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1. Introduction

A lack of recovery of shallow lakes following reduction of the phosphorus (P) loading
entering the system from external sources is often attributed to continued P release
from the sediment (Marsden, 1989; Sondergaard et al, 1993). This internal P release
in eutrophic shallow lakes, in the Norfolk and Suffolk Broads, is thought to have
delayed the effect of reduction in external nutrient loading (Phillips et al, 1999, Moss,
1980) by maintaining high P concentrations in the lakes. This has promoted
phytoplankton populations capable of out-competing submerged water plants, which
are key to maintaining high aquatic species diversity.

Sediment removal has been used as a lake management tool for many years, with
much information gathered on its environmental effects (Mueller et al, 1998, Sebetich
and Ferriero, 1997, Klein, J. 1998, 1990, Bengtsson et al, 1975).

The Broads Authority restoration aims of sediment removal include the following
objectives:

D Reduce internal phosphorus loading from relatively recently
deposited nutrient rich sediment;

2) Maintain or create sufficient water depth for submerged water
plants;

3) Increase water depth for navigation purposes; and

4) Remove toxic substances associated with the sediment.

A discussion of results relating to sediment removal for the aforementioned aims
forms the basis of this report.

Within the Broads attempts to reduce internal P recycling and to increase water
depth for navigation and water plants have been made by employing several
methods. These include dosing with chemicals and removal of nutrient rich sediment.
This review focuses on the latter as chemical dosing, such as iron and finely divided
chalk, has proved unsuccessful (George, 1992) and is therefore not an option for
subsequent restoration projects within Broadland.

Over the past 20 years sediment removal, via mud pumping, has been widely
practised in 11 small broads (each less than five ha.) and two larger broads (Hoveton
Little 15 ha. and Barton, 75 ha.), (Kelly, 2008).

However, within similar timeframes these broads have also had one or more of the
following additional restoration measures: nutrient reduction at sewage treatment
works, isolation to reduce external loading, biomanipulation (removal of certain
species of planktivorous and benthivorous fish) (Moss, 1986, Phillips et al, 1999,
SCOPE, 1998), thus it proves difficult to determine the relative impacts of each
restoration measure individually. For example isolation itself can in the short term
increase nutrient loading by reducing the amount of flushing (Phillips et al, 1999) by
allowing nutrients to be accumulated in water and sediment as well as allowing for
more efficient uptake of nutrients by algae.

This document focuses on sediment removal in Barton Broad, describing the results
of a three-year research project on sediment removal, the research undertaken by
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the Broads Authority in partnership with the Environment Agency, from 1996-2000,
as part of the Clear Water 2000 project.

Mud pumping removes the surface nutrient rich silt, shown in Figure 1, and disposes
this to land where it can be beneficially reused. Surface unconsolidated silt layer is
made up of deposited algal matter and sediment from eroding riverbanks and land.
The coarser structured marl has formed during the time water plants dominated the
lakes and the underlying peat basin was laid down by decomposing wetland

vegetation prior to the peat digging being excavated.
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Figure 1. Sediment phosphorus and sediment profile in a one metre core taken from
Barton Broad within the Turkey Broad area

Research aims for the Barton Broad dredging project included:

1. Evaluation of the effects of dredging on the total phosphorus (TP) concentration
immediately after and five years after dredging

2. Investigation of the re-profiling of the P in the surface sediment

3. Monitoring any change in the partitioning and binding of P within the sediment

4. Investigating the effects of dredging on soluble reactive phosphorus (SRP)
release and interstitial pore water SRP

5. Relating SRP release to the concentration of SRP in the interstitial pore water

1.1 Preparation and Feasibility Study

The Broads Sediment Management Strategy (Wakelin and Kelly, 2007) sets out the

stages of investigation required prior to sediment removal. This decision-making

framework is shown in Figure 2 with the addition of palaeolimnological study for lakes

to gain information on the past ecology and target removal depth.
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Figure 2. Sediment removal decision-making framework

Palaeolimnological studies provide information on sediment age, sediment
accumulation rates, pollution histories and past ecology (by examining remains of
algae, plants, zooplankton and to some extent the fish population).
Palaeolimnological results for Barton Broad are presented in Figure 3.
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