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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).
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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.
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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.

-19-

% o Sk 7 Rat







Hartrampf Powell

Incorporated
Consulting Engineers, Atlanta Georgia 30328

Job
Name S70D v Fo

Cope (550 A ;3".‘;;/'-\\..‘3 oy A
Date n]zg[u, :

//“ AN \f') I 7 _:, Te)r

T ) ’___' r
LA e, S

% g sov: e
L\’-\ﬁ\/ RS

CLASS T INCN Tl
TTRELR Colit +—

(D TFuLL lopAD o

@ ENTHACRY AT

EANTH ALY | A

‘d\% — ’OO/D OF LopD

\) ﬁ"\Jm l\“ﬁ.‘:' -
N P:\"':

1So P

— 100, ®oo (—Bf‘;/ Wl
SAT STM - 1194 FTo/p

IS0 F & })TU/L,B

e ot o py g
2y MraT aTuT RTQo R

1ad
8

6

\O% i@nol s TTHER ol

S, Bonrdll 1%
\7,0‘ 00 L/?‘?a/d/;

{ A AAYy - AT

ot ' d .~,“':‘,/‘v"""

@i § 3% L 0UD 1;(1% /L‘

=Pre
£L ST CAJ BRI

T/

/2
e

OGS - -
¥ 100 63D we ~ 10720, 009

%‘.‘ri
PRe ToONAEL
i P Yo o TITU) 0 g .
(§e} ]‘ GG, Jj__,) /./cf~-~ - /..;‘3, 'c«ou, ey
L SN i
i LTl

i CAPAC trk(

~

CAPABLL  oOf
/‘\-) }\{U" (4 v/-\t';

o NS B h

i
3
o
g™
3
ety






.‘_-

Hartram

Incorporated

pfPowell

Consulting Engineers, Atlanta Georgia 30328 -

Job (TAMT LT SE AT

Name STy

Col

-
“

Joh

Ve Dt

<

L as
O AL, €nnd D A-‘ﬁ‘l'\c AT D."J,', Nrarid i

Date W \a< e

Sheet %

of 4

I/\\(’«U\{ \L-.

STRAM

- X

\)O'»-;L)Mﬁ'

L,
STEAS

OF

B

A '1'..__f',' ’DD s

A ¢

g 1G7T( <'%H//‘( J O K RO L ('ﬁm/“
(o] g) T = 7% Lb%\u/\) Or 4
”~ 8&3(‘4 d}-l,__’ o P o D 4_-,- £
254 oo 1455700 TD C»&‘»’






Job CAat” LR JROMSR-

Hartrampf Powell A

|nCOrporated /")A‘ : Fr'-\-‘»") ,AM,}‘) Ag:.'\f _’, ™ ) "\').Ji [} ﬁ'([q_q‘f
Consulting Engineers, Atlanta Georgia 30328 Pt Choit 2 of 4

{

(.Z:Lrwl.(:_uat'\u';‘- é (Pp_nj'm,.p_ Sl’Shm 3 (jjk"ﬁy“

o ; el USA QT N /\ \Jl? ,-‘:k/fk V. ALOANT W 2}
- . > [t Nl.d'u‘;
oS TH7'//‘ & - ANS y ™
P 5.2 " TdRAn
(‘ bz CART. O UYNOSJAL & \' ey NG CaNDITIomS  LAST
\/ anl. THe. Adetépat. PL/ANT USALR cJAS

170 GALLoS

287 TRELG flam (2B Fo Ta JAA @
D £ A8 .
283 THREM = QS “"“""O%‘«-q T R GAwons

N’,\ ((% 1oy wWo V) ,J.\\"L 10 “T/ALTLS .T'/'l’,': ()AI\A-";‘-" o T
ExisTiod GAxTofs S0 TR AURRAGT  (Banl Pu’ Moty (o)

'70 X0 - l/fﬁ 3 /’:.(1 ,"//l..(f)-_nq
Loma

_’Tik Y T £ = A SEole 15 A0 : '\ 5 i{ a1 "*ﬁ_u A % A 'Tlu\_ A:;{'}) {\JJU‘_,:)
SOFfct foll Ak ANTAAGE AT, DuT Fol 147 WolsT MonTH

T Bvc“o,«,ﬁ, LIRLL  O%D.

SZ‘%X\O = M’i)’\
/(")') ‘—“»”ch' - 004 ‘N‘“ J>3——24D‘ </“,.'*’ lODN-/ﬂ.

-_

'TN“_ \"10( [Ny " “\ A Wiy l‘(‘,u ,_),JL_».f |Q 'DA{'\

Y\ 7 - 4 Larm s ) .
{/ Y 1o Talt {_\‘}Qr)’; 0 f’i‘;()' o\ (;,,,,rj 4 Ty T’.ﬂy}.ll’., Lagin. ] foN—g

» e 78 ¢
( Aty ey N0 7 - #1057y ) ."!
“ _L;_J e (LS 6 QAN K /e NIl
o pn DU Le (4 . /
(! / :

W AL & OolLel. WIBLE 1o ovIRATE RaTH 171 iTolS Tl

"5""""""_"'65""“"0""

LB R R e T B CARTT CaAcl. TRE | Ploihnit
\Pr)\l \\}“.'H\A N ) Iy 4\'" T
LG X 87 8524 .8 C&Ato-i: /L.\r.’,__
:;'Z_ d {‘\, w "2 (.1 s | ’L ;}:;"i‘;" {:\',\( Lo ) :kl “O(/\/" ;',Q’v/







o Eadts s <o

Job CARY LT Arcone.

Hartrampfpowe" Name STUDY  Fo. Buinml Covat

Incorporated Oon ERiD) AND ASSoci AT PuLysl BT
Consulting Engineers, Atlanta Georgia 30328 Date ] Breat . of o

-~ s SRS ) i ¢ ears p S 2 " Dy ¢
LIt AL (CUTTEES  DoRNIAG “TRT “oTac STofAaT  of  Plaknt
L) TH - | O QAcia) “THRANLS EJAEL O L AGT 0N ).;\/ .8 Nouls

RS CondD Mo~ 16 xJa7T Acar OTaP T Tl ALy \ Corg» oS -






M B BN BN BN BN B EE =
—
.

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.
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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.
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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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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
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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
boi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>