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Introduction
The Flood Risk Management (Scotland) Act 2009 (FRM) was implemented to encourage
Scottish Water (SW), SEPA and Local Authorities to work together to determine areas of
Scotland that are at risk from flooding and ultimately understand what to do to reduce those
risks.

As part of this, SEPA has identified Potentially Vulnerable Areas (PVAs) across

Scotland and, under Section 16 (S16) of the FRM, SW are obligated to determine the flood
risk for communities within those PVAs.

SW has therefore identified 200 Drainage

Operational Areas (DOAs) within the PVAs as having S16 drivers and has begun a program
of assessment to be completed within the current investment period. 2D modelling is the
current best practice method of determining surface flooding depths and extents; however,
this requires a sufficiently detailed hydraulic model. From an assessment of the existing
model library, a number of the S16 DOAs (approximately 70) did not have a model of any
kind at the start of the period, and a further 30 were considered to require some form of
model maintenance. To perform a full model build or maintenance with flow survey and
verification on each of these networks solely for a S16 assessment would be an expensive
and time consuming undertaking. Consequently, to allow this assessment programme to be
completed, it was proposed that Rapid Assessment Models (RAM), using traditional subcatchment hydrology, default 1D networks, and appropriately detailed 2D meshes, would be
suitable for determining the flood risk associated with sewer systems.

Construction of Rapid Assessment Models
SW with input from the Atkins & RPS Consultancy Joint Venture (ARC) developed a
specification for the construction of RAM’s. The outputs of the models are to be used in the
overall assessment of flood risk at high return periods (M30-M200).
permutations were considered:
1. 2D only model with rain-on-mesh and 2D infiltration.

A number of

2. 2D only model with rain-on-mesh and 2D infiltration with a volume negated from the
rain profile to account for the sub-surface system.
3. 1D/2D model with rain-on-mesh and 2D infiltration.
4. 1D/2D model with traditional sub-catchment hydrology.

Ultimately, Option 4 was chosen as it was considered to give the best balance with
maintaining accuracy at high return periods and yet still be indicative of network performance
at lower return periods.

The RAM build procedure was defined in a specification document. The key to the reduced
build process was to leverage existing GIS and asset data and combine it with digital terrain
models. The RAM build specification was based on the existing full MBV specification;
however, a deliberate reduction in asset, flow survey and verification was implemented to
minimise costs and programme duration.
Standardised methods for defining 2D meshes, 1D-2D interactions, design rainfalls, model
boundary conditions and model run parameters were developed. This consistency across all
catchments was considered important as it provides a level playing field for the
measurement of risk and accuracy.

S16 Assessment Procedure Development
S16 Assessments utilise sewer models and ground models to determine the location,
volumes and extents of flooding from the sewer network. The use of the ground models
enable 2D modelling to be undertaken, thereby allowing the flow paths to be identified along
with the depths of any surface ponding. The ground model data, which was provided by
SEPA, has been pre-processed to include the footprints of buildings. To allow the storage
volume from the internal spaces of buildings to be included, no voiding was undertaken.
In order that the output of the S16 assessments can be incorporated into existing or future
flood risk assessments by SEPA, the form of the S16 Assessment mirrors the storm events
utilised in the Flood Risk Management Strategies.
Outputs were defined that resulted in GIS data that can be used by SEPA in flood risk
assessment. The outputs consist of: flood depth and extent raster grids; node vector files
containing flood depth and volume values for each event; and building footprint vector files
containing maximum flood depths for each event.

Case Study
The subject of a recent Drainage Area Study was used as a case study to evaluate the
predictive power of a RAM. The existing model has been verified and audited to current SW
MBV specifications. There was also ground model data available for this catchment making
2D modelling possible. This model is considered as Fit for Purpose (FFP). As part of the
study, A RAM was created for this DOA in order to test its comparative predicative results.
The RAM was created using SW GIS and available surveyed ancillary data to mimic the
approach that would have been followed had an updated model not been available. The
ancillary surveys included three pumping stations and four CSOs. The WwTW survey was
not included as a free outfall was used as the downstream 1D boundary condition. This
number of surveyed ancillaries is comparative to that which would have been undertaken in
a typical S16 model build. The pre-verification sub-catchments were copied from the verified
model and were utilised in the RAM. Where manhole cover levels were not known they
were obtained from the ground model.

The network model was then finalised using

appropriate interpolation techniques. All modelling work was undertaken within InfoWorks
ICM v6.5.
The 2D zone and ground model were created within the verified model and then copied to
the RAM. This allowed the same 2D mesh element ID’s to be utilised by both models
thereby allowing a comparison on the output to be undertaken.

Results
In comparing the results from both models, the extent and depth of flooding was considered.
The results for the M1-180, M50-180 and M200-180CC were compared in order to ascertain
the ability of a RAM to simulate flooding at various event intensities.
To analyse the different flooding extents, the results have been shown on Figures 1-3. The
extents of the predicted RAM only flooding is coloured yellow, the FFP model only in green
and the areas predicted by both models is shown in pink.

Figure 1: M1-180 Flood Extent Comparison

Figure 2: M50-180 Flood Extent Comparison

Figure 3: M200-180CC Flood Extent Comparison

Figure 1 shows that at this lower return period there is limited agreement between the two
models in terms of the predicted flood extent. In Figure 2 there is better agreement between
the two models; however, the extent varies at the edge of flooding areas. The RAM however
does predict flooding at a majority of the same although not all of the areas predicted by the
FFP model. Figure 3 shows the highest agreement in the extent of the flooding.
The flood depths predicted by each of the models were also considered. Depths were
compared in areas where both models predicted flooding, however, it was also important to
establish the depths predicted in locations where only one of the models predicted flooding.
Figure 4 demonstrates the difference in flood depths at locations where flooding was
predicted by each model. It is shown for each of the three return periods. To allow for a
clearer comparison these figures focus on the centre of the catchment however this is
representative of the differences in depth across the catchment.

Figure 4: Difference in Depth (m) where the Models Overlap (RAM – FFP)

Figure 4 shows that, in general for all return periods compared, the depths derived from the
RAM and FFP models are within 10mm. At the lowest return period, the RAM tends to
underpredict the flood depths. The M50 has areas of both over and underprediction as
compared to the FFP while for the M200, the RAM overall tends to overpredict the depth. It
should be noted that the majority of over/under predictions are within 30mm.

The greatest variance occurred at the rivers within the study area. This was caused by
flooding occurring next to the river at a low point within the ground model. Both models
utilised the same ground model however the manhole which was the source of the flooding
in the RAM had survey data available for use in the FFP model. This suggests that the RAM
may benefit from a final sense check on manhole elevations in the vicinity of low points
before model runs to ensure they are realistic.

Figure 5: Depth (m) of FFP Model Only Flooding

Figure 6: Depth (m) of RAM Only Flooding

The majority of the depth of flooding predicted only by the RAM model was less than 10mm.
The degree of uncertainty within 2D modelling in general is such that results less than 50mm
should be treated with caution. The greatest depths in flooding being predicted only by the
RAM are related to the low point discussed previously. In the FFP model the greatest depth
flooding not predicted by the RAM was during the M1 event and occurred towards the centre
of study area. This flooding is attributed to the presence of sediment that was applied in the
FFP model that is not in the RAM.
significant effect.

At higher return periods the sediment has a less

Some of the differences can also be attributed to differences in pipe

gradients. A number of pipes in the FFP model have shallower gradients than in the RAM
which is causing the FFP model to predict more flooding at lower return periods.

Conclusion
The depth and extent of flooding predicted by both models was ultimately similar. The
difference in the depth and extent of the predicted flooding decreases as the return period
increases. There was a variance in flood depth difference of approximately 30mm where
both models predicted flooding. At the lower return periods the different flooding predictions
can be attributed to the minor differences in the 1D network derived from a lack of survey
data in the RAM. The impact of these differences reduces as the return period increases.
This is as would be expected as models are normally verified against low return period
events making a FFP model most accurate during lower return periods. During a typical
model, the below ground network has the greatest impact on results during lower return
periods. At very high return periods, it is the 2D surface model which influences the flooding
depths.

In this instance the RAM was able to produce similar results to the FFP model. This gives
confidence that RAMs can be utilised for the prediction of flood depth and extents
particularly at the higher return periods required for S16 Assessments.

