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Abstract. The GIS database containing the topographic and land use information
was made in 2012, followed by field measurements surveys in 2013 and 2014. A
number of 11 cross-sections were topographically apprised in the valley along the 11
km river reach. The geometric data requirements for the modeling software were
prepared in ESRI’s ArcGIS™ 9.2 software using the HEC-GeoRAS extension. The
steady flow data was edited in the HEC-RAS one-dimensional flow modeling
software. Four scenarios were used for the river discharge, from normal to overflow.
The results come in different forms, from tabular output, to stage hydrograph, to
velocity distribution or 3D diagrams, all of which give a clear vision on the overflow
high risk areas. The results were exported back to the GIS extension for additional
spatial operations. Flow velocity maps were generated for each discharge scenario.
Although the scenarios included very high discharge values, the flood impact on
people assets is minimal. The reasons for this are the high slope of the riverbed and
the proper placement in the floodplain, due mainly to the flood management works
that took place after the 1970 flood.

1. Introduction

The hydrodynamic modeling of a river course is a difficult task, as the riverbed
is continually changing and high accuracy measurements in river cross-sections are
required. Moreover, the field surveys should be repeated once every 5 to 10 years
(depending on the extent of riverbed morphology changes).

Although a lot of hydrodynamic modeling software exists at this time, the
inputs for all of them are highly dependent on field data accuracy.
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The U.S. Army Corps of Engineers’ River Analysis System (HEC-RAS) is
software that allows you to perform one-dimensional steady and unsteady flow
river hydraulics calculations, sediment transport-mobile bed modeling, and water
temperature analysis (Warner et al, 2010). A lot of recent papers show either that
the application of HEC-RAS is simple and convenient, with a good applicability
(Wang, 2014), or successful application on high accuracy triangulated irregular
networks without the need of field survey measurements (losub et al, 2015).

The current paper covers the steady flow water surface profile calculations for
an 11km stretch along the Suciu River.

The HEC-GeoRAS is a set of procedures, tools, and utilities for processing
geospatial data in ArcGIS using a graphical user interface (GUI). The interface
allows the preparation of geometric data for import into HEC-RAS and processes
simulation results exported from HEC-RAS (Cameron & Ackerman, 2009).

2. Study area

The Suciu River hydrodynamic modeling project started in 2012 as an attempt
to provide accurate information for use in flood risk management to local
authorities. The study area location — although close to a high flood risk region
(Targu Lapus City) — is not a highly risk prone area. The big flood from 1970 in the
Somes catchment had a huge impact on the area situated below the Suciu and
Lapus rivers confluence (fig. 1). Altough the Suciu river discharge (112 m’/s)
flooded the nearby villages, the impact was not as critical as other areas in the
Somes catchment. A series of flood management works took place after the 1970
flood especially in the Lapus riverbed below the Suciu-Lapus confluence, in the
form of riverbed dredging. For Suciu River, the flood management works included
the construction of embankments and dikes in some parts on the floodplain.
Because of these, the highest discharge (115 m’/s) recorded in 1987 did not have
the impact of the previous flood. The natural narrowing in the valley slopes as it
crosses between Suciu de Sus and Suciu de Jos villages is yet a reason for concern,
as most of the people assets are placed in the floodplain.

Tab. 1. Suciu River annual flow (m’/s)

Annual flow: 2009 2010 2011 2012 2013 2014
Average 3.37 5.18 2.30 2.85 3.14 1.95
Maximum 57.9 55.5 20.1 67.0 30.9 21.7
Minimum 0.382 0.520 0.192 0.210 0.193 0.341

* Information extracted from The “Romanian Waters” National Administration database

The Suciu River is classified as a mountainous stream (Somes-Tisa
hydrographic area management plan, 2015), yet the study area falls into the hilly
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areas, with 7° slope, with a riverbed composed mostly of gravel and sand, and a
well-developed floodplain.

As shown in Tab. 1, in the past 5 years (2009-2014), the Suciu River flow
oscillated greatly among 0.341 and 67 m’/s. For a better flood forecasting, the
chosen values for the annual average and maximum flows are 4m/s, respectively
50my/s.
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Fig. 1. Study area location

3. Materials and methods

The floodplain morphology was extracted from the 1:5.000 topographical
maps by digitizing the contour lines and elevation points in 2012.The land use map
(used for Manning’s n coefficient) was extracted form Corine Land Cover 2006
vector layers and aerial photographs.

The riverbed morphology was measured by direct surveys in 2013 and 2014,
following the thalweg and the left and right banks. For every 10 to 50 meters —
depending on morphology changes — a riverbed cross-section was conducted.

The main result comes in the form of a triangulated irregular network (TIN)
that accurately shows the riverbed and floodplain morphology along the study area
(fig. 2).

Using the HEC-GeoRAS extension for ArcGIS, the geometric data for import
into HEC-RAS was prepared. The themes created are the Stream Centerline, Flow
Path Centerlines, Main Channel Banks (Left and Right), and Cross Section Cut
Lines referred to as the RAS Themes. As the themes intersect the TIN, all the 3D
shape files are generated (fig. 2). The intersection of the cut lines with the other
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RAS layers will determine bank station locations, downstream reach lengths and

the land-use Manning’s n values.
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Fig. 3. HEC-RAS Geometric Data interface

For export to HEC-RAS, a RAS GIS import ASCII file is generated. Once
imported into HEC-RAS, the geometry data interface shows the 2D cross/sections
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along the river stretch (fig. 3). The graphical Cross Section Editor allows the
editing of each point values.

After the geometric data was entered, a four scenarios steady flow analysis
was preformed. The steady flow data consists of the number of profiles to be
computed, the flow data and the river system boundary conditions (Brunner, 2010).

For the yearly average (4m’/s) and maximum (50m’/s) flows, a subcritical
analysis was performed, requiring downstream boundary conditions. The
placement of the Suciu River gauging station was used as the downstream
boundary, for reasons of model calibration.

The upstream boundary conditions were used in the 115m’/s and 500m’/s
scenarios were a supercritical analysis was performed.

4. Results and discussions
The results come in different forms, from Profile output tables (fig. 4), to
profile plots (fig. 5), cross-section plots, 3D plots or rating curves (fig. 6).

i Profile Output Table - Standard Table 1
Fle Options Std.Tables Locations Help

Reload Data

Reach | River Sta | Profile lev | E.G. Sloy

Suciu 11052.02 | Normal 4 0

Suciu | 10946.83 | Normal 400 44723 44774 44772 447.84) 0024068 139 288 117 0.88
Suciu 10804.56 | Normal 400 44566 44606 44611 0.007258 0.87 413 1083 050
Suciu 10647.03 | Nomal 400 444E3 44513 44516 0.005059 0.78 6.25 1655 042
Suciu 10531.73 | Normal 400 44412 44452 444.85  0.005457 072 6.51 127 042
Suciu | 10351.23 | Nomal 400 44294 44334 44338 0.007613 0.80 5.02 17.91 0.48
Suciu | 10207.21 | Normal 400 44200 44244 44230 44247 0.005243 0.7 5.62 190 0.42
Suciu | 9939.020 | Nomal 4000 43912 43342 43942 43950 0.036463 127 318 19.29 1.00
Suciu 9804.577 | Nomal 400 43740 43775 43762 43777 0.004605 0.58 691 2503 03s
Suciu 9EEE.287 | Nomal 400 43643 43684 43687 0.003802 075 532 2EE4 054
4 »

Total flow in cross section.

Fig. 4. Suciu River HEC-RAS Profile output table for 4 m*/s
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Fig. 5. Suciu River HEC-RAS Profile plot for 115m%/s
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Fig. 6. Suciu River HEC-RAS 3D plot, cross-section and rating curve for 115m’/s

The results were exported to HEC-GeoRAS, for the generation of
floodplain maps (fig. 7). For a better visualization of results, the floodplain
boundary for each of the four scenarios was overlaid on aerial photographs (figs. 8

to 11).

Fig. 7. HEC-GeoRAS data import
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Fig. 8. Suciu River flow velocity at 4 m®/s
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Fig. 9. Suciu River flow velocity at 50 m’/s

The flow velocity distribution for 4m’/s (fig. 8) was used for the model
calibration. At 2m’/s, the river does not reach the floodplain areas. At 50m’/s (fig.
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9), although the water covers small areas in the floodplain, the simulation found a
series of sinkholes in the uninhabited vicinities.
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Fig. 10. Suciu River flow velocity at 115 m’/s
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Fig. 11. Suciu River flow velocity at 500 m’/s
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The peak recorded discharge (115m’/s) shows large areas in the floodplain

covered by water, reaching the edge of the inhabited space and flowing mainly
over croplands (fig. 10). The highest flow scenario (500m®/s) shows extensive land
cover by flood, although only 15 households are being affected by the overflow
(fig. 11).
The Suciu River is continuously shifting morphology after the 9m®/s discharge is
reached, mainly in the form of bank erosion (fig. 12). The present critical areas can
be protected by simple measures like inundation basins, banks consolidation or
dikes re-consolidation.

Fig. 12. Suciu River left bank erosion at 9m*/s

Conclusions

The use of field measurements surveys coupled with high accuracy
morphology and land use maps can produce very precise triangulated irregular
networks to be used for flood forecasting. The required hydrological data and flood
extents trough eye-witnessing are as important for model calibration and accuracy
of simulation runs.

Although the Suciu River flood forecast scenarios included high discharge
values, the flood impact on people assets is minimal. The reasons for this are the
high slope of the riverbed and the proper household placement in the floodplain,
due mainly to the flood management works that took place after the 1970 flood.
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This study results can be used by any interested factors (local authorities,
universities, NGO’s) for a better flood risk management in the studied area.
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