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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ARCO Products Company

Wow00157

Cherry Point Refinery ‘\
4519 Grandview Road D

Mailing Address: Box 8100

Blaine, Washington 98231 RECE‘VE "

Telephone 360 371 1500

June 5, 2000

Richard Hibbard, P.E. JUN 8 200
Department of Ecology '
P.O. Box 47600 DEPARTMENT OF ECOLOGY
Olympia, WA 98504-7600 AIR QUALITY PROGRAM

Dear Mr. Hibbard: -

ARCO is submitting for your review and approval a revised plan for monitoring the
performance of the wet electrostatic precipitators WESPs on Calciner #3. Approval
condition III in PSD 95-01 requires a plan to monitor WESP performance since there
is no direct method to continuously measure stack gas emissions of sulfuric acid mist.
One of the six existing WESPs was replaced with a WESP of a new design in

June, 1999. ARCO is proposing to modify the existing ductwork to distribute more
of the stack gas flow to the new WESP cell which has more than twice the collection
area of the cell it replaced. The revised WESP Operating Plan is based on total
collection area of the available WESP cells.

Attached is documentation prepared by Charlie Brown with VECO giving the
background of the WESPs on Calciner #3, discussing the proposed changes to the
WESP system, and showing the calculations for justifying the proposed plan based on
established PSD Permit limits for H,SO,s. A copy of the current WESP Operating
Plan showing revisions is included along with a copy of the proposed WESP

. Operating Plan.

If approved, timing of the work would coincide with a calciner shutdown for

‘scheduled maintenance next spring. A long lead time is necessary for this project

because of the special 904L stainless steel required for the duct work. A decision by
the end of this summer will be needed in order to meet construction deadlines. If
approved, ARCO would continue to operate under the current WESP Operating Plan
until after the changes were completed.

Please contact me with any questions you may have about the proposed revisions. I
can be reached at (360) 371-1494 or by e-mail at wwillia@mail.arco.com.

Sincerely,

Walter O. Williamson
Attachments

APC-7008

ARLO Prodacts Company is a Divsion of AllantcRichtieldCompany (9‘95)



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 11l 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 Oper'ating Modes
“Normal Operating” Mode

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

“Startup” and “Shutdown” Modes

Startup is defined as the period of time between initial introduction of green feed and achieving
full production rate. During startup the WESPs will increase to normal secondary voitage 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 voitages 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:

e Low power consumption

e Low pressure drop

e High removal efficiency

e Removal of sub-micron particles

e Long run lengths with minimal maintenance
e 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 coilected. A flushing
system periodically removes the collected particulates from the collecting electrode. Precipitation thus
occurs in three steps; particle charging, particle collection, and partlcle 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 voitage 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.

Particie 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 werghted 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 220 hexa 9onal tubes (collecting electrodes) made of 904L stainless
steel. The tube collection area is 10,928 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 voliage on the electrodes. Supply

(primary) voltage and current on the other hand, are comparatively insensitive to changes in particulate
loading.

The Jowest secondary voltage that produces electrostatic precipitation is that required to initiate a
corong; the electrical discharge that produces the ions needed to charge the particies 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 1l of PSD-95-01 will be measured by
monitoring the secondary voltage and secondary current on the WESP's. The hearth will be deemed in
compliance when at least 4 WESP’s are operating with a secondary voltage greater than 40 KV DC and
secondary current greater than 50 milliamps DC on the old cells, and 35 KV and 300 milliamps on the
new cell when calciner hearth #3 is in the normal operating mode. Operation at secondary voltages less
than 40 KV DC and/or secondary current less than 50 milliamps DC on the old cells and 35 KV and 300

milliamps on the new cell during startup, shutdown, and/or hot standby operations will also be deemed to
be in compliance.

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

After Turnaround Periods (approximately every 2 to 3 years) the integrity of the WESP units will be
determined by running an Air Load Test on each of the units. This test consists of powering up the unit
with air in the vessel. . Testing of the WESP shows variances from the original construction and is a
good indicator of tolerances inside the WESP.
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Regor_ting & 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 foliowing information:
1. Total source operating time in hours not counting startup, shutdown & hot standby;

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 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 voitage 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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BACKGROUND

The original WESP on Calcmer Hearth #3 consisted of 6 cells with a
collection area of 4,362 ft? each for a total collection area of 26,172 ft2. At
a normal flue gas flow rate of 130,000 acfm, this corresponds to a specific
collection area (SCA) of 201 ftzlkacfm (square feet per thousand actual
cubic feet per minute). Prior to being replaced in 1999, cell #1 exhibited
severe corrosion problems and was turned off, resultlng in an SCA of 168
ft?/kacfm. Particulate, sulfuric acid, and opacity limits were met at this
time, in'compliance with the Third Hearth Monitoring Plan.

In 1999, old cell #1 was removed, old cell #4 was moved to the #1
position, and a new cell with a collectlon area of 11,822 ft> was installed
as new cell #4. A revised Third Hearth Monitoring Plan was submitted
and approved for this change. Inlet, outlet, and internal duct changes
were not made for the new cell #4, however, so the flue gas flow through
each cell, as determined by computational fluid dynamics (CFD) modeling,
did not change. Thus, the new, larger cell #4 treats the same amount of
flue gas flow as each of the old, smaller cells. This gives an SCA of 201
ft’/kacfm for each of the old cells and 546 ft’/kacfm for new cell #4

When the old cell #4 was moved to the #1 position, severe corrosion was
noted in that cell, although not as severe as the old cell #1 that was-
removed. After startup, the old cell that was moved to the #1 position has
been experiencing an elusive problem with grounding. The WESP system
has been operating — in compliance - for much of the time since the

change in 1999 at an SCA of 168 ft*/kacfm for each of the old cells and
455 ft*/kacfm for new cell #4.

PROPOSED MODIFICATION Der Ecoleryy

ARCO proposes to modify the ductwork to the WESP cells and the Plchard
internal duct within cell #4 to balance the flow to each cell in proportion to .
the collection area of each cell. Toaltow-the-largerflow-through-cett#4," [ /‘8 /DJ
1 8‘tUbeswﬂ+have—te—be—remeved4rem—servme"bTblam<mg'otheenﬂs-ob

provu e Clearance

reeH-#4-VAJfl-chat:tge_ta_1.0,928_ﬂ-—-Cell #1 WhICh is corroded and has been
experiencing operating problems, will be removed from service. The area
removed would be more than compensated by utilizing the available area
in cell #4. This configuration is shown schematically in Figures1 and 2.
The total collection area in old cells #2, 3, 5, and 6 and new cell #4 would
be 28,376 ft2, resulting in an SCA of 218 ft¥/kacfm for each cell. This

restores the collection area and SCA to values greater than the original
area and SCA.
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The proposed modification does not reduce overall system pressure drop
and does not affect coke production capacity of Hearth #3.

PSD PERMIT REQUIREMENTS

Permit No. PSD-89-2 Condition 2b requires that the emissions from the
Number 3 Coke Calciner shall not exceed “0.01 grains per dry stand cubic
foot corrected to 7 percent oxygen for any sixty consecutive minutes.”

Permit No. PSD-95-01 Condition | requires that “emissions of sulfuric acid
mist (HeSOy) shall not exceed 18.3 Ib/hr or 50 mg/m® 24 hr ave.” The
permitted concentration of 50 mg/m3 refers to dry standard cubic meter at
68°F and 1 atmosphere pressure. It was based on the information in the
PSD permit application for 18.3 Ib/hr at a stack gas flow of 97,946 dscfm
(dry standard cubic feet per minute). It converts to a concentration of 12.3
ppmvd (parts per million by volume, dry basis) H>SO.,.

EMISSIONS

4.1. Source Test Data

Historical stack source test data for Calciner Hearth #3 are
presented in Tables 1 and 2. The average particulate emission
concentration is 0.002 gr/dscf (grains per dry standard cubic foot)
and the average sulfuric acid emission concentrationis 11.3
mg/dscm (milligrams per dry standard cubic meter). The average .
emission rates are 1.3 and 3.6 lb/hr for particulate and sulfuric acid
mist, respectively.

To calculate collection efficiency, inlet data are needed.
Unfortunately, water droplet entrainment from the wet scrubber
upstream of the WESP is so high that particulate and sulfuric acid
mist measurements are not valid at that location. Conservatively
high estimates of pollutants at the WESP inlet can be obtained at -
the inlet to the wet scrubber, because the wet scrubber will remove
some of the larger particles and will not do much to change
submicron sulfuric mist. Scrubber inlet mass rate data for Hearth
#3 are presented in Tables 1 and 2, along with the corresponding
calculated collection efficiency. To calculate efficiency for some
outlet data points, inlet mass rates were estimated from inlet data
obtained within roughly the same time period as the outlet data.

Inlet concentration data are used with collection efficiency in the
following sections to predict outlet concentrations for comparison
with- permitted values. Average inlet concentrations of 0.20 gr/dscf
@ 7% O for particulate and 115 mg/dscm for sulfuric acid mist are
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Table 1. Source Test Dat

a and Effective Migration Velocity for

Client W.0O.: 0KY038
VECO Job No.:251000-2700

Monitoring Plan

Particulate
Test 8/2/90 2/28/96 2/29/96 Average
Active Cells 6 5 5 -
Area, ft? 26,172 21,810 21,810 -
Q, acfm 142,000 128,000 130,000 133,000
Inlet, gr/dscf @7% O, 0.3099° 0.0820 - 0.1960
Outlet, gr/dscf @7% O, 0.0018 0.0028 0.0015 0.0020
Inlet, Ib/hr 225 72 Estimate 72 149
Outlet, Ib/hr 1.2 17 0.8 1.3
Efficiency, n 99.5% 97.6% 98.8% 98.6%
®, ft/min 28.4 219 26.5 256
" Table 2. Source Test Data and Effective Migration Velocity for
Sulfuric Acid Mist
Test 8/2/90 1/23/96 1/24/96 2/28/96 2/29/96 1/21/97 2/13/98 2/23/99 T 8/13/99 Average
Active Cells 6 6 4 '5 5 5 5 5 4old -
- - 1new.

P .. Area, ft? 26,172 26,172 17,448, :_21.,81‘0 21,810 21,810 21,810 21,180 2,9,270 L -
Q, acfm 142,000 140,000 137,000 128,000 130,000 131,000 132,000 120,000 119,000 131,000
Inlet, mg/dscm 143.7 - - 100.5 102.8 - - — - 1157
Outlet, mg/dsem 10.8 6.7 7.2 10.2 9.1 7.2 14.2 29 33.3 1.3
Intet, Ib/hr 423 Est. 25 Est. 25 24.5 249 Est. 25 Est. 25 Est. 25 Est. 25 30.6
Outlet, Ib/hr 4.0 22 2.3 3.2 2.8 . 2.2 43 09 10.5 36
Efficiency, n 90.6% 91.2% 92.4% 86.9% 88.6% 92.6% 85.7% 96.9% 65.0%  87.8%
o, f/min 12.9 13.0 20.3 11.9 12.9 156 11.8 19.2 48 13.6
VECO PACIFIC, INC. South WESP ARCO Products Co.
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42

used, based on the data listed in Tables 1 and 2 taken at the wet
scrubber inlet. That these inlet values are conservative estimates

. for concentrations at the WESP inlet is supported by comparison

with the data from Calciner Hearths #1 & #2 stack presented in
Table 3. The Hearth #1 & #2 stack data were obtained

downstream of a wet scrubbing system without a WESP. The last
vessel in that wet scrubbing system had a mesh pad mist eliminator
and a larger diameter than the Hearth #3 wet scrubber, so droplet
entrainment was not a problem for the source tests. The average
particulate downstream of the wet scrubbers was 0.017 gr/dscf @

7% O, and the average sulfuric acid mist concentration was 80
mg/dscm.

Table 3. Calciner Hearths #1 & #2 Stack Source Test Data
Downstream of Wet Scrubber.

Date Particulate, Sulfuric Acid
gr/dscf Mist, mg/dscm
1/10/92 ' 0.019 94
2/13/92 0.010 183
10/21/93 0.019 99
11117/94 0.008: - 35
11/18/94 0.007 56
2/22/96 0.018 52
12/18/96 0.017 50
12/19/96 0.024 53
6/7/97 0.029 102
Average 0.017 80

Effective Migration Velocity

Historical data are used to determine effective migration velocities
for particulate and sulfuric acid mist emissions from the calciner
using the Deutsch equation:
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Deutsch Equation

Where:

n = efficiency

o = effective migration velocity, ft/min
A = collection area, ft?

Q = gas flow, ft/min

Solving the Deutsch equation for o gives:

Once the effective migration velocity has been determined, the
collection efficiency for different gas flows and collection areas can

be determined by using the effective mlgratlon velocity in the
Deutsch equation.

Using the source test mass rate data in Table 1, an effective
migration velocity of 25.6 ft/min was determined for particulate. An
effective migration velocity of 13.6 ft/min was determined for
sulfurlc acid mlst using the source test data presented in Table 2.

The sulfunc acnd mist emission source test data in Table 2 includes
data from February 23, 1999, which appears to be-an unusually low
~ result, and from August 13, 1999, which appears to have very high
sulfuric acid mist emissions and extremely wide scatter among
three individual stack samples (45.9, 9.9, and 44.2 mg/dscm taken
in this order on the same day at the same operating conditions).
The average effective migration velocity calculated using both of
these anomalous data points falls in line with the average from the
rest of the data. Thus, all data points were used rather than
discarded due to their anomalous appearance, and the resulting
average effective migration velocity is not much different than if the
anomalous data were discarded. The high emissions data from
August 13 are particularly suspect because the standard deviation
for the three stack samples is 20.3 mg/dscm. The expected
standard deviation of individual samples, based on the individual
samples for all other data points, is 2.4 mg/dscm. Using the “chi
square over degrees of freedom” distribution, there is only a 2.5%
probability that 3 individual samples could result in this much

scatter. Still, it is conservative to include this data in the
calculations.
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4.3. Effect of Proposed Modification

The Deutsch equation is used to compare the overall efficiency of
the WESP configuration before and after the proposed modification.
Inlet concentrations of 0.20 gr/dscf particulate @ 7% O, and 115
mg/dscm H>SO4 are assumed. Predicted emissions for the existing
and the proposed configurations are presented in Table 4. The net
effect of the change is a small improvement in predicted emissions

when all cells are active, with a substantial improvement in
reliability.

Table 5 illustrates that the proposed configuration will provide an
improvement in emissions compared to the current situation when
cell #1 is frequently out of service due to the grounding problem.
Still, both scenarios are in compliance with the PSD permit limits.

Table 4. Existing vs. Proposed Configuration: All Cells Active.

Existing Configuration Proposed
~ Change
Cell # Cell# All Cells Cell #
_ 1,2,3,56 4 Combined 2,3,4,56
Q, acfm | 108,333 21,667 130,000 130,000
A, ft? o 21,810 - 11,822 33632 | ?&,3@&% 70
SCA, ftt/kacfm . 201 546 - 218 23S
Particulate 997
n, efficiency | 99.4% 99.9+% 99.5% V96%
Conc., gridscf @ 7% O» 0.0012 <0.0001 0.0010 0.0008 o
H2S0, B3
n, efficiency  93.5% 99.94% 94.6% M%
Conc., mg/dscm 7 0.1 6 a5
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Table 6. Existing Situation With Cell #1 Out of Service

vs. Proposed Configuration

Existing Configuration Proposed
With Cell #1 Out of Service Change
Cell # Cell # . All Cells Cell #
2,3,5 6 4 Combined 123456
Q, acfm 104,000 26,000 130,000 130,000
A, ft? 17,448 11,822 29,270 . 28,376
SCA, ft¥/kacfm 168 455 - 218
Particulate
n, efficiency 98.6% 99.9+% 98.9% 99.6%
Conc., gr/dscf @ 7% O, 0.0027 <0.0001 0.0022 0.0008
H.SO4
n, efficiency 89.8% 99.8% 91.8% 94.9%
Conc., mg/dscm 12 0.2 9 6
4.4. Effect of Maintenance Outage

After implementing the 'pfbposed modification, it may still be

necessary to take one WESP cell out of service for an extended
period for mechanical or electrical repairs at some time in the
future. The probability of the new cell #4 being out of service is
much lower than one of the old cells, but the effect of any one cell
being out of service after the proposed modification is illustrated in
Table 6. The predicted emissions are less than the PSD permit

values.
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Table 6. Effect of One Cell Out of Service After Proposed Modification

Old Cell Cell#4
. Out of Service Out of Service

Q, acfm _ 130,000 130,000
A, ft 24,014 17,448
SCA, ft¥/kacfm 185 134
Particulate

n, efficiency 99.1% 96.8%

Concentration, gr/dscf 0.0018 0.0065
H.SO,4 ’

7, efficiency 91.9% 83.9%

Concentration, mg/dscm 9 19

4.5. Effect of Flushing

Flushing a cell to remove coke dust deposits on the tubes is
necessary to prevent sparking and a consequent voltage reduction.
A typical flushing cycle requires stopping gas flow and electrical
power to each cell for approximately 10 minutes every 12 to 48
hours. The present schedule for Hearth #3 calls for flushing each
cell every 36 hours. Flushing causes a short increase in emissions
due to the reduction in SCA. Again, the Deutsch equation is used
to predict the effect of the reduced SCA on emissions.

To minimize the effect of flushing on 60-minute average emissions
of particulate, a programmed timer in the flushing logic limits the

number of cells that can be flushed within any 60-minute period to
one. : ,

Twenty-four-hour average emissions, including one 10-minute flush
every 12 hours, are presented for the following cases: Table 5 for
normal operation; Table 7 when one old cell is out of service for
maintenance; and Table 8 when the new cell #4 is out of service for
maintenance. The results show that the PSD permit limits for
particulate and sulfuric acid mist are met during the averaged time
periods that include flushing.
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Table 6. Effect of Flushing on 24-hr Average Emissions.

Without During Old  During Cell  Time Avg
Flush Cell Flush - #4 Flush
Q, acfm 130,000 130,000 130,000
A, ft? 28,376 24,014 17,448
SCA, ft’/kacfm 218 185 134
Particulate 60-min
n, efficiency 99.6% 99.1% 96.8% 99.2%
Concentration, gr/dscf 0.0008 0.0018 0.0065 0.0017
- H.S04 24-hr
7, efficiency 94.9% 91.9% 83.9% 94.5%
Concentration, mg/dscm 6 9 19 6

Table 7. Effect of Flushing With One Old Cell Out of Service for

Without -

Maintenance.

During Old  During Cell Time Avg
Flush Cell Flush - - #4 Flush

Q, acfm 130,000 130,000 130,000

A, ft? 24,014 19,652 13,086

SCA, ft¥/kacfm 185 151 101

Particulate 60-min
n, efficiency 99.1% 97.9% 92.4% 98.0%
Concentration, gr/dscf 0.0018 0.0042 0.0152 0.0040

H,SO, ' 24-hr
n, efficiency 91.9% 87.2% 74.6% 91.5%
Concentration, mg/dscm 9 15 29 10
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Table 8. Effect of Flushing With New Cell #4 Out of Service for

Maintenance.

Without During Time Avg
Flush Flush

Q, acfm 130,000 130,000

A, ft2 17,448 13,086

SCA, ft/kacfm 134 101

Particulate 60-min
1, efficiency 96.8% 92.4% 96.0%
Concentration, gr/dscf 0.0065 0.0152 0.0079

H,SO, 24-hr
n, efficiency 83.9% 74.6% 83.4%
Concentration, mg/dscm . 19 29 19
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