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A reliability model for process systems under changing operating conditions
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Abstract—Reliability analysis of process systems, which is often based on a model of Weibull distribution, is semi-
quantitative at best because it uses constant parameters, requiring assumption of steady state operating conditions. A
reliability model based on a variable scale parameter Weibull distribution is proposed in this work, in which a power
law, the Arrhenius factor, and instantaneous amplitudes and frequencies of the operating condition variables are intro-
duced. Numerical experiment indicates that when an operating condition variable fluctuates, the assumption of an
average steady state operating condition can cause a serious error in reliability analysis. Therefore, the proposed
method is expected to contribute to more quantitative risk assessment, and thus more rigorous safety analysis of pro-
cess systems under changing operating conditions.

Keywords: Reliability Model, Process Safety, Operating Condition, Weibull Distribution, Instantaneous Amplitude,
Instantaneous Frequency

INTRODUCTION Table 1. Default Weibull parameters for conventional pressure relief
valves [1]
Process safety requires reliability analysis of process facilities and Failure on demand Leakage
devices, for which the method proposed by API (American Petro- Fluid severity

1 (years) B 1 (years) B

leum Institute) [1] may be considered a de facto standard. The

API method, however, includes oversimplifications, which have Mild 50.5 18 17.5 L6
encountered criticism [2], and a part of the method has been mod- Moderate 239 1.8 15.5 L6
ified [3]. The main issue is that the probability of failure cannot be Severe 17.6 1.8 13.1 1.6

predicted by statistical theory only. The history of operating condi-
tions should be considered. The API method, as will be shown Table 2. Adjustment of Weibull 7 parameter for operating condi-

later; does this only semi-quantitatively, and a fully quantitative tions [1]
method is to be proposed in this work. Adiustment factor
Reliability analysis frequently uses a reliability (survival) func- Environment modifier !
tion, which represents the probability that the object will be alive Failure on demand  Leakage
at a moment of time in the future. The most widely used model T<200 °F 1.0 1.0
for this function is the Weibull distribution [4] defined as follows: 200<T<500 °F 1.0 0.8
N T>500 °F 1.0 0.6
R(t)= eXp[— (77) } @ Operating ratio >90% 10 0.5
Installed piping vibration 1.0 0.8
where 7 is the scale parameter, and Sis the shape parameter. Gen- Pulsating or cyclical service 1.0 0.8
erally, for a specific device, 7 depends on the operating condition, History of actuation >5 times/yr 05 05
and £ can be assumed to be constant. For example, Table 1 shows History of chatter 05 05

the default values of these parameters for conventional pressure
relief valves for the probability of failure on demand and the prob-
ability of leakage provided by API [1]. Table 2 shows how the API means that the probability of failure (death) can be decreased by

method adjusts the scale parameter according to different operat- maintenance. In this case, the reliability function should be reset or

ing conditions. Now the problem is how to modify the scale param- updated. Inspection can also affect the reliability function. A Bayes-

eter when the operating conditions change with time. ian method to update the scale parameter based on the confidence
Generally, the reliability function continuously and smoothly factor of the inspection is also provided by API [1].

decreases from 1 to 0, even if the operating conditions change with A device life depends on the operating conditions. The acceler-

time. However, device life can be extended by maintenance, which ation by thermal stress is typically modeled by the Arrhenius equa-
tion as follows [5]:
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where AF is the acceleration factor, Tj is the reference tempera-
ture, E, is the activation energy, and k; is the Boltzmann constant.

The pressure stress on process systems such as pressure safety
devices can be considered analogous to the voltage stress on the insu-
lations in electronic devices. The life acceleration by voltage stress
is often modeled by a power law as follows [5]:

AF:(U%)“ ®3)

where U and U, represent the voltage at test and use conditions,
respectively, and or>0.

The device life is also affected by fluctuations in the operating
conditions. For example, the solder fatigue in electronic devices can
be modeled by the following modified Coffin-Manson equation,
ie. Norris-Landzberg model [6]:

Ny (f\"(AT\" E/ 1 1
8 - B
AF Nt ff ATf P kB Tt,max Tf,ma (4)

X

where AF represents the acceleration factor of the device life on a
cycle basis for the test condition, T,, over the field condition T, N
is the number of cycles survived, f is the frequency, and AT is the
amplitude of the oscillation of the temperature. For SnPb solder,
m=-1/3, n=1.9, E /k;=1414 K. Note that if we redefine the accel-
eration factor in life time instead of life cycles, AF=(N/f;)/(N/f),
the exponent m is replaced by m;=m-+1, i.e. m,=2/3 for SnPb solder.

PROPOSED METHOD

For changing operating conditions, the Weibull distribution (1)
cannot be used because the scale parameter;, which depends on the
operating condition, is constant. As a solution, an extended Weibull
distribution, in which the scale parameter is a function of time,
was proposed in the author’s previous work, which can be described
as follows [7]:

R(t)=exp[—z(t)’] ©)

where z(t) is the dimensionless time that represents aging, defined
as follows [7]:

t dt
“0=), ()
where 7(t) represents the scale parameter for the operating condi-
tion at time t. In the previous work, the scale parameter was sim-
ply a function of operating condition variables: it depended on the
values of the variables only. However, aging occurs by fluctuations
also. Therefore, an extended scale parameter model is proposed in
this work, which depends on the operating condition variables
and their fluctuations as follows:

nt)=n(v(t), A(t), F(t)) ?)

where v(t) is a vector of operating condition variables, and A(t)
and F(t) are matrices of the instantaneous amplitudes (IA) and the
instantaneous frequencies (IF), respectively, involved in v(t). If the
operating condition is constant, the original Weibull distribution is
retained.

The instantaneous amplitudes and frequencies can typically be

©)

March, 2018

obtained by Hilbert-Huang transform (HHT). First, a given function
vi(t) is decomposed into a sum of intrinsic mode functions (IMF),
which are functions that oscillate symmetrically around zero, plus
a residue, using the empirical mode decomposition (EMD) method
proposed by Huang et al. [8] as follows:

ki
vi(D) =2 x;(D+1(D) ®)
Jj=1

where x,(t) is the j-th IME and r;(t) is the residue which rep-
resents the trend of v(t) [9]. For example, if v(t) linearly changes
with oscillations, r(t) is a linear function, and x;(t)’s are trigonometric
functions.

For an IMF x,{t), the IA and IF can be obtained by Hilbert trans-
form defined as follows:

1, X(7) _ 1. o X;(t+ 7)—x;(t—7)
Yi(®= 7Z'P'|.—w -0 ﬁlgf}rl.g T dz ©

where P represents the Cauchy principal value. The instantaneous
amplitude, phase, and frequency can be obtained respectively as
follows:

a,(t)=/x; () +y,(0) (10)

¢,j(t):tan*l)%% 1)
_ Ld¢i‘
fi(H= 2;;'&1 (12)

There are other methods to evaluate instantaneous amplitude and
frequency, which are actively studied in many areas that require
signal processing.

Let us assume that the service life acceleration of process sys-
tems can be modeled by a power law and/or the Arrhenius equa-
tion in terms of the operating condition variables, and that there is
no interaction between the operating condition variables. Then,
the following model is proposed:

e

i i

(13)

where 77, represents the scale parameter at the reference operating
condition v;, and AF, is a continuously increasing function such
that AF,(0)=1, AF,(1)=AF,, and AF,(x)—AFx as x—>o0, where
AF; (>1) is the reference acceleration factor for oscillation with
amplitude a; and frequency f;. Also, a;(t) and fi(t) represent the IA
and IF of the j-th IMF component of v,(t) respectively.

There are various ways to model function AF, and the follow-
ing piecewise cubic spline is proposed in this work:

(2-AF)X +(2AF)-3)x’+1,if 0<x<1

AE(x){ (14)

AF;-JX, ifx>1

This function is smooth at x=1, and satisfies all the requirements
mentioned above if and only if AF>3/2.
For process systems, typical operating condition variables are
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Fig. 1. Stress vs. number of cycles curves for pressure vessels [10].

temperature and pressure. If v(t) in the above equation is tempera-
ture, it is expected that a=0 (0<a;<1), and E,; can be obtained
from life vs. temperature data. For temperature fluctuations, my
and n; can be estimated if the Norris-Landzberg model can be
applied. If v(t) is pressure, it is expected that a power law applies,
and the Arrhenius factor is unnecessary: E, =0. Furthermore, if it
is assumed that life acceleration is mostly by fluctuation rather
than the pressure itself, it is also expected that c=0. This also
implies n=1. The parameter m; can be obtained from a stress vs.
number of cycles curve (S-N curve). Fig. 1 is an example for pres-
sure vessels obtained from ASME (American Society of Mechani-
cal Engineers) data [10]. Each curve in the figure represents the
maximum pressure amplitude vs. the number of cycles that the ves-
sel can survive. The straight line in the figure is a tight power law
underestimator: a conservative model for estimating the life of the
vessel. The slope of this line indicates that if the amplitude is dou-
bled (2x10"—>4x10" psi) the number of cycles decreases to one-
tenth (9x10*—>9x10°). Life time is proportional to the number of
cycles if the period is constant. Therefore, the acceleration factor in
this case is 2"=10, hence m;=1/log 2~3.3.

NUMERICAL EXPERIMENT

1. System Description

The proposed model is applied to a conventional pressure relief
valve for the probability of leakage. Let us assume that the fluid
severity is moderate, the operating temperature is 450+100 K (=350+
180 °F), the operating pressure is 5+1 MPa, and the relief set pres-
sure is 6 MPa. The default Weibull parameters are obtained from
Table 1. Among these, the shape parameter is to be adjusted accord-
ing the operating conditions as shown in Table 2.
2. Modeling

The effect of the operating temperature on the scale parameter
is listed in Table 3. Based on this semi-quantitative information, it
is assumed that 7=12.4 at T=350°E 7~15.5 at T=170°E and 7~9.3
at T=530°E Fitting these data to the Arrhenius model results in
E,/ky~400 K.

The effects of fluctuations in the operating pressure on the scale

Table 3. Adjustment of Weibull 77 parameter for operating tempera-

tures [1]
e
Temperature (°F)  Adjustment factor U (years.) or m9derate
fluid severity
T<200 1.0 15.5
200<T<500 0.8 124
T>500 0.6 9.30

Table 4. Adjustment of Weibull 77 parameter for fluctuations in pres-

sure [1]
. Adjustment 7 (years) at
Fl
uctuation type factor T=350F

Installed piping vibration 0.8 9.92
Pulsating or cyclical service 0.8 9.92
History of actuation >5 times/yr 0.5 6.20
History of chatter 0.5 6.20

parameter are listed in Table 4. The information is just qualitative
except the third one, from which it is assumed that 77 decreases to
half if the relief set pressure is reached six times per year. As the
power law of the pressure and the influence of the temperature
fluctuation are unknown at this point, it is also assumed that =0,
AF~1, and myan=~0. Therefore, the following model is con-
structed:

11 Er 11 b rap(® 7 (0 ]

;7&—): %exp{— k—3|:?(_'[—) - ﬁJ}AFP[/ZI[ a :| |: f; :| ] (15)
where 7,=124yrs, T)=450K, E /k;=400K, AF;=2, ap=1 MPa,
fy=6yr ', my=3.3, and n,=1. The values of m, and n, have been
borrowed from the pressure vessel case discussed above, as S-N
curves for pressure relief valves are unavailable at this point.

3. Case Study

The following four cases of operating conditions are tested in
this work.

600

T
== -Case 1
Cases 2-4

Temperature (K)

300 L L L L L L L L L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time (years)

Fig. 2. Operating temperatures.
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6.5

- - -Cases 142
Case 3

-~ Case 4

Pressure (MPa)

0 0.1 0.2 0.3 0.4 0.5 06 0.7 0.8 09 1
Time (years)

Fig. 3. Operating pressures.

Case 1. T(t)=450, P(t)=5

Case 2. T()=450+100 sin127, P(t)=5

Case 3. T(t)=450+100 sin127t, P(t)=5+0.8 sin127t

Case 4. T(t)=450+100 sin127t, P(t)=5+0.8 sin127t+0.2 sin96 7t

Figs. 2 and 3 show the operating temperatures and pressures respec-
tively. For pressures, HHT is to give results close to the following data:

Case 3. kp=1, ap(1)=0.8 MPa, £, ()=6 yr '
Case 4. kp=2, ap(1)=0.8 MPa, £, ()=6 yr ',
ap()=0.2 MPa, f,(t)=48 yr '

Fig. 4 shows the reliability (survival) function. Note that the curve
of case 2 is slightly higher than that of case 1. This means that tem-
perature fluctuation results in a longer life, which is unacceptable,
indicating that the Arrhenius factor cannot work alone as acceler-
ation factor when temperature fluctuates. The figure indicates that
pressure fluctuation significantly increases the probability of fail-
ure F(t)=1-R(t). For example, the probability of leakage in 2 years
is about 5% in cases 1 and 2, and about 15% in cases 3 and 4.

Case 2
Case 3
e Case 4

’— - ~Case 1

Reliability

0 2 4 1 8 10 12 14 16 18 20
Time (years)

Fig. 4. Reliability functions.
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0.3

[- - -case 1
Case 2

0.25

02

015

Failure rate (fyear)

01r

0.05

0 0.5 1 15 2 25 3 35 4 45 5
Time (years)

Fig. 5. Failure rate functions.

Fig. 5 shows the failure rate function, which is defined as follows:

__R®

At)=— ) (16)
For safety, the estimated failure rate should be maintained at or
below an acceptable level. Let us assume that the acceptable maxi-
mum frequency of leakage of a pressure safety valve in a plant is
0.05/yr, so once in 20 years. The figure indicates that the valve can
be used for 2.5 years if operated at a steady state as in case 1, but
only for 4 months if the operating pressure fluctuates as in case 3
or 4.

CONCLUSIONS

Process safety is often based on layer of protection analysis
(LOPA), which is semi-quantitative [11]. Quantitative risk assess-
ment (QRA) is required as the core technology of process safety,
not only in process operation, but also in plant design [12]. QRA
requires reliability analysis, but the conventional API method [1] is
not fully quantitative.

A reliability model has been proposed based on an extended
Weibull distribution in which the scale parameter is a function of
time that depends on the operating condition variables and their
instantaneous amplitudes and frequencies. Numerical experiment
indicates that pressure oscillations can significantly decrease the
reliability; and increase the failure rate.

However, data are insufficient for practical applications. For pro-
cess safety, more process data should be collected and organized in
such a way that the influence of fluctuations in the operating con-
ditions can be evaluated. The proposed method using these data is
expected to be able to contribute to more quantitative risk assess-
ment, and thus more rigorous safety analysis of various process
facilities and devices under changing operating conditions.

ACKNOWLEDGEMENT

This work was supported by the Advanced Technical Center



A reliability model for process systems under changing operating conditions 625

(ATC) project of Korea Evaluation Institute of Industrial Technol-
ogy (KEIT) funded by Ministry of Trade, Industry and Energy in
Korea (Project No. ATC-10048672).

REFERENCES

1. AP, Risk-Based Inspection Methodology: API Recommended Prac-
tice 581, 3rd Ed., American Petroleum Institute (2016).

2.H.P.E. Helle, Proc. 14" Middle East Corrosion Conference Exhibi-
tion, 133-MS-20 (2012).

3.L.C. Kaley, API RP 581 Risk-Based Inspection Methodology - Doc-
umenting and Demonstrating the Thinning Probability of Failure
Calculations, 3* Ed., Trinity Bridge, LLC (2014).

4. ReliaSoft, Life Data Analysis Reference, ReliaSoft Corporation (2015).

5.L.A. Escobar and W.Q. Meeker, Statistical Science, 21(4), 552
(2006).

6.]. Amnold, N. Blattau, C. Hillman and K. Sweatman, Reliability testing
of Ni-modified SnCu and SAC305: Accelerated thermal cycling,
IPC/JEDEC Lead Free Conference, March (2008).

7.S.H. Choi, J. Korean Institute Gas, 7(4), 20 (2003).

8 N.E. Huang, Z. Shen, S.R. Long, M. C. Wu, H. H. Shih, Q. Zheng,
N.-C. Yen, C. C. Tung and H. H. Liu, Proc. R. Soc. Lond. A, 454,
903 (1998).

9. T. Schlurmann, Rogue Waves 2000, 157 (2001).

10. E Brown, National Board Bulletin, 65(3), 12 (2010).
11. K. Park, Korean J. Chem. Eng., 34(3), 642 (2017).
12.S. Jung, Korean J. Chem. Eng., 33(1), 1 (2016).

Korean J. Chem. Eng.(Vol. 35, No. 3)




<<
  /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


