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Abstract

Accumulation of sediment and silt in the drainage canals is undesirable, yet inevitable occurrence
in the course of the use and operation of any drainage canal network. In this study, D-25 drainage
canal group, taking place in the Nazilli irrigation system with an area of 1165 ha is the only system
where all planned activities have been completed. It has been determined that the drainage sys-
tem was constructed according to original drainage project. The depth of accumulated sediment in
the drainage canals in the research area was determined from the difference between the meas-
ured elevation and the elevation given in the design projects. The reasons for siltation in the D-25
drainage canal group have been studied by looking at the results of the elevation measurements
made in 2010-2012. The measurements made in D-25 drainage canal group showed that there
were significant differences between the actual structure (bridge, culvert, and conduit) bottom
elevations and the elevations given in the design projects. In addition, the length of some canals
would not coincide with the design project either. 83.3% (93.3% in length) of the canals had dif-
ferences in structure bottom elevations. Of the total 55 structures 45 (81.8%) had a 0.10 m or
more difference in bottom elevation from the project. Of the erroneous structures 73.3% had an
average of 0.40 m, and 26.7% had an average of —-0.25 m difference in bottom elevations from the
design projects.
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1. Introduction

Humans have long used open-air canals for land drainage in Mesopotamia around 9000 BP [1] as well as Egyp-
tians and Greeks around 2400 BP [2]. The long March canal in 1789 was the first recorded canal project in Mary-
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land. By the early 20th century, land drainage was a large-scale endeavor involving state and federal partner-
ships which focused on the removal of surface water and groundwater [3]. Agricultural drainage canals are es-
sential for the removal of surface and groundwater in order to allow for crop production in poorly drained agri-
cultural landscapes. Canals also mediate the flow of pollutants from agro-ecosystems to downstream water bo-
dies. Stream flow velocities and sediment transport regime in the drainage canals cause accumulation of fine se-
diments and silts along the canal network. Deposition of sediment in the drainage canal network is an undesira-
ble, yet inevitable occurrence in the course of the use and operation of any canal network system. Apart from the
sediment deposited in the bottom and consequently reducing the designed, basic purpose and functional perfor-
mance of the canal network as well as hydraulic works constructed on them, the physical, chemical and biologi-
cal properties of these sediments deposits are becoming issues of more immediate concern.

This study was initiated in Nazilli irrigation scheme D-25 drainage canals group of Bllyiik Menderes basin in
Turkey, to determine the effects and causes of silt accumulation and mechanical silt cleaning which are expected
to alleviate the problem on the water table, and to evaluate the current situation. This problem needs to be prop-
erly addressed considering the total length of the canal network, that is, the total volume of sediment to be re-
moved by dredging if the functional performance of the drainage canal network is to be restored and maintained.

2. Materials and Methods
2.1. Material

Nazilli irrigation D-25 drainage canal group, which forms the work area for this study, is located in Turkey’s
west, in Buyuk Menderes basin. Work area is located at 61°40" - 65°00" east longitude, 41°84' - 42°02' north lati-
tude (Figure 1). Total service area of studied D-25 drainage group is 1165 ha. Slope is in north-south, east-west
direction and varies between 0.02 - 0.006. Rainfall shows an irregular distribution by months and seasons. The
average annual rainfall is 608 mm. Downstream conditions of drainage system is limited by water surface eleva-
tion of Blyuk Menderes. When the water surface elevation of Blylik Menderes is high, downstream conditions
of drainage canals are not appropriate [4]. Effects which cause the need for drainage in the research area include
rainfall, hillside waters, side streams, floods, irrigation and water leaks. Flow direction of water table complies
in general with topographic slope. While soil in Nazilli irrigation area usually consists of alluvial soils; light
textured soils form the majority. Because of this feature, permeability of the soil is high [5]. The main crops are
cotton, corn, vegetables, alfalfa, wheat, citrus and fig.

Total length of the canals located in D-25 drainage group which has been chosen as study area is 29 + 342 km
(24 km + 342 m). Properties of built drainage canals are given in Table 1 [6]. Drainage canal length per unit
area is 25.1 m/ha. On the drainage channels, 3 bridges, 1 walkway, 1 gallery, 47 culverts have been built.

2.2. Method

In the study area, methods used for calculating sediment amount accumulated in investigated drainage canals
and for determining the factors effecting sediment accumulation and drainage problem dimensions are given in
Figure 2.

2.2.1. Drainage Systems in the Study Area

In order to determine the drainage systems in the study area, Land Classification Reports, Drainage Planning or
Detailed Drainage Reports and Drainage System Projects of the areas chosen are initially provided. By examin-
ing drainage reports, canals and qualifications located in recommended drainage system are recorded. As a result
of the investigation of drainage projects, which have been prepared based upon the drainage report, canal cha-
racteristics, its artistic structure and properties of anticipated drainage system are collected. By comparing drai-
nage systems which have been formed as a result of the application and the ones recommended in the drainage
report and drainage project; the differences between them are determined.

2.2.2. Identifying the Dimension of Sediment Problem

In order to determine the dimension of sediment problem in the drainage system, elevation controls were per-
formed before or after mechanical cleaning in the canals. To determine the black elevations of the canal, levelers
were built from the canals or different drainage groups with the interval of minimum 30 m up to 60 m. By com-
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Figure 1. Nazilli irrigation D-25 drainage canal group.
SEDIMENT
ACCUMULATION
Drainage Dimensions of the Error elevation of Factors of sediment
systems sediment problem structures accumulation
1. Drainage report 1. Drainage canal 1. Location 1. Error sediment
2. Drainage project black elevation 2. Project bottom cleaning
3. Drainage Project (Nivelman) elevation 2. Downstream
application 2. Drainage canal red 3. Application conditions
elevation (Project bottom elevation 3. Slope status
profile) 4. Error elevation
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5. Scours
6. Cleaning range

Figure 2. Schematic representation of the method used to determine the accumulation of sediment in drain-
age channels in the research area.
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Table 1. Canal characteristics of D-25 drainage canal group.

Canal
name

D-25

D-25/1

D-25/1-a

D-25/1-b

D-25/1-c

D-25/2

D-25/3

D-25/3-a

D-25/3-b

D-25/3-c

D-25/4

D-25/4-a

D-25/4-b

D-25/4-c

D-25/4-d

D-25/4-e

D-25/5

D-25/6

Length (km)

0+ 000 - 0 + 660
0+ 660 -2 + 186
2+186 -3 +003
3+003-4+694
0+ 000 - 0 + 350
0+350-1+150
1+150-1+851
1+851-2+304
0+ 000 -0+ 745
0+000-0+281
0+281-0+708
0+000-0+281
0+000-1+992
0+ 000 - 0 + 544
0+544 -1 +543
1+543-2+295
2+295-2+543
0+ 000 -0+ 350
0+350-0+630
0+ 000 - 0 + 600
0+600-1+041
0+000-0+815
0+815-1+105
0+ 000 - 0 + 369
0+ 369 -0+ 540
0+540-1+048
1+048-1+170
1+170-1+604
1+604-1+699
1+733-2+193
2+193-2+598
2+598 -3+ 027
0+ 000 -0+ 760
0+760-1+124
1+124-1+861
0+000-1+103
1+103-1+661
0+000-0+370
0+370-1+057
1+057-1+537
0+ 000 -0+ 700
0+700-1+385
0 +000 - 0 + 360
0+360-0+777
0+000-0+719
0+ 000 - 1 + 500
1+500-2+053

Drainage

area (ha)

1427
863
352

55
181
130

88

48

50

40

40

37
323
428
337
232
200

36

36

51

51

55

55
268
149

99

57

20

20

20

20

20

64

64

64

53

53
485
485
485

40

40

35

35

20

53

53

Discharge i

(m¥fs) Section
min. max. °
1.749 7.000
1.092 5.200
0.491 2.400
0.109 0.290
0.274 1.100
0.274 1.100
0.274 1.100
0.068 0.440
0.09 0.490
0.055 0.500
0.055 0.500
0.058 0.540
0.318 0.467
0.509 3.100
0.509 3.100
0.509 3.100
0.509 3.100
0.065 0.500
0.065 0.500
0.082 0.400
0.082 0.400
0.111 0.920
0.111 0.920
0.372 1.400
0.372 1.400
0.372 1.400
0.372 1.400
0.372 1.400
0.372 1.400
0.372 1.400
0.372 1.400
0.372 1.400
0.092 0.590
0.092 0.590
0.092 0.590
0.104 0.480
0.104 0.480
0.065 0.400
0.065 0.400
0.065 0.400
0.058 0.400
0.058 0.400
0.043 0.310
0.043 0.310
0.109 0.290
0.159 0.233
0.159 0.233

A’HNHNHNH#NNHHHNHH#&NH#@NI—‘

N P P NDEP NP ODNPEDNEPE WONREPE 0N O & owbND e

Bottom
width

(m)
3.00
2.00
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20

Depth Side Bottom Roughness Velocity Discharge Tractive force
(m) slopes slope

2.40
2.32
1.92
0.90
1.35
0.96
0.89
0.95
0.95
0.82
0.88
0.85
0.97
1.40
1.32
1.24
1.36
0.90
0.81
1.03
0.78
1.04
0.87
1.01
1.13
1.08
0.93
0.93
0.43
1.00
0.98
0.99
0.89
0.96
0.86
0.88
0.81
0.83
0.79
0.75
0.88
0.75
0.83
0.78
0.78
0.85
0.77

172
172
172
172
172
1/2
1/2
1/2
1/2
172
172
172
172
1/2
1/2
1/2
1/2
172
172
172
172
1/2
1/2
1/2
1/2
172
172
172
172
1/2
1/2
1/2
1/2
172
1/2
1/2
172
172
172
1/2
1/2
1/2
172
172
172
1/2
1/2

0.0002
0.0002
0.0002
0.00066
0.0004
0.0052
0.0096
0.0010
0.0012
0.005
0.0024
0.004
0.0009
0.0025
0.0038
0.006
0.003
0.0022
0.0056
0.004
0.005
0.002
0.009
0.0054
0.0024
0.0032
0.0015
0.0074
0.0111
0.0062
0.0074
0.0066
0.0025
0.0014
0.0036
0.0022
0.005
0.0025
0.004
0.007
0.0015
0.0066
0.0016
0.003
0.0026
0.0007
0.0017

(m)

0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028

(mfs)

0.546
0.508
0.421
0.386
0.446
1.152
1.434
0.499
0.547
0.931
0.707
0.874
0.485
1.150
1.347
1.600
1.228
0.682
0.968
0.345
0.867
0.779
1.350
1.240
0.927
1.024
1.654
1.406
1.625
1.316
1.406
1.343
0.732
0.598
0.841
0.677
0.915
0.669
0.790
0.964
0.559
0.913
0.536
0.671
0.625
0.365
0.352

(m¥/s)

7.056
5.220
2.413
0.307
1.099
1.124
1.107
0.471
0.516
0.548
0.526
0.581
0.488
3.106
3.136
3.172
3.084
0.508
0.546
0.427
0.959
0.959
0.969
1.404
1.437
1.402
1.465
1.459
1.439
1.448
1.459
1.434
0.561
0.583
0.581
0.504
0.516
0.411
0.407
0.410
0.414
0.389
0.329
0.331
0.308
0.243
0.250

(kg/m?)

0.225
0.203
0.152
0.177
0.197
1.124
2.515
0.294
0.353
112
0.617
0.964
0.275
1.293
1.820
2.640
1.494
0.895
1.221
1.005
0.682
0.628
2.268
2.755
0.926
1.155
3.266
2.294
3.150
1.984
2.294
2.079
0.655
0.419
0.886
0.565
1.090
0.573
0.828
1.281
0.386
1.208
0.366
0.603
0.523
0.169
0.371

()
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paring canal black elevations with the red elevations compiled before from the project and profiles, sediment
heights were found. Elevation control works were performed for the years 2010, 2011 and 2012 and one in a
year. The extent of work to be undertaken is in most cases determined by visual inspection, followed by detailed
measurement of the volume, area, or unit lengths of each task. The most complex estimate is generally that of
silt clearance, since owing to variations in the sections of the canal and consequent differences in water velocity,
the silt deposited unevenly. The amount of silt deposition in the different stretches of a given canal may quite
well differ 3 - 5 times. In order to determine the amount of silt cumulated, a topographical survey is made by
taking the sections every 30 or 60 m according to the required degree of precision. With the data obtained the
area of the section is calculated. The volume of sediment (Vp) for stretch of length, summing the volume of tra-
pezoids in the range cross section gives the total end volume of the cross-section.

Ve =1/2(A+A)*L 1)

where A; and A, are transversal section of the sediment and L the length of the section, and therefore for a canal
of constant section:

Vo ={Y2(A+A )+ A+ A+ AL EL @
Vo =(A/2+ A+ A +--A L +A /2)xL 3

2.2.3. Determination of Art Structures and Elevation Errors

In order to determine the difference between the project and the elevations of applications of art structures
(structures constructed on the irrigation and drainage canal) which were made during the leveling made in canals,
art structure base elevations (application elevations) were measured. Elevations differences were found by com-
paring these elevations with the project elevations which were determined from the canal project and the profile.
According to project elevation, art structures with differences more than +0.10, —0.10 m are considered to be
“bad”. Art structures were also classified as less than —0.10 - —0.49 m, —0.49 m and bigger than +0.10 - +0.49 m
and +0.49 m.

2.2.4. Factors Effecting Sediment Accumulation and Determinations of Effecting Groups

The main factors affecting the accumulation of sediment in canals: 1) doing the sediment cleaning on the red
elevation (incorrect sediment cleaning); 2) the inadequacy of the downstream conditions; 3) the low slope; 4) art
structure elevation errors (especially, art structure built higher than project elevation); 5) doing the sediment
cleaning lower than red elevation (scouring), (scouring caused by the other reasons in canals, higher slope etc.,
were not added into the group); 6) very long sediment cleaning intervals.

In order to investigate these specified factors, downstream conditions and art structure elevation differences
were obtained from the results of leveling studies. Slope values were calculated by weighted average method
from the project and profiles. The cases when the sediment cleaning is performed on the red elevation were de-
termined with the examination of the profiles in canals, where elevation controls were performed right after
mechanical cleaning. Furthermore, scouring is determined with the investigation of canal profiles as a result of
elevation control. Information about mechanical sediment cleaning is obtained from DSI 21 Regional Office
records. In order to determine the factors effecting sediment accumulation, canals are classified depending on
cleaning intervals first (difference between the last cleaning date and leveling work). Then downstream condi-
tions, art structure project and application elevation differences of the canals located in different cleaning inter-
vals were examined and factor or factors effecting sediment accumulation for each canal were determined.

3. Results and Discussion

3.1. According to Drainage Report and Drainage Project

Drainage report, drainage project and situation after the application of drainage system in research area are pre-
sented in Table 2. According to the drainage report, drainage canal length is 31 + 155 km, and average main
canal depth as 3.50 m, average depth of secondary and tertiary drainage canals as 2.50 m, the base width 2.50 m,
gradient slope as 1/2 and slope <0.0004 are recommended for the research area. Even though D-25/2 canal is
recommended to be 4 + 066 km according to drainage project, this canal was taken as 1 + 922 km in the project.
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Table 2. Qualifications of D-25 drainage canal group to the drainage report, drainage project, and project application.

According to the drainage report
Bottom

Canal

name Length (km)

0+ 000 - 0 + 640
0+640-2+175
2+175-3+020
3+020-4+670
0+000-2+093

D-25/1

D-25/1-a 0 + 000 - 0 + 780
D-25/1-b 0+ 000 -0+ 700
D-25/1-c 0+ 000 - 0 + 710
D-25/1-d 0 + 000 - 0 + 650
D-25/2 0+ 000 - 4 + 060
0+ 000 -4 + 060

D-25/3
0+ 000 - 0 +629
D-25/3-a

0+000-1+051
D-25/3-b

D-25/3-c 0 + 000 - 1 + 080
D-25/3-d 0 + 000 - 1 + 118

D-25/3-e 0 + 000 - 1 + 065
0+000-3+070

D-25/4

0+000-1+443
D-25/4-a

0+000-1+200
D-25/4-b

0+000-1+070
D-25/4-c

0+000-0+930
D-25/4-d

width
(m)
2.50
2.50
2.50
2.50
2.50

2.50
2.50

2.50
2.50

2.50
2.50

2.50
2.50
2.50
2.50

2.50
2.50

2.50

2.50

2.50

2.50

Depth Side
(m) slope

3.50
3.50
3.50
3.50
2.50

2.50
2.50

2.50
2.50

2.50
2.50

2.50

2.50

2.50

2.50

2.50
3.50

2.50

2.50

2.50

2.50

172
12
12
12
172

1/2
1/2

12
172

172
172

1/2

172

172

1/2

1/2
1/2

172

172

1/2

12

Slope

0.0004
0.0009
0.0011
0.0011
0.0070

0.0021
0.0031

0.0035
0.0049

0.0010
0.0110

0.0043
0.0018
0.0032
0.0047

0.0061
0.0058

0.0022

0.0028

0.0043

0.0034

According to the drainage project
Bottom

Length (km)

0+ 000 - 0 + 660
0+660 -2+ 186
2+186 -3+ 003
3+003-4+694
0+000-0+350
0+350-1+150
1+150-1+851
1+851-2+304
0+000-0+745
0+000-0+281
0+281-0+708
0+ 000 - 0 + 585

0+000 -3 +992
0+000-0+544
0+544-1+543
1+543-2+295
2+295-2+543
0+000-0+50
0+350-0+630
0+ 000 - 0 + 600
0+600-1+041
0+ 000 -0+ 815
0+815-1+105

0+ 000 - 0 + 369
0+ 369 -0+ 540
0+540-1+048
1+048-1+170
1+170-1+604
1+604-1+699
1+733-2+193
2+193-2+598
2+598 -3+ 027
0+ 000 -0+ 760
0+760-1+124
1+124-1+861
0+000-1+103
1+103-1+661
0+000-0+370
0+370-1+057
1+057-1+537
0+ 000 -0+ 700
0+700-1+385

width
(m)
3.00
2.00
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20

1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20

1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20

Depth Side
(m) slope
240 1/2
232 12
1.92 1/2
090 1/2
135 1/2
096 1/2
0.89 1/2
0.95 1/2
095 1/2
082 1/2
0.83 1/2
0.85 1/2
097 1/2
140 1/2
132 12
124 1/2
136 1/2
090 1/2
081 1/2
1.03 1/2
078 1/2
1.04 1/2
087 1/2
1.01 1/2
113 1/2
1.08 1/2
093 1/2
098 1/2
043 1/2
1.00 1/2
0.98 1/2
099 1/2
0.89 1/2
095 1/2
086 1/2
0.88 1/2
081 1/2
0.83 1/2
079 1/2
0.75 1/2
0.88 1/2
0.75 1/2

Slope

0.0002
0.0002
0.0002
0.0007
0.0004
0.0052
0.0096
0.0010
0.0012
0.0050
0.0024
0.0040

0.0009
0.0025
0.0038
0.0060
0.0030
0.0022
0.0056
0.0040
0.0050
0.0020
0.0090

0.0054
0.0024
0.0032
0.0015
0.0074
0.0111
0.0062
0.0074
0.0066
0.0025
0.0014
0.0036
0.0022
0.0050
0.0025
0.0040
0.0070
0.0015
0.0066

After application

Bottom
Length (km) width
(m)

0+000-0+600 4.0
0+600-2+186 5.00
2+186-3+050 4.00
3+050-4+692 3.50
0+000-0+350 5.00
0+350-1+150 5.00
1+150-1+850 5.00
1+850-2+304 3.50
0+000-0+745 550
0+000-0+280 3.00
0+281-0+708 550
0+000-0+585 4.00
0+000-1+975 3.50
0+000-0+540 3.50
0+540-1+540 4.20
1+540-2+100 2.00
2+100-2+543 150
0+000-0 + 350
0+350-0+625
0+000-0+500 3.00
0+500-1+040 4.00
0+000-0+600 3.00
0+600-1+097 450
0+000-0+359 250
0+359-0+540 3.00
0+540-0+786  3.50
0+786-1+048 3.50
1+048-1+604 3.50
1+604-2+087 230
2+087-3+027 230
0+000-0+700 270
0+700-1+100 3.00
1+100-1+850 3.00
0+000-1+100 3.00
1+100-1+651 230
0+000-0+350 350
0+350-1+050 2.50
1+050-1+534 3.00
0+000-0+700 3.50
0+700-1+375 3.50
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Continued

D-25/4-e 0+000-0+770 250 250 1/2 0.0019 0+000-0+360 120 083 1/2 00016 0+000-0+350 3.00
0+360-0+777 120 078 1/2 00030 0+350-0+766 4.00
D-25/5 0+000-0+719 120 073 1/2 0.0026 0+000-0+753 250
0+000-1+500 120 085 1/2 0.0007 0+000-1+500 5.00
1+500-2+053 120 0.77 1/2 0.0017 1+500-2+039 3.50

Total 31+ 155 29 + 367 29 + 309

D-25/6

D-25/3 canal recommended being 4 + 066 km in drainage report is projected as 2 + 543 km, since it is located in
the residential area. Even though D-25/5 canal was not recommended in the report, it was projected as 0 + 719
km in project phase. Since D-25/3-d and D-25/3-e canals recommended in the report remain in the residential
areas. They were not projected. D-25/1-d canal recommended in the drainage canal is combined with D-25/1
and projected as 2 + 304 km. Canal depths and base widths were significantly decreased in the project phase.
Major changes were made in the canal slope in the project according to the report. Total projected canal length
is 29 + 367 km. After implementation of the project, canal number and total canal lengths were determined as 18
and 29 + 309 km. respectively. When examined drainage canals of D-25 group are evaluated in terms of their
states in the application. It was determined that there are no significant differences in terms of the number of
canals or lengths; canals are opened in the application 3 times wider than the values in the project and values in
the application are exceeded the values in the drainage report, main canal slope in the project is approximately
1/2 less than the report. As a result of the application, canal length per unit research area is determined as 21.5
m/ha. Art structure identified in the work area after the application is 55 in total containing 5 bridges, 2 passages,
1 galleria and 47 culverts.

3.2. Dimensions of the Sediment Problem

Canal black elevations and sediment heights in D-25 drainage group canals located in the research area were
calculated with the leveling works performed during September-October 2010 (before the canals were cleaned).
in October 2011 and in 2010-2011 (after all canals were cleaned) and before cleaning of the canals in September
2012. In the study, the results have been shown in Table 3. Classifications of the canals depending on sediment
cleaning intervals are presented in Table 4. As a result of the leveling works performed in research area, the
study shows that average 0.38 m (at least 0.00m. up to 0.86m) sediment was accumulated in the drainage canals
from the years of 2008-2009, when the drainage project was implemented to the fall season of 2010. However,
sediment levels in D-25/4, D-25/4-b and D-25/5 canals were calculated as 0.04. 0.10 and 0.00 m. A significant
portion of the calculated sediment amount in 2010 was cleaned in the same year. For the research area, total of
35,552 m® sediment cleaning was programmed in 2010-2011. 35,002 m® sediment cleaning was performed. Av-
erage 8817 m*ha sediment before cleaning in 2010 (minimum 0.365 m%ha, maximum 33080 m%ha), 5940
m*/ha sediment after cleaning (min. 0.24 m*ha, max. 20163 m%ha) were calculated. In USA, the North-side
Canal Company keeps records of the quality of sediment mechanically removed from drainage canals each year.
Some canals are cleaned every year, but others are cleaned only after sediment accumulation seriously restricts
flow. This may be every second or third year or longer. An estimate of the quality of sediment deposited canals
each year was obtained by averaging the quantities removed mechanically over the past 5 years. This quantity
was 295,000 metric tons. This is equivalent to 4.5 metric tons/ha [7]. It was observed after the cleaning that
re-sedimentation is high. Average sediment height formed in fall season in 2011 after the cleaning in 2010-2011
in all canals is 0.28 m (min. 0.00 - max. 0.74 m), it was formed in D-25/1-c, D-25/4, D-25/4-b and D-25/5 as
0.00, 0.07, 0.03 and 0.12 m, respectively. Then, even though cleaning wasn’t performed in the canals, sediment
height in fall season in 2012 was calculated to increase a little to reach 0.35 m (min 0.15, max 0.79 m). In this
case, D-25 group drainage canals are classified in two main groups, one needs to be cleaned every year and
second needs to be cleaned every 2 years (Table 4). As it can be seen by examining the table that after sediment
cleaning performed in 2010, since accumulation of sediment is in the level which should be cleaned in 13 canals
having total length of 22 + 880 km (77.3%). As a result of leveling made in 2011, cleaning period was deter-
mined as 1 year. It was determined that there is no need for sediment cleaning in 4 canals with total length of 6 +
016 km (20.6%). As a result of the leveling operation in 2012, it was determined that sediment in cleaning level
in all canals was accumulated (average 0.35 m). In this case, in 4 canals which don’t need to be cleaned at
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Table 3. Cleaning range, sediment height, and elevation difference of structure of D-25 drainage canal group.

Cleaning No Canal name Sediment height  Canal length Structure - Bottom
range (m) (km) From downstream (km)  Elevation difference (m)  slope
0+ 007 -0.25
D-25/2 0.25 1+975 149211 013 0.0009
! Total 0.25 1+213 —0.38 0.0009
Average 0.25 0+ 309 -0.19 0.0009
0+459 0.23
2 D-25/1 0.32 2+304 14051 035 0.0093
3 D-25/1-a 0.61 0+745 0+ 110 0.20 0.0012
0 + 005 0.23
4 D-25/1-b 0.35 0+ 708 04281 0.53 0.00343
1+352 0.74
5 D-25/3 0.71 2 +543 24299 0.65 0.00409
0+010 0.75
6 D-25/3-b 0.46 1+040 0+ 457 0.24 0.00234
0+ 810 0.35
0+ 005 0.23 0.00379
7 D-25/3-c 0.16 1+097 0+511 011
8 D-25/4-a 0.29 1+850 1+143 0.46 0.00271
0+370 1.15
sty 9 D-25/4-c 0.47 1+534 14312 015 0.00457
10 D-25/4-d 0.27 1+375 0+070 043 0.004
0 + 550 0.77
0+ 360 0.23
11 D-25/4-¢ 0.15 0+ 766 0+ 580 0.18 0.00238
0+ 010 0.19
12 D-25/5 0.21 2+039 04210 010 0.00101
Total 3.83 16 + 001 10 + 960 7.97 0.0345
Average 0.34 0+548 0.39 0.0031
0+483 0.91
1+073 1.03
2+182 -0.14
1+684 0.72
13 D-25 0.74 4+692 3+082 0.16 0.00036
3+ 445 0.20
3+635 0.22
4 + 055 0.17
4 +533 0.24
Total 0.74 20693 21+990 3.51
Average 0.74 2+740 0.39 0.00036
14 D-25/1-a 0.24 0+ 585 0.0040
15 D-25/5 0.15 0+ 753 0.0026
Total 0.39 1+338 0.0066
Average 0.19 0.0033
0+ 359 0.26
0+ 787 0.20
Second year 1+048 038
1+170 —0.80
16 D-25/4 0.20 3+027 1+733 021 0.00612
1+ 855 -0.20
2+ 020 -0.18
2+193 -0.13
2+515 -0.25
2 +550 -0.21
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Continued
0+ 603 011
. 17 D-25/4-b 0.37 1+ 652 L+ 101 o0 0.00312
y Total 0.57 4+673 17 +985 -091 0.00924
Average 0.20 1+498 ~027 0.0046

Table 4. Classification to the project status and cleaning range of D-25 drainage canal group.

: Un-projected Canals cleaned in 2010 :
Projected canals - - Unknown cleaning range
canals Cleaned in 2011 Cleaned in 2012
D-25 D-25/3-c D-25/1-c D-25/3-a
D-25/1 D-25/4-a D-25/4
D-25/1-a D-25/4-c D-25/4-b
D-25/1-b D-25-4/d D-25/5
D-25/2 D-25/4-¢
D-25/3 D-25-6
D-25/3-b
18 13 4 1
100% 72.20% 22.20% 5.60%
29 + 309 km 22 + 668 km 6 + 016 km 0+ 625 km
100% 77.30% 20.60% 2.10%

the end of the first year (total 6 + 026 km length, 20.6%), cleaning interval was determined as 2 years.

3.3. Art Structures and Elevation Errors

Differences determined between the application elevation of art structures in the works made in 2010 and
project elevations are shown in Table 3. Classification made according to the differences of art structure, types
and project elevations existing in the research area are given in Table 5. When Table 5 is investigated, in 45 out
of 55 (81.8%) built art structures, 0.10 m and more differences were observed according to the project elevation.
When the distribution of the incorrect art structures were observed as 83.3% numerically, and 93.3% in length of
canals, 45 out of total 55 art structures are defective according to art structure number, the rate is 81.8%. Aver-
age 0.70 m on project elevation (+) (min. 0.14 - max. 1.61 m), average 0.25 m under project elevation (—) (min
—0.11 - max —0.80 m) elevation errors have occurred. Elevation difference in 73.3% (33 of them) of defective
art structures is less than 0.10 m, average is 0.40 m (min. 0.10 - max. 1.03 m), less than —0.10 min 26.7% (12 of
them) and average is —0.25 m (min. —0.11 - max —0.80). These results show that defective art structures are in
almost all canals in D-25 drainage group and their elevations on the project elevation structures are common.
Investigation made in canal profiles show that some art structures predicted before are built during the applica-
tions. Comparing to 72 art structures in the profiles, 55 art structures were determined.

3.4. Factors Effecting Sediment Accumulation and Factor Groups

Classification made according to the factors causing sediment accumulation and cleaning interval related to
D-25 drainage group canals in research area is given in Table 6. Sediment accumulation reasons in 13 canals
(22 + 668 km, 77.3%) with 1 year cleaning time are incorrect sediment cleaning in 1 canal (1 + 975 km, 6.70%),
incorrect sediment cleaning in 11 canals (16 + 001 km, 54.6%) with art structures built in average 0.39 m height
(min. 0.11 - max 1.15 m) from the project elevations, incorrect sludge cleanings in 1 canal (4 + 692 km 16.0%),
lower slope and art structures being higher than project elevations average of 0.45 m (min. 0.16 - max. 1.03 m).
Prolongation of cleaning interval in 4 canals (6 + 016 km, 20.6%) with 2 years sediment cleaning interval;
high canal slopes in 2 canals (1 + 338 km, 4.6%) and cavities as a result of excessive sediment cleaning in 2010,
art structure application elevations being higher than average 0.23 m (min. 0.11 - max. 0.38 m) from the project
elevations in 2 canals (4 + 678 km, 16%), high slopes and beside the art structures on the project elevations are
reasoned to the cavities as a result of art structures under the project elevation. In the observations made in D-25
group, the formation of glide and as a result of this deterioration was determined in slopes of D-25/1-b,

)
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Table 5. Classification to the types, number, and elevation faulty of structure in the D-25 drainage canal group.

Difference to the Types and number of structures

D;:)nuage project elevation Total Bridge Culvert Pipe outlet Other
(m) Total Error % Total Error % Total Error % Total Error % Total Error %
—0.10 - —-0.49 11 245 11 298
<-0.50 1 2.2 1 50
(-) elevation 12 26.7 11 298 1 50
D-25 +0.10 - +0.49 23 511 2 40 20 54 1 100
>+0.50 10 225 3 60 6 16.2 1 50
(+) elevation 33 733 5 100 26 70.2 1 50 1 100
Total 55 45 818 5 5 100 47 3 737 2 2 100 1 1 100

Table 6. Classification to the factors affecting the sediment accumulation and cleaning range of D-25 drainage canal group.

Factors affecting the sediment accumulation and cleaning range

Canals cleaned every year Canals cleaned biennially "
seIcEiirrrT?gnt Error sediment cleaniqg + Structure Err?;:f#'ig:g: g':g;:'zg * Erro_r sediment Strut_:ture error Other
cleaning error elevation Structure error elevation cleaning + Scour elevation + Scour

D-25/2 D-25/1 D-25/1-a D-25/1-b D-25 D25/1-c D-25/4 D-25/3-a
D-25/3 D-25/3-b D-25/3-c D-25/5 D-25/4-b
D-25/4-a D-25/4-c D-25/4-d
D-25/4-¢ D-25/6
1 11 1 2 2 1
5.60% 61.00% 5.60% 11.10% 11.10% 5.60%
72.20% 22.20% 5.60%
1+975 16 + 001 4 + 692 1+338 4 +678 0+625
6.70% 54.60% 16.00% 4.60% 16.00% 2.10%
77.30% 20.60% 2.10%

D-25/1-c, D-25/4-b and D-25/4-d canals. This situation was seen to be as a factor in increasing sediment accu-
mulation.

4. Conclusion and Recommendations

As a general conclusion, there are significant differences between the drainage report with project and the
project with application in terms of canal properties. Therefore, facility information form and project area layout
plans mostly do not reflect the situation in the application and cause confusion as a result. In terms of cleaning
interval processes (although no special study has been done), no difference was observed among main, second-
ary and tertiary drainage canals. [8] reported that cleaning periods in drainage canals constructed by DSI in
Turkey is 4 - 5 year for main canals, 2 - 3 years for secondary canals and 1 - 2 years for tertiary canals. However,
this case shows the necessity of performing the evaluation and studies about cleaning period times. While the
factors effecting sediment accumulation show variation depending on the special conditions of the drainage sys-
tems, giving a canal cleaning time for each drainage network is very difficult. In drainage canals in research area,
elevation checking needs to be done every year. However, this is not followed in practice and canal sediment
cleanings are not planned according to elevation control results. When leveling and elevation works are per-
formed in canals, canal or canal segments with sediment deposition can be determined clearly. Thus, as a result,
unnecessary machine entrance and utilization to the other sections are prevented and improper cavities as a re-
sult of incorrect cleanings in canals do not take place.

Important and common elevation errors in art structures are accepted to be one of the important factors pre-
venting the solution of drainage problems. Art structures built above project elevation causes sediment accumu-
lation depending on canal slope, the distance to canal downstream and the degree of elevation differences. Se-
diment accumulation in the case when the slope is high and art structures are far from the downstream is greater

)
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than the canals where the slope is low and the structure is close to the downstream. Art structures built under
project elevation causes cavities and changes in canal properties depending on the sediment cleanings and
slopes.

At structures constructed on drainage canals in research area are necessary to be built on the project elevation.
Building art structure over the project elevation should be prevented and built ones should be arranged accord-
ing to project elevation. Studies shows that under some specific conditions, art structures can be built under the
project elevation of base elevation (less than 0.50 m), this case might be useful in terms of extending sediment
cleaning interval.

Determination of factors effecting sediment accumulation for each canal in research area was tried in the
study. These factors are thought to be faulty sediment cleaning, lack of downstream conditions, lower slope (less
than 0.0004), elevation errors of art structures and the effect of those together. Lack of downstream, one of these
factors, is valid for D-25 canal, which is a main drainage canal of D-25 main drainage group. However, given
that each canal has a certain drainage area, almost in every secondary and tertiary canals, downstream conditions
caused from the lack of sediment cleaning arise. Therefore, it is necessary to give the priority to main drainage
canals in sediment cleanings and performing the cleaning from downstream to upstream.

When the relation between the slope and sediment accumulation is analyzed, it is seen that slopes less than
0.0004 increases sediment accumulation, while slopes bigger than 0.001 in general causes cavities unless struc-
tural measures are taken. Since the slope is a factor which is determined by topography, it might not be possible
to prevent lower slopes. However, in the possible locations, applying the slope as 0.0004 - 0.001 is useful for
decreasing sediment accumulation. In addition, it is necessary to give priority to the canals with lower slopes in
sediment cleaning. Due to the topographical structure, [9] reported that various art structures should be projected
to not to exceed 6 kg/m? for maximum drag force or to decrease slopes in the projects in locations with higher
slopes.

In the case where canal cleaning is conducted according to leveling studies, it is possible to prevent remaining
of sediments or excessive cavities. However, attention should be given to creating possibilities for leveling stu-
dies and then to the training of the machine operator.

At structure elevation errors should definitely be avoided during the project implementation. To accomplish
this, field inspections should be increased during project implementation and during the final acceptance. Art
structure elevation errors are the most important factor which is the most effective in sediment accumulation and
prevents the expected benefit from the sediment cleaning. In particular, errors on the project elevation should
definitely be avoided. The effect of these structures, especially in the canals with low slopes, increases more.
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