Rutland Habitats - Design of Reservoirs for Enviromental
Habitat Benefits

J.R. FOSTER, Mott MacDonald Ltd, UK
A.M. KIRBY, Mott MacDonald Ltd, UK
S. SWAN, Anglian Water Services

SYNOPSIS. This Paper outlines a project involvihg tdesign of new
reservoirs to create alternative habitats for widht Rutland Water.

The work of Anglian Water and the Leicestershirel &utland Wildlife
Trust partnership since Rutland Water was compléted976 has been
successful in providing new habitats for birds asllvas other wildlife.
However, with the need for Anglian Water to meer@ased water demand
there is a requirement to provide alternative fabiin the form of retained
water lagoon areas.

The paper outlines the solution of Habitat CreaibRutland Water.

INTRODUCTION

Rutland Water has been designated under the EUtddairective as a
Special Protection Area (SPA) and a RAMSAR site.iAtrease in water
demand means that Anglian Water is required ta #fte management of
the reservoir which will result in greater drawdowhthe reservoir. This
will have an adverse effect on habitats for wadirgs and wildfowl along
the shoreline of the reservoir. The Habitats Divectequires mitigation in
the form of additional habitat provision to be maide ensure that the
integrity of the SPA is not adversely affected. nipensatory wetland areas
are therefore to be created at the shallow westednof the reservoir close
to Egleton village.

The Rutland Water Habitat Creation scheme will lmgahe impoundment
of three existing areas of Rutland Water (Area®A & D2), the creation of
water bodies away from the reservoir by excavatng forming water
retaining embankments, referred to as terrestagbons in a further five
areas of land (Areas B & C1 to C4) and the creatiba wetland meadow
(Area C5). The layout of the habitats creatiorasigllustrated in Figure 1.

Ensuring reservoir safety into the future. Thomas Telford, London, 2008
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The management of the new habitats will be carrmd by the
Leicestershire and Rutland Wildlife Trust who prdge manage the
existing nature reserve at Rutland Water. Angliamat&¥s Fisheries &
Recreation department works with the trust and mesiaghe remaining
areas of Rutland Water.
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Figure 1. Layout of proposed habitats scheme
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MULTI DISCIPLINARY APPROACH

Anglian Water is very aware of the importance RudldVater has on
wildfowl and the general environment and its owsheries & Recreation
department has successfully worked with the Le@rshire & Rutland
Wildlife Trust in developing and managing the resérto encourage this.

Knowing early on that a change in the managemeititefeservoir would
have an adverse affect on habitat, Anglian Watermenced studies firstly
into the effect on the habitats and then to desigigation measures. The
design approach for the provision of the mitigatibabitats has been
carrried out jointly between ecologists, landscapehitects, engineers,
client, contractor and the wildlife trust.

The requirements for the size, location, timing aadure of the lagoons
have been developed in consultation with Naturajl&md, Rutland County
Council along with the Leicestershire & Rutland @lfie Trust. In
summary the following habitat creation areas aampéd:

Table 1. Habitats to be created

Area  Size (Ha) Description of proposal

A 6.0 Impoundment of reservoir spur
B 29.8 Terrestrial lagoon

C1 6.9 Terrestrial lagoon

C2 6.9 Terrestrial lagoon

C3 4.6 Terrestrial lagoon

C4 2.4 Terrestrial lagoon

C5 8.0 Wet meadow with ditches

D1 4.0 Impoundment of reservoir spur
D2 15.0 Impoundment of reservoir spur
Total 83.8

ENVIRONMENTAL CONSTRAINTS

The habitats creation is to be constructed witmd adjacent to the nature
reserve and within the area of the SPA. Therefowgsh preparatory work

has been carried out on surveying the existingtathiincluding badgers,
bats and the great crested newts, all of which Wthin the construction

areas. As these are all protected species undeidantifying where they

live and their numbers leads onto how to safegtleenh.

For the newts, alternative ponds were created foichvthey had to be

collected and re-homed at the appropriate timeeaf.y The badger colonies
are to be avoided with disturbance monitored aeel ttearance timed not to
affect the bats. Wildlife surveys will be ongoittgoughout and after the
habitats creation work.

All this environmental preparatory work - mitigatioworks for the
mitigation works - had to be conducted in agreematit Natural England
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to obtain the appropriate licences to allow the kvimr proceed. Anglian
Water and the wildlife trust both assisted greatlyhis process in allowing
time and land.

Construction Sequence

The construction schedule is limited as far as iptesgo the late winter,
spring and the summer months of each year to msgimadverse impacts on
the SPA designated wildfowl populations and theraf@nal regime of the
reservoir. This construction schedule is overya& period as follows:

Year 1 - Lagoon area B commencing April 2008 anthgetion
October 2008 with site set up and clearance fromuaky 2008 and
commissioning in November 2008.

Year 2 — Dam area A commencing February 2009 antbl=ion
July 2009 with site set up in January 2009 and cmsioning in
August 2009.

Year 3 — Dams areas D1 and D2, lagoons area C ¢@CC5)
commencing January 2010 and completion October.2010

The logic behind the three year schedule is:

In disturbing one area an alternative area musa\alable as a
refuge/habitat for wildfowl — logic: Cannot do A&D together;

Before disturbing an area within the reservoir ¢hehould be an
additional water area available as a refuge. Héneeconstruction
of a terrestrial lagoon should be carried out befbagoon A or
D1/D2 is constructed — logic: Do B or C before ADgr

Lagoons C and D are in a similar area so can h@edaout in the
same year to avoid disturbing that area twice 4cldgo C and D
together.

SCOPE OF WORKS

Overall Scope Lagoon A

Lagoon A will be capable of retaining water at Ratd Water's 85 % full
level by means of an over-toppable steel sheetdaite. The length of the
dam is approximately 250 m, with a maximum heig2.@ m.

Along the downstream side of the sheet pile daochk bund is to be placed
and a single tilting weir will control water leveis the lagoon when
reservoir is below the 85% level. The lagoon v supplied from the
North Gwash stream inflow.
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Overall Scope Lagoon B

Lagoon B will be a terrestrial lagoon, a water bddymed by cut and fill,
constructed on agricultural land away from Rutl&dter. An earthfill dam
will be constructed along its eastern perimeteret@ain water. Along the
remaining perimeters a screening embankment wiltdrestructed to avoid
disturbance to birds on the lagoon.

A tilting weir will be installed to provide wateevel control with a bottom
outlet pipe for emergency drawdown. A small puntptisn will be
constructed to supply water to the lagoon from @akls Sewage
Treatment Works outfall and from the reservoir.

Overall Scope Lagoon C1 to C4

Lagoons C1 to C4 will also be terrestrial of a $gamdesign to Lagoon B.
The lagoons will be supplied by a pipeline fed franpump station at Lax
Hill. Each lagoon will be capable of being supgligith water separately.

Overall Scope Lagoon C5

Lagoon C5 will be created by modification of theisting grassland to
create a wetland. This will primarily involve ditclexcavation and
construction of small, simple control structurebefle is no separate water
supply to Lagoon C5. It will receive water from stig drainage ditches,
from excess flows from Lagoons C1 and C4 and froraugdwater
connections with Rutland Water. There will be thoegfall structures from
Lagoon C5 with one having a water level controlicguto manage water
levels within the area.

Overall Scope Lagoon D1 and D2
Lagoons D1 and D2 will be capable of retaining watethe 90 % full level
(Rutland Reservoir) which corresponds to an elewatif 82.78 mAQOD.

The design of Lagoons D1 and D2 will be of the sa®eeral construction
as Lagoon A. A culvert will connect the two lagedo maintain a common
water level. However, the cross-drainage structwik also have the

capability of isolating Lagoon D1 from D2. The damms will be supplied by
natural stream inflows from the River Gwash, howeitewill be necessary
to top-up during the summer and so is suppliedhieysame pipeline as for
Lagoons C1 to C4.

TERRESTRIAL LAGOON PROFILING FOR HABITATS

The designs for the terrestrial lagoon topograpinyehbeen developed with
Roger Buisson of RPS and in consultation with Nat&ngland, RSPB &
others. The internal profiling and subsequent wdepths are specific to
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op habitat for particular wildfowl includinge Shoveller and Gadwall.

In summary the key design requirements for thees¢rial lagoons are:

1.

Water levels in each lagoon managed independeatlying 0.4 m

between Winter Water Level (WWL) and Summer Watevdl

(SWL);

Sausage shaped islands linked to each other sdati@ins can be
accessed for maintenance and wide enough in placasgning;

Lagoon B islands are set below the water level that they are
almost exposed during summer water levels; spadicfor
Gadwall

4. Lagoon C islands are permanently above the watét;ma

9.

The islands and channels orientated north-westotghseast to
reduce wave fetch from the south west and encolwsegge trapping;

A deep water perimeter ditch within the lagoon tevent access
from predators and limit vegetation colonisation;

A causeway and bridge to the islands for maintemaaccess.
Submerged at winter water level to prevent predatoess;

A submerged bund across the perimeter ditch betweenpipe and
the control structure to encourage water circutgtio

Shallow beaches:;

10.Shallow water around islands gently sloping towalekepwater

channels;

11.Clear sight lines for bird flight paths to connéetbitat to existing

lagoons/reservoir through bush clearance wheressacg

Screening Bund Islards Retaining Embankment

|

x ____ Water Leve \

Figure 2. Typical Section through Terrestrial Lago

Island Profiling

The profiling of the islands is imperative to thecsess of the habitats as it
is within the shallows where the invertebrates wilbsper and provide the
food for the wildfowl. The slopes of the islandliess work in harmony with
the proposed water level management to provideoghienum habitats for
successful breeding. The deep perimeter ditchkslso provide effective
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protection against land-based predators thus ewguhe ground based
nesting will be successful in an uninterrupted ssvinent.

The specification for the island material is tocdisrage vegetation and
minimise releasing nutrients into the water. Has treason, topsoil will
only be used in the island material mix within tege, with purely sub-soil
used for the surfaces of the islands. The exaavatnd filling of the islands
and channels shall require a high degree of acguraore than would be
expected, to ensure the perfect habitats are ckedtes expected that the
Contractor will be using the latest surveying equnt to assist the process.

Water Level

The topography of the terrestrial lagoons has loreloped to meet the
design requirements for habitat creation. The sabiodeep to shallow water
were developed to match the ratios of the existiagrby habitat lagoons
based on bathymetric survey carried out in 2005.

The islands in Lagoons C are nominally 0.3 m ab@\/L when there
exists a string of isolated islands, typically ab&Q m wide. At SWL the
receding water leaves a continuous path betweamdsl| with a typical
width of 3 m.

Boundary Embankments
The terrestrial lagoon embankments can be categbas:

Water retaining— crest level dictated by the 150yr Return Period
Rainfall event with wave freeboard.

Screening- crest level is to provide 2 m screening aboveca)t
ground level. Winter water level is below natugedund level.

Combined- embankment retains water above natural grounel lev
but the crest level is dictated by the need to ip®2 m screening.

The construction and maintenance requirementsrdfeveen the different
types:

Water retaining good compaction of high quality selected excavate
material essential, good grass cover, no treesharbs, possible
wave protection required;

Screeningdifferent grass seed mix to water retaining embastkm
trees and shrubs permissible on downstream slegejrements for
compaction and selection of lower fill;

Combinedgenerally as for water retaining embankment.

A crest width of 3.0m and side slopes on both inaed outer face of
1.0V:3.0H have been adopted. This is primarilytated by maintenance
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requirements for access and to permit safe gratiaguThe stability of the
embankments under a variety of load conditions whecked using
Geoslope SLOPE/W software.

Access ramps onto the crest of the embankments lese provided for
each lagoon at opposite ends of the lagoons. Aesiiagnp into the lagoon
has been provided for access to the islands. Tagroircles suitable for
standard 4WD vehicles have been located halfwawdmt the ramps to
reduce distances travelled on the crest.

Balanced Cut & Fill

An environmental constraint imposed by the cliergswo restrict lorry
movements to and from the site, so that no earthwmaterial was to be
brought onto or from the sites. Therefore, a digterrain model was
created for each terrestrial lagoon using Key Tema software to carry
out earthworks balancing. An earthworks balance aghieved by raising
or lowering the lagoon surface which took into astathe ‘bulking’ factor
of excavating material and differing compactionesafor the various fill
requirements.

Lagoon bed permeability

The Geotechnical Investigations suggested that gabie layers underlie
some areas of the lagoons at a shallow depth. i$k@f encountering these
potential pathways for leakage has been minimisgdotientating the

islands so that the area of cut is reduced overrevitbese potential
pathways were identified in the geotechnical intetgion.

DESIGN OF IMPOUNDMENT AREAS

The Impoundment Areas, Lagoons A and D, are creafdn spurs of
Rutland Water using a sheet pile cut-off wall wathock bund to either side.
A typical section is shown in Figure 3.

Sheet pile cr-off

Rock bunt

Retained lev¢
Rutland Wate
Impounded lagoc

Figure 3. Typical Section for Dams A, D1 & D2
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Sheet pile design

The integrity of the sheet pile dams were analysedg WALLUP software

under a variety of load cases. To simplify theiglesind construction, three
different lengths have been selected of the sareespiction for all three
dams. This shall provide the necessary pile sectiter a design life of 100
years with no protective coating. No protective tocwp has been used in
order to avoid future maintenance of the piles tedrisk of contaminating
the reservoir.

Sealing between the pile joints is necessary tauaedwater supply
requirement of any during low rainfall periods. \llely of alternate piles
and a non-bitumen sealant for the remaining jdiats been adopted.

Rock bund design
The rock bund behind the sheet piles performsdhewing functions:

1. Access along the dam for maintenance, access tocomérol
structure

2. Wave protection
3. Softens visual appearance

A crest width of 4 m allows maintenance acces$éavy plant. Beyond the
water level control structure, the width of the kdaund narrows to 1 m to
reduce the volume of imported material and redwstsc

The bund is formed with a granular core and a arckour layer for wave

protection. A modified Highways Specification 3&F2 material has been
adopted as the granular fill which is suitable fidacing underwater. The
rock armour, @y of 0.2 m and 0.5 m thick, has been sized to watict

Rutland Water wave heights of 0.5 m predicted touocluring a 200 year
wind speed event.

MANAGEMENT AND OPERATION OF HABITATS

The management and operation of the scheme is toolked after by the

Leicestershire and Rutland Wildlife Trust, so chas been taken in making
it suitable for operation by non-mechanically sdll persons. The
maintenance of the structures and pump station§ beamanaged by

Anglian Water.

Water Control Structures

The single water level controls in each lagoon Hasen designed to permit
water level control from winter water level to G8below. The latter level
Is to allow draw down during periods of vegetatmearance and possible
future changes to the water management regime.
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A tilting weir gate has been adopted in preferetoca simple stoplog or
gate valve arrangement as it:

Allows fine water level control for improved lagoomnagement
Minimal leakage

Easy operation

Relatively low cost for small gates

The gates are manually operated via a gear boxcemk handle mounted
above the gate. For the water supply the pumpssdnze a simple control
system to provide pumping for a series of set tiareba stop switch.

RESERVOIR SAFETY

Lagoons within the Reservoirs Act 1975.

The volumes to be stored in each of the terresaggdons and impoundment
areas are detailed in Table 2. All of the areazpikxLagoon C4 fall within
the Reservoirs Act.

Table 2. Lagoon Volumes Stored Above Natural GL
Lagoon  Total Volume Total Volume
Stored (m®)  Above GL (m°)

A 44,000 44,000

B 349,000 349,000
C1 76,000 60,000
C2 79,000 60,000
C3 53,000 53,000
C4 29,000 16,000
D1 40,000 40,000

D2 245,000 245,000

Dam Categories

All of the lagoons are considered by the ConstamcEngineer to fall within
Category D, according to the classification in Ele@nd Reservoir Safety
(ICE, 1996). No loss of life can be foreseen assallt of a breach and very
limited additional flood damage would be causedabee the water released
would be impounded in Rutland Water.

The reservoir design flood inflow for this categafydam is a 1 in 150 year
flood. The initial reservoir condition for retainédgoons A and D will be
just overtopping, whilst terrestrial Lagoons B a&btl to C4 will be spilling

with the design wave freeboard allowance.
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Overflow arrangements

Design conditions for overflow are normal inflowhere they occur, plus
the 150 year flood event. Inflows considered fagtons A, D1 and D2 are
direct rainfall over the lagoon surface and dedigod inflows from the
North Gwash for Lagoon A and from the River Gwashlfagoon D2. For
the remaining lagoons, only direct rainfall oversurface was considered.

The impoundment dams are designed to allow ovepitgpof flood flow.
The rock protection has been checked assuming VYeeflav is spread
equally along the crest of Dams A and D2. Thengjtweir and outlet
structures have been analysed to study the conseegm®f weir failure at
the highest winter water level, resulting in a héawugh the outlet of 0.8
m.

The terrestrial lagoon embankments have not besmgmEd to withstand
overtopping. Instead, the required wave freeboasdldeen provided and the
titing weir and spillway sized to accommodate dasioutflows. The
spillway design concept is to use a composite cblaminereby normal
operating flows are conveyed down the embankmer¢ fa a pre-cast
concrete channel. In the rare case of maximumavutfadditional flows
are conveyed down a wider, concrete-reinforcedsgteespezoidal channel
of which the low flow channel forms the invert.

At the embankment toe a stilling basin is requit@dontain the hydraulic
jump and prevent undermining of the toe of the amkb®ent. In keeping
with the environmental aims of the project and gitiee infrequency of the
design event, the use of concrete is the minimucessary to prevent
damage to the toe of the embankment. A permaraitvall be formed at

the base of the spillway to dampen the visual imhpadhe concrete block
and apron at the toe of the embankment.

Freeboard

The impoundment dams are designed to be over-ttpaid therefore

freeboard is not an issue. For the terrestrialdagpfreeboard above winter
water level will be required to account for floodrsharge and wave
surcharge. The wave fetch has been minimised fgodas C by locating

the islands perpendicular to the normal wind dicegthowever the islands
are submerged in Lagoon B.

There are no direct inflows to the terrestrial lawgs; therefore a flood
surcharge above winter water level would only besed by direct rainfall
over the lagoon surface. The following freebodrdve winter water level
has been adopted:
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Table 3 Embankment Freeboard

Lagoon Freeboard (m) Comments

B 0.85 70 mm flood surcharge +
760 mm wave surcharge

CltoC4 0.45 47 mm flood surcharge +

360 mm wave surcharge

WORKING PARTNERSHIPS

Working with the Leicestershire and Rutland Wildlifrust throughout the
design phase has developed into a mutually adveotsgpartnership. The
design team worked closely with the wildlife trugaining from their
knowledge and expertise of the local area and &isbito develop an
appropriate habitats creation scheme. As the wWaltust will manage and
operate the habitats they have been encouragetgin into the design to
ensure the wildlife trust can operate the strustaned maintain the lagoons
safely.

This effective relationship also aided in communiga with Natural

England and the local Planning Authority during thl@nning approval
process. This was partially due to the good casitand relationship the
wildlife trust has with these statutory consultee3he wildlife trust's

present interaction with neighbours has been véudnring the public
consultations with the local residents.

A further recent example of this relationship wasing the recent pre-work
site clearance for Lagoon B where an area of woaldlaeeded to be
cleared. During initial discussions it was mengidrthat the wildlife trust
could undertake the work so that they could useeiecise as part of their
chainsaw courses.

CONCLUSIONS

This Rutland project is primarily driven by enviroental requirements as
mitigation and compensation for loss of habitatabltat creation creates
very different drivers in terms of design and camdtion than experienced
in conventional dams and reservoir engineeringe Adbitat creation itself
is constrained by the onerous environmental camabstiwithin which the

project is located which results in doing "mitigatiworks for the mitigation

works".



