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Abstract: 
 
The development of morphometric techniques was a major advance in the quantitative description 
of the geometry of the drainage basins and its network which helps in characterizing the drainage 
network, comparing the characteristic of several drainage networks and examining the effect of 
variables such as lithology, rock structure, rainfall etc. Kotmale reservoir was built by damming 
Kotmala Oya at the elevation of 640 m and the geographical position of 7° 03′ to 7° 05′ N and 80° 
36′ to 80° 41′ E. The elevation of the catchment ranges 640 m to 2500 m within Kandy and 
Nuwara-Eliya districts. The study was carried out from 2002 to 2004 and the method of Horton and 
Strahler was used to rank the stream segments using GIS. The relevant numbers of the streams were 
entered into the attribute table and all other analyses based on the mathematical formulas. The 
results indicated that the catchment area was 567.31 km2, perimeter 130 km, mean slope 32.21, 
axial length 36 km, basin width 15.76 km, form factor 0.44, compactness factor 1.56, circulatory 
ratio 0.41, elongation ratio 0.75, number of segments was 3828 of each order those varied 1 to 7th. 
The stream frequency and drainage density were 6.75 (No./km2) and 3.31 (km/km2). Bifurcation 
ratio and length of overland flow were 3.95 and 0.15 km. The results of this analysis would be 
useful in determining the effect of catchment characteristics such as size, shape, slope of the 
catchment & distribution of stream net work within the catchment. 

 
1. INTRODUCTION 

Kotmala Oya is one of the main headwater 
tributaries of Mahaweli Ganga draining its 
catchment area of about 592 km2. Kotmale 
reservoir with the storage capacity of 180 MCM 
was built by damming Kotmala Oya at the 
elevation of 640 m and the geographical 
position of 7° 03′ to 7° 05′ N and 80° 36′ to 80° 
41′ E. in the districts of Kandy and Nuwara-
Eliya. The elevation of the catchment ranges 
from 640 m to above 2500 m at Pidurutalagala.. 
It is the uppermost reservoir of the 
interconnected reservoir chain of accelerated 
Mahaweli Project  
 
 

MORPHOMETRY OF A CATCHMENT 

 
The development of morphometric techniques 
was a major advance in the quantitative 
description of the geometry of the drainage 
basins and its network. These parameters are 
useful in characterizing river basins and 
comparing their characteristics. For the first 
time it was proposed by Horton, in 1945.  
 
According to Naithani & Rawat (-), the 
Morphometry parameters could be categorized 
into two major groups namely; the measured 
parameters and the calculated parameters.  
 
Measured parameters; According to Horton, 
stream order is a dimensionless term because of 
the extent of order number of streams is directly 
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proportional to the size of watershed, channel 
dimension and to stream discharge. Therefore, 
the stream orders of drainage basin plays first 
step in analysis of drainage basin (Suresh, 
2000) 
Strahler defined streams of different orders. All 
the un-branched smallest fingertip tributaries 
are called as first order streams. When two first 
order streams are joined they form a second 
order stream, when two second order streams 
are joined they form third order stream and so 
on (Waugh, 1995). 
 
Basin size is an important factor for the 
watershed’s functions, which can determine 
using soil map, contour map, aerial photographs 
and stream network, and computers with 
relevant software and other electronic devices 
(Gregory & Walling 1985).  
Axial length depends on the shape of the basin, 
which can be circular, elongated and curved; 
most of these features are governed by 
morphological characteristics of the basin 
(Gupta, 1999).  
 
Calculated parameters; The major calculated 
parameters of a basin are the basin shape, 
Bifurcation ratio, Circulatory ratio, Elongation 
ratio, Form factor, Compactness factor, 
Drainage density, Stream frequency, Overland 
flow and the average slope. 
 
Basin shape is referred to as the shape of 
outline of drainage basin that is determined as 
shape of projected surface on the horizontal 
plane of the basin map. (Suresh, 2000). Mulder 
& Syvitsky (1996) have indicated that a 
majority of rivers have elongated basins. 
 
Bifurcation ratio (Rb) was recognized as an 
important characteristic of the drainage basin 
by Horton (1932) and was defined as the ratio 
of the number of streams of order n to the 
number of streams of the next higher order 
(n+1). This method therefore, dependent upon 
the ordering methods of either Horton or 
Strahler.  
The Circulatory ratio (Rc), is expressed as the 
shape of the basins that was used by Miller 
(1935). The circulatory ratio is dimensionless. 

Miller found that, Rc remains remarkably 
uniform in the range of 0.6 to 0.7 for 1st and 2nd 
order basins in homogeneous shales and 
dolomites, indicating the tendency of small 
drainage basins with homogeneous geologic 
materials to preserve the geometrical similarity 
(Suresh, 2000).  
Elongation ratio indicates how the shape of the 
basin deviates from a circle (Schumm 1956). It 
is an index to mark the shape of the drainage 
basin.  
Form factor has been introduced by Horton 
(1932) that shows shape of the basin. There is a 
low form factor in a basin that indicates less 
intense rainfall simultaneously over its entire 
area than an area of equal size with a large form 
factor (Gupta, 1999). According to Gregory & 
Walling, (1985) the form factor is the 
governing factor of the water courses which 
enter the main streams.  
Compactness factor is expressed as the shape of 
the basin that was used by Horton and was 
devised by Gravelius (Gupta, 1999).  
 
Drainage texture includes drainage density and 
stream frequency. According to Schumm 
(1956) under a given set of geologic and 
hydroclimatic conditions, a minimum area is 
needed for maintaining a river channel of a 
given length. The minimum area to sustain a 
channel is largely determined by lithology, 
climate and average slope, and also rock type is 
an important control on the drainage texture and 
density. In addition, the vegetation cover, its 
density and types also play an important role in 
determining the drainage texture (Kale & 
Gupta, 2001).  
 
Length of overland flow was described by 
Horton (1933 – 1945) as a component of total 
runoff in a drainage basin. When the rainfall 
intensity exceeds soil infiltration capacity, the 
excess water flows over the land surface as 
overland flow (Suresh, 2000).   
Average slope, which is the inclined surface of 
a part of the Earth’s crust. The earth surface 
consist of various angles of slopes that may 
range from 0° horizontally to 90° vertically, and 
any land has been assembled of various types of 
slopes, which usually include the hillcrests, the 
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valley-side slopes and the slope along the 
drainage lines at the base of the valley.  
 

2.   Methodology 
 
To define the morphometric features of 
Kotmale catchment, the digital data on 
hydrology and contours (with 20 m interval 
1:50000 scaled), were obtained   from the 
survey department of Sri Lanka. ArcView 3.2a 
and ArcGIS 8.2 were used in the analysis of 
digital data for this purpose. 
 
Catchment area (boundary line) was drawn 
through the center of highest elevation’s 
saddles and closed contour lines. 
 
Axial length of the basin is expressed as “the 
distance from the outlet to the most remote 
point on the basin”.  
Length of the basin was measured according to 
the above rule in the present study. 
 
Perimeter of the catchment can be obtained 
from the created outline of the basin, which is 
dependent upon the topography of the area.  
Perimeter of the catchment was measured using 
ArcView software. 
 
Stream order; the method of Horton and 
Strahler was used to rank the stream. The 
relevant numbers of the streams were entered 
into the attribute table using ArcView software 
package. 
 
Form factor defined as the ratio of basin area to 
the square of the basin length, using the 
following equation. 
Where:  
 
 
 
 
 
 
 
Compactness factor; the compactness factor 
was obtained from the ratio of the perimeter of 
the watershed to the circumference of a circle 

whose area is equal to that of the drainage basin 
(Gupta, 1999). 
 
Where: 
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Average slope of the catchment was calculated 
using the contour length, its interval and the 
basin area using the following equation:  
 
 
 
 
 
 
 
 
Circulatory ratio obtained from the ratio of 
basin area (Au) to the area of a circle (Ac) 
having equal perimeter as the perimeter of 
drainage basin.  
 
Where: 
 
 
 
Elongation ratio was defined as the ratio of 
diameter of a circle which has same area as the 
basin to the maximum basin length.  
 
Where: 
 
 
 
 
 
 
 
 
To define the drainage density, length of all 
stream channels in the basin were calculated 
using GIS and their lengths were divided by the 
area of the basin.  
Where:  
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To obtain the Stream frequency of the drainage 
basin; total length of all stream channels in the 
basin were divided by the area of the basin. 
Where:  
 
 
 
 
 
 
 
Length of overland flow was calculated as one-
half of the reciprocal of the drainage density. 
Where:  
 
 
 
 
 
 
 
Bifurcation ratio for the catchment was defined 
as the ratio of number stream segments of a 
given order u divided by the number of stream 
segments of next higher order (u+1), 
Where:  
 
 
 
 
 

3.     Results and discussions 
 
 
Certain morphometric features of the catchment 
as well as the morphometry of reservoirs could 
collectively contribute to the degradation of 
water quality in the reservoir. Size, shape slope 
of the catchment & distribution of stream net 
work within the catchment, capacity of the 
reservoir, could collectively contribute to the 
reservoir water quality degradation by 
increasing the productivity or by nutrient 
loading effects.  

 
The catchment area of Kotmale was 567 km2. 
Catchment area is land areas that drain elements 
on a Hydro Network. According to Gregory & 
Walling (1985) almost every watershed 
characteristics is correlated with the catchment 
area. 
Kale & Gupta, (2001) have stated that the 
larger basins have large average discharge.  
 
The axial length also indicates the lag time 
taken for the water to reach the reservoir from 
its longest distance in the catchment after the 
rainfall. Together with mean slope, the axial 
length of the catchment affects the runoff to 
interact with the catchment. In the present 
study, the value of 36.00 km was indicated for 
the catchment.  

Number of streams 

Area of basin =
=

=

A
Ns

A
NsDs

(7) 

Perimeter of the catchment was 130.04 km; it 
varies with its irregularity, which is based on 
the morphology of the area. Bifurcation ratio of 
Kotmale catchment was 3.95 which indicate 
whether a basin is elongated or circular. Suresh 
(2000) has shown the high bifurcation ratio 
(Rb) is expected in the regions of steeply 
dipping rock strata, where narrow strike valleys 
are confined between the ridges. According to 
Kale & Gupta (2001), the results of the present 
study ranged from 3 to 5 for the catchment 
indicating natural drainage system 
characteristics.  

d
g D

L
2

1
=

=dD Drainage density 

(8) 

Circulatory ratio of the present study was 0.41 
which indicates shape of the catchment, the 
value, which deviate from 1, indicate highly 
irregular basins. According to Waugh (1995), 
shape of a basin has long been accepted that a 
circular basin is more likely to have a shorter 
lag time and a higher peak flow than an 
elongated basin.  

1+

=
u

u
b N

NR (9) 

Suresh (2000) has shown Elongation ratio 
ranges between 0.6 and 1.0 over a wide 
variation of climate and geologic types, for the 
regions of very low relief, the value of 
elongation ratio is found very close to 1.0, 
while for the areas involving strong relief and 
steep ground slope, the elongation ratio ranges 
from 0.6 to 0.8. The results of the present study 
indicated 0.75 which falls within 0.6 to 0.8 
indicating strong relief and steep ground slope.  
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Form factor; if the basin is wider, the form 
factor will be comparatively higher. 
Consequently, much narrower basins have low 
form factor values. The low form factor is 
indicated in the elongated basin and high form 
factor is indicated in the wider basin (Gregory 
& Walling, 1985). The calculated value of form 
factor for the catchment was 0.44. The value 
falls in-between narrower and wider.  

Fig. 1 Stream network of Kotmale reservoir catchment 

Kotmale reservoir 

Compactness factor of the basin is used to 
express the basin shape, which is indicated by 
the deviation of the basin area from a circle 
having an equal area (Gupta 1999). The result 
of the catchment was indicated of 1.56, which 
reveals the in-between value for the catchment. 
 
Stream network  
 
The main or trunk stream and its tributary 
streams that drain the basin area collectively 
form the stream network. The spatial 
arrangement of a river and its tributary streams 
in a drainage net work is referred to as the 
drainage pattern of a basin (Gregory & Walling, 
1985).  
Figure 1 illustrates the stream network of 
Kotmale catchment, the stream orders varied 
from 1 to 7 and the total number of stream 
segments of all orders recorded was 3828. 
Orders of stream network indicated, 2911 of 
first orders, 701 of 2nd, 166 of 3rd, 37 of 4th, 10 
of 5th, 2 of 6th and one seventh order streams. 
Stream frequency & drainage density of the 
catchment were 6.75 (no. of streams per km2) 
and 3.31 (km per km2). According to Kale & 
Gupta, (2001) greater the drainage density and 
stream frequency in a basin, the runoff is faster, 
and therefore, flooding is more likely in basins 
with a high drainage and stream frequency.  
Smith (1950) and Strahler (1957) have 
described drainage density values less than 5.00 
as course, between 5 – 13.7 as medium, 
between 13.7 – 155.3 as fine, and greater than 
155.3 as ultra fine. In Britain values are usually 
well below 5 and on Dartmoor average 2.14 
(Chorley & Morgan, 1962).  
Length of overland flow is referred to as the 
distance of flow of the precipitated water, over 
the land surface to reach the stream. The results 
obtained for Kotmale catchment was 0.15 km. 

The overland flow is higher in the semi arid 
regions than in the humid and humid temperate 
regions, in addition absence of vegetation cover 
in the semi arid regions is primarily responsible 
for lower infiltration rates and for the 
generation of higher surface flow (Kale & 
Gupta, 2001). 
The low overland flow of Kotmale catchment 
clearly indicates the characteristic of the 
catchment which extended within 99 % of the 
wet zone indicating well-developed stream 
network and heavy rainfall. Mean slope;  
The slope of the catchment is resulted from the 
morphology of the area. The effect of high 
slope result in high velocity of flow, therefore it 
takes lesser time for the catchment runoff to 
reach the stream.  
Mean slope of Kotmale catchment was 32.21%. 
Gupta (1999) has stated that the slope of the 
catchment is high which result in high peak 
flow after rainfall. According to the result 
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Kotmale catchment indicates slow flow 
regimes.  
 

4.     Conclusion 
It is easy to analyze of morphometric features 
of the catchment using GIS.  Size, shape slope 
of the catchment & distribution of stream 
network within the catchment indicated that the 
catchment characteristics. This is useful to 
conserve reservoirs and apply proper catchment 
management practices. 
 

5.    References 
 
Choeley, R.J. and Morgan, M.A. (1962), 
Comparison of morphometric features, Unaka 
Mountains Tennessec and North Carolina, and 
Dartmoor, England. Geol. Soc. Amer. Bull. 73, 
17-34. 
 
Gregory K. J. and Walling D. E. (1985), 
Drainage Basin Form and Process; A 
Geomorphological approach, Pp 47, 54. 
 
Gupta, B.L. (1999), Engineering Hydrology, 3rd 
Ed. Runoff. Pp. 46-56. 
 
Horton, H.E. (1932), drainage basin 
characteristics. Trans. Amer. Geophys. Union 
13, 350-61. 
Horton, H.E. (1933), The role of infiltration in 
the hydraulic cycle. Trans. Amer. Geophys. 
Union 14, 446-66.  
 
Horton, H.E. (1945), Erosional development of 
streams and their drainage basins. Bulletin, 

Geological Society of America, V. 56 pp. 275-
370. 
 
Kale, Vishwas S. and Gupta, Avijit (2001), 
Introduction to Geomorphology Pp. 84, 85, 86. 
 
Mulder, T. and Syvitsky, J.P.M. (1996), 
Climatic and morphologic relationships of 
rivers: implications of sea level fluctuations on 
river loads. Journals of geology, v. 104 pp. 509-
523. 
 
Naithani N.P. and Rawat G.S. (-), 
Morphometric Analysis of Bhagirathi Valley 
between Maneri and Gangnani area, district 
Uttarkashi, Garhwal Himalaya, Pp. 37. 
 
Suresh, R. (2000), Soil and Water Conservation 
Engineering 3rd Ed. 24. Watershed-Concept and 
Management. Pp. 785-813. 
 
Schumm, S.A. (1956), Evolution of drainage 
system and slope in badlands at Perth Amboy, 
New Jersey, Bulletin, Geological Society of 
America, v. 67, pp. 597-646. 
 
Waugh, David (1995), Geography, An 
Integrated approach. 2nd Ed. Chaptor-3 
Morphometry of drainage basins. pp. 51-62. 
 
Acknowledgement  
 
We appreciate the financial assistance provided 
by National Science Foundation, Sri Lanka 
under the research grant number RG/ 2001/E/01 
and Mahaweli Authority of Sri Lanka. 

 
 

 
 
 


	1. INTRODUCTION
	MORPHOMETRY OF A CATCHMENT


<<
  /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


