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1.0.0 Summary

1.1.0 Purpose and Overview.

The purpose of this report is to describe the Army's experience in
the dlsposal of chemical agent/munitions and how this experlence led to the
gholce of lnelneration for the disposal of the chemioal stockplle, This
report discusses the historical background of disposal, the sclentific reviews
that led to the use of ochemiocal neutra)lzation for nerve agent, and the
problems encountered with neutralization that led to adoption of the
alternative of lnecineration for nerve agent. Thio report also discusses the
Army's experience with inoineration, the inoineratior. and pollution abatement
Jystems to be used in the propossd chemiocal stockplle disposal program, and
the test program being conducted by the Army to verify performance and
gnvironmental compliance,

1.2.0 Historical Background.

a. Between World War I and 1969, methods of chemical agent/munltions
digposal inecluded open pit, burning, étmospheric dilution, burial, and ocean
dumping., Such methods of chemical disposal were also commonly practiced by
industry also before public concerns with environmental, health, and safety
Lsaues beocame oritically important., The last ohemloal munition ocean dump
ooourred with Operation CHASE in August, 1970, 1In response to suoh public
ocongerns, the Natlonal Academy of Solences (NAS) was requested by the
Department of Defense to parform a solentiflo review of chemical
agent/munitions disposal. The NAS In June, 1969 recommended abandoning ousan
dumping as a method of disposal. As alternatives, two different disposal
methods were suggested based on the Army's experisnce at that time: ohemioal
neutralization of nerve agent GB and incineration of blister agents H and HD.

D. 1In 1972, a Senlor Advisory Panel report (alao known as the Gross
Report) confirmed the original recommendation of the NAS for the dual method
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approach to disposal and added that the Army should continue to test
_ineineration for disposal of GB and VX. In the early 1970's, inoineration of
hazardous wastes was a relatively new Eechnology. By 1970, the Army had had
experlence in i{ncinerating mustard (3,000 tons at Roocky Mountain Arsenal) and
in neutraliring GB i{u limited fleld operatlions.

1.3.0 Neutralizatlion,
1.3.1  Introduction.

a. In the next major chemical munitions disposal after
Operatlion CHASE, the Army was cinarged with getting rid of excess stooks of
mustard and 0B munitions at Rooky Mountain Arsenal (RMA). In executing its
¢harge, the Army followed the 1969 recommendations of the NAS, by incinerating
the mustard and neutrallzing the GB. Let us temporarily put incineration
aside and fucus on why neutralization was generally considered before
incineration, what is neutralization, what was the Army's experierice with
neutralization (GB only on the Industrial-scale), huw the processes were
executed at RMA and Chemical Agent Munitions Disposal System (CAMDS), énd what
werae the problems encountered,

b. Neutralization was attempted before incineration because of
the Army'a familiarity with neutralization in fileld disposal and
decontamination operations, Neutralization is used in the ganeric sense of a
chemical reaction of the toxic chemlcal agent with another compound to render
a less toxic product., In some cases, the reaction is literally a true
chemival neutralization wherwe the chemlcal agent which aots as an aocid
undergoes reaotion with a base to form an organle salt.

¢. Mustard agent can be neutralized by hydrolysis or reaoting
with an excess of monocethanolamine. However, the homogeneous liquid organic
waste that ls produced must be disposed of, In addltion, the high amounts of
impurities in the mustard, particularly the "Levinsteln" veralon rendered
neutralizatlion difficult. Beocause the organic waste was beat disposed of by
inecineratlon, it was thought best that mustard i{tself should be inoinerated in
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the first place eliminating the need for neutralization. Thus, no industrial-
scale neutralization was carried out for mustard.

d. Chemical agent VX can be neutralized by acid
chlorinolysis, However, nesutralization of VX was never demonstrated at the
industrial-scale,

8, The only ohemical agent with which the Army has had
industrial-svale neutralization experience is OB, (B was neutralized with
caustio sodlum hydréxide. The caustic neutralization reaction is sensitive to
goncentration, pH, and temperature. 1L is alwo reveraibla, albslt marginally,
and reformation of GB ls posalble under fairly restrictive conditliona,
Approximately 8.4 million 1lb of OB have been neutralized on an industrial
scale at the RMA and CAMDS (see Table 1~1),

1,3.2 Roaky Mountain Arsenal (RMA).

a, The neutralization operations at RMA occurred under two different
projecta: Project Eagle - Phase II and Project Eagle -~ Phase Il (Expanded).
(Projeot Eagle - Phase I consisted of the inoineratlon of ton containers of
mustard betwaen July, 1972 and March 1974 and is ocovered later ih Section
T.4.2) Prdjeot Fagle ~ Phase 1. consisted of the disposal of 21,114 M3Y
Cluster Bombs between Qctober 1973 and November, 1976, Project Eagle - Phass
Il (Bxpanded) consisted of three diaposal sub-operationa: (i) GB agent in
five underground storage tanks (ii) 2,427 ton contalners, and (1ii1) 106
Honest John M190 warheads (each oontaining 368 M139 bomblets), 1222 fused M139
Bomblets, and 39,632 unfused M139 bomblets. Project Eagle - Phume II
(Expanded) took place between September, 1974 and November, 1976 (refer to
Table 1-1 for the dates and amounts of 0B neutralized for each sub-operation).

o, The process of disposing the munitions oconaisted of disassembling
or atripping the explosives or fuses and rendering them from functioning,
inoinerating the exploslves or fuses (1f present), draining and atoring the
liquid 0B, chemically decontaminating the empty munition or oontainer,
nhearing the burster (1f present), and thermally deaontaminating metal parts,
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c. No procesaing was required for dispcsal of the (B held in
underground storage tanks other than that of in-line filtering to remove any
sollids. The GB was direotly pumped from these tanks to neutralization
reactors,

d. During all disposal operations at RMA, the same process was used
for neutralizing GB, The (B that was drained was pumped to a holding tank.
From the latter, it was mixed with caustic, The mixture of GB and caustio
flowed to a reactor, The brine resulting from the reaction mixture was
continuously agltated and reocirculated. Heat generated from the reaction was
removed. When the neutralization was determined to be complete by sampling
and testing, the brine was reduced to salt by evaporating the water. The
water vapor was scrubbed befor atmospheric discharge and the salt packed in
drums for disposal. Waste water from the ascrubbing proocess and periodic wash
down of the reactors was transferred to an industrial sump or lagoon.

€, The neutralization process at RMA was for the most part
successful in achieving its mission. However, there was one environmental
concern that would not have been considered as a ooncern at the time of
reutrallization: although the waste water contributed to contaminaticn of the
underground water, it was then common industrial praoctice to dispuse waste
water by allowing it to avaporate from a lagoon. The solid waste included
decontaminated metal parts, furnace ash, and the spray dried salt. The
decontaminated metal parts were sold as scrap. Furnace ash was not disposed
of until 1986, and thus became subject to the Resource Conservation and
Recovery Act (RCRA) that required placement in a hazardous waste landfill
beoause of the presence of heavy metals that was not required in the 1970's
when the ash was generated, The 21.5 million 1lb of spray-dried salt that werc
genegrated in the 1970's also became subject to RCRA, The salt was placed in
an approved induvstrial hazardous waste landfill in 1986. The only problem
that would have been an environmental problem at that time was the reformation
of minisculs amounts of GB in the spray dryer gas stream. The problemn wus
solved but it required tedious studier that resulted in a combination of
adjusting the pH and brine flow rate, reducing operating temperature, and/or
changing the fuel.
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1.3.3 Chemical Agent Munitions Disposal System (CAMDS).

a. Following the completion of the RMA neutralizatlon programs,
effort was initiated at CAMDS (Table 1-1) to dispose of the M55 rockets and
155mm/105mm projeqtiles.

b. Between September, 1979 and April, 1981, 13,951 M55 rockets were
demilitarized at CAMDS. The process consisted of drainin; the liquid 0B,
cutting the rocket into pleces with a Rooket Demil Machine, inocinerating the
explosive/propsllant and thermally deccntaminating the metal parts in the
Deactivation Furnace System (DFS), and storing the GB for neutralization,

c. Between July, 1981 and July 1982, 12,673 nonburstered 155mm and
105mm projeotiles were disposed of. The process annsisted of extracting the
nose closure, pulling the burster well, and draining the liquid OB with the
Projectile Pull and Drain Machine; thermal deonntamination of the empty
projectiles in the Metal Parta Furnace (MPF); and storage of the GB for
neutralization,

d. The OB was neutrallized at CAMDS using the Agent Destruction
System (ADS). The ADS was modeled after the existing facilities at RMA with
gertain modified equipment configurations, In the ADS deslgn, the caustio and
GB are blended in the reantor rather than in a mixing tee, as done at RMA.
Also, the heat of reaotion ias removed by a reactor redirgulaticn system and
codling jacket in %ie ADS rather than a heat exchanger downstream of the
mixing tee, as done at RMA. These modifications were done to uliminate
foaming and line plugging problems experienced at RMA and to improve process
operations in general. Also, these changes were necessary to agoommodate
naustic neutralization of the VX acid brine in the seoond step of the VX
neutralization prooess,

€. The other gignificant difference wés the changeover from the use
of spray dryers at RMA to drum dryers at CAMDS for evaporating the water and
reduaing the brines from neutralization to salts. The maln reason for the
changeover was to avold the conditions present in spray drying that were found
to be oconducive to GB reformation; thease conditions were the high operating




temperature and exposure to acidic combustion gases. Furthiermore, the drum
dryers involved much less air volume because air wéé usad not for heat
transfer but only as an effluent to ocarry away water vapor; thus, a smaller
volume of air had to be dealt with in the event of GB emission. The operation
of the drum dryers was also more cost-effective thar the spray'dryers.

f. Significant problems were encountered with the UB neutralization
process at CAMDS., The neutralization process did not follow the expected
sourse and preaeﬁted two major problema: (1) minute gquantities of OB wers

‘found in the brines and (2) the process took significantly longer than
expeoted., A significant portion of the problems CAMDS was experisncing can be
explained by the change in the standard for certifying that the brins was
agent-free. At RMA, bthe standard that was imposed was the mere prasence of 5%
exoeas caustic in the brine. However, after RMA faced problems with B
emission In the spray dryer, the Department of Health and Human Services
adopted a more gstringent staudard requiring testing of the brine. Thia
standard was converted into the certification target level of novmore than 2ng
of GB per ml of brine, Thus, faced with a much stricter standard, CAMDS had
more difficulty. The.Army spent over $7 wmilllon in attempts to determine the
cause of the presence of minute quantities of OB in the brine after
neutralization. Four predominant theories were proposed but not confirmed:
reversal of the reaction under equilib ium vonditions, ocolusion or
encapaulation with solids, introduction as an artifact under the analytical
'bébcedures used to deteot GB, and false positives resulting from the complex
sanile matrix, In efforts Lo achlieve the certitication Larget level, the
provess took much longer than the expected four hours. Some neutra.lization
react lony took as long as forty days while most were 10 to 20 days. Excess
caustiao was added to accelerate the neutralization reaction and this resulted
in signifiocantly high salt production. Other prohlems had to do with residual
water left in the storage tank before Filling with GB. Apparently, the water
reaocted with the GB In a hydrolysls that resulted in a very low pH solution
that consumed more caustic than expeoted and formed a hard to pump sladge that
oocas lonally led to pilpe-ologging. On other ocoasions, although UB was added
to the reactor in a controlled manner to reduce heat Luild-up, the use of a




cooling system reaulted in too low temperatures that caused preoipitation to
clog pipes from the reactor vessels.

_ g. The problems encountered with industrial-scale neutralization of
GB led the Army to abandon nsutrallzation for disposal of chemiocal munitions
regardless of the type of chemioal agent present. As previously mentioned,
the NAS 1969 report had recommended inoineratlng'mustard. VX, whioh was next
te be neutralized, was not neutralized on an industrial=-scale because of the
problems experienced with OB neutralization. The rationale for abandoning
neutralization was based on a number of factors: (1) the sheer aomplexity of
the process (as compared to incineration whioch was the emerging industrial
technology for disposal of organle substances)vand the senaitivity ¢f the
proocess Lo numerous pirameters that would slow the reaction or even promete
hydrolysis reversal reiorming 4B, (2) the quantity and nature of the waste
that was produced, and (3) the high capital ocosts (for the complex of
equipment required) and operating costs. On March 9, 1982 at a Cont'iguration
Policy Board meeting, the Army oft'ioially declided to abandon neutralization
and adopt incineration for disposal of chemioal agent/munitions.

1,4,0 Incineration.
1.4,1 Introduoction.

a8, As a vlably alternative, incineration was seriously

consldered for a number of compelling reasons, It has alwsys been the Army's
preferred method for disposal of mustard agent and {t {3 the only approved
method for ensuring that an item that has coma L(n vontact with chemlcal agent
is cumpletely decontaminated., Inolneration is fairly simple, straightforward,
and avoids the problems experliences with OB neutralization., The products of
ocombustion do not allow reformation of the reacéants such aa GB. Inoclneration
doas nct produce as much waste as neutrallzation and furthermore, the waste is
generally inorganie. The capital and operating costs of inoineration are much
less than those of neutralization., Last, but not least important is the fact
that one incinerator was required to augment neutralization in disposal of
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chemical munitions, Because neutrallzation applies only to the agent, an
incinerator had to be used to dispose of explosive/propellant ocomponents and
thermally decontaminate munition oavities and metal parts. Because
inoineration would be required anyway, there was little reason to not use it
for complete instead of partial destruction and eliminate neutralization.
Incineration {s the thermal decomposition of organic sompounds into simpler
inorganio, innoouous compounds, mainly water and oarbon dioxide. In addition
to these two compounds, aoid gases such as hydrogen fluoride (from GB),
phosphorus pentovide (from CA, CB, and VX), nitrogen dioxide (from GA and VX),
and hydrogen chloride (from mustard) arise from combustion of chemical

agent, These anid gases are easily removed by scorubbing.

b, The National Research Counail (NRC) restudied the guestion
of the most safe, effective, and economical meana for chemical agent/munitions
disposal at the request of the Army in 1982. After reviewing the advances in
technology since the 1969 NAS report, the NRC conoluded that thermal
destruation was the best means for disposal.

0. Inclineration i3 a safe and environmentally sound method of
destroying toxio organic compounds, where toxlelty is a function ¢f the entire
compound (as with chemical agent), and is used commercially for disposal of
polychlorinated biphenyls, pesticides, herblclides, and hazardous organio waste
producta,

d. The Army's experience in inoineration of chemioal agent
includes dlgposal of over 6.26 million lb of agent (over 60,000 munitions and
ocontainers) at RMA and CAMDS together as shown in Table 1-1,

1,4,2 Rooky Mountain Arsenal (RMA).

a. Two major disposal operations using inoineration have heen
acgoomplished at RMA, The firat, desaignated as Project Eagle = Phase I
ocourred betwean August, 1972 and February, 1974 and disposed of 6,14 million
1b of mustard agent (H and HD) in ton oontainers. The second operation




involved disposal of over 21,000 Chemical Agent Identification Sets (CAIS)
which oontalned about 36,7000 1b of various chemical agents (see Table 1-1).

b, FroJect.Eagle = Phase I was Intended to diaposs of excess
stooks of mustard agent stored at RMA since the 1940's. They were acheduled
for ocean dumping until the NAS reobmmendad inoineration., The disposal
prooess conaisted of: (1) preheating the ton oontainer, (2) draining of the
mustard agent, (3) inoineration of the agent, (4) thermal decontamination of
the container, and (5) furnace emission control.

(1) ‘The primary lncinsrator for disposal of the drained
mustard agent was the modified hydrazine furnage. A ton ocontalner furnace was
used to inc¢inerate the agent residue left in the ton contalners, The
Pollution Abatement System (PAS) for the furnaces inoluded a caustic quench, a
sorubber system, an eleotrostatic precipitator and stack. The four-atage
electrostatic precipitator was added to enaure particulate emission and stack
opacity limits were met because rust (iron oxlde) from inside the tou
containers posed potential emissions problems. All waste water and sorubber
brines generated by the PAS were dried into salt using a spray dryer.

(2) During inoineration, the stack and work area were
monitored for mustard., In addition, the perimet:r was monitored tor nitrogen
dioxide, sulfur dioxide, ozone, suspended partioculate, and for HC1l with
gequential samples on a aix-hour ceyele monitor, Although particulate emission
standardy were ocoasionally exceeded, Projeat Eagle - Phase I had no
significant impact on ambilent alr quality.

(3) & total of 14 milllon L1b of spray drled sall wan
produced during Project Eagle = Phase I, While the majorlty of samples of the
salt did not show them to be RCRA hazardous waste, minute quantlities of
argenlo and lead In some samples and sample varlabllity foroced a deoistion tu
plase all of the salt in a RCRA hazardous waste landt'ill., 'The decontaminated
ton containers were sold as matal sorap, The ash and elsotrostatice
precipitator reaidue were disposed of by land dilution,

¢. The second major incineration operation at was the disposal
of CAIS astored at RMA., CAIS were used for identification of various ochemioal




agents during tra.ning but were declared obsolete {n 1971, There wers 18
different set configurations with each set containing from one to five
different agents., Although normally only one chemical agent at a time is
processed during disposal, the agents could not be easily separated and henne
they were lnolnerated simultaneously. This circumstance made the CAIS
disposal oparation unique,

(1) The CALS were first inoinerated in the RMA
Deaotivation Furnace followed by the RMA Decontamination Furnace. The same
Deaotivation Furnace used in the disposal of the Honest John warheada was used
for the CAIS disposal exoept that it was modifled by addition of an
afterburner to agecommodate glass ampules and bottles, The same
Decontaminat {on Furnace used in the di{aposal of the Honest John warheads waa
used for CAILS disposal also except that it was modified by Ilnstallation of a
new high-temperature refractory, pedestals to support the CAIS shipping
containers, and reconflguration of the burners to ensure uniform heating. An
electrostatio preoipltator was added to the PAS tc remove arsenic oxide and
other particulates in the furnace exhaust. The PAS, in addition, had a quensh
and dual pagked golumn sorubbers to remove acid gases., All waste water,
gquench, and PAS scrubber brines were dried lnto salt with a spray dryer.

(2) The work areas and stack emissions were monitored for
the presenas of any of nine chemlcoal agents, The spray-dried salt was drummed
and disposed of in 1985 In a hazardous waste landfill., The eleotrostatioc
preacipitator residue, found to contain excessive arsenic, lead and zinc, was
drummed and placed {nto a hazardous wagte landfill, The furnace residue. In
spite of its acoeptability for disposal in a sanitary landfill, was also
placed in a hazardous waste landfill. The lead from the gaskets in the CAIS
shippling ocantainers was sold as sorap metal while the CALS shipping
containers, themselves, were retnined after thermal deoontamination tor use as
averpacks. for ledking ohemtcal munitiona,

1.4.3 (hamical Agent Munitions Disposal System (CAMDS).
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a. The primary purpose of CAMJOS ls to test and evaluate equipment
and processes to be used in chemical agent/munitions disposal plants. While
CAMDS 1a authorized to dispose of some chemical agents/munitions, this
disposal usually acoompanies the primary purpose of data acllection and test
and evaluation of process equipment. CAMDS experience with inoineration of
chemical agent (shown in Table 1-1) consists of disposing 75,000 1b of GB and
8,000 1b of VX (i.e., 38,000 munitions). Three furnaces have been used at
CAMDS: Deactivation Furnace System (DFS), MPF, and Liquid Inocinerator
(LIC). The CAMDS DFS is similar to the RMA DFS (a rotary kiln) used during
Froject Eagle - Phase II (Expanded) except that the CAMDS DFS also performs
thermally decontamination simultaneously eliminating the need for a
decontamination furnace, The CAMDS MPF is aimilar {n funotion to the ton
oontainer furnace and decontamination furnace, both used at RMA except that
the CAMDS MPF hds the additional capability of inoinerating bulk liquid
agent, The CAMDS LIC was determined to be necessary whan it was found to ba
more efflolent to drain chemical agent from a munition or bulk container and

then to inoinerate or thermally decontaminate each separately in a LIC and
MPF, respectively. The CAMDS LIC is analogous to the hydrazine furnace used
at RMA for {noilnerating drained liquid mustard.

b, The purpose of the CAMDS DFS is to lnholnerate residual chemical
agent and deaoti{vate explosives/propellant The DFS has experienced the
inaineration of 18,300 projectiles.. The DFS oconmists of a feed chute with
double tipping blast valves, rotary kiln furnace proteoted and isolated by &
reinforoed conorete enolosure (to shield a potential detonation), heated

discharge conveyor, sorap conveyor, asyalone separator, slagging afterburner,
and PAS. Segmented rocket pleces, munition bodies and cavities with or
without residual agent and all other charge for the DFS are fed from the
Explosive Containment Cubicle (ECC).

o, The purposs of the DFS FPAS is to remove acid gases and
partioulate from the furnace exhaust before atmospheric relesse. Thes PAS
consilats of a quench tower, variable throat venturi sorubber, packed bed wet
sorubber tower, demister, induced draft fan and exhaust staok., The DFS
exhaust i{s monitored for oxygen, carbon monoxide, carbon dioxide, sulfur
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dicxide, nitrogen dlcxide, and the presence of chemioal agents, A system of
eight perimeter monltoring stations is used to check amblent air quality.

(1) To date, four inoinerétion tests have been completed on the
DFS (See Table 1-2): (1) OB Challenge Taat, (2) Undrained M55 Rooket
Incineration Teét, (3) Pulywohlorinated Biphenyl Incineration Teat, (4)
Drained M55 Rocket Incineration Test, and (5) Ocean Dumplng Permit Application
Ahalysias of DFS Sorubber Brines,

d. The primary purpose of the CAMDS MPF ls to thermally
decontaminate munition bodies, ton containers, projectiles, and other metal
parts with residual chemical agent, in the absence of explosive/ propellant,
In addition, the CAMDS MPF can be used to incinerate bulk agent (GB and VX).
The MPF has experienced lncineration of 32;000 1b of GB, 8,000 1b of VX, and
18,897 projectiles, 7The MPF system conslsts of o charge car, a roller hearth
furnace (containing three chambers: punch, volatilization, and burnout), a
primary tume burnar, an auxillary fume burner, and a PAS. Morsover, the MPF
gystem inecludes acrap handling and cooling equipment., Items are fed from the
multipurpose demlllitarizatlion machine or bulk drain station to the MPF by the
pewer driven charge gar. The MPF PAS {3 {dontioal to the DFS PAS exvept that
the liquid Flow rates (water and caustic) are higher because of the larger MPF
exhaugt gas flow rate.

(1) 8ix types of incineration tests have been aonducted with
the MPF (see Table 1-3): (1) evaluation of the PAS, (2) (B agent injeotion
Ineineration, (3) thermal decontaminatlon of drained 105mm projeatiles, (U4) in
altu inoineration, (%) development of design data for the Johnston Atoll
Chemical Agent Disposal System (JACADS) MPF and LIC, and (6) VX agent
inolneration tests. '

e. The purpuse of the CAMDS LIC is to burn chomical agent dralned
from munitions or bulk contalners and organio matter in waste liquids suoh as
spent decontamination gciution., The CAMDS LIC has experienced operation for
over one ysar and has inolneranted 37,930 1b of GB. The LIC has a primary
burner and sgecondary burnar and [t 18 deslgned to tuke advantage of the high
haat of combustlicn of tha ochemical agent, The CAMDS LIC is one=~third the
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capacity of the LIC to be used at JACADS and the proposed ohomlcal stonkplle
disposal plants. The CAMDS LIC also differs in that it dowes not have its own
PA2, but 1s hooked up to the CAMDS MPF PAS. However, only elther the LIC or
MPF can be operated at one time,

(1) Between December, 1985 and February, 1986 a sonrien of tests
wag oonduoted to obtaln emigsions data on the LIC and the MPI PAS (with the
LIC only operating) and effluent data on the LIC sump brines, PAS sorubber
brines, and salts formed from drylng the brines, Both the particulate and
hydrogen fluoride emisaions data were conaldered (nconolusive. No sipgnificant
emiasions ar valatile or seml-volatile produets of jncomplate combustlion ware
identified. The LIC sump brines, PAS serubber brines, and salls foroed Crown
drying the brines were all found to be non-RCRA hazardous.

(2) Tests ware conducted in June, 1986 Lo obtain the
compos it ion of and concentration of pollutanta In L1C sorubber brines. ‘the
LIC seribber biines did not exhibit any matals excoeding Lhe RORA Vimiy,,
Large poat-burn increases in phosphate and fluoride concentrationn woerg shown
(due to GB inaineration). No organic priority pollutants, ofther volatile op

semi~volatile ware detected in significant amounts,

1.5.,0 Disposal Process Description,

1501 Lntwoduggigg.

a, The method of disposal proposed for Lhe Chaulual Stoakplle
Dispowal Program (C8DP) {s inaineration., The chemloal apents hal will b
digposed of are primari{ly mistard, 68, and VX with small quantitian or
lowisite and GA. ‘'The inaineratora wlll be based on JACADS donign, differing
only in fuel used and oapaoity because of Inventory varlations from site to
aite, Four {ncinerators are addressed in this roport: (1) DdES, () LT0, (3)
MPF, and (4) Dunnage Incinerator (DUN). Fach inclnerator will have La own
PAS and will also be addreussed.

1-16




1.5.2 Incinerators,

&, The CSDP DFS will consist of four separate sections: (1)
rotary retort, (2) blast load attenuatlon duoct, (3) eyolene, and ()
afterburner. In addition to its originally designed purpose of destroylng
residual agent and deactivating explosives/propallants, the DFS will be upod
to thermally decontaminate spent filters, such as charcoal filters, high
offiolenoy partioulate alr filters, and prefiltors, AL any given time, the
DFS will prooceas components from only one munition type and cne agent,

b, The rotary retort of the DFS aconsists of two fesd chubog,
eaoh with two blast gates In serles, a charge end subassembly, a Curnace
retort drive mechanism, a discharge end subassembly, and a heated dizchargo
gonveyor, The feed chutes conneot with the Fxploalve Contaloment Room, The
blast load A attenuation duot oonducts the flue gases from the retort to the
¢yolone which separates solld particulates from tho gas sbraam. The
afterburnar agombusats any organio vapor not combusted in the off gasoes leaving
the oyolone. The gases from the afterburner {low to the quench towor Lo bhe
DFS PAS.

o, The C8DP LIC ls a two=stage rotractory Lined (noinerator
deslgned to combust drained liquid chemioal agent and ovganic mabber in waste
liquor such as spent decontamination solution. The LIC conatuts of o primary
combust lon chamber and afterburner, Dralned chemical agent stored fn thoe
Toxie Tank {g pumped through duplex sbtralners to the primary combustion
ohamber where it ls air-atomized and burned. The afterburner ensures vompluete
gombustion of the ohemical agent, L{f any is atlll present, in the gages
leaving the primary combustion ohamber, Spent decontaminatlon solution i
atomlzed to the stream of gases entering the afterburner from the primarey
combust lon chamber and is inalnerated in the afturbwner, The resulbant lue
ges from the afterburner flows to the LIC PAS,

d. The CSDP MPF la designed to thermally decontaminato drained,
defused and nonburstered projectiles, bulk ltems usuch as ton gontainery aud

bomba, equipment, and contaminateu combustible dunnuge. The MPKF vonsluts of
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(1) a horizontal, three-chamber, roller hearth unit and (ii) an

afterburner, The hearth unit's first chamber is an inlet airlock that
recelves ittems for feed., The hearth's second chamber is & refractorv-lined
burnout chamber spliit into three individually contrnlled temperature zones.
The hearth's third chamber is an egress airlook. Q(ases from all three '
chambers are vented to the afterburner, a horlzontal refractory-lined
cylindrical vessel, to ensure vomplete combustivon, Exhaust from the
afterburnar flows to the MPF PAS., Hanhdling of molten aluminum in special feed
gars 18 accommodated for processing apray tanks and M116 weteye bombs.

e, Tho CSDP DUN {3 deaigned to inoinerate agent-ocntaminated
(as well as uncontaminated) dunnage. Dunnage includes sorap wood, pallets,
shipping boxea, laboratory solid wastes, work garments, and miscellaneous
waste, Metal mine drums with smallvamounbs of ocombusatible paoking will also
be disposad of in the DUN. The DUN consiats of two separate chambers: the
primary combustion chamber and an alterburner, Solid wastes are oharged into
the primary ohamber via an airlock, elevator, and ram feeder, The flue gases
from the primary combustion chamhar are ducted to an afterburner Lo ensure
complete combustlion. Hxhaust {rom the afterburner {8 vented to the PAS.

1.5.3 Pollution Abatement Systems (PAS).

4, bhach CSDP inolnerator (DFS, LIC, and MPI) will have its own
PAS, The PAS For each {ncinarator s identigal in configuration but differy
in equipment size. Tha PAS consists of the quenoh tower, venturl scrubber,
palied bed sorubber tower, demister vessel, induced-draft fan, and & common
stack, The quench btower cools wlth cauatic, in ocountercurrant flow, the hot
gasos entering from the afterburnar, untll the adlabatio saturationr
temperature i reached., fThe oooled gases from the quench touwsr enter the
venturl sorubbers which are varlablu-plug throat scrubbers with a normal
operating pressure drop aoross tha throat, Sorub solution 1s apraysd into the
gas stream Lo remove particulates. The sorubber tower separates the two-phase
flow from tho venturil sorubbers. The separated gas phase enters the demiater
vesssl Lln whioh water (s sprayed to aapture soluble partioulate. The lnduged-
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dral't fan provides the motive force for the exhaust gases throughout the
Ineinerator and PAS. The common stack provides atmospherio discharge of the
oerubbed flue gases from the PAS for all three inninerators. Sampling ports
are furnlshed in the gtaek for monitoring.

b. The DUN PAS differs from the PAS for the abova three
incinerators., It gonsiats of a quench tower, baghouse, induged-draft fan, and
a stack, Al) of the DUN FAS comnonents funotion ldentically to those
disoussed previously except for the baghouss, The baghouse is utilized ta
remove partioulatss from the gas stream by forcing the stream through a

fabrio. Dislodged solids are collected in a hopper beneath the bags and
packed into drums,

1.6.0 Incineration and Pollution Abatement Systems (PAS) Test Program.

a. A ocumprehensive taest program Ls underway at CAMNDS to verify
the performance of the munition dlsa=sembly machines, incineration, and PAS
which will be used in JACADS and the proposed CSDP. Three typcs of data will
be obtained during incineration system testing and evaluation: (1)
performance - {ncluding huat and material balances, temperature profiles,
furnaze stability, ete., (2, environmental compliance - including composition
of exhaust gases and solid reslddes from the incinerators and PAS, and (3)
environmental concerns - Javeruing the same ltems as in (@) but analyzing for
constituents not currently required but which might be required in the future,
e.g., 193¢ of Toxiclty Characterisic Lesching Procedure for RCRA
characterization of hazardous waste. A comprehensive report on performance
and operational characteristics will be prepared at the end of each agent test
window, Test reports involving environmental ocompllance and environmantal
conagerns data will be obtained by gonducting special test burns, with the ald

of a zcontractor because of the special sampling and analysis procaduras.

b. Environmental compliance data will be obtained with respect
to standards established oy the Clean Air Aot (as administered by all B states
where chemical agent munitions stockpiles are located). RCRA compliance data

will be obtained with respect to incineration emlssion standards.




e

Incineration emissinn gtandards cover the chemlcal agent, principal arganic
hezardous constituent (POHC), HCl, particulate, 50,, and opacity. RCRA
compliance data will be obtained for solid waste residus to determine if it is
a charaoteristic waste; this applies only in states where chemioal agents are
clasaified as characteristic waste. In states where the agenta are_"listed".
this data could be used for "delisting" petitiona. Environmental compliance
data will also be obtained for the Marine Proteation, Researoh.'and ‘
Sanctuaries Act (ooean dumping).

¢. Environmental conoerns data. will be obtainud on (1) produnts
of incomplete combustion, (2) heavy metal smissions from the furnaces, and (3)
Toxioity Charczoteristic Leaching Provedurus as applied to solid waste
residues.

d. Each test burn in the test program will consist of at least
one baseline or background trilal plus three trials in which the chemical
agents/munitlons'are'prooeased.' With the exception of chemlcal agent sampling
and analysls, and the brine and nitroglycerine analytical procedures, all of
which are Army procedures, Environmental Proteation Agency (EPA) approved
sampling and analysis proocedures will be used,

1~20
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2.0.0. INTRODUCTION.

2,1.0, Purpose.

a, This repcrt has been prepared in support of the U.S, Army's Chemical
Btockpile Disposal Program (CSDP) Programmatic Environmental Impact Statement
(PEIS), As stated in the CSDP Draft PEIS(I), The Army has selected
incineration as the best technology for destroying chemical agents and
nunitioné., The use of incineration for chemical agent and munition disposal
was endorsed by -the National Research Council in 1984(2), and reflects the
wide apread acceptance of incineration as an mffective, safe, and
environmentally sound method of disposal of hazardous matevrials, The purpose
of this report 1s to document the Army's chemical agent/munition disposal
experience and to explain how this experiencs lide led to, the incineration
procesees which will be used in the proposed CSDP disposal plants., Appendix B
containe a complete description of the chemical agents and munitions which will
be disposed of in the CSDP,

Four major topics will be covered in this report:
(1) The Army's chemical agent neutralization experience;
(2) 'he Army's chemical agent and munition incineration experience;

(3) The incineration and pollution abatement systems which will be
used 1in the proposed CSDP disposal plants; and

(4) The test program which tho Army is conducting to verify the
performance of the propesed 'iticineration and pollution abatement systems and to
ansure compliance with current and proposed environmental regulations,

Lo o




2,2,0, Background,

2.,2.1, Field Digposal Meathods,

a. Diaposal of chemical agents and munitinns i8 not a new problem. Since
the first modern use of chemical weapons in 1915, during World War I, the
disposal of obsolete, dateriorated, or surplus chemical weapons has been a
problem which the United States, and many of the world's countries have had to
deal with, Early methods of chemical weapons disposal included open pit
burning (Figure 2-1), venting to the atmosphere (applicable only to gaseous
compounds such as chlorine) (Figure 2-2), field neutralization (Figure 2-3),
ocean dumping (Figures 2~4 and 2~5), and land burial (Figure 2-6).

2.2,2, 1969 National Academy of Science Reviewc3>

a. The transition from fileld chemical agent and munition disposal
procedures to industrial type procedures, characteristic of those which will be
used in t.ae proposed CSDP disporal plants, began in May 1969 when the
Department of Defense suspended plans to diepose of approximately 27,000 tons
of chemical weapons by ocean dumping In a program known as Operation CHASE
("Cut Holes And Sink Em"). This was done in response to public concerns over
the transportation of these ltems, as well as the potential environmertal
impact on marine 1ife at the dunp site. CHASE involved the rail transport of
conventional or chemical weapons to the Navy Ammunition Depot Earle, located
near Elizabeth, New Jersey. 'The munitions or chemical agents were then loaded
on excesd cargo hulks which were then towed out to the disposal area (centered
at 39° 38' N; 71° 0' W) and sunk in approximately 1200 fathoms (7,200 fect)
of water, Prior to the suspension of Operation CHASE, 12 disposal operations
were accomplished, three of which involved chemical agents or munitions.




Smoke Cloud from 2 Mostard Agent Open Pit Burn

Figure 2-1
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Figure 2-3: Field Neutralization Pit
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b. In response to the public concerns described above, the Department of
Defense requested the National Academy of Science (NAS) perform an "assessment
of the hazards involved in the execution of Operation CHASE (and alternative
plane) for disposal of surplus chemical warfare stocks of the U.S, Army".(a)
In response to this request, the NAS convened an Ad Hoc Committec comprised of
12 experts from leading industrial, educational, and research institutions.
The Committee was chaired by Dr, G. B, Kistiakowsky, Professor of Chemistry at

Harvard University.

¢. The Committee report, which was submitted to the Department of Defense
iu June 1969, made the following recommendaticns on chemical agent and munitinn
disaposal

_ (1) Adopt basically the samu approach t¢ chemical sgents and munitions
that the Atomic Energy Commimsion has adopted toward radioactive waste products

from nuclear reactions.

(2) Assume that all chemical agents and munltions will raquire
eventual dilmposal,

(3) Occan dumping should be avoided,
(4) Conduct a study of optimal disposal mathods at appropriate
nilitary installations which involve no hazards to the general population or

pollution of the ervironment,

(5) large acale dimposal facilities should be required as &
counterpart to exisiting stocks and plannad manufacturing operatlons.

2,2,3, Agent Destruction - Chemical Neutralization or Incineration?

a, In the NAS Ad Hoc Committee Report, twu differsnt methods for chemical
agent destruction were recommended - chemica! neutralization for nerve agent G

2-9
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(Sarin) and incineration for blister agent mustard (1I/ID). These recommenda-
tions ware based nn the Army's expefience at that time., Approximately 3,000
tons of mustard had been incinerated in a special furnace located at Rocky
Mountain Arsenal, however, the Army did not have comparable GB Incineration
experience, Instead, chemical neutralization of GB had been used asucceuwsfully
during limited field disposal operations.

b. In 1972 u Senior Advisory Panel was established at the diraction of the
U.8. Army Material Command to review the Army's chemical demilitarization
program.(a) The Panel was chaired by Dr. Paul Gross of Duke University and
was comprised of eight experts {rom industry, and educational and research
jinstitutions, With respect to agent destruction, the committee conicluded that
the dual method approach, originally recommended by the NAS, was still the hest
course to follow because of the limited lahboratory data avallable on nerve
agent incineration, However, hecause of the «dvantages of having a single
disposal process applicable to all chemical agents, the panel recommended that
the Army continue to conduct laboratory and pillot inclneration tests with nerve

agants GB and VX,

2,3,0, Industrial Scale Disposal Lxperience.

Sinca the 1969 NAS Ad Hoc Committea Raport, Rocky Mountain Arsenal (RMA),
Colorado, and the Chemical Agent Munitions Disposal System (CAMDS) located in
Tooele Army Depot (TEAD), Utah, have been tha "proving gruunds" for chemical
agent and munition disposal technology for use in "industrial-~scale” disposal
plants, The data and experience obtained from the disposal programs and tests
conducted at these installations (Fizure 2-7), in addition to the laboratory
data from Edgewood Arsenal (now called Hdgewood Area, Aberdeen Proving Ground,
Maryland), are the foundution for the disposal mcthods which will be used in
the proposed CSDP disposal facilities., To date, about 15 million pounds of
chenical agents have been destroyed eithar by neutralfzation or incineration,

2=-10
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2,3.1. Rocky Mountain Arsenal.

a. RMA consists of approximately 25 square miles of land located directly
northeast of matropolitan Denver, Colorado (Figure 2-8). Land surrounding the
Atsenal 1is diversg and include Stapleton International Airport, a light
industrial complex, and residential areas directly to the south; residential
areas to the west and northwest; agricultural land to north aad east. Twu
ma jor chemical agent/munition disposal programs hava been conducted at RMA:
Project Eagle and the Chemical Agent Identification Set (CAIS) Disposal
Program, Tables 2-] and 2«2 list the type, method, and quantity of agents
disposed at RMA,

b. Project Eagle, In response to the recommendation of the NAS Ad Hoc
Comnittee, the Department of Dafense completaly abandoned the proposed oceun
dumping of mustard filled ton containers and M34 Cluster Dombs stored at RMA,
Inatead, Project fagle was established in Angust 1969 to dliupose of these ltems
in accordance with the recommendations of the NAS Ad lloc Committee. The
project was divided into two phases:

(1) Phawe I ~ Conducted from August 1972 through February 1974 and

disposed of tha mustard filled ton containera.(s)

Disposal operations were
conduzted in the Muvstard Plants Area near the center of the Arsanal (Figure

2-‘;‘) »

(2) Phase Il (Expanded) = Conducted from October 1973 through October
1976. 1Inditially, Phase 1I deslt only with the M34 Cluster Bombs scheduled for
disposal in Operation CHASE; however in Octobar 1973, three additional disposal
projects were added! (a) disposal of the bulk GB stored in underground storage
tanks; (b) disposal of GB ton cohtninera; end (c) disposal of the Honest John
warheads containing M139 GB filled bomblet:.(6’7’8’9) All disposal
operations were conducted in the GB Complax located in the north central part
of the Arsenal (Figure 2-9). Chemical neutralization was used to destroy the

2-12
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TABLE 2-1. Chemicad Agent Munitions Disposed of in Project Eagle

_ QUANTITY .
PHASE AGENT MUNITION/CONTAINER METHOD (POUMDS )
I Levinatein Mustard (H) Ton Containers Incinexation 4,428,000
Distilled Mustard (HD) 1,714,000
II GB M34 Cluster Bambs/ Neutralization* 4,129,600
M125 Bomblets
GB Undergr .wad Storage Neutralization 378,000
Tanks
GB Ton Cuntainers Neutralization* 3,604,500
GB tonest. John Warheads/ Neutralization* 76,500

M139 Roumblets

*Incineration Used to Destroy Explosive Components And/Or Decontaminate Metal Parts




TABLE 2-2, Chemical Agents Incinerated in CAIS Disposal Program

QUANTITY
AGENT (POUNDS) -
Phosgene (CG) 17,698
Chloropicrin (PS) 10,196
Mustard (H/HD) 6,562
Lewisite (L) 1,385
Cyanogen Chloride (CK) 433
Nitrogen Mustard (HN-1/tN-3) 394
Sarin (GB) 46
TOTAL 36,694
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GB; incineration was used to thermally decontaminate all metal parts (except
the underground st rage tanks) and to burn the explosive components of the
bomblets.

c. CAIS Disposal - Conducted May 1981 through Decembar 1982.(10) The
Honeat John disposal facility located in the GB Complex was modified for this
project (Figure 2~10), Incineration was used to destroy the agents contained
in the sets, and to thermally decontaminate all matal parts.

2.3.2, Chemical Agent Munitions Disposal System.

a, CAMDS i1s located in the South Area of TEAD, approximately 44 miles
south-southwest of Salt Lake City, Utah (Figure 2-11), CAMDS is the Army's
test facility for verifying the processes and equipment to be used in the
Johnaton Atocll Chemical Agent Disposal System (JACADS) and the proposed CSDP
disposal facilities. In addition to this mission, CAMDS is authorized to
dispose of chemical agents or munitions, located at TEAD, which have been
declared unserviceable or cbsolete and have been identifled for
dilpOlal.cll’lz’la)

b, Although CAMDS is used to verify the processes and equipment for the
JACADS and proposed CSDP dimposal facilitles, it has a completely different
facility layout, This is because initially CAMDS was intended to be a moblle
disposal plant which could be transported to different chemical munition
storage locations, thus precluding the necessity to move chemical munitions to
a central disposal Elant or to conetruct dupllcate disposal plants et each
storage location.<l ) The Transportable Dimposal Syatem (TDS) (Figure 2-12),
ad it was called originally, was to be accomplished by dividing the
demilitarization process into subsystems which were further divided into
modules capable of being transported by rail, However in October 18972, the
primary mission/purpose of the TDS was changed from a mobile disposal plant to
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a process evaluation and pilot plant, In addition, the name was changed from

TDS to CAMDS to better reflect this change in mission. Elements of the CAMDS

design which are a hold over from the TDS and which differ from the JACADS and
propossd CSDP plant designs include:

(1) Modular Comstruction. CAMDS, shown in Figura 2-13, has retained
the modular avpearance of the TDS and haa several different and discrete
process aress. This modular layout greatly enhances the Army's ability to test
and evaluate sevaral differont processes concurrently. Both the JACADS and
proposed CSDP disposal plants have consolidated all disposal operations into a
single building referred to as the Munitions Demilitarization Bullding.

(2) Explosive Containment Cubicles (ECCa). CAMDS has two ECCs which
are 2 1/2 inch thick steel cxlindarn with an inside dimension of 10 feat in
diameter by 24 1/2 feot long. Thay are used to house all operations which have

the potential to cause an explosive incident. The purpose of the ECCe is to
contain the blast and fragments which would result from an accidental
detonation. In the new disposal facilities, the ECCs have been replaced with
Explosive Containment Rooms (ECRs) of concrete grid steel construction.

(3) Bucket Conveyor. This conveyor is used to transfer the

explosive components from the ECC to the deactivation furnace system (DFS) feed
chuta, This is necessary at CAMDS since the entrance to the DFu feed chute 1.
located about 10 feet ahove the ECC, The JACADS and CSDP facilities have
eliminated the requirement for thim conveyor by elevating the ECR above the DFS
and using gravity to feed the explosive components to the DFS,

¢. As ghown in Tablas 2«3 and 2=4, CAMDS has destroyed over 263,000 pounda
of netve agents GB and VX as a result of tests and limited disposal
projects. Approximately half of tha GB destroyed wae using neutralization
during M55 rocket and 105mm/155mm projectile disposal testing from September
1979 through July 1982, During incineration tests conducted at CAMDS from
December 1979 through August 1986 approximately 75,000 pounds of GB and 8,000
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TABLE 2-3, CAMDS Chemical Agent Neutralization Experilencae

QUANTITY
AGENT (POUNDS) SOURCE
GB 127,950 Drained M35 Rocketas
GB 54,000 Drained Projectiles
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TABLE 2-4, CAMDE Chemical Agent/Munition Incineration Experience

QUANTITY .
I (POUNMS) MUNITTON/CONTAINER NUMBER
2,331 Drained M55 Rockets 18,308
5,357 Drained 15%mm Projectiles Y,157
1,140 Crained 105mm Projectiles 7,771
17,870 Undrained 155mm Projectilee 2,703
37,930 Bulk (From Drained Rockets, N/A
Projectiles and Ton Containers)
7,866 Bulk (Ton Containers) N/A
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In addition to the agent destroyed, CAMDS

pounds of VX have heen incinerated.
y 38,000 munitions.

has incinerated/thermally decontaminated approximatel
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3.0,0 Neutrallzation Experience.

3.1,0 Introdustion.

a. Ag dlisoussed In Section 2.0, the Army abandoned oc¢ean dumping in
reaponse t6 public concerns and the recommendations of the Natlional Academy of
Soiences (NAS) and instead the Army cvonsidered in the 1970's chemical
neutralization, in general, as the method for industriél-soale disposal of
nerve agent. Neutralization wag attempted before inalneration because of tha
Army's famiiiarity with the use of neutralization in field dispoaal and
decontamination operations. Inocineration was adopted for mustard only because
of the oonsiderable experience that the Army had at Rooky Mountain Arsenasl
(RMA),

b. With respeot to chemical agent disposal, neutralization is a
reactlon with one or more othar chemicals to form less toxio compounds. In
many cases, the reaotion is literally a true chemical neutralization whera the
chemiocal agent which aots as an acid undergoes reactlon with a base, sucnh asg
caloium hypochlorite, to form an organio salt. Unfortunately, because
neutralization is a chemical reaction, it ls possible tor (1) form
intermediate reaotion products that are toxioc and (2) rerorm>minute amounts of
original toxic chemical agent from the products by reversal of the reaction
under the approprlate oonditions. The simplest example of a neutralization
reaction Ls a hydrolysis, which is the breakdown of ochemioal agent by water.,
As with all chemioal reactions, nautralization i{s sensitive to temperature,
coricentration, and acidity conditions.

o, The cholce of a good neutralizing chemical, the ariteria of whioh
were given by Yurow and Davis (1) waeg bassd on as follows: (a) maximum ratio
of chemical asént to be neutralized to neutralizing chémiaal aonsumed, (b)
well-defined products of known toxicity, (o) ease of control, (d) acceptable
(not too slow) rate of reaction, and (e) safeaty.

d. After selecting candidate neutrallzation chemiocals, attempts were
firast made to determine the feasibility of the reaotions firat on a hatoh
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laboratory ssale and then on a pllot=-plant scale before progeeding to an
Industrial-scale., Neutrallzation was studlied and determined feasible for the
nerve agents, VX and i3, However, neutralization was never demonstrated on an
industrial-scale for VX and mustard.

3,1.1 Neutralizatlon Reactlons,

a, Neutralization of B,

(1) The most widely used and well known method for
neutralization of OB involves alkaline hydrolysis with sodium hydroxide. The
use of sodium hydroxide to neutrallze GB, in small or bulk quantities is most
effective, The sodium hydroxide chemloally reacts with the GB to form a
sodium organic salt, sodium fluorlide and water, which are nontoxlo reaction
products, as per Flgue 3-1, The reacsticn rate is falrly quiok and the
reaction glves off heat (iieat of reaction is =-44,4 Koal/mole), The half life
for 0B in water at different temperatures and pH levels was determined by
Epstein(2'3) and 18 presented in Table 3-1., It can be geen that GB decompouses
faster as pH and/or temperaturs inoreases, (At pH levels greater than 10, the
decomposition of GB is praoctically instantaneous),

(2) Pllot-scale neutralization studies wera also conducted by
Thomas(“) to determine the time required for complete destruotlon of the agent
and it was cgoncluded the reaction was very fast and that only very low
gonoantrations of OB remain in solution {£0,037 ug CB/ml solution) after
reactlon times of only five minutes, For these reasons lndustrial-scalsg
neutralization by sodium hydroxide was supported and started.

(3) Reagents ..ther than sodium hydroxide, in gsneral, are not
suffiolently studied to develop full oriteria for their 'usefulneas in bulk
neutralization. The most notable reagant other than sodium hydroxide that has
received attention {8 the hypochlorite ion (present in bleach); it possesses a
fast reaction rate for reacting with GB at room temperature. 1Its advantage is
lost, however, for bulk neutralization beocause of the nasd for large amounts
of buffer or neutrallzing bases, The chemical agent CB 2an be neutralized by
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Half' Lif'e ¢f GB in Hours as a Funotion of pH and Temperature

Temperature
°C

0

TABLE 3-1,

pH
8300 2650 830 265 26.5
1870 591 187 59 6.0
461 146 be 15 1.5
©37 74 24 7.5 0,8
125 39 12.5 4 0.4




a hydrolyasis reaction (Figure 3-2), A serles of laboratory-ascale studies were
used to determine the most effective method for hydrolyzing GB. Primary
amines catalyze the hydrolysis of OB, Howaver, the decomposition products are
complicated by the presence of aminea and therefore primary amine catalysls
was not used on a large-scale operation., Metal ions such as qopper,
manganess, and magnesium have been found to catalytiocally accelerate the
hydrolysis of GB, However, the drawbaok of this alternative is the disposal
of metal lona inoorporated {n the salt product. Acld hydrolysis of (GB is a
diffioult process to control; continuous generation of acidic products results
in the possibility of side reactions and in gaseous by-products. Ion exchange
resins, both catlonic and anionio exchanges, have been used as hydrolytic
oatalysts; while this method is efficient, the exchange reains are quite
expensive and therefore, were not considered for industrial-scale process,

(4) Unalded hydrolysis, i.e., breakdown of GB by water only, is not
the moat effeotive method for neutralizing @B, However, the reader should
bear in mind the above equation (Figure 3~2) for unaided hydrolysis bescause
the reverde reaction is {mportant in retormation of GB, & problem with the
producta of GB neutralization that wlll be discussed later.

(5) Treatment of the brine rosulting from the alkaline hydrolysis of
GB iz desaoribed in & paper by Srinivasan(5> that presents five optlions:
chomf'ix of the brine, addition of hydrated lime, salt separation, iLsopropyl-
methyl phosphonie acld recovery, and photochemical oxldation. The most cost-
ef fectlive and simplest treatment of the brine turned cut to be rons of these
optlons; instead it was to evaporate the water arnd reduce the brine to salt,

b. Neutrallzation of VX.

(1) The acld chlorinolysia reaction, i.e, ahlorination in an
aqueous acldlio media, provides the best overall VX reutralization reactlon,
offering destruation sffiolenales {n the laboratory of 99.99999%. The acld
ohlorinclysls reaction {3 a two- atep reaction consiating of aoid chlorination
followed by caustlic neutralization. As neat VX may burn on contact with




chlorine gaa, the VX is first dissolved in hydroahlorioc acid. The aaid
chlorination forms non-toxic reaoction products as per Figure 3-3,

(2) To iniviate the neutrallzation process, the sequence of
ohemloal addition is critioally ocontrolled to prevent the hypergollic reaotion
of VX and chlorine. Ths reaotion {8 quite exothermic (60 Kiloocalories per
gran mole of Cla) Qith reaotion temperature peaking out at approximately
220°F, A stabilizer must be kept {n solution during the course of the
reaotion to insure complete neutralization, To accomplish this, external heat
1s applied for a thirty minute perlod after the reaction temperature has
peaked., Approximately three hours of reacticn time 1s required to assure that
all VX has been completely reacted. The nigh corrosiveness of the mixture to
metals ls a major disadvantage,

(3) 'The acidic solution from the ohlorination step, L.e., first
step 18 neutrallzed with caustio to make a brine (salt solutiun) that oan be
handled by commercial drying equipment. This necsssitates adding either 18
peroent or 50 percent caustio (NaOH) to raise the pH from 1-2 to 9~11, thereby
converting the acld reaction products to the sodium organlo salts and sodium
ohloride whioh are non~toxic end products as per Flgue 3-3., The reaction
that takes place between the osusti¢ and aocid solution 13 somewhat
exothermic, The composition of the VX neutralization saits (Flgure 3-3) is as
follows: NaEMP - 18%, NaDPT - 40%, NaCl - U5%, NaOH - 7%, and VX - 2 ppb,

{(4) Another method of neutralizing VX is hydrolysis and was
atudied by Jody et al (6). Bevause VX 18 nct water soluble, ethanolamine ls
added to solubilize the VX. The disadvantages of thls reaction were the high
temperature (150°C) and hlgh pressure (150 paig) required to carry out the
reuctlon,

(5) The neutralizatlon of VX with sodium dighlorolsocyanurate
{"Fighler") was studied by Hovaneo et a1(7>. Renction produots varied and
definite kinetlics oould not be eatabllished bscause of the sequential nature of
the reaoctlions.

(6) Two independent studias(s'g) gonflrmed that bulk
destruction by reaction with sodium hydroxide {3 posslble but required 6 to 8
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hours because of the low solubility of VX in water., Additioual problems were
the unrelliability of the method due to the solubilization of VX, oritical
control of mixing, and the presence of the "bis impurity" which results in a
highly toxlo waste product.

(7) One approach considered the neutralization of VX by caloium
hypoohlorite in a basic aqueous media by ohlorine in an acidio aqueous
media. Neutrallzaticn of VX using caleium hypoohlorite is theoretically rapld
but aoctually it ocoury slowly. Other disadvantages of this reaotion were as
followd: the poasibility of forming an intermediate nsompound of high toxialty
and an extremely high ratio of hypochlorite to VX was required. It was
gonsiderad for use at Tooele Army Depot (TEAD) (rf Epstein <1°J) until the
aald ohlorinolysis wag found to offer more effective neutralization,

¢. Neutralization of Mustard Agent.

(1) oOnly with monocethanolamine (MEA), has mustard agent been
neutralized on a pilot-plant scale, The reaction results in a homogenous non-
toxic organic liquid waste. The géneral equation to describe the main
reaction is given in Flgure 3~4, In carrying out the reactlon, aufficient MEA
s provided to assure the reactlon goes to completion.

(2) Agqueous sodium hydroxide solution for neutrallzing mustard
hasg been used but kinetloally there is little basis for effectiveness at or
near amblent temperatures, The uge of calaium hypoohlorite slurry or aqueous
bleaoh to neutralize mustdard, although they were previously applied to field
decontamination, are no longer used because there ls uncertainty as to
oompleteness of the reaction. The reactionas are heterogeneocus in nature and
the actual products may contain poorly identified materials whose toxicitiaes
have not bteern assessed.

(3) Mustard in ton ocontainers neutraliied by the reaction
described above (in Figure 3-4) was planned in 1975 to ogour at Fort
MoClellan(11). The resultant reaotion waate produot was alao planned to be
shipped to RMA for {ncineration. However, these plans were not carried out in
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view of tita deaision to drop neutralization in favor of incineraticn {(oee
Seotion 3.4.0.a.).

3.1.2 Army's Neutrallzation Experience,

a, As shown in Table 3«2, approximately 8,4 milllon pounds of GB
have been dwatroyed using the neutralization process at industrial-socale
faoilitiss located at RMA and at Chemlcal Agent Munitlorns Dilsposal System
(CAMDS). 'The neutralization operaticna at RMA onourred under Project Eagle -
Phase IJ (Expanded). (Projeoct Eagle - Phuse I consisted of incineration of
ton containers of mustard between July, 1972 and Marah, 1974 and is cavered
later In aeution 4.0,). Project Eagle - Phase II (Expanded) consisted of the
nautralization c¢f ﬂ.13 milllon 1b of ugent GB between Notber, 1973 and
Novembar, 1976 and the neutralizatlon of 4,07 million Lb of agent GB betwean
Jeptember, 1974 and November, 1976, Tius, & total of &.,2 million 1lb ¢f OB
were neutralized at RMA,

b. The priﬁoipal neutralization operations at CAMDS ogourred under
two projeats: M55 Rooket Disposal and 155mm/105mm Projectile Dlisposal. The
M55 Rooket Digposal invoulved the neutralization of 127,950 1b of GB while the
155mm/10%mm Projeotile Disposal involved the neutralizatlon of 54,000 lbs of
aB. Thus, & total of 81,950 lb of OB were neutrallzed at CAMDS., Each of
these neutrallzation operations will be dlascussed in more datail In Seationa
3.2 and 3.3,
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TABLE 3

<2, CB Neutrallzation Experience

Operations Number Appraximate Pounds
Souroe Pariod of Munitions of Agent
For RMA
Underground Tanks 1974 h Tanks 378,000
B Ton Contalners 1975 2, u22 3,604,500
- M139 Bomblots 1976 59,99€ 76,500
(Honest John Werhead)
M34 Cluster Bombs 1973;76 21,514 4,129,600
SUBTOTAL 8,188,600
For CAMDS
' M55 Rocke*a 1979-81 13,951 127,950
155mm/105mm Projectiles 1981-82 12,673 _54,000
SUBTQTAL 181,950
TOTAL QUANTITY OF NERVE AQENT OB NEUTRALIZED 8,370,540
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3.2.0 Rogky Mountaln Arsenal Neutralization Programs,

3.2.1 Introdugtion.

el S

8., Eﬁpkgroun '

(1) Batween Datober 1973 and November 1976, four chemical agent
dlsposal projeots were conduoted at RMA, The major project was the M34
Cluster Bomb Projeot(12'13) (summarized in Table 3-3) whers 4,129,600 pounds
of agent GB were reutralized between October 1973 through Septamber 1976.

{2) The purpose of Projeot Eagle was to dispose of the excess
atoocks of chemical munitions whioh had been stored at RMA alnoe the early
19408, Included originally under Project Eagle - Phase I[I were 21,114 US Alpr
Forae M34 nerve agent 03=fllled Cluster Bomba (nee Appondix € for desgription)
atored at RMA<1”). Thae NAS had recommended during June 1969 that the M3l
glusters be disasusembled and the GB be destroyed ohemically elther with acid
or alkallne hydrolysia, In October 1973, the Dapartment of Defense announcad
that the portlilon of the national stoakpile of bulk OB agent and munitions at
RMA would be deatroyed at that site (in addition to the M34 Cluster Bomb
disposal operation under Project Kagle - Phase I1). These additional disposal
operations oaused Project Fagle ~ Phase Il to be changed to Projeot Lagle -
Phase [1 (Expanded)., PFour {tems were designated for disposal under Projoat
Lagle ~ Phase II {(Expanded): (a) disposal of bulk GB In undarground storago
tanks; (b)) disposal of OB In ton contalners (see Appundix B lor
desceription); (o) dlaposal of the Navy's Woleye Uomb(15); and (d) disposal
of the Army's Honsst John Warhead and M139 bomblets (nee Appendix C for
doroription).

{3) The disposal .of 0B in five underground storage tanks was
performed between September and November 1974, The draining of GB from 2,422
ton contalners was completed betwean Marah and November 1975 and the agent was
later neutrallized in the GB neutralization faelllity In vonjunction with the
M3l Cluster Bomb operation. The Weteye Bomb Projeot was deferred at tha

roquast oft the Navy to parmit conslderation of retaining the Wotoye {n tho
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actlve lnventory. The Honest John Warhead (and M139 bomblet) disposal
operation commenced in April 1976 and was completed in November 1976,

b. Facility Layout. Figure 3-5 is a pictorial of the facllity
laycut at RMA,

(1) The M34 Cluster Bomb disposal process consisted of
transporting the cluster bombs from the storage area by truck to Building 1606
where they were dlsassembled In explosion coatainment cubleles. The 16
pomblets contalned in each cluster bomb wore removed, fuzes were rendered
mechanically nonfunctioning, and bomblets were dralned of GB in Building
1606, The draining operatlon was done in an explosive containment room uslng
robot=like equipment. This e¢quipment rendered the bomblet fuze safe, chen
punchoed and drained the bomblet of GB. The CB removed [rom the bomblets
flowed into a storage tank, referred to as the GB day tank, and wus
periodically pumped to Bullding 1501 through double-wallud piplng whero the GB
Wiy nedtral lzed,  After neutralization, the remaining salt solution (brine)
was pumped to Building 1703 where the water was vaporlzed In a gpray dryer and
the galts romeoved and drummed,  The cluster Lomb and remaloing boanblet bodi s
were ramoved by conveyor through a ventilated corrldor to a duactivation
farnace where the expioaives were incinerated and the metal parts were
thermally decontaminated. The metal parts exlting the furnace were sold as

cerap metal,

(2 lhe underground tank gtorayge Cactiilty In Bullding 1500
conslated of ten underground tanks (f'lve of which contalned UGB and five of
which wore empby) and the assvelated piping to rLLL, empty, and teanafoer tho
G} betweon tnem. Two of the tanks that contalned uagent were equipped with
aubmerged pumps and were used Lo transfor OB through doubloe-walled plpos to
the neutralization factlity tn Bullding 1501, In the remalning three tanks,
Lhe UB wag transtferred to one of the two pump tanks for punplng bte Building

1o,

(3) The ton contalner uncoading operation was dccompl Lohed in
Bullding 1601TA ot the OB Complex, After tho ton contalners arrlved at

Ul Lding ThOTA Prom the toxtic yard, they were dralned of apont Git, Dralninge



vl

e v e 4 r nn B d i e baze s b e alby v o ac b e
JLAUSTIC tat

7 e

LTI

RUNIMNG I\UA\

~
\
[
=W

. j‘%
g

-
AN

S o
- 'Mrm‘(\\'&ﬁ\mmﬁ‘}" N st

PRI NI

- i
il R i

v - Lt paa b . .
-, -l » 1 s -
P e AN S
. ".___'-‘._”’--_A..g----.'.".h,\h“‘&~ O . a o L
Sl N _ s R
-
"N .
,§‘~
N
~
~
OUARD SHACK Sy

MILDIHG Y 220
10,000 CGALLON
WASTE Sump

SOUtH OATE

RN BUILDIFRG 11
VEANSPUNIATIOH RUNTL HEIA MARY

||.||!||-«|I.||»vln:-n:\-lv-xlx\ylvl|v|Iv||||l.||v|xh||1|xf|x|:.'||1||f||||l"l!'tr"f',l'l,nlllxxl|x|h

Mpgrure 3« Factiihy 1,



o i

AR R T O L N T U T O ' O S T T YU AU S PR N AP IS LA S (IR LI I T BT (PR SRRFRT S CPUNIVE T BAFEDY SR RGN O (PSSR E Y AR PR 1Y
SCAUSTIC TANK FAlM R
MILOING 1ADY

BURLIHG 1301 /,.UHU'N() 1h0A

h amaman?

N L .

-~y ‘-‘--_ . A
- - - N

- . NETE |\‘

GRONANLE
$TONADE

NN
’ N
NG conse ‘q_;
- SCAUMIE ATSTEM RY
"
. v‘il
“w=\ .
— N AT
by TIINHITIOR PR T} | !
1
" ] -
. LT Ll
L ey —
T T belalia Ty
‘i,..—-' - Yo MALDIHL 1201
T ey i
[WIGRRELY] L
BOLUOC LALLLIN ‘o
WALY SLMP Y !
)
' v
' 1
l>'I .
'-}‘
*I»_h'.
.
T b
k- A R A N R SN TR SO S S S RSN SR I DT U S0 POT UOUIOR UUPTN 0N SO W U0 = U e VR Ty A0 YO0 S Y T B BT S L S WO I O O S WO O A S R T (Y S S Y O I T O AN R N I B O |
v

chr o Macllity Layout at RMA




wags aceompllahed by evacuating an underground storage tank in Bullding 1506
and allowing the tank to pull a vacvum on the ton container, drawing the G5
rrom Lhe ton gontatner to the underground tank. The GB stored in the

underground tank was Lhen pumped through double-walled plpe to the

neutrallzation facility in Building 1501,  Afker the neutrallzation reaction
was complete, the salt solution, as in the M3l Cluster Bomb process, was
pumpad to Bullding 1703 for spray arrylngs The emptv ton contatlners were
thermally contaminated In ton contalner furnaces in Bullding 538 in the South

prants Area of RMA vace Filgure 2-9).

" Cy e Honeast Johlin M1A0 Warheads and M139 Bomblats (368
bombloty per warhead) were disposad in Building 1611, The bullding housed
theee separate ffuneblonal areas: provessing, sontrol and observation,  The
procean (i area Lnoluded the Warhead and drum nolding area, the GB storage and
tranafor area, the Denctivation Furnaee arei, amd Decontamination Furnaoce
A, CThe control and obaervation arean were lociabed adJacent to the
prvevss it e e bwo Teve s und were oquipped with windows so that the main
preces:t Punet bona conld beoobierved, Thee copont. G dradned from the bomblets

H was Lt erred via dondlod=win e pipes Peem Bt bding 1ol to Butlding
TLOGSTH0] Facilitics for wibimat e nontralisation, Agent neutealization wan

aceonpt tahed ab iV Eetae the exicbiog B30 neatrativzation Faci bty dn Bullding

foul,
. . . iy
, ¢ Newtralization Procenns huuggyphlun,(1l)
CU 0 Phmane aen PEluebeates the floal Project Magle - Phose 1T
{ G et Y peocess cont heyeation for neabeabbaation, Although the oxael
J cquipments process conf bgiratton ehanged and evalved through the Life of the

four nenteal bzt ton oporat fong, the bagle procesa remalnod the same and
conslabod of the followlng olememtn

GO Caunbie Storige ad Deltivery

(b)) GB Sborape and Dl bvery

() Ruaebor FLLLEnG, NuquulJuuthwf:nnﬂlhnptytng

Lo GBS win neubraleed tnoduliding 1501 (oee Figures 3-7 and 3=

‘ S). e process conglatod of mixing cauntie with Gi Lo form a solution,

) 310
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reclironlating the solution {n reactors untll neutralization had baen
gonffrmad, then transfering tha solutton to Bulvding 1703 (Flgure 3~h.) for
gpray deying.

(2) Caustle Svorage and Delivery, The onustic used in the

neutralization process was an 18 percent solubilon of sodfum hydroxide (NaOl)
storad in three 10,000 gnllon tanks on Lhe vool of Bullding 1501, The storage
tanks were filled at a rate of 100 gpm Mrom the caustic tank farm by a 15 hp
pump,  The caustio was suppllied by gravity to a venturl-like mixing toe onlled

Lhe aduetor whers (6 was mixed with the agent OB,

(9 Qpﬁ@&gﬂﬂgi_ﬂuﬂngglixggi. Tho GR way stoprad abt room
Lamperature fn a 10,000 gallon storage tank in Lhe bagemont of Uaibding
1501, The tank was filled Crom Butlding 1606,  The G was pumped from the
10,000 gallon storapge tank fnto a 1500 gallon day tank and from the day tank

to Lhoe cduator whepa 1L was mixed with 2auastie,

Gy Reaetor FLLEING Newbral buatior and Bmpbyling.  The brinn

solution tformed Crom mixing the GH wlibth cauatlio ler't thoe cductor at o

tamperature of approximately 20200, Heat generatod by the chewmioar reaction

hatwoeon the causblo and OB wan partially ramoved Inoa heat exohanger known as
the Ruaction cuoler, The brine solutlon then tlowed to one of Lwo 3500 wallon
roqotora. The 3900 gallen réactors were flrst fllled with 50 gallonog of
canstlie Lo ensure oosurplus prior Lo reecetving approximately 2800 gallong uf
brine solutdon,  The belne nolution was continuously agltated by wlxers whitlo
bodng reclrealated thirough Lhe veoactor unt UL the neduead Eeat ion prooess wan
complatoed,  Ceollng water wan olrealabed Lhrough Lhe reactor wit.er Javkels Lo
anmiat In removingg the heat genorated during naubealization,  Sampling
statiang werw provided for testing and voriCying thal all b had Loon
neutealfeed heffore (6w gertifted for btranstor to Lhe aspray dryer (n
Wochany 1040 A repobe canteal panel was provided no Lhat operators could
monthor and control temperatires, Lhe reaction progroeng, and handling and
Lrannporl, Dpray deyeng eedneed the brine Lo o debed salts, Reaobor cmply ing
thme Wi approginate by one bl 0 hiour,  The reactors were connectod Lo Lhe

Proce s Waver Syatem Por o wenhdown prior oo prolonged shiatdown, el Lo the




e

[

Process Scrubber Vent sysntom tfor removing, condensing, and neutralizing vaporas
generated in the process of neutralizing the GB.
(5)  Wnker. Waste wiator from the process serubbdber and from

perlodin washdown of the reactors was transferred through a sewer to an 80,000
gallon Indiostrial wasbe sump,  This wasbte was tosted and ceruifled agant=free
bhefore periodth emptyling and processing through brine drying (sce below) whora
1t was dried and the residual salt was drumned,  The reactaor cooling water wag
maintamed ab o noslbive presaure a0 any leakage that might have octurred at

thia tntertace would have resultad In water Clow baek Into the roaoelor,

(o) Beine beying,  ACLor neatr aldzatinn off Lho nerve agent. GH,
AL A )

Lhe brdne solution wag puamped Lo oo apray deyor Pact Lity an shown Do Figuee §-
9. Tha spray deyer mixed the beane sotutlon with heated air inoo hWfpgh-apeed
apray hadad o Lhe drying chamber Lo opedies Ghie belne sotutlon to salbs and
avaporate Lhe watoer,  The aalbo, wator vopor and heated ale were Lhen
disteibuted to fouwr cyelote sepatators where LUhoe delod galt partielon dropped
Into hoppars,  ACter removal of the deicd aalls in Lhe gyclone geparators, the
hoatod ke and witer o vapor were nerubbed Lo oromove parbioubatos bet'oro pedeane
ol Lhe pases Lhrough an 100-oot abaok Lo Lhe dimosphioro, Prom Lhe hoppero,
the dried sadlts prevsed theough sompaebing rolla and o ohilp beoaker.s Fioally,

Lhe Jdiedod aodtg wors pacleiprod, wolehod and sealed T corranton rostitant,

apoaxyphiicnod Feo b hnad S i ton drums,
Secs ool beseript fon,

oMU inaver Bomb 41 Bombl et

Tula seetlan addrssen the dHapenaat of the 0, P00 M3 Sty
Boemba ab WMA complebasd ta Seplambor o UYL RS honph the bl Tal pland g e
divpoual of the MAl Clusters began 1o Tate 1969, actua ) toxie opeeatlons i
nate commenoas and b Ve Pl o e A dvver i pbion of the M3 Cfaestor Lo o
viven o Appersdi s o b Lobal of N1 0g 0 eu poids ol GB e eve et Lol
B L0 o L of axplonive wor o coateoyest i Vi et pond e i

aperat b,
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(1) Process Deseription,

(a) Flgure 3=10 L1lustrates the M3U4 Cluster disposal
procsess at RMA. Major process steps consisted of: removal of the M125
bomblets from the M3U oluster bhomb casing, rendering the fuzes safe in the
bomblets, draining the liquid GB agent from the bomblets, aninératihg a M3
burster onarge from the bomblets, Lhermally decontamlnatirg the cluster casing
and inert party, thermally decontaminating the M125 bomblets, neutralizing the
drained liquid GB agent, spray drying o the brine 5olution foom the
neut.ral lzation, and packing and storing of the dried salts, vontralled
ventillation Cor the entire proccss and suruboing of the oxhaust were provided
to prevent release of agenc vapor. Scrubber brines were vaporlazed in a spray
dryer and the aalts removed. The wober vapor was gscrubbed to remove partleles

before release to the atmouphers,

(b)Y  Funching and Welghing.

J The M125 bonblels were removed t'rom the 134 Cluster
by a programmed manipublitor, called a versatron.  They wers then placed in a
staking machine to render the fuve salv,  Aftér the staking machine, the
bumblets were bransportad on a punch and weigh conveyor to the punah station
(Figure 3=11) 0 The punch atation used two hydraulfc eylinders to operate
punch heads,  The punches weroe apaced uo that thoey ploerced both top and bottom
of the bhomtlows and aveided the M3: burater charge looated in the burster well
AL the center of the bomblel. After the punches wore raetracted, hbhe bomblet
remained in the punch station for geveral seaonds untlil the GB drained Crom
the lower hole Into a draln line under the punch svation.,  The punch ata%ion
was provided with interlocks which prevented further bomb couveyance LI the
full punch and retract operation wag not completed,

i)

2 Bomblets then moved down the punch and welgh
nottveyor Lo Lhe welgh gtatlon Thiy asystem was calibrated 5o that when an
excugslve amount of GB remalnad in the bomblel would stop the conveyor. It
such a conditlon exlsted, the bomblet remained to allow For further

drafnage,  The welghing operstlon was then repeataed using manual aontrols
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which were on the control panel, The punoh and weigh conveyor would not
operate as long as the bomblet was overwelght,

(¢) Caustio Dipping and Burster Shearing. After the weigh
station the bomblet was iransported by conveyor to a dip tank containing a
caustia solution where the bomblet was Ilmmersed to neutralizs any resldual
0B, The bomblet was c¢onveyed from the dip tank to the t.rster shear ~tatlon
where the burater of eaoh bomblet was out. The out was made prior to Feeding
the bomblet to the Deactivation Furnace, so that the possibility of the
burster exploding in the furnace was greatly reduced.

(d) Deacgtivation Furnace,

1 Figure 3-12 deplots the Deactivation Furnace
Room. The furnace was located in a blaat-resistant conorete structura,
designed to withstand the full blast effeat of an unoonfined M125 bomblet
explosion louvated in the center of the room,

2 The Deactivation Furnace consisted of a rotating
retort built to withstand simultaneous detcnation of seven bomblets. The
drained bomblets were retained in the furnace retort for approximatély 10 to
12 minutes to ensure the bursters ignited near the center of the retort and
were completely burned, The retort had stationary enclosures at both ends;
the feed end of the enclosure contained the metal feed chute and sxhauat
duot., The discharge end of the enclosure contained the burner assembly and
the exit ohute. After processing through the retort, the bomblet fell through
the discharge 6hube onto the discharge conveyor which transferred the bomblet
to the Decontamination Furnace. The furnace was gas fired and operated at a
temperature of 1250°F, The flame propagation and air flow were opposite to
the direotion of the bomblet movement through the furnace system, so that the
bomblets were ovnveyed into the higher temperature. Combustion gases exited
from the feed end of the furnace, flowed into an expanalon plenum through four
blast-attenuator duots, and into the feed end of the bomblet Decontamination
Furnace. There, the combustion gases from both furnace systems mixed and
flowed into the furnace sorubber system (see paragraph (h) below). The melted
aluminum from the bomblet fuzes dropped through a separator at tha discharge

3~26
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end of the retort onto a recovery conveyor which deposited the lumps into
gontalners,

(e) Decontamination Furnace and Inert Parts Furnace,

1 The bomblet Devcontamination Furnace was an enclosed
steel struoture lined with refractory briok as shown in Figure 3-13., An
endless woven steel conveyor belt transported the bomblets through the
furnace, The furnace operated on natural gas and was thermostatically o r
oontrolled t¢ supply heat up to 1,500°F., The purpose of this furnace was to
enaure complete destruotion of any residual GB agent contamination. The
reaidence time in the furnace was approximately 15 minutes., The combustion
gases from the bomblet Decontamination Furnace flowed into the furnace
sorubber system (see paragraph (h) below),

2 A second Degontamination Furnave (also called Inert
Parts Furnzoe) whioh waa identiocal in operation and construction to the
vomblet Decontamination Furnace as described in the preceding subparagraph was
used for inert parts, except the residence time was approximately 25
minutes, The ocombustion gases from the second furnace were then procesaed
through the GB Complex Sorubber (see below) before release into the
atmosphere.

(f) @B Complex Scrubber. The GB Complex Sorubber s
removed 135,000 ofm of alr and gases from the cubleles in Bullding 1606, the
Deactivation Furnace room (not the furnace gases), the GB pump room 6f
Building 1606, combustion gases from the Inert Parts Furnace, and ventilating *
air from the equipment bays of Bulldings 1501, 1506, and 1703. The sorubber
system consisted of 5 undergrouad ohambers each containing a bank of 92
venturis (see Flgure 3-14), Each venturi{ was preceedsd by a high-veloaity
caustic spray nozzle., The gases were washed with caustic and then drawn
through the vanturis by the three 200 hp exhaust fans that discharged into a
200 foot stack, The ventilating gases from Building 1606, the Deactivation
Furnace room, the GB pump rooms and the Inert Parts Fﬁrnace were drawn through
a series arrangement of Chamber 1, 2, and 3 (three sorubbing operations)
bef'ors discharge to the atmospheﬁa. The ventilating air from Building 1501
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and 1703 were drawn through elther Chamber N or % before discharge to the

atmosphere.

(g) Ventilation Gases. Ventilation gases from Buildings

1506 and 1601A were passad through 4 new scrubbing tower located in Bullding
1602 as shown in Figure 3-15, The sorubber was a vertical column fabrioated
from 1/2 inch thiek oarbon'steel plates and was packed with 1-1/2 Inch
diameﬁer polypropylene pall rings, Caustio was uwprayod over the packed bed,
counter to the airflow. The alr passed through a mist eliminator before belng
relesased to the atmosphere from tho erhavst svack, Thig new scrubber provided
additional capabllity to the existliog GB Complex Sorubbar used concwrrently
for the M34 disposal operations.

(h)  Furnace Scrubber System. ‘The combustlon gases from

both the Deaotivation and Deoontamiration Furnacwes wero mixed and flowed Into
8 furnage sorubber system as shown in Flgure 3+16, in the sorubber system,
the gases entered a quench chamber whoere thuy wepe cooled by caustic spray
from a serles of spray nozzles. The voolad gasos wore drawn through a venturd
in the sorubber chamber where thay were washed with high veloelty caustio
spray. The caustlc was then ramoved from the gasces by passing them through a
demister and mist eliminator before roleasing them to the atmesphere through
an 100 foot staok.

b, Underground Tanks.(WB’

(1) The progeduras and oguipment For neubralizing OF contalned
in the underground tanks was essentially unchangoed from those utilized for
disposal of GB from M3Y Cluster Bombs. The O3 was neutrallzed in Building
1501 using the procedures that were desorfbed for the M3 Cluster Bombs, The
primary modificatlion was the addition ot a dual rtlter bank within Building
1501 to remove any solida in the GB balnyg pumped rom the underground tanks,

(2) The chemical agent OB In Gtho M4 Cluster Bombs was
gtabilized with tributylamine (THA). Tha TBA or thae most part remalned lnert
during the neutralization reaction, It was prosent with the OB neutrallzatlon
reaotion products in the salt driod trom Lhe hitlne with crace amounts of
tributyl quaternary ammonium salts. TBA made up 3% of the salts with the
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exact composition dependent upon the initial quantlity added for
stabilization, On the other hand, the GB in the underground tanks was
atabilized with diisopropyidarbodiimide (DICDI). This resulted in some veny
minor differences in the reacticn mix, The chemical reactions that DICDI
undergoes when the agent is neutrallzed with caustic are shown below:

+

(CH3) ,CHNCNCH(CH ) 5 HpO & (CHg) ,CHNHCONHCH(CH ),

Dilsopropyluarbodiimide + water diisopropylurea

+

(CH3) ,CHNCNCH(CH ) HE 2 (CH3),CHNHCENCH(CH ),

Diisopropylearbodiimide + hydrogen fluoro(isopropylamino)
fluoride methylene=~isopropylamine
(CH3)ECHNCNCH(CH3)2 + aCH3P03HC3H7::(CH3)ZCHNHCONHCH(CH3)2 * CBHZOPEOB

Diisopropylearbodiimode + {sopropylmethyl dilsopropylurea + Dbis(lsopropvl-
phosphonic acid me thy lphosphonic)
anhydrlde

(3) Waste Treatment.

(a) The treatment of waste was basically the game as for the

M34 Cluster Bomb. )

(b) Brine Drying. The process was the same as was described
for the M34 Cluster Bomb project. However, since the complete chomical
characterlzation of apray-dried salts was necessdary prior to thelr ultimate
disposal, DICDI-utabilized GB wias segregated from TBA-stabili ed GD and
processad independently. This was accompllshed by fLLLIng the 03 day tank

with only one type of stablllized OB at any given time,




(17,18}

¢o  Ton Containers.

(1) Overview.

(a) The disposal >f bulk GB in t. . containers (sme Abpendix "
for description) corstituted th. third task under ProJject Fagle.~ Phase ‘LT
(Expanded), The destruction ol the 3,604,500 pounds of Gn storad 1n 2,422 ton
containers in the Toxle Yard at RMA was ordered in October 1973. The Final
Environmental Impact Statement for the destruction of this material was
approved in ‘August 1974,

{(b) Both TBA and BICDI were used as stablllzers with the GB in

the ton contalners,

(2)  Process Deséription,

(a) The disposal of the ton contalners congisted ol the

following ateps as shown in Figure 3~17,

1 Trunaporting the ton contalners 'rom the
Toxle Yord to the unloading facility In
Buileing 1601A,

2 braining the GB from the ton containers and
trangfer of the (B to temporéry storage in the
underground tankas in Bullding 1506,

3 Pumping tha GB from the atorage tanks to the
neutraltzation facllity in Buillding 1501,

ﬂ Neutralining the I} spray~drylng of bhe
brires and storage of thu dried salts ln drums.
5 Chemically decontamlnating the ton
contalners In Bullding 16014,

O Thermally decontaminating the ton

contalnery, .
(b} After arrival of the ton containers at Bullding 16018, they
Wweré moved by a monorall to a holding area aa shown in Figure 3~18, Upon
demand, the comuainers were moved to an unload booth and transforred Lo o oart

and driven into the booth, The GB was dralned from the ten vontainer to the
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underground storuage tank in Building 1506 under vaauum whioh eliminated the
pneed for tranaferring under pressure. A tllbting mechanlism on the cart raimad.
the ton contalner to maxlmize dralnage. The 0B was then handled {n the manner
described for the underground storage tanks,

(¢) The emptied ton contalners were then dellvered to a wash
pooth ., There the contalners were evacuated and vauatio drawn into then to
neutral Lze any residual GB. Connections were again made through the glove
port. from the control room. After £illing w;th nauétic. bhe contalners were
potat.ed Lo onaure AL Inner aurfaces were decontaminated. The centalners were
ghited and the caustic ramoved and returned by pressurization to the caustino
revirculation system.  The external surlacas weroe then breated with
dovontaminatlion solublon, the holus pluyged and the containers eertiried by
qual ity agaurance personnel. At that point the containers wers pemoved from
the booth, Lifted by the monorall and btrangported to Lhe furnace tn Bailding

538,

(d)  Two ton contatnar furnaces In Building 538 wore nsed to
Inelnerate the residue heal letft in the ton contatnury after they had heen
dratned,  The furnaces had been constructed in 1940 Lo Lhermally decontaminate
HE~gnl lon drums of mustard., After welighling, the ton contalners werce
pousttioned under the punching station at the door of elther furnace whure two
holow were punched Into the ton container, one at euch end. The ton container
Wi then trapsrferred Lo Lhe south and off the furnace whera an ale sparge wan
Phsertest Tnovach punch hole bo factlitabte restdus buarnout,  Wach furnaee Wi
novmally madintalned af 9209F and processed an average o0 doven ton contafner

por day .
() Ventllablon gasoy were treatoed the same ay Ln M3 Cluster
Brab disposal operation (see Swotlon 3.2,2.a.01)(8)).

(Y, R0,21)

d, Hones t Johi (M190) WnPHHJQQiL£Lj§§EELELE.

(1) Qverview,

{a) 1In Octobur 1973, the bepartment ol the Army orderad the

diuposal of 106 M1Y0 Honust John Warheads (uach contalning 368 M139 Homblets),




1,222 fused, agent=-rilled M139 Bomblets, and 39,532 unfused, agent filled Mi39
Bomblet halves stored in 30-gallon drums at RMA. Refer to Appendix C for
detailed munitiona description of Lhe M190 and M139.

{b) The chemical agent GB present Iin the M139 Bomblets had been
stablilized with DICLI. The reaction that DICDI undergoes whan the agent i{a
neutralized with caustio is identical to that glven in Seotion 3.2,2.b.(2) for
undevgrouﬁd tanks.,

(2) Process Descrlption,

‘(&) 'The diaposal of the Honeat John Warheads and M139 Bomblets
way accompl lshed in Bullding 1611 (see Figure 2=10) which was specifically
dusighiad o Lhils partlcutar task, ALl areas that involved explosively
gonfigured materials wore designed to at least meet the safety margin for the
maximum credible axplosive acceldent of three slmultaneous bombloet
detonatlons, Alr locks with monitoring and decontaminating equipment were
provided ror all bubllding entry and exit, New ventilatlon and sgcrubbing
aysteme were designed and bullt specitically for Bullding 1€11,
Micropracassor contrel way ubtllized wherever posalble . 'The disposal process

wan carried out acoording to the following scheme, also shown in Figure 3-19:

1 Move the M190 Warhead/M!39 bomblets from the
storage area through the holding area into the
munltlong handl ing and disassembly area,

2 Remove the M139 Bombleta from the Warhead or
the druma,

3 tlace the bomblets on the punch and drajn
machling conveyaor,

B punch the M139 bomblets and drain the GB via
a double~walled plpe to the Bullding 1501
neutralization facllity.

5 Burn the explosives assemblies in the

Deaot lvatlon Furnace,

6 Decontaminate the inert parts in the

henontaminabion Furnace,
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17 Neutralize the GB and spray-dry the
resulting brine,

(b) Stripping and Downloading. The Warhead in its shipping
package was firat brought to the stripping room in'Building 1611, Heres, the
vapor-~proof hbag covering the Warhead, the Warhead nose oone.Athé'M31 burater
chargos, and the inert parts were removed, The stripped Warhead and removed
parts were then sent to the download room where the bomblets were removed from
the Warhead by hand and loaded onto the punch and drain machine aonveyor. The
inert parts ware transferred to a conveyor to the Decontamination Furnaoce,

(c) Punch, Drain and Rinse, The bomblets ware punched by one
of two parallel punch and drain machines, The GB was drained into a 250
gallon holding Sank in Bullding 1611. When the OB Iin this tank reached a
presaet leval, it was transferred to one of the underground atorage tanks in
Building 1506 vim a doubled-walled plpe. The GB was eventually pumped from
storage to the neutralizatlion facility in Building 1501, The bomblets were
ringed with water to remove any resldual agent and sent to the Deactivation

Furnace for disposal of the explosives. The deacotivated parts were then sent
to the Descontamination Furnacse,

(d) Deaetlivation Furnace., This furnane was similar in design
toc that used for the M3Y4 Cluster Bomb disposal (refer to Ssotlion
3.2,2,4.(1){d)), The Deactivatlon Furnace was a U,S. Army APE Model 1236
modiiied for the Honest John Demilitarizatlon.

1 Drained bomblets and explosive aomponents (Composition
"B huraster oharges) from the Warheads were progessed through the Deaotivation
Furnace.

2 The Deactivation Furnace was a ro{lar-mounted, eleotrio
motor driven, rotary kin type unit with internal spiral flights that subjeoted
the drained bomblets and explusive components Lo a Lemparature of 500° t¢
600°F for a period of time (about 30 minutes), sufficlent to decompose the
explosives and initially deocontaminate the bomblet shells,

3 'The only material fed Lo the furnace was ab the Flue gas
discharge and through two blast attenuating plpe chutes whioh were fed by the
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punch and craln machinea. The feed chutes also supplied secondary air to the

-

furnace which kept the fead chute system at a positive alr pressurw relative
to the punch and drain area. The poslitive pressure prevented heat and

producta of combustion from backfiring onto the punch and drain system. The 1

flue gases were drawn through quench chambers into the furnace gorubber system

before discharge through the stacks to the atmosphere. T
(s) Deodntamination Furnave. All Warhead parts were sventually {

transferred to a Devcontamination Furnace for thermal deccntamination, The
warhead parts consisted of plastic, aluminum and ferrous alloys, and the
drained bomblets from the Deactivation Furnace operatlions.

) The Decontamination Furnace was a two-compartment oll-~
fired forced-draft unit, Normal operating temperature of the melting
compartment was 1400° to 1500°F and of the holding compartment was in excess
of 1200°F, The melting point of aluminum {s 1080° to 1200°F. The plastioc and
ailicone sealant compounds were pyrolyzed and the alumlnum parts were melted
and recast into ingots.

2 Material from the Dedctlvation Furnace was dellvered via
conveyors. Primary combuation air was supplied through separate openings
above the burnera. The temperature was automatlically controlled to a manuaily
presat control point. Exhaust gases were removed by a collector box and stack
arrangement rrom the holding compartment of the furnace through the ruench
chamber to the furnace gorubber aystem before discharge to the atmoaphare,

3 The holding compartment of' the Decontamination Furnace
was squipped with a pouring spout, Perlodiaally the spout was opened and the
molten aluminum was colleoted in molda., After cvoling, the full molds were
replaced by empty molds in preparation for the next pour., When cooling was
complete, the ingots were removad and transferred to a salvage yard. Also
periodically the pneumatioc deoor on the discharge end of the furnace was opened
and the decontaminated ferrous parts were withdrawn. After cooling the 4
ferrous parts were transflerred to a salvage yard,

(f) Sorubber System. Two new packed tower scrubbers were
installed adjanent to Building 1611 to proocess the ventllabion and exhausts
from the Honest John Warhead disposal.
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3.2.3 Environmental Conaerns,

a, Alr Emissions/Standards.

(1) dQaneral Standards, During the planning phase uf Projsot
Eagle ~ Fhase II (Expanded), QB exposure limits for workers and the general
population were eatablished by the U.S, Department of Health and Human
Services, Thase valuos Were as shown in Table 3-4 along with restrictlons on
{ndustrial polluvant standards that were imposed by the State of Colorado,

(2) Monitoring., Three types of monitoring were gonducted to
ensure compllance with the above standards: in=-plant, stack, and perimeter,

(a) The in=plant monltoring consisted of alarms and
bubblers., The M5, E59, and Demilitarization Chemloal Agent Concentrator
(DCAC) alarms were used as real-time (response time is within a minute)
monitors where GB concentrations greater chan 0.2 mg/m3 might ocour. (DCAC's
lowar limit of deteation was 0,0001 mg/m3). Bubblers were usad for work areas
wnere long-term, low-level conaentrations 6? 0B might occur, Bubblers
oonatitute oollection systems that draw a{r through a sulfuric acld solution
{pH 4,E); bubblor samples taken in durations betwsen 30 minutes to & hours,
had to be takeh to a laboratory to be quantitatlvely analyzed for QB with an
oolorimetria gnzymatio deteotion method, If significant {nterferances were
obagrved with the enzymatic method, gas ochromatographin analysis was uged as
an alternative., Psraonnel were required to mask when an alarm was sounded or
a bubbler sample exhibited greater than 0,001 mg/m3 for onée hour or longer.
The alarms and bubblers were cnallenged on a ragular schedule to assure proper
functioning., The response tLime for bubblers ranges from 2 hra. at a lower
1lmit of deteotion of 0.000% m;g/m3 to 13 hrs. at that of 0,0000003 mg/m3.

(b) The furnave exhaust stacka and effluent from the QB
Complex Sorubbsr and spray dryers were monitored with M5 alarms and bubblers
as desoribed above. The Army imposed an actlon Limit of 0.0003 mg/m3. Whan
the action limit was attained, the shitt englneer was notified. When the
shutdown 1imit (0,000 ms/m3) was attained, shutdown wap activated,
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TABLE 3-4,

process Emisaion Standards

Substance

608 (unmasked workers)®

GB (general population)¥
GR**
Suspended particuiabte matter**
NO‘_N*
[

Fluorideah¥

Opaclity**

*DHHS requirement
¥¥Colorado State requirement

Congentration

0.0001 mg/m3

0.0001 mg/m
0.000002 mg/m3

0.003 mg/m’
180 ﬁg/m3
55 ug/ms

100 ug/m3

0.005 ppm

20%

Duration

8 hr/day

1 hour avg.
72 hour avg.

max fmum
24 hr
annual arithmetic

mean

annual arlthmetic
mean

P —
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{¢) Nine fixed site-sampling stations were established at
approximately 40 degree intervals around the RMA perimeter (see Figure 4-21)
at the same sites as for Project Eagle - Phase I. Eaoh site-sampling
perimeter atation was a trailer containing: (1) a Technlicon Alr Monitor IIA
for oontinuous coioﬁimetrio analyais of nitrogen dioxide, (2) a high volume
sampler for suspended particulate (greater than 0.3 micrometers), (3) mast
ozone meters for measuring total oxidants, (4) anemometer and wind direction
transponder/recorder, and (5) (OB bubblers. The bubblers were scheduled to
take two 12-hour samples every 2U=-hour perlod and were analyzed with the
deteqtion methodas desaribed above.

b. Sarubber and Staok Emlssions.

(1) buring the preoperational testing in November and December
1972, it was discovered that the QB Complex Scrubber (see Sectlion
3.2‘2.a.(1)(f) and Figure 3-14) was not functioning as expected. Examination
of the scrubber showed excesslve nozzle blockages by solids. The serubber was
modified to sliminate thls problem and retested in April 1973, The scrubber
was challenged with GB concentrations ranging from 4.83 g/min (ncrmal
operational conditlons) te H0.20 g/min (maximum amcunc expected tu be relcased
during a major accident), ‘The results of these teats (see lable 3-5)
indlcated an overall scrubbing effiolency of >99-998¢(22). The Army
Environmental Hyglene Agenay (AEHA) stated in its r'inal report (23)'on the
impact of the GB neutralization operation on amblent air quallty that the
scrubbera were affoctive in preaventing OB rulease to the atmosphere and
signifioantly reducing OB release during upset conditions. AL ne point in
time was there documentation by tie perimeter monltors of CB emlssions above

the gerieral population limit at the ground leval,

{(2) The uxhaust gases from tha M3U4 diaposal gperatlon
Decontamination and Deacgtivation Furnaces stack were énalyzed for partigulate
emissaions and opacliy between 31 August and 22 November 1972, The Colorado
emisslons standards were met.

(3) In its final report (23}, AEHA concluded that the 6B
neutralization operation that took place over thres ysars at RMA had no

3-45 !




overall detriméntal impact on ambient air quality. The AEHA finding on GB
emissions héé'hi;eédy been disoussed above. With respect to suspéﬁded
partioulate ma;ter, AEHA found that there was a deoreass in wongentration
during the period of operabion. On the other hand, AEHA determined that there
was an 1noraase 1n ‘ozone oonoenhration but that this inorease oould nat be
attributable tp:the.GB neutrallzation operation, With respect to qitrogen _
oxides emissions, AEHA found no change in the ambient l@vel over the period of
operation,

c. Air Emissions From Spray Dryer.

(1) Initial testing of the spray dryer 6-10 June 1973 indicated
that the apray dryer did not meet the Colorado opacity limit of 20%.(2u) An
intenaive effort was undertaken by the manufactwer to fix the problsm. The
dryer was ﬁntroftttad with a vanturl scrubter Lo remove particulate maﬁtnr
from the dryer exhaust, After this retrofit, the system was retested. While
operating on natural gas, the spray dryer did meet the opacity requirément.
However, the opaclty requirement was exoeeded(ZS) when the dryer operated on

~fueli ¢ll and t e brine feed rate exceeded 27 gpm at 17% solids (see Table 3~
-r%gg Natural gas burns more oleanly than fuel oll; the latter fuel contains
,aulfur and sooty burning arcmatic hydrocarbons, Since no other fix was

possible w;thln budget and time oonstraints, the Army decided to accept the
ryer and operrate 1t on natural gas or at the reduced brine feed rate while on
operating fuel oil,

(2) Betwesn 24 January and 7T Maroh 1974, AEHA tested the M3l
spray dryer %o determine partlculate, fluoride, phésphorus and OB emissions.
AEHA test data‘®®) showed relatively high GB emissions (above the 0,0003 mg/m3
action limlt and at times above the 0.003 ma/m3 shugdown limit), Thoe GB
analyses were performed via éhe enzymatio deteotion method. Upon initial
evaluation of the data, Lt was not certain if the problem was puraly
analytical in nature (i.s., interferences from raverslble or other
irreversible uholinesteﬁasa inhibitors) or if OB was actually being emitted
from the spray dryer.
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‘ o ' TABLE 3-5. Sorubbing Efficiency of GB Complex Serubber(2?)
Test No, o 1 2 3 Y 5
08 Input
p Rate (g/min) L, 83 5.65 5.33 18.85 40,20
Time (min) 120 120 120 60 60
§ Effioiency § 99.9975 99,9985 99,9979 99,9988 99,9987
Stack _Emissions 0.,00009 0.00007 0.00010 0.00024 0.00057
(mg/m3)
}
TABLE 3-6, Dryer Acveptance Tests(ES)
s Gas Fuel 0Ll
25-26 Jan T4 20-28 Mar TU
Brine Feed Rate, gpm ; 30.2 - 30.3 _ 27.6 - 31 .1
Sorubber hecycle Rate, gpm 3.0 3.0
\ Brine spec. gravity 1.10 = 1,13 111 = 1,16
Sgrubber sp. gravibty 1.0% - 1,06 1.004 - 1,08
Brinep % SOlidB 25-” - 2805 17-0 - 27!3
8tack Emisaions, lb/hr 6,06 - 8,35 4,53 - 10.8
Stack Opacity Acceptable L

brine was diluted with water to 17% solidas,

tStuok vpucity acceptahle only when dryer foed rate was reduced to 27 gpm and
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(3) During 1974 and 1975, an intensive effort was undertaken to
determine the cause of the‘GB in thé gpray dryer gas stream. This effort
ineluded further investigation into the OB'analyticql methodology for the
bubbler solution, brine and salts; spiking experiments to try to form QGB; and
distillation experiments to determine if GB was formed during the drying
proveas. The consensus of this work was the rollowing<a7'2a):

(a) There was no GB in the brine.

(b) OB ocould be reformed in minisoule quantities when the
brine was extracted for analysis under the aclidlc oconditions (pH U4.5) used in
the analytlcal procedures,

(o) GB could be reformed in minute amounts from the brine
whan the proper pH (less than 6.5) and heat conditions ware present,

(d) No GB was formed from the salts when extracted at a pH
of 12-13,

(e) Minutu amounts of GB were formed rfrom the salts under
aoidie oconditlons (pH less than 6.5).

(f) No GB was formed in the bubblers,

Although the above theories about the conditions 1n the spray dryer under
which GB gould reform were never positively confirmed, they became the bases
from whioch to undertake equipment modifications to avola future GB
emigsions. [t should be noted that these conditions are relatively
restrictive and the amounts of GB reformed under such conditions are
relatively minute.

(5) Spray dryer GB emissions data(zg) in the RMA files showed
only lists of' emission levels., Hence, it ls not possible to ocorrelate effects
of brine feed rates, temperatﬁres, and serubber apeacific gravity although it
is known that OB emissions is a complex function of these parameters,
Inferences between QB emisslons and temperature and brine feed ratss can be
drawn (see Figure 5-20). Bach data point in Figure 3-20 is an average of ten
or more analyses, It can be seqn that OB emissions inorease with temperature
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Brine feed « 6 gpm

Flgure 3-20 OB Emissions From Spray Dryer
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(at a oonstant brine flow rate and for a particular fuel) at a rate of 2,2
x10'6 mz/m3(°F. GB emissions alaso lnorease with brine feed rate when the
téqparaturoﬁls oconatant and for a particular fuel. When the dryer was
ogeratad ¢j fuel oill, CGB emissions tripled that of natural gas under the same

. condltioqq‘ Thia tripling was due to the relatively large quantities of

agidic gases formed from fuel combustlion due to the presence af sulfur in fusl
oil,

| (7) Because of possible reformation of GB in the spray dryer
(reversal of hydrolysis, see flrst equatlion given in Figure 3-20) the action
lavel of 0.0003 mg/m3 was often exoceeded and the shutdown level of 0.003 mg/m3
was occasionally exveeded, An air sampling st.udy(3o> conducted between 20
January and 7 March 1975 showed the limit for general population of 3 X 10'6
mg/m3 was exceeded ih 3 of 30 test samples. In fact, the GB emissions in
these three samples exoeeded the action limit of 0,0003 mg/m3. However, the
perimeter monitors showed that the emisslon standard for the general
population was not exneeded and thus, there was no threat to the public at
large, RMA was able to oparate the spray dryer at a brine flow rate of 12
spm(31) at a temperature of 700°F without GB emiasions exoeeding the aotion
limit during most of the neutralizatlon,

d. Water Effluants,

(1) The estimate water usage/dlsposal for the Project Eagle -
Phass II disposal a3 glven In the Environmental Impact Statement(19) {3 showu
in Table 3-7.

(2) ‘This water was to be released to the atmosphere through the
spray dryer or sorubber exhaust. With changes in process parameters (e.g.,
the inorgase in the caustio oondeﬁtration, disposal of washdown water in Basin
F, ete.), these water usage/discharge numbers changed dramatiocally during
operations, The only availablse data for actual water usage was from the
disposal of the Honest John Warhead/M139 Bomblets. This water usage was as
follewst2l),
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TABLE 3-7. Total Waste Stream Flows'9)

- 8tream Deseription

Miscellanecus 3treams
Building 1501 Reactor
Diacharge:
M3k
Underground Tankas
Ton Containers
Honest John/M139
10% Contingency®
TOTALS

Total Flow
b,

14,933,000

18,491,100
1,617,966
15,743,000
337,950

5,112,302
56,235,318

*Applies only to liquid flow,

Percent
of Salt
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Total Salt
1b.

597,320

6,278,880
549,402
5,345,700
114,903

12,886,205

L
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Process Water

Serubher Operations 820,000 gal
Plants Area 180,000 gal
TOTAL 1,000,000 gal

(This water was dlscharged to Building 1727's sump and eventually to
Basin F).

Water Vapor

doerubber Exhaust 1,000,000 gal
Spray Dryer 25,000 gal
T75%25,000 gal

(This water was dlscharged to the atmosphere).

{3) These data differ significantly from the original
estimates, 1.e,, the reactor discharge was only 10% of that predicted while
the miscellaneocus waste streams wWere larger than predicted,

a. Solid Wastes.

(1) The solid wastes from the Projeat Eagle =~ Phase II diaposal
process ilnelude furnace ash, decontaminated metal parts and the spray dried
salts, Furnace ash was drumned and stored until 1986 when it was sent to a
hazardous waste landflill for final disposal, This was princlpally due to the
content of heavy metals (cadmium, lead, ote.) in the furnace ash The
degontaminated metal parts were sold as sorap, For example, during the Honest
John disposal, 36,100 pounda of scrap steel was sold for $5,415,00
($O.1b/lb)(21). Warhead shipping containers ware tranaferred for future use

on the Ar‘sena1<21 ) v

(2) Projeot Fagle - Phass IT generated 43,000 drums (55 gallon each
welghing 500 1lbs.) of salts or about 2.6 lbs of salt for evdry pound of COB
neutralized. The major components of these salts were sodium ispropyl
methy lphosphonate (8IMP), sodium fluoride, and sodium carbonate, EP Toxioity
tesats were performed whioh showed varying concentrations of heavy metals in
the salts. However, the levals found were beslow the Resource Conservation
Recovery Act (RCRA) maximum consentration limits for hazardous waste
classifioation, DBased ¢n the RCRA Part B Permit for RMA(BZ). these salts wure
llated (Army olassifioation X003) and managed as hazardous waste under Army
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policy, although sample test reésults did not"qualify them as RCRA hazardous
waste, The Army considered the salts hazardous mainly due to thelr
corrosivity (high pH levels ranging from 7.0 to 12,3) which is a
charaoteristic of high sodium fluoride levels. Also. It was believed that a
minute amount of QB remained in the salts even though the spray dryer was
opsrated above the bolling point of GB. An exaant analysis for measuring OB
residue 1s not possible due to the analytical methods used. Since thas Army
oonsidered the salts hazardous, they were disposed of by U.S. Pollution
Control, Ina, in a RCRA approved landfill (Grassy Mountain Site) near Salt
Lake City, Utah in the fall of 1986,

|
|
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3,3.0 CAMDS Chemioal Agent B Neutralization,(33:3%)

3.3.1 Introduation.

a. This seotion desoribes two major chemical agent disposal
operations at CAMDS using neutralization as the method for chemical agent
destruction.

b, The firat neutralization operation was initiated in September,
1979 and completed during April 1981, A total of 13,951 M55 rockets were
progessed through a Rooket Demil Machine (RDM) from which 127,950 1b of agent
GB were destroyed by the CAMDS agent neutralization prooesé in the Agent
Destruation System (ADS). The sescond operation was the disposal of 155mm
nonburstered projectliles and 105mm cartridgesn fllled with agent GB., A total
of 12,673 munitions was drained of agent and a total of 54,000 lb of agent was
neutralized in the CAMDS ADS. The latter disposal operation commenced during
July 1981 and was completed during July 1982, Table 3-8 lists the amount and
type of each chemical agent neutralized at CAMDS during the two programs,

¢. In the M55 Rocket disposal project, the M55 rookets wera drained
of agent and cubt using the ROM. The rocket pleces were then uonveyed to the
CAMDS Deactivation Furnaoe System (DFS) where the explosive componsnts of the
rocket and any reslidual agent were burned in the DFS. In the nonburatered
projectlle disposal operation, the projectiles were processed through a
Projectile Pull and Drain Machine (PPD) where the agent was removed from the
projectila and sant to the ADS for neutrallzation. The empty projeotile and
metal parts (burster well and the nose olosure) were then sent to a Metal
Parts Furnace (MPF) for decontamination,

3,3,2 Neutrallzation Procsss Dasariptlon. (35:36)

8, The chemioal neutralization process at CAMDS was contained in
the ADS. ‘'The ADS was modeled after the existing facllities at RMA with
oartain‘modiried equlpment oonfigurations., In the ADS design, the caustisc and
0B are blended in the reastor rathear than in a mixing tee, as done at RMA.




TABLE 3-8

CAMDS Chemical Agent GB Neutralization Programs

Number of Approximate
Project Munitions Agent Lbs of Agent
M55 Rookets 13,951 GB 127,950
155mm Projectiles 7,9U2 GB
54,000
105mm Projectilas b, 731 GaB
Total Pounds of Agent Neutpralized 181,950
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Also, the heat of reéction is removed b a reactor recirculation sysem and
gooling Jjacket in the ADS rather than a heat exchanger downsteam of the mixing
tee, as done at RMA. These dodiflaationa wore done to eliminate foaming and
line plugging problems experienced at RMA and to improve process operations in
ganeral, Also, these changes ware necessary to adoommodate caustic
neutralization of the VX aoid brine in the second atep of the VX
neutralization process, Although this systam was designed toO neutralize both
0B and VX, tha VX nautralization program was ncver implemented {(see Ssation
3,4,0.b. for rationale).

b, The ADS was divided into five major components of operations:
chenical storage and distribution, agent reactors, vaste neutralization,
evaporator, and brine drying. The loestion of these components tu lald out
plotorially in Filgure 3-21.

(1) Chemioal Storage and Dilution. sSodium hydroxide (NaOH) was

recaived in a 50 percent solution and diluted to 18 percent bafure use, NaOH
to be used in the ADS was piped from & storage site to a Chemical Distribution

System (CDS) for use ag a decontaminatlicn solution.

(2) Agent Reactors, In the neutralization process, NaOH
reacted chemiocally with GB to form sodium {sopropyl methylphosphonste, sodium
fluorlde, and water, 'The design of the system involved a bateh neutrallzation
procesa, in which OB was ocolleobed until a sufficient amount had accumulated
to m ke up a full batch., 'This method was employed throughout all of the M&Y
rooket and moat of the projectile runs,

(a) The addition of OB to the reactor was undertaken in a
gontrolled manner to roduce heat buildup from the exothermiec reaction, A
gooling water system for the reactors was used as an additional method to
gontrol the heat, but was later sliminated when it ways found that aooler
tenperatures caused salts to preoipitate out of the brines and to olog pipes.

(b) After sufficient reaction time, the brine was sampled
to ensure that 5 parcent excess caustlic (NaOH) was present and that the
residual oconcentration of GB was 2 nanograme per milliliter or less. ‘The
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brine was then transferred to the brine holding tanks before drying. If the
criteria were not met, additional NaCH was added, and the brine was retested.

(3) Waste Neutralization. The waste neutralization tanks were

designed to treat spent, decontamination solutions from all areas of the CAMDS
rfacility that might have contained low levels of agent, All lliquid wastes
genarated in the ADS toxic cublcle from agent spills, Explcsive contalnment
Cublcle #1, Rocket Shear Machine (RSM), PPD, and other areas where
agent/munitlons were handled, passed through floor drains to a sump, Wastes
from this sump were periodically pumped into the waste neutralizatibn tarks
for treatment. Spent caustic from the ADS scrubbsr was also transferred to
these tanks. Toxlc shower watar was also routed to the waste tanks for
neutralization.

{4) Evaporator. An evaporator was installed in the brine
holding area tn heat the diluted waste waters and decrease the volume of water
going to the drum dryers. The evaporator had a 4.7 million Btu tube bundle

heat egxchanger and was rated at a capacity of 250 gallons per hour.

(5) Brine Drying.

e e sttt

{(a) Whereas at RMA the neutrallzation brine was spray-
dried 10 a salt, it was drum-dried at CAMDS. The chAange was based on a study
by Rowan (37) showlng the following improvements in abviating aonditions that
were conducive to GB reformation: (i) Drum dryers operatad at a lcwer
temperaturs than spray dryers. (ii) brum drysre rely on steam heat instead
of fuel oil boilers; do not expose CO, and 50, to the Lriné; and thus do not
promote acldle vonditions, unlike the spray dryers, (iii) Lrum dryers tnvolvé
a much lcwer volume of air than spray dryers. The air serves only to carry
away effluent gasea In the drum dryer whereas alr {s used ag the heat transfer
medium in the spray dryer, Thus, dusting ig minlm{zad and if GB emisrion
ocours, the lower volume of air is vasiar to deal with, It was also
determined that drum cryers ware more cost-elfective tﬁan apray dryer s,

(b) The dbrine drying area consisted of five brine (45,000
ga) capacity) holding tanks with transfer pumps, two parallel ateam-heated
twin~-drum dryers with oirculating pumps, and a g0lids handling conveyor system



for each twin-drum dryer, salt storage bin and salt compaotor. The brines
after bé*ng certified &s agent«fres entered bhe-drying area fﬁom LWO

sodroém: (1) the agont reactor or waste neutralization tanks and (2) brlnes
froh other areas of the 'plani, v. g., serubber liquida rrom fhe MPF and DFS.
The concentra*ed brine 'was pumped rrcn the holding tanks to - twin-drum dryors,
where moiﬂture was rémaved by evaporation on the hot surface (apprnximately
350K )" or the rotary drum, ’

(¢) The sqlids from the drum dryers are conveyed to &
surge bin equipped with a4 level indicator. Thea sollds oombactor haa a meter
Lo measure the elactricsl loading un the motor. 7The solids from the compactor
are fed into piéafio -iined friterboard storage drums. It Ahould be noted that
this past practice has been changed to the current one of oo1laoting
uncompacted saltu in commeroially leased dumpsters that are perlodically
oollected. (Sew Section 3.3.4.,0. ror dispesal..

3.3.3 Iroject Descriptinn.(33)

Ae MBS Rookets,

(v) ihe first 0B neutralization projevt at CAMDS involved
¢isposal of 13,951 M55 roockets during the period of September 1979 to April
1981, Sac¢ Appondix B for a desaription of the M55 rocket.

(2) Process Deseription. Figura 3-22 i{s the process schematio

shat was usued at CAMDS In disposing of these rookets,

(a) Pallats of 55 rockets were delivared to the CAMDS
Munition Holding Area (MUA) by wmunition transport vans with charooal

filters, Bach pallest of M%) rocltets was placed in a Single Pallet Only Rookeb

Transporc (SFOAT) anntainar before it wag transported to the MHA. No more
than two SPORTS containing rockets were permitted in the Unpack Area (UPA) at
any vime.

(b) Rockets were then manually fed onto a conveyor whieh
introduced the rocket into an Explosive Containment Cubiole (KCC) where the

rocket was drained and cut into seven pleces by the RUM and the rocket pleces

3-59 1)




S19%00H GGW J40J D11BESUDS SS9004d  :22-f aang®i:

g
:
3-60

T 9%




conveyed to the CAMDS DFS, :}hé-explusxfé por titing or,ﬁﬁégrookét.were burned

" in phaHDFS and aﬁy reaiduél agent was Inolinerated, Deoohtaminatéd métal pa?ta
and fiberglass from the rooket shipping tude were dlscharged from the DFS at a -
temperatire of 1006°F. The diabharged‘piéoas were oarried on an giectrically '
heatsd conveyor which: inaured retention of the plecea at 1000°F for the 15
minutes requireu for thermal deatruction of residual agent tréces. o '

(¢) ' The dralned GB from the M55 rocket was tranaferrad
from a measuring tank in the EUC to the ADS through a double-walled pipe. The
~agent was then collectad in a storage tark inside the ADS and neutralized ay
daser {héd in Section 3.3.2,

(3)  Key Componants.
(a) Rooket Demil Maghine (RDM). The RDM wai a
miltistetion mavhine, Figure 3-23 is a cutaway of the RDY which was fnatalled

in the ECC and gonsisted of the following conveyors and statvionst
' 1 ECC input donveyor which vias used to
" move -the rogket from the UPA into the ECC.
g RDM input conveyor whioh was used to
move the rocket Into the punoch und drain
station in the ECC.
3 Punch and dvainlatatimn in the ECC
whioh punahod the rogket ard drained the
4B agent.
L Saw atation in the ECC which had six
motor-driven readial saws that out the
drained rooket into seven pileQes,
£ ECC discharge and segregator conveyor
whioh was installed in the ECC housing
between tha ECC and the Deamccivat ion
Furnace lnput gonveyor., Figure 3-24 is5 a
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schematio of an M55 Rooket after it had

been procassed through the RDM,
(b) Deactivation Furnace System (DFS)., The DFS at CAMDS
was similar in deslgn to the one used at RMA but slightly>1arger; it was used
for the thermal deactivation of the propellants and explosives as well as the
thermal detoxification of the metal parts containing residual agent from
drained M55 GB agent filled rookets. Propellants and explosives from all
chemioal munitions, and metal parts'oontaining residual agents from drained
M55 VX rooketa and M23 VX minea were also deactivated and/or decontaminatsed in
the DFS., A detalled desoription of the DFS appears in Seotion 4.3.2. of this
report, The major components of the DFS wera an oil-fired rotary reﬁort, a
shrouded electrically heated discharge conveyor and pollution abatement
aystenm,

b. 155mm/105mn Projectiles. (33

(1) The second neutralization project at CAMDS was the disposal
of 7,942 GB fllled nonburstered 155mm projectiles during the perind of July
1981 to February 1982, The third neutralization project at CAMDS was the
disboaal of the 105mm, nonburstered, GB filled projectiles between March 1982
and July 1982, (Sea Appsndix B for a deseription of the 155mm projeotile'and
105mm projectile.) The agent from 4,731 of the total 7.771 rounda of 105mm
brojeotiles Wa s deatroyad in the ADS. The agent from the remaining 3,040
projectiles was drained and collected in ton containers.

(2) Process Desoription. Figure 3-25 is the process schematio
that was used at CAMDS in disposing of these projectilses,

\a) The palletized munitions were taken from the storage
igloo to the CAMDS MHA by the ammunition van. The palletized rounds were then
taken from the MHA to the UPA where the rounds were removed from the pallet
and placed on an ECC by-pass oonveyor., The conveyor would carry them to the
Projeatile Disassembly Faallity to be processed in the PPD., The pallets were
then sent to the Dunnage Incinerator (DUN) for burning and the resulting ash
was sent to disposal,
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{b) In the PPD, the nose olosure was removed from the
projectile and the burster well was extraocted., The OB agent was then removed
and sent to the ADS for neutralization as desoribed in Section 3.3.2. The
burster well was passed through a decontamination bath. The decontamination
solution was supplied by a CDS, and the apent deasntamination solution was
sent to the ADS for neutrallzation and drying.

(o) The drained projectiles, burster wells and nose
closures ware sent to the MPF for deoontamination. The sorap metal parts from
the MPF were dlsposed of Ly the Property Disposal Office, TEAD,

(d) The drained OB agent waa neutralized in the ADY, and
the resulting brine and the brine from the MPF sorubbar were alao dried in the
ADS using the drum dryer system, The salts produced during the drying
operations were placed in drumo and sent to storage,

(3) Key Components.
(a) Projectile Pull and Drain Machine (PPD).

1 Purpose. The funotion of the PPD was to open
projectile bodies by tapering the burster well so that the projectile oculd be
furthsr provessed and to draln the agent from projectiles as shown In Figure
3-26.

2 Desgription. Because the FPD was located in a
toxiq area, it was oontalned within a ventllated interior housing (shroud).
An airlook with shower, also ventilated, was attached to the shroud to alldw
aocess to the toxlio area, Ventilation alr exhaust was filtered through
activated charcoal heds to remove traces of toxis agent, The PPD oonsisted of
the following atations: \

o PPD load station

o Nose nlosure removal station

0 Burster well weld oulting statlon
¢ Buraster well pull station

o Drain atation

o PPD unload station
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2 Operation. Nonburatered projectiles only came
directly from the UPA by way of the ECC by-pass oonveyor, Burstered
projectiles had all exploaives removed in the ECC prior to transfer to the
PPD. Only one type of projectlile was processed through the PPD at any one
time. The maohine was ogapable of ba{ng adapted to the various munition
types. A computwr program had been developed to insure the proper sequengs
for eaoh particular munition. All stabiona were tied to a control program %o
that If a station failed to oomplete Lts operation, that operation would
automatically be repouated bafore the agonvayor could advance the projactile.,
Had a station failed to complete its functlon, the process was automatically
astopped until the malfunotion was ocorreated,

(a) PBD load Station. Projeatiles were received

at the PPD by way af tho lnput conveyor and {PD acoumulator. The acoumulator
provided f'or inline storage of projectiles. This provided & cushion in tho
projectile line that would allow minor problems in the FPD tu be sol'~d
without Interrupting operations in the UPA and ECC,

(b) Noso Closure Removal Statlon, The nose

closure removal atation used a high torque, pneumatically oparated impact
wrenoh, A clamp device conslmting of three "arms,' 120 degre¢s apart, gripped
and unscrewed the nose oclosure. After the vlosure had besen removed, the
gavity was probed to determine whether a hurster was presont, The procesy
would not gontinue i{f a burster was detected.

(¢) Burster Wall Weld Cutting sStation, This

station was umed on projeotiles that contained welded burater walls, Tney
were not processed with the other munitiona. 'This atation uaed a vertical
boring mill with a hydraulically controlled feed rute and a variable spaed,

(d) Burster Well rull Statlon. This apparatus

oonaisted of a hydraulloally operated carriage that was lowsred to ciuae a
eollar to make vontaot with the tapered outsailde surface (oglve) of the
projeotile, With the collar in contaot with the projectiie, a rad with an
expandable collet attached was lowerad into tho projectile burstur well., The
oollet wJas wxpanded, oausing it to pross against the inuide wall of the

3-68




burster wall, The collet waa then ralsed, removing the burster well from the
projectlle.

(@) Drain Station. Agent was removed in this
station using & vaacuum to drain the munition., A vacuum tube and probe wers

lowered into the projectile. The probe was provided to determine when the
agent had been removed.

(L) Unload Station,  Tranafer of the projectile

to the MPF was acaomplished by a powered rollar, floor level conveyor. To
transfar the projectils onto the conveyor, a taperad collset was used. The
cullet was lowered into the projectile cavity and expanded tightly against the
inaide projectile wall,

(a) Metal Parts Furnave (MPF).

1 Analogous to the purpose of the Decontamination and
Inert Parts Furhaces at RMA, the purpose of the MPF during the neutrallzation
proocess at CAMDS was to thermally decontaminate the drained 105mm/155mm
munitiony components, cavities and metal from which explouives had'been
removed, A detalled desoription of the MPF appears in Seotion 4.3.3.

3.3.4 Environmental Concerns.

4. Emission Standards and Monitorigg.

(1) The Department of Health and Human Services (DHHS)
standards for QB emisslons during neutralization at CAMDS remained unchanged
from those glven in Table 3~4 and Seotion 3.2,3 for RMA, The standards for
industrial pollutanta during neutrallzation at CAMDS were the same as those
during incineration at CAMDS, Nonethelass, the emission of industrial
pollutants at CAMDS during neutralization waz neither a problem nor
environmental conagern, The reader is referred to Table U4-16 and Section
4,3.2.0, for dlsousalon of standards for industrial pollutants, The reast of
this section will foous only on GB emissions.




(2) While the M5, E59 and DCAC alarms and the bubbler were used
at RMA; the M5, M8, modiflied M8 with congentrator, bubbler, and real-tims
monitor (RTM) were used at CAMDS. The M5, ES9, and bubbler were praviously
desaribed in Seotfon 3,2.3.; the others will be desoribed here, The M8 alarm
i1z a portable real~time {(reaponse time of one minute) menitor that detects
nerve agent slactrochemiocally with a lower limit of detection of 0.2 mg/m3 for
B, The modified M8 with concventrator differs from the M8 in bhat it deveats
as low as 0,001 mg/m3 of OB but at a response time of 33 minutes. The RTM
deteots as low as 0,0001% mg/m3 of QB at a reaponse time of ten minutes; Lt
uses the colorimetric enzymatia method of deteotlon similar to that described
for the bubblers in $ection 3,2.3. and represented a oconslderable improvement
over the M8,

{3) The MB alarm was placed in all veutrallizatlon toxic process
areas to monitor the presence of agent as well as to indloate process
upseta. Bubblers were placed on the stacks (rom the brine dryers. The
modified MB with con¢entrator, bubblers, and RIM were placed in all work
areas, The exhaust stacks of furnaces were monltored with bubblers at all
times and with combinatlons of M5, M8, or RTM, As with HMA, all CAMDS alarms
and bubolers wara pariodically ohallenged to check thelr operation,

(4) The perimeter monitoring network during neutrallzation at
CAMDS oohaisted of elght ldentloal sampling stations positioned as shown in
Flgure 4-23, As with RMA, each statlon was & suml-parmanent traller
containing an ozone monitor, aulfur dloxide monltor, nitrogen dioxide monitor,
anemomater and wind direatlon indloator, a high«volume aampler for suspended
particulate, and a OB bubbler.,

t. The neutralization process did nobt follow the expectod acurse and
presented two environmental problems: (1) minute quantitles of GB werg found
in the brine and (i1) the process took significantly longer time than
gxpected, required excess caustio (NaDH), thus resulted ln exoessive salt
produation.

(1) Whereas in the RMA neutrallzatlon procass the major
environmental concern was OB emiasions in the zpray drying of the brine, the
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major ona in the CAMDS process was the enoounter of minute guantities of OB in
the brine, That this was a problem for CAMDS and not for RMA although CAMDS
followed RMA and took advantage of RMA's experience oan be explained, First,
the brinsa from the neutralization could not and were not analyzed Fdr the
presance of QB at RMA.(38) This practlce wasg permitted under a DHHS Standard
that only required that there be 5% excess caustio (NaOH) in the brines
bevause 1t'was1raithfully believed that thia amount of excess oaustio would
decompose any GB prasent. However, DHHS intended to tighten the standard
after RMA reported problems with GB emissions during apray-drying; in its
desire Lo tighten the standard, DHHS sought a standard that was an aotual
parformance standard rather than one based on falth, In the end, DHHS
acoepted the Army'a proposal that the standard for 0B not exceeding 20 parts
per billion n drinking water for soldiers be appllied to the Drine.<397 By
thia time, the neutralization had been completed at RMA, and CAMDS was
required Lo comply with this stricter standard, Thus, CAMDS had to analyze
the brine rfor GB from cach neutratized batoh., While DHHS imposed this
gtandard of 20 ppb of GB In water, whioh correaponds to 20 ng/ml {(w/v), the
Army adopted a certification (that a brine way agent-free) Larget level that
was 10% of the DHH3 stundurd, {.,a,, 2 ng/ml or 2 ppb (w/v), CAMDS experienced
much difficulty in meating this target level, Part of this difficulty was
reflected in the lengthy reaciion times required to reagh the ocertifloation
target level (soo paragraph 3 bolow),

(2) In atteppts Lo solve the ditftioulty, the Army spent over $7
million to detarmine the reasonsg for the presence of minute quantities of QR
In the neutralization urine at CAMDS. Numerous studies were performed by
Battelle, Southerr Ressarch Institute, the Army's Chemical Research,
Davelopmant and bngineer/ng Center, and a nalionally raputed panel of chenista
was retalned. Nevertheloss, the one comprehensive study that Lest explains
the difficulty 18 by Joel Harrla(uo). Hia study explorea four reasons for
detacting the presence of GB In the brine and why sometimss the certification

targel level aoould not he achieved:




'(a) The caustic (NaOH) neutralizatiod readtion is still
not well understuod. However, even ah_thu present level of underatanding,
incompilete destruction of QB is pred‘étab a by equilibrium oonaiderations.

(b) GB that was either enoapsulaced ar ceoludead (within

aollas, a. g., rust, soale, ariaing rrqm alow: degrad&t;on of, the munition over R

the years or from degradatiox of the.ruastor vessel) was reldased aftar on
oontinued to be "eloased a'ter auultion of and mixing with the oaustic (NaOH)

(@) uB oould have reformed daring the analyttoal
procedures carrieq out to detect it in the brine. Thp analytical procadures
carried sut to detect GB invblve acidifying a bring sample to pH 7 from pH 13,
gxtraztion with ohloroform, and analysi® with gas chromatography. The
acldifieatlon-is;a ocondition that Tayoés reversing the hydrolysis reagtion
reforming CB, as shawn in Flgure 3-2, The chloroform solvent extracuvion
provides two oconditions that are conduoive to aoncentrating GB: a highly
prlar snlvent with whiioh the hignly polar GR i3 compatible and an H-bond donor
solvent with which the H-bond acaeptorr UGB matches. 1Tne chlorofdrm exXtraotion
also provides a conditlon eonducive to raforming GB; namely, & highly polar
aclvent faellitataeg srovon transfer in reversing both the neutrailzavion
(Figure 3-1) and the hydrolysis (Figure 3-2)., The analysis with gas
chromatography also provided & ocondition condusive to'befbrmins GB. QGan
chromatography requires the extrécted brine sample to pass through'a heated

“eelumn. Heat i3 a vonditien favoring reveralng théfnéutralizahtop_reaotion

which is exothermic (see Figurs 3-1).

(d) The pregence of G5 oould also have been attributable to
false powitives in the analytical prooedhres due to the very qomplex sample
matelx, Multiole {nterferences have been ldentified in blanks (i,o0.,
solutions known not to contain any GB) and some phosphorua-ooﬁtaining
compounds have been identified as the interferances. Contributing to the
complexity of the sample matrix is trne involvement 6f solidas i.,e., rust,

(1) mentidns that a heel

scale, ete, mentloned in the ooclusion of GB., Wynne
of water was Inadvertently left {n the storage tank after emptying of the GB

and washduwn. Apparently, when the storage tank was filled with GB drained

3-72

vy,



from munitions, the GB reacted with the heel of water, This hydrolysis

react lon {(given in Flgure 3~2) formed aoldioc conditions that corroded the tank
and YIelded in turn metal complexes and a sludge that was hard-to-pump if it
did not actually clog pipes.

. _ 3. The neutralization process at CAMDS took significanlly longer

f ' . time that expeoted. In the laboratory, it was founa that GB had a half-1l1lfe
-'r b _ of 1lass than one second in 59 aqueous sodium hyiroxide., On the batoh soals,
the reaction was planned to take no more thaa three to four hours, Howaver,
vAMDE was documenting that it was taki o3 as long as thirtean days for the
brinas to attuin the certifivation target level. 1In at least{ 3 instances, (t
took more than 30 days, Needlass to say, these eXcesslve rsaction times were
extramely disappnintiné and frustrating because they held up disposal
operations schedules., Furthermore, after an initial drop in GB concentration
immediately following tie mixing in of caustic (NaOH), the brines would then
exhibit a minute rise in GB, Apparantly, a correlation was found by Lurk (h2)
between the time that GB was held {n the storage tank and the time that it
took (o attain the cerciflcation target level; this corralation supports the
contention that the heal of water was hydrolyzing the stored GR forming acidic
products which were consuming the caustio and interf-ring with the

’ neutralization. The only known way of resolving the difficulty and of
acoelerating the neutralization reaction time was to add more caustic (NaOH)
which was done. The detrimental effect of this additional caustic waa the

\ high malt production which is discussed next,

o, Salt from the Neutralization Pracess.

(1) The M55 rogket, 155mm projectils and 105mn projactlle
disposal at CAMDS generated 1,093,020 1b of salty or about 6,01 1b of salt for
gvery pound of GB neutralized., Of the 1,093,620 1b of salta génsmated at
| CAMDS, 309,325 1b resulted from the 3B reutralization and the remaining
784,295 1bs resulted from waste salte (spent decontamlnation solution,
equipment washdown, eteo.) generated during 3B neutralizalion.

(2) The waste salts have been disposed of In an approved RCRA
landfill while the salts resulting [rom the GB neutralization are being gtored
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. 3,4,0 Ratlonale For Dropping Neutralization,

a. The faot that the product of the mustard neutralization reaction (see
Seation 3.1.1.¢.) wan hazardous and had to be disposed of by incineration led

to the ﬁrépoaai of inoinerating mustard i{n the firat place, thus, eliminating

'l'Qhe nead- for neutralization at all, Moreover, there wars three other factors
“thﬁt fa¢ored inoineration over neutralization for disposal of mistard, The

.Jﬁéutrh;iﬁiﬁé:héagent. MEA (see Figure 3~4), has a high flashpoint; 1ty uee 4n

a laboratory test resulted in an explosion. Second, the neutralizatiun
reacginn is exothermic and must be temperature-controlled; otharwise, a siowly
appearing unrecognized exotherm can raesult In a violent runaway reastlion,
Third, when neutrallized in 60-gallon batches, residual amounts of mustard, on
the urier of less than 0.25 mg per liter of waste product were left behind.
Adoption of the ,roposal to incinerate mustard eliminated further '
consideration of neutralization for mustard as a disposal teshnology and
obviated demonatration of the technology on the pllot~ or Indusgtrial-soalu.,
The Army had had oonsglderable experience with incinerating mustard by the time
the NAS promulgated its finding and recommended incinerating mustard.

b. Laboratory and pilot-soale studies were conducted on the ahemical
desbrudtion o agent VX; these studies demonstrated that the acid
ghlorinolysls was feaasible as an industrial-®oale proness for neutrallzing
agent VX, The poaitive resultes ol theae studies led to the Jdeaign and
oconstruatlon of the ADS at CAMDS that was ospable of reutiralizing VXK.
llowever, VX was never deatroyed by neutralization on an industrial-scale at
CAMDS or elsewhere by the Army, Thére were several reasons for this laok of
watlon, First, there was no reliable low-level detuotion/monitoring
oapabllity for VX in the nautralizatlon brine at that time (deteotlion problems
inoluded poor extraction recovery, oonsiderable 1ntcrreranng4, and low
sensitivities, a.g., 600 ug/l of brine); 1t was antiqipatad that lagk of such
capabliity would preclude the DHH (whose authority e reyulred under PL 01«
121 and PL 91-441) from approval for VX Jisposal, sﬁcond, VX noutralizatiny
by'aoid chlofinolysie posed a possible risk of aiplusiou frum the potentlally
hypergolio chlorination step and posad profound consgaquerces far a mr.shap
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because of ‘the oorrosivenesé of the mixture. For thess reasona, VX
neutralization was postponed to the last moment. While neutralization (of UB)
was parformed, experimentai studies.ﬁitn tncineﬁation, as recommended Ly the
1969 NAY report; had progressed to the point where the feasibllity of a

dastruotion and removal effiolency of 99.9999% or better was demonstrated with

B ahd ¥X. Combined wlth tne problams being experienoed In neutralization of
OB and wiﬁh the Inference that these problems would be aggravated for VX due
to ity greater raaation complexlity, destruction of VX by neutralization was
dropped in favor of incineration when it was ready to begin VX munitions
disposal.

o, The only experlence that the Army has gained in using neutralization
far disposal was for disposal of dB agent/munitions. Howevaer, the problems
encountered during this experiencne tnevitably led to abendoning neutrallzatlon
in favar of using incineration for four principal compelling reasons: (1) the
gheer vomplerity of the neutralizatlon process and the sen: rivity of the
praceys to nui@rous parameters that would slow the reaotion (or promte
hydrolysiy reversal raeforming minisvule amounts of GB), The complaxity and
agnsltivity of the prooesgs ware disparaged by the straightforwardness of
{noineration (which way the emerging irdustrial teghnology tor disposal of
hazardous oprganic substanows), (2) The quantity and the naturs of waste
produced by neutrallzatlon were disadvantages as compared to that for
Incinaration. (3) 'The capital and operating costs of neutralization were high
as comparad to that For inoinerabion, (8) Last but not least lmportant was
thae fact that neutralizatlion applied to destruction of the chemloal agont only
whereas inoinerstlon could be applied to destruction of the explosives/
propallants in the munitlons as well as the agent,

5.4,1 Complexity of the Progess.

a, Neutrallzation s vastly more ocomplex a procwss than is
inelneration, lts ocmplexity stems from the nature ol the reactian or
reactions that take plase. Neubrallvation reactions require, (n additlon to
the ohamical agent as a substrate, the presence of reactants such as aoid,
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caustie, chlorire, or other reagent. The reactants need to be stocked,
properly prepared (i.e, diluted or blended), and stored. The reactants are
invariably hazardous, toxic, and/or corrosive and must be handled safely in
bulk quantities (10,000 gal or more)., The handling of such hazardous
chemicala in bulk adds to the risk of an upset., The neutralization reaction
must take place in limited quantitiea - 8o ¢alled batoh opsratlons that must
be regulated under specified restricotive conditions {(pH, temperature,
oconcentration, eto, which are disoussed later.) These conditions in turn
necessitate a compiex system of batoh, day and holding tanks; reactor vessels;
heat exchangers; reciroulstors; agltators; reflux condensers; and gvaporators
gonneoted by a vast Infrastructure of plumbing, valves, tees, pumps, sampling
ports, pressure and flow regulators and monitors, Although the GB
néutralization is only one-step (see Figurse 3-1), the complexity la
intensified for multiple step reactions, such as for VX neutralization (sese
Figure 3-3), On the other hand, whereas incineration involves a

stralght forward combustion reaction, the only required reactant, besides the
chemioal agent as a substrate, is oxygen, whloh i3 avallables as air, Since
combustion is heat driven, a fusl muat be burned, Chemioal agents, as a
generallzation, have high heats of gambuation (sée Table 6-8) and are fairly
easler to inolnerate than most commonly inoinerated compounds. Thig property
enables them to aot as a fuel minimizing consumption of natural gas or fuel
oll, The only major plece of equipment that ls neoessitated is a simple
furnace which oen be designed to take into acoount the easy Inoinerability of
chemioal agenta. The only infrastructure needed to support the furnace ils a
fuel tank and pollution abatement smystem. The complexity in the
neutrallization process versus incineration is direotly refleocted in the
capital and operating costs of equipment whioh are disoussed later in Section
3.4.3,

be The sensitivity of neutralization as vompared to incineration is
manifest in the numbar and kinds of conditions, namely, pH, tempecature, and
goncentration that must be controlled properly lor the reacticns to proceed,
(For neutralization reactions, pH and concentration of the acld or caustio
reaotant are redundant,) The consaquences of poor regulation of reaction
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conditions were evident in problems with the slowness of the reaction,
excessive amount of salt formed, and the raversal af the hydrolysis reaction
resulting in reformetion of the chemical agent (see Fligure 3-2), For example,
the sensitivity of the process to temperature was revealed by the CAMDS
axperience in neutralizing GB in the requirement for quick removal of the
exothermic heat of reaction of 30 Koal per gram mole of OB, In order te
preclude reaction temperature in excess of 1909F and consequently, quenohing
the reaction or terminating the ochemical agénh flow, a ¢ooling water system
was installed, (Potential oconsequence of fallure to oontrol the heat was
release aof the chemiocal agent and/or caustio, thus adding to the risk of an
upset,) Apparantly, the cooling system for the CAMDS neutralization process
caused sufficiently low temperatures for salt preoipitation to ooour resulting
in ologged plpes, Low temperatures had to be remedied by adding excesaive
caustio significantly slowing the reautlon., Excess saustic caumed another
problem discussed below in paragraph d and Seotion 3,4,2, Incineration is not
subject to the same extent of sensitivities that neutralization (s,

0, The slowness of the neutralization reaction was a frequently
raised complaint in view of the fact that the industrial-scale aexperience dld
not matoh expeotations, Based on the laboratory and field measuraments of
chemiocal reaotion rates, OB has a half-1ife of less than 1 second in & 5%
aquecus solution of sodium hydroxide. Thus, caustic neutraiization waa
expeoted to progreoss rapldly., In préotioe. however, it was diffioult to
achleve the nacessary mixing of ocomponents ton spead up the prooesa; axcess
quantities of sodium hydroxide were added to do so., While the expectad batoh
reastion time was 3 to U hours, on numerous oooasidns. the complstion of
reaotion for a batoh within 24 hours was only 0%, with the remalnder
requiring between five and sixteen days, One reantion took as long as 48
days. Suffioe {t to say that incineration doeas naot suffer from these kinds of
problems involving reaction kinetios and that combustion reaotions are rapid
(on the time scale of milliseoconds) compared to neutralization. PFurthermore,
in the event of an upsat with the neutralization prooess, one would have to
oontend with a large batoh of partially resotead chemical agent while with
inoineration, the ohemioal agent f'low would ba stopped immediately,
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d. The use of exceas gaustlio to aco.lerate the nautrallzation
react ion produced larger quantities of salt wastes chan had been
anticipated, Laboratory caloulations ahowed that roughly 1.5 1b of salt
should be produced for every pound of OB neutrallized. The use of excess
gaustioc generated an average of 2.6 lb of salt per pound of OB neutralized at
RMA while 3 ta 6 1b of salt were gensrated per pound of (OB neutralized at
CAMDS., With incineration, the ratio of pounds of salt generated (from the
Pallution Abatement System brine) per pound of G neutralized is fairly
gonstant around 1,4 and {s far less than that for neutralization,

€. The neutralization and hydrolysis reastions can be revarsed under
appropriate aonditions tn reform the original chemical agent. This {8 perhaps
one of the most serious drawbacks to neutralizatlon because of the
anvironmental ramification. The reformation of minisoule amounts ot GB
occurred at both RMA and CAMDS. At RMA, Lt was during the prooess of drying
the brine to salt, Aoldile conditions, heat, and removal of water, all of
which aro oconduoive to reversing the hydrolyals of OB, were present in the

brine drying environment.(za)

Reformation of the chemical agent or reversal
aof the hydrolysis can be arrested by removing and/cr separating the reaction
products; for OB, thess would be scodium fluoride and sodium isopropyl
methylphosphonate. Howaver, such removal and/or separation s tedious and
gostly., On the other hand, combustion and pyrolyasis are generally
irreversible reactions in which reformation of the original reactants from the
gomhust lon products 19 not plausible, The destruction and removal efficienoy
of inoinerating chemioal agent with scrubbling ls 99.9999%% for Gy and

99.9999Y6% for VX.

f« The form and the environment of the chemivcal agent agent also
oontributed to the ocomplexity and slowness of the neutralization reaction If
not the inocomplete destruotlion of the ohemicsal agent ltself. The chemical
agent substrate was nobt always {n the desired form - llquid and not always
homogeneous, The GB from M55 rockets were often jelled making {t diffloult to
aohieve proper mixlng with caustio to promote optimum reactilon oonditions,
Solid partloles, rust, scale, ete, arising from slow degradation of the
munition over the yeara were frequently mixed with the ligquid ohemioal
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agent, The solid particles either encapsulated or absorbed the chemical agent
and vocluded it from neutralization. If occlusion did cocur, the solid
particles alowly released the chemical agent during and/or even after the
caustio was added. The release of chaemical agent during or after agitation
vas a much slowev'prooess than the neutralization reaction itself and may have
been the rate-dotermining atep and the explanation for the five to sixteen
days to complete the reaction., These problems with the form and the
gnvironment (hetarogeneity) of the substrate chemical agent enaountered in
neutrallzation would not be problems for ilnoineration for the reason that in
inoineration, all chemioal agent is oonvarted into the gameous phasa. Thus,
the faot that chemical agent {8 a gel, liquid, a liquid absorbed on hetal. or
a solid {9 {mmaterlal; all of it is remaved and transferred by

volatilizatien, Furthermore, the destruotion, i.e, combustion, takes place in
the gaseous phase wherein the presence of solid particles basloally do not
interfere as they would in neutralization,

g« Certification that tne chemloa) agent destruction was completwu
within specified limits, i.e., no more than 2 nanograms of GB per milliliter
of brine, was often difficult and desultory. In terms of Iimpact on throughput

or procaessing rates, certification imposed a reduoction factor of 2“.("“)

Many
times, ralse poslitives were obtained due to the vomplexity of the mutrix from
which samples wara taken for analysis, There were alao many interfarencas
with the teating for the premsence of agent. Delayas, whether they be caused by
agltation to break=-up & gel, slow release of agent ocoluded in solids,
excesgive oooling of the reaation mixture, precipitation from the reaction, or
certification of the reaction mixture, magnify the risk of agent release in
the event of an upset ocondltion with the neutralization process, The causaes
of these delays are absent in the incineration proocess.

3.4,2 Quantity and Nature of Waste Produced.

The quantity of waste produced by neutralization under ideal
oonditions is supposed to be 1.472 lbs of salt/lb of OB neutrallzed whioh Lls
gomparable with that of inoineration whioh las 1.&71.(“5> However, as
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previously mentioned, the typloal guantities being enoounterad in practice
werg in the ratios of 2.6 to 6,0 for neutralization because of the sensitivity
to caustic consumed. od the other hand, the ratio of 1.471 for incineration
is fairly constant beoausé combuat ion reactlons are robust compared with
neutralization reastions, The other characteristio of the waste products
favoring inclneration over neutralization is that products of combustion do
not reform the chemioal agent whereas it is poasible for the productas of
neutralization to do so, A third characteristio of the waste praducts
favoring incineration over neutrallzation (s the fact that the produots of
gombustion and the =alts of the pollutlon abatement system brine are generally
inorganio while those of neutralization are organic. Waste products that are
organic in ohemical struature are not in the state of ultimate disposal as are
those having lnorganio chemical structures, The inference is that
neutralization {s only a stop-gap method while inoineration 1is an ultimate
disposal method., Thus, ineineratlion s preferable to neutralization as a
disposal mathod,

3.4.3 Capital and Cperating Costs.

A atudy by AD. Little(US) showed that there 13 a net cost reductlon
in ineinerating rather than neutrallzing chemiaal agent., 1In partioular, the
study was made for the differential {n oost Iin using incineration instead of
neutrallization for the Jehnston Atoll Chemical Agent Disposal System, The
result was that there was a net savings of $16.877 million in capital cost, a
net savings of $2.714 million {n vperating cost, and a total net savings of
$19.591 million, Additional cost savings are posalble but not ineluded in the
tntal.' It was assumed thabt two Metal Parts Furnage are used to destroy the
agent in place of neutralization and that the operating gosts are based on
destruction of the Johnston Island stookplle of ahemical agent/munitions, In
analysle of the vost reduction, the authoras attrlbuted the predominant savingsa
to capital costs for aquipment in using inolneration in lieu of
neutralization., The predominant savings in operating ooats ware attributed to
reduation/elimination of the consumption of chemical feedstocks (e.g, ocaustio
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or chlorine). Second-order savings in operating costs were attributed to
reduced production of salts and reduced maintenance.

3.4.,4 Neutralization's Limited Role.

a., Last but not least important is the faoct that inoineration was
required to augment neutralization in disposal of chemical munitions. Begause
neutralization applies only to the agent, inoineration had to be used to
deactivate exploasive/propellant components and to thermally decontaminate
munition cavities and metal parts, At RMA, Deaotivation, Inert Parts, and
Decontamination Furnaces were used to acoomplish thess funotiona, At CAMDS,
the DFS was used to acoomplish both deactivation and decontamination whi.s the
MPE was used foir both agent incinaration and decontamination. Bevause
incineration is required any way for part of the disposal, it was fruitful to
explora {ts use for complete disposal of chemical munitions and thus,
eliminate the need for the costly and complex neutralization proocess,
Furthermore, only one lnstead of two disposal technologles would be needed
aimplifyling operations,

b, In deciding on incineration for the Johnston Atoll Chemioal Agent
Disposal System (JACADS) on 9 March 1982 in a Configuration Policy Board
Meating, the Army offiolally adopted inolneration and abandoned neutralization

as the method for ohemiocal agent/munitions dispoaal.(ue)
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4,0,0 CHEMICAL AGENT AND MUNITION INCINERATION EXPERIENCE.

4,1.0 Iutroduction.

4,1.1 Purpose/Background,

a. The purpose of this chapter is to document the Army's chemical agent
and munition incineration experience., Incineration has always been the
preferred method of disposal for chemical agent mustard (see Chapter 2), and is
the only approved meiliv' to eneure that an item, which has been in contact with
a chemicsl agent, is completely clean (decontaminated). L2

b. Because of the difficulties experienced with chemical neutralization of
GB, and the uncertainties assoclated with "industrial scale" VX neutralizationm,
the Army expanded the test program at CAMDS to include GB and VX incineration.
The success of these tests, coupled with the problems experienced with GB
neutralization, plus the fact that at least one incinerator would be required
at each dispomsal facility to thermally decontaminate the agent containers, as
well as burn any contaminated wood and trash, led to the Army's decision to
select incineration as the best technology for chamical agent munition
disposal.

4.1.2, 1984 NRC Study On Disposal Of Chemical Munitions and
Agentl.(a)

@, In 1982 the Department of the Army requeated the NRC perform a study
"to recommend the most effective, economical, and safest means for disposing of
the Army's aging and obsolete stockpille of chemical agents and munitions.” 1In
response to the Army's request, the NRCs Commimsion on Engineering and
Technical Systems established a committee on Demilitarizing Chemical Munitions
and Agents under the Board of Army Science and Technology in August 1983,

b. The Committee, the first maenagement group to study the whole range of

U.5. chemical weapons ailnce the 1969 NAS report 4), consisted of 25 members.
In addition to members with expertise in chemistry, environmental scilence,

4-1




toxicology, and industrial, mechanical, chemical and human facters engineering,
membars were also salected who had knowledge of law, public health, syatems
pafety, industrial safety and the storage and handling of explosives,

c. With respect to the best methods for chemical stockpile disposal, the
report stated:

"Considering the above advantages and disadvantages of

each disposal technology (neutralization and incineration),
thermal destruction is the preferred means for disposing
of the current stockpile of chemical agents and

munitiona., The Army has already selected thermal
dastruction as the most appropriate mathod., The

Committee supports this decision.”

4.1,3, Comparative Industry Experience.

a. Incineration 1s a safe and environmentally mound method of destroying
toxic organic compounds where toxicity 18 a function of the entire compound (as
in the case of chemical agents) rather than a specific toxic element, and is
widely recognized as the principal method for organic waaste disposal.<5’ 6

Incineration, which is the thermal breaking of organic compounds into
simpler inorganic, innocuous compounds such as water, carbon dioxide and easily
removed acid gases such as hydrogen chloride and sulfur dioxide, has baen
increasingly used by private industy to destroy polychlorinated bLiphenyls

(PCBs), pesticldes, herbicides and other commercial toxic organic compounds.

b, The role of incineration in commarcial hazardous waste disposal 1s
anticipated to incremse with the enactment of the 1984 Hagardous and Solid
Waste Amendments (HSWA) which greatly restricts land dlaposal of hazardous
materials.

4,1,4, Chemicsl Agent Incineration. As shown in Tables 4-1 and 4-2, the
Army has disposed of over six million pounds of chemical agents and over aixty
thousand munitione and containers by incineration at CAMDS and the RMA disposal
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plants. In addition to the industrial-scale cxperience from RMA and CAMDS, the
Army has conducted extenslve tests at ite laboratories located in the Edgewood
Area of Aberdeen Proving Ground, Maryland.(e’ 9, 10, 1) Figure 4=1
illustrates the incineration reactions for nerve agents GA, GB and VX, and
Figure 4-2 1llustrates the incineration reactions for blister agents H/HD, HT

and L,

4,2.0. Rocky Mountain Arsenal Chemical Agent Incineration Progrums. Two

major chemical agent demilitarization programs using incineration as the method
for chemical agent destruction have been accomplished at RMA, The first
program, designated Project Eagle - Phase I, was conducted from August 1972
through February 1974 and disposed of approximately 6,179,000 pounds of blister
agent mustard (H/HD), The asecond program involved the disposal of over 21,000
chemical agent ldentification sets (CAISe) which contained eight chemical
agents totaling 36,694 pounds, Table 4-3 lists the amount and type of each
chemical agent incinerated at RMA during both programs.

4,2,1., Project Eagle - Phase I.(IZ)

a. Background/Overview,

(1) The purpose of Project Eagle - Phase I was to demilitarize the
axcess stocks of chemical agent mustard which had been stored at RMA since the
egarly 19408, As described in Chapter Two, these stocks were scheduled for
disposal by ocean dumping in Oparation CHASE, However, after receipt of the
NAS report, the DOD abandoned the proposed ocean dump and initiated Project
Eagle -~ Phase I to dispose of the mustard filled ton containers by inclneratilon
at RMA,

(2) Two types of mustard were disposed of during Project Eagle =~ Phase
I, H and HD, Type H mustard was made by the Levinstein process and contalns as
nuch a8 30 weight percent impurities which tend to mettle ouc when stored.
These impurities are chiefly sulfur, organosulfur chlorides, polysulfides and
iron oxide cotroslon products. Type HD mustard is type H mustard which has
been vacuum distilled to remove the majority of the sulfur impurities; HD

4"‘5 /
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TABLI 4-3, Chemical Agents Incinerated at RMA

QUANTITY
PROJECT ) ) AGENT (POUNDS)
Projent Eagla
Levinstein Muatard (H) 4,428,000
Distilled Mustard (HD) 1,714,000
 TOTAL 6,142,000
Chemicgl Agent Identification
Set Disposal
Phosgene (CG) 17,698
Chloropictrin (PS) 10,196
Mustard (H/HD) 6,355
Lewisite (L) 1,385
Cyanogen Chloride (CK) 433
Nitrogen Mustard (HN=1) 207
Mustard Gas (HS) 187
Nitrogen Mustard (HN-3) 187
Sarin (GB) 46
TOTAL 36,694
TOTAL FOR BOTH PROGRAMS 6,178,694
4-8
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contains aboul 92 Lu 95 percenl pure 2,2'dlehlorodlethyl dsulfide.  When
disposed of in Project Eagle -~ Phase 1, both types of mustard were stored in
Type D ton containers similar to the one shown in Figure 4-3, however a large
portion of the Levinstein mustard had been drained from obsolete and
deteriorating 155mm, 105mm and 75mm projectiles during the 1947 to 1950 time
frame when these munitions were demilitarized,

§3) The entire project ran from October 1969 through July 1974,
however, full scale digpnaal operations were only conductad from Augurt 1972
through February 1974; the balance of the time was involved with process
development, testing in support of the CAMDS program (which was being designed
during this time peried), and plant/facility cleanup after all the mustard
agent had been incinerated, Dispomal operations were conducted on a three
shift basis and were broken into three phases;

(a) Phase 1: August 1972 - May 1973, work up to bulk mustard

ineineration at one gallon per minute.

(b) Phase II: June 1973 ~ September 1973, work up to bulk mustard

incineration at two gallons per minute,

(¢) Phase III: Octobar 1973 - February 1974, incineration of residus

ton containers which had not been incinerated durlng Phases I and II,

b, Process Description.

(1) Dilaposal opurations were conducted in the plants area of RMA
(Figure 2-9), Flgure 4-4 i1llustrates the final Project Fugle =~ Phasa I process
configuration, Although the exact equipment/process conflguration changed and
avolved through the life of the project, the bagle concept remalned the same

and conelatad of the following elements:
(a) Ton contaiuer preheating and draining.

(b) Agent incineration and kton container thermal decontamination.

4--4
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(e) Furnace emisslon control.
(d) Waste treatment and disposal.

(2) Ton Container Preheating and Draining., Because of the high

freezing point and viscosity of mustard (mustard freezes at about 58°F and 1s
about as thick as fuel oil), the ton containers were placed in a heated thaw
room £fter they were 'ransferred from the outdoor storage yard. The thaw room
was maintained at u room temperature of 90° to 140°F (average 125°F),

The warmed ton containers were then placed in one of four mustard unloading
booths, The mustard was drained from the ton containers into two 2600 gallon
storage tanks located benrath the booths through high pressure, reinforced
hoses which were connected to the ton container valves, Negative storage tank
pressure was used to draw the mustard from the ton container. After draining,
the ton containers which lLiad stored HD had a residue hael which averaged 100
pounds (6%), however the drained H ton containers had an average residue heel
of 600 pounds (33%) with some containers containing heels as great as 1400
pounda (78%).

(3) Agent Tncineration and Ton Container Thermal

Decontamination

(a) Agent Incineration. The primary incinerator for the

drained mustard was the modified hydrazine furnace which had previously been

‘used Lo burn contaminated liquid hydrazine (a common component of liquid fuel

rocket motors), Prior to the hydrazine furnace, the west ton container furnace
(see Figure 4-4) was used to incinerate the mustard drained from the ton
containers. The hydragzine furnace, which is illustrated in Flgure 4-3, was a
horizontal barrel type incinerator, It did not ﬁave a separately fired
sfterburner but ueed the large residence time botween the combustion chamber
(Figure 4=5) and the pollution abatement system to ensure complete destructicn
of all organics contained in the exhaust gases., Mustard was apraved into the
furnace through an alr atomlzing nozzle with the agent leaving the nozzle
through ten radial 1/8 inch orlfices, A ring gas burner aurrounding the nozzle
wasd uged to heat the furnace up to approximntrely 2400°F ut which time the
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mustard was introduced and the natural zar was slowly cut back to ldle. The

turnace had a nominal capacity of two gallons mustard per minute,

(b) Ton Container Thermal Decontamination. Adjacent to the

hydrazine furnace were two Lon contalner furnaces which were used to incinerate
the residue heel left in the ton container after it had been drained, The
furnaces had been constructed in 1944 to thermally decontaminate 55 gallon
druma of mustard, As ahown in Figure 4~6, the west furnace (Figure 4~4) had -
aight natural gas burners whereas, the east furnace had fourteen of the same
type burner. The additional burners in the east furnace were added to
facilitate processing ton containers which had large reaidue heels, Burners 7
and 7a in both furnaces were considered afterburners. After weighing, the ton
containers were positioned undar the punching station at the door of either
furnace whaere two holes were punched inte the ton container, one at each end.
The ton container was then transferred to the south end of the furnace where an
air sparge was inserted in each punch hole to facillitate residue burnout. Each
furnace was normally maintained at 920°F and processed an average of seven

ton containers per day.

(¢) Pollution Abatement System (PAS)., The PAS consisted of two
caustlc quench and scrubber systems which were connected to a single

electrostatic precipitator and stack. The east quench and scrubber system was
the original PAS for the ton container decontamination furnaces; the west
quench and scrubber system was added in October 1973 to support the increased
flowrate during the final phase of the program. The electrostatic precipitator
wag added 1n May 1973 to ensure that particulate emissaion and stack opacity
limits were met (Iron oxide (rust) had presented a particulate emissions
problem). The east quench/me¢rubber, west quench/scrubber, and electrostatic
precipitator are illustrated in Pigures 4~7, 4-8 and 4~9 respectively.

(d) Waste Treatment.

1 All waste water and scrubber brines generated by the disposal
of the mustard were dried into a salt using a spray dryer. There were no
liquid process effluents discharged from the mustard disposal plant. The brine
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was atomized into a drying clamber maiutained at 8007 vo 1150°F,  The dricd
product and hot ailr were separated in cyclonie separators, fines were removed
from the gns stream by a venturl scrubber and a wet cyclonic scrubber. The
salt from the cyclone was fed into a compactor and subsequently placed in
sealed 55 gallon drums.

2 The agent free ton containers were cut in half. The ash
residue (primarily iron oxide and sulfur) remaining after incineration was
removed by manual scraping with hoe like tools. The ash was placed in sealed
535 gallon drums, The ton containers were sold as metal scrap.

¢, FEnvironmental Concerns,

(1) Afr Quality.

(a) Table 4~4 lists the work arca and stack standards for Project
Fagle ~ Phase [, Because a fast response stack alarm was beyond the
atate-of-the~art, two meparate detection systems were used:s (a) a quick
response (4 min) dusl column gas chromatograph alarm with a detection limit of
0.5 mg/ma. and (b) a dibutylphthalate bubbleg adgorption aystem whlch could
detect an average concentration of 0,03 mg/mJ over a 60 minute cycle. If
either system detected mustard emissions, opecratlons were immediately
curtailed, The work area was also monitored with a dunl syatem: (a) a
Titrilog II instrument provided rapid response (30-60 sec) to mustard
concentrations sbove 0,8 mg/m3, and (b) & two hour dibutylphthalute bubbler
system was used to detect the work area concentration of 0,004 mg/mS.

(b) In addition tov the stack and werk area monitoring described
above, a network of nine perimeter monitoring statiouns, shown in Figure 4-10,
were operated during Project Fagle = Phawse 1L, The stations were aleo operated
from October through Dacember 1969 to establish the baseline alr quality., Each
statlon continuously monitored for N02, SOZ’ azone, and suspended
particulates, with sequential samples on & gix hour cycle monitor for HCI
mist, An analysis by the U,S, Army Fuvironmental lygicpe Agency (AEHA)
contluded that Project Eagle - Phase T had no slgnff {cant impact oa the ambient
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TABLE 4-4, Project Bagle Air Quality Standards

POLLUTANT STANDARD

Mustard (H or HD) Fmission Standard of 0.03 mg/m3 (one
hour average)
Work Area Standard of 0,004 mg/m3
(eight hour average)

Sulfur Dioxide (SOZ) Annual Arithmetic Mean = 0,02 ppm
24 hr Max Value ~ 0,1 ppm(1>
3 hr Max Value - 0.5 ppmcz)
1 hr Max Value - 0,28 ppm(3>
Acid Miast (reported as HC1) 0,015 ppm
Nitrogen Dioxide Annunl Arithmetic Mean - 0,05 ppm
Particulates Annual Geometric Mean - 60 ug/m3
24 hr Max Value ~ 150 ug/m3 2
Oxidanta 1 hr Max Value - 0.05 ppm
NOTES ¢

(0
(2)
(3)

Not to bn exceeded more than once in any twelve month period.
Not to be axceeded more than once per yaar,
Not to he exceeded more than once per month,

4=20
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alr quality.(lj)

(2) Salt Analysis and Disposal,

(a) A total of 14 million pounds of palt formed by dried brine
during Project Eagle - Phase I. This i3 equal to a salt production rate of 2.3
pounds of salt per pound of mustard incinerated, The salte were piaced in
sealed steel or fiber board 55 gallon drume and atored in warehousen at RMA
until 1985 at which time they were placed in a hazardous waste landfill,

(h) Table 4-5 18 a typical chemical analyals of the salts formed
by the dried brine. However, the composition of the salts was found to vary
widely, Table 4=6 lists the results from the analysis of n composite mample to
determine 1f the mustard incineration nalts were a hazardous waste under the
Resource Conaervation and Recovery Act (RCRA) due to Extraction Procedure (EP)
Toxicity.(la) Although the salts were found not to be a characteristic
hagardous waste due to EP Toxielty, the salts were treated as hazardoum waste
due to the potentinl variability in the malt composition, as well as thelr
origin ap a toxic chemical agent, Prior to disposal, savernl samples were
analyzed for the premence of tetrachlorodibenzo-p-dioxine (TCDDa) and
tetrachlorodibenzo furane (TCDFs). No TCDDs were detected in any pamples;

TCDFs<we§a detected in three samples in the parts per trillion vange (130-270
15
ppt).

(3) Ton Container Ash and FSP Residue. The ash and residue
generated during Project Lagle ~ Phase T were disposcd of by land dilution.

Based on analyses performed by Coorm 8pectro Chemical Laboratories, Flgures
4~11 and 4~12, a dilution criteria requiring that the material be mixad to a
depth of six inches and that the concentration of any element in the roil not
be increasad by nore than 0,03 percent war established. A 120 acre tract and a
J20 acre tract were designated in the northeast corner of the Arsasnal for the
disposal of the ton container ash and ESP residue respectively, A total of
222,063 pounds of (wet) ash and 63,138 pounds of (dry) FSP residue were
disposed of in this manner. Parmanent metal stakes mark the area where both
naterials were dispored of.
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TABLE 4-5,

Mustard Salt Chemical Analysis

COMPOUND AMOUNT
NaCl 44,3%
NaZSO3 23,6%
NaHCO3 5.9%
Na2804 15,7%
Na2003 11,9%
l<r3203 0,2%
Mercury 1,03 ppm
Cadmium 1,60 ppm
Copper 5,30 ppm
Zinc 3.50 ppm
Lead 5,0 ppm
Manganese 25 ppn
Silver 2.5 ppm
Molybdenum 0.1 ppm
Potassium 0.7 ppm
Sodium 250 ppm
Soluble Iron 147 ppm
Insoluble Iron 2315 ppm

423
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€oots “PECTRO-CHEMICAL LABOR. ORY

DIVISION OF COORS PORCILAIN COMPANY Maling Addeens:
GOLDEN, COLORADO, US-A P BOKO.

}4 » ) 2 ‘P“J 303=2704545 Eshy 3302 - Golden, Golorade B0401

LABORATORY ] )

TO: . Rocky Meuntain Arsenal NUMBER _ 90OT2

Promount Division

nd&: bATE Na16a7l

Denver, co foauo CUSTOMER

OADEN NO.
Attention: Ray Ernmast
- MATERIAL __ Agh Hepidus
! sAwPLEDrum Noo 1 Bldg, 540
K NUMB ER Time Qﬂg’ J
ELEWENT % ELEMINT % SLEMENY T % ELEMENT 5
Aluminum {Al) | < 0,01 Golllum (Ga) <0,005 Sillcon (31) 0.02 Rubidivm (Rb) | < 0,00
Antimony (Sb) (< 0,008 Germenivm (Go) < 0. oos Sllvn (Ap) < 0.001 FegOu 4,034,
.Avu.nle (As) |2.0 . lndlum.-(lfz- | < °'°_°2_.._ h.slv:nmnm () | < 0.001 Ouhon{@) 31,Ls +.9 _
Borivm (Bs) | < 0,001 lron (Po) > 15 J Tin (38) < 0,008 Bulfur(8) | 21,3148
lmlllum (lo) < 0.001 Lud(Pb) < 0,003 Titenium (T1) | <€ 0,008
Illmufh (84) < 0.00% Megnesivm Mg) | < 0,001 Yensdivm (V) | € 0,003 |
orln (8) J< 0.001 Mengenene (Mn) | 0.2 Line (Zn) < 0,03

.Cnfv.n.lm .(Eld)- ;:::i: Momny (He) ) Zmon.lun (Zr) | € 0.00%
Cululun\ €o) < 0.00 Molyhdoﬂum |M0) Q.01 Sedium (Ne) | 0,008

- - ‘
Chumlum (Cc) 0.00% Nickel (Ni) < 0.0l Coslum (Co) < 0,001 !
Cebelt (Co) < 0,01 Nishium (Nb} Lithivm L1) | 0,001
Capper (Cu) (0,1 Phosphorus (P) %ﬁ??.ﬂn“ Petassium (K) | 0.00%

Results based on sample as received,
D Results bosed on

D Qualitotive < * Lass thon D Atomie Absomtion
(B semi.Quantitetive (+ S0%) > = Geocter than . E Optical Eminsion
Quantitetive (as indicated) X wet Chomistry
] x-Rey
' Coolé/ IPICTRO-CHAMICAL LABORAYORY )

This repart is rondered vaun the senditiont thet it is net 19 be repreduend
whelly af in purt fer wdvarising sr sthar purpsses aver sur signsture ot in
sennoetion with aut neme withoy! spesiol parmishien in writing BY

Frank 8, Senweitzer, Manopet L

PeNi Np, COLE BiYD CUSTOMER

Figure 4-11t Project Fagle Tun Container Ash Analysie
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Drum No. L = Irom aerblde (FasC) with magnetite (Faa0s ), nematitels Tegls)
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Drum No. 2 = Iren ssrbide (FopC) with iron sulfide (re3), magnetite {Feals),)
nesatite (0¢ FegOy) and gosthite (o¢ FaO(OH)).

Drum Na, 3 - Lrou carbide (FeaC) with dron sulfide (ra8), magnetite (regs),
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4.2,2, Chemlcal Agent Identificacion Set (CATS) Disposal Program,

a, Background/Overview,

(1) The purpose of the CAIS Disposal Program(16’17>

was to
dispose of the obsolete mets which were stored at RMA. The disposal program,
which was conducted in three phases, ran from May 1981 to December 1982 and
destroyed 19,697 sets, In addition, a pilot test program which destroyed 1761
sets waa conducted from October to December 1979(18). As shown in Table 4~7,

a total of 21,458 sets were destroyed.

(2) The sets, some of which are illustrated in Figure 4-13, were
developed and manufactured by the Department of the Army from the 19308 through
the 15608, They were distributed to Department of Defense installations for
- use by all services in training and identification of various agents, In April
1971, the Department of the Army declared the CAISs obsolete; the sets were
subsequently conrolidated to RMA In two movement operations called Set
Consolidation (SETCON) I (1978) and SETCON II1 (1980),

(3) There were 18 different set configurations grouped into seven
types. The sets contained from one to five different chemical agents. In
addition, some sets contained chemical agent simulants or non-lethal riot
control agents chluroacetopencne (tear agent) and/or Adamsite (vomiting
agent). ‘These chemicals were adsorbed on plastic pellets, adsorbed in
charcoal, in chloroform solutions or in pure formy all configurations were in
glass ampules or bottles., Tables 4-8, 4-9, and 4-)0 1ist the "agent" portion
of each CAIS,

(4) Normally only one chemical agent is processed in a disposal
facility at a Limc. However, because the chemical agents in the identification
sets could not be easlly scparated before they werc ivrfnnrated, the chemical
agents, as well as any other chemicals contained in the sets, were incinerated
simultanecusly. This concept of burning multiple agents (albeit in omall
quantities) makes the CALS Disposal Program unique among all the Army's
chemical agent munit{on disposal programs.
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TABLE 4-7.

Chemical Agent Identification Sets Destroved

PHASE SET TYPE (1,2) NUMBER
I K941/¥942 PIG 802

5 May 81 ~ 28 Jan 82 X302 BOX 82
X847 BOX 1202

X550 BOX 1302

X551 BOX 1244

TOTAL 4634

II

2 Feb 82 - 19 Apr 82 K945 BOX 1335
X545 BOX 525

X546 BOX 313

X548 BOX 724

X549 BOX 51

TQTAT 29648

III : K951 PIG 6995

22 Apr 82 - 22 Dac 82 K952 P16 3804
K953 PIG 243

K954 PIC 254

K955 pIG 94

K94) PIG 4

X552 BOX 701

TOTAL 12095

Total Number of Sets Destroyed 19697
Number of Sets Demtroyed During Pilot Tentsn 1761
Grand Total of Sets Deatroyed 21458

NOTES: Refers to the typs of packaging.
(1) PIG- Steel Shipping Contaeiner

(2) BOX= Wooden box
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Chemical Agent Identification Sets

Figure 4-13
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TABLE 4-8., Ageut Composition of Chemlcal Agent Sets

MATERTAL K945 K955 K941 Ky42 K951/2
Mustard (H/HD) 0.003 0.14 7.90 8,82 0,07
Nitrogen Mustard (HN=1) - - - ~- —~—
Nitrogen Mustard (HN-3) - - - - -
Lewisite (L) 0,012 0,10 - - 0,10
Chloropictin (ps) - 0.09 - -— 0.87
Phosgene (CG) e —— - - 1,46
Sarin (GB) 0,029 - - - _—
Chloroacetophenone (CN) -- 0.03 - - .
Adamsite (DM) - 0.03 - - —_—
Chloroform - - - - 3,8
AC Simulant (KCN) 0.013 - - — -

G Simulant 1 0.041 - - - -

V Simulant (2) 0,051 —- —— e -—

H 8imulant (3) 0.046 - - - -
CG Simulant (4) 0.011 0.01 —— - -
Activated Charcoal - 0.36 - - ——
Polystyrene Pellets 0,07 - - - —-—
TOTAL (lbs) 0,28 0.76 7.90 8.82 6,31
NOTES!

(1) Mixture of hexyleneglycol and methoxyethanol

(Z)Mixture of tetrahydrofurfuryl alcchol, m-methylglucamine, and diethylene
glycol

(S)Iso-amylsalicylate

(4)Triphosgene
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TABLE 4~9, Chemical Agent Composition of K953/K954 Sets 1

MATERTAT, - ALT 1 ALT 2 ALT 3 - g

1
Mustard (H) 0.09 0.09 0.07
Lewisite (L) 0.07 0,07 0.10
Phosgene (CG) 0.97 0.97 1,46
Cyanogen Chloride (CK) 0,83 0.83 1,25
Nitrogren Mustard (HN~1) 0.08 0.08 -
GA Simulant(l) 0.67 -- -
Chloroform 2.94 4,01 3.01
TOTAL (1bs) 5,65 6.05 5.89

NOTES s (J)Mixture of ethylmalonate, oenanthic ether, and benzonitrile
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b, Process Description,

(1) As stated in Chapter Two, the CAIS Disposal Program was
conducted 4in the same facility which was used to dispose of the Honest John
Warheads and M139 homblets (Figure 2-10), However, before CAIS disposal
operations wers initiated, modifications to the furnace and pollution abatement
system were necessary. Modifications which were made included:

(a) Addition of an afterburner to the deactivation furnace. This
was necossary since the furnace would be processing glass ampulea and bottles
filled with chemical agents instead of the drained bomblets procassed during
the Honest John Dimposal Program.

(b) Modificetions of the decontamination furnace so it could be
used to thermally decontaminate the steel shipping containers commonly referred
to an "plgs”. Previously the furnace had been used to melt the aluminum from
the M132 bowmblets into ingots. Modifications to the furnace included
installation of a new high temperature refractory, pedestals to support the
"pigs”, and a slightly different burner configuration to ensure even heating of

the containers,

(c) Addition of an electrostatic precipitator to the pollution
abatement system to remove the arsenic oxlide and other particulates from the
furnace exhaust gases,

(2) An overall procesas flow diagram for the CAIS Dispesal Program
is gshown in Figure 4~14, All X-type sets and the K945 mets were packed in
wooden buxes and did not require disassembly before being fed to the
deactivation (deac) furnace. 'The K955 sats were fed directly into the
decontamination (decon) furnace; because of their large size they could not be
fed to the deactivation furnace. The remaining sets were packaged in "pigs."
The "pign" were opaened in a glovebox and their contents were then fed to the
deactivation furnace., The contents of the K951/952, K953/954 gets were fed
directly to the furnace without additional disassembly; contents of the
K941/942 were emptied into cardboard boxes prior to being fed to the
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deactivation furnace. All empty pigs were fed to the decontamlnation furnace.
Figures 4~15, 4-16 and 4~17 are Lhe specific process flow diagrams for each set

group.

(3) Deactivation Furnace, The deactivation furnace used to

destroy all agent set contents, except from the K955 set, was an Ammunition
Peculiar Equipment (APE) 1236 furnace, The furnace was a cast alloy rotary
retort twenty feet long and three feet in diameter, On its internal surface
was an integral cast spiral which caused materiaml to proceed through the
furnace at a rate proportional to the rotational npeed of the retort. The
furnace was fired by a fuel oil burner at the discharge end. Furnace gases
were exhausted from the retort input end. Burner end operating temperatures
were 1100°F with an exhaust gas temperature of approximately 460°F

Maximum gas residence time under these condltions was 0.8 seconds. The
residence time for the set contents was approximately 36 minutes, except for
the contents from K941/942 secs which were kept in the Furnace for 81 minutes
by oscillating the retort.

(4) Deactivation Furnace Afterburner. The exhaust gases from

the deactivation furnace passed through a refractory lined oil fired
afterburner. The afterburner raised the gasem from approximately 460°F to a
minimum of 1650°F and held them at that temperature for a minimum of two
seconds, The exhaust from the afterburner was mixed with the air from the
Deactivation Furnace Room in order to lower its temperature before it entered
the alr mixing end of the quench system,

(5) Decontamination Furnace. The decontamination furnace was

used to Incinerate X955 gets and to thermally decontaminate empty “piga.” The
futnace was a rectangular structure rcleven [eet by eleven feet by eipht feet
high (outside dimensions). Heat was supplied by five oil fired, gas piloted,
force draft, proportioning burners. Charge carts were used to place and remove
items from the furnace. The items placed in the furnace were positloned on
ceramlc pedestals and held at & minimum of 1100"F for 3v minutes, except for
the large K955 sats which were incinerated at 1650°F for 120 minutes.

Exhaust gases from this furnace did not pass through the afterburner but

4-35




(YSGU/ESEA “ZSEA/IS6A “Ty6d/1y6d) WeIBEIQ mOTi S59991d s39g g1 :gI-y N1

4-36

e S T T T T T T 1

i I | H

1 I ] |

I woou! | !

1 3ovmmnsl | o

| 19vad | i _

i | ] !

i 1 i SHINIVINOD!

H i i SNiddins]

souvtosia] Lave o N SHINIVINOD NiS13S

N H1IM HIIM ONIdJIHS
aonving le——] 30VNEM Le - — 1 yom [ |ATIeWasSYSIOp—— e HOA3NNOD {q |
ovia | avuos iavia SNV 3ADTD SNV misi13s | watioy

5138 5138 i

t i | 1

WLSIIJ | I

!
i : _

] _ —

syanivinoal { " |
YritddiIHS suantviN0d[ yorganco | suanivinoo _

IDHVHISIG ONIJAINS ] o1y 100 ONIddIHS _
el E N e FIYNEOL g —— ]

il NOD3a i ONiddIHS i

i a3soraNd 1 1
] ] |

l wooY | woou | 1701 %23 . BV _

IJVNHN4 NOD3d AlEw3IsSSYSId % WOOY DRIAIZO3Y |

e e — — — -

1191 9419




@ei8eTq MOT] 5532014 SIS cygd PUR Adil Y :9[—y d1ndig

r— T T T T
_ |- !
_ 1 - |
I l |
WOOY | |
| 30vNHN4 I
i 1vaa | |
| _ _
1
TVIHILVIN ETRY TN $135 X _
_ NIGOOM |
dvHIS @ @— FOVNUNE Lq 1 g33s }a

SN } 1ovag x08 {
|
|
|
|
]
: _
| l

|
IOHYHOISIA i _
30NNy [——] 3OVANES 14 _ |
NGD3d NOJ3 | |
! |

i |
{ WOOH 3IVNHN4 NO33a | wooH A1swissvsia |
S TS |

H31108

S$13S X
N3IGOOM

HOAIANOD 14

n30a

L ONY201 Hiv |
% WOOH 9N1AI3D3Y |

1191 94318

P

4=37




| | }
| DECON FURNACE ROOM : RESIDUE AREA |
|

| | |

| | |
| K985

nooDin o

E DECON [* CHARGING SETS |

l FURNACE | cART  —— |

| RESIDUE |

| |

L |

] RESIDUE |

| |

| I

1 I

| |

|

l |

l I

L — L] - L ] L] [N ] L ) -J

Figure 4=17t K935 Set Process Flow Diagram
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proceeded directly to the pollution abatement system.

(6) Pollution Abatement System. The pollution abatement system

conaisted of a quench, an electrostatic precipitator, dual packed column
scrubbers and one exhauat stack.,

(a) Quench Chamber. The exhaust gases from the deactivation

furnace afterburner and decontamination furnace were first mixed together and
then cooled by evaporative cooling with a sodium carbonate spray to
approximately 225°F and 100% relative humidity, The quench liguid was kept
at a pH above 9 by the addition of sodium hydroxide.

(b) Electrostatic Precipitator., A five stage electrostatic

precipitator was used to control emissions of particulates to the environment,
The particulate consisted of varying combinations of fly ash, metal oxides, and
arsenic vxides depending on which type of set wae being incinerated., The
particulates removed by the electrostatic precipitator were collected and
stored in metal 535 gallon druma.

(¢) Scrubber System, A dual column scrubber system was used to

remove acid gases from the exhaust gases (Figure 4-18). The exhaust from the
electrostatic precipitator was mixed with the remaining building ventilation
alr before entering ona of the scrubber towers. The scrubber towars, which
wera 65 feet high and 11 1/2 feet in diameter, were divided with twe mections,
each of which were packed with 1 1/2 inch polypropylene pall rings to a depth
of 14 feet, A sodium carbonate/sodium hydroxide solution was used to irrigate
the packing.

(7) Wamte Treatment.

(a) All waste water and quench and scrubber brines generated by
the disposal of the CAISs were dried into a salt using a spray deyer. The
brine was pumped to the spray chamber where the hot air from the heater
avaporated the water, The dried selt was collected at the bottom of the
chamber and packed into drums. The molst exhaust gases were cleaned in a
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venturi scrubber before releasc to the atmosaphere.

(b) The residue from the furnaces was collected in hoppers and
then tranaferrcd to a compactor system where the residue was compacted into 535
gallon drums,

¢. Environmental Concerns.

(1) Air Quality, Table 4-1] 1lists the work area and stack
standards for the chemicals incinerated during the CAIS Disposal Program., The
work area standards were the Time Weighted Average (TWA) levels which are the
concentrations a worker may ba exposed to during a normal 40 hour work week
without suffering adverse effectn, Bubbler adrorption nystems were used to
detect the presence of GB, lewisite, muatard, triphomgane and
chloroacetophenone; the lewinite bubbler lind an eight hour sampling time, the
remaining bubhlers had a two hour sampling pertod. Drangar tubes were used to
detect the presence of cyanogen chloride and » programmable infrared analyzer,
MIRAN 80, was used to monitor for chloroform, chloroplerin and phosgene. In
additior a sulfur hexafluoride gas detection system war uned to detect lesks
outside the glovebox or leed chute.

(2) Splt Analysis and Dispomal. Analysis of the salts formed by
spray drying the scrubber and guench brines and the spent decontamination
solution 18 shown in Table 4-12, The results were obtained during the pllot
incineration tastcla). In addition, the nanlts were a RCRA hazardous wanste
due to arsenic coucentrations above the TP Toxicity 1im1tn(14). A total of
2101 53-gallon drums of salt were generated during the CAIS Dimposal Program.
All the salts generated were atored in RMA warehouses until thev were plrced in
a harardous waste landfill in 1985, Prior to dimposal, the salts were analyred
for the prenance of TCDDs and TCDFe; nltl wugh no TCDDs were detected in any
samples, two of three sumples contained TCDFs in the part per trillion range
(170-200 ppt)*?,

(3), Electrostatic Precipitator Residus. Table 4-13 1lists the
analysis of two drums of residue analyred during the pilot incineration test.
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S . TABLE 4~11., CAIS Disposal Program Air Monitoring Standards

COMPOUND STACK (mg/m") WORK_AREA (mg/m°)
Sarin (GB) 0,0003 0.0001
Lewisite (L) 0,03 0,003
Mustard (H/HD) 0,03 0,003
Triphosgene (as phosgena) 10 0.2
Chloroacetophenone (CN) 2.5 0.2
Cyanogen Chloride (CK) 0.3 ppm 0.3 ppm

Chloroform 105 ppm 1.2 ppm
Chloropicrin 1,06 ppm 0.13 ppm
Fhosgene 3,0 ppm 0,06 ppm
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TABLE 4-12,

Chemical Agent Tdentification Set Salt Chemlcal Analysis

COMPOUND AMOUNT
Carbonate, 00, 49,2 = 50,5 wt %
Chlorine, C1 6,38 - 6,79 wt %
Sulfate, SO4 0.17 = 0,42 wt %

Nitrate, NO3

Arsenic, As
Cadmium, Cd,
Chromium, Cr
Copper, Ca
Iron, Fe
Tead, Pb
Manganesa, Mn
Mercury, lg
Potassium, K
Silver, Ag
Sodium, Na

Zinc, Zn

Organic Carbon, C

3380

187

0.20
580

37.2
62

2.6

4-43

3650 ppm

440 ppn
18 ppm
17 ppm
83 ppm
1.75 wt %
134 wt %
95 ppn
1.56 ppm
746 ppm
6 ppm
39,4 ppm

230 ppm

3.2 wt %
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TABLE 4-13.

Chemical Agent lden

Chemical Analysis

tification Set Flectrostatic Prec

{pltator Residue

¥
hd

COMPOUND AMOUNT
Carbonate, CO4 18,5 = 19.2 wt %
Chilorine, Cl 18,12 = 22,32 wt %
Sulfate, 50, 14,37 - 21,1 wt %
Nitrate, NO, 3330 -~ 9060 ppm
Arsenic, As 3280 =~ 7260 ppm
Cadmium, Cd 75 - 160 ppm
Chromium, Cr 25 ~ 45 ppm
Copper, Ca 67 ~ 197 ppm
Iron, Fe 1,22 = 3,66 wt %
Lead, Pb 1280 ~ 2500 ppm
Manganese, Mn 87 - 240 ppm
Mercury, lig 0.69 - 1.02 ppm
Potassium, K 890 - 1700 ppm
Silver, Ag 3 -5 ppm
Sodium, Na 32,6 - 37,0 ppm
Zine, Zn 1530 - 2980 ppm
Organic Carbon, C 0.9 - 3.0 ppm

b-bb




Ag expected the residue contained high levels nf arsenic, lead and zinc,
probably present as metal oxiden.(IS) The rasidue was & RCRA hazardous waste
due to high arsenic concentrations.(lé) When placed in solution the reasidue
had an average pH of 10,2, A total of 173 55-pallon drune of residue were
genarated during the disporal program, The drums of reaidue were mtored in RMA
warehouses until 1983 when thev were placed in an approved hazardous waste

landfill,

(4) Furnace Residue and Scrap Metal.

(a) Furpace Residue. A total of 985 55-gallon drums of

compacted furnace residue were generated by the disposal of the identification
stop sets. The residue consisted of cans, ampules, and wooden boxes process
through the decontamination furnace into wood ash, broken glass and scrap
metal, Samplee of the residue generated during pilot testing were analyzed. A
One sample wan from recldue typlcal of a X955 or X—-type set; the second sample
of residue wam tvplcal of a K951/K952 or pig type set., Both samples were
divided for use In two extractions, one using defonized water und the second
using non-apectro grade N-hexane. The rasults of the aqueous extractions are
shown in Table 4-14, Only traces of oub-ppm organics were present in the
hexane extraction., Although acceptable for disposel in a sanitary landfill,
tha furnace residue was dispesed of in the same hazardous landfill as the FST
residue and salts, é
(b) Scrap Metal. The lead gaskets, which were placed in the ]
"piga"” before being procesned through the decontamination furnace, were removed l

and sold as scrap metal., The "pigs" were retained for use as overpacke for
leaking chemical munitions.
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TABLE 4-14., Total Water Solubles from CAIS Decontamination Furnace Residues

SAMPLE
BOX SET "PIG"
RESIDUE RESIDUE
Total Residue 4B9 g 478 g
Wt Total Solubles 4,27 g 1,90 g
Wt % Solubles 0.88% 0,40%
pH of Extract 8.9 8.5
Sodium wt % ‘ 32,3% 16.6%
Argenic, As, wt % 0.05% 0,05%
4~46




4.3.0, CAMDS Chemical Agent and Muniiion Tneineration Txperilence.

4,3.1. Backgrcund/Overview,

a. Aa stated ir Chapter Two, the primary purpose of CAMDS 18 to
test and evaluate the equipment, processes, and procedures which will be used
in futute chemical agent and munition disposal plants., CAMDS testing does
result In the deatwuctlon of the chemical agents and munitions, however, the
purpose of the tests is not to dispose of chemical agents or munitions but to
satisfy specific data requirements,

b. Three separate incineration systems have undergone chemical
agent or munition incineration testing at CAMDS: (1) the Deactivation Furnace
System (DFS), (2) the Metal Parts Furnace (MPF), and (3) the Liquid
Incinerator (LIC). A fourth incinerator, the Toxle Dunnage Incinerator (DUN)
haa Just been modified to burn contaminated materials and will undergo testing
beginning in wid-1987, As shown in Table 4-13, approximately 75,000 pounds of
GB, 8,000 pounds of VX und 38,000 munitions have been tncinerated in the NFS,
MPF, and T.IC, :

c. The CAMDS chemical incineration experience summarized in Tuble
4=-15 can be divided into three categories: (1) furnace/incinerator start up
and systemization in preparation for o test, (2) tenting and evaluation of the
furnace/ircinerator or its pollution abatement syatem, and (3) furnace/
incinerator operations in support of other aquipment tests where the
performanc: of the furnace/incinerator is not being specifically evaluated.
(Fxample = incineration of drained M55 rockets during évnluation of the RDM and
agent chemical neutralization process), Of tha three categories, tast reports
have been prepared only for apecific furnace/incinerator or pellution abatement
ayastem tests,
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0 . 19,20,21,22,23, 24
6.3.7. Dbeactivation Furnace System (DFS). (o, ' )

a. Purpose, The purpose of the DFS 1s to incinerate residual
agent, explosives and propellant from processed land mines and rockets., Fuzes,
supplementary charges, buraters, and propellant removaed from mortars and
artillery projectiles and cartridges arc also incinerated in the DFS. In
addition, the DFS is aleo belng used to model the proposed rotary kilm which
would be used in the cryofracture demilitarization process; tests in support of
the cryofracture demilitarization process include incinerating bulk chemical
agent which 1s sprayed into the DI'S at ambient temperature and processing
eryogenically cooled simulated chemical munition fragments to assess 1ts
ability to incinerate cryogenically frozen chemical agentr and eiergetic
materials as well as the ability of the DFS to handle the large quantities of

metal parts and wood dunnage.

b. Description,
(1) gGeneral.

(a) As illustrated in Figure 4-19, the DFS consists of u fnred
chute with double tipping blast valves, a Deactivation Furnmace, heated
discharge conveyor, scrap conveyor, cyclone separator, alagging afterburner and
a pollution abatemsnt system, The Deactivation Furnace, where incineratlon of
onergetic material occurs, is isolated in a reinforced concrete enclosure, The
cyclone geparator, slagging afterburner and pollutior abatement aystem are
located in an adjacent building.

(b) Segmented rocket pieces, mine bodies, and all explosive
couponents of the munitionr are transferrcd from the LCC by a bucket conveyor
to the douhle tipping valve (Figure 4-20), The munition pleces or explosive
items are then gravity fed through the Adouble tipplng valves to the
Deactivation Furnace. After approximately 12 minutes the decontaminated scrap
falls from the retort ontn an electrically lieated discharge conveyor that
provides an additional 30 minutes of residence time at a temperature of
1000%F to eusure therual decontamination of any ttace quantities of chemical
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CAMDS Deactivation Furnace System
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Figure 4-19
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agent, The flue gases leaving the furnace exit the kiln at the feed end of the
retort and are ducted through the cyclone separator which removes large
particles, primarily fiberglass, The gases then pass through the slagging
afterburner which melts the finer fiberglass particles on the afterburner walls
and destroys any toxic vapors or other organic compounds which may be present
in the kiln exhaust gases. Finally the gases pass through the pollutien
abatement system where they are cooled and any acid gases and remaining
particulates are removed,

(2) Deactivation Furnace. The deactivation furnace (Figure
4=21) is a 30 foot long, 4 foot diameter rotary kiln, The kiln has a single
thread internal cast spiral of 2.5 foot pitch that provides a 12 minute
residence time at one revolution per minute, The kiln is fabricated from an

alloy to withstand a maximum tempersture of 1800°F and is formed by four
bolted flunged sections, Two of the bolted flanges rotate on base, mounted
trunnion rollers. A dual fuel burner, located on axis at the discharge end of
the kiln was recently installed; previously an oil fired burner was used to
heat the kiln,

(3) Cyclone Separator. The cyclone separator (Figure 4-19)

18 a cylindrical vessel with a cone shaped hottom. The purpose of the cyclone

_ iaqtgpginimize fiberglass particle overloading of the slagging aftarburner.
‘The é?#lone is a dry collector with the kiln exhaust gases entering

tangéﬁéially at the top and large particles falling into the conical section at
the bottom. The particles then fall down a long drop tube going to floor level
terminating in a valve. The particles are then collected in a sealed 55 gallon
drum located below the valve. Material removed by the cyclone is later placed
on the heated discharge conveyor to ensure thermal decontaminatlon.

(4) Slagging Afterburner. The slagging afterburner is
designed to destroy any agent vapor or other organica in the kiln exhaust gas
and to melt and remove any fiberglass particles in the gas. The afterburner is
a refractory lined, vertical fume incinerator and is operated at a minimum
temperature of 1650°F with a residence time of approximately 0.62 seconds.
Two dual fuel (propane and fuel oil) burners were installed replacing the

4=52




FE e
24

ERVORGE

JATIA
Tkl 3TROC

"

A T T

4-53




original oil fired burners,

(5) Pollution Abatement System (PAS).

(a) The purpose of the PAS is to prevunt pollution of the
atmosphere with gases produced by the combustion of explosives, fiberglass
resin, and chemical agents in the DFS, As shown in Figure 4-19, the PAS
conslists of a quench tower, a varilable throat venturi scrubber, a packed bed
wet scrubber tower, & demiater, an induced draft fan and an exhauat dtack,

1 .Quonch Tower The quench tower is a 3.3 foot diameter
by 12 foot high, partially firebricked vessel constructed of Inconel 625, The
quench tower is mounted directly on top the venturi scrubber, Exhaust gases
from the slagging afterburner enter the quench tower at approximately
1400-1600° P and are cooled to approximately 200°F, The quench tower im a
cocurrent flow design and the exhaust gas cooling is accomplished by
evaporation of water from seven air atomized spray nozzles. The water flow
rate 18 generally batween !0 and 15 gallons per minute; any excess water falls
or 18 entrained by the gas stream and carried directly into the venturi.

2 Venturi Scrubber The venturi scrubber is a variable
throat type equipped with inlet scrubbing liquid porta without nozzlea. The
primary purpose of the venturl scrubber is to remove particulate matter

contained in the exhauat gases} some acid gas removal also is accomplished.
The venturi throat has a manually adjusted damper blade which is smet to
malntain a pressure drop of approximately 20 inches water column. Brine from
the packed tower scrubber sump is used as the scrubbing liquid. A liquid to
gas ratio of approximately l4:l1 is maintained in the vanturi.

3 Packed Bed Scrubber Tower The packed bed scubber is
used to remove acidic industrial pollutants contalned in the exhaust gases.

The packed tower is a six foot diameter vessel constructed by Hastelloy~ lined
carbon steel. The vessel contains a sump which collects the excess liquid from
the venturi scrubber as the exhaust games enter the bottom of the tower. The

gases then flow up through a chimney tray which supports a six foot deep bed of
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2-inch polypropylene Supetr Intalox saddles, The packed bed 1s wettad by
recirculating an alkaline scrubber liquid (clear liquor) which is introduced at
the top of the bed by means of a weir-trough distributor., The acidic
pollutants react with the brine to form salts. Fresh caustic is added to the
clear liquor, just before it enters the tower, to maintain a clear liquor pH of
approximately 10, A York mist type entrainment separator is located directly
above the packed bed to prevent carry over of large liquid droplets to the
demisters.

4 Fiber Bad Demisters The fiber demister unit is located
two feet above the entralnment separator in the packed tower vessel, and

consists of seven elements, two foot in diameter by 12 foot high., The
demistera are used to remove small liquid droplets and fine particulate before
the gases are discharged to the atmosphere, During M53 rocket incineration,
the demisters are not normally used because of the relatively low level of
particulate emission., An isolation damper allows the demisters to be bypassed.

2 Induced Draft Fan The induced draft fan pulls the gases
through the PAS and maintains a negative pressure in the entire furnace systenm,

thus preventing any release of agent vapors during operation. The fan is
capable of 14,500 acfm at 165°F and 45 inches static pressure, A 200
horsepower, two-speed, motor provides the drive for the fan,

(b) Brine from the packed tower is periodically drained and
transferred to the Brine Drying Area where the brine is dried to a salt using
rotary drum dryers similiar to the one shown in Figure 4-22, The salts are
then placed in an approved landfill, As in the RMA disposal programs, no
l1iquid process wastes are discharged from CAMDS,

¢, Furnace Emissions.

(1) Standards. Table 4-16 lists the apecific emission
standards to which the DFS PAS was designed to meest. In addition, since the
propellant, explosives and chemical agents are considered RCRA hazardous waste,
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TABLE 4-16, CAMDS Stack BEmission Design Standards

EMISSION STANDARD
Nox as NO? No source standard,
$0, as 50, 500 ppm (by volume).
Visible Opacity 20% or less. This standard is

interpreted to mean no air

containment will be emitted that is of
a shade or density to obscure an
cbeerver's vision to a degree in
excess of 20X, An air contaminant is
defined as any fume, smoke,
particulate, vapor, gas, or any
combination thereof, but not including
water vapor ot steam condansate,

Incinerator Particulate 0,2 gram/standard cubic foot
corrected to 12% carbon dloxide,

Process Particulate E = 3,59 p0.62

Whera E 18 the allowable emimsion
tate, lb/hr} p 18 the weight of
material introduced (combustible and
non-combustible, excluding gas and
11quid fuel), toun/hr,

Agent GB 0.0003 mg/m3 (1 hour average)
Agent VX 0.00003 mg/m3 (1 hour average)
Agent Mustard 0.03 mg/m3 (1 hour average)
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the emisslong must also maet the RCKRA standards listed in Table 4-17 (This is
explained in greater detail in Chapter 6). Finally, Table 4-18 lists the
ambient air quality standards for CAMDS,

(2) Monitors. In addition to industrial monitors for oxygen,
carbon dioxide, carbon monoxide, sulfur dioxide, and nitrogen dioxide, the
exhaust gases are monitored conmtinuously for the presence of chemical agents,
The rapid responee alarms and historical monitors listed in Table 4-19 are used
for this purpoge. In addition, a aystem of elght perimeter monitoring stations
(Figure 4-23) is used to monitor the ambient air quality, To date the
perimeter monitoring system has shown that CAMDS has had no impact on the
surrounding air quality.

d, Completed Incineration Tests, As shown in Table 4~15, over

17,000 M55 rockets and approximately 2000 pounds of GB have been incinerated in
the DFS., Four types of tests have been completed in the DFS: (1) PAS
evaluation; (2) undrained M55 rocket incineration; (3) drained rocket
incineration and (4) a special test to determine tha ability of the DFS to
ineinerate polychlorinated biphenyls.

(1) ¢B Challenge Test of the DFS PAS.(25>

(a) Purpose. Although the PAS was not designed to remove
chemical agent vapors it was challenge tested in April 1977 to determine its
capubility to remove GB from the furnace exhaust in the avent of a furnace

upsat. The objectives of the test ware!

1 Determine the CB removal efficiency of the PAS under
cold conditions with the kiln and afterburner off.

2 Determine the GB removal efficiency of the PAS and
afterburner under normal conditions (kiln and afterburner on).

4-38



TARLY 4-17.

EMISSION

RCRA Fmission Standards

STANDARD

Principle Organtc Hazardous
Constituent (POHC)

HCL

Particulate

Deatruction and Removal Efficlency
(DRE) of 99,99%

The greater of 4 lha/hr or 1% of the
NCL in the gas Aatreum entering the
pollution abatement system

0,08 grains per dry standard cubilc
foot corrected to seven percent oxygen.
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TABLF 4-18,

POLLUTANT

CAMDS Amblent Alr Quality Standards

STANDARD

Agent Mustard

Agent GB

Agent VX

Sulfur Dioxide

Nitrogen Dioxlde

Suspended Particulate

Total Oxldants

Work Place - 0,003 mg/m3 (8 hour average)

Ambient ~ 0.0001 mg/m3 (72 hour average)

Work Place = 0,0001 mg/m3 (8 hour average)

Amhient - 0,000003 mg/m3 (72 hour average)

Work Place - 0,00001 mg,/m3 (8 hour average)

Ambient ~ 0,0000003 mg/m3 (72 hour average)

0,03 ppm Annual Arithmetlc Mean

0.14 ppm, 24 hour nverage(l)
(D

0,50 ppm, 3 hour average
0.05 ppm Annual Arithmetie Mean

75 grama/m3 Annual Arithmetic Mean

(n

260 grams/ms, 24 hour average

0,08 ppm, | hour average(l)

NOTES: (1) Not to be exceedad more than once per year.
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(1) Method.

1 Dilute acidic solutions of GB were prepared by mixing 86%
pure GB with sulfuric acid (pH 4.5), Agent solutions were sprayed into the
afterburner exhaust duct (Flgure 4-19) at challenge rates of 6.7 x 10-3, 4,4
x 10-2 and 1,6 x 10‘1 gm/min, The air f£low through the duct was 5364
acfm, 6B monitors (bubblers) were located bafore the quench, after the venturi

scrubber and in the exhaust stack.

2 Neat, 86X pure (B was sprayed into the kKiln exhaust duct
upstream ol the cyclone separator, Agent challenge rates of 2,86, 15,54,
33,20, 48,01, and 82,32 gm/min were used, The exhaust gas flow rate was 11,360
acim., GB monitors were located before the afterburner, bdefore the quench,

after the venturi scrubber and in the exhaust stack.
(¢) Results,

1l The GB removal efficlency of the PAS undar cold
conditinne was approximately 99.9% but was limited to a maximum agent challenge
of 0,36 mg/mB.

2 Under normal operating conditions, the PAS and
afterburner had a GB DRE of 99,9998% at a GB challenge rate of 82 gm/min., 'This
challenge was equal to the agent from 15 drained M55 rockets per hour.

(2) Undrained M55 Rocket Incineration Tests. In May
1681€28) 4ud Juty 1982020
abllity of the DFS to incineratce undrained OB M55 rockets, 'Thius was in
Tesponse to observations that large quantities of jelled agent had been fed to
the DFS when some of the M55 rockets procossed during evaluation of the GB

neutralization process (Chapter 3) waere iucinerated.

two tests were performed to detesmine the




(a) Purpose.

1 May 1981 Test. To determine if the DFS could
sfficlently destroy GB up to challenge rates of 4,5 liters every two minutes.

This was equivalent to the agent from processing one undrained M55 rocket
through the DFS every two minutes., No propellant or explosives were
incinerated during this test, only agent,

2 June 1982 Test. To determine 1f the DFS ¢ould process
undrained M55 rockets at a feed rate of cne rocket every three minutes,

(b) Method.

1 Plastic bottles filled with 65% pure GB and wrapped in
wet canvas vwere fed through the double tipping valves and into the rotary
kiln. The purpose of the wet canvag was to insulate the bnttles so the agent
would not be released until the bottle reached the secound mectlon, This was a
safety precaution to prevent ageat from leaking out of the kiln., Agent
challenge vas increared from 120 ml every two minutes to 4500 ml every two
minutes. Six tests lasting 30 minutes each were performed., Maximum DFS
temparatures were: retort burner - 950°F, retort exhaust - 850°F and
afterburner - 1730°F,

2 Plastic bottles filled with GB (no puritv specified) and
wrapped in wet canvas were fed with sheared M6l rocket sections, (The M6
rocket 18 a s&imulant filled version of the M55 rocket.) A total of 22
"rocketa" were processed., The DFS temperatures measured w.re 1100°F in the
blast attentuation duct (Figure 4=19), 900-1000°F in the retort at the bur.er
end, and 1550-1600° in the afterburner,

{c) Results.

1 DFS demonstrated a GB DRE of $9.999999% based on a GB
feed rate of 2.25 liters per minute. This was equivalent to the agent from one
undrained M55 rocket every two minutes. ULimiting factor was the stack opacity
which reached BOX since the demirters were not employed during tlhe test,
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2 DFS sucnessfully processed simulated M55 rockets at a
feed rate of one roéket every three minutes. A DRE was not calculated,
howevar, based on the exhaust flow rates observed during the May 1981 test and
an allowable stack concentration of 3 x 1074 mg/ms, an estimated DRE of
99,999994% is obtained, The stack opacity reached 100% without the demister
installed. It was felt the DFS could handle more than 20 rockets per hour
since limiting temperatures were not reached during the test.

(3) March 1986 Polychlorinated Biphenyl (PCB) Inciuneration

Test.,

(a) Purposa., To evaluate the ability of the DFS to meet the
Toxic Subatance Control Act (TSCA) solid PCB incineration criteria when burning
M55 rockets with shipping and firing tubes containing regulated concentrations
of PCBs 0

(b) Background.

1 Tne M55 rocket is packaged in the fiberglass M44l shipping
and firing tube (Figure 4-24), The shipping and filring tube, which weigha
approximately 13.7 pounds, 18 mads with one of two types of fiberglaas:
chopped or matted. The difference between the two tvpes of fiberglass can be
distingulshed visually, however the exact distribution of chopped versus matted
tuhes in the M55 rocket stockplle ie unknown,

2 An assesment of the M35 rocket stockpile conducted in
1985 , and a subsequent analysls conducted by the AEHA in 1986(29).
showed that some of the sbipping and firing tubes contained PCBs. The source

(28)

of the PCBs is not known, however it may have been added as a fire retardant to
the resin used in the fibergless. The conce.atration of PCBs was found to vary
depending on the type of fiberglass used to make the shipping and firing tube,
Ninety-four percent of the chopped fiberglass shipping and firing tubes contain
PCBs at concentrations less than 50 ppm (most contained less then 10 ppm) with
95 percent conflldence, Shipping and firing tubes mad~ of matted fiberglass
exhibit a bi-modal distribution where approximately 40 percent of the tubes
contain PCBs at a concentration less than 50 ppm (most contained less than 10
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ppm) and approximately 60 percent contain PCBs at concentrations greater than
2000 ppm. The average concentration of the upper distribution is 3400 ppm,

3 Incineration of PCBs 1s regulated under 16cA¢30),
Specific requirements are dependent on whether the PCBs are liquid or solid (as
with the shipping and firing tubes), and are based on the concentration of PCBs
in the material being incinerated: 1less than 50 ppm = not regulated; 50 to 500
prm = PCB contamlnated; greater than 500 ppm - PCB item., Therefore, only the
matted shipping and firing tubes are regulated under TSCA, Table 4=20 lists.
the requirements for solid PCB incinerators. Alternatively, an incinerator can
be permitted 1f it is demonstrated it will not present an unreasonable risk of
injury to health or the environment from PCDs.

4 Because the performance of the DFS had not heen
evaluated from the stand point of solid PCB incineration, the U.S. Army Toxic
and Harardous Materials Agency (USATHAMA) and TEAD applied for and were granted
a Research and Demonstration (R&D) Permit under TSCA.(31'32)

(e) Mathog.(33’34)

1l Figure 4-25 illustrates where solid, liquid and gaseous
sumples were collected from the DFS during the test burns, All mamples were
snalyzed for PCBs, polychlorinated dibenzo~dioxins (PCDDs) and polychlorinated
dibenzo=furans (PCOFa), In addition the solid and liquid process streams were
analyzed for EP Toxicity and pll, and the stack gases were analyzed for
particulates, HCl, total chlorinated organice and couwbustion gases, A summary
of analytical methods used for the test burns are contained in Table 4-21.

2 Initially two background test burns were conducted, Run
| was performed with only the burners and pollution abatement system in
operation., This run was used to establish baseline levels of chlorinated
organics as well as PCBs from the scrubber system and fuel oil combustion. Run
2 was conducted with M55 rockets in shipping aend firing tubes which contained
less than 50 ppm of PCBa.
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TABLF. 4-20: Nou Lliquid PCB Tnelneration Criteria (40 CFR 761,70 € )
Mass emissions From the incinerator limited to 0.001g PCB/kg of PCB feed
(99.9999% DRE)

Combustion efflclency must equal at least 99,9%
PCB feed rate must be monitored and recorded at least every 15 minutes
Combustion temperature must he continuously monitored and recorded
Stack Monitoring
a, Start-up: (when PCBs are first incinerated or after modifications
which could effect emissions): 02, co, COZ' NOx. HCl, PCBa,
Tntal Chorinated Organles, and Total Particulate
b, Normal Operation: Continuous O2 and COj Perilodic 002

Automatic PCB shut off when a faillure occurs in 3 or 5b.

HCl emissions controlled with water scrubber or accepted alternative method
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3 Three four-hour test burns (Runse 4, 6 and 7) were
conducted using only M55 rockets which had matted fiberglass shipping and
firing tubes with a PCB concentration greater than or equal to 2700 ppm. Prior
to feeding the designated PCB rockets, the DFS was stabilized by processing
rockats which had shipping and firing tubes with a PCB concentration of less
than 50 ppm. After stabilization, the Test Officer directed operators'in the
Unpack Ares (UPA)to feed the danlignated rockets to the Rocket Shear Machine
(RBM). The rocket numbers and feed time to the RSM were recorded.

(d) Reaultn.(zg'sd)

1l PCB Incinsration. Because the PCB feed rate to the DFS
was very low (188 to 335 gm/hr) and because of the complex background matrix of

the stack gas, from the incineration of exploaives, fiberglass resin, and
renidual GB, the approved EPA analytical procedures ware not sensitive enough
to demonstrate the 99,9999 percent DRE required by TSCA (Table 4-20), However,
as Table 4-22 shows, the test burns did yield DREs ranging from greater than
99,9966 percent to 99,9996 percent. Based on a comparison of PCB emissions
from DFS to emisslons from permitted commerciaml PCB incinerators, DFS emissions
were an order of magnitude less, A health assesment of the resulting worst
case ambilent concentration of PCBs demonstrated that the concentration was much
less than the permissible work place exposure limit and that the concentration
poses an insignificant health risk to the public. At the request of the Army
Surgeon General, the Department of Health and Human Services (DHHS) reviewed
the PCB emissions data from the March teat burn and concluded that there was no
threat to human health from this level of emimsions, and cited that even if the
DRE was reduced to 99,99 percent, there would be a factor of 103 to 104

between the DFS contribution and the ambient air concentrationsa reported in the

11teratura.(35>

2 Particulate and HCl Emissions, Emissions for both

items were found to be in compliance with RCPA standards (TSCA does not have
standards for particulates or HCl), The maximum and average emimsions for
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TABLE 4~22: PCB Emisslons and DREs From March 1986 Test Burn

Rocket Fead PCB Feed Detaected Calculated
Rate Rate Emissions Emissions
Trial (rkts/hr) (gm/tr) (mg/he) (mg/hr) DRE (%)
" 11,25 188 BDL 2,44 x 1070 99,998
5 14,00 234 BDL, 7.96 x 1070 99,9966
7 19,23 335 1,23 x 1073 - 99,9996

BDL - Ralow Detection Limit



particulates and NCL were 0,080 und 0,071 gr/dect and ©.9 x 107 and 4.0 x
1073 1b/hr respectively as compared to the RCRA standards of 0,080 gr/dscf
for particulates and 4,0 1b/hr for HCI.

3 Furnace Residue, Scrubber Brine, and Cyclone Ash,
Where detected, the PCB concentratjon was balow the 50 ppm level which TSCA
defines as a PCB contaminated item, The cyclone ash contained

tetrachlorodibenzo furans gnd pentachlorodibenzo furans in the part per billion
range (1.4 to 6.5 pph). As shown in Table 4-23, the majority of the furnace
regidues, scrubber mump brine, and cyclone ash samples did not exhibit metal
corncentrations ahove the EP Toxicvity mtandard. However, the scrubber brine did
contain lead above the RCRA limit in four out of five samples, and cadmium
above the RCRA standard in the yample collected from run seven., The furnace
residue samples from runs six and seven contained cadmium above the RCRA limit.

4 vepb, PGDF, Chlorinated Organlcs, and liydrogen Fluoride
Emiselons. Tables 4-24 and 4-25 summarize the emlssions of volatile

chlorinated organics and the octachlorodibenzo=p~dioxin (0CDD) and hydrogen
fluoride emissions from the test burns, No seml-volatile chlorinated organlcs,
or PCDFs wure detected In the stack gages, The health assessment o the
resulting amblent concentrations from the compounds listed in Tahles 4-24 and
4-25 demonstrated that rhe concentrations of these compounds do not posc a
significant health risk to the public or to CAMDS workers.

(4) Ocean Dumping Permit Application Analysis of DFS
(37) T

Secubber Brine

(a) Purpose, To ubtain analytical data on the DFS scribber
Vrine {in support of the JACADS Ouean Dumplng Permit AﬁpLication. The Army is
evaluating the disposal of the scrubhbar brines by occan Jdumping in lieu of
drying the hrine to a salt followed by placement 1n an appreved landfill,
Specific data to be collevted includeds

l Total and EP Toxiclty Leachate Metals
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Priorfty Pollutant Organie Compownds

Phase Determination (Total folids/ Total Dismolved Solide)

fo

s

Chemical Oxygen Demand (COD)

(1%

- Total Organle Carbon (T0OC)

6 pll

7 TInorganic Anluns

(b) Method, Prior to incingrating drained GB M55 rockets,
gamplas were collectad from the DFY serubber sump. Additional samples were
collected from the wame location after completion of the PCB/MSS5 rocket
incineration tes: described 1n section 4.3.2.4 (3),

(¢) Results.

1 Tablem 4-26 and 4-27 1ist the Tctal Metals and TP
Toxlcity Leachate Metal Analyses of the DES scrubber brine., Of perticular
futerest 1s tlie fuct scrubber brine did not exceed the EP Toxidity metal lim!ts
for either cudmlum ot lead. 'This iw particularly unexpected foir lead since, as
shown in Tuble 4~23, the lcad concentrution.in the scrubber brine samples
collected during the PCB incineration taut were coruistently above the RCRA
Himit., The difference ccould be due to differences in Hnﬂpla collection
wathods, or to settling of the lead compounds {f there was a significant delay
In collecting the brite sample fer the orean dumping pevmit analyses., This
inconaistency will be regolved during future M55 rocket Llarineration vaests when
the resulting scrubber hrine vill be analyzed to determine the lead content of
the EP Toxicity leachata,.

4 As shewr iv Table 4-28, the scrubber hrine had a large
{ncrease ia sulfate (504—2)’ phosphate (P04d3), fluoride (¥7) and
chloride (C17) anion concenttatlons. The sulfate 18 due to the sulfur
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{1} Total drained GB M55 rockets incinerated:
{2} Barimm content ocould not be determined due to hich sulfate concentration in DFS Scrubber Brine.

NOTES:
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TABLE 4-28, Chemical Analysis of DFS Scrubber Brine, After
GB M55 Rocket Incineration Test
Pre Burn Poat Burn
Parameter Concentration Concentration
(mg/1) (mg/1)
pH (1) 9.9 9,1
Total Solids 1,872 141,000
Total Dissolved 1,258 107,000
Solids
Sp, Gr. (1) 1.000 1.108
N03 3.5 824.0
c1 105,0 7630.0
r 12,0 1550.0
po, " 7.0 2550.0
Alkalinity
as €0, 44,0 413.0
50, 380.0 34,300,0
coDn 10.0 1,400,0
T0C 3.0 310.0

NOTES: (1) Stated Unit,

(2) Total number of drained GB M55 rockets incinerated: 483
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contained in the fuel oil used in the afterburne: on rotary kiln; the phosphate
and fluoride are attributable to the residual GB contained in the M55 rocket
warhead, The chloride is probably from the process wuter used in the PAS,

3 Table 4-29 lists the seml-volatile organic ﬁriority
pollutant compounds duﬁected in the scrubber brine, Although very small
concentrations of volatile organic priority pollutant compounds were detected
before the rockets wera incinerated, no volatile compounds were detected in the
post burn sample,

(5) May 1986 M55 Rocket Incineration Test(as)

(a) Purpose., The putpose of this test was to obtain
environmental and process data from the DFY while incinerating drained M55
rockets and to establish baseline performance of the DFS whille bhurning only
fuel oil, Specific data requirements Included:

Charucterize DI'S waste streams.

1

i

Datermine exhaust gas particulate loading and particulate
8ige distribution,

3 Quantify and qualify products of incomplete combustion
(p1Cs),

(b)  Mothod,

1 Only M55 rockets with shilpping and firing tubes which
contained PCBs 4t a concentration of less than 50 ppm were used duving this
test.

2 A total of [lve test burny were conducted, Two background
tests (Daseline 1 and 2) were conducted to determine tho baseline performance
when the DIFS was only burning fue! oil (no rocket fuel). Three test burns
(Trials 1, 2, and 3) were conducted for Lhe purponn of characterizing the waste

4-8)
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TABLE 4-29, Priority Pollutant Compound analysis of DFS

Scrubber Brine, After OB M55 Rocket lnclnevation

Concentration
Compound (ug/1)
Bia(2~cthylhexvl) phthalate 16,0
a-Nitrophennl 40,0
2,4~ Dinitrophenol 370.0
2-methyl=4,6~dinitrophenol 350,0

——



streams when the DFS was incinerating drained GB M35 rockets., Each test was
run for approximately four hours to allow for collection of the required data.

(c) Results,

1 The DFS successfully incinerated the drained M55 rockets
at a fead rate of up to approximately 18 rkts/hr, Because the exact amount of
agent drained from the rocket was unknown, it wsas estimated baned on the amount
of hydrogen fluoride in the afterburner exhaust (Figure 4-19), Using thies
approach, the agent heal contained in the rocket warhead was equal to
approximately 0,3 pounds or 2,8 percent of the uriginal agent f1ll, During the
teat, no agent was detected in the axhaust gasea, Based on the allowable GB
stack concentration of 0,0003 mg/m3, the estimated GB DRE was greater than
99,9999%.

2 The combustion efficiency of the slagging afterburner was
greater than 99,9% for all test burne including the haseline tests burns,

3 A summary of the average PAS removal efficiencles during
the rocket incineration trials is listed in Table 4-30, All listed
efficlencies are based on calculated pollutant mass concentrations, It must be
noted that the deminters were bypassed for these temts and that the particulate
and phosphorous pentoxide removal efficiencies were lower than expected,
However, the particulate emission rate was less than the RCRA standard of 180
mg/m3 corrected to seven percent oxygen, Table 4~31 illustrates the PAS
(less demisters) particulate removal efficlency as a function of particle
size, As would he expected the PAS removal efficiency decreases with the
decreasing particle sive,

4 The chemical analysis of the PAS brines before and after
each rucket incineration test is summarired in Table 4-32, Diswolved solids
include the scdium salts gnd other soluble materials. Suspended solids include
the insoluble materials such as metal oxides. The source of chloride 14 not
known and may have come from the PAS makeup water which was not analyred., As
shown in Table 4-33, the brines were not RCRA hazardous due to EP Toxicity, or

- 4-83
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TABLE 4-31 PAS Particulate Removal Efficiency versus Particle
Size Distribution

Cut Point Inlet Qutlet % Removal
(miczon) (1b/hr) (1b/hr) (weight basis)
20 12.11 2,37 80,43
10 6.06 2,33 61,55
5 4,72 2,30 51.27
3 3,81 2,26 40.68
2 3.15 2,23 29,21
1 2,14 2,14 0
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TABLE 4-32, Chemical Analysis of PAS Rrines From
May 1986 M35 Rocket Incineration Test

——Drial 1 —Dprial 2 Triasl 3
Parametar Before After Before After Before ATter
Total solids 56,000 58,000  T2,000 72,000  $5,000 97,000
Total dissolved 54,000 57,000 68,000 65,000 92,000 90,000
solids
Total suspended 680 9Lo 1,600 3,000 3,800 5,200
solids
Specific gravity® 1.049 1,05k 1,063 1.061 1,081 1.082
pH® 8.72 8. 40 9405 T.07 8.69 8,48
T0C 96 98 100 100 123 110
Na.C04 848 583 173 26 ko6 576
Nao80), L7,u65 33,122 50,27k Sk,266  7Th,820 76,298
Na 580, <3 <3 6 <3 9 <3
~ NagHbo, 164 550 550 961 4,581 3,572
NaF 287 663 619 3,359 3,514 3,669
NaCl b, 660 by9u0 5,615 6,175 7,229 Ty377
NaNO, 610 620 1 05 110 1,038
NaNO, 96 103 67 Lo 93 102
cop 410 420 450 570 T20 1,200

Botated unit.
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to cyanide or sulfide reactivity.

5 Composite ash samples were collected from the heated
discharge conveyor and collection bin during each test hurn while incinerating
M55 rockets. Thraee grab samples of ash were collected at equal intervals
throughout the test period., The samples were mixed to provide a representative
sample, As shown in Table 4-34, the remsidue contained cadmium above the RCRA
EP Toxicity limite, and was a reactive characteristic hazardous waste due to
cyanide reactivity,

8 Although not regulated by EPA, the exhaust gases, before
and after the PAS, the PAS brines, and furnace residue were exumined for PICs,
The exhaust gases were only sampled with the Modified Method 5 mampling train
which is suitable only for semivolatile organics. MNo PICs, in terms of RCRA
Appendix VIII compounds, were detected, however, low levels of long chain
hydrocarbouns <CSH10 - C30H62) in the exhaust gaser and PAS brines were
detected., Similar PICs were observed in the samples collected during baseline
testing which supgests most of the organire compounds detacted were associated
with fuel oil combuation rather than combustion of agent and rocket feed
materiala. The concentration of compounds identified in the PAS brine was very
low and did not change apprecilably as a result of the Incineration tests.

Table 4~33 presents the results of the PIC analysls completed for the composite
furnace renidue sample., The lower holling point compounds are Lelleved to be
laboratory contaminated since the residue was maintained at more than 1000°F
for 15 minutes (on the heated discharge convever) before the samples were
collected. Because of problems experienced with sample annlyses, primu.ily
in-sufficient sample sive and surrogate recoveries below quality control
limits, the PIC results cannot be consldered definitive. During future
incineration tests (see Chapter 6), the DFS exhauat gases will ba carefully
analyzed for volatile and seml-volatile PICs,

4,3.3, Metal Parte Purnace Svetem CMPF)(]9’20'21’22’24’39)

a. Purpose. The primary purpone of the MPF is to tharmally
dentroy remidual agent contamination from munition components without
explonives and to thermally detoxify mustard (H) filled ton containers and

projectiles that have had the fuzes and bursters removed. In addition, the MPF
4-80




TABLE 4-34, RCRA Analysrieg of DFS Reaidue lrom
May 1986 Rocket Incineration Teat
Maxirum
Concentration
Parameter Limit® Trial 1 Trisl 2 Trial 3
EP Toxicigy (mg/L) -
As 5.0 <0.01 <0.01 <0.01
Ba® 100.0 <0.2 <042 <0.2
Ca 1.0 1.8 0.83 1.4
crP 5.0 0. Ok <0.0k <0, 0b
Py 5.0 0.17 0.11 0.23
HgP 0.2 <0.001 €0,001  <0.,001
Se? 1.0 <0.01 <0.01 <0,01
Ag® 5.0 <0,05 <0.05 <0.05
Resctivity (mg/kg)
g=b 500 <250 <250 <250
Ccn™ 250 150 500 360

&3ource: 4O CFR 251.284, Table 1.
Pgelow detection limits.
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of DFS Residue From May 1980 Rocket

TABLLE 4--35, Product of Incouwplete Combustion Analysis k
Ineineration Test (ug/kg)

Paraneter Trial 1% Trial 2% Trial 3%
Unknown 23 <10 <10
1,4=dioxane 92 <10 230
2,2~-dimethylhexane <10 1,4000 <10
Chloromethane <38 160 120
Dichloromethane <11 210 2,000
Chloroform <6.2 <6,.2 11
humathy /e2~pantunone <6.7 <6.2 11
Carbon tetrachloride <11 <ll 15
Benzene 150 350 Lé

8Vulues reported with a "less than” sign indicate that the results
are belovw detection limits uf the analytical methcd uned.

Suspect result due to laboratory contamination Verified by blank
analysis.

4=90




has heen used ta Inelnevare balk agent (G and VX)),

b, Desertption.
(17 General,

. (a) Aes {llustrated in Figures 4-26 and 4-27, the MPI system
conaists of a charge zar, a Metal Furty Furnace, a Primacy Fume Burner (PFR),
an Auxiliary Fume Burner (A¥B), and a PAS consisting of a quench tower , a
variable throat ventur{ scrubbet, snd a packed tower rcrubber with demlater
pection, In additfon, the MPF wystem includes a scrap handling and cooling -

equipment., ‘The MPF, PFE, and charpge car are @]l housed dn a ventilated shroud.

(h) Items are transferred lLrom the munitlon drain machines,
efthes the Multipurpose Demilitari: o fon Machine (MDM) or the Bulk Drain
Statfon (B0ES) to the MPF by the po 1 driven charge car, The dralned
projectites or hulk containers (Lon containers, bombe or spray tanks) atre then
conveyed through the punch chamboer of the MPF to the velavilization chambar
vhiere the rematntluyg agont Iy vaportzed, The munitions arce then transferred to
tae thied and final eligmber of the MPF, the burnout chamber, whete they are
heated to 1000 for 15 minutes to ansure complete agent destruction, =nd
thermal detoxiffcotion of the metal parts, Tne (lue gases from the punch
chamber and volatilization chamber enter the PFBY where any agent vapors. are
Inctnerated, The exhoust from the PFB and the burnout chamber paus through the
AFB where any remaintuy organic compounds in the axhaust gases are
inctnerated,  From the AFB the exhaust guses pass through Lthe PAS whers they
are cooled and any acid gazses ond particulate are removed, The metol parts are
transferred {rom the burnout chamber into a linoded aren where they are checked
for chemical agent contaminat{ony the parte are then transferred to one of two
cooling bays where they are allowed to cool to (near) amblent tewmperatutes

before being disposed of.

(2) Metal Partw Furpace. The CAMDS MPF is a three chamber
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roller bearth furnace. The three chambers comprising the MPF arc an
uniinaulated punch chamber, a refractory-lined volatilizatlon chamber and a
refractory lined burnout chamber,

(a) Punch Chamber. The punch chamber is an uninsulated
ventilated metal housing surrounding the punch atation, The punch station is
designed to hydraulically punch two holea, one in each end, in undrained tomn
containers filled with mustard. The punch chamber serves .1ly &s a
vestibula/air lock for items which have beun processed through either the MMM
or the BDS,

(b) Volatilization Chember. The volatiliration chambar in
a refractory lined chamber containing eight oil fired burners., These burnors
are planned to be replaced with dual fuel burners (propane (LPG) and fuel oil)
in the near future. The volatilization chamber is designed to heat the

projectilers or bulk contalners quickly to the boiling temperature of the agent
and then hold it at that temperature to produce a controlled volatilization in
an oxygen deficient atmosphere, Under normal operatlons, agent vapors are not
incinerated in the volatilization chamber,

(¢) Burnuut Chamber. The final chamber in the MPF 18 the
burnout chamber which is used to burnout any residual heel left in the
munition/container in an excess oxygen atmosphere, Lika the volatilization

chamber, the burnout chamber is a refractory-lined box, but only contains two
oll Iired burners. The burnout chamber 18 maintained at a minimum of
1000°F, Items leaving the burnout chamber are completely detoxified,

(3) Primary Fume Burner. Agent fumes from the punch chamber
and the volatilization chamber are incinerated in the primary fume burnar. The
primary fume burner contains two oil fired burners (each rated at 1.05 milllon
BTU per hour) followed by a refractory-lined residence chamber which maintaine
the exhaust gases au 1650°F for a minimum of 0.5 second.

(4) Auxiliary Fume Burner, The auxiliary fume burner is
actually the afterburner for the primary fume burner and the burnout chamber,
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The auxiliary fur~ burier uses n single, 1.4 million BTU per hour, hurner which
meintains the flue gas temperature at 1600°F for & minimum of 0.5 second.,

(5) Pollution Abatement Svstam (PAS) and Exhaust Standards,

(a) The purpone of the PAS is to prevent pollution of the
atmoapherd with geses produced by the combustion of chewical agents in the
MPF, As showm in Figure 4-27, the PAS consists of a quench tower, a variable
throat venturl scrubber, a packed bed wet serubbar tewer, a demintar section,
an induced draft fan and an exhaust stack.

1 Quench Tower The quench tower is a 3.5 foot dinmeter
by 7 foot high, partially firebricked vessel conatructed of Inncnal 625, The
quench tower 18 mounted directly on top the venturl ascrubber. Exhoaunt gases
from the AFB enter the quench tower at approrimately 1400° * and are cooled
to approximately 200°F, The guanch tower im a cocurrent flow design and the
exhaust gas cooling is acromplished by evaporation of water from four hydraulie
atomized type spray nozzles. The water flow rate is generally between 0,8 and
4,2 gallonA per minute; any excess water falls or is entrained by the gas
strean and carried directly into the venturi.

2 Venturi Scrubber The venturi nerubber 1z a variable
throat tvpe equipped with inlet serubbing liquid porte without nozzlea. The

primary purpose of the venturl scrubber is to remove particulate matter
contained in the exhaust gases; some acid gas removal also is accomplished,
The venturil throvat has a manually ad justed damper blade which is met to
maintain a pressure drop of 10 to 20 inches water coluun. Brine from the
packed tower scrubber sump ie used as the scrubbing liquid. A liquid to gas
ratic of approximately l4:1 ig maintained in the venturi,

_ 3 Packed Bed Scrubber Tower The packéd bed scubber is
used to remove acidic industrisl pollutants contained in the exhaust games.

The packed tower ig a six foot diameter vessel constructed by Hastelloy~ lined
carbon steel. The vesasel contains a sump which collects the excess liquid from
the venturi scrubber as the sxhaust gases enter the hottom of the tower. The
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grses then flow up through a chimney tray which supports a ten foot deep hed of
2-inch polypropylene Super Intalox saddles, The packed bed im wetted by
recirculating an alkaline scrubber liquid (elear liquor) which 18 introduced at
the top of the bed by means of a welr-trough distributor. The acidlc
pollutanta react with the brine to form salts, Fresh caustic is added to the
clear liquor, just bafore it enters the tower, to maintain a clear liquer pH of
approximately 10, A York mist type entrzainment separator is located directly
above the packed bed to prevent carry over of large liquid droplets to the
demisters.

4 Piber Bed Demisters The fiboer demister unit 18 located
two feet above the entrainment separator in the packed tower vessal, and
consists of five elements, two foot in dismeter by 12 foot high, The demisters
are used to remove small liquid droplets and fine particulate hefore the ganmes
are discharged to the atmosphere. An isolation damper allows the deminters to

be bypassed,

5 Induced Iraft Fan The induced draft fan pulls the
gagen through the PAS and maintains a negative presmsure in the entire furnace
ayrtem, thus preventing any release of agent vapors during operation, The fan
18 capable of 17,400 acfm at 250°F and 42 inches static pressure, A 200
horse power, two-speed, motor provides the drive for the fan.

(b) The ntack emission atandards are identlcal to those
deseribed in paragraph 4.3,2.c. (see Tables 4=16 and 4-17),

¢, Completed Incineration Tesmts. As shown in Table 4-13,
approximately 32,000 pounds of GB, 8,000 pounds of VX and 18,897 projectiles
have heen processed through the MPF system. Four different types of teasts have
been conducted with the MPPF mystem: (1) PAS evaluationj (2) agent injection
incinerationy (3) thermal decontamination of drained projectiles and (4)
in=situ incineration. Each of these four categories will be dimcuesed in
deteil in the following sections.
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(1) GB Challenge of the NPF PAS.(AO)

(a) Purpose. As with the DFS PAS, the MPF PAS was not
designed to remove agent vaporn. This test, which was conducted in August
1978, was designed to determine the ability of the PAS to remove GB vaporm from
the furnace exhaust in the event of furnace upset, The specific objectives of
the test were!

1l Determine GB removal efficiency of the PAS under cold
conditions with the hearth, fume burner and afterburner off,

iro

Datermine the GB DRI under normal operating econditions.

fw

Datermine the CB DRE in the event of a partianl system
shutdown (loss of PFB),

4 Determine the GB DRLC in the event of total system
shutdown (lomss of PFB and AFB),

(b) Method.

1 Dilute acidic solutions of GB were prapared by mixing
neat GB with sulfuric acid (pH 3.7)., Agent solutions were sprayed into the AFD &
exhaust duct, upstream of the quench, at challenge rates of 0.122 ma/mz, 1.06
mg/m3 and 3,17 mg/ms. The air flow through the PAS wag 2206 acfm for the
firpt two trials and 2535 for the third trial, GB menitors (bubblers) were
located hefore the quench, after the venturi scrubber and in the exhaust stack.

gy

2 For the normal operation tests, neat agent was aprayed
into the volatilization chamber at challange rates of 202 and 863 mg/ma. The
exhaust gas flow rate was 3797 acfm for hoth triale. The GB monitors were
located in the same positions us wave uysed during the cold performance test.

3 The partial fajilure test war conducted in the samea manner
ap the normal operating trial except that after a designated period of time the
PP wan shutdown. In the first trial 1236 mg,/m3 was sparyed for four minutes
after which the PFB wae shutdown; two and one-half minutes later, the GB spray
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was stopped., GB monltor sampling continued for 15 additional minutes, The
second trial wae identical to the firmt except that the PFB was ghutdown after
12 minutes instead of four.

4 Two trials were conducted for the total system failure
test. The first trial involved spraying GB at a challenge rate of 161 mg/m3
for 14 minutes, after which the PFB and AFB were shutdown. Two and one~half
minutes later, the GB spray was shut off. The furnace quench, which ia
automatically activatad in the avent of an AFB fallure, was manually shut off
30 seconds after the GB flow rate was atopped., The bubblers sampled for
fifteen additional minutes. The second trisl vas conducted the same as the
first except the challenge rate was 1323 mg/m3 and the GB was aprayed for 6
pinutes hefors shutdown and three and one~half minuten after shutdown.

(e) Results.

1l The GB removal efficiency of the PAS under cold
conditions war a minimum of 99.99% up to OB challenge rates of 3.17 mg/ms.

2 Undev normal operating and upset conditions, both partial
and total failure, the observed GB DRE was greater than 99,999%,

(2) Initial MPF Agent Challenge Tent.(4])

(a) Purpose, The purpose of this test was to determine the
limiting factor fur epent incineration in the MPFt destruction efficlency or
thermal capacity.

(b) Mathod. Neat, 69% pure GD was transferred from u ton
container via o double~walled pipe to the volatilirzation chamber by pressuring
the ton containers with nitrogen at 6-12 psi pressure (Figure 4-28). An empty,
open one-half ton container was placed in the volatilization chamber under the
feed pipe to collect any 1iquid agent which did not immediately volatilize in
the furnace. Five agent trials, 30 minutes sach wete conducted; the sgent
challenge increased from 0.83 pounds per minute (49,8 poundm per hour) to a
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maximum feed rate of 6,63 pounds per minuce (397.8 pounds per hour). The test
was conducted without the»demiatars‘to eliminate the possibility of test
interruption due to plugging with phosphorous pentoxide (PZOS) particulate

(a by-product of GB incineration),

(¢) Results. The MPF succesafully incinerated GB gt a feed
rate of 6.63 pounds per minute. No agent was detected in the axhaust stack and
the thermal limits of the system were not reached, A GB DRE of greater than
99.99999%, was obtained based on 1 GB allowable stack concentration of 3 x
10-4 mg/m3 (Table 4-16) and an exhaust gas flow rate of 8999 acfm., The
stack opacity exceeded the Utoh limit of 20% when incinerating GB at flow rates
of 3.32 pounds per minute or greater due to P205 particulate.

(3) March 1982 MPF Agent Challenge Test.(AZ)
the success of the previous GB injection incineratlon test, and the continuing

Because of

problems which CAMDS wus experiencing with GB neutralization, it was decided to
conduct additional tests to determine if incineration was a viable alternative
to neutralization for CB destruction.

(a) Purpose. To determine the feasibility of ineclnerating
GB at a sustained rate equal to or greater thant (1) the abllity of projectile
pull and drain machine (PPD) (which wes the predecessor to the MDM) to generate
agent; or (2) the abillity of the reutralizacion process to deatroy it. In
addition, the aystem's PAS, thermal capacity. and alr flow handling
characteristics wore cxamined,

(b) Method. The same procedure described in paragraph
4,3.3.¢.(2)(b) was used for thils test. A total of seven trials were
conducted, Agent challenge rates of 0,96, 2,40 and 4.8 (for four trials)
pounds per minute were conducted. After the succeasful completlon of thase
trials en additional triml where the agent was incrementally incressed from
5,29 pounds per minute to 7.44 pounds per minute was conducted. In addition to
the normal operational data collected by CAMDS personnel, the AEHA and Battelle
Laboratory representatives collected additlonal data to evaluate the

performance of the PAS.(as’AAJ
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(e) Results,

1 The MPF demondtvated it could.effictently incinerate GB
at a rate at least equal to 7.44 pounds per minute (446 pounds per hour), The
calculated GB DRE was greater than 99,99999%7 based on the allowable GB stack
concontration (Table 4~16), a stack flow rate of 7015 acfm, and an agent purity
of 69%.

. « ‘The stack opacity never exceeded 20% at any time during
the test, With the demister in thea flow path, the stack cpacity did not exceed
5%, even at sn agent flow rate of 7.44 pounds per minute. Only when the
demister way bypassed ut an agent flow rate of 7.44 pounds per minute did the
apacity reach the 20% limit, The improvement in the stack opacity, as compared
to the previous GB injection incineration tﬁsﬁ, was attributed to increased
liquid flow rate to the quench tower.

3 During the last three 4.8 pounds per minute GB challenge
trials Battelle performed an ICAP (Inductively Coupled Argon Plasma) analysis
to determine the concentration of heavy metal in the atack gas, As shown in
Tahle 4-36 only trace quantities of metals were detected, The metals could
have come f£rom impurities in either the fuel oil or the GB,

(4) Thermal Decontamination (5Xing) of Drained 105mm G

Projectiles (43)

(a) Purpose. To determine if the MPF system was capable of
thermally decontaminating dratned 105mm projectiles at the designed processing
time of one hour and temperature of 1100°F in each chamber (Volat!lization
and Burnout),

(b) Method, In May 1982, 150 105mm drained GB projectilas
(two trays of 75 each) were processed through the MPF, FEach projectile
contained a residual amount of GB one-quarter inch deep; this equated to a GB
challenge of approximately three pounds par 75 projectiles.
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TARE 4-36.

TCAP Metals Analysis of‘gPF Stack Gas

During GB I

ncineration

CONCENTRATION, mg/Nm3

METAL/TRIAT, RLANK 1 2 3
Calcium, Ca 0,42 0.35 0.55 0.74
Magnesium, Mg 0.14 0.18 0.13 1.10
Iron, Fe 6.05 0,08 1.7 2.6
Aluminum, Al 0.12 0.16 0,13 0.09
Boron, B 0.09 0.09 0.07 0.03
Titanium, Ti 0.01 0,015 0.01 0.006
Barium, Ba 0,007 0,006 0.0007 0,004
Tin, Sn Np(2) 0,23 0.13 0.09

1

NOTES: ND ® Not Detected -
GB Flow Rate = 288
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" (e) Results, When the first tray was removed from the MPF
and placed underneath the eihaust hood, the chemical aéent monitor went into
alarm, The GB bubbler was analyzed by gas chromotography and confirmed low
levels (1 x 10‘4) of GB, The second tray did not set off the chemical agent
alarm when removed fwom the furnace,

(5) Undrained 155mm GB Projeutile Incineratioﬂ.(46) From
October to December 1982, undrained 155mm @B filled projectiles were processed

through the MPF, This was to investigate & method of incinerating the agent
directly from the munition or storage container commonly referved to as
"in=situ incineration." By this time, the Army had decided to abandon
neutralization, in favor of incineration, an a4 viable method for large scale
chemical agent disposal, In-situ incineration was being evalud:ed as an
alternative to "injection” incineration,

(a) Purpose. The purpose of this test was to demonstrate
that the MPF could safely volatilize and deytroy the GB contained }n 48
undrained 155mm GB projectiles, to aptimize operating conditions to identify
and minimize any disturbances that could re.ult in agent releases and to
decrease the time required to process a tray of 48 projectiles through the
furnace.

(b) Mathod, A total of 36 trials were performed to
determine 1f the MPI system was capable of incinerating the agent contained in
the projectiles, (The burster wells were temoved to access the agent cavity of
the projectiles (Figure 4-29)). During the firat 17 trials the number of agent
filled projectiles was increased from four until a full tray of 48 was
achieved, The remaining 19 trials involved processing full trays of 48 GB
filled projectiles under varying operating conditions. Several of the latter
19 trials were run under the same conditions to verify the repeatability of the
burn process.

(c) Resulta.

1l The test wae successful in that it demonstrated that the
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MPF could volatilize and inclnerate a tray of 48 GB filled 155mm projectiles,
however further testing was determined to be necessary to optimize and improve

oparating conditions such as furnace draft.

o 2 Although GB was occasionally detected hefore the quench
tower, no agent waa detected in the exhaust stack, The estimated GB DRE was
greater than 99,99999% bused on the allowable stack concentration,

(6) Final GB Indection Incineration Teats.(47’48)

(a) Purpose. The purpose ol this test was to develop design
data for the JACADS MPF and Tdquid Tncinerator (LIC), Because of some
- inatability of Furnace drafts during the GB 155mn projectile ln-situ
Incireration, in-saitu inclnervtion Qaa dropped from the JACADS desipgn
criterla, It was decfded thut, for JACADS, all chomlcal agents would bhe
ldrained from thetr vesp=ctive nunltion or contafuer and burned 4in n separnte

Llquid Tnelnerator. Specifie teat »bjectlves weret

—

Detarmine the maximam GB Incineratton capaclty of the MPF,

g S

Bveluate vhe adequacy of the PAS to meat RCRA standards,
3 Chavactorize PAS and furnace waste stroams,

4 lncorporate process and aundlytical datn fate

e

comprehenalva licat and matertal bolancus,

(b) Method. The OB wan fud tnto the MPF in the same manner
a8 the earlier InjJectlon Incineration tests (FMgure 4-2B), The agent flow rate
war increased [rom 200 pounds per hour to 550 pounds per hour (raferred to as
workup tests); above this flow rate, the PFB and AFB temperature and entire
furnace draft became unstable. A total of wiwx trlale were conducted at 550
pounda GB per hour, Representatives from the Ralph M. Parsons Company of

Delaware asaisted CAMDS perdonnel in data collectlon and evaluation,
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(¢) Resulta,

1 The MPF successfully incinerated GB at flow rates of 550
pounds per hour. No conSirmed agent stack emisslons occurred during the test,
Based on the allowable GB stack concentration, the calculated GB DRE was
greater than 99,999999%,

2 Tuble 4-37 1s the analysis of the MPF exhaust before and
after treatment by the PAS, While the removal efficiencies were in the range
ol CAMDS PAS design speclfications, the particulate emissions exceeded RCRA
limits (806 mg/m3 and 1014 mg/m3 corracted to 77 oxygen for trlals Hlwll
and H1-12 respectively). This situation was believed to have been caused by
leakage occurting through the demister bypass line; it was estimated that 30%
of the furnace exhaust garens bypassed the denisters. allowing PZOS
particulates to escape to the stank,

2 'The analysis of the PAS brines, before and after GB

- tacineration, is showm in Table 4~38. Heavy metal content of the scrubber

brine lndicated varying quantities of metals, The sources of these metals

Include the agent, caustic, process water or system materials.

4 After GB incineratinn, a residue wus found in the ton
containers located In the volotilization chamber. The ash was gray and very
lighu in density. As shown in Table 4-39 cnly the ash created during the
workup tests was RCRA hazardous due to cadmium concentration above the RCRA
standard,

5 Material balances around the MPF closed within + 10
percent through the use of verification data and engineeriug data., lHeat
balances could unly he closed within + 20 percentj this was due to carbon
material balance non~closure since the carbon compouads (fuel ofl and agent)

were the source of heat iaput.
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TABLE 4-37 Analysis of MPF Exhaust:

September 1983 GB Injection Incineration Teat

PARAMETER. TRIAL
Hl=~11 H1-12
1. Particulate
a. AFB Exhaust
(1) Concentration (gr/DSCF) 4,89 11.89
(2) Emisslon Rate (1b/hr) 166,93 397.14
(3) %P0, 14.8 10.0
b, PAS Stack
(1) Conrentration (gr/DSCF) 0.25 0,23
(2) FEmission Rate (1b/hr) 9,42 8.75
(3) % P05 39.6 39.7
¢. Removal Efficlency 94,6% 97.9%
2. Hydrogen Fluoride (1b/hr}
a. Emlssion Rate
(1) AFB Exhaust 50.63 51,02
(2) PAS Stack 0.57 0.63
b. Removal Efficlency 98.,87% 98.,77%
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TABLE 4~38 MPF PAS Brine Analysis: September 1983 GB Injection
Incineration Test
CONCENTRATION (mg/liter) 1)

PARAMETER BEFORE AFTER
pH 8,7 7.5
Solids 11,000 170,000
Pissolved Solids 110,000 170,000
coD . 150 70

TOD 22 27
NaHC03 1694 852
Na CO3 42 2
Naf 2.824 25,743
Na2803 1645 1645
Na S0, 5969 21,718
NaR0, 77 0.3
NaNO 120 179
Na,liB0, 39,507 50,608
Mercury, Hg 0.008 0,010
Silver, Ag 0.016 0.02
Arsenic, As 0.034 0.037
Barium, Ba 4,3 27.1
Cadmium, Cd 1.1 2.8
Cromium, Cr 0.6 1.4
Lead, Pb 0.6 0.2
Selenium, Se 0.036 0.040
Boron, B 50 56
Aluninum, Al 15 22
Beryllium, Be 0,016 0.021
Calcium, Ca 455 269
Cobolt, Co 0.3 0.3
Copper, Cu 14 21
Iron, Fe 155 442
Potassium, K 73 125
Manganese, Mn 2 6
Molybdenun, Mo 0.13 0.51
Sodium, Na 34,227 4t , 764
Nickel, Ni 33 69
Antimony, Sb 0.2 0.2
Tin, Sn 0.016 0.02
Uranium, U 0.2 0.7
Zinc, Zn 10 21
NOTE: 1013 pounds of GB incinerated.
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TABLLE 4-39  LEP Toxicity Analysls of GB Ash Residue:

Injection Incineration Test

September 1983 B

CONCENTRATION (mg/liter) RCRA
METAL/TRIAL ~ WORKUP H1-04 H1-07 STANDARD

Arsenic, As 0.0l 0,02 0.01 5.0
Barium, Ba 0.7 0.8 0.9 100.0
Cadmium, Cd 1,2 0.01 0.77 1.0
Lead, Pb 1.6 0.08 1.1 5.0
Mercury, llg 0.005 0.0005 0,005 5,0
Selenlium, Se 0.0l 0.01 0.01 1,0
Silver, Ag 0.01 0.01 0,01 1.0
Chromium, Cr 0.01 0.01 0.01 5.0
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(7) VX Injection Incineration Test.(49,50)

(a) Purpose. The purpose of this test was to develop VX
incineration design data for the JACADS MPF and LIC, In addition, the
feasihility of incinerating spent decontamination solution (five weight percent

aqueous sodium hypochlorite) by spraying it into the AFB exhaust duct was to be
evaluated.

(b) Method. The VX incineration test was conducted from
30 April 1984 to 19 June 1984, The test was conducted in the same manner as
the GB injection test, The agent flow rate was increased from 175 pounds per
hour to 550 pounds per hour at which time the furnace draft became unstable. A
maximum of 400 pounds per hour were used for the remainder of the test, In
addition to the agent incineration trials, a series of trials involving the
injection of spent decontamination solutions of sodium hypochlorite in tle AFB
exhaust duct were conductad. Fresh decontamination solution was injected into
the AFB exhaust duct approximately 12 feet downatream from the AFB discharge,
Decontamination solution was injected at a rate of 2000 pounds per hour while
the MPF was incinerating 400 pounds of VX per hour, Representatives from the
Ralph M, Parsons Company of Delaware assisted CAMDS personnel in data
collection and evaluation,

(c) Results.

1 The MPF successfully incinerated VX at flow rates of 400
pounds per hour, No agent readings were recorded during the test. The
calculated DRE, based on the allowable VX stack concentration (3x 10_5 mg

VX/m>), was greater than 99.9999998%, ‘

2 Table 4-40 lists the range of particulate emlssions
observed before and after treatment by the PAS, During trial H3-03 both agent
and decontamination solution were processsd; only agent was processed in trial
H3-02, All particulate emissions were well below the RCRA mandated 180
mg/ma. All chloride levels (from the spent decontamination solution) were
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TABLE 4-40 Particulate Analysis of MPF Exhaust Gas VX Injection

Incinaration Test

PARMMETER TRIAL
13-02¢1) §3-03¢%
1. Particulate
a. AFB Exhaust
(1) Concentration (gr/DSCF) 2.1568 2,3340
(2) Emission Rate (1b/hr) 67.96 71.28
(3 % B0, 34.91% (3
b, PAS Stack
(1) Concentxation (gr/DSCF) 0.0240 0.0185
(2) Emigsion Rate (1b/hr) 1.153 0,796
(3) % 2,0, 39,20% 26,26
¢. Removal Efficiency 98,6% 98,6%

NOTES:
(N

(2)
(3)

Agent Only Trial

Agent and Decon Trial

AFB Exhaust Stream Not Sampled Curing Decon Spraying Operatlons
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below detectable levels, These resultsd are couslderably better Lhan those
obtained during the final GB injection incineration test; this {s probably the
result of modifying the demister bypass for the VX tests thus ensuring all
exhaust passed through the demlsters.

3 Analysis of the PAS brines before and after the VX
injection incineration test (all levels) is listed in Table 4-41, As shown,
the brines contained varying quantities of heavy matals, A large portion of
the brine heavy metals was the result of the speut decontamination solution
processing; Tables 4-42 and 4-43 1ist the metals analysis for the

decontamination erolution and its contributlion tc Lhe brine heavy metal content,

regpectively.

4 As was obeerved during the final GB injection
incineration test, a large quanttity of ash accumulated in the open tou
container located in the volatilization cliamber. The ash appeared gray and
more dense than that found after GB Inctneratlon. Approximately 2.7 pounda of
ash ware produced for every 100 pounds of VX incinerated, As shown in Table
4=44, the furnace residue was not LP Toxic,

4,3,4, Liguid Inciuerator (LIC).(zz)

a, Purpose. The purpose of the LIC 1s to burn chemical agents
drained from munitions or bulk containers as well as to incinerate organic
matter contained in waste liquors such us spent decontaminatlon solutions, The
LIC 1s the primary chemical agent incinerator for CAMDS, JACADS und the
proposed disposal plants.

b. Description.

(1) The 1IC 18 & proprictary design of Trane Thermal,
Incorporated,

(a) As shown In Figure 4-20, the LIC I8 a dual=-chamber

vrefractory-lined fncinerator. 'The chemical agent dralned {rom the various
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CARLE A-41, MPY PAS Brine Analysis VX Injection Incineration Test

PARAMPETTR BEFORE TEST AFTER TES?I)
(mg/1) (mg/1)
pH 8.8 9.4
Sp Gr 1,004 1,203
Solids 9360 262,000
Dissolved Seolids ' 8070 258,000
con 100 270
TOC 32 330
Na,HP0, 464,7 32,800
NaCl 260 39,183
Na,S0, 4556 15,229
Na;CO, 6865 69,889
NaNO3 41.8 607
Argenic, As 0.02 0.416
Barium, Na 0,2 1,087
Cadmium, Cd 0.077 2,044
Chromium, Cr 0.1 0.805
TLead, Pb 0.02 0.136
Mercury, llg 0,0008 0,0449
selenium, Sc ¢.02 0,02
Silver, Ag 0.02 0.768
Aluminum, Al 0.8 2,62
Copper, Cu 0.172 3,703
Iron, Fe 7.646 194,9
Nickel, NI 0.405 11,92
Zinc, Zn 6,660 B,586

NOTES:  Mataufal Processed
VX: 2641 pounds
Decon: 10,252 pounda
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TABLF 4~42 Analysis of VX Spent Decontamination Solution

(4,6 wt% Sodtum Hypochlorite)

CONCENTRATION
PARAMETER (mg/liter)
Sp. Gr, 1,078
Solida 116,000
Dissolved Solilds 115,000
Na0Cl 47,827
Arsenic, As 0.02
Barium, Ba 0.1
Cadmium, Cd 2,418
Chromium, Cr 2,376
Lead, Pb 0,056
Mercury, Hg 0.0002
Selenium, Se 0.02
Silver, Ag 0.258
Alvninum, Al 1.437
Copper, Cu 0.264
Iron, Fe 52,19
Nickel, Ni 4,861
Zine, Zn 0,406




TABLE 4-43 Spent VX Decontaminatlion Sclution Contribution to Heavy Metals
in MPF TAS Brines

pranes( D) pecon¢ 2 cuance?
ng/1 1 g mg/1 1 ng %
As 0.396 4126 1634 0,02 4321 86 5,2
Ba 0,007 4126 3660 0.1 4321 432 11,8
cd 1,967 4126 8116 2,418 4321 10449  128,8
Cr 0.705 4126 2909 2,376 4321 10267  353,9
Pb 0,116 4126 479 0,056 4321 242 50.5
Hg . 0.,0441 b12€ 182 0.0002 4321  0.B6 0.5
Se 0 4126 0 0.02 4321 - -
. Ag 0,748 4129 3086 0,258 4321 1115 3.1
A © 1,820 4126 7509 1,432 4321 6108 82,4
e '5.531 H126 14569 0,266 4321 1149 7.9
. Fe 187,25 4126 772610 52,19 4321 225527 29,2
N 11,51, 4126 47511 4,86 4321 21006 44.2
Zn - 7,926 T h26 32703 0,406 4321 1754 5.4
NOTBS ¢
(D Concentrations ﬁre Net Values Based on Data from Table 3-12
(2) Bared on 10252 Total Decon Feed to System During Hi~03, 111-04
(3)

% Metal from Decon Injection i(mg/brine metul)/(mg decon metal)d x 100

G=115




TABLE 4-44 EP Toxicity Analyais of VX Ash Residue -

CONCENTRATION, mg/liter

METAL/TRIAL H3-01 H3-02 H3-03 H3-04 -sm?ggﬁhn
Arsenic, As 0.01 0.01 0.01 0.01 5.0
Barium, Ba 0.1 0.3 0.5 0.6 100.0
Cadmium, Cd 0.01 0.06 0.15 0.16 1.0
Chromium, Cr 0.05 0.05 0,49 0,49 5.0
Lead, Pb 0.01 0,032 0.212 0,165 5.0
Mercury, Hg 0.0002 0,0002 0.0002 0.0002 0.2
Selenium, Se 0.01 0.0 0.01 0.01 1.0
Silver, Ag 0.01 0,01 0.05 0.05 5.0
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munitions ot contatners s Incinerated In the first chamber or primary
incinerator, At CAMDS either fuel oil ov LPG im umed to raise the primary
incinerator to approximately 2500°F at which time agent is gradually

introduced as the fuel oll or propane is reduced. Under normal operations, the
chemical agent provides aufficlent heat to maintain temperature and combustion
after warmup; the fuel oll or propane is used only to ensure a stable flame
pattern,

(b) The secondary incinerator is actually an afterburner and
provides addi{tionsl time at temperature for the gases leaving the primary
incinerator. The temperature in the secondury incinerator ls maintained at
2000%F by burning fuel oil or propane, The sccondary incineratour is also
used to thermally destroy anv organic compounds contained in the spent
decontamination solutione generated in the disposal facility,

(e¢) The CAMDS LIC has approximately one-third the capacity of
the LIC which will be used in JACADS or the proposed CSDP disposal facilities.
In addition, instead of having an fndependent PAS, the CAMDS LIC uses the MPF
PAS, as shiown in Filgure 4-3!, to remove acld gases and partlculates from the
LIC exhaust gawes, Note that the afterburner shown in Figure 4~31 belongs to
the MPF; the exhaust from the LIC does not pass through the MPF afterburner but
is ducted directly to the MPF PAS, Becsuse the LIC and MPF share the same PAS
both incinerators cannot be operatad concurrently,

¢. Completed Tenty As of 19 August 1987, 37,930 pounds of GB

have been nuccessfully incinerated {n the LIC, The GB incinerated was agent

drained from M55 rockets as well as bulk GB from ton containers,

, (1) Ocean Dumping Permit Application Analyses of LIC
37

Serubber Brines

(a) Purpose.  To obtain analytical data on the LIC scrubber
brine in support of the JACADS Ocean Dumping Permit appllcation., The purpode
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and data requirements of this test were identidecal to those described in
section 4,3,2.d (4) for the DFS Scrubher brine, This data will be uged in lieu
of the data obtained from the Final GB Injecticn Incineration Test, deacribed
in section 4.3.3.c (6) because: I ‘
1 Brine generated by incinerating GB in the CAMDS LIC/MPT
PAS system will be more representative of the brine generated by the JACADS LIC,

2 Improved analytichl’procadurea have corracted many of the
protlems experienced when analyzing the brine generated during the Final GB |
Incineration test.

(L) Prior to incinerating GB 4n the LIC, sampies were
collected fvom the scrubber sump of the PAS., GE was incinerated in the LIC
over a two-day period until the sﬁecific gravity of the brine exceeded 1,08,
Above this value, CAMDS operations arm requlired to add water to prevent a
bulld-up of solids which would requive purglng ot the acrubber system plpes.
Upon completion, additlonal samples were collected from the same location used
to collect the pre-burn samples, The total amount of GB incinerated in the LIC
over the two-day period was approximately 1726 pounds,

(¢) Reaults

1 Tables 4-45 and 4-46 list the total metalu and EP toxicity
leachate metals analyses of the scrubber brine, The brine did not contain any
metals above the RCRA limit,

2 As would be expected for OB incineration, Table 4-47
shows that the scrubber brine had a large increase in phosphate and fluoride
anion concentrations. Chloride and sulfate anlons also increased but to a
lesser extent. COD and TOC levels did not chunge significantly during the
test, This 18 to be expected given the high temperature in the LIC., The total
solids content of the scrubber brines was approximately 14% w/v.

3 No organic priority pollutant compournds, either volatile
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TARLE 4=45 Total Metal Analyais of 1.IC Scurbber Brine,

February 1986 GR Incineration Test

L Pre Burn Post Purm
LU Ml Concentration Concentration
o (ma/1) (rg/1)
Ag <0.02 <0,02
Al 9.2 6.0
A 0.014 0.048
Rn 7.1 11.0
Da <0.4 0.4
Re <0,02 <0.02
Ca 148.0 48.0
| 0.082 0.152
Co <0.06 <0.06
Cr 0.10 <0.09
Cu 0.27 0.12
Fe 67.0 50.0
Hg 0,002 0.004
K 15,3 18.6
Mn 0.70 0.83
Mo <0.3 <0,3
Na 1200.0 38000.0
N 0,64 0.37
™o 0.19 0.39
&b <N, 25 <0,25
fe <0,002 <0,002
fn <1l.2 1.43
A <0.7 <0.7
or 1.2 1.3
NOTES: (1) Total CR Incinerated: 1726 Pounds.
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or senivolatile, were detectaed in the scrubber brine in slgulllcant
concentrations. Two semivolatile compounds were detected, 2-Nitrophenol and
Phenol., However the concentrations were Jjust above the detection limit.

(2) GB Incineration Test (51)

(8) Purpose. The purpose of this test was to obtaln
enissions and process data that could be used to evaluate the performance of
PAS when GB was incinerated in the LIC both with and without injection of
decontamination solution into the afterburner. The exhaust gases wers sampled
before and after treatment by the PAS to determine the concentration and
removal efficlency of particulate and acid gases., The scrubber sump brines,
1IC sump brines and the dried salt formed by drying the brines were analyzed to
determine if they were RCRA characteristic hazardous wastes due to EP Toxicity.

(b) Method. From December 19B5 through February 1986 a
series of seventeen test burns (runs) were conducted. The GB mass flow rate
averaged 226 pounda per hour and the duration of the test runs rarged from 55
ninutes to 360 minutes. IT Corporation was contracted to perform the analyses
(LIC exhaust and MPF stack gas sampling were performed by York Services
Corporation which was subcontracted by IT),

(¢) Results.

1 Agent DRE. No GB was detected during any of the test
runs, The observed agent DRE for the LIC/MPF PAS systen was greater than
99,99999%, This is based on an allowable stack concentration of 3 X 10"/l mg,
GB/ms. a stack gas flow rate of 5638 dscfm and a OB purlty of 69%. This i1s
balieved to be a conservative assessment since stack alarms are set ut
one-third the allowable stack concentration (ASC), The method detection Llimit
nacessary to demonatrate the RCRA mandated 99,99% DRE is 1,1 mg/m3. which 1s
3666 times higher then the ASC and 11,000 times higher than the alarm set point.
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2 Particulate Emissions .

a, The particulate concentration in the stack gases from each test
run exceeded the RCRA limit of 0,08 gr/dscf,corrected to 7% 0,. This is
believed to have been caused by insufficient liquid to the quench tower. The
quench exit gas temperatures were estimated to be about 250-300°F for most
runs, This would have resulted in a pgas residence time of ahout 0.7 second
which 18 too short to achieve any significant particle growth and
agglomeration. The hot quench gases in turn would have dried the venturil
scrubber brine into a fine particulate., These fine particles and additional
condensed P205 particles would have had a better chance of passing through
the venturi and packed bed resulting in a higher loading on the demisters. In
addition, Closer control by CAMDS operators could have reduced the particulate

emiseions.

b, Table 4-48 lluts representative particulate emissions and removal
data from the test runs. IT experienced considerable difficulty in recovering
perticulate filters from the sampling train at the inlet to the PAS, Runs GB-3
and GB-7 were felt to be representative of particulate inlet emissions for the
GB incineration tests and runs GB/DC-11 and CB/DC-15 were felt to be
tepresentative of the particulate inlet data for the combined B and
decontamination solution rune. The corresponding even-number trials were the
companion runs when the particulate slze was determined., The average
particulate concentration in the stack gases wam 18 gr/dsci (corrected to 7%

02) which was equivalent to a removal efficiency of only 97%.

3 Hydrogen Fluoride As shown in Table 4~49 HF emiseions
ranged {rom 0,25 to 1,16 pounds per hour, This corrasponded to an average
removal effliclency of 98%, This was slightly lower than expected and was
attributed to insufficient liquid to gas contact in the PAS, as previously

discuused,
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4 Products of Incomplete Combustion Aa attempt to sample
for PICs in the afterburner exhaust gases was made during the last test run.
Although no PICs were detected, the high hydrogen fluoride concentrations
encountered may have interfered with sample collection and analysis.

. 5 Brine and Salt Analyses As shown in Table 4-50, the
LIC sump brines, PAS scrubber brines and dried brine salts wers all found to te
non RCRA hagardous due to EP Toxicity., Table 4-51 lists representative PAS
scrubber brine chemical analyses, Data from the GB only runs were guestionable
because of the uilution which ocecurred when CAMDS operators added water to keep
the specific gravity of the brine below 1.08,
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5.0.0 Disposal Process Desor;ptinn(1’2)

5.1.0 Introduction.,

5.1.1 Purpose/Background.

4. The purpose of this ohapter is to deseribe the disposal processes
for the Chemieal Stookplle Disposal Program (CSDP) disposal plants. The
process design efforts for the CSDP have been minimized by utilizing the
existing Johnston Atoll Chemical Agent Disposal System (JACADS) design and
site adapting separate or multiple facilities to provide the plant throughput
roquired. Site adaptation of the JACADS facility to the continental United
States (CONUS) sites requires modifications for site olimatlic and altitude
differences, and for differences in the munition inventory at each slte.
Stgnfioant design ravisions for 3ite adaptation oconalat of the foliowing:

(1) Equipment weather enclosures will be added for all process
aquipment located outdoors, {i{.e., the Pollution Abatement System (PAS), the
Brine Reduction Area (BRA), and the Bulk Chemical Storage (BCS)).

{2) Building heating systems.

(3) The JACADS seawater wooling system will be changed to &

freshwater aystem utilizing aooling towers,

(4) All fuel burning equipment, ducots and fana will be reslzed
for higher altitude and different fuel where applicable. Natural gas will be
used at all C8DP sltea, with the possible exception of Tooele Army Depot
(TEAD) whioh currently uses liquified petroleum gas (LPQ) at Chemical Agent
Munitions Disposal System (CAMDS). '

(5) Rooma will be realzed to provide additional space to
acoommcdate the above changes,

(6) The structural design for the building and equipment
supports will be evaluated and revised, (f required, to meet higher seismio
loads,
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(7) On-site production equipment for sodium hypoghlorite
decontamination solution will he deleted from the JACADS design, as the
solution is readily available at CONUS sites,

(8) Projectile/Mortar Disassembly Maohine (PMD) and
Multipurpose Demilitarization Machine (MDM) hardware and software will be
added as neceassary for M122 GB 155mm and M10O4 HD 155mm Projectiles., Bulk
Drain Station (BDS) hardware and software will be added as necsssary for MK116
(0B bomba and TMU-2B8/B VX spray tanks.

(9) Building heating, ventilating, and alr conditioning systems
will be modified to meet ambient conditions.

(10) Refrigorated plant air dryers will be chunged to dealocant
type to prevent water condensation in outdoor piping during winter operation.

(11) JACADS site seaurlty provisions may require revision to
gonform to CONUS site requirements,

(12) JACADS foundation deaigns will be revised to gonform to
CONUS soil oconditions.

b. The chemical munition dispomal prooess |3 based on the "reverase
assembly" oconcept which involves separating the chemical munition {nto its
major componenta, As shown in Figure 5-1, the chemiocal munitlon ls separated
into agent, explosive components (if any), metal parts, and dunnage with the
ald of speoialized, fully automated and remotely controlled meohanical
equipment. A separate two-stage inoilnerator or furnace will be used for each
component atream. Eaoh incinerator has its own pollubtion abatement aystem
which oools th. eahaust gases and removes acld gases and partioulates
genarated by the inoeineration of these ocomponents, Table 5-1 liats the
furnaces used in the CAMDS, JACADS, und proposed CONUS disposal faoilitiaes and
the material inoinerated in eaoh., Besldes the exhaust gases, the other waste
streams are deoontaminated sorap metal, ash, solid partioles, and dried salts,
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TABLE -1, chewieal Agent o Munition Disposal Furniees
diid Thellr fusoucvlaled leed alreams

Incinerator/Furnace Feed Stream
Liguid Incinerator o Chemical Agent
0 Sgent Decontamination Fluids
Deactivation Furnace o Dralned and Sheared M%5 Rockets
0 Punched and Drained M23 Landmines [
o [Fuzes and Buraters
o  Prapolluant g
Metal PFarts Furnace o Drained Projectiles and Bulk

Ccontalners

Dunnage Incefnerator o Wood Dunnage
o DPemllitarization Protective
Ensemblas

o  Packing Materials
o M23 Landmine Drums
@ Other Combustibles




5.1.2 Munitlon Process Dasoriptlion,

The following section presents an overview of the CSDP disposal
procedure. The descriptions are keyed to Figure 5-1, During the disposal
procesy, only one type of munition and only type of agent will be processed at
one time, This pragtice i3 impoused not Just for safety, the primary reason,
but also for reasons involving dedication of equipment., The equipment
oparated in the Explosive Contalnment Room (ECR) ineluding the Rooket Shear
Machine (RSM), Mine Machine (MIN) and the combinatlon of thoe PMD and Burster
Size Reductlon (BSR) Machine are mutually exeluslve, FEach plece of equipment
or gombination wlil be exchanged deponding on the munition belng processed.
The ECR I8 a reinforoed goncrete enclosure that is designed to contaln the

effects of an accldental explosion, i{noluding agent release.

a, Initlal Processing, Munitiona on pallets are moved by truck from

Lthe gtorage fgloo to an unpack area within the dostruotion facflity whoro they
are checked off a liat and verified, monttored for agent leakage, and stored
In a bufter area to maintain the designed procesalng rate of the aystem,
Nonleaking muni{tiony arc unpacked and ara f'ed to process operatlons

convayors, allets and packing materlals remalning In the unpack arca arao
gant to the Dunnage Incinerator (DUN) for inoinseration., Munitions found to be
leaking are cgonvayed Into an agent ocontainment area where they aro unpackud Ly
parsonnel i{n protective alothing and fad onto the procons operationy

conveyors,

(1) M55 Rookels, in their individual fiborglass shipplng tubes,
are unloaded and unbanded from thelr pallsts, placed or a metering input
davice, and conveyed {nto an ECR. 0Onoe i{n the ECR, the rnokets ars punched
and drafned of liquid agent, cut into five segments by a RSM as ghown in
Figure 5-2, and faed by gravity through a chute {nto a Dsaoctivation Furnaoce
system (DFS) for Inelneratlon. '

(2) M23 Land Mlnes arrive ut the demilitarlzation faoility
pagked three to a drum, The mines, fuzns, and actuators are manuelly removed

from the druma by an operator worklng through a glovaebox and are passaed {nto
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the ECR, (The fuzes and actuators are stored or assembled in the d um during
production.) The packing materlals and drums are fed to the DUN. The mine's
axplosive booster charge ls punched out and the agent is drained using a MIN

ingide the ECR a3 shown in Figure $-3. The explosive compenents and drained

mine body are tﬁen gravity~fad to the DFS.

(3) Projectiiea and mortars containing exploaivas and
propellants are fed into the ECR where they are prooceased by PMD as shown in
Figure 5-U4, A rotating table incorporated into the PMD advances the munition
through saveral separate work stations where the following operations are
performad: (1) nose glosurae/fuze removal, (2) supplemantal charge removal,
and (3) burster removal, If the munitlon is an 155mm or 8-inch projectile,
the bursters are automatioally sheared by & BSR to the appropriate size. All
parts and pleves are then gravity-fod to the DFS. After burster vemoval in
verified, the nonexplosive projeatile and mortar bodies are then mechanleally
placed into pallet assemblies on a gonveyor for tranaport from the ECR to a
Munitions Procassing Bay (MPB), where thoro i1s a MDM as shown {n Figure 5-5,
The MDM has a pigk-snd-place mechaniam that lifts a munition out of the pallnt
assembly, places {t on an operatling turntable, and returns the proagsssd
munition to the pallet assembly. The operations on the turntable conaist ol
removal of a portion of metal from the top o1 welded or stuak bursters well Ly
2 milling head, removal of the burater well, draining of ohemical agert,
orimping of the burster wall and replacing the burster wall part way into the
munition, The dralned and nonexploaive projectile and mortar bodisa are
oonveyed in pallet assemblies to a buffer storage arsa, From the buffer
storage area, the bodies move directly to charge cara whiah uhload the bodles
into Lhe Metal Parts Turnace (MPF), for thermal decontamination of the
munition bodiea,

(4) Bulk items inoluding bombs and ton containers, and spray
tanks are loaded onto unit pallet assemblies in the Unpack Arsa and are
gonveyed directly to the MPB, The BDS in the MPB punches the bulk item and
drains the agent, The dralned bulk item is then conveyed on {ta pallet
asgambly to the buffer atorage airea, From the buffer storage area, thae bulk
i tem moves diraactly to charge cars whioh unload the ltem at the MPF for
thermal decontamination.

L aR .
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(5) The dralned liquid agent from all the munitlons s
«oOllected In a short-term agent storage tank in the toxlo uwubicle to awalt
incineration in the Liquid Incinerator (LIC), Spent decontamination solutions
are collaoted in separate quuld'storage tanks Lo awalt eventual incineration
in the LIC.

b, Indineration and Thermal Decontamination.

As wad mentioned previously agent destrucetion, explosive
dispoaal, and decontamination are accomplished by Incineration, The four
furnaoe aystems are the DEFS, L1C, MPF and DUN as ahown {n Figures 5=-6 through

=9, redpectively, and discussad in Section &.2.c.

¢y Pollntjon Abatement and Finalmniuposul.

(1) The pollution abatement aystens cool, serub, and chemically
neutraiizse the exhaust gases trom the four furnace syatoms wso that the exhaust
gagen can he aafely releazed (nto the atmeasphere,  Fach furtoce dgystem hag
itsown pollution abatement systoem,  The poliub ion avatement systems are

discugsed tn seetion 5.3,

i () The BRA as shown in Figure 5-10, incorporates rotary
uoub;q}drum Jdryers that trsat the brine rom all serubber towera. The
nnnoéntratnd bhrine io pumped to the BRA, whero the brine is heated to
avaporate Lhe water, leaving driaed salts and soiid particles,  The drun dryers
use steam heating and produce deded salts that are loaded into contalners for

transport and dlgposal.

5.2,0 luclineratlon Systems.

The development ol the deaign of thu incineratlon systems for the
DFS, LIC, MPF, and DUN waa bhasud on the previous experleonce with inoinsration
at RMA and CAMDS. Thin cxperlunce started with use of the Incinerators for
thermal decontamination and destroyling explosive miterlils during
neutralization at BMA to whioh lnoinerattion of charical agent at both KMA and
CAMDS waa added, and with which Further toesting, regcarch and development s

continuing at CAMDIS,

61 |
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5.2.1 Deactivation Furnace System (DFS).

a. The DFS consists of four separate seotions, These are:
(1) robary retort, (2) blast load attenuation duet, (3) cyclone, and (U4)
afterburner. As addressed earlier the DFS is designed to process drained M55
Rocket and M23 Landmine munition ccaponents. In additicn, it will process
fuzes, explosives, and propellants from other exploslvely configured munitions
as found at sach of the eight stockplile locations, Howevaer, at any given
time, the DFS will only process components from a single nmunition type and a
alngle agent such an the M55 Rookets oontaining GB or VX, and M23 Landmineuy

contalning VX,
b, The process flow tor the DFS 1is glven in Figure 5-11,

(1) Rotary retort., This sectlon of the DFS conalsts of two
feed chutes, each with two blagt gates in series, a obarge end subassembly, a
furnace retort drive moechanism, a discharge end gubansembly, and a heatod
discharge conveyor, Feed to the raetort ls by way of the blast gates, which
isolate the retort from the ECR.

(1) The charge and subassembly accepts munltion components
from the bHlast zates, and feads the furnace retort, The munition aomponents
enter {rom the blast gates and slide down a chute into the DFS retort, The
DFS retort then thermally deaativates and incilnerabtes the explosive and
propullant componants, and destrays any resgldual agent on the munitions
hardware after tha munitions draining operations., 7The munitions move in the
retort from the oharge ohute to the discharge chute as thermal proocessing
oocurs., The retort is fabricated (rom an {ron-chromium alloy to withstand a
maximum extarnal metal tumpuralure of 1,600° and {3 (o be supported by a pair
of riding rings mounted on the outer clroumference of the shell, The rings
rotate on, and are supported by, floor-mpunted vtrunnion rolls., The retort nas
an internal spiral to convey the material through the length of the retort,
The retort i{s completely shrouded to control the temperature In the room
housing the DFS, The DIF3 duot boetween the retort and the hot cyolons is

externally insulated to minimize heat losses. The combustion gas temperature
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in this section of the DFS is limited to 1,600°F maximum by a water quench
spray in the duct, The temperature inside the retort is controlled by burning
natural gas in addition to the propellants, explasives, and residual agent.
Approximately 90% of the shroud ccoling air enters the retort at the firing
end and serves as combustion air for the feed stock. The remaining 10% of the
shiroud alr hypasses the retort and Joins the combustion gases at the feed end
of the retort,

(b) Secrap metal and combusted fiberglass from the furnace
retort are transferred to the slectrioally heated discharge conveyor. The
discharge conveyor ancepts material from the furnace retort, conveys the
material on a conveyor balt, and provides a minimum of 15 minutes holding time
at a minimum solids temperature of 1,000°F to ansure destruoction of reslidual
agent to the appropriste level of decontamination, The heated conveyor
discharges the ash and sorap metal through a ohute with dual blast gates to a

residue bin,

(2) Blaast Attenuation Dugkt. Flue gases flow from the retort

through an alloy duct with a blast attenuation duct to the cyclone, which
separatas particulates from the gas stream. The metal duct, which 13 exterior
to the DFS enclosure, and the blast attenuabion duot are designed to contain
the explosive overpressurs from 28,2 1b of TNT equivalent,

(3) Cyolone., The cyclone {8 & refractory-lined cylindrical
vessal with a cona=shapud bottom, The inlet is on the glde near the top of
the unit and tha outlebl dirsctly on top of the cyolone. A drop line from the
cona bottom {8 provided to discharge collected solids into a sealed container
at floor level,

(4) Afterburner, e offgases leaving the cyclone flow
downward through a vertical, ¢ylindrical afterburner. 'The afterburner has two
fired burnersa located at the top. A oombustion'air blower using cutside alr
provides air tor the two burners, The deslgn of the aftarburner provides a
mirimum gay residence time of 0.5 msecond at 1,800°F, The gases leaving the
afturburner flow through an internal refractory-lined duct to the quench towar
in the DFS PAS.




5.2.2 Ligquid Inoinerator (LIC),

a. The LIC is a two-atage refractory-iinsd incinerator desaigned to
inginerate chemical agents drained from munitiona and bulk items, and to
dispose of spent desontamination solution., The ag¢nt is drained from the
munitions using the various demiltarization machines as addressed sarller and
pumpad to an agent holding tank, Spent decon is pumped to the LIC from two
gpent decon holding tanks by elther of two feed pumps., Automatlically oparated
duplex strainers are providad in the pump suctlon lLlnes Crom the holding tanka
to protect the pumps and prevent plugging of the burner/atomization feed
lines,

b. The process flow for the LIC 138 shown in Figure 5-12,

(1) The dralned agent collectad {n thae agent tank ls pumped at
a uniform, continuous rate to the primary chamber (first stage {nclnerator) or
the LIC. The agent ls dispersged into the chamber with alr-atomlzing novales
and mixed with combustion air. Combustion iu controlled at or above 2,800°F
by the controlled addition of agent, fuel, and alr. The flue gasey are ducted
to the afterburner with a minimum temparature of 2,000l Leaug malntalned in
the afterburner by natural gas burner, Exgess ale (8 malntalned in both the
primary aghamber and Lthe afterburner to ensure deatruction of tho agent and tho
spent deountamination soluticn.

(2) ‘'The primary combustion ehamber {g a retractory-Llinaed
chambder that uses the gomhustlon of natural gas Lo Inftiante agent combustion
and raise the temparature Lo approximately 2,800°F. Natural gas, agent,
agent-atomizing alr, and ¢ombustion air are primary feedy to the chamber. Tha
atomler provides a mean droplet size less than 0 micorony and a maximum
droplet size not exoeeding 100 miorond, During normal oporatlion, wasto agent
supplles suffiolent heat to maintain temperatury and adeguate combustion. The
natural gas ls used to ensure a stable flame pattarn wltihin thae primary
chamber,

(3) 'The afterbuwrner (s a refractory-1ined aeylindrioal chamber

that provides additional time at temperature for the gascs laaving the primary

5-20
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gombusbtion chamber to ensure complete combustion, The afterburner also serves
to {noinerate organic salts in the spent decontaminatlion solution generated
onsite, inoluding liquid wastes from the laboratory. The afterburner luy sited
to complete the combussion of agent, vaparlize up to 2,000 lb/hr spent decon,
and incinerate any organio salts. A natural gag fired burner 1s provided to
ensure that the 2,000°F operating temperature is maintained. The resultant
combust {on flug gas lows to the LIC PAS for cleaning the ekhaust gases,

(#) The spent decontamination solution {s sprayed through an
atomizing nozzle into the top of the afterburner chambar., The atomized water
stream mikes with the flua gases from the primary chamber wWiere the water is
evaporated and the arganic residual from the apent decontamination solution is
agombugtod., The temperature inaide the afterburner {a maintained by burning
natural gas in a separats burner block in the afterburner chamber, Salts in
thu spent decontaminabinn fluid collect on the walls, melt, and run down to
the salt removal chamber, The melted salt falls through an opening {n the
vottom of the aftarburner into a sump wherae Lt 1y quenched with water and
digsolved, The dissolved salts are olrculated with the brine through the
FAS. 1f the 2rine excegds a threshold denslty, a Line {s opened to the brine
dryer. Nonsoluble salts setble out and are removed via a sorew-type conveyor

to & barrel.

.23 Metal Parts Furnace (MPF),

a, The MPF {3 designed to tharmally treat dralned projactiles and
bulk ltems such as ton containara and bomba, This treatment is accompllighad
by the inoineration of all residual agent and the heuting o all matal
gomponents to a nintmum of 1,000°%F and holding at 1,000°F far 15 minutes to
arvtain the appropriate leval of deocontaminatlion., The des{gn of the MPF also
provides for the lnoineration of gontaminated combustable dunnage and
decontamnation ot compornents and equipment as may bhe required. The operating
temperature of the MPF Lo approximately 1,600°F,

b The progess flow for the MPF ls shown In Flgure 5-13, Tha MPF
gondiste of two primary componentst  the roller hedrth untit and an

afterbuimaer,

5-22
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“ (1) The MPR i3 a horizontal, three-chamber, roller hearth unit,

(a) The first chamber is an fnlebt airlcak which recelves
projectiles or bulk 1tems in trays for feed to the second chamber. It is '
sealed by vertical doors at both ends. Powered rollers are provided to
transport the tray assemblies into and through the airlock. The girlock is of
sufficient length to accommodace one tray assembly of the longest bulk item
which {s the spray tank to be thermacly treated. The airlock operaﬁes at a
alight negative preasure when both doors are-oldsed. Any vapors generated in
the first chamber are vented to the arcerburner.

(b) The second chamber ' the burnout chamber which has
Internal rafractory fuaulation and natuvazl gas burners, This chamber hag the
capasoity for three tray assembliea of projectiles or bulk items, The chamber
18 divided into three firing zones with «ach zone baing individually
temperature contralled, ‘the normal temperitiure within the burnout chamber s
1,600°F, Metal parts are neated to a minimam of 1,000°F and maintalned at
fnis tamperature foro 1% minubes to gansire decontamination, e tray
assemblies are transported into and from the chamber by the powered rollers.
ﬂie tray asgemtliss ara then oscillated in gach of the three firing zoney to
gnsure uniform heat Jdistribution to Lhe tray assemblles, Handling of molten
aluminum in aperial feed cars iy required {n the MPF cooling area for
procagsing of sprav Lankdg ad ME-116 Weteye Bomba.  Flue gases from the seoond

ghamber flow Lthrough an internal refractory~lined duct to the afterburner.

(2)  The tnird chamber of the MPF i3 the axit airleck. Tt
is dealygned Lo have thoe capacity fov one tray assembly of decontaminated metal
parta. ALL gases Pror Lhe uiiird chosber are Likewlse vanted to the
aftarburnar, After the Lray assembly hag cooled, the maetal parts are roewmoved

and placed in serap metal hing by means ol an elactromaghetb,




(2) Afterburner, The afterburner is a horizontal, refrac;dry-

lined cylindrical vessel which is equipped with natural gas burners and pilots
with spark ignitors., The afterburner reoeives the flue gasss from the furnace

airlooks and burnout ohamber and maintains the flue gas at approximately
1,800°F for a minimum residence time of 0.5 second to ensure complate
6ombuscion. ‘'The flue gas leaving the afterburner flows to the MPF Pollutlon
Abatement System through an internal refraotory-insulated duct.

5.2.4, Dunnage Inginerator (DUN)..

a. The DUN is déelgned to ineinerate both contaminated and
uncontaminated dunnage. The dunnage consists of such combustible items as
wooden pallets, shipping boxes, laboratory solid wastes, DPEs, and
contaminated operational and maintenance solld wastes, Metal mine drums with
small amounts of combust/tle pavking are also %o be processed through the
DUN. This fourth Inclnerator is deslgned to thermally detoxify elther 1,000
1b/ﬁr of wood dunnagr or wp to 24 mine deumsa/hr.  The furnace length is'
sufficlent to accommodats ovo lengbhs of rocket pallets, and helght Lo hold
rocket. pallats staoked four high.

b. The preeess flow for the DUM Ls shown Ln Flgure 5-14, The DUN
consists of Lwo separata chambers: the primary combustion chamber and an
afterburner,

{1) ‘The primary combusion chamber ls a horlicontal ralractory-
lined cnamber opzrating at appronimately 1,600°7, The combustion chamber {a
aquipped with natural gas fired burners that are controlled by the furnaoge
temperature.. The sollid wasbew are charged into the gombustion ohambor by
means of an airlock, an elevator, and a ram fesder., This ram feedar pushes
the previously charged wastes ahead of the frash crarpe uﬁtll the totally
Ineinerated dunnage (ash or wetal) falls into an ash colleation/removal
‘hopper. ‘the flue gases, in varylng degrees of completenass of corbustion,
flow through a refiactory-lined duct to the afterburne!r where combustion ‘g
vompleted, '
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(2) Tne afterburner is a oylindrical, refractory-lined unit and

ls equipped with natural gas burners. cOmbustion'air'is gupplied from a
combustlon air blower located outside the demiiitarization building, The
afterburner is designed to completely combust all flue gases from the primary
combus tion chamber. and 18 rated for a “-3sacond gas residencs time at !
%,000°F, The flue gases from the afterburner flow through a refraatory~-linad
duct to the quanch tower of the DUN PAS,

5.3.0 Effluent Characterization.

5.3.1 LIC, DFS, and MPF Pollution Abatement System (PAS).

The control of gasoous emigsions from three of the four inclneratlon
syatems (LIC, MPF and DFS) to mesat the environmental regulatlions/requlrements
aro to be acoomplished by & PAS. There will be a separate PAS for each
incineratlon system, “Three zystema, for the LIC, MHF, and DFS, wlll be
ldentical In configuration but nol equipment size. The major equipment i%ems
for' these PAS' are: quench tower, venturl scrubber, paoked bed serubber
tow:r, damigtar vessol, induced-draft (ID) fan, and a common stack, Flgures
5«11 through 5«13 show the DFS PAS, LIC PAS and MPF PAS, respesotively.

8. Quench Towar, The purpose of the quench tower i3 to ¢oul the hot
furnace exhaust gagen to thelr dew polint., The quench tower ia counteraurrent
fri ¢peration, The hot gasws enter it the bottom and are cooled to about
adiabatic saturation tesmparature by direol brine spray contact with the hoi
geses. Two sebs of spray dlstributors are provided in the tower. The numbder
and slze ol thes spray nuzzles are such that, with one=third o the nozzles
plugged, the minimum quench brine flow of three times the quantity required bto
redch adiabacle saturation of the gas stream is provided. The gas veloolty is

in the ranga of 8§ to 11 ft/sec.

“b. Vanouri Sorubber, Thue purpose of the venturi sarubbar 1a to

remove large slze particulate fi'om the furnace exhaust gases. The venturi
scrubbers are varlable-plug throal ventur! sorubbers with a normal operating
pressure drop aoross the throal of No-lh. water wolumn., The sorub solution is
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brine from the associated acrubber towar, The sorub selution {3 injected into

the gas stream in the same direction az the gas flow, A liquid to gas by

waight rati{o of about 12 to 1511 is used for the most efficlent particulate

removal. The venturl sorubber is designed to remove 9%% of all partiocles ‘
larger than 0.5 miorons.

¢, Sorubber Toewar. The purpose of the sarubber tower {s to remove

acldic pollutant gases from the furnace sxnaust., The sorubber tower receivas
the two-phase flow from the venturi sorubbers. The eftlusnt stream enters tha
tower near the bottom and the two phases are sepairatod, with the gas [lowing
up the tower through the chimney tray and the liguid colleoted in # sump. The
sump provides a brine residence time of 15 minutes at the maximum quench flow
rate, The brine is maintained at a pH of 8.0 in the sorubbar sump and at the
sorubber liquld feed to the packed bed, as well an a density ot 1,08 for Gh or
1,15 for VX and HD, The paoking consists of Z-inch atalnlean steel pall rings
and oocupies a depth and dlameter of 10 feat and 6 feet, respectively, in the
MPE and LIC PAS sorubbers and of 6 Feét and 8 tael, respectively, in tha DES
PAS scrubber, The diamater of the sorubbar towsr and the height of the

panking was based on the following:

(1) Paoking is such that the head loss aoross Lhe bed 18 about
172 in, of water prassure drop per foot of packing.

(2) The resldenca time for serub solution In the serubber tower
regervoir lg one minute, Wire mesh demistor pads are provided a4t the top of
the gsorubber tower tu remove entrained water droplets,

d. Demister Yessel. The purpuge of the demistor vessel is to remove
tha fine H3P0u miat whan P205 laden gan i3 ocooled with wator. The gases from
the scrubber tower enter the lowar zection ~f the domistuer voussal and flow
through the candle demistera, Each candle cdemister {3 2 inchaes in dlametar
and 20 fewt long and favricated with polyester webbing., There are five auch
domiaters in the MPF PAS vessal, elght in thal for the LFS5, and sixteen for
the LIC. The vessel diameter is eleven fest [or the MPF and LIC PASs and
thirteen feet for the DFS PAS. The vessel size and number of vandle demi{stery
were based on a face veloolty of 8 to 30 fi/min, depanding on the gas flow
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rate of the furnace, Water sprays are provided at the candle demister to wash
the H3POy from the demistor paokinaf The demister veasels are provided with
the capability of being filled to the top of the demisters in one hour with a
dilute hydrochloric acid solution to dissolve any entrained acllds. A
dedicated demister (s provided for the DFS, The LIC and MPF have dedlcated
demiaters as well aa sharing a ocommon aparé. Bypasaes are provided around the
DFS demister. '

2, Demister Wash System. The demister wash system i3 used when the

high diffeﬁential pressure monitor deteots plugging at a oritical l:vel in thu
demister vesssl, The demister wash system consists of an aoid storage and
transfer system; asid wash storage tank, filter, surge tank, and assoclated
punps., The aold storage tank ls sized to hold one tank truckload of aold
(3,500 gal)., Acld use ls based on washing tha LIC demister once pur week.

The aold wash storage tank is suffloiently sized te hold a minimum of 1-1/2
damister vessel washea, The aold wash liquid ls heutralized with caustio soda
(NaOH), The vessel has a conigal bottom for solids removal and an air sparge
to provide mixing of the neutralizing caustic, The filter has a qapaovliy ol
30 gal/min., The solids containing residual liquid are pumped from the aoid
wash storage tank through the filter with the f'lltrate returning to the PAS
for reuse., When the solids have been withdrawn from the acid wash atoryge
tank, the clear supernatant i{s used to baokwash the filters to the brine
storage tanks, After backwashing, any remaining supernatant s raturnad to
the PAS.

£, 1D Fan., The 1D fan (exhaust blower) provides motlve forse for
the gases throughout the incineration aystem and the PAS,

8. Common Staok. A common stack is provided to handle the flue
#gases from the PASs for the MPF, DFS, and LIC. The atack will be sized to
provide the flue gas dispersion required by environmental regulations,
Sampling ports are provided in the staok to permit determination of CO, Ua)
and agent, The stack ls oconstruotsd of carbon steel and has an internal
chemloal-resistant lining. The structural design will include provisions tar
salsmio foroes, wind roroéa. and ather natural phenomena that arse site
rolated,



5.3.2 DUN Pollution Abatement System (PAS).

The procgess flow for the NJN PAS 1s shown in Figure 5-14, The PAS
ror the DUN oonsists of the fallowing components:

a, A quenah tow.: ig provided to cool the 2,000°F gases from the DUN
to approximately 350°F to U00°F, The tower {3 equipped to acoept 18 wt §
gausgtio solution wmto the quenoh water flow to neutralize HCl gases when the
PDPE suits are being Incinerated. The DUN quench tower apray provides
suf'fiaient wator to quench the maximum gas stream to 35%0°F with one-third of
the novales plugged, The quenoh Liquid flow 13 controlled to ensure that the
gag temparature {8 a minimum of 100°F above the gas dew point,

U, A baghousa {3 utllized Lo remove particulates from the gas
stream. The baghouse (8 designed for a maximum vetlooity through the fabric of
5 ft/min, and to remove particulates to a lavel below 130 mg/m3 at 7% Ua
content, The dlalodged sollds are colleoted In o hoppar heheath the bags and

the bag housa particulates arg deposited Ln %% gal drams.

e. An exhaust blowsr (LD fan) {3 provided ng a mtive force for the
gages throughout the entire DUN and PAS.

d.  An coxhaust atack for disparsion of the clean gas to the
atmasphere 19 Ulkewlae provided and is alzed to meot the unvironmental

requiremants,

v.3.3 Ar Emlgsjons For Inginoratlion,

A, Nonoriteria and aeriteria alr pollutant emission estimates(3)
(obtained reom the Alr Pollution Permit Appligation for TEAD) fer the four
inglnerat ion systems (LIC, MPF, DFE and DUN) are shown on Tablea 5-2 through
5-7. Criteria air pollutants are those pollutants which mist meet certain
amiaglon standuards, such as those defined in 40 CFR 501 these alr pollutants
genorally Include sulfur oxldes (as sulfur dioxide), nitrogen oxldes,
partioulate matter, carbon monoxide, oxidants (as ozone), and lead.

Noneriterla air pollutants are all other air pollutants, Tables %-2 through




Tw
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5~5 show the emission estimates for major nonoriterla air pollutants for each
incineration system, As noted on these tables, the PAS Removal Eflloiency is
oxpected to be greatar than 99.8% for all noneriterla aly pollutants.,  This
efflciency would neet and/or exoeed all environmental regulations/requirements
whioh are established by the EPA., Tables 5-6 and %-7 are summariss ol Lhe
estimated maximum potential amissions for some oriteria alr pollutanta,
nenmethane hydrooarbons (NMHC), and ohemical agent., Table 5~6 is hourly=-baassd
whila Table 5-7 & yeariy-based. ‘ne values in Table 5-7 assume continuoud
operations for an one=-year pariod; at some installallons, thae dlaposal of a

particular agent and munitlon may not lasl a year,

b, It ia ilmportant to note that all of these data ara only estimates
ard actual results may vary with oparations and any number of other factors

which can occur (l.e,, feed rates, Lemperaturuys, ete.).

5.3.4 WP Toxialty Analysiy of thae saiby and Brinew,

a. Before dioposing of any solld wante generatod by the destrugtion
of the chemleal munitions, 1t tg necessary to provide an WP Toxle lty test In
arder to determine whether or not the zolid wastes should be gons lderdd RCKA
hazardous, Tablas 5-8 through 5=15 provide data tfor the waste salts, ash and
dbrines from the incineration of the GB and VI filled vbh Rookets, Tables 5-8
and 5-9Y cover EP toxiolbty analyses of the birine and brane silt, respeccively,
from the PAS of the DFS and 1LTC.  The data for the L0 In Taole H-8 aro rfrom a
different sourde than the data for the LIC in Tabla %-Y although both were
colleated durling incineration ¢f Gb in M55 rookets,  Table 510 glivas EP
toxinlty analyla for the bring salts from the PAS of the modified hydrazine
furnage uscd to Incilnerate mustard drained Crom ton eontaingrs at MA (aecoe
Seation 4.2.1,0.(304(4)), Table S5=11 preaents the LP toxic ity andalysis af by

Furnaoce and aeyeclone residue (ash) from fncineratton of G {1 M5% racoket,

b, Tables =12 through 519 partaln to chemlonal aralyses of the
brines, Table 5«12 covars the DS and L1C PAS brioes teom inelueration of 6B
in M5% pookets, Table 5-13 covers thoe MPE PAS brrlna Prom ine inerat lop of VX

in M55 rooxats, Tabla H-14 1o o theoretioal caleaiation of expected
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TABLE 5-8

RCRA ANALYSES OF DFS AND LIC PAS BRLNES QHﬁ}NO
INCINERATION OF GB M35 "~CKETS AT CAMDS:

EP Toxiclity DF'S LIC
Parametar PAS PAS RCRA
Brines —_—— Bngpesb Criteria
As <.3-.19 <i¥/¢0 395 5.0
Ba NENL 83/.338 100.0
Cd <,001-1.0% 567,11 1.0
Cr 03,12 1, 1/.372 4.0
Pb .06~16 687,194 5.0
lig <001 .005/,001 0.2
Se 16,36 67,208 1.0
Ag <.002 <,002/7¢<.002 5.0
NOTES:

8Five trials were analyzed during this teast. Resvults provide the minimum to maximmn
range during thesc trials, Concentrarion is in mg/l.

PSixteen trials were analyzed during this teat, Résults arg provided as maximunm
gongentrat lon/average oongentration. Ocneentration is in mg/l.



- TABLE 5-9

", RCRA ANALYSES OF:LIC PAS BRINE'SALTS 5
FROM THE INCINERATION GF GB M55 RGUKETS AT CAMDS

EP Tokioity. S e eas e ,

Parameter "y . . . -. Brine ' o ‘RCRA

IR e opaleed - . CGriteria
As o - <6/<L6 o o 5,0
Ba L 6is3 . 1000
Cd D .263/ .23 1,0
cr NN . 5.0
PU - . 3.2/2.53 | 5.0
Hg CL001/.001 ' 0.2
Se . <,3/4.3 - 1,0
hE €.602/<,002 B 5,0

NOTES:

Three trlals were analyzed during this test. Results are pkovided as maximum
noncentrat lon/average aconuventration, Cloncentratlion iy in mg/l,
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TABLE 5-10

N

RCRA ANALYSES OF. FAS BRINE. SALTS DURVWF
THE INCINERATION OF MUSTARD AT RMA ¥/ .

© &P Toxloity Mustard . RCRA

Parameter L Saltad _____crituria -
As 1,751 97 | - o 5.0
.. Ba <.01-,06 . 100.,0
Cd Q0h-,017 1.0
n | 0% 5.0
Pb _ JOUT= U026 : : 5.0
Hg . 20069-.0095 0.2
Se _ OU3-,543 1.0
Ag D1=02 5.0
NOTES:

BReyults provide the minlmum to maximum range durlng tne analysis of four trials,
Concantration is In mg/l.

H=H0




TABLE 511

_ RCRA ANALYSES OF DFS RESIDUE )
" FROM INGINERATION OF GB M55 ROCKETS AT CAMDS'!

P Texielty: L pupnarce Cyolone RCRA

Parametar ﬁepi@ue“ Res tdue® Criteria

ps 024,083 ,003-.013 5.0
bBa | .08<1,8 .08-1.5 | 100.0

Cd Q03~2.9 ¢.001-,166 1.0
[ .o1=6 T 62e2.0 - 5.0

Pb ¢,01-.20 <, 01-,28 5,0

Hg <,001 <.001

] 024,03 N2+, 0U8 1,0

Ag <.002 <.002 5.0

NOTES:

8peur trlaly wers analyzed during this nvest, Results provide the minimum to max imam
range during thase trlals, Concentrabtlion 1a in mg/l,

=11
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goncentrationg in the PAS brines resulting from the salts of indlnerating
mustard drained from ton containers in the hydrazine furnace at RMA during
Project Eagle - Phase I. Table 5-15 shows the concentrations in the brines
combined from the DFS, MPF, and LIC. The data are based on pillot tusts
conducted at CAMDS for JACADS., Table 5-15 compares the concentrations before
and.arter discharge into the ogsan and with the EPA-mandated Marine water
Quality oriteria,

o, Tables 5-16 and 5-17 exhibit the welght and volume, respectivaly,
of the ash, metal and salt waste expecdted from the chemical agent/munitions
dluposal combined for all furnaces per CSDP site,
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TABLE 5=12

CHEMICAL ANALYSES OF DFS AND LIC PAS BRINES
DURING INCINERATION OF GB M55 ROCKETS AT CAMDS(7)
{Concentration in Milligrams/Liter)

Paramater DFS PAS Brines LIC PAS Brines

PH 9,1 T8
Speaific Gravity 1,108 1,109
Solids 141,000 11%,294
Dizolved Solida 107,000 112,421
Chemnical Oxygen Demand 1,400 290
Total Organiec Carbon 310 58
Nitruphenols 0,74 0.,00%
Phenol 0.00 0.004
Phthalate Esters 0.016 0,004
Na.CO3 TN 195

r Na 3,426 8,952
Na,S0y, 50,764 7,548
NaNO 1,129 34
Na5PO, hoyi2 11,099
NaCl 2,590 3,097
HE 0.000% 0,004
Ag 0.02 .02
As 0.021 0,0u8
Ba Note a 0.h

A Cd 15.7 0.162
Cr 3.1 0.09
B 15,0 308
Pb 62 0.39
Se 0.3 0,002
Ca 390 216
Co 0.086 0.11
Cu 2,63 2,24
Fe 34 50
K TU8 130
Mn 0.70 h,23
Mo 0.3 0.3
Ni 1,99 T.02

) Sh 0.2% 1.03
Sn 1.2 1,96
v 0.7 0.7

{ Zn 12,2 1.3
Al 179.0 1.0
Be 02 02

NOTES!
] 3could not be analyzed for due Lo excessive sulfate (Na 55090 .
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TABLE 5-13

CHEMICAL ANALYSES OF MPF PAS BRINES

Paramater

FROM INCINERATION OF VX
M55 ROCKETS AT CAMDS

Cona g%§L_

pH

Specifio QOravity 1,203
Total Urganice Carbon (TOC) 330

Chemical Oxygen Demand (COD) 270

Total Sollds (TS) 262,000

Total Dia. Solids (TDS) 258,000

Na »HPOy 32,800

NaCl 39,183

Na,S0, 15,229

Na,C04 69,889

Aa NH6

TABLE 5=14
EXPECTED CONCENTRATIONS OF PAS BRINES
FROM THE INCINERATION OF MUSTARD FILLED TON CONTAINERS?
Paramater cone ng/l

Specific Qravity 1.202

Ne 2C04 23,800

Na 503 59,000

NaC.l 108,300

Na S0y 39,300

Pb 13

NOTES:

fyee

Paramater gono mg/l
Ba 1.
cd 2,044
Ni 11.92
Cr 0.805
Pb 0.136
Heg 0,nlklg
Se <0.02
Ag 0.768
Al 2,62
cu 3.703
Fa 194.9
Zn 8,586

Faramater Cong mg/ L
i e
Hg 0,25
Cu 13
Zn 8.8
cr <6t3
Fe 500

8This ts a theoretlcal brine oompos it ion basad on analysis of aatual salt from

pravious inoineration operations and theoretically projecting the

congentration to a brine with a apeolfic gravity of 1,202,
valuas are not published and were prepared by 0. Mohrman, Environmental and

Monitaring Division, Program Executive Officer - Program Manager for Chamical
Demilitarization, Aberdeen Proving dround, MD.
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TABLE 5-1%

COMPARISON OF PAS BRINE CONCENTRATION WITH REVISED SALTWATER CRITERIA
(Based on Dlsoharge of 100,000 gallona {n 1 hour at ¥ knots)

EPA-MANDATED

WORST~CASE INSTANTANEOUS 1-HOUR LIMIT FOR
BRINE DILUTION AVERAGE NONGENTRATION

CONCENTRATION® {mg/1) CONCENTRATION AQENT LEVEL
PARAMETER {mg/1) (E-X=10%) {mg/1) TYPE (mg/1}
NaHCO4 852 0.195 b7 B-d aB SRR
NaCl 108,300 24,8 5,9 E-2 11 I P
NaF 18,952 1.2 2.7 B-2 1]: I TP
Na,80, 59,000 13.5 3.2 E-2 HD  eeees
Na,30;, 50,764 1.6 2.8 E-2 ) R
NaNoO 0.3 6.98 1-5 1.7 B=7 B =
Naspg 111.“99 25\6 6.1 E-2 an mem
leHPgu 50'608 11 o6 2.8 E"E QB “““““
NaaC04 69,809 16 3.8 E-2 VX “uame
Nafiog 1,129 0,26 6.2 E-i 0B R
Ag 0.768 1.76 E-U 4,2 B=7 VX 2,0023%%
As 0,416 9.53 E=§ 2.3 BE-7 VX 9,069%#
Al 179 4,10 B=2 9.9 E-% [1): T
B 108 1,06 E-2 1.7 B=4 G mmme-
Ba 1.09 2.50 E'u 6!0 E-7 1) S
Be 0.02 4,58 g-6 1.1 £-8 [1]: S P
Ca 990 0.23 5.5 BEel 0B =e=ee
cd 15.7 3,60 £-3 B.6 KE-b oB 0,0U3uN
Co 0.11 2,52 E=5 6,1 E-8 0] P
nth 6.3 1,014 E-3 3.5 B-6 HD R
CL\ 13 2-98 E“3 702 E'e HD 0.0029“'
Fo 500 0.118% 2,8 g-U HD e
Hg 0.2% 5.73 B9 1.0 B=7 1o 0,021 4%
K 748 0.7 I B Y gn eeees
Mn h,23 5.70 E-b 2.3 E-b (o] I
Mes 0.3 6.88 E~5 1.7 B-7 (0] ¢ R
Ni 11,92 2,73 -3 6.6 E~b VX D, 1Unk
Py 62 1,42 BE~2 3.0 -5 an REL
Sb 1.03 :‘o36 E"u blT E"f Oll """"
Sa 9.3 6.88 E-5 1.7 E-T ub R
8n 1,96 U, g g-u 1,1 E-6 aB e
v 0.7 1.6 BE-d 3.9 [=7 QB eewes
Zn 12.2 2.80 E“3 6!7 E'G OB nu‘?“'
Nitrophanols 0,14 1,70 B4 T T on b, 8%k
Phanol 0,004 9,17 E=7 2,2 k-9 an 5, GuKn
Phthalate 0,016 3.67 E-6 8.8 k-9 aB 2,9hnny
lstern

NOTES:t #Those values taken {S?m Tables 5-12 through S-14,
¥4 imits are from EPA for aguta effeots
% ¥These flgures represent valuas known Lo cause aoute toxiolty.

FORMULAS:) Instantanaous Pb%utlon « Coancentration in Brine/si363
{rFrom Cuanady( )
1-tHlour Avg, Cong, « Connentration in Brine x 5.5 B-7

5= 45




TABLE 5-16

TOTAL WEIGHT (TONS) OF ASH, METAL AND SALT
WASTE PER SITE#*''

Material ANAD LBAD PBA PUDA TEAD UMDA
Ash 235 187 295 43 174 288
Aluminums® 964 852 1,348 - 483 1,301
Ferrous 15,053 1,626 2,750 21,657 36,921 7,975
Total Metal 16,017 2,478 4,098 21,6587 37,404 9,276
Salt (no Deoon) 3,69 836 7,127 L, 832 22,987 6,534
Total Salths b,335 1,480 T, 5,476 23,631 T,178

“AAmounts for ARG and NAAP, where only one kind of matsrial is stored, are
classified. TEAD Includes CAMDS Bulk.
"RErom M55 rockets only.
#%k) gonstant amount of 64l tons of salt from decontamination per site is
included, All salt contains 15% water,

TABLE 5«17

TOTAL VOLUME (yd3) OF ASH, METAL AND SALT
WASTE PER SITE*C

Material ANAD LBAD PBA PUDA TEAD UMDA
Ash 317 252 398 57 235 388
Aluminumks 3,901 3,451 5,458 -- 1,954 5,263
Farrous 8,606 625 5,113 10,146 34,637 6,649
Total Metal 12,507 4,076 10,571 ' 10,1486 36,591 11,912
Salt (no Decon) 3,906 884 7,502 5,113 24,324 6,915
Total Salthe# h,587 1,565 8,223 5,794 25,005 7,546

*Amounts for APC and NAAP, where only one kind of material {s stored, are
olagsified. TEAD inoludes CAMDS Bulk.
R*From M55 rookets only.
#¥¥p gonstant amount of 681 yd3 of salt from decon per egits is inoluded,
All salt contalns 15% water,
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6.0,0, INCINLERATION AND POLLUTION ABATEMENT SYSTEM TEST PROGRAM,

6.1.0. Introduction.

6.1.1. Purpose/Background.

a. A comprehenaive test program is underway at CAMDS to verify the
performance of the munition disassembly machines (RSM, MIN, MDM, PMD, and BDS),
and incineration and pollullon abatement syatems that will be used in JACADS
and the propoased CSDP disposal plantas, Some of the tests involving the RSM,
DFS, MPF and LIC have already been completed and are describad in Chapter
Four, The purpoae or objective of the CAMDS test program is to verlfy the
performance of these items/systems with stockpile chemical agenta and
munitiona. With respect to the disassembly machines, each has undergoune
extensive testing with simulant (explosive and agent) filled munitiona. The
tests at CAMDS will allow the Army to determine what effect, 1f any, actual
chemical munitions will have on the processing rate of each machina.

b, As described In Chapter Four, the Army has demonstrated that
incineration is a safe and effective method for chemical agent and munition
disposal. The purpose of the majority of the tests which have been complated
at CAMDS, was to demonstrate the feasibility of incinerating nerve agents in
industrial scale incineration systems., This was accomplished. The feasibility
of incinerating mustard agent has already been demonatrated in Project Eagle -
Phase I at RMA (see Section 4.2.1.). The purpose of the current test program
is to verify the processing rates of the JACADS and CSDP incineration systems
and to characterirve the effluents and molid resgldues generated ugainst current
aud proposed regulatory standards,

6.1.2. Agent Teat Window.

8. For safety reasons, only one agent type 1s processed at CAMDS at any
given time, In other worda, tue LIC cannot incinerate mustard or VX when the
DFS is incinerating drainad GB M35 rockets. However, in an agent window,
peveral different types of muritiona can be processad; the LIC can incinerate

f=1
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VX {rom ton contabners or drafned projectiles, while the DFS Is Incinerating
drained VX M55 rocketa, The LIC and MPF are the only two incineration systema
that cannot ba operated concurrently in an agent window. This 18 hecause the
LIC and MPF share the same pollution abatement system (Section 4.3,4,¢),

b, Table -1 outlines the current chemical agent and munition teat program
through 1988, The time between the test windows is required to
clean/decontaminate CAMDS, and to change/adjust the chemical agent monitors so
they can detect the next agent, Although nut specifically identified in Table
6~1, the dunnage iIncinerator will also be tested. Table 6-2 lists the chemical
stockpile by munition type and agent and Table 6-3 identifies the Lype of
incilneration system proposed for each storage location; by comparing Table 6=l
to Tables 6-2 and 6-3, the reader can identify which tests at CAMDS are
directly applicable to a apecific storage lnstallation.

¢, In addition to the tests summarized in Table 6~-l, incineration tests
tnvolving chemical ngent surrogates will be conducted with each incineration
system, The purpose of these tests 18 more fully explained in Section
6,3,2,b.(2). The DFS will also be used to model the prouposed rotary kiln that
may be used In the cryofracture demilitarization procesa "', Tests in
rupport of the cryofracture demllitarization process include incinerating bulk
chemical agent which is aprayed into the DFS at ambient temperatures and
procesding cryogenically cooled simulated chemical munition fragments to aassure
1ts abllity to incinerate cryogenically frozen chemical agents, and enargetic
materlaly, a8 well as the abllity of the DFS to handle large quantlties of

metal parts and wood dunnage.

d. Three types of data will be obtained during incineration syatem tasting
and evaluation: (1) performance and operating chavamcteristlcs - this

includes heat and materlal balances, temperature profiles, furnace draft
atability and other data related to the operation of the incinerator/furnace
and 1ts pollution abatement system; (2) environmental compliance =

Incineration of chemical agents and munitions i subject to many environmental
regulatlons including RCRA (?), T8CA, and alr quality regulations. It is

necessary, therefore, to determine the composltioun of exhaust gases and
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TAPLE 6-2:

COHUS Unitary Chemical Stocknile Distribution

MUNITION TYPE

STOCKPILE LOCATIONS

APG

" ANAD

LBAD | NAAP [ PBA | PUDA

TEAD

UMDA

CARTRIDGE: 105MM
1 05MM
4.2"IN
4.2"'IN

GB
HD

HD

PROJECTILE: 105MM
155MM
155MM
155MM
155MM
8-IN
8-IN.

T X M MR KX

ROCKET: 115MM
115MM

Eati-o

LAND MINE: 2-GAL

3 < = > XX °C > < = >

> > > 2 K X

BOMB: 500-LB
5.5 LB
150-LB

SPRAY TANK:

> > >

TON CONTAINER!

GA
GB

HD
HT

VX

X X X

¢ ¢ X >

o

Notes! Does not iaclude re.earch and development quantities.
Doew not include racovared munitions.
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Leaching procedure currently required under ReRA,

incinerator/furnace and pollutinn abatewent system yesidues to ersure

compilance with these -cguistions; (3) enviveanental conearns - thls {ncludes

Informatidn un the exhinst geses and wwolid: residues, which 1s not required by
current environmantgl regulations hut may be required to support permitting
dctions or may be coverad by proposed or future regulations. 1his includes

‘emissions of heavy metals, PTCs, and aralysis of furnate/incinerator and
Ipollutidn'Abatemcnt cystem residues using the Toxicity Characteristic Leaching
" Procedure (ICLF) which EPA has ‘proposed vo use instesd of the EP Toxicity

3

6.2.0, Compériaon of CAMDS and JAEADS Inuinerution.and Pollution

Abatement Systeng,

a, The Inclneration and pollution Abatement systems thot will be used in
the JACADS and prepcsed CEDP (igpoeail plants are based on the designs of the
systems inste'led at CAMDS, That ia not to say howaver, that the systems uve
identical. Although couceptually the suma, the JACADS and propnsed CSUP
systems differ from the CAMDS svyatems in several areas. Before discussing the
curzent test program it ls advisable to compare the systems, identlfy che
differences. and discuss the impact that the difilerencea have on the teat data,

b, There are two main reasons fc¢r the changes madz to the CAMDS
incineration and pellution abatement aystems before they were incorporated into

the JACADS and CSDP designs.

(1) Purpose and Schrdule. The JACADS and CSDP disposal plants are

designed specilfically to dispcsz of the chemicul stockplle at a given
installation within a finite time period., The incineration and pollution
abatement systems are designed spec!ficaily to handle the required chemical
agent and munition disposal rates. CAMDS on the¢ othar hand, was constructed to
test and evaluate equipment, processes, and procedures which will be used in
future disposal plante as well as disposs of & ilmited number of leaking
munitions, The incineratiun and pollution abatement systems did not have to be
a8 large as those ranuired for the JACADS and proposed CSDP dimposal plants,

It is accepted eugineering practice to design full scale processes haved on
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smaller pllof ncale systems.

(2} Process Ipprovements. The knowledge gained from tha completed
dispreal tests (Section 4.3.0,) has been incorporated into the JACADS and

proposed CSDP designs, and has resulted in several lmprovements over the
current. CAMNDS design. This "fine tuning" of the designs is the primary reason
why the tests at CAMDS are being performed. An example of such an improvement
la inctaasing the pressure drop acroas the venturl scrubber from 20 to 40
inchrs of water. During GB incineration tests in the MPF, it was discovered
that the‘pq;lution abacement system was having difficulty in removing the
ons'particulate. The deaign of the JACADS venturi was then modified to
reflect the higher premsure drop thus iwmproving {ts particulate removal

efficlency..

c. --Appendix D contains a detailed comparison of the CAMDS and JACADS
incineration and pollution abatement systems. The proposed CSDP designs are
identical to the JACADS designs axcept for site-specific modifications such as
altitude, geologicnl conditions and ambient temperature conditions. The
results of the comparison are summarized Lelow,

6.2.1, Liquid Incinerator, <The CAMDS LIC is an one-third scale versiun
of the JACADS LIC, The configuratinn and interfaces with agent, auxiliary

fuel, mpent decontamination sclutifons, and other utility lines are identical.
The deslgn agent incineration rates are 300 1b GB/hr, 200 1b VX/hr and 380 1b
HD/hr for the CAMDS LIC as compared to 1050 1b GB/hr, 700 1b VX/hr, and 1330 1b
HD/hr for the JACADS LIC, 7he data obtained from the LIC tests will be
divectly applicable to the JACADS/CSDP ILIC,

6.2.2, Deactivation Furnace System. The CAMDS DFS is similar to the
JACADS DFS configuration. The JACADS rotary kiln (retgrt) is a foot larger in
diameter to handle an increased average rocket feed rate (32 rockets per hour

versus 13 rockets per hour at CAMDS), The primary difference between the two
gystems is the method used to feed the rockets and other items to the DrS, As
described in Chapter 2, CAMDS uses a bucket conveyor to transfer the munition
components to the DFS feed chute. The material then pamses through a single




double tipping valve (DIV) into the rotary kiln. In the JACADS design the
munition components are gravity fed directly from the ECR eliminating the
bucket conveyor and considerably increasing the reliability of the system, The
dual feed chutes are required hecauge JACADS has dual munition processing
lines, The CAMDS DIV design was replaced with sliding blaast gates to help
eliminate problems with jamming which were occasionally experlenced at CAMDS
when proceasing M35 Rockata,

6.2.3. Metal Parts_Furnace. The MPF has undergone the greatest

evol tiuvn/change of the three furnaces. This is because the CAMDS MPF was
originally designed to procesm mustard filled projectiles and ton contalners by
in~situ incineration. In-situ incineraticn involves the evaporation
(volatilization) of the agent from the projectile or ton contalner In an oxygen
deficient artmosphere. The gamses from the volatilization chamber (Figure 4-27)
are then incinurated in a fume burner. An afterburner is located downstream of
tha fume burner to ensure complete destruction of any remaining organic

vapors. However, CAMDS tests with GB showed that in-situ agent incineration
was s8lower and harder to control than draining thu agent from the projectile or
ton container and burning it separately . Therefore, the JACADS MPF was
designed strictly to thermally decontaminate projectiles and bulk containers
(bombs, spray tanks, and ton containers). The JACADS MPF does not require a
fume burner or separaste burnout chamber, insteud, a single large chamber is
used to incinerate the residual agent (the amount that remains after draining)
and thermally decontaminate the munition or container. The JACADS MPF 1s
equipped with an afterburner, Although mechanically dissimilar, the current
tole of the CAMDS and JACADS MPFa is the same., From an environmental
standpoint, the emissions of the CAMDS MPF (downatream of the afterburner) and
ash contained in the munitions ot containers (alter processing through the
burnout chamber) should be representative of the' JACADS MPF,

6.2.4. Dunnage Incinaration. Both the CAMDS and JACADS DUNs are
commercially available units and include separately fired afterburners to

gnsure cowplete combustion of any organic compounds in the incinerator exhaust
gases., Although mechanically disaimilar, the purpose of tha CAMDS and JACADS
DUNs i8 the same. The primary reason for the differences in incinerator design




{3 to handle the Increased dunnape load at JACADS as compared to CAMUS. The
emiasions and solid residues from the CAMDS DUN should be representative of the
JACADS DUN,

6.,2,5. Pollution Abatement Systems.

a. LIC, MPF, and DFS Wet Scrubber Systems (WSS)., The CAMDS and JACADS
PASs are conceptually identical, however, several improvements have been made

in the JACADS designs to enhance particulate removal efficlency:

(1) The CAMDS concurrent quench vessel has been replaced by a counter
current vessel equipped with a liquid separator. This will provide for better
gas cooling and saturation. Any particulate matter absorbed by the water will
be removed from the exhaust gases by the lliquid separator, thus decreasing the
particulate loading on the venturi and demistera;

(2) The pressure drop across the veunturi has been increased from 20 to
40 inches of water providing for greater gas/liquid mixing and particle

agglomeration and removal; and

(3) The face velocity and pressure drop across the demisters have heen
lowered to improve submicron size particulate removal,

(Notet The above modifications are planned for the CAMDS LIC/MPF PAS since it
1s during LIC agent incineration that the PAS sces the greatest particulate
challenge. Until these modifications are completed, the particulate emissions
from the CAMDS LIC are expacted to be significantly greater than the
particulate emissions from the JACADS/CSDP LICs,)

b. DUN Baghouse Scrubber System (BSS). A JACADS type BSS is being
deyigned and fabricated for tha CAMDS DUN, It will be scaled to the smaller
capacity of the CAMDS DUN, but will be identical in configuration,
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6.3.0, Planned Test Burns.

6,3.1, Overview,

&, During the agent test windows, each furnace and/or pollution abatement
system will be thoroughly evaluated. The evaluation can be broken into three
broad categories: (1) performance and operational characteristicaj; (2)
environmental compliance; and (3) environmental concerns. Performance and

-opevational characteristics data will be collected by CAMDS engineers and
operators whenever the furnace/incinerator is operated., A comprehensive report
will be prepared at the end of each agent teat window and will include the
following information: agent/munition feed rates both peak and average;
temperature profiles; exhaust gas analyses consisting of agent, CO, COZ'

02, 302, and NOx; problems encountered and solutions implemented;
assessment of the materials of construction, and the amount of ecrubber brine,
salt, and solld residue gencrated,

b, Unlike performance and operatlional characteristics data, environmental
compliance and environmental concerns data will be obtained by conducting
spaclal test burns with the asuiustance of a qualified commercial contractor.
This is necessary because of the speclal sampling and analysls procedures
required to obtain the data., A test repurt will be prepared by the contractor
after each test. A test burn will take approximately one to two weeks to
complete, however, as shown in Table 6-4, a great deal of effort is required to
prepare for and analyre the results from a test burn,

6,3.2, Environmental Compliance vata Requirements.

a. Overview.

(1) Regulated releases from the proposed CSDP disposal plants include
furnace/incinerator exhaust gases and the furnace/incineratnr residues
(including the cyclone ash from the DFS), and the salts formed by the dried
gcrubber bLrine, No liquid discharges will occur from the proposed plants
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TABLE 6~4: TYPTCAL TEST BURN SCHEDULE

Activity

Prapare Test Burn Plan

Fquipment and Instrument
Checkout and Calibration

Set-up Sampling Equipment
Start Test Burn

Complete Test Burn

Sample Analyais

Calculate Results and Prepare
Draft Test Raport

Tachnical Review

Publish Final Report

6-11

Completion Date, Days

D + 88

D + 102
D+ 132




except rainwater and, sanltary sewerage, none of which are regulated. Alr
emlsstons from the proposed disposal plants are regulated under the Clean Alr
Act (CAA)Y, RCRA, TSCA, and the Department ol lealth and fiuman Services

(DHHS) ;disposal of the solid wastes is regulated only under RcRA., TIn addition,
each State has specific air quality and hezardous materials regulations which
may be more restrictive than the above Federal laws.

(4)

(2) Clean Atlr Act. A review conducted by CH2M Hill showed that

all elgnt States where chemical agents or munitions are stored (Maryland,

Alabama, Kentucky, Indiana, Arkansas, Colorade, Utah, and Oregon) have been
authorized to administer the requirements of the CAA through their individual
air pollution control programs, including New Source Review (NSR) and
Prevention of Significant Deterioration (PSD) for attainment area
requirements, An attainment area 1s a geographical location where the
National ambient Alr Quality Standards (NAAQS) are being met for each criteria
pollutant listed in Table 6-3. A neonattainment area is a location whatre one or
more NAAQSs are not balng met. All of the chemical agent and munition storage
installations are located in attainment areas except Aberdean Proving Ground,
Maryland which 18 located in a nonattainment area for photochemical oxidant
(03).

(3) Resourece Conservation and Recovery Act.

(a) Chemical apent and munition disposal 1s regulated under RCRA, and
the corresponding state hazardous waate management regulations, because the
munitions and apents have been classifled as hazardous wastes. It is important
to note that the hazardous waste clasmifleation does not apply to the chemical
atockplle, except M55 rockets, untll the agents or munitions are brought ou to
the disposal facility site. The M55 rackets have already been classified by
the Depattment of the Army in 1984 as a hazardous wante because they have no
further military strategic significance, they have been declared ohsolete,
hacause none of the components have any resale value and because they are
currently heing stored for disposal (5). The remaining chemical agents and
munitions, although targeted For disposal 1in Public Law 99-1456>, are satill
part of the U.S, defensive stockplle and therefore are not classified "wastaes".




TABLE 6-5: NATIONAL AMBIENT AIR QUALITY STANDARDS CRITERLA POLLUTANTS

o Sulfur Dioxide
o Carbon Monoxide
- o Total Suspeaded Particulates
o Nitrogen Dioxide
o Qzone

o Lead




1} Chemical agents and munitions are claseified as reactive
characteristic hazardous wagtes by EPA. Chemical munitions which contain
explosive bursters ave classified as reactive characteristic hazardous wastea
because the munitions are classified as Class A Explosives in the Departmeut of
Tranaportation Hazardous Materials Tranaportation Reguletiona‘(7’g).
fhemical munitions and containers which do hot contain explosive components are
also considered reactive characteristic hazardous wastes because when mixed
with water, chemical agentn generate toxic jases, vapora, or fumes in a
quantity sufficlent to prement a danger to human health or the environment. In
addition to being classified as reactive characteristic hazardous wastes, the
states of Utah, Maryland, and Oregon have "limted" chemical agrnts as hazardous
wastes due to their toxicity, Table 6-6 lisis the basis for claissifying
chemical agents and munitions as hazardous wustes for each astate whare they tre
stored,

2 The distinction between a "characteristic" hazardous waste and a
"1isted” hazardous waste is important when evnluating methods of dlsposal for
the solid waste generated by chemical agent and munition disposal. A solid
waste gensrated from the disposal of a listed waste 1s iiself a listed
hazardous waate unless "delisted" by the appropriate State. The solid residue
generated from a characteristic hazardous waste 18 a hazardous waste until
the residue fails to exhibit any of the four characteristics defined in Subpart
C of 40 CFR 261 - Ignitability, Torroslvity, Reactivity, or EP Toxieity.

(b) To be permitted under RCRA, an incinerator and its pollution
abatement system must complete a mpecial trial burn supervised by
representatives from EPA or the Stete. The purpose of the trial burn is to
ensure compllance with the wtandards for POHC, HCl, and particulate emissions
deacribad below, The operating permit issued to the facility will be based on
the results of the trial burn,

b. Incineration Emission Standards., Table 6-7 lists the applicable
enission standards which will be used to assess the performance of the

furnace/incinerator and pollution abatement sysetem during the test burna.




TABLE 6=6s HAZARDOUS WASTE CLASSTFICATION OF CHEMLCAT. AGENTS

Agency
Faderal -~ EPA
Alabama
Arkensas
‘Colorado
Indiana
Kentucky

Maryland

Oregomn

. Utah

Clansification
.{As nf 2/13/87)

Characteristic Waste - Neactive

dome a8 Fedaral - No Proposed Changes

Same as Federal - No Proposed Changes

Same as Federal - No Proposed Changes

game as Faderal - No Proposed Changes

game as Federal - Na Proposed Changes
Nerve Agent and Mustard - Iistad Hazardous
Waste as of January 13, 1987: Other
Poasible Changes but No Public Information
Nerve Agent - Iisted Haeardous Waste
Notve Agent, Mustard and Demilitarization

Residuas Listed Hazardocus Waste as of
November 15, 1986
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TABLE 6~7: CSDP INCINFRATOR EMISSION STANDARDS

EMISSION STANDARD REGULAT LON /REQUIREMENT( 1)
Agent (2) 0.003 mg HD/m’ DOD 6055,9-§TD
0.0001 mg L/m° DOD 6055, 9-5TD
0,0003 mg GB/m° DOD 6055, 9-STD
0.0003 mg CA/m° (3)
000003 mg VK/n> DOD 6055, 9-8TD
POHC (4) 99,99% DRE 40 CFR 264.,343(a)(1)
HC1 (4) The larger of 4 lh/hr 40 CFR 264.343(b)

or 99% removal efficlency

Particulates (4,5) 0.08 ar/dscf at 7% 0, 40 CFR 264,343(c)

0,03 gr/dect at 12% €o, COMAR 10,18.08
80, 500 pom (volune) CAMDS FELS
Opacity See Table 6-9 See Table 6-9
NOTES

(1) State regulation citations obtained from relerence 4,

(2) One hour average

(3) No current standard, assumes same standard as GB, '

(4) States have adopted RCRA atandards for POHC, HCL and particulate
emiseions from hagardour waste incinetators.

(5) RCRA particulate standard is more stringent than state air quality
particulate standards except in Maryland.
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Table 6-7 is bLased on a review of the air pollution diachar?e permit
9-16)
. and

comparing the requireme.tr identified in the applicatlons against those
required under RCRA, the CAMDS FEIS, and by DHHS.

applications for each of the proposed CSDP disposal plants

(1) Agent Lmissions. The emission standards listed in Table 6-7
meet or exceed the limits currently or previously approved by DHIS in
accordance with thel- oversite authority established by Public Law 91-121 as
amended by Public Lavu 91-141(l7’18).

system will have to meet. these siandardas.

During the test burns each incineration

(2) POHC Fmisgions. Under RCRA, an fncirerator must demonstrate a
99.99% destruction (incinerator) and removal (pollution abatement system)
efficlency (DRE) for cach PONC deslguated {n tha feed. URE {s determined by

the lollowing equaticn:

DRE = wtn - wnut x  100%
__,_n,l;.“_
Where win = mags lecd rate of the POVC to the Incto “agtor
dout = mass enlsglon rate of the FOKC in the exhaust stark

Ca)  FOHCH for the trial burn are usualle aelected by EPA or the State
from tio lisy of RCRA Appendix VIIL compounds (40 CFR 461, Appendix VII!) bawsed
on the concentration and degree of difficulty of lncineratlon of the hazardous
orgenic congtituents {n the wenle feed, The method currently adopted by EPA to
deternine the degree of fnsinevability is basnd on the heat of combustion ol
the constituent. Constltuents having low heats of wﬁbuation are arssumed to be
less able Lo gupport combustion and therefore more difficult to burn. The
Guidanc2 Manual for lazardous Waste Tucineration Permits, contains a list of

an

Anpendlx VITI compounds and thelr heats of combustion . Table 6-0 lists

the heat of combustion for the chemical agents, witvoglyeerin and geveral
industrial Appendlix VIIT compounds olitel are communly Incluerated in commecctial

hazardous wiaste Incineratora,



TABLE 6-8: CGHAMICAL AGENT THCINERABILITY:

_ Heat of Combustien

Gompound _{kilozalorie/gm)
T  Chemtcal Agents(1)
| GA 5,41
] ‘ GB - o 5,60
vX | ‘ 8,33
H _ - 4,50 (2)
b 4,75 (2)
HT 5.29
L 2.50 ¢3)

Appendix VIIT Compounda

Carbon Tetrachloride (GC1,) .24
Chloroform (CHC13) 0,75
1,1,1 Trichlorcethane (02H3013) 1.99
1,1,2,2 Tetrachloroethane (02"2014) 1.19
Pentachlorophenol (PCPR) (C6HC150) 2,09
Nitroglycerin (C3H5N309) 3.79
Methyl Fthyl Ketone (MEK) (CAHROS 8.07
Benzene (Cbﬂé) 10,03

Notes: (1) Sourcet Fdgewoud Arsenal Special
Rerort ED-SR-7409]1 CGnemical Agent Data
Sheats; Vol I, Dec 1974,
(2) RCRA Appendix VIII Compound
(3) Calculated heat of combustion baced 0,95 mole
of Lewisite and 1/2 mole of propane




(b) The state and federal hazardous waste regulators have indicated
that each chemical agent and nitroglycerin (an energetic compound contained in
the M55 rocket motor) should be selected as POHCa for the CSDP disposal plant
trial burns, Ia addition, the regulators have requested that surrogates be
used to demonatrate lucinerator performance prior to the chemical
agent/munition trial burns. The proposed surrogates for the CSDP trial burns
are listed in Table 6-9., The POHCs for the blister and nerve agent surrogates
are carbon tetrachloride and !,1,l-trichloroethane, both of which have lower
heats of combustion than any of the chemical agents. In addition to being more
difficult to incinerate, the surrogates will simulate the agents particulate
matter and HCl emission characteristics.

(c) In additlon to demonstrating agent DRE during the CAMDS test
burng, speclal test burns will be conducted with the chemical agent surrogate
selected for the CSDP triul burns, This will allow the Army to become familiar
with surrogates and to evaluate the performance of the furnaces and
incinerators from this perspective before the CSDP dispomal plants are

congtructed.

(3) HCL missions. During the trial burn, HCl emissions cannot

exceed the greater of four pounds per hour or a mass emission rate of one
percent of the HCl entering the pollution abatement system, During the test
burns, both with agents and surrogates, the ability of the pollution abatement
system to meet this requirement will be verified.

(4) Particulate Emissions., Particulate emissions are rogulated

under both RCRA and the Stave air pollution control programs., By comparison,
the RCRA standard 0.08 gr/dscf corrected to seven percent oxygen 18 more
stringent than most of the State air pollution control regulafions. The
exception was Maryland where APG 1s located. Only HD filled ton containcers are
stored at APG. During the wustard test window, the Maryland particulate
atandsrd will be used to evaluate the performance of the MPF/LIC pollution

abatement system,

?5) 50, kmigsions, This is currently a site specific requirement
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TABLE 693 CSDF R, A PFRMIT APPLICATION ‘
Chemical Agent/Munition Surrogates IS

Blister Agent Surrogates

A, Composition

1Y 1,1,l«trichloroethane : 25 wtk
2) Carbon tetrachloride : 38 wt¥
3) No.2 fuel ofl ° ' ' 37 we¥
B, Proparties .
1) Heat of Combuatiom ‘ 8,000 BTU/1b
2) Specific Gravity 1,06
3) Viscosity 1.3 ¢P

Nerva Agent Surrrcgate

A, Composition

1) 1,1,1-trichloroethane 18 wt¥
2) Carbon tetrachloride ' 17 wt¥
3) DMMP 30 wth
4) No. 2 fuel oil 35 wek
B, Properties
1) YHeat of combustion 10,000 BTU/1b
2) Specific gravity 1.1
3) Weight Percent Phosphorus 7.5
4) Viscosity 1.4 ¢P

M55 Rocket Surtogate

1) 33 wtX of propellant containing nitroglycerin similar to the M28 propellant
contained in the M55 rocket.

2) 1 wtX of nerve agent surrogate.

3) 45 wt% of metal

4) 21 we% of fiherglass pipe to simulate the shipping and firing tube (A
portion of the fiberglass will be mixed with the nerve agent surrogate.)

DUN Surrogate Faed

Charcual 80 wt?
Agent Surrogate 20 wt¥
(hoth nerve agent and blister agent) '
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stipulated In the CAMDG FHIH‘“O).

(6) Opacity. State opacity standards are listed in Table 6-10. Opacity
is a visual measure of particulate emisalons. The greater the particulate
loading, the darker (or more opajue) the exhaust. The steam plume which is
normally present in furuace/incinerator exhaust gases is not included in the
opacity measurement. Although geveral States have separate particulate and
opacity standards, opacity will normally be less than 20% if the RCRA
particulate emismion criteria is met.

(d) Solid Residue Disposal. The data requirements for solid residue

disposal are to determine 1f the resldues meet the dafinitien of a
characteristliec waste. If the solid residues generated by the
furnaces/incinerators and their pollution abatement systems do not exhibit any
of the four characteristics then they do not have to be placed in a RCRA
approved landfill, This applies only to the States where the chemical agentws
arce classified as characteristlc wastes. In those states where agent 1s &
listed waste, these data could gerve as the besis for a delisting petition, In
addition to the data requirements described below, all solid wuste must prove
to be agent free before belng releas~d For dispesal., The brine is checked
bafore it 1s dried into a salt,

(1) Reactivitv Characteristic. Because both the agents and the

energetics are considered reactive, it 18 necessary to determine if the solid
residues exhibit this characteristic, A solld residue is classifled as a
reactlive hazardous waste 1f a representative sample exhibits any of the
characteristics listed in Table 6-~11., With respect to the solid residues
generated from the Incineration of chemical agent or munitions, only
characteristies five and ®ix are of concern, During the test burns, all solid

residues will be tested to see If they hav. this characteristic.

(2) EP Toxicity Characteristic. The EP Toxicity characteristic is

intended to identify solid wastes which pose a hazard die to thelr potential to
leach wignificant concentrations of any of the elght metals, four pesticides or
two herbicides listed in Table 6~12, The purpose of this teat 18 to determine
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TABLE 6~10: STATE INCINERATOR OPACITY STANDARDS(l)

LIMIT STATE REGULATION/REQUIREMENT(2)
0% Maryland COMAR 10,18,08
20% Utah CAMDS FEIS
Colorado CAQCC Reg 1: 1III,A,I

o 20X over b minutes Alabama AAPCRR 4,1.1
o 40% over one 6 minute

period during any 60

minute peried,
o 40% over 6 minutes Indiana 325 1AC 5-2(a)(1)

o 60% over 60 cumulative
readings in a 6 hour period,

NOTES ¢

(1) Dowa not include water vapor or steam,
(2) State regulation citations obtained from reference 4,
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6.

TABLE 6--11: CHARACTERIST1CS OF A REACTIVE HAZARDOUS WASTE

It 15 normally unstable and readily undergoes violent change without
detonation,

It reacts violently with water,
It forms potentially explodive mixturaes with water,

When mixed with water, it generates toxlic gases, vapors, or fumes in a
quantity sufficient to present a danger to human health or to the
environment.

It 18 a eyanide~ or sulfide—-bearing waste that, when exposed to pH
conditions between 2 a.° 12,5, can ganerate toxic gases, vapors, or fumes
in a quantity sufficient to preseat a danger to human health or to the
environment, This is defined ag 250 mg of hydreogen cyanide or 500 mg of
sulfide per kilogram of wasate.

It 18 capable of detonation or explosive reaction 1f it 1s subjected to a
atrong initiating source or if heated under confinement,

It 1s readlly capable of detonation or explusive decompoasitlion or reaction
at standard temperature and pressure,

It is a forbidden explosive, as defined in 49 CFR 173,51, or a Class A
explosive, as defined in 49 CFR 173,53, or a Claﬂa B explosive, as defined
in 49 CFR 173,88,

A s0lid waste that exhibits the characteristic of reactlvity, but is not
listed as a hazardous waste in Subpart D, has the EPA Hazardous Wagte
Numbar of D003,



TABLE 6-12: EP TOXLICITY CHARACTERISTIC CONTAMINANTS
AND REGULATORY LEVELS

FPA Maximum
Harardous Concentration
Waste Number Contaminant {mg/1)
D004 Arsenic 5.0
neo3 Barium 100,0
nooé Cadmium 1.0
D007 Chromium 5,0
boo8 Lead 5.0
D009 Mercury 0.2
noo10 Selenium 1.0
DOO11 Silver 5.0
DOO12 (1) Fndrin 0.02
DOO13 (1) Lindane 0.4
DOO14 (1) Methoxychlor 10,0
DOO15 (1) Toxaphene 0.5
DO016 (2) 2,4-D 10.0
DOOL7 (2) 2,4,5-Tv(51lvex) 1.0

Notes: (1) Pesticide
(2) Herbicide
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1f an unacceptably high level of ground water contamination might result from
improper waste management., The EP Toxicity limits are the National Interim
Primary Drinking Water Standards multiplied by a gemerdic dilution/alternative
factor of 100, During the test burns the solid residues will be analyzed to
determine if they are EP Toxic due to the presence of one of the eight metals
listed in Table 6-11, During the previous CAMDS incineration tests, some of
the DFS residues and/or pollution abatement system brines were fourd to contain
cadmium and/or lead above the EP Toxlcity limits.

c¢. JACADS Ocean Dumping Permit Nata Requirements., At the present time,

the Army 15 evaluating the disposal of the JACADS furnace residues and
pollution abatement system brines by ocean dumping in lieu of drying the brine
to a salt and shipping the residues and salts to the U.S, for placement in an
approved landfill., A draft Supplemental Environmental Impact Statement on thia
procedure is due out in the near future, In addition to the data requirements
ideutified in Section 6.3.2.h,, the data listed in Table 613 will be collected
on the brines and residues in accordance with the Marine Protection, Research

and Sanctuariles Act(zj).

6.3.3, Environmental Concerns Data Requirements.

4. Products of Incomplete Combugtinn,

(1) Although hazardous waste incinerators must achleve a 99.99% DRE
for the POHC, there is a putential that low levels of PICs might still be
emitted, This was a concern raised in several of the public scoping meetings
held in support of the CSDP PEIS, In this context, PICs are compounds which
are present in the exhauast guses which would be considered POHCs If present in
the feed (e.g., RCRA Appandix VIIT compounds with a feed concentration greater
than or equal to 100 mg/liter)., ?PIC emissions are not Eurrently regulated,
however, in 1981, EPA proposed to restrict the mass emission of "hagardous
combustion by-products” (Appendix VIII compounds) to not more than 0.01% of the
total mass feed rate of POHCs fed to the incinerator 24). In other words,

the mass emission of PICs could not exceed the mass amission rate of the POHCs
at a 99.99% DRE.
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TARLE 6-173:

JACADS OCFAN DUMPLHNG PERMTT DATA REQU IRFMENTS

(BRINE AND FURNACE RESLIDUE ANALYSLS)

Data Requirement Brine

Phase Determination X
(Total Solids/Total Dissovled

solids)

Bloassay, acute and chrenic effects X
pH X
Chemical Oxygen Demand X
Biological Oxygen Demand X
Carcinogens Mutagens and Teratogens X
Organohalogens X
Mercury and Cadmuim, Total Metal X
Other Criteria Pollutants X

626

Residues

NA

NA




()Y To date the proposed regulation has net gone bevond the proposal
state, This 1s primarily due to the fact that the mechanism for PIC formation
is not understood very well., EPA has conducted several studies in an attempt
to quantify PIC emissions and to determine the mechanism for PIC forma=-
tion(25-29). In general PICs were found to be influenced ULy the POHC
incinerated. Instead of s single formation mechanism, researchers have
ldentified six contributing mechanisms which ean result in "PICa" in the

exhaust guses!

(a) Failure of the combustion process to completely incilnerate the
POHCR to CO2 and water,

(b) Complex recombination or substitution redctions in the exhaust

gases,

(e¢) Auxiliary fuel (fuel vil, natural gases, etc), combustion
by-products.,

(d) Incomplete combustion of low concentration Appendix VIl compounds

contained in the waste feed or auxiliary fuel,

(e) Stripping of volatile compounds from the PAS acrubber water/brine

(quench tower, venturl or packed bed scrubber).
(f) Compounds contained in the Iinfiltration air.

(3) Of the four incineration systems used at CAMDS and the proposed

CSDP disposul facilities, M55 rocket Incineration in the DFS {8 the most likely
candlidate to experience PIC cmissions from agent/munition incinerntion. This
1es because of the complex matrix of propellant, exp]hsives, resldual agent, and
fiberglasa resin which is fed to the rotary kiln., The completed DFS and LIC
tests appear to support this assessment. Very low levels of chlorinated PlCa
(two to three orders of magnitude lower than the EPA proposed limit) were
detected during the March 1986 DFS test burn (Sectlon 4.3.2.d.04)), but no P'Cs
were detected during the August 1986 GB {incineration test in the LIC (Section
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4,3, 4,c(4)),

(4) During the future test burns the stack gases from each #

incineration/pollution abatement system will continue to be analyzed for the ]
presence of PICb: The precise method by which the data will bo used to

avaluate or modify the incinerator or furnace performance is not knewn at this

time since, as stated earlier, the relationship between PIC formation and

incinerator operating parameters 1s not understood very well. However, at the

conclusion of the CAMDS tests, a firm data base addressing this 1ssue will be

available. '

b. Metal lmissions,

(1) Another source of public concerns about hazardous waste
incineration is the emismsion of heavy metals such as arsenic, chromium or lead
from the incinerator, Incineration will change the form of the heavy metals
(from organometallic compounds to metal oxides) but does not raduce the content
of metals in the hazardous waste. Therefore the primary method of controlling
metal emissions 18 the pollution abatement systems.

(2) Metal emissions from the CAMDS or CSDP Incineration systems are
not anticlpated to be a problem. As shown in Appendix B, the only agent which 4
contains heavy metals above trace contanination levels is Lewlslte; the
explosives and propellant do contain lead compounds but in very small <
concentrations. In any event, the venturl and demister elements in the i
pollution abatement systems should be sufficient tv remove most metal oxides 1
formed during chemical agent/munition incineration.

(3) During a meeting between Army officials and state and federal RCRA
pernit writers in September 1986, the Army agreed to expand the proposed CAMDS
test burna to include analysis of the axhaust gases for metals (Table 6-14), I

¢, Toxicity Characteristic Laqchingmrrocedure.(s)

(1) In June 1986, EPA proposed to ammend the RCRA Extraction Procedure
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TABLE 6-14:

RCRA APPENDIX VIII METALS

(e}

0

Antimony
Arsenic
Barium
Baryllium
Cadmium
Chromium
Copper
Lead
Mercury
Nickal
Selenium
S1lver

Thallium
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Toxiclty Characteristic (40 CFK 261,24) by:

(a) Expanding the characteristic to include 38 additional compounds
(Table 6~15),

(b) Applyiug compound apecific dilution attenuation factors generated
from a ground water transport model.

(c) Replacing the EP Toxicity Leaching procedure with the TCLP, which
has been developed to address the mobility of hoth organic and inorganic
compound and to solve the operational problems of the EP protocol.

’. (2) EPA proposes to use the TCLP for its land Disposal Restrictions
Program, Under this program, wastes to ba placed in a landfill must be treated
unleas and until the concentrations of the hapardous constituent in the waste
extract of the TCLP does not exceed regulatory limits . Included in the list
of land-dieposal constituents are TCDF and PeCDF, both of which were detected
in the cyclone residue from the March 1986 Test Burn (Section 4,3,2.,d.(3)).
Rowaver, TCLP was not usad in the March test, therefore, it is uncertain if the
residue would require further treatment,

(3) Although the proposed amendments to the EP Toxicity Characteristic
have not gone beayond the proposal state, the TCLP in conjunction with the Land
Disposal Restrictions Program could have a significant impact on disposal of
the furnace/incineration residues and salts formed by drying the scrubber
brines., If additlional treatmeant of these Incinerator residues ls required
before placement in an approved landfill, the cost for the chemical stockpile
disposal could increase sigrificantly. For these reasons, the residues fron
the teat burns will be analyzed by both leaching procedures.

6.4.0. Test Burn Proceduras.

&, Table 6=16 sunmarizes the CSDP environmental data vequirements for the
CAMDS test burne., Although not listed, the data required to support the JACADS
Ocean Dumping Permit study will also be obtained during the teat burnas,

6-30




TABLE 6-15:

Proposed Toxicity Characteristic Contaminants and

Regulatory Levels

Regqula-
HWNO and Contaminant CASNO  Lory level

D018 - Acrylonitrlle 107-13-1 5,00
D004 ~ Arsenic 1440-38-2  5.00
0005 - Barium 7440-39-) 100,00
D019 - Benzene 11-43-2 0.07
D020 ~ Bia(2-chloroethyl} ether 111444 0.05
D006 ~ Cadmium 7440-43-9 1,00
D021 ~ Carbon Disulfide 75-15-0 14,40
D022 - Carbon Tetrachloride 56-23-5 0.0
0023 - Chlordane 57-74-9 0.03
D024 - Chlorobanzene 108-90-7 1.40
D025 - Chloroform 67-66-1 0.07
D07 » Chzomium+ 1333-62-0 5,00
D026 - o—Cresol+ 95-48-7  10.00
D027 - m-Crasol+ 108-39-4 10,00
D028 - p-Cresol 106-44-5 10,00
D016 - 2,4-D 94-75-1 1.40
D029 ~ 1,2-Dichlorobenzene 95-50-1 4.30
D030 - 1,4-Dichlorobenzene 106-46-7  10.80
po3l - 1,2-Dichloroethane 167-06-2 0.40
D032 - 1,1-Dichlorcethylene 75-35-4 0.10
D033 - 2,4-Dinitzotoluene 121-14-2 0.13
p012 - Endrin 72-20-8 0.003
D034 - Heptachlor (and its hydroxide)  76-44-8 0.001
D035 - Hexachlorobenzene 118-74-1 0.13
D036 - Hexachlorobutadiene 87-68-1 0.1
D037 - Haxachloroethane 67-72-1 4.0
D038 - Isobutanol 78-83-1 36,00
D008 - Lead 7439-92-1  5.00
D013 - Lindane 56-89-9 0.06
D009 - Mercury 7429-97-5 0,20
D014 - Methoxychlor 12-43-5 1.40
D039 - Methylene Chloride 75-09-2 8,60
D040 - Methyl Ethyl Ketone 76-93-3 1.2
D041 - Nitrobenzens 98-95-3 0.13
D042 - pentachlorophenol 87-86-5 3.60
D043 - Phanol 108-95-2 1440
D044 - Pyridine 110-86-1 5,00
D010 - Selenium 7782-49-2 1,00
D011 - 8ilver 1440-22-4  5.00
D045 - 1,1,1,2-Tetrachloroethans 630-20-6  10.00
0047 - Tetrachloroathylane 127-18-4 0.10
D048 - 2,3,4,6-Tetrachlozophenol 58--90-2 1,50
D049 - Toluens 106-88-3 14,40
DO1S - Toxuphena 8001-38-2  0.07
D050 - 1,1,1-Trichloroethane 71-85-6  30.00
D051 - 1,1,2-Trichloroethane 78-00-5 1.20
D052 - Trichloroethylene 19-01-6 0.07
D053 - 2,4,5-Trichlorophenol 95-95-4 5.80
D054 - 2,4,6-Trichlorophenol 88-06-2 0,30
bo1? - 2,4,5-7P (Hilvex) 93--76-5 0.14
D055 - Vinyl Chloride 15-01-4 0,05
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f
i P TABLF. 6~16: SUMMARY OF CSDP ENVIRONMENTAL DATA REQUIREMENTS
] Furnace FExhaust Gases |
o Agent concentration/DRE
o Nitroglycerin concentration/DRE (1)
' ¢ Particulate Concentration
{ o IC1
3 o Opacity
o RCRA Appendix VIII Mgtals
o PIC
o PCDD and PCDF
Furnace Residues and PAS Brines (2) and Salts
o Agent
o Nitroglycerin (1)
o FEP Toxic Metals
o Reactivicy
o TCLP Toxicity
! o PCDD and PCDF

Notes (1) Only during M35 rocket incineration in the
DFS,

(2) PAS brines will he analyzed in addition
to the dried salts to determine what effect, if any,
the drying operation has on the composition of the
salt.,

—-:_..._

6-32



Gnpomnstgungiigs.

-p

g

Process data related to temperature, processes, auxiliary fuel, combustion air,
and pollution abatement system liquid flow rate, and problems encountered will
also ba recorded. In addition, material balances around the furnace/
incinerator and pollution abatement syatem will be performed to verify the
accuracy of the data meagsurements and to determine the amount of infiltration
air that entered the system,

b. Because of the amount of data to be collected, a complex array of
sampling and analysis procedures is required. To help the reader understand
the scope and complexity of the test buvni, Figures 6~1 through 6-4 and Tables
6-17 through 6-20 have Leoen prepared for the LIC, DFS, MPF, and DUN. The
Figures fllustrate the location of the saunpling points which will be used
during the test burns; the Tables are keved to the Figures and list the
sampling points, the parameters sumple¢/measured. the data to be collected, and
the sampling and analysis procedures td be used, The Tables and Figures are
for illustrative purposes only, as the data requirements, as well as the
sampling and analysis procedures are subject to change basad on the
requirements of the CSDP, For example, during the test burns involving
chemical agent surrogates, only the data toc demonstrate RCRA compliance
(surrogate DRE, and HC1 and purticulate emissions), will be collected.

¢, With the exception of agent sampling and analysis, and the brine and
nitroglycerin analytical procedures, EPA approved sampling and analysis
procedures will be used during the test burns. EPA sampling methods are
described in references 30-32, Sampling and analysin procedures listed as "EPA
Method X" are contained in reference 32, Analysis mathods which are preceded
by "SW 846" are contained in reference 30, and analytical procedures listed as
"Standard Method XXXX" are contained in reference 33. Methods daveloped by the
Army for agent sampling and analysis, and brine and nitroglycerin analyses are
contained in references 34-36 respectively,

d. Each test burr will conmist of at least one baseline or background

trial and three trials where the chemir~! agents and/or munitions are procassed
at the desired feed rate. The purpose of the bamseline trial is twofold - (1)
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to verily that the furnace/incinerator and pollution abatement system, as well
as all sampling equipment are operating properly, and (2) to determine the
contribution of the auxiliary fuel, infiltration air, and process liquids on
the environmental data. Three trials at the desired agent/munition feed rate
are required to ensure reproducibility of the data, l.e., that the data
collected 1s an accurate representation of the furnace/incinerator and
pollution abatement system performance. Each trial will last approximately
four hours to provide for sufficient time for data and sample collection.

EPA approved QA/QC procedures for sampling, handling, and analyses will be used
dyring the test burn to ensure the validity of the data. After completion of
the test burns, the samples collected will be sent to the contractors
laboratory for analysia, The prelimlnary test results should be avallatle
approximately ten weeks after receipt of the samples,
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TABLE 6-21,

Antimony
Arsenic
Baruim
Beryllium
Cadmium
Chromium
Copper
Lead

Mercury

Nickel
Selenium
Silver

Thallium

Analytical Procedures for Metais

SW 846
SW 846
W 846
AW 846
SW 846
5w 846
SW B46
SW 846

SW 846

SW 846
SW 846
SW B46

SW 846
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Methods
Methods
Methiods
Mathods
Methods
Methods
Mathods

Methods

6010 or
0010 or
6010 or
6010 or
6010 or
6010 or
6010 or

6010 or

7040
7061
7080
7090
7130
7190
7210
7420

Mathod 7470 (1liquid)
Method 7471 (solid)

Methods
Methoda
Methods

Methods

6010 or
6010 or
6010 or
6010 or

7520
7741
7760
7840
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AAPCRR
AC
ACAMS
acfm
ADS
AEHA
AFB

Ag

AMC
ANAD
APE
APG
As
ASC

Alabama Air Pollution Control Rules and Regulations
Hydrogen Cyanide; Blood Agent

Automatic Continuous Air Monitoring System

Actual Cublc Feet Par Minute

Agent Destruction System

U.S, Army Environmental Hyglene Agency

Auxiliary Fume Burner

Silver

Aluminum

U.S, Army Materiel Command
Anniston Army Depot

Ammunition Peculiar Equipment
Aberdeen Proving CGround
Arsenic

Allowable Stack Concentration
Arasenic Oxide

Bombs, Boron

Barium

Below Detection ILimit

Bulk Drain Statilon

Beryllium

Burster Size Reduction Machine
Baghouse Scrubber System
British Thermal Unit
Cartridges

Degree Centigrade

L) Dichloro~2~chlorovinylarsine
1,1,2,2 Tetrachloroethane

1,1,1 Trichloroethane
Nitroglycerine

0-Ethylmethyl Phosphonic Acild
H/HD; Bie(2-chlocoethyl) sulfide

Methyl Ethyl Ketone
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C4H10F02P

N,0,P

Csy N0,

Celo

CGHCISO

canlﬁclzosz

C]IHZBNOZPS

Ca
CAA
cery
CALS
CAMDS
CAQCC

CAS No.; CASNO
CCLA
Cd
chis
CEMS
GG
CHASE
CcHel
3
CK
Cl2
CN
Co
co
002
con
COMAR
CONUS
Cr
csnp
Cu
n

DAAMS

GB; Isopropyl Methylphosphonofluoridate

GA; Ethyl N, N-dimethylphosphoramidocyanidate

Benzuene

Pentachlorophenol

Ty B1s(2(2 chloroethylthio)ethyl) ether

VX; O-ethyl S-(2-diisopropylaminoethyl) methylphosophonothiolate

Calcium

Clean Afr Act

Closed Circuit Televialon

Chemical Agent Identification Set

Chemelal Agent Munitiona Disposal System

Colorado Air Quality Control Commission Regulations for
Emisgion Controls

Chemlcal Abstracts Service Number

Carbon Tetrachloride

Cadmium

Central Decon System

Continous Emisglone Monitoring System

Phosgeney Clioking Agent

"Cut Holes and Sink Fm"

Chloroform

Gyanogen Chloride; Blood Agent

Chlotine

Cyanide

Cobalt

Curbon Monoxide

Curbon Dioxide

Chemical Oxygen Demand ‘

Code of Maryland Regulationa

Continental United States

Chromium

Chemical Stockpile Disposal Program

Copper

D-Day, the Start

Depot Area Alr Monitoring System
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DARCOM
DF
DIS
DHIIS
DICDI
bon
DRE
dacf
DTV
DUN
EATR
1CC
FOIR
FP
LEPA
KSp
O

I'e
FELS
L
ft/sec
R
GA
B

He
GC/MS
g4 8m
gpm
y‘lf
gr/dacf
H

.0

U.8. Army Material Development and Readiness Command

Destruction Efficlency
Deactivation Furnace System

Department of Health and Human Services

Diisopropylearbodiimide

Department of Defense

Destruction and Removal Efficlency
Dry Standard Cublc Foot

Double Tipping Valve

Dunnage Tncinerator

tdgewood Arsenal Technical Report
Explosive Containment Cublcle
kxplosive Containment Room
Fxtraction Procedure

U.S, Environmental Protection Agency
Flect rostatle Precipitator

Depree Fahvenhelt

Lron

Final Fnvironmental Impact Statement
Foot, Feet

Foot Per Second, Feet Per Second
Federa)l Reglster

Tabuny Nerve Agent

Sarin; Nerve Agent

Gas Chromatography

Gas Chromatography/Mass Spactrometry
Gram

Gallon Per Minute

Grain

Crain Per Dry Standard Cuble oot
levinsteiln Mustard; Blister Agentl
Water

Hydrogen Sulfide
Hydrogen Chloride
liydrogen Cyanide
Digtilled Mustardy Blimter Agent
iydrogen Flourlde
A-5
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Hg
HN~1
HN-3

HOSSCZH“N(iCA

HT
HWNO

HRGC/LRMS

1AC
ICAP
in

IT
JACADS
K

1

1
LBAD
1h
1b/hr
LIC
LPG

MDM
MEA
MEK
Mg
ng
ng/l
mg/m3

mg/Nm3

MHA
MIN
ml
MM5
mnm
Mn
Mo

H,)

Mercury

Nitrogen Mustard
Nitrogen Mustard
Diisopropyltaurine

Mixture of 60% HD and 40% T, Blister Agent
Hazardous Waste Number

High Resolution Gas Chromatography/Low Resolution Mass
Spectomatry

Indiana Air Pollution Control Regulation
Inductively Coupled Argon Plasma

Inch

International Technology Corporation
Johnston Atoll Chemical Agent Disposal System
Potassium

Liter

Lewisite, Blister Agent

Lexington Blue~Grasa Army Depot

Pound

Pound Per llour

Liquld Incinerator

Liquified Petroleum Gas; Propane

Mines

Multipurpose Demilitarization Machine
Monoethanolamine

Methyl Ethyl Ketone

Magnesiun

Milligram

Milligram Per Liter

Milligram Per Cuble Meter

Milligram Per Newton Meter Cubed
Munitions Holding Area

Mine Machine

Millititer

Modified Method 5

Millimeter

Manganese

Molybdenum
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MPF
NAAD
NAAQS

Ny

Na

Na2C03

NaHPO,

NaNO3

NuossCZHAN(iC3H7)2
Na2503

NBZSOA

NaHCO3

NaC3H803P

NaCl
NaDP1
NaMP
NaF
NaIMPA
NaOll
NAS
ND

ng

Ni
NMHC
NO
NOx

NO2

T ————— . -

Metal Parts TFurnace System

Newport Army Ammunition Plant

National Ambient Air Quality Standards
Nitrogen

Sod fum

Sodium Carbonate

Sodium Phoaphate

Sodflum Nitrate

Sodium Dilsopropyl Taurinate
Sodlum Sulfite

Sodium Sulfate

Sodium Bicarbonate

Sodium O-Ethyl Methyl Phosphanate

Sodium Chloride

Sodium Dilmopropyl Taurinate
Sodium O-Ethyl Methyl Phosphanate
Sodlum Floride

Sodium Ilsopropyl Methylphosphonate
Scdium Hydroxide

National Academy of Science

Not Detected

nanogran

Nickel

Nonmethane Hydrocarbons

Nitrogen Oxide

Nitrogen Oxides

Nitrogen Dioxide
Nitrate

National Research Councll
New Source Review

Oxygen

Photochemical Oxidanty Ozone

Ocetachlorodibenzo-p~dioxin
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P

F0g

PAS
Pb
PBA
PCB
PCDD
PCDF
pCp
PeCDF
PLLS
PEB
ric
¢
POIIC
PO,
PMD
ppb
PED
ppm
ppt
P$
PED
PUDA
QA
Qe

R

RC1

Projectiles

Phosphorous Pentoxide

Pollution Abatement System

Lead

Pine Bluff Arsenal

Polychlorinated Biphenyl
Polyechlorodibenzo=-p-dioxin
Polychlorodibenzofuran
Pentachlorophenol
Pentachlorodibenzofuran

Programmatic Environmental Impact Statement
Primary Fume Burner

Product of Incomplete Combustlon

Publle Law

Priveipal Organte Hazardous Constituent
Phouphate

Projectile Mortar Digsandembly Machine
Parts Per Billion

Projectile Pull and Draln Machine

Parts Per Million

Farts Per Trlllion

Chloropicrin

Pravention of Significant Deterioration
Pueblo Depot Activity

Quality Assurance

Quality Control

Rockets

Chlorinated Organics
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b
RCRA Resource Conservation and Recovery Act
! RMA Rocky Mountain Arsenal
'
: RDM Rocket Demll Machine
X3 Rocket Shear Machine
i
| RMP Ralph M., Parson's Company
r S Sulfide
f 8b Antimony
" Se Selenium
SETCON Set Cousolldatlon
Sn Tin
SO‘ Sullur Oxides
SO? Sulfur Dioxide
504 Sulfate
ST Spruy iaukas
] Sp Gr Specific Gravity
1 Big(2(2=chloroethylthio)ethyl) ether
TBA Tributylamine
TC Ton Container
TCDD Tetrachlorodibenzo-p~dioxin
renr Tetrachlorodibenzofuran
TCLP Toxicity Characteristic Leaching Procedure
™I Toxic Dutinage Incinerator
DS Transportable Disposal System; Total Disolved Solids
TEAD Tooele Army Depot
T0C Total Organle Carbon
T0D Total Oxygen Demand
TSCA Toxle Substances Control Act
T5S Total Suspended Solids
TWA Tine Welghted Average
U Uranium
um Micrometer
UMDA Umatilla Depot Activity
UPA Unpack Area
A1 Vanaditm



Lan

e Emann e

voc
VOST
VX
WSS
wth
Zn

Volatile Organic Carbon
Volatile Orgenic Sampling Train
Narve Agent

Wet Secrubber System

Welght Percent
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SECTION B=1
CHEMICAL MUNITTON AND CONTAINER FACT SHEETS
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LENGTH
DIAMETER
TOTAL WT
AGENT

AGENT WT
Fuze

BURSTER
EXPLOSTIVE
EXPLOSIVE wWp
PROPELLANT
PROPELLANT WT
PRIMER
DPACKAGING

|
- o
\\—aoov AGENT

cartridae Pretoctile
M3/ G M6Q/HD ﬂ}GO/GB
31.1 in 31.1 in 1.1 in
105 mm 105 mm 105 mm
43.86 Lk 42,92 1b RPN
GB 1o GB
1.63 b 2.97 1b 1.63 1b
H508,M557 M51AY -
M40, M40A M5 -
Tatrytol, Comp B Tatrytol e
1.12 1b 0.3 1b -
M67 Me7 -
2,83 1b 2.83 1b -
Magh2 M2BB2, M28A2 -
1 round/fiber 1 round/fiber 1 round/fiber
containar, contuainer, contalner,
2 containar/ 2 container/ & coiutainey/
wocden box wooden box wooden box

L]
CANTRIDGE, 10% jwn HOWITZER, M360, 6B

CARTEIDGE, 105 mn HOWITZER, M&0, HD
CHOJEUCT UV LE, 109 rgn HOWTTUER, MIGO, B

B-5




L3

STRIKERA NUT cmsoemmme,

IONITION
CARTRIDQE —~—

LENGTH
DIAMETER
TOTAL WT
AGENT

AGEND WT
ruze

BURSTER
EXPLOSIVE
EXPLOSIVE WT
PROPELLANT
PROPELLANT WT
PRIMER
PACKAGING

s ]

,—-‘E":\:l"

L QHTURATING
MECHANISM

21.0 in

4,2 in

24.67 1lb

HD

6.0

M8, MS51AS

Ml4

Tatryl

.14 1b

M6

6 1b

M28A2

1 round f£iber/
container,

2 containers/
woodaen box

21,0 in

4.2 in

24.57 in

ur

%.8

M8

M4

Taetryl

14 1b

M6

.4 1lb

M2

1 round fiber/
container,

o containers/
wooden hox

CARTRIDGE, .2 INCH MORTAR, M2/M2Al, HT/HD

B-6
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T.ENGTH
DIAMETER
TOTAL WT
AGENT

AGENT WT

FUZE

BURSTER
EXPLOSIVE
EXPLOSIVE wT
8UPPL CHG EXP
EXPLOBIVE WT
PROPELLANT
PROPELLANT W7
PRIMER
PACKAGING

BOOY amaw

26,9 in
155 mm
98.9 1b
GB

6.0 1lb
None
M71
Comp 8
2.45 1b
TNT

0.3 b
Nong
None
None

A Rounds/
wooden
pallat

AGENT e’

M1Z1A1

26.9 in
15% mm
98.9 1b
V¥, GB
6.0 b
Nona
M71
Comp B
2,45 1b
TNT

0.3 1b
None
None
Nona

8 Rounds/
wooden
pallat

M104

26,9 in
155 mm
98,9 1b
H

11.7 b
None

MB
Totrytol
A1 b

None
None
None

B Rounds
wooden
pallet.

M110

26.9 in
155 mm
98,9 1b
H

11.7 1b
None

MB
Tetrytol
.41 1b

None
None
None

8 Reunds
wooden
pallat

PROJECTILE, 155 mm HOWITZER, M121Al, CB OR Vi

PROJECTILE, 155 mm HOWITZER, M121, GB or VX

PROJECTILL, 155 mm HOWITZER,

4104, H

PROJECTILE, 155 mm HOWITZER,

M11Q, 1

PEOJECTILE,

155 wn HOWITIER,

M122, oR

e

M122
26,9 in
155 mm
98.9 1b
an

6,5 1b
None

M37
Tatrytol
.45 1b
None
None
Nonn

8 Rounds
wooden
pallat




AGENT —
\.
o )
7
7
ey

BURSTER WELL —-"/

LIETING ?LUG&

LENGTH 3.1 in
DIAMETER 4 in
TOTAL WT 203 1b
AGENT uB, VX
AGENT WT id.5 1b
FUZE Nu e
BURSTER MB83
EXPLOSIVE Comp B4
EXPLOSIVE WT 7 1k
SUPPL CHG uXp TNT
EXPLOSIVE WT 0.3 b
PROPELLANT Neno
FROPELLANT WT N/A
PRIMER None
PACKAGING % Rounds/
wuodan pallat
PROJECTILE, HeINCi HOWLTOER . Md2b6, b
DROJECTTLE, H-TNCH HOWITVER, M426, VX




~
TR
et PROPELLANT GRAIN
/__,,..e---“'“‘ - 5PRING
" AUXUARY AURSTER - BURSIER - _—-"":"
Fuz 7 Y- "";"_:_,..w*"
, . G ) WMITEN ARLEMBLY _j/
e . "-2?;‘” \MSTER TLNE KINITER CAME
CIEMICAL SRR

LENGTH T, n
DIAMETEIR 115 mm
TOTAL WT $7 1b 55 1b
AGENT G V¥
AGENT W 10,7 Wb 10.2 b
FUZE M4 17
BURSTLR MN3d, M3
EXPLOSIVE Comp H
EXPLOSIVE WT 1.0 10w
PROPELLANT Mo
PROFELLANT WT a3
PRIMER Ma2
PACKAGING 15 Rounds/

woodan pallet

RCCKET, 115 mm, M55, cH
ROCRET, 115 mm, M55, VX




HOOSTER

NUNSTER PELLEY

15

AVIRGTER WLl

A CHAR ‘___‘ 3.8 In,

HEIGHT
DIAMETER
TOTAL WT
AGENT

AGENT WT
FUzZe

BURSTER
EXPLOSIVE
EXPLOSIVE WT
PROPELLANT
PROPELLANT WT
PRIMER
FACKAGTING

MINT, WX

ARMING MG

MAN EXM DTNV
cHARIE

aony

ADAPITR M ATE Al it
ACTIVATOR WELL

5 4in

13.5 in

23 1b

VX

10.% 1b

MO0

M3a

Comp B4

8 1b

None

N/A

N/A

3 Mines/
R stoul drum

) X, M23




LENGTH
DIAMETER
TOTAL WT
AGENT

AGENT WT
FUSk

BURSTER
EXPLOSIVE
EXPLOSIVE WT
PROPELLANT
PROPELLANT WT
PRIMER
PACKAGING

uznaa

LFTING LUGS
INSEBRTS sy

RR!VNLL7

BURSTER CAVITY

\\~ AASE \k-auENT

=

=/

NOSE PLUG —/

MC-1 MK~ | 16~

50 in 86 In

16 in 14 in

725 1b {approx) L5 1b

GR [oft

220 1b 347 b

None Mone

Nona None

Nona Nona

N/A N/A

None Nanhe

N/A N/RA

Nona None

2 Domba,woodan 1 Bomb/metal

pallat containor
HoMB, 750 lb, MC=-1, GB

noMa, 525 1b, MK-1l6-d, D

BOMB, 500 1b, MK=94, GB

HK=94

20 in

10.8 in

441 1b (approx)
JB

108 b

None

Nune

None

N/A

None

N/A

done

1 Romb/metal
container

-y




= AGENT
HARQHACK ASSEMBLY - Is
s/

A
YORE FRAME ASSEMBLY 7 ,,/’_qu\
£ T
FORWAAD AR 5C00P /;g%:'_, TS s
NIt i i )
SPRAY TANK . Es L)
hEN e (v S T
N D AN —
= >N e e 2T
LOWER CONTAINER . > R : -~ ~ .
ASSEMBLY =~ . S g
. T . -

LENGTH L85 in
DIAMETER ca.8 in
TOTAL WT 1,238 1b
AGENT X
AGENT Wt 1,356 1b
FULE Nonu
AURSTER Mono
EXPLOSIVE None
EXPLOSIVE W7 N/N
PROPELLANT Nona
PROPELLANT w. N/A
PRIMER None
PACKAGING 1 tank/stueul
containoer

TANK, SPRAY, TMU-28/B, VX

=12




v

o~ AGENT

s
AQNEET o TN
oo T 7
St
H ‘f?n?”f
g ﬂu”f\—— COUCTION TBE
vaLvE - Dladd
Iy i m & @ L

LENGTH 31.5 n 81.5 in 8l.5 in 8l.f In 81,5 In al.5 in
DIAMETER 31,1 1n 31,1 in 31,1 in 3.l n 3l.1 in 31,1 in
TOTAL RT 3,1L0 1L 3,100 1b 3,100 1b  N/A 3,7°C0 1b 3,100 1b
AGENT nr i Hn GA GB L
AGENT WT 1,700 1b 1,700 b 1,700 b N/A 1,500 1b 1,700 1b
FUZE None None None Mone None None
BURSTER Nonw None Nonr Nona None None
EXPIOSIVE None tone None None Notig None
EXPLOSIVE WT N/A N/A N/A N/A N/A N/A
PROPELLANT Hone Hona None None Nona None
PROPELLANT WT N/A H/A N/A N/A N/A N/A
FPRIMER None Hone None None None None
PACKAGING Noha Hona done None None None

Tt CONTATNER, HT, M, 1D, GA, 6B, L, VX

v

81,5 in
311 in
3,000 1b
Vi

1,600 1b
tone
None
Nona

N/A

None

N/A

None
None
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SECTION B-2
CHEMICAL MUNITION ENERGETIC MATHRIAL
(PROPELLANT AND FXPLOSIVES)
FACT SHERTS
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TADLE B-3, CHEMICAL AGENT TABUN (GA) CHARAULERLISTICS

GENERAL:

GA 18 an anticholinesterase agent similar in action to GB (q.v.)., Although only
about half as toxic as GB by inhalation, GA in low concentrations is more harassing
to the eyes than GB, Tndividuals poisoned by GA dispiay epproximataly the same
sequence or aymptoms regardless of the route by which the poilson enters the body
(whether by inhalation, adsorption, or ingestion), Thes: symptoms, in normal order
of appearance, are: vtunny nose; tightness of chest; dimness of viasion and
plopninting, of the eye pupils; difflculty in breathing; drooling and excessive
sweating} nauvsea; vomiting; cramps; and Iinvoluntary defecation and urination;
twitching; jerking; and staggering; and neadache; confusiony drowsiness; coma; and

convulsion. These symptoms are followed by cesnation of breathlng and death,

PIYSLCAL PROPERTIES:

a, Chemlcal Name: Eihyl N, N-dimethylphosphoramido-cyenldate

N,,0, 1

h.  Chemical Formula: Hmpirleal. Cgli N, y

c. Molecular Wedght: 162,]

d. Vapor Deusity, Relative to Alr: 5.6

e, Liquid Denmsity: 1,08 g/mi @ 25°¢

f. Nermal Freerzing Point or Melting Pofat: ~50°¢
g, Boiling Polut: 2057

h., Vapor Presgsure: 0.07 mm lp @ 25%¢

i, Flash Point: 78°C

j. Viscosity (centlstokes @ 25°C): 2.18

k. Color: Colorless to bhrown

1. CQOdor: VYaintly fruity; none when pure

m. Special Properties: Nonn

n. Sosubility Properties: Readily soluble in wmont organlc solvents
o. H Combustion: 9,751 BIU/Lh

p. Physicol State: Viscous Liquid

n-27
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TABLE B-3,

TOXICITY:

ihl-rat
ihl-rbt
ihl~dog
ihl-mky
ivn-rat
ivn-rbt
ivn=~dog
ivn-mky

CHEMICAL AGENT TABUN (GA) CHARACTERISTICS (Cont'd)

1.c, 502 450 mg min/u° (£=10)
LCtSO: 960 mg min/m3 (t=10)
LC,30: 320 mg min/mg (t=10)
LCCSO: 187 mg min/m” (t=10)
LD50: 0.07 mg/kg
1050 0.063 mg/kg
LD50: (0,084 mg/kg
LDRO: 0,05 mg/kg



o m

TABLE B-4, CHEMICAL AGENT SARIN (GB) CHARACTERTSTICS

GENERAL:

GB is a rapld-acting lethal nerve agent, The action within the body 1s the
inactivation of cholinesterase, The hazard from GB 1s tuat of vapor adsorption
through the respiratory tract, although it can be absorbed through any part of the
skin, through the eyes, and through the gastrointestinal tract by ingestion., ‘The
agent absorption rate is acecelerated through cuta and abrasions in the skin., When
dispersed as large droplets, GB 1s moderately persistenty it 1s nonpersiatent when
disseminated as a cloud of very fine particles,

PHYSICAI, PROPERTIES:

4. Chemical Name: Isopropylmethylphosphonofluoridate. Sarin,

b, Chemical Formula: CAHLOFOEP

¢. Molecular Weight: 140,10

d. Vapor Density (Air = 1.00): 4.86

e. Liquid Density at 25°C: 1.0887 gm/cc

f. Treeeing Point: -56°C

g. Boiling Point: 138°C

h., Vapor Pressure: 2.9 mm Hg @ 25%

1. Flash Point: Does not flash

3, Viscosity (centistokes @ 25°C): 1,28

k., Color: Clear to straw to amber

1. Odort None

m. Speclal Properties: None

n. BSolubility Properties: Miscible with water and readily soluble in
all organic solvents

o, I Combuation: 10,000 Btu/1ib

p. Physical Statet Viscous Liquid

B~29
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TABLE B4, CGHEMLCAL AGENL SARIN (GB) CHARACTERLISTICS (Cout'd)

COMPOSTTION: __Pgrcenta
Isopropyl mathyl phouphonofluoridate (GB) 93.00
N,N'-Diisopropylearbodinide (DICDI) 4,00
Tributylamine (rpa)® 1.95
Methyl Difluoride 0.50
HF 0.20
Aluminum 0.20
HC1 0.10
Tvon 0.05
Nickel : 0.0025
Copper 0.0004
TOKICLTY :

TRDS : oye—~hmn : 1 ug/kg

TXDS ¢ orl=hmn 1DlLo: 2 uglkg TEXBLD

skn~hmn T.D50: 28 mg/kg

ihi~hmn TDlLo: 103 ug/kg TEFX:CNS
1hl~hmn 1.C50: 70 mg/m'3
orl-rat IDS0r 550 ug/kg
scu~rat ID50: 113 ug/kg
ivn-rat LD50: 45 uglkg
img~rat 1D50: 500 ug/kg
skn-mus LD50: 1080 ug/kg
ipr-mug LD50: 450 ug/kg
scu=-mug LD50: 100 ug/kg .
ims-mus LDSOt 222 ug/kg
ivn-dog LD50: 19 ug/kg
ivn=-cat LD50: 22 ug/ig
gkn-rbt LD50: 925 ug/kg
acu-rht LD50: 30 ug/kg,

B-30



TABLE B-4.

{vn-rbt LD50:
ihl-gpg LDLo:
gcu-gpg LD50:

These uumbers are given as a gulde only and do no

28 ug/kg
128 mg/m3/2m
38 ug/kg

CHEMICAL AGENT SARIN (GB) CHARACTERISTICS (Cont'd)

t represent product

specitlicatlons or the cxact conutituency of the agent.

b

DICIDI and TBA are not both in all GB,




TABLE B-f.  CHEMTCAT, AGENT VX CHARACTFRISTICS

GENERAL:

VX 13 a rapid-acting lethal nerve agent. The actlon within the hody 18 the
inactivation of cholineatecase. The hazard from VX 1s primarily that of liquid
abeorption tbrough the skin, although it can be adsorbed through the respiratory
tract as a vapor or aciuveol, and through the gastrvolntesatinal tract by ingestion.

VX 18 slow to eveporate and may persidt as o liquld for several days,

PHYSTCAL PROPERTILS:

a. Chomleal Name: O-cthyt S Cdiinopropylaminonthyl)
Methylphoaphonothlolate

b. Chemical Formulu: ) Iy NO,PS

c. Moleculur Welght: 207.47

d. Vapor Dennlty (Atr = 1,0 9.2

e. Liquld Dennley at 25 1,008 pn/ ce

f. Freezlng Polul: Belou -390

g. Boillug Polnt: 300°%¢

h., Vapor Pressure U 20%C: 0,0006 mm 1y

1. Flash Poitne:  159°%

3. Visconity (contistokes @ 25°C): 9,96

k. Color: Clear to straw

1., Odor: None

. Speclal Propertics: Nono

n. Solubtiity Propervtden: Heat solvents are dilute nineral aclds

o. H Combustlon: 15,000 Bru/lb .

p. Physfcal State: Viscous Liguid
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TABLE B-5, CHEMICAL AGENT VX CHARACTERISTTCS (Cont'd)

COMBOSITION: Percent®
0-ethyl, §=(2-diisopropylaminoethyl) 93.00
methylphosphonothiolate (VX)

Pyrodlester 3.00
N,N'Diimopropylcarbodiamide (DICDI)b 2,50
Frea mercaptan 1.00
HZSUA 0.30
Free sulphur 0.14
Iron . 0.05
Aluminum 0.01
Nickel 0.0025
Copper 0.0004
TOXICITY!

TXDS ¢ orl-man TDhLo: 4 ugl/ky RFXIRBC

skn~hmn LDLo! 86 ug/ky
{yn~man TDLo: 1500 ng/kg RFXICNS
ipr-mus LD30: 50 ug/kg
gcu-rht LD30: 15 ug/kg
geu-gpg LD0: 8400 ng/kg

& fThese numbers are glven as a gulde only and do not represent product
specifications or the exact constituency of the agent.
b Dicyclohexylearbodiamide 1s an alternate stabllizer.
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TABLE B=~6, CHEMICAL AGENT MUSTARD (H/HD/HT) GHARACTERISTICS

GENERAL ¢

Mustard is 8 persitent and powerful blistering agent., It acts principally by
poisoning the cells in the surfaces contacted. Both liquid and vapor cause intense
inflammation and may cause severe blistering of both the akin and mucous

membranes, Mustard is only moderately volatile.

Mustard is designated H, HD, and HT. H is mustard made by the Levinsteln process.
It containes up to 25 percent by welght of impurities, chiefly sulfur, organosulfur
chlorides and polysulfides. HD (distilled mustard) is mustard purified by washing
and vacuum digtillution, which reduces impurities to about 5 percent. HT 1s a
60:40 mixture by weight of !ID and T, T is an abbreviattion for
$2(2-chloroethylthio)ethylt ether.

PHYSICAT, PROPFRTIES:

a. Chemical Nume: Big (Z~chloroethyl) sulfide

2,2'= dlchlorodiethyl sulfide- sulfur mustard
b. Chemical Formula: (cmcnzcnz)zs

L D _HT_
c¢. Molecular Weight: 175,00 159.08 189,40
d. Vapor Dcnaity, (air= 1,0): 5,40 5,40 6,92
e. Liquld Denaity gm/ee at 20% 1,27 1.27 1,27
f, Normal Freezing Point,"c 5,14 14,00 1,00
g. PBoiling Polnt,°c: 225,40 227,80 228,90
h. Vapor Pressure, mm Hg € 20°C: 0.059 0,072 0,104
1. Flush Point,°C: 100,00 105,00 100,00
J. Viscosity, centistokes @ 201 3.95 3,95 6.05

k. Color:t Amber--dark brown liquid (all)
1, Odor: Garlic (all)
w. Special Properties: Permealcs ordinary rubber (all)
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TABLE B~6, CHEMICAL AGENT MUSTARD (H/HD/HL) CHARACLERISTIUS (cont'd)

n. Solubility Properties: Water (distilled)--0,092 at 22°C; completely
soluble in acetone, CCl,, CH4CL, tetrachloroethane, ethyl benzoate, ether {all)

L _HD_ K
o, H Combustion: (Btu/lb): 8,100 8, 500 9,400
p. Physical State: Viscous Liquid (all)
COMPOSLTION OF HD: Percent®
Bis (2-chloroethyl) sulfide (HD=-mustard) 92,00
Free sulphur 7.38
Fe012 0,50
HCL 0.11
Aluminum 0.0
Nickel 0.002%
Copper 0. 0064
COMPOSLSTION OF I Percont”
Bis (2-chloroethyl) aulfide (mugtard) 67,7
Ferris chloride 0,3
lydrochlorle Acid 0.3
Iron Carblde 2.5
lron Sulfide 1.5
Chlurinated Hydrocarbons 14,4
Elemental Sulphur 1.3
Carbon Disulfide 2.0
TOXICITY:
MTDS 3 mre-cae 5 ug/well
dlt=mus=thl 630 ug/kg
IRDS s skn=man 200 mg/m3 1 SEV

eye-man 100 mg/m3/6H MOD
eye-rht 200 mg/m3/2M
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TABLE B 6.  CHEMLCAL AGENT MUSTARD (H/ZUD/HTY) CHARACTERLSTLCS (cont'd)

TXDS : thl<hmn LD50: 1500 mg/mS/M
ihl-hmn LCLo: 23 ppm/10M
skn~hmn LDLo: 064 mg/kg
ithl-rat LD50: 420 mg/mB/ZM
{hl-rat 1CLo: 100 ug/,3/1y—1 TFX:CAR
skn~rat LD50: 9 mg/kg
scu~rat LD50: 1500 ug/kg
fvn-rat LD50: 700 ug/kg
thl-mus LCLo: 18Y mg/mB/IOM
skn-mus 1LD50: 92 myg/ky
ihl-mus TClo: 170 ppm/15M=-C TFX/CAR
akn-mus IDLo: 4 mp/kg
geu=mus TDlLo: 6 mg/kg/6W-1 TFX:CAR
Lvn-mus 1LDS0: 8600 ug/kp
Iviimmus TDLot 60 ug/kg/én-1 TFX:ICAR
akn-dog I.D50: 20 mg/ky
skn=rbt LDE0: 100 mp/ky
fvn-rht 1LD300 1100 mg/kg
gkn-gpg D501 20 mp/kg
sln-dom LD50: 50 mg/kg

% These numhers arce glven av a pulde only and do not represent product

spectficatlions or the exact vonstltuency of the ugent.
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TABLE W=/,  CHEMICAL AGENL LEWLSLTE (L) CHARACTERISTICS

GENERAL :

L is a veslcant. It produces effects similar to HD but, in addition, acts as a
aystemic poison, causing pulmonary cdema, diarrhea, restlessness, weakness,
gubnormal temperature, and low blood pressure., In ovder of severity and appearance
of symptoms, it is: a blister agent, a toxic lung ircvitant, and when absorbed in
the tlssues, a systemic polson. ULiquid 1. causes an lmmediate searing sensation in
the eye and permanant loss of sight 1{ not decontaminated within | mlnute, T
produces an immediate and strong stinging sensatlien to the sking reddening of the
skin starts within 30 minutes. Blister!ng does not appear untll atter about 13
hours., Like 1D, it I8 a cell potson. Skin burns are much deeper than with MD,
When inhaled in high concentrations Lt may bhe fatal 1n as short a time as 10

minutes., ‘The body dors not detoxily L.

PHYSL1CAL PROPFRTIVS®

da, Chemlcal Name: BDlehloro=2=chliorovinylarstue, lewlstto
b, Chemical Formula: GZH2AHCI3
¢, Molecular Weight: 207,12
d. Vapor Density: [.88 g/ml @ 25"¢
e. Solid Density:

1) Bulk Denalty: Not applicable

2) Crystal Denmlty: Not applicable

f. Normal Freezing Polnt or Melting Polut: -8 4/ - 0.1UC, depending on
(purity and isomers present)

g, Boillng Pointt 190°C

h, Vapor Pressurct 0,58 mm lly © 25"

1, Flash Polntt Does not flawsh

3. Viscosity: 1.09 centistokes © 2570

k. Color:t Amber to dark brown

1. Odor: Usually geranium like, very tittle odor when pure

m, Special Properticast None

-
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TABLE B-7., CHEMLCAL AGENT LEWISLTE (L) UHARACTERLSTICS (Zon't)

n. Solubility Propertles: Scluble in all common organic solvents and
alightly soluble in water
0. H Combustion: High heating value 4,676 BTU/1L; low heatlng value 4,583

BTU/1b
p. Phyaslcal State: Viscous lLiquild
Toxtettyt a
akn-mus LCtSOv 900=~1400 mg-mf.n/m3 (t=10min)
skn-rat 1¢,50: 1500 mg mjn/m: (t=9=-25 min)
skn-=gpg 1,50 1000 mg-min/m” (t=9-14 min)
skn-rbt LG, 50: 1500 mg~m1.n/m3 Ct=60-180 min)
skn-got LCt50: 1250 mg-mtn/m? (tf100~255 min)
1hl-musg LCtSO: 1600 mg—mjn/m3 (t=10 min)
ivn-rbt 150 7 mp/kg,
pvn=dog MHEIE 2 mg/kg
scu-rht LSO I mg/kg
BCU~RDPR 1DS0: I mglkg

=38




AFPENDIX C

N34 CLUSTER BOMB AND HONEST JOHN WARHEAD DESCRIPTIONS
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APPENDIX D
COMPARISON OF CAMDS AND JACADS INCINERATION SYSTEMS
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SECTION D-1
LIQUID INCINERATOR COMPARISON
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LIQUID INCINERATOR (1.IC) Comparison

Parameter JACADS CAMDS

1. PRIMARY CHAMBER
a. Operating Temp (°F) 2700 2800
b, Operating Premsure, in. w.c. -0.5 -2.0
¢, Burner Capacity, MBIU/hr 13.0 4,0
d. OB Incineration Rate, Llb/hr 1050 300
e. VX Incineration Rate, Ib/hr 700 200
f. Mustard Incineration Rate lb/hr 1330 380
g. FEffective leight, ft 8,26 8,83
h, Internal Mameter, It 4,33 2,76
1. Wall Thickness, in, 17.5 13.5
Jv Max CGas Flow, SCFM 2400 800

2. SECONDARY CHAMBER
a, Operating Temp (1) 2000 2000
b, Operating lreasurc, Iin w,c. -2.5 =-6,0
¢.  Burner Capacity, MBTU/hr 10,0 4,0
d.  Decon Processing Rate, gpm 4.0 1,2
e, Salt Production, 1b/hr 100 b8
Fo Effective Helght, ft 6.67 7.8
g. Internal Diameter, ft 5,83 3.89
h, Wall Thicknesa, in. 14,0 7.5
f. Max Gaw Plow, SCIM 4100 1200
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SECTION D-2

DEACTIVATION FURNACE SYSTEM COMrARISON
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DEACTIVATION FURNACE SYSTEM (DFS) COMPAR [SON

RECTOR'T

a. Diameter, ft

b, Tengih, 1

¢. Number of Sectlons

d. Operating Temp "1

. Operating Pressure, in. w.e,
' Retort Speed, REPM

g, Burner Capactty, MEFI/ e

e Hael Type

. Max Skin Pemp (U1

Yoo Maverial

k. Max Fxhanst Temp (G
1, Max Throughput, Kkes/hre
m.  Exhonst Gos Flov, SOFM
AFTERBURNER

e Dperat ing Tewp i

e Woo ol Bareners

e Burner Capacity, MIETR/ hr
d, o Fxbaust Cans Hlow, S0FM
e Dloameter, 1

{. Lenpth ot

HEATED DEneARGE ConNyIFY R
A, Reotdenee Thae, min

b, [RISAR N Vorge T(‘Hl]l (“!"‘

JACANS

50

4

1 000

-0, 5

RN
dol Fnel

| U0

Rolled 310 55

I 800

A7

Hioe

BRINE

1h

F O

(VY

CAMDS

4

30

4
1000

~0,5

4.0

No, 2
Fue !l O41

1400

Caat HIRAO
100
20

2800

[ H()

8.0

H400

1000
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CYCLONE

Pressure Drop, in. w.c.

POLLUTION ABATEMENT SYSTEM (PAS) COMPARISONS

QUENCH TOWER

b

VENTURI SCRUBBER (Variable Throat)

Diameter, ft

Height, ft

Quench Liquid Rate, gpm
Nozzle Type(s)

Nozzle Tocation(s)

Nunber of Nozzles

Emergency Nozzle Cap., gpm
Nominal Regidence Time, sec
Water Droplet Size, microns
Quench Flow

Inlet Gas Flow, ACFM

Gas Inlet Temp (°F)

Outlet Gas Conditione

Type of Throat Control
Inlet Conditions
Pressure Drop, in w.c.

L/G Ratio, gal/1000 ACF

Theoretical Collection BEfficiency
(%) ve Particle Size (microns)

0.2
o
6

0
0.
1,0

1.5

JACADS

8.5

34

175

Hydraulic
2 Banks
7 per bank

90

2.6

300
Countercurrent

44,100

1800

Saturated

Plug
Saturated
40

15

61,6
85.2
94.3
99.2

CAMDS

3.5

12

10.5

Atomized Air

Top of Tower

7

35

0.5

60-120
Cocurrent

15,000

1400

Saturated

Damper
Saturated
20

14

44,7
69.4
83,1
94.8



PACKED BED SCRUBBER

a. Tower Diameter, ft

b. Packing Helight, ft

c. L/G (gal/1000 ACF)

d. Packing Type

e. Liquid Distributor Type

f. Packing Material

g. Entrainment Sep Type

h. Entrainment Sep Wash

1. Scrubber Sump pH

j. Gas Velocity, lb/hr-sq ft
k. Liquid Velocity, 1b/hr-sq ft
DEMISTERS

a. Number of Elements

b. Total Surface Area (sq ft)
c. Face Velocity (ft/min)

d. Collection Efficlency, *
e. Mist Wash Rate, gpm

f. Element Matertal

g. Pressure Drop, in w.c.

h, Vessel Diameter, ft

8.0
6.0
75

2-inch
Pall Rings

Welr
8s
Wire Mesh
Yen

8.0
1300
19500

Polyester
6.5

13

np-11

6.0
6.0
30

2~-inch Super
Intalox Saddles

" Weir
Polypropylene
Wire Mesh

None

8.5
900
5700

334

20=-40

99
0.4-0.5

Polyester

25-30

6
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SECTION D=-3

METAL PARTS FURNACE SYSTEM

p-13
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l.

METAL PARTS FURNACE COMPARISON

FURNACE

a. No, of Chambers 1
b. No. of Airlocks ]
c. Type of Atmospheres

d. Tray Capacity 3
e. Oparating Temperature (°F) 1600
f. Exhaust Air Flow, SCFM 1950
g§. Operating Pressure, in. w.c. -3
h. Processing Rate (trays/hr) 3.8

Oxidizing

1*
0

Reducing
1
1000
270
-5
0.83

* CAMDS MPF consists of 1 punch chamber, | volatilization chamber and !
burnout chamber

2.

AFTERBURNER

a, Operating Temparature C°r) 2000
b, No. of Burners 2
¢. Burner Capacity, MBTU/hr 2.5
d. Operating Pressure, in. w.c, -4
e¢. Max Gas Flow, SCFM 3600
f. Diameter, ft 3,5
g. Length, ft 27

D-13

1650

1.5

4100

4,0

42

Sy
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MPE

SECLLON D=4

AND LLC POLIUTION ABATEMENT SYSTEMS COMPARISONS
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POLLUTION ABATEMENT SYST<M (PAS) COMPONENT COMPARISONS

1. QUENCH TOWER

a, Diameter, ft

b. Helight, ft

¢, Quench Liquid kate, gpm

d. Nozzle Type(s)

¢. Nozzle Locution(s)

f£. Number of Nozzles

g, Emergency Nozzle Cap., gpm
1, Nominal Resldence Time, sec
1. Water Droplet Slze, mlcrons
j. Quench Flow oy

k. Inlet Gas Flow, ACFM

1. Gas Inlet Temp (°F)

m, Outlet Gas Conditions

2. VENTURI SCRUBBER (Variable Throat)

a. Type of Throat Control

b. Irlet Conditions

¢. Pressure Drop, in. w.c.
d. L/G Ratto, gal/1000 ACF

e, Theoretical Collection
Ffficiency (%) va Particle Size
0‘
0.
0
1

(oo R 8]

JACADS

MPE

6.0

35

58
Hydraulic

2 Banks

7 per bank

30

3.1

300

Countercurrent

19,300

1200

Saturated

JACADS
MPE

Plug

Saturated

40

15

61.0
85,2
94,3
99,2

D-19

CAMDS
LIC LIC (MPF)
6.0 3.5
35 7
68 A
Hydraulic Atomized Alr
2 Banks Top of Towers
7 par hank 4
35 35
2.8 0.3
300 60-120
Countercurrent Cocurrent
21,300 14,000
1150 1400
Saturated Saturated
CAMDS
LIC LIC (MPF)
Plug Damper
Saturated jaturated
40 20
15 6-10
61.6 44,7
85.2 69.4
94,3 83.1
99.2 94,8
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PACKED BED SCRUBBER JACADS
VEF

a. Tower Diameter 6.0

b. Packing Helght, ft 10.0

¢, L/G (£al/1000 ACF) 75

d. Tacking Type 2—-inch
Pall Rings

e. Liquid Distributor Type Digt Weir

f. Packing Materilal SS

g+ FEntrainmeunt Sep Type Wire Mesh

L. Entralnment Sep Wash Yes

i, Scrubber Sump pH 8.0

J. Gas Velocity, lb/hr-sq ft 1200

k., ILiquid Velocity, 1b/hr- ap ft 18000

DEMISTERS

a. Number of Elemente 5

b, Total Surface Area (sq ft) 524

¢. Face Velocity (ft/min) 21,1

d. Collection Ffficieny % 95

e. Mist Wash Rate, gpm 1

f. FElement Material Polyester

g. Pressure Drop, in. w.c, 5

h. Vessel Diameter, ft 11

o U8 GOVERNMENT PRINTING OFFICE: 10882 0 1 - 422 /80 14 0

D-2

0

CAMDS
Lig LIC (MPF)
6,0 6.0
10.0 10,0
75 30
2-1inch 2-inch Super
Pall Rings Intalox Saddles
Dist Weir Dist Weir
Ss Polypropylene
Wire Mesh Wire Mesh
Yes None
8.0 B.5
1300 900
19500 5700
16 5
1676 283
7.9 20-40
99 99
2 0.5
Polyester Polyester
5 25-30
11 6



