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Abstract
Any changes to the technical components of the drainage network and the efficient removal of excess water are highly
dependent on both the manner in which the prepared surfaces are used, either in bulk or in individual plots, and their
use class. This paper tackles the operational behaviour of the drainage network after 40 years of use on arable land.
Our research has revealed that the banks of the higher rank ditches have eroded and their bottom has clogged, which
has reduced their flow section by 15% on the average. This diminution does not hinder the capture, flow and discharge
of collected waters. The absence of any maintenance works has allowed woody and hygrophilous vegetation to grow,
which reduces the water flow rate, increases alluvial sediments and clogs the discharges holes of the drains. In the
lower rank ditches on the drained surfaces, the 0.40-0.70 m thick alluvial sediments have led to the complete plugging
of the discharge holes of the plastic drains. The use of land as individual plots has accelerated the decommissioning of
lower rank ditches, which served only for draining the land and which were then released for agricultural use.
Key words: bank erosion, clogging, drainage ditches, excess humidity, geometric and hydraulic parameters.

INTRODUCTION

deposition and creates important habitat
characteristics. This management approach
may be a viable option for addressing erosion
issues, sediment imbalance and poor habitats in
the surface and subsurface drainage systems.
Thus, the low water reserve and the improved
hydrological efficiency of the artificial
agricultural drainage seem to enhance the
response of the water flow to the increase of
rainfall (Dunn et al., 2016; Hodaj et al., 2017;
Kelly et al., 2017; Krider et al., 2017; Kalcic et
al., 2018).

Over 50% of the surface and subsurface
drainage systems worldwide require some sort
of rehabilitation (Schultz & De Wrachien,
2002).
Drainage ditches were originally designed to
remove excess water and to prevent soil erosion
on agricultural land. The operation of these
ditches at the originally designed standards is
highly dependent on the frequency and quality
of the maintenance works conducted.
Maintenance
works,
including
ditch
unclogging, should be carried out when the
nutritional loads are expected to be low, thus
reducing any potential impact on water quality
(Smith & Pappas, 2007).
Dollinger et al. (2017) argued that properly
maintained ditches improve hydraulic capacity
of up to 3 times, yet have a negative impact on
the herbicide retention functions and
biodiversity preservation.
The two-stage ditch design demonstrates an
increase in river stability, facilitates sediment

MATERIALS AND METHODS
The
Rotopăneşti-Rădăşeni-Fîntîna
Mare
surface and subsurface drainage system is
located on the left side of the Moldova River
watershed, being 5 km wide and 15 km long
(Figure 1).
The system includes the flood plain and
terraces of the Moldova River, as well as of its
tributary streams Şomuzul Băii and Şomuzel.
The hydrographic network includes the
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Şomuzul Băii and Şomuzel brook, which cuts
the Rădăşeni-Fîntîna Mare-Baia area in two and
has a shallow waterbed, only 0.30-0.60 m deep
and in some sections it even flows on the
surface of the land. This has always been a
cause of excess humidity on heavy rainfall,

which has caused the flooding of neighbouring
agricultural land (Radu et al., 2017).
The first preparation works were done in 19591960 and included regulation works on the
Şomuzul Băii, Şomuzel brook and the drainage
of an area of 1697 ha.

Figure 1. Location of the Rotopăneşti-Rădăşeni-Fîntîna Mare Surface and Subsurface Drainage System

Additional works to the existing ones, new
surface and subsurface drainage works and
rehabilitation works on the main collecting
drains were done between 1978 and 1980, in
order to improve the removal of excess water
from rainfall and the phreatic zone. To this end,
drainage works were carried out on an area of
5527 ha, of which 1806 ha were prepared by
underground drainage works.
The preparation works, both the additional ones
and the newly designed ones, materialized in a
systematic network of drainage and discharge
ditches. The ditches are 300-400 m apart and
their total length is 168.10 km, which also
includes the regulation-drainage network. The

drainage ditches were designed with a
trapezoid cross section and a 1.25 slope
coefficient. The Şomuzel and Şomuzul Băii
brooks were regulated, with slope inclinations
of 1:1.5 and 1:2.0, respectively.
The sizing of higher rank ditches was done by
telescopic means, considering the slope and
outflow of the component sections. From the
hydraulic point of view, the ditch cross sections
were designed so as to allow maximum
outflows of 5% and of 10% for the Şomuzul
Băii and Şomuzel brooks, respectively. The
drainage outflow was not considered, as the
maximum outflows were not thought to be
concomitant.
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The best use was made of the depression areas
(furrows and valleys) and of the existing
network, when designing the network of main
and secondary collecting ditches.
In order to determine the changes of the
geometric and hydraulic parameters of the ditch
network after a 40-year operation, topographic
measurements were carried out with a ROVER
STONEX S7-G GPS. The collected data were
processed in Auto-CAD Map 3D 2014.
The cartographic data were collected and
processed with TNTmips v.6.9 and QGIS
software. An important step in spatial modelling
was the development of the Digital Land Model
(DLM) by vectoring the contours and elevations
on topographic maps at a 1:25 000 scale.

Depending on the operation of the prepared
surfaces on which drainage-drying works were
performed and on the frequency of current and
periodic maintenance works, changes in the
geometric and hydraulic parameters of the ditch
network may occur, due to bank erosion and
clogging of the bottom of the ditches.
The actual drainage ditch network of the
Rotopăneşti-Rădăşeni-Fîntîna Mare system
includes main ditches, secondary ditches,
section ditches and belt canals.
In the cross section performed on the main
Şomuzel collecting ditch dug on arable land, no
significant changes of the geometric and
hydraulic parameters were found after 40 years
of operation (Figure 2).
On that section, the clogging of the Şomuzel
ditch was about 0.45 m, which decreased the
depth of the canal from 2.60 m to 2.15 m. This
clogging has led to the widening of the bottom
of the ditch from 1.00 m to 2.20 m. During its
operation there was an erosion of the bank
which increased the ditch opening from 8.50 m
to 8.80 m.

RESULTS AND DISCUSSIONS
The drainage system was designed to be
operated on drainage sections. Following land
repossessing according to the Land Fund Law
no. 18/1991, most of the prepared surface was
used as individual plots of land, and some
surfaces changed their use class.

Figure 2. Cross section of the main Şomuzel collecting ditch

We also found an erosion of the bank and
clogging of the bottom of the secondary
collecting ditches. The cross section of a
secondary collecting ditch (Figure 3), which
drains an area of about 380 ha, revealed it was
also clogged, its depth being reduced from 1.90
m to 1.50 m, which led to the widening of the
bottom of the ditch from 0.60 m to 1.58 m. The

opening of the collecting ditch increased from
5.80 m to 6.37 m also due to bank erosion.
Figures 2 and 3 show more significant bank
erosion on the left side of the ditches, because,
on the sections where the cross sections were
made, the surface served by the ditches has a
greater incline than the opposite side, where the
land is relatively flat.
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Figure 3. Cross section of a secondary collecting ditch

The 1.5-2.0 m deep belt canals dug at about 2050 m of the foot of the slopes, the role of which
was to protect the prepared surface from the
water flowing from the higher neighbouring
areas, were generally more clogged, the
clogging running from 0.40 to 0.70 m.
The cross section of a belt canal (Figure 4), the
initial depth of which was 1.90 m, revealed

more significant clogging on the left side, i.e.
0.75 m, compared to the right side of the canal
(0.60 m). The more significant clogging and
bank erosion on the left side are probably due
to the water flowing from the higher
neighbouring areas.

Figure 4. Cross section of a belt canal

Field observations, measurements and analysis
of the cross sections of higher rank ditches
revealed an average 15% decrease of the flow
section.
The changes of the geometric and hydraulic
parameters of most higher rank ditches during
the 40 years of operation and existence of the
Rotopăneşti-Rădăşeni-Fîntîna Mare system
should not significantly hinder water collection,
flow and discharge from the prepared area.
However, the failure to carry out current

maintenance works has, over time, led to the
occurrence of genuine riverside coppices by the
ditches.
The trunks of the trees on the ditches act as
dams and reduce water flow speed by retaining
plant debris and other materials brought by
high waters. Water flow speed reduction
contributed to alluvial sediments build-up and
hygrophilousvegetation development, thus
gradually clogging the discharge holes of the
collecting and plastic drains (Figure 5).
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Figure 5. Current condition of higher rank drainage ditches and discharge holes

Lower rank ditches fall into two categories:
ditches collecting the water discharged from
the plastic drains and drainage only ditches.
Following the observations and measurements
performed on 1.30-1.60m-deep lower rank
ditches, which were designed to collect the
water discharged by plastic drains, we found
that their 0.40-0.70 m deep clogging usually
completely plugged the discharge holes of the
plastic drains.
Figure 6 shows a cross section of a section
collecting ditch designed to collect the water
discharged by plastic drains, which was
initially 1.40 m deep and 0.40 m wide (at the
bottom), and had a 3.60 m opening.
The measurements performed after 40 years of
operation revealed ditch clogging by about 0.50
m. The 20% diminution of the flow section of
this ditch due to clogging does not significantly
hinder water passage and discharge. It did
however cause the clogging of the discharge
holes of plastic drains. This clogging has
repercussions on excess water discharge, which
in its turn causes delays in the agricultural
works that need to be done, all having a
negative effect on the yields obtained.

The more significant clogging of these ditches
is due to their small initial section and low
outflow, which cannot carry any alluvia.
Another important role in the high clogging
rate of these ditches was played by the
occasional plugging of the ditches to allow
access to individual plots of land and to allow
storage of plant debris.
Drainage-only lower rank ditches, which were
designed and dug at a smaller scale (0.90-1.10
m deep and 0.40 m wide at the bottom, on the
average), along contour lines, have been
completely taken out of use. These ditches
were covered with earth and used as farmland
either on sections, or separately. The existence
and direction of these ditches were not
considered on land repossessing according to
the Land Fund Law no. 18/1991, which usually
occurred on the former locations. In order to
facilitate land ploughing on individual plots,
repossessed land owners turned these ditches
into arable land by covering them with earth or
successive ploughing. The remaining ditch
sections are clogged and have a role of smallscale topographic depression (Figure 7), which
facilitates tree and hygrophilous vegetation
growing.
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Figure 6. Cross section of a section collecting ditch in which plastic drains are discharged

Figure 7. Cross section of a drainage section collecting ditch

In order to efficiently discharge excess water
through higher rank ditches, it is recommended
that the discharge holes of the plastic drains be
unclogged, and that woody vegetation and
hygrophilous vegetation be removed. Lower
rank ditches, which are designed to collect the
water discharged by the plastic drains, should

also be unclogged and their section should be
restored.
The discharge holes of the drains should be
rebuilt on both the lower and upper rank
ditches. Excavation deposits should be used to
cover the micro-depressions formed on the
prepared surface, as a result of the use of land
on individual plots.
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After 40 years of operation, the changes of the
geometric parameters of the higher rank
drainage ditches of the Rotopăneşti-RădăşeniFîntîna Mare surface and subsurface drainage
system, built on arable land, reduce the flow
section by 15%, on the average.
The clogging and bank erosion phenomena
affecting higher rank ditches do not hinder
excess water collection, passage and discharge.
The bushes and hygrophilous vegetation
growing in the ditches reduce water flow speed
and facilitate alluvial sediment deposition and
discharge hole clogging.
The 0.40-0.70 m-thick alluvial deposits in the
lower rank ditches draining the prepared
surfaces have completely plugged the discharge
holes of plastic drains.
Given the private ownership of land and land
use on individual plots, drainage-only lower
rank ditches have been completely taken out of
use and included in the farmland and/or
clogged.
The
small-scale
topographic
depression facilitated tree and hygrophilous
vegetation growing.
After 40 years of their development, higher
rank ditches need their woody vegetation to be
removed and the discharge holes of their plastic
and collecting drains to be unclogged.
Lower rank ditches on the drained surfaces also
need unclogging and restoration of their cross
section, unclogging of the discharge holes of
their plastic drains and removal of their woody
vegetation.
After these works have been carried out,
current maintenance works must be rigorously
performed in order to ensure effective excess
water removal, according to the set technical
parameters.
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