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Abstract

Some phenomena such as surface irrigation are so complex that it is very difficult to implement them in nature. For
this purpose, simulation models are used. In this study, ability of full hydrodynamic, zero inertia, and kinematic
wave models has been investigated in surface irrigation simulation. Using SIRMOD software, their performance
has been compared. The results showed that full hydrodynamic and zero inertia models were very powerful in
simulation process. For increasing of filed slope until amount of 0.01 full hydrodynamic and zero inertia models
had not any difference but for more increasing of S, due to the increasing of velocity, accuracy of zero inertia
model dropped. In full hydrodynamic and zero inertia models for increase in Manning’s roughness coefficient
amount of error was increased until n=0.15. After this amount, error remained constant thus n=0.15 determined as
critical discharge. Accuracy of kinematic wave model reduced in clay and heavy clay soils, high discharges, high
Manning’s roughness coefficient, and basin irrigation. However, in many situations all three models had the same
answers and were capable tools to simulating of surface irrigation processes.

Keywords: basin irrigation, border irrigation, full hydrodynamic, kinematic wave, SIRMOD, zero inertia
1. Introduction
Surface Irrigation Simulation Models are widely applied, which some of them will be described in the following.

Moravejalahkami, Mostafazadeh-Fard, Heidarpour and Abbasi (2009) using a zero-inertia model with a multilevel
calibration approach predicted furrow infiltration and roughness for different furrow inflow hydrographs. The
infiltration Equation developed by the method simulated the field data more accurately than the two-point method
with the zero-inertia model. The multilevel calibration method predicted the total volume of runoff, total volume
of infiltration and furrow outflow hydrograph shapes with lower relative errors compared to the two-point method
for the different furrow inflow hydrograph shapes. Khanna and Malano (2006) reviewed modeling of basin
irrigation systems. Their results showed that availability of accurate values of surface irrigation parameters such as
Manning’s roughness coefficient and infiltration coefficients for the empirical Equations was often a problem in
the application of these models. Holzapfel et al. (2004) studied Infiltration parameters for furrow irrigation. They
showed that using the kinematic wave model and the Kostiakov constants obtained with the advance model;
simulate better the advance phase of the waterfront in the furrow. Maheshwari, McMahon and Turner (1990)
investigated sensitive analysis of parameters of border irrigation models successfully. Raghuwanshi and
Wallender (1998) to incorporate an economic optimization submodel modified a seasonal furrow irrigation model
consisting of irrigation scheduling and kinematic wave based hydraulic submodels. Bautista (1991) validated the
kinematic simulation of surge border irrigation. The results of the computer simulations agreed with measured
results. Ito, Wallender and Raghuwanshi (2005) using kinematic wave model determined optimal sample size for
furrow irrigation design. The results showed that 3 samples per 9 ha block can be used for representing spatial
variability in managing the furrow irrigation for the conditions studied. Maheshwari (1992) using kinematic wave
model studied effects of recession criteria on prediction of recession times in border irrigation models. The
prediction of the models for a given recession criterion varied considerably with the events and indicated that other
factors affecting flows in border irrigation should also be taken into account while selecting a recession criterion.
Walker and Humpherys (1984) developed and verified a kinematic wave model of furrow irrigation under both
continuous and surged flow management. Ram and Singh (1982) evaluated kinematic wave, empirical, and
volume balance models for border irrigation recession. Perez, Camacho, Roldan, Alcaide and Reca (1995) using
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kinematic wave model designed a control system of furrow irrigation in real time successfully. Hume (1993)
determined infiltration characteristics by volume balance model for border check irrigation. The volume balance
technique assumes that water infiltrates only into the soil that was covered by the advancing irrigation water. This
assumption held for soils in the “fully irrigated” state where soil moisture levels were high enough to prevent
extensive cracks, it was invalid in dry soils where extensive shrinkage cracks develop. Under these conditions, the
form of the infiltration characteristic was wrongly predicted leading to an overestimate for infiltration.
Raghuwanshi and Wallender (1998) using kinematic wave model determined optimal furrow irrigation scheduling
under heterogeneous conditions. The Natural Resource Conservation Service recommended irrigation adequacy
for homogeneous soil condition was 87.5%. For any given irrigation interval, optimal irrigation required less
(48-63%) water than full irrigation. This also reduced both the deep percolation and runoff losses and caused a
31-43% increase in the application efficiency. Furthermore, loss in revenue due to yield reduction was less than the
savings in irrigation cost, which resulted in higher (32-54%) net return to water under the optimal irrigation
compared with full irrigation. These results indicated that the optimal irrigation strategy had potential not only for
water conservation, but also for reducing non-point source pollution. Parsa and Sepaskhah (1991) using zero
inertia model modified Fok-Bishop solution for determination of water advance in border irrigation. For borders
longer than 100 meter in which the slope was steeper than 0.005 m/m, the Fok-Bishop Equation could predict the
water advance curve on borders. However, for shorter borders and/or slopes smaller than 0.005 m/m the proposed
modification to the Fok-Bishop Equation could be used to predict the water advance more accurately. Reddy and
Clyma (1982) using zero inertia model analyzed basin irrigation performance with variable inflow rate. Significant
reductions in system performance occurred when the average flow rate was equal to 50% of the design. Basin
irrigation systems should be designed for the average of the variable flow rate available at the field outlet. Yitayew
(1987) using zero inertia model studied interrelationship of performance parameters for irrigation borders. The
developed relationships were useful in designing border irrigation systems mainly to check the design time of
cutoff, inflow rate, etc. for an expected level of uniformity and application efficiencies. Alazba (1998) used zero
inertia model to studied necessity for modification of management parameters when using low quality water. The
results showed that the management parameters, application rate and time, needed to be modified when treated
wastewater was alternatively used in lieu of normal water for which the system was supposedly designed to obtain
maximum efficiency. Clemmens (1981) using zero inertia model evaluated infiltration measurements for border
irrigation. The zero inertia model was also used to examine the effect of different infiltration functions for specific
examples (resulting from different irrigations or different estimation methods) on the application of water by the
surface irrigation. He showed that when good information was obtained on infiltration, the zero inertia border
irrigation model could be a useful tool in helping to improve irrigation water use.

According to the pervious researches applications of surface irrigation simulation models studied in many fields.
However, comparing of these models for investigate amount of their errors and limitations has not been done. In
this paper by using SIRMOD software performance of surface irrigation simulation models was compared.

2. Materials and Methods

The full hydrodynamic model is based on governing Equations in the form of the Saint-Venant Equations:

dy , 0q , 0z _
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Where, y (m) is depth of flow, ¢ (m*/s.m) is discharge in width unit, z (m*/m) is volume of infiltrated in length unit,
g (m/s?) is gravity accelerate, S, (m/m) is field slop, Sy (m/m) is energy gradient.

In surface irrigation because velocity is low, inertia is low too thus neglect inertia terms and by simplifying of
Equation (2), zero inertia model is founded:
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In addition, in kinematic wave model (uniform flow model) due to slight changes in depth consider the depth as
normal depth (assuming flow uniformity):

So =S5 @)
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Using Surface Irrigation Model (SIRMOD) ability of full hydrodynamic, zero inertia, and kinematic wave models
compared. Table 1 shows input data for evaluating of models in border irrigation and basin irrigation.

Table 1. Input data for SIRMOD software
Qi (Is) T, (min) L (m) n (s/m") S, (m/m) IF Soil texture
1.2 300 300 0.10 0.00196 0.45 Silty loam

3. Results and Discussion

Table 2 shows obtained results from running of SIRMOD software for input data in border and basin irrigations.

Table 2. Output data from SIRMOD software

Adyance Appllf: ation Dls.t rlbut.lon Deep' Tailwater Inflow Outflow Infiltration Error
Model time efficiency uniformity percolation %) (m’) (m’) (m’) %)
(min) (%) (%) (%) ’ ’

Full

. 214.3 69.32 90.41 13.72 16.97 21.5 3.6 17.9 0.32
Hydrodynamic
Zero Inertia 214.3 69.31 90.40 13.72 16.96 21.5 3.6 17.9 0.32
Kinematic 215.1 69.40 99.93 12.25 18.35 215 3.9 17.6 0.32
Wave

According to the Table 2 although there is little difference between amount of efficiencies in all three models, but
amount of models error is equal and negligible. Amount of error achieves by comparing inflow, outflow, and
infiltration volumes. Then for comparing sensitive of models to different conditions, by changing each of six input
parameters in Table 1, amount of obtained error from simulation models investigated. Table 3 shows changes of
models error for different discharges.

Table 3. Changes of models error for different discharges

Qin (I/s)
05 10 12 15 20 50 70 100 120 150
Full Hydrodynamic 0.06 0.23 0.32 038 043 049 046 045 044 042
Zero Inertia 0.06 023 032 038 043 049 046 045 044 042
Kinematic Wave 0.35 023 032 038 043 072 213 989 11.30 10.63

Model

In Table 3 for different discharge amount of error in full hydrodynamic and zero inertia models is equal. In these
two models for increase in discharge amount of error was increased until Q;=5.0 I/s. After this discharge error
reduced thus Q;;=5.0 I/s determined as critical discharge. In full hydrodynamic and zero inertia models whatever
amount of discharge is less, accuracy of simulation models is more. In kinematic wave model the best simulation
occurred in Q;,=1.0 I/s and for discharges less and more than this amount, error increased. Q;;=12.0 I/s determined
as critical discharge in kinematic wave model. To simulation of border and basin irrigations with discharges of
more than 7.0 liters per second should be careful in using this model.

Table 4 shows changes of models error for different cutoff times.

Table 4. Changes of models error for different cutoff times

T, (min)
180 240 300 360 480 600 720 900 1200 1320
Full Hydrodynamic 0.27 0.31 0.32 032 031 031 031 031 031 031
Zero Inertia 0.27 031 032 032 031 031 031 031 031 0.31
Kinematic Wave 0.27 031 032 032 031 031 031 031 031 031

Model
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In Table 4 for different cutoff times amount of error in all three models is equal. It means that accuracy of models
is not sensitive to changes of cutoff times in difference with together. For increase in cutoff time until 5-6 hr,
amount of error increased and then remained constant. Thus T,=5-6 hr selected as critical cutoff time.

Table 5 shows changes of models error for different length of border or basin.

Table 5. Changes of models error for different lengths of border or basin
L (m)
30 33 38 43 50 60 75 100 150 300
Full Hydrodynamic 0.11 0.12 0.14 0.15 0.17 020 023 027 033 0.32
Zero Inertia 0.11 0.12 0.14 0.15 0.17 020 023 027 033 0.32
Kinematic Wave  0.11 0.12 0.15 0.15 0.17 020 023 027 033 032

Model

In Table 5 situations are govern such as Table 4. Accuracy of models is not sensitive to changes of length of border
or basin in difference with together too. For half of length of border or basin critical length was occurred. For
miniaturize length more than this amount accuracy of simulation was increased.

Table 6 shows changes of models error for different Manning’s roughness coefficient.

Table 6. Changes of models error for different Manning’s roughness coefficients

n (s/m™)
0.02 003 0.05 0.10 0.12 0.15 0.17 0.20 0.22 0.25
Full Hydrodynamic ~ 0.27 0.28 0.29 0.32 0.32 0.33 0.33 0.33 0.33 0.33
Zero Inertia 027 028 029 032 032 033 033 0.33 0.33 0.33
Kinematic Wave 027 028 029 032 059 759 1593 33.04 5057 68.99

Model

In Table 6 for different Manning’s roughness coefficients amount of error in full hydrodynamic and zero inertia
models is equal. In these two models for increase in Manning’s roughness coefficient amount of error was
increased until n=0.15. After this amount, error remained constant thus n=0.15 determined as critical discharge. In
full hydrodynamic and zero inertia models whatever amount of Manning’s roughness coefficient is less, accuracy
of simulation models is more. In kinematic wave model the best simulation occurred in n=0.15 and for Manning’s
roughness coefficient more than this amount, error increased. To simulation of border and basin irrigations with
Manning’s roughness coefficient of more than 0.15 should be careful in using this model. Because while # increase
amount of infiltrated water decrease and more depth of water there is above of field thus changes of depth is not
negligible. It is inconsistent with kinematic wave assumption (Equation (4)).

Table 7 shows changes of models error for different field slope. For increasing of filed slope until amount of 0.01
full hydrodynamic and zero inertia models had not any difference but for more increasing of Sy due to the
increasing of velocity, accuracy of zero inertia model dropped. Because neglected velocity terms in Equation of
zero inertia model (Equation (3)). In kinematic wave model, while field slope was low (basin irrigation) error of
model was high. Because according to the Equation (2), energy gradient assumed equal to field slope and while
field slope was close to zero (basin irrigation), it was not a true assumption because energy gradient was more than
zero. According to the Table 8 accuracy of simulation increase in all three models in light soil textures. In
kinematic wave model due to effect of Kostiakov infiltration parameters error was high in clay and heavy clay soil
textures. Because in this soils amount of infiltration was very low and volume of water above of field level caused
assumptions of Equation (4) were not properly. Figure 1 shows the simulation was performed using SIRMOD
software for full hydrodynamic and zero inertia models in clay soil texture.

Table 7. Changes of models error for different field slopes

So (m/m)
Model 0.00050  0.00080 0.00100 0.00150 0.00196 0.00500 0.01000 0.02000 0.03000 0.04000
Full Hydrodynamic 0.28 0.30 0.30 0.31 0.32 0.33 0.34 0.36 0.39 0.40
Zero Inertia 0.28 0.30 0.30 0.31 0.32 0.33 0.34 0.37 0.47 0.48
Kinematic Wave 14.96 14.96 14.96 3.75 0.32 0.33 0.38 0.38 0.47 0.48
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Table 8. Changes of models error for different intake families

IF
. 0.02 0.05 0.15 0.20 0.35 0.45 0.70 0.80 1.00 4.00
Soil texture
Heavy Cla Light Clay Silt Silty Silty Sandy Sandy Sand
clay Y clay loam y loam loam loam loam y
Model
Full
. 1.39 1.23 0.80 0.65 0.41 0.32 0.05 0.05 0.05 0.05
Hydrodynamic
Zero Inertia 1.39 1.23 0.80 0.65 0.41 0.32 0.05 0.05 0.05 0.05
. . 68.7
Kinematic Wave 141.16 8 1.04 0.65 0.41 0.32 0.31 0.21 0.20 0.05

Figure 1. Simulation of full hydrodynamic and zero inertia models using SIRMOD software

Figure 2. Simulation of kinematic wave model using SIRMOD software

In Figure 1, shape of waterfront is similar to the actuality thus error of full hydrodynamic and zero inertia models is
low. Figure 2 shows the simulation was performed using SIRMOD software for kinematic wave model in clay soil
texture.

As indicated in Figure 2, the water moves over the surface of field is such as a wave. So this model is called
kinematic wave and error of this model is higher than other two models.

4. Conclusions

In this paper, using SIRMOD software ability of full hydrodynamic, zero inertia, and kinematic wave models were
compared in border and basin irrigation. To summarize, it could be concluded that:
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Full hydrodynamic and zero inertia models were very powerful in simulation process.
In all three models for increase in cutoff time until 5-6 hr, amount of error increased and then remained constant.

In full hydrodynamic and zero inertia models for increase in Manning’s roughness coefficient amount of error was
increased until n=0.15. After this amount, error remained constant thus n=0.15 determined as critical discharge.

In kinematic wave model the best simulation occurred in n=0.15 and for Manning’s roughness coefficient more
than this amount, error increased. To simulation of border and basin irrigations with Manning’s roughness
coefficient of more than 0.15 should be careful in using this model. Because while » increase amount of infiltrated
water decrease and more depth of water there is above of field thus changes of depth is not negligible.

For steep slope due to the increasing of velocity and neglecting velocity terms in Equation of zero inertia model,
accuracy of zero inertia model dropped.

In kinematic wave model, while field slope was low (basin irrigation) error of model was high.

In kinematic wave model due to effect of Kostiakov infiltration parameters error was high in clay and heavy clay
soil textures.

Abbreviations

7= Volume of infiltrated in length unit (m*/m)
x = Distance (m)

0., = Input discharge (m’/s)

§; = energy gradient (m/m)

y = Depth of flow (m)

q = Discharge in width unit (m)

g = Gravity accelerate (m/s”)

n = Manning roughness coefficient (s/m"?)
S, = Field slope (m/m)

T. = Cutoff time (min)

t =time (s)

L = Length of border or basin (m)

IF = Intake Family

Z,., = Required depth (m)

References

Alazba, A. A. (1998). Necessity for modification of management parameters when using low quality water,
Agricultural Water Management, 36, 201-211. http://dx.doi.org/10.1016/S0378-3774(97)00053-X

Bautista, J. A. (1991). Validation of The Kinematic Simulation Of Surge Border Irrigation, Math. Comput.
Modeling, 15(10), 39-48. http://10.1016/0895-7177(91)90089-P

Clemmens, A. J. (1981). Evaluation Of Infiltration Measurementes For Border Irrigation. Agricultural Water
Management, 3,251-267. http://dx.doi.org/10.1016/0378-3774(81)90010-X

Holzapfel, E. A., Jara, J., Zuiiiga, C., Marifio, M. A., Paredes, J., & Billib, M. (2004). Infiltration parameters for
furrow irrigation. Agricultural Water Management, 68, 19-32. http://10.1016/j.agwat.2004.03.002

Hume, 1. H. (1993). Determination of infiltration characteristics by volume balance for border check irrigation,
Agricultural Water Management, 23, 23-39. http://dx.doi.org/10.1016/0378-3774(93)90018-6

Ito, H., Wallender, W. W., & Raghuwanshi, N. S. (2005). Optimal Sample Size for Furrow Irrigation Design,
Biosystems Engineering, 91(2), 229-237. http://dx.doi.org/10.1016/j.biosystemseng.2005.02.009

Khanna, M., & Malano, H. M. (2007). Modeling of basin irrigation systems: A review. Agricultural Water
Management, 83, 87-99. http://10.1016/j.agwat.2005.10.003

Maheshwari, B. L. (1992). Effects of recession criteria on prediction of recession times in border irrigation models,
Agriculture water management, 21, 167-176. http://dx.doi.org/10.1016/0378-3774(92)90091-A

73



www.ccsenet.org/jas Journal of Agricultural Science Vol. 4, No. 12; 2012

Maheshwari, B. L., McMahon, T. A., & Turner, A. K. (1990). Sensitivity analysis of parameters of border
irrigation models. Agriculture water management, 18, 277-287.
http://dx.doi.org/10.1016/0378-3774(90)90011-M

Moravejalahkami, B., Mostafazadeh-Fard, B., Heidarpour, M., & Abbasi, F. (2009). Research Paper: SW-Soil and
Water Furrow infiltration and roughness prediction for different furrow inflow hydrographs using a
zero-inertia model with a multilevel calibration approach. Biosystems Engineering, 103, 374-381.
http://10.1016/j.biosystemseng.2009.04.005

Parsa, S. Z., & Sepaskhah, A. R. (1991). Modification of the Fok-Bishop Solution for Determination of Water
Advance in Border Irrigation. Journal of Agricultural Engineering Researches, 49, 127-132.
http://dx.doi.org/10.1016/0021-8634(91)80033-B

Perez, C., Camacho, E., Roldan, J., Alcaide, M., & Reca, J. (1995). A Control System of Furrow Irrigation in Real
Time. Phys. Chem. Earth, 20(3-4), 351-358. http://dx.doi.org/10.1016/0079-1946(95)00048-8

Raghuwanshi, N. S., & Wallender, W. W. (1998). Optimal Furrow Irrigation Scheduling Under Heterogeneous
Conditions. Agricultural Systems, 58(1), 39-55. http://dx.doi.org/10.1016/S0308-521X(98)00030-4

Raghuwanshi, N. S., & Wallender, W. W. (1998). Optimization of furrow irrigation schedules, designs and net
return to water. Agricultural Water Management, 35, 209-226.
http://dx.doi.org/10.1016/S0378-3774(97)00037-1

Ram, R. S., & Singh, V. P. (1982). Evaluation of Models of Border Irrigation Recession. Journal of Agricultural
Engineering Researches, 27, 235-252. http://dx.doi.org/10.1016/0021-8634(82)90065-8

Reddy, J. M., & Clyma, W. (1982). Analysis Of Basin Irrigation Performance With Variable Inflow Rate.
Agricultural Water Management, 5, 295-308. http://dx.doi.org/10.1016/0378-3774(82)90008-7

Walker, W. R., & Humpherys, A. S. (1984). Kinematic-Wave Furrow Irrigation Model. Journal of Irrigation and
Drainage Engineering, 109(4), 377-392. http://dx.doi.org/10.1061/(ASCE)0733-9437(1983)109:4(377)

Yityew, M. (1987). Interrelationship of Performance Parameters for Irrigation Borders. Agricultural Water
Management, 12, 221-230. http://dx.doi.org/10.1016/0378-3774(87)90014-X

74




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


