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January 4,2001


Mr. Richard Hibbard, P.E.
Department afEcology
P.O. Box 47600
Olympia, WA 98504-7600 -


Re: Third Hearth Monitoring Plan, Sulfuric Acid Removal


Dear Mr. Hibbard:


Thank you for your review of the revised monitoring plan for BP's Calciner Hearth
#3 Wet Electrostatic Precipitator (WESP) and acceptance letter dated July 11, 2000.
After submittal of the revised plan, during the final design, it was determined that 18
of the existing tubes in WESP #4 do not have to be removed from service to provide
clearance from the high voltage discharge electrode frame. The number of tubes and
the amount of collection area on page 4 of the monitoring plan have been updated to
reflect this design change. A minor improvement in the predicted particulate and
sulfuric acid mist collection will occur under some situations as a result of the change
since more collection surface area will be available. The justification document has
also been revised to reflect the changes.


.~


These slight changes are captured in the attached monitoring plan (Revision 1-3-01)
and monitoring plan justification (Revision C, 1-3-01). For your convenience, both
marked up and corrected copies are enclosed for your review and approval. As you
can see, nothing changes in the monitoring plan except the numbers on page 4. The
changes are scheduled to be completed between March 6 and April 1, 2001 while the
calciner is out of service for scheduled maintenance. Please call me at
(360) 371-1494 or contact me bye-mail at williwo@bp.com if you have any
questions.


Sincerely,


VI~ O.W~
Walter O. Williamson
Senior Environmental Engineer
Attachments
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RE: WESP #2 docs

		From

		Nuyens, Mark R

		To

		Dan Mahar

		Recipients

		RECIPIENTS/CN=DAN



Dan -

 

I found these documents in our files.  The "SWESP Plan 2001" (plan) is the document that we would like to modify.  The 2001 plan that resides in our files (and yours and DOE's too, I would imagine) has the date "1/3/2001" in the footer.  Unfortunately, the electronic version of the document has an automatic date-updater, which is why it reads "2/6/2006" in the footer.....I've always disliked that option.

 

The second document is Walt's 2001 letter that accompanied the plan to DOE.

 

Mark

 

 



  _____  


From: Dan Mahar [mailto:dan@nwcleanair.org] 
Sent: Thursday, January 26, 2006 9:40 AM
To: Nuyens, Mark R
Subject: WESP #2 docs





Mark-



 



After talking with Rich Hibbard (Ecology), I have assembled all the current compliance documents associated with the WESP #2. The two PSDs are attached as well as NWCAA RO #18. I don’t have an e-version of the monitoring plan but the hardcopy version that I have is dated 5/31/00 and I assume that it is the most recent. The fifth doc would be the AOP & SOB.



 



Please let me know if I’m missing anything or if you know of a more recent version of any of these prior to any discussions regarding WESP #2 maintenance or reconstruction activities.



 



Thanks,



 



Dan Mahar



Northwest Clean Air Agency



www.nwcleanair.org



 





SWESP Plan 2001.pdf
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Third Hearth Monitoring Plan: 
Sulfuric Acid Removal 



 
Synopsis 



This Monitoring Plan for the ARCO Cherry Point Refinery #3 Calciner Hearth, hereinafter referred to as the 
“hearth” -- 1) provides an overview of the petroleum coke calcining process and associated pollution control 
equipment, 2) describes the three modes of operation of the hearth and their respective impacts on sulfuric 
acid mist generation, 3) identifies the method of sulfuric acid mist removal, 4) defines which parameters will 
be monitored to demonstrate compliance, and, 5) sets forth a reporting and record keeping protocol as 
required by approval condition III in PSD permit No. PSD-95-01 for the hearth. 



 
Calcining Process Description 



“Calcining” describes the process wherein “green” (raw) petroleum coke is heated to an extremely high 
temperature in a rotary hearth to remove residual moisture and volatiles, producing a high purity carbon 
product that is used in the manufacture of anodes for the aluminum industry.  After initial light-off, calcining 
temperatures in the hearth are maintained solely by combustion of the residual volatile compounds in the 
green coke feed, normally without need of supplemental heat.   



The flue gases from the hearth are routed to an emission control system consisting of a (circulating caustic 
solution) scrubber and a wet electrostatic precipitator (WESP) system.  After quenching and caustic 
contacting in the scrubber, the cooled and scrubbed flue gas is routed to an array of five wet electrostatic 
precipitators (WESP’s).  The cleaned gas is then mixed with hot air to reheat the flue gas above the 
saturation temperature and is exhausted to atmosphere via a stack. 



 
Hearth Operating Modes  



“Normal Operating” Mode 



During normal operation of the hearth, green coke is fed to the hearth at a constant rate, sulfuric 
acid mist production is essentially constant, and a minimum of 4 WESP cells are operating.  Old 
WESP cells (2, 3, 5,  and 6) operate at or above a 40 kV secondary voltage and 50 milliamps DC 
secondary current.  The new WESP cell installed in 1999 (cell 4) operates at or above a 35 kV 
secondary voltage and 300 milliamp DC secondary current.  The new cell operating characteristics are 
different because of spiked discharge electrodes and larger collection area. 



“Startup” and “Shutdown” Modes 



Startup is defined as the period of time between initial introduction of green feed and achieving full 
production rate. During startup the WESPs will increase to normal secondary voltage and current.  
Shutdown is defined as the period of time between cessation of feed to the hearth and emptying the 
hearth of product.  Fuel gas burners are employed to preheat the hearth, to light off  the green feed, or 
to control cool-down as coke is discharged from the hearth, respectively.  As the combustion process 
is initiated or terminated, sulfuric acid mist production is low and secondary voltages and current can 
be below normal values without significant sulfuric acid mist emissions. 



 “Hot Standby” Mode 



During hot standby operation, hearth temperature is maintained by fuel gas burners alone; the hearth 
is empty of feed and product.  No sulfuric acid mist is produced during standby operation, since no 
calcining is occurring.  The secondary voltages and current on all WESP cells may drop below normal 
values since there is no significant acid mist or particulate in the flue gas.  Startups and shutdowns 
are preceded and followed, respectively, by “hot standby.” 
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Wet Electrostatic Precipitation -- An Overview 



Electrostatic precipitator technology is well-proven, having been in commercial use since the early 1900’s.  
There are presently in excess of 5,000 precipitators in operation in the United States and Canada in various 
services.  Electrostatic precipitators are widely accepted as the state of the art technology for particulate 
and sulfuric acid mist elimination, offering several key advantages over other pollution control technologies: 



• Low power consumption 



• Low pressure drop 



• High removal efficiency 



• Removal of sub-micron particles 



• Long run lengths with minimal maintenance 



• Low operating and maintenance costs 



Although physical arrangements and materials of construction differ from installation to installation, all 
WESP’s are comprised of some sort of containment vessel, vertical tubes or plates (collecting electrodes); 
vertical weighted wires, rods, or plates (discharge electrodes); AC-to-DC power supplies; and, for wet 
electrostatic precipitators, a flushing system to remove collected materials.  Cherry Point’s WESP’s are of 
the vertical, tubular design (see Figure 3). 



Although the theory of WESP operation calls upon many scientific disciplines to thoroughly describe it, 
simply put, it is essentially based upon the principle of imparting an electrical charge to particulates 
(aerosols and solids) suspended in the inlet gas stream of the WESP.  Once charged (by the discharge 
electrode/wire), particulates are drawn out of the gas stream to an electrode of the opposite charge 
(collecting electrode/tube) under the influence of an imposed electric field, and are collected.  A flushing 
system periodically removes the collected particulates from the collecting electrode.  Precipitation thus 
occurs in three steps; particle charging, particle collection, and particle removal. 



Particle CHARGING 



Particle charging is accomplished by imposing an electrical field between the discharge (wires) and 
collecting (tubes) electrodes in the WESP; DC power is provided by a transformer-rectifier (TR) set.  
This initiates a release of ions that flow from one electrode to the other (referred to as corona current 
flow).  Particulates and aerosols in the gas stream are charged as ions bombard -- and accumulate on -- 
the surfaces of the particles (see Figures 1 & 2).  Once charged, the particulate matter is “pulled” out of 
the gas stream, directed toward the collecting tubes under the influence of the imposed electric field.  
The amount of corona formation and the maximum potential gradient without sparkover establishes the 
“electrical operating point” (secondary voltage and current) of the WESP.  The output (secondary) 
voltage of the TR set varies as the sparkover voltage of the inlet gas stream varies, or until the current 
limit of the TR set is reached. 



Particle charging is subject to a combination of variables, some of which are not always easily 
predictable or readily identifiable.  Variables include particle size distribution, composition of the flue 
gas, temperatures, electrode configuration and spacing, and others.  For example, electrostatic forces 
are significantly greater on larger particles because they absorb a greater number of ions than do small 
particles. 



As suggested by Figure 2, particles are charged quickly when they first encounter the electric field; it 
can take much longer, though, to attract the charged particles to the tube wall.  The rate of particle 
movement toward the collecting electrode results from the force balance of electrostatic and drag forces.  
Larger particles are attracted more readily because of their higher negative charge.  However, factors 
such as gas temperature and velocity also play a part.  If the gas velocity is too high, the particles that 
are collected on the tube walls may be stripped off again and re-entrained in the gas stream. Gas 
temperature is also a factor, as gas density, viscosity, and relative humidity at saturation are directly 
affected by temperature.  As temperature decreases, the viscosity of the gas decreases -- reducing drag 
force -- and the gas density increases -- increasing drag force and  sparkover voltage but decreasing 
velocity. Also, as the temperature decreases, the relative humidity at saturation decreases -- decreasing 
the sparkover voltage.  The balance of these effects determine 
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the particle migration velocity and the required specific collecting area (total collection area divided by 
gas volume flow rate). 



Particle COLLECTION 



The electrical field in the collecting zones between the wires and tubes produces a force on a charged 
particle proportional to the magnitude of the field and to the charge.  The physical force on the charged 
particles is proportional to the square of the field strength, which underscores the importance of 
maintaining as strong an electrical field as possible. 



The collection process begins the instant the particle attains a charge sufficient to become attracted to 
the collecting surface under the influence of the imposed electric field.  The efficiency of this collection 
process depends largely on the speed with which the charged particle moves towards the collecting 
electrode (tube) -- this is known as migration velocity.  Migration velocity is directly proportional to the 
strength of the electric field and particle size, and is inversely proportional to gas viscosity.  The electric 
field strength, or potential gradient, is affected by wire-to-tube dimensions/clearances.  Low clearances 
produce a higher potential gradient, but a lower sparkover voltage. 



Particle REMOVAL 



Particulate removal is a comparatively simple process, accomplished by either gravity drop-out or 
periodic irrigation.  In the gravity drop-out configuration, the collected acid runs down the walls of the 
tubes to the precipitator bottom, where it is removed.  In “wet” units, the tubes and wires are flushed 
periodically with water, with the affected WESP cell power turned off during the flush.  Since Cherry 
Point’s WESP’s collect coke fines, in addition to acid mist, flushing is necessary on a periodic basis to 
remove coke residue from the wires and tubes and thereby maintain good electric field integrity. 



 
#3 Hearth WESP’s 



Cherry Point’s Hearth #3 WESP system (South WESPs) consists of four old cells and one new cell 
arranged in parallel configuration.  Each cell is connected to a common inlet and outlet manifold via a 
pneumatically operated butterfly isolation valve and blank-off plate (see Figures 3, 4).   



The old WESP cells are composed of cylindrical Fiberglass Reinforced Plastic (FRP) containment vessels 
that each hold 98 lead tubes (collecting electrodes) containing weighted lead wires (discharge electrodes) 
suspended in the tube centers. The tube collection area is 4,362 ft2 per cell.  The lead tubes in the 
precipitators at Cherry Point refinery are completely enclosed in an FRP containment vessel.  The new 
WESP cell is composed of 238 hexagonal tubes (collecting electrodes) made of 904L stainless steel.  The 
tube collection area is 11,822 ft2, which is more than twice as large as one of the old cells.  Centered in 
each tube is a discharge electrode consisting of a 1” pipe with embedded metal points.  The discharge 
electrodes are bolted to a rigid frame at the top and bottom. 



The connecting ductwork to each cell is designed to distribute the flow to each cell approximately 
proportional to the collection area of the cell.  The new cell #4 treats approximately twice as much flue gas 
as each of the old cells.  Balancing the flow in proportion to collection area maximizes the overall particulate 
collection efficiency of the system. 



Under normal operation, all five cells are in service and treating flue gas.  However, as indicated previously, 
the electrode surfaces of the WESP’s must be rinsed periodically to remove solids accumulations.  Flushing 
of the WESP’s is not critical to a particular time or time period at Cherry Point due to the very wet condition 
of the  flue gas being treated.  The tubes in each WESP are continuously being flushed by the liquids in the 
flue gas.  If the tubes became fouled with coke dust and other solids, the WESP performance would be 
impacted by sparking, which could result in lowering the secondary voltage and current.  The WESP’s are 
flushed on a periodic basis to ensure the tubes are kept clean.  The flushing sequence at Cherry Point is 
accomplished by a programmable controller system.  Each WESP is flushed approximately every 12 to 48 
hours. 



Should it ever be necessary to take any WESP out of service for an extended period (e.g., mechanical or 
electrical repairs), the hearth operates -- in compliance -- on four cells, with the short time period 
(approximately 10 minutes) for flushing being part of normal operation.  When one WESP is isolated for  
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Figure 3: Cherry Point WESP Arrangement (elevation view) 
 
 
 
 
 
 
 



 
 
 
 



 
Figure 4: Cherry Point WESP Arrangement (plan view) 
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repairs (e.g., 4-cell operation) and a flushing cycle begins on one of the remaining four cells, the three on-
line cells handle the full load during the flushing cycle. 



WESP Operating Parameters 



The “electrical operating point” of a WESP is the value of (secondary) voltage and current at which the 
WESP operates. It follows then, that maximum removal/collection occurs when the strongest electric field is 
present, which corresponds to the highest possible secondary voltage on the electrodes. Supply (primary) 
voltage and current on the other hand, are comparatively insensitive to changes in particulate loading.   



The lowest secondary voltage that produces electrostatic precipitation is that required to initiate a corona; 
the electrical discharge that produces the ions needed to charge the particles in the gas stream.  No 
secondary current will flow until the secondary voltage reaches this minimum value; secondary current will 
then increase -- steeply -- for secondary voltages above this minimum “corona value” until the maximum 
current density (a function of the imposed voltage and wire-to-collecting surface clearance) is reached .  
When the electrical field/voltage between the wire and tube becomes strong enough, arcing/sparking will 
occur; this effectively sets the upper limit for secondary voltage.  Cherry Point’s WESP’s are computer-
controlled to maintain as high a secondary voltage as possible at all times until either the secondary current 
limit or the spark rate limit is reached; automatic spark detectors/counters are employed to detect the onset 
of sparking at the maximum achievable secondary voltage. 



The WESP units are controlled by electronic controllers that strive to maintain the highest secondary 
voltage available without excess sparking or arcing.  The controllers are set up to increase voltage until a 
spark is indicated.  They then interrupt voltage to the unit for 2 to 3 cycles and then reapply voltage at a 
slightly lower value than when the spark occurred.  They will then ramp the voltage up until another spark is 
sensed.  The cycle is repeated for each of the units.  As the units continuously operate in the area of 
maximum voltage, they are at maximum efficiency. 



With electronic controls, the most accurate and reliable indicator of the WESP performance is secondary 
voltage.  Cherry Point’s operating experience indicate that a minimum secondary voltage of 40 KV DC on 
the old cells and 35 KV on the new cell is sufficient for the effective removal under normal operation of the 
hearth.  Voltage levels below this amount may indicate performance problems. 



A second indicator of performance is secondary current in the WESP.  Secondary current indicates corona 
onset which is required for the WESP to do its job.  Cherry Point’s operating experience indicates a level of 
secondary current above 50 milliamps DC on the old cells and 300 milliamps DC on the new cell is sufficient 
for the effective removal during normal operation of the hearth.  Current levels below this amount may 
indicate performance problems. 



Compliance Demonstration 



Compliance with the sulfuric acid mist limit in Approval Condition III of PSD-95-01 will be measured by 
monitoring the secondary voltage and secondary current on the WESP’s.  The hearth will be deemed in 
compliance when at least 4 WESP’s are operating with a secondary voltage greater than 40 KV DC and 
secondary current greater than 50 milliamps DC on the old cells, and 35 KV and 300 milliamps on the new 
cell when calciner hearth #3 is in the normal operating mode.  Operation at secondary voltages less than 40 
KV DC and/or secondary current less than 50 milliamps DC on the old cells and 35 KV and 300 milliamps 
on the new cell during startup, shutdown, and/or hot standby operations will also be deemed to be in 
compliance. 



The averaging period for the secondary voltage and secondary current will be 24 hours from midnight to 
midnight. 



After Turnaround Periods (approximately every 2 to 3 years)  the integrity of the WESP units will be 
determined by running an Air Load Test on each of the units.  This test consists of powering up the unit with 
air in the vessel.  Testing of the WESP shows variances  from the original construction and is a good 
indicator of tolerances inside the WESP. 
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Reporting & Recordkeeping Requirements 



Records of hourly average secondary voltages and secondary currents for the WESP’s and periods of 
startup, shutdown, and hot standby for the hearth will be maintained for a period of five (5) years, and will be 
available for inspection at the refinery. 



Monthly reports will be submitted which will include the following information: 



 1. Total source operating time in hours not counting startup, shutdown & hot standby; 



 2. The date and times when WESP secondary voltage or secondary current data was not collected, 
when the unit was operating normally and not in startup, shutdown, or hot standby. 



 3. An explanation of the periods when WESP secondary voltage or secondary current data was not 
collected and the unit was not in startup, shutdown, or hot standby. 



 4. Any time periods when fewer than 4 WESP’s were operating at greater than 40KV DC secondary 
voltage and 50 milliamps DC secondary current  for the old cells and 35 KV and 300 milliamps for 
the new cell for the averaging period and an explanation for each time period.  



Periods where WESP secondary voltage or secondary current is not collected due to a malfunction of the 
data collection system will be treated in the same manner as loss of record from a continuous emission 
monitor. 










WADOE 01-04-01 Calciner #3.pdf
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January 4,2001



Mr. Richard Hibbard, P.E.
Department afEcology
P.O. Box 47600
Olympia, WA 98504-7600 -



Re: Third Hearth Monitoring Plan, Sulfuric Acid Removal



Dear Mr. Hibbard:



Thank you for your review of the revised monitoring plan for BP's Calciner Hearth
#3 Wet Electrostatic Precipitator (WESP) and acceptance letter dated July 11, 2000.
After submittal of the revised plan, during the final design, it was determined that 18
of the existing tubes in WESP #4 do not have to be removed from service to provide
clearance from the high voltage discharge electrode frame. The number of tubes and
the amount of collection area on page 4 of the monitoring plan have been updated to
reflect this design change. A minor improvement in the predicted particulate and
sulfuric acid mist collection will occur under some situations as a result of the change
since more collection surface area will be available. The justification document has
also been revised to reflect the changes.



.~



These slight changes are captured in the attached monitoring plan (Revision 1-3-01)
and monitoring plan justification (Revision C, 1-3-01). For your convenience, both
marked up and corrected copies are enclosed for your review and approval. As you
can see, nothing changes in the monitoring plan except the numbers on page 4. The
changes are scheduled to be completed between March 6 and April 1, 2001 while the
calciner is out of service for scheduled maintenance. Please call me at
(360) 371-1494 or contact me bye-mail at williwo@bp.com if you have any
questions.



Sincerely,



VI~ O.W~
Walter O. Williamson
Senior Environmental Engineer
Attachments
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