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U.s.

1/8 in.

10 1b.
1600-1800°F
125 ft.

550°F

400 psi
600-2200 psi
400-600°F

6 in.

9 ft.

7 ib/hr

.75 psi -

1.5 psi

3. 5 psi

7. 25 psi

6 ft/sec

1050°F

42 sq ft

86 in. .
16,740 cfm
4,125 cfm

7.5 x 106 BTU/hr
22,000 1H
1100°F

6.34 x 100 BTU

7.2 x 10° ETU

133 gLl

47 1b
111b
1 1b
191b

1600-1850°™
4, 8-5.5 ft/sec

The following metric conversions, which conform to ASTM Standard
E-380-74, Metric Practice Guide, are provided for the readexrs
convenience.

Metric

3.175 mm
4, 5636 kg
871-982°C
38.1m

288°C
2.75 x 105 kPa %(N/mz)
4.14-15.17 x 10
204-316°C

1.524 x 101 m

2.74m
3.17 kg/hr

5,17 x 103 Pa

10.34 x 103 Pa
24.33 x 10° Pa
49.98 x 103 Pa
1.83 m/sec

= 5 B8
=0 0 O
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3
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7.59 x 10° J
5,03 x 10-1 m

21.3 kg
4.99 kg :
9. 52 kq ‘
8.62 kg

§71-1010°C
1.46-1.68 m/sec }
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I‘or Fi g 13, the following conversion factores are to be used:

U. S.

Metric

24

For Tables 1 & 2, the following conversion factors are to be used:

Mult. by. 3
psi 6.984 x 10

°f §(F34)

cfm 4. 719 x 10-4
lb/hr 4.538 x 10-1

1500 cfm
150°F
1650°F

 2.84 x 106 BTU/hr

20. 5 gal/hr
6.6 x 10° BTU
18.1 x 106 BTU
110Q°F

1650°F

15 ft

5 ft

33 gal

95 gal

250 1b/hr
1000 1b/hr

Pa

°C

mg/sec

kg/hr

7 x 10-1 m'3/sec
66°C

809°C

8.32 x 109 W

7.76 x 102 m3/hr

6,983 x 10V 7
1.91 x 1010 5
503°C

899°C

4,572 m

1.524 m

1.25 x 107} 3
2.08 » 10° 1 m"

1. 134 kg/hr
4. 536 kg/hr

27 & 28

30

et e S e e e

Mult. by.

$/1b 4. bBole‘lkg $/kq
lb/hr  4.535x10-1kg kg/hr

260 lb/L..

1000 1b/hr

1. 134 kg/hr

4. 536 kg/hr
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SUMMARY.

The disposal of waste explosives and propellants has come under
the close scrutiny of the E. P. A. since the ban on open burning.

In order to conform to current and proposed regulations, several
incinerator systems were selected and either evaluated or are in the
process of being evaluated. A few of these systemns are: vertical in-
duced draft, rotary kiln, Simplified Incineration Technique for
Pollition Abatement (SITPA) I and II, wet air oxidcidon and fluidized
bed incinerator.

The relative advantages and disadvantages of each system plus
their process capabilities dictate their potential applications.

The current judgment by the Armament Command (ARMCOM) and
other support organizations is that the SITPA II system is the most
econornically {easible system for use at LAP plants due to the low over-
all emissions. However, those applications, especially in P&E manu-
facturing plants, which have relatively high gaseous emissions will
require a more sophisticated incinerator system (rotary kiln, fluidized.
bed) to meet anticipated air rollution standards.




INTRODUCTION AND IPACHGROUND

In the marufacture, loading, assembiy and packing of munition items,
ther are various non-usabie wastes generated which must ve disposed of
in 1 uound ecological manner. This disposal has come under close
serutiny dur» to the EPA's (state and { deral) requlations and the recent
ben on open burriag. The operation of these disposal facilities must be
in m-urd :nce with both local and federal requlations. These regulations
vary {rom one area to another according to the local air quality which
derends on: a) geogravhic locaticn, b) melﬂoroloqlcal conditions, <) in-
austrial proximity. d) pallution type and e) size of the commumty. An
wumple of air quality regulahoxm varying with geographical location is
that .certain midcentral United States areas have high non-urban particu-
late concentration standards of over 40 micrograms/cubic meter, while
the nortiicentral portion of the United States may have particulate con-
centration standards of less than 10 micrograins/cubic meter. These
boundary air quality standards as mentioned above are derived fromn the
icvels of pollution ernissions as well as background concentrations due
to the proximity of indusirial air pollution contributors, vehicle density,
residential heating and natural releases (swamps, mines).

The current proctice of disposing of waste P&E by open burning is
charactericed by stockpiling of hazardous materials, air and water
pooliadion. wersonnel expeosure and inefficient combustisn,  In o1der to
~lihainate these nroblems and provide a reliable soic rnethod of disposal,
ter virious dignooswd mnethods described within this report wers developed.

To completely aupreciat - the various nﬂthucr of dispo ral a brief
ioseription will Lo given of the ¢eneral phenomenon invalves in incinera-
Hion, '

ALl ircincrators are CO!'Cf‘l‘I’hT with e time ‘hat the waste is inclosed
in L2 combustic 1 chamber., e volune of the coamber shizuld ' o large
cnousth to contain the cm... ho- 1 sufficient time for tha complate c~m-
bustion of the colld wasie nod gassous products.  FPerhaps e most umn-
poortent factor in combusiion is the temperature.  Heuat is uzed as tie
driving foree to sastain combustion.  In rany cases, it is des'ruble to
huve nwdliary fuel available to &) hent up the furnnce, ) promote prirmary
combuution when e wonls ool contadn adsguals .5”“b contznt

)

<




for good combustion, c¢) provide secondary combustion for odor and
smoeke control, d) make available supplemental heat for heat recovery
units. An additional factor in combustion is turbulence, provided by
cither baffles, constrictions or process design. The changes in
direction and velocities thoroughly mix the products of combustion
with the air (oxygen) necessary for combustion. Separation of combus-
tion gases would occur if turbulence were not included in the design
and under these conditions'some of the gases would leave the chamber
unburned. This would necessitate the use of an auxiliary burner, which
wol.d decrease process efficiency. .
The provision of air for combustion is mandated for the complete
combustion of waste products. One way that air is added to the incin-
erator is by natural draft through a chimney or stack. The higher the
stack, the greater the amount of air that can be brought intc the in-
cinerator. Other ways of adding air are with fans that blow air into
the incinerator (forced draft) or pull air through the incinerator (induced
draft). Induced draft systems usually locate-the fan between the incinera-
tor and stack. In these cases, the hot gases must be cooled to protect
“ the fan. Excess air may be added to the incirerator to insure complete
combustion and requlate incinerator temperature. The excess air re-
quireraents differ for different types of waste having different composi-
tions and BTU values. :

The process of incineration can be described 3 a controlled, safe,
efficient combustion process for burning 2’ZE wastes to an inert residue.
Whnen PEE weastecs are exvosed to a turbuient aunosphere ior 2 critical
time period at an elevated temperature, combustion o.curs. During
cornbustion, moisture is evaporaied, and the combustible vortion of the
vacte oxidizes. Carbon di-vide, water vapor, ash and noncombustibles
are the end products of incineration in addition to the heat generated.




ALTERNATIVE SOLUTIONS

The fellowing incinerator systems (Fig 1) are all designed to handle
the nrut.,lc' v of waste Pift disposal and each attacks the problem in a

Gferent amanner.

Tho more sophisticated . &E incinerators have been designed to
<ot i pollution standards (existing or forecasted) and provide ade-
quaie alr and wrbulerce for proper combustion. Control equipment is
included on soine of these incinerators to further reduce the amount of
CU, HC and NOy released.  Because of the quantity of NOy emissions
cstate and federal environmental agencies are identifying, assessing and
preqaecting the developinent of cost-eifective commercially viable methods
{or NG control from both erdsting and new stationary combustion sources.
t is anticipated that coutrols will be required con all P&E waste incinera-
tors and will take the form of lowering NOy formation during comibustion,
vost-combustion removal of NOy from the conubustion products or
eatalytic interaction within the process itself.

In addition, the majority of the incinerator systems require particle
3izes of approsximately 1/3" to obtain good combustion either in the dry
state or for injectien in an aqueous slurry. The P4E wastes are in the
ferm of riser scrap, shell washout, process by-products and un-
zeesptable ond 1tem A larage portion of this waste must be reduced
; wizr o disponal. The current methods of reducing these wastes are by

ary knife grinders, cone crushers, attrition mills and ball milling.
ks vzh cne of these methods uses a water overlay of approximately 10 pounds
of water for each pound of PZL waste. The wate » overlay keeps the
:r‘r*d;n-;. arex cool to prevent the P&LE waste f1'o~1 heating up and 1lso
11 reducoe the pess ,1b111tv of spark formaticn. It-also helps mase
astic-ivie \rupel'am more rigid and therefcce oasmr to grind.

~1 Droft incinceator—The fore~unner of :he PLE waste in-
pragro 15 the vertcal dr'u"t incinnraowr (Fig 2). This .
Incinerator widi constructed in the 1890t at Picatinny Ars-nal ¢ dispose
vater and other cortarminated 1(1Lud wastes. The unit is a cylindri-
il osled? 11.: mwee lined with hvebncl 1t was modified to dispose of
v 13

aste el oIn aquoeous .luxrleu of 25% by weiqght. IPeusibility and safety
c._;i enents, particle cize reduction, suspension, injection, cermbastion
vaseiine gaseous emissions data were established and evaluated. The
process consisled of beating the chambar by means of three vil-firec
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burners to a tém perature of 1600—1800°F and then injecting the slurry

up toward the flame. The downward draft provided by the induced draft
enhanced the corbustion process by providing combustion air and cir-
cwlated the gasecus products within the combustion chamber. The gaseous
.products were then passed through a cyclone separator and then vented

to the atmosphere through a 125 stack. This type of incinerator is
nresently outdated due to its inefficient operation and poor emission
control. —

-—

Rotary Kiln—The rotary Kiln incinerator (Fig. 3) consists of a
refractory lined cylinder slightly inclined to the horizontal at an angle
usually between 2—5° and rotating at a slow speed (1—5 rpm). Often
both the speed c¢f rotation and the inclination of the furnace are variable
5o that the flow of material through the cylinder and the retention time
for combustion can be controlled. Afterburning facilities can be in-
corporated if a separale auxiliary chamber, and the equipment generally
lends itself to flexible plant layout. By rotation, these furnaces offer
the advantages of a gentle and continuous mixing cf the P&E slurry, but
.capital and maintenance costs arc high;, These coois are derived from
“he mechanical dgsign requirements of both rigidily of the cylinder and

cluse tolerances for the roller path drive as well as the high-temperature
seals between fixed and moving parts. Another major disadvantage
iz the adverse effect of the explosive slurry contacting the refractory
lining al elevated temperatures and the detrimental efiect on the re-
iraclory of cooling and reheating the chamber auring shutdowns.

This system requires the use of a cooler and scribber to reduce the
gaseous and partieulate emissions and exnaust-gas temperature prior to the
exhaust fan and stack.

SITPA [—The Simplified Incineration Technique for Pollution Abate-
ment (SITPA) is an incinerator designed to elimii 1ite the complexity of
the other systems described (Fig. 4). The SITPA process involves
manually placing P&E waste on a concrete pad or covered ditch and re-
motely igniing it. The pad has a hood wlicl. accepts the cernbustion gases
and draws them into a duct by neans of induction fans. The duct is con-
nected to a baghouse which removes particulate matter frorn di2 exhaust,
gases. 'The gases jass through the fan and then out the stack. It is possible
to hook up several pads to a single baghouse by ducts and a ranifold.

The system, while simple, does not providg either tne process control,
pollution abatemnent or safety Icatmw inherent in the other systems des-
cribec.

7
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SITPA 11—The SITPA 11 (Fig. 9) process is a specially designed
unlined rotary kiln incinerator into which the waste P&E is fed into the

combustion chamber in cans. containing set amounts of the waste P&E, g

placed at intervals on a conveyor belt. The waste PLE is burned in the g ,UV/JL-
canbustion chaunber, which is heated by oil burners. and the com- ‘\ /f oY~
Jbusten gases are remceved from the chamber by an induction fan and e ekt

then pansed through a baghouse to remove particulates. This system M

could be operated in the semni-continnous mode for long neriods of time.

Wet Alr Oxidation—This process is fundarmentally the aqueous oxi-
dation of wuste 418 in a high pressure vessel (auteclave) (Fig. ¢). The
vessel and the water inside are initially heated to 550°F und 400 psi by
steam and compressed uir. When these conditions are reached, the
stewm is shut off and the f2¢d started. The ground waste P&E is Zed in
a continusus aqueous siurry aleng with compressed air. The PLE
wastes are oxidized and the BTU content of the waste is sufficient to
sustain the reaction without any supplemental heat inputs. The vessel is
operuted typically at pressures in the range of 600-2200 psi and at
temnperatures between 400 and 600°F. The oxidation products, consisting
of gaseous and liquid oxidation products, nitrogen from the compressed
air, and a minor quantity of ash. are cooled by the feed stream in a heat
cxchanger and separated into a gaseous and a liquid stream.

The gaseous stream is treated by an afterburncr to destroy CC and
roaidunl hydresurbonzn, and g wel scrubber is used Lo remove NCw orior
to discharge to the atmosphere. The liquid vhase is further processed to
romove acidity and metallic salts, and the purified water recyeled to the
slurry-preparation stage.

Fluidized B2d lntinerator—The fluidized bed incinerator (Fig. 7) is
oonimple wod compoct system using alwninua oxide (alvir ina) for the bad
material, i large solid grains or chunks of PAT wasie are to b2 disposec
oi. they nust be size redqc’ed’_g,rior YD being introduced in an acueous
slurry 050, by weblrht), The operation of the flui Xz, Led involvis the
fercing of wdr throwjh the distributor plate which can o controlled to a
desired rate. At low rates, the ded ranains in its original "setled” siate
withi the pressure drop zerc.:s the bed increasing with dhe flow rate, until
it is equal to the downward force exeried by the bed mmaterial resting on the
plate. The bad begins to expand at this point which is coalled "incipient
fluidization, " wllowing more gas to pass through the bed al the same pres-
cure drop. The wed s now fuldzed and has all the properties of a fluid.

PN
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The advanlages of this syslem are: the enriched oxygen of the bed
T ’ counlad with the mixing action of the alumina and waste ensures
complete combustion, minimizing carbon mono:dide and hydrocarbon
esnissions; the uniformn temperature of the bed plus the use ¢"a nickel
catalyst limits the formation of nitrogen-oxides. The finidized béd has
pruvisions for the injection of supplemental cil and auxiliary air into
the hed. The effects of the supplemental oil were discussed earlier and
the ={fects of the auxiliary air will now be discussed. .
Combustion is a chernical reaction that requires the contacting of a
fuel with oxyyen at a temperature above the kindling temperatur-.. Both
a high degree of turbulcnce and adequate oxygen are required to attain
complete combustion. Excess air is the amount of air added to a com-
bustion process beyond that required stoichiometrically by the chemical
reaction. The auxiliary air nozzles provide excess air to the bed to
help reduce r.oxious gaseous emissions. The bed itself maintains a
. reducing atmosphere while the auxiliary air helps provide an oxidizing'
atrnospnere in the upper portion of the bed. 7T 2 nitrogen present in the
corbustion reactions can come {rom both the air and the fuel. Some of
the nitrogen-is oxddized, with nitric oxddes (NOx) being an undesirable
product of combusticn. The NOyx formed is _ funclion of the combustion
temperature, reaction rates, residence time, nitrogen end oxygen con-
centrations and gnench rates.  As excess air and turbulence in the
fluidized bed chamber are increased, mare rroductis of completis come-
bustion are obtained. These products are further reduced by the presence
of the nickel oxide catalyst in the bed which drastically reduces the NOy
concentration in the eihaust gases.




EVALUATION CF VARIOUS CONCEPTS

The current judg:nent by the Armament Command (ARMCOM) and other
support organizations is that the SITPA 11 Syste:n is the most cost ef-
fective systein based on present emission standards (Ifig. €). This is
especially true for | AP plants that have low overall gaseous ermissions
due to minimal in-plant industrial operations. In addition, most of the
LAD plants are in remote locations, away from any larae cities, and
therefore have standards thai are less stringent.

However, ARMCOM is cconvinced that future standards will be stricter
especially in the area of NOy emissions. This will place zn added burden
on the P&E manufacturing plants that manufacture acids and use these
acids in their production processes. Therefore, the PLZE manufacturing
plants have relatively high gaseous emissions due to the nature of the
worlk. Furthermore, most of these plants are located near industrial cities
because of their requirements tor raw materials. ‘This means that there
probably will be more restrictions on these plants as to the quantities of
pollutants emitted, including P&E incinerator emissions. Thus, if a
plant requires a P&E incinerator having the capability of sustained,
multiyear operation with minirnal pollution, the fluidized bed incinerator
would be the most cost effective system, see Economic Analysis, page 25.
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l SVELOFMENT OF FLUIDIZED BED INCINERATOR

The current dasign of the fluidized bed incinerator uilct ola_lt evolved
from o cmall pilot plant evalualion performed under a con*ractor .;up-
vort effert. Ficatinny, in addition to having the rezponsibitity for the
cverall contrel of the P incinsrator profect, was obligated to select
and develop an improved incineration system for future us £ study
a5 periorimed and it was concluded that the fluidized bed lncu.erator
s the best system to meet the {vture needs of the fiomy. The system
solected for investigntive studies (Fig. U) was six inches in diamester
and nine fect hign and had a feed rate of seven lbs/hr of dry explosives.

Unis fluidized bed incinera ur was deaxr'nf»d o accept a sclid/water
siurry feed and the bea itseli was :,17ed such that it could be fluidized
with approyinetely 504 of the anticipated requirement of 129% of stoichio-
mdmc air. The importance of this fact is that it improved the {lexi-
bilily of the incinerator in that it allowed for the operation of the system
in either a one or two stage combustion mode, i.e. all the air is fed
irto the bottom of the bed or part of the air is fed inw the bottom and
part is fed into the upper portion of the bed, _espectively.

Int edaition to the incinerator, the system included a slurry feed swvstermn,
cyclone particulate collector and stack gas analyzer. The slurry feed
systerm was shinilar to the cnes utilized above having a miz/feed tonk
with a large rerirculation line and the Li-zincrator feed is tzpred from
this line and fed.into the incinerator thruugh a metering puan. The
cyelone ¢ollector removed any particulates from the zhaust jas v2fore
the Jas was analyzed {vr NO, NOQ», CO, CC2, HC, and O2.
A zeries of 37 test runs were nade in whicn the bed tamperature, air
velocity and feed rate and types of wrste materials ware rarizd (Mg, 10).
Runs were made both in one stage and two stace rodes at durations of up
to zix hours. The inclnerator operated efiecively in disyozing of the ex-
p'cuveJ and prop(‘ll'mtq; no*.vever, the ernission levels of 240 ppm - NO,,
Gh porn - CO and 38D pim - HC were well asove the d.}., prm geal for
cach of these pollitans und wvere approvimately equal to the unireated
ernissions Irom the rotary il ~ and vertical inciniralors., At tnls peintin
the icst program, it was decided to try a catalyst in the bad., After some
prodiininary teswing, nickel oxide was selected for use in e fhuidized bed.
An zddition of 6% (by weight) of nickel oxide to'the alumnina bed (A1203)
caused cLM’C\ICUQ'J in the enilssions fzg n the incinerator:

O7 ot - NOy, 4G ppra - CC, 10 ppin - HEC (rl'J D

The results of this progras led t the decisior to convert the Picatinny
Arcenal vertical incincrator to a duidized bed incinerator. Some of the

17
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major componcents designed were the preheater, plenum, injection
nexcles, air distribution grid and blower.

The schematic diagram used to determine design operating conditions is
shown in Fig. 12, Vurious parameters were determined from air, fuel
and explosive slurry entry stations to the final discharge from the com-
bustioa chamber which leads into the cyclone separator used to remove

any residual particulates. Fig. 17.lists the various key design parameters
determined - arswnption or by calculatingg,

Blower Desiqn Capacity— Procedure for deter::ining the design
capacity for a major component, the blower system, was found by esti-
maling system pressure drops as follows:

Preheater 0. 75 psig

Grid 1. 50

Bed 3.50

Cyclone 1, 50
Total 7.25 psig

Calculation of blower capacity was made for a maximum gas velocity
ol ¢ {t/3ec in the stack, maximum chamber temperature of 1650°F,
chamber pressure of 1. 5 psig and inside chamber cross-sectional area
of 42 sq. ft. (388 inch dia.). The c¢fm thus deter:nined was 16,40 cim

Ta esslvimim smmtmt - 4 m o~ 1

la L L N S S £ DR ot
SINICH WOSNR DEIGWG WO Slandarda condilions becomes 2180 seim.

For a pressure buildup of 7. 25 psi and a capacity of 4125 scfm across
the blower, the design P would be 130. %; however, considering future
nends of scrubbing equipment to accommodate perchlorate propellants and
any ensuing additional pressure losses, the blower design horsepowe:

(AT

wes inereasad to 200,

ooy
Xl

stert-Up Fuel Reoguiremont—The preheater was designed to yield
7.5 = 100
I

O [ ¥PU/kr, The heal required to hea! a ¢old bed (22, 000 los alumina)
to 1:00°F .5 & 3% x 10Y BPU. The heat required te veat insulated walls

in the vicinity of the bed was found to be 7.2 x 10° BTU. The.-=2fore, it

takes 8-1/2 hrs to bring the s: stem up to initia! temperature (1100°F)

while conswming 139 gallons of No. 2 fuel oil. At this point, the preheater
may be shut off and fuel injected directly into the bed to i.aintain the com-
bustion chamber temperature at 1650°1" under eqguilibrium conditions

The calculations include sensible heat lenses roquired for {ue! oil com-
bustion. :

| SFE
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Owstrining Fuel Jeequirement—A 25 percent by weight ratio of
shirei-d THY in witer 15 i theory self sustaining. That is, enough heat
soditerated from tie ‘TN Lo evoporate the water. ‘Therefore, the sus-
tnining fu- | only has to heat the incoming air to the plenum (1500 ciin)
{roa v0 Lo ahD I und accommeodate System heat losses estimated as
YO Phis results inoo heal requirement of 2,54 x 108 RBTU/hr which
ot w 200Y gals/hr of No. 2 fuel il - ) 0

Dyslem Heatl Retention During Shutdown~—The: caziculated heat loss
from Wi system, daring the 16 hour shutdown period, is 6.6 x 100 L’T‘U
‘This is derived from the }mat loss through the ceramnic (mostly Llu_mma-
silica) wnll material £ 5.0 ()” BTU plus an allowance of 20% (1, 1
199 1Y) for radistion and _.,tac}. losses. The heat retained in the inc.'-n-
crntor system is 18,1 » 10V BTU. From the relationship for heat content

Ay oar

g, dly , , |
hent inbed _ 18.1 x 100 _- 1650° - 70° : B
heat loss i, 6 » 100 1 350° - To g

Start temmperature, Tg == 1100°F

The above lemparature 15 possible after 16 hours of shutdown because
of the good wall inculading proparties, the good heal retention cap.ability
of the bod ninterinl, and the large heat sink the setilcd bed provides
(20,700 los of alwnina). , S0

i‘urt” er, it can o shown that the quzmut/ of fue! :.>quired Lo bring the
Led up Lo oo )ng temperawre, following this shuidown period, is only
w fraction of e 158 galluns of fuel oil needed for a "cold" stari-up. The
creerygs reqguired o reheut the alunina bed and ine..eratos wall () feet
‘r-iqh—c-. rronponanyg to expanded bed height plus b feet} te 1850°F is equal
vy 4, 5 i0% BTU or 33, 0 gallons of fuel oil. Since the oil feed capacity of
the ;.-rc-he weer s U5 gallon, /hr, it would take only «4% minutes to bring the
bed wis lo temperature,

B L e e e




- ECONOMIC ANALYSIS

. In the evaluation of alternate systems, it is necessary to consider the
o economnic factors asscciated with each system. The econginic analysis
of the {luidined bed incinerator'vs the rotary kiln incinerator was per-
. formed by the Mobility Equipment Research and Development Command
. {(MERDC) under the dircction of Picatinny Arsenal. T-.c method utilized
by MERDC to perform this analysis is the present value unit cost (PVUC)
method, which complies with AR 37-13. '

This method utilizes a computerized mathematical model to economically
evaluate alternate incinerater designs. The model considers capital
costs, operating costs, time horizons, depreciation, interecst and other
r2lated factors (Fig. 14). The output yields the PVUC per pound of
material incinerated. The PVUC program was used to evaluate the cost
parameters of the fluidized bed vs the rotary kiln over various time hori-
zons aund lead (operating) rates. The data ge-.erated frorm two typical runs
(250 and 1000 1bs/hr) are shown in Tables 1 and 2 and Figs. 15 and 16.
The TNT. slurry weight ratio was 25 percent for these calculations.

By inspection of the Tables, it can be seea that the cost saving that can
be realized using the fluidized bed incin. rator varies from 319, 000/yr up
to $103,000 yr with a 250 1h/hr capacity and from 102, 000 /vr to 3311, 000/

yr with a 1000 )b hr /capuc:ty. The major cost savirg atiributed to the /
fluldized bed when compared to the rotary kiln is due to the lower operating
costs (fuel usage). = R RN

=

e e
The PVUC model can be used to cvaluate any number of ~lternative designs
provided sufficient operating data is avzilable. For examnple, listings of
required cost pacauneters {or the evaluation of the different incinerator
systems are shown in Fig 17, By utilizing this program, sufficient eco-
nomic duta is yenerated to provide mmanagen nt with s viable decision
making ool “hen choosing belweern vr 2ious process alternsiives.

 ——— s e pne v — T S v—— ¢ s 4
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CONCLUSIONS

a. The vertical draft incinerator being the forerunner of the incinerator
program displayed the feasibility and safety in the incineration of PLE
wastes.  This cystemn 1s preseniy outdated due to its inefficient operation
und poor emission control.

b. The rowary kiln incinerater demonstrated its capability by safely
disyo. '.'m' of a wide variety of P&E wastes during the evaluation progran.
b n offers flexibility, good process control, average combustion
euxucncy and with a scrubber, can maintain particulate and gaseous
=mission levels within current quidelines.

JUTP4 1is a rudimentary system one step above open burning. Although
it dues aticmpt to control particulates, the uncontrolled combustion aspects
of this techniqae rule out further development.

[}

3
[
LS

d. The SITPA U is a low cost disposcl system that could be used at LAP
lants located in non-urban and/or low density industrial areas. This
technique does include some combustion controls but only removes partl- .

culutes from the stack gases. There is no attempt to reduce fine rarticu-
lates or guseous e¢missions. Further =ffort on a feed system is required
tv obtain safe operation.

<. 'The wet-alr oxidation system has been demonstrated to be a thermally
Aficioent process for disposal of waste propellants., No supplemental fuel
: .,_f.;u‘re to maintain the reaction once the system reaches equilibrium.
Hawever, the cystem operates at high pressure (600 - 2200 psiqg) ang re-

giires support equipment (e, g. liquid/solid separators, scrubber) t:

o ntrul the proczas effluents.

i, A fluidized bed incinerator-promises to be the optimum system for the
Jdestruction of waste FaE. L0 is a compact disposal systern that can safely
Jdestroy th - PVE wastes 2 .d through the'us. of a4 cutalyst, conform to
currant and anticipated standards for NOy, HC, and CO withmt the use of
wlaitenient equinment.  In adoition, the high combustion and cperational
clliciencies offer  nigh performance with low operational costs.

g. The cconomie analysis technique developed by MERDC is a viable
...... i1 jeinent decision making tool for choosing tue most suitable disposal
.,-,.,tem {or eash applicution.
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RECOMMENDATIONS

It is recommended that the SITPA 1l disposal systein be considered for
applicutions requiring the most cost effective syste:n based on present
locu! emission standards. This would particularly apply to LAP plants
it have low overall gaseous emissions due to minimal in-plant in-
dustrial operations. An additional factor is that most LAP plants are
in remote focations away from urbanized indusirial arecas and therefore
have stendards that are less stringent.

‘Tho current trend is towards stricter air standards, especially in the
area of NCy emissions. This will affect the PEE manvlacturing plants
that produce acids and ilize them in their manufacturing proccsses.
These plants are usually in urbanized industrial areas due to their re-
quirement ior raw materials. ‘Therefore, there will probably be more
restrictions on these plants as to the type and guantities of pollutants
emitted. Included in these emission limnits wilt be those of the P&E waste
incinsrator. Therefore, based upon the current economic analyses, |

L.c fluidized bed incinerator is the must cost effective system to achieve
tiese goals. :
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Crane, TN 47522

Commarnder

Iowa Army Ammunition Plant
ATT:A: SARIC-A

Burl-agton, IA 52001

Commander

Joliet Armmy Ammunitio;. Plant
ATTN: SARJO-SS-E

Joliet, 1L 60436

Commander

Kansas Army Armmunition Plant
ATTN: SARKA-CE

Parsons, KS 67537
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Commander

l.one Star Army Ammunition Plant
o ATTN: SARLS-IE
L Texarkana, TX 57701

Commander .
Longhorn Army Ammunition Plant
ATTN: SARLO-O :

Murshall, TX 75670

Commander
Louisiana Army Ammunition Plant
ATTN: SARLA-S

Shrevepert, LA 71102 —
Commander

Milan Army Ammunition Plant

ATTN: SARMI-S

Milan, TN 38358

Commander .
Newport Army Ammunition Plant
ATTN: SARNE-S

Newport, IN 17966

Commander

Pine Bluff Arsenal
ATTN: SARPB-ETA
Pine Bluff, AR 71001

Commander

Radford Army Ammunition Plant
ATTN: SARRA-IE

Radford, Vi 24141

Comrmander
Ravenna Army Ammunition Plant
Ravenna, Oil 44260

Commander

Sunflower Army Ammunition Plant
ATTN: SARSU-0O

Lawrence, KS 60044
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Commander

- Volunteer Army Ammunition Plant
ATTN: SARVO-T '
Chattanooga, TN 34701

Dr. John A. Brown
P. 0. Box 145
Berkeley Heights, NJ 07922

Dr. John W. Dawsor.
Rt. 8, Box 274.
Durham, NC 27704

Army Logistics Management Center
Environmental Management

ATTN: LCDR J.C. Bolander

Fort Lee, VA 23801

US Army Me.lical Biological Engineering
- R&D Laboratory

ATTN: SGRD-UBG

Fort Detrick

Frederick, MD 21701

Conirnander ,

Edgewood Arsenal

ATTN: DRCPM-DRR, Mr. Harry Sholk
Aberdeen Proving Ground, MD 21010

Depaitment of the Army

ATTN: DAEN-FEU
Washington, DC 20314

40

o ——— e ]

Copy No.

106

107

108

109-110

111

112

113




UNCTASSIFIED

CECURITY CLASSIFICATION OF YIS PAGE (When Dare Zntered)

REPORT DOCUMENTATION PAGE B i

PrBOWE MitmAs - 2. GOVY ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER

Fechnirsi Mom Slaln dum LAY
"

DEVELOPIMENT TRENDS IN THE YNC'NFRATION
OF WASTE EXPLCSIVES AND EROP.J_.LLANTS:

et |

6. PEMFOMRINY TN " Wevorwe DR

. 3‘_ r‘

) NA
mﬂ?ﬂf——*_—“ 8. CONTRACY OR GRANT NUMBER(e)
'~ving ¥orsten, / N

Joseph $ .Santos

, RobertAcola

F—PYRTORUINT ORQAMPRA T ION N AME AND AOORESS 10. PROGRAM ELEMENT PROJECYT, TASK
. ARy A & WORK UNMIT NUMBE R

Modernization and Special Technology Division

Manufacturing Technclogy Directorate

1. CONTROLLING OFFICE NAME ANO AGORESS Tt e —1 L4
Manufacturing Technology Directorate ,l[ /  May 876
( RPA-MT-S) : :
| - Acatmnv Arsenals Dover, N T 07801 45
5 A D DRER S b vatbie frooy Controlling Omec) 15. SECURITY CLASS. (of thia report)

j J)H — (7» ;‘((Z // / Unclassified

.Se. DECLASSIFICATION/ DOWNGRAOING
SCNEOULE

@

16. DISTRIBUTION STATEMENT (ol inle Reporr)

Approved for public release, distribution unlimited

17. OISTRIBUTION STATEMENT (ol the abau.-'cl eniered in Block 20, 11 dl{fecent lrom Repc 3 -

‘8. SUPPLEMENTARY NOTESR

1S, KEY WORL3 (Cc .« nue on reveres efde I/ necesesry and Idenitty by tlock manber)

Incineration Vertica: drait

Fluidized bed Economic ana! /sis

Rotary kiln Explosive’grinding
v | Wet alr oxddauon Pcllution abate:nent
\ SITPA

20, A”TNACY (Coathnm en reverse stde Mn.-t.ay ot tdeatily by dlock raamber)

A review of dvvempmm-t., in explesivae aad propellant waste incineration pro-
censes is E-v‘ :ser:ted which includes a vertical induced draft <yster ., rotarv kiln
concept, ounplified Incineration Techrique for Pollution At..iement (SITPA) 1 &
i, wet air cxidation and the principles of fluidizea bed incineratior. The ad-

vantages and disadvantages of eaa corxce t are briefly mscu< sed including
effjci ncy, relative costs, envxr\,nmené fecta, flexibil vty ?L operation, and
safety aspects. The design background andcurrent status’of the pilot plant

- . development at Picatinny Arsenal of the {luidized bed systcm is included.

DD ‘:2:"7’ 1473 FOITION OF * 4LV 63 (3 OBSOLETE

UNCIT ASSIFIED

SECURITY CLASIFICATIIRG OF THIS P AGE (When Data Bniered)

| , '. T - /




