 
Waveney valley

Crag Iron stained medium to coarse shelly 
sands with clay layers

0 - 6 0 Forms generally continuous sheet in the southwest 
of the project area. Few isolated lenses elsewhere

Cretaceous Upper Chalk Massively bedded, soft white limestone 
with occassional bands of nodular 
flint. T he to p  2  m to  3  m putty  cha lk

100 - 2 0 0 Forms basement to whole region. Forms undulating 
topography with deep palaeovalleys
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REDGRAVE AND LOPHAM FENS F igure 4.5
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In the W ortham/M ellis area transmissivity values generally range from 
200 m 2/d ay  to 500 m 2/day, although in one area it varies from  5000 
m 2/d ay  to 7000 m 2/d ay  (Southern Science 1993). Storativity is estim ated 
at 0.012. The Chalk aquifer in the south  of the W ortham/M ellis area  is 
leaky w hereas in the north towards the River Waveney it is unconfined. 
At the W etheringsett site in the south of the project area a pum ping test 
provided highly variable estimates o f transmissivity and  storativity. The 
transmissivity ranged from 350 m 2/d ay  to over 2000 m 2/d ay  w hereas the 
storativity ranged between 0.000004 to 0.0014. The aquifer at this 
location is clearly leaky. In the North Lopham area transmissivity 
estimates are o f the sam e o rd er of m agnitude, between 200 m 2/d ay  and 
2500 m 2/day, w hereas the storativity value is about 0.005. In the 
Redgrave area the transmissivity is about 1000 m2/d ay  and the Chalk 
aquifer is partially confined by the overlying drift.

No pum ping test data exist for the shallow Sand and Gravel aquifer or 
the Crag. As discussed previously the Crag is generally regarded  as 
being in hydraulic continuity with the Chalk and therefore they can be 
treated as one hydrogeological unit. The Sand and Gravel aquifer is 
likely to have highly variable aquifer param eters depending on the 
nature and extent of clayey layers within these sedim ents. Previous 
m odelling studies in the Redgrave area have shown the drift is likely to 
have horizontal and vertical hydraulic conductivities o f abou t 0.1 m /d  
and 0.0001 m /d  respectively (Aspinwall 1992). In this study the vertical 
hydraulic conductivity was taken as 0.002 m /d , the low vertical value 
being due to the presence of significant clay layers within the drift.

4.3 P iezom etry

G roundw ater contour maps for the Chalk aquifer in the project area for 
1976 (taken from I3GS maps), 1988 (historical high) and 1992 (historical 
low) are presented in Figures 4.6 to 4.8. These show that there is a 
considerable variation in the natural range of Chalk groundw ater levels, 
in som e cases by only a few tens of centimetres and elsew here by 
between 5 m and 10 m. These variations are d ue  to the variable B oulder 
Clay cover and saturated thickness of the Chalk aquifer which m eans that 
it is confined in some places and unconfined in others, together with 
variable leakage from the overlying strata. The maximum hydraulic 
gradients vary between about 0.012 and about 0.008 however, in general 
they are considerably lower than this ranging between 0.0005 and 0.002.

4.4 Groundwater Catchm ents

The groundw ater catchments coincide, in general, with the surface w ater 
catchm ent boundaries. However, due to the low hydraulic gradients, 
variable abstraction patterns and highly variable drift cover the 
groundw ater catchm ent boundaries do vary on a seasonal basis. The 
groundw ater catchments are shown on the groundw ater con tour m aps 
presented  in Figures 4.6 to 4.8. The surface w ater catchment boundaries 
are shown on Figure 4.9.
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REDGRAVE AND LOPHAM FENS
Figure 4.6

GROUNDWATER CONTOUR MAP FOR THE 
CHALK AQUIFER 1976 (TAKEN FROM BGS MAPS)
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REDGRAVE AND LOPHAM FENS
Figure 4.7

GROUNDWATER CONTOUR MAP FOR THE 
CHALK AQUIFER OCTOBER 1992 (HISTORICAL LOW)
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REDGRAVE AND LOPHAM FENS
Figure 4.8

GROUNDWATER CONTOUR MAP FOR THE 
CHALK AQUIFER MAY 1988 (HISTORICAL HIGH)
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REDGRAVE AND LOPHAM FENS F igure  4.9

TOPOGRAPHIC MAP SHOWING 
SURFACE WATER CATCHMENT BOUNDARIES
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The existing Redgrave sourcew orks together with the p ro p o sed  
alternative abstraction sites all lie either on or close to g roundw ater 
catchment boundaries. The seasonal variation in the g roundw ater levels 
means that all these abstractions could impact different catchm ents at 
different times of the year. In addition, these abstractions could  move 
groundw ater catchm ent boundaries slightly from their existing positions. 
The groundw ater catchments likely to contribute to each o f the 
abstraction boreholes are:

Abstraction Site

Redgrave

North Lopham

W ortham/M ellis

W etheringsett

Groundwater Catchm ent

Little Ouse 
Waveney

Little Ouse
Wittle
Thet

Little Ouse 
Waveney

Dove
Deben
Gipping

4.5 Interaction with Drift and W atercourses

There has been little long term  m onitoring o f  the drift and the Chalk 
aquifers throughout the project area; however, there are a num ber of 
piezom eters in the drift at wetland conservation sites m onitored  by the 
NRA and Suffolk Wildlife Trust. In som e cases these piezom eters show  
little or no variation in head with depth, while at some sites there is a 
clear transition during the year. During the recharge period  in the 
winter and spring there is a clear downward hydraulic gradient in the 
drift, whereas in the sum m er this reverses due to evaporation and 
possible upw ard leakage from the Chalk aquifer.

The groundw ater contour m aps (see Figures 4.6 to 4.8) clearly show  that 
all the rivers in the project area are gaining from  the Chalk aquifer.

4.6 Water Quality

The Chalk aquifer provides a m ajor source of water for potable, 
agricultural and industrial purposes in East Anglia. Iron concentrations 
in the project area are often above EC limits. This is the case at the 
existing Redgrave sourcew orks and in the W ortham/M ellis area 
(Southern Science 1994). However, at W etheringsett and N orth Lopham 
the existing river augm entation boreholes indicate that the groundw ater 
in these areas can m eet the EC Directive on Drinking Water Quality. 
Other m inor water quality problem s encountered in the W ortham /M ellis 
area were with suspended solids and one borehole had unacceptable
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levels of ammoniacal nitrogen and hydrogen sulphide o d o u r  was 
observed (Southern Science). None of these problems is considered  to 
preclude the developm ent of an alternative public supply source in the 
W ortham/M ellis area.

More detailed water quality inform ation w ould be requ ired  from  a long 
term  pum ping test in o rd er to ensure that the water m eets the req u ired  
standard for all determ inands.

Abstractions

There are several hundred  licensed groundw ater sources in the project 
area w hereas there are less than twenty surface licenses, indicating the 
im portance of groundw ater as the main source of water. The locations 
of the curren t groundw ater and surface water abstraction licences are 
presented in Figure 4.10, together with the associated m axim um  daily 
licensed abstraction rates.

Much of the groundw ater abstraction is for agricultural purposes (spray 
irrigation) although there are a num ber of major public supply 
boreholes, either for direct supply or supporting rivers for dow nstream  
abstractions. The latter is the case with the NRA GOGWS schem e w here 
groundw ater abstraction is for export to Essex reservoirs as part of the 
Ely Ouse-Essex Scheme. In addition to these abstractions there are also 
a num ber of NRA river augm entation boreholes for m aintaining flow 
during drought periods.

Water Balances for Catchm ents

The NRA have recently undertaken a review of the available w ater 
resources for the main catchments within the project area (NRA 1992). 
This detailed review includes a num ber of different techniques for the 
assessm ent of the available groundw ater resources including the 
following:

•  Wright (1974) m ethod based on geological assessm ent of 
infiltration rates and areas and calibrated to baseflows, with 
reduction of 5% to allow for reliable flow decrease. This 
was used for the Little O use and Thet catchments.

•  Baseflow analysis was used for the Waveney, Dove and 
Deben catchments.

•  Distributed groundw ater model was used for the G ipping 
catchment.

The catchment water balances are based on the licensed g roundw ater 
and surface water abstractions. Surface water returns, to account for 
effluent returns, are estimated w here dry weather Hows o r consents are
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not available, using a number of assumptions depending on the category 
of use.

The water balances for the Little Ouse and Thet catchments have been 
undertaken together to below Abbey Heath gauging station on the Little 

Ouse as they are both within the same unit within the Cambridgeshire 
Chalk. The water balance for the Little Ouse catchment includes the 
existing Redgrave sourceworks, although the groundwater catchment 
boundary at this location is unclear and could be located several 

kilometres either east or west from its position in the Waveney valley 

suggested by BGS (see Figure 4.6). The water balance shows that even 
including the Redgrave sourceworks there is only 2.2 tcmd of available 

resource due to the large proportion of the available groundwater 
resources required for river flow needs (based on the Q95 flow). Even 
if the river allocation were to be reduced to 5096 of gross resource only 
a further 9 tcmd could be licensed in this catchment. There is 78.8 tcmd 
of licensed abstraction as part of the NRA groundwater scheme which 

has not been included in the overall water balance as it used to support 
the in-river environmental requirements.

The water balance for the Waveney catchment to the gauging station at 

Billingford Bridge shows that there is a nominal surplus in groundwater 

resources of 53 tcmd. This indicates that there are sufficient resources 
to enable the transfer of the Redgrave borehole(s) into the Waveney 
catchment in the Wortham/Mellis area. There are no NRA groundwater 

schemes in operation within the Waveney catchment to Billingford 
Bridge.

The River Dove catchment to Oakley Park gauging station has a nominal 

groundwater surplus of 3 8 tcmd. This would only just cover the 
required abstraction for the replacement for the Redgrave borehole of 

3-6 tcmd. The Dove catchment has an NRA groundwater scheme 
licensed for 16.3 tcmd used to support the PWS surface water abstraction 

at Shipmeadow by Suffolk Water Company. However, of this 16.3 tcmd 

only 8 tcmd is required for in-river needs and therefore the balance of
8.3 tcmd is regarded as an abstraction with no returns as the water is 
exported out of the catchment.

The water balance for the River Deben catchment to Naunton Hall 
gauging station shows a nominal surplus of 3 5 tcmd. The alternative 

abstraction site at Wetheringsctt is generally within the Dove catchment 

however, it is likely to impinge slightly on the Deben catchment as well. 

The surplus of 3 5 tcmd is sufficient to support this additional 
abstraction as it will only be partially drawing from the Deben catchment.

The River Gipping catchment in the southern part of the project area is 

estimated to have a groundwater deficit of 4.4 tcmd to Bramford gauging 

station. Clearly there are insufficient groundwater resources to support 

any further abstraction at the present time in the Gipping catchment. 

The close proximity of the proposed Wetheringsett abstraction site to the
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River Gipping catchment means that it is possible that there will be a 

minor impact on this catchment. This is in part due to the seasonal 
variations in groundwater levels together with uncertainties about the 

exact position of groundwater catchment boundaries. However, this 
impact is considered to be insignificant.

Historic Changes in Groundwater Levels

The Chalk groundwater levels throughout the project area show typical 

seasonal fluctuation due to variation in recharge. The more pronounced 
variations in water levels in the interfluves at the catchment divides. 
From the mid to late 1970s the long term moving average groundwater 
levels were stable or showing a slight increase, reflecting the return to 

average rainfall patterns following the 1976 drought. This culminated in 
historically high groundwater levels in about May 1988. However, the 

drought from 1988 to 1991 caused a general decline in groundwater 

levels. This decline also reflects the increase in abstraction during this 
period, particularly for spray irrigation, which would be expected during 

a period of prolonged drought. The decline in water levels ranged from 
a few tens of centimetres to 4 m. Since 1992 there has been a general 

recovery of water levels to pre-1988 levels with the major recharge 

events in the winters 1992/93 and 1993/94.
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5. ECOLOGICAL METHODOLOGY AND ASSESSMENT

In this chapter, the methodology used for estimating the ecological 
sensitivity of wetland sites to changes in groundwater level, quality and 
throughflow is described.

An ecological screening was conducted on the 22 sites set out in 

Chapters 2 and 3 to identify which sites are significant groundwater 

dependent wetlands. The screening incorporated the following elements:

•  Sensitivity of plant species to groundwater changes

•  Presence of species of conservation interest
•  Presence of communities of conservation interest
•  Sensitivity of communities at sites to groundwater quality

The data used to assess current site sensitivity were derived from the 
species lists in the SSSI and Trust data sheets. These were compiled 

between 1972 and 1990 by various (unknown) surveyors using 

unspecified methodology. It is unlikely that the species lists are 
complete, with an emphasis probably given to the more unusual or more 

noticeable species. In some cases the lists were very incomplete with no 

English or Latin names given, only generic groupings. Furthermore, 
there are no estimates of habitat area, so the relative importance of each 
species/assemblage cannot be assessed.

In some cases National Vegetation Survey data have been collected and 
analyzed (for Hopton Fen [Ausden and Harding, 1991bj; Redgrave & 
Lopham, Buggs Hole, Blo'Norton [Jerram, 1992|; Thelnetham Fen 
[Ausden and Harding, 1991 a |; Weston Fen |Ausden and Harding, 

1991eJ). Where available, these data were also used in the analysis.

Using the available data, community types for each site have been 

developed, using computerised programs developed for the EC (Hills et 

al, 1994, Hill, 1993). The results are presented in Appendix D.

5.1 Plant Species Water Level Preference

Five categories of plant species are grouped according to water level 

preference, based on the long-term average water table (Table 5.1, and 
Appendix C), using information consolidated from a number of sources 

(Commission of the European Communities, 1991; Wheeler and Shaw, 

1992; Hills et al, 1994; van Wirdurn, 1993; Harding, 1993b,). The 

scheme has been applied to herbaceous vascular plants, since these are 
best described in the species lists, are good indicators of wetland habitats 

and are responsive to water stress. Although bryophytes are the most 

sensitive group of plants responsive to water level stress, data on 

bryophytes were not sufficiently uniform to enable their use as the basis 

for comparison of all sites.
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Table 5.1: Plant Species Groupings based on Preferred Mean Water 
Table Level

Mean Water Level 
Category

Details

Class 1 Plants of open water and flooded conditions 
(water table Ocm or higher)

Class 2 Plants characteristic of wetland soils (water 
table 0 to -2cm below ground level; very wet 
conditions)

Class 3 Plants typical of wet conditions (water table 
-2 to -5cm below ground level)

Class 4 Plants typical of wet conditions (water table 

-5 to -10cm below ground level; damp soils)

Class 5 Plants typical of drying soils, includes 
tolerant wetland species and species typical 

of non-wetland habitat (water level -10cm 
below ground level and lower)

These categories are based on mean values for summer water table 
conditions in UK wetlands. Plant species with a preference for high 
water levels (Class 2, some Class 3 species) are those most under threat 
from past land and water management practices, and have declined in 
number over much of south eastern England. Some plant species in 

Class 4 and all in Class 5 are generally more widely distributed, and have 
wider tolerances. For example the common reed Phragmites australis 
(Class 4) grows in a mean water table of -6cm, but is found in water 

tables ranging from + 24 to -100cm. However, it can be assumed that the 

long-term average water table levels provide a realistic indication of the 
ability of the plant species to survive and reproduce. Plants of open 

water (Class 1) are a unique category, totally dependent upon high 
groundwater levels or reliable surface water.

A fundamental concept applying to all systems (chemical, physiological, 

species or community) is that of homeostasis: that a system will tend to 

remain in balance until internal or external feedbacks become so out of 
balance that the system crashes precipitously to an altered state (Harding, 

1963). Radical shifts in community composition, peat degradation rate, 

and species extinction are examples of wetland systems changing their 

homeostatic balance. Typically a change in environmental conditions 

and altered feedbacks are tolerated with no observed response, until a 

critical point is reached at which catastrophic decline is normally 

observed (Odum, 1971). To return the system to the initial condition 

requires an input of energy (second law of thermodynamics); in the case
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of fen restoration, in the form of human management such as shrub 
clearing and weed control.

Work by Gowing et al (1993) applies this concept at a species level. Over 
1000 lm 2 quadrats were measured for species abundance and soil water 

levels. The average abundance for all the sites (irrespective of water 
levels) was calculated (average in Figure 51). The actual abundance 

were then plotted against water level. Results show the Common Sedge 
is either significantly more common than expected (average), at high 

water levels, or significantly less common than expected at low water 

levels. The shift between the two states is a precipitous decline.

The plant species listed for each site have been classified according to 

their tolerances as defined in Table 5.1. A conservative approach to 
assessing plant sensitivity has been taken, based on presence/absence of 
species at the individual sites, and the results are given in Table 5.2.

5.2 Presence of Plant Species of Conservation Interest

A second assessment was made for species of conservation interest. 
More data were available for plants than for fauna, and the 

presence/absence of plants of both national and regional scale 

conservation interest (as defined in the Nature Conservancy Council, 
1989) was identified (see Table 5.2). Further details can be found in 

Appendix C, which lists the species by their water preference category 
and their rarity.

5-3 Presence of Animal Species of Biological Interest

Animal species of biological interest were taken to include ’Red List Data 

Book’ invertebrates, important assemblages, identified bird feeding or 
nesting areas, and known presence of protected mammals. The 
occurrence of significant animal species or assemblages was difficult to 

ascertain, but presence/absence is indicated in Table 5.2, Notable 

Fauna/Communities.

5.4 Presence of Communities of Conservation Interest

Plant communities are perhaps a more significant and important level of 

ecological analysis. Not only are the communities made up of individual 
species, which could in themselves be rare, but the community may also 

be rare (see Nature Conservancy Council, 1989, for discussion of rarity). 

Many of the communities of the fens are nationally rare or restricted, 

and East Anglia is the most important area in England for their 
conservation. NVC communities of conservation importance are given 

in Appendix C.

^ Furthermore, some communities are internationally rare, being identified

on the EC Habitats and Species Directive (92/43/EEC) as being notable 

habitats which are particularly threatened. The Directive lists a number
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Figure 5.1 Typical response of a population to a major ecological stress. In this 

case, common sedge response to drought stress, based on experimental 
data, is used as an example (Gowing et al, 1993).

Soil Water Levels
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Table 5.2 : Species Recorded at Wetland Sites

Plant Spccies Mean Water Level Category Species of Conservation Interest

Date of 

Survey

Communities of

Conservation

Interest

(NVC)‘

Site Name Class 1 

Plants

Class 2 

Plants

Class 3 

Plants

Class 4 

Plants

Class 5 

Plants

Plants of 

National 

Conservation 

Interest

Plants o f 

Regional 

Conservation 

Interest

Notable

Fauna/

Communities

Water table

(cm below ground

level)

Open Water 0 to -2 cm -2 to -5 cm -5 to -10 cm > '10 cm

Bio' Norton and 

Thelnetham Fens

. 2 Present Present Present Present Present Present nd J 1972, 1991. 

1992

W2, M22, M13, 

S24, M24

Bressington Fen - Present Present Present Present - - nd 1983 W2

Bugg’s Hole Fen - Present Present Present Present Present Present nd 1984, 1992 M24, M l3, S2

Copince’s Fen - - - Present Present - - nd 1983 -

Fast Harling 

Common

Present Present Present Present Present Present Present Present 1989 SI

CG6

Gypsy Camp Meadows Present Present Present Present Present - Present nd 1987 -

Hall Farm Meadow, 

Wortham

Insufficient Data Present?

Hay Fen Insufficient Data

Hopion Fen - - Present Present Present Present Present nd 1984, 1991 M24, S24

Horse Fen, 
Bressingham

- - - - Present - - nd 1983 -

Kenninghall and 

Banham Fens with 

Quidenham Mere

Present Present Present Present Present Present Present nd 1985 M13, S2 

CG3

Middle Harling Fen - Present Present Present Present Present Present Present 1986 MG1, M13

Redgrave Park Lake Insufficient data Present ?
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Table 5.2 : Species Recorded at Wetland Sites (contd)

Plant Species Mean Water Level Category Species of Conservation Interest

Date of 

Survey

Communities of 

Conservation 

Interest 

(NVC)1

Site Name Class 1 

Plants

Class 2 

Plants

Class 3 

Plants

Class 4 

Plants

Class 5 

Plants

Plants of 

National 

Conservation 

Interest

Plants of 

Regional 

Conservation 

Interest

Notable

Fauna/

Communities

Water table

(cm below ground

level)

Open Water 0 to -2 cm -2 to -5 cin -5 to -10 cm > -10 cm

Redgrave & Lopham 

Fen

Present Present Present Present Present Present Present Present 1985, 1992 M24, M25, M13, 

S2, M22, W2, 

HI

R. Waveney Present Present Present Present Present Present Present nd ? -

R. Whittle - - - Present Present - - nd 1983 -

Roydon Fen * - Present Present Present Present Present nd 1983 S2, M25, W2

Spring at Spring 

Farm, Palgrave

Insufficient data

Thrandeston Marsh Insufficient Data

Weston Fen Present Present Present Present Present Present Present Present 1972. 1991 M24. M22, MG1, 

S2, M13. HI

Wortham Ling 4 • - Present Present [Yesent - - nd 1990 MG1, HI

Waltham Marsh Insufficient data

National Vegetation Classification communities described in Appendix C
Not present

No data available

Not wetland communities

Status indicated in observations/casual writings
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of habitat types (classified under the European vegetation classification, 

CORINE, not NVC) which are of Community interest due to their being 
in danger of disappearing within the natural range, or if they have a 
small natural range. Forty-two of the habitat types are asterisked, 
indicating these as priority habitats which are in danger of 

disappearance, and which community members have particular 

responsibility to maintain and/or restore. Calcareous fen habitats 
identified in the Directive are given in Appendix C.

The communities for all sites have been analyzed using the TABLEFIT 

package (Hill, 1993), which allocates vegetation to NVC categories on the 
basis of species present. Plant community data have also been 
independently derived by Suffolk Wildlife Trust (SWT) who conducted 

NVC surveys in 1991 and 1992 for Hopton Fen, Redgrave and Lopham 
Fens, Buggs Hole, Blo’Norton, Thelnetham Fen and Weston Fen, using 

standard NVC methodology. Both TABLEFIT and surveyed NVC data 
have been used.

5.5 Groundwater Quality

Data on water quality at the sites are sparse. Wetland site dossiers 

available for 8 sites include a section on hydrochemistry. In all but three 
cases this section is not quantified, with water quality estimates based on 
vegetation present or by extrapolation to nearby sites.

Due to the lack of site specific water quality data, water quality has not 

contributed to the prioritisation of sites, and rather than inferring water 
quality from an analysis of species and vegetation present, these 
biological data have been used directly in Sections 5.2, 5.3 and 5.4.

In general, the sites are important for their calcareous fens, and all are 

likely to have calcium-rich, nutrient-poor soligenous water inputs. 

Changes in water quality will certainly effect changes in the floristic 

composition of the sites (such as an increase in Phragmites and ruderals 
such as nettle) (Harding, 1993a).

5.6 Summary of Ecological Sensitivity

It is apparent from Table 5.2 that many of the sites are significant, 
supporting either wetland plants or communities, plants that are 
considered to be of national or regional significance, or notable faunal 

species or assemblages. The information in Table 5 2 is consolidated in 
Table 5 3, as described below.

Plant Species Water Level Preference: The Wetland Plant Species is based 

on presence/absence of any one (or more) species. If a species in Class 
1 or 2 is listed, the site is ranked ‘high1; the presence of a Class 3 or 4 

species gives the site a ‘medium’ ranking; and only Class 5 species listed 
results in a ‘low’ ranking.
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Table 5.3 : Estimated Site Ecological Sensitivities Based on Current Status

Site Name Grid Ref Wetland Plant 
Species

Plants of Conservation 
Interest

Faunal
Sensitivity

Community
Sensitivity

Overall Ecological 
Sensitivity

Bio’ Norton and 
Thelnetham Fens

TM017790 High High nd High High

Bressington Fen TM060809 High Low nd High High

Bugg’s Hole Fen TM006792 High High nd High High

Copince’s Fen TM048883 Moderate Low nd Low Moderate

Hast Harling Common • TM000879 High High High High High

Gypsy Camp Meadows TM115773 High Moderate nd I X ) W High

Hall Farm Meadow, - 
Wortham

TM089794 nd nd High ? nd High *

Hay Fen TM030880 n d nd nd nd Low *

Hopton Fen TM990800
%

Moderate High nd High High

Horse Fen, Bressingham TM075802 Low Low nd I X ) W Low

Kenninghall and Banh îni 
Fens with Quidenham 
Mere

TM041875 High High nd High High

Middle Harling Fen TM989852 High High High High High

Redgrave Park Lake TM055767 nd nd High ? nd High '

Redgrave & 
Lopham Fen

TM050797 High High High High High
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Table 5*3 : Estimated Site Sensitivities Based on Current Status (contd)

Site Name Grid Ref Wetland Plant 
Species

Plants of Conservation 
Interest

Faunal
Sensitivity

Community
Sensitivity

Overall Ecological 
Sensitivity

R. Waveney TM060799 -
TM070801
and
TM089790 - 
TM 105795

High High nd Ixiw High

R. Wittle TM013880 - 

TM023879
Moderate Low nd Low Moderate

Roydon Fen TM 102797 Moderate High nd High High

Spring at Spring Farm, 
Palgrave

TM 108772 nd nd nd nd Low *

Thrandeston Marsh TM111770 ud nd nd nd Moderate '

Weston Fen TL981787 High High High High High

Wortham Ling TM093795 Moderate Ixnv nd Low Moderate

Waltham Marsh TM088774 nd nd nd nd Moderate *

Uncertain status

In the absence of information we have assumed the Overall Ecological Sensitivity to be as indicated
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Plant Species of Conservation Interest: This is based on the 

presence/absence of any one (or more) species. If a species of national 
conservation interest is present, the site is ranked ‘high’; while species 
of regional conservation interest gives a ‘medium’ ranking.

Animal Species of Biological Interest: Faunal Sensitivity is assessed as 
‘high’ if any significant animal or assemblage of animals are identified.

Communities of Conservation Interest: The surveyed or predicted 

presence of a community asterisked on the EC Habitats Directive is 
assessed as ‘high’ in Table 53, Community Sensitivity.

Groundwater Quality: The groundwater data are insufficient to enable 
site comparisons and are not included in this analysis.

Overall Ecological Sensitivity: An overall ranking of the importance of 
individual sites has been attempted. On scientific grounds, it is 

impossible to rank the relative importance of plants of national 
conservation value against wetland communities or animal assemblages; 

each category is equally significant in terms of ecosystem value. 
Therefore, the Overall Sensitivity of the individual sites is determined by 

the highest sensitivity in the matrix row. Due to the general nature of 

the available data, and therefore the conservative approach taken in the 
assessment, virtually all the sites are classified as having an overall ‘high’ 
sensitivity.

Furthermore, the persistence of an ecosystem is dependent upon both 
a sufficient gene pool and an adequate area of similar habitat. Island 
biogeography theory (MacAuther and Wilson, 1967) supports the value 
of ‘island’ habitats, in that if one ‘island’ suffers a catastrophic decline, 

recruitment occurs from near-by, unaffected ‘islands’. In the current 

situation, the remaining fen sites are almost certainly an interacting 
system, and it is not known how critical the survival of all the individual 

sites is to the persistence of the wetland ecosystem in the area. Again, 
this indicates that the survival of all sites is important.
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6. HYDROGEOLOGICAL AND HYDROLOGICAL METHODOLOGY

6.1 Introduction

This chapter describes the methodology adopted for estimating the water 

level changes in the Chalk and the subsequent changes in the shallow 

drift deposits. The impact on the Chalk aquifer was used as a means of 
classifying the overall risk of derogation to the wetland sites and of 
estimating the likely effects on groundwater abstraction licenses, and 
river flows and quality. The impact of these changes in water levels in 
the Chalk aquifer was then translated into changes in water levels in the 
overlying drift deposits and provided the basis for the comparative 
assessment of the various development options.

The methodology adopted in this study was based on analytical models 
of steady state leaky aquifer conditions to provide a ‘maximum’ 
assessment of the possible changes in the Chalk aquifer water levels. 

The aquifer parameters used were obtained from the results of pumping 
tests and summarised in Appendix F.

6.2 Estimations of Changes in Chalk Groundwater Levels

Assessment of the impact of the development options proposed by the 

NRA on Chalk water levels is discussed in Chapter 7 and was based on 
the following geological and hydrogeological data.

Wethedngsett

At this site a 7 day pumping test was undertaken by the NRA on the 

existing river augmentation borehole in October and November 1993. 
Observations were made in two Chalk observation boreholes up to 1 km 
away. No monitoring was carried out in the overlying deposits. There 

was a significant leakage effect during the test, presumably from 

overlying deposits, and this limited the cone of depression around the 
well. It is not clear whether this effect would be sustained in the long 

term, or whether the leakage/drainage from above would be maintained 

by storage between recharge seasons. Transmissivity values are 

significantly different between the pumped well and the observation 
boreholes, suggesting a limited thickness of fissured aquifer below the 
overlying cover, and considerable variation in permeability, perhaps with 
preferential flow paths.

A steady state ‘leaky’ analytical model based on DeGlee (1930 and 1951) 
was adapted for this site to estimate the changes in Chalk and drift water 
levels. This model assumes that the storage in and recharge to the 

overlying deposits can maintain leakage to the Chalk. Transmissivity was 

varied with distance to fit observed data (see Appendix F). This model 

does not taken into account recharge and as such the observed 

drawdown at the wetland sites will be less than that predicted by the
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model. However, this conservative approach has been adopted in order 
to safeguard the wetland sites from potential changes in water levels.

Detailed geological maps are not available for this area, however the BGS 

hydrogeological map does cover this site and together with borehole 

information from the NRA provides adequate geological information.

Since 1988 the NRA has established a number of monitoring boreholes 
in the Chalk aquifer as well as in the overlying Crag within a 6 km radius 

of the Wetheringsett site. There are no monitoring sites in the overlying 
drift.

North Lopham

At this site a 42 day pumping test was carried out by the NRA on the 
existing river augmentation borehole between the end of June and the 

beginning of August 1993, with observations made in Chalk observation 
boreholes up to 5 km distance. No monitoring was carried out in the 
overlying deposits near the pumping site, however shallow piezometers 
in the drift were monitored at a number of wetland sites. Again, 
significant leakage effects occurred during the test, assumed to be from 

overlying deposits. The response of the shallow piezometers cannot be 
interpreted on the basis of the pumping test. In some cases the water 

levels fell, as would be expected during the summer, but could be 

partially due to the test pumping, while in other cases water levels 

remained constant or exhibited some recharge.

A similar analytical modelling technique to that used for the 
Wetheringsett site was adopted.

Detailed geological mapping has been undertaken for this area by BGS, 
which together with the BGS mineral assessment boreholes and the BGS 

hydrogeological map provides detailed geological information.

There are a number of monitoring boreholes in the Chalk aquifer within 

a 6 km radius of the Wetheringsett site. There are no monitoring sites 
in the overlying Crag and drift.

Wortham/Mellis

Investigations undertaken by Southern Science in the Wortham/Mellis 

area in late 1993/early 1994 (Southern Scicnce 1994) provided the basis 
for the assessment of this area. The site investigation involved the 
drilling of five test boreholes and a number of observation boreholes. 

Three day constant rate pumping tests were carried out in each of these 

test boreholes. There does not appear to have been monitoring of 

overlying deposits, nor of the river/buried channel. The short duration 
of these tests does not allow unequivocal determination of the nature of 

the aquifer response. It is not clear whether delayed yield or leakage 

was occurring, and the derivation of aquifer and aquitard hydraulic
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constants is very difficult. In addition, significant recharge events 
occurred during the pumping tests making analysis difficult.

Analytical modelling, as described earlier, was used to identify the scale 

and extent of water level changes produced by the proposed 

abstraction(s) to provide a conservative estimate of water level change.

Redgrave

Pumping test information for the existing production borehole operated 
by Suffolk Water Company (SWC) was available from the study 
undertaken by Aspinwall (1992). There does not appear to be any 

information on hydraulic characteristics of Alluvium, buried channel 

deposits, Boulder Clay or Crag, in the Waveney valley. However, 
Aspinwall (1992) produced a two layer radial flow model of the Chalk 
and drift aquifer systems. Tn order to calibrate this model using the 
observed piezometric response in the drift, aquifer parameters for the 
drift were estimated.

A similar analytical modelling exercise was undertaken for this site based 
on ‘leaky’ aquifer conditions to assess the likely drawdown in the Chalk 

and drift aquifers around the site. The selection of aquifer and leakage 
parameters was based on the available data from Aspinwall (1992).

General

The impact of the estimated drawdowns on surrounding groundwater 
licenses is shown in Figure 6.1. The effective limit of the drawdown 

cone is taken as 6 km, which is considered conservative but nevertheless 

appropriate, due to the uncertainties of the recharge to the Chalk aquifer 

in areas where it is overlain by Boulder Clay. This is equivalent to two 
times the radius of the borehole catchment area assuming an infiltration 
rate of 47mm/yr (NRA 1992).

6.3 Wetland Sensitivity to Chalk Groundwater Levels

Chalk groundwater level data gathered from the NRA central and eastern 

area offices, were used to produce groundwater level maps for 1992 
(minimum recorded), 1988 (maximum recorded), and 1976 (taken from 

BGS hydrogeological maps) - Figures 4.6 to 4.8. These maps illustrate 
the natural range of variation in Chalk groundwater levels at each of the 

conservation sites. Based on this natural range of variation and the 
topographic elevations at these sites, an assessment of the sensitivity of 

the wetland sites to changes in Chalk groundwater levels and their likely 
dependence on Chalk inflow was made.

From BGS maps and borehole records the geology at each of the 

wetland conservation sites was determined in order to assess the degree 

to which hydraulic continuity exists between the wetland sites and the 

underlying Chalk aquifer. This was then combined with the water level
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data to determine the overall hydrogeological sensitivity of the sites to 

variation in Chalk groundwater levels. The hydrogeological matrix also 
takes account of the location of the site, for example at geological 
boundaries - spring lines at edge of Boulder Clay or Alluvium. A 

summary of the sensitivity of the wetland sites to changes in Chalk 

groundwater levels is given in Table 6.1.

6.4 Assessment of Hydrogeological Effects o f Borehole
Sites

6.4.1 Water Level and Throughflow Changes

Estimates of drawdowns in the Chalk and drift aquifers around the 

boreholes were determined as described in 6.1 above and are shown in 
Figure 6.1.

The change in groundwater throughflow may have a more significant 

impact on wetland plant communities than water level change alone. 
However, the change in throughflow is not possible to quantify without 
detailed modelling studies as there are vertical and horizontal flow 
components leading to throughflow which form part of the overall water 

balance of a wetland site. Therefore, the potential change in throughflow 
has been assessed on a risk basis i.e. where drawdown in the Chalk and 

drift water level is predicted at a particular wetland site there is a risk of 
change in throughflow which could impact on the plant communities.

6.4.2 Conservation Sites

The predicted drawdowns discussed in 6.2 above were compared with 

the hydrogeological sensitivity of the sites as identified in 6.3, to 
determine the likely degree of impact on the hydrology of the wetland 
sites.

6.4.3 Groundwater Abstractions

Predicted Chalk aquifer and drift drawdowns were compared with 
locations of licence holders (see Figure 4.10) to determine the number 

affected, type and scale of water level change. It is considered that a 
change of less than 1 m will be insignificant in terms of yield change; 

thus limiting consideration to within 3 km or so of the bores. It was not 

possible to investigate effects on neighbouring bores in detail, for 

example by considering depth and pump setting, and base of aquifer. 

Assessment was therefore based on scale of drawdown and category of 
licence.

Effects on abstractors will generally only be significant within 1 km of the 

bores. Particular attention was paid to effects on NRA river augmentation 

bores which will be within 500 m of some of the sites. The effects on 

abstractors are summarised in Appendix F.
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REDGRAVE AND LOPHAM FENS 
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REDGRAVE AND LOPHAM FENS 

GROUNDWATER CATCHMENT AREAS FOR DEVELOPMENT OPTIONS

Figure 6.2
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6.4.4 River Flows

Quantitative estimates of the impact on river flows were determined from 
review of changes to regional water level contours and the reduction in 

Chalk groundwater catchment areas resulting from the proposed 

abstraction boreholes as shown on Figure 6.2. This identified affected 
reaches, and movement of perennial spring heads.

The additional abstraction was apportioned to the rivers on the basis of 

the affected reaches, and possible effects on low flows, that is Q95 at the 

various gauging sites. These changes were then put into the context of 
existing low flow problems identified in water courses in the project 
area.

An assessment of the likely interaction of Chalk aquifer outflows with 

adjacent river reaches was undertaken, to determine effects on 
contributions to baseflows.

6.4.5 River Water Quality

Based on river flow changes, river water quality effects were assessed on 

the basis of impact on the present NWC class or more detailed 
information used in NWC classification if readily available from the NRA 
in summary form.

6.4.6 River Abstractors

From estimated flow and quality changes, the effects on river abstractors 
(see Figure 4.10), for example licensed agricultural abstractors (spray 
irrigation) and public water supply were ascertained in discussions with 
Area Water Resources Officers.

6.5 Catchment Water Balances

The effect of the proposed borehole developments was made based on 
a review of the NRA document 1992 - Groundwater Balances Review, 

considering the analysis for each component of the water balance for the 

catchments in the project area.

For the development options amended water balances were prepared, 

to the extent that changes in the components could be quantified. The 

effects on the catchment balances were identified, particularly showing 
if available resources would be exceeded. The amended balances are 
presented in Appendix I*.
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7. GROUNDWATER DEVELOPMENT OPTIONS

7.1 Introduction

This chapter describes the various groundwater development options 

alone without the river restoration option, which is discussed in Chapter 
8.

The incremental effects of each of the development options on water 

levels and river flows is determined taking the ’Do nothing’ option as the 
baseline condition. Positive impacts resulting from cessation of pumping 

at Redgrave will be the opposite of the ’Do nothing’ option both for 
water level changes at wetland sites and streamflow.

The drawdown figures calculated for the Chalk and drift aquifers only 
demonstrate the scale of possible water level changes and may not 
estimate absolute values due to discontinuities which may influence the 

results. These discontinuities include aquifer heterogeneity, buried 

channels, and river recharge. The details of drawdown estimates are 
presented in Appendix F.

7.2 Do Nothing Option

This is the baseline case whereby the existing Suffolk Water Company 
sourceworks at Redgrave would remain in operation.

7.2.1 Effects on Chalk and Drift Aquifers

The effects of the Redgrave borehole on the Chalk and drift aquifers 

have been investigated in previous studies undertaken by Aspinwall 
(1992) and Harding (1993a). Prior to the installation of the production 
borehole at the Redgrave site the Chalk aquifer was reported as being 

artesian by about 1 m and there was a hydraulic gradient towards the 

River Waveney. Following the installation of the borehole the Chalk 

groundwater gradient towards the River Waveney was reversed with the 
cone of depression affecting Chalk water levels throughout Redgrave and 

Lopham Fens. In addition to the reduction in Chalk water levels the 

borehole intercepted groundwater flowing towards the river, reducing 

the throughflow and therefore the baseflow in the river. There are no 

long term records of Chalk water levels in the vicinity of the Redgrave 
borehole however, the change in plant communities interpreted from 

aerial photography (Harding, 1993a) indicate a change in the long term 

average water levels resulting from the abstraction of groundwater for 
public supply.

The interaction between the Chalk and drift aquifers in the Redgrave area 

is complex due to the highly variable nature of the drift cover. In 

general clayey layers within the drift deposits reduce the vertical 

hydraulic conductivity and hence the hydraulic continuity between the 

drift and the underlying Chalk. This has the effect of attenuating changes
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7.2.2

in water level in the drift resulting from changes in Chalk water levels. 

However, in places there appear to be ‘windows’ in the clayey layers 
within the drift. This radically increases the hydraulic continuity between 

the two aquifers and reduces the attenuating effect. This interaction 

between the Chalk and the drift was first studied by Aspinwall (1992) and 

Harding (1993a). These studies investigated the effects of the Redgrave 

borehole on the Chalk and drift aquifers. The substantial drawdown 
effect in the Chalk aquifer resulted in a hydraulic gradient being set up 
in the overlying drift and reduction in water levels. This cone of 

depression in the drift was centred on an area to the southwest of the 
Redgrave borehole confirming the theory that flow was occurring 
through a ‘window’ in the clay layers within the drift. In addition, the 
relatively small changes in water levels (up to 0.8 m) in the drift indicates 

relatively poor hydraulic continuity between the drift and the Chalk. 
This also indicates that the fen still receives substantial inputs from the 
superficial drift aquifer and from springs in the Chalk aquifer occurring 
up-gradient ( to the south of the site).

In this study, as described in Chapter 6, the methodology adopted 
involves the screening of each development option using a steady state 
leaky analytical approach in order to estimate the incremental effect on 

wetland conservation sites for comparison of development options.

The Do Nothing option is estimated to reduce the water levels in the 
Chalk aquifer at eleven wetland sites within 6 km of the Redgrave site 

(see Figure 6.1). All of these are considered to be highly sensitive to 
changes in Chalk water levels. The other eleven wetland sites are 

estimated to remain unaffected. This response is directly translated to 
water levels in the drift as under steady state conditions the Chalk and 

drift water levels would have equilibrated. It has been assumed that no 
recharge occurs which means that the actual drawdown observed in the 
drift will be less than that predicted. The drawdown estimates are 
presented in Table 7.1.

In addition to the potential lowering of water levels within the wetland 

sites there is in some cases a reduction in the throughflow of Chalk 

groundwater. This may be a more significant impact on the wetland sites 

than changes in water levels. The reduction in Chalk groundwater 

throughflow at Redgrave and Lopham Fens could be a significant 

contributory factor in the derogation of the Fen. In contrast, the 
reduction in throughflow at other wetland sites is likely to be small as 

the predicted drawdowns are much less than that predicted for Redgrave 
and Lopham Fen.

Effects on Redgrave and Lopham Fens

The hydraulic continuity between the drift and Chalk aquifers in the 

Redgrave area, together with the fact that plant community response to 

these changes is slow, has meant that the decline in the long term 

average water levels in the Chalk aquifer has resulted in a derogation of
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TABLE 7.1: ESTIMATED INCREMENTAL EFFECTS ON W ETLAND SITES 

Development Option: DO NOTHING

REDQHAVE & LOPHAM FEN

Wetland Site Chaikgftr 
component *

Approx. Glacial 
Drift Thickness

<m)

Water Level response 
at Wetland Sites

(m)

Risk of reduction 
in Throughflow

Impact

The Marsh Waltham N 21 NA No unaffected
Gypsy Camp Meadows M 4 NA No unaffected
Thrandeston Marsh M 4 NA No unaffected
Spring at Spring Farm M 9 NA No unaffected
Redgrave Park Lake Y 0 -0 .1 9 Yes -ve
River Waveney Y 11 -0 .3 5 Yes -ve
Hall Farm Meadow Wortham Y 6 -0 .0 0 Yes -ve
Wortham Ling Y 6 -0 .0 6 Yes -ve
Roydon Fen Y 6 -0 .0 3 Yes -ve
Horse Fen Bresslngham Y 7 -0 .1 4 Yes -ve
Bressingham Fen Y 7 -0.21 Yes -ve
Bio’Norton & Thelnetham Fen Y 11 -0 .1 4 Yes -ve
Buggs Hole Y 11 -0 .0 8 Yes -ve
Hopton Fen Y 10 -0 .0 3 Yes -ve
Weston Fen Y 5 NA No unaffected
Middle Harling Fen Y 1 NA No unaffected
East Hading Common Y 2 NA No unaffected
River Wtttle Y 1 NA No unaffected
Hay Fen Y 1 NA No unaffected
Copinces Fen Y 1 NA No unaffected
Kennhghall & Banham Fen Y 20 NA No unaffected
with Quidenham Mere 
Redgrave & Lopham Fen Y 11 -2 .3 0 Yes -ve

Notes:
* Y = yes 

N =  no 
M = maybe

NA =  not applicable as greater than 6 km from proposed borehole site or definitely not Chalk groundwater fed 
River Waveney Includes both the River Waveney and River Waverwy ESA



7.2.3

the wetland plant communities towards species more suited to drier 

conditions. Table 7.1 shows the estimated effects on water levels as 
detailed in Chapter 6 while Table 7.2 presents the estimated impacts on 
Redgrave and Lopham Fens.

Over the last 30 years, there has been a significant decline (77%) in 
wetland species and an equally serious loss in habitat. In fact ecological 
observations on the ground tie in with the drawdown predictions made 
in 7.2.1 above. A shift in wetland status of this magnitude in a 

comparatively short time (in ecological terms) suggests the system has 
lost its buffer capacity and that future change will be accelerated. Under 

this scenario, it is likely that the wetland communities will be lost, 
replaced by meadow or humid grasslands in the next few decades (Table
7.2).

Effects on Other Wetlands

The effects on other wetland sites surrounding the Redgrave area are 
unclear as no monitoring of Chalk or drift water levels has taken place, 
particularly prior to the installation of the Redgrave borehole. More 
recently however, monitoring of water levels has been undertaken but 

it is too early to determine whether any long term changes have 
occurred. In addition, the overall volume of groundwater abstraction 
from the Chalk aquifer has increased since the 1940’s to the level today 
where there are only small surpluses or deficits of groundwater 

resources within the project area.

The predictions made for the other affected wetlands are summarised in 
Table 7.1 and Table 7.2 for the estimated water level change. In one 

instance (Buggs Hole), scrub invasion and wetland deterioration has not 
been catalogued, and it appears that the wetland is still within its 
buffering capacity.

However, for the other sites (Blo’Norton & Thelnetham Fens, 
Bressingham Fen, Hopton Pen, Horse Fen, Roydon Fen and Wortham 

Ling), wetland deterioration has been observed, and it is likely that the 

buffering capacity of these systems has been exhausted. The predicted 

changes are likely to be observed in the future should the Do Nothing 

option be followed. There would be a significant loss of both Class 2 

and Class 3 (as defined in Table 5.1) species in the region and of 
significant wetland habitats. As has been noted previously, a certain total 

area of habitat type is required for ensured ecosystem survival 
(MacAuthur and Wilson, 1967). Continued decline of these wetland 

communities puts into question the future survival ofthis ecosystem type 
within the region.

It should be noted that the drying stress exhibited by the majority of 

these wetlands could be due to the existing abstraction borehole at 

Redgrave or to other abstraction/land drainage effects.
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TABLE 7.2 : Predicted Effects of the Do Nothing Option

Site Drift Water 

Level Change 

(cm)

Effect on Species Effect on Community Mitigation Measures

Bio'Norton & 

Thelnethani Fen

-M - Loss of Class 2 species

- Ixjss of Class 3 species

■ Reduction in sensitive Class 

4 species

- Shift towards drier grassland 

biotope

- Enhancement in scrub 

colonisation

Management will prevent scrub invasion. It 

will slow down but not prevent long term 

decline of sensitive species or fen quality. 

Mowing will prevent invasion by ruderals.

Brcssingham Fen -21 - Loss of Class 2 species

- IjOss of Class 3 species

- \jOSS of soinc Class 4 species

- Possible shift towards alder 

wood

Management will slow down but not prevent 

long term decline of sensitive species or fen 

quality. Mowing will prevent invasion by 

ruderals.

Bugg's Hole -# - Loss of Class 2 specics

- Loss of Class 3 species

- Slight reduction in sensitive 

Class 'f species

- Shift towards fen meadow and 

humid grassland biotopes

- Shift towards willow carr

- Scrub enhancement

Management will prevent scrub invasion. It 

will slow down but not prevent long term 

decline of sensitive species or fen quality. 

Mowing will prevent invasion by ruderals.

Hall Farm Meadow -8 nd nd nd

Hoptnn Fen -3 - Loss of some Class 2 species

- Slight reduction in Class 3 

species

- No change Management will prevent scrub invasion. 

Mowing likely to maintain current florist to 

quality.

Horse Fen -H - Loss of Class 3 species

- Reduction in sensitive Class 

4 species

- Enhancement in scrub 

colonisation

- Possible increase in alder wood

Management will prevent scrub invasion. It 

will slow down but noi prevent long term 

dccline of sensitive species or fen quality. 

Mowing will prevent invasion by ruderals.

Note: nd = no data
N/A = Not applicable
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TABLE 7.2 : Predicted Effects of the Do Nothing Option (Contd)

Site Drift Water 

Level Change 

(cm)

Effect on Species Effect on Community Mitigation Measures

Redgrave & Lopham 

Fens

-230 - Loss of Class 2, 3 species 

Damage 10 at] other wetland 

species present 

Destruction of open water 

pools, Class 1 species

- Loss of species of high 

conservation interest

- Loss of fen-sedge and rich-fen 

biotopes : Probable shift to 

meadow or humid grassland 

within a few years of change

- Loss of communities of high 

conservation interest

Mitigation measures not feasibte due to extent 

of hydrological damage and irreversible 

damage to the peat.

Redgrave Park Lake -19 - No change - Slight increase in shoreline 

wetlands

- No change in aquatic 

community

No mitigation measures necessary

River Waveney *35 nd nd nd

Roydon Fen -3 - Loss of some Class 2 species 

• Slight reduction in Class 3 

species

- No change Management will prevent scrub invasion. 

Mowing likely to maintain currcnt floristic 

quality.

Won ham Ling -<> • No change in heathy spccies 

- Reduction in damp habitats 
and associated species

- Possible scrub invasion Scrub invasion could be prevented by 

management

Note: nd = no data
N/A = Not applicable

84.307.0/WP/FEN.TAB



7.2.4 Effects on Abstractions

There are no abstraction licenses which are estimated to be derogated 
by more than 1 m drawdown as a result of the Redgrave abstraction (see 
Figures 6.1 and 4.10).

7.2.5 Effects on Rivers

The incremental effects on rivers from this option have been estimated 

on the basis of reduction groundwater catchment areas resulting from 
the existing Redgrave borehole. The effects are presented in Table 7.3 
below:

Table 7.3: Incremental effects on Rivers for the Do Nothing option

River Gauging Station Old Q„
(m3/sec)*

New Q95 
(m3/sec)

% Flow 
Change*

% Reduction 
in Catchment

Little Ouse Knettishall 0.135 0.123 -10 10

Waveney Billingford Bridge 0.084 0.074 -14 14

Note: * As flow records only started some 20 years after borehole was 
constructed and as they are not naturalised, the flow prior to borehole 
construction could be greater than at present by the percentage of 
catchment affected.

The uncertain position of the Chalk groundwater catchment divide in the 
Redgrave area means that it is difficult to estimate the effect the borehole 
is having on the flows in the Little Ouse and the Waveney. In this case 

the area of influence of the borehole has been assumed to be equally 

affecting both catchments.

The reduction in flow estimated for the gauging stations is relatively 

small however, these are some distance downstream from the existing 

borehole site at Redgrave. The percentage effects of the groundwater 
abstraction will increase upstream of these gauging sites to the extent 
that in the Redgrave area this could be as much as 100%, with drying up 

the upper river reaches. This is confirmed by the fact that the Upper 

Little Ouse and Waveney are both designated by the NRA as being ’low 
flow’ rivers.

The increase in impact on river flows going up the catchment is 

currently having a significant effect on water quality. The Waveney and 

the Little Ouse are both categorised as Class 2 rivers from source to the 
gauging stations at Billingford Bridge and Knettishall respectively. 

However, with the Redgrave borehole operating the upper reaches of 

these rivers dry up during the summer. The Redgrave borehole was 

installed in 1957 and the gauging stations at Billingford Bridge and 

Knettishall were installed in 1968 and 1980 respectively, so there is 
insufficient flow and water quality data to comment in detail on the water
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7.3

7.3.1

quality changes of the Rivers Waveney and Little Ouse. However, it is 

likely that the Redgrave borehole has been derogating river water quality 
in the Redgrave area since its construction.

Relocate Abstraction to North Lopham

This option involves moving the abstraction borehole to North Lopham, 
about 500 m from the existing NRA river augmentation borehole.

Effects on Chalk and Drift Aquifers

The Chalk aquifer at North Lopham is overlain by Boulder Clay and the 
storativity values obtained from the pumping test undertaken by the NRA 

indicates that the aquifer is confined at this location. However, it is 
possible that away from this site the aquifer is not fully saturated even 
though it is overlain by Boulder Clay. In general, in areas not covered 
with Boulder Clay (see Figure 4.5) the Chalk aquifer is either confined 

or leaky. However, the geological section through this site (see Figure

4.2) indicates that the Chalk aquifer is unconfined in some areas where 
there are ‘windows’ in the overlying drift. The regional hydraulic 
gradient is about 0.002 towards the west/southwest.

There has been long term monitoring of the Chalk aquifer in the North 
Lopham area (borehole TM 08/003) which shows a natural range of 
variation of up to 9 m, with seasonal variations between 1 m and 5 m. 

This record clearly shows the effect of the drought between 1989 
(historical high) and 1992 (historical low) with 9 m difference in the 
water levels.

The effect of moving the abstraction borehole to North Lopham is 
estimated to be a negative effect on the Chalk aquifer levels at seven 
wetland sites within 6 km of the proposed abstraction borehole (see 
Table 7.4). Of these all are considered to be highly sensitive to changes 

in Chalk water levels. There are six wetland sites which could benefit 
from the move to North Lopham, while the remaining nine wetland sites 
are estimated to remain unchanged from the present situation.

Should the existing NRA river augmentation borehole at North Lopham 

be operating as well as the proposed abstraction this would considerably 

increase the impact on the surrounding wetland sites (see Table 7.5). 
Under these circumstances eleven wetland sites would be affected and 

the degree of water level change would be much greater. Of these 

eleven sites all are considered to be highly sensitive to changes in Chalk 
water levels.

In addition to the potential lowering of water levels within the wetland 
sites there is in some cases a reduction in the throughflow of Chalk 

groundwater. This may in fact be a more significant impact on the 

wetland plant communities than the changes in water level alone. 

However, in this instance the relatively small drawdowns predicted mean
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TABLE 7.4: ESTIMATED INCREMENTAL EFFECTS ON W ETLAND SITES 

Development Option: NORTH LOPHAM (no river augmentation pumping)

REDGRAVE & LOPHAM FEN

Wetland Site Chalk g/W 
component *

Approx. Glacial 
Drift Thickness

(m) __

Water Level response 
at Wetland Sites

(m)

Risk of reduction 
in Throughflow

Impact

The Marsh Waltham N 21 NA No unaffected
Gypsy Camp Meadows M 4 NA No unaffected
Thrandeston Marsh M 4 NA No unaffected
Spring at Spring Farm M 9 NA No unaffected
Redgrave Parle Lake Y 0 NA No unaffected
River Waveney Y 11 0.28 No +ve
Hall Farm Meadow Wortham Y 6 NA No unaffected
Wortham Ung Y 6 NA No unaffected
Roydon Fen Y 6 NA No unaffected
Horae Fen Bresslngham Y 7 0.09 No +ve
Bressingham Fen Y 7 0.1S No +ve
Bio'Norton & Thelnetham Fen Y 11 0.05 No +ve
Buggs Hole Y 11 0.01 No +ve
Hopton Fen Y 10 -0 .0 3 Yes -ve
Weston Fen Y 5 NA No unaffected
Middle Harling Fen Y 1 -0 .1 8 Yes —ve
East Hading Common Y 2 -0 .0 9 Yes -ve
River Wlttte Y 1 -0 .1 5 Yes -ve
Hay Fen Y 1 -0 .1 4 Yes -ve
Copinces Fen Y 1 -0 .0 9 Yes -ve
Kenninghall & Banham Fen 
with Quidenham Mere

Y 20 -0 .1 5 Yes -ve

Redgrave & Lopham Fen Y 11 2.21 No +ve

REDQRAVE & LOPHAM FEN

TABLE 7.5: ESTIMATED INCREMENTAL EFFECTS ON W ETLAND SITES 

Development Option: NORTH LOPHAM (with river augmentation pumping)

Wetland Site Chalk g/w 
component *

Approx. Glacial 
Drift Thickness

(m)

Water Level response 
at Wetland Sites

(m)

Risk of reduction 
in Throughflow

Impact

The Marsh Waltham N 21 NA No unaffected
Gypsy Camp Meadows M 4 NA No unaffected
Thrandeston Marsh M 4 NA No unaffected
Spring at Spring Farm M 9 NA No unaffected
Redgrave Park Lake Y 0 NA No unaffected
River Waveney Y 11 0.07 No +ve
Hall Farm Meadow Wortham Y 6 NA No unaffected
Wortham Ling Y 6 NA No unaffected
Roydon Fen Y 6 NA No unaffected
Horse Fen Bressingham Y 7 -0 .0 6 Yes -v e
Bresslngham Fen Y 7 -0 .0 3 Yes -v e
Blo’Norton & Thelnetham Fen Y 11 -0 .2 2 Yes -v e
Buggs Hole Y 11 -0 .2 0 Yes -v e
Hopton Fen Y 10 -0.21 Yes -v e
Weston Fen Y 5 NA No unaffected
Middle Harling Fen Y 1 -0 .7 2 Yes -v e
East Harling Common Y 2 -0 .3 6 Yea -v e
River Wittte Y 1 -0 .6 0 Yes -v e
Hay Fen Y 1 -0 .5 6 Yes -v e
Copinces Fen Y 1 -0 .3 6 Yes -v e
Kenninghall & Banham Fen 
with Quidenham Mere

Y 20 -0 .6 0 Yes -v e

Redgrave & Lopham Fen Y 11 1.94 No +ve

Notea:
* Y = yes 

N = no 
M = maybe

NA »  not applicable as greater than 6 km from proposed borehole site or definitely not Chalk groundwater led 
River Waveney Includes both the River Waveney and River Waveney ESA
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that this reduction in throughflow is likely to be small. In addition, these 

potential reductions in throughflow may be offset by groundwater 
throughflow induced by pumping effects. The reduction in flow in the 
River Wittle may have an impact on the river wetland sites along this 

water course but is unlikely to reduce the Chalk groundwater 
throughflow. This is discussed in more detail below.

Effects on Redgrave and Lopham Fens

The predictions of effects of the abstraction for the affected wetlands are 
summarised in Table 7.6, on the basis of the PWS borehole only. The 

predictions of the effects of abstraction for PWS and river augmentation 
are presented in Table 7.7. The effects would be significantly worse 

when the augmentation borehole is pumping. The relocation of the 
abstraction borehole to North Lopham results in a predicted rise in drift 
water levels of 221 cm. Such a rise is expected to significantly increase 
the vigour and colonisation of sensitive wetland species (Class 2 and 3), 

and reduce the vigour of non-wetland invaders. The natural reversion 
to predominately wetland communities would take a number of years, 
although management will greatly speed the reinstatement. There is 
likely to be a rapid response to drift water levels, and pool area and 

persistence, leading to improved habitat conditions for the Fen Raft 
Spider.

The water levels are predicted to recover by 194 cm should 

augmentation pumping be undertaken. Although this recovery is slightly 
less than under no augmentation pumping it is not considered 
significant. The improvements to the wetland system given above are 
expected to be observed under these conditions.

Effects on Other Wetlands (see Tables 7.6 and 7.7)

Under the no augmentation pumping scenario, five of the sites 

(excluding Redgrave and Lopham Fens which were addressed above) are 

predicted to experience raised soil water levels. At Bressingham Fen, 

which is currently showing signs of wetland deterioration, the increase 
is expected to be high enough to result in improvements to the wetland 

species and communities. The other rises are unlikely to result in 

improvements, but will delay or reduce deterioration.

A number of the sites are predicted to have reduced soil water levels 

which could cause a further deterioration in the wetland status of the 

sites. A number of the sites (Copinces Fen, Hay Fen, Hopton Fen and 

the River Wittle) already show wetland declinc, and are predicted to 

suffer lowered water table levels, with the associated species and 

community changes. Many of the sites have declined to the extent that 
they no longer include communities of national conservation interest; the 

exception being Hopton Fen. The existing rate of decline will be 

exacerbated under this option.

Ref: 84.J07.0/WIV3122/AEDLOPI.AO2
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TABLE 7.6 : Predicted Effects of Relocation to North Lopham (no river augmentation pumping)

Site Drift Water 

Level Change 

(cm)

Effect on Species Effect on Community Mitigation Measures

BIo’Norton & 

Thelnetham Fen

5 No change No change N/A

Bressingham Fen 15 ■ Slight increase in Class 2 

species

- Increase in Class 3 species

- Halt in spread of drying habitat

- Increased vigour of carr, no 

change in community

N/A

Bugg’s Hole Fen 1 - No change - No change N/A

Copinccs Fen -9 - Loss of Class 2 species

- Loss of Class 3 species

- Slight reduction in sensitive 

Class 4 species

- Increase in Phraginites 

dominated reed beds

- Shift towards grasslands 

com munities

Management can mitigate scrub invasion 

but may not prevent species loss or 

change in community in the longer term.

Hast Harling Common *9 - Loss of Class 2 species

- Loss of Class 3 species

• Slight reduction in sensitive 

Class A species

- Shift towards Phragmites or 

drier grassland communities.

Management can mitigate scrub invasion 

but may not prevent species loss or 

change in community in the longer term.

Hay Fen ■14 - Loss of Class 2 species

- Loss of Class 3 species

- Reduction in sensitive Class 

4 species

- Shift to drier grassland 

community

- Shift to drier fen vegetation

Management can reduce scrub and delay 

community change.

Hopton Fen -3 - Loss of some Class 2 species
- Slight reduction in Class 3 

species

• No change Management could mitigate reduction.

Horse Fen 9 - No change * No change N/A

Note: nd = no data

N/A = Not applicable

84.307.0/WP/FEN .TAB



TABLE 7.6 : Predicted Effects of Relocation to North Lopham (no river augmentation pumping) (Contd)

Site Drift Water 

Level Change 

(ein)

Effect on Species Effect on Community Mitigation Measures

Kenninghall & 

Banham Fens with 

Quidenham Mere

-15 - Loss of Class 2 species

- Loss of Class 3 species

- Reduction in sensitive Class 

A species

- Scrub enhancement

- Increase in Phragmites fen

- Shift towards tall-herb fen 

species tolerant of reduced 

water levels, eg, Phalaris reed 

beds

Mitigation would slow loss of wetland 

species and change to drier fens

Middle Harling Fen -18 - Loss of Class 2 species

- Loss of Class 3 species

- Reduction in sensitive Class 

4 specics

- Shift towards drier grassland 

biotope

- Increase in Phragmites 

dominated fen

- Small increase in scrub 

encroachment

Management would slow down changes.

Redgrave & lx>pham 

Fens

221 - Increase in Class 2, 3 species

- Reduction in ruderals

- Long term prospect of 

wetland species 

recolonisation

- Increased open water pools, 

less likely to dry out

- Increased vigour of wetland 

communities, particularly those 

of high conservation interest, 

and expansion of range 

Reduction in scrub 

encroachment

N/A

River Waveney 28 nd nd N/A

River Willie -15 Loss of Class 2 species

- Loss of Class 3 species

- Reduction in sensitive Class 

4 species

- Shift towards drier grassland 

such as lowland hay meadow

Scrub invasion could be prevented by

management

Note: nd = no data

N/A = Not applicable

B4.jl07.0/WP/rEN.TAB



TABLE 1.1 : Predicted Effects of Relocation to North Lopham (with river augmentation pumping)

Site Drift Water 

Level Change 

(cm)

Effect on Species Effect on Community Mitigation Measures

BIo’Norton & 

Thelnetham Fen

-22 - Loss of Class 2 species

- lx>ss of Class 3 species

- Loss of some Class 4 species

- Shift towards drier grassland 

biotope

- Enhancement in scrub 

colonisation

Management will prevent scrub invasion, 

and will stow down but not prevent long 

term decline of sensitive species.

Bressingham Fen -3 - Loss of some class 2 species

- Slight reduction in Class 3 

species

- No change N/A

Bugg's Hole Fen -20 - Loss of Class 2 species

- Loss of Class 3 species

- Loss of some Class 4 species

- Shift towards fen meadow and 

humid grassland biotope

- Shift towards willow carr

- Scrub enhancement

Management will prevent scrub invasion 

and will slow down but not prevent long 

term decline of sensitive species.

Copinccs Fen -36 - Loss of Class 2 species

- Loss of Class 3 specics

- Slight reduction in sensitive 

Class 4 species

- Increase in Phragmites 

dominated reed beds

- Shift towards grassland 

communities

Management can mitigate scrub invasion 

but may not prevent species loss or 

change in community in the longer term.

East Harling Common -36 - U)ss of Class 2 species

- Loss of Class 3 species

- Slight reduction in sensitive 

Class 4 species

- Shift towards drier Phragmites 

or grassland communities

Management can mitigate scrub invasion 

but may not prevent species loss or 

change in community in the longer term.

Hay Fen -56 l-oss of Class 2 species
- l,oss of Class 3 specics

- Reduction in sensitive Class 

4 species

- Shift to drier grassland 
community

- Shift to drier fen vegetation

Management can reduce scrub and delay 

community change.

Hopton Fen -21 - Loss of Class 2 species 

• Slight reduction in Class 3 

species

- No change Management could mitigate reduction in 

wetland communities

Note: nd = no data

N/A = Not applicable

84.307.0/VP/FEN.TAB
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TABLE 7.7 : Predicted Effects of Relocation to North Lopham (with river augmentation pumping) (Contd)

Site Drift Water 

Level Change 

(cm)

Effect on Species Effect on Community Mitigation Measures

Horse Fen -6 - No change ♦ No change N/A

Kenninghall & 

Banham Fens wiih 

Quidenham Mere

•<$0 - Ix>ss of Class 2 species

- Loss of Class 3 species

- Reduction in sensitive Class 

4 species

- Scrub enhancement

- Increase in Phragmites fen

- Shift towards tall-herb fen 

species tolerant of reduced 

water levels eg. Phalaris reed 

beds

Mitigation would slow loss of wetland 

species and change to drier fens

Middle Harling Fen -72 - Loss of Class 2 species

- U js s  of Class 3 species

- Reduction of sensitive Class 

4 species

- Shift towards drier grassland 

biotope

- Increase in Phraginites 

dominated fen

- Small increase in scrub 

encroachment

Management would slow down changes

Redgrave &  Lopham 

Fens

194 - Increase in Class 2, 3 species

- Reduction in mderals

- Ixing term prospect of 

wetland species 

recolonisation

- Increased open water pools, 

less likely to dry out

- Increased vigour of wetland 

communities particularly those 

of high conservation interest, 

and expansion of range 

Reduction in scrub 

encroachment

N/A

River Waveney 7 nd nd N/A

River Wit lie -60 - Ixiss of Class 2 species

- lx)ss of Class 3 species

- Reduction in sensitive Class 

4 species

- Shift towards drier grassland 

such as lowland hay meadow

Scrub invasion would be prevented by 

management.

Note: nd = no data

N/A = Not applicable

84. J07.0/WP/FEN.TAB



Most significantly, three sites (East Harling Common, Kenninhall & 

Banham Fens with Quidenham Mere and Middle Harling Fen), which 
currently show no sign of recorded scrub encroachment, are predicted 

to face a measurable decline in wetland species and communities should 
this abstraction option be selected.

The predicted effects of this abstraction option with concurrent 
augmentation pumping are potentially more serious for a number of 
wetland sites than without augmentation pumping (Table 7-7). All the 

sites listed, except Redgrave and Lopham Fens and the River Waveney, 
are expected to experience further drops in soil water levels. For a 
number of sites, including sites not currently showing signs of wetland 
deterioration, the drop in predicted water levels (generally ranging from 
-20 to -72 cm) would be sufficient to result in severe shifts and declines 
in the wetland communities.

7.3.4 Effects on Abstractions

Three abstraction licences are estimated to be affected by greater than 1 
m of drawdown as a result of the proposed borehole at North Lopham. 

One is the existing NRA river augmentation borehole and the other two 
are agricultural boreholes about 800m and 1600m away. If the new 

public supply borehole was located 500 m away from the existing river 
augmentation borehole it is estimated that there would be an additional 
drawdown of about 3 m. Further study would be required to determine 

the likely loss in yield, if any, in these boreholes. Details of the licensed 
and unlicensed sources affected with and without river augmentation 
pumping are presented in Appendix F.

7 3 5 Effects on Rivers

The incremental effects on rivers from this option have been estimated 

on the basis of the reduction in groundwater catchment areas resulting 

from the alternative borehole site at North Lopham. The effects are 
presented in Table 7.8 and 7.9 below:

Table 7.8: Incremental effects on rivers for the North Lopham option 

(no river augmentation pumping)

River Gauging Station Old Qyj 
(in3/sec)

New Q9J 
(m3/sec)

% Flow 
Change

% Reduction 
in Catchment

Little Ouse Knetti shall 0.123 0.127 + 3 7

Waveney Billingford Bridge 0.074 0.078 +6 8

Wittle Quidenham 0.015 0.012 -21 21

Thet Bridgham 0.394 0.391 -1 1

Ref: 84.307.0/WP/3I22/REDLOPI.AO2
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Table 7.9 : Incremental effects on rivers for the North Lopham option 
(with river augmentation pumping)

River Gauging Station Old q95
(m3/sec)

New Q„ 
(m3/sec)

% Flow 
Change

% Reduction 
in Catchment

Little Ouse Knettishall 0.123 0.102 -17 27

Waveney Biliingford Bridge 0.074 0.060 -19 33

Wittle Quidenham 0.015 0.003 -83 83

Thet Bridgham 0.394 0.382 -3 3

In this option the Redgrave source would be removed and replaced by 
one at North Lopham. This would result in a reduction in the Chalk 

groundwater catchment area of the Little Ouse and Waveney rivers, 
however, this is less than under the ’Do Nothing’ option resulting in a 
net benefit to the rivers. This benefit is particularly important to the 
Little Ouse and the Waveney as both are designated by the NRA as ’low 

flow’ rivers.

The reduction in flow estimated for the gauging station at Bridgham on 
the River Thet is relatively small as this site is some distance downstream 

from the proposed borehole site. However, the effect on the River Wittle 
at Quidenham is estimated to be a reduction of 21% in the Q95 flow. The 
effects of groundwater abstraction on river flow in the River Thet will 

increase only slightly going upstream as the catchment area affected does 

not intercept the water courses (see Figure 6.2). However, the effects on 
flows in the River Wittle upstream of Quidenham are likely to be even 
greater than 21%, with the possibility of the river drying up for periods 

during the summer.

The impact of these changes to the low flow regime in the affected rivers 

may have some effect on the water quality. The Little Ouse upstream of 
Knettishall gauging station is Class 2 and the River Thet upstream of the 

Wittle confluence is Class 3 but downstream of this point it becomes 
Class lb. The small change in Q94 low flow in the River Thet is unlikely 
to put the river out of class. The effect on the River Wittle is potentially 

much greater however, it is categorised as being Class 3 (poor) upstream 

of the confluence with the Thet. This is probably due to agricultural 

runoff. It is possible that this river, particularly in the upper reaches, 
will be put out of class. The Waveney classified as Class 2 is unlikely to 

be improved to Class lb.

The effects of the additional abstraction from the river augmentation 
borehole would result in significant flow reduction in the Little Ouse and 
Waveney, with the possibility of the Wittle drying up altogether. These 

changes would affect river water quality possibly putting each out of 
class.

Ref: 84.J07.0/WP/J122/REDLOP1.AO2
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7 .4 Relocate Abstraction to Wortham/Mellis: Option 1

7.4.1

7.4.2

This option would replace the existing Redgrave borehole with a 
borehole in the southern part of the Wortham/Mellis area, taken 
nominally to be at TM 080 760. This site is close to the exploratory sites 

F and G (Southern Science 1994).

Effects on Chalk and Drift Aquifers

The Chalk aquifer at this site is overlain by Boulder Clay and is 

considered to be confined or leaky (Southern Science 1994). This is 
confirmed by the geological section through the site (see Figure 4.3). 
There is a lens of Crag underlying the site which is considered to be in 

hydraulic continuity with the Chalk aquifer. There is a regional 
hydraulic gradient to the north towards the River Waveney of about 
0.001.

There is no long term monitoring of the Chalk aquifer in the northern 
part of the Wortham/Mellis area however, the hydrogeological regime is 

considered to be similar to that at borehole TM 07/003 (about 3 km to 
the northwest). At this site there is a seasonal variation in groundwater 

levels of between 0.5 m and 1 m. The maximum natural range of 
variation is about 2 m, based on the historic high and low levels 
observed in 1988 and 1992 respectively.

There is estimated to be a negative effect on Chalk groundwater levels 
at six wetland sites within 6 km of the proposed abstraction borehole, a 

positive effect at five sites, with eleven others remaining unaffected from 
the present condition (see Figure 6.1). Of the three negatively affected 

sites all are considered to be only moderately sensitive to changes in 
Chalk water levels. The extent to which these changes in Chalk 
groundwater levels are translated to the overlying drift will depend on 

the degree of hydraulic continuity between the two aquifers and the 

thickness of drift present at each wetland site. The results of the 
predicted water levels are presented in Table 7.10.

In addition to the reduction in water levels there may also be a reduction 

in the Chalk groundwater throughflow within the wetland sites. This 

impact may be a more significant change than the lowering of water 
levels alone. However, the relatively small drawdowns predicted indicate 

that the reduction in throughflow is likely to be slight.

Effects on Redgrave and Lopham Fens

The predictions of effect of the abstraction made for the wetlands are 

summarised in Table 7.11. The relocation of the abstraction borehole 
to Wortham/Mellis (Option 1) results in a predicted rise in drift water 

levels of 223 cm. Such a rise is expected to significantly increase the 

vigour and colonisation of sensitive wetland species (Class 2 and 3), and 

reduce the vigour of non-wetland invaders. The natural reversion to

Ref: 84.307.0/WP/3122/RED LOP 1.A02
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TABLE 7.10: ESTIMATED INCREMENTAL EFFECTS ON W ETLAND SITES 

Development Option: W ORTHAM/MEIUS OPTION 1 (at site TM  080 760)

REDGRAVE & LOPHAM FEN

Wetland Site Chalk g/w 
component *

Approx. Glacial 
Drift Thickness

(m)

Water Level response 
at Wetland Sites

(m)

Risk of reduction 
in Throughflow

Impact

The Marsh Waltham N 21 NA No unaffected
Gypsy Camp Meadows M 4 -0 .09 Yes -v e
Thrandeston Marsh M 4 -0 .10 Yes -V 8
Spring at Sprtng Farm M 9 -0.11 Yes -v e
Redgrave Park Lake Y 0 0.06 No +ve
River Waveney Y 11 0.27 No +ve
HaU Farm Meadow Wortham Y 6 -0 .02 Yes -v e  ~
Wortham Ung Y 6 -0 .03 Yes -v e
Roydon Fen Y 6 -0 .05 Yea -v e
Horae Fen Bressingham Y 7 0.06 No +ve
Bresstngham Fen Y 7 0.14 No +ve
Blo’Norton & Thelnetham Fen Y 11 NA No unaffected
Buggs Hole Y 11 NA No unaffected
Hopton Fen Y 10 NA No unaffected
Weston Fen Y 5 NA No unaffected
Middle Harling Fen Y 1 NA No unaffected
East Harling Common Y 2 NA No unaffected
RJver Wittle Y 1 NA No unaffected
Hay Fen Y 1 NA No unaffected
Copinces Fen Y 1 NA No unaffected
Kenninghall & Banham Fen Y 20 NA No unaffected
with Quidenham Mere
Redgrave & Lopham Fen Y 11 2.23 No +ve

Notes:
* Y = yes 

N ** no 
M =  maybe

NA =  not applicable as greater than 6 km from proposed borehole site or definitely not Chalk groundwater fed 
RJver Waveney includes both the River Waveney and River Waveney ESA



TABLE 7.11 : Predicted Impacts o f Relocation of Wortham/Mellis (Option 1 at TM 0876)

Site Drift Water 

Level Change 

(cm)

Effect on Spccies Effect on Community Mitigation Measures

Bressingham Fen -t~ 14 - Slight increase in Class 2 species 

* Increase in Class 3 species

- Slow development of patchy fen 

communities

- Increased vigour of swamp carr

N/A

Gypsy Camp Meadow -9 - Loss of Class 2 species

- Loss of Class 3 species

- Slight reduction in sensitive Class 

4 species

- Possible shift towards drier 

grassland biotope

- Scrub encroachment

Management would slow the invasion of 

ruderals and the change to dry grassland 

types.

Hall l:arm Meadow -2 nd nd nd

Horse Fen 6 - No change * No change N/A

Redgrave & Lopham 

Fens

223 - Increase in Class 2, 3 species

- Reduction of ruderals

- Long term prospect of wetland 

specics recolonisation

- Increased open water pools, less 

likely to dry out

- Increased vigour of wetland 

communities, particularly fen- 

sedge communities of high 

conservation interest, and 

expansion of range

- Reduction in scrub 

encroachment

N/A

Redgrave Park l^kc 6 - No change - No change N/A

River Waveney ~ f 27 - Increase in river corridor value - No change N/A

Note: nd = no data

N/A = Not applicable

84.307.0/WP/FEN.TaB



TABLE 7.11 : Predicted Impacts of Relocation of Wortham/Mellis (Option 1 at TM 0876) (Contd)

Site Drift Water 

Level Change 

(cm)

Effect on Species Effect 011 Community Mitigation Measures

Royden Fen -5 - Loss of some Class 2 species

- Reduction in some Class 3 specics

- No change Management could prevent scrub 

encroachment

Spring ai Spring Farm -11 nd nd nd

Thrandeston Marsh -10 nd nd nd

Wortham Ling -3 - No change - No change N/A

Note: nd = no data

N/A = Not applicable

84.307.0/V^P/FEN.TaB



predominately wetland communities would take a number of years, 
although management will greatly speed the reinstatement. There is 
likely to be a rapid response to drift water levels, and pool area and 
persistence, leading to improved habitat conditions for the Fen Raft 
Spider.

7-4.3 Effects on Other Wetlands

The majority of the affected sites, Bressingham Fen, Horse Fen, River 
Waveney, Redgrave Park Lake, and Wortham Ling face either small 
declines in soil water levels that are not expected to have any significant 
effect on either the species or communities, or will experience an 
increase in water levels.

Two of the sites, Gypsy Camp Meadow and Roydon Fen, are predicted 
to face significant drops in drift water levels which are likely to result in 

either further deterioration of the wetlands (Roydon Fen) or to initiate 

wetland deterioration (Gypsy Camp Meadow).

There is insufficient information to make predictions for a number of the 
sites, viz: Hall Farm Meadow, the Spring at Spring Farm and Thrandeston 
Marsh.

7 4.4 Effects on Abstractions

There are eight abstraction licenses within 2 km of the proposed 
abstraction site which could be affected by water level changes greater 
than 1 m (see Figure 4.10). The affected licenses are for generally small 

abstractions for spray irrigation and general agriculture. Additional 
drawdowns are expected to be between about 2m and 4.5m. The effects 
of these changes on borehole yields should be looked at in more detail 
as they could be significant. Details of the licensed and unlicensed 
sources affected are presented in Appendix F.

7.4.5 Effects on Rivers

The incremental effects on rivers from this option have been estimated 
on the basis of reduction groundwater catchment areas resulting from 
a new borehole located at Wortham/Mellis. The cffects are presented in 
Table 7.12 below:

ReO. fl4.307.0/WP/3122/REDLOPl-AO2

41



Table 7.12: Incremental effects on rivers for the Wortham/Mellis 
Option 1

River Gauging Station Old Q95 
(m3/sec)

New Q95 
(m3/sec)

% Flow 
Change

% Reduction 
in Catchment

Little Ouse Knettishall 0.123 0.122 -1 11

Waveney Billingford Bridge 0.074 0.078 + 5 9

Dove Oakley Park 0.148 0.142 -4 4

Under this option the existing source at Redgrave would be replaced by 
one at Wortham/Mellis, This would result in a slight reduction in the 

Chalk groundwater catchment areas of the Little Ouse and Waveney. 
Because of the uncertainty as to the exact location of the boundary 
divide, the reduction has been split equally between the two rivers. 

However, this reduction is slightly more severe than the ’Do Nothing’ 

option for the Little Ouse, resulting in a net reduction in low flow, and 
slightly less severe for the Waveney resulting in a net benefit to the river. 
This net benefit to the Waveney is useful as the river is designated by the 
NRA as suffering from low flows. However, this benefit is to some extent 

cancelled by the effect on the Little Ouse, also a designated low flow 
river.

The reductions in flow estimated for the Little Ouse at Knettishall and the 

Dove at Oakley Park are relatively small as these sites are some distance 

from the proposed borehole site. The negative effect on the low flows 
in the Dove will increase only slightly going upstream of Oakley Park as 
the water course is not intercepted by the borehole’s cone of depression 

(see Figure 6.1). In addition, the effects on the River Dove are likely to 
be reduced by the fact that the existing NRA river augmentation borehole 

at Wetheringsett discharges into the Dove. Although this borehole is 

actually used to support downstream abstractions for public supply it 
will have a positive impact on the low flow regime. However, the 

negative effect on the Little Ouse will become more severe in the reaches 

upstream of the gauging station, perhaps by as much as 30%. However, 
this is still an improvement on the ’Do Nothing’ option whereby as much 

as 100% of the baseflow derived from the Chalk is intercepted before it 
can enter the Little Ouse and Waveney.

The impact of these changes to the low flow regime in the Little Ouse 

and the Dove are unlikely to have an effect on the water quality as the 

changes are small. The Little Ouse and the River Dove are already 

categorised as Class 2. It is unlikely that these small changes to the low 
flows in the Little Ouse and the Dove will put the rivers out of class.

Ref: B4.307.0/WP/3122/nEDLC>P!.A02

42



7 .5 Relocate Abstraction to Wortham/Mellis: Option 2

7.5.1

7.5.2

This option would replace the existing Redgrave borehole with a 
borehole in the northern part of the Wortham/Mellis area, taken 
nominally to be at TM 078 792. This site coincides with the exploratory 
site B (Southern Science 1994).

Effects on Chalk and Drift Aquifers

The Chalk aquifer at this site is unconfined as the aquifer is not fully 
saturated, however the site is overlain by about 10 m of Boulder Clay 

(Southern Science 1994). The geological section (see Figure 4.3) shows 
the approximate position of the site. Southern Science (1994) suggest 

that the Boulder Clay is underlain by 3 m of Sand and Gravel. The 
regional hydraulic gradient in the Chalk aquifer is 0.001 towards the 
River Waveney, north of the proposed borehole site.

There is no long term monitoring of the Chalk aquifer in the northern 
part of the Wortham/Mellis area, however the hydrogeological regime is 

considered to be similar to that at borehole TM 07/003 (about 3 km to 
the west). At this site there is a seasonal variation in groundwater levels 

of between 0.5 m and 1 m. The maximum natural range of variation is 
about 2 m, observed between 1988 and 1992 based on the historic high 
and low levels.

This option is estimated to have a negative impact on water levels in the 
Chalk aquifer at seven wetland sites within 6 km of the proposed 
borehole site (see Figure 6.1). However, out of these seven sites three 
are considered to be only moderately sensitive to changes in Chalk water 

levels. Four sites are expected to be positively affected, including 
Redgrave and Lopham Fens, whilst the remaining fifteen sites would 
remain unaffected. The results of the water level predictions are 

presented in Table 7.13.

In addition to the reduction in water levels there may also be a reduction 
in the Chalk groundwater throughflow within the wetland sites. This 
impact may be a more significant change than the lowering of water 

levels alone. The impact of the proposed borehole on throughflow will, 

in part, depend on the extent to which lateral recharge is induced along 

the buried valley as a result of pumping. However, the relatively small 
drawdowns predicted indicate that the changes in throughflow are likely 

to be slight.

Effects on Redgrave and Lopham Fens

The predictions of effects of the water level and throughflow changes for 

the affected wetlands are summarised in Table 7.14. The relocation of 
the abstraction borehole to Wortham/Mellis (Option 2) results in a 

predicted rise in drift water levels of 216 cm. Such a rise is expected to 

significantly increase the vigour and colonisation of sensitive wetland

Ref: 84.3D7.0/WP/3122/KEDLOPI.AO.2
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TABLE 7.13: ESTIM ATED INCREMENTAL EFFEC TS ON W ETLAND SITES

Development Option: WORTHAM/M ELLIS OPTION 2 (at TM  078 792 which coincides with Southern Science site 'B')

REDGRAVE & LOPHAM FEN

Wetland Site ChaJk g/w 
component *

Approx. Glacial 
Drift Thickness

(m)

Water Level response 
at Wetland Sites

(m)

Risk of reduction 
in Throughflow

Impact

The Marsh Waltham N 21 NA No unaffected
Gypsy Camp Meadows M 4 -0 .0 8 Yes -v e
Thrandeston Marsh M 4 -0 .0 8 Yea —ve
Spring at Spring Farm M 9 -0 .1 0 Yes -ve
Redgrave Park Lake Y 0 0.08 No +ve
River Waveney Y 11 0.14 No +V8
Hail Farm Meadow Wortham Y 6 -0 .1 3 Yes -V0
Wortham Ling Y 6 -0.11 Yes -ve
Roydon Fen Y 6 -0 .1 0 Yes -ve
Horse Fen Bressingham Y 7 -0 .0 8 Yes -ve
BressJngham Fen Y 7 0.03 No + V 0

Blo'Norton &Thelr»tham  Fen Y 11 NA No unaffected
Buggs Hole Y 11 NA No unaffected
Hopton Fen Y 10 NA No unaffected
Weston Fen Y 5 NA No unaffected
Middle Harling Fen Y 1 NA No unaffected
East Harling Common Y 2 NA No unaffected
River Wittle Y 1 NA No unaffected
Hay Fen Y 1 NA NO unaffected
Copinces Fen Y t NA No unaffected
Kennhghall & Banham Fen 
with Quidenham Mere

Y 2 0 NA No unaffected

Redgrave & Lopham Fen Y 11 2 .1 6 No +ve

Notes:
* Y =  yes 

N =  no 
M a  maybe

NA = not applicable as greater than 6 km from proposed borehole site or definitely not Chalk groundwater fed 
River Waveney Includes both the River Waveney and River Waveney ESA



TABLE 7.14 : Predicted Impacts of Relocation to Wortham/Mellis (Option 2)

Site Drift Water 

Level Change 

(cm)

Effect on Species Effect on Community Mitigation Measures

Bressingham Pen 3 - Increase in Class 3 species - Hall in spread of drying habitat

- Increased vigour of carr community

N/A

Gypsy Camp Meadow -8 • Loss of Class 2 species

* Loss of Class 3 species

- Slight reduction in sensitive 

Class 4 specics

- Scrub encroachment

- Possible shift to drier grassland

Management would prevent scrub 

encroachment. It might prevent 

community change.

Hall Farm Meadow -13 nd nd nd

Horse Fen -8 - Loss of Class 2 species

- Loss of Class 3 species

- Slight reduction in sensitive 

Class 4 species

- Scrub encroachmcnt Management would prevent scrub 

encroachment. It might prevent 

community change.

Redgrave and Lopham 

Fens

216 - Increase in Class 2, 3 species 

* Reduction in ruderals

- l-ong term prospect of wetland 

species recolonisation

- Increase in open water pools; less 

susceptible to drying out

- Increased vigour of wetland 

communities, particularly ten-sedge 

communities of high conservation 

interest, and expansion of range

- Reduction in scrub encroachment

N/A

Redgrave Park Like 8 - No change - No change N/A

River Waveney 14 Increase in river corridor value - No change N/A

Roydon Fen -10 - l.os,s of Class 2 species

- U>ss of Class 3 species

- Slight reduction in sensitive 

Class 4 species

- No change For maximum effects, management would 

eliminate scrub problems but would only 

slow down species loss and community 

change.

Note: nd = no data
N/A = Not applicable

8-1.307.0/WP/FEN.TAB



TABLE 7.14 : Predicted Impacts of Relocation to Wortham/Mellis (Option 2) (Contd)

Site Drift Water 

Level Change 

(cm)

Effect oil Species Effect on Community Mitigation Measures

Spring at Spring Farm -10 nd nd nd

Thrandesron Marsh -8 nd nd nd

Wortham Ling -11 - Shift in favour of species 

preferring damper soil 

conditions

- Slow development of wet heath 

community

- Development of damp acid 

grasslands

N/A

Note: nd = no data

N/A = Not applicable

B4.J07.0/WP/FEN.TAH



species (Class 2 and 3), and reduce the vigour of non-wetland invaders. 
The natural reversion to predominately wetland communities would take 

a number of years, although management will greatly speed the 
reinstatement. The recovery in groundwater levels will result in an 

increase in pool area and persistence, leading to improved habitat 
conditions for the Fen Raft Spider.

7.5.3 Effects on Other Wetlands

The predicted changes in drift water levels show both positive and 

negative effects on the various wetland sites. Of the sites experiencing 
a water level rise (Bressingham Fen, Redgrave Park Lake and River 
Waveney), improvements are predicted for both the wetland species and 

communities. On some sites, scrub encroachment has been observed 
and this is expected to be reversed. Over the long term, there is the 
potential for the development of a more varied wetland community 
structure.

Gypsy Camp Meadow is predicted to have a decline in drift water levels, 
although it is not certain how reliant this site is upon soligenous inputs. 

The predictions made in Table 7.14 assume complete dependence of the 
site upon groundwater, which is not thought to be the case (personal 
communications, NRA, EN, SWT). Koydon Fen, a site currently showing 
signs of wetland deterioration yet retaining communities of national 
conservation importance, is likely to experience reductions in wetland 

species and an acceleration of the current observed decline under the 
maximum water level change predictions.

Horse Fen and Wortham Ling, both of which show signs of wetland 

deterioration, are likely to experience further loss of wetland species and 
contraction of wetland communities.

There is insufficient information to make predictions for Hall Farm 

Meadow, the Spring at Spring Farm and Thrandeston Marsh.

7.5.4 Effects on Abstractions

There are no groundwater abstraction licenses which would be affected 

by greater than lm  of drawdown as a result of the proposed borehole 
abstraction (see Figure 4.10).

7.5 5 Effects on Rivers

The incremental effects on rivers from this option have been estimated 

on the basis of reduction in groundwater catchment areas resulting from 

a new borehole located at Wortham/Mellis. The effects are presented in 

Table 7.15 below:

Ref: 84.307.CVWP/3122/REDLOP1.a O2
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Table 7.15 : Incremental effect on rivers for the Wortham/Mellis 
Option 2

River Gauging Station Old Q95 
(m3/sec)

New Q95 
(m3/sec)

% Flow 
Change

% Reduction 
in Catchment

Little Ouse Knettishall 0.123 0.124 + 1 9

Waveney Billingford Bridge 0.074 0.073 -1 15

This option involves the transfer of the existing source at Redgrave to a 
site at Wortham/Mellis approximately 1 km from the River Waveney. 
This would result in an estimated reduction in the Chalk groundwater 
catchment areas to the Little Ouse and the Waveney. However, this is 
less severe than the ’Do Nothing’ option which means that there is a net 
benefit to these rivers, both identified as suffering from low flows. 

However, this benefit is less obvious in the reaches upstream of the 

gauging stations as the zone of influence from the proposed borehole 

intercepts both rivers (see Figure 6.2). This impact could be as high as 
50%, but this is still an improvement on the Do Nothing’ option 

whereby possibly as much as 100% of the Chalk baseflow in the upper 
reaches of these rivers is intercepted.

The net benefit to low flows in both the Little Ouse and the Waveney will 

improve the existing river water quality. Both rivers are classified as 
Class 2 however, and the relatively small improvements in low flows are 
unlikely to raise these rivers to Class lb.

7.6 Relocate Abstraction to Wortham/Mellis: Option 3

This option is a combination of Wortham/Mellis Options 1 and 2. Under 

Wortham/Mellis option 3 the existing Redgrave borehole would be 

replaced with two boreholes, one at or near TM 080 760 and the other 

at TM 078 792. The two boreholes would pump concurrently, each 

yielding 1800m3/day.

7.6.1 Effects on Chalk and Drift Aquifers

This option is estimated to have a negative effect on water levels in the 

Chalk aquifer at seven wetland sites within 6km of the two proposed 

borehole sites (see Figure 6.1). However, of these seven wetland sites 

three are considered to be only moderately sensitive to changes in Chalk 

water levels. Seven sites are expected to be positively affected, including 

Redgrave and Lopham Fens, whilst the remaining eight sites would 

remain unaffected. The results of the water level predictions are 
presented in Table 7.16.

The potential changes in groundwater throughflow at wetland sites are 

likely to be slight as the predicted drawdowns are small. The impact of 

the proposed boreholes will in part depend on the extent to which

Ref: 84.307.0/WP/5122/REDLOP1j \Q2
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REDGRAVE & LOPHAM FEN

TABLE 7.16: ESTIM ATED INCREMENTAL EFFECTS ON W ETLAND SITES 

Development Option: WORTHAM/M ELLIS OPTION 3
(Combination of IBOOrrP/day at both TM  080 760 and TM 078 792 l.e combination of Wortham/Mells Options 1 and 2]

Wetland Site Chalk gfw 
component •

Approx. Glacial 
Drift Thickness

(m)

Water Level response 
at Wetland Sites

(m)

Risk of reduction 
In Throughflow

Impact

The Marsh Waltham N 21 NA No unaffected
Gypsy Camp Meadows M 4 -0 .0 9 Yes -ve
Thrandeston Marsh M 4 -0 .0 9 Yes -ve
Spring at Spring Farm M 9 -0.11 Yes -ve
Redgrave Park Lake Y 0 0.07 No +ve
River Waveney Y 11 0.21 No +ve
Hall Farm Meadow Wortham Y 6 -0 .0 0 Yes -ve
Wortham Ling Y 6 -0 .0 7 Yes -ve
Roydon Fen Y 6 -0 .0 8 Yes -ve
Horse Fen Bressingham Y 7 -0.01 Yes -ve
Bressingham Fen Y 7 0.09 No +ve
Bio’Norton & Thelnetham Fen Y 11 0.14 No +ve
Buggs Hole Y 11 0.08 No +ve
Hopton Fen Y 10 0.03 No +ve
Weston Fen Y 5 NA No un affect ad
Middle Harilng Fen Y 1 NA No unaffected
East Harling Common Y 2 NA No unaffected
River Wittle Y 1 NA No unaffected
Hay Fen Y 1 NA No unaffected
Coplnces Fen Y 1 NA No unaffected
Kennhghall & Banham Fen 
with Quidenham Mere

Y 20 NA No unaffected

Redgrave & Lopham Fen Y 11 2.20 No +ve

Notes:
* Y = yes 

N = no 
M = maybe

NA =  not applicable as greater than 6 km from proposed borehole site or definitely not Chalk groundwater fed 
River Waveney includes both the River Waveney and River Waveney ESA



lateral recharge is induced along the buried valley as a result of 

pumping.

7.6.2 Effects on Redgrave and Lopham Fens

The predictions of the effects of the water level and throughflow changes 

for the affected wetlands are summarised in Table 7.17. The relocation 
of the abstraction borehole to Wortham/Mellis (Option 3) results in a 
predicted rise in drift water levels of 220 cm. Such a rise is expected to 

significantly increase the vigour and colonisation of sensitive wetland 

species (Class 2 and 3), and reduce the vigour of non-wetland invaders. 
The natural reversion to predominantly wetland communities would take 
a number of years, although management will greatly speed the 

reinstatement. The recovery in groundwater levels will result in an 
increase in pool areas and persistence, leading to improved habitat 
conditions for the Fen Raft Spider.

7-6.3 Effects on Other Wetlands

Six other sites are expected to experience an increase in drift water 

levels, of which Blo’Norton and Thelnetham Fen, Hopton fen, 

Bressingham Fen and the River Waveney have already experienced 
wetland degradation. The increase in water levels is likely to halt the 
decline and possibly reverse the trend, enabling wetland species 
colonisation and wetland community development. The remaining two 

sites, Bugg’s Hole Fen and Redgrave Park Lake are not currently showing 
deterioration, and the wetland communities should stabilise and increase 
in vigour.

Seven sites are predicted to experience a drop in drift water levels. O f 
these, Horse Fen, Roydon Fen and Wortham Ling are already showing 

deterioration of wetland communities and this condition is expected to 

worsen. Gypsy Camp Meadow, which currently shows no sign of 

recorded scrub encroachment is predicted to face a shift to non-wetland 
communities and loss of sensitive wetland species.

There is insufficient information to make predictions for Hall Farm 

Meadow, the Spring at Spring Farm and Thrandeston Marsh.

7.6.4 Effects on Abstractions

There are seven groundwater abstraction licenses which would be 

subject to an additional drawdown greater than 1m as a result of the 
proposed borehole developments (see Figure 4.10). The details of 
licensed and unlicensed sources affected are presented in Appendix F.

Ref: 84.307.0/WP/3122/RED LOP 1.A02
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TABLE 7.17 : Predicted Impacts of Relocation of Wortham/Mellis (Option 3)

Site Drift Water 

l/cvcl Change 

(cm)

Effcct on Spccics Effect oil Community Mitigation Measures

Blo’Nonon & 

Thelnetham Fen

14 - Slight increase in Class 2 species

- Increase in Class 3 species

- Slow development of patchy fen 

communities

- Increased vigour of swampy carr

N/A

Bressingham Fen 9 - Increase in Class 3 specics - Increased vigour of swamp carr N/A

Buggs Hole Fen 8 - Increased vigour of Class 3 

species

- No change N/A

Gypsy Camp Meadow -9 - Loss of Class 2 species

- Loss of Class 3 species

- Slight reduction in sensitive Class 

A species

- Possible shift towards drier 

grassland biotope

- Scrub encroachment

Management would slow the invasion of 

ruderals and (he change to dry grassland 

types.

Hall Farm Meadow S nd nd nd

Hoplon Fen 3 - No change * No change N/A

Horse Fen -1 - No change - No change N/A

Redgrave & Lopham 

Fens

220 - Increase in Class 2. 3 species

- Reduction of ruderals

- Long term prospect of wetland 

species recolonisation

- Increased open water pools, less 

likely to dry out

- Increased vigour of wetland 

communities, particularly fen- 

sedge communities of high 

conservation interest, and 

expansion of range

- Reduction in scrub 

encroachment

N/A

Redgrave Park Lake 7 - No change - No change N/A

Note: nd = no data

N/A = Not applicable
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TABLE 7.17 : Predicted Impacts of Relocation of Wortham/Mellis (Option 3) (Contd)

Site Drift Water 

IjcvcI Change 

(cm)

Effect on Species Effcct on Community Mitigation Measures

River Waveney 21 - Increase in river corridor value - No change N/A

Itoydon Fen -8 - Loss of some Class 2 species

- Reduce ion in sonic Class 3 specics

- No change Management could prevent scrub 

encroachment

Spring at Spring Farm -11 nd nd nd

Th rand esc on Marsh -9 nd nd nd

Wortham Ling -7 - No change in healthy specics 

• Reduction in damp habitats and 

associated specics

- Possible scrub invasion Scrub invasion could be prevented by 

management

Note: nd 
N/A

no data

Not applicable

8 -l.J07 .0/\TP /FE N .TA U



7.6.5 Effects on Rivers

The incremental effects on rivers from this option have been estimated 
on the basis of reduction in groundwater catchment areas resulting from 
the two new boreholes located at Wortham/Mellis. The effects are 
presented in Table 7.18 below:

Table 7.18: Incremental effects on rivers for the Wortham/Mellis 

Option 3

River Gauging Station Old q 95
(m3/sec)

New Q0} 
(m3/sec)

% Flow 
Change

% Reduction 
in Catchment

Little Ouse Knettishall 0.123 0.123 0 10

Waveney Billingford Bridge 0.074 0.075 + 2 12

Dove Oakley Park 0.148 unchanged -0.2 0.2

This option has a similar effect on the Little Ouse and the Waveney as 

Wortham/Mellis Option 2 discussed above. However, the conjunctive 
use of two boreholes would have a slightly beneficial effect on the 

Waveney. In addition, there would be similar benefits to the upper 
reaches of the Little ouse and Waveney as with Wortham/Mellis Options 
1 and 2.

The net benefits to low flows in the upper reaches of the little Ouse and 
Waveney will improve existing river water quality. However, the effects 

further downstream of the gauging stations are unlikely to change the 
existing class of these rivers.

7.7 Relocate Abstraction to Wetheringsett

This option would replace the existing source at Redgrave with a new 

borehole at Wetheringsett in the south of the project area about 11 km 

south ofthe Waveney valley and 14 km away from Redgrave and Lopham 
Fen. The new borehole would be sited about 500 m from the existing 

river augmentation borehole. Discussion below involves the effects of 

the new PWS sourceworks only, since operation of the augmentation 
borehole does not lead to different conclusions for the wetland sites or 

abstractions.

7.7.1 Effects on Chalk and Drift Aquifers

The Chalk aquifer at Wetheringsett is overlain by Boulder Clay and about 

15 m of Crag (Figure 4.3). The Crag is assumed to be in hydraulic 

continuity with the Chalk aquifer. Pumping test data from the NRA 

indicates that the Chalk aquifer is probably confined or leaky at this site. 
However, as a result of pumping the Chalk aquifer was dewatered 

around the borehole. This site is situated in the River Dove catchment 

although it is close to the Deben and Gipping catchments. The regional

Ref: 84.307.0/WP/3122/REDL0P1.A02
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7.7.2

7.7.3

hydraulic gradient is about 0.001 to the northeast tow ards the River 
Dove.

There are a num ber of NRA observation boreholes surrounding  this site. 
The seasonal variation in groundw ater levels is about 0.25 m to  0.5 m. 
The natural range of variation in water levels between 1988 (historic 
high) and 1992 (historic low) is about 2 m. The effect o f the d rough t 
between 1989 and 1992 is clearly dem onstrated  at this site.

The W etheringsett option is estimated not to have negative effects on any 
of the wetland sites identified by the NRA and conservation organisations. 
There w ould be a positive effect on all eleven sites currently  im pacted 
by the Redgrave source. Even if the existing river augm entation 
borehole was pum ped this site is sufficiently distant from  the Waveney 
valley to have no impact on any wetland sites. The increm ental effects 
on wetland sites in the project area for this option are p resen ted  in Table
7.19. *

In addition*to not having negative impacts on the water levels at any of 
the wetland'sites there would be no reduction in the Chalk groundw ater 
throughflow. This would be a significant benefit to all the wetland sites 
within the Waveney valley.

Effects on Redgrave and Lopham Fens

The predictions made for the affected wetlands are sum m arised in Table
7.20. The relocation of the abstraction boreho le  to W etheringsett results 
in a predicted rise in surface water levels of 230 cm. Such a rise is 
expected to significantly increase the vigour and  colonisation of sensitive 
wetland species (Class 2 and 3), and reduce the vigour of non-w etland 
invaders. The reversion to predom inately wetland com m unities w ould 
naturally take a num ber of years, although m anagem ent will greatly 
speed the reinstatem ent. There is likely to be a rapid  response to 
surface water levels, and pool area and persistence, leading to im proved 
habitat conditions for the Fen Raft Spider.

A
Concurrent-augm entation pum ping would have no effect on the water 
levels of Redgrave and Lopham Fen and therefore the effects discussed 
above also apply to the W etheringsett augmentation pum ping scenario.

Effects on O ther Wetlands

Under this cp tion , all of the wetland sites are  expected to experience 
water level "rise. The rise at the sites varies from negligible, with no 
expected effect on the site, to quite significant, with the potential for 
wetland species and possible wetland community enhancem ent.

rt

Some of rite sites, Bio’Norton & Thelnetham  Fen, H opton Fen and 
Roydon Fen, are currently showing signs of wetland deterioration, 
although ti^y  still contain habitats of national conservation significance.

Ref: 84.J07.0/W P/3122/REDLOPl-AOi •'*
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TABLE 7.19: ESTIMATED INCREMENTAL EFFECTS ON W ETLAND SITES 

Development Option: W ETHERINGSETT
(This option applies to both with and without river augmentation pumping)

REDGRAVE & LOPHAM FEN

Wetland Site Chalk g/w 
component *

Approx. Glacial 
Drift Thickness

(m)

Water Level response 
at Wetland Sites

(m)

Risk of reduction 
in Throughflow

Impact

The Marah Waltham N 21 NA No unaffected
Gypsy Camp Meadows M 4 NA No unaffected
Thrandeston Marsh M 4 NA No unaffected
Spring at Sprtng Farm M 9 NA No unaffected
Redgrave Park Lake Y 0 0.19 No +ve
River Waveney Y 11 0.35 No +ve
Hail Farm Meadow Wortham Y 6 0.08 No +ve
Wortham (Jng Y 6 0.06 No +ve
Roydon Fen Y 6 0.03 No +ve
Horae Fen Bressingham Y 7 0.14 No +ve
Bresslngham Fen Y 7 0.21 No +ve
BJo’Norton & Thelnetham Fen Y 11 0.14 No +ve
Buggs Hole Y 11 0.08 No +ve
Hopton Fen Y 10 0.03 No +ve
Weston Fen Y 5 NA No unaffected
Middle Harling Fen Y 1 NA No unaffected
East Harling Common Y 2 NA NO unaffected
River Wlttie Y 1 NA No unaffected
Hay Fen Y 1 NA No unaffected
Copinces Fen Y 1 NA No unaffected
Kenninghall & Banham Fen 
with Quidenham Mere

Y 20 NA No unaffected

Redgrave & Lopham Fen Y 11 2.30 No +ve

Notes:
• Y = yes 

N e no 
M o maybe

NA a not applicable as greater than 6 km from proposed borehole site or definitely not Chalk groundwater led 
River Waveney Includes both the River Waveney and River Waveney ESA



TABLE 7.20 : Predicted Im pacts of Relocation to W etheringsett (no river augmentation pumping and with river augmentation
pumping)

Site Drift Water Level 
Change 

(cm)

Effect on Species Effect on Community

Blo’Norton & 
Thelnetham  Fen

14 - Increased vigour of Class 2, 3 species
- Increase in Class 3 species

- Reduction in drying habitat
- Increase in range of calcareous valley fen

Bressingham Fen 21 - Increase in Class 2, 3 species - Slow development of patchy fen community
- Increase in swamp carr at expense of drying habitat

Buggs Hole 8 - Increased vigour of Class 3 species - No change

Hall Farm Meadow 8 nd nd

Hopton Fen 3 - No change - No change

Horse Fen 14 - Possible colonisation of Cerex, Phragmites 
Salix species

- Increased vigour of Class 2, 3 species

- Shift towards carr community

- Reduction in drying habitat

Redgrave & Lopham Fen 230 - Increase in Class 2, 3 species 
• Reduction in ruderals
- Long term prospect of species recolonisation 

wetland

- Increased open water pools, less likely to dry out
- Increased vigour of wetland communities, 

particularly those of high conservation interest, and 
expansion of range

- Reduction in scrub encroachm ent

Redgrave Park l^ke 19 • No change in aquatic species 
- Possible loss of shoreline wetland species

- Upshore development of shoreline wetlands; possible 
development in new locations

River Waveney 35 Increase in river c o rrid o r interest Increase in fring in g  w etland com m unities possible

Roydon Fen 3 - No change - No change

Wortham Ling 6 - No change * No change

Note: Mitigation Measures not included as all sites have positive benefits

nd = no data
N/A = Not applicable

84.J07.O/WP/I EN.TAB



7.7.4

7.7.5

A rise in drift w ater levels w ould halt the existing deterio ration  and 
probably allow expansion of these significant wetland com m unities.

Three o ther sites, Bressingham Fen, H orse Fen and W ortham  Ling, also 
show  signs of wetland deterioration, although they do not curren tly  
contain com munities o f national conservation interest. There is the 
potential for wet heath, fen and carr community developm ent which 
would increase the diversity and area o f wetlands within the region.

The same water level rises are predicted  should augmentation pum ping  
be undertaken, and all wetland sites will experience increased  w edand 
species vigour and possible expansion of wetland com m unities as 
discussed above.

Effects on Abstractions

There are two abstraction licences which are estimated to be affected by 
greater than 1 m of additional draw dow n by abstractions from the supply 
borehole (see Figure 4.10). O ne of these abstractors is situated about 
900 m to the southw est of the p roposed  abstraction site. It is a small 
general agricultural license which w ould be subject to an estim ated 1 m 
of additional drawdown. The other licensed source which w ould  be 
affected by the p roposed  replacem ent for the Redgrave source is the 
existing NRA river augm entation borehole. Should the p ro p o sed  new  
borehole be 500 m away from the existing river augmentation borehole, 
as suggested by the NRA, the existing source would be subject to an 
estimated additional 2 m of draw down. Although a m ore detailed 
investigation should be undertaken if this option is to be pursued , there  
would not appear to be any significant risk to yields of these boreholes.

With concurrent operation of the NRA augmentation borehole, 23 
groundw ater abstractors w ould be affected with drawdown ranging from  
just over lm  to 3.5m. Most of the licensed abstractions are very small 
(<100 m 3/d), and effects on yield are not expected to be significant. 
However, if this option was to be pursued, detailed investigation and 
testing w ould be req u ired  to establish the need  for 
m itigation/rem ediation m easures.

Details of the licenced and unlicensed sources affected with and w ithout 
river augmentation pum ping are presented in Appendix F.

Effects on Rivers

The increm ental effects on rivers from  this option have been estim ated 
on the basis of reduction of groundw ater catchment areas resulting from  
the existing Redgrave borehole. The effects are  presented in Table 7.21 
and 7.22 below:

Ref: B4.J07.0/WP/3122/REDLOP1.AO2
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Table 7.21: Incremental effects on rivers for the Wetheringsett option
(no river augmentation pumping)

River Gauging Station Old Q95
(m3/ sec)

New Q„ 
(m3/sec)

% Flow 
Change

% Reduction 
in Catchment

Little Ouse Knettishall 0.123 0.135 + 10 0

Waveney Billingford Bridge 0.074 0.084 + 14 0

Dove Oakley Park 0.148 0.123 -17 17

Gipping Stowmarket 0.080 0.080 0 Negligible

Deben Naunton Hall 0.100 0.094 -6 6

Table 7.22: Incremental effects on rivers for the W etheringsett option 
(with river augmentation pum ping)

River Gauging Station Old Q„ 
(m3/sec)

New Q,n 
(m3/sec)

% Flow 
Change

% Reduction 
in Catchment

Little Ouse Knettishall 0.123 0.135 + 10 0

Waveney Billingford Bridge 0.074 0.084 + 14 0

Dove Oakley Park 0.148 0.050 -66 66

Gipping Stowmarket 0.080 0.078 .2 2

Deben Naunton Hall 0.100 0.080 -20 20

Under this option the existing borehole at Redgrave w ould be replaced 
by one at Wetheringsett, about 500 m from the NRA river augm entation 
borehole. This would result in a reduction in the Chalk groundw ater 
catchm ent areas to the River Dove and the River Deben, the latter being 
designated as already suffering from low flows. However, the im pact on 
the River Dove is likely to be mitigated to som e extent as the existing 
NRA river augmentation borehole at Wetheringsett discharges into this 
river. Although designed for supporting surface abstraction for public 
supply this borehole will reduce the impact on low flows in the River 
Dove. The impact on the River Deben is slight and there  are NRA plans 
to support the river on environmental grounds by pum ping of Chalk 
groundw ater into the upper reaches. There is no im pact on the Chalk 
baseflows to the Little Ouse or the Waveney, resulting in the m axim um  
possible net benefit to these rivers. This impact will be particularly 
significant in their upper reaches, around  Redgrave and Lopham Fens. 
At presen t and therefore under the ’Do Nothing* option it is possible that 
as much as 100% of the Chalk groundw ater is in tercepted before 
reaching these upper river reaches. Unlike any of the o ther borehole 
sites this effect would be completely rem oved if the abstraction w ere to 
be moved to Wetheringsett.

Ref: 84.JO7.0/WP/3122/REDLOP1.AO2
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The Little Ouse, Waveney, Dove, and Deben are  ail classified as being 
Class 2 (fair) rivers. The River Gipping is classified as Class 3 (poor). 
The substantial benefit to low flows, particularly in the upper reaches of 
the Little Ouse and the Waveney are likely to improve w ater quality. In 
the Redgrave area this could even raise the quality to Class lb  (good), 
although is unlikely to have the same impact further dow nstream . The 
impact on the Deben and Gipping is unlikely to  have a significant im pact 
on water quality. However, the impact on the River Dove could  be 
significant particularly in the upper reaches if the river augm entation 
borehole is not in operation. It is considered unlikely that the river 
w ould becom e out of class, however this w ould  also depend  on the 
reasons for its p resent poor status.

If the river augm entation borehole w ere also in operation there  w ould 
only be significant changes from the no augmentation abstraction case 
in the Rivers Deben and Dove. The Deben could  be put out of class as 
a result of the lowering of the Q95 by 20%. The large impact on the River 
Dove would be reduced to a 17% reduction in Q<f5 (the sam e as with no 
augmentation) as the augmentation borehole discharges into the River 
Dove. However, upstream  of the augmentation point the river w ould be 
significantly affected.
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RIVER WAVENEY

H istoric Changes

The River Waveney has undergone a num ber o f anthropogenic changes, 
possibly as long ago as Roman times (SWT 1994). Certainly canalisation 
of some degree did occur in the 19th century to assist in the digging for 
peat. This may no t have resulted in lowered w ater tables in the 
surrounding  wetland sites as the raised river banks may im pede 
groundw ater flow into the river (SWT 1994). Major changes w ere m ade 
to the river and nearby drainage channels in the 1950’s and  1960’s with 
the objective of land drainage for agricultural development.

In addition to the increase in land drainage over the past h u n d red  years 
there has been an increase in groundw ater abstraction for both  public 
supply and agricultural purposes. In particular the existing PWS 
borehole at Redgrave, installed in the late 1940s, has substantially 
reduced the Chalk groundw ater input to both the Waveney and Little 
Ouse. The source of these rivers at Redgrave and Lopham Fens now 
regularly dries up during  prolonged dry periods, and both rivers are 
now  designated by the NRA as suffering from low flows. An attem pt to 
mitigate the lowering of water levels in the river by the installation of a 
sluice at the dow nstream  end of Redgrave and Lopham Fens. This has 
not been particularly successful in m aintaining higher w ater levels as 
much of the flow passes around  the sluice, and the main problem  of 
reduced groundw ater inputs has not been addressed.

River R estoration

As outlined in Chapter 1, river restoration proposals have been m ade by 
the conservation organisations with the specific objective o f assisting the 
recovery of Redgrave and Lopham Fen (SWF 1994). Much o f the 
restoration involves land m anagem ent which would assist in speeding up 
recovery of the wetland and reduce the nutrient input from  su rro u n d in g  
agricultural land. However, in addition to land m anagem ent practice 
Suffolk Wildlife Trust p ropose the following river restoration works:

•  Installation of a sluice at the dow nstream  end of G reat Fen.

•  Raise river bed levels by 0.5 m along som e sections o f the u p p er 
Waveney.

•  Reprofiling banks, in som e cases lowering and in o thers raising.

•  Installation o f riffle just downstream  o f Wortham Ling.
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The river restoration option is not proposed as a m utually exclusive 
option to the relocation options represented in Chapter 7 above as the 
im provem ents in river flow gained from the relocation of the Redgrave 
borehole alone would not restore the riparian wetland plant 
com munities. In o rder to return  the river corridor to the state p rio r to 
the installation of the Redgrave borehole, the above restoration  w ork is 
requ ired  to raise water levels in the Waveney upstream o f W orby’s Drain. 
In addition, the plant com m unities at Redgrave Fens w hich have been  
altered by the lowered water levels would be unlikely to recover w ithout 
active m anagem ent of the fens in addition to the cessation o f pum ping.

84.307.0/W P/ 3 122/RED LOPt -AQ2
53



IRRIGATION OF REDGRAVE AND LOPHAM FENS

Irrigation of wetlands has been proposed  and attempted both in England 
and internationally. Irrigation systems are variants of either above­
ground irrigation, usually in the form of ditches, o r  a sub-surface 
irrigation schem e of buried  pipes. The wetlands in the areas o f interest 
to this project are predom inately non-topogenous (sub-surface w ater 
source), and a man-made system replicating the natural conditions 
w ould have to consist of a buried  network of pipes.

There are a num ber of difficulties associated with sub-surface irrigation 
schem es identified by English Nature (Fojt, personal com m unication):

•  The natural pattern of water flow, with complex and heterogenous 
w ater level, soil m oisture and nutrient gradients, will not be 
replicated by a man-made system, resulting in the degradation o f 
the fine-scale vegetation patterning.

•  The installation and m aintenance of a sub-surface irrigation 
system is likely to disturb the existing vegetation.

•  ‘Naturalness’ is one of the criteria used by English Nature to 
assess the nature conservation value of sites. Within the 
Guidelines for Selection of Biological SSSI’s it is stated that 
‘habitats m ust .. satisfy a certain level o f quality m arked by a lack 
of features which indicate gross o r  hum an m odification’ 
(paragraph 2.10.1, Nature Conservancy Council, 1989).

•  Sub-surface irrigation schemes have not, to date, been 
dem onstrated to be successful in re-establishing o r retaining 
wetlands. It is not acceptable to propose an experim ental 
technique as mitigation. With increased experim entation and 
time, irrigation techniques may be dem onstrated to m aintain or 
restore wetlands and at this future date may be reconsidered  as 
a mitigative option.

Reproducing the ’natural’ water levels in the Fen as well as the ’natu ra l’ 
throughflow  pattern which would occur without the Redgrave borehole  
w ould be extremely difficult. Furtherm ore, an additional irrigation 
borehole 1km away, either on the opposite side of the River Waveney or 
dow nstream  w ould affect the neighbouring wetland sites.

It is the conclusion of this report that, for the above reasons, irrigation 
cannot at present be considered an acceptable mitigative option.
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10. COMPARISON OF REMEDIATION OPTIONS

10.1

10.2

A im s o f  R e m e d ia t io n

The conservation and environmental objectives for remediating Redgrave 
and Lopham Fens are:

•  restore the full sequence of fen types and distribution of fen 
types;

•  restore baseflow to the River Waveney;

•  avoid risk of derogation of o ther wetlands;

•  minimise derogation of licensed abstractions;

•  minimise risk to o ther rivers.

It is against these objectives that the effectiveness and suitability o f the 
various rem ediation options have to be assessed and com pared.

Irriga tion  and  River R estoration O ptions

The irrigation option has been examined and is not considered  a 
practical schem e because:

•  groundw ater abstraction for the schem e would affect Redgrave 
and Lopham Fens and possibly other wetland sites;

•  construction of the irrigation infrastructure would damage 
Redgrave and Lopham Fens;

•  the com plex natural pattern of flow and  water quality on which 
the fens are based could not be reproduced;

•  effects on o ther wetlands predicted to be im pacted by the 
Redgrave source would not be remediated, nor would there  be 
im provem ent in the River Waveney flows;

•  research into such irrigation schem es is in an early stage and the 
technology is not established.

The agreed River Waveney restoration m easures com prise installation of 
sluices, raising of river bed, removal of em ergent vegetation, lowering 
and reshaping of back sections, reinstatem ent of drainage dykes and 
flood storage in the floodplain. These m easures cannot in them selves 
provide effective rem ediation of the Redgrave and Lopham Fens and 
River Waveney, and are therefore not an alternative to the abstraction 
redeploym ent options. They are essential however, to enhancing the 
im provem ent in baseflow arising from the groundw ater developm ent
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options. Wetland m anagem ent practices at the fens w ould also enhance 
the effectiveness of their im proved inflows.

10.3.1

10.3

10 .3.2

G roundw ater D evelopm ent O ptions

Do-Nothing Option

The ’Do Nothing7 option of continuing abstraction at Redgrave P.S. (3-6 
tcmd) would have significant impact on wetland sites and  rivers. Adverse 
effects on Redgrave and Lopham Fens would continue. T here has been 
a significant decline (77%) in wetland species and  an equally serious loss 
o f habitat over the last 30 years, and under this option w etland 
com m unities could be lost, replaced by m eadow  or hum id  grasslands, 
in the next few decades. This option is predicted to affect a fu rther 10 
wetland sites, all of which are considered highly sensitive to changes in 
Chalk water levels. Deterioration has been observed at the m ajority of 
these sites, although w ater level change may n o t be the only cause. Low 
flows (Q95) are estimated to be reduced in the River Waveney by 14% 
and in the Little Ouse River by 10%. In particular flow in the u p p er 
Waveney through Redgrave and Lopham Fens is severely affected.

G roundw ater Redeploym ent Options

All of the groundw ater redeploym ent options (3 6 tcmd) from  Redgrave 
lead to significant predicted im provem ents at Redgrave and Lopham 
Fens. Positive effects resulting from cessation of pum ping at Redgrave 
are the opposite of the ’Do nothing’ option impacts, while impacts arise 
elsew here from the redeployed abstraction.

N orth Lopham O ption

The North Lopham relocation option is predicted to resu lt in benefits to 
6 wetland sites, including Redgrave and Lopham. The latter would 
experience a 96% recovery o f water levels and throughflow . There 
would, however, be adverse effects on 7 wetland sites, 3 o f which appear 
to be relatively unaffected at present. The supply borehole w ould  lower 
w ater levels in the adjacent NRA river augmentation bo reh o le  by up to 
3 m. Two other licensed groundw ater abstractors w ould  be subject to 
additional drawdown of m ore than 1m. The Waveney and Little O use 
low flows would im prove by 6% and 3% respectively, while the River 
Wittle would experience a reduction of 21% with even h igher figures in 
the upper reaches. Water quality in the Wittle is NWC Class 3 (poor) 
and the flow reduction w ould w orsen this situation.

C oncurrent operation of the adjacent NRA river augm entation borehole 
(11 tcmd) would result in significantly greater impact, with 11 wetland 
sites predicted to be adversely affected, and  only the Redgrave and 
Lopham Fens and River Waveney benefitting, with the form er 
experiencing an 84% recovery under this scenario. In addition, up to 13 
licensed groundw ater abstractions would be subject to additional
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drawdowns of lm  or m ore. River flows would decline in the Little Ouse, 
Waveney, Thet and Wittle, by 17%, 19%, 3% and  83% respectively, and 
changes in water quality class would be expected.

W ortham /M ellis O ptions

For the redeploym ent to W ortham/M ellis three sub-options w ere 
examined: (1) near exploratory /test Sites F/G  (TM 080 760); (2) at Site 
B in a highly transmissive chalk zone about 1 km from  the River 
Waveney (TM 078 792); and, (3) a com bination of the two sites.

Sub-option 1 is predicted to p roduce a 97% recovery of w ater levels o f 
Redgrave and Lopham Fens, and recovery at 4 other wetland sites, 
including the River Waveney. Another 6 wetland sites could be adversely 
affected, although only 3 are considered highly sensitive and 
groundw ater dependent. Eight licensed groundwater abstractors w ould 
be affected and the effect on yields could be significant. The changes in 
river flows would be slight.

Sub-option 2 predictions are based on high Chalk transmissivity derived 
from a 3 day pum ping test which may not be representative o f the 
aquifer characteristics prevailing in the longer term. The results shou ld  
be treated with caution. Water levels at Redgrave and Lopham Fens are 
predicted to be restored by 94%, with corresponding im provem ents in 
the wetland. The River Waveney would also be improved together with 
3 other wetland sites. Another 7 wetland sites w ould be likely to 
deteriorate although only 4 are considered highly sensitive and 
groundw ater dependent. No licensed abstractors w ould be affected. 
Changes in river flows would again be slight.

Sub-option 3. the com bination of both W ortham/Mellis sites, with 50% 
of the abstraction at each, results in a predicted 96% recovery at 
Redgrave and Lopham, with benefits at 6 other wetland sites, and adverse 
impacts at 7 sites. Seven licensed groundw ater abstractors w ould be 
affected and yield changes could be significant. The changes in river 
flows would be slight.

W etheringsett O ption

The W etheringsett option is predicted to fully restore w ater levels at 
Redgrave and Lopham Fens, and not to adversely impact on any w etland 
sites. There would be positive effects on the 11 sites thought from  the 
analysis to be affected by the Redgrave source. Two licensed 
groundw ater abstractions w ould be affected, the NRA river augm entation 
borehole at 500 m (10 tcmd), and a small general agricultural borehole. 
Drawdowns are such that there would not appear to be any significant 
risk to yields of these boreholes. The Rivers Waveney and Little O use 
would experience im proved low flows, 14% and 10% respectively and 
im proved river class, while the flows in the River Dove (-17%) and River 
Deben (-6%) w ould be adversely affected. All o f these rivers are
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10.4

designated as low flow rivers by the NRA. The impact on the River Dove 
would be mitigated by the existing NRA river augmentation borehole at 
W etheringsett which discharges into the river, and there are plans for 
augm entation boreholes for the River Deben.

O peration of the adjacent NRA W etheringsett augmentation bo reho le  as 
well as the supply borehole w ould p roduce further impacts on 
groundw ater abstractions and rivers flows, bu t no impacts on w etland 
sites. U nder this scenario around  23 licensed abstraction boreholes 
w ould be affected, with additional draw dow ns from 1 m to 3-7 m. The 
majority of the licensed abstractions are below 20 m 3/d  and the 
draw dow ns are not likely to p roduce a significant change in yield o r 
affect p u m p s/p u m p  settings. However, this would have to be 
investigated in detail if this option is to be pursued. Flows in the 
Waveney and Little Ouse would be unaffected, but the Dove and Deben 
would experience reductions of 66% and 20% respectively. However, 
the river augmentation support as described above would mitigate these 
effects, although the effects would still be pronounced in reaches above 
the discharge points.

Conclusions

The existing abstraction at Redgrave has a m ajor impact on groundw ater 
levels at Redgrave and Lopham Fens, on flows in the River Waveney 
through the fens, and is predicted to lower groundw ater levels at 9 o ther 
wetlands in the area. O ther factors such as land drainage, historical 
m anagem ent practices and agricultural practices may have had significant 
impacts on the wetland sites. Continued abstraction w ould lead to 
further deterioration.

It is not considered practical to restore Redgrave and Lopham Fens using 
irrigation techniques. River restoration m easures cannot in them selves 
provide effective rem ediation although they are essential to restoration 
of riparian habitats and to enhance the improvements in baseflow arising 
from the groundw ater relocation options. Wetland m anagem ent 
practices would also ensure effectiveness of improved inflows to the 
wetland conservation sites.

All of the options to relocate the present Redgrave sourcew orks are 
predicted to make a very significant im provem ent (80-95%) to 
groundw ater flow to Redgrave and Lopham Fens SSSI. However, the 
options impact on other wetlands, groundw ater abstractors and rivers to 
varying degrees, as sum m arised in Table 10.1.
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H Table 10.1 SUMMARY MATRIX OF HYDROLOGICAL AND ENVIRONMENTAL EFFECTS OF GROUNDWATER DEVELOPMENT 
OPTIONS

Option Wetland Conservation Sites Groundwater Abstractors Rivers

No. wetlands 
benefiting 
from water 
level rise

No. wetlands 
affected by 
water level 

fall

Impact
ranking

No.
Groundwater

licences
affected*

Impact
ranking

No. rivers 
benefiting 

from option

No. rivers 
adversely 

affected by 
option

Impact
ranking

Do Nothing 0 11 Severe 0 Nil 0 2 Mod.

North Lopham 6 7 High 3° Low 2 1 High

North Lopham and 
Aug. Borehole

2 11 High 13 High 0 4 Severe

Mellis/Wortham (F- 
G) - Option 1

5 6 Mod. 8 High 1 2 Low

Mellis/Wortham 
(B) - Option 2

4 7 Mod. 0 Nil 1 1 Low

Mellis/Wortham (B 
+ F-G) - Option 3

7 7 Mod. 7 Mod. 1 1 Low

Wetheringsett 11 0 Nil 2° Low 2 2* M o d /

Wetheringsett' and 
Aug. Borehole

11 0 Nil 23 High 2 y High *

Note: + Part mitigated by Augmentation Ranking order: Ix>w
Moderate

° Yields unlikely to be significantly affected High
Severe

* Additional drawdown about Ini or more



The W etheringsett option w ould wholly reverse the g roundw ater level 
reductions predicted at Redgrave and Lopham Fens and  the o ther 10 
wetlands, and the changes in Waveney and Little Ouse flows, predicted 
to arise from the Redgrave source, and w ould not adversely affect any 
wetlands. The abstraction w ould have a significant effect on flows in the 
headwaters of the River Dove, although this could be mitigated by 
enhanced support from the existing NRA river su p p o rt boreholes, 
including the adjacent W etheringsett augmentation borehole. D uring 
normal operation two licensed groundw ater abstractors w ould  be 
affected, with up to 23 affected during operation of the PWS and river 
support boreholes. Predicted drawdowns are unlikely to have a 
significant impact on yield, although in the extreme, low ering o f pum ps 
or deepening of boreholes could  be required. The effect on  unlicensed 
abstractors requires further investigation to determ ine w hether the 
borehole(s) are still in use and the degree to which they are likely to be 
affected.

The W ortham/M ellis options would lead to substantial reversal o f the 
effects of the Redgrave source at most wetland sites, particularly 
Redgrave and Lopham Fens, but would lead to risks of adverse effects on 
other wetland sites which are likely to be groundw ater dependent. Eight 
abstraction licences might also be affected and  significant changes in 
yield are likely. This could require rem ediation measures ranging from  
lowering of pum ps to deepening of boreholes. The effect on unlicensed 
abstractors requires further investigation to determ ine w hether the 
borehole(s) are still in use and the degree to which they are likely to be 
affected. Changes on river flow s/quality would be very slight.

The North Lopham option w ould again lead to substantial reversal of the 
effects of the Redgrave source on some wetland sites b u t w ould  
adversely affect o ther sites. The adverse effects would be even m ore 
pronounced with concurren t operation of the nearby augm entation 
borehole. There w ould be very significant effects on flows in the u p p er 
River Wittle in either case. Three licensed groundw ater abstractors 
would be affected by the option, and 13 licensed g roundw ater 
abstractors w ould be affected during concurrent operation  of the 
augmentation borehole. Again, significant changes in yield are not 
thought likely, bu t rem ediation m easures could be required. The effect 
on unlicensed abstractors requires further investigation to determ ine 
w hether the borehole(s) are still in use and the degree to which they are 
likely to be affected.
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1

Redgrave and Lopham Fens SSSI is an internationally important wetland conservation site 
designated under the RAMSAR convention and as a National Nature Reserve which lies 7km 
west of Diss on the Suffolk/Norfolk borders. Currently both the water balance and shallow 
groundwater levels within the Fens are considered to be adversely affected by:

a) groundwater abstraction from the adjacent Redgrave public water supply 
(p.w.s.) sourceworks, and

b) the lowered bed level of the adjacent R. Waveney and hence the base level to 
which the Fens drains.

These developments have lead to the drying out of the Fens, a deterioration in the 
conservation value of the Fens and, hence, a conflict with the long term conservation 
objectives for managing the Fens.

The Upper Waveney (Redgrave and Lopham Fen) has been listed as one of the priority 20 
sites scheduled for low flow alleviation. The NRA is committed to identifying a satisfactory 
full solution. This study will form an integral part in identifying this solution.

1. Introduction

National Rivers Authority - Consultants Terms o f Reference
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2. Study Overview

The NRA is currently progressing with a project appraisal to assess a number of options 
defined by the NRA and to identify a preferred option for obviating or mitigating the 
ecological damage to the SSSI. The objective of this tender is to appoint consultants to 
undertake a study to identify and estimate the scale of the hydrological impact each option 
may have on the surrounding water users and the water environment. This study will assess 
for each o f the defined options: -

a) the overall effect of that option on the availability o f water resources,
b) estimates of the budget cost of mitigating (to be referred to as mitigation 

costs) any derogation of established water rights caused to the total water 
users by that option, and

c) the ecological and environmental significance of any changes in flow, depth 
of shallow water tables, and in water quality experienced by surface water 
courses, springs and wetland conservation sites (including Redgrave and 
Lopham Fens) as a result of the implementation of that option.

This study is only part of the overall comparison to be made of the different options. The 
comparison with respect to costs (other than mitigation costs) and technical suitability for 
p.w.s. o f each option will be carried out by the NRA project appraisal group - which 
includes representatives from Suffolk Water Company (owners of the Redgrave p.w.s. 
borehole adjacent to the Fens), the Suffolk Wildlife Trust (who own part and manage the 
whole of the Fens), and English Nature (responsible for the overall protection and 
management of the Fens).

The project appraisal report, o f which the results of this study will form a part, will be 
drafted by the project appraisal group to make the case to the Department of Environment 
for future expenditure towards the restoration of the Fens, as well as justifying the 
expenditure of EC "Life” funds which have become available for this purpose.
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3. Options to be Investigated
The following options were identified after consultation with Suffolk Water Company (SWC), 
Suffolk Wildlife Trust (SWT) and English Nature (EN). The consultant is to estimate the 
hydrological and environmental impacts of each of the following options:-

A) Do nothing and continued use of the existing Redgrave p.w .s. sourceworks 
adjacent to the Fens

B) Seasonal irrigation from an adjacent source to mitigate the drying out of the 
Fens, but with continued use of the existing Redgrave p.w .s. sourceworks.

C) Relocation of the p.w.s. sourceworks to near North Lopham (5km to the 
NNW of the Fens)

D) Relocation of the p.w.s. sourceworks near the Wortham/Mellis area (5km to 
the East o f the Fens)

E) Relocation of the p.w.s. sourceworks to near Wetheringsett (14km to the ESE 
of the Fens)

F) River Restoration of the R Waveney from the Fens to Denmark Bridge, near 
Diss, (i) with and, (ii) without the continued use of the Redgrave p.w.s. 
sourceworks.

A detailed description of each option is included in more detail in Appendix I.

The consultant will fully investigate each identified option separately. While investigating 
options B, C, D,and E, the consultant will also be required to investigate the impact of river 
restoration (option F(i) or F(ii) as appropriate) in conjunction with each of these separate 
options.

The NRA will rank the options with regard to cost, suitability and impact and will, after 
consultation, make recommendations as to further works. The consultant is only required 
to estimate the impact that each option, will have on surrounding water users, wetland 
conservation sites, springs and river flows in such a way that a comparison of the options 
may be made. The impact on wetland conservation sites is to be considered as the estimated 
physical impact (changes in shallow water levels, water balance) together with an assessment 
o f the significance of these changes on the conservation objectives o f each site. Any 
subsequent recommendations as to the acceptability of these forecast changes will be made 
by the NRA.
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In considering alternative p.w.s. sources the consultant will assume that the average 
abstraction rate at any of the relocated sourceworks will be 3.6 t.c.m.d. - equivalent to the 
current licensed p.w.s. abstraction at the Redgrave sourceworks. When considering the 
relocation options (C,D, and E) the consultant will estimate the impact based on the 
assumption that the existing p.w.s. sourceworks will not be abstracting.
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4. Data Available

The consultant may use the following available data from NRA offices at either 
Peterborough, Brampton, or Ipswich:-

o Groundwater level monitoring locations and records
o River gauging locations and records
o Current metering locations and records
o Wetland site descriptions
o Previous investigation reports, including:-

o " River Waveney Groundwater Scheme - Stage 1", Norfolk and 
Suffolk River Division, Anglian Water Authority, March 1983

o Report by Southern Science Ltd on the Wortham/Mellis 
Groundwater Investigation (to be issued late 1993)

o Report by Suffolk Wildlife Trust on the R. Waveney 
. management review (to be issued mid October 1993)

o Various internal investigation reports

The following data is also available to the consultant from NRA offices but is either 
confidential or the copyright is held by other bodies.

o Rainfall records 
o "Morecs” effective rainfall estimates 
o Abstraction licence database 
o Licence determination well surveys 
o Actual licence returns
o Test pumping results from production and investigation boreholes in the area 
o Reports

o A spin wall & Co (1992), "Redgrave Stage II Study: Data 
Collection and Analysis". Unpublished report for Suffolk 
Water Company.

o Bellamy, D. and Rose, R. (1960), "The Waveney-Ouse Valley 
Fens of the Suffolk-Norfolk Border", Trans. Suffolk Nat. Soc.,
2, pp346-385.

o Fillenham, I.F. (1977), "Investigation of the Hydrology of 
Redgrave and Lopham Fens". Unpublished report for Anglian 
Water Authority.
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o Fojt, W. and Harding, M. (1991), "The effects of Changing 
Management and Water Regime on Three Suffolk Fens". 
Unpublished paper.

^ o  Gilman, K. (1985), "The Effects of Further Groundwater 
Abstraction on Redgrave and Lopham Fens". Unpublished 
report for Institute of Hydrology.

Gilvear, D .J., Tellam, J.H ., Lloyd, J.W., and Lemer, D .N . 
(1989), "The Hydrodynamics of East Anglian Fen Systems - 
Final Report", The University of Birmingham.

o Gilvear, D .J., Tellam, J.H ., Lloyd, J.W., and Lemer, D .N . 
(1991), "The Hydrodynamics of East Anglian Fen Systems - 
Phase III Report", The University o f Birmingham.

S o  Harding, M. (1992), "Redgrave and Lopham Fens: A Case 
Study in Change Due to Groundwater Abstraction”. 
Unpublished report for English Nature.

o Harding, M. (1993), "Redgrave and Lopham Fens, East 
Anglia, England: A Case Study of Change in Flora and Fauna 
Due to Groundwater Abstraction", Biological Conservation 66, 
pp35-45

S  o National Rivers Authority (1992), "Anglian Water Resources 
Strategy - 1992 Groundwater Balances Review"

Suffolk Wildlife Trust (1990), "Changes in the Flora Ecology 
of Redgrave Fen, 1960 to Present". Unpublished report.

o British Geological Society (BGS) well catalogue
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The Aspinwall & Co (1992) report collated all the available hydrological and hydrogeological 
data pertaining to Redgrave and Lopham Fens. The investigation described in the report 
comprised a desk study supported by small-scale fieldwork and radial groundwater flow  
modelling. The main contents page is presented in Appendix II. However, during the tender 
period the full report will be made available for consultation.

The Harding (1993) paper identified in detail the changes in flora and fauna of the Fens from 
1959 to 1991. The paper highlighted that the Fens have changed over the 30 year period 

from species-rich, soligenous calcareous mire communities with a very rich associated 
wetland fauna to degraded topogeneous fen communities with a high degree o f ruderalism 
and an impoverished invertebrate faunal The main processes causing this degradation were 
identified.
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For each of the defined options the consultant will:-

5.1 Review and assess the geological, hydrogeological, and hydrological characteristics 
within the Area of Interest of that option - see Appendix IV.

5.2 Develop a conceptual model of the hydrology of that option with particular regard to 
groundwater and surface water flow mechanisms. This is to include vertical flow 
components in the vicinity of affected wetland conservation sites and how these flows 
may effect shallow groundwater levels.

5.3 Predict any changes in groundwater quality and the quality of surface water within 
the wetland conservation sites listed in Appendix III.

5.4 Present a water resource balance to show the effect of that option as outlined below. 
The methodology used in the resource balance must be able to estimate the effects on 
the following:-

Wetland Conservation Sites
The consultant will estimate the effect of that option on each of the wetland 
conservation sites listed in Appendix III and determine whether the effect is 
due to changing groundwater levels or the capture o f water from the 
respective sites catchment or both. The impact on wetlands is to be 
considered as the estimated physical impact together with an assessment of the 
significance of these changes to the conservation objective o f each site.

River, Stream and Spring Flows
The consultant will estimate the effect of that option on river, stream, and 
spring flows and calculate the change in flow. The estimation of change in 
flow will take into account whether the change is due directly or indirectly to 
changing chalk water levels. The significance o f any impact on river water 
quality objectives as well as the in situ river needs will also be assessed.

Current Water Users
The consultant will estimate the effect of that option on existing water users 
and whether or not the rights of each water user are likely to be adversely 
affected. The consultant will be required to estimate the budget cost of 
remedial works o f that option.

5. Scope of Assessment of Options
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5.5 Estimate the effect that option will have on the overall groundwater catchment water 
balance in which that option is located. The consultant will also estimate any 
associated changes to the groundwater divide of the contiguous groundwater 
catchments, as well as estimating the change to the overall water balance on each 
affected groundwater catchment. The groundwater catchments are presented in 
Appendix V, while the associated water balances and the methodology used to 
estimate these balances will be available from the NRA.
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6.1 The work is expected to commence in mid-November 1993 and will be completed 
within three calendar months of the actual commencement date.

6.2 A draft report, "Redgrave and Lopham Fens Restoration Project: Hydrological and 
Environmental Impact Assessment", will be written by the consultant and delivered 
to the Authority at least two weeks prior to the end of the consultancy period. The 
report will describe the investigations in detail, and present the results of the impact 
assessment in a summary table form so as to be included within the overall project 
appraisal to be completed by the NRA project group. The NRA does not require 
recommendations from these calculations, however, the report will highlight the 
limitations of the calculations and results for each option. Three copies of the draft 
report will be required.

6.3 Following the acceptance by the NRA of the draft report, a definitive report, 
"Redgrave and Lopham Fens Restoration Project: Hydrological and Environmental 
Impact Assessment",will be written and delivered to the NRA before the end o f  the 
consultancy period. Ten copies of the final report will be required.

6. Programme of Work
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7.1 The NRA contacts for this study will be:-

Project Manager: Alan Hull 
Consultancy Contract Administrator: Barry Barton 
Conservation Officer: Claire Redmond 
Hydrogeologist: David Seacombe

All the above NRA officers are based at Kingfisher House, Peterborough.

7.2 The consultant is expected to discuss their progress with the NRA throughout the 
consultancy period at monthly meetings. The consultant should allow for three such 
meetings to take place at Kingfisher House, Peterborough or other agreed location. 
A written progress report detailing work completed and projected, consultancy 
fees/expenses incurred and projected, contractual matters, etc., will be submitted to 
the NRA Project Manager at or before each progress meeting.

7.3 All documents, papers and data collected as part of the investigations will be handed 
over to the NRA on completion of the contract. The consultant may, with the prior 
written consent of the NRA, publish with due acknowledgement to the NRA any 
learned papers, articles, photographs, or other illustrations relating to the task. 
Copyright of the report will be vested with the NRA.

7. Administration of the Study
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APPENDIX F - Description of Options

A) Do Nothing
This is to be considered as the baseline case. The consultant will be required 
to assess the long term hydrological and environmental impact of current SWC 
sourceworks at Redgrave and whether the effect on the ecological value of the 
site will impinge on the international obligations under the Ramsar convention. 
An existing report by Aspinwalls details current understanding of the 
hydrology of the site (see Appendix II for contents page)

B) Irrigate Redgrave Fen
Irrigation of the Fens would involve the pumping of sufficient quantities of 
groundwater from a source at least 1km away from the Fens. The consultant 
will be required to assess the impact of current abstraction with the addition 
of irrigation to the Fens, as w ellas the impact on the water quality of the 
Fens. This option assumes that the Fens will be irrigated by means of a 
system of drainage channels and control structures which would evenly 
distribute the water over the entire area.

O  Relocate to North Lopham
The NRA has a river augmentation borehole located at TM 0251 8361 which 
is currently used as part of the Great Ouse Groundwater Scheme (GOGWS). 
This borehole has recently been pump tested at 4tcmd for forty days to 
determine the aquifer parameters as well as the water level changes. The 
pump test data, to be analysed by the NRA, will be made available early in 
the contract period. The consultant will assess the impact of an equivalent 
abstraction to the Redgrave sourceworks within 500m of the existing GOGWS 
borehole. The operation of two boreholes will be considered in determining 
the impact - these being the effect of river augmentation in drought periods, 
as well as the continuous sourceworks pumping.

D) Relocate to W ortham/M ellis
The NRA has initiated the investigative drilling and testing of five sites in the 
Wortham/Mellis area with a rectangular area of interest between 
TM 0800 7600 and TM 1000 7900. The purpose of this investigation is to 
prove the aquifer yield as well as obtaining aquifer parameters. The 
Wortham/Mellis investigation is still current, but it is anticipated that the data 
from the investigation will be available early in this contract period. Although 
it is expected that the replacement supply will be available from only one 
source, the NRA may require the consultant to estimate the impact from a 
combination of two or three sources. The NRA will indicate the borehole(s) 
to be used in this investigation following the completion of the 
Wortham/Mellis investigation.
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E) Relocate to W etheringsett
The NRA has a river support borehole located at TM 1220 6750 which is used 
as part of the Waveney (Dove) river support scheme. This borehole is to be 
pump tested by mid October 1993 for five days to determine the aquifer 
parameters. The pump test data will be made available. The consultant 
would be expected to assess the impact of an equivalent abstraction to the 
Redgrave sourceworks within 500m of the existing support borehole. The 
operation of two boreholes near Wetheringsett will be considered in 
determining the impact - these being the effect of river support, as well as the 
continuous sourceworks pumping. For the purposes of this assessment it will 
be assumed the Redgrave sourceworks will not be abstracting.

F) River Restoration
The NRA has initiated a review of the upper 8km of R. Waveney from the 
source to Denmark Bridge, near Diss. The review, which is to be completed 
by mid October 1993, will detail the history of river management, the current 
status of the river and riparian habitats, as well as making recommendations 
for river restoration. Following the river restoration review the NRA will 
supply the consultant with alternatives to be considered as part of this 
assessment. The consultant is required to estimate the impact from three 
probable recommendations. These are likely to be:-

a) Location of sluice gates at various locations along the 
R .. Waveney, especially immediately downstream o f 
Redgrave and Lopham Fen;

b) Limited bed reinstatement of the R. Waveney to 
Denmark Bridge;

c) Hydrological isolation of the Fens from the R. Waveney 
using sheet piling.

The consultant will fully investigate each identified option separately. While investigating 
seasonal irrigation (option B), relocation to North Lopham (option C), relocation to 
Wortham/Mellis (option D), and relocation to Wetheringsett (option E), the consultant will 
also be required to investigate the impact of using river restoration (option F) in conjunction 
with each of these separate options.
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APPENDIX II. - Aspinwall 1992 report - Contents page

The following is an extract from the contents page from "Redgrave Stage II Study: Data 
Collation and Analysis - Draft Report", Aspinwall & Co, March 1992.

SUMMARY 1

1. INTRODUCTION 2

2. DATA COLLECTION 3

3. EXISTING CONDITIONS 5 
Brief Site Description 5 
Topography and Drainage 5 
Geology 5 
Soils and Ecology, 6 
Water Levels 6 
Groundwater Flow 8

4. PREVIOUS CONDITION AND REASONS FOR CHANGE 10 
Past Ecological and Water Level Conditions 10 
Reduction in Drift and Chalk Recharge 10 
Improvements in Land Drainage 11 
Groundwater Abstraction at Redgrave 11 
Other Groundwater Abstraction in the Area 14

5. ESTIMATION OF VERTICAL GROUNDWATER FLOW 15 
Introduction ' 15 
Construction of the Radial Groundwater Flow Model 15 
Calibration of the Radial Flow Model 16 
Results of the Radial Flow Modelling 16

6. CONCLUSIONS AND RECOMMENDATIONS 18
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APPENDIX 111. - Wetland Conservation Sites

Site Name:
Grid reference: 
Site Status:
Notes Available:

Size of Area:
Site Management: 
Monitoring Points:

Brief Description:

Site Name: - 
Grid Reference: 
Site Status:
Notes Available: 
Size of Area:
Site Management: 
Monitoring Points: 
Brief Description:

/
Site Name:
Grid Reference: 
Site Status:
Notes Available:

Size of Area:
Site Management: 
Monitoring Points: 
Brief Description:

Bio’ Norton and Thelnetham Fen 
TM 0177 7900
Notified as a Site of Special Scientific Interest 
SSSI Citation
Birmingham University wetland site dossier
21.03 ha
Suffolk Wildlife Trust
Two piezometers installed adjacent to Bio’ Norton Fen - data available 
from NRA. Four piezometers installed on Thelnetham Fen - data 
available from Suffolk Wildlife Trust.
The site is of interest mainly because o f the plant communities 
associated with the remaining areas of open fen. Additional interest 
is provided by the areas of carr woodland and by some of the 
meadows adjacent to the fen.

Bressingham Fen 
TM -0680.8030 
County Wildlife Site 
No
7.28 ha
Norfolk Naturalists Trust 
None
Broadleaved semi-natural coppice. The fen comprises o f both scrub 
and woodland, and other plant communities associated with the 
remaining areas of fen.

Bugg’s Hole 
TM 0060 7920
Notified as a Site of. Special Scientific Interest 
SSSI citation
Birmingham University wetland site dossier 
4.0 ha
English Nature 
None
A Small spring-fed calcareous fen situated in a valley o f the Little 
Ouse. A wide range of habitats occur from the mown grassland on the 
driest soils to tall fen vegetation on shallow fen peat. The diversity of 
the vegetation types is reflected in the richness of the flora which 
includes a number of uncommon species.
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Site Name:
Grid Reference: 
Site Status:
Notes Available: 
Size of Area:
Site Management: 
Monitoring Points: 
Brief Description:

Site Name:
Grid Reference: 
Site Status:

Notes Available:

Size of Area:
Site Management: 
Monitoring Points: 
Brief Description:

Site Name: . /  
Grid Reference: 
Site Status:
Notes Available: 
Size of Area:
Site Management: 
Monitoring Points: 
Brief Description:

Site Name:
Grid Reference: 
Site Status:
Notes Available: 
Size of Area:
Site Management: 
Monitoring Points: 
Brief Description:

R. Whittle
TM;0130:8795 - TM-0230.8790 
County Wildlife Site 
Site Description 
23.17 ha
Norfolk Naturalists Trust 
None
A site of scrub, fen, grassland and woodland bordered by the 
R. Whittle. The fen may be drying out.

Roydon Fen 
TM'd 020^7970
Site of Nature Conservation Interest. It is proposed to notify this as 
a Site of Special Scientific Interest 
Site Description
Birmingham University wetland site dossier
15.08 ha
Suffolk Wildlife Trust
Two piezometers installed - data with Suffolk Wildlife Trust 
A mixed site of woodland and scrub with a varied ground flora. 
Drainage has been affected due to dredging

Spring at Spring Farm, Palgrave
TM>1080 ̂ 7720
Spring
No
N/A
N/A
No
A spring source identified from Ordnance Survey Pathfinder Series 964 
(TM07/17)

The Marsh, Wortham 
TM0880I7740 
County Wildlife Site 
No
2.5 ha
Suffolk Wildlife Trust 
No
Common land. Consists of low lying wet areas, dry grassland, scrub, 
and flowering plants
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Site Name:
Grid Reference: 
Site Status:
Notes Available: 
Size of Area:
Site Management: 
Monitoring Points: 
Brief Description:

Site Name:
Grid Reference: 
Site Status:
Notes Available:

Size of Area:
Site Management: 
Monitoring Points: 
Brief Description:

Site Name:
Grid Reference: 
Site. Status:
Notes Available: 
Size of Area:
Site Management: 
Monitoring Points: 
Brief Description:

Thrandeston Marsh 
TM 1110^7700 
County Wildlife Site 
No 
5 ha
Suffolk Wildlife Trust 
No
Species poor common land. Grassland with some water logged herb- 
rich community

Weston Fen 
TL 9810 7870
Notified as a Site of Special Scientific Interest.
SSSI citation
Birmingham University wetland site dossier
48.6 ha
Suffolk Wildlife Trust 
No
This site contains a very valuable example of a species-rich, spring-fed 
valley fen, with areas of fen grassland and relict heath. These are 
fringed by a wide variety of grassland scrub and woodland 
communities. Of all the fens in the Waveney/Little Ouse valley it has 
been the least affected by drainage or water abstraction. The water 
table remains high and stable throughout the year anu this is reflected 
in the rich and varied flora of the site.

Wortham Ling.
TM 093 795 ■
Notified as a Site of Special Scientific Interest
SSSI citation
51.3
Suffolk Wildlife Trust 
No
Wortham Ling is important for its lowland dry heath and acid 
grassland communities, which have developed on a sandy, glaciofluvial 
drift deposit. Although the site is isolated from the Brecklands, lying 
as it does within a predominantly boulder clay area, the vegetation has 
close similarities with the Breck grass heaths
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Site Name:
Grid Reference: 
Site Status:
Notes Available:

Size of Area:
Site Management: 
Monitoring Points: 
Brief Description:

Site Name: /  
Grid Reference: 
Site Status:
Notes Available:

Size of Area:
Site Management: 
Monitoring Points: 
Brief Description:

Site Name: 'J  

Grid Reference: 
Site Status:
Notes Available: 
Size of Area:
Site Management: 
Monitoring Points: 
Brief Description:

Kenninghall and Banham Fens with Quidenham Mere 
TM. 04100 87500
Notified as a Site of Special Scientific Interest 
SSSI citation
Birmingham University wetland site dossier
48.9 ha 
English Nature
Two piezometers installed - data with NRA
The site occupies a section of valley of the R. Whittle. It consists of 
areas of tall fen, species-rich fen, and calcareous grassland, as well a 
deep mature mere. Additional interest is provided by areas of wet 
woodland and by an area of drier unmanaged fen.

Middle Harling Fen 
TLT9890^8520
Notified as a Site of Special Scientific Interest 
SSSI citation
Birmingham University wetland site dossier 
12.7
English Nature
Two piezometers installed - data with NRA
A small calcareous valley fen situated at the head o f a tributary of 
R. Thet. The site lies in a shallow valley and a number o f springs, 
bearing water from the underlying chalk, emerge on sloping ground. 
A wide range of grassland types is present including both wet and dry 
communities. The species-rich fen vegetation includes several plants 
that are uncommon in East Anglia due to the drainage of many similar 
fens.

Redgrave Park Lake 
T M ^550 7670 
County Wildlife Site 
No 
20 ha
Suffolk Wildlife Trust 
No
Lake fringed with emergent vegetation, mainly common reed. 
Important for birds.
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Site Name:
Grid Reference: 
Site Status:

Notes Available:

Size of Area:
Site Management: 
Monitoring Points: 
Brief Description:

Site Name:
Grid Reference: 
Site Status:
Notes Available: 
Size of Area:
Site Management: 
Monitoring Points: 
Brief Description:

Site Name:
Grid Reference:

Site Status:
Notes Available: 
Size of Area:
Site Management: 
Monitoring Points: 
Brief Description:

Redgrave and Lopham Fen 
TM 0500 7970
Notified as a Site of Special Scientific Interest and is listed under the 
Ramsar convention 
SSSI citation
Birmingham University wetland site dossier 
124.92
English Nature and Suffolk Wildlife Trust
The are several piezometers installed, principally for site investigations 
The site consists of an extensive area of spring fed valley fen at the 
headwaters of R. Waveney. It supports several distinct vegetation 
types, ranging from Molinia based grasslands, mixed sedge fen, to 
reed dominated fen. There are small areas of wet heath, Sallow carr 
and Birch woodland. The invertebrate fauna is extensive and well 
studied, and the fen is the only British locality of the Fen Raft Spider. 
Aspinwall & Co was commissioned by Suffolk Water Company to 
collate all hydrologic and hydrogeologic data.

R. Waveney ESA

Forms part of the Broads ESA 
No . .

MAFF
No

R. Waveney
TM 0600 7990 - TM 0700 8010 
TM 0890 7900 - TM 1050 7950 
County Wildlife Site 
No
1.6 ha
Norfolk Naturalists Trust 
None
R. Waveney forming the county boundary from South Lopham Fen 
across Bressingham Fen to TM 0700 8010. Mesotrophic and of *C* 
quality until TM 0700 8010 where river continues as a ’B’ quality site 
due to species diversity being considerably reduced.
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Site Name:
Grid Reference: 
Site Status:
Notes Available: 
Size of Area:
Site Management: 
Monitoring Points: 
Brief Description:

Site Name: /  
Grid Reference: 
Site Status:
Notes Available: 
Size of Area:
Site Management: 
Monitoring Points:

Brief Description:

Site Name:
Grid Reference: 
Site Status:
Notes Available: 
Size of Area:
Site Management: 
Monitoring Points: 
Brief Description:

Copinces Fen 
TM 0480 8830 
County Wildlife Site 
Site description 
6.96 ha
Norfolk Naturalists Trust 
None
Fen south of Banham Moor which is encroached by scrub

East Harling Common 
■TM-0000 8790
Notified as a Site of Special Scientific Interest.
SSSI citation
14.9 ha
English Nature
Two piezometers installed for English Nature by NRA - data available 
from NRA.
Situated on chalk, is of importance for its system of periglacial ground 
ice depressions (pingos) retaining a relict community of rare aquatic 
beetles. The fen, a declining habitat, is rich in flora which has 
developed in and around many of the depressions. The surrounding 
chalk grassland supports a diversity of plants, several of which are 
uncommon locally.

Gypsy Camp Meadows, Thrandeston 
TM i  150 7730
Notified as.a Site of Special Scientific Interest 
SSSI citation 
2.46 ha
Suffolk Wildlife Trust 
None
One of the few remaining wet meadow sites in Suffolk and consists of 
a large and a smaller species rich wet meadow. It is situated on 
poorly drained boulder clay. A system of drainage ditches runs 
through the site and adds further diversity to plant communities 
present.
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Site Name:
Grid Reference: 
Site Status:
Notes Available: 
Size of Area:
Site Management: 
Monitoring Points: 
Brief Description:

Site Name:
Grid Reference: 
Site Status:
Notes Available: 
Size of Area:
Site Management: 
Monitoring Points: 
Brief Description:

Site Name: ■/ 
Grid Reference: 
Site Status:
Notes Available:

Size of Area:
Site Management: 
Monitoring Points: 
Brief Description:

Site Name:
Grid Reference: 
Site Status:
Notes Available: 
Size of Area:
Site Management: 
Monitoring Points: 
Brief Description:

Hall Farm Meadow, Wortham 
TM 0890 7940 
County Wildlife Site 
Site description
1.2 ha
Suffolk Wildlife Trust 
None
Low lying wet meadow enclosed by ditches. Important for birds and 
a species divers grassland.

Hay Fen v 
TM. 0300 8800 
County Wildlife Site 
Site description 
9.67 ha
Norfolk Naturalists Trust 
None
Area of tall fen turning to scrub and includes a small woodland to the 
east.

Hopton Fen 7 
TL 9900 8000
Notified as a Site of Special Scientific Interest 
SSSI citation
Birmingham University wetland site dossier 
14.37 ha
Suffolk Wildlife Trust
Two piezometers installed - data with Suffolk Wildlife Trust
One of a series of valley fens spanning the watershed between the
headwaters of the Waveney and Little Ouse.

J
Horse Fen, Bressingham 
TM 0750 8020 
County Wildlife Site 
Site Description 
4.39
Norfolk Naturalists Trust 
No
Fen bounded by the new diverted course of the R. Waveney and the 
old river course. Scrub habitat with varied ground flora.
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APPENDIX IV. - Areas of Investigation

Within in this study there a four main Areas of Investigation, 
follows:-

Option Lower Left Grid Reference

Redgrave & Lopham TM 0000 74000
North Lopham TL 9800 7900
Wortham/Mellis TM 0300 7100

' Wetheringsett TM 0700 6200

The Areas of Investigation are presented in Maps 1 and 2.

The rectangular areas are as

Upper Right Grid Reference

TM 0900 8400 
TM 0600 8900 
TM 1500 8400 
TM 1700 7200

National Rivers Authority - Consultants Terms o f Reference
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Redgrave & Lopham Fens Alleviation Schem e

CONTACTS LIST

Job No. 84.307.0

Name Organisation Address Tel/Fax Nos. Role

Barry Barton NRA - HQ Kingfisher House 
Goldhay Way 
Orton Goldhay 
Peterborough PE2 5ZR

Tel: 0733 371811 
Fax: 0733 231840

Consultancy Contract Administrator

Alan Hull NRA - HQ Kingfisher House 
Goldhay Way 
Orton Goldhay 
Peterborough PE2 5ZR

Tel: 0733 371811 
Fax: 0733 231840

Project Manager

Claire Redmond NRA - HQ Kingfisher House 
Goldhay Way 
Orton Goldhay 
Peterborough PE2 5ZR

Tel: 0733 371811 
Fax: 0733 231840

Conservation Officer

David Secconibe NRA - HQ Kingfisher House 
Goldhay Way 
Orton Goldhay 
Peterborough PE2 5ZR

Tel: 0733 371811 
Fax: 0733 231840

Hydrogeologist

Angela Wallace NRA - HQ Kingfisher House 
G oldhay  Way 
Orton Goldhay 
Peterborough PE2 5ZR

Tel: 0733 371811 
Fax: 0733 231840

Hydrometric Officer

Steve Dines NRA - Eastern Cobham Road 
Ipswich
Suffolk IP3 9JE

Tel: 0473 727712 
Fax: 0473 724205

Area Water Resources Manager

Ref: B-4.J07.0/W P/ REDLOP1.AOI



Name Organisation Address Tel/Fax Nos. Role

Pat Sones NRA - Central Bromholme Lane 
Brampton 
Huntingdon 
Cam bridgesh ire 
PE18 9NE

Tel: 0480 414581 
Fax: 0480 413381

Area Water Resources Manager

Jeremy Clitherow English Nature Norman Tower House 
1-2 Crown Street 
Bury St Edmunds 
Suffolk IP22 1QX

Tel: 0284 762218 
Fax: 0284 764318

Mike Harding Suffolk Wildlife Trust Brooke House 
The Green 
Ashlocking 
Ipswich
Suffolk IP6 9JY

Tel: 0473 890089 
Fax: 0473 890165

Reserves Manager

Arthur Rivett Suffolk Wildlife Trust Tel: 0379 88618 
No fax

R&L Fen Warden

Jackie Lewis Norfolk Naturalists 
Trust

72 Cathedral Close 
Norwich
Norfolk NR1 4DF

Tel: 0603 625540 
Fax: 0603 614430

Reserves Manager
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APPENDIX C

Categories of Plant Species Sensitive to G round Water Levels
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Class 1: Open Water Plants
Water table at 0 cm or higher

Plants of National Scale Conservation Interest 

Fen Pondw eed (Potamogeton coloratus)

Plants of Regional Scale Conservation Interest

Bladderw ort (Utricularia vulgaris)
Bottle Sedge (Carex rostrata)
Water Violet (Hottonia palustris)

O thers

Am phibious Bistort (Persicaria amphibia)
Club Rush (Scirpus lacustris)
C urled Pondweed (Potamogeton crispus)
Fennel Pondweed (Potamogeton pectinatus)
Floating Pondweed (Potamogeton natans)
Floating Sweet-grass (Glyceria fluitans)
G reat Reedmace (Typha latifolia)
Lesser Reedmace (Typha angustifolia)
Marestail (Hippuris vulgaris)
Starw ort (Callitriche sp.)

C ategories o f P lant P reference to W ater Table Levels

Ref: 84.307.0/WP/ REDLOP1 -AO 1



Class 2: Very Sensitive Plants, characteristic of wetland soils
Water table 0 to -2 cm

Plants of National Scale Conservation Interest

Com m on Sundew (D rosera rotundifolia)
Narrow-leaved Marsh orchid (Dactylorhiza traunsteineri)

Plants of Regional Scale Conservation Interest

Com m on Cotton Grass (Eriophorum  angustifolium) 
Marsh Lousewort (Pedicularis palustris)
Southern Marsh Orchid (Dactylorhiza praeterm issa) 
Tubular Water D ropw ort (Oenanthe fistulosa)

Others

Bogbean (Menyanthes trifoliata)
Cuckoo Flower (Cardamine pratensis)
Lesser Water Parsnip (Berula erecta)
Lesser Pond Sedge (Carex acutiformis)
Marsh Horestail (Equisetum palustre)
Marsh Marigold (Caltha palustris)
Reed Grass (Glyceria maxima)

Ref: 84.307.0/W P/ REDLOPl-AOt



Class 3: Sensitive Plants, typical of wetland conditions
Water table -2 to -5 cm

Plants of National Scale Conservation Interest

Black Bog Rush (Schoenus nigricans)
Bog Pim pernel (Anagallis tenella)
Grass of Parnassus (Parnassia palustris) 
Long-stalked Yellow Sedge (Carex lepidocarpa) 
Marsh Stichwort (Stellaria palustris)

Plants of Regional Scale Conservation Interest

Common Butterw ort (Pinguicula vulgaris) 
Marsh Orchid (Dactylorhiza incarnata)
Marsh Cinquefoil (Potentilla palustris)
Pink Water Speedwell (Veronica catenata)

Others

Brooklime (Veronica beccabunga)
Carnation Sedge (Carex panicea)
Common Marsh Bedstraw (Galium palustre) 
Devil’s-bit Scabious (Succisa pratensis)
Fiorin (Agrostis stolonifera)
Greater Tussock Sedge (Carex paniculata) 
Marsh Arrow-grass (Triglochin palustris)
Marsh Pennywort (Hydrocotyle vulgaris) 
Purging Flax (Linum catharticum)
Purple Moor Grass (Molinia caerulea) 
Sharp-flowered Rush (Juncus acutiflorus)
Water Cress (Nasturtium officinale)
Water Forget-me-not (Myosotis scorpioides) 
Water Mint (Mentha aquatica)
Yellow Flag Iris (Iris pseudacorus)

Ref: 84.307.0/W P/ REDLOP1 jtO  1



Class 4: M oderately Sensitive Plants,
Water table -5 to -10 cm

Plants of National Scale Conservation Interest

Cowbane (Cicuta virosa)
Marsh H elleborine (Epipactis palustris)
Tufted Sedge (Carex elata)

Plants of Regional Scale Conservation Interest

Blunt-flowered Rush (Juncus subnodulosus) 
Brown Sedge (Carex disticha)
Fragrant Orchid (Gymnadenia conopsea) 
Meadow Thistle (Cirsium dissectum)
Water Avens (Geum rivale)

Others

Com m on Quaking Grass (Briza media) 
Com m on Reed (Phragmites australis)
Com m on Spotted O rchid (Dactylorhiza fuchsii) 
Gipsywort (Lycopus europaeus)
Great Hairy W illowherb (Epilobium hirsutum ) 
Hairy Sedge (Carex hirta)
Hem p Agrimony (Eupatorium  cannabinum ) 
Large Bird’s Foot Trefoil (Lotus uliginosus) 
Marsh Valerian (Valeriana dioica)
Meadowsweet (Filipendula ulmaria)
Ragged Robin (Lychnis flos-cuculi)
Red Fescue (Festuca rubra)
Reed Canary-grass (Phalaris arundinacea)
Soft Rush (Juncus effusus)
Sweet Vernal Grass (Anthoxanthum odoratum ) 
Tormentil (Potentilla erecta)
Valerian (Valeriana officinalis)
Wild Angelica (Angelica sylvestris)
Yorkshire Fog (Holcus lanatus)

Ref: 84.307.0/WP/REDLOPI.AOI



Class 5: Tolerant Plants
Water table at least -10 cm

Only plants of interest are listed:

Plants o f National Scale Conservation Interest

Green-winged Orchid (Orchis morio)
Saw Sedge (Cladium m ariscus)

Plants of Regional Scale Conservation Interest

Cowslip (Primula veris)
Small Scabious (Scabiosa columbaria)*

Excluded from Plants of Conservation Interest, Matrix 2

Ref: 84. J07.0/WP/REDLQP 1 A O  1



Plant Communities of Conservation Im portance, 
National Vegetation Classification

Rare or highly localised com m unities identified as importance by the Nature
Conservancy Council (1989)

Topogenous fens

Community

52 4  Pbragmites australis - Peucedanum  
palustre  fen  (Peucedano- 
Phragm itetum  australis p.p. and 
Ca rice turn Paniculatae 
peuccd anetosum )

M9 Carex rostrata -
CaUiergon cuspidatnm  m ire 
(Acrocladio-Caricetum  diandrae p.p. 
and Peucedano-phragm itetum  
caricetosum  p.p.)

Swamp com m unities

D e scr ip tio n

Composed o f tall m onocotyledons (eg. 
Pbragtniles and Cladium ) and herbaceous 
dicotyledons with a low er layer of sedges 
and rushes and a patchy bryophyte layer. 
G enerally species-rich  (24 ).

Medium to  tall fen vegetation, often 
species-rich, typically dom inated by such 
species as C. rostrata C. diandra. C. 
lasiocarpa and Eriopborutn angtistifnlinm. 
Som etim es th ere is patchy Ctadium and/or 
Pbraginites. Bryophytes. particularly 
Calliergon species, are conspicuous. 
Species-rich ness very variable (25).

Habitat c o n d it io n s  a n d  ra n g e

Associated with flood -p lain  fen s  in 
England, especially in B road lan d , w h ere it 
o ccu p ies an in term ed iate  zone betw een 
sw am p and carr. pH, b icarbo n ate and 
calciu m  all m oderate (pH 5-5-<>-9)- Mean 
w ater levels are low, though w inter 
flooding  occurs. Fertility  is m od erate; S24b  
is higher.

In northern and w estern Britain  m ainly 
associated with basin  fens, w hilst in th e 
sou th  often hydroserai w ithin flood-plain  
or even valley fen s (but usually associated 
w ith topogenous hollow s). Calcium  and 
bicarbonate values are usually low and pH 
m oderate. Mean w ater level is high. Low 
fertilities are associated with optim al 
com munity d ev elop m en t.

S I Carex elata swamp Vegetation dom inated by C. elata tussocks 
with som e ta ller herbaceou s dicotyledons. 
Generally species-poor (1 2 ). Found with 
S2 and S27.

Associaled with op en  w ater transition s, 
m esotrophic to i-u lrophic. shallow  pools 
an d  turf-cutting, only  in west N orfolk. 
C um bria and Anglesey. pH range 5-5*7.2 
(N orfolk). Water levels up to + 4 0  cm.

S2 Cladium m a n  sc us swamp and
sedge-beds
(Cladium m arisci)

c/jj^i/j/i-domtnated vegetation. Pure 
stands com m on and no o th er species 
frequent. Species-poor (7 ). Associate with 
S I and S4 in East Anglia and S27 in NW 
England

Found in open w ater tran sitio n , flood-plain  
an d  especially basin  fens. Usually 
calcareous and base-rich . Shallow  san d in g  
w ater tables. T o leran t o f th e range -15 to 
+ 40cm . Local in clu d in g  Anglesey. N orfolk, 
C h esh ire  and Cum bria.

Soligenous fens

M )3 Scboenus nigricans •
Juncus subnodulosus m ire 
(Schoeno-Ju ncetu m  subnodulosi 

P P )

This vegetation is usually distinguished hv 
both S. nigricans and J. snbitodnlosns and 
a wide range o f  low-growing associates. 
Pbragittites, Molinia and som etim es 
Ciadium may be im portant, the com m unity 
has a high m ean species-rich  ness (27). 
W hen occurring as a hydroserai stage in 
turf<urtings it grades in to  S24 and S25.

Predominantly found in solig en o u s m ires 
(valley and spring fen s) on a w ide range o f  
soil types and g eological strata in low land 
England and W ales. It is usually associated  
w ith high base-rich n ess, w ater pH (6 .5 -8 .0 ) 
and calcium co n cen tra tio n , though high 
base-richness does not see n  to  be a 
prerequisite. Sum m er water levels range 
from  low to high, though m oderate to high 
lev els without stagnation  ap p ear to be 
optim al. Siles have a low productivity.

M14 Scboenus nigricans -
Nartbetium ossifragum  m ire 
(Schoeno-ju ncetum  subnodulosi 
ericetorum  p .p .)

S. nigricans is usually dom inant, with 
Molinia generally  abundant and bryophytcs 
variable in cover. Regarded as poor fen.

Characteristic o f so iig en ou s zo nes in valleys 
on peats or m ineral so ils  irrigated by only 
moderately base-rich and slightly calcareo u s 
w ater, pi I 5-6. C alcium  levels 5-35  mg/l. 
So far recorded from  SW England and west 
Norfolk.

Ref: 84.307.0/WP/REDLOP1.AO1



C o m m u n ity D e s c r ip t io n H abitat c o n d i t i o n s  a n d  r a n g e

M21 Nartbecium ossifragutn Carpels of Spbagiia are characteristic with
Sphagnum papiUosum valley mire sc;utered herbs and sub-shrubs. O f

m edium  species-richness (1 4 ). Associated 
with M29 water-tracks and M14 flushed 
zones and often grades into M 16 wet 
heath. Regarded as poor fen.

Fen meadow

i\ loca l community o f perm anently  
waterlogged, acid , o ligotroph ic peats in th e 
low lands of England and W ales, m ainly  in 
the south. Waters base-poor and n utrien t- 
poor. with pH 3 .5 -4 .5 . Peat d ep th s o ften  
q u ite  shallow (2 0 -1 5 0  cm ).

M22 Juncus subnodulasus -
Cirsium palustre  fen-m eadow  
(R ich-fen  meadows p.p)

Variable but usually dom inated by a range 
o f grasses, rushes (especially Juncus  
subnodulosus) and sedges (eg. Carex 
acutiformis and C. disticba). Species 
richn ess variable. Regarded as rich fen- 
meadow.

Found in a wide variety o f situations both 
topogenous and solig en o u s, on various soil 
types and geology (though usually on ch alk  
or lim estone) in England and W ales. 
G enerally pH, b icarbonate and calcium  
levels are high. W ater level is variable. 
Fertility values m oderate.

M22c Carex elata sub-com m unity  
occurs m ostly in East Anglia as local 
small stands in lop ogen ous m ires.

M22d Iris pseudacorus  sub- 
community is som ew hat m ore 
widespread but still local in 
England; stands may be larger.

M26 Molinia caerulea -
Crepis paludosa mire 
Carex nigra ■ Sanguisorba 
officinalis com m unity

Moliiiia and o ften  Carex nigra form 
tussocks. Herbs are quite frequent, both 
tall and short-growing species

A very local com m unity  o f moist, 
moderately base-rich and calcareous peats 
and peaty mineral soils in both topogenous 
and soligenous inires in th e n orth ern  
P en n ines And l.ake District. Prefers a 
d eg ree of substrate aeration  even though ii 
may b e  flooded in the winter.

Fen woodland

W 2 Salix cinerea -
Be tula pubescens ■
Pbragmites australis woodland

Canopy o f S. cinerea, B. pubescens and 
Alnus gliiiinosa. Ground flora related to 
previous com munity, from which th is has 
developed.

Found on topogenous sites, particularly 
flood-plain mires. Most exten sive ex am p les 
in East Anglia and around th e C h esh ire  
and Shropshire m ires.

84.307.0/WP/ REDLOP1 .AO 1



Plant Communities o f Conservation Im portance, CORINE Classification
listed in EC Directive 92/43/EEC 

The sign indicates priority habitat types

Dry Heaths 31-2

CORINE
Biotype

C31 2251

C31 2251

C31 2251

D escription Habitat

East Anglian Calluna-Fesuca heath Heath

East Anglian Calluna-Fesuca heath Relict heath

Lowland Calluna-Fesuca heath Damp heath

Approximate 
NVC Type

H lc

H lb

H lb

Semi-natural dry grasslands

Description

34.32

CORINE
Biotype

C34.3216

C 34.32161

Tall ca lcareo u s grassland

Southern English tall grassland

Habitat

Chalk
grassland

Chalk
grassland

Approximate 
NVC Type

CG3b

CC6a

Sem i-natural ta ll-h erb  hum id m eadow  37-31  

D escriptionCORINE
Biotype

C37.31 Purple moorgrass meadow

Habitat

Short-fen

Approximate 
NVC Type

M24

Mesophlle grasslands

Description

38.2

CORINE
Biotype

C38.22

C38.22

Habitat

Lowland hay meadow: Arrhenatherion Calcareous grassland

Mesophile grassland: M esotrophic grassland
lowland hay meadow

Approximate 
NVC Type

MG la

MG1

C alcareous fen s w ith Cladium marisais *53-3 

DescriptionCORINE
Biotype

C53.3

C53-3

Fen Cladiu 111 beds 

Fen Cladium beds

'? >

Habitat

Tall Ten 

Tall fen

Approximate 
iNVC Type

S 2

S2b

Ref: 84.JO7 .O/WP/REDLOPI.AOI



Alkaline Tens 54.2

CORINE
Biotype

C54.21

C54.21

C54.21

C54.21

Description

Calcareous Schoenus nigricans

Calcareous Schoenus nigricans

Calcareous Schoenus nigricans

Tall herb fen: Phragmites - 
Eupatorium fen

Habitat

Calcareous fen 

Marshy grassland 

Fen grassland 

Tall fen

Approximate 
NVC Type

M13

Ml 3a

M l3b

S25

Ret: 84.J07.Q,rw?/tlEDLOPlJ\Ol
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APPENDIX D: Plant Communities at Wetland Sites

Site Habitat Code Habitat NVC
Type

NVC
D escription

D escription

B lo ’Norton & 
Thelnetham Fens

BNTF1 Calcareous valley 
Ten

M13a Schoenus nigricans-Juncus subnodulosus; 
Subcommunity: Festuca rubra-Juncus 
acutifolius

Calcareous Schoenus 
nigricans - rich fen

BNTF2 Drying habitat M27b Filipendula vulgaris-Angelica sylvestris Meadowsweet grassland

BNTF3 Woodland & scrub W6a Alnus glutinosa-Urtica dioica wood Mesoeutrophic alder

Bressingham Fen BF1 Swamp carr W2a Salix cinerea-Betula pubescens-Phragmites 
australis carr

Sallow scrub

BF2 Drying habitat W6a Alnus glutinosa-Unica dioica wood; 
Subcommunity: typical

Meso-eutrophic alder

"Bugg’s Hole Fen, 
Thclneiham "

BH1T1 Fen grassland Ml 3b Schoenus nigricans-.!uncus subnodulosus; 
Subcommunity: Briza mcdia-Pinguicula 
vulgaris

Calcareous schoenus nigricans

BHFT2 Marshy grassland Ml 3a Schoenus nigricans-luncus subnodulosus; 
Subcommunity: Festuca rubra-Juncus 
acutifoiius

Calcareous Schoenus 
nigricans

BHFT3 'Fall fen S2b Cladium mariscus swamp; Subcommunity: 
Menyanthes trifoliata

Fen Cladium beds

Copinces I'cn CE'l Tall fen S'ia Phragmitcs reed bed; Subcommunity: 
Phragmites australis

Phragmitcs reed bed

CF2 Unimproved
grassland

MG9b Mesotrophic grassland:Holcus 
lanatus-Deschampsia cespitosa

Deschampsia cespitosa 
meadow

CF3 Scrub W21c Crataegus monogyna-Hedera helix scrub Hawthorn scrub

84.307.0/WP/FENAPP-D.TAB



APPENDIX D: Plant Communities at Wetland Sites (Cont’d)

Site Habitat Code Habitat rvvc
Type

NVC
D escription

D escription

East Harling 
Common

EHC1 Deep permanent 
mere

A10 Polygonum amphibium Rooted floating

EHC2 Fen SI Carex elata swamp Carex elata beds

EHC3 Acid fen M4 Carex rostrata-Sphagnum recurva Acidic Carex rostrata

EHC4 Chalk grassland CG6a Dry calcareous grassland: Avenula pubescens Southern English tall 
mesobromion

EHC5 Reed S28 Phalaris arundinacca fen Phalaris arundinacea beds

EIIC6 Woodland W6e Alnus glutinnsa-Urtica dioica wood; 
Subcommunity: Detula pubcscens

AJnus glutinosa woods

"Gypsy Camp
Meadows,
Thrandcsion”

GCMT1 Base-rich marsh S7 Carex acutiformis swamp Carex acuta/acutifonuis

GCMT2 Wet alluvial 
meadow

S22 Glyceria fluitans water margin Glyceria water margin

GCMT3 Water meadow MG7c Lolium perenne flood pasture; 
Subcommunity: Loliuin-Alopccurus-Fcstuca 
pratensis

Mesophilc grassland: 
unbroken pasture: ryegrass 
pasture

CCMT4 Diiches SH c Sparganium erectum swamp; Subcommunity: 
Menthn aquatica

Sparganium erectum beds

GCMT5 Grassland MG69 Mesotrophic grassland: Loliuin 
perenne-Cynosurus cristatus

Mesophile grassland: 
unbroken pasture: ryegrass 
pasture

Hay Fen insufficient data 
it) d e s c r i b e  
vegetation types

nd n.d. n.d. n.d.

84.307.0/WP/FENAPP-U.TAB



APPENDIX D: Plant Communities at Wetland Sites (Cont’d)

Site Habitat Code Habitat NVC
Type

NVC
D escription

D escription

Hopton Fen HF1 Reed fen S25 Phragmites-Cupatorium fen Tall-herb fens

HF2 Seepage areas S3 Carex paniculata swamp l^rge Carex beds:Greater 
tussock sedge tussocks

HF3 Scrub W1 Salix cinerea-Galium palustre wood Sallow scrub

Horse Fen HI Woodland W6 Alnus glutinosa-Urtica dioica wood Meso-eutrophic alder

H2 Scrub W6d Alnus glutinosa-Urtica dioica wood; 
Subcommunity: Sambucus nigra

Alnus glutinosa wood

KcnninghaU & 
Banham Fens with 
Quidenham Mere

KJiFl Chalk grassland CG3b Tall Bromus erectus; Subcommunity: 
Centaurea nigra

Tall mesobroinion calcareous 
grassland

KJ5F2 Fen M13 Schoenus nigricans-)uncus subnodulosus Calcareous Schoenus 
nigricans

KBF3 Tall fen S2b Cladium mariscus swamp; Subcommunity: 
Menyanthes trifoliata

Fen Cladium beds

KJilM Merc S8 Scirpus lacustris swamp Common clubrush beds

KBF5 Unman aged tall fen S5a Glyceria maxima swamp Glyceria maxima rcedbed

KBF6 Carr woodland W8a Fraxinus excelsior-Accr campestris-Mercurialis 
perennis; Subcom m unity: Primula 
viilgaris-Glcchom a hederaceus

British ash-fietd 
maple-mercury wood

Middle Harling Fen MHF1 Calcareous
grassland

MGla Mesophile grassland: Arrhenatherum elatius; 
Subcommunity: Festuca rubra

Lowland hay meadow: 
Arrhenatherion

MHF2 Unimproved neutral 
grassland

MG11 Mesophile grassland: Festuca rubra-Agrostis 
stolon ifera-Potent ilia anserina

Grassy flood swards

MHF3 Calcareous fen M13 Schoenus nigricans-Juncus subnodulosus Calcareous Schoenus 
nigricans

84.307 0/UT/FENAPP-D.TAB



APPENDIX D: Plant Communities at Wetland Sites (Cont’d)

Site Habitat Code Habitat NVC
Type

NVC
D escription

D escription

Middle Harling Fen 
(C ont’d)

MHF4 Carr woodland: no 
species information 
available

insufficient data 
to calculate 

vegetation types

n.d. n.d.

Redgrave & Lopham 
Fens

RLF1 Woodland insufficient data 
to calculate 

vegetation types

n.d n.d

RLFZ Fen grassland M13 Schoenus nigricans-Juncus subnodulosus Calcareous Schoenus 
nigricans

RLF3 Mixed fen S2 Cladiuin mariscus swamp Fen Cladium beds

RUM Damp heath 111b Calluna-Festuca ovina heath Lowland Calluna-Fcstuca 
heath

RLF5 Tall fen S25 Tall-herb fen Tall herb
fenrPhragmitcs-Cupatorium
fen

RLI:6 Lentic A l.lb Potamogeton peciinatus-Myriophyllum 
spicatum

Rooted submerged

RLF7 Pools A24a Juncus bulbosus; Subconimuiiity: Uiricularia 
vulgaris

Sphagnum-Utricularia pools

River Willie KW1 Scrub W25a Ptcridium aquilinum-Rubus fruticosus 
underscrub

Acid-soil bramble thicket

RW2 Fen grassland M27 Filipendula ulmaria-Angelica sylvesiris Meadowsweet grassland

RW3 Unimproved
grassland

M27 Filipendula ulmaria-Angelica sylvestris Meadowsweet grassland

RW4 Woodland W6a Alnus glutinosa-Urtica dioica wood Meso-eutrophic alder

8 4 .307.0/WP/ FENAPP-D.TAB



APPENDIX D: Plant Communities at Wetland Sites (Cont’d)

Site Habitat Code Habitat NVC
Type

NVC
D escription

D escription

Roydon Fen RF1 Tall fen S2 Cladium mariscus swamp Fen Cladium beds

RF2 Short-fen M25 Molinia-Potentilla erecta mire Purple moorgrass meadow

RF3 Scrub W2a Salix cinerea-Betula pubescens-Phragmites 
australis; Subcommunity: AJnus 
glutinosa-Filipendula ulmaria

Mire willow scrub

RF4 Woodland W6 Alnus glutinosa-Urtica dioica wood Meso-eutrophic alder

Weston Fen WF1 Tall fen S2b Cladium mariscus swamp Fen Cladium beds

\xa:2 Eutrophic fen SI 2 Typha latifolia swamp Reedmace beds

w i:3 T:i11 fen grasslands M27c Hlipendula vulgaris-Angelica sylvestris; 
Subcommunity: Juncus effusus-Holcus lanatus

Meadowsweet grassland

WF4 Damp neutral 
grassla nds

MGla Mesotrophic grassland: Arrhenaiherum 
claiius; Subcommunity: Festuca rubra

Mesophilc grassland: lowland 
hay meadow: Arrhenatherion

WF5 Relict heath m b Calluna*Festuca ovina heath East Anglian Calluna-Fcstuca 
heath

WI-6 Wet hollows S3 Carex paniculata swamp Carex appropinquata etc. beds

WF7 Secondary 
woodland and 
scrub

W6e Alnus glutinosa-Urtica dioica wood; 
Subcommunity: Betula pubcsccns

Alnus glutinosa wood

Wortham Ling WL1 Heath H lc Calluna-Festuca ovina heath £ast Anglian Calluna-Fcstuca 
heath

WL2 Dry acid grassland Uld Festuca ovina-Rumex acetosella-Agrostis 
capillaris; Subcommunity: Amhoxanthum 
odoratum-Lotus com iculatus

Perennial open siliceous 
grassland

WL3 Mesotrophic
grassland

MG1 Arrhenatherum elatius Mesophile grassland: lowland 
hay meadow: Arrhenatherion

8-i.M>7.0/\rp/ri;NAPP-O.TAB



Groundwater Catchment Water Balances

APPENDIX E

Ref: 84.307.0/WP/REDLOP1.AO1



REDGRAVE & LCPHAM FEN

CATCHMENT WATER BALANCES
Based on NRA Anglian Region *1992 Groundwater Balances Review* lor the purposes of Internet water resource planning

Development Option: DO NOTHING

Resources River Need Abstractions & Nominal Suiplus
Groundwater
Catchment

1

Gross
Resource

(tcmd)
2

Effective
Resource

(tcmd)
3

Qroes Environments 
Full
AJ location

(tcmd)
4

Allocation 
Limited to 
50% Gross 
Resource Change

5

Net Reliable 
Effluent minus 
Unconsfralned 
Abstractions 

(tcmd)
8

Groundwater 
Allocation to 
River

(tcmd)
7 - 4 -6

Ai location with 
50% Gross 
Resource 
Change 

(tcmd) 
a - 5-0

Total
Abstractor
•2

(tcmd)
9

Balance
Nominally
Available

(tcmd) 
10=3-(7+9)

Balance Nominally 
Available with Environmental 
Limited to 50% Gross Resource 
Change

(tcmd)
11 *>3-(8+0)

Fraction of proposed 
Borehole Catchment 
within Groundwater 
Catchment *1

12

Balance Nominally 
Available wtth 
Proposed Development 
Option

(tcmd)
13-10-(3«tcmd*12)

Little Ouse
(Unit 9 Cambs. Chalk)

263.4 210.8 138.7 131.7 13.5 125.2 118.2 79.8 5.8 12.8 0.50 4.0

Wavonay
(Wweney Chalk 34/16)

21.9 17.5 5.7 3.4 2.3 9.9 5.3 0.50 3.5

Notes
NA not applicable
*1 Assuming a borehole catch mentaree of 28 km2 (equivalent to inflttralon rate of 47 mm/yr)
*2 The total abstraction for Unit 9 Cambs. Chalk given In NRA Groundwater Balances Review (1882) is 83.4 tcmd and includes the Redgrave source



REDGRAVE & L CP HAM FEN

CATCHMENT WATER BALANCES
Based on NRA Anglian Region "1992 Groundwater Balances Review" for the purposes erf Internal water resource planning

Development Option: NCRTH LCPHAM

Resources River Need Abstractions & Nominal Surplus
Groundwater
Catchment

1

Gross
Resource

(tcmd)
2

Effective
Resource

(tcmd)
3

Gross Environ meflta 
Full
Allocation

(tcmd)
4

Allocation 
limited to 
50% Gross 
Resource Change

5

Net Reliable 
Effluent minus 
Unconstained 
Abstractions 

(tcmd)
e

Groundwater 
Allocation to 
River

(tcmd) 
7 -4 -a

Allocation wtth 
50% Gross 
Resource 
Change 

(tcmd) 
e*5-e

Total
Abstraction
*2

(tcmd)
8

Balance
Nominally
Available

(tcmd)
10-3-(7+B)

Balance Nominally 
Available with Environmental 
Limited to 50% Gross Resource 
Change

(tcmd)
11 **3-(8+9)

Fraction of proposed 
Borehole Catchment 
wtth In Groundwater 
Catchment *1

12

Balance Nominally 
Available with 
Proposed Development 
Option

(tcmd)
13-10-(3.8tcmd‘ 12)

Little Ouse
(Unit 9 Cambs. Chatty

263.4 210.B 138.7 131.7 13.5 125.2 118.2 79.8 5.8 12.8 0.32 4.8

Wweney
(Waveney Chalk 34/19)

21.8 17.5 5.7 3.4 2.3 8.9 5.3 0.30 4.2

Thet
(Unit 9 Cambs. Chalk)

Included In Little Ouse balance above

Witte
(Unit B Cambs. Chalk)

Included in Little Ouse balance above

Notes
NA not applicable
*1 Assuming a borehole catchment area of 28 km3 (equivalent to Infiltration rate of 47 mm/yr)
*2 The total abstraction for Unit B Cambs. Chalk given In NRA Groundwater Balances Review (1992) Is S3.4 tcmd and Indudes the Redgrave source



REDGRAVE & LCPHAM FEN

CATCHMENT WATER BALANCES
Baa ad on NRA Anglian Region *1982 Groundwater Balances Review’ lor the purposes of internal water resource planning

Development Option: MELUS OPTION 1 (AT SITE TM 08 76)

Resources River Need Abstractions & Nominal Surplus
Groundwater
Catchment

1

Gross
Resource

(tcmd)
2

Effective
Resource

(tcmd)
3

Gross Environments 
Fun
Allocation

(tcmd)
4

Allocation 
Limited to 
50% Gross 
Resource Change

5

Net Reliable 
Effluent minus 
Unconslrained 
Abstractions 

(tcmd)
6

Groundwater 
Allocation to 
River

(tcmd)
7 * 4 -8

Allocation wtth 
50% Gross 
Resource 
Change 

(tcmd) 
8 - 5 -0

Total
Abstractor
•2

(tcmd)
9

Balance
Nominally
Available

(tcmd)
10 >• 3-(7+9)

Balance Nominally 
Available with Environmental 
Limited to 50% Gross Resource 
Change

(tcrnd)
11 -3-(8+9)

Fraction of proposed 
Borehole Catchment 
within Groundwater 
Catchment *1

12

Balance Nominally 
Available with 
Proposed Development 
Option

(tcmd)
13-10-(3fitcmd*12)

UttJeOuso
(Unit B Cambs. Chalk)

263.4 210.8 138.7 131.7 13.5 125.2 118.2 79.8 5.8 12.8 0.54 3 9

Waveney
(Wav on ay Chalk 34/16)

21 .B 17.5 5.7 34 2.3 9.9 5.3 0.32 4.1

Dove
(Waveney Chalk 34/17)

29.9 23.9 8.0 3.1 4.9 15.2 3.8 0.14 3.3

Notes
NA not applicable
*1 Assuming a borehole catchment area of 28 km2 (equivalent to Infiltration rate of 47 mm/yr)
•2 The total abstraction for Unit 9 Cambs. Chalk given in NRA Ground water Balances Review (1992) Is 83.4 tcmd and Includes the Redgrave source



REDGRAVE & LCPHAM FEN

CATCHMENT WATER BALANCES
Based on NRA Anglian Region *1882 Groundwater Balances Review* ftx the purposes of internal water resource planning

Development Option; MELUS OPTION 2 (AT SITE 'B’)

Resources River Need Abstractions & Nominal Suiplus
Ground watar 
Catchment

i

Gross
Resource

(tcmd)
2

Effective
Resource

(tcmd)
3

Gross Environments 
Full
Allocation

(tcmd)
4

Allocation 
Limited Id  
50% Gross 
Resource Change

5

Net Reliable 
Effluent minus 
Unconstalned 
Abstractions 

(tcmd)
6

Groundwater 
Allocation to 
River

(tcmd)
7 - 4 - 6

Allocation with 
50% Gross 
Resource 
Change 

(tcmd) 
0 - 5 -0

Total
Abstractor
*2

(tcmd)
9

Balance
Nominally
Available

(tcmd) 
10-3-(7+9)

Balance Nominally 
Available with Environment 
Limited to 50% Gross Resource 
Change

(tcmcl)
11»3-{B+9)

Fraction of proposed 
Borehote Catch ment 
within Groundwater 
Catchment *1

12

Balance Nominally 
Available wtth 
Proposed Development 
Option

(tcmd)
13-i0-(36tcm d*12)

Lima Ouse
(Unit 8 Cambs. Chalk)

263.4 210 8 138.7 131.7 13.5 125 2 118.2 79.8 5.6 12.0 0.43 4.3

Waveney
(Waveney Chalk 34/10)

21.8 17.5 5.7 3.4 2.3 9.9 5.3 0.57 3.2

Notes
NA not applicable
*1 Assuming a borehole catchment area of 28 km* (equtalent to Infffljalon rate of 47 mm/yr)
*2 The total abstraction for Unit D Cambs. Chalk given In NRA Groundwater Balances Review (1892) is B3.4tcmd and Includes the Redgrave source



REDGRAVE & LCPHAM FEN

CATCHMENT WATER BALANCES
Based on NRA Anglian Region *1882 Groundwater Balances Rwtew* for the purposes of internal water resource planning

Development Option: MEUJS OPTION 3 (COMBINATION OF OPTIONS 1 AND 2 AT SITE TM 08 78 AND SITE 'B')

Resources River Need Abstractions & Nominal Surplus
Groundwater
Catchment

1

Gross
Resource

(tcmd)
2

Effective
Resource

(tcmd)
3

Gross Environments 
Full
Allocation

(tcmd)
4

Allocation 
Limited to 
50% Gross 
Resource Change

5

Net Reliable 
Effluent minus 
Unconstrained 
Abstractions 

(tcmd)
8

Groundwater 
Allocation to 
River

(tcmd)
7 - 4 -8

Allocation wtth 
50% Gross 
Resource 
Change 

(tcmd) 
0 - 5 -6

Total
Abstraction
*2

(tcmd)
8

Balance
Nominally
Available

{tcmd) 
1 0 -3 —(7+9)

Balance Nominally 
Available wtth Environmental 
Limited to 50% Gross Resource 
Change

(tcmd)
11 - 3 —(8+8)

Fraction of proposed 
Borehole Catchment 
within Groundwater 
Catchment *1

12

Batanoe Nominally 
Available wtth 
Proposed Development 
Option

(temd)
13- 10-(3.8tcmd*12)

Little Ouse
(Unit 9 Cambs. Chalk)

283.4 210.8 138.7 131.7 13.5 12S.2 118.2 79.8 58 12.6 0.48 4.1

Waveney
(Woven oy Chalk 34/18)

21.9 17.S 5,7 3.4 2.3 9.8 5.3 0.45 3.7

Dove
(Waveney Chalk 34/17)

29.8 23 9 8.0 3.1 4.8 15.2 3.8 0.07 3.5

Notes
N A not applicable
*1 Assuming a  combined borehole catchment area of 28 km» i.e. 14 km* tor each site (equivalent to Infiltration rate of 47 mrn/yi)
*2 The total ab straction tor Unit 8 Cambs. Chalk given In NRA Groundwater Balances Review (1892) Is 83,4 tcmd and Indudes the Redgrave source



REDGRAVE & LOPHAM FEN

CATCHMENT WATER BALANCES
Based on NRA Anglian Region *1992 Groundwater Balances Review* for the purposes al internal water resource planning

Deretop ment Option: WETHB ÎNGSETT

Resources River Need Abstractions & Nominal Surplus
Groundwater
Catchment

1

Gross
Resource

(tcmd)
2

Effective
Resource

(tcmd)
3

Gross Environ menta 
Full
Allocation

(tcmd)
4

Allocation 
Limited to 
50% Gross 
Resource Change

5

Net Reliable 
Effluent minus 
Unconsfralned 
Abstractions 

(tcmd)
6

Groundwater 
Allocation to 
River

(tcmd)
7 - 4 -a

Allocation wtth 
50% Gross 
Resource 
Change 

(tcmd) 
0 - 5 -6

Total
Abstractor

(tcmd)
8

Balance
Nominally
Available

(tcmd) 
10 -3-(7+9)

Balance Nominally 
Available with Environ mental 
Limited to 50% Gross Resource 
Change

(tcmd)
11 - 3 —(0+Q)

Fraction of proposed 
Borehole Catchment 
within Groundwater 
Catchment *1

12

Balance Nominally 
Available wtth 
Proposed Development 
Option

(tcmd)
13-10-(3.etcmd*12)

Deben
(Deben Chalk 35/06)

25.5 20.4 8.2 1.0 7,2 9.6 3.5 0.32 2.3

Gipping
(Gipping Chalk 35/08)

57.7 46.2 ie.e 12.2 4.7 45.9 -4.4 0.00 -4.4

Dove
(Wai/eney Chalk 34/17)

29.9 23.9 60 3.1 4.8 15.2 3.6 0.68 1.4

Notes
NA not applicable
*1 Assuming a borehole catchment area of 28 km3 (equivalent to Infiltration rate of 47 mm/yr)



Hydrogeological Summary for Each Developm ent Option 
- includes drawdown estimates, geological section, 

and listing o f groundwater abstraction licenses and unlicensed sources affected.

APPENDIX F

Re I: 84.JO7.0/WP/J122/KEDLOPI.AO2



DO-NOTHING OPTION

&4.307.0/WP/RED1.0P 1 .AO 1



REDGRAVE AND LOPHAM FEN

Abstraction Well Name: REDGRAVE 
Observation Well Name:
Observation Well Name:
Rest Water Level (RWL) =  NA mBGL

ESTIMATE OF THE ZONE OF INFLUENCE ASSUMING THE AQUIFER IS LEAKY
Using DeGlee's method where Ko is a function of (r/L) and is found from tables

Discharge Transmissivity r L r/L Index Index Index Index Ko(r/L) sm
Position Position Value Value

(m3/day) (m2/day) (m) (m) Above Below Above Below (m)

3600 990 50 2087 0.024 1 2 4.028 3.623 3.868 2.24
3600 990 100 2087 0.048 3 4 3.336 3.114 3.160 1.83
3600 990 200 2087 0.096 8 9 2.531 2.427 2.470 1.43
3600 990 300 2087 0.144 9 10 2.427 1.753 2.132 1.23
3600 990 360 2087 0.172 9 10 2.427 1.753 1.938 1.12
3600 990 400 2087 0.192 9 10 2.427 1.753 1.809 1.05
3600 990 500 2087 0.24 10 11 1.753 1.372 1.602 0.93
3600 990 1000 2087 0.479 12 13 1.114 0.924 0.964 0.56
3600 990 2000 2087 0.958 17 18 0.487 0.421 0.449 0.26
3600 990 3000 2087 1.437 18 19 0.421 0.214 0.240 0.14
3600 990 4000 2087 1.917 19 20 0.214 0.114 0.131 0.08
3600 990 5000 2087 2.396 20 21 0.114 0.062 0.073 0.04
3600 990 6000 2087 2.875 21 22 0.0623 0.035 0.042 0.02
3600 990 7000 2087 3.354 22 23 0.0347 0.02 0.024 0.01
3600 990 8000 2087 3.833 23 24 0.0196 0.011 0.014 0.01
3600 990 9000 2087 4.312 24 25 0.0112 0.006 0.008 0.00
3600 990 10000 2087 4.792 25 26 0.0064 0.004 0.005 0.00
3600 990 20000 2087 9.583 26 27 0.0037 0 0.004 0.00



APPENDIX F

Licences Affected

Option: Do Nothing

Licence No. Distance
(m)

Licensed Amount 
(m3/day)

Additional 
Drawdown (m)

No licences affected

8 4 .3 0 7 .0/WP/REDAPP.F



UNLICENSED SOURCES T O  BE INCLUDED AS AN ADDENDUM

A T A LATER DATE

Rel: 84.307.0/WT/3122/REDLOP1.AO2



N OR TH  LOPHAM  OPTIO N

84.307.0/ 3122/WP/RED LOP 1.A02
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NORTH LOPHAM OPTION

+ 60 n

LEGEND

River Wittle
North Lopham 

Proposed 
Borehole Site 
(offset 1km)

Kenninghall Heath

Redgrave and
Lopham Fen

River Waveney

Borehole 
(08  NW 22)

Lodge Farm 
Borehole 

(08 SW 25)

Bridge Farm 
Borehole 

(08  SW 26)
250m  WSW Borehole 
of section (0 7  NE 23) 

250m  WSW

Pond Farm 
Borehole 

(07  NE 28)

— h60

Peat: Peat and clayey peat

Drift: Including glacial sand 
and gravel, silt, clay

Boulder cloy

Crag

Upper chalk

1976 Chalk piezometric level

1000 2000 3000m

Horizontal Scale
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I
REDGRAVE AND LOPHAM FEN

ESTIMATE OF THE ZONE OF INFLUENCE ASSUMING THE AQUIFER IS LEAKY
Using DeGlee’s method for steady state flow where Ko is a function of (r/L) and is found from tables

Abstraction Well Name: 
Observation Well Name: 
Observation Well Name: 
Rest Water Level (RWL) = 
Discharge = 
Transmissivity =

NORTH LOPHAM 
MAIN (main observation well for upto 500m)

20.93 mBGL 
3600 (m3/day) 

238 (mz/day)

Discharge Transmissivity r L r/L index Index Index Index Ko(r/L) sm
Position Position Value Value

(m3/day) (m2/day) (m) (m) Above Below Above Below (m)

3600 238 50 1580 0.032 2 3 3.623 3.336 3.576 8.61
3600 238 100 1580 0.063 5 6 2.933 2.78 2.883 6.94
3600 238 200 1580 0.127 9 10 2.427 1.753 2.248 5.41
3600 238 237 1580 0.15 9 10 2.427 1.753 2.090 5.03
3600 238 300 1580 0.19 9 10 2.427 1.753 1.821 4.38
3600 238 400 1580 0.253 10 11 1.753 1.372 1.550 3.73
3600 238 500 1580 0.316 11 12 1.372 1.114 1.330 3.20
3600 238 1000 1580 0.633 14 15 0.777 0.66 0.738 1.78
3600 238 2000 1580 1.266 18 19 0.421 0.214 0.311 0.75
3600 238 3000 1580 1.899 19 20 0.214 0.114 0.134 0.32
3600 238 4000 1580 2.532 21 22 0.0623 0.035 0.061 0.15
3600 238 5000 1580 3.165 22 23 0.0347 0.02 0.030 0.07
3600 238 6000 1580 3.797 23 24 0.0196 0.011 0.015 0.04
3600 238 7000 1580 4.43 24 25 0.0112 0.006 0.007 0.02
3600 238 8000 1580 5.063 26 27 0.0037 0 0.004 0.01
3600 238 9000 1580 5.696 26 27 0.0037 0 0.004 0.01
3600 238 10000 1580 6.329 26 27 0.0037 0 0.004 0.01
3600 238 20000 1580 12.66 26 27 0.0037 0 0.004 0.01

i

i
i

i

i

I



APPEN DIX F

Licences A ffected

Option: North Lopham (no river augmentation pumping)

L icen ce  No. D istan ce Licensed  A m ount A dditional
(m ) (m 3/day) D raw d ow n (m )

6/ 33/ 42/ *g/ 074 5 0 0 1 1 ,0 0 0 .0 0 3 -20

7/ M / l6/ *g / 031 8 0 0 1 .1 0 2 .3 5

7 / 34/ l6/ *g / 069 1 6 0 0 1 9 .0 0 1 .16

Option: North Lopham (with river augmentation pumping)

L icen ce No. D istance
(m )

L icensed  A m ount 
(m 3/day)

A dditional 
D raw dow n (in)

7/ 34/ l6/ *g/ 031 8 0 0 1 .1 0 9 .5 2

7/ 34/ l6/ *g / 069 1600 1 .9 0 4 .7 1

6/33/ 42/ *g/ 074 3 4 0 0 1 1 ,0 0 0 .0 0 1 .02

6/33/42/*g/087 3 5 0 0 4 5 .5 0 0 .9 5

7/ 34/ l6/ *g / 070 2 0 0 0 4 1 .0 0 3 .0 4

6/33/ 42/ *g/ 074 3 0 0 0 1 1 ,0 0 0 .0 0 1.31

6/ 33/ 44/ *g / 0I5 3 0 0 0 5 .4 5 1.31

6/ 33/ 44/ *g/ 06l 2 9 0 0 4 .5 5 1.48

6/33/44/ *g/ 207 3 4 0 0 1 3 0 0 .0 0 1.02

6/33/ 44/*g/117 2 3 0 0 2 2 .7 3 2 .5 2

6/33/44/ *g/137 3 1 0 0 1 1 ,0 0 0 .0 0 1.24

6/ 33/44/ *g/137 2 8 0 0 1 1 ,0 0 0 .0 0 1.66

6/33/44/ *g/ 222 2 7 0 0 2 1 1 7 .0 0 1.83

H4.307.0/WP/REDAPP.F



UNLICENSED SOURCES T O  BE INCLUDED AS AN ADDENDUM

A T  A LATER DATE

R tl: 84.307.0/WP/3122/RED LOP 1 A 0 2



WORTHAM/MELLIS OPTIONS

Ref: 84. JO7 .O/WP/REDLOPI j \01
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WORTHAM/MELLIS OPTIONS

Borehole Borehole Borehole
TM07 NE46 TM07 NE43 TM08 SE29
0 9 7 5  7530  0965  7929  0 9 1 7  803 8

River Dove

Borehole 
TM07 SE24 
0840  7255

Borehole 
TM07 NE46 
0975  7530

Hall Farm  
Meadow

R. Waveney

LEGEND

Peat: Peat and clayey peat

Drift: Including glacial sand 
and gravel, silt, clay

Boulder clay

Crag

Upper chalk

1976 Chalk piezometric level

1000 2000 3000m

Horizontal Scale

NOTE: W ortham /M ellis Option 3 is a 
combination of Options 1 and 2
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REDGRAVE AND LOPHAM FEN

Abstraction Well Name: MELUS OPTION 1 AT TM 080 760
Observation Well Name: OBS1 (main observation well for less than 2000m and data for site ’8' beyond 2000m)
Observation Well Name:
Rest Water Level (RWL) = NA mBGL

Discharge Transmissivity r L r/L Index Index Index Index Ko(r/L) sm
Position Position Value Value 

(m3/day) (m2/day) (m) (m) Above Below Above Below (m)

ESTIM ATE OF TH E  ZONE OF INFLUENCE ASSUMING TH E  AQUIFER IS LEAKY
Using DeGlee's method where Ko is a function of (r/L) and is found from tables

3600 282 100 6000 0.017 0 1 4.721 4.028 4.259 8.65
3600 282 200 6000 0.033 2 3 3.623 3.336 3.527 7.17
3600 282 300 6000 0.05 4 5 3.114 2.933 3.114 6.33
3600 282 360 6000 0.06 5 6 2.933 2.78 2.933 5.96
3600 282 400 6000 0.067 5 6 2.933 2.78 2.831 5.75
3600 282 500 6000 0.083 7 8 2.647 2.531 2.608 5.30
3600 282 1000 6000 0.167 9 10 2.427 1.753 1.978 4.02
3600 5000 2000 6000 0.333 11 12 1.372 1.114 1.286 0.15
3600 5000 3000 6000 0.5 13 14 0.924 0.777 0.924 0.11
3600 5000 4000 6000 0.667 14 15 0.777 0.66 0.699 0.08
3600 5000 5000 6000 0.833 16 17 0.565 0.487 0.539 0.06
3600 5000 6000 6000 1 18 19 0.421 0.214 0.421 0.05
3600 5000 7000 6000 1.167 18 19 0.421 0.214 0.352 0.04
3600 5000 8000 6000 1.333 18 19 0.421 0.214 0.283 0.03
3600 5000 9000 6000 1.5 19 20 0.214 0.114 0.214 0.02
3600 5000 10000 6000 1.667 19 20 0.214 0.114 0.181 0.02
3600 5000 20000 6000 3.333 22 23 0.0347 0.02 0.025 0.00



REDGRAVE AND LOPHAM FEN

Abstraction Well Name: MELLIS OPTION 2 AT TM 078 792 AND COINCIDES WITH SOUTHERN SCIENCE SITE ’B’ 
Observation Well Name: USE PUMPING WELL & S VALUES FROM MELLIS C 
Observation Well Name:

ESTIMATE OF THE ZONE OF INFLUENCE ASSUMING THE AQUIFER IS LEAKY
Using DeGlee’s method where Ko is a function of (r/L) and is found from tables

lest Water Level (RWL) = NA mBGL

Discharge Transmissivity r L r/L Index Index Index Index Ko(r/L) sm
Position Position Value Value

(mtyday) (ma/day) (m) (m) Above Below Above Below (m)

3600 5000 100 6000 0.017 0 1 4.721 4.028 4.259 0.49
3600 5000 200 6000 0.033 2 3 3.623 3.336 3.527 0.40
3600 5000 300 6000 0.05 4 5 3.114 2.933 3.114 0.36
3600 5000 360 6000 0.06 5 6 2.933 2.78 2.933 0.34
3600 5000 400 6000 0.067 5 6 2.933 2.78 2.831 0.32
3600 5000 500 6000 0.083 7 8 2.647 2.531 2.608 0.30
3600 5000 800 6000 0.133 9 10 2.427 1.753 2.202 0.25
3600 5000 1000 6000 0.167 9 10 2.427 1.753 1.978 0.23
3600 5000 2000 6000 0.333 11 12 1.372 1.114 1.286 0.15
3600 5000 3000 6000 0.5 13 14 0.924 0.777 0.924 0.11
3600 5000 4000 6000 0.667 14 15 0.777 0.66 0.699 0.08
3600 5000 5000 6000 0.833 16 17 0.565 0.487 0.539 0.06
3600 5000 6000 6000 1 18 19 0.421 0.214 0.421 0.05
3600 5000 7000 6000 1.167 18 19 0.421 0.214 0.352 0.04
3600 5000 8000 6000 1.333 18 19 0.421 0.214 0.283 0.03
3600 5000 9000 6000 1.5 19 20 0.214 0.114 0.214 0.02
3600 5000 10000 6000 1.667 19 20 0.214 0.114 0.181 0.02
3600 5000 20000 6000 3.333 22 23 0.0347 0.02 0.025 0.00



APPEN DIX F

L icen ces A ffected

Option: Wortham/Mellis (Option 1 at TM 0876)

L icen ce  No. D istan ce
(m )

L icensed  Am ount 
(m 3/day)

A d d itional 
D raw d ow n (m )

6/ 33/ 42/ *g/ 074 1800 1 1 ,0 0 0 .0 0 0 .9 2

6/ 33/ 42/ *g/ 054 1500 6 .8 1 2 .0 9

7/ 34/ l6/ *g / 059 14 0 0 9 .0 0 2 .4 7

7/ 34/ l6/ *g / 019 1400 4 .0 0 2 .4 7

6/ 33/ 42/ *g/ 104 9 0 0 9 1 .0 0 4 .2 8

f>/33/42/*g/095 8 0 0 2 1 8 .2 0 4 .5 3

7/ 34/ 16/ *g / 008 9 0 0 1 .10 . 4 .2 8

7/ 34/ l6/ *g / 064 70 0 9 1 .0 0 4 .7 9

Option: Wortham/Mellis (Option 2 at site ’CT)

L icen ce  No. D istan ce
(m )

L icensed  A m ount 
(m J/day)

A d d itional 
D raw d ow n (m )

No lice n ce s  affected

Option: Wortham/Mellis (Option 3 which com bines Options 1 and 2 but each at 
1800 m 3/day)

L icen ce  No. D istan ce
(m )

L icensed  A m ount 
(m 3/day)

A d d itional 
D raw d ow n (m )

6/ 33/ 42/ *g/ 104 9 0 0 9 1 .0 0 2 .1 4

6/ 33/ 42/ *g/ 095 8 0 0 2 1 8 .2 0 2 .2 7

7/ 34/ l6/ *g / 008 9 0 0 1 .10 2 .1 4

7/ 34/ l6/ *g / 064 70 0 9 1 .1 0 2 .4 0

6/ 33/ 42/ *g/ 054 1500 6.81 1 .0 5

7/ 34/ 16/ *g/ 059 14 0 0 9 .0 0 1 .2 4

7/ 34/ l6/ *g / 019 14 0 0 4.00 1 .2 4

84.307.0/WP/REDAPP.F



UNLICENSED SOURCES T O  BE INCLUDED AS AN ADDENDUM

A T A LATER DATE

84.i07.0/W?/J122/REDLQP!j«J2



W ETH ER IN G SETT OPTION

Ref: fi^.iOT.O/W P/REDLOVl-AOl



WETHERINGSETT OPTION

60 n

Borehole 
TM16 63  

1221 6761

Wetheringsett 
Proposed 

Borehole Site

River Dove

LEGEND

Peot: Peat and clayey peat

Drift: Including glacial sand 
and gravel, silt, clay

Boulder clay

Crag

Upper chalk

1976 Chalk piezometric level

1000

r  60

Horizontal Scale

2000m



REDGRAVE AND LOPHAM FEN

Abstraction Well Name: WETHERINGSETT
Observation Well Name: WETHOBS1 (main observation well for upto 500m)
Observation Well Name: WETHOBS2 (Brockford Common Police Station for beyond 500m)
Rest Water Level (RWL) =  3.94 mBGL

ESTIMATE OF THE ZONE OF INFLUENCE ASSUMING THE AQUIFER IS LEAKY
Using DeGlee’s method where Ko is a function of (r/L) and is found from tables

Discharge Transmissivity r L r/L Index index Index Index Ko(r/L) sm
Position Position Value Value

(m3/day) (m2/day) (m) (m) Above Below Above Befow (m)

3600 398 36 1580 0.023 1 2 4.028 3.623 3.915 5.64
3600 398 50 1580 0.032 2 3 3.623 3.336 3.576 5.15
3600 398 100 1580 0.063 5 6 2.933 2.78 2.883 4.15
3600 398 200 1580 0.127 9 10 2.427 1.753 2.248 3.24
3600 398 300 1580 0.19 9 10 2.427 1.753 1.821 2.62
3600 398 400 1580 0.253 10 11 1.753 1.372 1.550 2.23
3600 398 500 1580 0.316 11 12 1.372 1.114 1.330 1.91
3600 1564 1000 6466 0.155 9 10 2.427 1.753 2.059 0.75
3600 1564 2000 6466 0.309 11 12 1.372 1.114 1.348 0.49
3600 1564 3000 6466 0.464 12 13 1.114 0.924 0.992 0.36
3600 1564 4000 6466 0.619 14 15 0.777 0.66 0.755 0.28
3600 1564 5000 6466 0.773 15 16 0.66 0.565 0.590 0.22
3600 1564 6000 6466 0.928 17 18 0.487 0.421 0.469 0.17
3600 1564 7000 6466 1.083 18 19 0.421 0.214 0.387 0.14
3600 1564 8000 6466 1.237 18 19 0.421 0.214 0.323 0.12
3600 1564 9000 6466 1.392 18 19 0.421 0.214 0.259 0.09
3600 1564 10000 6466 1.547 19 20 0.214 0.114 0.205 0.07
3600 1564 20000 6466 3.093 22 23 0.0347 0.02 0.032 0.01



APPEN DIX F

L icen ces A ffected

Option: W etheringsett (no river augmentation pumping)

Licence No. Distance Licensed Amount Additional
(m) (m3/day) Drawdown (m)

7/M/17/*g/068 500 10,000.00 1.91

7/34/17/*g/021 900 1.00 0.98

8 4 .3 0 7 .0/WP/REDAPP.F



APPENDIX F

Licences Affected

Option: Wetheringsett (with river augmentation pumping)

L icen ce No. D istan ce
(m )

L icen sed  A m ount 
(m 3/day)

A dditional 
D raw d ow n (m )

7/34/17/*g/021 9 0 0 1 .0 0 3 7 3

7/ M / 17/ *g / 009 10 0 0 5 .0 0 2 .8 5

7/ 34/ 17/ *g / 0 l6 15 0 0 5 .0 0 2 .3 6

7 / 3 4 / l6 / # g / 0 4 8 3 0 0 0 4 5 5 .0 0 1.37

7/ 34/ 17/ *e/ 037 3 8 0 0 1 1 .0 0 1.11

7 /34 /17/*g/038 3 6 0 0 5 -00 1 .18

7/ 34/ 17/*g/ 047 4 1 0 0 7 .0 0 1 .03

7/ 34/ 17/ *g/ 033 3 4 0 0 3 0 0 1.24

7/ 34/ 17/ *g/ 057 2 3 0 0 7 6 4 .0 0 1.72

7/ 34/ 17/ *g/ 034 2 4 0 0 1 4 .0 5 t .6 7

7/34/17/*g/006 2 9 0 0 2 .0 0 1.42

7/ 34/ 17/ *g/ 036 3 0 0 0 5 0 0 1 .37

7/ 34/ 17/ *g/ 036 2 5 0 0 7 .0 0 1 .62

7/34/17/*g/041 2 4 0 0 3 6 4 .0 0 1 .67

7/ 34/ 17/*g/047 4100 4 6 .0 0 1.03

7 / 3 4 / 1 7 / ^ / 0 1 3 3 3 0 0 1 .10 1.27

7/34/17/ *g/ 003 2 6 0 0 9.00 1-57

7/34/17/ *g/ 068 3 5 0 0 8 0 0 0 .0 0 1.21

7/34/17/*g/031 4 1 0 0 2 0 .0 0 1 .03

7/35/06/ *g/ 013 4 2 0 0 1 4 .0 0 1 .0 0

7/ 35/ 06/ *g/ 042 4 0 0 0 2 .2 0 1 .05

7/ 34/ 17/ *g/ 002 2 5 0 0 8 .2 0 1 .62

7/ 34/ 17/ *g / 017 2 1 0 0 3-00 1.82

S-i.307.0/WP/REDAJ*P.F



UNLICENSED SOURCES T O  BE INCLUDED AS AN ADDENDUM

A T  A LATER DATE

B rt: 84.J07.0/WP/5122/REDLOP1-AO2
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REDGRAVE & LOPHAM FEN: APPENDIX F
UNLICENSED SOURCES AFFECTED

Option: Do Nothing

Code NGR Data Source Site Name Borehole Radial Additional
Number Depth Distance Drawdown

(m) (m)
167 TM 50 790 MSDC Hempland, The Bungalow, Fen Street, Redgrave, Diss (approx.) 400 1.05
166 TM 51 791 MSDC Musk Meadow Farm, Fen Street, Redgrave, Diss (approx.) 500 0.93

Notes:
NRA National Rivers Authority 
MSDC = Mid Suffolk District Council 
8DC = Breckland District Council 
SNDC = South Norfolk District Council



REDGRAVE & LOPHAM FEN: APPENDIX F
UNLICENSED SOURCES AFFECTED

Option: North Lopham (no river augmentation pumping)

Code
Number

NOR Data Source Site Name

58 TM 12 840 NRA Uphall Farm, Oarboldisham
37 TM 12 840 NRA Uphall Farm, Garboldisham
35 TM 15 824 NRA Ling Farm, Garboldisham
86 TM 16 822 BDC Shillings Farm, North Lopham
27 TM 18 845 NRA Kenninghall
28 TM 18 846 NRA Kenninghall
84 TM 22 831 BDC Finchams Farm, North Lopham
25 TM 24 834 NRA Ung Farn, Highfield Lane, Garboldisham
30 TM 33 833 NRA Council houses, North Lopham
61 TM 35 834 NRA The Cedars, North Lopham, Diss
68 TM 36 829 NRA The Lynden House, North Lopham
32 TM 36 829 NRA The Limes, North Lopham, Norfolk
67 TM 36 829 NRA The Cottage, North Lopham, Diss
66 TM 36 830 NRA White House, North Lopham, Diss
65 TM 36 632 NRA Fern Villa, North Lopham, Diss
60 TM 36 833 NRA 15 The Street, North Lopham
59 TM 36 836 NRA Ivey Dene, North Lopham, Diss
64 TM 37 833 NRA The Green, North Lopham, Diss
85 TM 38 827 BOC Fortunes Well, The Street, North Lopham

Notes:
NRA = National Rivers Authority 
MSDC = Mid Suffolk District Council 
BDC -  Breckland District Council 
SNDC = South Norfolk District Council



Borehole
Depth

(m)

Radial
Distance

<m)

Additional
Drawdown

(m)
141.75 1400 1.37

43.2 1400 1.37
44.5 1600 1.16

1700 1.06
1100 1.68
1200 1.57
600 2.92

160 200 5.41
66.44 900 2.06

1000 1.78
1300 1.47

68.58 1300 1.47
4.4 1300 1.47

1300 1.47
2.9 1200 1.57

1100 1.68
1100 1.68

3.66 1200 1.57
1600 1.16



REDGRAVE & LOPHAM FEN: APPENDIX F
UNLICENSED SOURCES AFFECTED

Option: North Lopham (with river augmentation pumping)

Code
Number

NGR Data Source Site Name Borehole
Depth

(m)

Radial
Distance

(m)

Additional 
Drawdown 

(m) _ .
22 TM 1 818 NRA Lovers Lane, Garboldisham 140 3000 1.31
56 TM 4 843 NRA Flint Hall 30 2200 2.69
39 TM 4 843 NRA FlinthaD Cottages, East Herling 9.4 2200 2.69
57 TM 4 843 NRA Flint Hall 2200 2.69
40 TM 4 844 NRA Flint Hall Farm, East Herling 30 2200 2.69
31 TM 5 822 NRA The HaU, Garboldisham 36.57 2400 2.35
16 TM 5 850 NRA R Kemp & Son, East Hading, Norfolk 2400 2.35
36 TM 7 826 NRA Garboldisham 40.84 2100 2.87
15 TM 7 827 NRA Manor Cottage, Kennlnghall Road, Garboldisham 5.2 2000 3.04
58 TM 12 840 NRA Uphall Farm, Garboldisham 141.75 1400 5.54
37 TM 12 840 NRA Uphall Farm, Garboldisham 43.2 1400 5.54
35 TM 15 824 NRA Ling Farm, Garboldisham 44.5 1600 4.71
23 TM 16 804 NRA Nr Willow Farm, Bio' Norton 150 3300 1.09
86 TM 16 822 BDC Shillings Farm, North Lopham 1700 4.29
20 TM 16 863 NRA Taylor Manor Farm, Quidenham 12.42 2800 1.66
27 TM 18 845 NRA Kenninghall 1100 6.79
28 TM 18 846 NRA Kenninghall 1200 6.38
13 TM 19 814 NRA T & P Reeder, Lopham Road, Garboldisham 8.84 2300 2.52
19 TM 19 860 NRA Taylor Manor Farm, Quidenham 7.96 2500 2.18
24 TM 22 814 NRA Ung Farm, Garboldisham 210 2200 2.69
84 TM 22 831 BDC Finchams Farm, North Lopham 600 11.83
17 TM 23 859 NRA Downhill Farm, Kenninghall 30 2300 2.52
25 TM 24 834 NRA Ling Farn, Highfield Lane, Garboldisham 160 200 21.95
33 TM 24 859 NRA Downhill Farm. Kenninghall 34.74 2300 2.52
26 TM 28 862 NRA Kenninghall water tower 2600 2.00
30 TM 33 833 NRA Council houses, North Lopham 66.44 900 8.36
61 TM 35 834 NRA The Cedars, North Lopham, Diss 1000 7.21
68 TM 36 629 NRA The Lyndon House, North Lopham 1300 5.96
32 TM 36 829 NRA The Umes, North Lopham, Norfolk 68.58 1300 5.96
67 TM 36 829 NRA The Cottage, North Lopham, Diss 4.4 1300 5.96
66 TM 36 830 NRA White House, North Lopham, Diss 1300 5.96
65 TM 36 832 NRA Fern Villa, North Lopham, Diss 2.9 1200 6.38
60 TM 36 833 NRA 15 The Street, North Lopham 1100 6.79
59 TM 36 836 NRA Ivey Dene, North Lopham, Diss 1100 6.79
64 TM 37 833 NRA The Green, North Lopham, Diss 3.66 1200 6.38
85 TM 38 827 BDC Fortunes Well, The Street, North Lopham 1600 4.71
29 TM 38 862 NRA Council houses, Kenninghali 28.04 2900 1.48
34 TM 39 864 NRA Breckland District Council, Council houses 24.38 3100 1.24
38 TM 40 818 NRA Hall Farm, South Lopham 55.47 2300 2.52
62 TM 41 815 NRA The Cottage, The Street, South Lopham 2.95 2600 2.00
12 TL 999 831 NRA Hall Farm, Garboldisham 6.4 2600 2.00

Notes:
NRA = National Rivers Authority 
MSDC «  Mid Suffolk District Council 
BOC = Breckland District Council



REDGRAVE & LOPHAM FEN: APPENDIX F
UNLICENSED SOURCES AFFECTED

Option: Wortham/Mellis Option 1

Code
Number

NGR Data Source Site Name Borehole
Depth

(m)

Radial
Distance

(m)

Additional
Drawdown

(m)
71 TM 70 772 NRA Spears Hill, Wortham 1600 1.70
70 TM 70 774 NRA Hilt Croft, Wortham 1700 1.31

1 TM 73 746 NRA Unknown 1600 1.70
10 TM 75 751 NRA Willow Cottage, Burgate 51.82 1000 4.02
75 TM 77 750 NRA Waveney Lodge, Burgate 1000 4.02
11 TM 77 750 NRA Waveney Lodge, Burgate 57.91 1000 4.02
6 TM 77 764 NRA Oaktree Farm, Burgate 57.91 500 5.30

74 TM 77 764 NRA Oak Tree Farm, Wortham 57.9 500 5.30
72 TM 77 774 NRA Netherhouse, Long Green, Wortham 1400 2.47

5 TM 80 770 NRA 1000 4.02
78 TM 80 772 NRA W ortham  Rtona*, 1 ong Groan, Dias 2.87 1200 ___ 3.25

3 TM 81 762 NRA Public bore handpump, Burgate Great Green, Nr. Diss, Suffolk 63.09 200 7.17
2 TM 81 772 NRA The Old Stores. Lona Green. Wortham. Diss, Norfolk 3.2 1200 —  - 3-25

76 TM 82 757 NRA The Old Rectory, Burgate 400 5.75
79 TM 84 772 NRA Cherry Tree Cottage, Wortham 1300 2.86

7 TM 84 774 NRA Limetree Farm, Wortham 54.86 1500 2.09
4 TM 85 770 NRA Council houses, 11 & 12 Mellis Road, Wortham, Diss 76 1100 3.63
9 TM 86 764 NRA The Brook, Wortham 76.2 700 4.79

77 TM 86 766 NRA Brook Road, Surgate 800 4.53
80 TM 87 773 NRA Wortham Road 1500 2.09
81 TM 89 773 NRA R.D.C. The Marsh, Wortham 1600 1.70

Notes:
NRA = National Rivers Authority 
MSDC = Mid Suffolk District Council 
6DC = Brock land District Council 
SNDC = South Norfolk District Council



REDGRAVE & LOPHAM FEN: APPENDIX F
UNLICENSED SOURCES AFFECTEO

Option: Wortham/Mellis Option 3

Code
Number

NGR Data Source Site Name Borehole
Depth

(m)

Radial
Distance

(m)

Additional
Drawdown

H
10 TM 75 751 NRA Willow Cottage, Burgate 51.82 1000 2.01
75 TM 77 750 NRA Waveney Lodge, Burgate 1000 2.01
11 TM 77 750 NRA Waveney Lodge, Burgate 57,91 1000 2.01
6 TM 77 764 NRA Oaktree Farm, Burgate 57.91 500 2.65

74 TM 77 764 NRA Oak Tree Farm, Wortham 57.9 500 2.65
72 TM 77 774 NRA Netherhouse, Long Green, Wortham 1400 1.24

5 TM 80 770 NRA 1000 2.01
78 TM 80 772 NRA Wortham Stones, Long Green, Diss 2.87 1200 1.62

3 TM 81 762 NRA Public bore handpump, Burgate Great Green, Nr. Diss, Suffolk 63.09 200 3.59
2 TM 81 772 NRA The Old Stores, Long Green, Wortham, Diss, Norfolk 3.2 1200 1.62

76 TM 82 757 NRA The Old Rectory, Burgate 400 2.66
79 TM 84 772 NRA Cherry Tree Cottage, Wortham 1300 1.43

7 TM 84 774 NRA Limetree Farm, Wortham 54.86 1500 1.04
4 TM 85 770 NRA Council houses, 11 & 12 Mellis Road, Wortham, Diss 76 1100 1.82
9 TM 86 764 NRA The Brook, Wortham 76.2 700 2.39

77 TM 86 766 NRA Brook Road, Burgate 800 2.27
80 TM 87 773 NRA Wortham Road 1500 1.04

Notes:
NRA -  National Rivers Authority 
MSDC = Mid Suffolk District Council 
BDC = Breckland District Council 
SNDC = South Norfolk District Council



REDGRAVE & LOPHAM FEN: APPENDIX F
UNLICENSED SOURCES AFFECTED

Option: Wortham/Mellla Option 2

Code
Number

NGR Data Source Site Name Borehole
Depth

(m)

Radial
Distance

(m)

Additional
Drawdown

<m)
No sources affected

Notes:
NRA = National River® Authority 
MSDC = Mid Suffolk District Council 
BDC =* Breckland District Council 
SNDC »  South Norfolk District Council



REDGRAVE & LOPHAM FEN: APPENDIX F
UNLICENSED SOURCES AFFECTED

Option: Wetheringsett (no river augmentation pumping)

Code
Number

NOR Data Source Site Name Borehole
Depth

(m)

Radial
Distance

(m)

Additional 
Drawdown 

. . .

42 TM 118 672 NRA Garage Bungalow, Buckford 76 600 1.68
195 TM 120 670 MSDC Post Office, Church Road, Wetheringsett (approx.) 600 1.68
44 TM 126 669 NRA The Post Office, Wetheringsett 6.35 800 1.21

Notes:
NRA = National Rivers Authority 
MSDC = Mid Suffolk District Council 
BDC = Breckland District Council 
SNDC = South Norfolk District Council



REDGRAVE & LOPHAM FEN: APPENDIX F
UNLICENSED SOURCES AFFECTED

Option: Wethertngsett (with river augmentation pumping)

Code
Number

NGR Data Source Site Name Borehole
Depth

Radial
Distance

(m)

Additional
Drawdown

(m)

47 TM 88 679 NRA Surwood Farm, Wickham Steith 94 3400 1.24

48 TM 90 655 NRA Mendlesham Hall Farm, Mendlesham 91 3800 1.11

52 TM 90 698 NRA Brookside, Thornham Road, Wickham Skeith, Eye 3900 1.08

49 TM 92 661 NRA Mendtesham Lodge, Mendlesham 92 3400 1.24

50 TM 94 684 NRA Great Oak Farm, Thwaite Road, Wickham Skeith, Eye 72 2900 1.42
51 TM 98 681 NRA Elm Tree Farm 91 2500 1.62
41 TM 98 692 NRA The Hall, Wickham Steith 60 2900 1.42

202 TM 99 681 MSDC Eim Farm, Thwaite Road, Wickham Skeith, Eye 2400 1.67
153 TM 101 667 MSDC White House Farm, Mendlesham, Stowmarket 2300 1.72
43 TM 115 694 NRA Well Cottage, Stoke Ash 9.93 1900 1.97
42 TM 118 672 NRA Garage Bungalow, Buckford 76 600 6.35

195 TM 120 670 MSDC Post Office, Church Road, Wetheringsett (approx.) 600 6.35
45 TM 126 668 NRA The Old Forge, Church Road, Wetheringsett 4.22 900 3.73
44 TM 126 669 NRA The Post Office, Wetheringsett 6.35 800 4.60
46 TM 129 669 NRA Manor House, Wetheringsett 61 1000 2.85
54 TM 133 661 NRA Wetheringsett Hall, Wetheringsett 61 1900 1.97

180 TM 142 680 MSDC Shorts Farm, Wetheringsett Road, Thorndon, Eye 2000 1.87
53 TM 143 680 NRA Shorts Farm, Thomdon Eye 115 2100 1.82
55 TM 145 643 NRA Sycamore Farm, Wetherup Street, Wetheringsett 45 4000 1.05

Notes:
NRA «  National Rivers Authority 
MSDC »  Mid Suffolk District Council 
BDC *» Breckland District Council 
SNDC = South Norfolk District Council
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