
New insights gleaned from using a FEFLOW-MIKE11 model

3. Interaction with the drainage ditches may affect groundwater in the underlying crag

Prior to the modelling the peat was assumed to be receiving water from the crag throughout the 
year. In summer, the model corroborates this: peat groundwater levels are low due to 
evapotranspirative demand and are supported by upflow from the crag. However, in winter, peat 
groundwater levels increase again and the vertical gradient 
is reversed. Furthermore, 
the model indicates that in 
winter the stage in the drains 
does not increase with the 
groundwater level in the peat 
and remains low enough to 
maintain a (small) upwards 
vertical head gradient from the 
crag (Figure 5), implying 
that there is some connectivity 
between the drains and the crag. 
The strength of this connection is 
difficult to verify – no boreholes 
have been drilled through the 
peat within the SSSI because 
of the site’s sensitivity. However, 
it does demonstrate that 
groundwater levels are not the 
principal control on the stage 
in the drains; that it is instead
dominated by changes in the 
surface water network, 
e.g. management of sluices and 
weirs or tidal effects.

1. Interactions with surface water reveal complex flow groundwater patterns in the peat

The discharge of groundwater into the drains affects the flowfield within the peat. Observed 
groundwater levels show overall flow direction to the north-east. The modelling showed although 
overall flow is north-east, on a small scale there are steep gradients towards the drains (Figure 
3). This pattern is unsurprising, but difficult to show in observed data without a dense network. 
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Introduction
Sizewell C is a proposed nuclear new 
build site adjacent to the existing 
Sizewell B nuclear power station, on 
the Suffolk coast. The development 
will involve significant excavation and 
earthworks, building of a cut-off wall 
and dewatering over approximately 
10 years. 

EDF Energy commissioned Atkins to 
build a transient groundwater model 
to assess the risk from the 
construction and operation of the 
development to the adjacent 
groundwater-dependent peat wetland 
system, Sizewell Marshes SSSI. 

Sizewell Marshes SSSI is a series of 
fen meadows surrounded by drainage 
ditches, and there is strong 
connectivity between the surface 
water and groundwater systems. For 
this reason a coupled 
FEFLOW/MIKE11 model was chosen 
for this work. This poster sets out how 
the coupling was done, the 
advantages and challenges 
associated with constructing a 
coupled model using this software, 
and the additional insights gleaned 
from doing so. 

Model build and coupling
The model build was relatively complex:

• 65 km2 model area constructed in FEFLOW based on a Holebase ground model.

• Boundary conditions to the west based on Environment Agency regional modelling, to the east on
sea level adjusted for salinity, to the north and south constant-head boundaries to represent rivers
that lie outside of the domain, and flux from the underlying geology at the base of the model.

• 24 zones of daily recharge time series and construction of the MIKE11 model to couple to the
fluid-transfer (Cauchy) boundary conditions representing the drainage network in FEFLOW.

A drainage network is built as a standalone 
model in MIKE11, with independent boundary 
conditions, stream cross-sectional profiles, 
channel roughness coefficients and details of 
any control structures. All of this requires field 
data, or justifiable assumptions. This is 
calibrated independently at first, prior to 
coupling with FEFLOW. 

In FEFLOW, Cauchy boundary conditions are 
defined along the paths of the surface water 
channels represented in the MIKE11 model. 

A plugin, IfmMIKE11, is used to manage the 
coupling. When the model runs, point-source 
volumetric transfers of water are made between 
each Cauchy boundary node and the 
associated “H points” in the MIKE11 model at 
the end of each FEFLOW timestep. “H-points” 
are nodes in MIKE11 where the stage is 
calculated for a defined cross section. The 
discharge is calculated in FEFLOW using the 
water levels from MIKE11 at the end of the 
previous timestep to define the actual boundary 
values at the coupled boundary nodes. The 
MIKE11 model then runs the required number 
of timesteps to reach the actual time of 
FEFLOW, and the final water levels are 
transferred from MIKE11 back to the 
FEFLOW boundary nodes to be stored for 
calculating the flux from FEFLOW in the next 
timestep. 

Once the models are coupled further fine tuning 
of the calibration of each can be done. 

Benefits and challenges of coupling FEFLOW & MIKE11
Pros Cons

 MIKE11 timesteps are shorter than FEFLOW 
timesteps (i.e. minutes to hours); better suited to 
modelling surface water processes which are naturally 
higher frequency than groundwater fluctuations.

 More data is needed to be able
to usefully define surface water
network properties.

 Allows high resolution, coupled modelling in areas where
you need it, within larger lower resolution models.

 Can add significantly to model run
time, depending on complexity of
surface water system.

 Features that control stage and flows such as
drain geometry and control structures can be
accurately represented.

 Additional complexities in terms
of calibration.

 Provides a boundary condition where resulting flows in 
surface water features can be interrogated. Hence less 
likely to artificially control the model behaviour than other 
methods of representing surface water features. 

Conclusions
Coupling FEFLOW with MIKE11 is a relatively straightforward way of getting higher resolution on 
surface water features for small study areas where high resolution in terms of groundwater levels, and 
groundwater-surface water exchanges is required. For this project where very small changes in 
groundwater levels were important for ecological receptors, having the resolution offered by coupling 
with MIKE11 was very valuable. 

However for coupled modelling like this to be a success a large amount of data is required, and for 
large or complex surface water networks the run times may be prohibitive. For models where the 
surface water-groundwater interactions are not key, or for longer timescales where the high time 
resolution isn’t required, it may be excessive. 

Coupling FEFLOW with MIKE11 for this project offered us new insights that would not have been 
gleaned using a FEFLOW model alone, in terms of the interactions between surface water and 
groundwater, and their effect on deeper geological units. It allowed us to treat the surface water 
systems as not just a boundary condition but as an integral part of a sensitive groundwater dependent 
ecosystem. 

2. Surface water-groundwater interactions vary less across the network than expected

High resolution surface water modelling showed differences in the surface water-groundwater 
interactions in different parts of the drainage system. Initial field data suggested the upstream 
reaches of the system were losing water to groundwater, and downstream reaches were gaining. 
In fact surface water is seen to be receiving baseflow from groundwater almost everywhere, and 
the model shows the magnitude of the gain varies seasonally due to variation in relative surface 
water and groundwater levels (Figure 4).   
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Figure 1. 
(A) Site 
location; 
(B) Model area 
with Sizewell 
Marshes SSSI 
in shaded 
green; 
(C) Surface 
water drainage 
network within 
Sizewell 
Marshes SSSI 
which was 
modelled using 
MIKE11 .
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Figure 2. 
(A) Example of the FEFLOW/MIKE11 interface. 
The bottom right hand corner shows an example 
cross-section defined in MIKE11, and the 
Cauchy boundary conditions which are coupled 
to the surface water model; 
(B) Schematic of the coupling methodology.

Images taken from: DHI Wasy GmbH 2014. 
IfmMIKE11 2.1: Coupling the groundwater model 
FEFLOW and the surface water model MIKE11 -
User Manual.  

How the coupling actually works
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Figure 3. Modelled (A) and observed groundwater level contours (B) for December 2014 – modelled data shows 
overall flow to the north-east but with steep hydraulic gradients around the drainage ditches. 
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Figure 4. 

Volumetric 
transfer of water 
from groundwater 
into surface water 
in summer (A) 
and winter (B) 
along the 
modelled 
drainage network. 
Dots represent  
nodes in the 
MIKE11 model 
which is receiving 
or losing water 
from FEFLOW 
boundary 
conditions.
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Figure 5. (A & B) Schematics showing vertical hydraulic gradients and surface-water groundwater interactions 
between drainage ditches, peat groundwater and crag groundwater in summer and winter; (C & D) vertical hydraulic 
gradients between peat and crag under in summer and winter – green is upward flow, and yellow downward. 
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