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A GPS-Based System for Radium/Uranium
Contamination Gamma Scanning

Robert Meyer, Michael Shields, Scott Green, Janet Johnson

MFG Inc., Suite 100, 3801 Automation Way, 80525 Fort Collins, Colorado, USA,
E-mail: Robert.Meyer@mfgenv.com

Abstract. MFG Inc. in 2001 developed a Global Positioning System (GPS)-based
gamma scanning technique for use during site surveys at a large (16 km2) in-situ-
leach uranium mine being developed in Kazakhstan. Since that time, the system
has been improved and used at a total of eight radium/uranium-contaminated sites
in the western U.S. At one former uranium mill site in Texas, data acquisition
occurred at a rate of seven acres/hour on the 600 acre site. High-speed scanning
allows 100% coverage of a site in a short period, providing color-coded output

defining gamma exposure rates over the entire site.

The GPS/Gamma Scan System

With the deployment of the Global Positioning System (GPS) satellite
constellation, a number of new data collection methods became possible.
Development of handheld GPS receivers has made such approaches feasible and
cost-efficient. MFG staff have been involved in radiation measurements work for
years. We decided in the late 1990’s to link gamma detection units with GPS and
computer systems to allow the development of very high density mapped data
sets. Such data are useful to identify contamination at sites including uranium
mills and mines, other metal mine facilities (for example, copper, vanadium and
rare earth) with secondary radioactive contamination, and facilities with other
contamination, including accidental. The GPS-based detection systems may also
be used to direct remedial action at such sites, and become especially valuable
when providing a record of the final radiation status of a remediated site.

Each system used to collect gamma exposure rate data includes the following:
e Ludlum 2350-1 radiation detection datalogger
e Ludlum 44-10 2x2 inch Nal gamma detector
e Garmin iQue 3600 GPS/Personal Digital Assistant (PDA)
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e MFG code to capture data on iQue memory, and to sort and view data.

The Ludlum 2350-1 datalogger includes a bidirectional RS-232 port, allowing
communication with PC and PDA devices. The iQue GPS data can be captured
internally with appropriate programming, and an RS-232-capable port on the iQue
allows communication with the 2350-1 for data transfer initialization and capture.
Fig. 1 presents views of the system in use in a “backpack” configuration.

The system may be deployed in a single-detector configuration, with the
gamma detector carried 1 meter above the ground, either lead-shielded or un-
shielded. The single detector system scans an effective width of two meters. It
may also be deployed, using a portable computer, a USB hub, and individual
WAAS-enabled GPS units to replace the iQue 3600, with multiple detectors car-
ried on a truck or all-terrain vehicle. The latter configuration increases data collec-
tion speed, with two or more gamma detectors each providing data once per sec-
ond to the PC. Fig. 2 provides a view of a three detector system, with detectors
spaced on 2 meter centers at 1 meter height. The three detector system scans an ef-
fective width of 6 meters.

Developing a correlation between soil radionuclide concentrations and gamma
exposure rates requires careful attention to sample and gamma data collection.
Relatively uniform areas of contamination (typically 10 m squares) must be se-
lected prior to sampling. Ten to twenty aliquots of soil, taken to 15 cm depth, are
composited from each square, and sent to a qualified laboratory for Ra-226 con-

GPS-based
IQue handheld
computer to
simultaneously
record gamma
and UTM data

Nal Detector

Fig. 1. System in Backpack Configuration.

Case studies: active and abandoned Uranium mines
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centration analysis (after drying, grinding and homogenization). The sampled area
is carefully scanned using either a backpack or truck-mounted GPS/gamma scan
setup, to develop a useful correlation. Fig. 3 presents the results of such a correla-
tion analysis, utilizing data collected at another client site in the western U.S.
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Fig. 2. ystem in Three Detector Conﬁgurton.

226Ra Concentration vs. Collimated Gamma Exposure
(all data)
45
w0l 95% Upper Prediction Limit PO
=) Regression !
S 351
=3 ig = -
£ 5] p(;3|/g 1.32(uR/hr) - 4.42 .
g R =0.97
S 25 1 | P-value: < 0.00001
© il
S 20
§ 151
& 101
o
= 5
0 : ‘
0 5 10 15 20 25 30 35
Mean Gamma Exposure Rate (uR/hr)

Fig. 3.  Soil Analysis vs. GPS/Gamma Scan Exposure Data.

Case studies: active and abandoned Uranium mines



754 Robert Meyer, Michael Shields, Scott Green, Janet Johnson

Using the GPS/Gamma Scan System

Figs. 4 and 5 show characterization data developed at a client facility currently
being remediated Initially, a base drawing of the plant was evaluated using
computer automated design (CAD) systems. Such a drawing, developed earlier
using available information, may not accurately present the locations of the site’s
features. The base map for this site was therefore “ground-truthed” by collecting
GPS data at several dozen points throughout the site. This information was used to
“warp” the original CAD drawing to fit the GPS findings. Fig. 4 presents such a
corrected drawing, ready for gamma data display.

i
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g

Fig. 4. Initial base map of a facility, corrected using on-site GPS data.
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Fig. 5. Full Data Set Prior to Initiation of Remedial Action

Case studies: active and abandoned Uranium mines
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Fig. 5 displays gamma exposure rate data collected using the MFG systems de-
tailed above. The figure displays the facility’s gamma status, as it exists prior to
remedial action. Initial data were used to characterize site exposure rates, to
identify areas from which soil samples could be taken to establish a site-specific
correlation between gamma levels and actual soil Ra-226 concentrations. Note
that such correlations are approximate only. Remedial action (cleanup) criteria,
specified as allowable residual soil concentrations, may then be compared to
color-coded data as shown, to allow quick identification of areas in which
remedial action will be required. As excavation of contaminated soil proceeds
during cleanup, new will be layered over this plot, providing a nearly real-time
display of site remedial action status. Hand-held gamma detectors, of the same
type used to develop the plot data, are used for excavation control.

Fig. 6 presents the status of another client site in the western U.S. This project
is currently moving toward completion of remedial action. Given that a large
number of soil samples have established a good correlation with gamma exposure
rate for this site, the Geographical Information System (GIS) display has been
modified to show green areas highly likely to meet the soil standard (6 pCi/g Ra-
226 at this facility), or red areas requiring additional soil removal. Modification of
the data presentation to this two-color format allows for quick identification of
areas requiring additional work. All plots that we produce using the GPS/gamma
system display high-resolution latitude/longitude (lat/lon) coordinates, allowing
re-location of such contaminated areas easily, using “walk-back” features common
to hand-held GPS units.

Fig. 7 presents the results of a “current status” check of another client’s site in
the southwestern U.S. The purpose of the survey was to check for potential con-

A

Fig. 6. Data Filtered to View Areas of Potential Remediation.

Case studies: active and abandoned Uranium mines
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Gamma Radiation

&’ii i

Fig. 7. Contamination Status Check Using GPS/Gamma Scan Data

taminated material left behind after completion of earlier remedial actions. Earlier
survey techniques were unable to provide data at this resolution (the plot displays
some two million data locations). Detailed soil sampling was used to establish a
correlation between the GPS/gamma exposure rate and actual soil Ra-226 concen-
trations. Areas exceeding the allowable residual concentration, based on gamma
levels, will be easy to find if additional remediation is determined by the client to
be appropriate.

Summary

The MFG GPS/Gamma Scan system has been refined since 2001 for use on a va-
riety of radioactive contamination sites. The current configuration allows for very
rapid data collection, development of useful correlations between soil concentra-
tion and gamma exposure rate, and display of very large data sets in a flexible and
casily reviewed format. The system is currently in use at several U.S. remedial ac-
tion sites.

Case studies: active and abandoned Uranium mines



A GPS-Based System for Preliminary or Remedial Action Gamma Scanning

Robert Meyer, Michael Shields, Scott Green

MFG Inc., Suite 100, 3801 Automation Way, Fort Collins CO 80525

Abstract —MFG Inc. developed a Global Positioning System (GPS)-based gamma scanning technique for use during
initial site surveys at a large (16 km2) in-situ-leach uranium mine being developed in Kazakhstan. Since that time, the system
has been enhanced and used at a number of contaminated sites in the U.S. At a site in Texas, data acquisition occurred at a
rate of seven acres/hour. High-speed acquisition allows rapid site coverage, developing color-coded gamma exposure rates
for the entire site. MF'G experience at sites either completed or currently undergoing work indicates that regulatory response
to the system may be very favorable. The system allows quick visualization of a site’s contamination conditions during
remediation, and rapid review of final data sets, leading to more time-efficient agency action.

I. INTRODUCTION

MFG Inc. developed a Global Positioning System
(GPS)-based gamma scanning technique for use during
initial site surveys at a large in-situ-leach uranium mine
being developed in eurasia. Since that time, the system
has been enhanced and used at a total of eight
radium/uranium-contaminated sites in the western U.S.
At a Texas site, data acquisition occurred at a rate of
seven acres/hour over 600 acres. Such high-speed input
allows 100% coverage in a short period, providing color-
coded output defining gamma exposure rates for the entire
site.

The current system, using a handheld PDA/GPS unit
from Garmin®, and a Ludlum® 2’ sodium iodide detector
unit, is easily hand-carried, or multiple systems may be
run simultaneously from a four wheel drive platform
(ATV or truck). Data units, each consisting of latitude,
longitude, gamma exposure rate and elevation
information, are taken at one second intervals with a
transit speed of 1 m/s. System resolution is thus 1 meter.
System accuracy is limited by acquisition conditions, but
is typically 3-5 meters in the U.S., using WAAS-enabled
GPS units. Precision, defined here as the ability to re-
locate a specific point onsite, is typically 1-2 meters,
adequate for remedial activities involving heavy
equipment to remove contaminated soil.

All gamma measurements are taken using vendor-
calibrated scintillator systems, with digital outputs linked
to the GPS/PDA data collection device. Representative
soil samples, composites of 10-20 aliquots over a 10x10
m area, are analyzed by a vendor laboratory for Ra-226.
Each such soil sample area is individually scanned using
the MFG system, and the resulting data are plotted to
establish a “cut-off” gamma exposure rate for the site,
below which soil concentrations in excess of a site-
specific limit are unlikely to be present. A key (and

DD&R 2005, Denver, Colorado, August 7-11, 2005

difficult) aspect of system enhancement has been the
linking of GPS, PDA and gamma detector units via MFG-
developed software.

Because the system is simple to set up and operate, it
is now being employed to pre-scan remedial action sites,
then to perform follow-up scans as individual areas are
subjected to contaminated earth removal. After
contaminated soil has been removed to meet applicable
standards (typically 6 pCi/g Ra-226 soil concentration),
the site is again completely scanned, with a final output
plot showing site areas that meet the standard.

MFG experience at sites either completed or
currently undergoing scanning and remedial action
indicates that regulatory response to the system’s output is
very favorable. The system allows quick visualization of a
site’s contamination conditions over time, and rapid
review of final data sets, leading to more time-efficient
regulatory agency action.

II. USING THE GPS/GAMMA SCAN SYSTEM

With the deployment of the U.S. Global Positioning
System (GPS) satellite constellation, a number of new
approaches to existing problems became possible.
Development of small, inexpensive, handheld GPS
receivers has since made such approaches feasible and
cost-efficient. MFG staff have been involved in radiation
protection and measurements work since the late 1960’s.
We decided in the late 90°s to link gamma detection units
with GPS and computer systems to allow the development
of very high density mapped data sets. These data are
useful to identify contamination at sites including
uranium mills and mines, other metal mine facilities
(copper, vanadium and rare earth, e.g.) with secondary
radioactive contamination, and facilities with other
contamination signatures, including accidental. The GPS-
based detection systems may also be used to direct
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remedial action at such sites, and become especially
valuable when providing a record of the final radiation
status of a remediated site.

Figures 1-3 show a progression of characterization
data being developed at a client facility now being

remediated in the western U.S. Initially, a base drawing
of the plant was evaluated using our computer automated
design (CAD) systems. Such a base drawing, developed at
an earlier time using available site information, often does
not accurately present the locations of the site’s features.
The base map for this site was therefore “ground-truthed”

by collecting GPS location data at several dozen points
throughout the site. This new information was used to

“warp” the original CAD drawing to fit the GPS findings.

Figure 1 presents such a corrected drawing, ready for
gamma data collection.

1 -,-——__/(.;‘—/{'? L‘h‘\
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Fig. 1. Base Map.

Figure 2 displays a set of initial gamma exposure rate
data, collected using the MFG systems discussed in detail
later in this paper. These first hundred thousand locations

were used to characterize site exposure rates, both to

establish potential health physics protection areas around

the site, and to identify areas from which soil samples
would be taken to establish a site-specific correlation
between gamma levels and actual soil Ra-226
concentrations. Note that such correlations are

approximate only, for a variety of reasons to be discussed

shortly, but generally provide a useful link between

exposure rate and radium concentration. Remedial action

criteria, specified as allowable residual soil
concentrations, may then be compared to apparent soil
concentrations as displayed on the developing site plot.

DD&R 2005, Denver, Colorado, August 7-11, 2005
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Fig. 2. Initial Data Collection.

Figure 3 displays a current plot of the facility as it
exists prior to remedial action, scheduled to begin this
year. The gamma exposure rates have been color-coded to
allow quick identification of areas in which remedial
action will be required. As excavation of contaminated
soil proceeds during the year, additional high-density
scanning will be layered over this plot, providing a nearly
real-time display of site remedial action status. In
addition, hand-held gamma detectors, of the same type
and calibration as used to develop the GPS/gamma data
displayed in the figure, will be employed to assist in
interim excavation control.

K B c oo oe_r g M 1 4 K L W 0P a'R

Fig. 3. Full Data Set Prior to Initiation of Remedial
Action.

Figure 4 presents the status of another client site in
the western U.S. This project is currently moving toward
completion of similar remedial action. Given that a large
number of soil samples have established a good
correlation with gamma exposure rate for this site, our
Geographical Information System (GIS) display of the
data has been modified to show either green areas highly
likely to meet the remedial action soil standard (6 pCi/g
Ra-226 at this facility), or red areas requiring additional
soil removal to clearly meet the standard. Modification of
the data presentation to this two-color format allows for
quick identification of areas requiring additional work.
All plots that we produce using the GPS/gamma system
display high-resolution latitude/longitude (lat/lon)
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coordinates, allowing re-location of such contaminated
areas easily, using “walk-back” features common to hand-
held GPS units. The PC screen display of the plot presents
the lat/lon details next to the screen cursor.

Fig. 4. GPS/Gamma Scan Data Filtered to View Areas for
Potential Remediation.

Figure 5 presents the results of a “current status”
check of another client’s site in the southwestern U.S. The
purpose of our survey at this location was to check for
potential contaminated areas left behind, after completion
of remedial action a number of years ago. Earlier survey
techniques were unable to provide data at this resolution
(the plot displays some two million data locations), and
the figure indicates that some small contaminated areas
may require additional remedial action prior to a request
to the Department of Energy to take over long term
surveillance and maintenance of the site. Again at this
site, careful soil sampling was used to establish a
correlation between the GPS/gamma exposure rate and
actual soil Ra-226. The Figure 5 data are presented in the
red/green decision display format. Areas exceeding the
allowable residual concentration, based on gamma levels,
will be easy to find if additional remediation is
determined by the client to be appropriate.

Fig. 5. Contamination Status Check Using GPS/Gamma
Scan Data.

DD&R 2005, Denver, Colorado, August 7-11, 2005

1L A. Details: The MFG Inc. GPS/Gamma Scan System

Each system used to collect data displayed in the
previous figures currently includes the following:

e [udlum 2350-1 radiation detection datalogger
e Ludlum 44-10 2x2 inch Nal gamma detector

e Garmin iQue 3600 GPS/Personal Digital Assistant
(PDA)

e Proprietary code written by MFG to capture
exposure rate and GPS data on iQue flash
memory, and to sort and view data as shown in
above figures.

The Ludlum 2350-1 includes a bidirectional RS-232
port, allowing communication with PC and PDA devices.
The iQue GPS data can be captured internally with
appropriate programming, and an RS-232-capable port on
the iQue allows communication with the 2350-1 for data
transfer initialization and capture. Figure 6 presents views
of the system in use in a “backpack” configuration.

d
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Fig. 6. System in Backpack Configuration.

The system may be deployed in a single-detector
configuration, with the gamma detector carried 1 meter
above the ground, either lead-shielded or unshielded. It
may also be deployed, using a portable computer and a
USB hub, with multiple detectors and GPS units carried
on a truck or all terrain vehicle frame. The latter
configuration increases data collection speed, with three
or more detectors all providing data once per second to
the PC. Figure 7 provides a view of a multi-detector
system, with detectors spaced on 1 meter centers at 1
meter height.
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Developing a correlation between actual soil
radionuclide concentrations and measured gamma ) ) )
exposure rates requires careful attention to the collection Fig. 8. Soil Analysis vs. GPS/Gamma Scan Exposure
procedure. In particular, relatively uniform areas of Data.

contamination (typically 10 m squares) must be identified
prior to soil sampling. Between 10 and 20 aliquots of soil,
typically taken to a 15 cm depth, are composited from
each such sampling area and sent to a qualified laboratory
for Ra-226 concentration analysis (after drying and
homogenization). The sampled area is carefully scanned
using either a backpack or truck-mounted GPS/gamma
scan setup, to develop a useful correlation. Figure 8
presents the results of such a correlation analysis, utilizing
data collected at another client site in the western U.S.

III. SUMMARY

The MFG GPS/Gamma Scan system, initially
developed to perform an environmental analysis of a
proposed in-situ-leach uranium mine site, has been
refined since 2001 for use on a variety of radioactive
contamination sites. The current configuration allows for
very rapid data collection, development of good
correlation between soil concentration and gamma
exposure rate, and display of very large data sets in a
flexible and easily reviewed format. The system is
currently in use at several U.S. remedial action sites.

DD&R 2005, Denver, Colorado, August 7-11, 2005 134




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


