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Abstract: 

The potential of using Fourier transform near infrared (FT-NIR) spectroscopy to monitor cable 
insulation condition and trend age-related degradation was investigated. The FT-NIR 
chemical fmger-prints of PVC and XLPE cable insulation were significantly altered due to 
degradation resulting from irradiation and thermal aging. These spectral changes were 
correlated to critical property changes, i.e., average % elongation. The FT-NIR technique 
showed promise as an alternative to more traditional destructive chemical monitoring 
methods. The nuclear power industry is currently seeking cost-effective, non-destructive tools 
to support cable condition monitoring (CM) programs, now becoming recognized as essential 
to supporting plant life extensions and new builds. 

1. Introduction 

Most cable EQ programmes to date have been designed to support a qualified life of 30 or 40 
years. As many plants consider extending operation to 60 years or more and analysis is used to 
extrapolate qualified life, the uncertainties inherent in the original sequential accelerated aging 
programmes become more pronounced. Also, as new plant construction is planned, modern 
equipment will require EQ and the most appropriate time to establish condition monitoring data is 
during their EQ test programmes. In response to these concerns, newly revised technical 
standards more explicitly recognize condition monitoring and "qualified condition" as a valid 
alternative, or complementary approach, to the traditional qualified life method of addressing 
ageing degradation. Regulators are also strongly encouraging incorporation of CM into aging 
management programmes. 

Much industry effort and resources have been committed to developing effective CM methods but 
no one method has yet been demonstrated to suitably address all cable materials and issues [1, 2]. 
Instead, multiple methods must be integrated into an overall CM programme. The currently 
available CM methods may be divided into 4 categories; visual, electrical, mechanical and 
chemical, each having its strengths and weaknesses. This paper specifically investigates the 
potential of FT-NIR as an effective chemical CM method without many of the disadvantages of 
the chemical methods most widely used currently; namely OIT, OITP, plasticizer content and 
TGA. 
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The desirable attributes of any CM method are as follows: 

a) Non-intrusive 
b) Reproducible/repeatable 
c) Non-destructive 
d) Unaffected by, or may be adjusted for, environmental variations 
e) Sensitive to rate of degradation 
f) Applicable to a wide range of materials 

g) Portability of test equipment 
h) Assesses the entire length of cables 
i) Cost-effective 
j) Reliably detects characteristic assuring DBA survival (i.e. qualified condition) 

It is the purpose of this paper to explore the hypothesis that FT-NIR is capable of satisfying all 
desirable CM attributes, with the exception of (h). Until now, the use of FT-NIR in the Canadian 
Nuclear industry has been limited to verifying material chemical formulation for the purpose of 
establishing similarity to test specimens [3,4]. 

FT-NIR optically scans insulation using a portable tool that is easily transported to the field and a 
probe that may be applied to the surface of insulation of energized cables/wires. Therefore, it 
inherently satisfies items (a), (c), (g) and (i) which the other methods do not, since they require 
material micro-samples for removal to a lab for destructive testing. Also, recent industry 
investigations have revealed that the current chemical methods may be vulnerable to variation in 
results without strict procedural controls to ensure identical test processes from one time and lab 
to the next. Without these controls attributes (b) and (j) are significantly challenged. With respect 
to repeatability of FT-NIR various cable insulation have been scanned as monthly check standards 
to make sure if the FT-NIR instrument is within the specified parameters. No one current chemical 
CM method satisfies (f). None of the chemical CM methods satisfies item (h). 

2. Methods and Materials 

To assess the effectiveness of FT-NIR as a CM technique, it was necessary to obtain 
incrementally aged material specimens. It normally takes many months to perform accelerated 
ageing of these specimens. Fortunately, Point Lepreau Generating Station (PLGS) had recognized 
that cable CM would be an essential part of supporting plant life extension and that early 
collection of condition data from the field was necessary to develop the degradation trends for 
prediction of remaining cable life. Collection of field data commenced in 1995 and the first phase 
of lab testing to define material degradation rates was completed in 2002 at RCMT [5]. PLGS 
generously offered the incrementally aged specimens from this test programme for the purpose of 
this study. 

Although ten cable specimens were subjected to ageing trend tests, only three different cables 
having two different insulation materials, polyvinylchloride (PVC) and cross-linked polyethylene 
(XLPE) were selected for this study (Table 1). These cable specimens were selected because they 
represented generic insulation materials that are in wide industry use and would be expected to 
benefit most from a CM programme. These were abandoned cables that had been installed in the 
plant for 17 years. 
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Table 1 Cables used in this study 

Cable # Mfr Configuration Insulation/ 
Jacket 

Type Normal Service Conditions 

2 X 14C#16AWG FRPVC/ 
FRPVC 

Ctl Negligible radiation; 
Common, low temperature 

1 Y 14C#16AWG FRXLPE/ 
FRPVC 

Ctl Negligible radiation; 
Common, low temperature 

7 Y 3C#2AWG FRXLPE/ 
FRPVC 

Pwr Unknown but common across 
entire specimen 

2.1 Specimen Preparation 

Cables 1 and 2 were cut into 14 equal length specimens and cable 7 was cut into 10 equal lengths 
(because it was a short sample). In cable 1 and 2 specimens, one wire of each colour was 
removed and the copper conductors extracted to leave only the undamaged insulation tubes (as 
elongation test specimens). The insulation tubes were then rebundled within the jackets and the 
jacket slit and cable ends sealed with silicone RTV. Cable 7 specimens retained the conductor 
during aging following which dumbbell insulation specimens were cut for elongation tests. 

The CM coupon specimens were tied together on a string and wrapped around a mandrel. These 
specimens were to be removed from the aging program at predefined points to collect incremental 
degradation data. Cables 1 and 2 also had 60 ft cable specimens wrapped on the mandrel to be 
used to monitor electrical performance during Design Basis Accident (DBA) simulation. Cable 7 
was not monitored during DBA simulation testing. Cable specimen coupons were extracted at the 
completion of each phase of the ageing programme, summarized in Table 2, to collect CM data. 

Table 2 Specimen Ageing Protocol 

Ageing Phase Aging Conditions 
Baseline Natural, 17 years, negligible radiation, low temp 
Radiation 14 Mrads gamma @ < 44 krads.hr 
Thermal, 1st increment 255 hours @ 100°C 
Thermal, 2nd increment 480.5 hours (cumulative) @ 100°C 
Thermal, 3rd increment 750.5 hours (cumulative) @ 100°C 
Post-DBA transient* 284 hours (additional) @ 90°C 

(Transient was approx 6 hrs at 115°C with short 
interval up to 130°C) 

* DBA simulation included saturated steam and elevated pressure. Cable 2 was exposed to an 
additional 115°C for 5 hours. 

2.2 Previously Collected Condition Monitoring Data 

The Point Lepreau cable ageing programme collected various condition indication data for the 
aged cable specimens including, plasticizer content, compressive modulus (Indenter), insulation 
resistance, tensile strength, density and % elongation. However, no OIT data was collected. For 
the purpose of this study the % elongation has been included for comparison to NIR results. This 
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is because % elongation has been recognized as the mechanical property that best indicates the 
ability of a cable to survive a DBA (assuming it can do so when new) [1, 2]. For previously 
qualified cables it was necessary to correlate condition indication (CI) data with % elongation data 
to estimate reliable service. However, for new qualification programs this may not be necessary 
providing the CI condition monitoring technique is capable of reliably detecting that the cable 
condition remains within that which was defined prior to exposing the cable to DBA conditions in 
the EQ test programme. 

The Tinius Olsen Universal Tensile Testing Machine was used to perform elongation tests on each 
specimen group. The aged samples were stretched until failure and the results expressed in terms 
of % elongation. Elongation is defined as the change in length divided by the original length and 
expressed as a percentage (Table 3). 

Table 3 Percent Elongation at Break Data [5] 

Cable # Insulation 
colour 

% Elongation 

sample Average 
2 Red, white, 

orange 
Base line 227 
Post radiation 146 
Thermal 1St Inc. 80 
Thermal 2nd Inc. 105 
Post thermal 121 
Post LOCA 116 

1 Pink. Green, 
Orange 

Base line 384 
Post radiation 241 
Thermal 1st Inc. 259 
Thermal 2nd Inc. 279 
Post thermal 288 
Post LOCA 295 

7 Pink, blue Base line 382 
Post radiation 330 
Thermal 1st Inc. 58 
Thermal 2nd Inc. 57 
Post thermal 60 
Post DBA Note 1 

Note 1) The cable 7 specimen was so severely embrittled following DBA simulation that the 
conductor could not be removed to permit elongation testing without breaking the insulation. 

2.3 FT-NIR Cable Insulation Scanning 

Scanning and analysis of cable insulation was carried out according to NIR Technologies Inc.'s 
QA procedures [QA-NIR-003 and QA-NIR-004] using a square probe designed to maximise 
exposure of cable insulation to infrared light (Figure 1). A Bruker Optics FT-NIR Spectrometer 
(Matrix-F model) equipped with a custom designed rectangular probe from Remspec Corporation 
in combination with OPUS (Optics Users Software) software was used to obtain the spectra over 
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the range 10,000-4000 cm-1 (1000-2500 nm). The fibre optic probe carrying the near infrared light 
was held against the insulation and on average five measurements of five scans per insulation 
were taken (for a total scan time of 25 seconds). 

Figure 1 FT-NIR Spectrometer (inset the cable insulation probe) 

Spectrometer Probe 

r 

• 

BRUK ER • 

3. Results and Discussion 

The FT-NIR spectra are composed of broad peaks due to combination and overtones of 
fundamental vibration in the infrared region. However, advances in instrumentation, computer 
power combined with chemometric analysis have made it possible to analyse the FT-NIR spectral 
finger prints. Figure 2 shows the absorption spectra for FRPVC (Cable # 2) and FRXLPE (Cable # 
1). The absorption spectra of each material is a unique finger print of that material unless the 
chemical composition of that material has been altered i.e., thermal or radiation ageing. Using 
chemometric analysis available through the OPUS software, the second derivative spectra can be 
obtained that shows the differences more clearly. Figures 3 and 4 show the second derivative 
spectra for FRPVC and FRXLPE (base line, post radiation and post thermal samples) respectively. 
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Figure 2 Absorption Spectra for FRPVC and FRXLPE 
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Figure 4 Second Derivative Spectra of FRXLPE 
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3.1 FT-NIR Classification 

Factorized analysis method available with OPUS software was used to classify the FT-NIR 
spectra of each cable at various ageing stages (baseline, post-radiation, thermal ageing 1st
increment, thermal ageing 2nd increment, post-thermal, and post-DBA). In the factorized analysis, 
each average spectrum was assessed with respect to different components (known as vectors) 
present in each cable group. Several vectors combine together to form a classification model. 
Vectors are mathematical expressions used in quantifying changes and differences between data 
sets. Figures 5 and 6 show the factorized analysis for FRPVC and FRXLPE and as can be seen all 
samples at each stage of ageing can be distinguished from each other. The points presented in 
Figures 5 and 6 are averages of three different colour insulations (white, orange, and red for 
FRPVC or pink, green, and orange for FRXLPE). The chemical composition of all insulation in 
each cable is made of the same material. The effect of concentration of the colour pigment has 
very little effect if any on the spectrum. We chose these colours because the reflectance is affected 
by darker colours. In fact, black insulation absorbs the light and there is no reflectance and that is 
why black cables cannot be scanned by FT-NIR technology. No special precaution was 
undertaken before scanning the cable insulation, i.e., samples were scanned as received. Once a 
factorized analysis for a particular group of cables has been established the future scans can be 
compared to the reference materials incorporated in the factorized analysis model and report the 
comparison results. In fact, this is how the cable insulation classification (Qualification Groups) 
is achieved at both Ontario Power Generation and the Bruce Power nuclear stations [3,4]. 
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Figure 5 Factorized Analysis of FRPVC (Cable 2) 
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Figure 6 Factorized analysis of FRXLPE (Cable 1) 
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3.2 Correlation of FT-NIR results to average % elongation 

The results of FT-NIR (vector 2 values) were plotted against the average % elongation for the 
same set of aged samples. Figure 7 shows this correlation for FRPVC and as can be seen there is 
a good correlation coefficient of R2=0.957 between the average % elongation (mechanical test) 
and the FT-NIR fmger prints (chemical changes). In fact, the only value that is off is the 
thermally aged 1st increment that showed average % elongation of 80. Changing this value to 110 
improved the correlation coefficient to (R2=0.993). As indicated above chemical changes to each 
material is unique and, as a result, once a correlation between destructive test results and those 
from FT-NIR have been established, the model can be used in future for condition monitoring. 
This can simply be achieved by scanning the material non-destructively and comparing the vector 
2 data to those in the model and predicting the status of the ageing within that particular cable. 

Figure 7 Correlation of FT-NIR for FRPVC (Cable 2) to average % elongation 
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We also examined this correlation with % plasticizer content, once again a good correlation 
coefficient of R2=0.90 was obtained (Figure 8). 
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Figure 8 Correlation of FT-NIR for FRPVC (Cable 2) to % Plasticizer Content 
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In contrast the Cable 1 FRXLPE insulation showed a sizeable drop in the average % elongation 
from 383% to 241% following radiation ageing but during the thermal ageing and post DBA it 
showed a slight increase. However, when vector 2 data for the FRXLPE cable insulation were 
plotted against the progressively aged specimen increments and compared to average % 
elongation, it clearly indicated that FT-NIR is very sensitive to the effects of ageing (see Figure 
9). The above analysis shows the chemical changes in the FRXLPE as monitored by FT-NIR but 
the same cannot be tracked by average % elongation. This result indicates that the FT-NM is 
sensitive in tracking chemical degradation in FRXLPE cable insulation prior to it manifesting in 
mechanical changes. The retention of average % elongation may be explained by internal cross-
linking taking place following irradiation and 1st and 2nd increments of thermal ageing. 
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Figure 9 Correlation of FT-NIR data for FRXLPE (Cable 1) 
to Average % Elongation 
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We also examined the average % elongation data for cable 7 (FRXLPE) insulation with respect to 
changes in the FT-NIR response. Although both Cable 1 and 7 insulation were made of similar 
material by the same manufacturer, the average % elongation data showed totally different results 
(Figure 10). There is an initial drop following the radiation tests but a huge drop following the 
first incremental thermal ageing. Data were not obtained from the post-DBA sample since it was 
too severely embrittled. It is interesting to note that, despite a significant difference in % 
elongation results, FT-NIR data was very similar between cables 1 and 7. 
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Figure 10 FR-XLPE (Cable 7) 
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4. Conclusion 

The FT-NIR fingerprint showed changes due to radiation, thermal and DBA ageing. These 
changes in the FT-NIR spectra were found to correlate very well with average % elongation for 
FRPVC with an R2 value of 0.957. However, the same was not true for FR-XLPE, cable 1 where 
no significant elongation change occurred following the initial drop after radiation ageing and 
then remained constant throughout thermal and DBA ageing. In contrast, the FT-NIR response 
showed changes following each ageing increment with a continuous downward trend in the value 
of Vector 2. A similar FR-XLPE in a power cable showed a similar downward trend as observed 
with FT-NIR. These changes were material specific i.e., FRPVC or FRXLPE and it should not be 
assumed that can be applied universally e.g., to other PVC or XLPE materials. Once a cable 
condition monitoring model for a specific cable insulation has been established the follow up non-
destructive and non-intrusive cable condition monitoring can be achieved easily. 

Further research is necessary to explain the elongation trend discrepancies in the two FRXLPE 
cable insulations. In addition, it may be necessary to investigate if the sharp change following the 
1st thermal ageing increment in Cable 7 was due to the early depletion of stabilizers and if FT-NIR 
may be as effective in tracking this as OIT. Since both of these methods track chemical changes 
such as depletion of stabilizers, anti-oxidants, it is anticipated that the FT-NIR can be as effective 
as OIT but without the disadvantages of destructive testing and strict procedural controls. 

5. References 

[1] International Atomic Energy Agency, "Assessment and management of ageing of major 
nuclear power plant components important to safety: In-containment instrumentation and 
control cables" IAEA-TECDOC-1188, Volume 1, December 2000 

[2] Brookhaven National Laboratory, Subudhi, M., "Literature Review of Environmental 
Qualification of Safety-Related Electric Cables", report BNL-NUREG-52480 
(NUREG/CR-6384), Vol. 1, April 1996 

[3] Identification of Nuclear Cables Using a Non-Destructive, Non-Intrusive Near Infrared 
(NIR) Spectroscopy Technology (OPT Report: 6692-000-1998-RA-0001-R01, May 31, 
1999). 

[4] Identification of Cable Insulation at Bruce Power (Units 3 & 4), Bruce Power Document 
Reference: Bruce 'A' NK21-REP-03651-00002 (2004) NIR Identification of Cable 
Insulation at Bruce 'A', Rev.0. 

[5] RCM Technologies, 'Qualification Test Report for Harsh Environment Testing of Cables 
for Point Lepreau and Gentilly-2 Stations', Rpt 13010-QTR, rev. 02, Sept. 2003 

Acknowledgements 

The authors gratefully acknowledge Milad Debly of NB Power for generously providing 
permission to use their aged cable specimens and condition monitoring data. 

12 of 12 

 
4. Conclusion 
 
The FT-NIR fingerprint showed changes due to radiation, thermal and DBA ageing.  These 
changes in the FT-NIR spectra were found to correlate very well with average % elongation for 
FRPVC with an R2 value of 0.957. However, the same was not true for FR-XLPE, cable 1 where 
no significant elongation change occurred following the initial drop after radiation ageing and 
then remained constant throughout thermal and DBA ageing.  In contrast, the FT-NIR response 
showed changes following each ageing increment with a continuous downward trend in the value 
of Vector 2.  A similar FR-XLPE in a power cable showed a similar downward trend as observed 
with FT-NIR.  These changes were material specific i.e., FRPVC or FRXLPE and it should not be 
assumed that can be applied universally e.g., to other PVC or XLPE materials. Once a cable 
condition monitoring model for a specific cable insulation has been established the follow up non-
destructive and non-intrusive cable condition monitoring can be achieved easily.  
 
Further research is necessary to explain the elongation trend discrepancies in the two FRXLPE 
cable insulations.  In addition, it may be necessary to investigate if the sharp change following the 
1st thermal ageing increment in Cable 7 was due to the early depletion of stabilizers and if FT-NIR 
may be as effective in tracking this as OIT.  Since both of these methods track chemical changes 
such as depletion of stabilizers, anti-oxidants, it is anticipated that the FT-NIR can be as effective 
as OIT but without the disadvantages of destructive testing and strict procedural controls.  
 
5. References 
 
[1] International Atomic Energy Agency, “Assessment and management of ageing of major 

nuclear power plant components important to safety: In-containment instrumentation and 
control cables” IAEA-TECDOC-1188, Volume 1, December 2000 

 
[2] Brookhaven National Laboratory, Subudhi, M., “Literature Review of Environmental 

Qualification of Safety-Related Electric Cables”, report BNL-NUREG-52480 
(NUREG/CR-6384), Vol. 1, April 1996 

 
[3] Identification of Nuclear Cables Using a Non-Destructive, Non-Intrusive Near Infrared 

(NIR) Spectroscopy Technology (OPT Report: 6692-000-1998-RA-0001-R01, May 31, 
1999). 

 
[4] Identification of Cable Insulation at Bruce Power (Units 3 & 4), Bruce Power Document 

Reference: Bruce ‘A’ NK21-REP-03651-00002 (2004) NIR Identification of Cable 
Insulation at Bruce ‘A’, Rev.0. 

 
[5] RCM Technologies, ‘Qualification Test Report for Harsh Environment Testing of Cables 

for Point Lepreau and Gentilly-2 Stations’, Rpt 13010-QTR, rev. 02, Sept. 2003 
 
Acknowledgements 
 
The authors gratefully acknowledge Milad Debly of NB Power for generously providing 
permission to use their aged cable specimens and condition monitoring data. 
 

29th Annual Conference of the Canadian Nuclear Society 
32nd CNS/CNA Student Conference

June 1-4, 2008
Marriott Eaton Centre, Toronto, Ontario

12 of 12


	Abstract:
	1. Introduction
	2. Methods and Materials
	3. Results and Discussion
	4. Conclusion
	5. References
	Acknowledgements


<<
  /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


