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Section 1: Dragon System Overview Dragon Eggs

Section 1: Dragon System Overview

The use of controlled, prescribed or back burning techniques provide an effective tool in the ongoing
commitment to forest and wildland management. Helicopter-deployed aerial ignition devices (AlDs) have a
lengthy, proven track record of providing a means of initiating these burns in an efficient, safe and
controllable manner.

SEI’s Dragon Division presents the next generation of AID — the Dragon Egg — and its associated aerial
dispenser, the Red Dragon. This manual details the operation and field maintenance of the Red Dragon from
SEI Industries Ltd.

Dragon Eggs

Dragon Eggs are small, 26 mm diameter, two colour (orange/white),
aerial ignition spheres made of high impact polystyrene (HIPS) plastic
filled with three grams of potassium permanganate.

In this state, the eggs are stable provided the shells remain undamaged.
When injected with ethylene glycol (anti-freeze), an exothermic
reaction initiates. After a delay of approximately 30 seconds,
combustion commences with white smoke being expelled from the
needle hole followed by sphere ignition. Once ignited, the plastic shell
is consumed as fuel. The total combustion time, following ignition, is
about 80 seconds.

The Red Dragon injects a constant volume of glycol into each Dragon

Egg regardless of the drop rate set by the operator. As such, the auto-ignite delay time is influenced primarily
by the temperatures of the Dragon Eggs and glycol. The indicated delay times are based on air/sphere
temperatures of 50 —70 degrees F (10 — 20 degrees C). Increased temperatures will decrease the delay time.
By diluting the glycol with water to a 50/50 mix, the delay time can be increased.

The Dragon Egg offers a number of key advantages including:

Ignition reliability — Dragon Eggs are an exceptionally reliable source of ignition.

Enhanced storage capacities — Small dimensions maximize hopper and shipping container capacity.
Enhanced aerodynamics — High terminal velocities minimize “kiting” and maximize forest penetration.

Enhanced visibility — Dual contrasting colors render the Dragon Egg highly visible.
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Section 1: Dragon System Overview Red Dragon Dispenser

Red Dragon Dispenser

The Red Dragon Dispenser, developed by SEI Industries Ltd., represents the next generation of aerial sphere
dispensers. The primary function of the Red Dragon dispenser is to inject a measured amount of ethylene
glycol into Dragon Eggs, thereby initiating an exothermic reaction, and then expel the primed spheres from
the aircraft.

Operational Features

»  Seven drop rates from 25 — 175 spheres per minute.

e Tethered remote control to adjust the drop rate and control the feed gates.

»  Positive displacement glycol pumps ensure constant glycol volume regardless of drop rate.
*  Smart software minimizes the chance of sphere jams occurring when feed gates open.

»  Re-settable sphere counter.

e Large capacity hopper holds 650 spheres.

*  Removable base to fit various helicopter configurations.

. Tank drain valves.

Safety Features

e Automatic jam detection and clearing system.

*  Manual hand-wheel to clear a jam when no power is available.

»  Emergency water pump with battery backup power supply.

»  Low water interlock to prevent start up when the emergency water supply is low.
e Manual override to close and lock the feed gates.

*  Quick release hopper to permit ejection of the hopper and the unused spheres in an emergency.

9 Red Dragon from SEI Industries 2010 Red Dragon Operations Manual (versionD) 2
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Section 1: Dragon System Overview Red Dragon Dispenser

Standard Components

The Red Dragon dispenser consist of a number of major components:

e Hopper - Stores the unprimed spheres.

*  Feed Gate Assembly — Controls the flow of spheres into the injection head.

* Injection Head — Injects the spheres with glycol.

e Qutlet Chute — Directs the spheres from the injection head to a point below the aircraft.
e Tank Assembly — Contains the water and glycol tanks and acts as the frame for the unit.
*  Control Panel — Houses the control board, control switches and indicators.

»  Tethered Remote Control — Controls the feed gates and drop rate.

e Power Cord — Connects dispenser to aircraft’s auxiliary power system.

e Base Mounting System — Secures the unit to the aircraft.

Hopper.

Control panel.

Feed gate

assembly.
Tank

assembly.

Manual hand

wheel.
Base.

Outlet chute.

Power cord, Y strap and
tethered remote.
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Section 1: Dragon System Overview

Red Dragon Dispenser

Mounting System

The standard base supplied with the Red
Dragon allows the unit to be installed into a
Bell series 206 helicopter. The base may be
removed to allow the installation into other
helicopters featuring a flat cabin floor.

The Red Dragon is secured into the helicopter
using a “Y” strap that is adjustable to fit a
range of cabin widths.

Tank Assembly

The tank assembly houses the water and
glycol tanks. It also acts as the framework to
which the other components are mounted.
The water and glycol systems have color-
coded filler breather caps. The caps have
integral strainers to prevent contamination.

Each tank is also fitted with a drain valve
which can be operated using a slotted
screwdriver. A short length of tubing
attaches to either drain valve to direct the
fluid into a suitable container.

Power Cords

The standard power cord is a 15 ft. jacketed
cable fitted with an MS3116F-12-3P plug to
connect to the aircraft’s 28 VDC power
supply (Pin A +28VDC, Pin B GND). The
other end of the power cord terminates in a
receptacle. A short pigtail cord from the
machine’s front panel has a mating plug.

=28

Red Dragon mounting system.

Glycol filler cap. Water filler cap. Water drain valve.

O

Standard power cord.
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Section 1: Dragon System Overview Red Dragon Dispenser

A bench test power cord is also provided. One end of the cord
is provided with a receptacle to connect to the pigtail cord on the
main control panel. The other end of the cord is fitted with 1/4”
ring terminals for attachment to an external power supply/
battery for bench test purposes.

Bench test cord.

Hopper

The hopper provides storage capacity for 650 Dragon Eggs and can be filled by the operator before or during
operation. An agitator within the hopper provides a constant supply of spheres to the feed gates via two
chutes.

The chutes have a clear window to allow the operator to monitor
the flow of spheres from the hopper. Secondary stops, located at
the outlet of the chutes, automatically close and stop the flow of
spheres when the hopper is removed from the dispenser.

The hopper has a hinged lid which may be configured so that it
opens towards or away from the operator. A clear polycarbonate
window allows the operator to monitor the level of spheres in the
hopper.

Power to the hopper is provided through a multi-pin connector
that automatically mates when the hopper is placed onto the feed
gate assembly. In an emergency, the hopper can be quickly
removed by grasping the locking handle and lifting upwards.

Hopper with clear window that allows
operator to monitor the flow of spheres.

Important Note

With the lid removed, the Dragon eggs are stable in the hopper under normal flight conditions. The
operating authority may decide to permanently remove the lid to facilitate filling operations.
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Section 1: Dragon System Overview Red Dragon Dispenser

Feed Gate Assembly

The feed gate assembly controls the
flow of spheres from the hopper into
the injection head. As the spheres
exit the hopper, they enter two Manual knob. Control rod. Feed gates.
vertical passages in the feed gate
assembly.

Bottom view of feed gate assembly.

Each passage has a feed gate attached
to a common control rod. Pushing
the rod inwards causes the feed gates
to block the passages and stop the
flow of spheres.

In normal operation, the position of
the feed control rod and the feed
gates is controlled by two solenoids,
under direction, from the main
controller.

To close the gates, the close solenoid
energizes and pushes the rod
inwards.

When the rod is fully inwards, a
spring-loaded pin locks into a groove
in the rod to prevent it from opening.
The close solenoid then de-energizes.

Open solenoid. Close solenoid.

To open the gates, the open solenoid energizes and pulls out the locking pin. An opening spring on the feed
control rod causes it to move outwards into the fully open position. The open solenoid then de-energizes.

There is a manual feed gate knob located on the end of the control rod. In an emergency, pushing on the
knob will also close and lock the feed gates. The feed gates cannot be opened manually.

The feed gate assembly is located on top of the injection head by two vertical pins. Itis held in place by two
manual locking cams. It can be quickly disconnected from the injection head to allow access for cleaning.

9 Red Dragon from SEI Industries 2010 Red Dragon Operations Manual (versionD) 6
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Section 1: Dragon System Overview Red Dragon Dispenser

Injection Head

Water
nozzle.

Shuttle
drive
motor.

Cam.

Injection

shuttle. lycol pump.

Injection Head

The injection head is the heart of the Red Dragon Dispenser. It is here that the Dragon Eggs are pierced by
a hollow needle, injected with a controlled amount of glycol and then ejected from the machine.

The injection shuttle is located in the head. The shuttle guides the spheres as they pass through the injection
head. The shuttle is driven in a reciprocating motion by a DC motor and a single offset cam. As a sphere
exits the feed gate assembly, it falls into one of two cavities in the injection shuttle. Outward motion of the
shuttle causes the sphere to contact the injection needle and be punctured. As the shuttle moves further
outward, the sphere presses against the pump arm causing a controlled amount of glycol to be injected into
the sphere.

The shuttle then reverses direction, extracting the sphere from the injection needle. It passes through the
center position and continues to its full inward position. At that position, the cavity is over the exit chute,
and the primed sphere drops from the shuttle and exits the machine. The two shuttle cavities are arranged
such that when one side is injecting a sphere, the other side is dropping a sphere down the exit chute. This
gives a steady output of spheres from the machine.

9 Red Dragon from SEI Industries 2010 Red Dragon Operations Manual (versionD) 7
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Section 1: Dragon System Overview Red Dragon Dispenser

The glycol pumps are a constant displacement type which deliver the same quantity of glycol on every stroke
regardless of the drop rate. This eliminates the need for the operator to calibrate the glycol system. When
no sphere is present, the pump arm is not activated and no glycol flows.

Injection
needle.

= Pump arm.
9o P

Glycol pump.

If the machine is operated until the glycol pumps drain the tank, the pumps will lose their prime. The pump
assemblies may be removed from the injection head and re-primed by squeezing the pump arm repeatedly
until glycol flows from the injection needle. Each pump assembly is secured to the injection head by two
captive screws.

The injection head also includes two water nozzles directed into the injection chambers. These nozzles are
connected to a water pump and reservoir. In an emergency, the water pump can be activated by the operator
to extinguish a fire in the injection chambers.

The machine is equipped with an automatic system to detect and clear sphere jams in the shuttle. However,
should the automatic system fail to clear a jam, or the unit lose electrical power, a handwheel is fitted to the
outboard end of the drive shaft. This handwheel can be used to turn the drive motor and cam in either
direction to clear a jammed or broken sphere.

9 Red Dragon from SEI Industries 2010 Red Dragon Operations Manual (versionD) 8
C



Section 1: Dragon System Overview Red Dragon Dispenser

Control Panel

Power indicator.  Run/stop indicator. LED display. Motor fault indicator.

Low water

POWER MOTOR LOoW Indlcator
FAULT WATER

={1]}] RESET c;eu Pump
2 indicator.

STOP

Water

pump
switch.

Run/stop switch. Count reset switch.

The control panel is the brains of the Red Dragon system. A single circuit board mounted beneath the main
control panel contains the microprocessor and all additional components.

The green “POWER” indicator on the main control panel illuminates when the machine is connected to an
external power source. External power to the machine is routed through a 5A, type MS3320 manually re-
settable circuit breaker which is located on the vertical front panel below the main control panel. Pulling
the breaker out cuts all external power to the machine.

The “RUN/STOP” toggle switch controls the operation of the hopper and the shuttle drive motor. When the
switch is set to the “RUN” position, the hopper drive motor starts and the yellow indicator above the switch
illuminates. The shuttle drive motor does NOT start at this time.

Operation of the shuttle drive motor is controlled by the feed gate switch on the tethered remote control.
With the “RUN/STOP” switch in the “RUN” position and the feed gate switch toggled to the “OPEN”
position, the feed gates open, and the shuttle drive motor starts. When the feed gate switch is toggled to the
“CLOSE” position, the feed gates close but the shuttle drive motor continues to run for two more revolutions
to purge the shuttle of any primed spheres. After the purge, the drive motor stops.

The feed gates and shuttle drive motor cannot be activated when the “RUN/STOP” switch is in the “STOP”
position. However, if the switch is moved to the “STOP” position when the feed gate is open and the shuttle
drive motor is already running, the feed gates will close and the motor will purge for three revolutions and
then shut down.

9 Red Dragon from SEI Industries 2010 Red Dragon Operations Manual (versionD) 9
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Section 1: Dragon System Overview Red Dragon Dispenser

The controller measures the actual speed of the shuttle drive motor and can determine when a jam condition
has occurred in the injection shuttle. When the controller senses that a jam has occurred, the “MOTOR
FAULT” indicator illuminates and the controller adjusts the shuttle drive motor direction and speed to
automatically clear the jam. Once the jam is cleared, the unit returns to normal operation.

The momentary “WATER” toggle switch controls the emergency water pump. When the pump is activated,
the indicator above the switch illuminates. The pump normally receives its power from the external power
supply. However, if the unit loses external power, there is a battery backup that supplies power to the
emergency water pump.

This battery is constantly charging when the unit is connected to an external
power supply. If the unit has been stored for a long period of time and the battery

has lost its charge, the warning message “bAtt” will flash on the LED segment b H E E
display. The low battery condition WILL NOT prevent operation of the Red
Dragon. (On older Red Dragon dispensers, with serial numbers from 101-117,
there is a battery isolation switch located on the underside to prevent battery discharge over time.)

There is a water level sensor located in the water tank. The “LOW WATER” indicator will illuminate when
there is insufficient water in the tank for the machine to safely operate. The shuttle drive motor WILL NOT
start when the “LOW WATER” indicator is illuminated.

The controller counts the number of spheres that have been processed and stores
the information in two counters. The sphere count for the current operation is =1

normally displayed on the segment LED display. The count goes to 9999 and i 3 E E
then wraps to 0 and restarts. Pushing and holding the “RESET” toggle switch for
two seconds resets the operation count to zero.

The lifetime count of spheres is displayed on the segment LED by pushing the
“RESET” toggle switch momentarily. The lifetime count equals the number

displayed multiplied by 1000. These counts are maintained in memory even AY o 4 E L{
when the unit is powered down.

The design of the control panel switches and indicators inhibits water ingress onto the circuit board.
However, it does not provide a watertight enclosure and the panel is not intended to be immersed or to be
sprayed with water.
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Section 1: Dragon System Overview Red Dragon Dispenser

Tethered Remote Control

The tethered remote control is a hand-held device which allows the
operator to control the feed gates, adjust the drop rate, and monitor
the machine operation.

The green “PWR” indicator illuminates when the machine is
receiving power from an external source.

The yellow “RUN” indicator illuminates when the hopper drive -
motor is operating. The indicator flashes when the shuttle drive . FEED GATE
motor is operating.

The red “FAULT” indicator flashes when the controller detects a
jam occurring in the injection shuttle.

The “FEED GATE” switch is a three position momentary toggle
that allows the operator to open or close the feed gates.

The seven-position “SPEED” control allows the operator to adjust
the drop rate while the machine is in operation. The drop rates correspond to 25-175 spheres per minute in
25 spm increments.

The controller measures the shuttle drive motor speed and uses a PID algorithm to calculate how to adjust
the drive motor power to ensure that the actual drop rate is equal to the selected drop rate.

The tethered remote control is attached to the front panel via a twist lock plug and a 4 ft. jacketed cable.

Optional Components

A 110 VAC portable power supply providing 24VDC x 10A is
available for bench testing the Red Dragon. "

This power supply can also be used to charge the backup battery,
if required.

CoMM sgpypg

Optional portable power supply.
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C



Section 2: Operations Pilot and Operator Responsibilities

Section 2: Operations

Pilot and Operator Responsibilities

The occupants of the aircraft shall be limited to the pilot, the Red Dragon operator and the firing boss, if
essential to the mission.

CAUTION

» It is mandatory that only adequately trained personnel operate the Red Dragon.

» Atraining manual is provided with the dispenser to be used as a guideline for
operator training.

» Do not operate the dispenser without a full understanding of all operational and
safety aspects of the Red Dragon as contained within this manual.

» Care should be taken to prevent the contamination of streams and lakes.

Pilot Duties and Responsibilities

The pilot-in-command is responsible for all matters related to aircraft operations and safety, including
installation and operation of the Red Dragon in the helicopter.

The pilot-in-command must be totally familiar with the system and its operation. The pilot shall have
approval for aerial ignition operations and receive a briefing on the operational objectives as well as ground
and flight procedures.

In addition to the familiarization received during the pre-flight test, the pilot must be provided with specific
instructions regarding destination, objective and general procedures.

The maximum recommended groundspeed for Red Dragon operation is 50 m.p.h. (45 knots).

The recommended operational height is 300 ft (100 m) above ground level.

9 Red Dragon from SEI Industries 2010 Red Dragon Operations Manual (versionD) 12
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Section 2: Operations Pre-Flight Procedures

Operator Duties and Responsibilities

The operator is responsible for the preparation, operation, maintenance and care of the Red Dragon
dispenser. The machine operator must have experience with fire behaviour, be mechanically inclined and
have the ability to handle several responsibilities (mental and physical) simultaneously. The operator must
have successfully completed training courses in both dispenser operation and in helicopter safety. The
operator must:

« Determine if the prescribed spacing of ignition is occurring and make any necessary
adjustments.

« Determine if any malfunction occurs and act accordingly.

* In the event of a fire within the Red Dragon, determine if the fire has or can be extin-
guished or if the unit must be jettisoned.

» Communicate with the pilot on all procedures associated with the burning operation and
on any flight emergencies that may occur during the burn mission.

e Jettison the hopper, if required.

Pre-Flight Procedures

Bench Testing

Bench testing shall be performed prior to each burn operation. The purpose of the bench test is to ensure
satisfactory ignition of the Dragon Eggs. The Red Dragon does not require the operator to test and calibrate
the quantity of glycol entering the spheres.

CAUTION
This is a “live” test — ignition will occur during this test.

Do not conduct tests in or near areas where combustible sources can be ignited (e.g. do not test near
a fuel source).

An emergency water supply must be available in close proximity.

A fire extinguisher with a minimum 20 BC rating should be available in close proximity.

9 Red Dragon from SEI Industries 2010 Red Dragon Operations Manual (versionD) 13
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Section 2: Operations Pre-Flight Procedures

* Remove the base and hopper assembly and set aside.

» Remove the Red Dragon mainframe, close the crate and place the mainframe on top of
the crate.

» Connect the bench test power cord to the Red Dragon dispenser.

e Connect the other end of the power cord to the optional 28VDC power supply or to two
12VDC batteries wired in series to produce 24VDC.

CAUTION

Ensure potassium permanganate does not come into contact with battery acid!

5 5 Red Dragon from SEIl Industries 2010 Red Dragon Operations Manual (versionD) 14



Section 2: Operations Pre-Flight Procedures

» Ensure glycol and water drain valves are closed.

The valve
should be in
the horizontal
position.

» Fill the emergency water storage tank. A safety interlock, indicated by a light on the

main body control panel, will inhibit system operation if the water tank is not sufficiently
filled with water.

* Fill the glycol tank with undiluted and unused ethylene glycol (anti-freeze).

2010 Red Dragon Operations Manual (versionD) 15
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Section 2: Operations Pre-Flight Procedures

» Remove the two pump assemblies from the injection head by loosening the captive
screws in the side panel.

* Prime each pump assembly by squeezing and releasing the pump arm until glycol squirts
from the injection needle.

* Replace the pump assemblies.

5 5 Red Dragon from SEI Industries 2010 Red Dragon Operations Manual (versionD) 16



Section 2: Operations Pre-Flight Procedures

» Place an open-top metal container under the injection head outlet.

CAUTION

Do not put water in metal container!

» Place two spheres into each of the cavities of the gate assembly.

» Attach the tethered remote control to the control panel on the main body.
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Section 2: Operations Pre-Flight Procedures

» Press the main circuit breaker on the front panel to the reset position.

* The “POWER” indicator on the main control panel will illuminate.

» Switch the “RUN/STOP” switch on the main control panel to “RUN".

¢ Set the “SPEED” switch on the tethered remote control to “1.”

5 F Red Dragon from SEI Industries 2010 Red Dragon Operations Manual (versionD) 18



Section 2: Operations Pre-Flight Procedures
. ___________________________________________________________________________________________________________________________________|

Press and release the “FEED GATE” switch on the tethered remote control to the
“OPEN” position.

» The feed gates will open.

» The shuttle drive motor will start.

» The spheres will be injected and fall out of the injection head outlet.
When the second sphere exits the machine, begin timing the ignition delay.

» The injected spheres should ignite within 25-30 seconds depending on temperature.
Only three of the four spheres will ignite as the first sphere is not injected.

Press the “FEED GATE” switch on the tethered remote control to “CLOSE.”
Switch the “RUN/STOP” switch on the main control panel to “STOP.”

Dispenser Installation

The Red Dragon dispenser must be readied for installation outside the safety circle of the helicopter.

CAUTION

Remove the Red Dragon system
from its shipping container.

9 Red Dragon from SEI Industries 2010 Red Dragon Operations Manual (versionD) 19
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Section 2: Operations Pre-Flight Procedures

+ Remove the hopper from the
machine by grasping the hopper
lock handle and pulling up.

e Ensure the glycol and water drain
valves are closed.

»  Check/fill the water storage tank.
Secure the filler/breather cap.

9 Red Dragon from SEI Industries 2010 Red Dragon Operations Manual (versionD) 20
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Section 2: Operations Pre-Flight Procedures

e Check/fill the glycol tank with
undiluted and unused ethylene gly-
col (anti-freeze). Secure the filler/
breather cap.

« Remove the right rear door of helicopter.

« Remove all carpet and porous floor coverings.

* Clear the cabin of all loose articles.

» Use duct tape or other means to protect the paint finish around the door. Consult with the
pilot before using.

e If the support base is required,
position appropriately within the
aircraft. If not required, store the
base in the shipping container.
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Section 2: Operations Pre-Flight Procedures

» Install the Red Dragon dispenser
in the door opening of the aircraft
so that the injection head pro-
trudes past the door sill.

. At_tach and secure the outle_t chute, ["Note: The gold
using a thumbnut and locking nut must be
thumbnut on each screw. located on the

OUTSIDE of the

injection head,

followed by the
black nut.

e Attachthe Y strap by snapping the
“Y” end to the holes on each side
of the outboard end of the dis-
penser. Ensure that the strap goes
inboard of the exit chute.

9 Red Dragon from SEIl Industries 2010 Red Dragon Operations Manual (versionD) 22
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Section 2: Operations

Pre-Flight Procedures

Push the dispenser inboard until
the main body fits snugly into the
support base.

Pass the free end of the strap
beneath the belly of the aircraft
and in under the opposite door.
Check that the strap is not twisted
or obstructing any aircraft vents,
antennae or release cables. Feed
the free end up and over the roller
on the quick release fitting
attached to the other end of the
dispenser. Pull the free end to
tighten the strap.

Replace the hopper assembly onto the dispenser.
Slide the dispenser as far forward as possible to
provide leg-room between the dispenser and the
rear seat. Ensure that the hopper lid opens freely.

Tighten the belly strap snugly.

9 Red Dragon from SEI Industries
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Section 2: Operations Pre-Flight Procedures

« Attach the tethered remote control cable to the control panel receptacle on the main body.

¢ Check that the main breaker is in the tripped (out) position.

e Connect the power cable to the auxiliary power outlet in the helicopter. Connect the
other end of the power cable to the connection on the Red Dragon dispenser.

* Reset the main circuit breaker by pushing it in. The “POWER” indicator on the main
control panel should illuminate. If the breaker trips immediately, this indicates that the
power supply needs to have its polarity reversed.

Pre-Flight Check

The pre-flight check should be performed daily, prior to intended use. The purpose of this check is to
confirm the readiness of the dispenser and support equipment.

» Press the main circuit breaker on the front panel to the reset position.

* The “POWER?” indicator on the main control panel should illuminate.

» The “PWR” indicator on the tethered remote control should illuminate.

* The “LOW WATER?” indicator on the main control panel should not illuminate
» Switch the “RUN/STOP” switch on the main control panel to “RUN".

» The hopper agitator motor should start.

» The indicator above the switch on the main control panel should illuminate.

* The “RUN” indicator on the tethered remote control should illuminate.

* Press the “FEED GATE” switch on the tethered remote control to the “OPEN” position.
Switch activates immediately and does not need to be held.

» The feed gates should open and the shuttle drive motor should start.

* The “RUN” indicator on the tethered remote control should flash.

e The LED display on the main control panel should start counting spheres.
e Adjust the “SPEED” control on the tethered remote control from "1" to "7."

» The shuttle drive motor should speed up.
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Section 2: Operations Pre-Flight Procedures

Press the “FEED GATE” switch on the tethered remote control to the “CLOSE” position.
Switch activates immediately and does not need to be held.

The feed gates should close and the shuttle drive motor should run for a few seconds
and then stop.

Once the shuttle drive motor has stopped, the “RUN” indicator on the tethered remote
control should stop flashing and display a steady yellow light.

The LED display on the main control panel should stop counting spheres.

Press the “COUNT” switch on the main control panel to the “RESET” position. HOLD
the switch for a minimum of two seconds.

The sphere count on the LED display should reset to zero.

Switch the “RUN/STOP” switch on the main control panel to “STOP.”

The indicator above the switch on the main control panel should extinguish.

The hopper agitator motor should stop.

Press and hold the “WATER” switch on the main control panel to the “ON” position.

The water pump should start and inject water into both injection chambers.

The indicator above the switch on the main control panel should illuminate.

Fill the hopper with Dragon Eggs. Close and secure the lid.

Check that any additional Dragon Eggs carried within the cabin area are properly con-
tained and secured.

Check the system for leaks.

Check that additional one gallon container of water is available.

Check that a sharp knife is within reach of the operator.

Check intercom and ground to air communications.

Extra ethylene glycol (antifreeze) shall not be carried in the same compartment as Dragon Eggs. Lead
acid batteries shall not be carried in the cabin to power the Red Dragon.

CAUTION

9 Red Dragon from SEI Industries
(=

2010 Red Dragon Operations Manual (versionD) 25



Section 2: Operations

In-Flight Procedures

In-Flight Procedures

Dry Run Procedure

¢ Pilot should make a dry run over the burn area to ensure communications between all

parties involved and to determine boundaries of the burn area.

« After the dry run over the planned area, the pilot and operator should determine the firing
pattern as instructed by the burn boss or fire boss.

e The fire boss should consult the following chart to determine the drop rate for varying

spacing and aircraft speeds.

Dragon Egg Ground Spacing

Aircraft Ground Speed (mph)

10 15 20 25 30 35 40 45 50 55 60
1 35t 53 ft 70 ft 88 ft 106 ft 123 ft 141 ft 158 ft 176 ft 197 ft 2111t
o 2 18 ft 26 ft 35 ft 44 ft 53 ft 62 ft 70 ft 79 ft 88 ft 97 ft 106 ft
IS
o
o 3 12 ft 18 ft 23 ft 29 ft 351t 411t 47 1t 53 ft 59 ft 65 ft 70 ft
o
S
(@)
S 4 9 ft 13 ft 18 ft 22 ft 26 ft 31ft 35 ft 40 ft 44 ft 48 ft 53 ft
Q
s
L 5 71t 111t 14 ft 18 ft 211t 25 ft 28 ft 32 ft 351t 39 ft 42 ft
Q
0]
6 6 ft 9 ft 12 ft 15 ft 18 ft 21 ft 23 ft 26 ft 29 ft 32 ft 35 ft
7 5ft 8 ft 10 ft 13 ft 15 ft 18 ft 20 ft 23 ft 25 ft 28 ft 30 ft
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Section 2: Operations In-Flight Procedures

Dispensing Dragon Eggs

» Set the "RUN/STOP" toggle on the main control panel to "RUN." The system status
lights should illuminate and the hopper motor should activate.

» Set the "SPEED" switch on the tethered remote control to the desired setting.

« Enter the first flight line at operational speed and set the feed gate toggle on the tethered
remote control to "OPEN." The drive motor should activate.

e Ensure a steady progression of spheres exiting the hopper.
e The feed rate can be adjusted at any time during the operation.

« As required, the feed gate toggle can be set to either "OPEN" or “CLOSE” to start or
stop the flow of spheres through the machine.

« When the feed gate toggle is set to “CLOSE,” the spheres already within the injection
head will continue to be primed and ejected until the head is clear of all spheres at which
time the drive motor will stop.

» Follow the procedures for an emergency situation as described in section 3 Emergency
Procedures.

Dispenser Shut-Down

« Do not exit the burn area until all operations have ceased.
e Ensure that the feed gates are closed.

e Toggle the "RUN/STOP" switch to "STOP."

* Ensure that no spheres remain in the injection head.

* The aircraft may then leave burn area.

« Clean the unit according to daily maintenance directions in section 6 Maintenance and
Service.

System Fault Status

For troubleshooting information, see section 4 Troubleshooting. Emergency repairs or system clean-out can
be done by the operator at a convenient landing spot, using the troubleshooting guide, if the required tools/
spare parts are available.

9 Red Dragon from SEI Industries 2010 Red Dragon Operations Manual (versionD) 27
C



Section 3: Emergency Procedures Equipment Malfunctions

Section 3: Emergency Procedures

Equipment Malfunctions

The Red Dragon dispenser has been designed to maximize safety under normal operating conditions. By
following the correct procedures, as outlined within this manual, the system will provide a consistent supply
of Dragon Eggs to the target within minimal interruption. However, equipment malfunctions can still occur
and, due to the nature of the operation, safety must remain paramount. Interruption of operation caused by
a jammed sphere or a power failure will result in a primed sphere remaining within the injection head.
Spheres remaining within the head may be primed with glycol and will auto-ignite within the head.

Jammed Sphere

The operator is alerted to a jammed sphere by any of the following conditions:

“FAULT” indicator on the tethered remote control flashes.
“MOTOR FAULT” indicator on the main control panel illuminates.
Manual hand-wheel stops rotation when the feed gates are open and machine has power.

Flow of spheres into the gate block stops when the feed gates are open and machine has
power.

If a sphere jam occurs in the machine, take the following immediate actions:

If automatic clearing fails, notify the pilot of the situation.

Press the manual feed control knob to close and lock the feed gates.

Rotate the manual hand wheel in the reverse and forward directions to clear the jam.
If jam clears, notify the pilot that burning can recommence.

Toggle the feed gate switch to the “OPEN” position to reopen feed gates.

If the hopper is removed during operations, the top two spheres in the gate assembly must be retrieved
before re-attaching the hopper. Failure to do so may prevent opening of the gates.

CAUTION
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Section 3: Emergency Procedures Equipment Malfunctions

If jam cannot be cleared and sphere ignition occurs:

* Toggle the water switch to the “ON” position and hold until the combustion has stopped.
« If necessary, pour the additional container of water into the hopper.

« Clean the ignition head as detailed in section 6 Maintenance and Cleaning.

WARNING

If a fire continues or re-ignites, land immediately.

Power Failure

Power failure to the Red Dragon machine can be caused by the following conditions:

» Tripping of the main circuit breaker.
« Accidental disconnection of the power cord.
« Tripping of the aircraft circuit breaker.

e General aircraft power system failure.

The operator is alerted to a power failure by any of the following conditions:

< Allindicators on the tethered remote control and main control panel are extinguished.
¢ Manual hand-wheel stops rotating when the feed gates are open.

» Flow of spheres into the gate block stops when the feed gates are open.

If a power failure occurs, take the following immediate actions:

« Notify the pilot of the situation.
» Press the manual feed control knob to close and lock the feed gates.

* Rotate the manual hand-wheel three full turns to clear any remaining spheres in the igni-
tion head.

« Investigate the cause of the power failure.
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Section 3: Emergency Procedures Aircraft Emergency

Aircraft Emergency

In the event of an aircraft emergency, the pilot may direct the operator to jettison part or all of the Red
Dragon dispenser to remove the primary fuel and oxidizer sources from the aircraft.

CAUTION

Request permission from the pilot before jettisoning any equipment. Look for a suitable location to
jettison, making every attempt to avoid dropping equipment over a developed area.

Hopper Jettison

To jettison the hopper, take the following immediate actions:

» Receive direction from pilot to jettison the hopper.

e Close and secure the hopper lid.

e Grasp the hopper and lift clear of the dispenser.

« Jettison the hopper through the door opening making sure to clear the aircraft structure.

Machine Jettison

If absolutely required, the remaining pieces of the Red Dragon can also be jettisoned from the aircraft.
To jettison the machine, take the following immediate actions:

* Receive direction from pilot to jettison the machine.
» Grasp the power cord on each side of the connection, twist and pull apart.
e Cutthe Y strap with the cutter provided.

« Lift the main body of the machine clear of the support base and jettison through the door
opening making sure to clear the aircraft structure.

« Jettison the support base through the door opening making sure to clear the aircraft struc-
ture.

» Jettison any remaining Dragon Eggs and debris.
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Safety Considerations

Dragon Eggs

Although stable, prior to priming with ethylene glycol, the material within the sealed Dragon Egg is
classified as a hazardous substance and, as such, must be handled and transported in the correct manner.
Potassium permanganate (KMnQOy,) is a strong oxidizer and will react violently with certain chemicals as
indicated in the following table.

WARNING

There are dangerous compounds that must be isolated from the potassium permanganate in Dragon
Eggs during shipping and storage. These compounds include:

Antimony Aluminium Carbide
Arsenic Ethylene Glycol
Glycerol Hydrogen Trisulphide
Hydrogen Peroxide Phosphorous

Sulphur Sulphuric Acid
Titanium

In addition, potassium permanganate should not be inhaled or otherwise absorbed or come in contact with
the skin. A full MSDS sheet for the chemical is included in appendix A.
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Section 4: Troubleshooting

Hopper Agitator Non-Operational

Section 4: Troubleshooting

This section describes remedial actions to problems that are encountered during the pre-flight bench testing
and pre-flight check (see section 2 Operations, Pre-Flight Procedures). The actions are limited to those
which can be performed in the field by an operator with limited tools. For more advanced trouble-shooting,

consult the Red Dragon Service manual.

Problems occurring during flight are covered in section 3 Emergency Procedures, Equipment Malfunctions.

Hopper Agitator Non-Operational

No Power “POWER” indicator | Check that the aircraft’s auxiliary circuit breaker is not tripped.
not illuminated Check that the power cord is properly attached to the aircraft
auxiliary outlet.
Check that the power cord is properly attached to the pigtail
cable of the dispenser.
Check that the dispenser’s main circuit breaker is not tripped.
Low Water “LOW WATER” Check water level in tank. Add water as required.
Interlock indicator illuminated . .
Check water drain valve is closed.
Switch “RUN" indicator Check that the “RUN / STOP” switch is in “RUN" position.
Setting not illuminated
Hopper “RUN" indicator Check that the hopper is seated correctly on gate assembly.
Connection illuminated
Agitator “RUN" indicator Toggle the “RUN / STOP” switch to the “STOP” position and
Linkage illuminated wait for the hand wheel to stop rotating.
Remove the hopper from the gate assembly.
Check that the hopper agitator mechanism is not jammed.
Check that the hopper agitator linkages are correctly attached.
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Section 4: Troubleshooting

Shuttle Drive Non-Operational

Shuttle Drive Non-Operational

No Power “POWER?” indicator | Check that the aircraft’s auxiliary circuit breaker is not tripped.
not illuminated Check that the power cord is properly attached to the aircraft
auxiliary outlet.
Check that the power cord is properly attached to the pigtail
cable of the dispenser.
Check that the dispenser’s main circuit breaker is not tripped.
Low Water “LOW WATER” Check water level in tank. Add water as required.
Interlock indicator illuminated . :
Check water drain valve is closed.
Switch “RUN” indicator Check that the “RUN / STOP” switch is in “RUN" position.
Setting not illuminated
System “RUN” indicator Wait for two seconds after “RUN / STOP” has been switched
Delay steady illumination | to the “RUN” position.
Toggle the “FEED GATE” switch to the “OPEN" position.
Tether “RUN” indicator Check that the tethered remote control is properly plugged into

Connection

steady illumination

the receptacle on the front panel.
Toggle the “FEED GATE” switch to the “OPEN" position.

Jammed
Sphere

“MOTOR FAULT”
indicator illuminated

Switch the “RUN / STOP” switch to the “STOP” position.
Pull the main circuit breaker.

Remove the hopper.

Unlock the gate assembly and remove.

Examine shuttle cavities and remove jammed and/or broken
spheres. Rotate manual hand wheel as required. Blow out
with compressed air if available.

Replace gate assembly and hopper.

Reset the main circuit breaker.
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Section 4: Troubleshooting Feed Gates Won't Open

Feed Gates Won't Open

No Power “POWER?” indicator | Check that the aircraft’s auxiliary circuit breaker is not tripped.

not illuminated Check that the power cord is properly attached to the aircraft

auxiliary outlet.

Check that the power cord is properly attached to the pigtail
cable of the dispenser.

Check that the dispenser’s main circuit breaker is not tripped.

Low Water “LOW WATER” Check water level in tank. Add water as required.
Interlock indicator illuminated . .
Check water drain valve is closed.
Switch “RUN” indicator Check that the “RUN / STOP” switch is in “RUN” position.
Setting not illuminated
System “RUN" indicator Wait for two seconds after “RUN / STOP” has been switched
Delay steady illumination | to the “RUN” position.

Toggle the “FEED GATE” switch to the “OPEN” position.

Tether “RUN” indicator Check that the tethered remote control is properly plugged into
Connection steady illumination | the receptacle on the front panel.

Toggle the “FEED GATE” switch to the “OPEN” position.

Jammed “RUN” indicator Switch the “RUN / STOP” switch to the “STOP” position and
Feed Gates flashing wait for the hand wheel to stop rotating.

Remove the hopper.
Unlock the gate assembly and remove.

Check the sphere path in the gate assembly for obstructions
preventing the gates from opening.

Switch the “RUN / STOP” switch to the “RUN" position and
wait until the shuttle drive motor starts.

Toggle the “FEED GATE” switch between the “OPEN” and
“CLOSE" positions and check for movement of the feed gates.

Drop Rate Not Changing

Tether Check that the tethered remote control is properly plugged
Connection into the receptacle on the front panel.
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No Emergency Water

No Emergency Water

Water Tank “LOW WATER” Check water level in tank. Add water as required.
Empty indicator illuminated Check water drain valve is closed.
No Power “POWER” indicator | Check that the aircraft’s auxiliary circuit breaker is not tripped.
not illuminated Check that the power cord is properly attached to the aircraft
auxiliary outlet.
Check that the power cord is properly attached to the pigtail
cable of the dispenser.
Check that the dispenser’s main circuit breaker is not tripped.
Battery “bAtt” indicated on | Recharge backup battery.
Discharged LED display

Dragon Eggs Not Igniting

Glycol Tank Check glycol level in tank. Add glycol as required.
Empty Check glycol drain valve is closed.
Remove pump assemblies from injection head.
Depress and release pump arms repeatedly until glycol flows
from injection needles.
Air in Glycol Remove pump assemblies from injection head.
System Depress and release pump arms repeatedly until glycol flows
from injection needles.
Plugged Remove pump assemblies from injection head.
Needle Check that injection needles are not plugged. Clean as
required.

Main Circuit Breaker Trips

Reverse
Polarity

Check the polarity of the power supply.
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Section 5: Specifications

Dispenser Specifications

Performance

Number of speeds 7

Min. drop rate 25 spheres per min.

Max. drop rate 175 spheres per min.

Hopper capacity 650 spheres

Power

\oltage 24-32 VDC

Connector MS3116F-12-3P (Pin A +28V, Pin B GND)
Main circuit breaker 5A, MS3320, manual reset

Operational Weight

Red Dragon dispenser, tanks empty 48.0 Ibs 21.8 kg
Ethylene glycol 7.9 Ibs 3.6 kg
Water supply for emergency use 4.1 Ibs 1.9 kg
Dragon Eggs — (650 spheres) 6.8 Ibs 3.1 kg
Total operational weight 66.8 Ibs 30.4 kg
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Section 5: Specifications Dispenser Specifications

Dispenser Dimensions

Length 2450 in 62.4 cm
Width 10.75in 27.3cm
Height
With support base 24.00 in 61.0 cm
Without support base 19.00 in 48.3 cm

Fluid Volumes

Glycol tank 0.8 US gal 3.2 liter

(A full glycol tank will inject approximately 5,000 Dragon Egg spheres.)

Water tank
Full 0.5US gal 1.9 liter
Minimum required 0.2US gal 0.8 liter

Shipping Crate Dimensions

Length 3lin 79 cm
Width 13in 33cm
Height 24 in 61 cm

Shipping Weight

Red Dragon dispenser, tanks empty 48 lbs 22 kg
Shipping container 44 Ibs 20 kg
Miscellaneous 2 lbs _1kg
Total shipping weight 94 Ibs 43 kg
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Dragon Egg Specifications

Dragon Egg Specifications

Weights

Individual Dragon Egg

Box of 1,000 Dragon Eggs
Potassium permanganate (KMnO,)
High-impact polystyrene (HIPS) shells
Packaging material

Gross weight

Dimensions

Individual Dragon Egg
Box of 1,000 Dragon Eggs
Length
Width
Height

Ignition Parameters

Injection to the first combustion (smoke)
Injection to full combustion (flame)

Total useful combustion time

A7 0z 48¢g
6.6 Ibs 3.0 kg
4.0 Ibs 1.8 kg

1.5 Ibs 0.7 kg

Important Note

12.1 Ibs 5.5 kg

1.0in 26.0 mm

16.0in 40.6 cm
9.0in 22.9cm

10.3in 26.1cm

25 seconds @ 55° F (13°C)
35 seconds @ 55° F (13°C)
80 seconds @ 55° F (13°C)

Increasing ambient temperatures will decrease the ignition delay time.
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Safety

Although stable, prior to priming with ethylene glycol, the material within the sealed Dragon Egg is
classified as a hazardous substance and, as such, must be handled and transported in the correct manner.
Potassium permanganate (KMnQOy,) is a strong oxidizer and will react violently with certain chemicals as
indicated below. In addition, potassium permanganate should not be inhaled or otherwise absorbed or come
in contact with the skin.

WARNING

There are dangerous compounds that must be isolated from the potassium permanganate in Dragon
Eggs during shipping and storage. These compounds include:

Antimony Aluminium Carbide
Arsenic Ethylene Glycol
Glycerol Hydrogen Trisulphide
Hydrogen Peroxide Phosphorous

Sulphur Sulphuric Acid
Titanium

A full MSDS sheet for the chemical is included in Appendix A.

Dragon Egg Shipping Box Certifications

e The complete package has been tested to meet the requirements of ISTA procedure 1A.
e The complete package has been tested to meet the requirements of UN 4G combination
packaging.
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Section 6: Maintenance and Service Cleaning and Storage

Section 6: Maintenance and Service

Cleaning and Storage

This section provides an overview of service and maintenance that can be performed in the field. The
accompanying service manual provides a more extensive review.

Cleaning

This cleaning procedure shall be performed immediately following burn operations. Delay in cleaning the
unit will result in the hardening of any remaining chemical in the injection head.

* Remove the Red Dragon dispenser from the aircraft.
*  Wipe down the aircraft floor.

« Remove any protective tape that was installed on the aircraft door sill or fuselage.

* Remove the hopper.
» Empty any remaining Dragon Eggs into an appropriate container.

»  Wipe down the inner surfaces of the hopper to remove any potassium permanganate
dust.

» Check the agitator and linkages for signs of excessive wear.
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» Drain the glycol tank.
 Insert 8 mm drain tubing into the glycol drain valve and place the other end into a suita-
ble container.
» Open drain valve by rotating with a slotted screwdriver so that the slot is vertical.

» After draining, close the drain valve and remove tubing.

« Drain the water tank.
 Insert 8 mm drain tubing into the water drain valve and place the other end into a suita-
ble container.
» Open drain valve by rotating with a slotted screwdriver so that the slot is vertical.

» After draining, close the drain valve and remove tubing.
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» Remove the feed gate assembly.

» Unlock the feed gate control rod by lifting up on the open solenoid plunger with a slot-
ted screwdriver. The feed gate control rod should spring open.

» Clean the sphere paths in the gate assembly using a cloth and a citrus-based cleaner/
degreaser such as Simple Green all purpose cleaner.
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» Remove the glycol pump assemblies by loosening captive screws.

» Clean needle bore with the tool provided.

» Clean outside of needle with Scotch-Brite pad provided.

» Check the sharpness of the needle. If required, sharpen with the small file provided.

» Check pump operation by squeezing the pump arm and ensuring a squirt of glycol from
the injection needle.

» Clean the injection shuttle and injection block.
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Section 6: Maintenance and Service Cleaning and Storage

CAUTION

Wear latex gloves and eye protection when cleaning the unit with water or when cleaning the unit
with compressed air. When mixed with water, potassium permanganate will form a dark purple liquid
that will cause staining to metals and skin.

» Loosen any potassium permanganate and polystyrene plastic residue from the shuttle
and injection block using the wire brush provided. If available, used compressed air to
blow out the residue.

» Clean the injection head and shuttle using a cloth and a citrus-based cleaner/degreaser
such as Simple Green all purpose cleaner. If an appropriate cleaner is not available,
water can be used (with caution).
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Section 6: Maintenance and Service Cleaning and Storage
. ___________________________________________________________________________________________________________________________________|

¢ Rotate the hand wheel to check the drive system for smooth operation.

¢ Check the shuttle guides for excessive wear.

e Check the cam guides in the injection shuttle for excessive wear.

Important Note

Do not lubricate the contact points between the injection shell, drive cam and injection block. These
contact surfaces have an aluminium/polyacetal interface which is self-lubricating. The use of
products such as Tri-Flo, WD-40 or light machine oil will cause dirt and permanganate residue to

accumulate and may cause mechanical seizure.

* Replace the pump assemblies.
* Replace the feed gate assembly.

*  Wipe down the remaining accessible surfaces on the machine.
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Storage

Proper packing of the Red Dragon will ensure that no damage occurs to the unit during shipping or long term
storage.

« Dry machine before re-packing in shipping crate.

* Remove the tethered remote control and place in the hopper.

* Remove the power cord and place in the hopper.

» Place mounting strap in the hopper.

* Place the bench test power cord in the hop-
per.

« Place the tool kit in the hopper.

« Remove the outlet chute and place in the
bottom of the crate.
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Section 6: Maintenance and Service Cleaning and Storage

» Place the main body of the dispenser into
the crate with the control panel facing the
open end of the crate.

« Replace the hopper on the dispenser.
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Section 6: Maintenance and Service Cleaning and Storage

» Place the support base in the crate between
the hopper and the open end above the con-
trol panel.

» Replace the crate lid and latch the crate.

« Store the shipping crate in a dry location.
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Section 6: Maintenance and Service Red Dragon Tool Kit

Red Dragon Tool Kit

SIBAGON

A field service tool kit is provided consisting of:

» slotted screwdriver for operating drain valves

e #1 Philips screwdriver for removing glycol pump assemblies
e two 7/16” open end wrenches for removing injection needles
» needle nose pliers

» 1/8" hex key wrench

* 2.5 mm hex key wrench

» sharpening stone for needle touch-up

* tip cleaner set for cleaning needle bore

« Scotch-Brite abrasive pad for cleaning moving parts

* small metal bristle brush
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Section 6: Maintenance and Service Spare Parts

Spare Parts

The following spare parts are include in the tool kit:

e two injection needles

e 6 mm X 12" blue tubing

e 6 mm X 12-1/2" red tubing
e 8 mm X 32" red tubing

e two 6 mm tube caps
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Section 7: Testing

Bench Testing

Bench testing shall be performed prior to each burn operation. The purpose of the bench test is to ensure
satisfactory ignition of the Dragon Eggs. The Red Dragon does not require the operator to test and calibrate
the quantity of glycol entering the spheres.

CAUTION

*  Thisisa “live” test — ignition will occur during this test.

» Do not conduct tests in or near areas where combustible sources can be ignited
(e.g. do not test near a fuel source).

*  Anemergency water supply must be available in close proximity.

» A fire extinguisher with a minimum 20 BC rating should be available in close
proximity.

* Remove the Red Dragon system from its shipping container.

* Remove the hopper, with lid, and set aside — this is not required for this test.

« Liftthe main body clear of the support base — the support base is not required for this test.
¢ Mount the Red Dragon securely on a suitable table or bench.

e Connect the bench test power cord to the Red Dragon dispenser.

» Connect the other end of the power cord to the optional 28VDC power supply, or to two
x 12VDC batteries wired in series to produce 24VDC.

CAUTION

Ensure Potassium Permanganate does not come into contact with battery acid!

» Ensure glycol and water drain valves are closed.

« Check/fill the emergency water storage tank. Secure filler cap. A safety interlock - indi-
cated by a light on the main body control panel - will inhibit system operation if the water
tank is not sufficiently filled with water.
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Section 7: Testing Bench Testing

. ___________________________________________________________________________________________________________________________________|
e Check/fill the glycol tank with undiluted and unused ethylene glycol (anti-freeze).
Secure filler cap.

« Remove the two pump assemblies from the injection head by loosening the captive
screws in the side panel.

» Prime each pump assembly by squeezing and releasing the pump arm until glycol squirts
from the injection needle.

¢ Replace the pump assemblies.
e Attach the outlet chute.
» Attach the tethered remote control to the control panel on the main body.

» Place an open-top metal container under the exit chute.

CAUTION

Do not put water in metal container!

» Place two spheres into each of the cavities of the gate assembly.
e Press the main circuit breaker on the front panel to the reset position.
* The “POWER?” indicator on the main control panel will illuminate.
» Switch the “RUN/STOP” switch on the main control panel to “RUN".
e Set the “SPEED” switch on the tethered remote control to “1.”

* Press and release the “FEED GATE” switch on the tethered remote control to the
“OPEN” position.

» The feed gates will open.
» The shuttle drive motor will start.
» The spheres will be injected and fall out of the exit chute.
* When the second sphere exits the machine, begin timing the ignition delay.

* When the fourth sphere exits the machine, press the “FEED GATE” switch on the teth-
ered remote control to “CLOSE”

» The shuttle drive motor will run for three revolutions and then stop.

* The injected spheres should ignite within 25-30 seconds depending on temperature.
Only three of the four spheres will ignite as the first sphere was not injected.

» Switch the “RUN/STOP” switch on the main control panel to “STOP.”
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Hangfire Test Procedure

A hangfire test shall be performed annually at the start of the burning season. The purpose of the hangfire
test is to ensure that the emergency fire suppression system is capable of extinguishing a fire in the injection
head.

CAUTION

* Thisis a “live” test — ignition will occur during this test.

» Do not conduct tests in or near areas where combustible sources can be ignited
(e.g. do not test near a fuel source).

*  Anemergency water supply must be available in close proximity.

» A fire extinguisher with a minimum 20 BC rating should be available in close
proximity.

* Remove the hopper and set aside — it is not required for this test.
* Mount the Red Dragon securely on a suitable table or bench.
» Connect the bench test power cord to the Red Dragon dispenser.

» Connect the other end of the power cord to a 24-28 VDC external power supply.

CAUTION

Ensure Potassium Permanganate does not come into contact with battery acid!

» Ensure glycol and water drain valves are closed.
« Check/fill glycol tank.

e Check/fill emergency water tank.

CAUTION

Do not operate water pump dry.

« Remove the glycol pump assemblies from the injection head by loosening the captive
screws in the side panel.
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B
¢ Prime each pump assembly by squeezing and releasing its pump arm until glycol squirts
from the injection needle.
* Replace the pump assemblies.
» Attach the outlet chute.
« Place an open-top metal container under the exit chute.
e Attach the tethered remote control.
« Press the main circuit breaker on the front panel to the reset position.
* The “POWER” indicator on the main control panel will illuminate.
» Switch the “RUN/STOP” switch on the main control panel to “RUN".

* Press and release the “FEED GATE” switch on the tethered remote control to the
“OPEN” position.

» The feed gates will open.
* The shuttle drive motor will start.
« Pull the main circuit breaker out to remove external power from the dispenser.
e The shuttle drive motor will stop.
» The feed gates will remain open.
« Switch the “RUN/STOP” switch on the main control panel to “STOP.”

« Rotate the hand wheel until the shuttle cavities align with the sphere paths in the feed
gate assembly.

» Insert a Dragon Egg into each of the sphere paths in the feed gate assembly.
* Rotate the hand wheel one half turn and stop.
» One Dragon Egg will fall out the outlet chute unprimed.

e The second Dragon Egg will remain in the injection head and will auto-ignite after
approximately 30 seconds.

*  When smoke appears, press and hold the “WATER” switch on the main control panel for
10 seconds.

* The indicator on the main control panel above the “WATER” switch will illuminate.
» The water pump will discharge water through its nozzles into the injection chamber.
» The fire will be extinguished.

* When the fire has been extinguished, clean the dispenser in accordance with section 6
Maintenance and Service, Cleaning and Storage.
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Section 8: Appendix: MSDS Sheets

Potassium Permanganate

ClearTech Potassium Permanganate MSDS

PRODUCT INFORMATION

Product Identifier Potassium permanganate
Chemical Name Potassium permanganate
Synonym(s) Permanganic acid, potassium salt; Condy's crystals; Cairox; chameleon mineral;

permanganate of potash.
Chemical Family Manganese compound
Molecular Formula KMnO,

Product Use Oxidizing and bleaching, disinfectant, deodorizer, remove iron and manganese
from water, tanning, algicide, dye ingredient.

Supplier/Manufacturer Address Emergency Telephone

ClearTech 2302 Hanselman Ave., Saskatoon, SK  (306) 664-2522
S7L 573 Canada
See "Preparation Information" for a
list of regional offices.

TDG/WHMIS INFORMATION

Shipping Name: Potassium Permanganate

PIN Class Group WHMIS
UN1490 5.1(9.2) I C E
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MAIN/HAZARDOUS INGREDIENTS

Ingredients Weight % CAS #

Potassium Permanganate 99 7722-64-7

PHYSICAL DATA

State Solid

Odour and Appearance Odourless dark purple to bronze crystals
Odour Threshold Not applicable
Molecular Weight 158.04

Boiling Point Not applicable
Freeze/Melting Point ~240°C decomposes
Specific Gravity (water=1) 2.703

Bulk Density 166.8 Ib/ft3

Vapour Density (air=1) 5.40

Vapour Pressure Data not available
Evaporation Rate Data not available
% Volatiles by Volume 0% at 21°C

pH Data not available
Solubility in Water 70 g/L

Water/Qil Distribution Coefficient Data not available

9 Red Dragon from SEI Industries 2010 Red Dragon Operations Manual (versionD) 56
C



Section 8: Appendix: MSDS Sheets Potassium Permanganate

FIRE AND EXPLOSION DATA

Conditions of Flammability

Not applicable

Explosion Hazards

Strong oxidizer. Contact with other material may cause fire or explosion.
Flash Point and its Method of Determination

Not applicable

Auto-Ignition Temperature

Not applicable

Upper Flammable Limit (% by vol)

Not applicable

Lower Flammable Limit (% by vol)

Not applicable

Hazardous Combustion Products

Thermal decomposition yields toxic fumes of manganese oxides.
Means of Extinction

Use water spray.

Special Fire Fighting Procedures

Fire fighters should wear appropriate PPE and SCBA. Move containers from fire area if it can be done
without risk. Use water to keep fire exposed containers cool.
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REACTIVITY DATA

Stability
Stable under normal conditions.
Incompatibility

Organic materials, combustible materials, reducing agents, strong acids, peroxides, alcohols, ammonium
nitrate, ammonium perchlorate, dichloromethylsilane, antimony, arsenic, phosphorous, sulphur, titanium,
carbon, iron salts, mercury salts, hypophosphites, hyposulphites, sulphites, oxalates, halides, hydrides,
arsenites, and heat.

Reactions

Contact with hydrochloric acid liberates chlorine. Explodes when in contact with sulphuric acid, peroxides,
nitric acid, alcohols, arsenic, phosphorous, sulphur, titanium, and anhydrides. Contact with other
incompatibles results in ignition and rapid burning.

Polymerization

Will not occur

HEALTH HAZARD DATA

Inhalation

Excessive inhalation is irritating to the nose, throat, and upper respiratory tract. It may cause central nervous
system depression, spasm, inflammation and edema of the larynx and bronchi, chemical pneumonitis, and
pulmonary edema. Symptoms of over-exposure include burning, coughing, laryngitis, shortness of breathe,
headache, nausea, and vomiting.

Skin Contact/Absorption
Severe irritation or burns.
Eye Contact

Severe irritation or burns. Usually where the chemical touches the eye a hardened, ulcer-like dark-brown
injury develops. Swelling of the eyelid and conjunctiva as well as bleeding can occur. Permanent eye
damage is possible.
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Ingestion

Ingestion causes burns to the mouth and throat and severe gastro-intestinal distress. Symptoms include
nausea, vomiting, abdominal pain, a slowing of the pulse, and shock with a fall in blood pressure. Generally
ingestion of concentrations up to 1% cause burning of the throat, nausea, vomiting, and abdominal pain.
Ingestion of concentrations from 1% to 3% cause anemia and swelling of the throat with possible
suffocation. Ingestion of concentration from 3% to 5% may cause kidney damage.

Chronic/Acute Effects

Repeated intake of manganese compounds by ingestion & inhalation can result in chronic manganese
poisoning characterized by impairment of the central nervous system. Early symptoms include
sluggishness, sleepiness, and weakness of the legs. Advances cases show uncontrollable laughter, spastic
gait, emotional disturbances, fixed facial expressions, and falling down while walking. A higher incidence
of pneumonia has been found in workers exposed to some airborne manganese compounds. Men exposed
to manganese dusts showed a decrease in fertility. Target organs: respiratory system, central nervous
system, blood, and kidneys.

Exposure Limits

ACGIH TLV = 0.5 mg/m?®

ACGIHTLV =0.2 mg/m3 as manganese

OSHA PEL =5 mg/m3 as manganese

Irritancy

Strong irritant or corrosive.

Carcinogenicity

Not considered to be carcinogenic by IARC or ACGIH.
Reproductive Toxicity

May have adverse reproductive effects.

Teratogenicity

Not considered a teratogen in "Dangerous Properties of Industrial Materials" 7th edition.
Sensitization

Repeated contact may cause sensitization in some individuals.
Mutagenicity

Failed tests for mutagenicity by EPA Genetox program in 1988. RTECS cites it has having possible
mutagenic effects.
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Synergistic Materials

Data not available

Animal Toxicity Data

LD (oral, rat) = 1090 mg/kg

LDsg (oral, mouse) = 2157 mg/kg
LDsg (oral, guinea pig) = 1151 mg/kg
LDy, (oral, human) = 100 mg/kg

PREVENTATIVE MEASURES

Respiratory Protection

None required where adequate ventilation exists. If airborne concentration exceeds the TLV by up to 10
times a half face particulate respirator is required. For airborne concentrations up to 50 times the TLV, a full
face NIOSH approved dust/mist respirator is required. For higher levels or where the concentration is
unknown a self-contained breathing apparatus is recommended.

Skin Protection

Wear impervious protective clothing including boots, gloves, lab coat, apron, or coveralls as appropriate to
prevent contact.

Eye/Face Protection

Chemical goggles are to be worn at all times when product is handled. Contact lenses should not be worn;
they may contribute to severe eye injury.

Special Handling Procedures

Use sensible industrial hygiene and housekeeping practices. Wash thoroughly after handling. Avoid
situations that could lead to harmful exposure.

Storage Requirements
Keep container tightly closed. Store separately and away from flammable and combustible materials.
Engineering Controls

Mechanical ventilation (dilution or local exhaust), process or personnel enclosure, and control of process
conditions. Supply sufficient replacement air to make up for air removed by exhaust systems.
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FIRST AID MEASURES

Inhalation

Remove to fresh air. If not breathing give artificial respiration. If breathing is difficult give oxygen. Contact
physician.

Skin Contact

Flush with plenty of water for 20 minutes. Remove contaminated clothes and wash thoroughly before reuse.
If irritation persists, flush again. Obtain medical attention.

Eye Contact

Flush eyes with water for at least 20 minutes. If irritation persists, flush repeatedly. Obtain medical
attention.

Ingestion

Call physician. If swallowed do not induce vomiting. If conscious give large amounts of water. Follow
with diluted vinegar, fruit juice or whites of eggs beaten with water.

Other Information

None

ENVIRONMENTAL PROTECTION DATA

Steps in the Event of a Leak or Spill

Wear appropriate respirator or SCBA and full protective clothing. Remove all sources of ignition. Keep
combustibles away from spilled material. With a clean shovel, carefully place material into clean dry
containers and remove from area. Flush area with plenty of water.

Environmental Effects

May be harmful to aquatic life.

LCgq (goldfish, 96 hours)=3.6mg/L

LCgq (channel catfish, 96 hours)=0.75mg/L
Deactivating Chemicals

Neutralize with dilute solutions of sodium sulphite, sodium metabisulphite, sodium bisulphite, or sodium
thiosulphate.
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Waste Disposal Methods

Dispose in accordance with all federal, provincial, and local regulations.
PREPARATION INFORMATION

References

Various Manufacturers’' MSDS

Date Prepared/Revised

May 14, 2001

Please obtain MSDS updates for this product from your regional ClearTech office.

Calgary Vancouver

12431 Horseshoe Way, Richmond, BC
5516E - 40th Street SE, Calgary, AB V7A 4X6
T2C 2A1 Tel:(604) 272-4000
Tel:(403) 279-1096 Fax:(604) 272-4596
Fax:(403) 236-0989
Edmonton Saskatoon
11750 - 180th Street, Edmonton, AB North Corman Industrial Park
T5S 1IN7 Saskatoon, SK S7L 573
Tel:(780) 452-6000 Tel:(306) 933-0177
Fax:(780) 452-4600 Fax:(306) 933-3282
Winnipeg Toronto
340 Saulteaux Crescent, Winnipeg, MB 30 - 7370 Bramalea Road,
R3J 3T2 Mississauga, ON L5S 1N6
Tel:(204) 987-9777 Tel:(905) 612-0566
Fax:(204) 987-9770 Fax:(905) 612-0575
Head Office
2302 Hanselman Avenue, Saskatoon, SK
S7L 573

Tel:(306) 664-2522
Fax:(306) 665-6216
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The responsibility to provide a safe workplace remains with the user. The user should consider the health
hazards and safety information contained herein as a guide and should take those precautions required in an
individual operation to instruct employees and develop work practice procedures for a safe work
environment.

The information contained herein is, to the best of our knowledge and belief, accurate. However, since the
conditions of handling and use are beyond our control, we make no guarantee of results, and assume no
liability for damages incurred by the use of this material. It is the responsibility of the user to comply with
all applicable laws and regulations.

Prepared by: ClearTech Technical Department, ClearTech Industries Inc.
Phone: (306) 664-2522
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