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INTRODUCTION

This study was prepared in accordance with the requirements and scope
established in Contract Number N62470-80-C-3830 and a meeting held at Camp
Lejeune to define the scope on September 3, 1980.

This report is complete and includes review comments. The report includes
an analysis of the eiisting conditions and several design changes that are
required to meet the safety requirements in NFPA. Also included are analy-
ses of several items which are not necessary to meet NFPA Safety

Requirements, but they are additives that should be considered. Cost esti-

mates of the equipment and labor needed to implement these recommendations
are included on Material and Labor Cost Estimate Sheets 5ND LANTDIV
4-11012/5 (Rev 10/74).






CAMP LEJEUNE
STUDY FOR BURNER CONTROL COAL FEED
AND ASSOCIATED PULVERIZER

CONCLUSIONS AND RECOMMENDATIONS

This study concludes that there are equipment and control modifications
necessary to meet the NFPA requirements. Implementation of these modifica-

tions should result in improved safety and increased efficiency.

Conclusions:

1. The following conclusions are recommended and discussed in detail

in this study.

a. Fuel and air should be shut off to the pulverizer by the addi-
tion of a coal and air shut off valve at the pulverizer -
inlet.

b. Primary air to the pulverizer should be measured, regulated and

controlled.

c. A steam line should be permanantly installed in the pulverizer

for fire protection.

d. The existing ignitors should be replaced with larger capacity,
No. 6 oil-fired ignitors.

e. Control changes should be made as outlined in Section C of this

study for burner controls without cross feed.

2. The following items should be -accomplished based on available funding

or operations managements evaluations:

a. Construct clean out box for coal pulverizer to remove coal build-

up in bottom of pulverizer upon shutdown.
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b. Testing of air velocities in coal pipes.

c. Sequential starting interlocks for the pulverizer and coal

feeder.

d. Controls modifications to include cross feed capability of

pulverizer and burners.
e. Additional pump and heater set for No. 6 fuel oil.-

Recommendations:

The existing pulverizers at Building 1700 are almost 40 years old and have
operated beyond their expected life. At present, replacement parts are
expensive and have a long delivery time. As these pulverizers become cbso-
lete, the parts will be more difficult to obtain.

It is recommended that replacement of the existing pulverizers and coal
feeders be considered and implemented at the same time as the conclusions
recommended above. This will insure an integrated system of modern
equipment. By obtaining new pulverizers, many of the concerns addressed in
this study will be incorporated in the new equipment or will at least have
provisions for the controls and equipment suggested in the NFPA code. New
equipment would be specified as meeting the NFPA code and most equipment
currently supplied is built to NFPA requirements. A preliminary budget
cost estimate to replace the pulverizers on each boiler is approximately
$500,000 per boiler ($2,000,000 total). This cost would include the mills,

feeder, exhauster, piping and controls.

The existing control drawings do not reflect the current wiring and
controls and any work done to modify the burner and combustion controls

should include new drawings of the entire control system.
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PULVERIZER ANALYSIS

STUDY CRITERIA:

This study utilizes the National Fire Protection Association (NFPA)
Codes and Standards. The two applicable standards utilized were
"Standards for the Installation and Operation of Pulverized Fuel
Systems NFPA 85F-1978; and "Standard for Prevention of Furnace
Explosion and Pulverized Coal-Fire Multiple Burner Boiler-Furnaces",
NFPA 85E-1978. It is suggested that the reader become familiar with
these particular Standards. For purposes of discussion, the appli-
cable details of these Standards are to be found in Appendix A and B
following this Section. Appendix A contains the excerpts from NFPA
85F-1978 which are applicable to pulverized fuel systems and Appendix
B contains excerpts of NFPA 85E-1978 which are applicable to preven-

tion of furnace explosions.

The most important consideration of these Standards is that they are
not mandatory for existing installations. However, the Standards
apply to major alterations or extensions of existing equipment. NFPA
Standards request that operating companies of pulverizers and boilers
adopt those features of the Standard which are considered applicable
and reasonable for existing installations. Please refer to paragraph
1-2.2 1-2.3 in Appendix A and Paragraphs 13 and 14 in Appendix B for
exact wording of these Stardards.

STUDY CONCLUSIONS:

a. Reports of the pulverizer continuing to run and delivering 200 to

300 pounds of coal to the furnace:

It is reported that fires continue five to seven minutes after
system shutdown due to a trip. This aspect of the pulverizer
mechanical system was studied extensively to verify the reports.

-4-
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After shutting off the fuel supply to the pulverizer, a quantity
of fuel, which is stored in the pulverizer, will be propelled to
the burners by air passing through the system. Even if the
pulverizer power supply is removed, the high rotary inertia of
the pulverizer will continue to pump air and fuel to the burner
for a considerable time period. Air and coal will be pumped out
during this coast-down period.

There are two ways to prevent this from occurring. The first way
is to provide a shut-off valve on the pulverizer inlet, thereby
removing the capability of airflow out of the pulverizer by elimi-
nating the airflow into it. The second way previously suggested
is to shut off the exit of the pulverizer thereby preventing any
material from leaving. The second alternative is not feasible.
Upon blocking the outlet of the pulverizer it becomes extremely
positive with respect to atmosphere. Any openings in the
pulverizer casing, shaft seals, etc. will allow coal to escape
into the boiler plant. This phenomenon was observed by the writer -
when a coal pluggage occured in the pulverizer. This creates an

extremely hazardous condition and should not be allowed to occur.

The recommended alternative is to place a valve in the inlet end
of the pulverizer. This will prevent air from traveling through
the pulverizer and limit the amount of material that is admitted
to the boiler. As this valve is closed off, the fan in the
pulverizer will develop pressure and cause the pulverizer to
become extremely negative. At this point in time the air will be
drawn into the pulverizer through any opening in the entire
pulverizer system. From information from the manufacturer of the
pulverizer the amount of negative air pressure in the pulverizer

can go to 20 inches of water column. As shown in the attached

calculations, a nineteen inch pressure differential will limit the
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coal flow to 1.157 pounds per minute which is a safe operating
condition. The calculations also indicate that this could be
tolerated for a time of seventeen minutes. This would be totally
adequate to restore the flame at the boiler and correct any dif-
ficulties in this system without creating an explosive condition
in the boiler.

The valve, as shown in the sketches, does mot have to be airtight
but should substantially limit the amount of air entering into the
pulverizer. Design specifications are shown in sheet 7 of the
calculations which limit the total amount of leakage area to 2.45
square inches. This limited amount of leakage can be achieved by
careful valve design and modification of the existing

pulverizer, as shown in the sketches. Modifications should be
made on the inspection door of the pulverizer and to the clean-out
door to provide an air tight seal for the pulverizer. There will
be certain leakages around the valve shutting off the air to the
pulverizer and around the shaft seals. This is unavoidable but as
long as the total area of air intake is less than 2.45 square

inches the pulverizer will be safe in operation.

The first step in the actual design phase of this study would be
to verify the actual thickness and physical characteristics of the
material of the pulverizer. The recommendations in this study
call for an external load of 20 inches of water column to be
placed on the surface of the pulverizer. The construction of the
pulverizer should allow this load to be safely applied but this
has not been thoroughly examined. Additional gussets may be
needed to strengthen the casing. Interior examination will need
to be done to determine if metal has been worn away by the many

years of service. Stiffening will also be required in the duct

~ area as shown on Sheet No. 9 of the calculations.

‘This careful examination might result in determination of damage

which would require repairs of an extensive nature. This should be

—-6—
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done first to determine if it might be more economical to replace
the pulverizer with new equipment which is designed per NFPA 85F
Paragraph 2-6.1.1 which calls for 50 psig internal pressure design

conditions.
Supply of air to the pulverizer:

Examination of the current hot air supply system to the pulverizer
indicates that it does not meet the current requirements of NFPA.
Specifically the system as employed does not allow for the control
of the temperature of the exit air of the pulverizer. This is
specifically called out on Section C4 of 85E where "Means shall be
provided to control pulverizer outlet temperature within limits
suitable for the coal being fired". The current method of
controlling air does not meet this criteria because the adjustment
is a manual one at the forced draft fan entrance to the air
preheater. There is a mechanical damper in position which is set
to divert approximately 50% of the air around the air preheater.
This is the only means for controlling the temperature and is

highly inaccessible to the boiler operator.

The current method cannot control temperature over a wide range of
coal and is highly ineffective with regard to the utilization of

the air preheater. With the current bypass, 50% of the capability
of the air preheater is lost. This contributes to inefficiency of

the entire facility.

A new hot air ducting system is proposed to meet the requirements
of NFPA for temperature control of the exit temperature of the
pulverizer. Essentially this system consists of modification of
the existing ductwork, construction of new hot air dampers,
integration of existing dampers for pressure differential control
and cold air inlet. A temperature probe, controller and indicator
will also be required. These proposed modifications are shown in

the sketch at the end of this presentation.

-7-=
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The existing hot air duct to the pulverizer will be modified by
ducting to the opposite side of the pulverizer. The existing
ductwork will be removed and disposed of. A new screen will be
placed over the inlet of the existing duct which will serve as the
cold air supply for the pulverizer. New tight shut-off dampers
will be provided so as to control the amount of hot air entering
the pulverizer. The existing set of dampers will be utilized to
provide for air inlet suction pressure. The existing controller
for achieving a negative 0.7 inches of water column will not be
reused. It will be replaced by an electronic controller com—
patible with the electronic temperature control system. The tem—
perature control system will be achieved by a temperature
monitoring device in the outlet of the pulverizer at the area of

the flange where the current exit damper is placed. The rela-

‘tionship between a damper controlled by temperature (hot air

damper) and a damper controlled by pressure (cold air damper) will
be integrated by a feed forward controller. This is required to
anticipate changes in the flow rates of the two air streams and
minimize "hunting" which could result without this "anticipatory"

control.

When the pulverizer inlet valve is closed by the burner management
system as described in Section C, Part 3, Paragraph C, the tem-
perature modulating system is electrically de-energized. The hot
air damper will then automatically close, blocking the flow of hot
air to the pulverizer ducting. The operational speed of the hot
air damper will be designed to be faster than the operational
speed of pulverizer inlet valve. Thus, hot air will be prevented
from travelling up through the feeder or out the cold air damper
leading to the plant.

As the hot air damper closes, a pressure sensing instrument in the
lower pulverizer duct will sense the increased negative pressure
created by the lack of air to the pulverizer, and will open the
cold air damper. Even with the pulverizer valve shut off, slight
leakage from the hot air duct will be dissipated to the cold air
duct, minimizing hot air exit to the surrounding area.

—-8-—
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In operation the air preheater will supply hot air of approxima-
tely 400 degrees F to the ductwork. The temperature indicator and
setpoint control mounted on the boiler main control panel will
call for opening or closing of this damper. The existing dampers
will open and close to admit quantities of cold air to the
pulverizer to be mixed with the hotter air. The temperature probe
on the outlet side will control the hot air dampers and allow for
monitoring of the exit temperature of the pulverizer. As more hot
air is drawn into the pulverizer to transfer heat to the coal and
dry the coal, the existing dampers will close to balance the air
requirements of the system. During shut-down procedures, outlined
later, the setpoint controller would .be turned down by the boiler
operator. This would then shut-off the hot air damper and allow
cold air to be drawn through the pulverizer to cool it down quickly
for shut-down. The existing system does not have this capability
and leads to problems of explosive potential with regards to the

operation of the pulverizer.

The capability to control the exit air temperature to the
pulverizer will result in superior drying capabilities for the
existing installation. This should minimize coal pluggage from
the pulverizer which is due to insufficient drying capacity. 1In
addition to providing these benefits from an operation standpoint,
the modification will result in substantial savings to the :
operation. It is believed that the current design of the system
realizes an air preheat temperature of 200 degrees F. This air is
used as primary air supplied to the pulverizer for drying and as
secondary air to the burners for combustion. By limiting the
temperature of this air to satisfy the requirements of the
pulverizer, heat is lost to the stack instead of being returned
to the boiler as make-up air. This is inefficient utilization of
the air preheater. It must be pointed out that this condition may
also exist with the use of oil as a secondary fuel for the

burners. If the manual dampers are not adjusted when fuel oil is
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selected, these heat losses occur. The calculations provided show
that there is a potential savings of nearly 4 million BTU per
hour. At costs of 3 to 5 dollars per million BTU's of heat, one
can see that this is a significant number and the modification of
this system could rapidly pay for itself in terms of higher utili-

zation of existing fuels.
c. Pulverizer re-start after a burner trip:

It is reported that if the pulverizer is tripped, there is suf-
ficient coal inside that a re-start is not possible because of
clutch slippage. After a trip the pulverizer must be opened and
cleaned out. The pulverizers were examined and the applicable

service manuals for the pulverizers were examined to determine if

there were any conclusions that could be drawn as to this type of

operation.

First, it must be pointed out that this pulverizer is classified
by NFPA as a low storage pulverizer. There is supposed to be a
minimal amount of coal in the pulverizer as compared to other
models of pulverizers. The pulverizer receives lumps of coal and
in the first stage of pulverization, breaks these larger chunks
into smaller particles where they are impelled by the rotary
motion of the hammers into a second chamber where the small chunks
are then ground into a fine powder by impinging them upon sta-
tionary pegs. There are many factors which' influence the path of
an individual particle of coal once it enters the pulverizer. In
normal operation the chunks hit an impact hammer which propels the
chunks into the top portion of the pulverizer. The impact of the
chunks hitting these surfaces causes the chunks to shatter into

smaller particles. The movement of the air inside the pulverizer

then propels these chunks into the second chamber of the

-10-
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pulverizer where there is further impact between stationary pegs
and movable pegs connected to the rotor of the pulverizer. It is
possible for a chunk to drop through the exit chute and travel
directly to the bottom of the pulverizer without touching any
impact hammers. This chunk would travel through the hammer and
remain in the bottom portion of the pulverizer. However, the ori-
ginal design speed of the pulverizer of approximately 1200 RPM

minimizes the potential of this occurance.

If a chunk of coal is of such a nature that it is not friable, the
impact hammer will propel the chunk to the top of the pulverizer.
It will continue to travel round and round in the first section of
the pulverizer until it is able to escape between the impact
hammers. Rejection of hard particles is a requirement for proper
operation of the pulverizer since these particles can cause damage
to the stationary and moving pegs of the pulverizer. Hardness of
the coal could have changed over the period of time which the
pulverizer has been in use at the facility. The only way to
verify this condition is to take a chemical and physical analysis
of the particles remaining at the bottom of the pulverizer after
extended operation. The presence of hard particles would indicate
a problem of purchasing of coal to a specification that would
allow for proper pulverizer operation. The quantity that we are

referring to is extremely small in a total coal sample.

A quantity of 200 lbs. of particles are reported in the bottom of
the pulverizer. If the pulverizer remains in operation for 4
hours at 5,000 lbs per hour this would represent less than 1 % of
the total with this high hardness. If this were to be extended to
a 40 hour time period, the material would constitute less than
0.1% of the total material handled through the pulverizer.

Due to the metallurgical nature of coal this might be a reasonable
number. Therefore, a design of a removable box in the pulverizer
might be required. This removable box would allow for cleanout of

the pulverizer in a time period of thirty seconds or less. A new

e,y
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empty box could be inserted where the old box was replaced and
this would not interfere with the operation of the pulverizer and
could in fact be done while the pulverizer was in operation. This
is possible because the pulverizer has a large negative pressure
associated with it during its normal operation. Air would be
sucked into the pulverizer through the open cleanout gauge during
operation. Thus, no large quantities of dust would be generated

by the operation of cleaning out the pulverizer.

When the door is opened, cool air will be drawn in. The tem-—
perature controller will sense a drop in temperature and will open
the hot air damper more. The pressure controller will close the
cold air damper since the pulverizer duct will go less negative,

as air enters the pulverizer through the open door. The size of the
door will limit the amount of air into the pulverizer through the

door. In this manner, the system air flow will remain in balance.

During discussions with the operators at the facility, it
appeared that instances of coal build-up in the pulverizer has
diminished over the last few months. This could be as a result
of some modification made to the electrical system by the faci-
lities engineers. When the boiler was converted to primary coal
with secondary oil in early 1979 a design defect was discovered.
The original design called for a coal auxiliary control relay
contact for each burner control circuitry, to be placed
parallel in the motor starter circuitry of the feeder. When
both feeders were in operation, these parallel sets of relay
contacts did not stop the feeder upon loss of flame in the
boiler. The electrical circuitry would have kept the feeder on
and supplying coal to the pulverizer which could have been
stopped by the boiler operator. This condition has since been
rectified and the boiler plant is now currently working on a
system where feeder and pulverizer No. 1 is supplying coal only
to burner No. 1, similarily for No. 2. There will be a further
discussion of the burner safety controls as part of Section C
The Electrical Interlock Controls.

=j
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Fire Protection

The principal means for controlling fires in the pulverizer will be
through the temperature control system outlined in paragraph b of
this section. The temperature monitoring devices outlined in

paragraph b would be used to detect the presence of a fire in the
pulverizer. Thus the setpoint controller should be designed with
a high limit alarm and annunicator to instruct the boiler operator

of a fire in the pulverizer.

The first action required by the boiler operator would be to lower
the temperature setpoint and stop the coal feed. This immediately
prevents more fuel from being added to the fire and begins to
minimize the temperature of the fire by bringing in cold air.

If these activities do not control the fire, then further measures
are required. These measures involve complete inerting of the
pulverizer per NFPA 85F Section 3-2.4. When initial attempts fail
to limit the fire, complete shutdown of the pulverizer is required
and a total inerting is necessary. This can best be accomplished
by placing a permanent one inch, 5 psig steam line with appropriate
valving directly into the pulverizer. The introduction of steam
into the one inch line should be controlled by valving suitably
located for fighting a fire. Installation of this line would meet
the requirement of NFPA 85 Section 2-4.1 and 3-2.4 and is hereby
recommended by this study.

Testing of air delivery

NFPA 85F Paragraph 2-3.3 requires that testing during initial
start-up shall be performed to verify that pipe velocities are
adequate. To the best the writer's knowledge no testing has ever
been performed on these pulverizers to insure that the outlet air
velocities are sufficient to carry the fuel to the burners. Over

a long period of time the fan characteristics may have changed and

-13-
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it is good practice to verify that the velocities are adeguate to
transport the fuel. Again these conditions are not mandatory but
conservative operational practice of the boiler plant should
verify that transport velocities are adequate. Coal sampling
ports are installed on the pipes to allow for this type of
testing. These ports were last opened when the electrostatic pre-
cipitator was added to the system. The test performed at that time
involved sampling activities regarding the fineness of the coal
delivered to the burners and did not involve calculation of velo-

cities present in the pipes.
Full speed switch of pulverizer

NFPA 85E Section 633 "Mandatory sequential starting interlocks"
calls for the pulverizer to start before the raw coal feeder. At
this particular installation there is a significant time lag bet-
ween the starting of the pulverizer and the time in which material
can be pulverized. Observation indicated at least one minute for
the pulverizer to accelerate up to its no—load speed of close to
1200 RPM. To meet the NFPA requirements, a zero speed switch set
to operate on the pulverizer above 1,000 RPM should be added to
the pulverizer. This speed switch could then signal the electric
controls, which are discussed elsewhere, to allow for coal feeding
to begin. If this is not accomplished, the pulverizer may poten-
tially bog down due to the large amount of coal that can be added
during this start-up condition. This switch is shown in the
sketches following this presentation.

-14-
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CAMP LEJEUNE
STUDY FOR BURNER CONTROL COAL FEED
AND ASSOCIATED PULVERIZER

IGNITOR ANALYSIS

REQUIREMENTS :

According to the National Fire Codes published by the NFPA National
Fire Protection Association the ignitor to be used for pulverized coal
must be either a class 1 or class 2. Class 1 is a continuous ignitor,
that is lit whenever coal is being fired or being prepared to be
fired. Class 2 is an intemmittent ignitor which can be operated at
any time for a given period of time. The existing ignitors were esti-
mated to be capable of approximately 1% of the heating load which is
not sufficient to qualify it as a Class 2 ignitor. For the purposes
of the Riley boilers at Camp Lejeune, an intermittent ignitor will be
chosen. This selection is dictated by the existing controls but it
will be sized so that it can be operated as a Class 1 continuous
ignitor. A Class 1 ignitor must be in excess of 10% of the full load
of the burners; an intemittent or class 2 ignitor is generally bet-
ween 4 and 10% of a full load of a burner. In our particular case
each burner is capable of taking half the load of the boiler which can
be a maximum of 120,000 lbs. per hour for the boiler and therefore
60,000 1lbs. for each burner. The ignitor will be sized at about 10%
of that which is 6 million BTU's per hour.

DESCRIPTION:

The ignitor will be located in each burner in replacement of the
existing propane ignitor. The existing ignitor screws into a 2-1/2"
pipe nipple welded into the burner. This nipple shall be replaced
with a 4" nipple if a Peabody ignitor is selected. Because of the
limited storage capacity of the two 1,000 gallon propane tanks at the
plant, a high energy spark/No. 6 0il ignitor will be chosen. Choice of
this ignitor will eliminate the need for additional storage and piping
to the building propane system. No. 6 oil which is presently being
pumnped to the front of the boiler will be supplied from that line and

be run to the new ignitor.
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CAMP LEJEUNE
STUDY FOR BURNER CONTROL COAL FEED
AND ASSOCIATED PULVERIZER

Calculation sheets at the end of this section address the amount of
propane required based on past usage and projected usage. To maintain
an adequate propane flow and capacity for operation of all ignitors
simultaneously a 30,000 gallon tank, a vaporizer, plus piping and control
valves will be required. If natural gas were available to the plant,
the additional capital cost would be the piping and controls only.

No. 6 fuel-oil is recommended for the new ignitor because of the lower
initial cost of installation, the present availability of the fuel at
the building and the projected fuel costs based on decontrol of
natural gas. The present cost of natural gas is approximately equal
to the cost of No. 6 fuel-oil on a cost per BIU basis.

The atomizing requirement for this new ignitor will be either steam or
air. The attached calculation sheet shows the requirements for steam
and air for atomizing. Oil from the present pump and heater set to

the burners is supplied between 190 degrees and 200 degrees F. This
temperature will be sufficient for use of the ignitors although a tem-
perature of 220 - 230° F. is preferred for No. 6 fuel-oil. The pump and
heater set is listed as a cost option because it is not required with

the present equipment available in the plant.

The ignitor should also be supplied with purging valves so that upon
shut-off of the ignitor, the oil valves will shut and the air atomizing
valves will open such that the air shall go through the oil supply
line into the ignitor following the path of oil. This will completely
purge the ignitor. The valves will automatically operate and controls
will be supplied with the ignitor such that this will be an automatic
function. Also supplied with the ignitor is the equipment necessary
to have it operate within the NFPA requirements with only the proper
signals to turn on and shut it off coming from the master controls.

~164






TP A

CAMP LEJEUNE
STUDY FOR BURNER CONTROL COAL FEED
AND ASSOCIATED PULVERIZER

The ignitor itself will have an output of approximately 6 million
BTU's but upon operation it may be determined that a larger or smaller
output will be required which can easily be done through adjustment
of the ignitor tip or adjustment of the pressure. Air for atomizing
being of a constant pressure and a low volume may be easily supplied
by the existing compressors. Therefore the entire igniter system will
use existing utilities rather than installing any new ones. Steam
atomizing will require a constant pressure of between 80 - 100 psig.
Piping from a source of steam will require a pressure regulating
valve. The piping should be insulated. It is recommended that both
steam and air be piped up for atomization. The alternative of two

atomizing fluids give the operation greater flexibility.

If No. 6 fuel oil fired ignitors are installed, the boiler could be
operated with coal as the main fuel even when the coal is wet.
Presently the plant must operate on the more expensive No. 6 fuel oil
when the coal is wet, but oil fired ignitors will carry 10% of this
load on oil and the remainder of the load could be carried on coal.
This is also the advantage of having Class I or Class II ignitor which

can be continuously fired.

The option is still available to go to propane ignition or natural gas
ignition but all those choices would involve a higher initial cost to
install those utilities to the plant as well as greater operating cost
as the cost of propane and natural gas rise above the cost of No. 6
fuel-oil on a dollars per BTU basis. The cost of a propane system is

given as a cost additive in the estimate.

The ignitor control package will retract or insert the high energy

spark electrode upon the proper master control signals to start or

shutdown the ignitor. Normmally the electrode is kept on for a period
of ten to fifteen seconds to allow the fuel to arrive at the burner
tip. The electrode is shut-down and retracted after this time.
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CAMP LEJEUNE
STUDY FOR BURNER CONTROL COAL FEED
AND ASSOCIATED PULVERIZER

When ordering the new ignitor it can be sized to any length. The
length chosen should be equivalent to the existing ignitor length which
is approximately 27 inches. This locates it at an angle to the main
coal burner and at approximately an inch or two beyond of the end of

the coal pipe.
OPERATION:

The ignitor is operated for a period of time set on the control timer,
ICIT. Presently this timer has a range of 0 to 300 seconds but should
be changed to 0 - 30 minutes with changes suggested in this study. At
the expiration of this timer the ignitor will be shut down automati-
cally and the controls inherent in the ignitor will purge it. The
existing controls are such that the ignitor can be re-lit at anytime
without a purge if there is a flame in the boiler at either burner.

If all flame is lost, the boiler must go through a purge. The new
ignitor has its own purge sYstem and control which is additional to
the boiler purge.

In addition to the control changes suggested in the study, modifica-
tion should be made to the purge circuitry. The existing circuitry
allows for the bypass of 0il supervisory limit switches when firing on

coal. These limits were bypassed because of propane ignition.

If oil ignition is selected, these limits should not be bypassed and
rewiring will be required. These changes will meet NFPA requirements

for an assured fuel supply before introducing an ignition spark.
The ignitor automizing pressure will require a constant 80 - 100 psig

and the o0il pressure can vary from approximately 100 to 300 psig. The
pressure and .therefore the flow will determine the BTU output of the
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CAMP LEJEUNE
l STUDY FOR BURNER CONTROL COAL FEED
. AND ASSOCIATED PULVERIZER

ignitor. O0Oil, No. 6 fuel-oil especially, should be pumped into the
ignitor between 200 and 220 degrees F. This should be attainable
with the present pump and heater set. The controls at present do not
close the dampers leading from the air duct to the windbox so that
thete is sufficient combustion air for the ignitors to operation with
the present boiler controls. At one time the controls were designed
to operate such that the dampers would shut off when ignition was to
be made, but it has been found through experience that reduction of
the air flow is mot required. The logic of the existing controls is

not clear but its present operating sequence is workable.
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CAMP LEJEUNE
STUDY FOR BURNER CONTROL COAL FEED
AND ASSOCIATED PULVERIZER

ELECTRICAL INTERLOCK CONTROLS

Existing Controls:

The most distinctive aspect about the existing burner control system
is its inability to handle cross-firing situations. The easiest
explanation of cross-firing is when feeder No. 1 brings material to
pulverizer No.l which in turn then blows the coal to burner No. 2.
This situation can occur by the manual movement of the coal valves
situated at the output of each pulverizer and the input to each
burner. The design modifications done in December of 1978 converting
the plant to primary coal did not address this problem of cross firing
adequately. These modifications allowed both feeders to be started
automatically with a single burner control and did not remove power
from a feeder with a loss of flame if another feeder was operational.
The coal auxiliary control relays for both burners were wired in
parallel to each feeder starter. This hazardous situation was
corrected by the Public Work Engineers, but the drawings still reflect
the original design.. It is unclear as to the degree of importance
that the original design contributed to the reports of pulverizers
filling up with coal. With the early design, such an event was
likely to have occurred frequently.

Because of the previous conditions associated with cross-firing it is
believed that the facility has been ordered only to use the
pulverizer, feeder and burners with the same number. This eliminates
any potential hazard connected with cross-firing. However the ability

to cross—-fire still exists at the boiler plant.
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CAMP LEJEUNE
STUDY FOR BURNER CONTROL COAL FEED
AND ASSOCIATED PULVERIZER

The pulverizer is controlled by interlocking it with the induced draft
fan auxilary contact and a manual switch at the main boiler control
panel. The feeder is interlocked with the respective pulverizer and
burner control. Because there are no interlocks between the
pulverizer and burner control, the coal can be pumped in to the boiler
without burner protection. Existing practice has been that the
pulverizer would be cleared of coal before turning on and starting up
a normal firing operation. This leads to the potential for human

error to cause an explosive condition.

The existing drawing of the schematic diagram of the boiler safety
controls does not reflect the actual wiring of the controls. One can
see from the drawing that an apparent unsafe start-up and shutdown
condition with coal could occur. This is mot the case. Normally open
and normally closed contacts 1CACR, in parallel, connecting the two
flame scanners to terminal 1 and L of the fireye control have been
replaced by the same sense contacts of 1CIT which is the coal ignition
timer. During the time this timer is operating following ignition,
the flame scanner is looking at the flame of the ignitor rather than

the coal flame.

Thus when starting a boiler on coal, the flame scanner does not moni-
tor the coal flame, which is unstable at startup, but looks only at

the ignitor until the coal ignition timer "times out". Likwise when
shutting down a boiler, the operator would bring in the ignitor, then
shut off the coal feed and let the ignitor shut-off after a period of

 time to achieve shut-down. These operations are safe if, and only if,

the ignitor is Class 2. The existing ignitor is Class 3 so, the
existing controls are unsafe in that incomplete combustion can take

olace with such a small ignitor.

-21-
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CAMP LEJEUNE
STUDY FOR BURNER CONTROL COAL FEED
AND ASSOCIATED PULVERIZER

ELECTRICAL INTERLOCK CONTROLS REQUIRED PER NFPA:

NFPA specifically addresses the problem of start-up, normal operation
and shut-down of pulverizer systems. The reader is again requested to
thoroughly review the two applicable standards 85E and 85F (See
Appendix A & B) for operation of pulverizers when firing coal in
multiple burner boiler operation. To simplify the requirements and
seperate them in the various areas, the following excerpts are
important:

a) Startup:
Standard 85E Section 2621 Paragraph G requires that the pulverizer
and burner system function as a unit so that starting of the
pulverizer is integrated with the light off of all burners asso-—
ciated with it. This is the problem of cross firing of the
boilers which will be addressed in subsequent paragraphs and in
Section D of this report.

Standard 85E Section 522 outlines the starting sequence. The
starting sequence is as follows a) start induced draft fans b)
start forced draft fans c) purge boiler with all the burner
registers open to the light-off position. d) adjust airflow rate
to purge air flow. e) regenerative air heaters shall be continued
in service during the start up period. £) open ignition fuel
supply valve. g) start ignitors for all burners served by the
pulverizer. h) with coal feeder off, open all gates between the
coal bunker and pulverizer and make sure that coal is available to
the feeder. i) after ignitors are established, start the
pulverizer. j) start the feeder at a predetermined setting. Kk)
check main burner for ignition 1) slowly adjust air registers to
their normal operating position. m) before starting another
pulverizer, check to see that boiler requirements are adequate to
insure that minimum air and coal feed to the boiler is exceeded.
n) follow the same procedure for place additional pulverizers

into service.

=99
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CAMP LEJEUNE
STUDY FOR BURNER CONTROL COAL FEED
AND ASSOCIATED PULVERIZER

The same starting procedures are referred to in Standard 85F
Paragraph 3-3.1.1. The specific requirements are stated as
follows: The starting sequence shall be as follows: a) start-up
all necessary combustion system equipment such as fans, ignitors,
etc. required in proper sequence. b) open cold or tempering air
damper. c) start primary air fan or exhauster if driven sepera-
tely from the pulverizer. d) open primary air flow control damper
to a predetermined setting which is at least sufficient to provide
minimum burner line velocity. e) open burner line valves, if
any, on the pulverizer to be started. f) start pulverizer. g)
start raw fuel feeder. h) place pulverizer outlet temperature
control, primary airflow control, and raw fuel feed control on

automatic.

Normal Operation:

Normal operation is addressed by Standard 85E Section 53. This
Section can be found at the end of this section "ELECTRICAL
INTERLOCK CONTROLS.

Normal Shutdown:

Normal and emergency shutdowns are covered by NFPA 85E Section 54,
55, and 56 the summary of these. Standards is as follows:

(1) Take combustion oontrol for normal on-line use out of service
and place in manual mode.
(2) Start ignitors after verifying flame

(3) Shut—off hot air supply to pulverizer

-23-






CAMP LEJEUNE
STUDY FOR BURNER CONTROL COAL FEED
AND ASSOCIATED PULVERIZER

(4) When pulverizer has been cooled, stop the feed supply to the

pulverizer and continue operation.

(5) When the coal has stopped and the pulverizer is no longer

delivering any fuel to the boiler, shut-off pulverizer.

d. Emergency Shutdown:

Paragraph 561 calls for all coal flow to the furnace to be stopped
by tripping a burner shut-off valve or equivalent. The ignition
system safety valves and ignitor valves in the coal feeders shall

be tripped and the ignitors deenergized.
PROPOSED BURNER CONTROLS WITHOUT CROSS—FEED:

The existing controls were examined for compliance with the NFPA
requirements and the purge circuitry was determined to be acceptable
for all NFPA reguirements with regard to pulverizers. The burner fire
eye safety controls were found to be deficient with regard to opera-

tion per NFPA.

The most important consideration for the controls is the requirement
that the pulverizer and burner system function as a unit so that
starting of the pulverizer is intergrated with the light off of all
the burners associated with it. If less than complete versatility is
required of the existing pulverizers, a system where each pulverizer

and burner is of the same number, can be designed.

To insure that only the pulverizer and feeder associated with each
surner is used, it is recommended to permanently weld the coal valves
in position to prevent their movement during any subsequent operation
in the plant. This would provide for the utmost safety in regard to
the burner management system. If this is not done there is a poten-
tial for a operator to leave the valves in the wrong location and

supply fuel to a burner which is not operational.

¥/






CAMP LEJEUNE
STUDY FOR BURNER CONTROL COAL FEED
AND ASSOCIATED PULVERIZER

To meet the requirements for NFPA, the following modifications will be

required in the burner controls.

Coal ignition timer - this timer is found on line 13 and will do
the same function as the existing timer, however it will be
changed to an off delay from 0 to 30 minutes in contrast to the
timer currently used which is 5 minutes. This will allow for the
ignition to be on for a longer period of time to allow for

complete burnout of the coal in the pulverizer.

Pulverizer control relay — a pulverizer control relay as found on
line 11 of sketch Cl is added to the system to provide several
functions. It will signal the pulverizer to start automatically
if it has been selected by the operator, and the relay will allow
the pulverizer shut-off valve to open and temperature modulation
to begin. This relay receives its power through the fire eye
master control relay which will automatically close the pulverizer

valve in the event of loss of flame.

Pulverizer gate and valve circuitry - this circuitry is found on
line 24 and 25 of the sketch. The function of these circuit ele-
ments is to allow the pulverizer gate to open when the pulverizer
control relay is closed. It also allows a valve to be energized
which will then begin to modulate the temperature in the
pulverizer through the setpoint controller and indicator on the
main boiler panel. These functions cease when loss of flame
occurs in the burner control management system. The operator can

cool down the pulverizer by resetting the temperature controller.

Pulverizer zero speed switch — this switch provides its function
on line 28 and 29 of the sketch. When the pulverizer reaches full
speed the switch closes and turns on Pl FS control relay and a
light at the burner control station. The light tells the operator
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AND ASSOCIATED PULVERIZER

that the pulverizer is at full speed. This relay provides a time
lag between the start-up and the time in which coal auxilary
control relay is turned on. This coal auxilary control relay
controls the feeder of the pulverizer system. These contacts are
found on line 9. This circuitry prevents feeding of coal before
the pulverizer is capable of receiving it and delivering it to the
burner. This insures that the velocity of air in the pipe is ade-

quate to carry coal to the burner.

Lines 1 through 23 are repeated two times for both burners at each
boiler. Lines 24 through 31 are repeated only once for each
boiler. Line 32 and 33 is repeated twice for an individual boiler
and line 34 and 35 is repeated only once for the boiler controls.
Thus, each burner has a complete set of fire eye scanners, pilot
starts, fuel selection valves and ignition controls. This provi-

des safety and versitility in operation.
PROPOSED BURNER CONTROLS WITH CROSS—-FELED:

To allow for cross-firing of pulverizer to burners, a proposed system
has been sketched. This sketch is identified as sketch C2 Burner
Control found at the end of this section. 1In addition to all of the
features previously discussed this burner control system must be
capable of determining which pulverizer is supplying a particular
burner to allow for proper burner management. This system has three

main components:

a. Cfoss override swit;h - the burner control system has integrated
into it two limit switches which would be found on either the top
or the bottom Y-valves of the pulverizer system. The limit switch
would detect when either or both of these valves were placed in a
cross delivery mode. If these limit switches were not made by the
proper coal valve positon, starting the pilot would be
prohibited. The operator would be alerted to the fact that these

valves were not set properly by the fact that ignition would not
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CAMP LEJEUNE
STUDY FOR BURNER CONTROL COAL FEED
AND ASSOCIATED PULVERIZER

occur. The operator could override this logic by simultaneously
pressing both pilot start and cross-override switch. This would
allow for the fire eye master relay to be brought in and locked
through the circuitry. This then would allow for ignition to
occur. Subsequent depressing of the pilot start would not be
interferred with unless there was complete loss of flame at which
time both switches would have to be depressed in order to provide
ignition. This arrangement provides a degree of safety to the

burner management system.

Pulverizer select switch — To indicate to the burner controls
which pulverizer is used a selector switch would be added to the
controls. The selector switch has functions on line 9, 10, 11 and
12 of Sketch C-2. It essentially turns on either one of the
pulverizer relays. Note that a total of four relays would be
required in the system. A pair of relays in each burner and a
pair of relays for each pulverizer. Nomenclature PULV 1-1 indica-
tes burner No. 1 and pulverizer No. 1 Nomenclature PULV 1-2 indi-
cates burner No. 1 with pulverizer No. 2 on. Subsequently there
are PULV-2-1 PULV-2-2 control relays.

Pulverizer select circuit for gate open and modulation - Lines 24
through 27 show the relay logic necessary to turn the pulverizer
valve on and modulate the temperature. These valves are set up
with normally open and normally closed contacts to discourage the
operator from attempting to fire both burners with the same
pulverizer. The burners are set up in such a fashion, the relay
logic will prevent the pulverizer valve from opening and con-

sequently not deliver fuel to the burner providing safe operation.

As before, lines 1 through 23 will be repeated twice for each
boiler and lines 24 through 31 need only done once for each
boiler. Lines 32 and 33 would be repeated twice for an individual
boiler and lines 34 and 35 would be required per each boiler.

ey
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PROPOSED PULVERIZER AND FEEDER CONTROL

At the end of this section is sketch No. C-3 and Sketch No. C-4 which
lists feeder and pulverizer controls. Sketch C-3 is controls for
single burner and single pulverizer operation and sketch C-4 is

controls for cross-firing operation.

The feeder is controlled by the contact 1 or 2 CACR. This is a coal
auxilary control relay which is found on line 9 of the sketch C-1 or
C-2. Thus the feeder can only be turned on when all of the conditions
have been met, principally the pulverizer is at full speed after it
has been selected by the control. The additional control relay'CFCR
is used to compensate the pneumatic logic when both feeders are
operational. At this time the pneumatic signal to the feeder must be
split in half to allow for proper fuel ratio at the burners. This
coal feed compensation solenoid is turned on only when both feeders are

operational.

The additional control elements shown on Sketch C-4 for the feeders
are the interlocks as previously discussed. These interlocks
discourage the operator from operating both burners from a single

pulverizer.

The pulverizers>are controlled by three contacts. Induced fan auxi-
lary control relay comes from the induced fan. This insures that air
flow out of the boiler is possible when the pulverizer is on. This

contact is necessary because the pulverizer will continue to stay

2n until the operator turns it off.

The pulverizer is turned off and on by a manual switch located at the

main boiler panel. The pulverizer can not start until a signal is

=28
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received from the burner control indicating that fuel can be received
by the boiler. Once the pulverizer is started it is locked in by con-
tact from the motor starter. This allows the pulverizer to continue

in operation even in a flame failure mode.

To alert the operator to a potential pulverizer failure the zero speed
switch is added to the system so that whenever the pulverizer should
be running, the zero speed switch must be opened by rotational speed of
the pulverizer or an alarm will sound alerting the operator to this

failure,

-29-







53. Normal Operation

531. The firing rate shall be reculared by incereasing or de-
creasing the fuel and air supply muliinceously 1o all operating
burners, maimtining normal air-fue! ratio continuously at all firing
rates. This does not prohibi provisions for anr lead and lag of the
fuel during changes in firing rate.

532, The fiving vate shall never be regulated by varying the
fuel to individual burners by means of the individual burner valves.
The individual burner shutofl valves shall be wide opeir or com-
pletely closed (never at intermediate settings).  Air registers shall
be set at the firing positions as determined by tests. This does not
apply to systems provided with metering of air and fuel o each
burner and desianed specifically for individual burner modulating
control.

533. The burncer fuel and air flow shall be maintined well
within the rance between the maxinmm and minmman Limics spedt-
ficd by the boiler manutacturer or, preferably, as-determined by
tial. These trials shall test for minimum load and for stable flame -
(1) with all burners in service and combustion control on auto-
matic; and (2) with different combinations of burners in service
and combustion ¢ontrol on automatic. It must be recoenized that
these maximum and minimum limits with various burner com-
binatons may change with different fuel conditions and nay re-
quire retesting.

5331. If lower minimun loads are required, it is necessary
to remove pulverizer(s) and burners from service and operate the
remaining pulverizers at a fuel rate suitably ereater than the mini-
mum output for stable operation for the number of connected
burners.  The mininm fuel input permited shall be determined
by tests with various combinations of burners in service and with
various amounts of excess air. This minimum fucl mput may vary
with the number of burners in service and shall retlect the most
restrictive condition determined.  These tests shall also take into
consideration the transient stability factors referred to in 4123(d)
(2). The ignition system shall be siilarly tested.

534, Upon loss of an individual burner flame, the flow of fucl
to all burners of the pulverizer subsystem shall be stopped unless
provision is made o stop the flow of fuel o individual burners, in
which case the fuel flow of the oflending burner shall be stopped tin-
mediately.  Also, the burner reaister(s) shall be closed if it inter-
feres with the air-fucl rauo supplied 0 any other individual burner
flame envelope.  See 564 for list of hazards and 565 for detailed
procedure for clearing pulverizers wripped while full of coal.

535. Total air How shall not be reduced below 25 percent of
full load volumetric air tlow,
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CAMP LEJEUNE
STUDY FOR BURNER CONTROL COAL FEED
AND ASSOCIATED PULVERIZER

- FUEL DELIVERY SYSTEM ANALYSIS

CROSS AND MULTIPLE BURNER OPERATION FROM SINGLE PULVERIZER:

The existing facility was designed initially such that a single
pulverizer could feed the two burners of the boiler or supply either
burner. This type of operation built-in a great deal of versatility
in the operation of the facility. Currently that versatility can not
be utilized because of the existing burner and safety controls will
not allow it. The existing burner controls are set up to monitor a
single pulverizer which has the same basic number as itself. This
means that feeder No. 1 feeds pulverizer No. 1 which in turn feeds the

fuel to burner No. 1. The units are all in line with the each other.

Initial design of the facility allowed for the following multiplicity

of operations.
a) Feeder No. 1 Pulverizer No. 1 feeding coal to burner 1.
b) Pulverizer and feeder No. 1 feeding burner No. 2.
c) Feeder and Pulverizer No. 1 feeding both burners 1 and 2.
d) Pulverizer and Feeder No. 2 feeding burner No. 2.
e) Pulverizer and Feeder No. 2 feeding burner No. 1.

f) Pulverizer and Feeder No. 2 feeding both burners 1 and 2.

‘this versatility allowed for repairs to pulverizers and burners so that
they could be taken off line without shutting down the boiler. With
the existing burner controls this is no longer possible. It is a rule
of the plant operation that only a specific pulverizer and feeder com-
bination be used with a particular burner., This was done to simplify

the electrical control interlocks from the burner controls to the feeder.
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STUDY FOR BURNER CONTROL COAL FEED
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Existing boiler controls would be unsafe if, for instance, pulverizer
and feeder No. 1 were to feed burner 1 and burner 2. The boiler
safety controls would shut off a feeder to that particular burner, but
since the other would be in a "flame made" mode the burner would not
call for the feeder to be cut off. If this were to occur unburnt fuel
would be allowed to enter the boiler from one of the burners. The
current plant operation recognizes this safety aspect and does not
allow for simultaneous burning of coal in two burners from a single
pulverizer. However, the mechanical facility allows this to occur

with no interlocking safety features.

The existing burner controls does not allow for cross feeding to the
boiler. Burner controls No. 1 shut-off feeder No. 1 and burner
controls No. 2 shut-off feeder No. 2.

The proposed burner controls as previously discussed will eliminate
this hazard by forcing the operator to select the pulverizer that is
supplying fuel to the burner. In the event that the wrong pulverizer
is selected the burner flame management controls will shut-down the

effective feeder with no safety hazard.

In order to build into this system the complete versatility of firing
both burners with a single pulverizer many additional controls and
mechanically operated interlock devices would have to be added. At
each pulverizer is a Y-valve which directs the flow of material to one
of the two pipes at the pulverizer outlet. If an automatic, versatile
system were designed, these valves would be automated with a mechani-

cal operator and ‘interlock switches.

“here is a similar valve located near the burners. This valve would
likewise be required to be mechanically activated with supervisory
limit switches for the made condition. Thus a total of 8 mechanically

operated valves with the attendant 16 seperate limit switches would
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have to be designed to provide for versatility of selecting any burner
with any pulverizer. The controls located at the burner control panel
would be expanded to a three-position selector switch which would call
for fuel delivery from either pulverizer No. 1 or pulverizer No. 2 or
pulverizer feeding both burners. The controls would recognize which
switch was in operation and direct the proper closing and opening of
valves to meet NFPA requirements for shut-off of coal to burner
without flame. The opening and closing of these respective would be
supervised by these limit switches. This would add a great deal of
cost and complexity to the burner control system and therefore its use

is not recommended at all for this facility.
STEADY FEED TO PULVERIZER:

NFPA 85F Section 2-7.2 calls for an interlock for the pulverizer upon
loss of fuel feed from the pulverizer. This aspect of the standards
can be met by powering an alarm through the coal auxiliary control
relay and a limit switch mounted on the hopper drop chute above the
feeder. Such a switch would be mounted as shown in the attached
sketch. This alarm would enable the operator to fire the ignitor and

gain time to correct the blockage before it results in loss of flame.
RAN COAL SUPPLY SUBSYSTEM:

NFPA 85E Paragraph 4123 (b) (2) requests design of the coal prepara-
tion facilities to size the coal, remove foreign material and minimize
interruption of coal supply to the feeders. This is accomplished at
Camp LeJeune but in a very uncontrollable manner. Oversize and
Loreign material is presently removed by what appears to be a 4" x 4"
mesh screen supported below the output of the drag flight conveyor
which supplies coal to the full length bunker. It's design does not
allow for removal of long, thin foreign material and stringy material

such as rags. These foreign items will cause flow blockage.
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A more positive design would call for a vibratory screen feeder which
would be positioned at the outlet of the bucket elevator and feed
material to the drag flight conveyor. A properly sized screen would
reject this foreign material and allow for its collection before it
could get in the bunker. This would give better assurance of unin-

terrupted flow of coal to the feeder.
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APPENDIX A EXCERPTS FROM
NFPA 85F - 1978

1-2.2  This Standard for the Dastallation and Operation of Pulierized
Fuel Syiemy (NFPA 83E-1978) is applicable to new mstallations and to
major alterations or extensions of existing equipment for the prepara-
ton and burning of fucl in pulverized form contracted tor subsequent
to June 1, 19780 The standand is not retroacnve.

1-2.3  Since this standard is based upon the present state of the
art, its application 1o existing mstadlations s not mandatory. Neverthe-
less. operating companies are encouraged 1o adopt those features of
this standard which are considered apphaable and reasonable tor exist-
iy installatons.,

1-3.1.2  [he prndipal requirement of pulverized fuel svstems
and then components s that they be capable of Tong-term contimuons
and proper operaton. Tois essential that unwanted mmterruptions be
kept to an_absolute minimum because of the general combustuble and
explosne nature ol the pulverized fuels. Expenence shows that fnes
and/or explostons are most ikely to occur dunmg start-up or shutdown
or after an emergency shutdown,
Pulverized fuel svstems must mcorporate all necessary equipment
and controls 1o provide for repeated safe « vales of stnt-up. operaton,
and ~hutdown, whether these cvdes are of long o1 short duration.

1-3.4.2 It is of fundamental importance to evaluate and make
provisicns for adequate integraton of manual and automatc satety
features. The maximum number of automatic trip features does not
necessarily provide for maximum overall safety. Some trip funcuons
result in additional operations which increase exposure to hazards. It 18
important to weigh the benefits againstany disadvantage of vanous trip
funcuons.

1-3.6.1 For safe operation, proper coordimation of the overall
design and funcional objectinves are important. e cannot be assumed
that correctly designed equipment and the nmunuotacturer’s operating
instructions may be wholly relied upon to ensure a safe operaung
system without the benelit of a competent technical, operatng, and
nuintenance plant organization.

1-3.6.3 The quality of mntenance of control equipment, in-
cuding interlocks and alarms, must be sufhiciently high to maintain the
astem in a sate and reliable operating condition. All equipment should,
with reasonable operation and mamienance, operate over an ac L(‘pl.ll)k'
period of time without being taken out of service.

0 ¢ .
2-2.2  Thesvstem shall indude indicators and annuncitors which
will provide the operator with adequate imntormaton about sigmificant

operating conditions, both normal and abnormal. throughout the swvs-
tem.

2-3.3  Posinve miecans shall be provided o assare that all pipe
velodities are equal to or above the mimimum velocity required for tuel
transport. Testing during mitial start-up shall be performed o vernty
that individual pipe velodues are adequate.
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2-4.1 Where inerting is specihed. it shall be permanenthy installed
and cquipped with sunable connections which shall be a mimimum ol
one inch diameter. Injecnon shall be controlled by readily operable

valves or dampers.,

2-5.1 Direct-Fired Systems.

NOTE Fhis ssstem many have the fan located either tollowimy o ahead ol the
pulvenizer Tausalan ibv-passr an s used, a damper s requited o this hine. 1 he
ustial duect-hnng pulvenzed tuel ssstem s comprised of the tollowmg components
(see Fagare 2-5.1):
(a)  Raw tuel bunker
() Raw tuer gate
() Raw tuel feeder
tdi Flow contral of raw tuel
tey  Discharge hopper.
(1 A or Hhoe gas) swept ')ulu-n/('l,
an o Pulvenizer o fan or exhaoster
th)y  Source of hot ain o Hue gas)
) Source of cold air tor Hue gas)
) lTemperature control of ain tor Hue gas)
(&) How conttol of an tor ue gas)
th Piping and duas,
(m) Vahes.
m) Dampers.-
(o) Burners
(p) Means of merung
(@) Salety interlocks and alarms

2-6.7.1  Pulverizers and pulvernized fuel collecting svstems shall be
cquipped with sitable connecions for fire extinguishing. These connec-
tons shall be at least one mch (25mmy) divmeter and shall be adequate 1o
pass the amount of exunguishing matenal required.

2-7.2 Interlocks tor pulverizers of divect-hied systems shall be
arranged to rip in the tollowing sequence:

() Loss ol primary air flow wtips raw fucl feeder of alfected
pulverizers.

NOTE Munufacturer's instructions regarding dosing of burnes line valves, d.llllp('l‘h,
and tmpping of pulvenizer should be followed

(b) Failure of pulverizer trips raw fucl teeder:
() Closure ot all pulvernzer discharge valves tmipsvaw fuel feeder.
() Loss of tuel feed duough the pulvenizer encrgizes alarms, and

blocks restartng ol fuel feed unol teeder stat-up condinons
e re-established.

NOTE Several means are avalable o indicate loss of fuel teed thiough the
pulvenzer, loss of fuel feed 10 the pulvenzer, loss ol tuel stored within the pul-
verizer and loss of fuelinput to the burners. Atleast one. but preferably a combina-
ton of means, should be rehably established and used 1o actuate loss of tuel
mterlocks.

2-7.3  Permussive sequential starting interlocks shall be arranged so
that after appropriate turnace interlocks have been saushied inaccor-
dance with NFPA 8O5E-1978, Pulverized Coal-Foed Multple Bumier Boiler-
Furnaces, the pulvenizer can be started only i the following sequence

(@) dgnitors for all of the burners served by the pulserizer in
service and proven.

(b) Start primary air fan or exhauster.
(¢) Fstablish minimum ain How.
() Start pulverizer.

(¢) Start raw fuel feeder.
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3-2.41  Tire inany part of a pulverized fuel system shall be
considered serous and dealtwith prompily. Inerting and exunguishing
media shall be selected trom the following:

(i) - AVsites.

(b) Carbon dioxide.

() Inertvapor (such as steam).
() Nitrogen.

(¢) Other mert gases.

3-2.4.2 The following procedures for hehiing fires shall he
considered with appropriate modificaton for speahic systems, specihic
locations of fire, or as influenced by the manutbacturer's requirements:

() A hre detected inan operating low-storage pulverizer may
generally be extinguished by shutting off the hot air, increasing the raw
fucl feed as muach as possible. and continuing to operate with cold air. I
the temperature at the pulverizer outlet does nat drop within a few
minutes. introduce water into the raw fuel and’or cold o streams.,
However, the water must be added in such quantines and at such
locations as not to cause hang-up ovinterapnon of the raw tuel teed
not tosur up any deposits ot combusuble material, When all evidence
ob hre has disappeared. shut off the water and the raw fuel feed, allow
the pulverizer 1o vun with cold ain passing throush it for at least 5
minutes to purge the svstem, and minimize any accumulation of water.,

(hy Stop the pulverizer, isolate the svstem and inert. Avoid dis-
turbing anv accumulation of dust within the pulverizing cquipment. Do
notopen.any access doors to the pulverizer unal the e is extimgmshed
and all temperatures have retumned to ambient. After isolation ol the
puiverizer s verified, follow procedures outlined i 3-2.44.6.

(o) Shur ot the teeder and allow the pulverizer ta dear iself of
fucl. Mamtain a tlow of cold ainr through the pulvenzer unul all evi-
dence of hie has disappeared. When the pulverzer s cold, shut it
down. Isolate the pulverizer and follow procedures outhmed in 3-2.3.

(di Because of the relatively Luge amount of tuel in the high-
storage pulverizer, the procedure in 3-2.1.2 (1) mav not be successtul,
In this event, stop the raw fuel feed and the pulverizer immediately,
Stop tans. inolate the svstem and inert,

3-3.1 Starting Sequence.

3-3.1.1 The sunting sequence shall be as follows:

(a) Start up all necessary combustion system cquipment such as
fans, ignitors, e, required i prope sequence.

(bh) Open cold or empering an damper.

() Start primvary aiv fa or exhauster, if driven separately from
the pulverizer.

(d) Open primary air How control damper 1o a predetermined
setting which s at least sulficient o provide mimimum
burner hine selocity.

() Open burner line valves, if any, on the pulverizer 1o be
started.

(0 St pulverizer.
(g) Start raw fuel teeder.

(hy Place pulverizer outlet temperature control, primary an flow
control, and raw fuel teed control on automatic.
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3-3.2 Normal Opecration.

3-3.2.1 The pulverizer output shall be regulated by increasing
or decreasing its fuel and air supplies in accordance with the manufac-
turer’s procedures or as determined by field tests.

3-3.2.2 The indinvidual burner shutof! valves, it provided. shall
be wide open or completely closed (never at intermediate settings).

3-3.2.3 Foroperation atveduced pulverizer loads, the auxiliary
atr dampers, where provided, shall be used o mamtam mimimum
burner hine velocies.

3-3.2.4 A pulverizer shall not be operated below ats mmimum
an and/or tuel stop setung.

3-3.3 Normal Shutdown.

3-3.3.1 The shutdown sequence shall be as follows:

(a) Fstablish required combustion system conditions for shut-
down.

(b) Shut off the hot air and open up the cold air to cool down
the pulverizer,

() When the pulverizer is coaled, stop the feeder and conunue
operation of the pulverizer with suthaient i How to 1emove
Al tuel trom the pulverizer and assocated burner hines.
Conunue cooling 1l required.,

Shut the pulverizer down when the pulverizer svstem s
cmpty.

(e) Close all mdividual burner line shutotf valves. if provided,
unless otherwise directed by manufacturer’s instructions.
NOTE

When a high storage pulvenizer is shut down with a sigmihcant amount of
coal remammg in the pulvenizer, this coal is subject tospontaneous combustion f 1ty
not Lr]»l below s Witon l(-mp('l.llnu'

I” I”l’l'l o munnnze ('\')i(l\lvl”\ mn [h('
pulierizer or burner hnes,

the salest procedure 1s 1o cool down and cmpty the
pubserizer, the same as for a low storage sssterm. When this procedure 1s not
followed it recommended that the pulverizer be blinketed with an mert gas. A less
destruble procedure s o rotate the pulvenizen at speatied mtenvals in order to mis
the charge of balls and coal and prevent the spontaneous generation ol heat
sufhaent 1o nite the coal. The danger i this latter procedure 18 thawif 1t not
done often enough and the coal 1s already ignitexd . the rotation of the pubenze

I may
tgger an explosion. Consult the manufacturer tor speahic mstructuons.

3-3.4 ClI -aring Procedures.

3-3.41 For pulverizers that are tipped while contamimg a
charge of fuel, the tollowing procedure shall be used to dear fuel from
the palverizer as soon as possible after it has been tripped:

() Isolate all shutdown o tipped pulverizers.

(b) Startup one pulverizer in accordance with the principles and

sequences histed in 3-3.1.

NOTE: S hc\(j procedures will also sweep the transport hines cean.

() Continue to operate the pulverizer until empty and in nor-
mal condinon for shutdown. When the operating pulverizer is empiy of
tuel. proceed to another pulverizer and repeat the procedure undl all
are cleared of fuel.
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APPENDIX B EXCLERPTS FROM
NFPA 85E - 1978

13. Because this standard is based upon the present state of the
art, application to existing installations is not mandatory. Never-
theless, operating companies are encouraced to adopt those fea-
tures of this standard which are considered applicable and reason-
able for existing installations.

14. Emphasis is placed upon the importance of combustion con-
trol equipment, safety interlocks, alarms, trips and other related
controls which are essential 10 safe boiler operation.

213. Numcrous situations can arise i connection with  the
operation of a boiler-furnace which will produce explosive condi-
uons.  Although special hazards are covered in detail in paragraph
2062, the most common experiences are:

2131. An interruption of the fuel or air supply or ignition
¢nergy to the burners, sufhicient to result in momentary loss of
flames, followed by restoration and delayed re-ignition of an ac-
cumulation,

2132, The accumulation of an explosive mixture of fuel and
air as a result of loss of flame at one or more burners in the presence
of other burners operating normally or during lighting of additional
burners.

2133, 'The accumulation of an explosive nuxture of fuel and
air-as a result of a complete furnace flamcout and the ignition of
the accumulation by a spark or other ignition source, such as at-
tempting to licht burner(s).

2134, Fuel leakage into an idle furnace.

222. It is of fundamental miportance to evaluate and make

adequate provisions for optunum inteeration of manual and auto-
matic safety features. The maximum number of automatic trip
features does not necessarily provide for maximuim over-all safety.
Some trip actions result in additional operatons which increase
exposure to hazards. It is important o weieh the benefits against
any disadvantages of various trip functions.
2523. Another basic objective is the application of the open
register light-ofl' and purge rate procedure. This procedure main-
tains volumetric air flow at or above purge rate during all op-
eration of the boiler. The term “Open Register Lich-O was
iidally adopted to distinguish the procedure from the old prac-
tice of lichting off with closed registers, that s, with all burner
air registers closed except for the burner 1o be lit. This outmoded
closed register practice made it diflicult (o control the air throuvh
the burner to be lit and thereby inercased the risk of a flamcout
even with very rigid rules of procedure,

The open register-purge rate procedure is hased upon the con-
cept that the following three basice operating conditions will sie-
nificantly nnprove the margin ol - operating safeuy, parucularly
during start-up.

(1) Minimum number of required cquipment manipulations,
thereby minimizing exposure (0 operating errors or cquipment mal-
function.

(2) Mecans for establishing the desived fuel-rich condition
at individual burners during light-ofl.
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~ditional need 10 maintain  minimum

(3) An air-rich furnace atmosphere during the licht-ofl and

‘/ ' 3 i - . - > o N e .
warm-up by maintaining total furnace air flow at the same rat
as that required for the furnace purge.

In its simiplest form the basic procedure which satisfies these three
operating ohjectives is as follows: : _

(@) All or most of the burner air registers are placed in a pre-
determined open position. _

(b) The furnace and boiler .\'clling are purged \\'1’[¥) the bun'u{r
air registers in the position specified in-item (). The uufgli air
flow for purge must not be less than 25¢7 of full load volumetric air
flow.

(c) Licht the first burner or group of hurncrs‘\_\'xlhuul any
change in air flow setting or in burner air register position. 3

Each boiler shall be tested to determine whether any muqm-
cations dre required in order to obtain satisfactory ignition, Ul].‘lo
satisfy other design limitations during Ilf;ln.-uﬂ and w.:'rm-l}p.. }ur
cx;mfplc, some boilers will be purged with the lt?j,'lbllLf’%“l’ll. ltx:;
normal operating position.  In this event it may be necessary !
monientarily close the registers of the burner l)cxpu ln_:lncd to cs-
tablish ignition. However, unn(‘('cs.\‘ar_\’.n_xudlﬁ(ulmns in the basic
procedure shall be avoided, thereby saustving to the greatest deoree
possible the three basic objectives set forih above, particularly that
of keeping the number of cquipment manipulations to a minitnum.

2621. Common hazards are involved in the (‘mnbu\sliun of
solid, egascous and liquid fuels. - In addition, each of these 1\1&'}5 !1:15
special hazards related o its physical and chemical characteristics.

Characteristics of coal and coal firing

which require special con-
sideration are:

(g) The burning of pulverized coal rec
tion of the pulverizer system. In the syste
the pulverizer and the burner systems “fun
starting of the pulverizer is integrated with the light-off of all
burners associated with it. Precautions must be taken 1o prevent
pre-ignition of the pulverized coal in the burner pipe. This is ac-
complished principally by preventing the velocite of the (ransport
air from falling below a predetermined valye during operation
and by purging the pipes with at least this air flow during the shut
down procedure.  Also by operating above these minimum veloei-
ties, setding out or drifting of the fuel in the burner pipe is pre-
vented.  The dancer associated with this aritting is that the ae-
cumulated coal may cause a furnace explosion as the flow in that
pipe is increased, A means s also required o prevent reyerse
How of furnace gases into idle burners or pulverizers,

juires close integra-
M in most common use
ction as a unit so that

(h) The dithculty in equalizing (r

ansport air velocities in
multiple coal /air pipes from the

same pulverizer introduces an ad-

transport air velocity, as
described in paragraph (g) above. Positive means 1iust be pro-
vided for controlling individual pipe velocity, or the minimum
safe pipe velocity must be based on the lowest velocity pipe asso-
ciated with a particular pulverizer.  This May require testing dur-
ing initial start-up of the boiler.,
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(i) It'is necessary to dry the coal w prevent pulverizer chok-
ing or impaired combustion.  This is usually accomplished by
supplying hot air to the pulverizer.  Temperawure control is nor-
mally maintained by mixing cold wempering air with the hot air
from the air heater. The coal-air temperature leaving the pul-
verizer must be maintained within limits. Too low an oudet tem-
perature impedes pulverizatdon.  Too high an outlet temperature
causes coking or burning of burner parts, and increases the possi-
bility of pulverizer fires. The pulverizer outlet temperature 1s ad-

justed for the type of coal being burned. Maintaining a conwolled

outlet temperature also aids in controlling the relationship between
fuel and primary air or gas.

< (j) With a low storage pulverizer, provisions must be made
for cooling down and emptying the pulverizer as part of the process
of shutting down the burners associated with it If the pulverizer
is ripped under load, ollow the clearing procedure outlined in See-
tion 505 10 prevent spontancous combustion and a possible ex-
plosion in the pulverizer or burner lines.

CLASSIFICATION OF IGNITER — lgniters are designated by use as
class 1, class 2, or class 3 as defined below in this section and as
verified by test (See 4123(d) (3) ). It is dangerous to usc class 3
igniters with pulverized coal main fuel. Itis strongly recommended
that only class 1 or class 2 igniters be applicd to coal burners, and
after existine boilers are found to have class 3 igniters, they should
be up-graded o at least class 2. Many fuctors aflect the classification
of the ieniters amone which are: the characteristics of the main
fuel; the furnace and the burner desian; and the igniter capacity
and location relative to the main fuel burner.

Crass 1 (Continuous Igniter)

An igniter applied to ignite the fuel input throush the burner
and to Sll;‘»prn'f icnition under any burner heht-oll or operating con-
ditions. It location and capacity are such that 1t will provide
suflicient ignition encray, generally in excess of 1077 of full load
burner input, at its associated burner to raise any credible combi-
nation of burner inputs of both fuel and air above the minimum
ignition temperature.

Crass 2 (Internttent lgniter)

An igniter apphied o ienite the fucl mput throueh the burner
under prescribed licht-otl conditions. Teas also used 1o support
ionition under low load or certain adverse operating condiuons.
The range of capacity of such igniters is generally 49 10 109 of
full load burner fuel input. 1o shall not be used 1o ignite main
fuel under uncontrolled or abnormal conditions. The burner shall
be operated under controlled conditions to limit the potential for
abnormal operation, as well as to limit the charge of fucl o the
furnace in the cvent that ienition does not occur during licht-ofl.
Class 2 igniters may be operated as class 3 igniters.

Crass 3 (Interrupted lgniter)

A small igniter applied particularly o cas and o1l burners o
iwnite the fuel mput w the burner under preseribed Liehe-otl condh-
tions. The capacity of such igniters eencrally does not esceed 4%
of the full load bhurner fucl input. s a part ol the burner licht-ofl
procedure the igniter is turned ofl before the timed wial for igniton
of the main burner has expired. This 1s to insure that the main
flame is sclf-supporting, is stable and is not dependent upon 1g-
nition support from the igniter. Jhe use of such igniters to support
ienition or to extend the burner control range shall be prohibited.
This class of igniter is dangerous for licht-oll or sustaining ignition
of main coal burners.






(b) Raw CoAL Sturrry SUBSYSIEM
(2) The raw coal unloading, storaze, transfer and prepara-
tion facilities shall be designed and arranged to properly
size the coal, to remove foreign material, and 1nilni-
mize interruption of the coal supply to the coal fecders.
This includes the installation of breakers, cleaning
screens and magnetic separators where necessary. Detec-

tion and corrective means shall be provided to insure
adequate coal How w the feeder. One of the greatest
hazards in the operation of pulverized coal-fired batlers
is partial or ol stoppage of the vaw coal supply o
the coal feeder. The resalting mterruption  Causes
transients, sicnihcant reducton or cessauon ol the pul-
verized coal supply o the brrners with the accompany-
ing hazard of loss of ignition and reigniton of an ac-
cumulaton.
(c) PULVERIZER SUBSYSTEM

(1) Coal pulverizing equipmient shall be designed to pro-
vide a range of capacity which will minimize starung
and stopping of pulverizers during boiler load chanees.
It shall produce satisfactory coal fineness over a speci-
fied range of coal analyses and characteristics. Pul-
verizer systems shall be desiened inaccordance with
NEPA 831-1978 ~Pulverized Fuel Systems.”™ The pul-
verizer system shall be designed to minimize the pos-
sibility of fires starting in the system and means shall
be provided to extinguish fires.

(4) Means shall be provided to control pulverizer outlet
temperature within limits suitable for the coal being

fired.

(e) lonrtion SUBSYSTEM
(1) The ignition subsystem shall be properly sized and
arranged to smoothly ignite the main burner input
within the limitation of the igniter classification. It
shall be tested to verify that the igniters furnished
meet the requircments of the class specitied in - the
design,

422. System Requirements
_ (a) Furnace input shall be maintained in accordance with a
suitable energy demand under all credible conditions.
(b) The air/fuel mixture shall be maintained within safe

lll_nn_s as cstablished by test under any boiler output conditions
within the controllable operating range of the subsystem.

. (c) For start-up conditions means shall be provided to main-
tain a constant volumetric total air flow (not less than 259;) while

. Rl o facaet et Ten
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fuel is controlled to satisfy start-up rates and within the established
limits to be compatible with awr flow at cach burner. Means shall
also be provided and suitable operating procedures shall be estab-
lished to preclude the possibility of an unsafe fucl/air vatio condi-
tion at cach burner.

(d) Provide means for setting minimum and maxinum limits
on the fuel and air control systems to prevent these systems from
providing fuel and air flows beyond the stable flame limits of the
fuel burning system. These minimum and maximum limits shall be
defined by the burner manufacturer and verified by operating tests.
[See Section 4123 (d) (2).]

(¢) Mecans shall be provided 1o conwol the pulverizer coal-
air wemperature within the required linits.

(f) Mecans shall be provided to assure adequate primary air
for transport of the required fuel input.

(¢) When changing the rate of furnace mput, the air flow
and fuel flow shall be chanced stmultancously at the proper rates
to maintain safe air/fuel rato durine and after the changes. This
does not prohibit provisions for air lead and lag of fuel during
changes in firing rate.  The practice of placing either fuel or air
flow control on automatic without the other also being on auto-
matic shall be discouraged.

(h)  On balanced draft furnaces, maimntain furnace drafe at
the desired set point in the combustion chamiber.

(i) Means shall be provided to prevent the conwrol system
from demandine a fucl-rich mixwre. Control action toward more
fuel and less air shall be blocked when air/fucl ratio decrcases
below preset value.

(j) Means shall be provided to cut back fuel to available
air. 1 the air fuel ratio should decrease below an approprate
preset value, control actions wward less fuel and/or more air shall
be taken.

(k) Itis recommended that oxygen and conibustible mneters be
provided as an operating guide.

(1) Coual flow devices on cach pulverizer are recommended as
a part of the combustion control and burner control systems to
provide indices of total fuel vs. total air tlow. These devices are
also a valuable operating guide.

(m) Provide means to permit as much on-line maintenance
of combustion control equipment as possible.

(n) Provide a means for calibration and check testing of
combustion control and associated safeguard equipment.

522. Starting Sequence
(a) Start induced-draft fan(s) if provided.
(b) Start forced-draft fants).
(¢) If regenerative twpe air heaters and gas recirculation fans
are furnished, start them in the manner recommended by the
boiler manufacturer.
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() 1n line with the objectives set forth in Section 51, it is
preferable to purae the botler with all of the burner registers open
to the licht-ofl posivon. [See Para. 2523 (a).] In any cvent, open
dampers aid burner registers to the position necessary to insure
a comiplete purge of the furnace, boiler passes and ducts. If tests
show that the required air flow and air distribution to the initial
operating burners for positive ignition and stable flame cannot be
maintained when the registers are open, then one’ or more - idle
burner registers may be closed.

(¢) Adjust air flow rate to purge air flow, and purge the
cetting with not less than five changes in volume but, in any event,
for a continuous period of not less than five minutes.  Purge air
flow shall be equal to or greater than 25 percent of full load volu-
metric air flow (see precautions 587) for a period of five minutes,
which experience has shown 1o be adequate flow for a satisfactory
purge, unless tests on i spec ific unit demonstrate &llisl\.u‘lm'_\' purg-
ing with different values of flow and tme.

(f) Sce Section 6 (Interlock Systems) for permissive condi-
tions in **Purge System™ that must be satisfied.

(¢) If eas recirculation fans are furnished, they can cither
be taken out of service or left in service as required by the boiler
manufacturer for start-up conditions.

(h) Regenerative air heaters shall be continued in scervice
during the start-up period with pulverized coal. A number of bene-
fits occur: examples are:

(1) Heated air may be supplied. to the pulverizer to aid
in drying the coal during pulverizing.
(2) Heated air may be supplied to the feeders to aid in
_ keeping the coal flowing at low firing rates.
(3) Heated combustion air aids in burning the fuel more
completely during warm-up and low loads.

(i) Open the ignition fuel supply valve (E) and check that the
ioniter fuel control valve (I7) is holding the recomimended fuel
pressure for proper igniter capacity.

(3) Start the igniters for all burners served by the pulverizer
to be placed in service. 1 one or more of the igniters fail to light
within ten seconds, shut the igniter shutofl valve, determine and
correct the cause of the failure to light. Because air flow is at purge
rate, repurge is not necessary before retrying the igniters. Repeated
retrials of igniters within a short time interval is prohibited.

(k) With the coal feeder off, open all gates between the coal
bunker and pulverizer feeder and make sure coal is available to
the feeder.

(1) After making sure that the igniters are established and
are providing appropriate ignition energy for the main burners,
start the pulverizing equipiment following the equipment manu-
facturer’s instruction. I necessary readjust furnace ar flow alter con-
ditions stabilize, but air flow shall not be reduced below the purge rate.

(m) _Sl:x}'( the feeder at a predetermined seuwing. With the
f('('d‘n'r delivering (»U.’il to pulverizer, pulverized coal will be delivered
to the burners after the specific time delay required to build up
storage in the pul\:c‘n?(:r and transport the fuel o the burner. This
tme delay which is determined by test. may be a few seconds with
some types of equipment or as much as several minutes with others.
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(n) The main burner fuel admitted to the furnace should
ienite immediately. Sausfactory ignition should be obtained within
ten seconds following the specific time delay described 1o (m).

The master fuel trip shall be initiated on failure to ignite or
loss of ignition on burners served by the first pulverizer placed in op-
eration unless the cause of failure to ignite-or loss of ienition 1s known
to be loss of coal in the pulverizer subsystem. In the latter event
initiadon of the master fuel trip may be omited but all conditions
for proper light-of] shall exist before restoring coal feed.

For the next and all subsequent pulverizers placed in opera-
tion, failure to 1gnite or loss of ignition for any reason on any burner
shall cause the stapping of fuel flow to that burner.  All conditions
for proper light-oll shall exist before restavting the burner.

(0) After stable flame is established, slowly adjust the air
register(s) or damper(s) to their normal operating position, mak-
ing sure that ignition is not lost in the process.

If the igniters do not meet class 1 or 2 requiremnents they
shall be shut down at this point.

(p) Before starting another pulverizer, the loading on the
operating pulverizer shall be at a level that will prevent its load
being reduced  below its proper operating limit when a second
pulverizer is placed in operation. ;

If an operating pulverizer does not have all of its burners in
service it is desirable to start another pulverizer with all burners and
shut down the pulverizer and empty it rather than start its idle
burners. If ample precautions are taken to prevent (1) accumulation
of coal in idle burner lines, (2) hot burner nozzles and difTusers
which may cause coking and fires when coal is introduced; and (3)
excessive disturbance of fuel-air ratio of the operating burners;
idle burners may be started on the first pulverizer without shutting
it down. (See also 584)

(q) Follow the same procedure (k throuch p) when placing
the sccond pulverizer into service. CAUTTON: When fuel 1s being
admitted 1o the furnace, never trn on igmters for any burner with-
out proof that there is a normal fire in the furnace. 1 the dgmiters
for operating burners have been wrned oll, then those operating
burners must have satisfactory iznition before any igniter is started.
A comimon cause of furnace explosions is the turning on of igniters
where there has been a flameout of an operating burner.

(r) After exceeding predetermined minimum main fuel input
[See 4123 (d) (2) ] the burners should be providing sustaining ig-
nition encrgy for the incoming fucl. The igniters (Class 1 or class
2) mayv then be shut off. Verify that the stable flame continues
on the main burners after the ieniters are shut ofl. Some systems
permit the lgniters to reman an service on either intermitent or
continuous basis.  This is permissible provided the igniters have
been tested to meet all the requirements of class Tigmers or class 2
ioniters with proper associated interlocks.  {See 4123 (d) (3).]

- Several explosions have been attributed o reienition of an accumu-
lation of fuel by inadequate igniters after unnoticed flameout of the
main burners.

(s) The normal on-line metering combustion control (un-
less desianed specifically for start-up procedures) shall not be placed
in service until:

(1) A predetermined minimum main fuel input has been
' exceeded;
(2) All registers, on non-operating burners  are closed,
unless compensated for by the control systemy

|5

3) Durner fuel and air fow are adjusted as necessary;
(4) Stable fame and suitible furnace conditions have been
established.
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54. Normal Shutdown

541. When taking the unit out of service, bring the boiler down
to about 25 percent load.

542, Take the combustion control for normal on-line use out
of service (unless designed for shut down procedures) and adjust
the fuel input, air flows, and reaister positions to the values estab-
lished for start-up.

543. Follow the reverse procedure of that used during start-up,
maintaining puree air flow and register settings.  Burner reaisters
are left in start-up position, maintaining purge air flow, untl all
burners are removed from service. A pulverized fuel system shall
be shut down in the following sequence::

5431. Determine that there is e at those burners of the
pulverizer to be shut down and place the igniters in service for the
burners served by that pulverizer,

5432. Shut off the hot air and open up the cold air o cool
down the pulverizer.

5433.. When the pulverizer is cooled, stop the feeder and
continue operation of the pulverizer with suflicient air flow to
cpty out and remove all coal from the pulverizer and associated
burner lines. For a hieh storage pulverizer see 2621(k).

5434. When the burner fires are extincuished and the pul-
verizer is empty, and cool, shut down the pulverizer subsysienn,

5435. Close all individual burner line shutoft valves unless
otherwise directed by manufacturer's instructions,

5436. Remove igniters from service,

544, As the boiler load is reduced. shut down the remaining pul-
verizers sequentially as previoushy described. At some point remov-
ing the next pulverizer from service may result in the remaining
burners becoming not stable. At this time the igniters on all re-
maining burners shall be placed in service before any pulverizer
is shut down,

545. A purge of the setting shall be accomplished by maintain-
ing an air flow of not less than 25 percent of full load Aow for a
period of not less than five minutes.

546. Following the purge of the seuting, the burner air registers
may be closed and the fans may be shut down. Itis strongly recom-
mended a flow of air should be maintained through the unit to
prevent any accumulation of cotubustible vases. Leakage of main or
igniter fuel into the furnace or windbox shall be positively prevented.

55. Normal Hot Restart
551. When it is desired to restart a unit after it has been bottled
56. Emcrgency Shutdown — Master Fuel Trip

561, With the nitiation of a master fuel trip from any of the
emergency conditions tabulated in 3611 and 5612 below, all coal
flow to the furnace from all pulverizers subsvstems shall be stopped
by tripping burner shutoff valves iB) or cquivalent. The ieniter
systems safety wrip valve (E), individual ieniter valves ((3), primary
air fans or exhausters, and coal feeders shall be tripped and ieniters
de-cnereized., If a furnace merung svstenu is installed, the mnerting
system shall be operated stimultancously with the master fuel wip.






Master fuel trips shall operate in a manner to stop all fuel flow
into the furnace within a period that will not permit a diangerous
accumulation of fuel in the furnace. A master fuel trip shall not
inidate a fan trip.

5011. Mandatwry Automatic Master Fuel Trips (see Sce-
tion 0)

(a) Loss of either all induced or all forced draft fans.
(b) TFurnace overpressure from wbe rupture or other cause.

(c) All fuel inputs zero (sce 6232 (¢) ). Sece section 631 for
required interlocks and trips for individual pulverizer subsystems.

(d) Loss of all flame,

5012, Mandatory Master Fucel "Trips With Alarms — not
necessarily automiatic,

(a) Partial loss of flame suflicient to introduce a hazardous
accumulation of unburned fuel. Ttis strongly recommended that all
new installations inelade provisions for automatically initiating a
master fuel trip for this condition. See also 632 for required interlocks
and trips for individual pulverizer subsystems.

(1)) Failure of the first pulverizer subsystem to operate success-
fully under the conditions specificd in 522 (n) and 03.

(¢) Loss of eneray supply for combustion control, burner con-
trol, or interlock systems.

(d) FExcess furnace suction.

562. Recommended Procedure for Purging After an Emer-
gency Trip. If the fans are operating after the trip, continue in
service. Do not immediately increase the air flow by deliberate
manual or automatic control action. If the air flow is above 25
percent of full load air flow, it may eradually be decreased to
this value for a post-firing purge of at least five minutes. If the
air flow is below 23 percent of full load volumetric air flow at the
time of the trip, it shall be continued at the existing rate for five
minutes and then eradually inereased to 23 percent of full load air
flow and held at this value for a post firing purge of five minutes.

If the trip was casued by loss of draft fans, or dralt fans have also
tripped, slowly open all dampers in the air and flue gas passages of
the unit to the wide open position in order o create as much natural
draft as possible to ventilate the setting. Opening fan dampers shall
be timed or controlled to avoid excessive positive or negative furnace
pressure transients during fan coast-down. Maintain this condition
for a period that will result in not less than five changes in volume,
but in any case not less than fifteen minutes. At the end of this
period, close the flow control dampers and imediately start the
fan(s). Gradually increase air flow o at least 25 percent of full load
air flow. These lmits shall be adhered o unless adequate tests on a
specific unit demonstrate satisfactory purging with different values
of flow and time.

563. 1f it is impossible to restart for sume extended period of
time, a flow of air through the unit 10 prevent accumulations of
combustible gases shall be maintained.

564. Hazards of Residual Coal Charges in Pulverizers and
Clearing After Shutdown.

Pulverizers will, on tripping, have a residual charge distributed
primarily in the pulverizer, but also in burner piping and nozzles.
This accumulation in a hot pulverizer will generate volatiles that
arc combustible and explosive. The charge will likely be suflicient
10 change light-ofl conditions and thus a new start-up procedure is
required as discussed in scction 505, If there is doubt whether a
pulverizer is charged with coal, use the special procedure of 565
for a charged pulverizer.
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Because of the possibility of a variable size charge in the pulverizer
on random occasions, it may be preferable to always start up cach
pulverizer and its burners as”thoueh they had been shut down
charged with coal. Review this question with the pulverizer and
burner manufacturer.

It is important to remove the charge of coal from the pulverizer
subsystems with minimum delay or to inter them. If the boiler is
to be restarted and brought up to load without delay, the pul-

verizers with a charge and their feeders shall be started in sequence
as required by the load in accordance with the procedure described
in section 565.

If a delay in load demand is expected or undetermined, but
boiler conditions, including completion of boiler purge will permit
firing, the pulverizers shall be started and cleared in sequence
in accordance with the prescribed procedure. If during this se-
quence it becomes possible to fire at a rate greater than the ca-
pacity of one pulverizer operating within its range of operation
for stable flame, one of the pulverizers and its feeder shall be placed
in service to help burn the coal being injected from the remaining
pulverizers being cleared.

If there is a significant delay before any firing can be initiated
and the pulverizers cleared, the pulverizer subsystem shall be
imerted. The time delay for inevting will depend on the coal charae-
teristics, pulverizer temperature, and size and  arranecment of
the pulverizer cquipment.  The inerting procedure will be pre-
scribed by the pulverizer equipment manufacturer.

If firing cannot be initiated for an extended time period, the pul-
verizer may be cleaned manually if required, but only after the
pulverizers have been cooled to ambient temperature and have
been inerted before opening. There is danger of an explosion when
opening and cleaning any pulverizer and thus caution is necessary.
(Sce NFPA 85F-1978, Installation and Operation of Pulverized
Fuel Systems.)

Regardless of the steps taken, such as inerting or manual cleaning,
a pulverizer that has been tripped without being cleared of coal
shall be started using the special procedure required for a charged
pulverizer.

565. Clearing Procedure For Pulverizers and Fuel Burning
Equipment :

In order to minimize hazards caused by accumulations within
the pulverizer, as discussed in 564, the [ollowing procedure shall be
used to clear coal from the pulverizing and fuel burning cquipment
after a master fuel trip or a wrip of individual pulverizers.

(a) Isolate all non-operating or tripped pulverizers from the
furnace.

(b) Purge the furnace and start up in accordance with 522 (a)
through (1) following a boiler fucl rip.

(c) Light the igniters on all burners of the pulverizer to be
cleared. After making sure that the ingiters are lighted and are
providing appropriate ignition energy for the main burner, start the
pulverizing equipment following the equipment manufacturer’s rec-
ommendauon.

(d) Continue to operate the pulverizer until empty, and in
a normal condition for shutdown. If boiler conditions will permit
a firing rate greater than the capacity of one pulverizer operating
within its normal operating range, the first pulverizer should be
kept in operation in accordance with 364. If the first pulverizer
cannot be left in service, shut it down in the prescribed manner
leaving it cool and as free of coal as practical.

(¢) Repeat the procedure for all other pulverizers that had
been tripped charged with coal.  The procedure and operating
principles outlined in Section 55 and 364 should be followed.
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573. A commnon emergency may arise due to a raw coal hangup
or threatened unstable flame conditions duc to wet coal or change
in coal quality. This condition 1s p.’n'li('\ll.x.rly l.x.'x'/;n'd‘«_ms, Class 1
or class 2 igniters shall be placed in service nmncm.xu.‘ly on all
operating burners in order to-support igniton. If coal 1&'(*@ o an
offending pulverizer subsystem can b'(' restored or :x_dAcqu;l\lc igniton
energy can be supphied before maim lmrn.cr jenition 1 }()sl, the
subsystem may be continued in service provided the flame 1s stable.
However, if the main burner flame on any burner of any pulver-
izer subsystem is extinguished and class 1 igniters are not in op-
eration, then that burner or subsystem shall be shut down in a
way that will prevent coal being reintroduced to zhc: furnace 1n a
random manner. Start-up conditions shall be established before
coal feed is restored. See sections 2040 24, 2532, 2621 (c), 2633
and 4123 (b). -

58931, A fire detected in an operating low-storage pulverizer
may gencrally be extinguished by shutting off the hot air, increasing
the raw fuel feed as much as possible and continuing o operate with
cold air. If the temperature at the pulverizer outlet does not drop
within a few minutes, introduce water into the raw fuel and/or cold
air streams. However, the water must be added in such quantities
and at such locations as not to cause hangup or interruption of the
raw fuel feed nor to stir up any deposits of combustible material.
When all evidence of fire has disappeared, shut off the water and the
raw fuel feed, allow the pulverizer to run with cold air passing
through it for at least 5 ninutes o purge the system and minimize
any accuinulation of water.

58932, In the event the preceding procedure is unsuccessful
in extineuishing the fire, one of the two following procedures shall be
followed, as specified by the manufacturer’s recomnmendations:

{a) Stop the pulverizer, isolate the svstem and inert. Avoid
disturbing any accumulation of dust within the pulver-
izing equipment. Do not open any access doors to the
pulverizer until the fire is extinguished and all tempera-
tures have returned to ambient.  After isolation of the
pulverizer is verified, then follow procedures outlined in
5895, or

(b)) Shut off the feeder and allow the pulverizer w clear itself
ol fuel, Maintain a flow of cold air through the pulverizer
until all evidence of fire has disappeared. When the pul-
verizer is cold, shut it down. Isolate the pulverizer and
follow procedures outlined in 5893,

2494, If fire is found in a pulverizer which is out of service, keep
out of service. isolate pulverizer, and shut ofl all air supply to the
pulverizer and inert. Do not open any access doors to a pulverizer
until the fire is extinguished and all temperatures have returned to
ambient and isolation verified.

5895. Following fires in pulverizing systems the pulverizing
equipment shall be internally inspected and all coke formations and
other accumulations shall be removed o avoid future fires, and if
pulverizer is wet, it shall be duied. In no case shall a compressed air
jet be used.
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615. The desian of an interlock system shall be predicated on
the followine fundamentals:

(a) Supervise starting ])\'u('mhn(' and normial np('l'.‘\liun o 1n-
sure safe operating pracuces and sequences.

(b) “Trip ofl the minimum amount of equipment in the safest
sequence upon reaching conditions that jeopardize the safety of
personnel or equipment.

(¢) Leave all the equipment running, which safety will per-
it, to allow quick restoration of service.

(d) Indicate the initiating cause of the trip and prevent
starting any portion of the process until safe conditions are estab-
lished.

{e) Coordinate the necessary wrip devices into integrated
system.

() Where automatic equipment is not available o accomplish
the intended function, provide sutheient instrumentation o enable
the operator 1o complete the sale operating sequence.

(g) Retain in the design as much flexibility with respect to
alternate modes of operation as is consistent with safety.

{h) Provide for proper preventive maintenance.

(i) Insofar as it is practical, will not require nor permit any
manual “defeating” of an interlock in order to start or operate
equipment.

i) Whenever a safety interlock device has to be removed
froms service, this action shall be annunciated and noted in the

log, and a manual or other mcans shall be substituted to supervise
this interlock function.

(k) Where the master fucl trip is dircedy involved sensing
elements independent of control alarm devices and cireuits are re-
quired. However, reliable individual burner flame failure systems
may also be used for initating master fuel trip systems.  These
devices shall be suitiable for the environment in which they will be
located particularly devices applied to fucl cquipment and burner
fronts.

(1) Prevent misoperation on interruption and restoration of
the interlock power supply.

623. Interlocks (See Figure 7)

6231. Tieure 7 shows the required system of interlocks which

will provide the basic furnace protection for a pulverized fucl-fired

multiple burner boiler-furnace operated in accordance with this

Standard. The Fuel Trip System is shown in block form.
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Fig. 7 Block Diagram for Furnace Protection Interlocks for Pulverizers
and Igniters.







(a) Block No. 1 shows loss of an individual igniter flame which
shall be interlocked to close its individual igniter shutoff valve (G),
and de-energize the spark.

(b) Block No. 2 represents unsafe conditions caused by high-
low igniter fuel header pressure which shall be interlocked so as to
initiate the tripping of the igniter main fuel supply (E) and indi-
vidual igniter valves (G) and de-energize sparks.

() When light oil is used for ignition fuel with air (or steam)
atomization, lack of sufficient air-ignition oil pressure differential
resulting either from low air or-high oil pressure is an unsafe condi-
tion which will trip the igniter main fuel supply (E) and individual
igniter valves (G) and de-energize sparks as indicated by Block
No. 3.

o

(d) In the event that an igniter is required to maintain stable
flame of an associated main burner and tripping of main fuel from
loss of flame is not provided, additional interlocks shall be provided

631. Mandatory Automatic Pulverizer Subsystem Trips. A
direct fired pulverized coal systen shall be interlocked so that:

(1) Tailure of primary air fan or exhauster trips burner shut
off valve or equivalent and feeder. Follow manufacturer’s require-
ments regarding pulverizer tripping.

(b) Failure of pulverizer trips feeder.

(c) Failure of feeder alarins, and restarting is blocked until
feeder startup conditions are re-established.

632. Mandatory Pulverizer Subsystem Trips — Not Neces-
sarily Automatic.

(a) Loss of igniters or adeqguate ignition energy during the
startup of a pulverizer trips that pulverizer subsystem.

(b) Loss of individual burner tlame wrips that burner or its
pulverizer subsystem. (See 534.)

{c) Loss of coal feed to the burners of a pulverizer subsystem
trips the feeder unless class 1 igniters are presenc to ignite any
credible flammable input from this subsystem.  Before restarung
the feeder establish the conditions under which the igniters will
ignite the tuput. (See 573.)

Several means are available o indicate loss of coal feed to
the pulverizer, loss of coal stored within the pul\‘criﬂ‘r, and loss of
coal input to the burners. At least one of these means but preferably
a combination shall be reliably established and used to actuate loss
of coal trips either manual or automatic.

633. Mandatory Sequential Starting Interlocks. Permissive se-
quential interlocking shall be arranged so that the pulverizer subsys-
tem can be started only in the following scquence:

"

(a) Igniters for all of the burners served by the pulverizer in
service and proven.

(b) Start primary air fan or exhauster.

(c) Start pulverizer.

(d) Start raw coal feeder.







721. Required Alarms.

In addition to the safety features of the interlock system, the
separately annunciated alarms in 721 (a) through (in) shall be
provided.

(a) Ioxrmion AtoMizinGg StEAM OR AIR-O1L PRESSURE Dir-

FERENTIAL (L0)

When igniters require steam or air atomization, an alarm shall
be provided to warn that the differental between steam or air
pressure and oil pressure is below normal operating range and
that poor oil atomization may result.

(b) Icxrmon Fuer Heaper Pressure (Hi and Lo)

The ignition fuel header pressure shall be monitored as close
to the burners as possible in order to warn the operator of high
or low pressure in advance of conditions which lead to a trip.

(¢) Purverizer TRIPPED

Alarm when pulverizer is tripped (not normal shutdown).

~

(d) PriMarY AirR Fax TRIPPED
Alarm when primary air fan is tripped. (not normal shutdown)
() CoaL SToPPAGE TO PULVERIZER
Alarmn when the feeder is running and the coal detectng
device indicates no coal flowing or when the feeder trips (not
normal shutdown).
(f) CoarL-Air HiGH TEMPERATURE
Alarm when coal-air temperature within or at the pulverizer
outlet exceeds normal operating limits.
tgj Fur~nace Pressure (Hi)
This shall be measured near the normal furnace pressure tap
location. It shall warn the operator of a pressure. in excess of normal
operation, and an approach to trip conditions.

th) Furxace Drarr (1) :

For balanced draft operation.  T'his shall be measured near
the normal furnace draft tap location. Tt warns the operator of a
draft. in excess of normal operation and an approach to trip con-
ditions.

{1 Loss oF OreratinG FD Fax

This shall be sensed and alarined only when the fan is supposed
to be running and is not.

1j) Loss oF Orerating 1D Fax

For balanced draft furnace operaton. This shall be sensed and
alarmed only when the fan is supposed to be running and is not.

(k) Fursack Air Frow (Lo)

This shall be sensed and alarmed when wotal air flow falls
below 23 percent of full load volumetric air flow.

‘1) Loss oF INTERLOCK POWER

This shall be sensed and alarmed and shall include all sources
of power required to complete interlock functions.  For example, if
both a 123VDC electric circuit and a compressed air circuit are
required for an interlock scheme, then loss of either shall be an-
nunciated separately.

() Loss oF ConTrOL POWER

This shall be sensed and alarmed to include all sources of
power for the combustion control systen.

‘n) Loss of Flame

Partal or total loss of flamé “envelope” still receiving fuel
shall be monitored and alarmed so that an evaluation can be made
as to whether or not a hazardous conditton exists in the furnace.
(See 3612 (a).)
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