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1. EXECUTIVE SUMMARY

The U.S. Army generates significant quantities of off-specifi-
cation and scrap energetic or explosives materials. Energetic ma-
terials are also contained in obsolete and unserviceable munitions.
Disposal options for these energetic materials are limited because
current methods such as open burning and open detonation are being
restricted by environmental regulations. Incineration of explo-
sives in a water slurry is a known method of disposal but it is

expensive.

The U.S. Army Toxic and Hazardous Materials Agency (USATHAMA)
is investigating technologies to safely and effectively destroy
energetic and explosive materials. Previous laboratory-scale
testing conducted by USATHAMA has shown that blending of explosives
with fuel oil and burning of the resultant mixture can be completed
successfully. As a result of the previous study, a pilot-scale
system was constructed for mixing explosives such as 2,4,6-
trinitrotoluene (TNT) and hexahydro-1,3,5-trinitro-1,3,5-triazine
(RDX) in fuel oil and firing the resulting mixture into an
industrial boiler to generate steam. The pilot system was erected
at Hawthorne Army Ammunition Plant (HWAAP), which is located in
Hawthorne, NV. The pilot test program was conducted during the
period from 21 October 1990 through 2 December 1990.

The objectives of the testing were to determine the effective-
ness of destruction of explosives, to characterize the gaseous
effluent, to identify operational and safety problems and parame-
ters, and to evaluate the potential for future use of the technolo-
gy on full-scale applications.

The test equipment used for execution of the project was
specifically designed and purchased for the testing. The equipment
included a system to store solvents (solvents were used to increase
the solubility of explosives in fuel o0il); a system to mix and heat
the solvents and explosives; a blending system to mix the explo-
sives-laden solvent with fuel oil; a standard industrial water tube
boiler equipped with the capability of firing fuel oil, explosives-
laden fuel oil solution, or a combination of both; and a system to
control and modulate the flow of steam generated by the boiler.
All equipment was provided with instruments to continuously monitor
the operation of the system.

The test equipment was designed to meet the strict safety
standards involved in the handling of explosives and ‘volatile
solvents. A complete safety review was made prior to operational
testing. .

During operational testing, five tests were conducted. Three
tests were completed using fuel oil only and were used to charac-
terize the boiler combustion characteristics, particularly nitrous
oxide emissions at excess air levels ranging from 20% to 30%. The
final two tests were conducted using solutions of 1% and 15% TNT in
toluene and fuel o0il. Stack tests were completed to characterize

1-1
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the emissions from the test evaluating the 1% TNT solution.
Operational problems involving the pumping of the 1% explosives
solution (the air diaphragm pump encountered icing problems)
resulted in the need to cofire the solution with fuel oil. During
the test evaluating the 15% TNT solution, the solution crystallized
in the piping and system tanks. The 15% TNT test was concluded
only after further additions of toluene and acetone.

Five of the six criteria established for a successful demon-
stration were met. The testing demonstrated that:

. A destruction and removal efficiency (DRE) of 99.99% was
met while cofiring a solution containing TNT and fuel oil
into the boiler.

. The emissions of nitrous oxides (NO,) for typical opera-
tion of the boiler were characterlzed to range from 110
to 93 ppm as excess air ranged from 20% to 30%, respec-
tively. When the system fired explosives solution or
cofired explosives solution, the NO, increased signif-
icantly.

. The successful operation of the boiler on the TNT
solution was maintained provided that a consistent,
stable, and clean (i.e., particulate-free) supply of feed
solution was maintained to the burner. The modifications
to the pilot system necessary to maintain the stable
supply of feed solution have been identified.

. The primary operational and safety problem resulted from
the inability to dissolve the TNT in fuel oil and solvent
(particularly in the 15% TNT case) and to keep the TNT in
solution.

. Heat balances were completed on the. test data from the
boiler system and were found to be within 15% of closure,
which is within the expected accuracy of the measure-
ments.

The test data were not able to characterize the operational
parameters affecting the explosives destruction and combustion
eff1c1ency Operational problems with maintaining the explosives
in solution and monitoring a precise flow rate to the solution
burner were not overcome. The equipment and procedures need to be
further developed to obtain these data.

In addition to the pre-established criteria, the testing
demonstrated that:

. The particulate emissions measured while burning explo-
sives were similar to emissions measured when f1r1ng fuel
0il only. The average emission rate of 0.008 grains per
dry standard cubic foot were an order of magnitude below

1-2
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the emission levels required by the Resource Conservation
and Recovery Act (RCRA) regulations.

. The boiler system was >60% efficient in recovering heat
from the fuel. The boiler efficiency was not affected by
the firing of solutions containing TNT.

. The combustion efficiency was typically 99.9% or greater
when firing fuel oil and solutions containing 1% TNT.
The combustion efficiency fell to 99.5% when the boiler
was fired with solutions containing elevated concentra-

tions of TNT.

As a result of the testing, a considerable number of modifica-
tions to the existing pllot—scale system were identified. These
modifications are related to improving the ability to dissolve,
blend, and fire the explosives-based solution. The modifications

include:

L Providing dry, heated air for operation of the pneumatic
actuated valves and equipment, particularly the diaphragm
circulating pump.

. Providing a means of heating the contents of the main
blendlng tank and all solution handling equipment (i.e.,
piping, valves, and instruments).

. Improving the measurement method to determine the flow to
the explosives solution burner.

. Allowing remote adjustment of atomizing air to the fuel
oil and explosives solution burners.

. Improving the instruments that monitor the quantity and
consistency of the explosives solution.

Additionally, further study of the soiubility characteristics
of TNT in fuel oil and toluene is recommended to develop better
operational procedures.

The technology has exhibited potential as an effective method
to recover heat (i.e., usable energy) from waste explosives. The
number of problematic issues with handling the solution appear to
be correctable at the pilot scale. It is recommended that the
handling problems be resolved at the pilot scale prior to-applica-
tion at full scale. Also, many of the issues relating to undis-
solved TNT are expected to be applicable in a system containing RDX
(RDX is insoluble in toluene). Before pilot-scale application is
conducted for destruction of RDX and other explosives, it is
recommended that the handling problems associated with the TNT-
based solution be resolved.

540C/81 &/5/N




2. INTRODUCTION

2.1 Background. The U.S. Army currently generates approxi-
mately 2.5 million pounds (1lb) of scrap or off-specification
energetic materials (explosives) each year. In addition, it is
estimated that at least 14 million 1lb of energetic materials are
contained in obsolete or unserviceable munitions. The primary
constituents of these waste energetic materials are
2,4,6-trinitrotoluene(TNT),hexahydro-l,3,5-trinitro-1,3,5-triaz-
ine (RDX), and Comp B (a mixture of 40% TNT and 60% RDX).

Currently, these waste energetic materials are disposed by
open air burning/detonation, or by carefully controlled incinera-
tion. To avoid the potential for environmental concerns involved in
open air burning/detonation and the high costs associated with
incineration of water/explosive slurries, an alternative waste
management technology has been investigated. This technology
results in the recovery of the heating value of these energetic
materials by blending the wastes in fuel 0oil and burning the
resulting mixture in an industrial boiler for steam generation.
Previous efforts to develop this technology were conducted by Oak
Ridge National Laboratory and, based on the preliminary results and
conclusions of these efforts!, a pilot-scale test of the technology
was conducted.

Phase I of the pilot test consisted of five test runs and was
conducted from 21 October 1990 through 2 December 1990 at Hawthorne
Army Ammunition Plant (HWAAP), which is located in Hawthorne, NV.
Two explosive concentrations were evaluated to determine the
efficiency of the pilot system. Virgin explosives (raw material
used in the production of munitions) were used for pilot test
activities. This pilot study was based on a test plan that
outlined the operational aspects of the pilot test.? Findings of
the pilot study are included herein.

2.2 Objectives of the pilot test. The overall objective of
the pilot test was to conduct an evaluation of the use of explo-
sives as fuel oil supplements in Army industrial boilers. Specific
objectives included:

(a) Determination of the effectiveness of a conventional
boiler to destroy explosives [destruction and removal
efficiency (DRE) of the system].

l0oak Ridge National Laboratory. "Pilot-Scale Testing of a Fuel-0il

Explosives Cofiring Process for Recovering Energy from Waste
Explosives." Prepared for USATHAMA. USATHAMA Reference AMXTH-
TECR-88272. May 1988.

2pest Plan--Task Order No. 6. "Pilot Test to Determine the Feasi-

bility of Using Explosives as Supplemental Fuel at Hawthorne Army
Ammunition Plant (HWAAP), Hawthorne, NV." April 1989, Revised
August 1990.

2-1
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(b) Characterization of gaseous effluents from the process,
partlcularly'w1th respect to increased oxides of nitrogen
(NO,) emissions resulting from the addition of the
nitrated explosives.

(c) 1Identification of operational parameters that affect
explosive destruction and combustion efficiency.

(d) 1Identification of any safety-related process or opera-
tional aspects that might affect implementation of this

technology.

(e) Evaluation of modifications required to employ the
technology using conventional, existing boilers at Army
installations.

2.3 Purpose of the report. The purpose of this report is to
outline the operational aspects of a pilot test and to present the
methodology, results, and conclusions of the pilot investigation
that evaluated the feasibility of uSLng explosives as supplemental
fuel in industrial boilers. Discussions of the process equipment;
test variables; operational parameters; and sampling, analysis, and
monitoring procedures are contained herein.

2.4 Criteria for a successful demonstration. Prior to
beginning the test work, a set of criteria for successful demon-
stration was establlshed. The pilot demonstration would be

considered a success if the following criteria are satisfied:

(a) The analytical results of stack emissions indicate that
a DRE of explosives of at least 99.99% is feasible while
maintaining boiler capacity.

(b) The gaseous effluents from the process, partlcularly NO,
emissions, are fully characterized for various operatlng
conditions.

(c) The operational parameters that affect explosive destruc-
tion and combustion efficiency are identified.

(d) Process or operational aspects that affect the safety of
the system are identified; modifications for full-scale
implementation are recommended.

(e) A steady stream of pressurized steam is produced during
boiler operation (for potential use during full-scale
implementation).

(f) The heat balance determined using data collected during

the pilot study is within 10% of the theoretical heat
balance.

540C/s2 4/10/91




3. TEST SITE

3.1 Test site location and description. The pilot study was
conducted at HWAAP, which is located in Hawthorne, NV. HWAAP was

established in 1929 by the U.S. Navy. Current operations at HWAAP
include the receipt, storage, inventory, maintenance, demilitariza-
tion, demolition, and testing of ammunition. HWAAP encompasses
246,000 acres of land situated in the west-central section of
Nevada in Mineral County. Hawthorne is located approximately 160

* miles southeast of Reno, NV, along Route 95. A site location map
for the installation is provided in Figure 3-1. The areas utilized
for pilot study activities are shown in Figure 3-2.

The pilot study was conducted in the Western Area Demilitari-
zation Facility (WADF), which is located in the northernmost

section of HWAAP.

The following existing buildings were used during pilot study
activities (all buildings are underground, or, if aboveground, they
are hardened): '

(a) Building 117-1 (Services and Support Building)--Area
designated for off-site coordination personnel.

(b) Building 117-4 (Bulk Incineration Building)--Command
Center, lunch room, decontamination area, source for
extension of utilities, etc.

(c) Building 117-14 (Magazine Groﬁp B Building)--Storage area
for bulk explosives.

To execute the test program, the new equipment, consisting of
the boiler and mixing system, was installed adjacent to Bulk
Incineration Building 117-4.

3.2 Safety procedures. Prior to operation of the pilot
system, safety plans were submitted, reviewed, and approved.
Safety submissions included:

(a) Safety Plan for Pilot Test to Determine the Feasibility
of Using Explosives as Supplemental Fuel at Hawthorne
Army Ammunition Plant, Hawthorne, NV, prepared by Roy F.
Weston, Inc., April 1989.

(b) Hazard Analyses of Fuel Oil/Explosive Test Boiler System
- at Hawthorne Army Ammunition Plant, prepared by Hercules
Incorporated, Allegany Ballistics Laboratory, April 1990.

(c) Site Ssafety Plan/Site Safety Submission for Pilot Test to
Determine Feasibility of Using Explosives as Supplemental
Fuel at Hawthorne Army Ammunition Plant, Hawthorne, NV,
prepared by Roy F. Weston, Inc., April 1990.

541C/s3 4/8/91
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These plans discussed the engineering, design, siting, and
operational hazards and safety requirements. The safety submis-
sions were reviewed by:

Department of Defense Explosives Safety Board, Alexan-
dria, VA.

U.S. Army Technical Center for Explosive Safety, Savanna,
IL.

U.S. Army Material Command Field Safety Activity,
Charlestown, ID.

U.S. Army Armament, Munitions, and Chemical Command, Rock
Island, IL.

Hawthorne Army Ammunition Plant Safety Branch, Hawthorne,
NV.

USATHAMA, Health and Safety Branch, Aberdeen, MD.

The final review and approval for operations were completed in
August 1990.
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4. DESCRIPTION OF PROCESS EQUIPMENT
The process equipment consisted of the following major items:

(a) Solvent drums.

(b) Explosives dissolving system.
(c) Fuel/explosives blending tank.
(d) Boiler.

(e) Steam vent system.

(f) Boiler management system.

(g) Support utilities.

A process flow diagram of the equipment is shown in
Figure 4-1. While the boiler was fired with fuel oil, a designated
mass of explosives (TNT) was dissolved into a quantity of solvent
(toluene) in the explosives dissolving system. The amount was
dependent on the test conditions. The explosives/solvent solution
was indirectly heated to about 100°F to facilitate mixing and
dissolution. Steam generated while the boiler fired fuel oil was
used as the heating medium. The explosives/solvent solution was
mixed with fuel oil and continuously circulated in the fuel/
explosives blending tank. The fuel/solvent/explosives liquid was
fired to the boiler.

The explosives were dissolved in a solvent prior to mixing
with fuel oil to increase the explosives' solubility in fuel oil.
Toluene was the selected solvent because of its ability to dissolve
TNT, it is readily available, it is inexpensive, and it is miscible
in No. 2 fuel oil. RDX, a component (40%) of Comp B, is not
soluble in toluene. The mixture of Comp B, toluene, and fuel oil
was expected to be a dilute slurry. The remainder of this report
refers to the explosives, solvent, and fuel oil mixture as the
explosives solution.

The explosives solution and fuel oil were fired in the boiler
to generate steam. A sufficient quantity of excess air was
maintained during operation to ensure complete combustion of the
fuel oil and explosives solution. Exhaust gases from the boiler
were sampled and vented to the atmosphere. During operations, the
steam entered the steam vent system where the pressure drop across
a flow control valve condensed a portion of the steam. Condensate
was collected and discharged into the feed water tank. Steam
exhaust discharged to the atmosphere.

Two temporary operations were used during startup or
decontamination activities. Fuel oil was fed to the boiler during
startup to bring the system to sufficient operating temperatures
and to produce steam for heating the explosives dissolving system.
The fuel oil feed was designed as a temporary operation to be shut
off when the explosives solution was introduced to the boiler for
testing. During testing, however, the delivery of explosives
solution was erratic and a stable flame could not be maintained
during the tests; therefore, the fuel oil was cofired with the
explosives solution. Also, following each test run, the explo-
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WESTEAN

sives dissolving system and fuel/explosives blending tank were
flushed with acetone to remove residual contamination. Acetone was
selected because of the high solubility of TNT and RDX in this
solvent.

The main process equipment was procured from two primary
vendors: sun Combustion, Inc. of Bethlehem, PA, and El1 Dorado
Engineering of Salt Lake City, UT. Sun Combustion provided the
boiler and steam vent system. El Dorado Engineering provided the
feed dissolving and blending system. The equipment provided by Sun
Combustion contained numerous design errors and problems. sun
Combustion was often unavailable for support in correcting these
errors. As such, repair parts and modifications were made
independent of Sun Combustion.

All equipment used for the pilot test was designed to conform
to the appropriate electrical classification rating. Equipment
associated with the feed and blending system was designed to meet
Class I, Division II (explosion-proof in flammable liquid and vapor
atmosphere) and Class II, Division I (explosion-proof in flammable
dust atmosphere) criteria. The boiler system was designed to meet
Class I, Division II criteria. WESTON equipment, such as the
continuous emission monitoring (CEM) system and support equipment,
was located at sufficiently safe distances; compliance with the
explosion-proof criteria was not required. Detailed descriptions
of the process equipment are contained in the following subsec-
tions.

4.1 Solvent drums. Acetone was delivered to the site in
55-gal metal drums. Acetone was transferred manually from the drums
into a 230-gal carbon steel tank. A chemical-resistant hand pump
was used to transfer the acetone from the drums into the acetone
tank. The acetone tank was designed with a water jacket to provide
cooling. The testing was completed in late fall, and the tank
cooling system was not utilized. The acetone storage tank was also
equipped with a vent valve and flame arrester to release solvent
fumes during filling.

Toluene was also delivered to the test site in 55-gal drums.
The quantity of toluene used during each test was transferred into
a standard 30-gal drum. The 30-gal drum was located on a
mechanical weigh scale. The scale was used to measure the quantity
of liquid solvent used in each test. The weigh scale had a 1,000~
1b maximum capacity.

Solvent was transferred from the storage containers (tank or
drum) to either of the two explosives dissolving system tanks by
air operated drum pumps. Both drum pumps were equipped with
piston-type flow switches in the solvent pipeline. The flow
switches were designed to indicate when the drum pump was no longer

transferring 1liquid (i.e., drum empty). The flow switches
installed originally were undersized (0.1 gpm). The flow switches
were replaced with properly sized units (1.0 gpm). After

replacement with appropriately sized switches, operation was still

4-3
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unreliable. For future operations, an alternate flow monitoring
switch is needed.

4.2 Explosives dissolving system. Two tanks were used to
dissolve explosives. The tanks, designated as T-100 and T-200, had

approximate capacities of 30 gal and 50 gal, respectively.
Dimensional information on both tanks is provided in Figure 4-2.
Selection of the appropriate tank depended on the operating
conditions of the test run (i.e., mass of explosives and quantity
of toluene required). Both tanks were constructed of 304 stainless
steel and were equipped with covers. The tank covers were provided
with access ports for the following items:

. An air actuated mechanical mixer.
. A float-type high/low level sensor.

. A port for adding explosives and inspecting the tank
interior.

The tanks were indirectly heated using steam and were
insulated. Control of steam heating in each tank was maintained
using an automatic control valve. Each steam control valve was
independently actuated by a capillary sensor inserted into the
capillary well that extended into the base of each dissolving tank.
The two dissolving tanks were equipped with air operated kettle
valves for draining into the fuel/explosives blending tank. As
shown in Figure 4-3, Tanks T-100 and T-200 were elevated, allowing
for gravity draining of the liquids.

4.3 Fuel/explosives blending tank. The fuel/explosives
blending tank was constructed of 304 stainless steel. The blending
tank, designated as Tank T-300, had an approximate capacity of 75
gal. The cover on Tank T-300 contained two access ports: one for
the level sensor and the second for an air actuated mixer. Tank T-
300 was insulated but not steam-heated. Tank T-300 drained through
an air operated kettle valve into the circulating pump. The fuel
oil and explosives solution was circulated by an air diaphragm
pump. The pump was designed to recirculate at 20 gallons per
minute (gpm) at a maximum pressure of 80 pounds per square inch
gauge (psig). The pump was equipped with a Teflon-diaphragmed
tranquilizer to suppress pulsing in the discharge line. The piping
from the pump discharge was configured to allow the solution to be
circulated to the boiler, Tank T-100, Tank T-200, or to a dump tank
(55-gal drum located adjacent to the feed system skid). -

Overflow from Tanks T-100, T-200, and T-300 was piped to a 30-
gal drum. The overflow drum, Tank T-300, and circulating pump were
contained in a secondary containment area on the feed skid. Figure
4-4 shows the location of blending tank system. The air diaphragm
pump proved troublesome. Ice deposits in the pump's air cylinder
stopped the pump frequently. Ice formed because of the high
moisture content of compressed air and low ambient temperature

4-4
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it

T-200 - T-100
50-gallon 30-galion
capacity capacity

M322-2387 Figure 4-3. Elevated dissolving tanks (T-100 and T-200)
viewed from the west.
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Dissolving
Tanks T-100
and T-200

Tank T-300

75-gallon
capacity
Overflow
Drum
30-gallon Secondary
capacity Containment
Area
M322-2387

Figure 4-4. Blending tank (Tank T-300) viewed from the east.

4-7




WESTENS

conditions. During operation, the pump was heated using an
external steam hose to avoid freezing conditions.

4.4 Boiler. The boiler system constructed for the project
was a Cleaver Brooks Model M4-2000 water tube-type boiler. This
boiler was designed to generate 1,649 1lb/hr of steam (ratings based
on 212°F and 1,000 ft above sea level). The boiler was a standard
low-pressure model capable of producing steam up to a pressure of
15 psig. The standard boiler was modified to meet the required
electrical specifications and was equipped with three customized
burner assemblies. These customized burners were provided for the
propane pilot, the fuel o0il, and the explosives solution. The
burner systems are described in Subsections 4.4.1 through 4.4.3.

The boiler was mounted on a skid and provided with a detach-
able stack. The stack was 12 in. in diameter and extended 20 ft
above the top of the boiler housing. A photograph of the boiler
system with stack is shown in Figure 4-5.

Combustion air was provided by an integral forced-draft (FD)
fan supplied with the boiler. The fan was equipped with a l-horse
power (hp) electric motor and damper actuator meeting the Class I,
Division II criteria. During startup, the low combustion air
switch that provided a flame safety interlock was found to be
oversized [trip point: 5 to 16 inches of water gauge (inwg)].
After replacement with a correctly sized switch (trip point: 0.03
to 0.3 inwg), the boiler operated properly; however, the replace-
ment switch failed after a few weeks of operation. The failure of
the new and sensitive combustion air switch is believed to be
caused by the pulsing nature of combustion in the boiler. This
switch was not operational at the conclusion of the project.

4.4.1 Propane burner. The propane burner was conceptually
de51gned to provide a continuous pilot for the b01ler. The propane
piping comprised:

. A regulator to reduce the pressure of incoming gas from
5 psig to 10 inwg.

. Low- and high-pressure gas switches.

. A series of two block valves.

. A vent valve to release gas trapred between the two block
valves.

The propane was ignited by an electrical spark. Ignition of
the pilot was often difficult; and once ignited, control of gas
flow with the pressure regulator was not successful. A 0.25-in.
needle valve was installed prior to the burner to reduce the flow
of gas into the burner. The needle valve provided much more
reliable propane control; however, the valve routinely required
adjustment. Recommendations for improvements to the gas pilot are
provided in Subsection 10.2.

4-8
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Boiler

Figure 4-5. Boiler with stack.
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During operation, it was not practical to maintain a continu-
ous pilot with the equipment provided. The propane, which burned
cleanly during startup conditions, did not completely combust when
fired simultaneously with fuel o0il. Large deposits of soot formed
on the end of the pilot burner during cofiring. The soot covered
the sparking mechanism, making reignition impossible. The pilot
control mechanism was changed to fire only during startup.

4.4.2 Fuel oil burner. The fuel oil burner supplied with the
boiler was a custom-designed air atomized oil burner. The fuel oil
was supplied to the burner pipe train at 50 psig. The burner pipe
train illustrated in Figure 4-6 comprised:

A pressure regqulator.

A low-pressure oil switch.
A high-pressure oil switch.
A two-way control valve.

A three-way block valve.

The two-way control valve used initially to regulate the flow
of fuel to the burner was oversized. The valve stem and seat were
replaced with a V-port design. The new design provided improved
flow and pressure characteristics.

The three-way motorized block valve directed flow to the
burner nozzle during firing and recycled flow to the fuel oil
storage tank during shutdown conditions. The valve was supplied
with an actuator that erroneously failed in the open position (fuel
to the burner) during a loss of power. To correct this undesirable
situation, the discharge 1lines of the three-way valve were
reversed, and, thereafter, the fuel oil system operated properly.

The burner used to fire the fuel o0il into the boiler was a
sonic air atomized type nozzle. The burner assembly for firing
fuel o0il into the boiler consisted of two concentric pipes with a
sonic air atomized nozzle located at the tip. The concentric pipes
were independently connected with quick disconnects and flexible
hoses to the fuel o0il burner pipe train and compressed air system.
The compressed air was injected through the inner pipe of the
assembly. An orifice in the burner nozzle increases the air
velocity above the speed of sound. The liquid fuel was supplied in
the annulus. The liquid was injected into the compressed air
stream through a series of orifices located at the tip of the
nozzle. The high-velocity air and liquid created a fine spray of
fuel droplets suitable for combustion. A resonator cap on the
discharge of the burner nozzle assists in producing finely atomized
droplets of fuel. A schematic diagram of this type of burner is
shown in Figure 4-7. Two burner nozzles were provided: 0.064- and
0.045-in. diameter liquid orifices. During startup testing, both
nozzles were tested. The 0.064-in. diameter burner nozzle provided
the appropriate fuel flow rates and the cleanest combustion
characteristics. During burner adjustment, the highest combustion

541C/s4 4/5/91
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Resonator
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droplets
of liquid

Sonic energy
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Figure 4-7. Schematic of liquid fuel burner nozzle.
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air pressure provided the lowest carbon monoxide and soot levels.
The compressed air pressure was set to the maximum available (55 to
60 psig).

4.4.3 Fuel/explosives solution burner. The explosives solu-
tion burner supplied with the boiler was custom-designed. The
explosives solution was provided from the circulating pump. The
flow from the circulating pump was unregulated and typically ranged
from 40 to 50 psig. The burner pipe train illustrated in Figure 4-
8 comprised: 5

A low-pressure oil switch.
A high-pressure oil switch.
A viscometer.

A densimeter.

A two-way block valve.

A three-way control valve.

e o o o o o

on the solution burner pipe train, the two-way control valve
was used to block the flow of solution to the burner, and the
three-way valve was used to control the flow of fuel. Initially,
the control valve for the flow of solution to the burner also was
oversized. The valve stem and seat were replaced with a V-port
design. The new design provided improved flow and pressure charac-
teristics.

The solution burner was a modified version of the fuel oil
burner. The tips of a normal burner assembly are threaded for ease
of replacement and cleaning. A concern was raised that while
firing explosives, a buildup of explosives in the threads could
lead to an explosion during disassembly; consequently, the slurry
burner was welded after assembly.

4.5 Steam vent system. The steam generated by the test
boiler was primarily wasted; however, a small portion was used to
heat the explosives during solution mixing. The steam from the
boiler was piped through a 4-in. insulated pipeline that contained
monitors for the steam temperature, pressure, and flow. A flow
control valve regulated the rate of steam flow. The discharge from
the control valve was directed to a cyclonic steam separator for
collection of condensed liquids. The uncondensed steam was
directed vertically through a silencer and then discharged into the
atmosphere. The liquid discharge was directed to either the boiler
feed water tank or to the process drain. During routine opera-
tions, the water was directed to the feed water tank. The steam
separator and silencer were located on the feed water skid.

A sidestream from the 4-in. steam piping was used for heating
the explosives dissolving tanks. A 1-in. insulated steam line was
directed through a steam reducing station that consisted of a high-
pressure dirt trap, a pressure regulator (15 to 4 psig), a
regulator bypass, and a low-pressure dirt trap. The steam-reducing
station was located near the boiler system. A dirt and steam trap
were provided at the blending system skid also.

4-13
541C/S4 4/5/9




WNAGERE OESGNERSICONSLLTANTS

-ujes} adid sauinqg uopnjos sanjsojdxa jo opjewaYds ‘g-y ainbi4

16€2-02EW
(o0e-1)
jue}
uonnjos
saA|so|dxa
)}
winjey
dwnd
8jzzou mc_ﬁ._u:oh_o
Jauing A Al wouy
ol uonnjos
saAjsojdx3
" QN
OABA Y00|q eAjeA youms yoyms
Kem-om} |onu0d uoynjos uoyn|os

pezuolon Aem-aoay}

1pwisue  Jejewodsiy  emnsseud-ybiy einssesd-mo

4-14



4.6 Boiler management system. Control of the boiler and feed
system was provided by two control panels located in the Building
117-4 control room. A control panel was supplied by each of the
major equipment vendors.

The boiler control panel provided instrumentation for monitor-
ing and recording data from the boiler and boiler feed water
system. Flame interlocks and burner management for the boiler were
provided by a Honeywell Model BC7000 microcomputer burner control
system. Four process controllers were supplied with the boiler
control panel. One process controller was a two-loop controller
that regulated the steam flow and steam pressure. The other three
controllers were single-loop type controllers that regulated fuel
oil flow, explosives solution flow, and combustion air flow.

The explosives dissolving and blending system control panel
provided instrumentation for monitoring and recording data from the
explosive mixing system. Interlocking and sequencing of the
explosives solution were provided by a programmable logic control-
ler (PLC). The PLC installed was an Allen Bradley PLC-2. The PLC
program was monitored and updated through a digital 1link to a
personal computer.

4.7 Utilities. Operation of the pilot system requires the
following utilities: .

(a) Electrical power.
(b) Fuel oil.

(c) Propane.

(d) Water.

(e) Compressed air.

4.7.1 Electrical power. The electrical power requirements of
the test boiler system and WESTON's testing equipment were supplied
by: .

. Two 480-v/20-amp breakers.
. Two 120-v/20-amp breakers.

These breakers were connected to existing circuits inside the
Building 117-4 control room. Within the boiler and feed system
control panels, the power was distributed to the equipment motors
and controls.

As a result of the safety analysis, a backup electrical system
was installed to provide power in case a plantwide power failure
occurred during an explosives testing operation. A 15-kw diesel
generator was rented and run continuously during explosives testing
operations. The generator was located outside the processing area
and was connected to the boiler control panels through a transfer
switch located inside the process control room. Loss of power was
never experienced; operations using the backup generator were not
required.
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4.7.2 Fuel oil. HWAAP supplled fuel oil from an existing
underground storage tank located in the vicinity of Building 117-4.
The fuel oil pump from the existing Building 117-4 incinerators was
used to deliver the fuel oil to the boiler system. A portion of
the fuel oil was recycled to the storage tank when the boiler was
operational to avoid "dead heading" the fuel pump.

4.7.3 Propane. HWAAP supplled propane from an existing
underground storage tank located in the vicinity of Building 117-4.
The vaporized liquid propane was plped to the existing Building
117-4 incinerators. A 1-in. diameter pipe was installed to connect
the propane to the boiler system. The propane consumption was much
greater than expected, and the tank had to be refilled once during
the test program.

4.7.4 Water. Water for the boiler system was provided by the
HWAAP process water system. Water used by the boiler was processed
through a rented resin-type water conditioner to remove dissolved
solids that would accumulate within the boiler. The conditioned
water was directed to the 75-gal feed water tank. The tank was
elevated above two feed water pumps (one inline spare). The feed
water pumps were each driven by a 0.5-hp motor. The feed water
pumps delivered the water under pressure to the boiler. Flow to
the boiler was controlled by the level in the boiler steam drum.
The feed water tank and pumps were located on a separate skid (see
Figure 4-9). The feed water skid was mounted adjacent to the
boiler skid.

Initial operations using HWAAP water proved to be troublesome.
The long period of inactivity of the Building 117-4 incinerators
generated a considerable amount of dirt in the pipelines. Despite
precautionary flushing, dirt accumulated in the test equipment.
For future operations, the addition of filters on the feed water
system is recommended. The boiler was designed for noncontinuous
use. To avoid buildup of dissolved solids and salts, blowdown of
the mud drum and steam drum was manually performed at the conclu-
sion of each operating day.

4.7.5 Compressed air. Compressed air was provided by the
HWAAP air compressor system. A 100-gal air receiver and regulator
were installed to provide a steady supply of air to the system. As
a result of the system safety analysis, a backup air compressor was
recommended in the event of a plant air compressor failure. A 100-
cubic feet per minute (cfm), diesel-operated rental unit was
operated continuously during explosives testing. :

The compressed air from the plant supply and from the backup
generator contained moisture that caused operational problems with
the air driven equipment. Ice formed in the equipment due to the
air's moisture content and low ambient temperature. A refrigerant-
type dryer at Building 117-4 was used to dry air used by critical
equipment with better success; however, for future operations
desiccant-dried air would improve the operation considerably.

4-16
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Figure 4-9. Boiler feed water skid prior to installation of insulation.
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5. TEST SCHEDULE

Phase I of the supplemental fuel project began in December
1988 and was completed in December 1990. Phase I consisted of a
number of major tasks, including:

Development of project plans.

Design of boiler system.

Design of feed preparation system.
safety plan preparation and reviews.
Manufacture of the test equipment.
Installation of test equipment.
Shakedown and preliminary testing.
System operation and testing.

System shutdown.

The project schedule is shown in Figure 5-1. Each of the
major activities is shown with the start and completion dates. The
equipment used on the project, as described in Section 4, was
specially selected based on compatibility with the solvents and
explosives and for use in an explosive environment. The delivery
of materials and parts was often much longer than expected because
of these conditions.

Oon 21 October 1990 testing began. The remainder of this
section describes the details of the test sequences and operating
procedures used during testing.

5.1 Planned test sequences. The test plan described 18 test
runs that were to be completed during the pilot test. These test
runs were designed in three test sequences. Each test sequence was
distinguished by the type of fuel processed: Test Sequence I --
fuel oil only, Test Sequence II -- TNT solution, and Test Sequence
III -- Composition B slurry. Within each test sequence, a matrix
of explosives concentrations and excess air percentages were to be
tested. The tests were to be completed sequentially, with one test
sequence following another. The order of test runs to be completed
within a test sequence was based on random selection. The tests
were identified by T-#, where # indicated the order of the test
(i.e., T-2 was to be the second test). Figure 5-2 contains a
summary of the planned tests and sequences.

5.2 Actual test sequences. Testing began for the project on
21 October 1990 and was completed on 2 December 1990. During this
period, five tests were completed. The tests and operational prob-
lems encountered during each test are described in this section.
Test runs that were not completed during Phase I will be completed
during future phases.

5.2.1 Test Sequence I. Test Sequence I (Tests T-1, T-2, and
T-3) was completed in its entirety. The testing began with T-1 on
21 October 1990. Although Test Sequence I was to be completed
without explosives, to provide a consistent background of data
involving the boiler and explosives solution burner nozzle, the
fuel oil was delivered for Test Sequence I through the explosives

5-1
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Test Sequence |
* Fuel oil feed
« Various excess air
concentrations (20%, 25%, 30%)

Test Sequence Il
« Fuel oil/solvent/TNT feed
» Various excess air
concentrations

Test Sequence Il
» Fuel oil/solvent/Comp B feed
- Various excess air
concentrations

% excess alr

% excess air

% excess alr

20

25

30

20

25

30

20

25

30

T-1
T-2
T-3
Weight % explosives in feed
1 10 15
T-10 T-7 T-9
(T-18)
T-12 T-11 T-8
T-5 T-6 T-4

Weight % explosives in feed

1 4 8
T-16 T-14
T-17
T-13 T-15

*T-18 was a repeatability test.

M321-2372

5-3

Figure 5-2. Originally planned test sequences.




dissolving and blending system. Test T-1 was the first occasion
for the explosives dissolving system to be used for firing the
boiler. A number of difficulties were encountered with the flow
meter, burner nozzle, and ability to fire acetone without supple-
menting it with fuel oil. As a result of the difficulties, Test T-
1 was repeated twice; each test is designated as T-la, T-1b, and T-
lc. The dates each test were completed are provided in Table 5-1.

5.2.2 Test Sequence II. Because of the difficulties in Test
Sequence I with monitoring the flow of explosives solution to the
burner, an alteration was made to Test Sequence II. The project
plan, as shown in Figure 5-2, called for Test T-4 (a 15% TNT case)
to be the first test involving TNT. Because of the high TNT
concentration, Test T-4 was delayed, and Test T-5 (a 1% TNT test)
was the first test completed in Test Sequence II.

Difficulties were encountered when executing Test T-5 (see
Subsection 5.2.2.1), and the scope of testing was reduced to
include one more test. Test T-9, a 15% TNT solution fired with 20%
excess air, was chosen because, as the single remaining test, it
was expected to produce worst-case NO, emissions.

5.2.2.1 Test T-5. The procedures for preparing the TNT and
explosives solution were followed per the standard operating
procedures developed during the design phase. Figure 5-3 provides
the sequence of steps used in adding, mixing, and heating the
explosives-laden solution. Continuous firing of the explosives was
achieved for 29 min before a flameout of the boiler occurred. The
flameout occurred because of problems with the circulating pump.
Continuous flow and pressure from the circulating pump could not be
ensured for the remainder of the test. To complete the operation,
the solution was fired simultaneously with the fuel oil burner.
The stack emissions testing was completed during the cofiring.

5.2.2.2 Test T-9. This test began on 17 November 1990 and
followed the explosives mixing procedures as outlined in Figure 5-
3. A portion of the TNT did not dissolve, however, and remained in
crystalline form in the dissolving tank (Tank T-200). The opening
of the drain valve on Tank T-200 caused the mass of solids to drain
into Tank T-300. The crystalline TNT subsequently plugged the
inlet to the circulating pump. As a result, it was necessary to
disassemble the piping and manually remove the solid TNT. The plug
was cleaned on 18 and 19 November 1990. The explosives slurry was
circulated back into Tanks T-100 and T-200. The solution was then
diluted with additional toluene and acetone. A portion -of the
diluted mixture was fired on 19 November 1990. Because of a pump
failure, firing of the solution was halted temporarily. The
burning of the solution was resumed on 29 and 30 November 1990.
For these tests, the solution was also diluted with acetone and
toluene. The firing of the diluted T-9 test solution is designated
as T-%9a, T-9b, and T-9c. Because of the extended length and
multiple problems with the execution of Test T-9, stack emissions
for particulate matter and TNT could not be completed. The
remainder of tests in the test plan will be completed in the second
phase of tests.

5-4
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Table 5-1. Operating conditions for completed test runms.

Target Target
Explosives Excess
Concentration Air Rate

Test Number Test Date (%) (%)
la 22 October 1990 (o} 20
1b 27 October 1990 0 20
1c 30 October 1990 0 20
2 23 October 1990 0 25
3 25 October 1990 0 30
5 31 October 1990 1 30
9a 19 November 1990 15 20
9b 29 November 1990 15 20
9c 30 November 1990 15 20
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6. TEST VARIABLES
The variables of the pilot test can be classified as follows:

(a) Independent variables--those whose values were not
affected by test operations. No attempts were made to
modify or control independent variables.

(b) Control variables--those whose values were selected and
maintained during test operations.

(c) Response variables--those whose values were a function of
the selected operating conditions.

Table 6-1 provides a summary of test variables associated with
the pilot test.

6.1 Independent variables. As shown in Table 6-1, there were
five independent variables associated with the pilot study system.

These independent variables were:

Ambient air temperature.
Ambient air moisture content.
Ambient air pressure.

Fuel o0il composition.

Boiler feed water temperature.

6.1.1 Ambient air temperature. The temperature of the ambient
(inlet) air varied with local weather conditions, time of day, etc.
The ambient air temperature was monitored during each test run.

6.1.2 Ambient air moisture content. The moisture content of
the ambient air varied with local weather conditions, time of day,
etc. The site was located in the desert; little variation was
expected. Site personnel were restricted to the Command Center for
safety purposes; therefore, it was not possible to monitor moisture
content on a routine basis. Moisture content was monitored before
and after each test run.

6.1.3 Ambient air pressure. The pressure of the ambient air
(atmospheric pressure) varied with local weather conditions, time
of day, etc. The ambient air pressure was monitored before and
after each test run involving stack sampling.

6.1.4 Fuel o0il composition/physical properties. The
composition (percentage of ash, sulfur, nitrogen, hydrogen, carbon,
and oxygen) and physical properties (heating value, viscosity,
specific gravity) of the fuel oil depended on the source from which
the fuel o0il was purchased. Composition and physical properties
were determined via laboratory analyses. A grab sample was
collected from the fuel oil storage tank prior to the first test.
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Table 6-1. Summary of test variables for the pilot study.

A. Independent Variables

Ambient air conditions.

- Temperature.

- Moisture content. .
- Pressure.

Fuel oil.

- Composition.

- Physical properties.

Boiler feed water temperature.

B. Control Variables

Held Constant at 2All lLevels

Energetic solution preparation.

Temperature of fuel/explosives feed.

Steam flow rate from boiler.

Steam pressure (fuel/explosives flow rate).

Held Constant at Various lLevels

Explosive type.

Explosive concentration in feed solution.
Percentage of excess combustion air.

c. Response Variables Measured

Fuel/explosives stream to boiler.

Volumetric flow rate.
Viscosity.

Density.

Pressure.

Boiler feed water volumetric flow rate.

Boiler efficiency.

542C/s6
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Table 6-1
(continued)

Exhaust gas.

- Temperature.

- Flow rate.

- Composition (oxygén, carbon dioxide,
ide, explosives, NO,, particulate,
content).

Steam temperature.

DRE of the system.

carbon monox-
and moisture

542c/s6
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6.1.5 Boiler feed water temperature. Water for the boiler was
provided by the HWAAP process water system and the recycled water
from the steam condensing system. The temperature of the water was
monitored constantly during operations.

6.2 Control variables.

6.2.1 Control variables held constant at all levels. Four
test variables were maintained for each test run (energetic
solution preparation, temperature of fuel/explosives feed, steam
flow rate, and steam pressure), as shown in Table 6-1.

6.2.2 Energetic solution preparation. Procedures to prepare
the boiler feed solution were to be maintained constant for each
test run. Procedures include the following items:

(a) Chronological order for mixing components (toluene added
to explosives, explosives/solvent solution added to

fuel).

(b) Solvent to explosives mass ratio [2.2:1 (toluene to
explosives) on a weight basis].

(c) Conditions for explosives dissolution (temperature of
100°F, mix time of 0.5 hr).

(d) Conditions for fuel/explosives mixing [minimum of 0.5 hr
of recycling until temperature stabilizes (+1°F)].

The mixing procedures were followed for the two completed
explosives tests. The solution preparation steps were inadequate
for the Test T-9 conditions. Test T-9 was completed using a high
mass ratio of TNT in solvent (15% of final solution weight). The
difficulties with the solution preparation are described in the
test results section.

6.2.3 Temperature of fuel/explosives feed. The fuel/
explosives feed stream was not fed to the boiler until the
temperature stabilized to constant conditions. After the ex-
plosives/solvent mixture was added to the fuel o0il in the fuel/
explosives blending tank, the mixture was circulated for a minimum
of 45 min. When the temperature was constant (t1°F), the fuel/
explosives stream was fed to the boiler.

6.2.4 Steam flow rate from boiler. The steam flow rate from
the boiler was maintained to simulate 100% steam demand on the
boilers. The flow rate was maintained constant by a flow control
valve simulating a process load on the boiler.

6.2.5 Steam pressure. During the conceptual design of the
process, the steam was to be maintained at a constant pressure
during each test run. The mass flow rate of the fuel/explosives
solution was to be varied to maintain the desired pressure. Actual
conditions proved that the burner did not exhibit sufficient

6-4
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control to maintain a constant steam pressure. Therefore, the
automatic controller was run in manual mode. The fuel flow rate
was set to a fixed rate during testing.

6.2.6 Control variables held constant at various levels. As
shown in Table 6-1, there were three control variables held
constant at various levels. These variables were the explosive
type, the explosive concentration in feed solution, and the
percentage of excess combustion air.

6.2.7 Explosive type. Two explosives were to be evaluated
during the pilot test: TNT and Comp B (60% TNT and 40% RDX). These
explosive compounds were selected because of their predominance in
waste energetic materials. Virgin explosives (raw materials used in
the manufacture of munitions) were supplied by HWAAP. Only TNT was
tested in this phase.

6.2.8 Explosives concentration in feed solution. The
explosives concentrations to be evaluated during the pilot test
included 1%, 10%, and 15% (by weight) of TNT. Because of time
constraints, the concentration of TNT was evaluated for the test
conditions of 1% and 15% only. The 15% explosives concentration,
when coupled with the ambient temperatures and selected solvent
concentrations, proved to be excessive. All the TNT did not
dissolve, and some recrystallization may have occurred after the
solution cooled. Test T-9 was modified to reduce the explosives
concentration through dilution with solvents. The actual explo-
sives concentration, which was fired during the three different
parts of Test T-9, could only be estimated by the dilution records.
A sample of the solution was collected and analyzed to estimate the
concentration of the test solution prior to the third burn (Test
T-9¢c) .

6.2.9 Percent of excess combustion air. The percentages of
excess combustion air evaluated during pilot test activities in-
cluded 20%, 25%, and 30%. These values were selected based on the
design rating of excess air for the boiler system (32%). To main-
tain a constant amount of excess air, a ratio controller was used.
The ratio controller utilized actual fuel flow rate measurements to
adjust the combustion air flow rate set point. The fuel oil to air
ratio was maintained for the three nonexplosives tests as planned.
The difficulty in maintaining a constant flow of explosives solu-
tion and measurement of the solution flow rate necessitated manual
control. During explosives tests, excess air was maintained at the
lowest possible level that could be used while achieving good com-
bustion characteristics. The minimum excess combustion air level
typically fell within 20% to 30% during the explosives tests.

6.3 Response variables measured. There were numerous response
variables associated with the pilot system. Eleven response vari-
ables were measured in order to fulfill the objectives of the pilot
study, as shown in Table 6-1.
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6.3.1 Volumetric flow rate of fuel/explosives solution. A
major portion of the fuel/explosives discharge flow from the
circulating fuel pump was recycled to the fuel/explosives blending
tank (Tank T-300) to facilitate mixing and suspension of solids.
The flow rate was measured to determine small fluctuations in flow
in the burner feed and in the recycling stream from the boiler.

6.3.2 Viscosity of fuel/explosives solution. The viscosity
of the fuel/explosives solution was expected to vary based on
selected test conditions (i.e., explosives concentration). Viscos-
ity was expected to serve as an indicator to ensure the homogeneity
of the solution. Viscosity was measured continuously by a monitor
located in the boiler feed piping.

6.3.3 Density of fuel/explosives solution. The density of the
fuel/explosives solution varied with test conditions (i.e., explo-
sives concentration). Density served as an indicator of solution
homogeneity. Density was measured continuously by a monitor at the
boiler as percent solids and by a monitor at the inlet to the recy-
cling tank (T-300) as specific gravity.

6.3.4 Pressure of fuel/explosives solution. The pressure of
the discharge from the circulating fuel pump and the boiler feed
was monitored to detect fluctuations during operation. The pres-
sure was monitored every 15 min by the system operator.

6.3.5 Boiler feed water volumetric flow rate. The volumetric
flow rate of boiler feed water was expected to equal the steam flow
rate. The boiler feed water flow rate provided independent confir-
mation of the steam flow rate. The flow rate was monitored contin-
uously by a flow sensor.

6.3.6 Boiler efficiency. Boiler efficiency is defined as
follows:

Heat Absorbed by Water

Boiler efficiency =
Heat Supplied by Fuel

Boiler efficiency was calculated from energy and material
balance calculations.

6.3.7 Exhaust gas temperature. The temperature of the ex-
haust gases in the boiler stack was monitored to assist in the com-
pletion of mass and energy balances. The temperature was monitored
continuously.

6.3.8 Exhaust gas flow rate. The flow rate of the exhaust
gases is dependent on the mass of combustion air being introduced
and the composition of the fuel/explosives feed stream. The flow
rate was monitored during each of the stack tests.

6.3.9 Composition of exhaust gases. The composition of gases
in the boiler exhaust stream was monitored to determine the types

6-6
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and quantities of compounds present, including oxygen (0O,), carbon
dioxide (CO,), carbon monoxide (CO), explosives, NO,, partlculate
matter, and moisture content. The explosives, partlculate, and
moisture content were monitored during the stack tests. The gas
composition was monitored continuously.

6.3.10 Steam temperature. The steam temperature varied with
steam pressure and atmospheric conditions. The steam temperature
provided independent confirmation of steam pressure. The steam
temperature was monitored continuously.

6.3.11 DRE of the system. The destruction and removal
efficiency was calculated for TNT as follows:

¢ -G
DRE = — X 100
G
Where:
DRE = Boiler system TNT destruction and removal

efficiency (expressed as a percent).

C, = Mass of TNT per unit time entering the
boiler (fuel/explosives feed stream).

C, = Mass of TNT explosives solution per unit
time discharging from the boiler system
(stack).

6-7
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7. SAMPLING AND ANALYTICAL METHODS

Samples of the fuel oil, stack emissions, and explosives
 solution were collected by WESTON personnel. Samples of stack
emissions and explosives solution were sent to the WESTON Analytics
Division Laboratory in Lionville, PA. Samples of fuel oil were
analyzed by Schwarzkopf Microanalytical Laboratory.

The locations of the sampling points are shown in Figure 7-1.
A summary of the parameters monitored for each test run is
provided. Unless otherwise noted, samples were discrete samples
(i.e., grab samples). A brief discussion of the sampling and
analysis methodology for each point is included in the following
subsections.

7.1 Ambient air (sample point 1 in Figure 7-1). Inlet air to
the combustion air blower (ambient air) was sampled to determine
the moisture content, temperature, and pressure. The sampling and
analysis plan for ambient air is summarized in Table 7-1. To
determine moisture content, a sling psychrometer was used to
measure the wet bulb and dry bulb temperatures. The measured
temperatures and a psychometric chart were used to determine the
ambient air moisture content. The temperatures were monitored
before and after each test run. Since project personnel were
restricted to the Command Center for safety purposes, it was not
possible to test moisture content more frequently. Atmospheric
pressure was monitored using a barometer. Readings were recorded
before and after each test run.

The test plan called for measurement of the combustion air
inlet flow rate for Tests T-1 through T-3. The physical
configuration of the combustion air fan inlet, however, did not
allow for measurement of air flow as planned. To provide an air
flow measurement, a continuous flow meter was installed on the
combustion air fan as described in Subsection 8.1.1. Calibration
of the air flow meter was accomplished by conducting flow
measurements at the fan discharge. The most accessible location
for discharge testing was in the stack exhaust. This testing was
completed before test operations began and is designated as Test
T-0.

7.2 Fuel oil (sample point 2 in Figure 7-1). Fuel oil was
sampled prior to the first test run to determine its composition
and physical properties. Fuel oil was taken from the underground
storage tank used during all of the test runs. During testing, the
fuel oil tank was not refilled. A summary of the sampling and
analysis plan for the fuel oil is contained in Table 7-2.

The fuel oil was sampled from the existing underground storage
tank located in proximity to Building 117-4. The tank sample port
(for depth measurement) was used to access the tank. A 500-ml
composite liquid waste sampler (Coliwasa) was used to collect the
0il sample from top, bottom, and middle of the storage tank. The
sample was composited on-site prior to shipment for analysis.

7-1
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TNT T-5 79
Volatile Organics T-9
Total Hydrocarbons® All Tests
Carbon Dioxide® All Tests
Carbon Monoxide* All Tests
Oxygen® All Tests
Nitrous Oxide?* All Tests
Particulates T-1t0 T-3, T-5
Volumetric Flow Rate T-0t0T-3,T-5
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Moisture Content T-1t0T-3,T-5
Atmospheric Pressure T-1t0 T-3,T-5
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Figure 7-1. Locations of sampling points.
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Sampling Point Number 1
Description: Combustion Air Blower Inlet Gases
Test Objecfive: Determine Temperature and Air Flow Rate
Sampling Objective: a Collect a Representative Sample
i Moisture Temperature | Atmospheric
Parameters to be Tested: Content Pressure
Test Runs Sampled: T-1t0 T-3,T-5 T-1t0 T-3,T-5 |T-1t0 T-3,T-5
Detection Limit: N/A N/A N/A
. . . Sling Sling

Sampling or Monitoring Method: Psychrometer Psychrometer Barometer
Sampling Extraction/Analysis Method(s): N/A N/A N/A
Sampling or Monitoring Design:

« Total Number of Samples Collected 8 (Before and After Each Test) 8 (Before and 8 (Before and

After Each Test) | After Each Test)

« Field Blanks N/A N/A N/A
» Trip Blanks N/A N/A N/A
« Method Blanks N/A , N/A N/A
« Blank Spikes N/A N/A N/A
« Biank Spike Duplicates N/A N/A N/A
« Number of Sample Replicates N/A N/A N/A
« Total Number of Samples Analyzed .8 8 8

N/A = Not applicable.

T = Test run.

34-583¢c

Table 7-1. Sampling and analysis plén for combustion
air blower Inlet gases (ambient air).
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Analysis of the fuel o0il samples was completed per the test
plan with the exception of the sulfur analysis. Sulfur was
determined using ASTM Method D 129 "Standard Test Method for Sulfur
in Petroleum Products (General Bomb Method)," which is provided in
Appendix A. This method was found to be more appropriate than the
planned ASTM Method D 4239.

A replicate sample of fuel oil was collected in the event that
damage to the original sample occurred during shipment and
handling. No damage occurred, and all results appeared consistent
with number 2 fuel o0il; therefore, the replicate was not ana-
lyzed.

7.3 Exhaust gases (sample point 3 in Figure 7-1). The
exhaust gases from the 12-in. inner diameter boiler stack were
sampled to determine the composition and gas flow rate. A summary
of the sampling and analysis plan for the exhaust gases is shown in
Table 7-3.

7.3.1 Particulate sampling equipment. Particulates were
collected using an EPA Method 5 sampling train. The Method 5
sampling train consisted of the following components:

. A 316 stainless steel nozzle with an inner diameter sized
to sample isokinetically.

. A heated, borosilicate-lined probe, equipped with a
thermocouple to measure flue gas temperature and an
S-type pitot tube to measure flue gas velocity pressure.

. A heated oven containing a borosilicate filter holder
with a 90-mm Reeve Angel 934 AH glass fiber filter.

. An impinger train containing four impingers:

- 100 mL of distilled water.
- 100 mL of distilled water.
- Dry.

- 300 g of silica gel.

. During testing, a refrigerated coolant recirculating
system was used to maintain the particulate test train
impingers below the method-required temperature limita-
tions.

. A vacuum hose to connect the outlet of the impinger train
to the control module.

. A control module containing a 3-cfm carbon vane vacuum
pump (sample gas mover), a calibrated dry gas meter
(sample gas volume measurement device), a calibrated
orifice (sample gas flow rate monitor), and inclined
manometers (orifice and gas stream pressure indicators).
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The control module was located in the Building 117-4
control room.

. A switchable, calibrated, digital pyrometer to monitor
flue and sample gas temperatures.

A schematic of the sampling train is shown in Figure 7-2.

7.3.2 Explosives sampling equipment. TNT and RDX were
“ collected using an EPA Modified Method 5 sampling train. Samples
were analyzed using high-performance liquid chromatography (HPLC)
procedures. The EPA Modified Method 5 sampling train consisted of

. the following components:

. A 316 stainless steel nozzle with an inner diameter sized
to sample isokinetically.

. A heated, borosilicate-lined probe, equipped with a
thermocouple to measure flue gas temperature and an S-
type pitot tube to measure flue gas velocity pressure.

. A heated oven containing a borosilicate filter holder
with a Pallflex® 2500 QAT-UP 90-mm quartz fiber filter.
A thermocouple was inserted in the filter box chamber.

. An impinger train consisting of a Grahm- (spiral-) type
ice water-cooled condenser, two ice water-jacketed
sorbent modules each containing approximately 40 g of
30/60 mesh XAD-2 (pre-extracted), temperature sensors
(thermocouples), a 1-L condensate trap, two standard

: Greenburg-Smith impingers each containing 100 mL of

: distilled water, and a final impinger containing 300 g of
dry, preweighed silica gel plus a thermocouple to measure
sample gas exit temperature.

. During testing, a refrigerated coolant recirculating
system was used to maintain the explosives test train
impingers and XAD-2 resin condensers below the method-
required temperature limitations.

. A vacuum line (umbilical cord) to connect the outlet of
the impinger train to a control module.

. A control module containing a 3-cfm carbon vane vacuum

pump (sample gas mover), a calibrated dry gas meter

. (sample gas volume measurement device), a calibrated

orifice (sample gas flow rate monitor), and inclined

manometers (orifice and gas stream pressure indicators).

! The control module was located in the Building 117-4
control room.

. A switchable, calibrated, digital pyrometer to monitor
flue and sample gas temperatures.

7-7
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A schematic of the Modified Method 5 sampling train for the
exhaust gases is shown in Figure 7-3.

7.3.3 Sampling procedures. A separate test port was utilized
for each train. The Modified Method 5 test train probe was located
in the lower test port. The Method 5 test train probe was located
in the upper test port. The lower sampling port was located 8 ft
below the upper particulate sampling port and offset by 90 degrees
(see Figure 7-4). A total of four traverse points on a single axis
across the stack diameter were sampled for each test run. Prior to
the start of testing, the Modified Method 5 and Method 5 test train
sampling probes were external to the stack. A final check of all
equipment functions was made at this time.

After reaching stable operating conditions with TNT-spiked
fuel oil, the explosives and particulate sampling runs were begun.
The test personnel were restricted to the Command Center. An
automated sampling train positioning device was operated remotely
from the Command Center. The positioning device moved the sampling
probes into the stack at the appropriate traverse point locations.
The test ports were sealed with a cover plate held in position by
a spring to avoid leakage.

The particulate samples were collected during 60- or 80-min
test runs, with 15 or 20 min of sampling time per traverse point.
The explosives sample was collected in an 80-min test run, with 20
min of sampling time per traverse point. Test train readings
(i.e., temperatures, pressures, sampling volumes, etc.) were taken
every 5 min during each test period. Following completion of each
test period, the sample probes were retracted from the stack using
a remote positioning device, and the port covers were sealed.

At the completion of the testing, the sample team manually
removed the test trains for recovery in the Command Center.

7.3.4 Continuous emission monitoring. A continuous emission
monitoring (CEM) system was used to extract a sample of the exhaust
gases for analysis of total hydrocarbons, carbon dioxide, carbon
monoxide, oxygen, and nitrous oxides.

Total hydrocarbons in the exhaust gases were continuously
monitored during each test by EPA Method 25A using a CEM flame
ionization detector (FID). The specifications for the instrument
are summarized in Table 7-4.

Carbon dioxide and carbon monoxide content was measured
continuously using nondispersive infrared gas analyzers. Carbon
dioxide concentration was monitored following EPA Method 3A
procedures. EPA Method 10 procedures were utilized to measure
carbon monoxide content. The specifications for the instruments to
monitor carbon dioxide and carbon monoxide are summarized in Tables
7-5 and 7-6, respectively.

543C/S7 2/19/91
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Table 7-4. 8Specifications for the analyzer to monitor
total hydrocarbons.

Analysis method: Flame ionization detector (FID)
Range: Any three of the following: 0 to 10, 100,
1,000, 10,000, or 100,000 ppm
Response time: 90% of full-scale in less than 1 min
Zero drift: 1% of full-scale per 24 hr
Span drift: 1% of full-scale per 24 hr
Linearity: Within 1% of selected range
Output: 0 to 10 v DC
Display: Analog meter in ppm hydrocarbon
7-12
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Specifications for the analyzer to monitor
carbon dioxide.

Analysis method:
Response time:
Accuracy:

Zero drift:

Span drift:
Linearity:
Output:

Display:

Nondispersive infrared analyzer
90% of reading in 1 sec

+1% of full-scale

+1% of full-scale per 24 hr

+1% of full-scale per 24 hr

+1% of full-scale

0 to 100 mv

Digital meter in % CO,

543C/S7
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Specifications for the analyzer to monitor
carbon monoxide.

Analysis method:

Range:

Response time:
Zero drift:
Span drift:
Linearity:
Output:

Display:

Nondispersive, infrared, single-beam
with gas-phase correlation filter.

0 to 100 ppm or
0 to 1,000 ppm

90% within 1 min
+1% per 24 hr

+1% per 24 hr
Within 1% full-scale
0 to 10 v DC

Digital meter in ppm CO

tr

543C/s7
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The concentration of oxygen in the exhaust gases was monitored
using an electrochemical analyzer following EPA Method 3A protocol.
The specifications for the electrochemical analyzer are summarized
in Table 7-7.

Nitrous oxides content was continuously monitored by a CEM
analyzer using a chemiluminescent reaction and following EPA Method
7E. The specifications for the analyzer are summarized in
Table 7-8.

7.4 Explosives solution (sample point 4 in Figure 7-1). The
explosives solution was sampled during Test T-9 to quantify the
amount of explosives and solvents in the solution. A summary of
the sampling and analysis is shown in Table 7-9. Because of the
crystallization problems, the solution prepared for Test T-9 was
diluted with acetone, toluene, and fuel oil. A grab sample of
solution was collected from Tank T-200 after the conclusion of Test
T-9b and before starting Test T-9c. The solution was analyzed for
TNT by high-pressure liquid chromatography. The solution was also
analyzed for toluene and acetone by gas chromatography with a'flame
ionization detector. Because of the high concentration of
explosives and solvents in the solution, the sample was diluted
before analysis.

543C/S7 2/18/91




Table 7-7. 8pecifications for the analyzer to monitor oxygen.

Analysis method:
Range:

Response time:

Accuracy:
Zero drift*:
Span drift*:
Output:
Display:

Stability:

Electrochemical
0 to 25%

30 sec for 90% response, 10 sec typical for
small step change

2% of full-scale at 72°F, all ranges
0.5% O, over 24 hr

0.5% 0, over 24 hr

0 to 100 mv

Digital meter in % O,

2% of full-scale over 30 days typical

*40 CFR 60 required

543C/s7

instrument operating parameters.
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Table 7-8.

WESTEH

Specifications for the analyzer to monitor
nitrous oxides.

Analysis method:
Range:

Response time:

Accuracy:

Zero drift:
Span drift¥*:
Linearity:
Output:

Display:

Cheniluminescent reaction
0 to 100; 0 to 250; 0 to 1,000 ppm

1.5 sec, NO mode
1.7 sec, NO, mode

Derived from the NO or NO, calibration
gas, *1% of full-scale

Negligible after 0.5-hr warmup
2.5% of full-scale per 24 hr
Within 1% of full-scale

0 to 10 v DC

Analog meter in ppm NO, NO,

*40 CFR 60 required instrument operating parameters.

543c/s7
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Table 7-9. Sampling and analysis plan for the explosives solution.

Sampling Point Number 4
Description Dissolving Tank Solution
Test Objective Determine Solution
Composition
Sampling Objective ~ Collect a Representative
Sample
Parameters to be Tested Explosives ~ Volatile
Organics

Test Run Sampled T-9 T-9
Detection Limit 0.24 mg/L 5 mg/g
Sampling Method grab sample® grab sample®
Sampling Extraction/Analysis ILWo02 GC/FID
Methods

Sampling or Monitoring Design:

Total Number of Samples 1 1

Collected

Field Blanks 0 0]
Trip Blanks o] 0
Method Blanks 1 1
Blank Spikes 1 1
Blank Spike Duplicates o 0
Number of Sample Replicates 0 0]
Total Number of Samples 3 3
Analyzed

8Liquid siphoned from the tank.

543C/87 2/18/91
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8. OPERATIONAL PARAMETER MONITORING METHODS

The pilot test equipment was monitored continuously using
process instruments. Monitors provided data on the following
parameters:

Temperature.
Pressure.

Flow.

Level.

Viscosity.
Solution density.

The locations of the instruments are provided in Figure 8-1.
The instruments transmitted the process measurement as a 4- to 20-
milliamp signal. The signal was displayed on the digital
indicators located on the feed and boiler control panels. The
control panels were located in the process control room in Building
117-4. Figure 8-2 is a photograph of the two control panels. Data
were also recorded on two strip-chart recorders.

The boiler control panel strip-chart recorder was a Honeywell
DPR1500. The strip-chart recorded data from 15 channels. Table 8-
1 provides a list of the data recorded on each channel. The
recorder was connected through a digital 1link to a personal
computer. The computer recorded a snapshot every 5 sec of the
process measurements on a file. The files were downloaded daily
onto digital media and were used during data analysis. Near the
conclusion of the testing, the recorder ink wheel malfunctioned.
Because of the malfunction, the strip-chart data from Test T-9 were
not available. The recorder remained unrepaired at the conclusion
of the test.

The strip-chart recorder for the feed system was a Honeywell
Versaprint 131. The strip-chart recorded data on six channels.
Table 8-2 provides a list of the data recorded on each channel.
The Versaprint recorder was not capable of being digitally stored.

The remainder of this section describes the measurement
methods used and any problems encountered with the instruments or
monitoring methods.

8.1 Temperature. Temperatures were monitored at six
locations on the feed and boiler system by thermocouples. Table 8-
3 provides a 1list of the 1location, thermocouple type, and
calibration range for each temperature monitor. The Accutech Model
AI-2000 temperature transmitter on Tank T-100 failed during Test T-
5. The transmitter was returned to the manufacturer and replaced
with-a new model. The calibration ranges for the T-100, T-200, and
T-300 temperature transmitters were each set at a 40°F to 200°F
scale. The ambient temperature during some of the testing was
below 40°F; accordingly, the monitors did not accurately represent
the solution temperature. The Accutech AI-2000 was shop-calibrated

8-1
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Boiler Feed blending
control control system
system

Figure 8-2. Photograph of process control panels.
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Table 8-1. Boiler system data recorder.

Channel Measurement Units
1 Steam flow 1b/hr
2 Steam pressure psig
3 Steam temperature °F
4 Stack temperature °F
5 Compressed air pressure psig
6 Feed water flow gph
7 Feed water temperature °F
8 Feed water pressure psig
9 Feed water tank level in.
10 Fuel oil flow rate gph
11 Fuel oil burner pressure psig
12 Slurry/solution flow rate gph
13 Slurry/solution burner pressure psig
14 Slurry/solution viscosity cp*
15 Combustion air flow cfm
*Centipoise.
8-4
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Table 8-2. Feed system data recorder.

Channel Measurement Units
‘ 1 Tank T-100 temperature °F
2 Tank T-200 temperature °F
. 3 Tank T-300 temperature- °F
- 4 Slurry/solution pump discharge pressure psig
5 Slurry/solution specific gravity su®
6 Slurry/solution recycling flow rate gpm

35y = Standard units relative to water (1 gm/cc).

e
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Table 8-3. Temperature monitors.

Location Thermocouple Transmitter Scale
Type Minimum Maximum

(°F) (°F)

Stack exhaust gas

K® 0 1,000
Steam K - 0 300
Boiler feed water K 0 300
Tank T-100 Jb 40 200
Tank T-200 J 40 200
Tank T-300 J 40 200

Iron/constantan junction.

aType K thermocouple
Chromel/alumel junction.

brype J thermocouple

543c/s8
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and could not be field-calibrated. For future operations, it is
recommended that the calibration program for the Accutech
transmitters be purchased. The program will allow adjustment of
the low and high ranges for the range corresponding to actual
conditions. The transmitters for the boiler system were Honeywell
Smart® transmitters. The Honeywell equipment was supplied with a
calibrator/communicator instrument that allowed remote and
relatively easy calibration and adjustment of the instruments.

8.2 Pressure. System pressure was monitored remotely at six
locations on the system. The locations of the monitors are
provided in Table 8-4. In addition to the remote monitors,
pressure gauges were located at critical locations on all process
piping to assist in startup and debugging operations. Because of
the potential for stagnant locations within the pressure gauges and
transmitters, the pressure-sensing instruments on the explosives
solution lines were provided with isolation discs.

8.3 Flow. Flow of process fluids was measured at six
locations within the system. Table 8-5 provides the locations of
flow measurement along with the method and calibration range for
each of the instruments. Flow measurements for fuel oil to the
burner, feed water to the boiler, and steam generation were made
using sharp-edge orifices and differential pressure measurements.
Each of these systems performed well.

The flow measurements made by the steam orifice meter must be
adjusted to reflect differences between actual steam density and
the calibrated steam density. The flow of feed water to the boiler
and steam exiting the boiler should have indicated similar values.
The feed water rate consistently was below the steam rate.
Unfortunately, the discrepancy was discovered after demobilization,
and a cause for the discrepancy could not be determined.

The flow measurement for the explosives solution being
recycled to the blending tank was performed by a K-Flow Model K-250
Coriolis effect mass flow meter. The K-flow meter also provided
density measurements as described in Subsection 8.6. The K-flow
housing was customized with a compressed air purge system complete
with an air flow and air pressure switch to meet the Division I,
Class II electrical location requirements. Measurements of the
flow of combustion air and explosives solution to the boiler proved
difficult to obtain. A description of each system and the
difficulties encountered is presented in the following subsecti