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TURF FOR EROSION AND SEDIMENT CONTROL — CONSTRUCTION OF AN AUSTRALIAN
NATIONAL DEMONSTRATION FACILITY

Shane Holborn* and William Pearce

ABSTRACT

Turfgrass has been found to be an effective measure for the
control of soil erosion and also for the capture of sediment.
Previous research quantifying the capability of turfgrass for
this purpose was undertaken and communicated, but did not
lead to a substantial increase in market share for erosion
control by turfgrass in Australia. The Australian turfgrass
production industry has therefore invested substantial
resources into the design, construction and operation of a new
national Erosion and Sediment Control Demonstration
Facility at Cleveland, Queensland, as a technical extension
tool. The facility has been designed to demonstrate turf as an
erosion control and sediment capture measure compared to
other products available on the market including silt fencing,
silt socks, coir logs and hydro-seeding. This is the only such
facility in Australia and has been met with substantial
enthusiasm by the turf and erosion industries as well as local
and state government representatives. The construction of
this facility presented a number of challenges (described in
this paper), and is now becoming a critical extension tool for
the turfgrass industry to build the erosion control market share
for natural turf.

INTRODUCTION

Turfgrass as an erosion control measure has been found to be
effective by a number of studies in Australia and
internationally. These include examinations of the effect of
vegetative or turfgrass coverage on soil loss in production
properties (Martin and Aragao, 1996), in natural areas (Beard
and Green, 1994), and forestry plantations (Sheridan et al.,
1999) as well as in urban areas such as construction sites
(Petrovic and Eastern, 2005, Higginson and McMaugh, 2007;
Loch et al., 2010). Australian turfgrass producers through
Horticulture Australia Limited (HAL) have funded a number
of research projects and development activities aimed at
identifying and quantifying the efficacy of turfgrass and also
to identify market opportunities available in this area for
turfgrass in Australia.

The first specific examination of turfgrass for this
purpose in Australia was conducted by Higginson and
McMaugh (2007), who reviewed the literature to compare
turfgrass coverage to other land use coverage and also against
other erosion control measures. Their study identified

S. Holborn and W. Pearce, BioScience Australia Pty Ltd,
Wellington Point, QLD 4160, Australia. *Corresponding
author: (admin@bioscienceaustralia.com).

Abbreviations: HAL, Horticulture Australia Limited; QLD,
Queensland; RRS, Redlands Research Station; v-h,
vertical:horizontal

Keywords: Australia, erosion, turfgrass

potential market opportunities for turfgrass in the erosion and
sediment control area. They concluded that the major
opportunities for turfgrass were that it would be ideally suited
to four main applications: as vegetative buffer strips, on cut
and fill batters, in drains, and as a vegetative ground cover
within the general landscaping of completed construction
sites. The final recommendation from the Higginson and
McMaugh (2007) study was that these four areas all
warranted further consideration and investigation by the turf
industry to quantify the performance turfgrasses in that
context and to use those data to realise the market potential
for their turf products.

These recommendations led the industry to
commission a study by LandLoch Pty Ltd which tested and
measured performance of turfgrasses against a number of
parameters which fundamentally gauged their ability to slow
overland flow effectively, to trap sediment; and to resist
detachment of sod from large flows of water (Loch et al.,
2010). Specifically, this study examined four main areas:

1. Hydraulic roughness of different turfgrass types;

2. Measurement of the sediment trapping capability of
turfgrass;

3. Assessment of the ability of higher flows to tunnel
under turf sod of differing establishment age; and

4. Rates of root development, including seasonal effects
on root development.

In all of these measured areas, turfgrass met or
exceeded acceptable levels of performance under given
conditions. For example, after an establishment period of
eight days no “tunneling” was evident under sod that had been
exposed to relatively high overland flows (i.e. 0.2 L/second
for 1 hour, and then 5 L/second) on a variety of soil types.
Similarly, the ability of turfgrasses to capture sediment was
evident from the study for particle sizes >0.05 mm, and turf
was also capable of causing some reduction in the loss of
smaller particles in the 0.02-0.05 mm range (Loch et al.,
2010).

These results and their potential application across
the erosion and sediment control industry identified a
substantial market opportunity. The report by Loch et al.
(2010) acted as a catalyst for the industry to communicate the
performance of turf in a number of ways, one of which is to
demonstrate physically the performance of turfgrass in
reducing soil loss by constructing a dedicated national
Erosion and Sediment Control Demonstration Facility. This
facility is now being utilised as a demonstration and training
tool, and is currently the only facility of this kind in Australia.

FACILITY CONSTRUCTION
The facility is situated over an area of approximately 1
hectare situated at Redlands Research Station (RRS) (27°32'S



lat, 153°15'E long, 40 masl), Cleveland, QLD, Australia.
Construction of the facility began in September 2011, with the
facility fully functional for the first demonstration event
hosted in May 2012.

The facility is situated on yellow Kurasol (podsolic)
soil (Isbell, 2002) with a shallow A horizon overlying a
mottled clay B horizon. The top soil layer in the erosion bays
is very dispersive, erodes easily, and has poor internal
drainage.

The facility consists of six erosion demonstration
bays and one demonstration channel (see Figure 1). The
erosion demonstration bays are each 12 m long and 3 m wide
allowing 1 m for run-on water from an outlet trough at the top
section of the bay which provides even distribution of water
flow across the bay and a 1 m long catchment trough at the
end of each bay. It was critically important that plots were
level from side to side and that soil should be mounded up
along the bay walls so that flow does not concentrate against
the plot borders. (Routine maintenance is conducted to return
each plot to a satisfactory level prior to each new
demonstration date.) Each bay is approximately 10 cm deep
and run lengthways down the slope so that, as much as
possible, water flows in a sheet manner across the site.
Rubber belting was installed as the border to each bay to keep
plots separated from the surrounding turfgrass and to maintain
preferential water flow within the bay. Between each bay is a
2 m area of turfgrass allowing a ‘walk-between’ area for
maintenance, but more so for observational purposes during
demonstration days.

N

Figure 1. Plan of erosion bays and channel including water tanks
collection trough and outfall bays.

The main water supply is located in 2 x 10,000 L
polyethylene water tanks situated at the top of the site. The
flow discharges into fabricated concrete outfall troughs (see
Figure 2) at a higher gradient than the plot surface, and then
runs down as a ‘sheet’ of water simulating overland flow.
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Figure 2. Fabricated concrete outfall troughs installed at the top of each
bay.

Water is run onto each plot at similar rate (2
L/second) simulating the kind of run-off that would be
expected in approximately 200-240 mm rainfall events, which
are not uncommon in tropical and subtropical Australia. All
water is gravity fed onto the site with the flow rate regulated
by two inline electronic water meters between the water
storage tanks and the outfall toughs. On average, each bay is
run for 10 minutes to allow water to traverse the bay and then
allow sufficient time to collect three samples of run-off water
and eroded material at 1 minute intervals.

The bays are designed to be interchangeable and to
demonstrate a number of erosion and/or sediment control
measures. To date, each demonstration has included bays of
full turf, bare earth, 2m strips of turf, coir logs (of various
sizes), hydro-seeded material (Hydro Spray Grass, Alderley,
Australia), and either silt fencing or silt bags (of various
types). It is likely that, within the next 12 months, a variety of
geotextiles or geofabrics, reinforced turf products and other
measures will also be installed and demonstrated at various
events.

Prior to each event, the material installed on each
bay is removed; the bay is then rotary cultivated, raked flat,
and the each measure reinstalled so that comparisons for
demonstration purposes may be made more confidently. This
includes the turf (which is replaced) as well as the hydro-
seeded material. Exceptions have been made due to poor
weather conditions as well as during the Australian spring and
early summer to observe establishment of the hydro-seeded
grass (i.e. different seed germination rates, percentage
coverage, weed competition, breakdown of mulch material
and binding agent).

The channel is designed to simulate larger volumes
of water with a concentrated faster flow, and snakes down the
natural slope of the site over a 90 m length. The trapezoidal
shaped channel 500 mm wide in the base and 1500 mm across
the top opening with 1:1 v-h (vertical:horizontal) sides at a
0.25% slope (see Figure 3). The channel runs along the
contour of the slope for 35 m at a slight (<1%) slope, and then
turns across the contour at a 3-4% slope before running the
final 35 m down the natural site slope (8%).
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Figure 3. Channel design and dimensions.

The channel was excavated smooth, and erosive
material (loose sandy loam) is added prior to each
demonstration. Erosion control measures have, to date, been
permanently installed in the channel with three sections of
turf installations of 3 m length used in combination with rock-
check walls before each strip. The channel also contains
plantings of vetiver grass (Vetiveria zizanioides (L.) Nash) in
each of the moderate and high flow areas. The channel opens
onto an outfall area where turf is also installed to allow
diffusion of the flow, settlement, capture of the larger
entrained sediment and infiltration of the remaining silt.

Water is run onto the channel at 15 L/second
regulated by an inline electronic water meter. The channel is
run for 15 minutes while observers walk its length following
the moving water front to observe concentrated flows of water
through common control measures. Once the water is turned
off, participants walk the length again to observe sediment
settlement patterns before and after the rock check walls,
sediment captured with the turfgrass and any rilling, scouring,
or other observable phenomena of interest.

PRELIMINARY OBSERVATIONS AND
CONCLUSIONS

The Erosion and Sediment Control Demonstration Facility
has been well received by the turf production industry and
attendees. Although it has been operational for less than a
year, some preliminary observations can already be made. To
date (Feb 2013), 16 demonstration events have been hosted
with just over 250 participants from the building, road
construction and mining industries, as well as local, state and
federal government representatives ranging from cabinet
ministers to senior bureaucrats and hands-on council
practitioners. From these participants, the most common
questions do not relate to the efficacy of the materials used
(which are well illustrated by the demonstrations), but revolve
around concerns as to the ‘best’ turfgrass to use and its up-
front and on-going costs.

The site surrounds are installed with a ‘premium’
green couch/bermudagrass (Cynodon dactylon (L.) Pers.)
variety (Oz Tuff'™) which is well maintained to ensure that
the site surrounds are presentable and can handle the wear and
tear from intensive foot and vehicular traffic. The appearance
of this area reinforces particpants’ perceptions as to how well-
maintained turf should appear. Although Loch et al. (2010)
found minor but significant differences across some of the
measured parameters between the tested varieties, the
underling similarities revealed in their study (i.e. that all of
the tested cultivars were effective) has underpinned the

decision not to focus on the turf type used in sediment and
erosion control in discussions of the site and during
demonstration days. Similarly, specialised turf reinforcing
products have been developed and marketed for this purpose
(e.g. Coughlan et al., 2007), but again have been avoided to
reinforce the basic message: natural turf works and is
financially competitive against other options.

The turf type actually used for erosion control
purposes has varied (according to local availability), but is
usually the lowest priced turf available at the time. This is
mostly a ‘generic’ C. dactylon: ‘“Wintergreen’ (which can vary
considerably in appearance from different growers — Loch,
2008) or ‘Hatfield’. This provides an important point of
illustration during the discussions at demonstration events by
highlighting that ‘turf” in the broad generic sense (i.e. all
turfgrasses) is an effective erosion and sediment control
measure and also provides a more favorable cost comparison
with other measures.

Another issue that generates some discussion is the
differentiation between functional or environmental turfgrass
and aesthetic turfgrass. This mind set is apparent among both
turf producers and event participants, and is a limiting factor
on the use of turf for erosion and sediment control purposes.
Turf establishment and maintenance and the expectation that
inputs into that process will be very high initially and a
significant ongoing cost thereafter represent a significant
barrier to the wider adoption of turfgrass by the erosion and
sediment control market. Most perceptions of turfgrass relate
to lawns, parks and golf courses and the functional or
environmental role that turfgrass plays appears to be taken for
granted by many of the participants. Similarly, the ability of
turfgrass to survive prolonged periods of stress such as
drought or wear (albeit with temporarily reduced aesthetic
appearance) is also not properly acknowledged among
participants.

Although the value of the Australian turf industry is
not well documented with estimates of annual turnover
ranging from A$188.4 million to A$235.7 million
(Horticulture Australia Limited, 2012), the project proposal
predicted a (relatively moderate) market increase of 2%
nationally or approximately A$10 million dollars within 5
years of the project’s completion. For this to be achieved, the
facility and the demonstration events must necessarily focus
on effecting a paradigm shift whereby the natural resilience of
turfgrass and its ability to function in ways beyond the
aesthetic are more widely recognised.

REFERENCES

Beard, J.B., and R.L. Green. 1994. The role of turfgrasses in
environmental protection and their benefits to humans. J.
Environ. Qual. 23:452-460.

Coughlan, K.J., B. Fentie, and A. Geritz. 2007. STAYturf
Performance Report: A Report to Jimboomba Turf
Company. Fac. Environ. Sci., Griffith Univ., Brisbane,
Australia. URL:
http://www.jimboombaturf.com.au/media/pdf/STA Y turf
%?20performance%20report.pdf. (Cited 26 February
2013).




Gross, C.M., J.S. Angle, and M.S. Welterlen. 1990. Nutrient
and sediment losses from turfgrass. J. Environ. Qual.
19:663-668.

Higginson, R., and P. McMaugh. 2007. TU06018: The
optimal use of turf in minimising soil erosion on
construction sites. Final Proj. Rep. Hortic. Aust. Ltd.,
Sydney, Australia.

Horticulture Australia Limited. 2012. Australian Turf Industry
- R&D Strategic Investment Plan 2012 — 2017. Hortic.
Aust. Ltd., Sydney, Australia. URL:
http://cms2live.horticulture.com.au/admin/assets/library/s
trategic_plans/pdfs/PDF_File 61.pdf. (Cited 26 February
2013).

Isbell, R.F. 2002. The Australian soil classification (Revised
edition). CSIRO Publishing, Collingwood, Australia.

Loch, D.S. 2008. Choosing a green couch cultivar: factors to
consider. p. 1-11. Proc. Turfgrass Assoc. Aust. Semin., 2
July 2008, ‘Turf Management with Less Water — Is
Couch the Answer?’, Canberra, Australia.

Loch, R.J., H. Squires, and A. Duff. 2010. TU08033:
Optimising turf use to minimise soil erosion on
construction sites. Final Proj. Rep. Hortic. Aust. Ltd.,
Sydney, Australia.

International Turfgrass Society Research Journal

Martin, P.M. and S. Aragao. 1996. Soil and nutrient
movement in runoff water from turf farms in the Wyong
region of NSW. p 155-163. Proceedings of
Environmental Issues for Turf: A Symposium. Aust.
Turfgrass Res. Inst., Sydney, Australia.

Petrovic, A.M., and Z.M. Eastern. 2005. The role of turfgrass
management in water quality of urban environments. Int.
Turfgrass Soc. Res. J. 10:55-69.

Sheridan, .M., R. Lowrance, and D.D. Bosch. 1999.
Management effects on runoff and sediment transport in
riparian forest buffers. Trans. ASAE 42:55-64

ACKNOWLEDGEMENTS

We gratefully acknowledge Dr Rob Loch, Cyril Ciesiolka and
Geoffery Titmarsh for their advice and guidance in relation to
planning and setting up of the facility. Our thanks are also due
to Redlands Research Station Field Staff, David Flatley,
Mathew Limpus, Pat Zondagh and David Olsen for their
assistance during construction. Dr Don Loch has also given
freely of his substantial turfgrass knowledge during the
construction of the demonstration facility.




<<
  /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
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /None
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /GrayImageDownsampleType /None
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageDownsampleType /None
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /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


