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ABSTRACT FOR THE HAWTHORNE ARMY AMMUNITION PLANT

This report outlines the operational aspects of a pilot study which
evaluated the feasibility of Hot Gas Decontamination of
Exposives-Contaminated Equipment. Nine test runs were conducted
to evaluate the effectiveness of the Hot Gas Treatment on test
items contaminated with TNT; one test run was conducted to
evaluate ammonium picrate. Test conditions were set up in a
matrix format. Three temperatures were evauated: 400°F, 500°F,
and 600°F. The duration of each test evaluating TNT was 6 hours
12 hours, 24 hours, or 36 hours (after reaching steady state).

A residence time of 48 hours was used for evaluation of ammonium
picrate-contaminated test items. Stack testing was conducted to
determine the destruction and removal efficiency (DRE) of the
process for TNT.

The results of the pilot study indicate that a minimum temperature

of 500°F and a residence time of 6 hours are required to effectively
decontaminate test items contaminated with TNT. Operating conditions
of 600°F for 48 hours are sufficient to treat items contaminated with
ammonium picrate. Conditions apply to the system at HWAAP. Should
modifications be made to the system to increase the overall efficiency,
these conditions will change. Stack test results indicate that

the DRE for TNT exceeds 99.99 percent when sufficient levels are
emitted from the flash chamber.

Based on.results of the pilot study, test items that are treated
for 6 hours at a minimum temperature of 500°F are safe for public
release as scrap. Items treated in the prescribed manner are not
considered characteristically hazardous and are appropriate for
disposal or potentially for resale as scrap.

Treated test items constructed of steel and aluminum that have no
intricate or mechanical components should be appropriate for reuse
in manufacturing or handling operations. Treated test items that
are constructed of steel or aluminum and contain intricate or
mechanical components would not be appropriate for reuse. Treated
test items constructed of clay will be too severely altered and
would not be appropriate for reuse of any kind.
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SECTION 1
EXECUTIVE SUMMARY

The manufacture, handling, and loading of explosives at Army industrial
facilities have resulted in the contamination of process equipment (piping,
pumps, motors, powder boxes, etc.) and sewer systems. Because of this
residual contamination, many process items cannot be reused or be disposed
as scrap. Contaminated sewer lines are also a disposal problem after they are
excavated.

The U.S. Army Toxic and Hazardous Materials Agency (USATHAMA) is
investigating technologies to effectively treat explosives-contaminated
components. Previous pilot studies have shown that decontamination of
structural components is possible using a heated gas to thermally decompose
or volatilize explosives with subsequent incineration in an afterburmer. To
determine the feasibility of hot gas decontamination of
explosives-contaminated equipment, a pilot study was conducted at the
Hawthorne Army Ammunition Plant (HWAAP) from 10 July 1989 to 21
September 1989.

The primary objective of the pilot study was to determine the operating
conditions that effectively decontaminate explosives-contaminated
equipment. The major explosive and propellant compounds evaluated during
the pilot study include«iJ 2,4,6-trinitrotoluene (TNT), ammonium picrate
(yellow D), and smokeless powder (nitroglycerin (NG) and nitrocellulose (NC)).

The process equipment used during the pilot investigation was supplied by
the government and consisted of an air preheater, flash chamber, and
af’tergurner. Ten test runs were conducted: nine tests evaluated the
feasibility of the process on TNT and smokeless powder; one test run
evaluated ammonium picrate. The operating conditions of the test runs were
selected to form a temperature-residence time matrix. Three temperatures
were evaluated: 400°F, 500°F, and 600°F. The duration of tests evaluating
TNT decontamination was 6 hours, 12 hours, 24 hours, or 36 hours (after
reaching steady state). A residence time of 48 hours was used for evaluation
of ammonium picrate; this extended residence time (and a temperature of
600°F) was selected to ensure the decontamination process would be complete
and to avoid potential safety problems associated with partially decomposed
ammonium picrate (picric acid).

To demonstrate the destruction and removal efficiency (DRE) of the process,
stack testing was conducted at the afterburner inlet and outlet. Stack tests
were conducted during the first three test runs for explosives and smokeless
powder.

The following conclusions are drawn from the pilot study:
o The hot gas process is effective for treating items contaminated with

TNT and ammonium picrate.

1-1
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Analytical results indicate that temperature is a key factor in
explosives removal. It was determined that a minimum
temperature of 500°F is required to remove TNT below measurable
levefs on the treated test items. Since relatively large temperature
gradations were evaluated (+100°F), the minimum effective
operating temperature may lie somewhere between 400°F and 500°F.

Test items that are treated for 6 hours at a minimum temperature
of 500°F are not characteristically hazardous and are appropriate
for disposal or potentially for resale as scrap.

Items with contamination on external surfaces were generally the
least difficult to treat; three failures were observed (one failure was
associated with soil/debris in clay pipe). Test items with
contamination on internal surfaces or within porous media proved to
be more difficult to treat. Although three test items were observed
to fail, residual concentrations were generally higher.

Calculations completed to determine the length of time required for
test items (steel) to achieve a steady state temperature of 500°F
indicate that the mass of test items only has a moderate effect on
the total time required for treatment. A minimum system heatup
time of 1 hour should be sufficient during normal operation to allow
subject items to reach temperatures appropriate for steady state
operations to commence.

Based on the analyses from sampling at the flash chamber outlet,
TNT was primarily removed from test items during the heatup
period; however, removal continued throughout steady state
operation and possibly into the cooldown period.

Generally, items constructed of steel or aluminum showed no signs
of damage due to treatment. For clay, however, exposure to the hot
gas resulted in cracks throughout the entire pipe sections. The clay
became very brittle and was easily broken.

Treated test items that are constructed of steel or aluminum and
have no intricate or mechanical components should be appropriate
for reuse in manufacturing or handling operations.

Treated test items that are comstructed of steel or aluminum and
contain intricate or mechanical components would not be
appropriate for reuse. These items should be disposed as scrap.

Based on a limited statistical model developed for the hot gas
system at HWAAP, the heatup/steady state temperature should be
at least 440°F to have better than a 50 percent probability of
successful decontamination. Predicted temperatures for 85 percent
and 95 percent probability of successful decontamination are 480°F
and 490°F, respectively.

Operating conditions of 600°F, coupled with a steady state time of
48 hours. were found to be effective for reducing levels of ammonium
ricrate below detection limits. Optimum conditions may include
ower temperatures and/or decreased residence times.

1-2
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Due to the limited testing on smokeless powder and the variability
in pre-test item contamination, it is not possible to analyze trends in
the data for smokeless powder.

The sampling and analytical methods employed for determination of
smokeless powder emissions in the stack gases (and presence of
smokeless powder on test items) were determined to be
inappropriate. The method did not allow NC and NG to be
distinguished from one another or from other nitrated esters. The
stack sampling protocol was also questionable; the sampling media
may not have captured NC and NG.

During each test, a phenomenon consistent with autoignition was
observed for the bulk explosives contained in the clay pipe.

The gas phase heat transfer coefﬁcielét for the hot gas sygtem was
calculated to range from 1.17 Btwhr ft“ °F to 1.82 Btu/hr ft< °F.

The thermal conductivity constant (K) for the con?osite flash
chamber wall was determined to average 5.10 Btwhr ft</(°F/ft) (£20
percent). The average thermal conductivity constant is between the
conductivity constants associated with the major structural
components of the flash chamber (steel and concrete have K values
of 27 and 0.30 Btuw/hr ft</(°F/ft), respectively).

TNT emissions from the afterburner, as measured during the stack
testing program, were never above detectable levels. In cases where
TNT inlet concentration was sufficiently high, the DRE exceeded
99.99 percent.

Combustion efficiency of the afterburner ranged from 99.9895 to
99.9933 Tercent during the stack testing program; efficiencies reflect
the excellent performance of the afterburner.

The emissions of particulate from the afterburner, as measured
during the stack testing program, ranged from 0.000017 gr/dscf to
0.00093 gr/dscf (corrected to 7 percent oxygen). Emissions are two
orders of magnitude lower than applicable regulations.

Emissions of carbon monoxide and total hydrocarbons at the flash
chamber inlet indicate that the existing air preheater at HWAAP is
operating poorly. Emissions were one order of magnitude higher
tgan emissions associated with typical gas-fired heaters.
Combustion efficiencies for the air preheater ranged from 98.95
percent to 99.72 percent during the stack testing program.

Due to extended heatug and cooldown periods, it is difficult to
evaluate the effects of the 600°F test runs. During the 600°F test
runs, before the steady state temperature was achieved, the system
had operated at conditions that were very similar to the 500°F/6
hour test run. The results of the 500°F/6 hour test run indicate
decontamination of TNT. Therefore, during the 600°F test run, the
test items may have been adeguately treated before the steady state
temperature was even achieved.
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The following recommendations are provided:

1230R2

The hot gas system modifications presented in Section 11 should be
implemented to improve the overall efficiency of the
decontamination system at HWAAP (i.e., flash chamber insulation,
reduction of afterburner stack heat losses, air preheater chamber
enlargement, upgrades in the monitoring system, and remote car
removal).

For operation at HWAAP, the modified system should be operated at
a temperature of 550°F during heatup. The heatup period should be
a minimum of 1 hour to assure all test items have reached a
temperature of 500°F prior to steady state conditions.

For the system at HWAAP, to overcome potential problems with
nonuniform temperatures in the flash chamber, items that are more
difficult to treat (such as steam-heated vessels and items with
internal contamination) should be located at the rear of the rail cart
near the diffusers. Items that are less difficult to treat, such as
items with external surface area only, will likely be effectively
treated when placed at the front of the cart, near the chamber door.

All items to be treated by the hot gas process on a routine basis
should have bulk contamination removed and vented to avoid
potentially high pressure conditions caused by autoignition events.

If explosive or propellant compounds (other than TNT) are to be
treated in the hot gas system, stack testing should be conducted to
determine the associated DREs.

If items to be treated during future operations are radically different
from those items evaluated during the pilot study, further testing
(sampling and analysis) should be conducted to verify optimum
conditions.

The structural stability of all treated items that are appropriate for
reuse in manufacturing or handling should be verified by means of
nondestructive testing using one or a combination of the following
tests:

Visual inspection.
Magnetic Particle Test.
Dry Penetrant Test.
Ultrasonic Test.
Radiographic Test.

Testing should be conducted by qualified personnel.

To develop a statistical model for a general operational system, a
testing program similar to the pilot study should be conducted.

1-4
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The sampling protocol for smokeless powder should be redesigned to
afford a more useful final sample for analysis. The sampling media
should be selected to assure complete capture of NC and NG. The
analytical method should be further developed in an effort to provide
a distinction between NC, NG, and ambient nitrous oxides.
Potential developments are summarized in Subsection 9.6.5.
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SECTION 2

INTRODUCTION

2.1 BACKGROUND

The manufacture, handling, and loading of explosives at Army industrial
facilities has resulted in the contamination of process equipment (piping,
pumps, motors, powder boxes, etc.) and sewer systems. Because of this
residual contamination, many process items cannot be reused or be disposed
of as scrap. Contaminated sewer lines are also a disposal problem after they

are excavated.

The U.S. Army Toxic and Hazardous Materials Agency (USATHAMA) is
investigating technologies to effectively treat explosives-contaminated
components. Previous pilot studies® have shown that decontamination of
structural components is possible using a heated gas to thermally decompose
or volatilize explosives with subsequent incineration in an afterburner. To
determine the feasibility of hot gas decontamination of explosives-
contaminated equipment, a pilot study was conducted at the Hawthorne Army
Ammunition Plant (HWAAP) from 10 July 1989 to 21 September 1989. 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 PURPOSE OF THE REPORT

The purpose of this report is to present the methodology, results, and

conclusions of a pilot investigation that evaluated the feasibility of using the

hot gas decontamination process for treating explosives-contaminated

equipment items. Descriptions of the process equipment, test items treated,

flest variables, operational parameters, and monitoring results are contained
erein.

2.3 OBJECTIVES QF THE PILOT STUDY

The primary objective of the pilot investigation was to determine the
operating conditions that effectively decontaminate explosives-contaminated
equipment (i.e., reduced explosives concentrations below detectable levels).
Secondary objectives included determination of the following items:

o The effectiveness of the treatment on various types of equipment
and equipment materials (including vitrified clay pipe) previously
used in the manufacture, handling, and loading of explosives.

LArthur D. Little, Inc., Pilot Plant Testing of Caustic Spray/Hot Gas
Building Decontamination Process. Prepared for USATHAMA (Task Order
Number 5). USATHAMA Reference TH-TE-CR-87112. August 1987.

2Test Plan - Task Order 2. Pilot Test of Hot Gas Decontamination of
Explosives - Contaminated Equipment, at Hawthorne Army Ammunition
Plant (HWAAP), Hawthorne, Nevada, August 1.988.

2-1
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. The effects, if any, that the treatment has on the reuse of equipment
used in the manufacture, handling, and loading of explosives.

. The time-temperature dependencies for the decontamination of
explosives on metal and clay surfaces.

. The operational parameters for future production decontamination
systems.

2.4 EXPLOSIVE COMPOUNDS EVALUATED DURING PILOT STUDY

The primary explosive and propellant compounds evaluated during the pilot
investigation include:

2,4,6-trinitrotoluene (TNT).
. Ammonium picrate (Yellow D).
. Smokeless powder (nitrogylcerin (NG) and nitrocellulose (NC)).

The analytical method for TNT determination also provided identification of
the following compounds:

Hexahydro-1,3,5-trinitro-s-triazine (RDX).
Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX).
Nitrobenzene (NB).

1,3-Dinitrobenzene (DNB).

1,3,5-Trinitrobenzene (TNB).

2.,4-Dinitrotoluene (2,4-DNT).

2,6-Dinitrotoluene (2,6-DNT).
2,4,6-Trinitrophenylmethylnitramine (tetryl).

¢ & ¢ & ¢ & ¢ o

Consequently, the presence of these compounds was reported when detected.
A total of 10 test runs was conducted during the pilot study.
. Nine test runs were conducted to evaluate the feasibility of the hot
gas process for items contaminated with explosives (primarily TNT)
and smokeless powder.

. One test run was conducted to evaluate the feasibility of the hot gas
process for equipment contaminated with ammonium picrate.

2.5 TERMS USED THROUGHOUT REPORT
To avoid confusion, definitions for the following terms are provided:
. Process equipment - Operational components of the hot gas system,

including the air preheater, flash chamber and afterburner. These
components are discussed in detail in Section 4.

2-2
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Test items - Equipment or items that were previously used in the
manufacture, handling, and loading of explosives and are subject to
treatment by the hot gas process.

Test items were further categorized into:

-- Control test items - Types of equipment items that were
included in each of the nine test runs evaluating TNT.

- Observation test items - Types of equipment items that were
included in a limited number of test runs due primarily to
item unavailability.

A glossary that provides a summary of acronyms used throughout the report
is presented on Page x.

1230R2
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SECTION 3

TEST SITE

3.1 LOCATION AND D

The pilot study was conducted at HWAAP located in Hawthorne, Nevada.
HWAAP was established in 1929 by the U.S. Navy. Current operations at
HWAAP include the receipt, storage, inventory, maintenance,
demilitarization, 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, Nevada 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.

The pilot study was conducted in the Western Area Demilitarization Facility
(WADF), which is located in the northernmost section of HWAAP.

The following buildings were used during pilot study activities:

. Building 117-1 (Services and Support Building) - Laboratory for
onsite analyses.

. Building 117-3 (Small Items Building) - Operation support area for
personnel (i.e., lunch room, decontamination area, etc.).

. Building 117-15 (Flash Chamber) - Testing facility for hot gas
decontamination of explosives-contaminated equipment.

3-1
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SECTION 4
DESCRIPTION OF PROCESS EQUIPMENT

The process equipment used during the pilot investigation was supplied by
the government and consisted of the following major items:

. Air preheater.
. Flash chamber.
A Afterburner.

A schematic diagram of the process equipment is shown in Figure 4-1.
Photographs of the overall site are shown in Figure 4-2.

For each test run, explosives or propellent-contaminated test items were
placed inside the flash chamber and the chamber was securely closed. The
afterburner was brought up to the appropriate temperature (about 1800°F).
Ambient air was blown into the air preheater by the combustion air blower.
Propane fuel was used to fire the air preheater. The ambient air was heated
to tﬁe appropriate target temperature. The hot gas was ducted into the flash
chamber and distributed through gas diffusers. The hot gas thermally
decomposed or volatilized the explosives and propellant from the test items.
The contaminated vapor stream was withdrawn from the flash chamber
through ducting. The induced draft (ID) fan directed gases to the afterburner.
The afterburner incinerated the contaminants. Treated gases were then
discharged to the atmosphere. Following a cooldown period, the treated test
items were removed from the flash chamber and sampled.

The air preheater, afterburner, and control system were used previcusly in a
pilot-scale demonstration of hot gas decontamination of process buildings at
Cornhusker Army Ammunition Plant (CAAP) [Little, op cit.]. These items
were transported from CAAP to HWAAP by the government.

The flash chamber (Building 117-15) is an existing facility at HWAAP. The
facility was originally designed for flash powder decontamination of
explosives-contaminated equipment.

A brief description of the process equipment is contained in the following
subsections.

4.1 AIR PREHEATER

A horizontal air preheater, manufactured by the John Zink Company, is used
to supply hot gas to the flash chamber. The air preheater is a refractory-lined
combustion chamber which is 20 inches in diameter and 6 feet, 5 inches in
length. The chamber is lined with 3 inches of lightweight castable refractory.
It is propane-fired and rated for a total heat release of 3 million British
thermal units (Btus) per hour. The preheater is equipped with a combustion
air blower designed to deliver 2,000 standard cubic feet per minute (scfm) and
driven by a 1.5-horsepower motor.

4-1
1230R2




"Juawdinba ssasoud 10§ weibelp onewayss -y a4nbi4

SanjeA
[04)U0D
MO}

1squeyn
usel4

1/ 1BuINqIayY

4oBIS \

saseb
abieyosig

e522-2vD
Y
ue
18zy10dep m:v__mao-i
SOABA
[0AU0D
Mmoj4
igjeayaid
y
< Iy
Jamo|q Jie
uonsnNguwon

4-2




- . : ﬁx:‘
Photograph of Combustion Air Biower,
Air Preheater and Flash Chamber

Photogrph of Flash Chamber,
Vent Fan and Afterburner

FIGURE 4-2 OVERALL VIEWS OF THE PROCESS EQUIPMENT




June 1990
Revision: Final

The temperature of the discharge gases can be controlled through a range of
about 500°F to 1,150°F. The discharge gases are directed to the flash
chamber through ducting that is 18 inches in diameter.

During startup, several attempts were generally required to ignite and
maintain the preheater flame. To start the preheater, the fuel valve would
typically have to be opened to its maximum allowable ignition setting (33
percent open). To maintain the flame, once ignition was achieved, the fuel
valve was immediately opened to a 67 percent setting. The sudden increase of
the gas flow (from 33 percent to 67 percent open) resulted in rapid heatup of
the air preheater. Therefore, the temperature of the discharge gases was
difficult to control at set points less than 600°F. In an attempt to reduce the
heatup rate, the damper settings of the combustion air fan were adjusted to
introduce more air into the system. Large increases in the damper setting
increased the amount of air flow, however, and resulted in the flame being
blown out.

The burner assembly from the preheater was routinely cleaned to remove
excessive buildup of carbon and soot from the nozzles. The periodic cleaning
resulted in a more uniform flame and fewer flame failures.

4.2 FLASH CHAMBER

The flash chamber is a steel structure 12.5 feet in diameter and encased in 4
to 6 feet of reinforced concrete. Two inches of fiberglass insulation are located
between the steel and the concrete. The length of the flash chamber is 53
feet; however, a temporary false wall was installed to reduce the length to 30
feet. The false wall is constructed of carbon steel and lined with 6 inches of
insulation. Entry to the chamber is controlled by a motor driven access door
that is constructed of 16-inch-thick concrete and steel.

Hot gas is introduced to the rear of the flash chamber through ducting that is
18 inches in diameter. The inlet air ducts in the flash chamber were modified
prior to pilot test activities to accommodate this ducting. The modification
involved cutting two 18-inch diameter holes through the reinforced concrete
wall surrounding the flash chamber. Hot gas is distributed throughout the
chamber by diffusers, as shown in Figure 4-3. A photograph of the diffusers is
shown in Figure 4-4.

During the planning stages of the pilot study, it was anticipated that there
was sufficient insulation and it would take 2 to 4 hours to heat the flash
chamber to target temperatures. Field activities indicated, however, that
heatup times averaged 6 hours. 9 hours, and 17 hours for target temperatures
of 400° F, 500° F, and 600° F, respectively. During system startup, several
days were required to heat the cﬁamber to 500° %’ Heat was dissipating
through the concrete walls of the chamber, as evidenced by moisture weeping
from the concrete. The time period between test runs affected the heatup
period, as shown in Table 4-1.

Similarly, although it was felt that the chamber could be cooled in less than
10 hours, field activities indicated that about 37 hours, 54 hours, and 69
hours were required to achieve target temperatures of 400° F, 500° F and 600°
F. respectively.

4-4
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Table 4-1

Heatup Period to Reach Target Temperature (Hours)

Target Temperature Less than 2 Days More than 2 Days
(°F) Between Test Runs Between Test Runs
400 4 7
500 8 10
600 11 23
4-7
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The long heatup and cooldown periods were primarily due to the lack of
adequate insulation lining the steel structure within the flash chamber. The
inadequate insulation resulted in a significant heat loss to the large thermal
mass of concrete surrounding the flash chamber.

4.3 AFTERBURNER

A vertical afterburner, manufactured by the John Zink Company, is used to
destroy contaminant vapors vented from the flash chamber. The afterburner
chamber is 5 feet in diameter and 20 feet tall. It is lined with 3 inches of
ceramic fiber insulation. The unit is propane-fired and rated for a total heat
release of 4.5 million Btus/hour. The exhaust gases from the afterburner can
be heated to reach a maximum temperature of about 2,000°F. The unit is
preceded by an induced draft (ID) vent fan, which withdraws gases from the
flash chamber. Rated to deliver 2,200 scfm of gases, the fan is driven by a
3-horsepower motor.

In general, operation of the afterburner was nonproblematic. Once ignited,
the flame was easily maintained and controlled. The exit diameter of the
stack is quite large; however, high winds occasionally blew down into the
stack causing a back pressure on the system. The back pressure resulted in a
slightly positive pressure in the flash chamber. The back pressure was never
high enough to result in system shutdown.

The test plan originally indicated that an exit gas temperature of 2000°F
would be maintained. The burner unit was undersized, however, and it was
pot possible to maintain the desired discharge temperature. Exit gas
temperatures ranged from approximately 1760°F to 1997°F.

4.4 CONTROL SYSTEM

Operation of the air preheater and afterburner is monitored through a central
control panel. The panel is 3 feet wide by 6 feet hifh by 2 feet deep. It
contains motor controls, temperature and draft controllers, a programmable
logic controller (PLC), warning lights, and an audible alarm.

The PLC provided safety interlocks that shut down the supply of fuel to the
burners if any of the following conditions occurred:

. Low fuel gas pressure (i.e., less than 2 pounds per square inch gauge
(psig)).

. High fuel'gas pressure (i.e., greater than 15 psig).

. Flameout indication.

. Combustion air blower or vent fan motor failure.

. Draft pressure (DP) outside of control limits (-0.70 inwg < DP
< + 0.02 inwg). -

4-8
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The control panel was upgraded to include a remote alarm system for
unmanned operation (i.e., during night shift, weekends, and cooldown
periods). The remote alarm automatically signaled the HWAAP guard station
whenever the system shut down; WESTON personnel were subsequently
notified. Operation of the remote alarm system was reliable and
nonproblematic.

4.5 UTILITIES
Operation of the air preheater and afterburner required the following utilities:

Electrical power.
. Propane fuel.

No water was required for process operations. Tap water from HWAAP was
used for cleanup activities (personnel, sampling apparatus, etc.). Distilled
water was used for sampling purposes (for instance, as a solvent for sampling
ammonium picrate items).

4.5.1 ELECTRICAL POWER
The electrical power requirements for the pilot scale system were as follows:

. Air preheater and afterburner - 208 V/3-phase power for fan motors
and 120 V/1-phase power for control circuits.

Electrical power for the system at HWAAP included:
o Continuous emission monitor (CEM) trailer - 240 V/5-phase power.

4.5.2 PROPANE FUEL

Propane fuel at 15 psig is required for the burners in the air preheater and
afterburner. The maximum consumption rate for both burners is 7.5 million
Btus per hour. Liquid propane was delivered to the site and stored in a tank
located approximately 500 feet west of the flash chamber (Building 117-15).
An evaporator is useg to vaporize the liquid propane.

4-9
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SECTION 5
TEST PROCEDURES

Process equipment was delivered from Cornhusker Army Ammunition Plant
(CAAP) to the site in June 1988. The HWAAP operating contractor, Day and
Zimmerman/Basil (DZB), was responsible for the modifications to the testing
facility and installation of the process equipment. Modifications and
installation were completed on 26 June 1989. The official testing program
began on 11 July 1989 and continued through 21 September 1989 (10 weeks).
A summary of the test run sequence is provided in Table 5-1. A brief
description of the typical pretest, steady state, and post-test routine is
contained in the fo{l‘:)wing subsections. Detailed discussions of specific
activities (selection of test items, sampling and analysis procedures, etc.) are
contained in Sections 6 and 7. For illustration, the schedule corresponding to
a 12-hour (steady state) test is presented in Figure 5-1.

5.1 DAILY ROUTINE
Typically, the regular test crew consisted of the following personnel:

o Site Engineer/Safety Officer.
o Continuous Emissions Monitor (CEM) System Operator.
o Analytical Chemist.
. Assistant Engineer.

Under special circumstances (e.g., stack sampling), additional personnel were
required onsite.

5.1.1 PRETEST ACTIVITIES

Usually several days prior to a test, each test item to be treated was weighed,
photographed, and measured. As discussed in Subsection 7.1, selected test
items were prepared for treatment. Designated items were generally flushed
with solvent (acetonitrorile and/or water, as appropriate) and rinse samples
were collected to determine the initial concentrations of explosives. Test
items were spiked with TNT or ammonium picrate. Spiking of the test items
was conducted by representatives from HWAAP’s onsite lab.

All pretest sampling was conducted on the loading dock of Building 117-15.
Prepared test items remained on the loading dock for temporary storage.

On the day each test began, the test items were loaded onto a railroad car and
moved into the flash chamber. Thermocouples were attached onto several test
items t:(()l monitor temperatures. The chamber door was closed and testing was
initiated.

WESTON personnel remained onsite during the entire heatup period,
(beginning with the initial firing of the afterburner and continuing until the
flash chamber reached steady state temperature). During this period, process
equipment (propane gas supply tank, gas lines, and air preheater)

5-1
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Test Conditions

Steady State Test
Test Operating Duration
Run Testing Temperature at Steady Contaminants
Number Dates (°F) State (Hours) Evaluated
T14 15-18 August 89 400 12 Explosives/smokeless powder
T2 24-28 July 89 400 24 Explosives/smokeless powder
T8 3-8 August 89 400 36 Explosives/smokeless powder
T18 13-18 September 89 500 6 Explosives/smokeless powder
T13 9-14 August 89 500 12 Explosives/smokeless powder
TS 28 July 89 - 500 24 Explosives/smokeless powder
2 August 89
T3 16-21 July 89 500 36 Explosives/smokeless powder
T16 27-30 August 89 600 6 Explosives/smokeless powder
T15 22-27 August 89 600 12 Explosives/smokeless powder
T17 1-8 September 89 600 48 Ammonium picrate
5-2

1230R2




"S3)AIJIR )ISUO JO 3INpayas |eajdA) “L-G ainby4

psee-evo

‘uoiesado ajels Apeajs Jnoy g|
‘ainesadwsa) 1eb.ey 005
SUOIIPUOI IS |

sajdwes
1581 1s0d 199|100 pue Jaquieyd
SE}j Woij SWaj }Sa) aaoway

4,021 01 UMOpP Wa)JSAS |009)

1

Suollipuod 8jeys Apeals Je ajesadQ

(pPalessny ased 10j ainjesadway 1ab.ey)
4,006 01 asnjesadwa) jaquieyd
ysey bunq pue sajesyaid se ayub)

44,0002 01 aimesadwa)
sauingiaye buuq pue ssuinqisye s)ub)

J

sajdnooowiayy yoeye
Pue taquweyd ysey ojuj juawdinba peoq

0021 0090

oote

0081 | 002t

0090 | oove

0081 | 002!

0090| oove

0084 | oozt

0090

¥ feq

¢ Aeg

Z feq

1 Aeg

(sanoy) Aep jo ey

Auapoy

5-3




June 1990
Revision: Final

were inspected hourly to ensure proper operation. Monitoring data were also
collected and recorded hourly (i.e., process temperatures, process pressures,
damper positions, etc.).

5.1.2 STEADY STATE ACTIVITIES

WESTON personnel were not required to remain onsite and, therefore,
departed the site after the flash chamber reached and maintained the target
temperature. The automatic phone dialer was activated. The HWAAP
security department was notified that the test site was being evacuated and
that the automatic phone dialer was in operation. The system was typically
left unattended until problems arose or the steady state test period was
completed.

5.1.3 POST-TEST ACTIVITIES

At the end of the steady state time period, the air preheater was deactivated
and the system cooldown period began. The combustion air blower introduced
ambient air to the flash chamber to facilitate system cooldown. The
afterburner continued to operate during the system cooldown period to ensure
complete destruction of residual contaminants leaving the flash chamber.

For safety purposes, entry to the flash chamber was restricted until the
temperature of the exit gas was below 120°F. The cooldown periods were
usually unmanned. However, periodic checks were conducted to monitor
internal chamber temperatures and to ensure proper operation of the system.
Limited monitoring data were collected during the system cooldown period.

Once the internal chamber temperature was appropriate for safe entry, the
afterburner was shut down and the flash chamber door opened. The
thermocouples were removed from test items and the railroad car was
removed from the chamber. Each test item was weighed, photographed, and
measured. Post-test samples were collected on the loading dock of Building
117-15 and delivered to the lab for analysis.

After sampling, HWAAP personnel staged treated test items on concrete in a
dedicated area located to the southwest of Building 117-15. Equipment was
covered with plastic sheeting for protection from wind and rain.

5-4
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SECTION 6
TEST VARIABLES

The variables of the pilot test were classified as follows:

. Independent variables - those whose values were not affected by test
operations (e.g., ambient air temperature). No attempts were made
to modify or control independent variables.

. Control variables - those whose values were selected and maintained
during test operations (e.g., steady state temperature).

. Response variables - those whose values were a function of the
selected operating conditions (e.g., residual contaminant
concentration).

Table 6-1 provides a summary of test variables associated with the pilot study.
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 the ambient air
temperature and moisture content, the initial contaminant concentration, and
initial weight and material of construction of the test items.

6.1.1 AMBIENT AIR TEMPERATURE

The temperature of the ambient (inlet) air varied with local weather
conditions and time of day. The ambient air was routinely monitored during
manned operation.

6.1.2 AMBIENT AIR MOISTURE CONTENT

The moisture content of the ambient air varied with the local weather
conditions and time of day. The moisture content of the ambient air was
routinely monitored during manned operation.

6.1.3 INITIAL CONTAMINANT CONCENTRATION OF THE TEST ITEMS
BEING TREATED

The initial contaminant concentrations of explosives and smokeless powder
varied based on previous uses of the test items and on previous spiking
procedures. (Prior to pilot study activities, base personnel Ead spiked some
test items with TNT and smokeless powder to determine the feasibility of
flash powder decontamination.) In some cases, no attempts were made to
change the initial contaminant concentration (those items that were grossly
contaminated (e.g., clay pipe and motors) or previously spiked (e.g., ship
mines).

6-1
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However, for the remainder of the test items, spiking was accomplished as
discussed in Subsection 7.1. Spiking was performed on test items with
internal surface area for (which the only way to determine initial
concentration was to flush the item) and those items for which no explosives
contaminants were found by means of preliminary color reagent testing
(ethylenediamine).

6.1.4 INITIAL WEIGHT OF THE TEST ITEMS BEING TREATED

The weight of each test item varied, depending on its configuration. The
weight of each test item was recorded before each test.

6.1.5 MATERIALS OF CONSTRUCTION

Test items used in the pilot study were constructed of clay, aluminum, and
steel. Test items were selected to evaluate the effectiveness of the hot gas
process on a variety of construction materials.

6.2 CONTROL VARIABLES

As shown in Table 6-1, there were four control variables held constant at all
levels throughout the entire test program. Five control variables were held at
designated levels for appropriate test runs.

6.2.1 CONTROL VARIABLES HELD CONSTANT AT ALL LEVELS
6.2.1.1 Control Test Items Treated During the Study

Selected types of test items were included in each test run evaluating TNT.
These items were characterized as "control test items". The selection of
control test items was based primarily on their abundant availability from an
onsite inventory of stockpiled equipment. Also, the selection was based on
differing physical configurations (i.e., equipment with potentially
contaminated internal surface areas, such as steam heated valves/risers; and
equipment with external surface contamination, such as powder boxes and
shell support racks).

The types and quantities of control test items included in the pilot study are
shown in Table 6-2. Photographs of each type of control equipment are sgown
on Figure 6-1.

6.2.1.2 Preparation and Handling of Test Items Being Treated

Each test item was prepared and handled in the same general manner.
Preparation and handling procedures included:

. Moving test items for loading, unloading, and sampling by a forklift,
crane, or by hand.

. Screeninf for pre-test presence of explosives/ammonium picrate
(using color indicating reagent).

o Spiking of test items (as necessary).
. Sampling of test items.

6-3
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Table 6-2

Types and Quantities of Control Test Items for
Test Runs Evaluating TNT

Quantity

Contaminated With

Type of Control Spiked with Explosives - No
Test Item TNT® Spike Added

Powder Box 18 1
Steam-Heated Riser 18 0
Shell Support Rack 18 0
Vitrified Clay Pipe 0 9
Ship Mine . _Qb
Total 54 19

3Not all items included in study were analyzed; spare test items were
included for evaluation in the event of problems (e.g., lab
contamination,).

bShip mines previously spiked with explosives and smokeless powder by
Base Personnel (not spiked as part of pilot study). No additional
spiking was conducted.
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Attempts were made to identify test items that were already contaminated
with explosives or ammonium picrate. An identifier compound,
ethylenediamine, was used as a color indicating reagent. When applied to a
solid energetic material, an appropriate reagent will produce a coloration that
is characteristic of the compound being tested. Color indicating reagents are
used for preliminary identification and confirmation of the presence of a
contaminant. In this application, ethylenediamine was applied to the test
items through an eyedropper. Application of an ethylenediamine solution
produced a maroon color if TNT was present and an orange color if
ammonium picrate was present. Equipment that was not identified as being
contaminated was spiked following the procedures outlined in Appendix A.

6.2.1.3 Location Within Flagsh Chamber

Temperature variations within the chamber were expected to occur due to: 1)
the short circuiting of the hot air stream as it travelled from the diffusers to
the exit duct, and 2) the loss of heat from the air stream as it traveled
throughout the length of the chamber and was absorbed by the equipment and
chamber walls. e location of test items within the chamber remained
constant throughout the pilot study. Test items were placed on a railroad car
for transport to and from the test chamber. Each type of test item was placed
in the same position on the rail car for each test. For example, the vitrified
clay pipe section was positioned in the northwestern corner of the car at a
certain distance from the air diffusers for each test.

In general, larger, grossly contaminated test items, such as clay pipe and ship
mines, were positioned on the rail car so that they would be closest to the
diffusers. Test items with internal surface areas were positioned in the
middle of the cart, while items containing external surface area only, such as
powder boxes, were placed in the front of the rail cart near the door. A
photograph of the test items loaded on a rail car for a typical test run is
shown in Figure 6-2.

6.2.1.4 Flash C tic

To prevent the release of fugitive emissions from the flash chamber, a slight
negative pressure was maintained. The negative pressure was controlled to
limit the amount of infiltration air. During startup activities, air was drawn
through the system to determine the desirable static pressure. A flash
chactlnber draft of -0.1 inwg was maintained over the duration of the pilot
study.

6.2.2 CONTROL VARIABLES HELD CONSTANT AT VARIOUS LEVELS
6.2.2.1 Air Preheater Discharge Temperature

The temperature of the air preheater discharge gases was controlled in order
to maintain target temperatures in the flash chamber. Propane flow to the
preheater was automatically adjusted to maintain temperatures in the
preheater discharge gases.
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1230R2




WESTEN

Steam-Heated  ShiP
Discharge Valve Mine

Clay
Steam-Heated Pipe

Rail Car ~ Riser

Powder -
Box

FIGURE 6-2 PHOTOGRAPH OF TEST ITEMS LOADED ON RAIL
CART FOR TYPICAL TEST RUN




June 1990
Revision: Final

6.2.2.2 Preheater Air Flow Rate

The air flow rate through the preheater was controlled to maintain the target
temperature in the flash chamber discharge gases.

6.2.2.3 h Disch Tem ture

Three flash chamber target discharge temperatures were evaluated: 400°F,
500°F, and 600°F. These temperatures were selected based primarily on
review of the final report from the pilot study for hot gas decontamination of
process buildings [Little, op cit.]. Temperatures were verified to be
appropriate during the initial testing program.

For pilot study purposes, the temperature of the discharge air from the flash
chamber was used as an indication of target temperature. A thermocouple
was placed at the outlet duct of the chamber. The thermocouple measured air
temperature; it did not touch the walls of the duct. Selection of the discharge
air temperature was necessary because during the heatup period, the
temperatures of test items varied (+ 100°F), depending upon location within
the chamber, heatup rate for each material of construction, location of
thermocouple (internal or external), etc.

6.2.2.4 Test Duration

Test conditions were set up in a steady-state format. As shown in Figure 6-3,
the duration of tests evaluating TNT decontamination was 6 hours, 12 hours,
24 hours, or 36 hours. According to the Test Plan (see Subsection 2.2), the
operating conditions for the first test run were originally proposed to be
600°F/48 hours. In the planning stage it was felt that about 7 hours would be
required to bring the temperature in the flash chamber to 600°F. However,
during the initial heat-up of the system (prior to the first test run with no
equipment being treated), the temperature in the flash chamber was only
540°F after 36 hours. It was unknown at that time if 600°F could be achieved
or how long a heat-up period would be required to achieve the operating
temperature. After confirmation with USA’I%{AMA, the operating conditions
for the first test run were selected to be 500°F/36 hours.

Results of the first test run indicated that the selected operating conditions
(500°F/36 hours) were sufficient to reduce the levels of TNT below detection
limits. The matrix conditions were consequently changed to include residence
times of 6, 12, 24, and 36 hours.

A residence time of 48 hours was used, however, for evaluation of ammonium
picrate. The extended residence time (and higher temperature) were selected
to ensure the decontamination process was complete and avoid potential
safety problems associated with partially decomposed ammonium picrate
(picric acid).

6.2.2.5 Type of Observation Test Items Being Treated

An objective of the pilot study was to evaluate a varety of types of
equipment. Due to limited availability, some types of test items could not be
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included in each test run (e.g., only three motors were available at HWAAP).
These test items were characterized as "observation test items.” They were
included in randomly selected test runs.

The types and quantities of observation test items treated during the pilot
study are shown on Table 6-3. Photographs of observation test items are

shown on Figure 6-4.
6.3 RESPONSE VARIABLES

As shown in Table 6-1. there were 14 response variables measured. Each
variable is discussed briefly in the following subsections.

6.3.1 HEATUP RATE

The test plan originally indicated that a total of 12 test runs would be
conducted during the pilot study. A heatup rate of 50°F per hour was to be
used to achieve the target temperature inside the flash chamber for the first
10 test runs (nine runs evaluating TNT and one run evaluating ammonium
picrate). The selection of the 50°F per hour heatup rate was based primarily
on review of the final report for the pilot study of hot gas decontamination of
process buildings. The report indicated that, generally, higher heatup rates
caused structural damage (i.e., cracks) to concrete and refractory. However,
since the flash chamber was designed to accommodate high temperatures, a
heatup rate of 100°F per hour was also to be evaluated. The last two test
runs were planned to be conducted using a heatup rate of 100°F per hour until
the target temperature was achieved.

Field operations, however, demonstrated that it was not possible to control
the heatup rate. To maintain the flame on the air preheater, a large gas flow
was required. The large gas flow resulted in rapid temperature increases
which made control of heatup difficult below temperatures of 600°F. During
the first test run, the heatup rate averaged about 6°F per hour. Although it
was possible to increase the flash chamber temperature an average of 50°F
per hour in subsequent test runs, short term temperature increases of 200°F
per hour were not uncommon. A graphical representation of system heatup
rates for a typical test run is shown in Figure 6-5 for illustration. It was also
determined that during maximum firing of the air preheater, a heatup rate of
100°F per hour coulf not be maintained. The two test runs originally
intended to evaluate a heatup rate of 100° per hour, therefore, were not
conducted.

6.3.2 AIR PREHEATER DISCHARGE GAS COMPOSITION

The composition (carbon dioxide, carbon monoxide, and oxygen) of gases
exiting tge air preheater was monitored during the stack testing program
(test runs T2, T3, and T5) to develop a mass balance for the system. The
composition was dependent on the flow rate of air through the system and the
amount of propane burned.
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Table 6-3

Types and Quantities of Observation Test Items
for Test Runs Evaluating TNT

. Quantity

Type of Contaminated With
Observation Spiked zith Explosives - No
Test Items TINT Spike Added
Steel Pipe 2 1
Steam-heated 3 0
Discharge Valve

Aluminum Pipe 2 0
Motor 0 2

Total 7 3

*Not all items included in the study were analyzed:; spare items were
included for evaluation in the event of problems (e.g., lab
contamination).
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6.3.3 FINAL CONTAMINANT CONCENTRATION OF TEST ITEMS

The final contaminant concentration of the test equipment varied based on
operating conditions. Test items were sampled after testing to determine the
level of residual contamination.

6.3.4 STRUCTURAL STABILITY OF TEST ITEMS

After each test run, test items were visually inspected for warping, cracking,
or other structural damage.

6.3.5 TEMPERATURE (INTERNAL AND EXTERNAL) OF TEST ITEMS

Thermocouples were used to monitor the internal and external temperatures
of selected test items. The temperature of the test items varied based on the
temperature of the chamber, location within the chamber, duration of time
exposed to high temperature air, etc.

6.3.6 FINAL WEIGHT OF TEST ITEMS

The weight of each test item varied based on its configuration. Each test item
was weighed after testing to determine if a weight change occurred.

6.3.7 FLASH CHAMBER TEMPERATURE (WALLS AND FLOOR)

The temperature of the walls and floor of the flash chamber varied based on
the operating conditions. Temperatures were monitored at various locations
within the chamber for each test.

6.3.8 COMPOSITION OF FLASH CHAMBER DISCHARGE GASES

The flash chamber discharge gases were monitored during the stack testing
program (T2, T3, and T5) to determine the types and quantities of compounds
present (contaminants, hydrocarbons, etc.).

6.3.9 COMPOSITION OF AFTERBURNER DISCHARGE GASES

The afterburner discharge gases were monitored during the stack testing
program (T2, T3 and T5) to determine the types and quantities of compounds
present (i.e., contaminants, hydrocarbons, etc.).

6.3.10 FLOW RATE OF AFTERBURNER DISCHARGE GASES

The flow rate of afterburner discharge gases varied based upon air flow rate
through the system, air infiltration, and amount of propane burned.
Discharge gases were monitored during the stack testing program (T2, T3,
and T5) to §etermine the volumetric flow rate.
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6.3.11 RESIDENCE TIME OF AFTERBURNER DISCHARGE GASES

The afterburner residence time for discharge gases has been calculated as
follows:

Va
T,= —
Qa
Where: T, = Residence time of discharge gases in the afterburner

(seconds).
V, = Volume of the afterburner (cubic feet).

Q, = Volumetric flow rate of the afterburner discharge gases at
actual conditions (cubic feet per second).

6.3 12 AFTERBURNER CONTAMINANT DESTRUCTION AND REMOVAL
EFFICIENCY (DRE)

The afterburner contaminant destruction and removal efficiency for TNT has
been calculated as follows:

Cq1-Cg
DRE = x 100 percent
C1
Where: DRE = Afterburner contaminant destruction and removal

efficiency (expressed as a percent).

Ci=Mass of contaminant per unit time entering the
afterburner (i.e., flash chamber discharge gas).

Co = Mass of contaminant per unit time discharging from the
afterburner (or analytical detection limit).

The values for Cy and Co are determined by sampling the afterburner inlet
and outlet streams, respectively, for the mass of contaminant. In cases where
the contaminant mass discharging the afterburner is below detection limits,
the analytical detection limit is used for the value of Co in the above
equation. DREs are reported as a minimum in these cases; actual DREs may
be much higher.

The contaminant inlet mass feed rate must be sufficiently large to result in a
desirable DRE. As an example, the methodology for determination of DRE for
a hazardous waste incinerator is provided herein. (As discussed in Subsection
9.7.1, the hot gas system at HWAAP is not classified as a hazardous waste
incinerator. ie example is provided for illustration only since regulatory
criteria exist).

6-20
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For a hazardous waste incinerator, a minimum DRE of 99.99
percent is required by federal regulations. During a stack test
program for TNT, the following mass rates of contaminant
were determined to be present:

Stack test 1 - C7 = 0.0925 1b/hr
9 = <0.000000404 lb/hr

Stack test 2 - C1 = 0.10 lb/hr
9 = <0.00000404 Ib/hr

These values were used to determine associated DREs, as
follows:

Stack test 1 - DRE = (0.0925 - 0.00000404)/0.0925
= 99.956%

Stack test 2 - DRE = (0.10 - 0.00000404)/0.10
= 99.996%

As shown, by nature of the calculation, if the mass of contaminant in the inlet
stream (Cy) is not sufficiently high, the DRE will be less than 99.99 percent,
even if contaminant levels in the discharge stream (Co) are below detection

limits.

6.3.13 AFTERBURNER DISCHARGE GAS TEMPERATURE

The afterburner temperature was maintained at the maximum controllable
temperature to ensure complete combustion of flash chamber discharge
gases. Temperatures ranged from about 1750°F to 1900°F, depending on the
air flow rate and temperatures from the flash chamber. Lower afterburner
temperatures (below 2000°F) were consistent with operations previously
performed at CAAP.

1230R2
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SECTION 7
SAMPLING, MONITORING, AND ANALYTICAL METHODS

Samples of the test items and process streams were collected by WESTON
personnel. The majority of samples were analyzed at the onsite laboratoryv.
However, some samples (ammonium picrate, smokeless powder, stack gases,
and quality assurance/quality control (QA/QC) samples) were returned for
analysis to WESTON’s Analytics Division in Lionville, Pennsylvania.

The locations of the sampling points are shown in Figure 7-1. A summary of
the analytical parameters associated with each point is presented in Table
7-1. Table 7-1 also includes the following information:

. A summary of the test runs that were sampled for each parameter.

. An indication of whether the sample was manually collected (i.e.,
discrete sample) or collected by the continuous emission monitoring
(CEM) system.

A brief discussion of the sampling and analysis methodology for each point is
included in the following subsections.

7.1 SAMPLING METHODS
7.1.1 TEST ITEMS

Test items were generally sampled prior to each test run to determine initial
concentration and after each test run to determine the residual explosives
concentration. A brief discussion of the sampling methodology used for each
type of equipment is included in the following subsections.

7.1.1.1 POWDER BOXES

Powder boxes were included for evaluation in each test run (nine tests for
TNT and one test for ammonium picrate).

As a screening procedure, prior to testing, ethylenediamine indicator
compound was applied to all powder boxes to determine the presence of TNT
(or ammonium picrate, as applicable). Screening procedures only identified
one powder box as being contaminated with TNT. To verify the presence of
, the contaminated powder box was wipe sampled prior to the test run
using a Whatman Number 42 ashless, 9-centimeter filter soaked with
acetonitrile. A wipe sample was collected (in a separate location) from the
powder box following the test run to determine the residual concentration. No
powder boxes were identified as being contaminated with ammonium picrate.

7-1
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The powder boxes that were determined to be uncontaminated were flushed
with solvent as a conservative measure to remove any potentially low levels of
contaminants. The flushing procedures were as follows:

i 1 liter of acetonitrile (or water for ammonium ﬁicrate) was applied
in four equal fractions of 250 milliliters (mL) each.

¢ Each 250 mL fraction was placed into a separate sample jar and
analyzed for explosives (or ammonium picrate, as applicable).

After flushing, powder boxes were spiked with a known quantity of TNT (or
ammonium picrate, as applicable), according to the procedures outlined in
Appendix A.

After each test run, the treated powder boxes were flushed with multiple
rinses of solvent. Multiple rinsing was conducted to determine if residual
contamination was removed during the first rinse or if contamination
continued to be removed during subsequent exposure to fresh solvent. Each
powder box was rinsed 4 times (1 liter per rinsate sample). The appropriate
solvent was added to the powder boxes in four equal fractions of 250 mL each.
The solvent was swirled around the bottom of sides of the box for about 2
minutes, and placed in a glass beaker to be composited with the other rinses.
This procedure was repeated four times. A total of one liter of solvent was
used per sample (4 liters per powder box).

7.1.1.2 Steam-Heated Risers

Steam-heated risers were included for evaluation in each test run (nine tests
for TNT and one test for ammonium picrate).

Screening using ethylenediamine was not conducted on steam-heated risers
since the internal surface area was not accessible (0.25-inch steam
connections did not allow sufficient entry). Rather, the test plan indicated
that during the first few test runs, steam-heated risers would be flushed with
solvent (i.e., "decontaminated”) and subsequently spiked with TNT.
Following analysis of the rinsate, a decision would be made to continue
flushing or to spike risers without further flushing, as follows:

. If analysis of the rinsate indicated that explosive compounds were
present, pre-test flushing would be discontinued. Risers would be
spiked on an "as-is basis" to evaluate the effectiveness of the process
on existing contamination, as well as spiked contamination.

. If analysis of the rinsate indicated that no detectable levels of
explosives compounds were present, risers would be flushed with
acetonitrile to remove any low levels of explosives that might be
present below detection levels. The risers would then be spiked with
TNT, as discussed in Appendix A.
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Preliminary flushing activities were conducted on the loading dock of
Building 117-15. The bottom steam connection was sealed with parafilm
wax. Tﬁree hundred mLs of acetonitrile were added to the jacket of the riser.
The riser was gently agitated. A sample of the rinsate was collected for
analysis. Preliminary flushes of the steam heated risers indicated the
presence of RDX contamination. After the first test run (T3), based on
conversations with USATHAMA, it was decided that for those test runs
evaluating TNT, steam heated risers would be spiked without prior flushing
since an obj ctive of the pilot study was to evaluate items with existing
contamination.

Prior to the test run that evaluated ammonium picrate, however, the riser
was flushed with 1,200 mL of acetonitrile (in four equal fractions of 300 mL),
followed by 1,200 mL of water (also in four equal fractions of 300 mL) to
minimize any potential interference from other explosive compounds that may
have been present. The riser was then spiked with ammonium picrate
. following the procedures outlined in Appendix A.

After each test run, the risers were rinsed with acetonitrile (or water, for
ammonium picrate). Multiple rinsing was conducted as discussed in
Subsection 7.1.1.1. Solvent was added to the jacket of the riser in fractions of
300 mL. The risers were agitated for about 2 minutes and samples were
collected. This procedure was repeated four times (a total of four samples).

7.1.1.3 Shell Support Racks

Shell support racks were included for evaluation in all nine test runs
evaluating TNT. Visual inspection suggested that contamination was
present, as evidenced by relatively well distributed black dots present on the
upper and lower shelves of the support racks. Ethylenediamine was applied
to discrete areas on several of the racks to verify the presence of explosive
compounds. Prior to each test run, wipe samples were collected from the
bottom shelf. After each test run, a separate location on the bottom shelf was
wipe tested to determine if detectable levels of explosives remained.

In addition to the wipe samples collected from the bottom shelf, the top shelf
of each support rack was spiked following the procedures outlined in Appendix
A. The area to be spiked was "decontaminated” prior to spiking. e area
(5-inch by 5-inch square) was wiped several times with acetonitrile to remove
existing contamination. A 4-inch by 4-inch area was spiked with TNT. After
each test run, wipe samples were collected from the spiked portion of the rack
using a 5-inch by 5-inch aluminum template. A larger template (5 inch by 5
inch) was used to ensure that the entire spiked area was included in the wipe
sampling procedure.

7.1.1.4 Vitrified Clay Pipe

One section of vitrified clay pipe was used in each test run evaluating TNT.
The clay pipe was known to be contaminated; therefore, screening and spiking
were not necessary. However, ethylenediamine was applied to one section of
pipe (clay pipe evaluated for T13) for verification. Shortly after application
using an eye dropper, the sediment (in the area of application) began
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to smoke and then beian to flame (yellow-orange flames). The flames were
initially localized but began to spread. A fire extinguisher was then used to
extinguish the flames.

The following types of contamination were evaluated:
. Sediment that had accumulated on the internal surface of the pipes.

. Contamination that had permeated into the clay wall (termed
internal contamination).

To determine the initial concentration of explosives in the sediment, samples
of the solid material were collected at three locations along the length of the
pipe. Samples were composited for analysis. To determine the level of
contamination after treatment, a sample of the explosives/debris was collected
at the same three locations sampled prior to testing.

To determine the initial concentration of explosives that had permeated the
pipe, one section of untreated clay pipe was ground for analysis. For safety
purposes, the grinding operations were conducted inside of the flash chamber.
The explosives/debris were first removed from the pipe section, using a
teflon-coated scoop. The weight and volume of the debris were recorded. The
pipe section was then placed inside a sturdy plastic bag and secured using
rope. The bag was elevated inside the flash chamber (placed on coolers). A
rope attached to the plastic bag was pulled through rail tracks. The chamber
door was secured. The rope was pulled causing the section of pipe to fall and
break. A piece of the broken pipe was collected and wiped to remove external
explosives contamination. The wipe was retained for analysis. The wiped
piece of pipe was placed inside a grinder. The grinder was located in the flash
chamber, and its electrical cord was fed throu me rail track gap and outside
the chamber. The chamber door was secured and power to the grinder was
initiated. The grinder operated through the timed cycle and stopped. The
chamber door was opened and a ground sample was coi{ected for analysis.

To determine the post-test concentrations of explosives remaining in the clay,
sections of pipe from the following test runs were ground for analysis:

. 400°F/12 hours.

. 500°F/6 hours.

o 500°F/12 hours.

. 600°F/12 hours.
The pipe was ground using the same procedures described for pretest
sampling. .
7.1.1.5 Ship Mines

Ship mines were evaluated during nine test runs. The mines were
contaminated with explosives (primarily TNT) and smokeless powder as a
result of previous spiking activities by HWAAP personnel (not spiked as part
of the pilot study). Since the mines were known to be contaminated, no
screening or spiking was necessary.
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To verify the presence of contaminants, wipe samples were collected before
each test. Samples were collected from the inside of the ship mine (through
access holes about 4 inches in diameter). A sampling template was not used
to collect the wipe. The intent of sampling was not to quantify contaminants
but to verify presence or absence. Acetonitrile was used for collection of
explosives; ethanol was used for collection of smokeless powder. The test plan
indicated that water would be used as the solvent fgr smokeless powder;
however, based on conversations with HWAAP laboratory personnel, it was
determined that ethanol would be the preferred solvent.

After each test run, wipe samples were collected for explosives and smokeless
powder. Mines were sampled utilizing the same methodology as for pre-test
samples, although different access holes were used. The test plan originally
indicated that two ship mines would also be rinsed with solvent to determine
the residual explosives and smokeless powder concentrations (1 gallon of
water for smokeless powder followed by 1 gallon of acetonitrile for
. explosives). However, due to numerous access holes (top and both ends), it
was determined that the mine could not contain the solvent.

7.1.1.6 Steel Pipe

Steel pipe was evaluated during four test runs (three tests evaluating TNT
and one test evaluating ammonium picrate).

Numerous sections of steel pipe from the HWAAP inventory were screened
using ethylenediamine. Only one section of steel pipe was determined to be
contaminated with TNT. Contamination was present around the threaded
ends of the 4-inch diameter pipe. This section of pipe was included for
testing. A Wige sample was collected prior to the test to verify the presence of
TNT. After the test run, a similar wipe sample was collected from a separate
location on the threads to determine if detectable levels of TNT remained.

For the remaining tests, sections of steel pipe were purchased from a
hardware store. Steel pipe from the inventory was not used primarily due to
its length (15 to 20 feet), which would have made sampling activities
cumbersome. The condition of most pipe was also poor (visible rust, dented,
etc.). The purchased pipe varied in length from 5 to 10 feet and was 2 inches
in diameter. The pipe sections evaluated in the TNT test runs were not
flushed prior to the test. Prior to the test run that evaluated ammonium
picrate, the pipe was flushed with 4 liters of acetonitrile (in four equal
fractions of 1 liter) followed by 4 liters of water (in four equal fractions of 1
liter). One end of the pipe was sealed with parafilm wax. The solvent was
added and the other end of the pipe was sealed. After flushing, the internal
surface areas of the pipe sections were spiked following the procedures
outlined in Appendix A.

After each test run, the pipe was sampled with acetonitrile (or water, as
applicable). Ope end of the pipe was sealed with parafilm wax. Four
successive 1-liter rinses of solvent were added to the pipe (multiple rinses as
discussed in Subsection 7.1.1.1). The top end of the pipe was sealed with wax
and the pipe was swirled. The top cover of wax was removed and the spent
solvent for each rinse was collected for analysis.
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Steam-heated discharge valves were evaluated during four test runs (3 tests
evaluating TNT and one test evaluating ammonium picrate). Screening using
ethylenediemine was not conducted on steam-heated discharge valves,
because the internal surface area was not accessible (l-inch steam
connections did not allow sufficient entry). Rather, the test plan indicated
that during the first few test runs, steam-heated discharge valves would be
flushed with solvent (i.e., "decontaminated”) and subsequently spiked with
TNT. Following analysis of the rinsate, a decision would be made to continue
flushing or to spike valves without initial flushing, as follows:

. If analysis of the rinsate indicated that explosive compounds were
present, pre-test flushing would be discontinued. Valves would be
spiked on an "as-is basis" to evaluate the effectiveness of the process
on existing contamination, as well as spiked contamination.

. If analysis of the rinsate indicated that no detectable levels of
explosive compounds were present, valves would be flushed with
acetonitrile to remove any low levels of explosives and spiked with
TNT, as discussed in Appendix A.

Preliminary flushing activities were conducted on the loading dock of Building
117-15. Due to the weight of the valves (about 225 pounds each), a crane was
used in the flushing process. The valve was hoisted into the air and the
bottom steam connection was sealed with parafilm wax. One-liter of
acetonitrile was added to be jacket of the valve through the upper steam
connection. The upper steam connection was sealed with parafilm wax and
the valve was agitated. A sample of the rinsate was collectef for analysis.

Preliminary flushes of the valves indicated the presence of HMX and DNT
contamination. After the first test run (T3), based on conversations with
USATHAMA, it was decided that for subsequent tests the valves would be
spiked without prior flushing.

Prior to the test run that evaluated ammonium picrate, valves were flushed
with 4 liters of acetonitrile (in four equal fractions of 1 liter) followed by 4
liters of water (in four equal fractions of 1 liter). This flushing was conducted
to mitigate any potential interference from explosive compounds that may
have been present (analytical results indicated that 2,4-DNT was present in
the acetonitrile rinse). The valve was then spiked with ammonium picrate
following the procedures outlined in Appendix A.

After each test run, the valves were rinsed with acetonitrile (or water, for
ammonium picrate). Multiple rinsing was conducted as discussed in
Subsection 7.1.1.1. Solvent was added to the jacket of the valve in fractions of
1 liter. The valves were agitated for about 2 minutes and samples were
collected. This procedure was repeated four times (a total of four samples).
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7.1.1.8 Aluminum Pipe

Aluminum pipe was evaluated during three test runs (two tests evaluating
TNT and one test evaluating ammonium picrate). Aluminum pipe, measuring
6 feet in length and 2 inches in diameter, was evaluated. Two sections of
aluminum pipe were available from tne inventory at HWAAP. Screening
activities with ethylenediamine did not indicate that the pipe sections were
contaminated with explosives or ammonium picrate. One section of pipe was
purchased from an outside vendor.

The procedures for flushing and spiking the aluminum pipe and for collecting
post test samples were the same as those used for the steel pipe (Subsection
7.1.1.6).

7.1.1.9 Motors

- Motors were tested during two test runs evaluating TNT. Prior to any
testing, a motor (not one of the two used for testing) was soaked in
acetonitrile to determine the initial explosives concentration. The motor was
moved to the loading dock of Building 117-15. The gear reducer section of the
motor was removed before soaking as it coutained oil that would potentially
present analytical interference. A portion of the oil from one of the three gear
reducers was sampled to determine if explosive compounds were present. A
crane was used to place the motor in a 55-gallon drum. Acetonitrile (108
liters or 28.5 gallons) was poured into the drum, covering approximately half
of the motor. The lower half of the motor soaked for 24 hours. The motor was
"flipped” so that the other portion could soak for the same time period. A
sample of the motor soak was collected. The TNT concentration in this motor
was assumed to be equivalent to the concentration in the remaining two
motors since their industrial applications were similar. No pre-test spiking
was conducted on the two remaining motors.

Following each test run, the treated motors were soaked following the same
procedure used for pre-test characterization. Samples of the rinsate were
collected for analysis.

7.1.2 AIR SAMPLING TECHNIQUES
7.1.2.1 Stack Testing Schedule

To demonstrate the destruction and removal efficiency (DRE) of the process,
stack testing was conducted at the afterburner inlet and outlet. Stack tests
were conducted during the first three test runs for explosives and smokeless
powder. The operating conditions for stack testing were as follows:

. 500°F/36 hours.
. 400°F/24 hours.
. 500°F/24 hours.

Although the stack tests were not conducted during all phases of the test
runs, they were conducted durini the period over which emissions were
highest (i.e., during combustion of the explosives in the vitrified clay pipe).
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Based on conversations with USATHAMA, stack tests for the first test run
were conducted over the following periods:

. Stack test 1

- Six hours beginning when the temperature in the flash
chamber was about 315°F.

- Four hours after completion of stack test 1.
- The last 6 hours of steady state conditions.

After the first test run, sampling times were changed based on field
observations (combustion of material in clay pipe, and the appearance of the
condensers from stack sampling trains, which seemed to indicate the majority
of contamination was removed during the early portion of the test run). After
discussions with USATHAMA, the remaining stack tests were conducted over
the following periods:

. Stack tests 2 and 3
- Six hours beginning when the air preheater was fired.

- Six hours immediately following probe changeout from the first
round of stack tests.

- The last 4 hours of steady state conditions.

7.1.2.2 Ambient Air (Sample Point 1 in Figure 7-1)

Inlet air to the combustion air blower was sampled during all test runs to
determine the moisture content. A sling psychrometer was used to measure
the wet bulb and dry bulb temperatures. Temperatures were monitored every
few hours during manned operation, beginning when the heat-up period
commenced and ending at the completion of steady state conditions.
Temperatures were used with a psychrometric chart to determine moisture
content.

N 7.1.2.3 Combustion Air Blower Inlet Gases (Sample Point 2
in Figure 7-1)

Blower inlet gases were measured during startup (TO) to determine the
volumetric flow rate to the air preheater. EPA Modified Methods 1 and 2
were used to determine the volumetric flow rate of blower inlet gases for
damper settings of 25 percent, 50 percent, 75 percent, and 100 percent open.
Copies of all sampling and analytical methods are contained in Appendix B.
Corresponding flow rates were used to calibrate the existing flow indicator
(i.e., piezometer) on the blower inlet. The piezometer was used during the
remainder of test runs for determination of air flow rate. One reading from
the piezometer was recorded (manually) every hour after startup of the air
preheater during manned operation.
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The air preheater discharge gases were sampled to determine the composition
and gas flow rate to the flash chamber.

Total hydrocarbons (THC) in the preheater discharge gases were monitored
during each test run by means of EPA Method 25A using a continuous
emission monitor (CEM) employing a flame ionization detector (FID).
Intermittent measurements between the air preheater discharge gases and
the flash chamber discharge gases were taken every 5 to 15 minutes during
manned and unmanned operation. A description of the CEM sampling
system, calibration procedures, and data collection system is contained in
Appendix C. The specifications for the FID are shown in Table 7-2.

Carbon dioxide (COg), carbon monoxide (CO), and oxygen (Og) were
monitored during the stack test program using a single point integrated EPA
Method 3 sample train. A schematic of the sample train is shown ia Figure
7-2. The Method 3 sampling trains consisted of the following components:

. A stainless steel or ceramic probe with a plug of glass wool to
remove particulates.

. An air or water-cooled condenser to remove moisture from the
sampled gases.

e A teflon-coated diaphragm pump to draw a sample of the gases.
e A Tedlar bag to contain the sample of the gases.

An Orsat apparatus was used to measure carbon dioxide and oxygen
concentrations. Carbon monoxide content was determined through infrared
absorption following EPA Method 10 procedures. The specifications for the
nondispersive infrared (NDIR) gas analyzer are summarized in Table 7-3.
Nine composite samples were collected and analyzed for carbon dioxide,
carbon monoxide, and oxygen (i.e., one sample per train; three trains per test
run sampled).

A modified EPA Methods 1 and 2 velocity traverse was performed during the
stack test program to measure volumetric flow rate and to determine a point
of average velocity across the traverse axis. During each stack test, the single
point of average velocity was monitored continuously by means of a Type S
pitot tube connected to a transducer. The transducer provided an electrical
output signal (i.e., millivolts) to the CEM data recording system. The
transducer was calibrated after each test run using a manometer. The
average point of velocity was verified periodically during the stack testing
program by conducting a complete EPA Method 2 velocity traverse. The
moisture content of the air preheater discharge gases were measured using
EPA Method 4 during each stack test.

7.1.2.5 Flash Chamber Discharge Gases

Flash chamber discharge gases were monitored to determine the destruction
and removal efficiency (DRE) of the afterburner.
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Table 7-2

Specifications for the CEM Flame Ionization

Detector Used to Monitor Total Hydrocarbons (THC)

Analysis method: Flame Ionization Detector

Sensitivity: Maximum: 1 ppm methane (CHy)

Response Time: 90 percent of full-scale in 1less than 1
second

Zero drift: 1 percent of full-scale per 24 hours

Span drift: 1 percent of full-scale per 24 hours

Linearity: Less than 1 percent of selected range

Ranges: Any three of the following: 0 to 10, 0
to 100, 0 to 1,000, 0 to 10,000, or O to
1,000,000 ppm

Outputs: 0 to 10 volts DC

Display: Analog meter in ppm hydrocarbon

1230R2
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Figure 7-2. Gas stream composition sampling train - EPA Method 3.
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Table 7-3

Specifications for the Nondispersive Infrared Gas
Analyzer to Monitor Carbon Monoxide and Carbon Dioxide

Reliability/Accuracy: +1 percent of full-scale*

Linearity: +1 percent of full-scale

Noise level: 1 percent of full-scale

Zero drift: +1 percent of full-scale/24 hours
épan drift: +1 percent of full-scale/24 hours
Response time: 90 percent of reading in 1 second
Recorder output: 0 to 100 millivolts (mv)

*Full-scale adjustable.
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Explosives were collected using an EPA Modified Method 5 sampling train.
A schematic of the sample train is shown in Figure 7-3. The EPA Modified
Method 5 sampling train consisted of the following components:

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

o A heated, borosilicate-lined probe, equigped 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-millimeter Reeve Angel 934 AH glass 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 grams of 30/60 mesh XAD-2
(preextracted), temperature sensors (thermocouples), a 1-liter
condensate trap, two standard Greenberg-Smith impingers each
containing 100 mL distilled water, and a final impinger containing
300 grams of dry, preweighed silica gel plus a thermocouple to
detect sample gas exit temperature.

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

e A control module containing a 3 cubic foot per minute (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).

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

Note that the train was further modified by the inclusion of an additional
XAD-2 resin trap (total of two) to assure complete collection of target
explosives. Sampling was conducted along the horizontal axis of the 18-inch
inner diameter duct. A total of six points was sampled for 60 minutes each
resulting in a total test time of 360 minutes.

Smokeless powder was collected during the stack test program on a separate
EPA Method 5 samﬁle train. A schematic of the sample train is shown in
Figure 7-4. The Method 5 sample train consisted of the following components:

o A 316 stainless steel nozzle with an inside 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.
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¢ A heated oven containing a borosilicate filter holder with a 90-mm
Reeve Angel 934 AH glass fiber filter.

. At the flash chamber outlet, a flexible teflon sample line was used to
connect the back half of the filter holder to the first impinger.

o An impinger train containing four impingers: (1) 100 mL distilled
water; (2) 100 mL distilled water; (3) dry; (4) 300 grams silica gel.

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

. A control module containing a 3 c¢fm 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).

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

Total hydrocarbons in the flash chamber discharge gases were monitored
during each test run by means of EPA Method 25A using a CEM FID.
Intermittent measurements between the air preheater discharge gases and
the flash chamber discharge gases were taken every 5 to 15 minutes during
manned and unmanned operation.

Carbon dioxide and oxygen content was determined during the stack testing
program using a multipoint integrated EPA Method 3 sampling train. A
schematic of the sampling train for the air preheater discharge gases was
shown in Figure 7-2. The method 3 probe was attached to the Modified
Method 5 test train probe used for collection of explosives. An Orsat
apparatus were used to measure carbon dioxide and oxygen concentrations.

arbon monoxide content was determined during the stack test program
following Orsat analysis of the Tedlar bag by EPA Method 10 procedures.
Nine composite samples were collected and analyzed for carbon dioxide,
carbon monoxide, and oxygen (i.e., one sample per train, three trains per test
run sampled).

Volumetric flow rate was determined by EPA Methods 1 and 2 during the
stack test program. Moisture content was determined using the EPA
Modified Method 5 sample train used for collection of explosives (one sample
per train, nine trains total).

Semivolatile compounds and C7-C;7 hydrocarbons were also collected during
the stack test program on the Y\'Ioélﬁed Method 5 train used for collection of
explosives. A portion of the extract from one of the Modified Method 5 trains
was analyzed by means of gas chromatography.

7.1.2.6 Afterburner Discharge Gases

Afterburner discharge dgases were monitored during the stack test program to
determine the DRE and combustion efficiency of the afterburner.
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Explosives were collected using an EPA Modified Method 5 sampling train.
The train was further modified by the inclusion of an additional XAD-2 resin
trap to assure complete collection of target explosives. A schematic of the
sampling train for the flash chamber discharge gases was shown in Figure
7-3. Twenty-four test points were sampled during each test period (i.e., 12 per
port axis). Each point was sampled for 15 minutes resulting in a total test
time of 360 minutes. Readings (1.e., temperatures, pressures, etc.) were taken
every 5 minutes during each test period.

Smokeless powder and particulates were collected during the stack test
program using an EPA Method 5 sample train. A schematic of the sample
train for the flash chamber discharge gases was shown in Figure 7-4.

Total hydrocarbons in the afterburner discharge gases were continuously
monitored during each test run via EPA Method 25A using a CEM FID.

. Carbon dioxide and carbon monoxide concentrations were measured
continuously during each test run using a nondispersive infrared gas
analyzer. Carbon dioxide was monitored following EPA Method 3A
procedures. EPA Method 10 procedures were used to measure carbon
monoxide content.

The concentration of oxygen in the afterburner discharge gases was monitored
continuously during each test run using an electrochemical analyzer and
following EPA Method 3A protocol. The specifications for the electrochemical
analyzer are summarized in Table 7-4.

Nitrous oxides content was continuously monitored during each test run by
means of a CEM analyzer using a chemiluminescent reaction and following
the methodology outlined in EPA Method 7E. The specifications for the
analyzer are summarized in Table 7-5.

Volumetric flow rate was determined during the stack test program using
EPA Methods 1 and 2. Moisture content was determined using the EPA
Modified Method 5 sample train used for collection of explosives.

Semivolatile compounds and C7-C17 hydrocarbons were collected on the
Modified Method 5 train used for collection of explosives. A portion of the
extract from one of the Modified Method 5 trains was analyzed through gas
chromatography.

7.2 MONITORING METHODS

An instrumentation diagram that illustrates the locations monitored is shown
in Figure 7-5. A brief discussion of monitoring methods is included in the
following subsections.

7.2.1 TEMPERATURE

Temperatures were monitored using Type J thermocouples (i.e.,
iron/constantan). A millivolt (mV) signal was transmitted from the
thermocouples monitoring the vapor streams via a shielded pair conductor to
the control panel. A real-time digital readout was provided. Temperatures of
the streams were manually recorded once per hour during manned operation.
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Table 7-4

Specifications for the Electrochemical
Analyzer Used to Monitor Oxygen Content

Accuracy: +2 percent of full-scale at 72°F - all ranges

Response time: 30 seconds for 90% response, 10 seconds
typical for small step change

Stability: 2 percent of full-scale over 30 days typical
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Table 7-~5

Specifications for the Analyzer
Used to Monitor Nitrous Oxide Content

Sensitivity: 0 to 2,500 ppm

Accuracy: Derived from the NO or NO, calibration
gas, *1 percent of full-scale

Response time: 1.5 seconds - NO mode

(0 to 90 percent):

Typical: 1.7 seconds - NOy mode
Zero drift: Negligible after 1/2-hour warm-up
Linearity: +1 percent of full-scale
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Approximately 20 thermocouples monitored the internal and external
temperatures of the equipment being treated, air temperature from the
diffusers, the flash chamber walls, and the discharge air. The temperatures
were recorded using a strip chart recorder.

7.2.2 PRESSURE

Pressure transmitters at the monitoring locations on the system transmitted
a 4 to 20 mV signal to the control panel. A real-time readout was provided.
Pressures were manually recorded once per hour during manned operation.

7.2.3 FLOW RATE

During start-up. the piezometer on the combustion air blower was calibrated
at various damper settings (i.e., 25, 50, 75, and 100 percent open) using a
pitot tube. A curve that presented air flow rate versus piezometer reading
- was developed. During test runs, piezometer pressure readings were
manually recorded during manned operation for conversion to flow rate.

7.2.4 WEIGHT

The mass of each test item was determined before and after each test run
using a weigh scale. Readings were manually recorded.

7.2.5 DIMENSIONS

The dimensions of each test item were determined before and after each test
run using a tape measure. Dimensions were manually recorded.

7.2.6 VISUAL MONITORING PLAN
7.2.6.1 Test Items

Prior to each test run, test items were visually inspected. Photographs of
equipment were taken. Condition of the equipment was recorded (i.e., bumps,
cracks, etc.). After testing, treated items were reinspected for deformation or
damage, such as warping, cracking, spalding, splitting, peeling paint, and
color change. Post-test condition was recorded. Damaged equipment was
photographed.

7.2.6.2 Test Facility

Prior to field activities and after each test run, the interior of the flash
chamber was inspected for signs of damage (i.e., warpage, deformation,
cracking). Areas inspected included the walls (the false wall i particular),
floor, and expansion joints. The door was also visually inspected for signs of
leakage when closed. Any damage was photographed.

After several test runs, a small crack developed in the floor of the flash
chamber near the entry door. The crack did not increase in size during
subsequent test runs and did not affect, in any way, the loading or unloading
of test items.
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7.3 ANALYTICAL METHODS

A summary of the extraction/analytical methods used during the pilot study is
contained on Table 7-6. Copies of all analytical methods are contained in

Appendix B.
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SECTION 8
PRESENTATION OF DATA

The pilot investigation was conducted over a 10-week period from 10 July
1989 until 21 September 1989. Nine test runs were conducted to evaluate the
time/temperature relationships for TNT decontamination; one test run was
conducted to evaluate the effectiveness of the hot gas decontamination process
for equipment contaminated with ammonium picrate.

Table 8-1 provides a summary of test conditions, contaminants evaluated, test
items treated and test dates associated with each test.

8.1 SAMPLING AND MONITORING DATA

The test variables that were monitored during the pilot study were
summarized in Table 6-1. Three types of data sheets were used to manually
record data, as follows:

. Operational data (process temperatures, process pressures, damper
positions, etc.).

. Test item temperatures (internal, external, etc).

. Test item general information (type, contaminant, dimensions,
weight, etc).

Raw data sheets are contained in Appendix D. A hard copy printout of
average values for parameters monitoretf by the continuous emissions monitor
(CEM) system were provided once per minute. Hourly averages for these have
been computed and are provided for each test run in Appendix E.

Data summaries are provided in the following Subsections. Summaries are
presented for the following:

Test items.

Air preheater.
Flash chamber.
Afterburner.

Stack test program.

8.1.1 TEST ITEMS

A summary of the variables monitored and recorded during manned operation
for each test are presented in Table 8-2. Data summaries are provided for
each test item evaluated.
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