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1.0 EXECUTIVE SUMMARY

In prior éfarts conducted under the Army's Conventional Ammunition Demilitarization Technology
Research and Development Program and sponsored by the Army Defense Ammunition Center, a
M uitimegtd Continuous Emissions M onitor System (M M CEM S) for hazardous air pollutant (HAP)
metals was developed by the Naval Air Warfare Center Wegpons Division (NAWCWD) a China
Lake Cdiforniain collaboration with the U.S. Army Tank-automotive and Armaments Command,
Armament Research, Development and Engneering Center (TACOM-ARDEC) at Picatinny
Arsad. TheMMCEM Sis capable of rgpid and simultaneous detection of al 14 of the HAP metas
targeted by the U.S Environmenta Protection Agency (EPA), plus virtuadly any metd in the
contained periodic table.

Unde theaurent EST CP project, vaidation of the M M CEM S has been carried out in two separate
demondrations Thefirst took place a Tooede Army Depot (TEAD), Utah, from M ay 3-6, 1999, on
the stack emissions from an Ammunition Peculiar Equipment (APE) 1236 M1 munitions
deactivation incinerator. The incinerator feed was empty 30-mm auminum cartridge casings
aontaning percussion primers, introduced into the furnace a an average rate of 2000 per hour. The
second took place a the Retech Corporation's manufacturing facility a Ukiah, Cdifornia, from
October 14-20, 1999, on the Plasma Arc Hazardous Waste Treatment System (PAHWTS) under
development in aseparate EST CP project. Theincinerator was fed with surrogate wastes such as
contaminated soil, paint mixtures, oily rags and solvents to investigate the effects of stack-gas
moisture on M M CEM Soperation.

TheMMCEM Semploys an argon inductively coupled plasma (ICP) spectrometer as an elementa
andyzer, a shrouded probe for extracting a stream of stack gas, and apatented sampling interface
for plasma sample introduction. The MM CEM S measures al 14 HAP metas simultaneously
following sample stack gas introduction into the argon plasma, which occurred at approximately
one-minute intervals.

Sample stack ges is continuously extracted at a constant flow rate using a shrouded probe and
large-diameter heated transfer line to minimize sample aerosol deposition losses. The sampling
intefaoe is responsible for the automatic introduction of sample stack gas into the ICP. ThelCP is
sustained by passing a stream of argon through aquartz plasmatorch mounted in the center of a
helica induction coil. Sample stack ges is injected at a constant flow rate into the argon plasma
Entrained particulate matter is rapidly vaporized and the constituent metal species areionized and
excited. Each metd emitted afingerprint optica spectrum that is then detected by amultichanne
opticdl petromete. Theintensity of the optical spectrais directly proportional to the concentration
of thecoresponding metds in the stack gas sample. Operation of the M M CEM Ssystem is entirely
automated and only minimum human interaction is required.

At TEAD, metd emissions resulted from the detonation of munitionsin therotary kiln, and the
atifiad introduction of meta aerosols into the furnace exhaust gases. The aerosol introduction was
pafomed in order to expand the range of available stack gas metds to ensurethat the test was both
aonmpldeadrepresentative. Emissions of the target metds Ba, Cd, Co, Cr, M n, Ni, Pb, Sb, S, and
Y were detected. A rdative accuracy test audit (RATA) was conducted to assess the andytical
performance of the M M CEM S under the existing furnace production conditionsat TEAD. The
RATA exercise involved a series of 12 individud test runs, conducted over 4 consecutive days,
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during which simultaneous stack monitoring with the MM CEM S and sample collection for
Reference M ethod testing were conducted. During each test run, reference method testing using
EPA M ahod 2was performed by personnd fromtheU.S. Army Center for Hedlth Promotion and
Preventative M edicine (USACHPPM ), Air Pollution Source M anagement Program.

T he results of the RATA exercise indicated that 8 of the 10 target metd anaytes satisfied and
favoradly exssdad the 20 percent relative accuracy requirement stipulated in the EPA's PS-10, Draft
Performance Secifications for MM CEM S Failure to achieve better than 20 percent rdative
accurecy for dl 10 target metd analytes was dueto experimenta error and not dueto any specific
deficiency of theM M CEM S

The approximate cost of conducting the first demonstration was $105,500, including labor,
transportation, materias, travel, and fees for regulatory permit modifications.

During the second demonstration on the PAHWTS thetarget metals were Al, Fe, Pb, and Ti, as
thesewere the only appreciable metal emissions observed. Under operating conditions of up to 41
pe cent moisture in the stack emissions, reasonable agreement (+/- 20%) between theM M CEM S
and Reference M ethod 29 were obtained.

The approximate cost of conducting the second demonstration was $33,200 including labor,
transportation, materids, and travel.

Theaurat menufadture's price for the MM CEM S as quoted to the Army, is approximately $320K.
When amortized over 10 years, the estimated tota cost for acquisition and operaion of the
M M CEM Swould be gpproximately $50K per year.

The MM CEM S was developed to provide a means of continuous compliance assurance for the
operation of APE 1236 munitions deactivation furnaces and other military-related sources of
hazardous ar pollutant meta emissions. The enhanced compliance assurance capability afforded
by anM M CBM Scanpatatidly diminatethe need for many of the costly and time-consuming tasks
thet comprise the present compliance assurance strategy. Not only canaM M CEM Sof thistype
provide a comprehensive account of stack gas metd emissions to demonstrate that complianceis
being achieved, the near-instantaneous availability of meta emission data can enable closed-loop
process control capability. By triggering an automatic waste feed cutoff in the event of impending
nonaonpliat mea emissions, the M M CEM S can help maintain efficient furnace throughput while
ensuring that time-averaged meta emissions do not exceed regulatory limits. Consequently, an
emissions-based compliance assurance strategy in which an MM CEM S plays akey role will
reducing reliance on passive and operationdly inefficient strateges such as detailed waste
characterization and waste feed rate restrictions.

Anticipated benefits of the implementation of aM M CEM S for HAP metd emissions include
possible relaxation of operating restrictions on waste characterization, waste feed rates and
requirements for permit modifications for new feed items. The MM CEM S dso provides an
abundance of previously unavailable compliance data that can be used to contradict aleged
violations.



While origndly intended for use on explosive ordnance deactivation furnaces and similar facilities,
the system has geat potentid for industria application. As aresult of atechnology license
agearent between the Navy and TJA Solutions, Inc. (Franklin, M A), the M M CEM S has become
commercidly available and is being marketed by under the TraceAIR™ trademark.
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2.0 TECHNOLOGY DESCRIPTION
21 BACKGROUND PROBLEM

Amongthenealy 200 chemical species presently targeted as hazardous air pollutants (HAPS) by the
U.S Brvironmantd Protection Agency (EPA), are 14 metd dements. These HAP metas are arsenic
(A9, antimony (Sb), barium (Ba), beryllium (Be), cadmium (Cd), chromium (Cr), cobat (Co), lead
(Pb), manganese (M n), mercury (Hg), nickd (Ni), seenium (Se), silver (Ag), and thalium (T1).
Emisson of HAP metals into the atmosphere as aresult of the combustion of hazardous wastes and
during other industria processes constitutes a significant contribution to loca and gobd air
pollution. Increased awvareness of the potentid human hedth risks and adverse environmentd
impact associated with these emissions has led to regulatory restrictions on the operations of
facilities considered to be primary sources of these pollutants. These sources include, but are not
limited to, industrid and municipa waste incinerators, cement kilns burning high fue-vaue
hazardous wastes, and cod-fired boilers and furnaces.

Conpliant operation of these sources is most often achieved through the use of effective pollution
aatamat equipment and adherence to prescribed operating parameters designed to restrict therates
of waste combustion. On aregular basis, compliance assurance testing of air pollutant emissions,
including metas, is conducted to determine the effectiveness of these strateges. Continued
operation of the facility is contingent upon successful demonstration of regulatory compliance.
Thesetestscongg primarily of manual collection of pollutants using gppropriate capture media, and
Uspat laboratory analysis a alater date. At the present time, only limited means are available
for the determination of interim compliance. Consequently, continuous assurance of compliant
amissons cannot be implicitly guaranteed, and the facilities in question must rely on therestrictive
operating conditions described above, to promote compliant operation.

For severd of the gaseous pollutants including carbon monoxide (CO), nitrogen oxides (NO, ), and
hydrogen chloride, (HCI), commercidly-available instrumentation provides continuous monitoring
of stack emissions and instantaneous notification to operators in the event of non-compliance.
Howeve, similar instrumentation, capable of continuous detection of airborne meta emissions, has
nat been commercialy available, leaving facility operators no recourse for documenting HAP meta
emissions. The vaue and desirability of such instrumentation is obvious; a continuous metas
monitor would be useful as ameans for assuring continuous compliance, as an integra component
in a process control arrangement, and as a powerful diagnostic tool for system optimization. In
proposngnen and more restrictive guidelines on the combustion of hazardous wastes, the EPA has
indicated a need for arborne metas monitors, and suggested attractive incentives for their
implementation including possible relaxation of operating restrictions including waste feed rates.

Of spadficaoncanto the military is theimpact of proposed regulatory restrictions on airborne meta
emissions on the day-to-day operation of explosive ordnance deactivation furnaces and similar
fadlities. The continued operation of these facilities is essentid to perpetuating numerous military
missons However, because of ever-increasing regulatory scrutiny, it has become difficult to obtain
thenacessay operating permits. For those facilities presently permitted, restrictions on waste feed
rates and requirements for waste feed characterization have made operaion both inefficient and
adly, dl in theinterest of ensuring compliant operation. In this respect, the operators of military
indneratars face problems similar to those of ther private sector counterparts. These problems are
compounded by the conspicuous unavailability of a continuous metals monitor and lack of
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dternative means of providing continuous compliance assurance with regard to HAP metd
emissions.

22 TECHNOLOGY DEVELOPMENT

A Mutimgd ContinuousEmissions M onitor System (MM CEM §) for hazardous air pollutant metals
was deveoped by the Navd Air Warfare Center Weagpons Division (NAWCWD) a China Lake,
California  The developmentd effort was funded by the Army Conventiond Ammunition
Demilitarization Technology Research and Development Program under sponsorship of the U.S
Army Ddense Ammunition Center (ADAC) and executed by the U.S Army Tank-automotive and
Armaments Command, Armament Research, Development and Engneering Center
(TACOM-ARDEC). A Cooperative Research and Development Agreement (CRADA) between
NAWCWD adTJA Solutions, Inc. facilitated rapid development of the sy stem, which has become
commercidly available and is being marketed under the TraceAIR™ trademark. ThisM M CEM S
is cgpadle of rapid and simultaneous detection of al 14 HAP metds, plus virtudly any metd inthe
chemical periodic table. The MM CEM S was developed for use in the operation of munitions
deactivation furnaces.

TheMMCEM Semploys an argon inductively coupled plasma (ICP) spectrometer as an elementa
analy zer, a shrouded probe for extracting astream of stack ges, and a patented samplinginterface
for plasma sample introduction. The MM CEM S measures dl 14 HAP metads simultaneously

following sample stack gas introduction into the argon plasma, which occurs a approximately
one-minute intervals.

The detection limits for the MM CEM S in micrograms/dry standard cubic meter (ug/dscm) are
provided in Table 1.

Metad Detection Limit(ug/dscm)  Metd Detection Limit(pug/dscm)

Tablel. Detection Limitsfor the MMCEMS.

Detection Limit Detection Limit
Metal (Mg/dscm) Metal (Mg/dscm)
Ag 0.6 Hg 2
As 6 Mn 0.1
Ba 0.15 Ni 0.8
Be 0.02 Pb 2
Cd 0.2 Sh 7
Co 0.4 Se 6
Cr 0.3 Tl 5




23 SAMPLING INTERFACE

TheM M CBM Sdepadson an extractive process to obtain arepresentative stack gas sample stream.
Thesarplingsysem must efficiently aspirate sample aerosols from amoving gas stream in the stack
while preserving the integrity of the extracted sample during pneumatic transport to the ICP
elemental andyzer. These requirements constitute a considerable technica chalenge, gven the
vulnerability of sample aerosols to the adverse effects of turbulent deposition and gravitationa
settling in sampling probes and flow conduits. Therefore, careful optimization of sampling
methodology, based on an understanding of these phenomena, is essentid in this instance to
achieving an acceptable leve of andytica performance.

Thepresst MM CEM sampling sy stem employs a shrouded probe (Ref. 1) design that is noted for
its inherent freedom from excessive sample aerosol deposition losses. The shrouded probe was
developed to remedy the inadequacies of existing probes, in reation to specific sampling
goplications that demanded highly efficient aspiration and transport of airborne particulates under
constant flow rate conditions. The requirements of the M M CEM Sapplication are very similar to
those for which the shrouded probe was origindly intended. In fact, the shrouded probe has been
adopted as astrategc replacement for aM ethod 5-ty pe (Ref. 2) sampling probethat proved to be
inadequate for sustaining reliable M M CEM S operation.

TheMM CEM S combines an extractive sampling technique with rapid measurement of HAP meta
conoatrations diredly in the sample stack gas stream using atomic emission spectrometry. Important
sampling system modifications, to which the present leve of andyticd performance can be
attributed, are described below. Operation of the M M CEM Sinvolves continuous extraction of a
sample stream of stack gas and pneumatic transport of the extracted stack ges to an dementd
andyzer that provides simultaneous measurement of adl entrained meta species, includingthe 14
HAP metals. To enableits use as a versaile eementa andyzer for stack gas metas, an ICP
soectrometer was purposely modified to accommodate plasmaintroduction of discrete aliquots of
sample stack gas. A sampling interface, consisting of a series of ar-actuated valves and acoiled
lengh of tubing, referred to as the sampleloop, is responsible for automatic introduction of sample
dak gesintothe | CP sy nchronized gas stream handling and plasma sample introduction. Cdibration
of the MM CEM S is accomplished using precision-generated, standard aerosols of known meta
compasition and concentration. The entire sy stem operates under computer automation and requires
minimum humen interaction. Cdibration drift checks are performed at regular intervals by automatic
introduction of astandard metal aerosol stream.

The ICP is sustained by passing astream of argon through aquartz plasmatorch mounted in the
center of ahedlica induction coil. Power from a Radio Frequency (RF) generator energzes the
induction coil which, in turn, couples that power to the plasma. Sample stack gesisinjected a a
condat flow rateinto theargon plasma Entrained particulate matter is rapidly vaporized and the
constituent metal species areionized and excited. Each metd emits afingerprint optica spectrum
thet isthen detected by the multichannel optica spectrometer. Theintensity of the optical spectra
is directly proportiona to the concentration of the corresponding metals in the stack gas sample.



Haure Lillustrates the construction of the shrouded probe and shows the position of the probeinlet
in relation to the shroud. Working in concert with the conica probe, the shroud acts as an
agodynamic deceerator to reduce the velocity of theincident gas by afactor of 2-3. Consequently,
a larger probe inlet can be used, compared to that required for a conventiona isokinetic probe
operating in the same free stream at an identical sampling flow rate. The shrouded probe has a
saoonday advatagein that the 18.2-mm probeinlet intercepts gases from ardatively quiescent (low
turbulence) regon of flow aong the longtudina axis of the shroud. Anisokinetic effects and
tubulet deposition at the probe opening are both minimized, contributing to efficient aspiration of
aerosols from the free stream, and enhanced aerosol transmission. The shrouded probe used in the
present system was modified to include a thermostatted hesting jacket in order to maintain the
temperature of the probe above the stack gas dew point.

Figure 2 is a schematic diagram of the MM CEM S sampling system. The shrouded probe is
comedted tothel CP elementd andy zer by means of a6.1-mlong, 29-mm |.D. heated teflon transfer
line. Longer lengths are available to accommodate various instalations, but it has proven
advantageous to minimize the length of this component. In order to avoid deposition losses
associated with gravitationa settling of entrained particulates, it is beneficia to instdl the heated
transfer line, where possible, in asteeply inclined orientation. However, this necessitates locating
the M M CEM Sinstrument enclosure immediately adjacent to the stack.

TheM M CBM Ssampling interface can optimaly accommodate the 10-20 L/min flow rates that were
previody usedinaonjunction with aM ethod 5-ty pe isokinetic sampling probe. The shrouded probe
(Andason Instruments, M odel RF-2-111) is designed to operate a afixed flow rate of 57 L/min. In
order to reconcile the different flow rate requirements of the samplinginterface and the shrouded
probe, a stack ges sub-sampleis extracted at 11 L/min from the main flow in the manner depicted
in Figure 3. A 12.6-mm |.D. isokinetic sampling probeis mounted axidly within the sub-sample
edrador assambly such that the sampling orificeis positioned severa centimeters inside the smooth
teflon bore of the transfer line.

Figure 1. Construction of the Shrouded Probe.
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A vacuum eductor, located downstream from the sampling interface outlet port, provides the
necessary suction to extract the 11 L/min sub-sample flow. Control of eductor suction is achieved
through predseadjustment of acompressed air motive stream. A second vacuum eductor, controlled
independently, but in asimilar manner, provides suction for the balance of the 57 L/min shrouded
probe flow rate.

While a stream of extracted stack gas flows continuously through the sampling interface, fresh
sample diquots of stack gas, derived from this flowing stream, are introduced at regular intervas
into theargon plasma. Plasma sample introduction is achieved at aconstant volumetric flow rate by
pneumatic displacement of the resident stack gas contents of the sample loop. Operating
automatically under computer control, the samplinginterface executes asampleintroduction cycle
once every 60 seconds. Upon introduction into the argon plasma, stack gas metas are rapidly
vgparized, ionized, and excited, resultingin the emission of an atomic spectrum for each of the metal
andytes present in the sample. A diffraction grating, located in the multichanne optica
spectrometer, is used to angularly disperse the emitted light accordingto wavelength. A series of
dadicated photodetectors, mounted in precise locations in the spectrometer, is used to intercept the
desired emission wavelengths for each of the meta anaytes.

24 BACKGROUND INTERFERENCE CORRECTION

In addition to atomic emissions orignating from stack gas metas excited in the plasma, the
spectrometer must contend with background emissions from the plasmaitself, as well as spectra
contributions from various stack gas molecular species. In order to accurately measure the net
inengties of emissions exclusively associated with stack gas metals, it is necessary to discriminate
apnd dl other emissions. This is accomplished using a process cdled background correction which
auomdticdly subtracts contributions from plasma background emission. A separate method is used
to correct for spectra interferences that arise as aresult of direct overlap between emissions from
stack gas molecular species and atomic emissions from stack gas metas. The net atomic emission
intengties aredrectly proportiond to the concentrations of the various metd anadytesin the sample.
As a result of previously cdibrating the response of the instrument, actuad metd analyte
concentrations are thus obtained. Sack gas temperature, pressure, and moisture content are taken
into account during caculation of the stack gas meta concentrations.

25 SYSTEM OPERATION

One person is required to operate the system. The duties of the operator are essentialy start-up,
sygem shutdown, archiving of collected emissions data, and preventative maintenance. No specid
ills are required in order to operate the sy stem, and therefore an individua of reasonable technica
ability and computer literacy would be a qudified operator. The technician is not required to be
presat & dl times during sy stem operation. No OSHA hedth and safety trainingis required above
that which is required for operation of ahazardous waste incinerator.
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26 COMPETING TECHNOLOGIES

A number of competingtechnologies have aso been developed to provide continuous compliance
asrancefor various ty pes of waste combustors. However, the present MM CEM Srepresents the
most successful effort to date to fulfill many of the demanding requirements of the intended
gopliction. Becausethe argon ICP is anearly ideal source of atomic excitation, the M M CEM Scan
provide detection sensitivity that exceeds that of all competing technologes.

Anedoption to thisis atechnique that employs continuous sampling of stack gas metals followed
by lae andyssdf theaollected sample by X-ray fluorescence spectrometry. By virtue of the sample
preconcatration employed by this technique, its sensitivity depends on the duration of the sample
collection step, and is obtained at the expense of system responsetime.

2.7 ADVANTAGES AND DISADVANTAGES

In order to provide continuous compliance assurance, an instrument must be capable of both
sanstiveadrapid analy ses. The argon ICP-based M M CEM Sis ableto detect metas in stack gases
a low part-per-billion concentrations while making measurements a one-minuteintervas. Inthis
respect, the argon ICP-based M M CEM S sy stem has adistinct advantage. Its sensitivity, coupled
with its rapid response time, meaningful calibration scheme, and high level of automation, make it
atirdy suitable for fulfillingthe M M CEM Srequirements expressed in the most recent revision of
the M aximum Achievable Control Technology (M ACT) rule. Most importantly, the present
MM CEM Sewables theimplementation of an automatic waste feed cutoff strategy, which provides
thehigest level of compliance assurance available. Systems that employ continuous samplingwith
laer analy sis do not have this capability and therefore cannot provide the same level of compliance
assurance. No other competing technology has the ability to measure dl hazardous air pollutant
metds smultaneously, and many simply lack the capability of measuringdl 14 of the HAP metdls.
Theelimitations severdly compromise thelevel of compliance assurance that these technologies can
provide. Also, many of the competing technologes require one or more human operators. The
presst MM CEM S on the other hand, is essentidly aturnkey system, and requires minima human
atentionto operate.

A common criticism of the present M M CEM S concerns the rdiability of an extractivevs. in-situ
andyticd method. While this criticism may be generdly vdid, the developers have successfully
studied and optimized the sample extraction process, and have taken steps, including the
implementation of a revolutionary shrouded sampling probe, to assure the collection of a
representative stack gas sample and transport of that sampleto the dementd andyzer. Effortsto
further enhance this process are ongoing.

Inregard to the potentid limitations of the argon ICP-based M M CEM S critics have described the
sy stem as complex and expensive while failing to consider this system in the context of its
noteworthy capabilities and the potentia benefits associated with those capabilities. With the
exception of the X-ray fluorescence technique described above, which is in redity a continuous
sampler and not a continuous monitor, al emergng M M CEM Stechnologes share acomparable
degree of complexity. What distinguishes the present MM CEM Sisthat its complex features are
fully automated and operate in an integrated manner. System cost is ardativeissue and must be
considered in the context of potentia benefits and resultant cost savings. As described above, a
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sophidicated sy stem such as that embodied by the present MM CEM S by virtue of its cgpabilities,
is likely to provide a greater return in terms of regulatory benefits associated with enhanced
compliance assurance. The acquisition and operating costs of such asystem arelikely to be more
rgpidly amortized as aresult.

One specific limitation of the present MM CEM Sis the lack of a reliable cdibration scheme for
detection of mercury emissions. Theargon ICP spectrometer is capable of sensitive detection of
mercury, but the highly successful cdibration scheme used for the other metals has proven to be
urdidblefor mercury cdibration. A promising dternate cadibration method has been identified, but
its implementation was bey ond the scope and resources of this EST CP-funded effort.

Sak-ges magure might also detrimentaly affect MM CEM Soperation. The M M CEM Shas in the
past, encountered stack gases with high moisture loading, during an instdlation a the VonRoll
A merica waste incinerator in East Liverpool, Ohio, and during a DOE-sponsored technology
demondration at the mixed-waste T oxic Substances Control Act (TSCA) incinerator a Oak Ridge,
Tennessee. The moisture levels a these facilities were 35-40 percent and 50-60 percent,
repectively. The performance of the M M CEM Swas affected by the elevated stack gas moisture
intwowaysthet proved troublesome. The most problematic effect of high stack gas moisture levels
invalved condensation of the moisture in sampling sy stem components including the vacuum pump
and a mass flow controller used to regulate the flow of extracted stack gases. These devices were
mounted downstream from the elementa anay zer, and while provision was made to remove most
of themoigurefrom the gas stream at apoint slightly upstream from these devices (and downstream
from the dementd anady zer), sufficient residua moisture remained in the stream to cause the mass
flow controller to mafunction. This mafunction required immediate attention and resulted in
periodic interruptions in stack monitoring.
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3.0 DEMONSTRATION DESIGN
3.1 GENERAL INFORMATION
Two demonstrations of the M M CEM Swere conducted under EST CP sponsorship.

T he first took place a Toode Army Depot (TEAD), Utah from May 3-6, 1999, on the stack
emissions from an Ammunition Peculiar Equipment (APE) 1236 M 1 munitions deactivation
inangaor (Refs. 3, 4). Theprimary effort was conducted on an APE 1236 M 1 incinerator used to
demilitarize and/or dispose of ammunition items and bulk explosive wastes. The TraceAIR™
M M CEM S system was the subject of a performance evauation and verification test exercise,
conduded & ToodeArmy Depot (TEAD), Utah, duringthe week of M ay 3-6, 1999. The incinerator
fead was empty 30-mm auminum cartridge casings containing percussion primers, introduced into
thefurnace a an average rate of 2000 per hour.

Having proventheandly tical accuracy, suitability, and robustness of the TraceAIR™ M M CEM Sfor
compliance monitoring in conjunction with the source category represented by the munitions
deactivation furnace, the next logcd step in the dem/va process involved expanding the
gpliczhility of the system to other source categories. Of immediateinterest to theDoD are plasma
arc waste treatment facilities, medica waste incinerators, and chemical wegpons destruction
fadlities. Each of these source categories represents atechnica chalengetothe MM CEM S but in
no indanceis the chalenge insurmountable. The primary difference between some of these sources,
and the munitions deactivation furnace for which the M M CEM Swas vdidated, isthat thelatter
emits primarily dry stack gases as aresult of the absence of wet scrubbers in the pollution control
gysan (ltisforthis specific reason that APE 1236 furnaces may not be ableto readily comply with
fuureM ACT regulatory restrictions on metal emissions and therefore will benefit from continuous
met als emissions monitoring) M ost modern incinerators and plasma arc sy stems employ wet
scrubbers to facilitate the remova of particulate matter and acid gases from exhaust streams and
consequently, emit stack gases that are a or near saturation.

The second demonstration took place a the Retech Corporation's manufacturing facility at Ukiah,
Californiafrom October 14-20, 1999, on the Plasma Arc Hazardous Waste Treatment System
(PAHWTYS) under development in aseparate EST CP project. This exercise was conducted during
the Factory Integration Testing (FIT) of the PAHWT Sat the Retech Corporation's manufacturing
facility at Ukiah, Cdifornia (Ref. 5). The incinerator was fed with surrogate wastes such as
aontaminated soil, paint mixtures, oily rags, and a vegetable oil/methanol mixtureto investigate the
dfeds of stack-gas moisture on M M CEM Soperation. The objective of this demonstration was to
assess the influence of any source-specific conditions or stack gas characteristics, in particular the
hich moisture loading anticipated in the stack gases of the PAHWTS on the M M CEM S ahility to
accurately measure stack gas meta concentrations.
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3.2

TOOELEARMY DEPOT DEMONSTRATION

3.2.1 Performance Objectives

The objectives of this effort wereto:

Provethet theM M CEM S meets the performance requirements outlined in the EPA's PS-10,
Drét Paformance Specifications for M ultimetals Continuous Emissions M onitors (Ref. 6).

Demonstrate, using this specific explosive waste combustor operated under typica
conditions, that the M M CEM Sis suitable for use on other identical APE 1236 M 1 units.

Assess the adequacy of this technique for providing continuous compliance assurance for
meta emissions.

Adieve areative accuracy of no greater than 20 percent of the mean value of the reference
method test data. The requirement is specified in PS-10.

3.2.2 Tooele Facility Background/Description

The APE 1236 furnace contains an oil-fired rotary kiln, an afterburner, and abaghousefilter asits
principa components, and is the Army's workhorse facility for deactivation of conventiond
srdl-ams anmunition. Emissions resulting from operation of the APE 1236 M 1 (Figure 4) include
in addition to metas, chlorine, HCB, DNT, NG, dioxins and furans. Continuous monitors on the
APE 1236 M 1 currently measure CO and O,,.

Curatly, goplication of the M M CEM Sto the APE 1236 M 1 Hazardous Waste Incinerator has the
greatest potentia for immediate and widespread application. Potentiad demonstration sites were,
thadforg limited to currently operating APE 1236 sites. The other considerations used as selection
criteriawere;

Levd of furnace workload.

Availability of amunition suitable for testing (an item which would provide suitable meta
emissions/emission levels).

Availability of asufficient quantity of munitions to perform a sustained demonstration.

Adenue arealfacilities to accommodate M M CEM S sy stem trailer as well as EPA M ethod
29 reference method testing (Ref. 7).

Leve of interest of/cooperation from site personnel.
Levd of interest of/cooperation from sate environmenta permitting authorities.

Cost of site support.
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Figure 4. Production APE 1236 M1 Hazardous
Waste Incinerator.

Patatid test sites included, in addition to Toodle Army Depot (TEAD), Tooee, Utah; M cAlester
Amy Ammunition Plant, Oklahoma; and the Lake City Army Ammunition Plant, M issouri. Of the
8 or 9 instdlaions containing APE 1236 furnaces, these three facilities are fully permitted,
work-loeded, and operationa on aregular basis. The Toode Army Depot was specificaly selected
for the demonstration/validation exercise because the prototype M M CEM Swas operated in 1996
on one of two APE 1236 furnaces (R&D and production) located there, as part of an
Amy-sponsored R&D dfart. Duringthat time, both the T oodle staff and representatives of the Sate
o UtehDepatment of Environmental Quality became familiar with the technology and were highly
cooperativein facilitatingits operation a that site.

TEAD (Figure 5) has atota of 1,094 buildings (including ammo magazines) spread over 24,732
axes of mountainous desert. TEAD isadepot as opposed to an anmunition plant, and therefore,
no ammunition is manufactured there. Specific stockpileinformation is not available, but TEAD
has a storage cagpacity of 1,951,000 square feet. Conventiond smal arms ammunition is
demilitarized at arate of gpproximately 45,000 pounds per week, depending on the specific item.
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Figure5. Tooele Army Depot.

3.2.3 Physical Setup and Operation at Tooele Army Depot

A ddadled test plan, outliningarigorous test exercise was submitted to both the EPA and the Sate
of UtehDepatment of Environmentd Quality for gpprova. A modification to the operating permit
for the incinerator was required in order to conduct the demonstration. Obtaining the permit
modification took approximately 45 days.

Thedarondraion on the TEAD APE 1236 M 1 M unitions Deactivation Incinerator was conducted
unda full production (demilitarization) conditions. The demonstration was conducted during normal
incinerator operating hours over a4-day period. Thetest facility was hosted by the Ammunition
Opeadions Directorate. Ste-preparation activities included positioning, leveling and securing (using
whed chocks) and unloading of the equipment trailer, connection of thetrailer to a power source,
and conmnedtionof the sy stem to the furnace stack and furnace control system. The M M CEM Strailer
requires andectrica hookup to a source capable of providing208 V, 1 O, 60A or greater. Thetraller
isequipped with a4-conductor eectrical cable, 40" in length with bare wire (pigtail) termination on
one end and a 4-pin female receptacle on the traler end. The receptacle plugs into a mating
connection on the right-front corner of the trailer. The hook-up requires 2 hot connections, one
neutral, and one ground. A heated sample line and umbilica line is secured to the stack testing
platform esnecessary to the point whereiit joins the sampling probe which is mounted in asampling
port. Thesarpling port consists of an existing female-threaded (3" NPT) fittingwelded to the stack.

Two separate eectrical connections are established between the M M CEM Strailer and the control

room. One 2-wire connection is used to transmit data from the stack oxygen analyzer to the
MM CEM S to permit normalization of datato 7 percent oxygen. A second circuit is used for the
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wadefedontrol. Thisis a2-wire connection terminating a arelay on theM M CEM Sthat is used
to apen or close the circuit as required to start or stop waste feed depending upon stack emissions.

An APE1236M 1Hazadous Waste Incinerator served as an gppropriate test bed sincethis category
of wastecombustor represents the intended application for which theM M CEM Sis presently being
evdugted. The furnace was operated under typica production conditions including the continuous
proaessing of munitions feed items. Stack gas metd emissions (Ba, Cd, Co, Cr, M n, Ni, Pb, S, S,
and Y) resulted from the combined contributions of munitions detonation inside therotary kiln, and
atifiad introduction of meta aerosols into the furnace exhaust ges stream. A series of 12 test runs
wae conduded during which M ethod 29 trains collected stack gas samples for reference comparison
with the M M CEM S measured stack gas meta concentrations.

The munitions items orignally selected for the test exercisewere M K27 point detonating fuzes.
Waste feed characterization data for the M K27 fuze, obtained from the Army’s M unitions Items
Dispagtion Action System (M IDAYS) database, indicated that the fuzes were known to contain lead
azide and antimony sulfide as part of the energetic formulation, and an unspecified amount of
cadmium as an dectroplated component.

The munitions items wereintroduced into the furnace a the operating permit-prescribed feed rate
of 660 per hour. Detonation of the fuzes in the rotary kiln resulted in stack-gas emissions of
cadmium, as wdll as lead and antimony. M M CEM S-detected cadmium emissions, resulting from
the detonation of the M K27 fuzes was found to exceed the 0.26 g/hr emission rate limit specified
inthe furnace operating permit. Cadmium emissions resulting from introduction of metal agrosols,
whilemeking only afractiona contribution, further exacerbated the problem. The aqueous solution
used to generate the meta aerosols (see below) had been deliberately fortified at aleve sufficient
to generate detectable levels of cadmium in the stack gases, but with careful consideration to not
exceed the 0.26 g/hr emission limit.

Theedwessive cadmium emission rate was reported to the furnace operators who in turn aerted the
State of Utah Department of Environmenta Quality, Division of Solid and Hazardous Waste.
Because continued violation of the cadmium emission limit was deemed not acceptable,
idertificstion of an dternate munitions item was required before the test exercise could resume. The
dtengtemunitions items, available in sufficient abundance to continue the test exercise were empty
30-mmduminum cartridge casings containing percussion primers. These items were introduced into
the furnace at an average rate of 2000 per hour. Detonation of the percussion primers resulted in
emissions of lead, barium, and antimony. No cadmium emissions were expected from detonation
of the percussion primers, and no cadmium emissions were observed. Cadmium emissions during
therameinder of thetest exercise resulted from introduction of meta aerosols only, and subsequent
cadmium emission rates did not exceed the 0.26 ghr regulatory limit.

Aspart of this demonstration, a proof-of-principle demonstration of closed-loop process control,
invalving automatic waste feed cutoff enabled by the M M CEM Swas conducted. The objective of
this exercise was to show that munitions items can be introduced into the furnace at afavorable
effective feed rate, while the corresponding average emissions of offending metals are successfully
reglated at levels that do not exceed permitted limits. M ore information on this demonstration can
befoundinthe EST CP Demonstration Plan?, “ A Continuous Emissions M onitor for Hazardous Air
Pollutat M etals”, as well thetest plan® “Plan for Verification Testing of aPrototype M ultimetals
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Continuous Emissions M onitor”, which was prepared by NAWCWD and reviewed by the EPA
Emission M easurement Center.

3.2.4 Monitoring Procedures

Sampling was conducted in accordance with EPA Test M ethod 29 by the U.S. Army Center for
Health Promotion and Preventive M edicine (USACHPPM ), Air Pollution Source M anagement
Progiam. Mr. Michad Pattison, the chief engneer of the USACHPPM team, was responsible for
conducting and directing the execution of the M ethod 29 sampling efforts.

3.25 Analytical Procedures

Samples recovered from Method 29 sampling trains were analyzed a an off-site laboratory,
Gascoy ne Laboratories, Inc., Batimore, M aryland, 21224. Data andysis was performed in
aooordance with EPA Performance Specification 10. ICP atomic emission spectrometry (ICPAES),
M ethod 6010 (Re. 8) and/or ICP mass spectrometry (ICP-M S), M ethod 6020 (Ref. 9) was used for
the andysis of metalsin dl M ethod 29 samples.

3.3 RETECH CORPORATION MANUFACTURING FACILITY DEMONSTRATION
3.3.1 Performance Objectives

Tedingaf the M M CEM Sin conjunction with the Plasma Arc Hazardous Waste Treatment System
(PAHWTS was an adjunct to the primary exercise of evauating the performance of the PAHWTS
itself under an EST CP-sponsored project directed by Mr. Bruce Sartwell of the Nava Research
Laboratory. Fromaquantitative perspective, aprincipa objective of this adjunct exercisewas to
ahieve ressoneble agreement (=20 percent) between the M M CEM Sresults and those obtained using
EPA Test M ethod 29.

Another principa objective of the MM CEM S involvement in the PAHWT Sfactory integration
teding(FIT) at Retech was to assess the compatibility of the MM CEM S as presently configured,
with the high moisture loading anticipated in the stack gases of the PAHWTS A successful
demonstration of this compatibility would reinforce the notion that the MM CEM S can be of
patentia long-term benefit to operation of the PAHWT Sin terms of ease of permitting, relaxation
of requirements for waste feed characterization for metals, and avoidance of emission violations.

3.3.2 Retech Corporation Manufacturing Facility Background/Description

The PAHWTS, as shown in Figure 6, was assembled inside the Retech facility and occupied
gproximetdy 1700ft* of floor space. Thelayout of the PAHWT Sisillustrated below. The exhaust
dak weslocted near an outsidewall. Theinstrument trailer containingthe meta emission monitor
prototype was parked immediately adjacent to this wall to dlow easy access to the stack for
mounting of the shrouded probe and connection of aheated sampleline.
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Figure 6. Illustration of PAHWTS Layout.

The PAHWTS consists of aprimary plasma arc torch, a crucible to contain a slag mixture, a
secondary torch chamber to serve as an afterburner, aseries of liquid quench chambers, and afina
beghousefilte. The primary plasmatorch is used to provide asource of heat to create aslag mixture
in the crucible. Various forms of waste, either liquids or solids, are introduced into the crucible
whaethey arerapidly and efficiently decomposed dueto the high temperatures encountered upon
contact with the molten slag. Theoreticdly, waste materids are completdy minerdized and solid
constituents are trapped in the slag and later vitrified as the slagis poured into amold. Off-gases
aeshetedtofuther decomposition by the discharge of the secondary plasmatorch, and in theory,
al remaining gaseous organic contaminants are destroyed at this point.

ThePAHWT Swas constructed by Retech, under contract with the Navy, for futureinstalation at
Nofok Navy Base The PAHWT Swill be used to destroy various waste streams from Navy ships,
including paints, solvents, and oily rags.

3.3.3 Retech Corporation Manufacturing Facility - Physical Setup and Operation

The test of the MM CEM S on the Plasma Arc Hazardous Waste Treatment System under
development by the Naval Research Laboratory and Retech Corporation was conducted from
Odobe 14-20, 1999 accordingto atest plan® reviewed by the EPA Emission M easurement Center.
Thetest was designed to assess the effects of high moisture levels in the stack gases caused by the
types of feed materias for which it will be applied.

A numbea of significant improvements were made to the prototype M M CEM Sorignaly tested on
therdatively dry stack at Tooele Army Depot to dleviate potentid problems associated with the
high leves of stack gas moisture anticipated with the PAHWTS. Components used to remove
moisture from the gas stream were upgraded in an attempt to achieve more efficient removad. It is
important to note that moisture remova from the sample ges stream is achieved down stream from
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the ssmplinginterface simply to protect flow metering and suction components. Thermodectrically
ooded condensers were added to remove most of the moisture from the ges stream. This approach
proved to be only partialy successful. In the interim period between the execution of this test and
the writing of this report, a technica solution was implemented that not only eiminated
moisture-related problems, but adso simplified operation and increased sy stem rdiability. This
salution invaved replacing the vacuum pump used to extract the sample stack gas stream with apair
of vacuum eductors. The vacuum eductor has no moving parts and is completely immuneto the
effets of condensing water vapor. Furthermore, since the flow rate through the eductor can be easily
regulated by controlling the flow of compressed air used as the eductor motive gas, the mass flow
controller is no longer needed. A separate mass flow controller is retained however, strictly for
MM CBEM Sddibrtion purposes. It is used to regulate the flow of diluent air and in that application,
does not comein contact with moisture. In summary, lessons learned duringthe PAHWT Sled to
the implementation of the vacuum eductor which facilitated the dimination of both the vacuum
pump and mass flow controller that were both vulnerable to moisture-related mafunction.

The process improvements described above were not only intended to enhance the overdl
performance of the M M CEM S when moist stack gases were encountered, but are of significant
advantage for generd operation aswel. M orerecently, the solenoid vaves previously used in the
sampling interface were upgraded to ar-actuated plug valves. The new valves achieved superior
sealing and prevented loss of sample gas pressure. Snce the operation of these valves was
drareticdly more reproducible than the previously -used solenoid valves, the measurement precision
improved to the extent that the detection limits for severa metas were lowered considerably .

Execution of the FIT test according to a separate test plan (Mr. Bruce Sartwell) involved the
treatment of four surrogate waste streams. The waste streams included M endocino County Soil,
pant mixtures in sted containers, oily rags, and amixture of vegetable oil and methanol. Thefirst
two of these waste streams were the most likely to generate stack gas meta emissions consisting of
modest conoatrations of titanium (from paint); iron (from containers); and chromium, and possibly
leed and barium (from soil). For each of the four waste streams, two 3-hour trestment sessions were
conduded. Parsonnd from U.S. Army Center for Health Promotion and Preventative M edicine, Air
Pdlution Source M anagement Program conducted conventiona stack testing. Sampling for metals,
organics, HCl, and particulates was performed, and asuite of gas analy zers was operated.

Whilethe M M CEM S as presently configured, is capable of andyzingAg, Al, As, Ba, Be, Cd, Co,
Cr, Fe, Hg, Mn, Ni, Pb, Sb, S, Se, Ti, and Tl, detected stack gas meta emissions were limited to
thosedamats(Al,Fe, Pb, and Ti) present in the four waste streams. The M M CEM Sautomaticaly
executed sample introduction and plasma emission measurements once every 66 seconds. During
each sample introduction cycle, concentrations of al of the metals listed above were measured
simultaneously .

3.34 Monitoring Procedures
Reference sampling was conducted in accordance with EPA M ethod 29. Reference samplingwas

pafomed by theU.S. Army Center for Hedth Promotion and Preventive M edicine (USACHPPM ),
Air Pollution Source M anagement Program.
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3.3.5 Analytical Procedures

Sampling andysis was conducted in accordance with EPA M ethod 29. Samples were andy zed a
an off-site laboratory, Gascoy ne Laboratories, Inc., Batimore, M aryland, 21224.

Daaadyds was performed in accordance with EPA PS-10, “ Draft Performance Specifications for
Mutimgials Continuous Emissions M onitors,” which can be found in Appendix C of the “ Plan for
Verification Testing of a Prototype M ultimeta Continuous Emissions M onitor”. ICP atomic
emisson paetromdry (ICPAES), M ethod 6010B and/or |CP mass spectrometry (ICP-M S), M ethod
6020, was used for the anadysis of metas in al Reference M ethod 29 samples.
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4.0 PERFORMANCE ASSESSMENT
41  APE MUNITIONS DEACTIVATION INCINERATOR AT TOOELEARMY DEPOT

Anitadivetesting and refinement program, amed at vdidating the performance of the TraceAIR™
MM CBEM S was conducted under the watchful eye of the U.S EPA Office of Air Quality Planning
and Sandards, Emission M easurement Center (OAQPSEM S).

Relative accuracy test audit (RATA) caculations were performed on the results of the TEAD
damordration, usngthe results of 9 selected test runs. Reative accuracy of 20 percent or better was
demonstrated for nine of the ten target metd andytes. The reative accuracy demonstrated for
antimony (Sb) was less satisfactory as aresult of experimenta and operator errors and not to any
specific sampling or detection deficiency. The RATA results unequivocdly verify tha the
TracrAIR™ M M CEM S has demonstrated its ability to measure concentrations of arepresentative
goup of metd analytes in the stack gases of the APE 1236 M 1 munitions deeactivation furnace, with
a satisfactory degree of relaive accuracy. Furthermore, thetarget metd andytes were accurately
detected over a chalengng range of concentrations.

Dealls of theresults of the exercise can be found in the “ Performance Evaluation of the TraceAIR™
Mutimgds Continuous Emissions M onitor,” which was prepared by NAWCWD (Ref. 10) and in
the EST CP Fina Report for Project # 199807 (Ref. 11). An additiona summary is provided in an
open literature publication (Ref. 12). Theanaytical results are summarized below in Table 2.

Table 2. Results of Relative Accuracy Test Audit.

Method 29 [ MMCEMS Rd.
Analyte Average Average Standard | Confidence Accuracy Bias
Metal (ng/dscm) (ug/dscm) | Deviation | Coefficient (Percent) (ng/dscm) BAF
Ba 6 16.7 16.6 157 157 9.7 -1.52
Cd 3 112 110 114 21.0 204 -22.4
cr 9 48 45 051 0.39 13.7 -0.12
Co 9 58.4 51.7 6.95 5.24 204 1.42 1.13
Mn 9 94.5 86.8 7.73 5.83 143 1.83 1.09
Ni 8 1789 166.6 16.2 13.2 14.2 -0.94
Pb 9 180.7 181.1 20.8 15.6 8.9 -16.1
Sh 9 439 54.2 8.22 6.19 37.6 -16.7
Sr 9 745 68.3 4.80 3.62 132 261 1.09
Y 9 56.1 59.2 3.55 2.68 10.3 -5.79

Listed for each target metd in Table 2 is n, the number of replicate results used in the relative
aouray cculation, the average concentration as determined by M ethod 29 for n test runs, and the
areponding average concentration as determined by theM M CEM S. Cdculated from these data
are the pair-wise standard deviation of the n test runs, the caculated confidence coefficient, the
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percent relative accuracy, the measurement bias, and where gpplicable, a bias adjustment factor
(BAF). The percent relative accuracy is the principd figure of merit for determiningwhether the
candidate techniqueis capable of assuring compliance with an gpplicable standard. This number is
based on the difference between the M M CEM Sand the reference method results, and takes into
consideration the precision, or spread in the data It is worth noting that for certain metas, an
abbreviaed data set was used to caculate relative accuracy. This was necessitated due to the
absence of these metds during certain test runs after a change in waste feed was required as
described in section 3.2.3.

The BPA OAQPSEMIssion M easurement Center (EM C) witnessed the performance evaluation and
later conducted a thorough review of the results of the verification testing The OAQPSEMC
subsequently issued a determination that, with limited exception, the MM CEM S “ has met and
exceeded the performance criteria’ outlined in the EPA's Performance Standard 10, which outlines
p erformance requirements for MM CEM S.  The system became the first, and at this time only
M M CEM Sto met the EPA performance requirements.

Asanadund tothe analyticd portion of the demonstration, atest was conducted in which a process
control arrangement was configured involving automatic waste feed cutoff enabled by the
TraceAIR™ MMCEMS In instances in which the 15-minute rolling average of certain meta
emissions exceeded pre-determined threshold limits, a feedback circuit established between the
MM CEM S and the furnace control room was used to terminate introduction of waste munitions.
Waste munitions feed was resumed only at such time as the offending meta emissions no longer
exceeded the threshold concentration. In this manner, munitions feed rates were maximized while
violation of meta emission limits was avoided.

This automatic waste feed cutoff exercise demonstrated that when gppropriate waste feed cutoff
parameters are identified and implemented, munitions items can be introduced into the furnace at
an increased rate while the average emission rates of offending metas are effectively regulated at
levels that do not exceed permitted limits.

42 PAHWTS FIT TEST AT RETECH CORPORATION MANUFACTURING
FACILITY

Paformencetesting of the prototype M M CEM Sin conjunction with the PAHWT Srepresented an
atempt todamondrate the applicability of the M M CEM Sto stationary sources other than the APE
1236 furnace. Fecificdly, the PAHWTS features a wet scrubber system for exhaust gases and
therefore constituted adistinct chalenge for the M M CEM S, which had previously been vaidated
in conjunction with ardatively dry stack working environment. In October, 1999, a factory
ingtdletion test was conducted at the Retech facility to obtain preiminary performance datafor the
PAHWTS. Part of this exercise involved an assessment of the efficacy of the pollution abatement
system to control the emission of metals from the PAHWT Sinto the aamosphere. Stack testing,
using EPA M ethod 29 sampling trains, was the basis of this assessment. Waste streams were
selected in accordance with the temporary operating permit obtained for this facility. It was
antidpaed that this exercise would provide an ideal opportunity to examine the performance of the
MMCEM S. On October 14, M endocino County soil was introduced into the plasmaarc sy stem.
Tegting on October 14™ consisted of two separate M ethod 29 tests; one lasting two hours and one
lagtingthreehours.  Smultaneous monitoring usingthe TraceAIR M M CEM S produced comparative
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metal emissions data. M ost notable was the absence of gppreciable metd emissions during
introduction of the soil. Only duminum, lead, titanium, and iron were detected by the TraceAIR
syseam during the introduction of soil into the plasmaarc. On October 15", gray epoxy paint was
introduced intotheplessmaarc sy stem. A two-hour M ethod 29 run was conducted during this period.
Sak gsmoisture levels were notably high duringthe introduction of the epoxy paint necessitating
an adjustment in the ICP sample introduction flow rate and subsequent re-cdibration of the
MMCEMS Fdlowingthis adjustment, stable operation of the argon |CP was achieved throughout
the duration of thetest session. Duringintroduction of the epoxy paint, the only stack gas meta
emissions detected were those of duminum, lead, titanium, and iron.

Tadle3ligsthe M M CEM Sresults for duminum, lead, titanium, and iron for the three test sessions
described above, the corresponding M ethod 29 data, and the recorded stack gas moisture content

Table 3. Comparative MMCEMS and Method 29 Results.

October 14™ M endocino County Soil 2-hour run

Method 29
Metal Percent Moisture MMCEMS (ug/dscm) (ng/dscm)
Al 25.7 30.6 17.1
Fe 25.7 11.2 9.88
Pb 25.7 3.30 0.31
Ti 25.7 4.37 1.84
October 14™ M endocino County Soil 3-hour run
Method 29
Metal Percent Moisture MMCEMS (ug/dscm) (png/dscm)
Al 27.8 14.4 12.4
Fe 27.8 15.8 108
Pb 27.8 8.67 1.31
Ti 27.8 2.70 2.67
October 15"  Gray Epoxy Paint  2-hour run
Percent Method 29
Metal Moisture MMCEMS (ug/dscm) (Mg/dscm)
Al 414 711 38.8
Fe 41.4 12.3 83.9
Pb 414 19.2 6.24
Ti 41.4 21.5 26.7
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vaues for each run. The MM CEM S vaues were obtained by caculaing ablock average of the
individual instantaneous measurements made during each test session. The MMCEM S
messraratswae made at approximately 60-second intervals and concentrations of al metals were
determined simultaneously during each measurement. Normaly, when areliable estimate of stack
gas moisture content is known prior to monitoring, that factor is included in the automatic
computation of stack gas metd concentrations in units of micrograms per dry standard cubic meters.
However, for the present test exercise for which stack gas moisture content was uncertain, raw
concentration datawas corrected only for stack gas temperature and pressure. Once the stack gas
moisurevdues (determined by U.S. EPA M ethod 4) were made available, the M M CEM Sstack gas
metal concentrations were adjusted accordingy . All stack gas meta concentrations are reported in
units of micrograms per dry standard cubic meter.

Anassessment of the relative agreement or disagreement between the M M CEM S-measured metal
concentrations, and those determined by M ethod 29, must take into account severd influentia
fadas. Theseincludethereatively low levels of detected metds, theimpact of contamination and
method blank concentrations (for M ethod 29 results) at these low levels, and the existence of
MM CBEM Sspedrd interferences. While reasonable agreement between the M M CEM Sand M ethod
29 results was achieved for certain metds, in other instances, agreement was poor. For example,
during two of the runs represented in Table 3, iron concentrations measured by M ethod 29 were
gppreciably higher than those measured by the MM CEM S, Given the magnitude of the method
blank for iron (see Air Pollution Assessment #42-EK-8196-99), thereis adistinct possibility that
iron contamination of samplingtrain components and sample solutions may have made asizeable
contribution to the tota mass of iron reported, hence the discrepancy with the M M CEM Sresults.

Itis curious however, that theiron results for run #1 were in close agreement. In each of thethree
test runs M M CEM S-detected lead concentrations were consistently higher than the corresponding
M ethod 29 results. This discrepancy may have been due in part to incomplete correction of a
molecular spectrd interference in the MM CEM S plasma that gave rise to erroneously high
measurements of lead concentrations. In dl three runs, the MM CEM S demonstrated good
agreement with M ethod 29 for titanium. Titaniumis unlikely to pose as serious a method blank
prablem asthemore ubiquitous elements iron and aluminum, which indeed showed eevated M ethod
2 bakvdues. TheM M CEM Saso has amuch lower detection limit for titanium than any of the
three other detected metas. Detection of titanium is adso simplified the absence of a spectra
interference such as that affecting lead.

An added complication in the comparison of MM CEM Sand M ethod 29 results is the absence of
steady-state metal emissions. Conditions such as these may favor the reference method such as
M ethod 29 that continuously integrates the collected sample.

The limited test data acquired during the October 1999 test exerciseis not adequateto support a
rigorous assessment of the analytical performance of the TraceAIR M M CEM Sunder the conditions
encountered during FIT test operation of the plasma arc hazardous waste trestment system.
Deatade leves of only four metas were recorded by the M M CEM Sover the course of threetest
runs involving two different waste feed materials. For some of the detected metds, the measured
metd conaantrations werein proximity to the M M CEM Sdetection limits of those metals. At these
levels, measurement precision is not optimum.
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Idedly, an evaluation of the performance of the M M CEM Sin conjunction with aparticular source
ctegry should be made under conditions in which operation of the source, and stack gas conditions
are highly stable, and numerous metas are represented in the stack gas stream. This stability is
essentia for dlowing adjustment of the M M CEM S in order to achieve optimum performancein
accordance with source conditions. Unfortunately, in the case of the plasmaarc waste trestment
sysanrady wasthe entire sy stem operated at even pseudo-stable conditions for asufficient period
of timeto dlow the necessary adjustment of the MM CEM S. Often, duringwhat would appear to
begdde plasmaarc operating conditions, the M M CEM Swould be adjusted and cdibrated only to
repquirereadustment and subsequent re-cdibration shortly theresfter to accommodate a considerable
shift in stack gas conditions. Of specific concern was the fluctuating stack gas moisture content.
Whilethe M M CEM S appeared to easily accommodate the highest levels of moisture encountered
during the test exercise, it was difficult to identify optimum operating parameters that best
aoommodated the entire range of stack gas moisture loading encountered. Accordindy, the varying
aonditions described above were likely not conducive to supportingameaningful evauation of the
robustness and analytica performance of the MM CEM. In quditative terms, the TraceAIR
M M CEM S performed well considering the high and often varying levels of stack gas moisture
encountered, especiadly duringthe introduction of the gray epoxy paint. Thisfinding vaidates the
utility of many of the process improvements that have been made to the TraceAIR system
spedficdly toimprove the tolerance of the instrument to high moisturelevelsin the stack gas. These
improvements included the implementation of vacuum eductors to replace conventiona vacuum
pumps for providing suction for sample extraction and transport.

To ahieveacomprehensive evauation of the performance of the M M CEM Son aparticular source,
dak ges meta emissions should be present a concentrations that are comparableto the gpplicable
dandard. This can be achieved by various means including “ spiking’ of the waste feed with various
metals or ddiberate introduction of metal aerosols into the exhaust gases. Nether option was
available during the present test exercise, and gven the primary purpose of this exercise, i.e.,
evaluaion of the operation of the PAHWTS, and loca regulatory restrictions, this was
udagandable. Accordingy, futuretest exercises aimed specificaly at evaluating the performance
of the M M CEM S as a compliance tool should include provisions for creating stack gas metd
emissons of appreciable magnitude to alow meaningful comparisons between the M M CEM Sand
reference method.

Although the number of experiments conducted duringthe PAHWT SFIT test was not sufficient to
aupport asecond RATA exercise, the andytica results obtained served the purpose of confirming
the compatibility of the MM CEM S for providing compliance monitoring in conjunction with
opadion with the PAHWTS. Whileit was likely that more metds were not be detected by either
the MM CEM S or M ethod 29 than were detected, it was useful to assess the degree to which the
M M CEM S was capable of returning vaues indicating non-detect levels of metas that were not
present. Thiswas confirmed by the Reference M ethod 29 results.

From a qudlitative perspective, the FIT test provided an opportunity to examinethe efficacy of
recatly medeprocess improvements that were intended to mitigate the adverse effects of high stack
ges modurelevels. Assessment of these aspects was achieved through examination of the anaytica
reults (M M CEM Svs. M ethod 29) and overdl robustness of the M M CEM S hardware under the
anticipated high moisture conditions.
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As aresult of recent process improvements intended to mitigate the adverse effects of high stack
gas-moisture levels, the analytica objectives were achieved. Hardware and methodology
modifications proved adequate to accommodate the stack gas moisture effects, and demonstrate
robugt operation. It isimportant to note that the M M CEM Swas fully automated and designed to
fundion without human assistance. Freedom from moisture-related problems validated this aspect
of the sy stem's performance.

Whilethe Reference M ethod 29 stack testing results generated by USACHPPM duringthe various
wadtetrestmant sessions provided an assessment of time-averaged metd emissions as aresult of the
integrative nature of that technique, those results were not available for 2-4 weeks following the
conduson of theH T test. The M ethod 29 results provided aretrospective indication of the efficacy
of the PAHWT S process and that of the pollution abatement system. The M M CEM Sprovided
neady indantaneous, time-resolved measurements of stack gas meta emissions that proved to be of
significant vaue in facilitating process improvements for the PAHWT Sduringthe FIT test. The
MM CEM S provided an additiond advantage in that it documented the changng stack gas metd
emissons & thebegnning of waste feed introduction into the PAHWT Sand at severd criticd points
duingthe waste treatment cycle. Thiswas an unprecedented capability and signified the potentid
vdueofthe M M CEM Sas a process monitor as well as acompliance assurancetool. As aresult of
the PAHWTSHT tegt,theM M CEM Swill provideits potentia as an integral part of amodern waste
trestmant fadlity , and accordingy, should warrant consideration for inclusion in the find instalation
of the PAHWT Sat its intended site.
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5.0 COST ASSESSMENT
51 TOOELEARMY DEPOT DEMONSTRATION/VALIDATION EXERCISE

TheTrasrAIR™ M M CEM Sis intended for use as an automated piece of equipment, requiring only
minmum human attention at startup, shutdown, and during preventative maintenance. Duringthe
demonstration exercises, the M M CEM S was manned on an intermittent basis. This was done
primarily to coordinate the M M CEM S measurements with the begnning and end of each M ethod
29 sampling session. Thelabor expenses associated with the demonstration exercises aso include
equpment setup, takedown, data archiving, and various administrativetasks. The cost assessment
for thesee@cises will reflect those labor expenses, dthough in actud future deploy ment, such labor
expenses would be al but eiminated. The exercise conducted in M ay, 1999 represented the
odintivedemonstration and validation effort for the EST CP sponsored project. Preliminary testing
of thepratatypeM M CEM S a the same site was aso conducted in 1998. Table 4 provides itemized
cost estimates for conducting the two-week demonstration/vaidation exercise & Toode Army
Depot.

Table 4. Itemized Cost Estimate for Demonstration/Validation Exercise: Operation of the
MMCEMS at Tooele Army Depot.

Cost Item Cost per Hour Total Hours | Total Cost
Argon gas $3.20 120 $384
Electricity $1.00 120 $120
Labor (P.1.)* $110 240 $26,400
Misc. Consumables - - $600
Transportation (P.1.) - - $3,000
Misc. Trave (P.1.) - - $3,000
Method 29 T esting** - - $35,000
U.S. EPA*** - - $40,000

*|_abor eqensssiorPrindpd Investigator i nclude preparati on of equi pment for transport to test site, equi pment setup and takedown,
preparation of equipment for transport to homefacility, dataand test report preparation.

**Method 29testing conducted by USA CHPPM; expensesincludetravel, transport of equi pment, fees for post-test |aboratory
analyses, and generation of an air pollution assessment report.

***Validation testing witnessed; test results reviewed and verified by two U.S. EPA officials.
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52 PAHWTS (RETECH CORPORATION) DEMONSTRATION/VALIDATION
EXERCISE

The demonstration/vaidation exercise conducted in conjunction with the PAHWT Swas similar in
execution to that conducted at Tooele Army Depot with severa important exceptions that are
reflected in the various costs associated with this exercise. While similar logistica efforts were
required topaticipate in the PAHWT SFIT test, the number of test runs were significantly less than
thet requiredforthetes at TEAD. Sincethe USACHPPM staff conducted M ethod 29 testing as part
of the FIT test, there was no expense to the present demonstration/vaidation project for their
services, which were valued a gpproximately $20,000 for the metd emission testingaone. This
exercise was not witnessed by the U.S. EPA, nor did anyone from this agency request areview of
the test data Table 5 provides itemized cost estimates for conducting the two-week
demonstration/vaidation exercise a the Retech facility.

Table 5. Itemized Cost Estimate for Demonstration/Validation Exercise: Operation of the
MMCEMS at Retech Facility (PAHWTS).

Cost Item Cost per Hour Total Hours | Total Cost
Argon gas $3.20 120 $384
Electricity $1.00 120 $120
Labor (P.1.)* $110 240 $26,400
Misc. Consumables - - $300
Transportation (P.1.) - - $3,000
Misc. Trave (P.1.)** - - $3,000
Method 29 Testing*** - - $20,000

*|_abor eqensssiorPrindpd Investigator i nclude preparati on of equi pment for transport to test site, equi pment setup and takedown,
preparation of equipment for transport to homefacility, dataand test report preparation.

**|nitial FIT test postponed fromduly 1999 to October 1999 requiring additional travel and labor for P.1.

***Method 29 testing conducted by USACHPPM as part of FIT test.
5.3 IMPLEMENTATION COST CONSIDERATIONS

T he current manufacturer's quote for the cost of a TraceAIR™ MM CEM Sfor instdlation on
muitiple APE 1236 furnaces is gpproximately $320K. This figure represents asignificant discount
rddivetotheacquisition cost to privateindustry. Further discounts may depend on such factors as
thenumber of units purchased, and the time of purchase. The cost of annua operation of a $300K
M M CEM S operating 24 hours a day, including amortization of the unit over 5 years, has been
independently estimated at $80K-$90K (Ref. 13). Using the $320K capitd cost figure for the
TracAIR™ MM CEM S and adjusting the previous annud estimateto reflect ahigher unit cost, and
an operation of 15 hrs/day 5 days/week results in an estimated annua cost of $75K-$80K/yr.
Amortized over 10 years the estimated cost drops to $48K-$53K /yr.
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Cost savings associated with the MM CEM S may be redized through, but not limited to reduced
rdiance on waste feed characterization, relaxation of waste feed restrictions, and avoidance of fines
from exceeding emission limits. Cost savings from reduced reliance on waste feed characterization
would bebesad on reduction of labor costs for research and documentation. Storage and survelllance
aogts woulddso be reduced through an increase in the disposd rate. Relaxation of waste restrictions
could increase throughput and produce costs savings by reducing the amount of operating time
required to dispose of agven amount of materiel. In some cases the compliance assurance afforded
by anMM CEM Smay provide the basis for continuing operations on an APE 1236 M 1 that emits
levels of metds a or near regulatory limits.

The following example of potentid cost savings was provided by the TEAD Ammunitions
Opedions Diretarate (Ref. 14). Under current procedures Cartridge A ctuated Devices (CADs) and
Propdlant Actuated Devices (PADs) are received in large numbers, inspected, and stored at TEAD
inbath earth-covered and aboveground magazines. Because of the large quantity of different stock
numbers of the CADS/PADs that arive, storage of these items is very inefficient. TEAD has
expended in excess of $1,000,000 over the last two years to consolidate CADs/PADs. TEAD
etimgesif theCADSs/PADs were diminated from the inventory an annua savings of approximately
$7/5,000 in inventory costs would result. However, before the CADS/PADs can be run through the
APE 1236 fumacethe waste characterization must be determined. Of the gpproximately 2,500 ty pes
of CADS/PADs currently stored at TEAD, waste characterization on only about 25 of the items
exists. Many of the commercialy manufactured CADS/PADs are obsolete and therefore in many
cases it is difficult to obtain information on the composition of these items. When waste
characterization is available for a particular item, the item must be added to the furnace operating
permit at acost of gpproximately $1,000 per item.

Since compliance assurance achieved through the use of aM M CEM S can lessen reliance on waste
characterization or feed stream analysis, significant cost savings can be achieved. In the case of
CADs/PADs, a complete dimination of waste feed characterization requirements would result in
proportiona reductions in inspection, survelllance, handling, storage, and permitting costs.

As stated above, one of the principa incentives for implementation of aM M CEM S capability is
increased throughput of waste munitions. At present, the APE 1236 furnaces are operated in a
manner intended to ensure compliance by restrictingthe hourly rate at which waste munitions can
beprocessad. By limiting the number of pounds per hour of metal compounds entering the furnace,
aproportiond limitation of hazardous meta emissions can be achieved. This relationship is based
on bathodaled waste characterization and the results of triad burn testingwith representative waste
feed items. The disadvantage of this gpproach isthat thereis no provision for interim compliance
assurance. A MM CEM Showever, more than adequately fulfills this requirement.

Thedgetived the demilitarization process is to reduce the stockpile of aparticular item as rapidly
as possible, diminate storage expenses, and make storage space available for new materids. The
rate a which the stockpile of a particular item is reduced is ultimately limited by feed rate
regridions stipulated in the furnace operating permit. Accordingy, any appreciableincreasein the
nd throughput of the furnace would result in amore rapid depletion of the stockpile. For reasons
provided above, implementation of aM M CEM Siis viewed as a viable means of achievingthese
increases. The example gven in the following discussion illustrates how this action might bring
about cost savings and to what extent these savings can be redized.
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For most of FY2000, the APE 1236 furnace at TEAD was work-loaded for deactivation of 20-mm
ammunition containing both high explosive projectiles and tracer projectiles. On average, 20-mm
rounds of this type are processed a a rate of 15,000 per day, with each day consisting of
approximatey 15 hours of active furnace operation. The weight of each 20-mm round is 0.58
pounds adthaefore the average throughput for theseitems is gpproximately 8,700 pounds per day,
or 43,500 pounds per week.

At the present time, it costs approximately $1500 per ton to incinerate waste munition items such
asthe20-mmroundsdescribed above (Ref. 15). For other munition items, costs may vary depending
on composition and complexity. The operation costs for the APE 1236 furnace are based on
accumulated, hourly expenses for labor and overhead, energy, and equipment maintenance. The
agpproximate cost of operating the furnace for one week to process atota of 43,500 pounds of
20-mm ammunition is $32,625.

Theadoptionaf continuous monitoring as an dternativeto feed raterestrictions, should in principle,
resut in regulatory allowance of modest increases in hourly throughput of waste munitions, and in
some cases, dimination of feed rate restrictions, since compliance with respect to meta emissions
can beassraddrectly (Ref. 16). Under these conditions, asignificant reduction in the per-item cost
of prooessngoould be redlized, based on the notion that the APE 1236 furnaceis presently operated
in an inefficient, waste-starved regme, and that furnace costs would remain relaively constant
Oespiteany gopreciableincrease in waste throughput. For example, if anomina 10 percent increase
inthe hourly waste feed rate for the 20-mm ammunition could be achieved the present net weekly
througput of 43,500 pounds would beincreased to 47,850 pounds. It is reasonable to assume that
this increase could be accommodated with no additiona furnace operating cost burden (e.g,, labor,
fud ail). Thus, there would be apotentia reduction in processing cost from the present $1500 per
ton to $1364 per ton, which would translate to weekly savings of $3060, or yearly savings of
$159,120.

5.3.1 Potential for Payback on MMCEMS Capital Cost

Asdiscussed in section 5.3, if the cost of the acquisition of the M M CEM Swere amortized over a
fiveyear period, annua costs of ownership and acquisition, including ancillary expenses for argon,
energy, consumable items, etc., would be $75-80K. |f operationa cost savings of the magnitude
predicted above are redized through increases in waste munitions throughput, the estimated
M M CEM S acquisition and operating costs would be easily offset and anet annua savings of as
much as $79,000 may result.
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6.0 |IMPLEMENTATION I SSUES
6.1 COST OBSERVATIONS

T here were no significant deviations that affected project costs. The actud costs did not differ
significantly from theinitid estimates.

6.2 PERFORMANCE OBSERVATIONS

Thegod for the performance of the M M CEM Swas ardative accuracy of 20 percent or less, when
compaed totherdference method test results, for each of the 10 target metds. Twelvetest runs were
conduded, fromwhich 9 sets of datawere selected for the dataanadysis. No problems resulting from
the instalation/operation of the M M CEM Swere encountered duringtesting, and the final testing
was accomplished according to schedule.

6.3 OTHERSIGNIFICANT OBSERVATIONS

Sonificant changes in the operation conditions of the APE 1236 M 1 could affect implementation
of theMMCEM S. Subsequent to the verification test effort, modifications were made to the design
of the production APE 1236 M 1 Hazardous Waste Incinerator a¢ TEAD. These changes have
resulted in asignificant increase in the stack operating temperature. The redesign is currently
undagoing evauation. Based on the results of this evauation the modification may beincorporated
ino dl existing 1236 M 1s in the APE inventory. As aconseguence, afollow-on effort was funded
by the Defense Ammunition Center to adapt the MM CEM Sto operate at the devated stack
tempadure Preliminary testing of the redesigned MM CEM sampling sy stem has indicated that the
paformance of the M M CEM Swill not be affected. Formal testingis currently scheduled for July
2000.

6.4 REGULATORY AND OTHER ISSUES

A workingrdationship was established with the EPA Office of Air Qudity Planning and Standards,
Emisson M easurement Center (EM C), prior to theinitiation of this EST CP effort. The EPA EMC
was involved with the planning of the verification test effort, having reviewed the test plan and
provided comments and recommendation prior to findization. The EPA EM C was present during
the verification testing, and was responsible for the review and evauation of the test results.

The Saedf Uteh Department of Environmenta Qudity (DEQ) became familiar with the MM CEM S
through visits to TEAD during fied testing prior to the ESTCP verification test effort. A
representative of EPA Regon 8 aso visited the test site duringprior M M CEM Sfidld testing at
TEAD. Permits for the prior field tests, as well as the verification testing were issued by the DEQ.
The DEQ was briefed on the EST CP verification test effort prior to initiation, and visited the site
during verification testing.

Theresutsaf this test exercise conclusively validated the suitability of the TraceAIR™ MM CEM S
for this specific compliance monitoring gpplication. Thetest datawas submitted to the U.S EPA
OAQPSEM Cfardficia approvad of use of the TraceAIR™ M M CEM Sin similar munitions demil
gplictions TheEPA EM Creviewed the test results and issued adetermination that theM M CEM S
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with limited exception, “has met and exceeded the performance criterid’ outlined in the EPA's
Paformance Standard 10, which outlines performance requirements for MM CEM Ss. The system
becare thefirst, and a this time only MM CEM Sto met the EPA performance requirements. The
EPA EM C dso investigated having the MM CEM S participate in the EPA's Environmenta
Tednology Verification (ETV) program. It was determined, however, that the EST CP verification
effort had gone above and beyond what would be required for the ETV program, and that there
would be little or no benefit gained from participatingin the ETV program. The EPA is currently
workingtodissamingte information on the performance of the M M CEM Sto the EPA Office of Solid
Waste and regonal EPA permitting authorities in order to gain widespread regulatory acceptance.

The savings redized through use of an M M CEM Swill depend largely on the degree of regulatory
aooptance. Current M ACT regulations encourage incentives for the use of an MM CEM S but any
odermination to alow such incentives would be made by regona EPA permitting authorities, and
the ultimate decision lies with state environmenta permitting authorities.

6.5 LESSONS LEARNED

Thekey to the success of the verification test effort was the partnership with the EPA EM C. The
familiarity of the EM C with air monitoring helped identify a problem with the sampling sy stem of
the MM CEM . The EM C recommended that Dr. Andrew M cFarland be consulted concerning his
design of the shrouded probe. T he shrouded probe was incorporated into the M M CEM sampling
system and helped diminate the sampling losses that plagued early test efforts. Also, havingthe
BM C reviev andcomment on the test plan for the verification test effort helped ensure that the data
generaed during testing was valid and acceptable for comparison against pertinent EPA
standards/requirements.

6.6 END-USERISSUES

Among competing technologes, the TraceAIR™ MMCEMS has demonstrated unmatched
sastivity, range of simultaneously detected metds, and an unprecedented level of automation. As
areslt of a successful technology transfer campaign, and an ambitious effort to patent many of the
various features and methodologes that comprise the TraceAIR™ MM CEM S, the TraceAIR™
MM CEM Siis a thetime of this writing, the only technology in its category that is commercidly
avalable. A mutualy-beneficid technology license agreement between the Navy and private
industry has been negotiated that will provide a source from which the DoD can acquire this
technology, and generate roydty revenues for DoD, for non-government sales of theM M CEM S.

The level of viglance, and hence, compliance assurance that a M M CEM S affords, will be the
odeminingfator in terms of what regulatory incentives can be anticipated as a consegquence of ther
implementation. For instdlaion of aM M CEM Swith capabilities similar to those afforded by the
presmt sy stem, maximum operationa advantages and benefits can be expected including relaxation
of waste feed raterestrictions, relaxation or dimination of the requirement for detailed waste feed
characterization, simplification of furnace permitting processes, and elimination of the need to
modify furnace permits to accommodate new waste feed items. The extent to which competing
M M CEM S technologes fall to provide the required capabilities will dictate what regulators will
allow in return. As the level of viglance and compliance assurance is reduced, because of a
prosgpative sy stem's inability to measure all 14 HAP metds, to measure dl metas simultaneously,
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o toproviderapid response time, present requirements for waste feed characterization and feed rate
restrictions are more likely to be maintained.

Bey ond providing compliance assurance for the APE 1236 ordnance deactivation furnaces, the
MM CBEM Stehnology is potentially suitable for anumber of diverse DoD applications. One such
goplicetion forwhich the TraceAIR™ M M CEM S has been successfully demonstrated is monitoring
meta emissions from processes involving contained firing of tactical rocket motors for disposal or
diagnostic purposes. In 1998, the TraceAIR™ MM CEM S was used to record time-resolved
emission data for lead during the contained firing of Shilldagh anti-tank rocket motors. The
M M CEM Sdata confirmed the efficiency and adequacy of filter ements used to remove copious
amounts of paticulate matter from the exhaust gases of the containment vessel following completion
of themotor firing. The M M CEM S has dso been considered for gpplications involving diagnostic
messurements for emissions from detonation chambers such as that located at Blue Grass Army
Depat in Kentucky. Findly, the Office of the Program M anager for Chemical Demilitarization has
eqressad itsintent to install as many as four TraceAIR™ M M CEM Sat the Toode Chemica Agent
Dispos Fadlity (TOCDF) in Utah, as part of astrategy to ensure compliance and lessen to acertain
extent, its present reliance on waste feed stream andy sis.
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Environmenta Division
Toode Army Depot
Toode, Utah 84074
435-833-3504

Mr. Mike Pattison

U.S Army Center for Hedth Promotion and
Preventive M edicine

Aberdeen Proving Ground, M D 21010
410-671-3500

Mr. Bob Wishart

U.S Army Center for Hedlth Promotion and
Preventive M edicine

Aberdeen Proving Ground, M D 21010
410-671-3500

Dr. Geoff Coleman
Thermo Elementa
27 Forge Parkway
Franklin, M A 02038
508-553-1283



Mr. Jerry Parkin

Utah Department of Environmenta Quadlity
Division of Solid and Hazardous Waste
St Lake City, UT

801-538-6170

Mr. Rick Page

Utah Department of Environmenta Quadlity
Division of Solid and Hazardous Waste
St Lake City, UT

801-538-6170

Mr. Jim Wheder

U.S Army Defense Ammunition Center
M cAlester, OK 74501

918-420-8901

A-2

Prof. Andrew M cFarland

Department of M echanical Engneering
Texas A&M University

College Sation, TX 77843
409-845-2204

Retech Corporation

100 Henry Sation Road
Ukiah, CA
707-462-6522

Mr. Karl Bleyhl
U.S Army Operationa Support Command

Ammunition Peculiar Equipment
Rock Island, IL
309-782-7284



ESTCP Program Office

901 North Stuart Street
Suite 303
Arlington, Virginia 22203

(703) 696-2117 (Phone)
(703) 696-2114 (Fax)
e-mail: estcp@estcp.org
Wwww.estcp.org






