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SUMMARY 

In recent decades, significant theoretical development has been achieved concerning the 
estimation of the propagation of grout inside one dimensional and two dimensional geometries, 
the implementation of which will increase the predictability of the work and reduce unnecessary 
spread of grout. The yield stress of grout is required to estimate the spread of grout and due to 
its thixotropic nature; the yield stress depends on the shear history and shear rate, generated 
during propagation of grout. Therefore, in the design of grouting, the estimation of grout spread 
should be designed considering the prevailing shear rate at the grout front for the required 
spread. Moreover, when the yield stress and viscosity of grout are measured at the laboratory, 
using the Bingham model fitting, different range of shear rates will lead to different values of 
the estimated rheological properties. Although analytical solutions for velocity and shear rate 
are available for one-dimensional geometries, a different approach must be used for two-
dimensional radial Bingham fluid flow. This is due to the non-linear pressure and velocity 
distribution leading to a change of the plug thickness along the radial distance. In this work, a 
nomogram is developed based on a ‘semi-analytical’ approach to estimate the shear rate at the 
grout front. The relevant design parameters can be obtained from the nomogram for the 
corresponding relative spread of the grout, and it can therefore be used as a simple design tool 
for cement grouting. 

SAMMANFATTNING 

Under de senaste decennierna, har viktig teoretisk utveckling uppnåtts om spridningen av 
injekteringsbruk i endimensionella och två dimensionella geometrier, som kan öka kvaliteten i 
utförandet och minskar onödig spridning av bruket. Flytspänningen av bruket är en 
förutsättning för att uppskatta spridning. På grund av sin tixotrop natur, är flytspänning 
beroende av skjuvningshistorien och skjuvhastigheten, som är alstrat under spridning av bruket. 
Vid dimensionering av injektering tiden, bör därför uppskattningen av spridningen utförmas 
med avseende på en bestämd skjuvhastighet av bruket för att önskad spridning. Dessutom, när 
flytspänning och viskositeten mäts på laboratoriet, med en Bingham anpassning och olika 
intervall av skjuvhastigheter leder detta till olika värden av de reologiska egenskaperna. Även 
om analytisk lösningar för hastighet och skjuvhastighet är tillgängliga för en dimensionell 
geometri, måste en annan metod användas för tvådimensionell radiell Bingham flöde. I detta 
arbete en icke dimensions nomogram har utvecklats baserat på en "semi-analytiska" metod för 
att uppskatta skjuvhastigheten av bruket fram. Relaterad dimensionering parameter kan erhållas 
från nomogrammet för motsvarande relativa spridningen av injekteringsbruk, och det kan 
användas som ett enkelt dimensionering verktyg för injektering. 



INTRODUCTION 

Grouting is a significant part of tunnelling and underground constructions in rock. It is 
performed in order to decrease the lowering down of the ground water level. In urban areas, the 
environmental regulation is rather strict in Scandinavia and the typical allowable limit for water 
in flow is 0.5 - 30 l/min/ 100 m tunnel (Grov and Woldmo). This implies that water sealing is 
required and results in a significant cost.   
 
Cementitious materials are most commonly used grouting material due to its relatively lower 
cost. Grout is injected inside the bore holes and a typical water to cement ratio 0.6-1.0 is used. 
The current grouting design, used in Sweden, is based on the estimation of the spread of grout 
under a constant pressure. To obtain a proper water sealing, a certain spread of grout must be 
achieved. The grouting time is designed based on the estimated spread of grout. 
 
The rheological properties, yield stress and viscosity of grout are the major governing factors 
to design the spread of grout. Yield stress influences the relationship between pressure and flow. 
When grout advances inside rock fractures, the shear stress decreases and when the wall shear 
stress reaches the yield stress; the flow stops.  Viscosity is the relationship between the shear 
stress, emerged due to the applied pressure and prevailing shear rate of the material. The 
viscosity can be changed due to the change of temperature (Banfill 2006). 
 
The rheology of cement grout is considered complex due to the thixotropic nature and hydration 
of grout. Thixotropy implies that the rheological properties depend on the shear history of the 
material. When the material is under shear or applied pressure, structural break down is taken 
place. This is a process of breaking certain linkages between cement particles. On the other 
hand, when the material is at rest, structural build up is taken place (Møller et al. 2006). 
Therefore, the yield stress and viscosity of grout would be a subject to thixotropic behaviour 
and result in different values depending on whether it is at the ‘broken-down’ or ‘build-up’ 
state. The thixotropic behaviour and effect of hydration of cement grout is shown in Figure 1. 
Here the down curve resembles the ‘broken-down’ state. In contrast, the up curve was measured 
after the grout was at rest for a certain period and therefore, resembles the ‘build-up’ state.  
 
The yield stress and viscosity of grouts are typically measured in a laboratory using rheometers. 
A range of shear stress is applied on a sample grout and the corresponding torque is measured. 
The prevailing shear rate can be calculated from the associated torque. The shear stress vs. shear 
rate curve is generally fitted to and described using different rheological models, as shown in 
Figure 2. The Herschel-Bulkley model can reproduce the non-Newtonian shear thinning 
behaviour and includes a yield stress. The Bingham model comprises a linear relationship 
between the shear stress and shear rate. The gradient of the linear fit is the viscosity and the 
interception at the y axis is determined as the yield stress. Since the geometry of the rock 
fractures are not fully known, the Bingham model is widely used to determine the rheology of 
cement grout, due to its simplicity. As shown in Figure 2, the linear fit of the Bingham model 
is highly dependent on the range of the shear rate and different ranges will result in variable 
values of yield stress and viscosity (Håkansson 1993). However, as of today, no guideline is 
available on what shear rate range to be used for cement grout when the Bingham model is used 
(Rahman et al. 2015).   
 
The current grouting practice in Sweden is based on the estimation of grout spread inside rock 
fractures at constant pressure. The yield stress and viscosity are used as an input to estimate the 
grouting time. State of the art grouting theories allows the real time estimation of the grout 



spread, provided that the rheological properties are measured in real time. However, the current 
practice is based on the measurement of the rheological properties of a trial mix, using a 
rheometer before grouting. The shear stress vs. shear rate curve is fitted using a Bingham model 
and the determined yield stress and viscosity is used to estimate the grouting time. As shown in 
recent literatures (Rahman et al. 2017), the yield stress of cement grout depends on the 
prevailing shear rate and increases due to thixotropy when the shear rate is very low. This 
implies that, if the grouting time is designed for a higher relative spread of grout, the static yield 
stress value should be used. Even though this is not the typical case, the designer should be 
concerned regarding the prevailing shear rate at the grout front for the required spread of grout. 
Therefore, there is a strong need to define the shear rate range that is to be used while fitting 
the rheological models to rheology data. In addition, the shear rate should be estimated during 
the design process of the grouting time to ensure a ‘broken-down’ state of the cement grout. 
 

 
Figure 1  Thixotropic behaviour of cement grout and the effect of hydration 
 

 
Figure 2  Use of different rheological models to estimate the yield stress and visocity of 
grout 
 
The purpose of this work is to present a nomogram which can be used to estimate the grouting 
time, velocity and shear rate of the grout front at the required relative spread of grout. The 
advantage of using the nomogram is that it is independent of the geometry and rheological 
properties, and the above mentioned parameters can be estimated from known input. The 
author’s anticipate than it can be used as a simple design tool. 

Design of cement grouting 
In Sweden, grouting design is based on the so called ‘Real Time Grouting Control (RTGC)’  
concept. The theory assumes the flow of grout as a Bingham flow, consisting of a yield stress 



and viscosity. The assumption of Bingham flow implies that when the cement grout flows, a 
stiff region is formed at the center of the velocity profile which flows as a stiff plug/core. 
  
Analytical solutions for estimating grout spread under constant pressure were presented by 
Gustafson et al. (2013). The grout spread is calculated with respect to two non-dimensional 
parameters, the relative grout spread ( ) and the relative grouting time ( ). The advantage of 
using non-dimensional parameters is that the relative spread of grout becomes independent of 
the applied pressure and the rheological properties and can thus be used for wider applications. 
The relative grouting time, , is defined as 
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Where t  is the actual time span and 0t   is the characteristic grouting time defined by 
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Where 0  is the yield stress and g  is the plastic viscosity of grout. It should be noted that the 
closed-form solutions for relative time as a function of relative spread, are available 
only for 1D flow and the analytical solution is not solved explicitly for 2D. In order to address 
this, approximate solutions were introduced by Gustafson and Stille (2005) for channel and 
radial flow, given as 
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where 0.6  for a 1D channel and 3 for a 2D radial flow.  
 
The wall shear rate can be calculated from the Bingham model definition and after further re-
arrangement can be shown as  

 0 1 1W
b

  (4) 

Where,  is the relative plug thickness inside the stiff plug of the velocity profile. As can be 
seen in equation (4), for a certain relative plug thickness, the shear rate will remain same for a 
1 D or 2D flow, however, they will take place at different times. For 1D pipe or channel flow, 
the plug thickness changes linearly with the change of pressure. However, for a 2D radial flow, 
a numerical approach must be used. This is due to the fact that for a 2 D radial flow, the plug 
thickness is a function of the radius, r, which changes non-linearly with pressure.  

Bingham Number ( NB ), non-dimensional velocity ( D

D

dI
dt

) and plug thickness 

The yield stress can be determined using the force balance assumption, i.e., 0 2
b P

I  where 

0 is the yield stress, b fracture aperture, P  is the differential pressure over the spread of grout,
I .  
 
To simplify the determination of the velocity and plug thickness of the grout front for two 
dimensional flows, a dimensionless parameter, the Bingham Number, NB  was used and can be 
shown as 
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where, b is the thickness of the radial disk and zv is  the mean velocity of the grout front. As 
shown in equation 5, the Bingham Number is the governing factor for determining the mean 
velocity zv . For a two dimensional flow, zv is a function of the radial distance; therefore, 
Bingham Number will change accordingly.  

To determine the Bingham number and the velocity for two dimensional flow, the analytical 

expression for the derivative D

D
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 is required. Since DI  is the relative penetration of grout in a 

relative time, Dt  ; D
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can be defined as the dimensionless velocity. D
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relative time, Dt and can be shown as 
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To estimate the velocity, the corresponding D

D

dI
dt

has to be used and the Bingham number at the 

grout front can be given by 
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Since the non-dimensional velocity can be calculated using equation (6), the expression for the 
true mean velocity for two-dimensional flow can be shown as 
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The relative plug thickness of a 2D radial flow can be shown as  
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Proposed design procedure following the RTGC theory 

General 

Based on the theory described earlier, the following steps are suggested in the design process 
to determine the Bingham number, plug thickness, velocity and shear rate. The procedure is 
based on a horizontal fracture with 2D radial flow.  

Input 

1. The yield stress, 0 , and viscosity, B , of the grout are known ‘a-priori’ from a linear 
Bingham model curve-fit to rheometric data. 



2. The fracture aperture, b, is determined from e.g. water pressure tests. 
3. The required grout spread, I , is specified based on the distance between the boreholes, 

e.g. at least half of the distance between the holes. 
4. The constant pumping pressure, P , is specified beforehand. 

Calculations following the RTGC theory  

5. The characteristic grouting time, is calculated using equation (2). 

6. The maximum spread of grout, maxI , is calculated by max
0

I
2
b P  and relative grout 

spread is given by 
max

D
II

I
.  

7. The relative grout spread is determined from equation (3).  
8. The designed grouting time, t , is determined from the relative grouting time, where 

0*Dt t t . 

Estimation of Bingham number and plug thickness 

9. The Bingham number is determined from equation (6) and (7). 
10. The relative plug thickness is determined from equations (9) using the corresponding 

Bingham number for radial flow. 

Output 

11. The mean velocity, v, is determined using equation (8).  
12. The wall shear rate is determined using equation (4). 

Graphical method for the estimation of shear rate 
A nomogram to estimate the velocity, plug thickness and shear rate at grout front is shown in 
Figure 4. The advantage of using the proposed nomogram is that it is based on non-dimensional 
parameters and is therefore independent of the rheological properties, fracture aperture and 
applied constant pressure. The nomogram can be used to estimate the shear rate at the grout 
front during the preliminary design of the grouting time. Therefore, the grouting time can be 
designed such a way that the grout front at the desired spread would be sufficiently sheared to 
remain at a broken down state.  



 
 

Figure 4 Nomogram for the estimation of velocity, plug thickness and shear rate 
 

The principle procedure for determining the plug thickness, velocity and shear rate using the 
nomogram is divided into the following steps: 
 

1. The relative spread is determined for the required grout spread, grout properties, 
aperture and constant pressure, which will lead to the time required to achieve the 
desired spread of grout by using the characteristic time.  

2. The Bingham number is obtained using the relative spread vs Bingham number curve, 
for the relative grout spread values from step 1. The real mean velocity is determined 
using equation (8). 

3. The relative plug thickness is determined from Figure 4 for the relative grout spread 
value from step 1. 

4. The wall shear rate is determined from the relative plug thickness and for the 

corresponding 0  ratio. 

CONCLUSION 

In this work, a nomogram is presented which can be used as a simple tool to estimate the 
velocity, plug thickness and shear rate at the grout front. This shear rate should be used while 
applying a Bingham fit to rheometer data to determine the yield stress and viscosity of the grout. 
In addition, it should be checked that the estimated shear rate is sufficient to keep the grout in 
a ‘broken-down ‘ state and confirm the ‘dynamic’ state of yield stress. 
 
The future goal would be to implement the nomogram and RTGC calculation steps in an in-line 
industrial rheometer, which will enable the real time estimation of spread of grout and shear 
rate, based on the real time estimation of the rheological properties of grout. As a result, 



unnecessary spread of grout can be avoided and rheological properties, according to the design 
specification, can be ensured. 

ACKNOWLEDGEMENT 

The authors wish to acknowledge the financial support from the Swedish Rock Engineering 
Research Foundation (BeFo) and the Swedish Construction Industry Development Fund 
(SBUF).  

REFERENCES 

Banfill P (2006) Rheology of fresh cement and concrete. Rheol Rev 31–130. 

Grov E, Woldmo O Modern pre-grouting technology in Norway. In: Grouting and Deep Mixing 
2012. ASCE, New Orleans, pp 805–815 

Gustafson G, Claesson J, Fransson Å (2013) Steering Parameters for Rock Grouting. J Appl 
Math. doi: 10.1155/2013/269594 

Gustafson G, Stille H (2005) Stop criteria for cement grouting. Felsbau 25:62–68. 

Håkansson U (1993) Rheology of fresh cement based grouts. PhD Thesis, Royal Institute of 
Technology 

Møller PCF, Mewis J, Bonn D (2006) Yield stress and thixotropy: on the difficulty of measuring 
yield stresses in practice. Soft Matter 2:274. doi: 10.1039/b517840a 

Rahman M, Håkansson U, Wiklund J (2015) In-line rheological measurements of cement 
grouts: Effects of water/cement ratio and hydration. Tunn Undergr Space Technol 
45:34–42. doi: 10.1016/j.tust.2014.09.003 

Rahman M, Wiklund J, Kotzé R, Håkansson U (2017) Yield stress of cement grouts. Tunn 
Undergr Space Technol 61:50–60. doi: 10.1016/j.tust.2016.09.009 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /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 false
  /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 false
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
  >>
  /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 true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




