ARCO Products Compar
Cherry Point Refinery
4519 Grandview Road

Mailing Address: Box 8100 »
Blaine, Washington 98231

Telephone 360 371 1500

October 7, 1999

Valerie Lagen

Northwest Air Pollution Authority
1600 S. Second Street

Mt. Vernon, WA 98273-5202

Dear Ms. Lagen:

Enclosed for your review and approval is a compliance plan for monitoring PM10 and H2S04
from Calciner No. 1 (Hearths #1 & #2). The compliance plan will measure operating parameters
on the pollution control equipment that is designed for removal of PM10 and H2SO4. This plan
1s patterned after a similar plan developed for Calciner No. 3 and approved by WDOE. Submittal
of the compliance plan within 6 months of initial startup is a requirement of NWAPA NOC No.
689. Hearths #1 &#2 started up in late June 1999. Operating data on the wet electrostatic
precipitators (WESPs) collected since startup, stack testing conducted in August 1999, and
engingering calculations were used to develop the plan. ARCO believes that continuous
compliance with the permitted limits for PM10 and H2SO4 will be proven by following the
compliance plan.

A copy of stack testing performed by Amtest Air Quality LLC in August 1999 is attached. The
test report fulfills the requirement for an initial performance test in NWAPA NOCs No. 660 and
689 and shows that the Calciner is in compliance with permitted limits. Three different operating
conditions on the WESPS were tested in order to gather data for the compliance plan including
operating with only 2 of the 3 WESPs in service. The test report shows that emissions were well
under permitted limits for all three operating conditions. Also attached are engineering
calculations by VECO Pacific, Inc. that were used to determine a lower end threshold for
secondary voltage. This parameter can not be tested since the computer controller will always
optimize the performance of WESPs to give the highest secondary voltage possible.

Calciner #3 was also tested since one of the 6 lead lined WESPs was replaced with a new WESP
identical to the WESPs installed for Calciner #1. The new WESP has over two times the
collection surface of the lead lined WESP it replaced.

Please call me at (360) 371-1494 if you have any questions about the compliance plan for
Calciner No. 1.

Sincerely,

Walter 0. Willkomacn.
\b:,lter O. Williamson RE@EEVEE

attachments 0CY 8 1999

Northwest Alr Polution
Authortty

APC-7008

ARCO Products Company is a Division ol AtlanticRichlieldCompany (9-95)



Calciner Stack No. 1 Monitoring Plan:
Particulate Matter and Sulfuric Acid Removal

Synopsis

This Monitoring Plan for the ARCO Cherry Point Refinery Calciner Stack No. 1 -- 1) provides an
overview of the petroleum coke calcining process and associated pollution control equipment, 2)
describes the three modes of operation of the Calciner hearths and their respective impacts on
particulate matter (PM) and sulfuric acid mist generation, 3) identifies the method of PM and 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 conditions 2.2.3 and 2.2.4 in the
authorization for Notice of Construction No. 689 for the Coker Unit and No. 1 Calciner Modifications.

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 SO, scrubbing system with a Quencher and a Polisher for gas-liquid contacting, and a wet
electrostatic precipitator (WESP). After quenching and caustic contacting, the cooled and scrubbed flue
gas is routed to an array of three wet electrostatic precipitators (WESPs). 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 Calciner Hearths #1 and #2 at a
constant rate. The flue gases from the two hearths are mixed upstream of the caustic scrubber.
PM and sulfuric acid mist production are essentially constant, and a minimum of 2 WESPs are
operating at or above a 35 kV secondary voltage and 300 milliamps DC secondary current.

“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 values of 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, PM and sulfuric acid mist production are low and
secondary voltages can be below normal without significant PM or 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 PM or sulfuric acid mist is produced during standby
operation, since no calcining is occurring. The secondary voltages on all WESPs 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:

e Low power consumption

* Low pressure drop

+ High removal efficiency

* Removal of sub-micron particles

* Long run lengths with minimal maintenance
o Low operating and maintenance costs

Although physical arrangements and materials of construction differ from installation to installation, all
WESPs 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/rod), 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 (rods) 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 WESPs 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.

Calciner Stack No. 1 WESPs

Cherry Point’s Calciner Stack No. 1 WESP system (North WESPs) consists of three cells arranged in
parallel configuration. Each cell is connected to a common inlet and outlet manifold via pneumatically
operated butterfly isolation valves and blank-off plate (see Figures 3, 4).

The WESP cells are composed of 248 hexagonal tubes (collecting electrodes) made of 904L stainless
steel. 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.

Under normal operation, all three WESPs are in service and are treating flue gas. However, as indicated
previously, the electrode surfaces of the WESPs must be rinsed periodically to remove solids
accumulations. Flushing of the WESPs 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 to a level below 35 KV DC. The WESPs 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 cell is flushed for a few minutes 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 two cells, with the short time period for
flushing being part of normal operation. When one WESP is isolated for repairs (e.g., 2 WESP

operation) and a flushing cycle begins on one of the remaining two units, the single on-line WESP
handles the full load during the flushing cycle.
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WESP Operating Parameters

The “electrical operating point” of a WESP is the value of (secondary) voitage and current at which the
WESP operates. It follows then, that maximum removal/coliection 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 rod and tube becomes strong
enough, arcing/sparking will occur; this effectively sets the upper limit for secondary voltage. Cherry
Point’s WESPs 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 35 KV DC 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 to charge the particles. Cherry Point's operating experience indicates a
leve! of secondary current above 300 milliamps DC 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 fine particulate and the sulfuric acid mist emission limits in Approval Conditions
1.2.3 and 1.2.4 on NOC No. 689 will be measured by monitoring the secondary voltage and secondary
current on the WESPs. The system will be deemed in compliance when at least 2 WESPs are operating
with a secondary voltage greater than 35 KV DC and secondary current greater than 300 milliamps DC
when either calciner hearths #1 or #2 are in the normal operating mode. Operation at secondary
voltages less than 35 KV DC and/or secondary current less than 300 milliamps DC when both calciner
hearths #1 and #2 are in the 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.

Reporting & Recordkeeping Requirements

Records of hourly average secondary voltages and secondary currents for the WESPs 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;
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2. The date and times when WESP secondary voitage 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 less than 2 WESPs were operating at greater than 35 KV DC secondary
voltage and 300 milliamps DC secondary current for the averaging period and an explanation for
each time period.

Periods where WESP secondary voltage or secondary current are 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.
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VECO PACHC, INC.

BY CAB DATE 10-5-99 PROJECT  ARCO Environmental Support SHEET NO. 1 OF 6

CHKD. DATE WESP Operating Plan Minimum Voltage JOB NO. 251000-1224

PROBLEM: Determine the minimum operating voltage for the new WESP cells that would
achieve the permitted particulate and sulfuric acid mist emission levels.

APPROACH: Use AMTEST data from August 10-12, 1999 for outlet emissions. Calculate
collection efficiency for each of 3 sets of run conditions. Use the efficiency for the outlet
particulate concentration from one run to predict the collection efficiency for the other two runs.
Base predictions on Deutsch equation for ESP sizing. Verify that predicted efficiencies are
reasonable. Use prediction method to determine voltage required to achieve the permitted
outlet concentration for particulate. Repeat procedure for sulfuric acid mist.

ASSUMPTIONS:
Assume WESP inlet concentrations are same as stack concentrations prior to installation (from
1996/1997 data):

Particulate: 0.024 gr/dscf @ 7% O

Sulfuric Acid: 15.41 ppm @ 7% O

Assume particle charging is sufficient to saturate charge on particles. Collection is limited by

voltage. This is supported by reasonable predictions of collection efficiency based on voltage
only.

AMTEST DATA:
Assumed Inlet  Measured Outlet  Collection Secondary Secondary
Particulate, Particulate, Efficiency, Voltage Current,
gridscf @ 7% O, gridscf @ 7% O, Particulate kV ma
Run #1, 3 cells 0.024 0.001 95.8% 47.3 803
Normal voltage
Run #2, 3 cells 0.024 0.002 91.7% 43.7 310
Reduced voitage
Run #3, 2 cells 0.024 0.002 91.7% 56.0 800

Normal voltage

‘C:\WINDOWS\TEMP\~0017897.doc



VECO PACHC, INC.

BY CAB DATE 10-5-99 PROJECT ~ ARCO Environmental Support SHEET NO. 2 OF

6

CHKD. DATE WESP Operating Plan Minimum Voltage JOBNO. ° 251000-1224

Assumed Inlet Measured Qutlet Collection

H2S0O,, H>SOs, ppm @ Efficiency,

pPM @ 7% O 7% O, H,SO,
Run #1, 3 cells 15.41 1.23 92.0%
Normal voltage
Run #2, 3 cells 15.41 3.59 76.7%
Reduced
voltage
Run #3, 2 cells 15.41 2.50 83.8%

Normal voltage

SOLUTION:

The Deutsch equation for sizing electrostatic precipitators is:

A

-®
n=1-e ¢ equation (1)
where: efficiency
effective migration velocity
collection area
volumetric flow rate

ores
IR

The effective migration velocity is given by:

[DBD jeovcvpdp
_\D+2 K. equation (2)
3u,

where: D = dielectric constant for the particle
€o = permittivity, 8.854x10™? coulombs/volt-meter
V. = strength of the charging electric field, volts
V, = strength of the precipitating electric field, volts
dp = particle diameter
g = gas viscosity
Ke = Cunningham slip correction factor

Note that everything in this equation for migration velocity for a given set of particles is a

constant except for voltage. Therefore, o is directly proportional to voltage squared (since the
charging voltage, V., is the same as the precipitating voltage, V).
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BY CAB DATE 10-5-99 PROJECT ARCO Environmental Support SHEET NO. 3 OF

6

CHKD. DATE WESP Operating Plan Minimum Voltage JOBNO.  ©  251000-1224
® <V, V, equation (3)
o=k, V? equation (4)
where: k4 = constant of proportionality to be determined experimentally

Then, by substitution into the Deutsch equation (1):

K22
n=1-e © equation (5)

Solving for k4 gives:

K, = V?A (1-m) equation (6)

The collection area for each WESP cell is 12,318 ft*. The effective migration velocity and the

proportionality constant, k4, are calculated for each run from data for efficiency, gas flow,
voltage, and collection area.

Particulate Collection

Collection Area, ft* Q, acfm Secondary Migration K1
Efficiency Voltage,  Velocity,
kilovolts ft/min

Run #1, 3 cells 95.8% 36954 134,000 47.3 11.5 0.00515
Normal voltage
Run #2. 3 cells 91.7% 36954 137,000 43.7 9.2 0.00482
Reduced
voltage
Run #3. 2 cells 91.7% 24636 146,000 56.0 14.8 0.00470

Normal voltage

Use equation (6) with k; determined from measured outlet concentration from one run to predict
the collection efficiency for other runs:

Measured Predicted Predicted Predicted
Efficiency, Efficiency Based Efficiency Based Efficiency Based
Particulate on Run#1 Data onRun#2Data on Run#3 Data

C\WINDOWS\TEMP\~0017897.doc




BY CAB DATE 10-5-99 PROJECT  ARCO Environmental Support SHEET NO. 4 OF 6

CHKD. DATE WESP Operating Plan Minimum Voltage JOB NO. - 251000-1224

Run#1, 3cells  9°-8% -~ 94.9% 94.5%
Normal voltage

Run#2 3cells ~ 917% 93.0% - 91.2%
Reduced

voltage

Run#3, 2 cells  91.7% 93.4% 92.1% -
Normal voltage

The comparison of predicted efficiency matches the measured efficiencies reasonably well,
validating the approach.

Meeting an outlet particulate concentration of 0.01 gr/dscf when the inlet concentration is 0.024
gr/dscf requires a collection efficiency of 58.3%. Solving equation (5) for V gives the voltage
required to achieve this collection efficiency:

Y A In(1-n) equation (7)
kV Required kV Required kV Required
Based On k1 from Based On k1 from Based On k1 from
Run #1 Data Run #2 Data Run #3 Data
3-cell operation 271 28.0 28.3
2-cell operation 33.1 34.2 34.7

CONCLUSION FOR PARTICULATE:

The particulate emission limit will be met with either 2- or 3-cell operation with a minimum
operating voltage of 35 kV.

Dropping the current from 800 ma (run #1) to 300 ma (run #2) does not noticeably affect the
quality of the predicted efficiency. The cells can operate at a low current of 300 ma.
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BY CAB DATE 10-5-99 PROJECT ~ ARCO Environmental Support SHEET NO. 5 OF

CHKD. DATE WESP Operating Plan Minimum Voltage JOB NO. - 251000-1224

Sulfuric Acid Mist Collection

Collection Area, ft* Q, acfm Secondary Migration ki
Efficiency Voltage,  Velocity,
kilovolts ft/min

Run #1, 3 cells 92.0% 36954 135,000 47.3 9.3 0.00414
Normal voltage
Run #2, 3 cells 76.7% 36954 135,000 43.7 53 0.00279
Reduced
voltage
Run #3, 2 cells 83.8% 24636 139,000 56.0 10.3 0.00328

Normal voltage

Use equation (6) with k, determined from measured outlet concentration from one run to predict
the collection efficiency for other runs:

Measured Predicted Predicted Predicted
Efficiency, Efficiency Based Efficiency Based Efficiency Based
Particulate on Run#1 Data onRun#2 Data on Run#3 Data

Run #1. 3 cells 92.0% -- 81.8% 86.5%
Normal voltage

Run#2, 3cells  /8.7% 88.5% = 82.0%
Reduced

voltage

Run #3, 2 cells 83.8% 89.9% 78.7% -

Normal voltage

The comparison of predicted efficiency matches the measured efficiencies fairly well, although
there is more scatter in the comparison that with the particulate measurements.

Meeting an outlet sulfuric acid concentration of 14.0 ppm when the inlet concentration is 15.41

ppm requires a collection efficiency of only 9.1%. Using equation (7) gives the voltage required
to achieve this efficiency:
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VECO PACHIC, INC.

BY CAB DATE 10-5-99 PROJECT ~ ARCO Environmental Support SHEETNO. 6 OF 6
CHKD. DATE WESP Operating Plan Minimum Voltage JOB NO. 251000-1224
kV Required kV Required kV Required
Based On k1 from Based On k1 from Based On k1 from
Run #1 Data Run #2 Data Run #3 Data
3-cell operation 9.0 9.3 9.4
2-cell operation 11.0 11.3 11.5

CONCLUSION FOR SULFURIC ACID:

requirements.

The required voltage to meet the sulfuric acid emission limit is so low that it is likely corona
would not be formed and precipitation would not occur. However, this analysis shows that the
sulfuric acid mist removal requirement does not limit the WESP performance. Operating the
WESP a minimum voltage of 35 kV will satisfy both particulate and sulfuric acid mist removal
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May.
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STATE OF WASHINGTON
DEPARTMENT OF ECOLOGY

PO Box 47600 » Olympia, WA 98504-7600 * 260-407-6000
711 for Washington Relay Service « Persons with a speech disability can call 877-833-6341

May 2, 2007

Dave Ringwald
British Petroleum
P.O. Box 8100
Blaine, WA 98231

Dear Mr, Ringwald:

Third Hearth Monitoring Plan, Sulfuric Acid Removal

The Washington State Department of Ecology’s Air Quality Program reviewed the revised
monitoring plan for British Petrolenm’s Calciner Hearth #3 Wet Electrostatic Precipitator dated
September 20, 2006. The Air Quality Program and the Northwest Clean Air Agency agree the
plan will result in the proper operation and maintenance of your Wet Electrostatic Precipitator.
If you would like to discuss this further, please call me at (360) 407-6896.

Sincerely,

4/ 6 N/

Richard B. Hibbard, P.E.
Project Engineer

RBH:te

cc:  Dan Mahar, NWCAA

s — VeV Y



BP Cherry Point Refinery Revision Date 9/20/2006
Calciner Hearth #3 Monitoring Plan

BP Cherry Point Refinery — Calciner Hearth #3 Monitoring Plan

Synopsis - This Monitoring Plan for the BP Cherry Point Refinery #3 Calciner Hearth, hereinafter
referred to as the “hearth”

* Provides background information of the regulatory history and findings associated with permit
actions, applicable permits conditions, and emission limitations.

e Provides an overview of the petroleum coke calcining process and associated pollution control
equipment,

® Describes the modes of operation of the hearth and their respective impacts on sulfuric acid
mist and particulate generation,
Describes the method of sulfuric acid mist and particulate removal,

® Describes the methods used for estimating emission under the under a wide variety of
operating scenarios

¢ Defines which operating parameters will be monitored to demonstrate compliance under all
operating scenarios, and,

® Sets forth monitoring, reporting and record keeping protocols as required by approval
condition III in PSD permit No. PSD-95-01 for the hearth and AOP condition 5.8.16.

1.0 Source Regulatory Background and Permitting History

BP (formerly ARCO) Cherry Point refinery received approval from the Washington Department of
Ecology (WDOE) to construct and operate a third coke calcining hearth on December 20, 1984 (See
PSD-3). PSD-3 approved the following:

475,000 tons/year of calcined coke production,

Expanded material handling capacity for coke,

Additional baghouses for control of particulate from coke handling systems,

Two stage combustion system as BACT for NOx,

Flue gas cleaning system consisting of a wet scrubber for SO2 control as BACT for SO2

In addition, PSD-3 established the following emission limitations

90% removal of all SO2 that enters the scrubber.
20% Opacity (average over 3 minutes in any hour)

° 160 ppm SO2 @ 7% oxygen (calendar day average)

e 0.01 grains particulate/dscf @ 7% oxygen (any sixty minute period)
e 504 ton SO2/year

o 26 tons particulate/year

e 373 tons of NOx/year

[ J

L

Permit PSD-3 was rescinded and re-issued by WDOE on January 20, 1989 to increase the nitrogen
oxides emission limit (See PSD-89-2). Condition 2 of PSD-89-2 established the existing wet scrubber
in combination with a wet electrostatic precipitator as BACT for sulfuric acid mist, SO2 and
particulate and increased the annual emission limit for NOx to 509 tons/year.

In 1994 ARCO requested that PSD-89-2 be modified further to include up to 80 tons/year of sulfuric
acid mist emissions. On March 15, 1995 WDOE issued PSD-95-01. PSD-95-01 added the following
emission limitations for sulfuric acid mist:

e 18.3 Ib/hr (24 hour average)
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¢ 50 mg/cubic meter (24 hour average)

PSD-95-01 also established a requirement to submit a WESP monitoring plan for approval by WDOE
and to conduct a source test program while the calciner was operating in “the most limiting condition”
in the monitoring plan.

In March 2007 NWCAA issued OAC #895 in response to a Notice of Construction for installation of
two new WESP cells. The two sulfuric acid mist limits established by PSD 95-01 were retained, but
the averaging period was changed from 24-hour to a 60 minute rolling average. The PM-10 and
opacity limits established in PSD 3 was retained unchanged.

Operating limits for both “old”” and “new” WESP cells established in the original monitoring plan
were adopted in OAC #895

® “Old” cells shall be operated with a secondary voltage greater than 40 KV DC and secondary
current greater than 50 milliamps.

e “New” cells shall be operated with a secondary voltage greater than 35 KV DC and secondary
current greater than 300 milliamps.

In addition, OAC #895 defines the term “Specific collection area” (SCA) and an operating limit is
established for the parameter. Section 1.5 of this monitoring plan presents a detailed discussion of
SCA and its relationship to emission control in a WESP. OAC # 895 establishes a minimum operating
limit for SCA of 126 ft*/1,000 acfm for any 60 minute period, and a monitoring/recordkeeping
requirement for 10 minute average SCA values for the WESP system.

Table A — Correlation of PSD and AOP Permit Conditions

PSD Permit Air Operating
PDS Permit Condition Permit Condition Regulated
Number Number Number Pollutant
PSD-89-2 2(g) 5.8.11 Opacity
PSD-89-2 2(b) & 2(d) 5.8.12 PM/PM10
PSD-89-2 2(a) & 2(¢) 5.8.13 SO2
PSD-89-2 2(f) 5.8.14 SO2
PSD-89-2 2(e) 5.8.15 NOx
PSD-95-01 LIL&V 5.8.16 H2S04

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.
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“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 series of WESP cells operating in parallel from a
common inlet header and discharging to a single stack. 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(s)
operate 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 WESP’s 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 het standby operation, hearth temperature is maintained by fuel gas burners alone; the hearth
is “rabbled-off”, feed is stopped, and the hearth stops rotating. 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.”

1.2 Hearth #3 Calciner Wet Electrostatic Precipitator Description

Cherry Point’s Hearth #3 WESP system (South WESP’s) consists of a series of old cells and new
cell(s) 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 11,652 fi2, 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 operational cells are in service and treating flue gas. However, the
electrode surfaces of the WESP’s must be rinsed periodically to remove solids accumulations. The
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
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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 can continue to operate -- in compliance -- on fewer than the full
compliment of operational cells, with the short time period (approximately 15 minutes) for flushing
being part of normal operation. When one WESP cell is isolated for repairs and a flushing cycle begins
on one of the remaining operational cells, the online cells handle the full load during the flushing
cycle. An estimate of emissions during each operating scenatio is presented in section 1.4 of this plan.
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Figure 5 — WESP Cell Configuration after Figure 6 — WESP Cell Configuration after
1*! Cell Replacement Project 2" Cell Replacement Project

Cherry Point currently has a cell replacement program in progress that will replace two old style cells
with new cells. Two “old” cells are expected to be replaced with a “new” cell in 2007. Two more
“old”cells will be replaced with a “new” cell no later than 2008. At the completion of the replacement
program the WESP will consist of three “new” cells. As stated above, the newer cells have more than
twice the collection area of the old cells. Figures 5 and 6 schematically show the WESP cell
configuration after the first and second cell replacement projects. This monitoring plan is written is a
manner to apply to all foreseeable operating scenarios during the transition to all new style cells in the
WESP.

1.3 Wet Electrostatic Precipitator Performance

During normal operation of the hearth, green coke is fed to the hearth at a constant rate, and particulate
matter and sulfuric acid mist production occur at constant rates. Collection efficiency of the WESP
system is a function of three variables

1. Total area of all collection plate in the available WESP cells
2. Total volumetric flow of the gas stream.

3. Migration rates of the target pollutants in the electrical field created in the WESP cells.

When these values are known, pollutant removal efficiency can be calculated using the Deutsch
equation:

p=e (equation 1)

Where:
p = Fraction of particles escaping the ESP
w= Effective migration velocity of the pollutant particle in the electrical field
A= collection area efficiency of the WESP system (all cells operating)
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Q= volumetric flow rate of the gas

Efficiency can be expressed both in terms of (p) and as a ratio of the mass of particles exiting
the WESP divided by the mass of particles entering the WESP. Therefore:

Eff=(1-p) (equation 2)
Ce=(Cin) x (1- Eff) (equation 3)
Where:
Cg= Concentration of pollutant exiting the WESP system
Cin= Concentration of pollutant entering the WESP system
Eff= Fractional proportion of the total mass of pollutant collected/removed in the WESP

Substituting equation 1 into equation 2 allows efficiency to be calculated for each pollutant
species affected by the WESP:

Eff = l—e_w(gj

(equation 4)

The variables in equations 1-4 can be evaluated and emissions estimates can predicted for the
WESP operating scenario where three “old cells” are operating.

Collection Area (A) -- The WESP system for calciner hearth #3 consists of a series of two types of
cells operating in parallel and combining exhaust into a single stack (Stack #2). The original WESP
cells have an area of 4,362 ft>. At the reduced operation condition described in this supplemental
mon itoringzplan only three “old cells” are operating. Therefore, the collection area for the three cells
is 13,086 ft".

The WESP cells must also undergo a flush cycle where collected particulate matter and sulfuric acid
are removed from the walls of the collector tubes. Each flush is automatically controlled and lasts for
15 minutes. Flushes typically occur every 30-36 hours. For the purposes of estimating emissions
from the three flushes several assumptions are made.

The shortest averaging period in the emission limits for particulate emissions is one hour. Therefore,
the conservative assumption is made that the maximum hourly emissions occurs when one cell with
the largest collection area is in flush mode for 15 minutes of the one hour averaging period. For the
remaining 45 minutes of the hour, the emission estimate assumes all cells used in the operating
condition are on-line.

Migration rate (w) — The migration rate has been calculated for both sulfuric acid mist and particulate
matter using data from a series of source tests conducted on the WESP system operating on Calciner
#3.
WH2s04 = 14.2 ft/minute
wem = 25.9 ft/minute
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Volumetric Flow Rate (Q) — Combustion air supplied by a forced draft fan into the hearth is
modulated to maintain the temperature of the coke in the hearth and percent excess oxygen in a fairly
narrow band. Accordingly, flow rate from the calciner is correlated with production rate. As part of
the development of this monitoring plan flow rates were measured at three different production rates.
Feed rates were established at each production rate condition and allowed to stabilize for a minimum
of 90 minutes. Three flow measurements were taken at each production condition. The data collected
are presented in Table 1 below. Figure 7 shows the graphical relationship and the least square linear
equation developed to predict approximate flow rates at various production rates.

Table 1 — Calcined Coke Production vs. Stack Flow Rate

Stack
Flow Production
Start Stop Rate Rate
Condition Date Time Time (ACFM) | (tons/hr)
8/15/2006 | 13:45 13:56 | 127,594 52.6
1 8/15/2006 | 14:05 14:17 | 124,355 53.0

8/15/2006 | 14:20 14:31 | 124,672 52.4
8/15/2006 | 16:57 17:17 | 108,090 45.3
2 8/15/2006 | 17:19 17:28 | 109,668 45.9
8/15/2006 | 17:30 17:42 | 111,096 46.3
8/16/2005 | 8:30 8:43 93,416 343
3 8/16/2005 | 8:47 8:54 89,438 34.6
8/16/2005 | 8:.57 9:05 92,090 34.2
Figure 7

Calciner Hearth #3 - Stack Flow Rate vs. Production Rate
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Figure 1 — Correlation of Flow Rate with Production Rate

Annual source testing of hearth #3 has demonstrated that the ratio of actual volumetric flow rates in
the stack to standard volumetric flow rates is very consistent. Table 2 below shows the data collected
over the preceding three years of source testing. Actual stack volumetric flow is used in the estimation
of emissions, while emission limits are in the standard gas volumes. Therefore, a conversion from
actual volume to standard volumes is used when converting from actual gas volumes to standard gas
volumes. The ratio of 0.669 dscf/acf is used in the estimation of emission rates for sulfuric acid mist
and particulate so they may be compared to applicable emission limits.

Table 2 — Calciner Hearth #3 Stack Flow Rates

Year Stack Flow Stack quw Ratio
(Actual ft3/min) | (Std ft3/min)

2004 128,144 86,178 0.673

2005 142,545 95,167 0.668

2006 133,143 90,016 0.668

Average 134,611 90,454 0.669

Concentration Entering the WESP (C;,) -- The mass of pollutant entering the WESP system per unit
time varies as a function of the mass of coke calcining in the hearth at the time. Calcining
temperatures and excess oxygen in the hearth must be carefully controlled to produce the target
density of the final product. As Figure 1 shows, the total flow from the calciner hearth is related to the
mass of the coke being processed per unit time. The concentration of the pollutant entering the WESP
is not often measured. For the purposes of estimating emissions the concentration of pollutant
entering the WESP is considered to be constant throughout the range of production rates used for this
monitoring plan.

1.4 Example of Emission Estimation for an Operating Condition

The following example compares the emission estimates while operating three “old cells” with the
emission limits in PSD-95-01 and PSD-89-2.

Total collection area (A) = 13,086 fi2 (when three cells operating)
= 8,724 fi2 (when two cells are operating and one is in flush cycle)

For purposes of this example the minimum flow rate case used (see Table 1) has been selected.
Estimated flow rate (Q) = 90,000 acfm

(obtained from equation in Figure 7)

Evaluating the Deutsch equation for sulfuric acid mist removal efficiency is as follows:

13,086

-(14.2 ( J
Eff =|1-e 200007 1=0.873
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Ce = (178.9 mg/dscm) x (1- 0.873) = 22.8 mg/dscm H2S04

The emissions during the 15 minute flush cycle are calculated as follows:

8,724

—14.2[ )
Eff =|1-e V% =0.747

Cg = (178.9 mg/dscm) x (1- 0.747) = 45.3 mg/dscm H2S04

For this operating scenario three WESP cells are operating. The normal flushing cycle occurs
approximately every 36 hours for each cell, so no more than three flushes generally occur in any 24
hour period. This makes the total flush time 45 minutes in any 24-hour period. Therefore, the overall
emissions for the 24-hour averaging period applicable to the sulfuric acid mist emission limit are
calculated as follows:

[(22.8)1440 - 45)+ (4
1440

5'3)(45)] =23.5mg/dscm

The emission rate for sulfuric acid mist is calculated as follows:

(23 .5 mg/dscm )(2.21x10’6 Ib/mg X0.028 dscm/dscf )(90,000 acf/min )(0.688 dscf/acf )(60 min /hr) =5.2 Ib/hr

Evaluating the Deutsch equation for particulate matter (PM) removal efficiency is as follows:

13,086

1 _25'9)[90,000] _
Eff =|1-e =0.977

CE = (0.262 gr/dscf) x (1- 0.977) = 0.0061 gr/dscf

The emissions during the 15 minute flush cycle are calculated as follows:

8,724

11 _(25'9)(90,000J _
Eff =|1-e =0.918

CE = (0.262 gr/dscf) x (1- 0.918) = 0.0214 gr/dscf

Therefore, the overall emissions for the one hour averaging period applicable to the PM emission limit
are calculated as follows:
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[(0.0061)(45)62 (0.0214)15)] _ 1000 ar/ dscf

1.5 Use of Specific Collection Area in Estimating Emissions

Specific collection area (SCA) is a parameter commonly used in design of electrostatic precipitators
and may also be used to estimate emissions. The SCA is the total collector plate area divided by the
gas volume flow rate through the WESP system, which is simply (A/Q) in the Deutsch equation,

During periods with no flushing, the fractional sulfuric acid mist removal efficiency required to meet a
limit of 50 mg/dscm with an inlet concentration of 178.9 mg/dscm is 0.721. With a sulfuric acid mist
migration velocity of 14.2 fi/min, the minimum SCA required to meet the emission limit is 90
ft*/kacfm.

Similarly the fractional particulate removal efficiency required to meet a limit of 0.01 gr/dscf with an
inlet concentration of 0.262 gr/dscf is 0.962 during period without flushing. With a particulate
migration velocity of 25.9 ft/min, the minimum SCA required to meet the emission limit is 126

ﬂ:f kacfm. Therefore, particulate is the limiting pollutant and the minimum required SCA is 126
ft*/kacfm.

WESP operating scenarios may vary depending on the combination of old cells and new cells that are
on-line at any time. Table 3 below shows some of the possible operating scenarios that may occur
during and after the WESP cell replacement projects. Since flushing normally occurs at intervals of
every 30-36 hours these emissions estimates represent between of 95% and 97% of all hours of
operation.

Table 3 — WESP Cell Operating Scenarios and Estimated Emissions (Without Cell Flushing)

Allowable
alCH | #I5F Collection | Gas Flow,
Ol | New Area (ﬁz) acfm
Cells | Cells

1 0 4,362 34,600
2 0 8,724 69,200
0 1 11,652 92,500
3 0 13,086 103,900
1 1 16,014 127,100
4 0 17,448 138,500
2 1 20,376 161,700
0 2 23,304 185,000
3 1 24,738 196,300
1 2 27,666 219,600
4 1 29,100 231,000
2 2 32,028 254,200
0 3 34,956 277,400

As described in section 1.2, the flushing of cells to remove accumulated particulate and sulfuric acid is
part of normal operations of the WESP. In order to maintain compliance with the emission limits in
PSD-95-01 and PSD-89-2 under all of the above operating scenarios, emissions must be estimated for
each pollutant over all applicable averaging periods including periods of cell flushing.
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For hourly averages the “worst case” flushing scenario assumes the cell with the largest collection area
is flushing. For 24 hour averages, all cells are assumed to flush once. In both the hourly and 24 hour
average emission estimates, the collection area used in the Deutsch equation is the sum of the
collection areas for the cells not in flush mode. Estimates of 24 hour average emissions are also made
for operating scenarios where both old and new cells are present. In these scenarios, separate emission
estimates are made when each type of cell is flushing. The emission estimate for each type of cell
flush is then time weighted over the 24 hour averaging period and summed with emissions during the
non-flush periods.

The following equations shows the general formula used for estimating emissions under all operating
scenarios and both the one hour and 24 hour averaging periods.

o {asX®)+[05)E )
T-1hr 60

Where:
Er.inr = One Hour Average Emission Rate during an hour when the cell with the
largest collection area in the operating scenario is flushing.
E = Emission rate for the pollutant when all cells in the operating scenario are
operating (nton in flush mode).
Er = Emission rate of the operating cells When the cell with the largest collection
area is flushing.

{1440 (N, +No Ja5)]x (B)}-+ [N MUSKE o )]+ [(No Y SKE, )]

B = 1440

Where:

Er.24ne = Average Emission Rate during a 24 hour period in which all cells

in the operating scenario have flushed one time.
E = Emission rate for the pollutant when all cells in the operating scenario are

operating (non in flush mode).

Enr = Emission rate of the operating cells when one new cell is flushing.

Eor = Emission rate of the operating cells when one old cell is flushing.

Ny = Number of new cells in the operating scenario

No = Number of old cells in the operating scenario

Table 5 below provides estimated emissions for all operating conditions in using the equations above
to account for periods in increased due to flushing. Both the one hour and 24 hour averages are
provided as appropriate for each pollutant.

In addition the following example estimates show how emissions are estimated for the operating
scenario representing the smallest total collection area (e.g. Three old cells with no new cells
operating). The emission estimates for the example scenario are summarized in Table 4. Emissions
are estimated in an analogous manner for all operating scenarios and are presented in Table 5.

Total collection area (A) = 13,086 ft2 (when three old cells operating)

= 8,724 1i2 (when two old cells are operating and one is in flush
cycle)
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Estimated flow rate (Q) = 90,000 acfm
Evaluating the Deutsch equation for sulfuric acid mist removal efficiency is as follows:

13,086

—(14.2 ( )
Eff =[1-e V%% 1-0.874

CE = (178.9 mg/dscm) x (1- 0.874) = 22.5 mg/dscm H2S04

The emissions during the 15 minute flush cycle are calculated as follows:

8,724

11 _(14'2)(90,(.}00) _
Eff =|1-e =0.748

Cg = (178.9 mg/dscm) x (1- 0.748) = 45.1 mg/dscm H2SO4

Therefore, the overall emissions for the 24-hour averaging period applicable to the sulfuric acid mist
emission limit are calculated as follows:

[(22.5)1440 — 45)+ (45.1)45)]
1440

=23.3mg/dscm

The emission rate for sulfuric acid mist is calculated as follows:

(23.3mg / dscm)(2.21x10’6 Ib/ mg)(o.ozsdscm / dscf (89,812acf /min )1 - 0.215dscf / acf X60 min/ hr) = 6.1b/ hr

Evaluating the Deutsch equation for particulate matter (PM) removal efficiency is as follows:

o\ 13,086

1. s, )(90,000) _
Eff =(1-e =0.977

Cg = (0.262 gr/dscf) x (1- 0.977) = 0.0060 gr/dscf

The emissions during the 15 minute flush cycle are calculated as follows:
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8,724

1 ~ 59)(90,000) .
Eff =|1-e =0.919

CE = (0.262 gr/dscf) x (1- 0.919) = 0.021 gr/dscf

Therefore, the overall emissions for the one hour averaging period applicable to the PM emission limit
are calculated as follows:

[(0.0061)(45)+(0.0214)15)]
60

=0.00993gr/ dscf

Table 4 below compares the estimated emissions of each pollutant and compares it to the permit
conditions in Permit No. PSD-95-01 and Permit No. PSD-89-2.

Table 4 — Estimated Emissions for Three Old WESP Cells Operating

Pollutant Estimated Applicable Averaging
Emissions Emission Limit Period
Sulfuric Acid Mist | 23.5 mg/dscm 50 mg/dscm 24 hours
Sulfuric Acid Mist 5.2 Ib/hour 18.3 Ib/hr 24 hours
Particulate Matter | 0.0099 gr/dscf 0.01 gr/dscf 1 hour

Using the same steps in the above example estimate and the equation above for evaluating Eqoq,, (24
hour average emissions with each cell of the operating scenario flushing once), the emission estimates
for each operating scenario are presented in Table 5 below.

Note that operating conditions shaded in gray are allowable operating conditions when no flushing is
occurring or the calciner is in “Hot Standby” mode. At the end of operating conditions, the calciner
will go into hot standby prior to the initiating of a flush cycle on any WESP cells.

In each operating condition in Table 5 the maximum flow rate case was used that would maintain
compliance with all emission limits. The emission estimates in Table 5 assume all cells are operating
during periods except during flushing. Hourly emissions are estimated using the largest cell in flush
mode for 15 minutes of the hour. The daily average emissions are estimated over a 24 hour period
with each cell in flush mode once and with each flush occurring in a separate hour.

The data in Table 5 indicates the minimum SCA necessary to maintain compliance with all emission

limits is for each operating condition. By maintaining the SCA above the minimum value, compliance
with all applicable emission limits can be assured.
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Table 5 — Estimated Emissions for All Operating Scenarios (Including Emissions during Cell

Flushing)

peming [ 1ot [ 190 [ ot | i | ity | ooy v misions
# Celis | Cells | AT@@®) | Area HzS0, PM H:S0, | H:S0, | PM
(ft'”/kacfm) | (mg/dscm) | (gr/dsch) | (mg/dscm) [ (Ib/hr) | (gr/dsch)

1 1 0 4,362 126 29.8 0.010 29.8 2.5 0.010
2 2 0 8,724 126 29.8 0.010 29.8 5.1 0.010
3 0 1 11,652 126 29.8 0.010 29.8 6.8 0.010
4 3 0 13,086 126 29.8 0.010 29.8 7.6 0.010
5 1 1 16,014 126 29.8 0.010 29.8 9.4 0.010
6 3 0 13,086 145 28.6 0.010 23.7 53 0.0067
7 1 1 16,014 269 18.7 0.010 4.6 0.7 0.0007
8 4 0 17,448 138 292 0.010 25.9 8.1 0.0078
9 2 1 20,376 186 24.1 0.010 13.5 3.7 0.0026
10 0 2 23,304 168 259 0.010 17.2 5.9 0.0039
11 3 1 24,738 163 26.5 0.010 18.4 6.9 0.0043
12 1 2 27,666 155 274 0.010 274 9.1 0.0052
13 4 1 29,100 152 21.1 0.010 213 10.1 0.0055
14 2 2 32,028 148 28.2 0.010 22.6 12.1 0.0061
15 0 3 34,956 145 28.6 0.010 237 142 0.0067

(1) Includes emissions during a one hour period when the largest cell in the operating scenario is in flush mode
(2) Includes emissions during a 24 hour period when all of the cells in the operating scenario have been in flush mode one time,

2.0 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 electrode.
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.

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(s) is sufficient for the effective removal under
normal operation of the hearth. Voltage levels below this amount may indicate performance problems.
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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 cells provides migration rates equal to or greater than those assumed in this monitoring
plan. Current levels below this amount may indicate performance problems.

3.0 Source Testing

Source testing of the outlet stack of the WESP system is conducted on an annual basis to demonstrate
compliance with the applicable emissions limits. Cherry Point may elect to conduct source testing to
demonstrate that an operating condition not listed in Table 5 (including specific collection area and the
number and type of WESP’s operating) complies with the applicable emission limits.

When conducting source tests during operating conditions not listed in Table 5, the calciner will be
operated at the new condition (i.e. specific collection area, WESP configuration) for no more than 120
minutes prior to the beginning of source testing. The operating condition will be sustained throughout
the time necessary to complete at least three source tests (minimum one hour duration) for sulfuric
acid and particulate emissions. At the completion of the source test, the calciner will return to one of
the operating conditions in Table 5.

If source testing confirms that emissions were in compliance with applicable emission limits, the new
operating condition will be deemed to comply with the requirements of this monitoring plan. If no
WESP cell flush occurs during the source tests, no cell flushing will be allowed during the new
operating condition.

Cherry Point may also elect to conduct source testing of stack flow rates using EPA methods 1-4. The
data from the tests may be used at any time to establish new correlations for production rate and stack
flow rate.

4.0 Compliance Demonstration

Compliance with the sulfuric acid mist limits in of PSD-95-01 Approval Condition IIT and AOP
Condition 5.8.16 as well as particulate emission limits in PSD 89-2 Condition 2(b) and AOP
Condition 5.8.12 will be measured by monitoring the secondary voltage and secondary current on the
WESP’s. The hearth will be deemed in compliance when all of the following conditions are met:

1. Calciner hearth #3 is in a “Normal operating mode” as described in section 1.1 of this
monitoring plan. (Note: Periods of start-up, shut down, or hot standby described in
section 1.1 are not considered normal operations, but are deemed to be in compliance)

2. The WESP system is operating in one of the configurations listed in Table 5 and the
specific collection area (SCA) of the WESP system is greater than or equal to the SCA

for that operating condition, and

3. All “old cells” in the WESP’s operating configuration are operating with a secondary
voltage greater than 40 KV DC and secondary current greater than 50 milliamps DC, and

4. All “new cells” in the WESP’s operating configuration are operating with a secondary
voltage greater than 35 KV and secondary current greater than 300 milliamps.
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The averaging period for the secondary voltage and secondary current will be 24 hours from midnight
to midnight.

4.1 Reporting & Recordkeeping Requirements

1. Records of the 24-hour average secondary current and secondary voltage shall be maintained
for each WESP cell in operation. The 24-hour average period shall begin at 12:00 a.m. of
each day and end at 12:00 a.m. of the following day.

2. Periods where WESP secondary voltage or secondary current data are 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 NWCAA “Guidelines for industrial Monitoring
Equipment and Data Handling™).

3. During periods of normal operation the specific collection area (SCA) for each hour shall be
maintained.

4. A record of the number of “old cells” and “new cells” in operation shall be maintained for
each day of normal operations. If the number of “old cells” or “new cells” in operation
change during any day, the time of the change shall be recorded to the nearest whole hour.

5. Records of calendar day average secondary voltages and secondary currents for all WESP
cells during periods in which they operate.

6. Periods when hearth #3 is deemed to be operating in startup, shutdown, and hot standby will
also be recorded. All records described above will be maintained for a period of five (5)
years, and will be available for inspection at the refinery.

Monthly reports will be submitted no later than 30 days following the close of each calendar month
reporting period, and will include the following information:

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

2. All hours when the WESP system operated with an SCA less than minimum established in
Table 5 for the operating condition of the WESP system. An explanation of all such periods
shall be included.

3. Any time periods when “old cells” were not operating at greater than 40KV DC (24 hour
average) secondary voltage and 50 milliamps DC secondary current (24 hour average), and an
explanation for each time period.

4. Any time periods when “new cell(s)”” were not operating at greater than 35 KV DC secondary
voltage (24 hour average) and 300 milliamps DC secondary current 24 hour average), and an
explanation for each time period.
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Appendix A - 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, tubutar
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 the particle migration velocity and the
required specific collection area (total collection area divided by gas volume flow rate).
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PARTICLE COLLECTION

The electrical field in the collecting zone 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.
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ARCO Cherry Point Refinery
4519 Grandview Road
Blaine, Washington 98230
Telephone 360 371 1500

N
A4

January 4, 2001

Mr. Richard Hibbard, P.E.
Department of Ecology
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 by e-mail at williwo@bp.com if you have any
questions.

Sincerely,

Wablen 0. W Meomser,

Walter O. Williamson
Senior Environmental Engineer
Attachments

Part of the BP Group ; Page 1 of 1






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

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 Il 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 rew 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 telative 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 ft> 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 ft? 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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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 Il 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 n 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.
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ARCO Cherry Point Refinery
4519 Grandview Road
Blaine, Washington 98230
Telephone 360 371 1500

N
A4

January 4, 2001

Mr. Richard Hibbard, P.E.
Department of Ecology
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 by e-mail at williwo@bp.com if you have any
questions.

Sincerely,

Wablen 0. W Meomser,

Walter O. Williamson
Senior Environmental Engineer
Attachments
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