
 

Catalyzing a path to a safer place 
A specific safety focus of a urea flowsheet is to manage the trace hydrogen (H2) such that an explo-
sive composition is not created.  The trace H2 is not consumed by the urea process, which reacts am-
monia (NH3) with carbon dioxide (CO2) to form urea within a synthesis loop.  Therefore, hydrogen 
builds up and creates an operational safety challenge as oxygen (O2) is usually present within a urea 
synthesis loop to passivate the metallurgy in such a heavily corrosive environment.   
 
The safety challenge is trace H2 widens the flammability/explosivity risk window of ammonia gas 
within the process and so must be managed.  For modern plant, licensors have selected catalytic H2 
removal reactors to reduce the presence of H2 in the synthesis section.  Unfortunately, catalyst deacti-
vation is a possibility and may not sufficiently be covered in the safety analysis.  When deactivation is 
observed it requires specific attentions to keep the plant in operation.  
 
This paper will focus on the catalytic process to react the H2.  It will also explore the deactivation 
challenges that can be faced when the application of the catalyst is exposed to unexpected carry-over 
of elements from the upstream CO2 removal system.   
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Introduction 
n a urea plant, the different feed typically 
contains some inert components in the urea 
process, coming from the ammonia flow-
sheet. The main contaminant is H2 which is 

contained in both ammonia and CO2 feed.  
 
As such H2 can build up in the different parts of 
the urea plant, mainly in the various scrubbing 
sections. This trace H2 widens the flammabil-
ity/explosivity risk window of gaseous ammonia 
within the synthesis loop and so must be man-
aged.   

 
In a modern CO2 stripping plant, the choice has 
been made to limit the H2 in the plant by in-
stalling H2 removal reactors and ammonia flash 
tanks to drastically reduce the presence of H2 in 
the synthesis section.  
 
The risk of catalyst deactivation is not suffi-
ciently considered in safety studies, yet as it 
generates hazardous conditions for the plant op-
eration this has to be managed.   

I
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Foreword 
All the numbers given in this paper are only val-
id for the Yara Sluiskil urea plant. Design dif-
ference and different H2 slip can dramatically 
affect the conclusion and the lab analysis is only 
given as reference. In case of an equivalent situ-
ation, never consider the absolute numbers from 
this paper but consider using the methodology 
to target the possible flammable composition in 
your plant. 

H2 in urea plant 
Ammonia is flammable but the explosive limits 
are rather limited, however adding some trace of 
H2 to the ammonia widens the explosive limits.  
The main risk is presented by the presence of 
O2, used for passivation in the urea synthesis 
section as it has the potential to react with the 
flammable gas mixture. In the ammonia plant, 
CO2 is recovered from the CO2 removal unit 
contains small traces of H2.  Some H2 and me-
thane (CH4) are also physically absorbed in the 
liquid ammonia. Intensive studies have been 
carried out to estimate the risk of the H2/NH3/air 
mixture in the urea plant. In this paper there will 
be many references to the paper “2000: Safety 
Aspects in Urea Plants: Y2K Update” published 
in AIChE conference 2001[1]. 
 
The main conclusions are given below: 
a. For ammonia/air mixtures over the entire 

concentration range, flamespeeds were very 
low: The maximum flamespeed measured 
(near the stoichiometric NH3/air ratio) was 
1.8 m/s. (Transition of flames to detonation 
develops once a flame accelerates to 800-
1000 m/s!).  

 
b.  The experiments showed that up to 5% (by 

mol) of hydrogen could be added to these 
ammonia/air mixtures, with flame speeds 
that remain far from detonation.  

 
c.   At higher hydrogen concentrations, especial-

ly in the presence of a small amount of am-

monia, distinct flame acceleration was ob-
served. It cannot be ruled out that in the ac-
tual process piping turbulence producing 
within internals fittings could accelerate the 
flame, propagating it sufficiently for detona-
tion to occur.  

 
      Most urea plants operating under a Stami-

carbon license are total recycle, CO2 strip-
ping; for those plants application of this new 
Y2K guideline results in the following:  

  
d. With oxygen dosing (in the form of air) in the 

range of 0.6 to 0.8 % (by vol., with respect 
to the CO2 flow), limit the hydrogen concen-
tration in the feedstocks to the urea plant to 
the following values:  

 
- Hydrogen in CO2: max. 300 PPM (by vol.)  
- Hydrogen in ammonia: max. 100 PPM (by wt.)  
 
      In most cases, in order to meet these concen-

tration limits, it will be required to operate a 
catalytic hydrogen removal system in the 
CO2 feed; in some cases a hydrogen reduc-
ing system (e.g. pre-flash) in the ammonia 
feed will be required.  

 
e.   Monitor these hydrogen concentrations on a 

regular basis; in case these hydrogen con-
centrations are exceeded, ultimately correc-
tive actions must be taken (the plant must be 
stopped).  

 
f.  To minimize the possible ignition sources, all 

equipment (high pressure as well as low 
pressure, including piping) in which there is 
a flammable component (e.g. hydrogen, me-
thane or ammonia), that might contain oxy-
gen or air, should be grounded and protected 
against direct hit by lightning. During opera-
tion, no ‘hot work’ (welding, cutting) activi-
ties at or near such equipment is allowed. 
Such hot work activities may only be done 
when the absence of flammable components 
(including ammonia) in the equipment or 
piping has been ascertained.  
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g.   High-pressure scrubbers of the ‘total con-

densation’ type (that is, scrubbers provided 
with a packed bed washing section in the 
top) should be provided with a ‘dome area’ 
construction. A ‘dome area’ is a construc-
tion that restricts the amount of damage in 
case of an explosion to the internals of the 
HP scrubber.  

Increase of pressure in case of H2 
explosion 
In the literature, we can find that the maximum 
increase of pressure due to a hydrogen explo-
sion with air is with a factor of maximum 8. 
This factor is influenced by the fraction of H2 in 
the air, the initial pressure and temperature as 
shown in the following figures. (Figure 1 and 
Figure 2). 
 

 
Figure 1: Pressure increase factor for different 
hydrogen/air mixtures at 20°C [2]. 
 
 

 
Figure 2: Pressure increase factor for different 
hydrogen/air mixtures at 10 bars and initial 
temperature up to 250°C [2]. 

Experience from Sluiskil U7 

Catalyst deactivation 

Although the deactivation could have been 
found earlier, the design of the distributed con-
trol system (DCS) screen was not set with the 
right unit. For this parameter, ppm vol. should 
have been selected instead of %vol (Figure 3). 
In addition, there were no alarms informing op-
erations about the high value of the H2 slip. 
 

 
Figure 3: DCS screen of CO2 feed indicating the 
H2 slip from the H2 removal reactor 
 
So the discovery of the catalyst deactivation was 
found during a performance test of the plant 
with a slip value around 600 ppm vol., which is 
already twice the licensor recommendation 
(Figure 4). Immediately, a risk analysis to keep 
the plant in operation and a root cause analysis 
of the deactivation were initiated.  
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Figure 4: Evolution of the H2 content in the CO2 

 
Obvious risk analysis – consequences for the 
gaseous circuit in the plant 
The initial risk analysis focused on the different 
cleaning stages of the inerts of the HP synthesis 

(Figure 5). Several simulation and lab analysis 
were conducted to determine the possibility of 
explosive mixtures in this equipment.  
 

 

 
Figure 5: Equipment directly impacted by H2  highlighted in orange 
 

HP scrubber 

The HP scrubber is designed with a sphere to 
provide extra volume in case of an explosion to 
avoid loss of containment (LOC). Unfortunate-
ly, it was not possible to take a sample at this 
location so calculations were based on a simula-
tion tool for gas composition. Gas compositions  

have been determined based on the different hy-
drogen slip cases. After calculation, we found 
that with the existing tuning of the plant (nitro-
gen / carbon (N/C) ratio, vent of the scrubber 
and H2 in the ammonia), the H2 concentration 
limit in the CO2 was 1200 ppm vol. to reach 
flammable composition in this equipment 
(Figure 6). 
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Figure 6: Evolution of the explosive mixture based on simulation at the exit of HP scrubber. Figure de-
rived as part of Yara’s internal investigation to support the operation of Sluiskil U7 
 
 
One can discuss the influence of other parame-
ters like N/C ratio. The N/C ratio increase led to 
higher ammonia content in the off gas but in the 
meantime, H2/(H2 + NH3) ratio was reduced 
leading to relatively limited effect on the dis-
tance to the explosive triangle. 

LP absorber and acid scrubbing 

The design pressure of the LP absorber is 30 
barg, roughly 8 times the operating pressure of 
the equipment to make it resistant to an explo-
sion. Different samples were taken on the LP 
absorber over the time to check for explosive 
mixture. Acid scrubbing has not been originally 

designed to withstand an explosion and it is au-
tomatically bypassed in case of hazardous con-
centration (measured with online analyzer). 

The composition leaving the LP absorber and 
the acidic scrubber are very close since the acid-
ic scrubber is finishing the cleaning to reach 
ammonia concentration below 1 ppm when it is 
less than 100 ppm vol. at the outlet of the LP 
absorber. In the outlet of these two pieces of 
equipment, flammable components are almost 
exclusively H2 and CH4. 
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With the online analyzer, we have been able to 
map the overall composition over the time on an 
explosion diagram and with the concentration of 
980 ppm H2 in the CO2, the concentration of 

flammable was less than 3.2% in these equip-
ment ; not sufficient to reach a flammable mix-
ture (Figure 7).  

 

 
Figure 7: Evolution of the H2/CH4 content at the exit of the LP absorber/Acid scrubber 
 
We should notice that a non-negligible part of 
the H2 is coming with the liquid ammonia de-
spite a flash on the ammonia feed. Even with a 
new catalyst, the H2 content in these vessels is 
around 0.3%vol. 

Underlying consequences: H2 migration in 
liquid lines  

We should not forget that a part of the gases are 
always trapped by liquid and thus H2 can be 
found in unexpected areas of the flowsheet. In 
this part we will give the results of the extended 
analysis to other equipment during the operation 
with H2 slip in the CO2 (Figure 8)[3].  
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Figure 8: Equipment indirectly impacted by H2 (in red dotted line) Source [3] 

 

Atmospheric absorber  

The gas flow in this column is rather limited. It 
contains mainly the inerts coming from the low 
pressure carbamate condenser (the gas absorbed 
in the bottom of the HP stripper). But if we 
compare the LP and the atmospheric absorber, 
the ammonia content is higher, leading to higher 
concentration of flammables. In that concern, 
we concluded that the flammability limit was 
reached with lower H2 slip than for other 
equipment. In fact, we were close to the explo-

sive composition at 700ppm H2 in the CO2 when 
the limit was more than 1000 ppm for the other 
equipment (Figure 9). This evolution is even 
more critical for this equipment since it is nor-
mally not designed to be explosion proof. After 
recalculation, we determined that this equipment 
was capable of resisting 7 times the operating 
pressure without LOC but internals would have 
been damaged. Based on this calculation, the 
atmospheric absorber can withstand the scenario 
of explosion due to the formation of explosive 
mixture. 

 

 
Figure 9: Explosion diagram for the atmospheric absorber without N2 injection. Figure derived as part 
of Yara’s internal investigation to support the operation of Sluiskil U7 

2632017 AMMONIA TECHNICAL MANUAL



By looking at the composition in the atmospher-
ic absorber, we can see that the H2 concentration 
is proportional to the H2 slip of the H2 removal 
reactor. This is validating the origin of this hy-
drogen and after the replacement of the catalyst, 
this value dropped close to 0%. The CH4 con-
tent in this vessel stayed at 0.3% after the cata-
lyst replacement. 

Origin of deactivation / root cause 
analysis (RCA) 
There are a range of inhibitors for supported 
platinum (Pt) catalysts for CO2 purification, 
which can be considered as both temporary and 
permanent poisons. Most serious are the perma-
nent poisons (Table 1).  
 
Table 1: Possible poison of the catalyst 
Permanent 
Poisons 

Limits Effect 

Salt (Sea 
Water) 

<1 ppm wt Causes coverage of 
active site 

Heavy  
Metals;  
Hg,As & 
Pb 

< 5 ppb wt  Reacts with Pt to 
form alloy/amalgam, 
severely decreases 
activity 

Iron Scale <1 ppm wt Blocks catalyst 
pores. Can cause 
exotherm on catalyst 
discharge 

Si / Sili-
cones 

<1 ppm wt Blocks catalyst 
pores 

Hydrogen 
Sulphide 

<1 ppm wt Forms in active  
Metal-sulphide 

Hydrogen 
Chloride 

<1 ppm wt Forms inactive sur-
face Pt chloride 

Oil mist <1 ppm wt Blocks catalyst 
pores and can cause 
high pressure drop 

 

Catalyst reactivity theory 

The reaction of H2 and O2 over a Pt catalyst is 
one of the oldest catalyzed reactions to be stud-

ied with journal reports dating back to the 
1920s.    Yet despite the apparent simplicity of 
the reaction the mechanism remains subject to 
much debate.   
 

H2 + 1/2O2 => H2O (Pt catalyst) 
 
The reactivity of the catalyst is favored by ab-
sorbed O2 and hindered by absorbed H2, indicat-
ing that there is an oxidation step on the catalyst 
surface, prior the reaction of the H2 with the O2.  
Despite this observation the catalytic pathway 
remains complicated by relative heats of adsorp-
tion for H2 and O2 indicating pre-absorbed H2 
should be readily desorbed, so should have lim-
ited effect.  However, this is not the case and 
pre- absorbed H2 is only slowly desorbed [4].  A 
possible justification to this complication is the 
changing surface structure of catalyst as O2 is 
absorbed.    
 
Johnson Matthey specializes in manufacturing 
precious metal (pgm) catalysts. For this duty 
PURAVOCTM 73 is the hydrogen removal cata-
lyst utilized in the CO2 streams.   
 
PURAVOC 73 is a 0.3% Pt weight catalyst.  
Catalyst manufacture involves applying a salt 
containing the Pt-metal to an alumina support.  
After careful drying, the intermediate product is 
reduced and then undergoes further thermal 
treatment to yield the finished product generat-
ing a final catalyst with a high surface area, 
supporting an ‘egg shell’ of active and highly 
dispersed Pt metal on the edge of the support.  
This is illustrated by the EMPA (electron probe 
micro analysis) scan below (Figure 10). 
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Figure 10: EPMA scan showing the ‘egg shell’ 
Pt distribution on the PURAVOC 73 catalyst 

 
Support selection: The alumina support is opti-
mized to provide the high activity required at 
moderate temperature for PURAVOC 73 appli-
cations.  
 
PURAVOC 73 requires high surface area alu-
mina. Gaining the desired high surface area 
properties means the support is more reactive 
than the alumina supports normally used in hold 
down or refractory support applications also 
found in an ammonia-urea complex. 
 
Under the normal operating conditions, the po-
tential reactivity of the support presents no 
problem as the application in the urea process is, 
by design a relatively clean duty.  This means 
the PURAVOC 73 catalyst would be expected 
to readily last at least one full cycle of the plant 
providing in excess of four years’ service.  Ex-
perience from numerous Johnson Matthey refer-
ences show us that lifetimes of 10 – 20 years are 
possible in non-fouling applications. 

Cause of deactivation 

In this application Yara Sluiskil informed John-
son Matthey of a deactivation trend they had ob-
served.  Possible deactivation mechanisms were 
discussed, as described in Table 1.  The catalyst 
bed was partially changed in an effort to manage 
the immediate performance.  As part of this pro-
cess Yara Sluiskil collected a series of samples 

allowing Johnson Matthey to apply a range of 
analytical techniques. 
 
The analyses of the recovered catalyst samples 
showed them to contain elevated levels of iron, 
shown in the top XRF surface scan, with silica, 
shown in the bottom scan, being the most preva-
lent contaminant (Figure 11).  There were also 
lower levels of sodium, calcium and magnesium 
observed.  
 

 
 

 
Figure 11: XRF surface scan, samples fresh 
catalyst far left, with samples from increasing 
depths within the bed left - right 
 
From the permanent poisons detailed in Table 1, 
silica was proven to be the main contributor to 
catalyst deactivation in Sluiskil U7.  The source 
of the silica was the migration of an anti-foam 
additive used as part of the MDEA CO2 removal 
system. Similar CO2 removal systems are oper-
ated across 3 different ammonia plants all feed-
ing CO2 in to a CO2 grid. An investigation has 
been started to define if only 1 plant is responsi-
ble for the silica carry-over or if it comes from 
all 3 ammonia plants. This investigation is done 
by analyzing silica and MDEA in CO2 conden-
sates as well as CO2 gas streams. 
 
Analyses were carried out to assess the impact 
of the anti-foam additive on the downstream 
PURAVOC 73 hydrogen removal catalyst. This 
revealed that the fresh catalyst had a larger sur-
face area and pore volume than any of the dis-
charged samples. The loss of pore volume was 
worse at the top of the catalyst bed, as expected. 
The carry-over had blocked the pore structure of 

2652017 AMMONIA TECHNICAL MANUAL



the catalyst.  A silica rich dust had also formed 
at the top of the catalyst bed.   
 
This reactivity is both a physical effect of lay 
down of the high viscosity anti-foam additive on 
to the surface of the catalyst, and also the inter-
action of the anti-foam additive with the reac-
tive transition alumina support.   
 
As well as carrying out detailed investigative 
analysis as part of the service, Johnson Matthey 
can close the catalyst life cycle.  The pgm is re-
covered from the PURAVOC 73 at end of life, 
being recycled through the Johnson Matthey 
pgm refinery.  The products of the refining pro-
cess are used to make pgm salts, which are the 
precursors to catalyst manufacture. 
 
Ongoing development solutions: 
 
Yara and Johnson Matthey have continued the 
analysis of the problem to develop solutions and 
strategies to increase the bed life and reduce sil-
ica deactivation. 

An example being the non-invasive 
TRACERCOTM scanning techniques, which 
can be used on the CO2 absorber column[5].  In 
this case, to better understand the operation of 
the separation systems that interface between 
the ammonia CO2 removal section and the CO2 
supply to downstream users, such as the Urea 7 
facility.  
 
While these proactive measures are aimed to 
understand the upstream operations and extend 
the life of the PURAVOC 73, the risk of cata-
lyst deactivation cannot be forgotten. 

Conclusion 
CO2 stripping plant are provided with H2 re-
moval reactor for safety reasons but the possi-
bility of deactivation is not sufficiently consid-
ered. In our case, carry over of CO2 removal 
solution, containing small amount of anti-
foaming agent in the CO2 gas feed  has irrevers-

ibly deactivated the catalyst by blocking the ac-
tive pores. 
Unless proven impossible, H2 catalyst reactor 
deactivation must be considered in the safety 
analysis and special precaution must be consid-
ered to keep the plant in operation (Spare reac-
tor, N2 injection, extra sensors to follow the po-
tential formation of explosive mixture…). Clear 
guidance must be given to stay away from ex-
plosive mixture and maximum level of H2 in the 
feed must be determined. As a consequence, this 
event can ultimately lead to the shutdown of the 
plant to replace the catalyst load (which must be 
available and consider as critical spare).  
 
This event is even more critical with operation 
at lower passivation air as the H2 to O2 ratio is 
increased in all equipment and explosive mix-
ture is reached at much lower slip. 
 
Another learning is to consider that H2 will mi-
grate in each liquid stream in contact of a gas 
stream containing H2 and consequently, all ab-
sorber must be calculated to be explosion proof. 

References 
1 - Safety Aspects in Urea Plants: Y2K Update 
– AIChE Ammonia Symposium 2001 
J. Meessen, R. Donker, H. Vlake A. van den 
Aarssen, 
2 - Explosion Characteristics of Hydrogen-air 
and hydrogen-oxygen mixtures at elevated pres-
sures 
Schroeder, V and Holtappels, K 
3 – 4200 MTPD in a single line urea plant – 
N&S 2016 
Eelco Mostert 
4 – The reaction between hydrogen and oxygen 
on platinum.  Platinum review 1966 10 (2) 60 – 
64 
5 - Radioisotope Techniques for Solving Ammo-
nia Plant Problems – AIChE Ammonia Symposi-
um 1984,  
V. J. Leslie and Dave Ferguson, 

266 2017AMMONIA TECHNICAL MANUAL



TRACERCO and PURAVOC are registered 
trademarks of the Johnson Matthey group of 
companies.  
 
 
The views within the paper are those of the authors gathered 
during the course of this investigation. 

2672017 AMMONIA TECHNICAL MANUAL



268 2017AMMONIA TECHNICAL MANUAL



<<
  /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 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /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 false
  /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 false
  /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

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'OmniDefault'] 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.)
  >>
  /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 true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        54
        54
        54
        54
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 10.800000
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




