




























Figure 1-1
Building 3009 and Areas Remediated Using the BCDP
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Figure 1-2
The BCDP Rotary Kiln Reactor and Air Pollution Control System
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Figure 1-3
The Demonstration Plant Rotary Kiln Reactor and Air Pollution Control System
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During the February 1994 hot run, oil re-

sulting from ineffective APCS operation

seeped out of the ID Fan along the drive

shaft.  This oil was heavier than water and

contained about 1 percent PCB.  This prob-

lem occurred again during another hot run

in November.  Once this oil appeared, it was

produced at a fairly steady rate as long as

the system operated.  An examination of the

ducts showed that the Fan inlet ducting was

clean, but the outlet ducting was coated with

this oil.

These observations are best explained by the

theory that the oil is being carried through the system as an aerosol.  The cyclone, baghouse, and

scrubber would have a very low removal efficiency on such an aerosol.  When the aerosol reached

the high speed fan, centrifugal forces in the fan slung the aerosol onto the fan housing and some of

the submicron droplets agglomerated into droplets that were large enough to stay in the fan and

build up in the housing.  The large pressure drop that occurred in the throttling valve just before the

fan could also cause agglomeration.

This aerosol theory is consistent with how the gas is created.  In the RKR, PCBs and other organics

in the soil are heated until they decompose and/or vaporize.  The vapor leaves the soil and is swept

into the off-gas stream.  As the off-gas cools, the organic vapors condense.  When dilute vapors

condense, they condense into submicron particles.

Aerosol Removal.  Submicron particles are difficult to remove from a gas stream.  Some litera-
ture reports good removal efficiency of submicron dust particles using high energy water scrub-
bers.  The oil generated by the RKR was not water soluble.  It is doubtful that a hydrophobic
material would be removed efficiently in a water scrubber.  The Demonstration Plant did collect
some of this heavy oil in the scrubber water, but clearly a significant amount of the oil passed
through the scrubber.  Oil scrubbers were suggested, but data could not be found on their effective-
ness.  The production system required equipment that would operate with a known efficiency.

Oil Removed from the Off-Gas Stream
Collecting on the ID Fan Housing During the
Demonstration Run
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Figure 1-4
The BCDP Rapid Start System

1-17PT/09-03-97 (09:58)/WP (6.1)/305927:BCDP.rpt





2.0  BCDP Production Plant Description

The physical plant is described in this section.  Plant drawings found in Appendix A will be useful

when reading this section.

2.1  Plant Description
The plot plan can be found in Appendix A.  The haul road for contaminated material runs south of

the Feed Preparation Building.  Excavated soil is stockpiled on the west side of the building.  This

provides a storage area and a place to dry wet soil.  Wet soil is spread out over the area and tilled to

dry in the sun if necessary.  Soil that is dry enough to crush is carried through the 12-foot-by-13-

foot high door on the southeast corner of the Feed Preparation Building and loaded onto the crusher.

A concrete loading ramp was constructed near the crusher to allow the front-end loader to reach

high enough to load the crusher.

Dry, crushed material is stockpiled inside the Feed Preparation Building.  Surplus steel plate was

available from the Navy and was used to set up barriers to reinforce the wall around the areas where

the crushed material was stored.  This allowed the material to be pushed up against the barriers and

significantly increased the stockpile area within the building.

About 400 cubic yards of material

could be stored in the building.  The

building was not used to dry the

soil, but to keep dry soil out of the

rain.  From the stockpile area, the

soil was loaded into the reactor feed

conveyor hopper. This hopper holds

about five tons of soil.

The Feed Preparation Building is

the only Level C operating area in

the plant. Two cameras located

inside the building allowed a

control room operator to view

activities inside the building. One

This Photo Shows the Interior of the Feed Preparation
Building; the Crusher Discharge Conveyor and Soil
Stockpile are Shown at the Left and Center of the
Photo; the RKR Feed Hopper is in the Right Rear

Corner of the Feed Preparation Building
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camera located in the southeast corner of the building was capable of panning and zooming.  This
camera was used to monitor anyone working inside the building.  Normally, two operators would
be required inside the building for safety reasons.  By using this camera, it was acceptable to have
only one operator at a time dressed in Level C working inside the building.  The second camera was
located over the reactor feed conveyor hopper.  With this camera, it was possible to see the hopper
and the belt from the control room.  This allowed the control room operator to judge the amount of
material remaining in the hopper as well as spot a hopper pluggage that would stop material from
being dropped onto the feed belt.

Normally, a Feed Preparation Building would have a ventilation system producing four to five air
volume changes per hour.  The air exhausting from the building would pass through a baghouse
prior to discharge.  This ventilation system is to protect the operators as well as prevent contamina-
ted material from blowing out of the building.  At this site, the soil was not dusty and personnel
monitors worn by operators inside the building showed that OSHA PCB levels were not exceeded
during work in the building.  For that reason a building ventilation system was not installed.

The Navy had an active training center on the west side of the fence that marked the boundary of the
excavated soil staging area.  Air monitoring was performed at this fence line.  A high volume air
sampler was run daily to check for dust and a polyurethane foam (PUF) sampler was periodically
run to check for PCBs.  The PUF
was operated less frequently be-
cause the on-site laboratory was not
staffed to do daily PUF samples.
As a backup, the dust samples col-
lected by the high volume sampler
were analyzed for PCBs.  No PCB
air excursions were ever recorded.

The reactor feed conveyor carries
the soil from the feed conveyor
hopper to the inlet valves of the
RKR.  Sodium bicarbonate was
added directly to the soil traveling
up the belt.  The bicarbonate feeder The RKR as Viewed from the Soil Discharge End.

The Transformer Rectifier, Bus Duct, and WESP
are to the Right of the RKR
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Plant Overview Showing the Three Reactor Product
Storage Bins, Feed Preparation Building, and RKR

was housed in a building large enough to hold a one ton bicarbonate tote bag over the feed hopper.
A screw conveyor carried the bicarbonate to the top of the reactor feed conveyor.  The bicarbonate
addition rate was measured by catching the bicarbonate discharge in a bucket over a time interval
and weighing the amount caught.  The bicarbonate and soil were mixed inside the RKR.

The RKR conveyed the soil from the feed end to the discharge end of the reactor while heating it to
temperatures over 700°F.  Soil discharged at the south end of the RKR onto the reactor product
conveyor.

The reactor product conveyor car-
ried the soil from the RKR to one
of three reactor product or ash bins.
Bins A and B were capable of hold-
ing about 24 tons of material and
Bin C would hold almost 50 tons
of reactor product.  A sample of the
product coming off the belt was
taken every four hours while the
system was operating.  When a
product bin was full and the con-
veyor was moved to the next bin,
these samples were composited and
crushed to facilitate analysis.  The
composite sample was then ana-
lyzed to determine whether or not
the material in the bin met the
cleanup limit of two ppm maximum per PCB congener.  The product bins were constructed out of
concrete “K” barriers.  These are the barriers that are normally used as road dividers or blockades
during road construction.  The 50-ton bin was used for weekend operation so the chemist could
have a day off.

The ash was bone dry and very dusty.  Water sprays were mounted at the discharge of the product
conveyor to wet the material as it came off the belt.  The water sprays were not completely effective
because the first water to hit the hot dry product instantly boiled.  This rapid evaporation and
generation of steam blew dust off the belt.   Enough water was added, however, to ensure that the
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material in the ash bins was wet and no further dusting occurred after the material landed in the ash
bin.

There was continual water runoff from the ash bins.  Since the material in the bins was clean, the
only contaminant carried by the water was suspended solids.  The ash bins were sloped so that the
water traveled into the ditch where a dam was built to contain the water while it evaporated and
soaked into the soil.  This area of the ditch where the water drained was remediated by the end of
the project.

The control room was a 20-foot connex box located at the north end of the RKR.  Temperatures and
pressures throughout the system were monitored from the control room computer and some of the
key operating parameters could be manipulated from the control room.  Key control points were set
to alarm if operating conditions exceeded limits.  The alarm was both audible (with a buzzer) and
visual.  Red and yellow lights mounted on top of the diesel fuel storage tanks flashed to indicate an
RKR burner problem (yellow), or a problem elsewhere in the BCDP (red).

The boiler that provided steam for
the RKR and WESP was placed
just west of the control room.  A
large shed north of the boiler was
used to store sample jars and
samples, as well as to provide a
work area for minor maintenance.
The shed contained a refrigerator
for sample storage and a decon-
tamination boot wash area.  Pro-
tective clothing was also stored
here.  A similar shed was provided
just west of ash Bin C.  Operators
working in the Feed Preparation
Building changed from Level D
to Level C clothing in this shed.

Off-gas from the RKR traveled through the cyclone, where dust was removed, and then into a
quench section at the inlet of the WESP.  In the quench, gas was cooled to slightly below 212°F and

The Boiler Used to Provide Steam
to the RKR and WESP
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water saturated.  The water saturated gas traveled through the WESP where particulate and condensed
organic aerosols were removed.

From the WESP, the gas was
ducted to the Primary Condenser
in the air pollution control (APC)
building.  Almost all the steam was
condensed in the Primary
Condenser.  The gas exited the
Primary Condenser and traveled
through the Venturi Scrubber.  The
Scrubber was not operated during
the full-scale system, but gas
traveled through it because that is
the way the piping was routed; the
Venturi Scrubber had been used
earlier during the rapid start, and
was left in place to spare the labor
cost of removing it.

From the Venturi Scrubber, the gas
went through the Chiller
Condenser where it was cooled
down to 40 to 50°F.  From the
Chiller Condenser, the gas passed
through one of two parallel
HEMEs.  These HEMEs removed
virtually all of any remaining
particulate and condensed organics.

From the HEME, the gas exited the
APC building and passed into the
ID Fan.  This Fan provided the
driving  force for pulling the gas

The Multiclone and WESP at the Soil Feed End of
the RKR; Note the Covered Platform Built Above the

Reactor Feed Valves to Allow Easy Access for
Removing Plugs

APCS Equipment Inside the APC Building; From
Left to Right, the Photo Shows the Primary

Condenser, Venturi and Bubble Tray Scrubbers,
Chiller Condenser, and HEMEs; Note the Open Roof

Hatch Over the HEMEs Through Which the HEME
Elements are Removed
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from the reactor to this point.  From the ID Fan, the gas was forced through two air carbon adsorption
units in series and then exited the vent pipe to the atmosphere.

The Cooling Tower and Chiller Refrigeration Building are located just north of the APC building.
The Cooling Tower provided water to the Primary Condenser and the Chiller Refrigeration Building.
The Chiller Refrigeration Building housed the compressor and heat exchangers that produced a
cold ethylene glycol/water solution for the Chiller Condenser.

Condensate from the Primary
Condenser and Chiller Condenser
were pumped to the Surge Tank
at the beginning of the water
treatment plant.  The Surge Tank
is set on the east side of the APC
building.  All other contaminated
water, including water from the
decontamination pad, washdown
water, and potentially
contaminated storm water, were
also pumped to the Surge Tank.
The Surge Tank was covered with
a steel frame and canvas building
to exclude rain water.

From the Surge Tank, the water
was pumped back into the APC
building to a flocculation system where it was rapid mixed with polymer and then introduced into
the flocculation tank.  The flocculated water overflowed from the flock tank to the clarifier.  The
clarifier was set in the Surge Tank to provide secondary containment for the clarifier.

Clarified water overflowed back into the APC building to the clarified water tank.  This tank provided
process water for the plant.  Water was recirculated from the clarified water tank to the WESP
quench.  A smaller flow was taken from the clarified water tank and passed through bag filters,
Oleophilic Media drums to absorb oils, and then through water carbon treatment to remove

The ID Fan is Shown on the Right, Discharging into
the Two Carbon Beds Shown on the Left; Fan
Suction Piping Coming from the HEMEs Exits

Through the Building Wall
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Figure 2-1
RKR Breach Fines Drop
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As an example calculation, the psychometric chart shows that at 198°F air contains 1.917 pounds
of water vapor per pound of dry air.  Thus, 100 pounds of dry air would contain 191.7 pounds of
water vapor.  The volume percent air in this mixture is calculated by determining the mole percent,
which is the same as the volume percent:

100 pounds air = 100/29 = 3.45 moles of air

191.7 pounds water = 191.7/18 = 10.65 moles of water

Total moles = 3.45 + 10.65 = 14.10

Mole (and volume) fraction air = 3.45/14.10 = 0.24

Figure 2-2
Percent Oxygen Versus Temperature in Water Saturated Air
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Figure 2-3
Wet Electrostatic Precipitator (WESP)
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Figure 2-4
High Efficiency Mist Eliminator (HEME)
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1.6  Controls and Instrumentation
The BCDP computer control system was developed from an off-the-shelf software.  The software
allows the user to build graphical screens representing the process and to utilize the computer to
control the process.  Alarm points can be inserted and edited at any time, and switches can be
installed on the computer screen to start and stop equipment.

Figure 2-5 shows the screen that depicted the operation of the RKR.  This and subsequent screens
showed real time data on the computer monitor.  The kiln screen shows the four burner tempera-
tures that record conditions outside the rotating steel shell.  The six bed temperatures and the ash
temperature show the thermal conditions within the kiln.  Kiln vacuum, rotation, and feed rate are
also shown along with the pounds per hour of steam sweep gas flow.  The lower left-hand corner
shows the diesel fuel supply in gallons.  The two pairs of knife gate valves on the soil feed and
product discharge end of the RKR are black when closed and green when open.  The actual level in
the diesel fuel tank is also depicted graphically.

The kiln screen also shows residence time and bed volume.  These parameters are calculated from
the system’s operating conditions and shown on a real time basis.  The residence time equation is
from [7], Pages 20-33.

Figure 2-5
RKR Control Screen
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Figure 2-7 shows the detailed ID Fan screen.  This screen shows the rpm, as well as inlet and outlet
pressure and the pressure drop across the Fan.  The screen also shows the temperature in and out of
the air treatment carbon.

Figure 2-8 shows the WESP detail screen containing temperatures and flows around the WESP.
The process water make-up valve is a solenoid on-off valve. The valve changes color from black to

Figure 2-6
APCS Control Screen

Figure 2-7
ID Fan Control Screen
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green when it opens.  The recirculation water flow in gpm is also shown along with the pH adjust-
ment system.  The percent output of the acid addition pump is displayed along with the pH of the
treated WESP recycle.  If the WESP shut down, it changed color from gray to red and a reset button
appeared on the screen to the right of the WESP.  When the conditions causing the shutdown were
neutralized, the operator restarted the WESP from the computer.

An alarm summary shows at the bottom of the screens.  When a set point exceedance triggered an
alarm, the computer caused an audible alarm to sound and the condition causing the alarm was
shown in the alarm summary table at the bottom of the screen.  These alarms were recorded in the
system historian.

The historian stored operating data for the previous four weeks.  Table 2-11 shows the different
historical screens that were available and the information contained within each screen.

Figure 2-8
WESP Control Screen

2-46
PT/09-03-97 (09:58)/WP (6.1)/305927:BCDP.rpt





Figure 2-9
Pressures Historical Screen
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Figure 3-1
Rapid Start System Process Flow Diagram
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Mechanical damage to the HEME element begins when the pressure drop is about 28 inches of
water (1 psi) — the fabric starts to tear and implode.

Figure 3-2 is a plot of the gas flow rate and the HEME pressure drop during the first HEME unit’s
last 90 hours of operation at the beginning of the rapid start run.  During the first 5 days of opera-
tion, the pressure drop stayed below 10 inches of water.  During the 6th day of operation, the
pressure drop increased to around 20 inches of water, and on the last day it climbed rapidly to 60
inches.  The gas was then switched to a new element, and the pressure drop immediately fell to
about 2 inches of water.  This general pattern of failure was repeated throughout the rapid start run.
The HEME would normally operate at a pressure drop below 10 inches.  Once the pressure drop
started to increase, the rate of increase would be rapid and failure would occur within a day or two.

Figure 3-2 also shows, as expected, that pressure drop is a function of the gas flow rate through the
unit.  As the gas flow increases, the pressure drop increases.  Flow through the element is laminar,

Figure 3-2
Gas Flow Rate and Pressure Drop During the First HEME Unit’s Last 90 Hours

of Operation Starting at 0600 Hours on July 14, 1995 (Rapid Start)
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There is a minimum cost plant size for a given site size.  Plants smaller than the minimum cost plant
for a given site size are more expensive because of high operating cost.  If the plant is too large for
the site, the capital cost is not spread out over enough tons of material to be economical.

For sites larger than about 25,000 tons and plants over about 3 tph the costs flatten and are not very
sensitive to changes in plant size or site size.  The BCDP is very competitive with commercial
incinerator costs for sites above 25,000 tons.  For sites smaller than about 7,500 tons, hauling the
material to a commercial incinerator would be cheaper than building this type of unit to remediate
the site.  Between these upper and lower site sizes, a site-specific study would need to be made to
develop the best alternative.  Remember that this analysis is for building a unit for use at a single
site.  A unit that can be moved and reused would make smaller sites more practical, and multiple,
larger sites even more economical.

Figure 4-1
Per Ton Treatment Cost of a Given Site Size for a BCDP Built

and Used for One Site Only
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It is unlikely that the equipment would be scrapped after one job.  Even the 7.6 tph RKR can be
mounted on a truck and moved from site to site.  If the unit is moved and used on multiple sites, the
model here would have to be modified by the addition of mobilization and demobilization costs.

To better define the optimum plant size for a given site size, the derivative of the total site cost
equation was taken relative to tph and set equal to zero, then solved for site size.  Based on our
model, the minimum cost plant size (tph) for a given site size in tons (S) is:

S = 837 * tph1.4 + 1608 * tph1.6 + 202 * tph2

This equation is plotted in Figure 4-2.  Figure 4-2 plots per ton cost against the minimum cost plant
size and site size.  Of these two variables, site size is by far the more important above a processing
rate of 2 tph.  Although the minimum cost plant for a 50,000 ton site is about 6.5 tph, as shown in
Figure 4-2, the per ton treatment cost, as shown in Figure 4-1, varies only slightly for plant sizes
between 5 and 10 tph.

Figure 4-2
Minimum Cost Plan Size for a Given Site Size and
the Corresponding Dollar Per Ton Treatment Cost

4-15

PT/09-03-97 (09:58)/WP (6.1)/305927:BCDP.rpt

















The piping between the WESP pump discharge and the WESP should be insulated to conserve
heat.

The make-up water to the WESP should be added continuously through a control valve instead of
through an on/off solenoid valve.  Adding the cold water intermittently created temperature swings
in the WESP that a continuous addition would eliminate.  The intermittent addition also required
the level in the WESP to oscillate, which changes the NPSH available on the WESP pump.  Main-
taining a constant level would allow the NPSH available to be kept at a maximum, and Figure 6-1
incorporates that design.

The spray nozzle header pipes in the WESP should be designed so they can be easily removed for
cleaning and replacing the nozzles.

Standard WESP design practice locates the insulators on top of the WESP, directly over the top
wire support grid.  Each of the four insulators is housed in a compartment and preheated air is
blown into the insulator compartments.  This air exits into the main body of the WESP.  The
continuous flow of clean, hot air across the insulators and into the WESP prevents condensation
from forming on the insulators and prevents dirty gases in the WESP (dirty gases would be present
in the top of the WESP when an upset condition occurs) from condensing and depositing material
on the insulators.  Condensation on the insulators will cause an electrical short circuit that will drop
the voltage in the WESP.

Figure 6-1
Alternative WESP Water Usage Design

6-5
PT/09-03-97 (09:58)/WP (6.1)/305927:BCDP.rpt









Boiler.  The boiler was designed for 2,760 pounds per hour of steam.  Actual usage never exceed
1,000 pounds per hour, and usually ran around 600 pounds per hour.  A 1,000 pound per hour boiler
would be sufficient for this size plant.

6.2.5  Wastewater Treatment Plant
Much of the WWTP was constructed from equipment left over from the demonstration plant and
surplus equipment.  Tank capacities, pump sizes, and other parameters in the Guam BCDP plant
are generally not at their optimum size, but they functioned acceptably.

Proposed WWTP Design.  The solids removal portion of the Guam WWTP was a standard
flocculation and clarification system.  The wastewater, however, contained insoluble organics that
were not readily removed from the water by this type of plant.  A more efficient design for a plant
to treat the BCDP wastewater is shown in Figure 6-2.

Figure 6-2
Proposed WWTP for the BCDP
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