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Abstract

A vital aspect on the restoration of civilization to good working order after earthquakes is the restoration
of the power grid. In California, there are now more than 4 million low voltage distribution power poles,
and hundreds of thousands of kilometers of low voltage circuits. What is needed are rational methods to
analyze this huge inventory, in a way that can develop accurate power outage forecasts, and ideally
provide insight as to what actions can be done now to reduce the potential for power outages in future
earthquakes.

This paper describes the performance of Pacific Gas and Electric's (PG&E) low voltage distribution
system in the 2014 Napa earthquake. The paper examines what was the actual damage that caused power
outages, what level of effort was needed to make repairs, and describes fragility models that can forecast
this damage. The paper extends these findings to provide a forecast of power outages for future large
earthquakes on the San Andreas fault near the City of San Francisco.

Introduction

Pacific Gas and Electric (PG&E) operates one of largest power generation, transmission and distribution
systems in the United States. PG&E serves power to about 7.5 million people in the San Francisco Bay
Area, and over 15 million people systemwide. There are many earthquake faults that bisect through
PG&E's service area. On August 24, 2014, one of the smaller faults, called the West Napa fault, ruptured
and caused a Moment Magnitude 6 earthquake. This earthquake impacted the nearby City of Napa, and
resulted in power outages that peaked at about 70,000 customers (a "customer" is a billing account),
Figure 1. See Eidinger et al (2014) for a detailed description of performance of all lifelines in the Napa
earthquake.

Over the past two decades, PG&E has upgraded and replaced most of the older equipment and control
buildings at six high voltage substations (69 kV to 230 kV) located within 30 km of the August 24 2014
epicenter. These efforts were successful, as there was zero damage that resulted in any outages, to any
piece of PG&E high voltage equipment at the six high voltage substations in the Napa area, even though
each of these substations having experienced PGA between 0.20g and 0.30g.

Table 1 lists the lengths of all the low voltage distribution feeders in Napa County. Not included in these
lengths are the secondary conductors that take the power from the feeder circuit to transformers and then
to individual customers. The populations in Napa based on the 2013 - 2014 census data was 141,667
people.
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Figure 1. Power outages.
Table 1. Lengths of all Feeders, Napa County
Item Length (km) Percent of Total
All feeders, Napa County 2,398.6 100.0 %
All overhead feeders, Napa County 1,894.5 79.0
All underground feeders, Napa County 504.1 21.0
12 kV Feeders, Napa County 1,855.6 77.4
21 kV Feeders, Napa County 516.3 21.5

In the Napa earthquake, there were essentially no building collapses (there were a few partial collapses).
When a building collapses, it can cause damage to the distribution circuit, especially if the low voltage
connection to the customer is made overhead. Such damage can be characterized as "pull down" damage.

After the earthquake, a compilation of actual repairs to the distribution system was made, and Table 2
provides the statistics for earthquake-related repairs. The column "Number of Repair Items" reflects the
number of different locations where similar damage had to be repaired. The column "Total Manhours"
reflects the cumulative time (in man-hours) needed by PG&E repair crews to complete all those repairs.
The column "Average Manhours per Repair Item" reflects the average effort to make each type of repair.

In the Napa 2014 earthquake, power was available at all times at all high voltage transmission substations.
All outages were caused by damage in the distribution system. Table 2 shows the total repair effort was
4,478 manhours, or an average of 35 manhours per repair. About half of the total effort is assigned to the
category "Logistics", which is the labor effort to provide in-office coordination. The time needed to
complete all the repairs will depend upon how many crews are mobilized. In the Napa 2014 earthquake,
all repairs were complete in about 38 hours, suggesting that the effort required about 236 people.

Table 2 shows that repairs to overhead items (conductors, connectors, cross arms, etc.) often take between
10 to 20 manhours per item, while repairs to underground items take between 36 and 79 manhours (3 to 4
times longer).

We correlated the damage to the distribution system, relative to the levels of exposed hazards. Using this
data, fragility models were developed to match the observed damage with the style of construction used in
Napa. The bulk of the damage to overhead circuits was due to inertial shaking. There were some



permanent ground deformations (PGDs) due to fault offset (confined to a narrow geographic zones) and
some PGDs due to liquefaction (also confined to few city blocks).

Table 2. Repair Items and Repair Manhours

Average Manhours
Repair ltem Total Manhours | Number of Repair Items per Repair Item
Conductor 1147 68 17
Connector 42 4 11
Cross Arm 247 12 21
Cutout 41 3 14
Enclosure, Lid, Frame 24 1 24
Guy wire hardware 45 6 8
Hardware / Framing 34 3 11
Insulator 42 3 14
Jumper 81.5 8 10
Switch / Junction Box 21 1 21
Tie Wire 25 2 12
Transformer, Regulator Booster (OH) 630 8 79
Transformer Pad mount (UG) 28 2 14
Transformer Subsurface (UG) 71 2 36
Logistics 2000 4 500
Grand Total 4478.5 127 35

Figure 2 highlights the location of repairs (black triangles) in and near the City of Napa with respect to
overhead (purple lines) and underground (black lines), along with the PGV levels (green shaded contours)
and locations of observed surface faulting (yellow stars). There is a strong correlation of overhead repairs
with higher PGV; and very little (if any) correlation of damage of overhead or buried circuits with surface
faulting location. There was no damage to buried feeders due to surface faulting that occurred at the
locations indicated by the yellow stars in Figure 2; this strongly indicates that PG&E's design practice to
place buried feeders in PVC (or similar) ducts, leaves enough slack in between the conductor cable and
the PVC duct to accommodate ~10 to 20 cm of PGD.

We compared the 2,398.6 km of PG&E's distribution lines in Napa County with the level of shaking they
were exposed to. We did this by overlaying the PG&E distribution system lines (~2,400 km) over maps
with five different measures of seismic hazard. These maps were computed for PGA (peak ground
acceleration), PGV (peak ground velocity), and PSA (peak spectral acceleration at 0.3 seconds, 1.0
seconds, and 3.0 seconds, 5% damping). We then computed the level of shaking at each distribution
segment (about 20,000 individual segments, each segment being an average of about 100 meters long) to
assign to each segment the five seismic hazards. We then aggregated the known repairs and the length of
feeder circuit in each hazard value bin.
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Figure 2. Electric distribution system repairs near the city of Napa.

The results using PSA(T=3.0 seconds) are presented in Figure 3. There is a clear trend of increasing
repairs with increasing seismic hazard. The regression R* value for PGA (0.24) was much lower than for
PSA(T=3) (0.96). This suggests that PGA is not a very good a predictor. Mostly, we think that the better
goodness-of-fit for long period motion is because the overhead poles and wire systems are long period
structures and the level of damage is largely tied to the differential movements between overhead poles
that leads to cable "snapping" forces if the available slack is insufficient to accommodate the relative
movements between poles or between poles and the customer's buildings.

Since the mid-1950s, after observing hundreds of transformer failures in the 1952 Taft earthquake, PG&E
has directly bolted overhead transformers and regulators to wood poles (and never to the cross arms). No
overhead transformers "fell to the ground" in this earthquake, even if they were supporting heavy
transformers. No overhead poles "fell over" due to shaking. This helps confirm that PG&E's wind-related
design of wood poles is generally sufficient to accommodate the inertial stresses imposed due to strong
ground shaking.

The primary reason(s) for the observed damage is insufficient slack between adjacent overhead items,
leading to "snap loads" when available slack is overcome; and wire slapping leading to entanglements and
burnt wires. The typical failures were to broken cross arms (with related hardware), broken attachments
from overhead secondaries to adjacent structures, and conductor burns. In a few locations along the Napa
River exposed to liquefaction, poles did tilt 5° to 10°, but none fell over, and these tilts were not
sufficiently severe as to cause faults or warrant immediate replacement.
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Figure 3. Repair rate, overheads, using PSA (T = 3.0 seconds).
Fragility Models

We processed the damage data for PG&E's system in Napa to develop fragility models for overhead
distribution systems. For underground systems, the models factor in the performance of PG&E's
underground cables (generally constructed in ducts) as well as Orion's (Eidinger, Kempner 2013)
underground cables (generally constructed by direct burial).

Table 3 and the following formulae provide the recommended fragility models for PG&E's overhead and
underground distribution components for inertial shaking.

Table 3. Repair Rate, due to Shaking

Case, Style of distribution circuit kil k2 k3
1. Overhead primaries with overhead secondaries 1.0 1.0 0.8 to 1.25
2. Overhead primaries with undergrd. secondaries 1.0 0.75 0.8 to 1.25
3. Underground in non-filled duct 0.3 1.0 1.0
4. Underground in filled duct 1.0 1.0 1.0

Note: k1 reflects the type of construction of primaries. k2 reflects the type of construction of secondaries.
k3 is a factor for age effects: 1.25 if year of construction is 1945 or earlier; 1.0 if 1946 to 1990; 0.80 for

1991 or later.

Cases 1, 2. (Overheads).
RR,. = k1xk2xk3x(1.388x PSA,_;,—0.0415), PSA,_,, >0.03g; 0.0 otherwise

Cases 3, 4 (Underground). The damage rate is proportional to strain induced into the duct. Prior work
(G&E 2001) shows that the repair rate of buried pipes (and cables) is directly proportional to ground

strain, which in turn is proportional to PGV.
RR, =klxk2xk3x0.00187x PGV

shake

where RRgpaxe is repairs per km, PGV in inches/sec, and k1, k2, k3 are from Table 3.



The damage rates for feeders due to liquefaction and landslide are described in Table 4. The repair rate
model is:

RR, =klxk2xk3x PGD"**, PGD > 0.5 inches
RRiz =0, PGD < 0.5 inches

where RRiiq is repairs per 1,000 feet, and PGD is in inches; 0.0 if PGD < 0.5 inches.

Table 4. Repair Rate, due to Liquefaction and Landslide PGDs

Case kl k2 k3
1. Overhead primaries and secondaries 0.00125 1.0 0.8 to 1.25
2. Overhead primaries, UG secondaries 0.0025 1.0 0.8 to 1.25
3. Underground in non-filled duct 0.01 1.0 (duct has no 0.8 to 1.25
reinforcement)
0.125 (duct has
reinforcement)
4. Underground in filled duct 0.026 1.0 PILC 0.8 to 1.25
0.80 XLPE
or EPR

Note: k1 reflects the style of construction. k2 reflects the style of reinforcement. k3 is age effects, as
above.

Repair Logistics

One of PG&E's post-earthquake activities is to repair the damage in order to restore power to customers,
in a safe manner. The logistics to make the repairs includes the following. Identify from customer
feedback or direct observation by a PG&E crew where the damage and outages are located. For minor
events, customer-feedback (via "1-800" phone number call-in methods) might be sufficient. For major
events (like earthquakes), phone systems might be saturated or otherwise damaged, and relying only on
customer-call-ins is not likely to provide a clear picture of damage. Locate the damage for overheads by
visual observation and undergrounds using specialized test equipment. Back-office efforts by the power
company are also needed to provide the necessary coordination for all these activities.

Power Outage Forecasts for San Francisco

Using the fragility models outlined in this paper, we forecast the potential for power outages for the City
of San Francisco due to damage to the electric distribution system. The power grid for San Francisco,
includes 1,838 km of distribution feeders, 261 feeder circuits, and serves 400,855 customers. We ran a
suite of possible earthquakes, including San Andreas events from magnitude 6.0 to 8.0 in 0.2 magnitude
intervals, as well as two historic earthquakes for calibration: the 1989 M 7.0 Loma Prieta and 2014 M 6.0
Napa earthquakes. Using the fragility models outlined in this paper, there are essentially no power
outages forecast within San Francisco for the two historic earthquakes. Of interest are the "best estimate"
forecasts for power outages in three large earthquakes: M 6.6, 7.0 and 8.0 events that all rupture the
nearby Peninsula segment of the San Andreas fault. The chance of power outage at 13 selected water
pump stations are listed in Table 5.

Table 5. Chance of Power Outage to Water Pump Station
| Water Pump Station | M6.6 | M7.0 | M8.0 |




Allemany 27% 60% 74%
Bay Bridge 2% 10% 70%
Central 7% 26% 60%
Clarendon 18% 55% 75%
Crocker Amazon 9% 31% 52%
Forest Knolls 3% 12% 30%
Lake Merced 5% 18% 37%
Lane Street 22% 51% 65%
Lincoln Park 14% 50% 78%
McLaren Park 27% 60% 74%
Summit 12% 38% 66%
AWSS PS 1 1% 4% 69%
AWSS PS 2 4% 12% 39%

The large variation in chance of outage at each pump station reflects the style of construction of the feeder
circuit serving each specific pump station, the length of each circuit that traverses liquefaction or
landslide zones, and the varying level of shaking along each feeder circuit. The amount of PGDs due to
liquefaction and landslide will increase substantially with increasing magnitude and duration of shaking.
While the Napa earthquake showed that common installations can accommodate 10 to 20 cm of PGD,
considerable damage is still expected at PGDs that exceed 1 meter. Other factors that will contribute to
actual power outages include concurrent damage to the PG&E transmission system serving San Francisco
(not addressed in this paper), and emergency response actions that might occur, such as requiring power
to remain turned off until inspections for gas leaks or other issues are resolved.

The duration of power outages for specific customers will depend, in part, upon where PG&E elects to
initially assign its repair crews. Assuming repair crew sizes of 250, 500 or 1,000 people for the M 6.6, 7.0
and 8.0 earthquakes, the estimated time needed to restore power to all essentially all customers in San
Francisco is 0.6, 2.1 and 13.6 days, respectively. These outage times could be shortened if there is less
damage or if more repair crews are available.

Conclusions

Fragility models for overhead and underground distribution circuits were developed based on the
observations in the Napa earthquake. These allow forecast of damage due to shaking and well as PGDs
due to liquefaction, landslide or surface faulting. These fragility models were then used to forecast power
outage probabilities and durations for each water pump station in the City of San Francisco.

The promising findings are that PG&E has already taken some prudent actions to reduce major damage to
low voltage power distribution systems over the past 60 years. Even so, there remains much work that can
be done to further reduce the potential for power outages, and with diligent application, the remaining
weaknesses can be largely mitigated over the next decades.

Abbreviations and Units

kV =kiloVolt. OH = overhead. UG = underground. PGA = Peak Ground Acceleration. PGD = permanent
ground deformation. PGV = Peak Ground Velocity. 1 inch / sec =2.54 cm / sec. 1 mile = 1.60934
kilometers (km). 1 foot = 0.3048 meters. T = period (seconds).

References



The references are available at: http://www.geEngineeringSystems.com.

Eidinger, J., Kwasinski, A., Yashinsky, M., Andrew, J., Schiff, A., and Tang, A., 2014, South Napa M 6.0
Earthquake of August 24 2014, Rev. 2.

Eidinger, J., and Kempner, L., 2013, Performance of Buried High Voltage Power Cables due to
Earthquake Loads, presented at CIGRE, Auckland, New Zealand.

G&E, Seismic Fragility Formulations for Water Systems, Report 47.01.01 Rev. 1, 2001.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


