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CHAPTER FIVE 

Filter Design 

5.1 BASIC REQUIREMENTS OF FILTERS AND DRAINS 

Many types of engineering works are constructed on or in soils 
and rocks which are filled with water. The process by which percolat- 
ing water or groundwater is removed from soils and rocks by natural 
or artificial means is called drainuge. Sound rocks usually can be 
drained simply by allowing water to escare freely a t  exposed surfaces 
in drain wells, tunnels, etc., since these materials have sufficient cohe- 
sion to resist erosion; but soft, weathered rocks, and most soils present 
more difficult drainage problems, as unpro:ected surfaces of these ma- 
terials can be eroded by the forces of escaping water. If the erosion 
process is permitted to begin, i t  can lead to clogging of filters and 
drains, and in extreme cases, to piping failures. Consequently, drainage 
surfaces of erodible soils and rocks must be covered with ,special pro- 
tective layers that allow the water to escape freeby. but hold the par- 
ticles firmly in place. 

To  some degree porous wicks of cloth or paper, fiber glass blankets, 
and other manufactured products are used as filter and drain mate- 
rials, but the predominating drainage material is porous mineral ag- 
gregate. Good quality aggregates are virtually indestructible, rela- 
tively incompressible, wideIy available, and relatively inexpensive. 
When used correctly, porous drainage aggregates can have a vital 
part in the permanent performance of a great many kinds of civil 
engineering works. They are frequently used in drainage systems in 
conjunction with slotted, jointed, or porous pipes, which aid in the 
collection and removal of seepage. 

Filters and drains can provide nermanent security against the dam- 
aging actions of seepage and groundwater; however, certain funda- 
mental requirements must be strlctly enforced. Ii filters and drams 
are to serve their intended purpose, the materials used in their con- 
struction must have the correct gradation (Sec. 5 . 2 ) ,  and they must 
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174 APPLICATIONS 

be handled and placed with care to avoid  contamination and segrega- 
tion (Sec. 5.8). Also, they must be well compacted to reduce the 
possibilities of localized changes in grading taking place by the drop- 
ping of fires through void spaces. Close control is required in the 
production, handling, and placement of the materials, since even a 
single improperly constructed portion of a filter can lead to failure. 

Many of the problems associated with the design of adequate filters 
and drains stems from the needs for satisfying two conflicting 
requirements. 

1. P i p i ~ g  requirement. The pore spaces in drains and filters that 
are in contact with erodible soils and rocks must be small enough 
to prevent particles from being washed in or through them. 

2. Permeability requirement. The pore spaces in drains and filters 
must be large enough to impart suificient permeability to permit seep- 
age to escape freely and thus provide a high degree of control over 
seepage forces and hydrostatic pressures. 

When small quantities of seepage are to be removed, a single layer 
of well-graded, moderately permeable material meeting both of these 
requirements may serve the dual roles of filter and drain. B u t  when 
large quantities of seepage are to be removed, a fine filter layer usually 
is needed for the  prevention of piping, and a coarse layer is needed 
for the removal of water. Such systems are called graded filters. They 
may contain more than two layers. Filters t h a t  are covered with sur- 
charges to prevent uplifting by seepage forces are called loaded filters 
or weighted filters. 

5.2 PREVENTION OF PIPING 

General 

TO prevent piping, water-bearing erodible soils and rocks must 
never be in direct contact with passageways larger than some of the 
coarsest soil or rock particles. In nature piping failures often are 
exhibited by sink holes that form in arid and semiarid lands vhen 
fine sand, silt, loess, clay, etc., wash into subterranean tubes or cracks. 
Parker (1963) points out t h a t  piping is an important geomorphic 
agent in the development of landforms in the drylands. 

h4any engineering works produce large hydraulic gradients that 
are conducive to p~ping. %hen sewers are constructed below the water 
table in erodible sand or silt, joints must be meticulously sealed, other- 
wise serious infiltration is likely to  occur. When cracks. developed 

Filter Design 175 

ir. a deep trunk sewer in Seattle, Washington, a tremendous cavity 
formed in the so11 above it, causing a major repair problem. Piping 
is a coininon cauee of failure in overflow weirs, earth dams, reservoirs, 
and other hydraulic structures (Chap. 1 ) .  Whenever filters and drains 
are required for the contrtol of seepage and groundwater in relation 
to structures, they should have a high degree of resistance to piping. 

Grading of Drainage Aggregates to Control Piping 

To prevent the movement of erodible soils and rocks into or 
through filters, the pore spaces between the filter particles should 
be small .nough to hold some of the larger particles of the protected 
materials in place. Taylor (19481 shows tha t  if three perfect spheres 
have diameters greater than six and one-half times the diameter of 
a smaller sphere (Fig. 5 l a ) ,  the smaller spheres can move through 
the larger. Soils and aggregates are always composed of ranges of 
particle sizes, and if the pore spaces in filters are small enough to 
hold the 85% size (I),,) of adjacent eoils in place, the finer soil 
particles will also be held in place (Fig. 5 . l b ) .  Exceptions are gap- 
graded so.1 and soil-rock mixtures (Sec. 5.3).  

Bertram (1940), with the advice of Terzaghi and Casagrande, 
made laboratory investigations a t  the  Graduate School of Engineering, 
Harvard Univcrslty, to test filter criteria that  had been suggested 
by Terzaglii; he established the validity of the iollowing criteria for 
filter design : 

D15(of filter) D 15(0f filter) < 4 t o 5  < 
DSa(of soil) D15(of soil) 

The leit half 0:' Eq. 5.1 may be stated as follows. 
Criterion 1 .  The 15% size ( D , , )  of a filter niaterial must be not 

more than four or five times the 85% size (TI,,) of a protected soil. 
The ratio of Dl,  of a filter to D,, of a soil is called the p7ping ratio. 

The right half of Eq.  5.1 may be stated as follows. 
Criterion 2. The 15% size (Dl,)  of a filter material should be a t  

least four or five times the 15% size (Dl,)  of a protected soil. 
The intent of criterion 2 is to guarantee sufficient permeability 

to prevent the buildup of large seepage forces and hydrostatic pres- 
sures in filters and drains. This criterion is discussed in detail in 
Sec. 5.4. 

The ~ o r k  of Bertram was expanded by further cxperiments by 
the U. S. Army Corps of Engineers (1941) and the U. S. Bureau 
of Reclamation (Karpoff, 19551 untl others. Frequently some require- 
ments in addition to criteria 1 and 2 are placed on the grading of 
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FIG. 5.1 Illustration of prevention of pi?ing by filters. ( a )  Spherical 
particle b will just pass through pore spzcr between three spheres six 
and one-half times the diameter of b (Taylor, 1948). ( b )  Conditions a t  a 
boundary between a soil and a protective fil~er. 

filter aggregates. For example, the U. S. Bureau of Reclamation limits 
the maximum size of filt,er aggregates to 3 in. to minirnize segregation 
and bridging of large particles during placement. To prevent the move- 
rnent of soil particles into or through filters, the U. S. Army Corps 
of Engineers (1955) requires that the following conditions be satisfied: 

15% size of filter rnaserial 
5 5 

85% size of protected soil 

50 % size of filter material 
1 25 

50% size of protected soil - 

It is seen that Eq. 5.2 is another expression for the relationship 
given by the left half of Eq. 5.1. 

The U. S. Army Corps of Engineers (1955) also states. 

The above criteria will be used tvhe~l protecting all soils except for 
medlum to highly plastic clays ~vithout sand or silt partings, mh~ch b? the 
above cnteria may requlre multiple-stage filters For these clay soils, the 
DIE size of the filter may be as great as 0.4 mm. and the above D,s criteria 
will be disregarded. Thls relaxation 111 crltpria for protecting medlum to 
highly plastic clays will allow the u~ of a one-stage filter inaterial, however, 
the filter must be well graded, and to insure nonsegrtyy~tion of thc filter 
material, a coefficlent of uniform~ty (ratlo of Do0 to D1ll) of not greater than 
20 will be required. 

The U. S. Army Corps of Engineers recommends limiting the piping 
ratio (Dl, of filter to  D,, of soil) to something less than 5 if crushed 
stone is used for the filter material. The safe ratio is usually checked 
on important projects by perforn~ing laboratory tests with mate~.lals 
to be used in the work. The Corps and the U. S. Bureau of Reclaina- 
tion also recotnnlend that the grain-size curves of filters and protected 
layers be son~ewhat parallel to each other. This is the objective of 
the relationship expressed by Eq. 5.3. 

Sherard, et  al. (19631 make the following additional rule for the 
design of filters. "lT'hen the protected soil contains a large percentage 
of gravels, the filter bhould be designed on the basls of the gradation 
curve of the portion of the material which IS h e r  than the 1-inch 
sieve." 

Many other experimenters in addition to  Bertram, the U. S. Army 
Corps oi Engineers, and the I'. S. Bureau of Reclanlation have satis- 
fied thenic.elves that criterion I will prevent piping. In  1940 the author 
conducted a series of experiments in which so,ls were mixed with 
water, and slurries were poured over filter n~aterials tneeting criterion 
1. Under these extremely severe conditions a stlla.11 alllount of clay 
and colloids ~vashed thtough but nearly all of the inaterial stayed 
on top of the filtcrh. 

I n  the constructiotl of a irlilitary air base in t le Pacific Sortl-iwest 
in 1942, an unexpected storlii washed topsoil intc partially conipleted 
trench drains along the edges of the runways. Fortunately a filter 
layer ineetlng criterion 1 had been placed in the trenches. Although 
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rnuddy water entered the drain pipes, tc~psoil penetrated the filter 
layer only a s ~ n a l l  fraction of an inch. 

In 1963 the author supervised experiments in which a two-inch 
layer of screenings was placed over a layer of silt. With the screenings 
filled with water the surface was compressed many times with a 
kneading compactor. These tests, which were intended to simulate 
the action of concentrated highway traffic on saturated eubgrades, 
indicated that when criterion 1 was satisfied, negligible intrusion OC- 

curred a t  the boundary between the soil and the screenings, but when 
the piping ratio was much above 4 or 5, substantial intrusion took 
place under the kneading action. 

Experience indicates that if the basic filter criteria described in 
preceding paragraphs are satisfied in every part  of a filter, piping 
cannot occur under even extremely severe conditions. Bertram's origi- 
nal investigations indicated tha t  the grain sizes of uniform filter mate- 
rials may be up to ten times those of uniform soils before appreciable 
amounts of soil will move through filters and that Eq. 5.1 usually 
is conservative. If a protected soi: is a plastic clay, the  piping ratio 
often can be much higher than 5 or 10, as indicated by U. S. Army 
Corps of Engineers practice previously noted. But  if cohesionless silts, 
Ene sands, or similar soils are in direct contact with filter materials 
which have piping ratios much above 5 or 10, erosion is very likely 
to occur. I n  1940 the author witnessed earth dam construction with 
loess soil being compacted adjacent to a drain composed of 6-inch 
ciameter boulders having a piping ratio rel3tive to the loess of around 
2000! During the first filling of the reservcir the drain caused serious 
internal erosion. Eventually the drain was pumped full of cement grout 
to save the dam. 

When coarse rock, coarse gravel, or other coarse materials are 
used in drains, erodible soils and rocks should be separated froin 
these materials by two or more intervening filters as required, with 
each adjacent palr designed to prevent piping. Mechanical analysis 
plots such as are shown in Figs. 5.2 to 5.6 offer a good visual picture 
of the grain size distributions of individual soils and filter materials, 
and are useful in developing filter designs. 

Although filter criteria are almost foolproof, experience and judg- 
ment will reduce the danger of mistakes being made in their applics- 
t ~ o n .  Several examples of "normal" designs of filters to prevent piping 
are given in Section 5.3. Precautions tha t  must be taken in designing 
filters to protect gap-graded soil-rock mixtures and the dangers of 
severe segregation in filters are described in the last part of Section 5.3. 
I n  these examples, the primary control is assumed to be criterion 
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1, the ratio of the D,, size of the filter to  the D85 size of the protected 
soils. 

Pipe Joints, Holes and Slots 

When pipes are embedded in filters and drains, no unplugged ends 
should be allowed, and the filter materials in contact with pipes must 
be coarse enough not to enter joints, holes, or slots. The U. S. Army 
Corps of Engineers (1955a) uses the following criteria for gradation 
of filter materials in relation to slots and holes: 

For slots 

85 % size of filter material > 1.2 
slot width 

For circular holes 

85% size of filter material > 1.0 ( 5 . 5 )  
hole diameter 

The U. S. Bureau of Reclamation (1965) uses the following cri- 
t8erion for grain size of filter materials in relation to openings in pipes: 

0 8 5  of the  filter nearest the pipe 
= 2 or more (5.6) 

maximum opening of pipe drain 

Equations 5.4, 5.5, and 5.6 represent a reasonable range over which 
satisfactory performance can be expected. The design of a filter con- 
taining a drain pipe is illustrated by an example in Jec. 5.3. 

5.3 EXAMPLES OF FILTER DESIGNS TO PREVENT PIPING 

Historical 

Before the developnlent of rational and experimental filter design 
criteria, drain design was considered more of an art  than a science. 
Designers depended on judgment, instinct, or precedent. In many in- 
stances coarse stone or gravel was placed in direct contact with fine- 
grained soils, with the result that drains often became clogged or 
soil piped through causing structural failures. Sucl- was the case with 
French drains and lnacadam rock bases used in highway construction 
after about 1800 A.D. But some of the early road builders wisely placed 
fine gravel or screenings between fine scils and coarse stone bases 
and drains; and some of the early dam builders used several layers 
of stone grading iron] finer material in contact with the soil to coarser 
rock or gravel a t  the centers of drains. Creager, et al. (1950) describe 
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100 50 30 16 8 4 %in. l g i n .  3 in .  6 in. 12in. 
Particle size 

(b)  Grading curves 

FIG. 5.2 Rock s l o ~ e  protect~on design to  prevent undermining. 
Intermediate filter or cushion course (curve 2) prevents soil 
(curve 1 )  from washing through coarse rock (curve 3) .  Care 
must be taken t o  prevent segregation of intermediate course. 

the Tabeaud Dam in California which was constructed in 1902 with 
a rock drain having two progressively coarser filter zones between 
the soil and the drain rock. 

With the development of rational and experimental filter criteria, 
the design of filters and drains has become more of a science ;han 
an art .  Several exanlples of the application of filter criteria to  the 
design of filters to prevent piping are given in the following 
paragraphs. 

Rock Slope Protection 

Frequently coarse rock is placed on the banks of levees, on the 
upstream faces of earth dams, and in other situations wilere erodible 
soils must be protected from fast currents and wave action. If coarse 
rock is placed directly on fine soil, currents and waves nlay mash 
the soil out froin under the rock and leed to undermining and failure 
of expensive protective works, even to  failure of the works being 

Soil erosion under rock slopc protection usually can be prevented 
by the placement of a filter layer of intermediate-sized material be- 
tween the soil and the rock. Sometiilles erosion can be prevented by 
the use of we1:-graded rock containing suitable fines which work to 
the bottom during placement. h typical rock slope protection with 
an underlying filter is shown in Fig. 5 2 .  The slope protection rock 
(curve no. 3) has a particle size range from 6 in. to 24 in., and 
a 15% size of about 7 in. The filter layer (curve 2) has a miniinurn 
85% size of about 1.4 In. The piping ratio (criterion 1 I = 7 in/1.4 
in. = 5. In  turn, the soil has an 85% size between sieves 8 and 16. 
The fine filter has a maximum 15% size of ij in., which is less than 
five times the 85% size of the soil; hence, according to criterion 1 
the soil will not erode through the filter, and the filter is safe from 
washing out through the rock. 

Levee Drain with Perforated or Jointed Pipe 

Figare 5.3 shows a typical longitudinal levee drain composed of 
two grades of filter aggregate surrounding a perforated or jointed 

// Filter-, \ 

. . 
(a) Cross section 

Particle size 
(b)  Grading curves 

FIG. 5.3 Design of graded filter t o  protect soil (curve 1) from 
washing into 4 in. joints in drain pipe [fine material (curve 2 )  
x d i a r ~ n t  to soil; coarse material (curve 3) surrounds pipel. protected. 



182 APPLICATIONS 
filter Design 183 

collector pipe connected with low elevation outlet pipes. Criterion 
1 has been applied, a> in the preceding example, to establish the 
l 5 F  size of the coarse drain layer (curve 3) in relation to the 85% 
size oi the fine filter layer (curve 2) ; and also to establish the 15% 
size of the fine filtcr layer in relation to the 85% size of the protected 
soil. A further check should be made to be sure tha t  the coarse filter 
material will not enter joints in the pipe. This check is readily made 
with Eqs. 5.4, 5.5, or 5.6. I n  this example Ecl. 5.6 is used as  the 
criterion. Assuming that joints are not wider than in., a coarse- 
filter layer with an 85% size (D,,) of a t  least 0.25 in. X 2 = 0.5 
in. is adequate. 

Drainage Blanket under Highway in Wet Cut 

Often large quantities of groundwater are encountered in  highway 
construction in hilly terrain. When highways must be built in wet 
cuts, blankets of "permeableJJ filter aggregate often are placed beneath 
the structural section to prevent internal flooding, pumping, and de- 
terioration of pavements (Chap. 9 ) .  When coarse aggregates are 
needed for water removal, as they often are, properly graded filter 
layers must be placed over the soil to prevent clogging of the coarse 
aggregate. Figure 5.4 shows a satisfac;ory combination of fine and 
coarse aggregates that will nat become clogged. The coarse upper 
drainage layer has high permeability to insure rapid removzl of 
groundwater and seepage. To  assure ~ e r m a n e n t  functioning of this 
drainage system without clogging, the fine filter layer on the subgrade 
(curve 2, Fig. 5.4) has a Dl, size not more than about five times 
the D,, size of the finest soil on which the road is being built (curve 
I ) ,  and the coarse filter layer (curve 3) has a Dl, size not more 
than about five times the D,, size of the fine filter layer. The grading 
lirnits for the two filter layers shown in Fig. 5.4 satisfy criterion 
1. Methods for designing coarse drainage layers for discharge capacity 
are described in Sec. 5.4 and illustrated by examples in Secs. 5.5, 
5.6, and 5.7. 

Some Conditions Detrimental to  Filter Performance 

The preceding examples represent normal, orthodox filter designs. 
If soils are not well graded, filters are permitted to become segregated 
during placement, or other inconsistencies are permitted to occur. 
the theoretical piping ratio (criterion I )  may appear to be satisfied, 
yet a filter may be entirely unsatisfactory. Cornplete dependence on 
filter criteria without regard for localized conditions that may exist 

Coarse laver. Fine laver, 

Groundwayer \ 

(a) Cross section 

" 
200 100 50 30 16 8 4 %in. l+ in.  3in. 

Particle size 

(b)  Grading curves 

FIG. 5.4 Design of highway roadbed. Fine filter (curve 2) 
prevents soil (curve 1) from pumping into open-graded drain- 
age aggregate (curve 3) .  There is considerable groundwater. 

in soils or filters can lead to failures. The following examples illustrate 
this point. 

Figure 5.5 shows a filter gradation (curve 3 )  which according to 
criterion I should protect a soil (curve 1) against niping. If a close 
look is taken a t  curve I or if some of this material is examined 
in the field, i t  will be seen that  it is a gap-graded, silty clay soil 
with scattered particles of "floatJJ rock, not a well graded material 
as is norrnally assumed in applying filtcr crireria. The scattered coarse 
Particles in this soil cannot protect the fine soil particles from migrat- 
ing through the large pore spaces in the filter. The coarse particles 
must therefore be ignored and the grading curve for the fine matrix 
(curve 2)  used in selecting grading limits for a protective filter. A 
much finer graded filtcr than curve 3 is therefore required for the 
Protection of this soil. 

Difficulties can also arise when filters are used for the drainage 
of soils and bases that are stratified or otherwise variable within 
a construction area. When filters or drains are placed against variable 
nlaterials, the finest inaterial must he held ir. place. Mechanical analy- 
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FIG. 5.5 Problems are caused by gap-graded soils. D15 size of 
filter (curve 3) is less than five times Dss size of rocky or 
gravelly soil (curve I ) ,  but fine soil matrix (curve 2) may 
still migrate through filter. 

sis tests can be very misleading when the samples have been obtained 
by methods that mix the soils within some arbitrary number of feet 
of a hole or of the sides of a test pit. hlethods of sampling should 
be used that detect detailed variations in gradation and give the 
gradation of individual strata. 

Not only is it possible for protetcted soils to vary substantially 
from point to point, as justed noted, but filters can also vary if wide 
ranges of sizes are permitted, and segregation is allowed during han- 
dling or placement. The harmful effect of segregation in filters is 
illustrated in  Fig. 5.6, which shows a fine-grained soil (curve 1) that 
is to be protected by a filter (curve 2 ) .  The proposed filter (curve 
2) has an overall grading that meets criterion 1, since its 15% size 
is not more than five times the 85% size of the soil. But in handling 
and placing, extensive accumulations of the coarser sizes are assumed 
to occur, allowing large pockets of coarse segregated material (curve 
3) with a D,, size fifty times the D,, size of the soil Segregation in 
filters can lead to serious erosion of protected soils If filters and 
drains are to serve their intended purposes, specifications for these 
facilities (Sec. 5.8) must be carefully written and strictly enforced. 

5.4 PERMEABILITY REQUIREMENTS OF FILTERS AND DRAINS 

The Basic Problem 

The first requirement of filters and drains (Secs. 5.2 and 5.3\ 
is that they must be safe with respect to erosion and clogging. The 

Dl5 

200 100 50 30 16 8 4 4, in. 1% in. 6 in. 
Part~cle size 

FIG. 5.6 Segregated filter materials also cause problems. Dl5 

of unsegregated filter aggregate (curve 2) is five tlmes 085 of 
soil (curve I),  but DI5 of segregated pockets of coarse filter 
materlal (curve 3) 1s fifsy t ~ m e s  D, of soil. 

second requirement, which can be equally important, is they must 
heve suffielent discharge capacities to remov? seepage quickly, without 
inducing h:gh seepage forces or hydrostatic peessures. 

The right half of Eq. 5.1 (Sec. 5 . 2 )  was stated as criterion 2: 
"The 15% size (Dl,) of a filter material should be a t  least four 
or five times the 15% size ( I l ls )  of the ?rotected soil." As noted, 

Chimney 

Outlet 

FIG. 5.7 Exanples of filters usually ~vorking under steep gradients 
to  remove seepage. ( a )  Dam with ,rhirnney drain. ( b )  Dam with rock 
toe. 



<<
  /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


