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Abstract—Gas hydrates are considered a nuisance in the flow assurance of oil and gas production since they can block
the flowlines, consequently leading to significant losses in production. Hydrate avoidance has been the traditional
approach, but recently, hydrate management is gaining acceptance because the practice of hydrate avoidance has
become more and more challenging. For better management of hydrate formation, we investigated the risk of hydrate
formation based on the subcooling range in which hydrates form by associating low, medium, and high probability of
formation for a gas+oil+water system. The results are based on batch experiments which were performed in an auto-
clave cell using a mixture gas (CH,: C;H;=91.9: 8.1 mol%), total liquid volume (200 ml), mineral oil, watercut (30%),
and mixing speed (300 rpm). From the measurements of survival curves showing the minimum subcooling required
before hydrate can form and hydrate conversion rates for the initial 20 minutes, we developed a risk map for hydrate

formation.
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INTRODUCTION

Gas hydrates are solid compounds consisting of water as a ‘host’
and low molecular weight gas as a ‘guest’ under relatively low tem-
perature and high pressure. The crystalline framework is built from
hydrogen-bonded water molecules, forming cages in which gas mol-
ecules are trapped within. The structure of gas hydrates is deter-
mined by the size and shape of the guest, and the most common
are denoted as structure I (sI) and structure II (sII) [1].

One of the areas where gas hydrates are particularly relevant is
in the offshore production of oil and gas due to the favorable envi-
ronment (low temperature, high pressure) for their formation [2].
The formation of hydrates in flowlines is a very serious issue since
they can reduce oil and gas production and even form a blockage
that stops production and causes hazardous conditions. For these
reasons, gas hydrates are a nuisance in the flow assurance of oil and
gas production, so there is great interest in controlling/preventing
their formation in flowlines [3-9].

Hydrate avoidance (remove production system from hydrate
forming conditions) has been the traditional approach used by
industry; however, its practice has become more and more chal-
lenging due to high costs and operational challenges [10-13]. As
such, industry has been looking into hydrate management strate-
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gies, that is, control the formation of hydrates and operate the pro-
duction system understanding the risk posed by hydrates [14].
One of the most critical parts for ‘hydrate management is during
transient operations, that is, shut-in and restart operation [15].
During shut-in, fluids in the pipeline are cooled, and depending on
the time that the line must be shut-in, preventive measures must
be done to prevent hydrate formation upon restart. The conserva-
tive approach is to treat the system as soon as hydrate stable con-
ditions are reached. While thermodynamically hydrates are possible
to form at the hydrate equilibrium conditions, hydrates often require
some degree of subcooling to nucleate and grow.

In this study, we captured the subcooling range in which hydrates
have a very low; medium, and high probability of forming by exper-
imentally measuring the conditions for a gas+oil+water system.
We performed batch experiments in an autoclave cell. In all exper-
iments, the gas (CH,: C;Hg=91.9: 8.1 mol%), total liquid volume,
mineral oil, watercut (30%), and mixing rate (300 rpm) were fixed. In
the first type of experiments, the system was saturated at different
pressures (6.9, 10.3 and 13.8 MPa), then cooled down to 277.15K
at a constant cooling rate (4 K/hr or 6 K/hr) from room temperature.
The subcooling at which hydrates formed was determined from
temperature increase by exothermic reaction, pressure drop by gas
trapped, and visual observation through the windows of the cell.
These results were analyzed in terms of survival curves, showing
that there is i) a minimum subcooling required before hydrate can
form, ii) a range of subcooling with a distribution of hydrate for-
mation, and iif) a threshold subcooling for which hydrates will always
form. In separate experiments, the hydrate growth rate was meas-
ured for different sets of temperature and pressure conditions. To-
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Fig. 1. llustration of the risk map for hydrate formation in oil and
gas production.

gether with the subcooling data, the results were combined to de-
velop a risk map for hydrate formation considering regions of low;
medium and high probability; as illustrated in Fig. 1. Fig. 1 also
illustrates how the concept of the presented results could be used
in determining the regions of a production system likely to have
hydrate formation.

EXPERIMENTAL

Fig. 2 shows a schematic of the experimental system used in
this study. The pressure cell (inner volume: 270 ml) is made of
stainless steel and designed for pressures up to 20 MPa. Two round
windows (3 cm in diameter) made of tempered glass are posi-
tioned at the front and back of the cell, which makes visual obser-
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vation for hydrate formation possible with a camera system. An
anchor type impeller coupled with a magnetic drive system mixes
the contents of the cell. For all experiments, deionized water (dyed
in pink), mineral oil 70T (specific gravity: 0.825 at 298 K, viscosity:
21 cP at 293K, dyed blue), and gas (CH,: C;Hs=91.9 : 8.1 mol%,
General Air) were used in this study. Two T-type thermocouples
(£1.0K) monitored each temperature of gas and liquid phase, and
a pressure transducer (WIKA, S-20, uncertainty: 0.125%) moni-
tors the system pressure. All data were recorded by a data acquisi-
tion system in the computer. A one liter vessel was connected with
pressure cell, which was used to increase the gas phase volume; since
the system is constant volume, the pressure decrease was relatively
small compared to the amount of gas consumed due to hydrate for-
mation, allowing the system to remain nearly at constant pressure.
The cell was immersed in a temperature-controlled bath connected
to a refrigerated/heating circulator containing ethylene glycol and
water mixture. A total of 200 ml liquid of water/oil mixture was
used for the tests; with this liquid volume, the impeller was nearly
completely submersed, providing consistent and uniform mixing,
as shown in Fig. 2. To determine the appropriate mixing speed for
the impeller, many visual tests (see Supporting Information) were
performed. For the reported measurements, 300 rpm was selected,
corresponding to a rotational speed that provided enough mixing
to form a water/oil dispersion.

To quantify the risk of hydrate formation, two experimental
methods were used, as shown in Fig. 3: (a) subcooling measure-
ments with a constant cooling rate (4 K/hr or 6 K/hr), and (b) for-
mation rate measurements at a specific temperature and pressure.
For the subcooling measurements (Fig. 3(a)), 200 ml of liquid sam-
ple containing 30% watercut (60 ml water+140 ml mineral oil) was
placed in the cell and immersed to the bath. After the cell was flushed
three times with the experimental gas to remove residual gas and
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Fig. 2. Experimental apparatus used for measurements to quantify the risk for hydrate formation.
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Fig. 3. Experimental procedures for quantifying the risk of hydrate
formation: (a) schematic of the subcooling measurements
under constant cooling rate, and (b) schematic of the mea-
surement of hydrates formation amount at constant tem-
perature and pressure conditions.

impurities, (i) the system (supply vessel and pressure cell) was pres-
surized by a gas booster, and subsequently; (ii) the liquid saturated
with mixing at 300 rpm in the closed system. The system was then
(iif) cooled to 277.15K (subsea temperature) at a constant cooling
rate (4 K/hr or 6 K/hr) with continuous mixing until hydrate formed
(detected via temperature increase, pressure drop and visual obser-
vation), at which point the (iv) subcooling was recorded. The sub-

(a) Dispersion of Qil+Water (b) Phase Separation
(before hydrate formation) | (at which hydrates formed)

Ol
- (Dyed blue)
< Water +
Hydrates

Fig. 4. Visual observation through the cell window for the state of the mixture in the cell before, during, and after hydrate formation in the
mineral oil+water+gas system.

cooling (AT) is determined by the difference between the tem-
perature hydrates formed (T},;) and the phase equilibrium tem-
perature (T,,;) predicted by CSMGem at the experimental pressure
hydrates formed in Fig. 3(a). From these results, the survival curves
are generated, showing there is a minimum subcooling required
before hydrate can form.

In separate experiments, as shown in Fig. 3(b), we measured the
initial hydrate formation rates up to 20 minutes from the time hy-
drates first formed with different set of temperature and pressure
conditions. The initial procedure was similar to that in the sub-
cooling measurements. After (i) pressurization and saturation in a
closed system, (ii) the system temperature was quickly cooled to
the target temperature without mixing, which was done to ensure
that no hydrate formed during the cooling stage. The system was
then allowed to (iii) reach equilibrium for some time, and then (iv)
mixing was started to induce hydrate formation. Both the pressure
drop and temperature changes were used to determine the amount
of hydrate formed. These results were combined to develop a risk
map for CH,/C;H; hydrate formation considering regions of low
(green zone), medium (orange zone) and high probability (red zone).

RESULTS AND DISCUSSION

In all experiments, hydrate formation was determined by either
temperature change resulting from exothermic reaction, pressure
drop by gas molecules trapped in structure cages, or visual obser-
vation. For better visual observation, as mentioned in the experi-
mental section, we used color dye for water (pink) and mineral oil
(blue). Fig. 4 shows an example of hydrate formation observed: (a)
well-dispersed mineral oil and water, (b) clear phase separation at
the onset of hydrate formation, and (c) hydrates covered on the win-
dow surface. The observation in steps (a) and (b) is consistent with
a previously reported study with mineral oil+water+gas [16]: dis-
persion before hydrate formation, and subsequently, phase separa-
tion oil and water at the hydrate formation onset (A video dem-
onstrating the phase separation is available as part of the Support-
ing Information.). This behavior was observed in all experiments
and the hydrate formation was also confirmed and matched with
the temperature increase and pressure decrease in the system.

Table 1 and Fig. 5 show the experimental conditions performed

(c) Hydrates Covered
on the Window
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Table 1. Summary of experimental conditions performed for sur-

vival curves
Total Initial li
Group o Initial pressure i Cooling
run temperature rate
A 2 6.9 MPa (1,000 psi) 298.15 K 4 K/hr
B 3 6.9 MPa (1,000 psi) 298.15 K 6 K/hr
C 12 10.3 MPa (1,500 psi) 298.15K 4 K/hr
D 5 10.3 MPa (1,500 psi) 298.15K 6 K/hr
E 6 13.8 MPa (2,000 psi) 298.15K 4 K/hr
F 7 13.8 MPa (2,000 psi) 298.15K 6 K/hr
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Fig. 5. Survival curves, calculated from Eq. (2), for the CH,/C;H,
mixed gas hydrates measured using a linear cooling rate
method for the conditions shown in Table 1 (Note that for
Group A and B formed, hydrates formed at 277.15 K after a
relatively long induction time of approximately 8 hours). The
supporting information has details on the calculation of the
survival curves.

and the survival curves, respectively, measured by the linear cool-
ing rate method. Detailed information about the survival curves is
well-introduced elsewhere [17-19]. Briefly, the survival curve is a
plot of the collection of subcooling temperatures measured at the
temperature hydrates formed in each individual experiment. It
corresponds to the number of samples without hydrates at each
instant in subcooling, measured from the subcooling the sample
passes through the hydrate equilibrium temperature (T,, predicted
by CSMGem), divided by the total number of samples in the data
set, to yield a normalized fraction of samples without hydrates based
on subcooling. The fraction of formed hydrate at certain tempera-
ture interval, tK<T<(t+0.5)K is,

F(t):Nt/Ntut (1)

where F, is the fraction of samples with hydrate formed at a cer-
tain temperature interval tK<T<(t+0.5)K, N, represents the num-
ber of hydrate formation events, and N, is the total number of ex-
periments. Consequently, the survival curve corresponds the frac-
tion of samples without hydrate until a certain temperature interval,

Siy=1—ZioFy if F, exists )
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where S, is the survival curve, which ranges from unity at zero
subcooling when all the samples are without hydrates, to zero at
some high subcooling when hydrates are formed in all of the sam-
ples (The detailed process of how the survival curves are obtained
from the experimental data is described in the Support Informa-
tion.). All the data in Fig. 5 show that the hydrate formations oc-
curred over a specific subcooling range from about 9K to 16 K
depending on experimental conditions. There were no samples
tested that formed hydrates at a subcooling less than about 9K.
Hydrate formation is a stochastic process, but typically, as the driv-
ing force increases, the system becomes less stochastic, resulting in
a narrower distribution range for the survival probability [20,21].
Based on this knowledge, we expected the range of subcooling for
survival curves would be narrower at higher pressures at same
cooling rate, but no clear dependence was observable in our study.
Additionally; the survival curve could shift to higher subcooling with
increasing cooling rate since the system spends less time at high
temperatures, leading to a lower chance for nucleation. However,
except for Groups E and E we observe little dependence on the
cooling rate, which is consistent with other studies in the litera-
ture [19] (Note that other studies reported in the literature are for
quiescent systems, whereas we consider mixed systems.).

Several remarks need to be made for the reported survival curves:
(i) the number of tests for each experimental condition in this study
is limited and as such, we cannot clearly differentiate the depen-
dence of the survival curves on temperature, pressure and cooling
rate; (ii) unlike previous studies, the dynamic aspect and complex-
ity of the chosen ternary system of oil, water and gas results in a
wide variability in the initial formation of hydrates, and (iii) the
specific experimental conditions in this study, such as mixing speed,
liquid loading and watercut, can greatly influence the results, in
particular the mixing, which promotes the contact between the
phases (a much larger study would have to be done to fully address
the impact of each variable). For these reasons, we focus on the
minimum subcooling measured at which hydrates formed in the
experiments for quantifying the risk of hydrate formation.

Fig. 6 shows the measurements of hydrate formation rate per-
formed at various pressure and temperature conditions, and each
experimental condition is represented in the inset plot in Fig. 6(b).
All the measurements were repeated with fresh samples to vali-
date the reproducibility of the results, as shown in Fig. 6(a). The
hydrate conversion ratio is determined by temperature and pres-
sure change before and after hydrate formation. The number of
moles of gas consumed at given time t can be calculated with the
following equation [22]:

n) =Vl (7)) ] )

where (Any,), is the number of moles of gas consumed to form
the hydrate at time t, z represents the compressibility calculated
with an equation of state at temperature, T, and pressure, P, in the
pressure cell at given time t, which are calculated with an equation
of state, V,, is the total volume of gas phase in pressure cell and
tubing, which is assumed to be 1,190 mL, and R is the universal
gas constant. For these calculations, we used the Peng-Robinson
equation to obtain the compressibilities. Once the number of moles
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Fig. 6. Measurements of hydrate formation rates performed at con-
stant temperature and pressure: (a) System C shown in (b)
as an example of the hydrate formation rate measurements.
The inset plot shows the raw pressure and temperature data
in that experiment; (b) Comparison of hydrates formed in
the initial 20 minutes for the conditions shown in the inset
plot (Note that ‘No Hyd in inset means hydrates did not
form up to 60 hours).

of gas consumed to form hydrates is determined, the amount of
water consumed to form hydrates can be calculated assuming a
hydration number of 6 (moles of water per moles of gas). The hy-
drate conversion is the fraction of water converted to hydrates. As
shown in Fig. 6(a), the hydrate conversion rates fluctuate because
of the fluctuations in temperature and pressure, resulting in an un-
certainty of +2.5% in the conversion ratio. Therefore, the growth
rate data at 5 minutes and 10 minutes are still within the error bars.
The experimental conditions are shown in the inset plot, and the
conditions marked ‘No Hyd represent cases without hydrates up
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Fig. 7. A graphical risk map based on this experimental work rep-
resenting H: high risk, M: medium risk, and L: low risk for
hydrate formation.

to 60 hours, suggesting a low risk region for hydrate formation.
For the systems A and B, which are positioned at lower pressure
region, less hydrates (~5%) formed compared to other systems (C,
D and E with about 13-18%) at 20 minutes, which is expected as
typically more hydrates are formed under higher driving force.

Based on the results of minimum subcooling and the amount
of hydrate formed for the given system considered, we propose the
guidelines shown in Table 2 for quantifying the risk of hydrate for-
mation, and consequently; the graphical risk map shown in Fig. 7.
It is important to emphasize that the guidelines and risk map de-
veloped here are very specific to the set of conditions used in the
study, but conceptually; this approach is applicable for any set of
systems. One of the main ideas resulting from this study is that
there is a “green zone” inside the hydrate stable region, and given
that one can properly quantify this zone for the fluids and condi-
tions of interest, there is an opportunity to design and operate pro-
duction systems less conservatively. Each of the zones defined in
Fig. 7 is strongly dependent on system and conditions, such as, gas
mixture, oil type, water salinity; liquid loading, water cut, and mix-
ing. While each of these parameters is important, a larger study
would need to be done to determine their impact for significant
changes in the risk assessment.

CONCLUSION
The recent approach for hydrate research in the oil and gas in-

dustry has changed from hydrate avoidance to its management.
We investigated the risk of hydrate formation using measurements

Table 2. Guideline for quantifying the risk of hydrate formation performed in this study

Subcooling Conversion ratio
Low risk (green) No hydrate formed No hydrate up to 60 hours
Medium risk (orange) 8 K<AT<16K Less than 5% in 20 minutes
High risk (red) 16 K>AT >5% in 20 minutes

Korean J. Chem. Eng.(Vol. 34, No. 7)
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of subcooling at which hydrates formed and the amount of hy-
drates at various conditions. The risk map developed has a low,
medium and high probability for hydrate formation by experimen-
tally measuring the onset of hydrates in a gas+mineral oil+water
system at a given set of mixing speed, liquid loading and water-
cut. The measured survival curves do not show clear cooling-rate
dependence or pressure dependence, but demonstrate the exis-
tence of minimum subcooling required for hydrate formation.
This concept of a hydrate risk map is useful for determining the
safe zones of operation and can be developed for any system.

ACKNOWLEDGEMENTS

This study was supported by a Korea Science and Engineering
Foundation (KOSEF) grant funded by the Korean government
and partially supported by the BK21Plus Program for advanced
education of creative chemical engineers of the National Research
Foundation of Korea (NRF). This work was performed at the Col-
orado School of Mines.

SUPPORTING INFORMATION

Additional information as noted in the text. This information is
available via the Internet at http://www.springer.com/chemistry/
journal/11814.

REFERENCES

1. E. Dendy Sloan Jr and Carolyn Koh, Clathrate Hydrates of Natural
Gases, 3" Ed., CRC Press (2007).

2.E. G. Hammerschmidt, Ind. Eng. Chem., 26, 851 (1934).

3.E.D. Sloan, C. Koh and A. K. Sum, Natural Gas Hydrates in Flow
Assurance, Elsevier, Amsterdam (2010).

4.P.D. Dholabhai, J. S. Parent and P. R. Bishnoi, Ind. Eng. Chem. Res.,

July, 2017

35, 819 (1996).

5. A.H. Mohammadi, W. Afzal and D. Richon, J. Chem. Eng. Data,
53,73 (2008).

6. A. Majumdar, E. Mahmoodaghdam and P.R. Bishnoi, . Chem.
Eng. Data, 45, 20 (2000).

7.W. Afzal, A. H. Mohammadi and D. Richon, J. Chem. Eng. Data,
53, 663 (2008).

8 W. Afzal, A. H. Mohammadi and D. Richon, J. Chem. Eng. Data,
52,2053 (2007).

9.K. Shin, J. Kim, Y-T. Seo and S.-P. Kang, Korean J. Chem. Eng., 31,
2177 (2014).

10. A. Vysniauskas and P. R. Bishnoi, Chem. Eng. Sci., 38, 1061 (1983).

11.PR. Bishnoi, A. K. Gupta, P. Englezos and N. Kalogerakis, Fluid
Phase Equilib., 53, 97 (1989).

12. P R. Bishnoi and V. Natarajan, Fluid Phase Equilibr., 117, 168 (1996).

13.D. Lee, Y. Lee, S. Lee and Y. Seo, Korean J. Chem. Eng., 33, 1425
(2016).

14. E. D. Sloan, Fluid Phase Equilib., 228-229, 67 (2005).

15.K. Kinnari, J. Hundseid, X. Li and K. M. Askvik, . Chem. Eng.
Data, 60, 437 (2015).

16. E. O. Straume, C. Kakitani, D. Merino-Garcia, R. E. M. Morales and
A.K. Sum, Chem. Eng. Sci., 155, 111 (2016).

17.N. Maeda, D. Wells, N.C. Becker, P.G. Hartley, P W. Wilson,
A.D.]J. Haymet and K. A. Kozielski, Rev. Sci. Instrum., 82, 065109
(2011).

18.N. Maeda, D. Wells, P. G. Hartley and K. A. Kozielski, Energy Fuels,
26, 1820 (2012).

19.N. Maeda, Fluid Phase Equilib., 413, 142 (2016).

20. P W. Wilson, A. E Heneghan and A. D. J. Haymet, Cryobiology, 46,
88 (2003).

21.P°'W. Wilson, D. Lester and A.D.]. Haymet, Chem. Eng. Sci., 60,
2937 (2005).

22.P Linga, R. Kumar and P. Englezos, Chem. Eng. Sci., 62, 4268 (2007).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /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 true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


